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Abstract: We examined the links between the science and policy of habitat corridors to better understand how
corridors can be implemented effectively. As a case study, we focused on a suite of landscape-scale connectivity
plans in tropical and subtropical Asia (Malaysia, Singapore, and Bhutan). The process of corridor designa-
tion may be more efficient if the scientific determination of optimal corridor locations and arrangement is
synchronized in time with political buy-in and establishment of policies to create corridors. Land tenure and
the intactness of existing habitat in the region are also important to consider because optimal connectivity
strategies may be very different if there are few, versus many, political jurisdictions (including commercial and
traditional land tenures) and intact versus degraded habitat between patches. Novel financing mechanisms
for corridors include bed taxes, payments for ecosystem services, and strategic forest certifications. Gaps in
knowledge of effective corridor design include an understanding of how corridors, particularly those managed
by local communities, can be protected from degradation and unsustainable hunting. There is a critical
need for quantitative, data-driven models that can be used to prioritize potential corridors or multicorridor
networks based on their relative contributions to long-term metacommunity persistence.

Keywords: deforestation, extinction, habitat loss, Malaysia, metacommunity, metapopulation, persistence,
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Conexión entre la Ciencia, la Poĺıtica y la Implementación para la Conectividad de Hábitats a Escala de Paisaje

Resumen: Examinamos las conexiones entre la ciencia y la poĺıtica de los corredores de hábitat
para entender mejor cómo pueden implementarse efectivamente. Como un estudio de caso, nos en-
focamos en un conjunto de planes de conectividad a escala de paisaje en la parte tropical y sub-
tropical de Asia (Malaysia, Singapore, y Bhutan) El proceso de designación de corredores puede ser
más eficiente si la determinación cient́ıfica de la ubicación y el arreglo óptimo del corredor está sin-
cronizada en tiempo con la aceptación poĺıtica y el establecimiento de las poĺıticas para crear los
corredores. La tenencia y lo intacto de un hábitat existente en la región también son importantes de
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considerar porque las estrategias óptimas de conectividad pueden ser muy diferentes si hay pocas, con-
tra muchas, jurisdicciones poĺıticas (incluyendo las tenencias tradicionales y comerciales) y pocos hábitats
intactos contra degradados entre los fragmentos. Los mecanismos novedosos de financiamiento para los corre-
dores incluyen los impuestos tuŕısticos, los pagos por servicios ambientales y las certificaciones estratégicas
de bosques. Los vaćıos en el conocimiento del diseño efectivo de los corredores incluyen el entendimiento de
cómo los corredores, en particular aquellos manejados por las comunidades locales, pueden ser protegidos
de la degradación y la caza insustentable. Existe una necesidad cŕıtica de modelos cuantitativos llevados por
datos que puedan usarse para priorizar a los corredores potenciales o a las redes de multicorredores con base
en sus contribuciones relativas a la persistencia a largo plazo de la metacomunidad.

Palabras Clave: bosque tropical, corredor de vida silvestre, deforestación, extinción, Malasia, metacomunidad,
metapoblación, pérdida de hábitat, persistencia, sureste de Asia

Introduction

Natural habitats in many parts of the world are increas-
ingly fragmented. Maintaining or recreating connections
between fragments is critical to maintaining movement
of organisms and genes between them (Prugh et al. 2008)
and to support the long-term persistence of metapopula-
tions (Nicholson et al. 2006). A fundamental conservation
strategy is the establishment of large-scale (i.e., landscape-
or continental-scale) habitat networks consisting of core
habitat patches linked by habitat corridors (Soule &
Terborgh 1999).

Landscape-scale habitat connectivity plans have been,
or are being, developed in many parts of the world
(Beier et al. 2008; Beier et al. 2011). The quantitative
science of corridor design and assessment is also pro-
gressing rapidly (Beier et al. 2011). Here, we use the
term corridor to mean a strip of habitat that links 2
habitat patches; corridors can be retained when sur-
rounding lands are cleared or restored through habitat
rehabilitation. In some cases, it may be possible to create
corridors by increasing the structural complexity of the
agricultural matrix and thus its permeability to dispersing
wildlife (Yue et al. 2015). The proximate goal of a cor-
ridor is to promote “functional connectivity” (Fagan &
Calabrese 2006), or the movement of organisms, across it
to maintain gene flow between the patches and increase
resilience to a range of pressures (e.g., climate change,
extreme weather events, and hunting). The ultimate goal
of the corridor is, or should be, to support the long-
term persistence of metapopulations of native species.
Although there are few examples to date of connectiv-
ity plans enhancing metapopulation persistence, corri-
dors have effectively increased movement and gene flow
across the landscape (e.g., Sawaya et al. 2014) and en-
hanced ecological processes such as seed dispersal (e.g.,
Levey et al. 2005).

As with many conservation arenas, however, in land-
scape connectivity, it remains unclear what the rela-
tive influences of science and policy are and how best
to link them (Berger & Cain 2014). We assessed the
linkages between science and policy in the design and

implementation of habitat corridors by examining case
studies in tropical and subtropical Asia, a region contain-
ing several biodiversity hotspots (Myers et al. 2000) with
some of the highest rates of habitat loss (Hansen et al.
2013) in the world. We assessed the scientific analysis,
policy framework, and implementation details of 6 con-
nectivity projects in Asia that spanned a range of spatial
scales and biological and sociopolitical settings (Table 1).
Several of our conclusions have not been well highlighted
in the literature to date. We also identified areas where
overcoming knowledge gaps could greatly improve the
efficacy of corridor strategies.

Corridor Science

Once the goals of a given connectivity project have been
established, for example to connect 2 or more protected
areas, focal taxa, the most important corridors, and corri-
dor locations must be identified to help guide the strategy
and its implementation.

Identification of Focal Taxa

We have no data on the ecological requirements of
most taxa in most communities, particular in hyperdi-
verse regions such as tropical Asia. Moreover, species
differ immensely in their responses to anthropogenic
disturbances and, thus, their need for corridors in the
first place. Therefore, habitat-corridor strategies often
focus on a few priority taxa. The identity of these
taxa is often determined subjectively, for example by
focusing on large-bodied, charismatic, flagship species.
For example, the Central Forest Spine (CFS) Masterplan
(FDTCP 2010a) in Peninsular Malaysia focused on tigers
(Panthera tigris), tapirs (Tapirus indicus), and elephants
(Elephas maximus) because these were endangered and
expected to garner public support for the connectiv-
ity strategy. In Central Sabah, considerable weight was
given to the habitat requirements of orangutan (Pongo
pygmaus) and elephants, despite there being little evi-
dence that these species use the area. Either implicitly
or explicitly, focusing on priority taxa assumes that such
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taxa will be umbrella species, in that promoting habitat
connectivity for them will also ensure connectivity for
other sympatric species. If priority taxa are chosen explic-
itly to be umbrella species, they should be wide-ranging
organisms with low population density that specialize
on intact habitat, such as many large-bodied carnivore
species (Beier et al. 2008). Connectivity strategies in Asia
often focus on tigers (Wikramanayake et al. 2011) or,
in places where they do not occur, such as Sarawak,
Sunda clouded leopard (Neofelis diardi) and sun bear
(Helarctos malayanus). Research suggests that protect-
ing these species will effectively protect other species
that are intolerant of intense habitat disturbance (Brodie
et al. 2015a).

Priority taxa can also be those that are critical to ecosys-
tem function. Loss of important seed dispersing animals,
for example, could inhibit forest regeneration, so large-
bodied frugivores could serve as priority taxa for conser-
vation in order to maintain the ecological process of seed
dispersal (McConkey et al. 2012). Connectivity strate-
gies could also focus on smaller insects and birds that
provide important pollination services. In Singapore, for
example, an abandoned rail corridor is used by the glob-
ally vulnerable straw-headed bulbul (Pycnonotus zeylan-
icus) and the common birdwing butterfly (Troides he-
lena cerberus) (listed by the Convention on International
Trade in Endangered Species) (Ho et al. 2011), thereby
potentially increasing the exchange of both animals and
animal-pollinated plants between the connected habitat
patches.

Identification of Priority Corridors

The fragmented nature of many landscapes means that
numerous habitat patches exist, and the number of pos-
sible habitat corridors between patches becomes vast as
the number of patches increases. The 43 protected-area
complexes in Sarawak, for example, have 903 possible
corridors between them. Connecting each of n patches
to every other patch in a network requires [n∗(n-1)]/2
links. Given so many options for corridors and limited
funding and political capital available to provide them
all with legal protection and on-site management, one
needs to prioritize which potential corridors are most
important.

In some cases, the patches that need to be con-
nected are determined politically. In Sabah, for exam-
ple, forested habitat between the 2 large parks in the
west, Mt. Kinabalu (754 km2) and the Crocker Range
(1399 km2), was lost decades ago, leaving them effec-
tively isolated. The Sabah Parks department instigated
the EcoLinc project (Table 1) to reestablish connectivity.
Likewise, the Sabah Forest Department wanted to main-
tain connections between the 3 flagship conservation
areas of central Sabah (Imbak Canyon, Maliau Basin, and
Danum Valley). Although not specifically stated as the

driver for this decision, scientists involved with Danum
Valley Conservation Area emphasized the ecological im-
portance of the elevational gradient represented by the
Silam-Danum-Maliau-Imbak forest complex (0–1600 m in
elevation) to support possible range shifts in response
to climatic changes. In Singapore, the hourglass-shaped
Eco-Link wildlife bridge was constructed across a major
expressway to reconnect 2 nature reserves that were
fragmented in 1985 (Chong et al. 2010).

In other cases, determining which habitat patches
warrant connection by protected forests is not as easy.
Planning for the CFS Masterplan revealed 6119 forest frag-
ments in Peninsular Malaysia. Prioritization of linkages
between these patches was done with expert opinion,
based on fragment size, elevation, and known wildlife
habitats. In Sarawak, there is less direction as to how to
prioritize linkages. Many protected areas still have forest
habitat between them (Gaveau et al. 2014), and it is not
clear which linkages are most important to metacommu-
nity persistence.

The problem of corridor prioritization has received
substantial attention, usually in terms of each corridor’s
contribution to overall connectivity of the landscape—
the proximate goal of the connectivity strategy. Prioriti-
zations often employ graph theory, a branch of mathe-
matics based on the analysis of information flow across
networks of nodes (ecologically analogous to patches)
and links between the nodes (i.e., corridors; Urban et al.
2009; Rayfield et al. 2011). Using graph theory, corridors
can be ranked in terms of the contribution of each to
overall connectivity (Urban et al. 2009; Rayfield et al.
2011) or gene flow (Rozenfeld et al. 2008). However,
several problems with these approaches limit their utility.
For example, rankings based on the contribution of each
patch or corridor to landscape connectivity are very sen-
sitive to the connectivity metric used (Laita et al. 2011;
Ziolkowska et al. 2014), and many of the connectivity
measures have divergent and counterintuitive model be-
haviors (Laita et al. 2011). Overall, connectivity measures
derived from graph theory tend to focus on the dynamics
of immigration and local extinction and not on regional
population size or persistence (Moilanen 2011).

Corridors could also be prioritized based on their
relative contributions to the long-term persistence of
metapopulations of the focal species (Nicholson et al.
2006; Webb & Padgham 2013), thereby addressing the ul-
timate goal of the connectivity strategy. This can be prob-
lematic, however, due to inconsistencies and difficulties
in estimating metapopulation persistence. Spatially ex-
plicit population models are data and computation in-
tensive, making the optimization across multiple species
difficult (Burgman et al. 2001). Instead, many studies use
surrogates of metapopulation persistence rather than di-
rect estimations of persistence itself (Webb & Padgham
2013). Such surrogates include species occurrence prob-
abilities (Williams & Araujo 2000) or the proportion of
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habitat occupied (Urban & Keitt 2001). Rankings based
on the contribution of each link to overall connectivity
in a metapopulation context are also highly sensitive to
the extinction and colonization parameters (Gilarranz &
Bascompte 2012), so their utility may be limited for focal
species whose demography is poorly known.

Identification of Corridor Locations

Once it is determined which habitat patches are to
be connected, the exact location of the corridors is
identified. The science behind this task is well advanced,
and powerful modeling tools are available for determin-
ing optimal corridor locations. For example, some models
estimate the least-cost path between 2 patches, which is
a measure of potential connectivity (Beier et al. 2008).
Other models use electrical circuit algorithms to deter-
mine the paths of maximum dispersal from one patch to
another (McRae et al. 2008). These simulate random-walk
dispersal by numerous individuals of the focal species and
determine how many dispersers pass through each land-
scape pixel, thereby providing information on functional
connectivity. These models are often data intensive, and
the necessary habitat-selection information may or may
not be available at the outset of a corridor designation
process. The ongoing connectivity planning in Sarawak
is based on camera-trap assessments of habitat quality for
the various focal species (Brodie et al. 2015a; Brodie et al.
2015b). The CFS Masterplan did not have explicit maps
of habitat quality; rather, a number of different proxy
data sets were compiled (e.g., known wildlife habitats,
human–wildlife conflicts, and fragment size). Then, the
final designation of corridor locations was determined
via a multicriteria prioritization process and fine-tuned
by expert opinion (FDTCP 2010a). In this case, a major
focus was to reconnect large, fragmented forest blocks;
hence, rough locations for the linkages were largely clear.

Expert estimation may be used where direct habitat
selection information is unavailable. In Singapore, least-
cost path analysis has been carried out based on vegeta-
tion structural analysis and expert estimation of habitat
requirements of moderately specialized small mammals,
amphibians, reptiles, birds, and butterflies. The proposed
maps have been validated for the presence or absence
of species at selected patches (Hamid 2015). However,
specialist and generalist species require different solu-
tions for connectivity: short-range corridors to habitat for
specialists and resource stepping stones for generalists
(Dennis et al. 2013).

Corridor Policy

Maintaining effective landscape connectivity will often
require consideration of the availability and spatial ar-
rangement of habitat patches across state or national

boundaries. This requires innovative mechanisms for
cross-boundary spatial planning because land is owned
by the states. Peninsular Malaysia, comprising 11 of the
country’s 13 states, has federally mandated national phys-
ical plans (NPPs) that provide top-down justification for
spatial planning, mobilized through the National Physical
Planning Council chaired by the prime minister (Taib
& Siong 2008). The East Malaysian states of Sabah and
Sarawak are not currently subject to the federal NPPs.
Cross-border connectivity planning in those states, how-
ever, is guided by the vision for the Heart of Borneo
Initiative, a tri-country program seeking to protect and
link the forests of the island of Borneo through sustain-
able land uses (WWF 2007). At small scales involving mul-
tiple stakeholders, innovative measures of land use need
to be developed. The National Parks Board of Singapore
has been proactive in connecting its fragmented habitats
by constructing corridors along city’s streetscape with
bird and butterfly friendly plantings (Jain et al. 2014).
Several policy issues must be considered for connectivity
strategies either within or between states.

Legal Mechanisms for Corridor Designation

The protection of habitat corridors may occur via nu-
merous mechanisms. The simplest is when the corridor
locations are managed by a single private group or gov-
ernment agency amenable to connectivity planning. In
North America, for example, The Nature Conservancy
often purchases land outright to serve as habitat corridors
or works with landowners to implement conservation
easements on corridors (Kiesecker et al. 2007). The CFS
connectivity establishment in Peninsular Malaysia also re-
quires a significant amount of land acquisition or gazette-
ment of protected areas, given that most of the corri-
dors are landscapes with multiple types of land tenure
including forest reserves, state-owned forests, plantation
areas, and villages. The central Sabah corridor is a land
effectively controlled by the state via the Sabah Founda-
tion and required a redesignation of permitted land-use
activities rather than additional land purchases or multi-
stakeholder management plans. For important corridors,
management prescriptions can be recommended to en-
sure the long-term protection of these linkages. In con-
trast, the Sabah EcoLinc corridor is community owned
and so required extensive consultations with the local
communities to determine the degree and extent of habi-
tat protection (Vaz & Agama 2013). Bhutan’s biological
corridor network is unique in that the initial designation
in 1999 was by Her Majesty the Queen Mother Ashi Dorji
Wangmo Wangchuck as a “Gift to the Earth from the
People of Bhutan” under the 1995 Forest and Nature
Conservation Act of Bhutan (WCD 2010). The conserva-
tion status of biological corridors in Bhutan is higher than
that of forest reserves but lower than that of protected
areas (WCD 2010).
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Long-Term Maintenance of Political Buy-In and Leadership

Achieving political buy-in for landscape-scale connectiv-
ity and conservation plans will often be difficult and
time-consuming (Schwabe et al. 2015). It also cannot
be a one-time activity—political buy-in must be main-
tained continuously. Habitat corridors that required ex-
tensive political capital to designate could easily become
paper corridors, heavily affected by illegal deforestation
and hunting, without continued political support leading
to effective enforcement (Jain et al. 2014). Moreover,
without continued political support, often both at the
federal level for leadership and the state level for im-
plementation, future reevaluations of spatial plans could
reverse current gains. Under strong political pressure for
economic development, parks and corridors could be
degazetted (Bernard et al. 2014) or simply ignored and
cleared for agriculture or industry (Heng 2012; Hedges
et al. 2013).

Probably the most effective way to achieve long-term
political buy-in is for conservation scientists to work
with government agency staff to coproduce connectivity
plans (Beier 2008; Beier et al. 2015). The persistence of
corridor networks in Singapore since 1991 (Tan 2006)
and their recent unprecedented increase in the form
of “nature ways” only seems possible through contin-
ued political support and funding to build and maintain
such corridors. Such political will is necessary for the
long-term success of any corridor network. In Singa-
pore, communities are engaged in many ways through
the cultivation of bird- and butterfly-friendly plants. Pub-
lic participation has reinforced political support of such
corridors.

Commitment to Implementation and Enforcement

The designation of corridors, even if habitat protection
is ensured into perpetuity, is not sufficient to ensure the
corridor will provide functional connectivity for focal
taxa (Jain et al. 2014). It is essential to ensure robust
management structure and enforcement mechanisms on
the ground for the corridors to fulfill their intended func-
tions. Corridors can be degraded via encroachment from
unplanned or poorly planned development (Jain et al.
2014). Unsustainable hunting, for local subsistence or
markets, is also a major threat to vertebrates in most
tropical areas (Milner-Gulland et al. 2003) and could be
particularly severe in narrow corridors that provide easy
access to hunters (Brodie et al. 2015b). Several corridors
in the CFS receive or have received strong poaching pres-
sure, reducing their effectiveness at supporting wildlife
movement (Clements et al. 2010). It is even possible
that overhunted corridors could become attractive sinks
or ecological traps that reduce population viability. Ac-
cording to recent surveys, the most important hurdles to
effective enforcement of conservation regulations (such

as hunting prohibitions) in Malaysia are, in order of de-
creasing importance, insufficient resources and capacity
for enforcement, little determent due to weak sentences
upon conviction of offenders even though the prevailing
laws have high penalties, and jurisdictional boundaries
and lack of coordination among agencies at both federal
and state levels (Nagulendran et al. 2014). Although weak
sentences may be insufficient to deter illegal hunting,
very harsh sentences may be unlikely to be enforced by
authorities—it may be that moderate sentences with an
emphasis on restoring the ecological damage are optimal
(WCD 2010).

Similarly, implementation of corridors has been dif-
ficult in Bhutan. Boundaries are not demarcated on
the ground and most corridors do not have a manage-
ment plan, although these are required under the 2007
Rules on Biological Corridors. In the absence of corri-
dor management plans, many forest management units
and community forests were established and infrastruc-
tures such as roads and transmission lines have been
placed in corridor areas (WCD 2010). Some urgent tasks
include the establishment of decentralized governance
and management systems for individual corridors, inte-
gration of corridors into local land-use plans and prac-
tices, hiring and training of staff, and securing financial
resources. Capacity and resources for corridor manage-
ment on the part of the governments and communities
need urgent improvement. With Bhutan’s high poverty
rate (12%), the government is striving to improve living
standards. Given limited financial and human resources
in the government, there is a need for achieving an inte-
grated approach to advancing national and local develop-
ment along with landscape connectivity for biodiversity
conservation.

Awareness of the Importance of Connectivity

Awareness on the part of the public and government
officials about the need for landscape-scale habitat con-
nectivity is required for legislators to commit political
and financial capital to designating corridors. Aware-
ness among local communities, key government agen-
cies with jurisdictions relevant to corridor areas (e.g.,
ministries of agriculture, forestry, and land planning), and
industry stakeholders is particularly critical. In Peninsular
Malaysia, the first “national physical plan” required sig-
nificant awareness-raising and outreach (FDTCP 2010b).
There is also a greater need to create cross-sectoral aware-
ness, for example to ensure the objectives of the National
Tiger Conservation and Action Plan in Peninsular Malaysia
do not conflict with those of the National Highway Net-
work Development Plan.

Educating the public and policy makers about the
need for landscape-scale connectivity is also important to
help overcome potential antagonism toward corridors.
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Antagonism can stem from different sources. In some
cases, local communities feel disaffected and disenfran-
chised by past conservation actions (e.g., the designation
of national parks or forest reserves on lands to which
they had claimed traditional title). In the Sabah EcoL-
inc, for example, communities resented the nearby Kin-
abalu National Park, and so the corridor plan involved
no new designation of forest reserves but instead relied
on community-managed forest. Long-term monitoring is
needed to ensure the efficacy of such management. An-
tagonism can also arise at the other end of the economic
spectrum, from developers who point to the often mas-
sive opportunity costs of corridor designation in the form
of lost opportunities for industrial agriculture (Nantha &
Tisdell 2009).

Recent surveys suggest that the biggest hurdles to con-
servation awareness in Malaysia are apathy and lack of
passion among the Malaysian public on biodiversity and
environmental issues; lack of champions or personalities
to promote and garner support for conservation; and lack
of training and capacity of officers in charge of public
awareness programs to effectively execute their duties
(Nagulendran et al. 2014). A conservation group called
Borneo Futures has addressed the second point by pair-
ing researchers with a popular Sabahan musician as the
public spokesperson for the conservation goals. As with
political buy-in, awareness can also be greatly improved
and maintained by coproduction of connectivity plans
by conservation scientists and government agency staff
(Beier 2008; Beier et al. 2015).

Financing Connectivity Plans

In addition to political capital, providing legal protection
for corridors requires financial capital to effectively man-
age the corridors, purchase the land outright, or defray
the opportunity costs incurred by preventing land con-
version. Financing plans are too often lacking in corridor
schemes. This is particularly true in Malaysia, where state
governments have the rights over lands and natural re-
sources including timber, minerals and water and depend
on them for revenue (Clements et al. 2010).

The bulk of the funding for corridor management of-
ten comes directly from governments. The CFS initia-
tive implementation is envisaged to run into the end of
the 12th Malaysian Plan (2025) and is expected to cost
over US$1 billion (MNRE and UNDP 2014). Long-term
funding requires the establishment of sustainable financ-
ing mechanisms. Some examples of such national-level
financing mechanisms exist. Belize and Palau have added
conservation fees and green fees, respectively, to depar-
ture taxes payable by visitors upon leaving the country.
The fund generated is allocated for conservation (UNDP
2012). Certain areas where development is limited for
other reasons, such as in the UNESCO World Heritage city

of Melaka (Malaysia), have bed taxes (i.e., governmental
fees for hotel accommodations). This model could be
applied for conservation, whereby a small addition to
the existing accommodation tax can be pulled together
to create a fund to support protected-area and corridor
management. Wildlife bonds, analogous to development
impact bonds and social impact bonds (Warner 2013),
could be sold to raise money for corridors, as could
conservation-fee vehicle license plates, which generate
substantial funding for wildlife conservation in the United
States (MDJ 2015). None of these, which could system-
atically and sustainably generate millions of dollars of
new funding per year, to our knowledge, have yet been
tried for habitat connectivity fund raising in tropical
Asia.

In some cases, it may also be possible to use payments
for ecosystem services to offset the costs of corridor
management. Protecting tropical forests for the carbon
they store, embodied by the Reduced Emissions from
Deforestation and Degradation Plus (REDD+) program,
could also be used to help fund habitat connectivity.
At a national and regional scale, the location of REDD+
projects is essentially haphazard from the point of view
of spatial habitat planning. But there is no reason that
REDD+ projects could not be specifically situated to
serve as habitat corridors (Brodie et al. 2012). For exam-
ple, the Central Sabah corridor may be effectively dou-
bled in width and overall extent by the protection of the
1140 km2 Kuamut Forest Reserve funded by carbon trad-
ing. Moreover, based on its ongoing project to calculate
the nation’s forest carbon stocks (Ngo et al. 2013), the
Singapore government could earmark a significant part of
the income from emission reduction for protected-area
and corridor management costs to maintain the ecosys-
tem services (i.e., carbon sequestration) that generate
credits for the country.

Refinement of certain certification policies could cre-
ate mechanisms to generate new habitat corridors with-
out the need for additional funding. Both the Forest
Stewardship Council and the Roundtable on Sustainable
Palm Oil require the assessment and designation of high-
conservation-value (HCV) patches in order to certify tim-
ber or palm oil, respectively. But HCV assessments do not
operate at a landscape level—the unit of assessment is the
estate, forest concession, or plantation. If certification
rules were revised to require consideration of landscape-
scale processes, HCVs could be situated so as to act as
stepping-stone corridors that provide broad-scale habitat
linkage. A proposed initiative to approach Round Table
on Sustainable Palm Oil certification at a jurisdictional
level, using Sabah (Malaysia) as a pilot case, would allow
HCV assessments at the level of the state (D. Webber,
personal communication). This would allow decisions to
be made about connectivity at the landscape scale and,
through associated compensatory mechanisms, would
fund forest protection and restoration including the
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reconnection of key protected areas through the estab-
lishment of new corridors.

Lessons Learned

Importance of Synchronizing the Timing of Corridor Science
and Policy

Science is performed and policy is generated by dif-
ferent groups at different paces. This means that if a
time comes when there is sufficient political capital
to launch a habitat-connectivity plan but there are not
enough ecological data to inform the decision making,
the process could be delayed or rely on expert opin-
ion rather than objective analysis. In the CFS and the
Sabah EcoLinc projects, for example, the political deci-
sions to designate corridors were made before relevant
data were available on where the corridors would best
be located. Thus, these projects had to devote time and
resources to consolidating available data (CFS) or collect-
ing field data de novo (EcoLinc). In Sarawak, the reverse
occurred—objective analyses of focal species habitat se-
lection for use in corridor planning had been underway
for several years during which the state government
had little to no interest in conservation (Brodie et al.
2015a; Brodie et al. 2015b). In 2014, under a new gov-
ernment, conservation planning (including large-scale
habitat connectivity strategies) commenced via a col-
laboration between nongovernmental organizations, gov-
ernment agencies, and academic institutions. In general,
communication and collaboration via long-term relation-
ships among scientists, policy makers, and land managers
would reduce delays in enacting corridor plans and their
implementation.

Land Tenure as a Crucial Input Variable in Corridor Analysis

Assessments of landscape-scale connectivity and plans
for habitat corridors almost always include land-use
maps (e.g., delineating forest vs agriculture) as inputs
to the decision-making process. Land tenure maps, how-
ever, may be equally important. The differences be-
tween the Sabah EcoLinc and the central Sabah corridor
project are illustrative. The EcoLinc, while connecting
2 government-owned parks, had to pass through areas
controlled by local communities who were reluctant to
give up their agricultural areas so the corridor had to pass
through a narrow bottleneck of remnant intact forest. In
central Sabah, the corridor lands were all owned by a sin-
gle government agency (the Forest Department). When
that agency decided to set aside corridors, it could do
so by executive fiat. Such land-tenure information, when
publically available (which is by no means always the
case in Asia), could be easily incorporated into circuit-
theoretical or other connectivity models and provide tar-
get areas for corridors that are much more feasible to
enact politically.

Intactness and Optimal Corridor Design, Location,
and Management

Land use strongly influences animal dispersal paths
(McRae et al. 2008), so optimal corridor locations will
differ depending on whether the landscape is already
degraded (and needs restoration) or still intact but facing
imminent degradation. The CFS Masterplan included
construction of wildlife underpasses because many
of the necessary connections were already severed
by roads (FDTCP 2010a). Most of Sarawak has been
selectively logged but not yet converted into agriculture
(Gaveau et al. 2014), so old-growth forest corridors are
generally unavailable but logged forest corridor options
are plentiful.

Type of Corridor and Physical and Socioeconomic
Management

Different corridor-management approaches need to be
considered depending on the land tenure, land use, and
socioeconomic situation. In most cases, a mix of phys-
ical and socioeconomic measures is necessary to create
functional corridors because most corridors are inhabited
multiple-use areas. Physical measures include creation of
new protected areas, as was done in Sabah; creation of
riparian reserves to secure wildlife corridors and protect
water resources; building of wildlife-crossing overpasses
and viaducts in critical ecological corridors where there
are infrastructural barriers to movement, as was done
in some of the CFS corridors; and rehabilitation of de-
graded forest. Most importantly, these physical measures
require long-term management plans if the corridor is to
be effective. Socioeconomic approaches are critical in de-
veloping countries in particular and include ecotourism
development and promotion to realize local-community
economic benefits from conservation-oriented land uses;
enhancement of sustainability of community nontim-
ber forest product harvests; and improvement of plan-
tation estate design and operation to maintain wildlife
movement and ecosystem services. In some places, so-
cioeconomic measures may need to include actions to
abate human–wildlife conflicts. This can include com-
pensation schemes, improvement of farming and land-
use practices to mitigate human–wildlife conflict, aware-
ness programs, community involvement, and community
empowerment.

Evaluating Outcomes

The connectivity plans we evaluated did not include spe-
cific desired outputs, making it difficult to monitor their
success at achieving their outcomes. Ideally, connectiv-
ity plans include outputs related to species-specific pro-
cesses of dispersal and population dynamics, incorporate
environmental change and stochasticity (Nicholson et al.
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2006), and evaluate with a single measure that is trans-
parent, understandable to scientists and managers alike,
and that addresses the ultimate goal of the connectivity
strategy. Perhaps the best such currencies are the long-
term probability of metapopulation persistence (Bakker
& Doak 2009) or the minimization of long-term extinc-
tions in metacommunities (Nicholson et al. 2006). It may,
however, take a long time for extinctions to occur, so
landscape-level gene flow could serve as a useful medium-
term metric of connectivity (Gregory & Beier 2014).

Knowledge Gaps

Ranking, Prioritizing, and Optimizing Corridors

Currently, there are few standardized, quantitative ways
to prioritize the contribution of individual corridors to
metacommunity persistence (Nicholson et al. 2006) or to
compare the importance of corridors versus other conser-
vation actions, for example setting aside new protected
areas. Strategic conservation planning (e.g., Fajardo et al.
2014) can be used to rank protected areas (or poten-
tial new protected areas) in terms of their contribution
to species representation but cannot be used to assess
the probabilities that those species will persist over the
long term. For example, even large, high-quality habitat
patches (which have high conservation value on their
own) will contribute little to metapopulation persistence
if they are too isolated; thus, they are of low value for con-
nectivity. If the ultimate goal of a landscape connectivity
plan is to ensure long-term metapopulation or metacom-
munity persistence, individual corridors must be priori-
tized using metapopulation or metacommunity models.

There are multiple methods (discussed above) for de-
termining locations for corridors to ensure optimal con-
nectivity. But many of these provide only the optimal
corridor route—corridors, for example, may be situated
to follow least-cost paths. These are one-dimensional lines
and it is unclear how far on either side of the line the
actual corridor should extend (Beier et al. 2008; Brodie
et al. 2015a). Corridors that are too narrow will be highly
accessible to hunters as well as vulnerable to edge effects
such as fire, wind, and increased mortality of canopy tree
species. But wide corridors may be expensive to procure
or manage. Moreover, limited political and financial capi-
tal may entail trade-offs between the number of corridors
that can be established and the dimensions of each one.
Objective tools to determine the optimal widths of a se-
ries of corridors in a network are greatly needed.

Optimal Land-Use Patterns and Corridor Efficacy
and Socioeconomic Benefits

Many corridors are in multiple-use areas with mixtures
of production and conservation land uses. In developing
nations, governments’ top priorities are often poverty
reduction, so for corridors to be functional stakeholders

at national and local levels need to be convinced of their
benefits. Given this, a range of socioeconomic research
would be useful, including economic assessments
of different land-use patterns in corridor areas and
comparisons of scenarios of long-term economic values
derived from the area that accounts for biodiversity and
ecosystem-service values. The Sabah Forest Department
is developing an economic model to establish the optimal
land-use patterns of a multiple-use forest landscape to
optimize economic and biodiversity conservation
benefits of a landscape.

Optimal Mix of Top-Down and Bottom-Up Influence

Some corridors are enacted by simple governmental de-
cree (top-down designation), such as the corridors in
Bhutan and central Sabah. Others, such as the CFS, are
federal administrative approaches that have to be fol-
lowed through by the states to actually designate cor-
ridors. Other plans may be driven by local communities
(bottom-up approach). In the Sabah EcoLinc, the plan-
ning process was started and driven by a state govern-
ment agency (Sabah Parks), but most of the land involved
belonged to local communities who demanded that no
new forest reserves be designated and the management
of the corridor be left to the communities (Vaz & Agama
2013). Most connectivity strategies will have at least
some mixture of top-down and bottom-up influence. A
critical question is how different mixtures of top-down
and bottom-up enactment strategies affect the long-term
effectiveness of the corridor. Future monitoring of the
corridors we considered here would allow assessment
of the long-term success of top-down versus bottom-up
corridors.

There is some evidence that involving nongovern-
mental organizations (NGOs) in corridor science, policy,
and implementation can yield positive results. Corridor
initiatives led by NGOs may also provide a mix of
top-down and bottom-up approaches. For example,
Panthera is developing a comprehensive strategy to
link core jaguar populations from Northern Argentina
to Mexico under the Jaguar Corridor Initiative through
multilateral partnerships, government support, and local
buy-in (Panthera 2015).

Optimal Mix of Expert Opinion versus Objective Data

The vast majority of habitat connectivity plans rely on
expert opinion at some stage of the process, and it is often
embedded into otherwise objective quantitative analyses
(Beier et al. 2008). The human brain is very good at syn-
thesizing disparate types of data, and it may or may not be
that subjective determinations of corridor priorities and
optimal corridor locations are as effective as completely
objective data. Monitoring and comparing the long-term
effectiveness of corridors designed with a range of
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subjective versus objective approaches would provide
important insights into optimal corridor-design strategies.
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