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Abstract
Effective conservation planning requires, considering all the complicated biological, social and economic factors which
impinge on the ecological integrity of a site, and then focusing inevitably limited conservation resources on those times, places
and activities that most impact ecological structure and function. The landscape species concept provides a useful lens for
de®ning conservation landscapes and highlighting potential threats from human activity. This paper outlines a conceptual
methodology for landscape conservation being tested by the Wildlife Conservation Society at three sites in Latin America and
Africa. Based on the biological requirements of an ecologically functioning population of a landscape species, the
``biological'' landscape is de®ned. This landscape is compared to the landscape of human activities through the use of
Geographic Information Systems (GIS). Focal landscapes suf®cient to meet species requirements are de®ned and threats from
human activity evaluated with respect to biological requirements. A suite of landscape species may be selected depending on
resources, leading to multiple, often overlapping, focal landscapes. A hypothetical example is presented. # 2002 Elsevier
Science B.V. All rights reserved.
Keywords: Landscape scale conservation; Conservation planning; Landscape species

1. Introduction
We know from practice that the most effective
strategies to conserve biodiversity must account for
the complex and diverse needs of wildlife and people.
Parks and reserves can effectively protect some elements of biodiversity (sensu Redford and Richter,
1999) and contribute to the conservation of nature,
but often strict protection is not possible over suf®cient areas. As a result virtually all protected areas are
embedded in a landscape in which natural resource
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exploitation of multiple types occurs (Redford and
Robinson, 1995; Brandon et al., 1998; Woodroffe and
Ginsberg, 1998). Effective biodiversity conservation
must therefore integrate use and protection across the
landscape (Arnold, 1995; Fox et al., 1996; Furze et al.,
1996; Steiner et al., 2000b). For landscape scale
conservation to be socially as well as ecologically
sustainable, those strategies must succeed in a mosaic
of different land uses that not only conserves biodiversity, but also allows people to make a living
(Casimir and Rao, 1998; Milner-Gulland and Mace,
1998; Hoare, 1999; Zander and Kachele, 1999;
Thompson and Sorvig, 2000). Such a conservation
strategy must integrate land uses as diverse as parks,
large forestry concessions, indigenous management
areas, extractive reserves, agricultural zones, and
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urban areas (McShane, 1990; Forman and Collinge,
1996, 1997; Poiani et al., 1998; Hostetler, 1999; Pino
et al., 2000).
However effective conservation planning is not a
matter of simply thinking, over larger areas and across
different management units. Effective conservation
planning must also include consideration of the heterogeneous and dynamic nature of ecosystems (Huston, 1994; Pickett et al., 1997; White and Harrod,
1997; Koehler, 2000). Nature, as landscape ecologists
like to say, is not homogenous. Spatial heterogeneity is
created by environmental gradients (Austin and Heyligers, 1989; Burnett et al., 1998), disturbance processes (Pickett and White, 1985; Baker, 1992; Turner
et al., 1994; Lertzman and Fall, 1998) and organisms
themselves (Cumming et al., 1997; Kinnaird, 1998),
particularly people (Baker, 1995; Lawrence et al.,
1998; Thrash, 1998). Some processes are slow and
create gradual changes, for example successional
processes (Parker and Pickett, 1998). Other processes
create fast or punctuated changes, but those changes
may be distributed irregularly across large areas, for
example disturbance processes like wind throws and
®re (White, 1979; Holling, 1992).
Because nature is not homogenous, most organisms, at one scale or another, depend on heterogeneity
for their survival (Pulliam and Danielson, 1991; Hansson et al., 1995; Tilman and Kareiva, 1997). Accordingly neither people, nor animals, use the landscape
homogeneously, but rather cluster their activities differentially among landscape elements (Holling, 1992).
People distribute their uses in space and time, establish
areas of non-use (i.e. protected areas), and live in
concentrations that create an uneven mosaic of use
(Verlinden, 1997; Schrijnen, 2000; Thomlinson and
Rivera, 2000). Similarly some organisms use multiple habitats, depend on temporary concentrations
of resources, and move around the landscape in nonrandom ways and according to spatially and temporally
distributed requirements (Kozakiewicz, 1995; Kinnaird et al., 1996; Lima and Zollner, 1996). Protecting
organisms means protecting their ability to meet their
requirements, inside and outside parks, among different human uses, and in spite of human economic and
cultural requirements being met in the same times and
places (Harrison and Fahrig, 1995; Bowen and Crouse,
1997; Lambeck, 1997; Naughton-Treves, 1998; Hoare
and Du Toit, 1999).

In short, conservation planning requires a landscape
sensibility (Noss, 1983). Landscapes, as de®ned by
ecologists, are spatially heterogeneous areas, typically
with extents at least a few kilometers across (Turner,
1989; Forman, 1995). There are a variety of different
kinds of heterogeneity that can be recognized in the
landscape, depending on the goal and scale of the
planning effort. Some conservation plans focus on
geographic or ecological distinctions, like climate,
topography or vegetation types (Scott et al., 1993;
Faith and Walker, 1996; Bonan, 2000; Fairbanks and
Benn, 2000) which have a scale and complexity quite
different from plans focused on accommodating different land uses or the economic ambits of different
communities (Steiner et al., 2000a; Treu et al., 2000).
The key for conservationists is de®ning the kinds of
heterogeneity that most directly in¯uence the parts of
nature under threat.
Effective conservation planning must clearly de®ne
biologically relevant landscape elements for planning
at the appropriate scales (Poiani et al., 1998; Whited
et al., 2000; Wu and Smeins, 2000). What elements are
relevant and at what scales is an active area of research
in both conservation biology and landscape ecology at
this time, leading to an array of different approaches
(Franklin, 1993; Simberloff, 1998; Caro and O'Doherty, 1999; Miller et al., 1999; Bellman, 2000; Noss,
2000; Poiani et al., 2000; Steiner et al., 2000a). Some
of these approaches emphasize patterns of biodiversity
over the landscape with the goal of conserving the
most species rich places (e.g. Myers et al., 2000).
Others emphasize conservation of ecosystem services
and economic viability of local communities as a
means toward ecosystem conservation (e.g. Barrett
and Arcese, 1995; Alpert, 1996). Still others plan
portfolios of conservation sites that insure representation of species, communities and ecological phenomena (e.g. Anderson et al., 1999; Ricketts et al., 1999;
Groves et al., 2000). These different conservation
approaches are applied at a variety of different scales,
from global visions to plans for small, isolated protected areas.
Recently the Wildlife Conservation Society developed an approach to site-based conservation planning
based on the species requirements of suites of ``landscape species'' (Redford et al., 2000 and summarized
below). This approach chooses certain species whose
life history characteristics and biological requirements
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in space and time make them particularly useful for
identifying when and where human uses of the landscape may compromise ecological integrity of the
overall landscape (Vedder, 2000). Thus, this approach
builds on other species based approaches to landscape
conservation such as the focal species approach (Lambeck, 1997), but it differs in not describing not just
how to select species to focus conservation effort, but
how actually to focus that effort through a conceptual,
spatially explicitly methodology for systematically
thinking about conservation landscapes in terms of
biological requirements and human use. This conceptual model is currently being ®eld tested across three
sites in tropical Latin America and Africa and will be
re®ned through experience over the next 5 years.
2. The landscape species concept
Landscape species are de®ned as biological species
that ``use large, ecologically diverse areas and often
have signi®cant impacts on the structure and function
of natural ecosystems'' (Redford et al., 2000). Their
requirements in time and space make landscape species particularly susceptible to human alteration and
use of natural landscapes. The landscape species
concept is a way of selecting a few species for conservation attention with the belief that meeting their
needs will achieve conservation of other species and of
the landscape as whole. As such the landscape species
concept is related to other species focused conservation planning techniques based on focal species,
umbrella species, keystone species or ¯agship species
(Lambeck, 1997; Caro and O'Doherty, 1999; Miller
et al., 1999). The landscape species concept is different however in that the species' requirements are used
to de®ne the landscape in which conservation must
occur, both the outer limits of such an area (the extent)
and the important variation within it (the grain). The
landscape species is the lens through which we view
the landscape to determine where human activities
impinge on the ecological integrity of an area.
The de®nition of landscape species contains several
provisions. The ®rst provision is that populations of
landscape species use large areas; that is, the scale of
the population's use of the environment is signi®cant
in making the landscape species a conservation target.
Large of course is relative, but in this sense ``large''
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refers to organisms whose populations use landscapes
over distances and through times comparable to
human management regimes and resource extraction
activitiesÐhundreds to thousands of square kilometers and with population dynamics measured in
years and decades. The population's use of the landscape, measured over a time signi®cant for conservation purposes, de®nes the area in which we will work
to ensure its conservation.
The area necessary to ensure the conservation of
landscape species populationÐthe conservation landscapeÐis by the de®nition, ecologically diverse. The
different elements of the landscape spatial mosaic can
be de®ned by ecosystem types, human land uses, or
any other combination of species-meaningful land
type classi®cations (e.g. forested areas near roads
where there is heavy hunting). A landscape by itself
is a scale-less entity; it requires some other entity or
process to de®ne its functional scale (Allen, 1998). In
this de®nition, the extent of the landscape is de®ned by
sum of all the areas required to support a population of
the landscape species; the grain is de®ned by the
mosaic of areas necessary for that species, using grain
and extent in the sense of (Weins, 1989). The different
land types that the species uses determine the composition of the ``ecologically diverse'' landscape.
Because landscape species use relatively large areas
that consist of different habitat types and land uses,
they encompass the space and resource requirements
of many other species, i.e. they serve as umbrella
species (Wilcox, 1984). Most signi®cantly, landscape
species also require heterogeneous areas that are
maintained by ``landscape scale'' processes such as
disturbance (Pickett and Rogers, 1997; White and
Harrod, 1997); in other words, landscape species rely
on the composition and con®guration of landscapes
rather than simply large areas. Because of their role in
de®ning landscapes, landscape species are more than
just umbrella species, because conservation of the
landscape species will lead not only to the conservation of other sympatric species, but presumably also to
the conservation of the structure of the landscape,
including the ecological functions dependent on that
structure. Therefore, many species that do not directly
interact with the landscape species may still be conserved through maintenance of functional landscapes.
Landscape species also often have direct impacts
on the structure or function of natural landscapes
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(deMaynadier and Hunter, 1994; Johnston, 1995). Species like forest elephants structure ecosystems in a
variety of different ways, by localizing and redistributing energy and materials (e.g. aggregations of grazers;
seed dispersers), by physically altering the landscape as
a form of disturbance agent or structuring it (e.g.
elephants, beavers or corals), or by modifying the
way other organisms use the landscape (e.g. predators).
In these senses, landscape species are often ecologically
pivotal or keystone species (Mills et al., 1993; Power
et al., 1996). Although landscape species may often
play important functional roles in landscapes, the lack
of those functions does not preclude them from being
classi®ed as landscape species because of their bene®ts
in de®ning landscapes, as described above.
Landscape species are typically susceptible to
human activities in the landscape because of their
requirements for large areas and their sensitivity to
landscape structure and function. Because of the scale
of their requirements, they often come into con¯ict
with human beings who are exploiting resources over
similar scales in the same landscape. This susceptibility may not translate into a propensity toward global
extinction (dispersal limited species with narrow
requirements may be more extinction prone, for example), rather landscape species may indicate their vulnerability by altering their use of time and space (Stern,
1998; Novaro et al., 2000b) or through diminution of
the nature and strength of their ecological interactions
(Weaver et al., 1996; Novaro et al., 2000a). Their longterm survival depends on their ability to withstand large
scale ¯uctuations in critical resource availability year
to year and over spatial scales de®ned by their mobility,
such that when their viability in a landscape becomes
threatened, it seems likely that the integrity of the
landscape is under threat.
The selection of landscape species approach may
bear super®cial similarity to the `focal species'
approach (Lambeck, 1997), but there are two important conceptual differences. First, under the focal
species approach the suite of species is chosen by
identifying the most demanding species with respect
to: ``area'', ``resource'', ``dispersal'', and ``process''
requirements (Lambeck, 1997). In contrast, landscape
species are chosen based on an aggregated score
incorporating area, heterogeneity in the habitats and
land uses they encounter, vulnerability to anthropogenic threats, ecological functionality, and socio-eco-

nomic signi®cance (Wallace et al., 2001). Candidate
landscape species are scored according to these criteria and the suite is built by choosing the one species
exemplifying the ®ve criteria and then adding other
highly ranked species with complementary habitat
requirements. This process continues until the spatial
requirements of the most complementary candidate
species (i.e. the species with the least spatial overlap)
have already been met by the current suite. The second
difference is one of emphasis rather than methodology.
The focal species approach focuses primarily on selecting the species upon which to base conservation planning. The landscape species approach focuses on
how planning efforts should strive to meet and protect
the needs of a suite of species. Therefore, the two
approaches, Lambeck's focal species and landscape
species, may prove to be entirely complementary.
The application of the landscape species approach
to conservation is not limited to any speci®c type of
landscape and may be applicable to seascapes (marine
environments) as well. The landscapes de®ned by
landscape species may or may not have protected
areas; they may or may not be heavily impacted by
human activities. In practice the selection of where to
apply this conservation strategy will depend on conservation priorities typically developed at larger
(national, regional or global) scales. In this way landscape species conservation can be nested within a
comprehensive strategy for conservation, connecting
global or regional scale conservation priority-setting
activities to site-based conservation work.
It seems likely that in most cases, conservation of
one landscape species will not be suf®cient to gain all
bene®ts in terms of conservation of other species and
overall landscape function (Fleishman et al., 2001;
Andelman and Fagan, 2000). Rather a suite of species
will be required, each of which will de®ne its own
conservation landscape. These landscapes will likely
overlap in space and time, providing additional information as to which landscape elements are most
critical. Ideally the suite of landscape species will
provide complementary insights into landscape structure and function, while providing a set of different
indicators of success.
The remainder of this paper outlines a conceptual
strategy for focusing conservation activities through the
landscape species concept as currently being implemented by the Wildlife Conservation Society's Living
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Landscapes Program in an adaptive management framework. The strategy consists of identifying the biological landscape of the landscape species, identifying
the landscape of human activities which occurs in the
same area, intersecting these to identify those places
and times where human activity is most likely to
threaten the landscape species population, and then
rede®ning the focal landscape which can potentially
meet the needs of the target population given necessary
conservation interventions. These steps are outlined in
Fig. 1 and illustrated in Figs. 2±7.
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3. Method and discussion
3.1. De®ne the biological landscape of the
landscape species population
Provided that a general site has been selected for
conservation through some coarse-®lter priority-setting mechanism, the ®rst goal of the landscape species
approach is to identify the landscape of biological
requirements for a population of the focal species. In
practice the target population may be identi®ed as the

Fig. 1. Flow chart summarizing the steps in implementing a landscape species approach to conservation for one species. Based on some kind
of global or regional priority-setting exercise, either a candidate set of species or a target area is designated. Through simultaneous processes
human activity in the area is examined as potential landscape species are identi®ed. Based on the requirements of the landscape species, a
biological landscape is de®ned. The biological landscape is intersected in a spatially and temporally explicit manner to de®ne the conservation
landscape. A subset of those landscape elements is selected that meet the requirements of the landscape species in the most ef®cient fashion.
Human activities within the focal landscape that con¯ict with species requirements are considered threats and are the focus of conservation
interventions. Ecological and performance monitoring enable adaptive management of this process as new information becomes available. The
steps labeled (A)±(E) are the subject of this paper and match the subheadings in the text. Figure adapted from Vedder, 2000 with permission.

Fig. 2. The biological landscape of species X showing landscape
elements where food resources, breeding habitat, and dry season
refuges are available. The dotted line outside delimits the landscape
conservation area (LCA) for conservation action regarding the
target population of species X.

Fig. 3. The landscape of human activities showing that the
corresponding area to Fig. 2. Human uses in the landscape include
protection, agriculture, gold mining and hunting. Politically the area is
divided between two nations. There is an indigenous reserve in
nation 1 contiguous with the totally protected area in nation 2.

Fig. 4. The union of the biological landscape with the human landscape to generate landscape elements relevant to conservation of species X.
Highlighted landscape elements include (a) a 65 km2 area containing a preferred food resource within the totally protected area, (b) a 90 km2
area that does not contribute direct to species requirements, but where there is illegal hunting within the protected area, and (c) a 80 km2 area
of breeding habitat outside the protected area and dominated by agriculture. All other parts of the landscape are similarly described in terms of
their area, biological importance, human activities, and seasonal use by both people and the landscape species population.
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Fig. 5. Each new landscape element is evaluated with respect to the rarity and type of its contribution to the landscape of the species X.
Unique contributors are elements that are required by the species and that occur in only one place in the landscape. In this case, landscape
element (g) is de®ned as preferred food resource habitat with access to the river and within protection. Other landscape elements may be
required for the species, yet are redundantly available in the landscape. Still other elements may not be required at all, yet are necessary for
connectivity. Finally elements are not required nor provide connection are labeled as non-essential with respect to species X.

population occurring within a human administrative
unit (like a protected area) or within a more naturally
de®ned unit, like a watershed or mountain range. The
speci®cation of the target population should include
an explicit estimate of the approximate number of
individuals of the species that we wish to conserve.
That number may be determined through some
mechanism like a minimum viable population analysis, which de®nes the number of individuals required
to maintain demographic stability and genetic diversity (Ruggiero et al., 1994). The population target may
also be determined by identifying the number of
organisms necessary for a population to maintain all
of the ecological functions of that species in that
landscape (Redford, 1992; Redford and Feinsinger,
2001). There is some evidence that species can be at
minimally viable levels, yet in insuf®cient numbers to
maintain ecological functions that species performed
in the past; they are, in a phrase, ``ecologically

extinct''. (Estes et al., 1989; Novaro et al., 2000a).
Presumably ecologically functioning populations will
require a higher population target than a minimally
viable population, although how much higher is dif®cult to know. In practice determining these target
population levels is very dif®cult, however it is only
through population targets, even adaptively managed
ones, that we can set clear goals for our conservation
efforts.
Once the target population level has been identi®ed,
the next step is to quantify the landscape requirements
for the species to achieve its population target. Quantifying the landscape requirements requires specifying
how much area of each landscape element is required
and when that element is required, and then mapping
those landscape elements for a particular conservation
site. Biological requirements for most species can be
summarized as food, water, mates, and shelter in
suf®cient quantities and qualities to sustain the target
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Fig. 6. The focal landscape is de®ned as the set of landscape elements that meets all the requirements of the landscape species and that insures
connectivity for that population. Focal landscapes necessarily include all uniquely contributing elements, but may select among redundant
elements, such that the total area of habitat for each requirement is met (Table 1). Multiple focal landscapes could be generated from most
landscapes; the primary focal landscape should be the minimum set of landscape elements necessary to support the target population.

population. Often these biological requirements translate spatially into different kinds of habitats, or in a
more general terminology, different landscape elements (e.g. food resources, breeding habitat, dry season refuges, etc.).
De®ning the biological requirements in this way
requires an extensive understanding of the species
biology, and most likely, some educated guesswork.
Information from wildlife-habitat studies at the site or
elsewhere that inform habitat requirements, densities
in different habitat types, and movement patterns
between habitat types will be particularly useful. In
cases where such information does not exist, it may be
necessary to make assumptions or guesses based on
related species or local information, which must then
be monitored in the implementation phase, and
adapted through a process of monitoring and further
research. A hypothetical list of requirements for a

landscape species, illustrating the kinds of information
required, is given in Table 1.
The next step is to express the locations of these
landscape elements in space, either using maps of the
region, or preferably using spatial databases, for
example, Geographic Information Systems (GIS), to
generate a map of the ``biological landscape'' (Fig. 2).
In this step the generic understanding of landscape
requirements (e.g. 100 km2 of preferred food habitat)
is mapped to the speci®cs of a particular landscape
(e.g. forest patches in the protected area). We need to
know the overall distribution of each landscape element type and to quantify the amount of each element
that is available. In some cases, where the required set
of landscape elements changes dramatically with season, different maps may be required for each season.
Often this work will require working from vegetation
maps, aerial photos, remote sensing imagery or other

E.W. Sanderson et al. / Landscape and Urban Planning 58 (2002) 41±56

49

Fig. 7. Landscape species conservation will typically be based on a small suite of species, each of which will have its own focal landscape.
The planning methodology outlined in this paper will be reiterated for each species, based on species-speci®c biological landscapes, but the same
human landscape. Different landscape elements with different kinds of human activity may pose quite different threats, depending on the species
characteristics. Landscape elements shared among multiple landscape species and under threat will receive higher priority attention.

spatial data sources to create data layers representing
each of the important requirements. Actual species
locations and movement patterns from biological surveys can additionally guide us to de®ne the biological
landscape.

It is important to recognize that the biological
landscape mapped in this way is not a ®xed, unchanging entity. Rather dynamic ecological processes alter
landscape structure, build and destroy landscape elements, and generate new patterns that may in¯uence

Table 1
Landscape requirements of a hypothetical landscape species
Landscape element type

Area of elementa

Time of requirement

Preferred food resource
Other food resource
Dry season refuges
Breeding habitat
Main water source (river)

100 km2
125 km2
75 km2
45 km2
95 km (length)

November±April
April±September
May±August
September±October
September±May

a
Required to meet the requirements of a target population of species X, a hypothetical landscape species. The target population size is
estimated to be 500 individuals for this hypothetical population based on demographic and ecological functioning grounds, see text for details.
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the conservation of the target population (Pickett et al.,
1997). It is necessary to be aware of these changes
and if necessary, enlarge the landscape of consideration to include all elements that have bearing on the
population's survival in an area. For example, if a
species depends on a certain kind of habitat maintained by periodic ¯ooding of a river, it is not suf®cient
to identify those habitat patches during the analysis,
but also to include within the landscape upstream
water control structures which determine ¯ooding
regimes (e.g. Richter and Richter, 2000). Such
extended landscape units need not be contiguous with
the biological landscape that maintains the landscape
species population, but they must be clearly speci®ed
in the analysis. The complete outer extent of the
biological landscape de®nes the landscape conservation area (LCA).
3.2. De®ne the human landscape of the
stakeholder community
When considering how human beings are using a
landscape, the ®rst step is to identify who are the
stakeholders in the landscape. The stakeholder in a
conservation landscape is any person or organization that uses, administers or has an interest in some
part of the LCA, regardless of their feelings about
conservation. For example, park guards, nearby farmers, drivers using a road through the area, hunters, and
people living downstream all have a stake in the
landscape.
For each stakeholder group, the type, spatial and
temporal distribution of activity in the LCA must be
described. Human uses of the landscape typically
include various kinds of resource extraction (e.g.
timber, non-timber products, hunting, mining, etc.)
settlement and agriculture, transportation routes
(whether on roads, rails, or rivers) or units set aside
with limited or no use, such as the various classes of
protected area. It is also important to recognize important political, administrative and/or cultural divisions
in the area, as these often have a large part in de®ning
conservation policy and implementation. To the extent
possible, future uses should also be accounted for in
this step.
Just as with species requirements, human uses are
not abstract entities, but have important distributions
in time and space that can be represented as maps or

through geographic data layers. For the area of the
LCA, separate data layers indicating geographic
extent and categorized descriptions of the activities
of each stakeholder group should be prepared. For
example, an analysis of threats might characterize
potential threats by their urgency, severity, probability
and recovery time (The Nature Conservancy, 2000).
Where necessary, these data layers are also partitioned
by important temporal patterns in use. Together these
data layers represent the map of the ``human landscape'' (Fig. 3).
3.3. Intersections de®ne the conservation landscape
Once the biological and human landscapes have
been mapped, we combine them through an overlay
process to fractionate the landscape by human use and
biological need. In geographic information system
jargon, we spatially union the two landscapes to create
a large number of new landscape elements that are
de®ned by the biological requirements of the landscape species and their human use. For example, if a
protected area included three different kinds of habitat, then the result of the union would be three different
landscape elements, each described as protected habitat of a given type. Each of these resulting landscape
elements is given a unique identi®cation for subsequent steps, an appropriate description of its biological
and human uses, and a measurement of its area (Fig. 4).
If there are important seasonal differences in the
landscape, different unions would be performed for
each season.
Further the connectivity relationships between
landscape elements should be described. Connectivity
may be very different for landscape species than for
human begins. Biological connection is based on the
behavioral response of the species to landscape structure, including factors like the propensity to dispersal
and the response to potential barriers (Bennett, 1990,
1999). Human access is an important determinant of
the conservation status of an area, however the connectivity of areas follows different patterns for people
than for wildlife. People preferentially use roads and
rivers that might be barriers to other species' movements. Because of these differences in how human
beings and landscape species perceive connection in
the landscape, connectivity relationships should be
described separately for these two groups.
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3.4. Identify the focal landscape for
conservation action
The planning process to this point has emphasized
the inclusion of all biological requirements with
all stakeholder activities in a landscapes, resulting
in a large number of landscape elements potentially
relevant to conservation of the landscape species
population. The next step is to prioritize those landscape elements to focus on a few elements where
conservation actions are necessary. Not all human
activities are incompatible with biodiversity conservation, nor are all parts of the landscape necessary
for species requirements. But for those human
uses that do con¯ict with species requirements, we
need to know where and when they are occurring
and how they con¯ict with the landscape species
population.
3.4.1. Evaluate the contribution of each
landscape element to species requirements
The criteria for prioritizing landscape elements is
based on their contribution to the biological requirements of the landscape species and the frequency with
which similar elements are found in the landscapes.
The most important landscape elements are those that
are essential to the survival of the population and
which are unique in the landscape. For example, if
there is only one patch of suitable breeding habitat for
the population with the LCA, it is essential that that
landscape element be maintained and conserved so
that the population can persist. Other landscape elements may provide critical resources to the species,
but there may be similar such elements on the landscape, any one or any combination of which may be
satisfactory. That is, some landscape elements may
contribute redundantly to species requirements, so that
only a subset of these elements are required for
maintenance of the population.
A third class of landscape elements are those which
do not contribute directly to species requirements, but
are important for their connectivity to other essential
elements. These ``connector'' landscape elements
connect two or more unique or redundant landscape
elements as de®ned above. The last class of landscape
elements are those which do not contribute to species
requirements, either through connection or through
function (Fig. 5).
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3.4.2. Describe minimal sets of landscape elements
Given these classi®cations of landscape elements,
the next step is to de®ne minimal set of biologically
adjacent landscape elements required to support the
target population. The minimal criteria may be based
on minimal area or number of landscape elements,
or may be a function of threat, as discussed below.
This subset of the landscape elements of the LCA is
named the ``focal landscape'' and represents those
areas and times that are minimally necessary to
support the landscape species population (Fig. 6).
This set will necessarily include all the ``unique''
landscape elements as well as a suf®cient number
of redundant elements to meet all biological requirements, and the set of connector units that assures
connectivity of the landscape for the species. Multiple
focal landscapes may be possible because of a variety
of different redundant and connector elements that
can be combined in different con®gurations. These
redundant and connector elements provide some
¯exibility in the conservation planning, because
they provide potentially different ways of integrating human uses and biological requirements. If no
other focal landscape is not possible, then the
importance of the speci®ed landscape elements is
heightened.
3.4.3. Identify threats in each focal landscape
element
Once the focal landscape is de®ned, the role of
human activities within each element of the focal
landscape is considered. For each human use in a
given landscape element, an evaluation is made of how
that use threatens the contribution of an element to
species requirements. Some human uses may not pose
a threat because they do not interfere with species
needs or because the use occurs at a different time
from when the population requires that element,
although caution is warranted because sometimes
the effects of human activities can be indirect and
counter-intuitive (e.g. Miller and Hobbs, 2000). For
example, some non-timber product activities may be
compatible with species uses of a patch of forest.
However human uses that do con¯ict with species
requirements and occur at the same time and place
(e.g. hunting) are reclassi®ed as threats to the population and increase the importance of conservation
action within that landscape element.
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After determining which landscape elements are
under threat and the severity of those threats, a reevaluation of the stakeholders is made to identify the
subset of stakeholders associated with potential threats
to the landscape species, across the set of focal landscape elements. This subset will be the subset of
stakeholders that must be engaged to accomplish
conservation in the landscape. In practice there may
be a few key players who can leverage maximum
conservation advantage.
3.4.4. Evaluate the overall level of threat of
the focal landscape
The overall level of threat to the focal landscape is
based on all the threats to its component elements. In
general threats to unique landscape elements are the
most serious and should receive higher ranking than
threats to redundant or connector elements. Connector
elements, although themselves not contributing
directly to species requirements, may be more important than redundant elements in terms of conservation
threat, because redundant elements by de®nition contribute non-uniquely to population maintenance and so
might be replaced in new con®gurations. Connector
elements, in contrast, often connect unique sets of
elements, and therefore may be of greater importance.
Threats also need to be considered holistically
across the landscape. Alternative focal landscape
structures may be possible that minimize the level
of threat, even though larger areas of numbers of
landscape elements are included. Some threats may
reach across multiple landscape elements and thus
become the focus of a common conservation response.
The ®nal selection of the focal landscape should
assure the on-going maintenance of the target population with the least amount of con¯ict. Thus, this
planning effort ultimately directs conservation
resources to those times and places, which are the
greatest threats to the landscape species population.
3.5. Reiterate for other landscape species
As noted before, conservation activities focused on
one species are unlikely to completely capture the
variety of landscape level phenomena that are the
object of overall biodiversity conservation. The selection of landscape species is designed to maximize the
potential of contributing to conservation of other

species and to the overall landscape. In most cases
suites of landscape species will be used to highlight
multiple, overlapping focal landscapes. For each species in the suite, steps (A), and (C)±(E) will need to be
repeated to determine the focal landscapes. Presumably the landscape of human activities (B) will not
change appreciably during different iterations of the
analysis, though the evaluation of different activities
as threats will be species speci®c (i.e. a human activity
which is a threat to one species may be inconsequential to another). After the series of focal landscapes are
developed, they will be overlaid to ®nd the set of
landscape elements and threats which compromise the
populations of the multiple species (Fig. 7).
4. Conclusions
The great urgency for effective conservation action
requires a planning model that is clear, concise and
leads rapidly to the most ef®cient use of limited time,
money and effort for conservation. Landscape species
provide a cost-effective way to achieve a signi®cant
set of conservation goals in the face of the challenge
of addressing multiply threatened species and communities, and the dif®culty in adequately understanding highly complex ecosystems and landscapes in a
timely fashion. There is a presumed ef®ciency in
using a small set of selected species to achieve a
broader set of conservation goals, particularly if those
species are chosen for maximum conservation bene®t. The large scale and heterogeneous requirements
of landscape species confer an important umbrella
role in securing the conservation needs of many other
species, species assemblages, and larger-scale ecological processes. Moreover, a solid understanding of
the interactions of landscape species, which often
ful®ll ecologically pivotal roles in ecosystems, to
other species, communities and phenomena, provides
insights into the functionality, integrity and resiliency
of natural ecosystems. The result is a planning strategy ®rmly based on biological knowledge that yields
a clear cut vision for where and when to implement
conservation action.
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