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Introduction
In Latin America, loss, degradation, and fragmentation are principal threats to biodiversity and ecosystem services provision (WWF 2015). These processes contribute to the loss of ecosystems and
species, isolation of populations, and present challenges to migration and dispersal of individuals
across the landscape (Noss 1991, Hobbs 1993, Beier and Noss 1998, Bennett 1998).
Much biodiversity conservation undertaken in recent decades has not been able to reverse trends in
biodiversity loss (WWF 2015). These processes have focused on preserving “critical” ecosystems,
defined by their high rates of biodiversity and endemism on a continental scale. Today, nevertheless,
the field recognizes that it is necessary to understand biodiversity conservation in a more systematic
manner that must design interventions at local, regional, and continental scales. It is also necessary
to integrate ecological, biological, social, economic, anthropological, and political factors (Herrera
and Finegan 2008).
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from Miller et al. 2001). The MBC is composed of existing and proposed protected areas for each participating
country. The initiative also includes a complementary
series of interconnecting zones between protected areas,
the majority of which were selected based on their forestry
uses (Miller et al. 2001).

Protected areas represent one biodiversity conservation
strategy that has been widely implemented across the
globe. Nevertheless, owing to habitat fragmentation and
degradation, complementary conservation and sustainable development strategies at the landscape scale are
arising. This must be done while at the same time recognizing and reconciling objectives of both development
and biodiversity conservation (Herrera and Finegan
2008).

This document recounts the authors’ experience in
participatory conservation processes that seek terrestrial biodiversity connectivity. It synthesizes at least
a decade of research and practice. Its documentation
of this experience hopefully can contribute to the conservation and restoration of ecological connectivity in
other parts of Latin America and the world. We further
hope that these guidelines might be adapted to the
biophysical, socio-economic, and institutional conditions of each site. Although related themes such as
governance are discussed, this topic requires greater
development. Nevertheless, it should be recognized
that some countries (e.g., Costa Rica) have created policies, regulations, and incentives to improve governance
(Lausche et al. 2013). The paper also presents a case
study from Costa Rica (the San Juan-La Selva Corridor),
which exemplifies the application of these guidelines
and thus the process of constructing the corresponding
ecological and governing institutions and public forums.
The guidelines are complemented with a glossary, which
provides the definition of key concepts related to conservation connectivity science.

One promising conservation and sustainable use tool
to reestablish and maintain landscape connectivity are
biological corridors. This strategy can also contribute to
meeting national conservation goals, given that biological corridors can fulfill a strategic role in the conservation
of representative biodiversity (Arias et al. 2008).
In Latin America, important efforts to conserve and restore
connectivity have been occurring for decades. Almost
all countries in the region have developed biological
corridor initiatives, which require political support, stakeholder group involvement, and the active consideration
of human wellbeing and sustainable development. More
than a hundred biological corridors now exist in sixteen
countries of which more than twenty involve the participation of three or more nations (Bennett and Mulongoy
2006).
One of these regional initiatives is the Mesoamerican
Biological Corridor (MBC). The MBC started as a political
goal conceived by the seven Central American countries
and Mexico to generate a common good across the region.
The corridor agenda was officially signed in 1997 during
the Summit of the Presidents. This declaration defined the
“MBC as a system of land use planning composed of natural protected areas of different management categories
plus their interactions, organized and consolidated to offer
a package of goods and environmental services, as much
for Central American society as for the world, at the same
time, offering opportunities to promote investment in conservation and the sustained use of resources” (translated

This paper transcends a strictly ecological perspective of a biological corridor as proposed by various
authors (e.g., Bennett 1998). These view the biological
corridor as merely a linear habitat of various types that
interconnects important habitat core areas in order to
maintain wildlife populations. Although we preserve this
focus, our experience shows that biological corridors
can also serve as platforms for diverse stakeholder and
institutional participation that seeks both conservation
connectivity as well as sustainable development and
human wellbeing.

Photo: Bernal Herrera-F.
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Ecological Connectivity,
Biological Corridors, and
Community Participation:
Fundamental Concepts
Towards an Integrated Vision
of Biodiversity Management
The discipline of conservation biology was born in the 1970s and has evolved into an emerging
paradigm in science (Pickett et al. 1997). It integrates a diversity of scientific, practical, and traditional disciplines such as taxonomy, wildlife management, ecology, evolution, genetics, population
biology, ecological restoration, forestry, veterinary medicine, horticulture, anthropology, geography,
history, sociology, philosophy, law, and economics (Meffe and Carroll 1994, Primack et al. 2001,
Primack 2002, Groom et al. 2006). Its objectives include (Primack et al. 2001, Groom et al. 2006)
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❚❚ Research about human impacts on other living
beings, communities, and ecosystems
❚❚ Prevention of habitat degradation and species
extinction
❚❚ Restoration of ecosystems
❚❚ Reintroduction of populations
❚❚ Establishment of sustainable relationships
between human communities and ecosystems

Since its beginnings, conservation biology has evolved
into an experimental and proactive discipline with a focus
on patterns and processes at multiple scales (Poiani et al.
2000). Now, it considers the human being as an integral
part of ecosystems, given that it continuously interacts
with other inhabitants. It recognizes that local populations use natural resources to satisfy their needs and
requires that natural resource managers assume a wider
perspective with respect to natural resource and ecosystem management. Furthermore, it understands that the
landscape responds to organisms’ spatial needs (Meine
et al. 2006). Conservation biology also seeks stronger
inter-sectorial relations, for example, between science
and policy, science and landscape management, and the
mass media and the public (Pickett et al. 1997).

Photo: Bernal Herrera-F.

biology is similar to conservation science in which multiple
disciplines interact in complex problem-solving that envelops the protection and sustainable use of biodiversity.

Equilibrium Theory
of Island Biogeography
The theories behind connectivity and conservation
of biological corridors originate with the Equilibrium
Theory of Island Biogeography first proposed by Robert
MacArthur and Edward O. Wilson (1963, 1967). The theory posits that islands tend to support lower levels of
biological diversity than comparable mainland areas.
It further postulates that the number of species on an
island tends toward an equilibrium between new species colonization rates and resident species extinction
rates. Thus, the colonization rate depends on the degree
of island isolation with respect to the mainland species
source, while the extinction rate depends on the island’s
surface area (Bennett 1998, Primack et al. 2001).

Conservation biology not only generates academic knowledge, but also allows pragmatic ecosystem management
(Soulé 1986) by reducing threats that cause irreversible
biodiversity loss, focusing especially on those sites with
high levels of diversity and endemism (Primack 2002). It
is, nevertheless, a discipline of crisis (Primack et al. 2001,
Groom et al. 2006). Managers so often make conservation decisions under severe time pressures while working
with governments, private sector, and the general public (Primack et al. 2001). Conservation biologists should
maintain both rigor and depth with respect to biological
studies and urgently integrate the social sciences in order
to better respect and promote diverse biological and
cultural communities. Only in this way can it guarantee
biodiversity conservation and survival of human communities (Primack et al. 2001). In this sense, conservation

Scientists have applied this theory to forest fragments to
demonstrate the dynamic distribution of flora and fauna
in habitat remnants as well as to recognize the ecological
value of ecosystem patches (Harris 1984). Understanding
the relationship between number of species and land
area, one can estimate the number of species that will
go extinct as a result of habitat destruction. For habitat
conservation, then, this theory has promoted attempts
to reduce species isolation by means of maintaining or
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1974, Wiens 1976, Risser et al. 1983), as well as temporal changes within the landscape matrix of habitat
patches (Forman and Godron 1981, Forman and Godron
1986, Turner 1989, Legendre and Fortin 1989, Hansson
et al. 1995).

restoring habitat patches formed by stepping stones, or
preferably, continuous corridors that facilitate species
movement (Diamond 1975).
This theory does not take into consideration, nevertheless,
the effects of patches on the overall territory, nor does
it consider the contribution that other land uses might
have on the “islands.” Thus, complementary theories are
needed. These can be seen in the following sections.

A diversity of definitions describes the concept of landscape. Here, we follow Forman and Godron (1986) when
we refer to a heterogeneous geographic area composed
of interrelated groups of ecosystems that repeat across
the same land area. Seen this way, landscape ecology
is relevant for studying the ecological function of habitat
patches and habitat management in environments that
have suffered from anthropogenic intervention (Noss
and Harris 1986). Besides, the application of this discipline implies an intrinsic acceptance that human beings
are in fact landscape components (Barrett and Bohlen
1991, Bennett 2004).

Metapopulation Theory
A metapopulation is a complex of temporarily related
populations of the same species that changes due to
dispersal and gene flow (Poiani et al. 2000). They occupy
discrete yet interconnected habitat patches (Bennett
1998, Primack et al. 2001). Metapopulations are composed of subgroups or subpopulations that include both
source and sink or satellite populations.

Protected Areas

The source populations generally exist in favorable habitat that generates a surplus of individuals, while sinks or
satellites are found in less favorable habitat in which population sizes cannot be maintained without immigration
from sources (Poiani et al. 2000). The satellite populations
can go extinct in unfavorable years, but, when conditions
improve, are recolonized thanks to immigration from more
permanent sources (Primack et al. 2001). Pulliam (1988,
cited in Poiani et al. 2000) demonstrated that 10% of a
source population can maintain 90% of sink populations.

Protected areas are defined as “a clearly defined geographical space, recognized, dedicated, and managed
through legal or other effective means, to achieve the
long-term conservation of nature with associated ecosystem services and cultural values” (Dudley 2008).
They are areas of great importance for conservation
and their effectiveness has been positive with respect to
slowing deforestation and mitigating effects of climate
change (SINAC 2007). Protected area objectives have
been evolving from areas meant only for the enjoyment
of society to areas that protect wild species (Dudley
2008).

Landscape Ecology

The Convention on Biological Diversity (CBD) sees
protected areas within the larger landscape context.
Specifically, Article 8 mentions that “a protected area
system or areas where special measures may need to be
taken to conserve biological diversity will be established”
(1992). As a result of this convention, an international political action framework has arisen to promote conservation
and connectivity of biological corridors, including the creation and strengthening of interconnected networks that
function as conservation areas (Poiani et al. 2000).

Landscape ecology is an emerging paradigm and discipline that recognizes the need to practically and
integrally manage habitat mosaics as complete landscapes, whether or not they are natural habitats or
have been modified by humans (Fortin and Agrawal
2005). This discipline recognizes the dynamic nature of
landscapes (Urban et al. 1987), prioritizes the study of
spatial patterns within landscape mosaics in order to
understand the effect of spatial patterns on ecological
processes and community structure (Levin and Paine
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Functional Areas for
Biodiversity Conservation

amount of expected fluctuation in the patterns of diversity
and ecological process under minimal or non-existent
influence of human activity. Functional areas provide
greater habitat diversity and populations both known and
unknown species. They improve, as well, the efficiency
and effectiveness of systems. By having a wide gamut
of ecosystems and environmental gradients, these areas
become potential areas to buffer global change.

Biodiversity conservation at multiple, spatial scales of biological organization requires an explicit identification and
protection of ecosystems and indicator species in a particular geographic area, even though it may be difficult to
determine the spatial needs of particular species as well
as understanding some ecological processes (Goldstein
1999). In fact, biodiversity conservation requires the protection of these ecological processes associated with
ecosystems and indicator species (McCullough 1996).
Without such protection, an area cannot be considered
functionally conserved (Pickett et al. 1992).

Functional conservation areas seek to maintain the health
of conservation targets over the long term (100–500
years). They should have, therefore, the ability to respond
to natural and human induced environmental changes,
taking into account patterns of both biotic and abiotic
processes. These areas also consider the size, configuration, and other design parameters that relate to species,
ecosystems, conservation targets, and ecological processes that support them (Poiani and Richter 2001). At the
same time, because humans influence area functionality,
ecological management and restoration are mainstays to
retain functionality (Corrêa do Carmo et al. 2001).

According to Poiani et al. (2000), a functional conservation area is one in which species, communities, and
systems of particular interest and the ecological process
that support them within their natural ranges of variability
are maintained. More specifically, this area refers to the

Poiani and colleagues (2000) define three types of functional conservation areas classified according to management objectives and functional requirements of target species and ecosystems:
Functional site: Conserves a small number of ecological systems, communities, or species at one or
two scales below regional; the conservation targets
are relatively few and in general share similar ecological processes. Functional sites can be big or small,
depending on the scale of the conservation targets
and their ecological processes.

the modification of a protected areas system by considering conservation needs (Brandon 2002), which
implies working within the land use planning processes
of different political jurisdictions (Dengo et al. 1999).
Functional network: Integrates functional sites and
landscapes designed to conserve regional species at
a finer scale. The distribution of functional sites and
landscapes that compose networks can be contiguous or link one or more regions. Functional networks
contribute to species conservation whose distribution
covers various ecoregions. In functional networks, it is
important to consider the size of protected wild areas
and their geographic location in such a manner as to
ensure the viability of populations (Powell et al. 2002,
Terborgh and van Schaik 2002). It is also important
to consider the representativeness of ecosystem units
with the same in order to achieve landscape heterogeneity (Grumbine 1994).

Functional landscape: Conserves a great number of
ecological systems, communities, and species within
their natural range of variability across all scales below
the regional, which is to say, broad, intermediate, and
local (Lambeck and Hobbs 2002). Given that conservation targets represent numerous ecological systems,
communities, and known species, a functional landscape includes terrestrial, aquatic, and sometimes
marine elements. In general, functional landscapes
exist within a regime of multiple human land uses. The
functional landscape concept then offers insights into
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The fragmentation process involves a general habitat loss across a landscape, reduction in size of
habitat patches, and isolation of habitats such as forest remnants, forests managed for production, natural
forests, secondary forests, and gallery or riparian forests (Schelhas and Greenberg 1996, Bennett 2004,
Lindenmayer and Fischer 2006).

Aside from these characteristics, factors such as the
mosaic context, connectivity of forest patches, and buffer zones are also important (Meffe and Carroll 1994).
Thus, protected area networks play a very important role
(Lovejoy 2006).

Fragmentation Processes
and Biodiversity Impact

Ecosystem fragmentation provokes diverse impacts on
the biota (Saunders et al. 1991, Laurance et al. 2002).
The most significant effect of forest fragmentation is
the reduction and extinction of wild populations at the
patch, local, and landscape scales (Levin and Paine
1974, Jordan 1986, Franklin and Forman 1987, Collado
and Dellafiore 2002, Kattan 2002, Gallego and Finegan
2004, Laurance et al. 2002, Laurance and Vasconcelos
2004, Santos and Telleria 2006, Haddad and Tewksbury
2006).

Fragmentation divides continuous areas of natural habitat
into smaller resource patches that remain separated from
each other, particularly due to changes in land use and
conversion into agricultural and urban lands (Fahrig 2003).
It is a dynamic process characterized by notable changes
in habitat patterns within a given period of time (Bennett
2004). Important attributes of the fragments or patches
include density, distance, size, form, aggregation (spatial
distribution), and boundaries (Lord and Norton 1990).

Human activity constantly affects fragmented landscapes, complicating expansion of protected area
networks (Lindenmayer and Fischer 2006). Such
expansion can facilitate that some species find each
other between patches, even if they cannot in natural
protected areas (Schelhas and Greenberg 1996). It is
important, therefore, to consider an entire landscape
and not manage protected areas as isolated, disconnected elements (Saunders et al. 1991). It should be
recognized that within the mosaic of different types of
agricultural landscapes, important ecological functions
can still be maintained (Gascon et al. 2004, Bennett et
al. 2006).
For example, forest fragments can be of great ecological and economic importance; for this reason, it is
necessary to implement actions that offer incentives
for conservation and effective management (Kattan
and Álvarez 1996) as well as natural or assisted restoration (Viana et al. 1997, Lamb et al. 1997, Guariguata
and Ostertag 2002). These actions contribute to linking different landscape fragments (Poffenberger 1996,
Guindon and Palminteri 1996). Also it is important
that planning processes recognize agroforestry activities within protected area buffer zones (Schroth et al.
2004).

Photo: Bernal Herrera-F.
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remnants (Lefkovitch and Fahrig 1985, Hanski and Gilpin
1991, McCullough 1996, Moilanen and Hanski 2006)
and to move among natural ecosystem patches (Dale
et al. 1994). On the other hand, fragmentation exposes
existing organisms in forest ecosystems to the border
effect (Lovejoy et al. 1986), subject to increases in light
levels, invasion by organisms from open areas (Laurance
et al. 1985), aeolic drying (Laurance 1997), and changes
in vegetative communities (Lovejoy et al. 1997, Lezcano
et al. 2002, Lindenmayer and Fischer 2006).

Habitat patches contribute positively to the maintenance of basic ecological functions throughout a
conservation landscape marked by human settlements
(Browder 1996, Nepstad et al. 1996). Some authors,
nevertheless, disagree with the assertion (Bierregaard
and Dale 1996). In tropical regions where the process of forest cover loss has been severe, patches
can serve as seed banks, as sources of seed dispersal (Guariguata et al. 2000), as buffer zones for intact
forest blocks, offering resources to a great number of
organisms that move along the landscape as well as
refuges for local or long-distance migratory organisms
(Greenberg 1996, Bennett 2004).

How organisms respond to fragmentation depends in
great measure on their degree of ecological specialization, body size, and movement patterns (Kellman et al.
1996, Tewksbury et al. 2006). Many ecological processes
by which organisms may suffer border effect impacts
(natural or provoked) have not yet been studied (Harris
1988); some research, nonetheless, points to the decline
of faunal richness and abundance (Willis 1974, Ernst et
al. 2006, Lees and Peres 2006). They also note long-term
effects in the pollination of plant species dependent on
organisms that cannot move between patches (Murcia
1996, Manning et al. 2006, Hanson et al. 2007, Hanson
et al. 2008), especially in places with high biodiversity
levels and where plants and trees are subject to major
occurrences of decline or extinction due to a lack of
specialized pollinators (Vamosi et al. 2006). Cramer and
colleagues (2007) have demonstrated how tree species
whose seeds are dispersed by animals of medium and
large size, suffer greater difficulty in dispersing their own
genes in fragmented landscapes. Fragmentation and its
ecological implications are complex and require a major
effort in applied research (Crome 1997).

Natural ecosystems are composed of habitats that vary
in time and space with respect to their quality and potential use by fauna. These follow their own natural rhythms
that link them with local populations, independent of the
fragmentation and integrity of habitat, forming metapopulations at the regional scale (Wiens 1976, Hanski 1989,
Hanski and Gilpin 1991, Opdam 1991). In this sense,
species move from one significant stretch of habitat
toward local populations in small habitat patches (from
core to satellite areas), or move permanently between
habitat patches until, due to a lack of connectivity, local
populations go extinct (irregular population model).
The problem of ecosystem fragmentation requires a
holistic solution in terms of managing wildlife, partly
based on the theory of metapopulations (McCullough
1996). Fragmentation compels various organisms previously extant in continuously connected habitats
to survive as subpopulations in natural ecosystem

13
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connected patches, species movement was 50%
greater than in those fragments that were not connected
by corridors. According to these same authors, corridors
proved important for the movement of both vertebrates
and invertebrates, except for birds. Nevertheless, corridors do not always result in greater ease of travel. That
rather depends on existing land coverage and the perspective of a given organism. Sometimes corridors can
also be barriers (Hilty et al. 2006, Anderson and Jenkins
2006). For this the mosaic context and ecosystem links
are fundamental to ensure efficiency of ecological connectivity (Schelhas and Greenberg 1996, Crome 1997,
Bierregaard and Stoufer 1997, Bennett et al. 2006), as
well as each organism’s behavior with respect to corridor use (Soulé 1991, Bélisle 2005, Sanderson et al.
2006, Fagan and Calabrese 2006).

Although protected areas and other habitat cores continue to be the most effective biodiversity conservation
strategy, in the context of fragmented landscapes, these
can be small and isolated (Sánchez-Azofeira et al. 2003).
For this reason, their conservation contribution may
be limited but relevant (Ranganathan and Daily 2008).
Also because of this limitation, biological corridors can
become opportunities for the maintenance of residual
biodiversity in these fragmented landscapes (Vandermeer
et al. 2008). Similar to the design of biological corridors,
agroecological and silvopastoral systems, for example,
can play a very important role in biodiversity conservation, and, in fact, represent a unique opportunity in some
Mesoamerican landscapes (Harvey and Sáenz 2008).

Ecological Connectivity

Biological corridors improve natural habitat quality
and diversity in the landscape in order that the entire
spectrum of native species can move among natural
landscape areas (Noss 1991). Connectivity networks
maintain and reestablish among ecosystem fragments
separated by human interventions (Forman and Godron
1981, Bruinderink et al. 2003), permitting free movement
of organisms from one patch to another (Dobson et al.
1999). Also implementation frameworks for biological
corridors favor biological diversity and natural landscape resources by applying principles of conservation
planning combined with information about the needs
of filling conservation gaps in order to preserve natural
communities (Hoctor et al. 2000).

Connectivity is a fundamental landscape attribute (Taylor
et al. 1993). It is a term commonly used in the literature
about landscape change and conservation practice,
and generally refers to the level of ease by which an
organism moves across specific landscape features
(Pulsford et al. 2015). Connectivity describes “to what
point does the landscape facilitate or impede movement
between parcels with resources” (Bennett 2004) and
more precisely which landscapes contribute to or not
the movement of individuals between patches in search
of resources (Taylor et al. 1993). In this way, landscapes
exist with high connectivity given that individuals of a
given species enjoy freedom to move between habitats, meanwhile landscapes of low connectivity do not
facilitate such free passage, instead, limit their progress.
Movement patterns between patches can be daily or
temporary. Crome (1997) — alluding to a debate that
divides the scientific community — warns against the
belief that very small or isolated patches have no importance. What one should understand here, nevertheless,
is that natural fragments constitute the minimum that
must be preserved.

Conservation connectivity theory, within landscape
ecology and conservation biology, holds that connectivity can mitigate some climate change-caused collateral
effects on species movement (Noss 1991, Hay 1991,
Dobson et al. 1999, Thomas et al. 2006). Connectivity
thus fulfills two functions: 1) regulation of movement in
order that subpopulations can maintain minimally viable
genetic diversity (Soulé 1991, Britten and Baker 2002,
Frankham 2006); 2) facilitation of dispersal among home
ranges and migration or colonization routes (Harrison
1992, Dobson et al. 1999). Finally, connectivity can
occur at the patch, local, landscape, regional, or continental scale (Taylor et al. 2006).

Biological corridors —such as those in Mesoamerica —
are management tools to conserve connectivity (Worboys
2010). Gilbert-Norton et al. (2010) in a meta-analysis of
78 connectivity studies found that in those biologically
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The interaction between landscape behavior and structure depends on two characteristics: 1) patch viscosity
or the degree to which a landscape permits or impedes
individuals from displacing across a landscape, and 2)
permeability across a patch border, or the probability of
crossing a border between different landscape features
(Stevens et al. 2004). Similarly, it is important to consider the landscape scale in which a species moves, its
habitat requirements, degree of habitat specialization,
tolerance to environmental change, life phase, and time
needed to disperse, as well as its response to predators
and competitors (Bennett 2004). Thus, when an organism can cross gaps of inappropriate habitat, it perceives
patches as connected, even when they are not continuous (With and King 1999).

On the other hand, there exist two principal components
that influence connectivity: structural and functional. The
structural component can be evaluated by way of landscape attributes such as density and complexity. Spatial
distribution of different types of landscape habitats can
be influenced by an suitable continuation of habitat, distance between one habitat patch and another, and finally
the existence of alternative means whether corridors or
the landscape matrix (Bennett 2004, Uezu et al. 2005).
Functional connectivity refers to habitat patch connection and its related populations by means of dispersal;
it allows for dispersal of individuals among different
patches (With et al. 1999). For this reason, functional
connectivity evinces an individual’s ability to move
across a landscape. This movement is modulated by
the interaction between the particularities of a species’
movement and physical landscape structures (Bennett
2004, Stevens et al. 2004, With et al. 1999).

It is important to recognize that landscapes contribute in different ways to different species. A landscape
could provide high connectivity for one species and low
for another (Bennett 2004). Thus, when one analyzes
connectivity, he or she must consider management
objectives and evaluate it on the species and community levels (Soulé 1991, De Campos and Finegan 2003,
Bennett et al. 2006). It is important, then, to define a dispersal threshold in accordance with organisms’ needs,
given that they do not always correspond to other ecological thresholds (With 2002). Also ecological changes
induced by climate change can impact conservation
objectives and landscape connectivity (Pearson 2006,
Chester and Hilty 2010).

Importance of Public
Participation in Biodiversity
Conservation
Much evidence supports that the more stakeholder participation in conservation, the greater achievement of
positive biodiversity impacts in the long run (Persha et
al. 2001, Pretty and Smith 2004). Factors such as social
cohesion between people, organized groups, and social
networks, valuation of knowledge, incorporation of that
knowledge into planning processes, and the implementation of biodiversity conservation activities all influence

Photo: Bernal Herrera-F.
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This function contributed to biodiversity conservation
and ecological-evolutionary processes of species, making lands productive again, and the economic valuation
of biodiversity services and goods (Rojas and Chavarría
2005).

conservation (Pretty and Smith 2004). Trusting relationships, reciprocity, fairness, norms, and sanctions
constitute social capital necessary to mold individual
action to achieve positive results for biodiversity. In this
sense, when social capital rates highly, a social learning process becomes possible because participation in
groups and networks catalyze conservation processes
(Pretty y Smith 2004). To explicitly include social considerations into the design and management of biodiversity
conservation makes corridors more adapted to biophysical and socioeconomic conditions (Ban et al. 2013). The
integration of local human values, beliefs, necessities,
and perspectives into the planning process increases
implementation, because the conservation processes
themselves embody those very local needs, interests,
and visions.

The current understanding of a biological corridor holds
that it should not only contribute to biodiversity conservation and maintenance of ecosystem services, but
also sustainable development. It does this by improving
quality of life of communities that depend on biodiversity. Alternatively, they are also biodiversity management
units integrating land use management, water, and other
resources in order that they become more sustainable
over time. Thus, they are managed landscapes that
promote connectivity in order to continue ecological
processes at the landscape level. The role of humans is
fundamental to this process (Herrera-F 2010).

Community-level biodiversity conservation complements protected areas systems with different objectives.
It is an effective strategy that achieves conservation objectives at the species level (e.g. Muench and
Martínez-Ramos 2016). Active community-based biodiversity management has been shown to be effective
for tropical forest conservation (e.g. Grogan et al. 2016).

In this paper, we define a biological corridor as a geographic region composed of core and interconnecting
areas that, within different spatial configurations, maximizes and ensures connectivity of this region. It also
constitutes a space for public participation to define
objectives for the rational use of biodiversity that maintain ecological processes that sustain biodiversity,
related ecosystem services, and the benefits that these
generate for local communities and society in general
(Herrera-F 2010). In terms of ecological function, this
definition is compatible with that of functional biodiversity conservation areas at the landscape scale as
proposed by Poiani and Richter (2001).

The search for participatory mechanisms that fuses local
actors and conservation objectives, therefore, is necessary to reconcile conservation and development, as well
as integrate biodiversity into community development.

Biological Corridors
Promote Public Involvement in
Conservation and Sustainable
Development

Thus, the biological corridor is a functional territorial
unit that favors biodiversity conservation and simultaneously generates benefits for local communities (Perrens
2013). The establishment of biological corridors, nevertheless, is complex. But if created, they contribute to
biodiversity conservation, environmental land use planning, and ecological integrity of conservation targets by
controlling threats. This is especially true when different
actors participate in the process, strengthening sustainable development and human wellbeing (Canet-Desanti
et al. 2008, Chassot et al. 2013).

Biological corridors have evolved since the 1970s when
promoters viewed them as vegetation connecting habitat patches (Bennett 1998). Later they were conceived
as a limited space that connected landscape elements
in order to guarantee the flow of species between different landscape patches, whether natural or modified.
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In order that conservation practice be effective, the following objectives should be considered (ICF 2011):
❚❚ Maintenance of ecological integrity and population viability as well as the provision of ecosystem
services, including the potential mitigation of climate change.
❚❚ Mitigation and control of the principal sources of pressure on biodiversity and ecosystems services.
❚❚ Capacity to manage land uses and knowledge at different scales of social organization (local, regional,
national) in order to achieve conservation and development objectives, including financial sustainability.
❚❚ Mechanisms that ensure public participation and governance at sufficient scale as to define measures to
monitor progress toward meeting objectives.

Box 1. An example of design and management of a successful participative
connectivity initiative in Costa Rica: the San Juan – La Selva Biological
Corridor (general description)
The Great Green Macaw Research and Conservation Project was launched in 1994 to study the biology of
the Great Green Macaw (Ara ambiguus) in northern Costa Rica. The project’s first-year findings indicated
that the population was in decline. The endangered Great Green Macaw has a limited distribution along
the Atlantic wet lowlands of Central America, from southern Honduras to northern Colombia, with a small
isolated population in the Pacific near Esmeraldas and Guayaquil, Ecuador. In Costa Rica, this species
is currently limited to approximately 600 km2 of tropical very wet forest bordering Nicaragua. It is highly
dependent on the almond tree (Dipteryx panamensis) both for feeding and nesting.
The survival of the Great Green Macaw depends on the availability of intact forest habitat. For this
reason, together with local and national stakeholders, the Great Green Macaw Project proposed in 1998
a conservation plan based on data generated by a multi-year telemetry study to protect enough habitat to
maintain a small, viable breeding population in Costa Rica. This integral conservation plan became known
as the San Juan-La Selva Biological Corridor. Within this framework, the 54,000 ha Maquenque National
Wildlife Refuge was created in 2005, covering the breeding range of the Great Green Macaw (Chassot and
Monge-Arias 2012). From an estimated 210 individuals in 1994, the population has increased to more than
350 in 2015. This increase correlates with conservation actions undertaken since 1994 in order to protect
the habitat of this magnificent bird.
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Technical Guidelines for the
Design, Creation, and
Management of Biological Corridors
The process for the design and management of biological corridors has four stages: 1) design and
establishment, 2) planning, 3) management, and 4) monitoring the state of biodiversity and management (Figure 1).
Initial steps of the first stage include the identification of key actors, potential areas to include in a
biological corridor, and its boundaries. The second stage consists of developing a technical profile
for the corridor, including a strategic planning process within which the biological corridor will be
managed (Canet-Desanti 2007). In the third stage, the implementation of the strategic plan begins,
including the continued inclusion of new partners and carrying out corridor management tasks.
Last, monitoring measures both the state of biodiversity as well as that of management of the biological corridor (Canet-Desanti et al. 2008).
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Design and
creation

Planning

Management

Monitoring
the state of
biodiversity and
its management

�
�
�
�
�

Identification of key actors and other stakeholders.
Identification of potential areas to include in a biological corridor.
Technical design of the biological corridor.
Definition of the biological corridor’s boundaries.
Identification of the design components for the biological corridor.

� Development of a technical profile for the biological corridor.
� Strategic planning for the biological corridor.

� Identification of additional partners.
� Implementation of administrative tasks.
� Implementation of the strategic plan.

� Evaluation of management effectiveness in three dimensions:
ecological, management, and socioeconomic.

Figure 1. Technical guidelines for the design and management of biological corridors

Identification of Key Stakeholders

In the following sections, we describe each step for the
design, strategic planning, management, and monitoring
the state of biodiversity and management in biological
corridors.

Given that a biological corridor should be a participatory and inclusive entity, managers must identify key
actors, partners, and other stakeholders. They can
come from public or private institutions, communities, NGOs, academia, among others. Multiple actors
increase the diversity of perspectives that comes to
bear on decisions as well as heightens understanding
of expectations and the role that local people could
play within the biological corridor initiative. Additionally,
their involvement may reveal other conservation efforts
within the proposed zone. It is also important to discover an organization with the potential to take the
lead in managing the biological corridor (Canet-Desanti
2007).

Design and Creation
To establish a biological corridor, it is necessary to identify areas important for the maintenance of biodiversity as
well as local management opportunities and processes.
This stage is fundamental, since it involves identifying
the landscape of interest, conservation objectives, and
a first stakeholder map of the future corridor, as well as
key management issues (Chassot et al. 2013).
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Identification of Potential Areas for
the Creation of the Biological Corridor

multiple other interests converge within these initiatives that demand attention when designing a strategy
(Canet-Desanti 2007), including land use changes within
the landscape (Chassot et al. 2010). Some aspects to
consider in the biological corridor design stage include
(SINAC 2008):
❚❚ Presence of protected areas to serve as core
conservation areas.
❚❚ Presence of a mosaic with a favorable proportion
of natural vegetative coverage necessary to
re-establish connectivity.
❚❚ Concept of watershed management.
❚❚ Migratory patterns of target conservation species.
❚❚ Presence of important conservation sites.
❚❚ Utilization of natural boundaries (rivers, water
bodies, watersheds, mountains, continental divides)

Potential areas within a proposed biological corridor
include public or private protected areas which could
serve as core conservation areas. Other areas may also
contribute to landscape connectivity as well as contain
key flora and fauna. This process also analyzes threats
to the identified areas (Chassot et al. 2013).

Technical Design

Although there is no single formula for designing biological corridors, the ultimate goal is to re-establish
or maintain connection between isolated ecosystem
patches (Canet-Desanti et al. 2012). Nevertheless,

Box 2. Stakeholder Identification
In mid-2001, the Great Green Macaw Research and Conservation Project, Tropical Science Center
(TSC), Costa Rica-Mesoamerican Biological Corridor, Organization for Tropical Studies, and the Wildlife
Conservation Society created the first core area of the San Juan-La Selva Biological Corridor. The Local
Committee has since created annual operation plans. Organizations such as the MBC, GTZ, UNDP, and
the Costa Rica-Canada Fund have made small donations to finance some early actions to set up the
biological corridor. The corridor was created formally, without an institutional presence or incorporation into
the structure of the Ministry of Environment and Energy. This allowed a more agile, direct, and consensusbased decision making. Thirteen organizations working in the area joined together at the Workshop
to Create the Executive Committee of the San Juan La Selva Biological Corridor, (23 November 2001,
Tirimbina, Sarapiquí). They were all interested in contributing to the corridor’s implementation.
Their first act was to sign a symbolic, philosophical declaration of commitment. Since, new organizations
have joined, strengthening activities in the biological corridor. Each has assumed specific responsibilities
to achieve the objectives. From the beginning, the TSC managed the corridor’s funds. Each organization
has implemented a transparency policy with respect to all aspects of financial, administrative, and
programmatic management (Villate et al. 2010).
The alliance chose the Great Green Macaw as the flagship species of the biological corridor. This
charismatic megafauna enjoys the support of many people at the same time calling attention to its
conservation objectives. It has also been the standard-bearer for awareness campaigns and fundraising
among communities and institutions. The Great Green Macaw is the pride of the communities within the
biological corridor.
One success factor has been TSC’s office support. Little by little the growth of salaries of those charged
with corridor management has sustained the initiative. The Local Committee has been open to all those
interested in participating. There are no exclusive requirements for aspiring entrants aside from attending at
least three meetings to confirm interest. After this requirement has been met, the institution submits a letter
of interest in order to become a formal member.
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Political and institutional: This component refers to
formal mechanisms for public involvement in planning processes, management, and evaluation; land
use planning and governance in the area; also the
legal and institutional framework (Herrera-F 2010).
Socioeconomic: This aspect includes different levels
of social organization that occur in sustainable
development and management, ecosystem and
biodiversity services that benefit local communities
and society, as well as opportunities and challenges for sustainable community development
(Herrera-F 2010).
Financial: This refers to fundraising mechanisms and
strategies to sustain long-term activities necessary
to meet conservation and development objectives
(Herrera-F 2010).
Establishment of ecological networks of connectivity: An ecological connectivity network is a spatial
structure that links core areas and whose coordinates are defined by routes of least resistance for
the movement of organisms (Ramos and Finegan
2007). Defining ecological networks first requires
establishing network objectives based on models that identify optimal routes for connectivity
(Cespedes et al. 2008). Ecological connectivity
networks arise from the subjective evaluation of
experts, but must also consider stakeholder input
(Chassot 2010).

❚❚ We recommend that planners include as wide an
altitudinal gradient as possible to allow flora and
fauna to adapt to climate change. They should
also include forest ecosystem patches with a high
ecological integrity, incorporating representative
biodiversity elements, and greater ecosystem
heterogeneity in the biological corridor (Heller and
Zavaleta 2009).

Definition of Biological
Corridor Boundaries
In order to define a corridor’s boundaries, one should
consider the principal objective of structural connectivity.
This outcome requires understanding of land use coverage, ecosystems, movement patterns for conservation
targets, etc. Also we recommend the consideration of
other ecological criteria such as size, ecosystem form,
and socioeconomic criteria such as water sources and
zones of influence for human settlements. These all help
to define corridor boundaries (Canet-Desanti 2007).

Components for the Design
of Biological Corridors
Some criteria commonly used for the design of biological corridors are biophysical, political, social, economic,
and land use management-related (Canet-Desanti 2007,
SINAC 2008, González-Maya et al. 2010, Chassot et al.
2013). Herrera-F (2010) details the extent to which different components should be considered in the design of
biological corridors:
Biophysical and Ecological: Biophysical data are fundamental to evaluating conservation impacts. Within
this component are public and private protected
areas of any management category; potential conservation sites; natural and transformed ecosystems
that contribute to connectivity; sites or ecosystems
of cultural importance; flora and fauna of note; or
groundwater recharge areas. This category further
includes geomorphological, topographic, edaphological, hydrological, and climatic characteristics
within the corridor (Herrera-F 2010).

One procedure that has been widely used, at least in the
context of research and development of new techniques
led by CATIE, is to use algorithms with GIS combined
with ecological theory and landscape ecology (e.g.
Ramos and Finegan 2007, Céspedes et al. 2008).
Specifically, the procedure models networks of structural connectivity using three components proposed by
Hoctor et al. (2000) and Céspedes et al. (2008):
1. Identification of protected areas and priority habitat
core areas for conservation that are not protected
within the national protected area system.
2. Establishment of levels of difficulty for wild
species to move through the entire intermediary
area between protected areas which have been
identified as target areas.
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Box 3. Technical Design of the San Juan-La Selva Biological Corridor
To design the San Juan La Selva Biological Corridor, planners studied geospatial data about Great Green
Macaw nesting and migration patterns. Other factors included forest cover and fragmentation, natural
boundaries (such as waterways), altitudinal range and groundwater recharge areas. Over time, they added
to the map areas that responded to other needs such as those of community groups to form part of the
biological corridor and connectivity proposals from the Costa Rican government, among others.
Part of the corridor’s consolidation included the classification of land into three levels of public and private
lands: a central protected area (Maquenque National Wildlife Refuge); a series of core areas (TiriciasCrucitas, Astilleros-Sardinal and Arrepentidos), or other priority areas that can serve as bridges for species
that have extensive ranges; the corridor matrix which surrounds the central and core areas. This zoning
protects the entirety of native species and fulfills the basic connectivity functions of the biological corridor,
at the same time maximizing sustainable forest uses and benefits that come from environmental services.
1. Principal protected area. The principal protected area, the heart of biodiversity protection, is the
Maquenque National Wildlife Refuge, a public property available only for non-consumptive uses. These
uses include ecotourism, education, scientific research, and environmental services. Its management is
defined based on its commitment to local communities. These areas remain in a natural state in order to
protect species that depend on large native forest habitat blocks. The Refuge is closed to hunting, cutting,
mining, and road construction, and provides, by way of ecosystem service payments, incentives for
property owners to protect their forests.
2. Core areas. The corridor’s core areas are blocks adjacent to the Refuge along the San Juan River
(Tiricias-Crucitas) and two areas dispersed along the corridor’s length (Cerros Astilleros-Loma Sardinal
and Cerros Arrepentidos). These areas enjoy high strategic value in terms of biodiversity, maintained by
regulated land use. The strategic location of these two areas allow them to provide connectivity for species
that require large home ranges in the Central Volcanic Mountain Range Conservation Area and the IndioMaíz Biological Reserve in Nicaragua.
3. Corridor Matrix. The matrix is an extensive private land area: it extends 35 km from the Central Volcanic
Mountain Range to the Nicaraguan border (excluding principal and core areas) and forms the primary basis
for preserving the corridor’s continuity. In this zone, management focuses on compatible economic uses
including environmental services, plantations with native species, and ecotourism. Focused on low-impact
human use, this part of the corridor allows the continued dispersal of native species.

The levels of displacement difficulty that represent
ecological connectivity are estimated based on different types of soils and human activities that take place
there. The model assumes that the most difficult movement arises in those areas where the existing coverage
or human activities differ most from natural conditions.
For example, areas with high population density or high
levels of vehicular traffic are those that make displacement most difficult; meanwhile areas with unaltered
natural cover or very low population density imply the
least difficulty.

3. Modeling of a network of connectivity integrated
with priority core conservation areas across routes
of lower displacement difficulty.
The identification of core areas uses among its principal criteria those sites that contain high species richness
and offer a higher quality habitat, mainly protected areas
and larger patches of ecosystem. Also criteria are used
that describe the fragment shape, given the relationship
between progressive degradation associated with border effects (Bennett 1998).
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The local committee’s functions must be defined. Some
of the most important include the following: managing
the biological corridor implies designing and managing
administrative processes; financial management and
that of all kinds of resources requires not only accounting procedures but also fundraising; strategic planning
is another fundamental function as well as promotions
and outreach; last, the local committee must monitor
and analyze much information.

In the model, difficulty values are determined based on
four factors: land use, river networks, population density,
and highway networks. The calculation of difficulty level
for each of the variables is determined by the application
of expert opinion and available ecological knowledge
(Céspedes et al. 2008).
The spatial modeling of connectivity routes uses
available algorithms in GIS and whose routine optimizes
connectivity consistent with a series of criteria based
on the movement resistance model. The spatial analysis generates a surface cost, using a point of origin and
movement difficulty values for each unit in the matrix. The
tracing of connectivity routes arises from a general rule
that establishes that “any line necessarily should connect
two protected areas which in turn represent core areas of
biodiversity dispersal” (translated from Arias et al. 2008).

Strategic and
Operational Planning
Biological corridor planning is based on the accumulated experience of strategic planning and more recently
on the adaptive management focus (CMP 2013).
Methodologically, the Open Standards for Biodiversity
Conservation (CMP 2013) is apt for planning biological
corridors.

Establishing a Biological
Corridor Management Regime

Samayoa (2014) presents five principles that guide biological corridor planning:
Principle 1: Biological corridor planning focuses on
maintaining ecological integrity at the landscape
scale in order to develop ecological processes and
provide ecosystem services to improve human
wellbeing.
Principle 2: High priority actions focus on the mitigation
and control of principal sources of pressure and
threats to conservation targets.
Principle 3: From design to implementation, planning
demonstrates a high capacity for land management
and knowledge including financial mechanisms
that ensure sustainability.
Principle 4: There are mechanisms that ensure public
participation at a scale necessary to implement
actions.
Principle 5: Monitoring and evaluation generate lessons
learned to adjust objectives as necessary.

The success of a biological corridor depends in great
measure on its local committee (Villate et al. 2010). It is
therefore necessary to define a group of people, institutions, and other stakeholders to manage the corridor.
In order to achieve sustainability and objectives, we
recommend that this multi-sector group have multiple
levels of involvement (Canet-Desanti 2007, SINAC 2008,
Chassot et al. 2013).
Once the group has been identified, it is important to
establish an institutional management structure including responsibilities of each local committee member.
Such members should change and the constant
involvement of people and institutions will facilitate the
initiative’s continuance. Wide stakeholder participation
balances out diverse interests with respect to the use
and conservation of natural resources within the biological corridor (Canet-Desanti 2007). In order that the local
committee function more efficiently, we recommend
that there be a coordinator to follow up on proposed
activities and responsibilities by the local committee
(Canet-Desanti et al. 2012).

The following are general components of strategic
planning for these conservation and sustainable development regimes.
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Box 4. Spatial Design of the San Juan La Selva Biological Corridor,
Costa Rica.
This corridor connects tropical humid low-land forest patches of existing protected areas and priority core
habitat on private property.
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Biological Corridor Technical Profile

personal values of team members, values of the organization as a whole, organizational culture, groups of
interests and stakeholders within and outside the
organization (Chassot 2005, Chassot et al. 2013).
Definition of boundaries. Every biological corridor
has geographic boundaries. During planning
these should be defined, at least, preliminarily, if
the design has not yet been completed. It should
identify the planning horizon of the plan with a maximum of five years.

A first step in implementing a biological corridor is the
development of a corridor’s technical profile (SINAC
2008). This profile synthesizes land use information in
order to support better decision making. The profile
highlights the corridor’s importance, the resources it
contains, its contextual tendencies, and some aspects
to consider in the short-, medium-, and long-term. This
information identifies threats and opportunities in developing the corridor (SINAC 2008, Canet-Desanti and
Finegan 2010). This reference tool can also be used for
general public information (Canet-Desanti 2007).

II. Evaluation of the Current State of Biodiversity
and the Socioeconomic Context

Preliminary evaluation of the biological corridor context. This step consists in evaluating the natural,
social, cultural, and institutional aspects of the
biological corridor, paying special attention to conservation targets and their strategies. By analyzing
the site as a system and how resources are distributed, the evaluation should measure the impacts
and results with respect to community wellbeing
and ecosystem sustainability (Emery and Flora
2006, Bautista-Solis and Gutiérrez-Montes 2012).
Priority of conservation targets. Conservation targets
are a reduced group of biodiversity elements whose
conservation covers a wide range of associations,
communities, and species in the biological corridor.
Given that a corridor harbors a diversity of biotic
and abiotic elements, planners must identify which
of those contribute to the fulfillment of objectives
to maintain landscape-scale connectivity and ecosystem viability as well as provision of ecosystem
services.
Evaluation of the state of conservation and conservation targets. This phase compares the state of
the conservation targets with desired states, in
terms of both ecological integrity (in the case of
ecological communities and systems) or viability (in
the case of species [Granizo et al. 2006]). Herrera
and Corrales (2004) present an evaluation methodology for protected area ecological integrity, which
can also be used for biological corridors.
Anthropogenic Threat Analysis. This step identifies land and natural resource uses that degrade
conservation targets. It is essential to prioritize all

Local and Regional
Management Strategies
The planning process traces a path toward a desired
conservation state. It prioritizes, proposes objectives,
and designs strategies. Planning has three stages: 1)
describe the current state, 2) define the desired state,
and 3) create strategies. We recommend using the
Open Standards for the Conservation of Biodiversity
(CMP 2013) for this action planning. Some components
are common to all strategic planning and thus can be
applied to biological corridors (Herrera et al. 2013).
Using Open Standards as a reference as well as
Herrera’s proposal (2012), modified by Canet and
Herrera (n.d.), the following stages should be completed
when planning for conservation connectivity and locally
sustainable development.

I. Planning Process Organization

Definition of the planning team. The team should be
multidisciplinary, multi-sectorial, and represent the
entire geography of the corridor. Members should
also have general understanding of biological corridors, a strong commitment to the plan development
process, and the biological corridor in general.
Values and philosophy. The planning process should
also address and identify core values and the operative organizational philosophy, in order to allow
for the harmonization of actions aimed at reaching
conservation goals. Values to be considered include
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found in a conceptual model transform threats
into factors in order to formulate goals. This
technique makes explicit the causes behind the
biodiversity threats which assists in the design of
goals, objectives, and actions.
Monitoring. Monitoring refers to the collection, analysis, and distribution of information in order to
continually improve biological corridor management. It measures follow up and evaluation of
how plan implementation is proceeding as well
as the impact on biodiversity. Ideally monitoring
supports a learning process that then promotes
strategic adaptation. Monitoring should also
focus on management capacity as part of the
overall corridor monitoring strategy.
It should be mentioned that the local committee
should monitor impacts of climate change on
biodiversity and ecosystems services within the
corridor. Consequently, the corridor would also
have climate change adaptation and mitigation
strategies. Section 3.6 presents guidelines to this
end.

threats and pressures that affect target ecological
attributes as well as the anthropogenic sources of
those pressures.
Situation analysis. Previous results (conservation
targets and threats) are integrated into concept
models along with analysis of key stakeholders in
order to relate those threats with their associated
actors. It further identifies opportunities to reverse
the threats by working with the corresponding
actors.

III. Conservation Strategies that Promote
Connectivity and Sustainable Human Wellbeing

Vision. A key early planning step is to define the vision
for the corridor. The vision unites committee
members by providing a management direction
as well as a sense of pride. The visioning process
should be collective involving as many stakeholders as possible. The goal is to construct a
common but higher ground that integrates their
different and individual perspectives in order that
each can participate in achieving the objectives
of connectivity and sustainable development of
the biological corridor.
Goals. Goals aim to reduce the impact of threats on
conservation targets and improve conditions to
implement actions necessary to achieve them
(i.e., capacity building, long-term financing). In
general, factors such as the degree of corridor
vegetative coverage and the maintenance of
connectivity, a biological corridor should conserve or restore biodiversity and contribute to
human wellbeing.
After defining goals, then a strategic plan requires
actions that will achieve them. Being “strategic”
means prioritizing actions using the most efficient and equitable means possible.
As well goals can be grouped into strategies
that orient actions into thematic areas such as
environmental education, biodiversity protection,
restoration of connectivity, to name just a few.
One approach to formulating objectives is the
use of results chains (CMP 2013). These chains

Biological Corridor
Management
Effective management rests on continual planning and
learning, based in public participation. This participation contributes to building and maintaining a shared,
multi-sectorial vision that later leads to biodiversity
conservation and ecosystem service objectives (CanetDesanti et al. 2008, Herrera-F 2010).
As mentioned previously, management works to maintain ecological integrity and population viability by
means of reducing sources of pressure without forgetting the wellbeing of resident communities. Since
change is continuous in nature (Walker y Salt 2006,
Walker y Salt 2012), we need to define guidelines for
conservation and sustainability that are both dynamic
and adaptive (Canet-Desanti et al. 2008).
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Box 5. Creation of a Local Biological Corridor Management and Strategic
Planning in San Juan-La Selva
The Local Committee of the San Juan-La Selva Biological Corridor was officially formed in March, 2001
as a result of an alliance between the Tropical Science Center, the Wildlife Conservation Society, the
Organization for Tropical Studies, the Mesoamerican Biological Corridor-Costa Rica, and the Great Green
Macaw Research and Conservation Project. Likewise, in 2002, the Local Office of the San Juan-La Selva
Biological Corridor was created in Puerto Viejo. The Committee has its headquarters at the Tropical
Science Center in San José and assumes responsibility for coordinating and promoting the corridor.
Currently, the Local Committee includes 24 organizations from government and civil society. It has been
named by CATIE as the most advanced connectivity initiative within the Mesoamerican Biological Corridor.
Each organization has clearly defined responsibilities within the Local Committee of the corridor.
Planning
The Local Committee bases its fundraising on the its strategic plan. Given the diversity of donors and the
relatively small amounts that they give, cash flow often fluctuates significantly. Another challenge is the
voluntary participation of coordinators which has complicated project implementation. One alternative was
to request that each member organization make a financial contribution. This would have helped to cover
the salary of a project coordinator.
Furthermore, the composition of working teams varies constantly and depends on the focus of each
project. Similarly, the membership of the executive committee varies over time, with some organizations
participating much more than others. Currently the Tropical Science Center contributes in good measure to
the salaries, office supplies (paper goods, computer, telephone, internet access, courier service, publicity,
and office space), per diem, and transportation. In short, it supports a somewhat centralized structure for
the management of the biological corridor. Nevertheless, given the size and complexity of the area, it is the
only way to work given that no local organizations have the institutional capacity, interest, or geographic
reach to assume the management of an area so large. The TSC, neither too big nor too small, enjoys
certain prestige and can assume this central role (Villate et al. 2010).

the corridor. These efforts concentrate on strengthening
natural capital with forestation, restoration of degraded
habitat, wildlife management, biological monitoring
without forgetting training and environmental education
(Canet-Desanti 2007).

During a corridor’s early years, managers must focus on
consolidation. Some principal functions include forging
of strategic alliances, promoting the corridor’s existence, defining work plans, carrying out environmental
education, and offering trainings for corridor users.
Financial sustainability is fundamental for achieving corridor objectives as well as ensuring following over time
(Canet-Desanti 2007, Canet-Desanti et al. 2012).

Conservation and
Management Monitoring

Activities that strengthen human capital and focus on
the inhabitants of the corridor are also fundamental
management tasks. Among these activities are environmental education, trainings especially in schools,
directed at local production groups and small businesspeople. Interchanges are a valuable technique. The local
committee also must focus on implementing projects not
just within the committee, but also along with users of

Monitoring is a pillar of conservation and development. It measures biodiversity impacts caused both
by planned actions and other human activity (CanetDesanti et al. 2012). Monitoring can verify management
efficiency and effectivity as well as achievements and
weaknesses and, as necessary, implement corrective

27

Box 6. Biological Corridor Management
The executive committee supervises two natural resource specialists from the Tropical Science Center.
It also uses consensus to approve projects when it meets ten times a year (generally not in January and
some other month that also has significant other activities going on). The meetings occur between San
Carlos y Sarapiquí, depending on the location of the host organization. Sometimes it even meets in San
José. Participation is voluntary, but the committee requests justification for not participating. The degree
of attendance depends greatly on the location of the meeting. It generally enjoys the participation of 10–12
organizations, which is generally higher than it was in 2007. This indicates a growing interest by local
organizations in the alliance.
The Local Committee has involved communities in these meetings to contribute to important decisions.
This promotes local ownership. Other positive aspects of this management network include the
involvement of many stakeholders, especially small and local organizations, close to the problems. This
has led to greater resource acquisition as well as diversity of opinions; Because NGOs and government
agencies work together, there has not been much need for bureaucratic structures. Finally, this is about a
horizontal alliance in which participants retain their autonomy and participate in projects. As such greater
commitment and responsibility toward management results (Villate et al. 2010).

The management dimension identifies the degree to
which the biological corridor has increased consolidation
through a diverse and multi-sectoral public participation
(Canet-Desanti et al. 2008). This is measured by the participation of different actors, institutional development of
the corridor, as well as implemented conservation strategies (Canet-Desanti et al. 2012).

actions to adjust strategies (Finegan et al. 2007, Finegan
et al. 2008, PNUD 2009).
Canet-Desanti et al. (2008) developed a methodology
to evaluate management effectiveness in biological
corridors, using a tridimensional standard: ecological,
socioeconomic, and management-related. A complete
version of this approach can be found in Canet-Desanti
(2011). The reader should consider that this methodology, although it generates important results, must be
linked to the biological corridor strategic planning process to be most effective.

The socioeconomic dimension identifies if the quality
of life of those who live in the corridor improves by way
of conservation, sustainable use, and environmentally
friendly practices (Canet-Desanti et al. 2008). It measures
the degree to which actors in the corridor contribute to
conservation, if the biological corridor concept helps people in this pursuit, if they implement actions that reverse
anthropogenic impacts that threaten biodiversity, if communities sustainably manage their own resources, and if
natural resource conservation contributes to elevate quality of life of corridor inhabitants (Canet-Desanti et al. 2012).

The ecological dimension seeks to understand the
population viability of natural communities as well
as the continuity of ecological landscape processes
(Canet-Desanti et al. 2008). It also evaluates whether
implemented actions have contributed to the reduction
of fragmentation, conservation of biodiversity, improvement of connectivity, viability of wildlife populations
and communities, reduction in human impacts, and the
degree to which environmental services have been provided (Canet-Desanti et al. 2008).

Ecological monitoring, moreover, is that “process which
determines the state and trends of biodiversity within
the management objectives of the area” (SINAC 2007).
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Climate Change Planning

In this way, it evaluates factors that affect communities,
species, ecological and evolutionary processes that
prove relevant for conservation.

Biological corridors are a conservation strategy deployed
across a landscape offering a range of opportunities for
biodiversity and human mitigation and adaptation in the
face of climate change (Groves et al. 2012). Protected
areas and other forest ecosystems mitigate climate
change by storing carbon. From the point of view of
adaptation, they also serve to prevent natural disasters,
protect biodiversity, provide potable water, store genetic
diversity and sources of food as well as provide ecosystem services to rural communities (MacKinnon et al.
2011).

It further foresees and prevents undesirable changes
by adopting management mechanisms that slow those
changes (Chediack 2009). Monitoring, then, is “a continuous process of collecting, analyzing, and disseminating
appropriate information about a specific set of variables
or indicators, to improve the management of a given
system” (SINAC 2007).
The first step in developing an ecological monitoring
program is to define the objectives and variables (program indicators). These can be species, habitat, and
community characteristics. Then, managers define monitoring methods. The program further needs to establish
a baseline for the current state of the biological corridor. Also important is the identification of pressures and
threats to selected objectives (SINAC 2007).

Given that biological corridors promote ecological connectivity, some regard them as a principal strategy for
facilitating climate change adaptation, given that corridors allow for species dispersal between different
habitats as environmental conditions change (Heller
and Zavaleta 2009). They also promote biodiversity

Box 7. Biological Corridor Management Evaluation and Monitoring
Consistent with results from the biological corridor management evaluation tool (see Canet et al. 2008
for the methodological details) in Costa Rica’s San Juan La Selva Biological Corridor, “the different social
sectors that make up the biological corridor contribute to natural resource conservation; thanks to the
attitude that people have about natural resource conservation, it is possible to conserve; local groups
implement actions to reverse anthropogenic threats to biodiversity; communities sustainably manage
their natural resources; conservation contributes to increasing the quality of life for those who live within
the biological corridor.” The current legal and political framework supports the consolidation of the
biological corridor in the long term; the support and participation of diverse actors contribute to reaching a
sustainable management process.
Since natural systems are complex and knowledge about them limited, the corridor initiative includes
species and biological process monitoring, based on scientific methods. Basic information is imperative in
order to better assess the current biological status of the area now and in the future.
The Great Green Macaw has been the flagship species and primary indicator species of the corridor. Its
population has been monitored within the biological corridor since 1994. Its change in breeding population
is a principal indicator of corridor success, given the corridor’s dependence on this species. One
monitoring strategy involves marking adults and juveniles with microchips during the breeding season in
order to identify breeding individuals in succeeding years.
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Different models exist to evaluate possible future conditions. The outputs of these models, nevertheless, are
not exact, but do guide researchers in their understanding how future states might look (Glick et al. 2011).

governance, natural resources management, forest
cover increases, forest landscape fragmentation reduction, and improved agricultural practice, all of which
constitute climate change mitigation strategies (Heller
and Zabaleta 2009).

Adaptive capacity or autonomous biodiversity adaptation
includes evolutionary changes and ecological responses
to those changes. In order to estimate this kind of capacity, the following variables should be considered: genetic
diversity, evolutionary rates, dispersal and colonization
ability (Glick et al. 2011). Given the estimate’s complexity
and difficulty, adaptive capacity can also be interpreted
as the human capacity to manage, adapt, and reduce
impacts on biodiversity (Williams et al. 2008).

Planning covered in the previous section can include
climate change among its strategies for adaptation and
mitigation. Piedrahita (2013) in fact proposes a methodology for this which we detail below.

Climate Change Adaptation:
Evaluation and Strategies

Piedrahita (2013) suggests the use of both management
and socioeconomic indicators to evaluate adaptive
capacity. These indicators indirectly measure the degree
to which society facilitates biodiversity adaptation to
climate change. For example, for the Bellbird Biological
Corridor, Piedrahita selected indicators related to representativeness of different participant sectors, degree
of leadership in decision-making, financial support of
corridor management, quantity and quality of biodiversity conservation activities, collaboration of biological
corridor tasks with those of protected areas, representation of organizations whose principal objective is to
strengthen natural capital, awareness and environmental education focused on natural resource conservation
and climate change, and, finally, if local residents assist
animal migration through their terrains.

According to the IPCC in its fourth report (2007),
Vulnerability = Potential Impact – Adaptive Capacity.
Understanding these terms is key to evaluating the
nature and magnitude of climate change as a threat,
detecting principal sources of climate vulnerability, and
identifying actions to reduce or stop threats. Based on
the results of this vulnerability, adaptation strategies can
be designed.
By analyzing the exposure and sensitivity of biodiversity
to changes in the climate, understanding of potential
impacts ensues. This step requires that investigators
evaluate vulnerability and identify what kind of data
they have (studies, evaluations, climatological databases, models). Potential impacts are not the same for
all regions and can target different aspects of the system. Besides, the potential impact of climate change will
affect biodiversity at different scales from genes all the
way to biomes (Bellard et al. 2012).

Design of Adaptation Strategies
Adaptation strategies reduce vulnerabilities within the biological corridor in the face of climate change (Piedrahita
2013). They include a wide range of strategies, summarized by Heller y Zavaleta (2008). Some of the most
recommended in the literature include restoration of connectivity, habitat conservation, increased habitat size,
species translocations, as well as those that improve
human capacity and attitudes toward climate change.

To analyze a biological corridor’s sensitivity across different climate change scenarios must depend on historic
climate data. Analysts must research changes in different components of biodiversity. In the case of biological
corridors, any change to ecological processes associated with connectivity will be, by definition, priority.
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Box 8. Climate Change Vulnerability Analysis of the Bellbird Biological
Corridor, Costa Rica (adapted from Piedrahita 2013)
The Bellbird Biological Corridor is located on the Pacific slope of Costa Rica with an altitudinal range from
sea level to 2,500 m. In order to design adaptation strategies, potential climate change impacts were
estimated. Researchers used four indicators to measure these impacts. At the ecosystem scale, they
used an index for leaf cover as well as indices for fragmentation such as core area, patch size, distance
of closest patch, number of patches, and patch density. At the species level, they measured the potential
distribution of several species chosen for their threat level, endemism, and national importance. They
considered climate scenarios B1 and A2 (IPCC 2007) and evaluated the adaptive capacity indirectly with
indicators associated with human-facilitated biodiversity adaptation.
For both scenarios, the most vulnerable sector within the B1 emissions scenario is found in the middle
altitudes of the corridor, while the low zone shows generally medium vulnerability values with some sectors
showing low values.
At the highest elevations, the lowest values dominate, although some zones show medium values
principally due to a high adaptive capacity. It is anticipated that the impacts in these high zones will be
elevated.

A

B

Vulnerabilidad

Emisiones bajas

Vulnerabilidad

Baja
Media
Alta
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Climate Change Mitigation:
Strategies and Opportunities

These participatory projects not only imply greater
impact, but also can integrate into other conservation
and sustainable development strategies (Herrera 2016).
This author also points out that biological corridors can
also achieve political goals. For example, since 2010,
the Government of Costa Rica has directed most of its
forest-conservation environmental service payments to
biological corridors.

Climate change mitigation seeks to reduce greenhouse
gases by protecting and promoting carbon sinks through
soil and habitat management (IPCC 2007). Both ecosystem conservation and restoration reduce unsequestered
carbon in the atmosphere. It is estimated that around 428
Gt of carbon are stored in forests and soils (Secretariat of
the Convention on Biological Diversity 2009).

Synergies between
Adaptation and Mitigation

Biodiversity supports processes that sequester carbon
in natural systems. Poorter et al. (2015) report that tropical forests, that cover 7–10% of the planet’s surface and
house more than 95% of the world’s tree species, store
25% of the terrestrial carbon in biomass.

Herrera (2016) presents a methodological guide that
integrates the design of biological corridors with potential synergies between biodiversity and carbon capture
at the landscape scale. This proposal can be combined
with the methodology proposed in section 3.1 in order
to achieve synergy between adaptation and mitigation.

Biological corridors, as Herrera notes (2016), are opportunities to establish mitigation projects, such as REDD+.

Photo: Bernal Herrera-F.
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Final thoughts: The Way Forward
The detailed guidelines in this document have emerged over a decade through basic and applied
research. This has been a participatory process involving local actors in Costa Rica who have participated in managing connectivity. Thus, the institutionalization of these programs at the regional
and national levels (e.g. SINAC 2008 y ICF 2013) has been key to the development of land use
management. This does not require only scientific information, but also national and international
cooperation to ensure that connectivity conservation becomes institutionalized. This implies at the
same time that there must be technical assistance at the local and national levels for public participation to occur and achieve its objectives (Perrens 2013). Costa Rica’s experience has showed
the need for organizations to take the lead of biological corridor management which may be more
important than institutional participation (Canet 2007).
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are also needed as well as the integration of actors and
innovative mechanisms.

Biological corridors can integrate land use and biodiversity conservation. They can integrate different social
sectors involved in land use planning (for example,
municipalities) as well as national and local organizations
interested in conservation and sustainable development.
Corridors are inherently designed to integrate different
aspects of land use, such as protected areas and productive uses. Corridor development, then, should value
contributions of the productive sector to biodiversity
conservation. Also these public participation forums can
serve as negotiation space between organized groups
in order to increase awareness and appreciation for
biodiversity.

Although there exists sufficient evidence that demonstrates the importance of biological corridors, it is still
necessary to generate even more about functional
connectivity and how this can be integrated into management. From the conservation biology point of view,
actions that maintain and conserve ecological connectivity should continue as an evidence-based adaptive
process.
One theme that requires additional research and study is
the governance of these platforms for social interaction
to manage biological corridors. This theme underlies all
conservation strategies. It is not sufficient to just have
financial, technical, and administrative skills, if governance has not been properly explored. This is an area,
therefore, that should be studied in the near future when
designing biological corridors.

Despite important efforts, there are still significant
holes in understanding. The work of Perrens (2013) is
a first attempt to understand the benefits and financial
mechanisms in biological corridors. Nevertheless, more
investigation and investment are needed for this kind of
strategy to work. Greater capacities along these lines

Photo: Olivier Chassot

34

Photo: Olivier Chassot

Literature Cited

35

Arias, E; Chacón, O; Herrera, B; Induni, G; Acevedo, H; Coto, M;
Barborak, JR. 2008. Las redes de conectividad como base
para la planificación de la conservación de la biodiversidad:
propuesta para Costa Rica. Recursos Naturales y Ambiente
54:37-43.

Bruinderink, GG; van der Sluis, T; Lammertsma, D; Opdam, P;
Pouwels, R. 2003. Designing a Coherent Ecological Network
for Large Mammals in Northwestern Europe. Conservation
Biology 17(2):549-558.
Canet-Desanti, L. 2007. Herramientas para el diseño, gestión y
monitoreo de corredores biológicos en Costa Rica. Tesis
M.Sc. Turrialba, Costa Rica, CATIE.

Anderson A; Jenkins, CN. 2006. Applying Nature’s Design. Corridors
as a Strategy for Biodiversity Conservation. New York, United
States of America, Columbia University Press. 256 p.

Canet-Desanti, L. 2011. Metodología para la evaluación de la
efectividad del manejo de corredores biológicos. Turrialba,
Costa Rica, CATIE. 32 p. (Serie técnica, Informe técnico 386).

Ban, NC; Mills, M; Tam, J; Hicks, CC; Klain, S; Stoeckl, N; Bottirll,
MC; Levine, J; Pressey, RL; Satterfield, T; Chan, KMA. 2013.
A social–ecological approach to conservation planning:
embedding social considerations. Front Ecol Environ.
11(4):194–202.

Canet-Desanti, L; Finegan, B; Bouroncle, C; Gutiérrez, I; Herrera, B.
2008. El monitoreo de la efectividad del manejo de corredores
biológicos: Una herramienta basada en la experiencia de los
comités de gestión en Costa Rica. Recursos Naturales y
Ambiente 54:51-58.

Bautista-Solís, P, Gutiérrez-Montes, I (eds). 2012. Capitales de la
comunidad y la conservación de los recursos naturales: el caso
del Corredor Biológico Tenorio-Miravalles. Turrialba, Costa
Rica, CATIE. 135 p. (Serie técnica, Boletín Técnico no. 49).

Canet-Desanti, L; Finegan, B. 2010. Bases de conocimiento
para la gestión de corredores biológicos en Costa Rica.
Mesoamericana 14 ( 39):11-24.

Bélisle, M. 2005. Measuring Landscape Connectivity: The Challenge
of Behavioral Landscape Ecology. Ecology 86(8):1988-1995.

Canet-Desanti, L; Herrera-F, B. s. f. Manual para el diseño de
planes estratégicos en corredores biológicos. CATIE-INBio.
Turrialba, Costa Rica. 75 p.

Barrett, GW; Bohlen, PJ. 1991. Landscape Ecology. In Hudson, E
(Ed.). Landscape Linkages and Biodiversity. Washington DC,
United States of America, Island Press. p. 149-161.

Canet-Desanti, L; Herrera, B; Finegan, B. 2012. Efectividad de manejo
en corredores biológicos: el caso de Costa Rica. Revista
Parques 2. Disponible en: http://revistaparques.net/2013-2/
articulos/manejo-corredores-biologicos-costa-rica/

Beier, P, Noss, R. 1998. Do habitat corridors provide connectivity?
Conservation Biology 12(6):1241-1252.
Bellard, C; Bertelsmeier, C; Leadley, P; Thuiller, W; Courchamp, F.
2012. Impacts of climate change on the future biodiversity.
Ecology Letters 15(4):365–377.

CDB (Convenio sobre la Diversidad Biológica). 1992. Disponible en:
https://www.cbd.int/doc/legal/cbd-es.pdf

Bennett, AF. 1998. Linkages in the Landscape: The Role of Corridors
and Connectivity in Wildlife Conservation. Cambridge, United
Kingdom, IUCN. 254 p.

Céspedes, MV; Finegan, B; Herrera, B; Delgado, LD; Velásquez,
S; Campos, JJ. 2008. Diseño de una red ecológica de
conservación entre la Reserva de Biosfera La Amistad y las
áreas protegidas del Área de Conservación Osa, Costa Rica.
Recursos Naturales y Ambiente 54:44-50.

Bennett, AF. 2004. Enlazando el paisaje: el papel de los corredores
y la conectividad en la conservación de la vida silvestre. San
José, Costa Rica, UICN. 276 p.

Chassot, O. 2005. Metodología de administración de proyecto
aplicada al tema ambiental: estudio de caso del Corredor
Biológico San Juan-La Selva. Tesis M.A.P. San José, Costa
Rica, Universidad para la Cooperación Internacional.

Bennett, AF; Radford, JQ; Haslem A. 2006. Properties of Land
Mosaics: Implications for Nature Conservation in Agricultural
Environments. Biological Conservation 133:250-264.

Chassot, O. 2010. Diseño de un paisaje funcional de conservación
para el Caribe Norte de Costa Rica. Tesis Doctorado Ciencias
Naturales. Cartago, Costa Rica, ITCR.

Bennett, G; Mulongoy, KJ. 2006. Review of Experience with
Ecological Networks, Corridors and Buffer Zones. Montreal,
Canadá, Secretariat of the Convention on Biological Diversity.
100 p. (CDB Technical Series No. 23).

Chassot, O; Monge Arias, G. 2012. Connectivity conservation of the
great green macaw’s landscape in Costa Rica and Nicaragua
(1994-2012). Parks 18(1): 61-69.

Bierregaard, RO; Dale, VH. 1996. Islands in an Ever-Changing Sea:
The Ecological and Socioeconomic Dynamics of Amazonian
Rainforest Fragments. In Schelhas J, Greenberg R. (eds.).
Forest Patches in Tropical Landscapes. Washington DC,
United States of America, Island Press. p. 187-204.

Chassot, O; Monge, G; Chaves, H; Finegan, B. 2010. Dinámica
de paisaje en el Caribe Norte de Costa Rica: implicaciones
para la conservación del bosque tropical muy húmedo.
Ambientales 39:37-53.

Brandon, K. 2002. Putting the Right Parks in the Right Places.
In Terborgh, J; van Schaik, C; Davenport, L; Rao, M (eds.).
Making Parks Work: Strategies for Preserving Tropical Nature.
Washington DC, United States of America, Island Press. p.
443-467.

Chassot, O; Monge, G; Herrera-F, B; Canet-Desanti, L. 2013. Guía
metodológica para el diseño de áreas de conectividad y plan
de monitoreo de la biodiversidad en los macizos montañosos
Guaniguanico, Guamuhaya, Bamburano y Nipe-SaguaBaracoa, Cuba. La Habana, Cuba, PNUD.

Browder, JO. 1996. Reading Colonist Landscapes: Social
Interpretations of Tropical Forest Patches in an Amazonian
Agricultural Frontier. In Schelhas, J; Greenberg, R (eds.).
Forest Patches in Tropical Landscapes. Washington DC,
United States of America, Island Press. p. 285-299.

Chediack, SE (comp.). 2009. Monitoreo de biodiversidad y recursos
naturales: ¿para qué? México DF, México, Comisión Nacional
para el Conocimiento y Uso de la Biodiversidad/Corredor
Biológico Mesoamericano México. 87 p. (Serie Diálogos no.
3).

Britten, HB; Baker, RJ. 2002. Landscape Connections and Genetic
Diversity. In Gutzwiller, KG (ed.). Applying Landscape Ecology
in Biological Conservation. New York, United States of
America, Springer. p. 131-149.

Chester, CC; Hilty, JA. 2010. Connectivity Science. In Worboys, GL;
Francis, WL; Lockwood, M (eds.). Connectivity Conservation
Management. London, Earthscan. p. 22-33.

36

Collado, AD; Dellafiore, CM. 2002. Influencia de la fragmentación
del paisaje sobre la población del venado de las pampas en
el sur de la provincia de San Luis. Revista de Investigaciones
Agropecuarias 31(2):39-56.

Finegan, B; Céspedes, M; Sesnie, SE; Herrera, B; Induni, G;
Saénz, J; Ugalde, J; Wong, G. 2008. El monitoreo ecológico
como herramienta de manejo para la conservación. Bases
conceptuales y estructura del Programa de Monitoreo
Ecológico Terrestre en Áreas Protegidas y Corredores
Biológicos de Costa Rica. Recursos Naturales y Ambiente
54:66 -73.

Conservation Measures Partnership (CMP). 2013. The Open
Standards for the Practice of Conservation. Version 3.
Disponible en: http://cmp-openstandards.org/wp-content/
uploads/2014/03/CMP-OS-V3-0-Final.pdf

Forman, RT; Godron M. 1981. Patches and Structural Components
for a Landscape Ecology. BioScience 31(10):733.740.

Corrêa do Carmo, AP; Finegan, B; Harvey, CA. 2001. Evaluación y
diseño de un paisaje fragmentado para la conservación de
la biodiversidad. Revista Forestal Centroamericana 34:35-41.

Forman, RT; Godron, M. 1986. Landscape Ecology. New York,
United States of America, Wiley.

Cramer, JM; Mesquita, RCG; Williamson, GB. 2007. Forest
Fragmentation Differentially Affects Seed Dispersal of Large
and Small-Seeded Tropical Trees. Biological Conservation
137:415-423.

Fortin, MJ; Agrawal, AA. 2005. Landscape Ecology Comes of Age.
Ecology 86(8):1965-1966.
Frankham, R. 2006. Genetics and landscape connectivity. In
Crooks, KR; Sanjayan, M (eds.). Connectivity Conservation.
Cambridge, United Kingdom, Cambridge University Press. p.
72-96.

Crome, FHJ. 1997. Researching Tropical Forest Fragmentation:
Shall we Keep on Doing what we’re Doing? In Laurance, WF;
Bierregaard, RO (eds.). Tropical Forest Remnants: Ecology,
Management, and Conservation of Fragmented Communities.
Chicago, USA, University of Chicago Press. p. 485-501.

Franklin, JF; Forman, RTT. 1987. Creating Landscape Patterns by
Forest Cutting: Ecological Consequences and Principles.
Landscape Ecology 1:5-18.

Dale, VH; Pearson, SM; Offerman, HL; O’Neill, RV. 1994. Relating
Patterns of Land-Use Change to Faunal Biodiversity in the
Central Amazon. Conservation Biology 8:1027-1036.

Gallego, B; Finegan, B. 2004. Evaluación de enfoques para la
definición de especies arbóreas indicadoras para el monitoreo
de la biodiversidad en un paisaje fragmentado del Corredor
Biológico Mesoamericano. Recursos Naturales y Ambiente
2004:49-61.

De Campos, DP; Finegan, B, 2003. Principios, criterios e indicadores
para la evaluación de corredores biológicos y su aplicación:
caso Costa Rica. Revista Forestal Centroamericana 38:9-13.

Gascon, C; da Fonseca, GAB; Sechrest, W; Billmark, KA; Sanderson,
J. 2004. Biodiversity Conservation in Deforested and
Fragmented Tropical Landscapes: An Overview. In Schroth, G;
da Fonseca, GAB; Harvey, CA; Gascon, C; Vasconcelos, HL;
Izac, AMN (eds.). Agroforestry and Biodiversity Conservation
in Tropical Landscapes. Washington DC, United States of
America, Island Press. p. 15-32.

Dengo, JM; Cotera, J; Lücke, O; Orlich, D. 1999. Escenarios de uso
del territorio para Costa Rica en el año 2025: escenarios de
uso del territorio para Costa Rica en el año 2025. San José,
Costa Rica, MIDEPLAN. p. 3-34.
Dobson, A; Ralls, K; Foster, M; Soulé, ME; Simberloff, D; Doak, D;
Estes, JA; Mills, LS; Mattson, D; Dirzo, R; Arita, H; Ryan, S;
Norse, EA; Noss, RF; Johns, D. 1999. Corridors: Reconnecting
Fragmented Landscapes. In Soulé, ME; Terborgh, J (eds.).
Continental Conservation: Scientific Foundations of Regional
Reserve Networks. Washington DC, United States of America
Island Press. p. 129-170.

Gilbert-Norton, L; Wilson, R; Stevens, JR; Beard, KH. 2010. A
meta-analytic review of corridor effectiveness. Conservation
Biology 24(3):660–668.
Glick, P; Stein, BA, Edelson, NA. 2011. Scanning the conservation
horizon: a guide to climate change vulnerability assessment.
National Wildlife Federation, Washington, DC.

Diamond, JM. 1975. The Island Dilemma: Lessons of Modern
Biogeographic Studies for the Design of Natural Reserves.
Biological Conservation 7:129-146.

Goldstein, PZ. 1999. Functional Ecosystems and Biodiversity
Buzzwords. Conservation Biology 13(2):247-255.

Dudley, N (eds.). 2008. Guidelines for Applying Protected Area
Management Categories. Gland, Switzerland, IUCN. 86. p.

González-Maya, JF; Chassot, O; Espinel, A; Cepeda, AA. 2010.
Sobre la necesidad y pertinencia de la gestión integral de
paisajes en Latinoamérica. Revista Latinoamericana de
Conservación 2(1): 1-6.

Emery, M; Flora, C. 2006. Spiraling-Up: Mapping Community
Transformation with Community Capitals Framework.
Community Development 37(1):19-35.

Granizo, T; Molina, ME; Secaira, E; Herrera, B; Benítez, S;
Maldonado, O; Libby, M; Arroyo, P; Isola, S; Castro, M. 2006.
Manual de planificación para la conservación de áreas. Quito,
Ecuador, TNC/USAID. 204 p.

Ernst, R; Linsenmair, KE; Rödel, MO. 2006. Diversity Erosion Beyond
the Species Level: Dramatic Loss of Functional Diversity After
Selective Logging in two Tropical Amphibian Communities.
Biological Conservation 133:143-155.

Greenberg, R. 1996. Managed Forest Patches and the Diversity of
Birds in Southern Mexico. In Schelhas, J, Greenberg R (eds.).
Forest Patches in Tropical Landscapes. Washington DC,
United States of America, Island Press. p. 59-90.

Fagan, WF; Calabrese, JM. 2006. Quantifying Connectivity: Balancing
Metric Performance with Data Requirements. In Crooks KR,
Sanjayan M (eds.). Connectivity Conservation. Cambridge,
United Kingdom, Cambridge University Press. p. 297-317.

Grogan, J; Free, C; Pinelo-Morales, G; Johnson, A, Alegría, R. 2016.
Estado de conservación de las poblaciones de cinco especies
maderables en concesiones forestales de la Reserva de la
Biosfera Maya, Guatemala. Turrialba, Costa Rica, CATIE.

Fahrig, L. 2003. Effects of Habitat Fragmentation Biodiversity. Annual
Review of Ecology, Evolution and Systematics 34:487-515.
Finegan, B; Céspedes, M; Sesnie, SE. 2007. El monitoreo ecológico
como componente integral del manejo de áreas protegidas y
corredores biológicos en los trópicos: conceptos y práctica.
San José, Costa Rica, SINAC.

Groom, MJ; Meffe, GK; Carroll, CR. 2006. Principles of Conservation
Biology. Sunderland, Massachusetts, United States of
America, Sinauer. 779 p.

37

Grumbine, RE. 1994. What is Ecosystem
Conservation Biology 8: 27-38.

Management?

Herrera, B. 2016. Áreas funcionales para la conservación de la
biodiversidad: identificación de sinergias entre adaptación
y mitigación al cambio climático. Guía para la priorización
de paisajes. Serie Técnica. CATIE, Turrialba-Costa Rica. De
próxima publicación.

Groves, CR; Game, ET; Anderson, MG; Cross, M; Carolyn,
E; Ferdaña, Z; Girvetz, E; Gondor, A; Hall, KR; Higgins,
J; Marshall, R; Popper, K; Schill, S; Shafer, SL. 2012.
Incorporation climate change into systematic conservation
planning. Biodiversity and Conservation 21(7):1651-1671.

Herrera, B. 2012. Lineamientos para el diseño y formulación del plan
general de manejo de las áreas protegidas de Costa Rica.
Turrialba, Costa Rica, CATIE. 88 p. (Informe de Consultoría).

Guariguata, M; Rosales, J; Finegan, B. 2000. Seed Removal and Fate
in two Selectively Logged Lowland Forests with Contrasting
Protection Levels. Conservation Biology 14(4):1046-1054.

Herrera-F, B. 2010. Lineamientos técnicos para el desarrollo
de la visión estratégica del Corredor Biológico del Caribe
Hondureño. La Ceiba, Honduras, CATIE. Informe técnico.

Guariguata, M; Ostertag, R. 2002. Sucesión secundaria. In
Guariguata, M; Kattan, G (ed.). Ecología y conservación
de bosques neotropicales. Cartago, Costa Rica, Libro
Universitario Regional. p. 592-623.

Herrera, B; Lasch, C; Courrau, J. 2013. Planificación del manejo
de áreas protegidas en América Latina (Versión electrónica).
Turrialba, Costa Rica, CATIE/TNC. (Serie Técnica. Manual
Técnico no. 118).

Guindon, C; Palminteri S. 1996. Great Green Macaw Habitat
Reforestation Feasibility Study. New York, Rainforest Alliance.

Herrera, B; Finegan B. 2008. La planificación sistemática como
instrumento para la conservación de la biodiversidad:
Experiencias recientes y desafíos en Costa Rica. Recursos
Naturales y Ambiente 54:4 -13.

Haddad, NM; Tewksbury, JJ. 2006. Impacts of Corridors on
Populations and Communities. In Crooks, KR; Sanjayan,
M (eds.). Connectivity Conservation. Cambridge, United
Kingdom, Cambridge University Press. p. 390-415.

Herrera, B; Corrales, L. 2004. Midiendo el éxito de las acciones en
las áreas protegidas de Centroamérica: evaluación y monitoreo
de la integridad ecológica. Guatemala, PROARCA/APM. 44 p.

Hanski, I; Gilpin, M. 1991. Metapopulation Dynamics: Brief History
and Conceptual Domain. Biological Journal of the Linnean
Society 42:3-16.

Hilty, JA; Lidicker, WZ; Merenlender, AM. 2006. Corridor Ecology:
The Science and Practice of Linking Landscapes for
Biodiversity Conservation. Washington DC, United States of
America, Island Press. 344 p.

Hanski, I. 1989. Metapopulation Dynamics: Does it Help to
Have More of the Same? Trends in Ecology and Evolution
4:113-114.

Hobbs, R. 1993. Can Revegetation Assist in the Conservation
of Biodiversity in Agricultural Areas? Pacific Conservation
Biology 1:389-391.

Hanson, TR; Brunsfeld, SJ; Finegan, B; Waits, LP. 2007.
Conventional and Genetic Measures of Seed Dispersal
for Dipteryx panamensis (Fabaceae) in Continuous and
Fragmented Costa Rican Rain Forest. Journal of Tropical
Ecology 23:1-8.

Hoctor, TS; Carr, MH; Zwick, PD. 2000. Identifying a linked reserve
system using a regional landscape approach: The Florida
ecological network. Conservation Biology 14(4):984-1000.

Hanson, TR; Brunsfeld, SJ; Finegan, B; Waits, LP. 2008. Pollen
Dispersal and Genetic Structure of the Tropical Tree Dipteryx
panamensis in a Fragmented Costa Rican Landscape.
Molecular Ecology 17:2060-2073.

ICF (Instituto de Conservación Forestal, Honduras). 2013.
Estrategia para la Consolidación de Corredores Biológicos
de Honduras. Tegucigalpa, Honduras. 51 p.

Hansson, L; Fahrig, L; Merriam G. (eds.). 1995. Mosaic Landscapes
and Ecological Processes. London, Chapman y Hall.

ICF (Instituto de Conservación Forestal, Honduras). 2011.
Estándares para el diseño y fomento de estrategias de
corredor biológico en Honduras. Tegucigalpa, Honduras.

Harris, LD. 1984. The Fragmented Forest: Island Biogeography
Theory and the Preservation of Biotic Diversity. Chicago,
United States of America, The University of Chicago Press.
230 p.

IPCC (Grupo Intergubernamental de Expertos sobre el Cambio
Climático). 2007. Cambio Climático 2007. Informe de Síntesis.
Ginebra, Suiza, Grupo Intergubernamental de expertos sobre
el cambio climático.104 p.

Harris LD. 1988. Edge Effects and the Conservation of Biotic
Diversity. Conservation Biology 2:330-332.

Jordan, CF. 1986. Local Effects of Tropical Deforestation. In Soulé,
M (ed.). Conservation Biology: The Science of Scarcity and
Diversity. Sunderland, Massachusetts, United States of
America, Sinauer Associates. p. 410-426.

Harrison, RL. 1992. Towards a Theory of Inter-Refuge Corridor
Design. Conservation Biology 6:293-295.
Harvey, C; Sáenz, JC (eds.). 2008. Evaluación y conservación de
biodiversidad en paisajes fragmentados en Mesoamérica.
Heredia, Costa Rica, InBio. 620 p.

Kattan, G; Alvarez, López, H. 1996. Preservation and Management
of Biodiversity in Fragmented Landscapes in the Colombian
Andes. In Schelhas, J; Greenberg, R (eds.). Forest Patches
in Tropical Landscapes. Washington DC, United Satates of
America, Island Press. p. 3-18.

Hassan, R; Scholes, R; Ash, N (eds). 2005. Millennium Ecosystem
Assessment: Ecosystems and Human Wellbeing. Volume 1:
Current State and Trends. Island Press, Washington.
Hay, KG. 1991. Greenways and Biodiversity. In Hudson, E (ed.).
Landscape Linkages and Biodiversity. Washington DC,
United States of America, Island Press. p. 162-175.

Kattan, G. 2002. Fragmentación: patrones y mecanismos de
extinción de especies. In Guariguata, M; Kattan, G (comp.).
Ecología y conservación de bosques neotropicales. Cartago,
Costa Rica, Libro Universitario Regional. p. 561-590.

Heller, N; Zavaleta, ES. 2009. Biodiversity management in the face
of climate change: A review of 22 years of recommendations.
Biological Conservation 142:14-32.

Kellman, M; Tackaberry, R; Meave, J. 1996. The Consequences
of Prolonged Fragmentation: Lessons from Tropical Gallery
Forests. In Schelhas, J; Greenberg, R (eds.). Forest Patches

38

in Tropical Landscapes. Washington DC, United States of
America, Island Press. p. 37-58.

Lovejoy, TE; Bierregaard, RO; Rylands, AB; Malcolm, JR; Quintela,
CE; Harper, LH; Brown, KS; Powell, AH; Powell, GVN;
Schubart, HOR; Hays, MB. 1986. Edge and other Effects
of Isolation on Amazon Forest Fragments. In Soulé, M (ed.).
Conservation Biology: The Science of Scarcity and Diversity.
Sunderland, Massachusetts, United States of America,
Sinauer Associates. p. 257-285.

Lamb, D; Parrota, J; Keenan, R; Tucker, N. 1997 Rejoining Habitat
Remnants: Restoring Degraded Rainforest lands. In Laurance,
WF; Bierregaard, RO (eds.). Tropical Forest Remnants.
Ecology, Management, and Conservation of Fragmented
Communities. Chicago, United States of America, University
of Chicago Press. p. 366-385.

Lovejoy, TE; Sieving, KE; Sites, JW; Andersen, M; Tocher, MD;
Kramer, EA; Restrepo, C; Moritz, C. 1997. Tropical Forest
Fragmentation: Synthesis of a Diverse and Dynamic
Discipline. In Laurance, WF; Bierregaard, RO (eds.). Tropical
Forest Remnants: Ecology, Management, and Conservation
of Fragmented Communities. Chicago, United States of
America, The University of Chicago Press. p. 502-514.

Lambeck, RJ; Hobbs, RJ. 2002. Landscape and Regional Planning
for Conservation: Issues and Practicalities. In Gutzwiller, KG
(ed.). Applying Landscape Ecology in Biological Conservation.
New York, United States of America, Springer. p. 360-380.
Laurance, WF; Bierregaard, RO; Gascon, C; Didham, RK; Smith,
AP; Lynam, AJ; Viana, VM; Logan, W; Brown, ER; Longrie,
D; Herb, G. 1985. Edges. In Brown, ER (ed.). Management of
Wildlife and Fish Habitats in Forests of Western Oregon and
Washington. Portland, United States, of America, Department
of Agriculture, Forest Service. p. 115-127.

Lovejoy, TE. 2006. Protected Areas: A Prism for a Changing World.
Trends in Ecology and Evolution 21(6):329-333.
Lord, JM; Norton, DA. 1990. Scale and the Spatial Concept of
Fragmentation. Society for Conservation Biology 4(2):197-20.

Laurance, WF. 1997. Hyper-Disturbed Parks: Edge Effects and
the Ecology of Isolated Rainforest Reserves in Tropical
Australia. In Laurance, WF; Bierregaard RO (eds.). Tropical
Forest Remnants: Ecology, Management, and Conservation
of Fragmented Communities. Chicago, United States of
America, The University of Chicago Press. p. 71-83.

MacArthur, R; Wilson E. 1963. An Equilibrium Theory of Insular
Zoogeography. Evolution 17:272-287.
MacArthur, R; Wilson E. 1967. The Theory of Island Biogeography.
Princeton, United States, Princeton University Press.
Manning, AD; Fischer, J; Lindenmayer, DB. 2006. Scattered Trees
Are Keystone Structures: Implications for Conservation.
Biological Conservation 132:311-321.

Laurance, WF; Lovejoy, TE; Vasconcelos, HL; Bruna, EM; Didham,
RK; Stouffer, PC; Gascon, C; Bierregaard, RO; Laurance, SG;
Sampaio, E. 2002. Ecosystem Decay of Amazonian Forest
Fragments: a 22-year Investigation. Conservation Biology
16(3):605-618.

McCullough, DR (ed.). 1996. Metapopulations and Wildlife
Conservation. Washington DC, United States of America,
Island Press.
MacKinnon, K; Dudley, N; Sandwith, T. 2011. Natural solutions:
protected areas helping people to cope with climate change.
Oryx, 45(4):461–462.

Laurance, WF; Vasconcelos, HL. 2004. Ecological Effects of Habitat
Fragmentation in the Tropics. In Schroth, G; da Fonseca,
GAB; Harvey, CA; Gascon, C; Vasconcelos, HL; Izac, AMN
(eds.). Agroforestry and Biodiversity Conservation in Tropical
Landscapes. Washington DC, United States of America,
Island Press. p. 487-501.

Meffe, GK; Carroll, CR. 1994. Principles of Conservation Biology.
Sunderland, Massachusetts, United States of America,
Sinauer Associates.

Lausche, B; Farrier, D; Verschuuren, J; La Viña, AGM; Trouwborst,
A, Born, CH; Aug. L. 2013. The Legal Aspects of Connectivity
Conservation. A Concept Paper. Gland, Switzerland, IUCN.
190 p.

Meine, C; Soulé, M; Noss, RF. 2006. A Mission-driven Discipline:
The Growth of Conservation Biology. Conservation Biology
20(3):631-651.
Miller, K; Chang, E; Johnson, N. 2001. En busca de un enfoque
común para el Corredor Biológico Mesoamericano.
Washington, United States of America, WRI-WWF-CATIE. 49
p.

Lees, AC; Peres, CA. 2006. Rapid Avifaunal Collapse along the
Amazonian Deforestation Frontier. Biological Conservation
133:198-211.
Lefkovitch, LP; Fahrig L. 1985. Spatial Characteristics of Habitat
Patches and Population Survival. Ecological Modeling
30:297-308.

Moilanen, A; Hanski, I. 2006. Connectivity and Metapopulation
Dynamics in Highly Fragmented Landscapes. In Crooks, KR;
Sanjayan M (eds.). Connectivity Conservation. Cambridge,
United Kingdom, Cambridge University Press. p. 44-71.

Legendre, P; Fortin, MJ. 1989. Spatial Pattern and Ecological
Analysis. Vegetatio 80:107-138.

Muench, C; Martínez-Ramos M. 2016. Can community-protected
areas conserve biodiversity in human-modified tropical
landscapes? The case of terrestrial mammals in southern
Mexico. Tropical Conservation Science 9(1):178-202.

Levin, SA; Paine, RT. 1974. Disturbance, Patch Formation and
Community Structure. Proceedings of the National Academy
of Sciences 71(7):2744-2747.

Murcia, C. 1996. Forest Fragmentation and the Pollination of
Neotropical Plants. In Schelhas, J; Greenberg R (eds.). Forest
Patches in Tropical Landscapes. Washington DC, United
States of America, Island Press. p. 19-36.

Lezcano, H; Finegan, B; Condit, R; Delgado, D. 2002. Variación
de las características de la comunidad vegetal en relación al
efecto de borde en fragmentos de bosque, Las Pavas, Cuenca
del Canal de Panamá. Revista Forestal Centroamericana
38:33-38.

Nepstad, DC; Moutinho, PR; Uhl, C; Vieira IC, Cardosa da Silva,
JM. 1996. The Ecological Importance of Forest Remnants in
an Eastern Amazonian Frontier Landscape. In Schelhas, J;
Greenberg, R (eds.). Forest Patches in Tropical Landscapes.
Washington DC, United States of America, Island Press. p.
133-150.

Lindenmayer, DB, Fischer, J. 2006. Habitat Fragmentation and
Landscape Change: An Ecological and Conservation Synthesis.
Washington DC, United States of America, Island Press.

39

Noss, RF; Harris, L. 1986. Nodes, Networks and MUMS: Preserving
Diversity at all Scales. Environmental Management
10:299-309.

in tropical forests. Global Ecology and Biogeography, DOI:
10.1111/geb.12364
Powell, GVN; Palminteri, S; Carlson, B; Boza, MA. 2002. Successes
and Failings of the Monteverde Reserve Complex and Costa
Rica’s System of National Protected Areas. In Terborgh, J;
van Schaik, C; Davenport, L; Rao, M (eds.). Making Parks
Work: Strategies for Preserving Tropical Nature. Washington
DC, United States of America, Island Press. p. 156-171.

Noss, RF. 1991. Landscape Connectivity: Different Functions at
Different Scales. In Hudson, E (ed.). Landscape Linkages
and Biodiversity. Washington, DC, United States of America,
Island Press. p. 27-39.
Opdam, P. 1991. Metapopulation Theory and Habitat Fragmentation:
A Review of Holarctic Breeding Bird Studies. Landscape
Ecology 5:93-106.

Pretty, J; Smith, D. 2004. Social capital in biodiversity conservation
and management. Conservation Biology 18(3):631–638.

Pearson, RG. 2006. Climate Change and the Migration Capacity
of Species. Trends in Ecology and Evolution 21(3):111-113.

Primack, R; Roíz, R; Feinsinger, P; Dirzo, R; Massardo, F. 2001.
Fundamentos de conservación biológica. México DF, México,
Fondo de Cultura Económica.

Perrens, SE. 2013. Disponibilidad y acceso a recursos financieros
en corredores biológicos de Costa Rica: Experiencias y
lecciones aprendidas. Tesis MSc. Turrialba, Costa Rica,
CATIE. 88 p.

Primack, RB. 2002. Essentials of Conservation Biology. Sunderland,
Massachusetts, United States of America, Sinauer Associates.
Pulsford, I; Lindenmayer, D; Wyborn, C; Lausche, B; Vasilijevic, M;
Worboys, G. 2015. Connectivity Conservation Management.
In Worboys, GL; Lockwood, M; Kothari, A; Feary, S; Pulsford,
I (eds.). Protected Area Governance and Management,
Canberra, Australia, ANU Press. p. 851-888.

Persha, L; Agrawal, A; Chhatre, A. 2011. Social and Ecological
Synergy: Local Rulemaking, Forest Livelihoods, and
Biodiversity Conservation. Science 331:1606-1608.
Pickett, STA; Ostfeld, RS; Shachak, M; Likens, G. (eds.). 1997. The
Ecological Basis of Conservation: Heterogeneity, Ecosystems,
and Biodiversity. New York, Springer.

Ranganathan, J; Daily, G. 2008. La biogeografía del paisaje rural:
oportunidades de conservación en paisajes de Mesoamérica
manejados por humanos. In: Harvey, C; Sáenz. JC (eds).
Evaluación y conservación de biodiversidad en paisajes
fragmentados en Mesoamérica. Heredia, Costa Rica, INBio.
p 15-30.

Pickett, STA; Parker, VT; Fiedler, PL. 1992. The New Paradigm in
Ecology: Implications for Conservation Biology above the
Species Level. In Fiedler, PL: Jain, SK (eds.). Conservation
Biology: The Theory and Practice of Nature Conservation
Preservation and Management. New York, United States of
America, Routledge. p. 65-88.

Ramos, ZS; Finegan, B. 2007. Red ecológica de conectividad
potencial: estrategia para el manejo del paisaje en el Corredor
Biológico San Juan-La Selva. Recursos Naturales y Ambiente
49:112-123.

Piedrahita, C. 2013. Lineamientos técnicos para la planificación
de la adaptación al cambio climático en áreas funcionales
para la conservación de la biodiversidad. Tesis MSc. CATIE,
Turrialba, Costa Rica.

Risser, PG; Karr, JR; Forman, RTT. 1983. Landscape Ecology:
Directions and Approaches. Illinois, United States of America,
Natural History Survey.

PNUD (Programa de las Naciones Unidas para el Desarrollo). 2009.
Manual de planificación, seguimiento y evaluación de los
resultados de desarrollo. New York, United States of America.

Rojas, LA; Chavarría, MI. 2005. Corredores biológicos de Costa
Rica. San José, Costa Rica, MINAET.

Poffenberger, M. 1996. Community Restoration of Forests in India.
In Schelhas, J; Greenberg, R (eds.). Forest Patches in Tropical
Landscapes. Washington DC, United States of America,
Island Press. p. 366-380.

Samayoa, DJ. 2014. Lineamientos para el diseño de procesos de
planificación efectiva y monitoreo en corredores biológicos
que apoyen a la consolidación de Sistemas de Áreas
Protegidas. Tesis MSc. Turrialba, Costa Rica, CATIE. 101 p.

Poiani, KA; Richter, BD; Anderson, MG; Richter, HE. 2000.
Biodiversity Conservation at Multiple Scales: Functional
Sites, Landscapes, and Networks. BioScience 50(2):133-146.

Sánchez-Azofeifa, GA; Daily, GC; Pfaff, ASP; Buschd, C. 2003.
Integrity and isolation of Costa Rica’s national parks and
biological reserves: examining the dynamics of land-cover
change. Biological Conservation 109:123–135.

Poiani, KA; Richter, B. 2001. Paisajes funcionales y la conservación
de la biodiversidad. The Nature Conservancy.

Sanderson, J; Da Fonseca, GAB; Galindo-Leal, C; Alger, K;
Inchausty, VH; Morrison, K; Rylands, A. 2006. Escaping the
Minimalist Trap: Design and Implementation of Large-Scale
Biodiversity Corridors. In Crooks, KR; Sanjayan, M (eds.).
Connectivity Conservation. Cambridge, United Kingdom,
Cambridge University Press. p. 620-648.

Poorter, L; van der Sande, MT; Thomson, J; Arets, EJMM; Alarcon,
A; Alvarez-Sánchez, J; Ascarrunz, N; Balvanera, P; BarajasGuzmán, G; Boit, A; Bongers, F; Carvalho, FA; Casanoves,
F; Cornejo-Tenorio, G; Costa, FRC; de Castilho, CV;
Duivenvoorden, JF; Dutrieux, LP; Enquist, BJ; FernándezMéndez, F; Finegan, B; Gormley, LHL; JR; Hoosbeek, MR;
Ibarra-Manríquez, G; Junqueira, AB; Levis, C; Licona, JC;
Lisboa, LS; Magnusson, WE; Martínez-Ramos, M; MartínezYrizar, A; Martorano, LG; Maskell, LC; Mazzei, L; Meave, JA;
Mora, F; Muñoz, R; Nytch, C; Pansonato, MP; Parr, TW; Paz,
H; Pérez-García, EA; Rentería, LY; Rodríguez-Velazquez, J;
Rozendaal, DMA; Ruschel, AR; Sakschewski, B; SalgadoNegrete, B; Schietti, J; Simões, M; Sinclair, FL; Souza; PF;
Souza, FC; Stropp, J; ter Steege, H; Swenson, NG; Thonicke,
K; Toledo, M; Uriarte, M; van der Hout, P; Walker, P; Zamora,
N; Peña-Claros, M. 2015. Diversity enhances carbon storage

Santos, T; Telleria, JL. 2006. Pérdida y fragmentación de hábitat:
efecto sobre la conservación de las especies. Ecosistemas
15(2):3-12.
Saunders, DA; Hobbs, RJ; Margules, CR. 1991. Biological
Consequences of Ecosystem Fragmentation: A Review.
Conservation Biology 5:18-32.
Secretariat of the Convention on Biological Diversity. 2009.
Connecting biodiversity and climate change mitigation and
adaptation. Secretariat of the Convention on Biological
Diversity, Montreal, Canada. 13 p.

40

Schelhas, J; Greenberg R (eds.). 1996. Forest Patches in Tropical
Landscape. Washington DC, United States of America, Island
Press.

UNESCO (United Nations Educational, Scientific and Cultural
Organisation). 2014. Main Characteristics of Biosphere
Reserves (en línea, sitio web). Disponible en www.unesco.org/
new/en/natural-sciences/environment/ecological-sciences/
biosphere-reserves/main-characteristics

Schroth, G; da Fonseca, GAB; Harvey, CA; Gascon, C; Vasconcelos,
HL; Izac, AMN; Angelsen, A; Finegan, B; Kaimowitz, D; Krauss,
U; Laurance, SGW; Laurance, WF; Nasi, R; Naughton-Treves,
L; Niesten, E; Richardson, DM; Somarriba, E; Tucker, NIJ;
Vincent, G; Wilkie, DS. 2004. Agroforestry and Biodiversity
Conservation in Tropical Landscapes. In Schroth, G; da
Fonseca, GAB; Harvey, CA; Gascon, C; Vasconcelos, HL;
Izac, AMN (eds.). Agroforestry and Biodiversity Conservation
in Tropical Landscapes. Washington DC, United State of
America, Island Press. p. 487-501.

Urban, DL; O ’Neill, RV; Shugart, HH. 1987. Landscape Ecology:
A Hierarchical Perspective Can Help Scientists Understand
Spatial Patterns. BioScience 37(2):119-127.
Vamosi, JC; Knight, TM; Steets, JA; Mazer, SJ; Burd, M; Ashman,
TL. 2006. Pollination Decays in Biodiversity Hotspots.
Proceedings of the National Academy of Sciences
103(4):956-961.
Vandermeer, J; Pefecto, I; Stacy, P; Chappell, MJ. 2008.
Reenfocando la conservación en el paisaje: la importancia
de la matriz. In: Harvey, C; Sáenz, JC (eds). Evaluación y
conservación de biodiversidad en paisajes fragmentados en
Mesoamérica. Heredia, Costa Rica, INBio. P. 75-104.

SINAC (Sistema Nacional de Áreas de Conservación, Costa
Rica). 2007. Programa de monitoreo ecológico de las
áreas protegidas y corredores biológicos de Costa Rica
PROMEC-CR Etapa I (2007-2001). El monitoreo ecológico
como componente integral del manejo de áreas protegidas y
corredores biológicos en los trópicos: conceptos y práctica.
San José, Costa Rica. Documento técnico de referencia.

Viana, V; Tabanez, AAJ; Batista, JLF. 1997. Dynamics and
Restoration of Forest Fragments in the Brazilian Atlantic Moist
Forest. In Laurance, WF; Bierregaard, RO (eds.). Tropical
Forest Remnants: Ecology, Management, and Conservation
of Fragmented Communities. Chicago, United States of
America, The University of Chicago Press. p. 351-365.

SINAC (Sistema Nacional de Áreas de Conservación, Costa
Rica). 2008. Guía práctica para el diseño, oficialización y
consolidación de corredores biológicos en Costa Rica. San
José, Costa Rica.

Villate, R; Canet-Desanti, L; Chassot, O; Monge-Arias, G. 2010.
Corredor Biológico San Juan-La Selva: lecciones aprendidas
de la gestión de un paisaje funcional. Mesoamericana
14(3):89-96.

Soulé, ME. 1986. Conservation Biology and the “Real World.” In
Soulé, M (ed.). Conservation Biology: The Science of Scarcity
and Diversity. Sunderland, Massachusetts, United States,
Sinauer Associates. p. 1-12.

Walker, B; Salt, D. 2006. Resilience Thinking. Sustaining Ecosystems
and People in a Changing World. Washington DC, United
States of America, Island Press.

Soulé, ME. 1991. Theory and strategy. In Hudson E. (ed.). Landscape
Linkages and Biodiversity. Washington, DC, United States of
America, Island Press. p. 91-104.

Walker, B; Salt, D. 2012. Resilience Practice. Building Capacity to
Absorb Disturbance and Maintain Function. Washington DC,
United States of America, Island Press.

Stevens, VM; Polus, E; Wesselingh, RA; Schtickzelle, N; Baguette,
M. 2004. Landscape Ecology 19:829-842.
Taylor, PD; Fahrig, L; Henein, K; Merriam, G. 1993. Connectivity is
a Vital Element of Landscape Structure. Oikos 68:571-573.

Wiens, JA. 1976. Population Responses to Patchy Environments.
Annual Review of Ecology and Systematics 7:81-120.

Taylor, PD; Fahrig, L; With, KA. 2006. Landscape Connectivity:
A Return to the Basics. In Crooks, KR; Sanjayan, M (eds.).
Connectivity Conservation. Cambridge, United Kingdom,
Cambridge University Press. p. 29-43.

Williams, SE; Sholl, LP; Hoffman, AA; Langham, G. 2008. Towards
an integrated framework for assessing the vulnerability of
species to climate change. PLoS Biology 6(12):2621-2626.
Willis, EO. 1974. Populations and Local Extinctions of Birds on
Barra Colorado Island, Panama. Ecological Monographs
44:153-169.

Terborgh, J; van Schaik, C. 2002. Why the world needs parks.
In Terborgh, J; van Schaik, C; Davenport, L; Rao, M (eds.).
Making Parks Work: Strategies for Preserving Tropical Nature.
Washington, DC, United States of America, Island Press. p.
3-14.

With, KA; Cadaret, SJ; Davis, C. 1999. Movement responses to
patch structure in experimental fractal landscapes. Ecological
Society of America 80(4):1340-1353.

Tewksbury, JJ; Garner, L; Garner, S; Lloyd, JD; Saab, V; Martin,
TE. 2006. Tests of Landscape Influence: Nest Predation
and Brood Parasitism in Fragmented Ecosystems. Ecology
87(3):759-768.

With, KA; King, AW. 1999. Dispersal Success on Fractal Landscapes:
A Consequence of Lacunarity Threshold. Landscape Ecology
14:73-82.
With, KA. 2002. Using Percolation Theory to Assess Landscape
Connectivity and Effects of Habitat Fragmentation. In
Gutzwiller, KG (ed.). Applying Landscape Ecology in Biological
Conservation. New York, United States of America, Springer.
p. 105-130.

Thomas, CD; Franco Aldina, MA; Hill, JK. 2006. Range Retractions
and Extinction in the Face of Climate Warming. Trends in
Ecology and Evolution 21(8):415-416.
Turner, MG. 1989. Landscape Ecology: The Effect of Pattern
on Process. Annual Review of Ecology and Systematics
20:171-197.

WWF (World Wildlife Fund). 2015. Saving Forests at Risk: WWF
Living Forest Report: Chapter 5. Gland, Switzerland. 54 p.

Uezu, A; Metzger, JP; Vielliard, JME. 2005. Effects of Structural and
Functional Connectivity and Patch Size on the Abundances of
Seven Atlantic Forest Bird Species. Biological Conservation
123:507-519.

Worboys, GL. 2010. The Connectivity Conservation Imperative. In
Worboys, GL; Francis, WL; Lockwood, M (eds.). Connectivity
Conservation Management. A Global Guide. London,
England, Earthscan. p. 3-21.

41

Photo: Bernal Herrera-F.

Glossary

42

Connectivity conservation: Connectivity conservation
management is a strategic approach that helps to
link habitats across whole landscapes, which can
enable species and their ecosystems to move or
adapt as conditions change. Connectivity conservation is a way of maintaining connections for
nature by involving people (Pulsford et al. 2015).

Autonomous adaptation: “Adaptation that does not
constitute a conscious response to climatic stimuli
but is triggered by ecological changes in natural systems and by market or welfare changes in
human systems. Also referred to as spontaneous
adaptation”. (IPCC 2007).
Biodiversity: ‘Biological diversity’ means the variability
among living organisms from all sources including,
inter alia, terrestrial, marine, and other aquatic ecosystems and the ecological complexes of which
they are a part; this includes diversity within species,
between species, and of ecosystems. (CBD 1992).

Connectivity of ecological networks: Connectivity
between two or more core areas that emerge
through different land uses and present only a minor
barrier to species movement as well as the adaptive capacity to resist environmental and climatic
changes and pressures (Céspedes et al. 2008).

Biological corridor: A geographic region composed of
core and interconnecting areas that, within different
spatial configurations, maximizes and ensures connectivity of this region. It also constitutes a space
for public participation to define objectives for the
rational use of biodiversity that maintain the ecological processes that sustain biodiversity, related
ecosystem services, and the benefits that these
generate for local communities and society in general (Herrera-F 2010).

Conservation targets: Biodiversity elements around
which conservation strategies are planned. Targets
can be species, ecosystems, or ecosystem
services, among others. They represent the biodiversity of a biological corridor and therefore direct
management action (Granizo et al. 2006).
Core zone or area: Securely protected sites for conserving
biological diversity, monitoring minimally disturbed
ecosystems, and undertaking non-destructive
research and other low-impact uses (such as education). In addition to its conservation function, the core
area contributes to a range of ecosystem services,
which, in terms of the development functions, can be
calculated in economic terms (for example, carbon
sequestration, soil stabilization, supply of clean water
and air, and so on). Employment opportunities can
also complement conservation goals (for example,
environmental education, research, environmental
rehabilitation and conservation measures, recreation
and ecotourism) (UNESCO 2014).

Biological monitoring: Method that describes changes
in species and ecosystems over time as well as the
consequences they suffer due to human influence.
With this information, one can predict and prevent
undesirable changes and adopt management strategies to mitigate those changes.
Buffer Zone: Usually surrounds or adjoins the core
areas, and is used for cooperative activities compatible with sound ecological practices, including
environmental education, recreation, ecotourism,
and applied and basic research. In addition to the
buffering function related to the core areas, buffer
zones can have their own intrinsic, ‘stand-alone’
functions for maintaining anthropogenic, biological, and cultural diversity. They can also have an
important connectivity function in a larger spatial
context as they connect biodiversity components
within core areas with those in transition areas
(UNESCO 2014).

Ecological monitoring: An approach that determines
the state and trends of some biodiversity component within the management framework of an area.
Ecological or landscape connectivity: Degree to which
a landscape facilitates or impedes movement of
organisms among resource patches (Taylor et al.
1993).
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Ecosystem services: Benefits people obtain from ecosystems. These include provisioning services such
as food and water; regulating services such as regulation of floods, drought, land degradation, and
disease; supporting services such as soil formation
and nutrient cycling; and cultural services such as
recreational, spiritual, religious and other non-material benefits (Hassan et al. 2005).

across all scales up to the regional (local, intermediate, and broad) (Lambeck y Hobbs 2002).
Indicator: A unit of information measured over time that
documents changes in a specific condition. A given
goal, objective, or additional information need can
have multiple indicators. A good indicator meets
the criteria of being measurable, precise, consistent, and sensitive.

Ecosystem: A dynamic complex of plant, animal and
micro-organism communities and their non-living
environment interacting as a functional unit (CBD
1992).

Landscape mosaic: The portion of the landscape that is
composed of the dominant type of land coverage.
Landscape: An area of land that contains a mosaic of
ecosystems, including human-dominated ecosystems (Hassan et al. 2005).

Fragmentation: The division of continuous natural habitats into smaller fragments that remain separate from
one another, principally due to changes in land use
and conversion into agricultural and urban systems
(Fahrig 2003). It is a dynamic process characterized
by notable changes in habitat patterns within a given
period of time (Bennett 2004). Important attributes of
the fragments or patches include density, distance,
size, form, aggregation (spatial distribution), and
boundaries (Lord and Norton 1990).

Patch viscosity: The degree to which a landscape permits or impedes individuals from displacing across
a landscape.
Protected area: A clearly defined geographical space,
recognized, dedicated, and managed, through legal
or other effective means, to achieve the long-term
conservation of nature with associated ecosystem
services and cultural values (Dudley 2008).

Functional connectivity: Connection between habitat
patches and their inhabitants by means of dispersal, allowing movement and dispersal of individuals
among the patches (With et al. 1999).

Structural connectivity: The spatial distribution of different types of habitat in a landscape, influenced
by the appropriate continuation of habitat, distance
between one habitat and another, and the existence of alternative routes, whether corridors or
landscape matrix (Bennett 2004, Uezu et al. 2005).

Functional landscape: A landscape that conserves a
great number of ecological systems, communities,
and species within the natural range of variability
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The Tropical Agricultural Research and Higher
Education Center (CATIE) is a regional center
dedicated to research and graduate education in agriculture, and the management,
conservation and sustainable use of natural
resources. Its members include Belize, Bolivia,
Colombia, Costa Rica, Dominican Republic,
El Salvador, Guatemala, Honduras, Mexico,
Nicaragua, Panama, Paraguay, Venezuela, the
Inter-American Institute for Cooperation on
Agriculture (IICA) and the State of Acre in Brazil.

