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Abstract 
 
The two threats to biodiversity of rapid climate change and rapidly increasing human 
alteration of the natural environment portend an extinction crisis of profound proportions.  
Habitat fragmentation, pollution, invasive species, and other anthropogenically 
introduced ecosystem stressors will behave synergistically with climate change, 
amplifying its impacts and accelerating the rate and magnitude of species and ecosystem 
decline.  While many climate-adaptive conservation strategies have long been part of the 
conservation agenda – land acquisition, pollutant and invasive species control, and 
habitat restoration – conservationists must now meet the challenge of adapting these and 
other tools to the needs of an increasingly dynamic biodiversity in an increasingly 
dynamic and unpredictable world.  Species range shifts, altered precipitation patterns, 
extreme events, and other manifestations of climate change will play themselves out, and 
so will need to be addressed, at the bioregional scale, a scale far surpassing that of 
individual reserves and reserve networks.  Enhancing ecosystem resilience and promoting 
biodiversity values in the broader landscape matrix surrounding protected areas may 
prove essential to mitigating and managing the synergistic impacts of climate change and 
human development on the natural world.  Only from the vantage point and scale of 
“whole landscapes” can future human interests in land be balanced with changing 
biodiversity needs. 
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Climate Change and the Conservation Challenge 
 
 

Introduction 
 
Global climate change, coupled with human alteration of the natural environment, 
presents significant and unprecedented challenges to biodiversity conservation and the 
safeguarding of Earth’s natural resources.  The natural world is changing before our very 
eyes in ways we do not fully understand and cannot wholly predict –and thus cannot 
wholly plan for.  Because we do not know when, or at what level atmospheric 
concentrations of greenhouse gases (GHG) will stabilize, there is uncertainty with respect 
to how fast, and by how much the global average temperature will rise and what impact, 
ultimately, this will have on terrestrial and aquatic ecosystems.  Already, climate change 
is occurring at a rate and magnitude which threatens to outpace the capacity of many 
species and ecosystems to adapt.  Highly climate-sensitive habitats, from arctic and 
montane ecosystems to coral reefs and tropical cloud forests, are severely stressed, and 
many species reliant on these ecosystems are at increasing risk of extinction.  Some have 
already been lost.  Should GHG emissions continue to escalate unchecked, there may be 
little that conservationists can do to protect these climate-sensitive systems. 
 
Although the character, magnitude and rate of climate change will ultimately determine 
the capacity of species and ecosystems to adapt, the vulnerability of the natural world to 
altered climate regimes is also a function of human development, which, as the 
Intergovernmental Panel on Climate Change (IPCC) reports, has “already substantially 
reduced the resilience of ecosystems and makes many ecosystems and species more 
vulnerable to climate change through blocked migration routes, fragmented habitats, 
reduced populations, introduction of alien species and stresses related to pollution” 
(Schneider et al. 2007).  To a large degree, managing the “human context” within which 
species and ecosystems will be able to adapt to climate change defines the nature and 
direction of future conservation efforts. 
 
 

Climate Change and the Natural World:  A Litany of Change 
 
Over the past century carbon dioxide (CO2) concentrations have risen from ~280 ppm 
(parts per million) to 385 ppm, resulting in a global average temperature rise of 0.74 
degrees C above pre-industrial levels (Brennan 2008; IPCC 2007).  This is a fraction of 
what we are likely to experience in the coming century, but already climate change is 
exerting its influence on the natural world.  Polar ice is melting.  Sea levels are rising.  
Glaciers are in accelerating retreat.  Lakes, rivers and oceans around the world are 
warming, and oceans are acidifying.  Extreme weather events have become more 
frequent, and we are seeing greater regional variability in temperature and rainfall 
patterns causing more frequent and severe floods, droughts and wildfires.  (IPCC 2007). 
 
Such physical and climatic changes are taking their toll on Earth’s biological systems as 
habitats transform or disappear.  Arctic and high mountain ecosystems and the species 
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that rely on them are in decline; mangroves and coastal wetlands are threatened by rising 
sea levels; increases in ocean temperatures have caused wide-spread coral bleaching and 
the dissolution of eel grass communities; and rising fresh water temperatures are 
compromising fish habitat and water quality (IPCC 2007; Rosenzweig et al. 2007).  The 
list goes on. 
 
Climate warming and changing precipitation patterns are testing the environmental 
tolerances of an increasing number of plants and animals, inducing phenological changes 
(i.e., changes in the timing of seasonal, or life-cycle events), as well as changes in species 
distributions, abundances and community composition (Rosenzweig et al. 2007).  In 
response to warmer temperatures –and consequently earlier springs, phenological 
changes include earlier blooming times, leaf unfolding, and fruit ripening in many plant 
species, earlier nesting and egg-laying times for a variety of animals, earlier insect 
emergences, altered timing of bird migrations, and even the cessation of migration for 
several bird species (Root and Hughes 2005; Fischlin et al. 2007).  Such phenological 
changes can disrupt finely tuned synchronies in species interactions, as, for example, 
when insect emergences no longer overlap with the demand for them as food by 
hatchlings –creating a mismatch between resource availability and demand. 
 
Also in response to rising temperatures, plant and animal ranges around the world are 
shifting poleward and higher in elevation.  Arctic fox are retreating northwards toward 
the Arctic Ocean; in Costa Rica, lowland birds have been found breeding on mountain 
slopes; and in Switzerland alpine flora are reaching for the summits (Parmesan 2005).  
Yet even for highly mobile species, range adjustments are not always possible.  Montane 
species, for example are beginning to suffer local extirpations as their habitats contract 
and disappear.  The ability of wildlife to disperse will also be challenged by the rate of 
global warming, which over the next 100 years is expected to be more than ten times 
higher than the rate of warming after the last ice age (Combes 2003; De Groot and Ketner 
1994).  Such change is likely to exceed the migrational capabilities of many species, and 
have a “winnowing effect on ecosystems, filtering out those that are not highly mobile 
and favoring a less diverse, more ‘weedy’ vegetation or systems dominated by pioneer 
species” (Malcom and Markham 2000). 
 
Even where migration is possible, rising temperatures and altered climate regimes will 
have significant and untoward effects on the composition and dynamics of biological 
communities.  Because each species has particular climatic and environmental 
requirements and tolerances, each will migrate and establish in different directions and at 
different rates, leading to the disaggregation of traditional biological communities and an 
extraordinary fluidity in the biological landscape (Lovejoy and Hannah 2005).  Surviving 
species will form new associations and novel ecosystems will arise, challenging 
fundamental concepts of conservation practice designed to preserve traditional biological 
communities.  Independent and individualistic range shifts and differential rates of 
response can also lead to the decoupling of co-evolved biotic interactions (predator/prey 
and plant/pollinator relationships).  “Any ecosystem functions derived from particular 
communities will also be altered, in proportion to the speed and scale of climate change.  
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The consequences of the tearing apart of communities of species as now constituted are 
largely unknown” (Hannah, Lovejoy, and Schneider 2005). 
 
The responsiveness of the natural world to climate change will be varied, complex, often 
unpredictable and therefore difficult to model or project.  Changes in the environment 
will not always be linear or gradual, and small changes or combinations of change can 
have dramatic, abrupt, and potentially irreversible consequences.  There will be threshold 
changes, and positive feedback loops may emerge as thresholds are crossed.  Such 
changes have already been seen, others are anticipated (and feared), and it is likely that 
many “surprises” are in store.  An often cited example of threshold change is the recent 
devastating loss of forests in Colorado, the U.S. Northwest, British Columbia, southern 
Alaska, and parts of northern Europe, due to the spread of the pine bark beetle, which 
breeds and feeds in the bark of trees, killing them.  Cold winters and wet summers once 
held these native beetles in check, but regional climate changes – warmer and dryer 
seasons – have tipped the balance in favor of the beetles, enabling them to reproduce and 
spread rapidly across vast landscapes, exceeding management efforts to contain them 
(Brennan 2008).  Already, tens of millions of hectares of forest have suffered up to 70% 
tree loss, creating an enormous fire hazard and releasing untold tons of CO2 into the 
atmosphere, contributing to the further acceleration of global warming (Lovejoy 2009).  
The Arctic tundra is another system approaching a threshold change which may result in 
severe negative climate feedbacks.  Warming temperatures have begun to cause the 
permafrost to thaw, potentially triggering the release of climate-altering quantities of 
methane, a more potent GHG than CO2 (Brennan 2008). 
 
 

Future Climate Scenarios (and the Limits of Adaptation) 
 
Even if human emissions of GHG ended today, the planet will continue to warm due to 
the lag time (of several decades) between the elevation of GHG concentrations in the 
atmosphere and the build up of heat.  In other words, we are already committed to 
additional warming from the concentrations of GHG discharged into the atmosphere 
decades ago.  It is estimated that at least an equal amount of warming as has occurred so 
far is already on the horizon.  Moreover, given the long life of CO2 in the atmosphere –
upwards of a thousand years or more, even the immediate cessation of emissions would 
result in only a slow reversal of warming trends (Hare 2009). 
 
The problem is that emissions continue to increase, and it has been estimated that 
atmospheric concentrations of CO2 may even triple by the end of the century (Brennan 
2008).  Non-mitigation warming scenarios from the IPCC suggest that by the end of the 
century we may see the global average temperature rise from between 1.6 degrees and 6.9 
degrees C above pre-industrial levels (IPCC 2007). 
 
Climate change impact scenarios predict dire consequences for the world’s biodiversity if 
global GHG emissions continue along current trajectories.  According to the IPCC, “each 
additional degree of warming increases disruption of ecosystems and loss of species.  
Individual ecosystems and species often have different specific thresholds of change in 
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temperature, precipitation or other variables, beyond which they cannot adapt” 
(Schneider et al. 2007).  As temperatures rise, adverse impacts to ecosystems will 
compound as the threshold tolerances of an increasing number of species are exceeded 
and as more and more climate habitats disappear (Table 1).  A critical threshold appears 
to emerge between 1.5–2.5 degrees C.  Up to that point, although highly climate-sensitive 
habitats will have begun to disappear, conservation options would remain for a majority 
of species.  But as temperatures begin to exceed 1.5 degrees C, ecosystem impacts 
become increasingly pronounced, and conservation management options themselves 
begin to disappear –and would become more extreme and more costly to implement 
(Hansen and Biringer 2003). 
 
 
Table 1:  Ecosystem Impacts of Global Average Temperature Rise 
 
Degrees C Above  
Pre-industrial 
Levels 

Projected Ecosystem Impacts 

1.0 considerable harm to vulnerable ecosystems, such as coral reefs 
and Arctic ecosystems 

1.5 all coral reefs bleached and 10% of global terrestrial and aquatic 
ecosystems transformed; 10-15% of known species committed to 
extinction 

2.5 mass mortality of coral reefs globally; 17% of Earth’s terrestrial 
and aquatic ecosystems experience substantial changes in 
structure and functioning; 25% of known species committed to 
extinction 

3.5 global terrestrial vegetation likely becomes a net source of 
carbon; over 20% of Earth’s terrestrial and aquatic ecosystems 
experience substantial changes in structure and functioning ; 30% 
of known species committed to extinction; disturbances such as 
fire and pests increase substantially; half of all nature preserves 
unable to meet conservation objectives 

4.0 and above further severe ecosystem disruption and species extinctions 
Adapted from Schneider et al. 2007; Fischlin et al. 2007; Hare 2009. 
 
 
Although what ultimately constitutes a “safe level” of warming is unknown, it is clear 
that “beyond certain levels of climate change, impacts on ecosystems [will be] severe and 
largely irreversible” (Fischlin et al. 2007).  Some scientists have argued for a maximum 
limit of 1.7 degrees C above pre-industrial levels (Hare 2009) –only about 0.22 degrees C 
above the warming already inherent in current atmospheric levels of GHG.  However, 
given the already significant environmental changes occurring at current levels of 
warming and GHG concentrations, critical changes are likely to occur before this 
projected threshold.  “Warming in the range of 1.5-2 degrees C clearly contains a 
significant risk of dangerous changes. Thus the amount of time the climate system 
remains in this temperature region should be minimized if it cannot be prevented” (Hare 
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2009).  Mitigation efforts to reduce and stabilize GHG concentrations below present 
levels must therefore be at the forefront of any conservation strategy.  Without 
mitigation, conservation goals will prove untenable. 
 
 

The Conservation Context: Climate Change in an “Unnatural” World 
 
However, it is only against the backdrop of profound human influence on the natural 
world that the real impact and challenge of climate change to biodiversity and 
biodiversity conservation can be appreciated. 
 
Independent of the impacts of climate change, biodiversity has been declining and 
ecosystems deteriorating at an alarming rate.  Human population pressures, unsustainable 
development, and rising per capita consumption of natural resources have, over the past 
50 years, altered the structure and function of Earth’s ecosystems more rapidly and more 
extensively than at any time in human history, and species extinction rates are now as 
much as 1000 times greater than background rates typical over the planet’s history 
(Millenium Ecosystem Assessment 2005a).  Even in a climate-stable world, 
conservation’s best efforts have been unable to match modern trajectories of 
environmental loss. 
 
Habitat destruction (due to urbanization, agricultural expansion and intensification, 
deforestation, and other land use changes), the introduction of alien invasive species, 
pollution, and over-harvesting remain the four leading causes of ecosystem degradation 
and biodiversity loss worldwide.  These anthropogenic stressors not only weaken and 
endanger natural systems in their own right, but will behave synergistically with climate 
change, amplifying its impacts and increasing the rate and magnitude of species and 
ecosystem decline.  For example, the toxicity of the pesticide permethrin, which finds its 
way into aquatic habitats, has been shown to increase as water temperature increases, 
with devastating effects on fish populations (Kumaraguru and Beamish 1981).  
Moreover, these and other traditional stresses in combination with those presented by 
climate change, such as increasing temperature, altered precipitation patterns, and altered 
environmental chemistry, may cause natural systems to behave in unpredictable ways, 
increasing the risk of threshold changes (Hannah, Lovejoy, and Schneider 2005).  
Reducing nonclimate stressors is therefore vital to facilitating adaptation and maintaining 
ecosystem resilience in the face of climate change. 
 
Habitat fragmentation, so profoundly debilitating to biodiversity already, will have an 
even more crippling effect on species survival as climate change intensifies, and is the 
greatest single threat to biodiversity in a climate-changing world (Hannah, Lovejoy, and 
Schneider 2005).  While it is true that climate change, even rapid climate change, has 
occurred repeatedly throughout Earth’s geological history, and has caused many species 
extinctions due to the sheer disappearance of biomes and climate habitats, geological 
records indicate that the vast majority of species were able to survive through significant 
range adjustments and massive migrations (Huntley 2005).  But unlike the past, when 
climate change dynamics played out across unfettered wilderness, climate change today 
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is occurring across often highly fragmented landscapes severely compromised by human 
development and activity.  “The impact of climate change in this heavily fragmented 
world may be immense.  In many instances, species will no longer be able to adjust their 
ranges to track changing climatic conditions” (Lovejoy 2005).  Given that range 
adjustments will be the dominant species response to climate change, fragmentation will 
have a multiplier effect on species extinctions.  Species for which climate change alone 
would not necessarily have been a huge problem may wind up extinct because they could 
not access more suitable habitats. 
 
 

Adaptive Conservation Strategies for an Uncertain Future 
 
Climate-adaptive conservation strategies, as they are being conceived of today, are 
focusing attention on 1) building the resilience of ecosystems to climatic stress through 
the reduction of nonclimate stressors, 2) increasing the quantity, quality and connectivity 
of protected areas at multiple scales through the strategic expansion and enhancement of 
reserve systems, and 3) facilitating species movement across fragmented landscapes by 
improving the quality and permeability of the larger landscape matrix (Hannah et al. 
2002; Hansen, Biringer, and Hoffman 2003). 
 
These objectives, and many of the tools used to accomplish them (such as land 
acquisition, invasive species and pollutant control, and habitat restoration) are not new to 
the conservation agenda.  Yet the application of these tools must now take climate 
change, and the realities and uncertainties of an increasingly dynamic natural world, into 
account.  Existing conservation strategies, designed to manage relatively stable patterns 
of biodiversity, are largely untested for protecting and managing the kind of dynamic 
biodiversity and novel environmental situations that will result from rapid climate 
change.  For this reason scientists and practitioners advocate for implementing 
conservation strategies from within an “adaptive management” framework, or an 
iterative, structured process of “learning by doing” in order to enable managers “to learn 
from previous management activities and to respond quickly and creatively to challenges 
posed by climate change” (The Heinz Center, undated). 
 
 
Building Resilience 
“Building resilience” has become the rallying cry of adaptive conservation and represents 
the fundamental “first step” in conservation’s response to climate change.  While 
maintaining and enhancing species and ecosystem resilience is a long-standing 
conservation goal, in a climate-changing world “resilience,” or the ability to withstand 
and recover from stress and disturbance, takes on renewed significance.  Ecosystems 
must be resilient if we are to rely on their mitigative capacities and potential over time.  
While climate change will test the resilience of all ecosystems, healthy ecosystems – 
those with their natural biodiversity and structural components intact – will have more 
resources for withstanding stress and thus should be able to recover more easily from 
climatic disturbance (Hansen and Biringer 2003), and should also therefore be able to 
retain their integrity longer until the climate restabilizes.  It is important, however, to 
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understand that the “vulnerability” of natural systems to climate change is a function not 
only of their inherent climate sensitivity and adaptive capacity, but of the character, 
magnitude and rate of change of climatic variation to which they are exposed 
(Rosentrater and Ogden 2003).  Beyond certain limits of climate change, even the most 
robust ecosystems are vulnerable to its impacts. 
 
The reduction of nonclimate stressors (such as habitat fragmentation, air and water 
pollution, invasive species, and hydrologic imbalances) and the strategic expansion and 
enhancement of protected areas represent the two primary large-scale adaptation 
strategies for increasing species and ecosystem resilience in the face of climate change 
(Fischlin et al. 2007).  These traditional conservation strategies are useful in the 
immediate term for mitigating the adverse effects of current climate variability, and will 
become even more important as the impacts of climate change become more pronounced.  
Reducing the number of simultaneous threats and stressors which weaken and degrade 
natural systems, and lowering their acceptable limits in the environment, provides 
multiple benefits and supports other management goals, such as water security.  Many 
nonclimate stressors can be controlled at the local level, for example, by reducing 
concentrations of toxins in industrial/agricultural effluent, managing stormwater runoff, 
promoting low-impact development, and improving forestry, ranching, and agricultural 
practices. 
 
 
Protected Area Strategies 
Protected areas lie at the heart of the conservation mission and their traditional roles of 
protecting natural biodiversity and ecosystem function will become even more important 
as climate change, and its consequent stresses on biodiversity, intensifies.  With climate 
change, protected areas will also assume new roles and increased environmental and 
social significance.  Well-designed, interlinked, and carefully managed reserve systems 
may provide a connective tissue for facilitating species dispersal through an otherwise 
often impermeable and inhospitable matrix of human-modified terrain.  And although the 
species and habitats harbored within reserve systems may change, because protected 
areas represent among the world’s least disturbed natural areas, they will ultimately 
provide the “safe havens from which future biogeographic patterns can emerge” 
(Brennan 2008).  “It may be appropriate to think of reserves not as homes for particular 
species but as arenas for changing species diversity and to ensure persistence of species 
within large ecoregions, not necessarily at any given historical location”(Brown 2009).  
No less important will be the value of protected areas in helping to mitigate climate 
change and buffer society from its adverse impacts.  From carbon sequestration to 
disaster mitigation (including flood, erosion, and drought resistance and storm damage 
protection), protected areas provide a host of ecosystem services the social and economic 
value of which will only increase as climate disruption intensifies.  
 
The planning and design of protected areas and reserve systems for a climate-changing 
world is an evolving science.  It is clear, given species range shifts and the increasing 
number of species that will be threatened by climate change that new protected areas and 
landscape corridors will be needed, and that existing protected areas and reserve systems 
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will need to be buffered or enlarged to accommodate species movement.  Yet targeting 
areas for conservation for a dynamic biodiversity across an unstable and ever-changing 
landscape presents significant planning challenges.  Until the climate stabilizes, 
identifying future conservation lands will be like trying to hit a continuously moving 
target (Brown 2009), and given that biological communities will not move as a unit, 
identifying future “habitats” presents significant conceptual and practical challenges.  To 
remain nimble and responsive in light of such uncertainty and dynamic change, and to 
accommodate both short- and long-term shifts in species distributions, conservationists 
must incorporate multiple time-frames and longer time-horizons into the planning 
process, and coordinate “adaptive management,” site acquisition and other conservation 
strategies across local, regional, and even continental scales relevant to landscape process 
and biotic change. 
 
However, the development of spatially explicit conservation recommendations is 
currently hampered by the lack of predictive, interactive computer-based climate-
environment models of sufficient resolution and sophistication to be relevant to local or 
even regional planning efforts (Brown 2009).  Even when downscaled climate models 
become available, there will be significant limitations to the kinds of predictions they 
may yield.  Although such models will help indicate where, under different climate 
change scenarios, species may find the necessary combinations of climatic conditions 
(temperature and moisture) they need to survive, they will not necessarily be able to 
predict when, how, or if species will be able to access these new areas, what constraints 
may develop over time, or whether suitable habitat conditions, based on other 
environmental variables, will exist there (Brennan 2008; Brown 2009).  Moreover, there 
is a limit to the number of species that can be modeled, not only because of the practical 
constraints of modeling the potential distributions of every species over time and 
changing climate conditions, but because, for may species, science has only limited 
understanding of their environmental requirements and tolerances (Brennan 2008).  As a 
result, species-specific modeling is likely only to be done for select economically 
important or charismatic species (Brennan 2008). 
 
 
Prescriptions for Protected Area Design 
Despite these uncertainties and limitations, the overarching goal of protected area design, 
and indeed of conservation more generally, remains clear: to maintain the highest levels 
of biodiversity over the longest possible time-horizon under changing land use and 
climate conditions.  Toward this end, several broad-based spatial prescriptions for 
protecting biodiversity may be advanced, falling into three basic categories:  1) maintain, 
restore and enhance reserve connectivity, 2) safeguard sites with high habitat diversity, 
and 3) safeguard sites with unique habitat value.  Perhaps not surprisingly, such strategies 
have been fundamental to conservation planning for a long time, and indeed the 
traditional spatial ideal for protected area design – “large, well-placed and interconnected 
reserve systems” – remains equally valid, and in fact even more important, in a climate-
changing world.  However, with climate change, the application of these strategies takes 
new directions. 
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Range adjustments will be the dominant species response to climate change (Huntley 
2005).  Although protected areas represent fixed elements in the landscape they can be 
selected, designed, enhanced and managed in ways which maximize their potential to 
facilitate species mobility, both externally –between reserves or reserve systems, and 
internally –within a reserve itself.  Establishing connectivity between reserves and 
reserve systems – essentially creating an interconnected network of conservation lands – 
will help overcome many of the problems associated with reserve isolation and habitat 
fragmentation, enhance species resilience and population viability, and facilitate species 
dispersal.  As a general rule, travel corridors, “stepping stones,” and the siting of new 
reserves (near existing ones) should be set along climatological gradients.  Observed 
poleward and elevational range shifts among many species, driven largely by rising 
temperatures, suggest that travel corridors should generally be aligned north-south and 
upslope, and rising sea levels render obvious the benefit of coast-inland connectivity.  
Other areas deemed essential for wildlife movement, such as intact riparian corridors, 
should also be part of conservation efforts to enhance landscape connectivity. 
 
However, it is important to keep in mind the inherent individualism in species responses 
to climatic change, as well as regional differences in climate impacts, all of which will 
qualify the application of general rules.  Rising temperature, for example, is not the only 
variable affecting directional range adjustments, nor is it always the most important one.  
For some species, and in some ecosystems, such as tropical cloud forests, moisture is the 
stronger determinant, and moisture changes do not always follow latitudinal or 
elevational gradients (Halpin 1997; The Heinz Center, undated).  Other factors, such as 
adjacent land uses, particularly human land uses, corridor widths and edge-to-area ratios 
will also influence corridor use among different species, and may factor into whether 
corridors become merely a conduit for invasive pest species (Dramstad, Olson, and 
Foreman 1996). 
 
A reserve’s size and location, as well as the nature and degree of its “climate 
heterogeneity,” can affect its resilience and capacity to retain high levels of native 
biodiversity over time.  The virtues of large protected areas are well known to science.  
Large, compact reserves –those with low edge-to-area ratios, can support larger, more 
viable populations of a given species, particularly rare interior species, than smaller 
scattered ones (Dramstad, Olson, and Foreman 1996), and, under climate change, as 
under climate-stable conditions, increase species resilience and reduce the risk of local 
extinctions.  Large reserves, simply by virtue of their broad geographic extent, are also 
more likely to encompass a greater variety of habitats and environmental and climatic 
conditions than smaller ones, providing an invaluable arena for “natural adaptation” and 
the shifting biotic patterns and changing ecosystem dynamics resulting from climate 
change.  Moreover, because large, unfragmented reserves are likely to be more resistant 
to the impacts of climate change, they may also enhance the resilience of the larger 
landscape matrix (Dudley and Stolton 2003), proving to be both more adaptive and 
mitigative. 
 
With respect to climate change, the optimal size and siting of a reserve, as well as 
decisions to enlarge or buffer existing reserves, may be influenced by many factors, 
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including the nature of adjacent land uses, as well as changes in disturbance regimes and 
metapopulation dynamics (Halpin 1997).  While rising sea levels may generate a need for 
larger reserves in coastal areas more generically, other climate impacts, such as changes 
in disturbance regimes (e.g., wildfires), have more regional specificity, and measures to 
accommodate them, as by expanding reserve size, must be determined at the local level.  
“Regions that may experience similar average changes in climate but different changes in 
disturbance regimes, could realize grossly different potential benefits from adjustments to 
reserve size” (Halpin 1997).  Also, given the uncertainty and uneven distribution of 
climate impacts, in some regions it may be more advisable, as a precautionary measure, 
to direct limited resources toward acquiring redundant reserves – protecting multiple 
examples of a habitat type – rather than enlarging a single reserve. 
 
Protecting sites with high “climate heterogeneity” is vital to ensuring species persistence 
under changing climatic conditions, and may be more important for protecting 
biodiversity, in terms of continuous habitat provision for the greatest variety of species, 
than reserve size alone.  Safeguarding sites with high habitat and microhabitat diversity, 
particularly those with high topographic heterogeneity, soils diversity, and range of 
elevation, slope and aspect, will not only serve the overarching conservation goal of 
“keeping as much physical and biological diversity in the system as possible” (The Heinz 
Center, undated), but will amplify species resilience within a reserve by accommodating 
species mobility –climate-induced range adjustments, internally.  To protect species not 
only in their current, but future ranges “land acquisition along specific altitudinal or 
environmental gradients would potentially provide more direct benefits than general 
extension of reserve boundaries” (Halpin 1997). 
 
Sustained habitat provision may be afforded not only by sites with high climate 
heterogeneity but by those which, due to unique topography, geography, and local 
climate conditions (or in aquatic ecosystems, local currents), are able to remain relatively 
insulated from climatic change.  Such “climate refugia,” in evidence from previous 
climate change eras, have so far been identified in North America in the southern 
Appalachians, in major river valleys in the southeastern coastal plain, and in the 
Klamath-Siskiyou region of northwestern California and southwestern Oregon (Noss 
2000).  Kept wild and secure against non-climate stressors, these areas harbor significant 
potential for sheltering a wide range of species and species assemblages which otherwise 
would be unable to keep pace with the speed and magnitude of climate change. 
 
The principle of “maximizing diversity” applies as much to conditions within a reserve as 
it does to the reserve system as a whole, where the focus, ideally (at least in the 
immediate term), should be on building a “comprehensive portfolio” of protected areas 
representative of the diversity of species and habitats, both robust and vulnerable, within 
a region.  This vision should be extended and coordinated globally so that locally 
abundant but globally rare species and habitat types, as well as sites with unique habitat 
value, such as old growth forests, relict grasslands, coastal wetlands, and other 
“biodiversity hotspots” achieve adequate and ample representation and opportunities to 
adapt. 
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Of course, under changing climatic conditions, “representation” will become a 
problematic concept, and may cease to be “a relevant conservation strategy in the long 
term, since the individual components of ecosystems will likely be shifting significantly 
as a result of climate change” (The Heinz Center, undated).  However, it is this very 
uncertainty about the future which renders the conservation and safeguarding of as much 
biodiversity as possible today so invaluable.  Building diversity into the system now 
provides options for the future.  And “given mankind’s rudimentary understanding of 
nature, it may be our most practical tool” (Brennan 2008).  “Some of the species that do 
not look very useful or important now may become keystone species in future systems” 
(Brennan 2008).  Clearly, however, casting the net as wide as possible means extending 
the hand of conservation beyond protected areas themselves and into the matrix at large. 
 
 

Engaging the Matrix 
 
Engaging the “matrix” – the shifting mosaic of land use and land ownership patterns 
within which protected areas are nested – is essential to biodiversity conservation in a 
climate-changing world.  One might even suggest that, although protected areas will 
perform an essential and irreplaceable role in safeguarding areas of primary ecological 
significance, the battle to preserve biodiversity will play itself out, and may even be won 
or lost, outside of the protected area system itself.  In the United States, private lands 
“support nearly 67 percent of known populations of federally listed endangered or 
threatened species,” and about half of the species listed are found “exclusively on private 
land” (Casey, Vickerman, Hummon, and Taylor 2006), a number certain to increase as 
climate change intensifies, not only because climate-induced range shifts will force many 
endangered species outside of protected areas, but because climate change will place 
even more species at risk, both within and outside of reserves.  “With a little over 10 
percent of the [land] surface of the planet under some form of protection, management of 
the intervening matrix plays a vital role in the future of biodiversity conservation” (Da 
Fonesca, Sechrest, and Oglethorpe 2005). 
 
 
Limitations of the Reserve System 
Arguments for upscaling conservation efforts to the regional level and engaging the 
matrix involve traditional concerns about the comprehensiveness and long-term viability 
of existing reserves, as well as those provoked by climate change, the impacts of which, 
from species range shifts to altered precipitation patterns and extreme events, will 
manifest bioregionally and which therefore must be managed at the regional scale – a 
scale which by default must engage human activity and land uses. 
 
As they stand today, protected areas are too few, too small, too fragmented, too limited in 
scope, and lack the necessary connectivity to safeguard the world’s biodiversity over 
time, especially in a climate-changing world.  While expanding conservation efforts to 
build bioregional networks of protected areas will be an integral component of a 
successful conservation strategy, “it is neither realistic nor desirable to acquire and 
manage all land necessary to conserve the nation’s biodiversity through fee-simple 
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purchase or private easements” (Casey, Vickerman, Hummon, and Taylor 2006).  It has 
been estimated that it would cost up to $500 billion over 40 years to secure enough land 
to establish a strategic network of conservation lands in the United States (Lerner, 
Mackay, and Casey 2007; Schaffer, Scott, and Casey 2002). 
 
Cost is not the only issue.  Even if regional networks of reserves were established, it 
remains unlikely that acquisition-based approaches to protecting biodiversity will be 
sufficient for managing the kind of dynamic biodiversity that will result from climate 
change.  Nor can protected areas, in and of themselves, sufficiently deal with the major 
impacts human land use and population pressures have, and will increasingly have on 
them.  Limitations of the protected area approach are not merely a function of the impacts 
of climate change, but stem more fundamentally from the profound interconnectedness of 
human and natural landscapes. 
 
 
Rethinking the Conservation Paradigm 
Awareness of the limitations of strictly acquisition-based approaches to biodiversity 
conservation led, in the 1990s, to a “paradigm shift” within conservation practice away 
from the purchase of small, isolated preserves toward strategies for protecting entire 
ecosystems.  Exemplifying this shift was The Nature Conservancy’s “Last Great Places” 
campaign, a multinational conservation effort launched in 1993 to protect 75 of the most 
biologically rich ecosystems in the United States, Latin America, and the Pacific Basin.  
Promoted as “an alliance for people and the environment,” the campaign was based on 
two premises: 1) “every place is downstream from somewhere else,” and 2) to be 
successful, “conservation strategies need to include human populations, actions, and 
impacts, and not exclude them” (The Nature Conservancy 1993).  The resulting, new, 
ecosystem-level conservation initiative included the acquisition of ecologically core 
areas, but built on this tradition by buffering protected areas with a host of other 
conservation strategies designed to enhance their viability over time, such as sustainable 
resource use, compatible development, and the protection of ecological processes. 
 
Basically, The Nature Conservancy had come to recognize that their traditional, species-
focused, acquisition-based approach to protecting biodiversity was inadequate.  Not only 
can “not enough biodiversity be preserved, and not in perpetuity, by setting it aside in 
protected areas” (The Nature Conservancy 1995), but the protected area strategy itself 
has inherent limitations.  Beyond limitations inherent to economies of scope and 
feasance, science has revealed an essentially implicit, but time-bound contradiction 
between mission and method in such insular and exclusionary conservation practices.  
Within a matrix of human-modified terrain, small isolated preserves almost inevitably 
lose biological richness over time.  Nor can any single place contain all the processes 
essential to a species survival.  While to some degree conservation sciences, such as 
landscape ecology, can direct site acquisitions in ways to enhance a preserve’s viability 
over time, inadequacies in acquisition-based strategies are also a function of the 
increasing complexity of the world.  Neither species nor preserves exist in a vacuum, and 
protecting biodiversity has proven more complex and challenging than simply, or 
strategically, “buying land and fencing off wildlife habitats.  Key ecological processes 
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will cross the boundaries of any preserve, and will not remain the same over time” 
(Jensen 1994).  No preserve can avert all threats, nor protect all systems that flow through 
it.  Land ownership alone cannot ensure the protection of habitat.  The nature of 
acquisitions is exclusionary, whereas the economies of nature are not. 
 
Ecosystem-level conservation planning marked the beginning of what may be regarded as 
an inclusionary approach to conservation planning and to protecting biodiversity.  Just as 
ecological processes cannot be separated from cultural, social, and economic factors, 
ecosystem-level conservation planning emerged as a means to transcend the boundaries 
of isolated preserves in order to accommodate the processes impacting them.  More than 
just a shift in scale, ecosystem-level planning was a shift in paradigm, a new way not 
only of doing business, but of conceiving of the nature of conservation in the world. 
 
The realities of climate change are invoking a second paradigm shift, one which builds 
upon the inclusionary sensibilities of ecosystem-level planning but which takes them one 
step further to engage the matrix not merely for the purpose of protecting protected areas, 
but as a conservation landscape in its own right.  Exceeding ecosystem-level planning in 
focus, scale and scope, “matrix conservation” represents the penultimate conservation 
challenge, but it may prove essential if matrix regions are to become “transitional 
pathways for range shifts, crucial habitats in themselves, and potential future protected 
areas” (Da Fonesca, Sechrest, and Oglethorpe 2005). 
 
 
The Future of Conservation: Rendering Landscapes Whole 
Matrix conservation begins with the realization that a “whole landscape” approach to 
conservation, one which engages entire bioregional mosaics of protected and unprotected 
lands as highly integrated ecological systems, is requisite to mitigating and managing the 
synergistic impacts of climate change and human development on the natural world.  
Given the dynamic and unpredictable nature of the matrix, the changeability of land use 
and land ownership patterns, managing the matrix to accommodate the equally 
unpredictable needs of a dynamic biodiversity will require sustained regional vision and 
flexible, anticipatory, highly collaborative and spatially coordinated management 
approaches.  While maximizing biodiversity in the matrix does not reduce the need for 
large, interconnected reserve systems (Ehrlich and Pringle 2008), only from the vantage 
point and scale of “whole landscapes” can future human interests in land be balanced 
with changing biodiversity needs. 
 
Minimizing land degradation and restoring the quality and permeability of human-
dominated landscapes to species movement are primary objectives of matrix conservation 
(Da Fonesca, Sechrest, and Oglethorpe 2005), with the ultimate goal of forming and 
maintaining a dynamic, regionally integrated “web of land uses that can support biotic 
change” (Hannah and Hansen 2005) – a goal not unlike that determining the planning and 
management of formal protected areas.  Matrix conservation, however, distinguishes 
itself from, but would ultimately complement, strictly defensive or protectionist 
approaches to biodiversity conservation by seeking to advance biodiversity objectives 
through and by means of the development and production forces shaping regional 
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environments.  Growth is inevitable, and “we must accept that conservation of 
biodiversity [will only be] effective if we integrate it in the dynamic development of the 
landscape, and develop an offensive strategy based on coalitions with other functions” 
(Opdam and Wascher 2004).  Through spatially coordinated regional restoration efforts 
and active “de-fragmentation” of human-dominated landscapes, through the promotion of 
an agro-ecological matrix (and the protection of rural economies), and investment in 
biodiversity-supportive development, redevelopment and land management practices, it 
may yet be possible, through incentive, regulation, and planning, to stabilize and even 
reverse trends in ecosystem decline, to “buy time” for biodiversity to adapt to changing 
climate regimes, and to promote more resilient regional environments. 
 
The future of biodiversity may ultimately reside in our ability to bridge human and 
natural values, to form multi-scale, multi-sectoral, cross-boundary coalitions united by a 
shared vision of regional conservation potentials and benefits, and to harness the 
transformative power of production and development to actually advance conservation 
goals.  Indeed, given that most of the Earth’s habitable area is already dominated by 
human land uses (Lovejoy 2005), and that human alteration of the landscape will likely 
continue to outpace and out-compete protected area acquisition, “the future of 
biodiversity is not just what we can save of what is left, but also what we can create from 
what is left” (Ehrlich and Pringle 2008). 
 
 

Conclusion 
 
The combined threat to biodiversity of rapid climate change and rapidly increasing 
human alteration of the natural environment amplifies the conservation imperative and 
infuses it with a new sense of urgency.  The nature of change which will be wrought to 
the environment by future warming and altered climate regimes is uncharted territory and 
poses unique and unprecedented challenges to conservation practice –and paradigm.  
Conservation practice, accustomed to managing relatively stable and predictable patterns 
of biodiversity, must adapt itself to a world profoundly in flux, a world within which the 
future will not resemble the past.  Climate-induced species range shifts and the 
reorganization of biological communities will play themselves out, and so will need to be 
addressed, on bioregional scales, testing static dividing lines between conservation lands 
and the larger landscape matrix.  Accommodating an increasingly dynamic biodiversity 
will require equally dynamic conservation responses, and the integration of the 
conservation and development agendas to a degree rarely seen before (Lovejoy 2005).  
This necessitates a fundamental rethinking of what can and should constitute the 
“conservation landscape,” invoking an holistic, if not visionary approach to biodiversity 
protection which takes a fresh look at the entire landscape mosaic and reassess it, as a 
dynamic whole, through the lens of climate change for its conservation potential. 
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