Special Section: Conserving Nature's Stage

Life is a gloss on geography. And if you dig your fists into
the earth and crumble geography, you strike geology.
Climate is the wind of mineral earth’s rondure, tilt, and
orbit modified by local geological conditions. The Pacific
Ocean, the Negev Desert, and the rain forest in Brazil are
local geological conditions. So are the slow carp pools
and splashing trout riffles of any backyard creek. It is all,
God help us, a matter of rocks.

The rocks shape life like hands around swelling dough.
In Virginia, the salamanders vary from mountain ridge
to mountain ridge, so do the fiddle tunes the old men
play. All this because it is hard to move from mountain to
mountain. These are not merely anomalous details. This
is what life is all about: salamanders, fiddle tunes, you
and me and things, the split and burr of it all, the fizz into
particulars. No mountains and one salamander, one fiddle
tune, would be a lesser world. No continents, no fiddlers.
No possum, no soup, no taters. The earth without form
isvoid. . .

Annie Dillard (1982)

Introduction

The papers in this special section address the use of geo-
diversity as a coarse filter strategy for conserving biodi-
versity. A coarse filter strategy conserves representative
samples of broadly defined environments as a way to
conserve most species. However, geodiversity first en-
tered conservation planning for its own sake, not for
its ability to support biodiversity. For example, the first
national park in the world (Yellowstone [established
1872]), the second national park in the US (Yosemite
[1890]), Canada’s first national park (Banff [1885]), and
New Zealand’s first national park (Tongariro [1887])
were each set aside primarily to protect spectacular geo-
physical features and their associated recreational and
cultural values. This history helps explain why some pro-
tected area networks do a better job of protecting rocks
than biodiversity (Scott et al. 2001).

Although ecologists have long recognized geodiversity
as a key driver of biodiversity and species distribution pat-
terns (Lawler et al. 2015), conservation biologists were
slow to consider using geodiversity to prioritize areas
for biological conservation. In 1982, The Nature Conser-
vancy (TNC) launched the first coarse-filter approach to
conservation (TNC 1982; Noss 1987). The TNC approach
aimed to conserve examples of each vegetation commu-
nity, under the assumption that most species would be
protected using this filter. Six years later Hunter et al.

(1988) summarized paleoecological evidence that veg-
etation communities are merely the ephemeral results
of recent (often <8,000 years old in temperate zones)
range shifts of individual plants species and argued that
physical environments would make better surrogates for
conservation planning: “we advocate basing the coarse-
filter approach on physical environments as arenas of
biological activity, rather than on communities, the tem-
porary occupants of those arenas.” This apparently was
the first time that conserving geodiversity was proposed
as a surrogate for conserving biodiversity and thus marks
the beginning of conserving nature’s stage (CNS).

Although Hunter et al. (1988) specifically proposed
CNS as a coarse-filter strategy for conservation in the
face of a changing climate, for the ensuing 20 years,
when physical environments were used as coarse filters,
they were primarily used as surrogates for contemporary
biodiversity, not as a climate adaptation strategy (Belbin
1993; Kirkpatrick & Brown 1994; Wessels et al. 1999).
A primary motivation was that data on abiotic physical
variables were widely available and more consistently
mapped than vegetation communities or species distri-
butions. Indeed, CNS was attractive because it could be
applied even in areas with no maps of land cover or
species distributions.

The next conceptual advance in CNS occurred when
Cowling et al. (2003), Rouget et al. (2003, 2006), and
Pressey et al. (2007) proposed the use of physical fea-
tures (e.g., upland-lowland gradients, interfaces between
soil types, and sand movement corridors) as surrogates
to conserve ecological and evolutionary processes, such
as nutrient transport, interspecific interactions, intraspe-
cific genetic diversity (needed for adaptation and speci-
ation), and disturbance regimes (e.g., flooding and mass
wasting).

Five years ago, 2 papers revived the idea of CNS as a cli-
mate adaptation strategy (Anderson & Ferree 2010; Beier
& Brost 2010). Both papers proposed CNS as a coarse-
filter alternative to climate-envelope modeling that has
emerged as the dominant fine-filter (species by species)
strategy for climate adaptation. Climate-envelope mod-
els are focused on individual species, and they chain
together 5 highly uncertain models: emission scenar-
ios, general circulation models, downscaled circulation
models, species-specific climate envelope models, and
species-specific range-shift models. The results are used
to identify areas that might support persistence and
range shifts of each species. Unfortunately, when the
models are used responsibly (considering all plausible
combinations of scenarios, models, and scales), large
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fractions of the landscape are identified as potential
high-priority areas (Pearson et al. 2000; Aratjo & New
2007). In contrast, CNS is focused on physical places
and provides an attractive coarse-filter alternative, iden-
tifying areas of expected high climate resilience with-
out complex modeling of climate and individual species’
responses.

The CNS approach has gained traction among scientists
and practitioners. The Doris Duke Charitable Foundation
sponsored a workshop on CNS at ICCB 2013 and has
committed US$31 million to conserve geodiverse lands
in the eastern United States. The U.S. Landscape Conser-
vation Cooperative program is assessing the availability of
enduring features data in the coterminous USA and eval-
uating the potential use of geodiversity in planning. After
lamenting the fact that many protected area networks
over-represented rock and ice, conservation biologists
are now asking, “which rocks, what ice, which soil?”
(Sanderson et al. 2015). Furthermore, conservation biol-
ogists are increasingly investigating other aspects of the
physical stage such as how topography modifies climate
to create opportunities for species persistence.

Taking Stock of CNS

As proponents of CNS, in 2012 we recognized the need to
examine its theoretical basis, its strengths and limitations,
and evidence for its utility. In particular, we recognized
the need to ground CNS in more than wishful thinking.
The fact that conservation biologists desperately need
a well-mapped surrogate for species conservation in ar-
eas lacking biotic information does not guarantee such
surrogates exist. Similarly, aversion to house-of-cards cli-
mate envelope models for individual species might make
CNS attractive, but it does not prove it is a reliable
alternative.

The papers in this special section take stock of CNS
as a coarse filter strategy for conservation planning, both
for today’s biodiversity and in the face of climate change.
In these papers, we use the term geodiversity to refer to
the diversity of conditions defined by geological, geomor-
phological, and soil features (Gray 2004); the term abiotic
diversity refers to the union of geophysical diversity and
climate diversity, and the term environmental diversity
refers to combinations of biotic and abiotic factors or as
a general term that references any or all of the above-
mentioned concepts.

Lawler et al. (2015) provide abundant evidence that
geodiversity is a major driver of species distributions
and ecological and evolutionary processes in terrestrial
systems but that CNS might need to be adapted to par-
ticular situations. For example, the influence of geodi-
versity might be strongest at mid-sized spatial extents
(landscape to region), whereas climate might dominate
at continental extents and biotic interactions might dom-
inate at local extents. Moreover, edaphic variables may
be relatively strong drivers in low-latitude and semi-arid
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regions, whereas aspect and insolation may be stronger
at mid-latitudes.

Hjort et al. (2015) explain that ecosystems are the prod-
uct of 3 realms of diversity (geo-, bio-, and climate diver-
sity) and that geodiversity underpins or directly delivers
all types of ecosystem services. Thus, although CNS val-
ues geodiversity only for its contribution to biodiversity,
geodiversity merits protection for its own sake. Hjort et al.
also catalog “geosites”—physically unique sites generally
smaller than 1 km? that support unique species. Although
these sites are unlikely to be identified by multivariate
approaches to CNS, practitioners can easily incorporate
geosites (many of which are well mapped) into a CNS
strategy.

Summarizing evidence from the last 2.6 million years,
Gill et al. (2015) report that although past episodes of cli-
mate change produced many local extinctions, geodiver-
sity apparently minimized the number of global extinc-
tions caused by climate change. They conclude that CNS
“explicitly acknowledges dynamic processes, including
extinction, evolution, community turnover, and novelty.
That is, it acknowledges change—not necessarily as a
hindrance to conservation, but as intrinsic properties of
the very nature we aim to conserve.”

Sanderson et al. (2015) provide the first global map
of land facets (geodiversity types) along with frequency
distributions of the sizes of individual facets and then
estimate how much of each of the 672 land facet types
are in protected status in each of 8 biogeographic realms.
Future conservation efforts should focus on the least pro-
tected types (low elevation mollisols and vertisols) that
are also the most productive for agriculture.

Although most of the papers in the special section
have a terrestrial focus, Sutcliffe et al. (2015) demon-
strate that tropical marine sites selected to span abiotic
surrogates would conserve most species in 11 marine
phyla. Abiotic surrogates were especially effective when
the variables used to define surrogates were weighted ac-
cording to their influence on species turnover. Although
studies to identify the abiotic drivers of species turnover
made such biotically informed surrogates more expen-
sive than surrogates using unweighted variables, the ben-
efits to biodiversity and commercial fisheries justified the
cost.

In their review of many tests of how well abiotic
diversity (geodiversity and climate diversity combined)
represents species, Beier et al. (2015) report that abiotic
surrogates represent plant species well and that recently
improved abiotic surrogates can greatly improve repre-
sentation of plants, vertebrates, and marine organisms.
This supports the use of abiotic surrogates in areas that
lack data on species distributions. If additional tests us-
ing purely geophysical surrogates (i.e., excluding climate
variables) find similar patterns, this would support use of
CNS as a climate adaptation strategy.

In a compendium of 8 case studies that used geodi-
versity in conservation planning, Anderson et al. (2015)
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found that adding geodiversity targets to a traditional con-
servation plan (i.e., a plan designed to represent vegeta-
tion types and species) usually does not increase the total
area prioritized or decrease the achievement of other
targets. Under these circumstances, using geodiversity
surrogates is a low-cost type of bet hedging that results
in networks more robust to climate changes but that are
compatible and complementary to existing plans.

Comer et al. (2015) describe how geodiversity can be
incorporated into the work of agencies with legal, po-
litical, and cultural mandates to focus on conservation
of particular species. They suggest that a landscape can
be classified into 1 of 4 classes of vulnerability to cli-
mate change (resistant, resilient, susceptible, and sensi-
tive), depending on the landscape’s current geodiversity,
ecological intactness, and connectivity. For each class
of vulnerability, Comer and colleagues suggest partic-
ular activities to manage disturbance, restoration, and
connectivity.

Future Development of Conserving Nature’s Stage

Conserving nature’s stage has earned a place in
the climate adaptation toolkit, complementing other
approaches such as reducing non-climate stressors, aug-
menting genetic diversity in restoration plantings, climate
envelope modeling, and assisted colonization (Groves et
al. 2012; Schmitz et al. 2015). The papers in this special
section also support use of CNS as a coarse-filter strategy
to conserve species in today’s climate in areas lacking data
on where species occur. In the next 5 years, we would
like to see the following developments related to the use
of geodiversity in conservation planning. Our over-riding
concern is less with advancing CNS in particular than
with providing a strong scientific basis for adaptation
strategies that will conserve biodiversity in a changing
world.

Increased Use of Geodiversity in Systemic Conservation
Planning

Because geodiversity is intended as a surrogate for bio-
diversity, CNS users are adopting many of the strategies
used to set targets for species. Thus Rouget et al. (2003),
Beier and Brost (2010), Brost and Beier (2012), Beier
(2012), and Anderson et al. (2014, 2015) suggest set-
ting higher targets for rare and distinctive geophysical
settings that might support rare species; including large
instances of some geophysical settings to support distur-
bance regimes and large, genetically diverse populations
of species associated with that setting; having targets for
interspersion of geophysical settings to promote com-
munity reassembly, transition to favorable climate during
periods of rapid change, and opportunities for evolution-
ary diversification; and including targets for connectivity
and compactness to facilitate range shifts. These provide
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a good start on making CNS a practical tool, but there is
a lot of room for improvement.

We call attention to 2 understudied aspects of incor-
porating geodiversity into systematic conservation plan-
ning. First, 3 papers in this special section mention the
use of geodiversity as a surrogate not only for species,
but also for ecological and evolutionary processes. But
we lack a theoretical or empirical basis to set quantitative
targets to conserve such processes. For years conserva-
tion biologists have used the species-area relationships
to suggest general guidelines for minimizing species loss.
Can we develop similar rules of thumb for the optimum
interspersion of geophysical settings or for the minimum
proportion of a physical gradient needed to minimize loss
of a region’s ecosystem services or evolutionary poten-
tial? Although the correct rule may not exist, it would be
helpful to develop broad sideboards to guide planning.
Second, some geophysical settings are expected to be
refugia during the coming decades of inevitable climate
change, and this function needs to be incorporated into
systematic conservation planning. For example, Shoo
et al. (2011) noted that 45% of species in Queensland
tropical rainforests were restricted to the coolest forest
areas and used these relationships to prioritize sites for
restoration. The prioritized sites were identified solely
from nonclimate variables (elevation, latitude, distance
to stream and coast, foliage cover, and solar radiation)
and thus such planning fits within a CNS framework.

A More Charismatic Vocabulary

Geodiversity can be charismatic (Fig. 3 in Hjort et al.
2015), but terms like land facets and ecological land
units are technical and sterile. Acceptance of CNS by
managers and civil society would probably be advanced
if its vocabulary conveyed the idea that the goal is con-
serving species and life processes. The term niche is a
good example of a term that originally denoted a phys-
ical space, but now connotes multivariate space that is
important to life. Might other terms take on similar utility
for this new coarse-filter conservation strategy? The term
geodiversity might be young enough (it was coined about
1993 [Gray 2004:5-6]) to take on a significant life-support
flavor. We hope that conserving nature’s stage, with its
allusions to Hutchison’s (1965) “ecological theater and
the evolutionary play,” might resonate with scientists,
managers, and civil society and lead to greater apprecia-
tion of the link between geodiversity and biodiversity.

Increased Development and Evaluation of Adaptation
Strategies

In the first 100 titles produced by Google Scholar for
the keywords climate change biodiversity, at least 86
papers focused solely on predicting the vulnerability of
biodiversity to climate change. No more than 14% of the
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papers developed or evaluated an adaptation strategy.
This bias toward impact assessment over adaptation is not
limited to the academic literature. For example, consider
the United States’ National Climate Change and Wildlife
Science Center, 8 climate science centers, and 22 land-
scape conservation cooperatives—entities formed since
2009 explicitly to help society take steps to conserve
biodiversity in a changing climate. Our perusal of projects
listed on the websites of these entities suggests that >90%
of their effort focuses on impact assessment and <10%
on adaptation strategies such as CNS, climate envelope
modeling, assisted colonization, mobile reserves, and en-
hancement of connectivity.

We advocate a shift of emphasis away from impact
assessment and toward development and evaluation of
adaptation strategies—including but certainly not limited
to CNS. Unfortunately, the most rigorous evaluation of
adaptation strategies would be to try various strategies
(with replicates and controls) and observe the response
of biodiversity over the next 50-100 years. But of course
that course of action is too slow and too risky. As an alter-
native, we advocate a rigorous comparative evaluation of
the theoretical foundations, risks, costs, practicality, and
likely outcomes of each strategy.

In such comparative evaluations, CNS would probably
fare well in terms of practicality and cost. Because it does
not depend on a particular future climate (indeed it is
hypothesized to work even if climate does not change),
it is more likely to be perceived as practical by managers
who are skeptical of climate models, or even the very fact
of climate change. Because CNS relies heavily on existing
protected areas to allow species to shift to new climate
space (Beier 2012), it is less expensive than some alterna-
tives. Because it focuses on real places on the landscape,
it avoids the open-ended uncertainty of movable reserves
or assisted colonization. Because it uses existing, freely
available data, CNS avoids delaying conservation action to
improve knowledge; priority lands often become unavail-
able or more expensive during such delays (Grantham
et al. 2009).

On nature’s stage, the next act has already begun: mas-
sive changes to human and natural systems caused by
human alteration of the atmosphere. The degree to which
the next act is tragic or triumphant depends primarily
on how quickly humans reduce concentrations of green-
house gasses. We hope our modest contributions will
help produce adaptation actions that will complement
these crucial mitigation actions.
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