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DEFORESTATION AND RAPTORS

Deforestation is one of many aspects of habitat loss and
fragmentation that is negatively affecting raptor popula-
tions globally. This Conservation Letter provides a scientific
review of deforestation’s effects on raptors, highlighting
lessons learned and potential solutions. This letter is not
intended as an exhaustive literature review. Rather, the
intent of the Raptor Research Foundation (RRF) is to
provide evidence-based examples of deforestation’s im-
pacts on raptors so that readers can appreciate the scope
and prevalence of the issue, understand some of the
challenges associated with addressing deforestation’s im-
pacts on raptor populations, and gain insight from an
example of how including local Indigenous communities
in forest management can benefit raptor populations.

Although deforestation discussions are most often
concerned with climate change and biodiversity, the impact
on raptor conservation is profound and that linkage has the
potential to create partnership synergies for conservation
and sustainability. Sandker et al. (2017) estimated global
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deforestation at 39-46% prior to 1990, and additional
losses by 2005 of 7% in the tropics, 4% in the subtropics,
and under 2% elsewhere. Although only 13% of the
Amazon rainforest has been deforested to date (Aleixan-
dre-Benavent et al. 2018), over 30,000 km? of forest are
removed annually. More than other areas of the globe, Asia
has experienced a recent four-fold increase in deforesta-
tion rates (Rosa et al. 2016). In Southeast Asia, where we
highlight the Philippine Eagle (Pithecophaga jefferyi) as a
case study, deforestation has exceeded 90% (Ong et al.
2002).

In a significant proportion of the world’s ecologically
intact forest landscapes, deforestation is initiated by direct
local and/or Indigenous attempts to mitigate protein-food
and financial insecurity (Arroyo-Rodriguez et al. 2020),
which can be both acute and chronic, even in North
America (Sarkar et al. 2019). Specifically, Geist and Lambin
(2002) determined that 96% of global deforestation is
linked to agricultural expansion driven by local synergies of
economics, institutions, technology, culture, and demo-
graphics. Curtis et al. (2018) recognized the significance of
global forest practice issues but emphasized specific
tropical deforestation drivers of commodity-driven agricul-
ture expansion, including row crops, palm oil production,
and cattle grazing. Although urban sprawl pressures
agricultural expansion into forest areas (van Vliet 2019),
urban sprawl does not explain much of the deforestation
occurring globally; this knowledge gap underscores the
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need to understand localized deforestation drivers (Geist
and Lambin 2002, Jung and Polasky 2018). Strategies that
advocate the use of raptors as indicator species (Bjorklund
et al. 2020) have global potential for monitoring defores-
tation drivers and biodiversity. As we describe below,
understanding and addressing local drivers of deforesta-
tion requires the inclusion of Indigenous peoples in
conservation discussions.

Effects of Deforestation on Raptor Populations. Defor-
estation has caused range reductions, isolations of subpop-
ulations, reduced gene flow, extirpation and even
extinction of raptors. Concepcion et al. (2018) concluded
deforestation may be more detrimental to raptors than to
other birds due to raptors’ large home ranges and low
population densities. In Africa for example, deforestation
threatens the African Crowned Eagle (Stephanoaetus corona-
tus) in Uganda (BirdLife International 2018) and has
reduced the habitat of many large eagles, such as the
Cassin’s Hawk-Eagle (Aquila africana) and the Ayres’s
Hawk-Eagle (Hieraaetus ayresii). In Madagascar, where
40% of the forests were removed in the 20" century,
deforestation threatens the Eleonora’s Falcon (Falco
eleonorae; Kassara et al. 2017). In French Guinea, raptor
presence is inversely linked to a deforestation gradient
(Jullien and Thiollay 1996).

Deforestation is particularly problematic in the Neo-
tropical region, where related range reductions have led to
Critically Endangered status for the White-collared Kite
(Leptodon forbesi; BirdLife International 2018) and the
Cuban Hook-billed Kite (Chondrohierax uncinatus wilsonii;
BirdLife International 2020). Other species with formerly
vast distributions, such as the Harpy Eagle (Harpia harpyja),
the Crested Eagle (Morphnus guianensis), and the Orange-
breasted Falcon (Falco deiroleucus), have disappeared from
large areas with deforestation and although they are Near
Threatened globally (BirdLife International 2016, 2017a,
2017b), the latter two are extirpated or endangered at
national or regional levels (Ministério do Meio Ambiente
do Brasil and Aves Argentinas 2017). The loss of former
range for the Harpy Eagle is at least 41% (Miranda et al.
2019), and the Crested Eagle is probably similar consider-
ing their shared habitats (J. M. Grande unpubl. data). The
Orange-breasted Falcon’s range reduction could be up to
30% in the Amazon Basin alone (Bird etal. 2011), but there
are likely further losses in other areas such as Central
America and the Atlantic forest in South America.

In Asia, home to over 40% of the world’s raptor species,
36 of 41 globally threatened raptor species are found in
forests (Concepcion et al. 2018). Forest raptors are more
likely to be threatened than non-forest species (Thiollay
and Rahman 2002, Anoop et al. 2018, McClure et al. 2018).

Mitigating Deforestation’s Effects on Raptor
Populations. Preventing deforestation is a primary goal in
global biodiversity conservation, where partnership efficacy
is increasingly recognized as being linked to local and
Indigenous rights (Gavin et al. 2018, Baldauf 2020, Ogar et
al. 2020). For example, the reported decline in Amazon
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deforestation rates between 2005 and 2010 (Rosa et al.
2016) may in part be due to broad application of forest and
biodiversity conservation partnerships such as local market-
driven partnerships between nongovernmental organiza-
tions (NGOs) and corporate soybean (protein) producers
(Jung and Polasky 2018). Involving local/Indigenous
communities can help minimize deforestation (driven by
local protein insecurity) through emphasis on partitioning
management zones to optimize both production and
conservation (Arroyo-Rodriguez et al. 2020). Primary
raptor conservation considerations include the balancing
of local protein-food security with forest values and
optimizing the use of Indigenous traditional knowledge.
Critically, worldwide raptor conservation efforts need to
focus on the preservation and expansion of current intact
forest landscapes, of which 36% are on Indigenous lands
(Fa et al. 2020). Considering the reforestation potential of
fringe areas around these landscapes, the development of
forest conservation strategies with local Indigenous People
has the potential to conserve and enhance perhaps half or
more of the remaining prime raptor habitat, globally.
Globally, raptors are intricately linked to many Indige-
nous cultures (The Peregrine Fund 2011), providing
potential for collaborative conservation. For example, in
India local people turned from large-scale hunting to a
caretaker role (Aiyadurai and Banerjee 2020) for the Amur
Falcon (Falco amurensis). Further, Indigenous communities
have been linked to improvements in Forest Owlet (Athene
blewitti) habitat (Yosef et al. 2010), and local conservation
engagement on the White-rumped Vulture (Gyps bengalen-
sis) is considered important (Pande et al. 2013). Indige-
nous traditional knowledge of nature also supports
conservation efforts in understanding raptor migration
flight paths in North America (Tedlock 2014). Sacred areas
identified by Indigenous Peoples are usually associated with
high levels of biodiversity and intact forest landscapes,
providing important habitat for forest-dwelling raptors. For
example, in Africa, sacred areas that are also intact forest
landscapes are critical for the African Goshawk (Accipiter
tachiro) and the Gabar Goshawk (Micronisus gabar) and are
significant for other forest raptors (Kithnert et al. 2019).

THE PHILIPPINE EAGLE SIERRA MADRE CASE STUDY

With between 82 (Bueser et al. 2003) and 500 (Luczon et
al. 2014) breeding pairs, the Philippine Eagle is Critically
Endangered (BirdLife International 2018b) and is a prime
example of a species decimated by deforestation (Salvador
and Ibanez 2006, Watson 2018). In a country with <10% of
mature forest remaining (Ong et al. 2002), the majority of
the Philippines’ intact forest landscape is on Indigenous
lands extending across and beyond Aurora Province (Fig.
1), and associated with Indigenous Ancestral Domains (De
Vera 2007). The Sierra Madre Biodiversity Corridor
(SMBC), the focus of this case study, is also home to four
other forest raptors that could be threatened by defores-
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Figure 1. Philippine Eagle (Pithecophaga jefferyi) occurrence in the forests of the central Sierra Madre Biodiversity
Corridor (SMBC). Note: DENR-NAMRIA is the Department of Environment and Natural Resources-National Mapping
and Resource Inventory Authority.
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tation; the Endangered North Philippine Hawk-Eagle
(Nisaetus philippensis), as well as the more common
Philippine Honey-Buzzard (Pernis steerei), Philippine Ser-
pent-Eagle (Spilornis holospilus) and the Philippine Falconet
(Microhierax erythrogenys; International Union for Conserva-
tion of Nature [TUCN] 2021).

Historically, commercial logging has been the primary
threat to Philippine Eagle habitat. However, with a national
logging ban in place (Presidential Executive Order No. 23,
s. 2011), current challenges have shifted to agricultural
expansion and small-scale illegal logging, even within
government-run protected areas (van der Ploeg et al.
2011). The driver for these current challenges in this
section of the SMBC is that Indigenous Dumagat-Alta
settlements depend on forest, marine, and agricultural
ecosystems for food and livelihood security. A recent report
sponsored by the World Health Organization suggested
that the Dumagat-Alta maternal protein intake may be as
low as 20% of recommended levels (Partnership for
Maternal Newborn and Child Health 2018). A coherent
strategy to protect Philippine Eagle habitat must continue
to consider mitigating protein insecurity in the settlements,
reversing deforestation through planting and enforce-
ment, and supporting the personal security of Forest
Guards. In 2018, the Philippines was considered the most
dangerous country in the world for environmental defend-
ers, based on 30 reported homicides (Global Witness
2019). The year 2019 was even more deadly with 43
Philippine environmental defenders murdered (Global
Witness 2020).

Although historic records include rare Philippine Eagle
sightings in several parts of the Philippines, the breeding
population is generally considered to be isolated within the
southern one-third of the country, in a group of islands
called the Mindanao. Deforestation in the Mindanao
Islands is almost complete, and the species is supported
by the Philippine Eagle Foundation through a captive
breeding program. The few reported Philippine Eagle
sightings in the remote SMBC mountains (Abate 1992,
Abano et al. 2016) are associated with Indigenous ancestral
domains and sacred areas (Fig. 1), although the domain’s
inaccessibility (due to thick rainforest undergrowth and
steep mountainous terrain) may mask additional nesting
territories. Following documented survey strategies (Ibafiez
2009), a partnership involving local guides and a Philippine
NGO (the Haribon Foundation) located one new nesting
territory on Mingan Mountain in the Municipality of
Dingalan, near the border of Aurora Province (Fig. 1).
This finding led to the development of a program called
Indigenous Communities Saving the Philippine Eagle,
based in the San Luis Municipality of Aurora province
and involving local Indigenous settlements.

Critically, as suggested by Arroyo-Rodriguez et al.
(2020), a second local NGO (Daluhay) works with the
Indigenous People across the Philippine Province of
Aurora to mitigate deforestation through GIS-based man-
agement that focuses on balancing protein access with
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agriculture (Amatorio et al. 2020). This program includes
building local capacity for sustainable harvest of adjacent
marine protein resources, reducing deforestation, and
conducting forest restoration. A previous cycle of the
Dumagat-Alta program resulted in 20 ha of reforestation
involving 10,000 seedlings of threatened tree species and a
localized 20% increase in marine fish protein harvest under
sustainable management strategies (Daluhay 2018). A
Participatory Action Research and Learning (PARL) cycle
collaboration through Daluhay established the Indigenous
and collaborative Save the Philippine Eagle project. This
involved partnerships between local/national government
agencies, settlements, and NGOs, which initiated resource
assessment, forest protection, and enforcement. PARL is an
iterative transdisciplinary approach to influencing policy
and engaging the public while advancing development and
conservation (Watts and Pajaro 2014) through four stages:
Plan-Do-Evaluate—Analyze. As suggested elsewhere (Corri-
gan et al. 2018, Joa et al. 2018), the project began with the
NGOs first learning about local conservation by consider-
ing the Indigenous perspective on values, goals, issues,
strengths, weaknesses, opportunities, and threats. Tradi-
tional knowledge (historical sightings, local eagle food
preferences, and preferred habitat) was combined with the
ornithological expertise of the Haribon Foundation to
create a local education strategy focused on resource
assessments and training. The resultant collaboration
verified the breeding Philippine Eagle population in the
SMBC by confirming one nesting territory and initiated a
certification process for local training on raptor habitat
assessment and forest protection enforcement for more
than 40 Indigenous Forest Guards. The program broadly
supports the sustainable future of the community and the
forest ecosystem. Formal local conservation plans, founded
on the Philippine Eagle as an indicator species, are now
recognized at various levels of government and interna-
tionally. As a result of regular monitoring and eagle
sightings, surveys are now being planned to investigate a
possible second Philippine Eagle nesting area. In addition,
the international Forest Conservation Foundation has
subsequently agreed to support an expanded long-term
program titled: Philippine Eagle Ancestral Forest.
Lessons Learned: Future Conservation Directions.
Raptor conservationists and NGOs can help others help
raptors by including Indigenous communities. Consider-
ations should include addressing protein insecurity as a
priority in interventions on the poverty faced by local
Indigenous communities, as well as Forest Guard safety and
security. Adaptations within the participatory approach
require both a knowledge and respect for the local context
as well as conservationists being prepared to take different
roles during phases of the project cycle. In the current
PARL cycle, NGOs facilitated decision-making through
“training while doing” and codeveloped monitoring,
evaluation, and analysis regimens aimed at future priorities
and potentials. The “Do” phase of this PARL cycle involved
further facilitation to expand the local culture in a
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reflective manner that addresses the goals of both local
food security and conservation. Priority is now placed upon
forest sustainability, overcoming the concept of open access
to resources, and development of a legal enforcement
strategy through partnerships that optimize environmental
defender safety. The program led to the first ever in-forest
local apprehension of illegal loggers (Daluhay 2020)
through volunteer Indigenous Forest Guards who risk
their lives to protect the future of their people, forests,
biodiversity, and raptors.

Conservation action (Gavin et al. 2018) for raptors can
be improved by including local and Indigenous rights-
based designs (Ogar et al. 2020) in the Philippine Eagle
habitats as outlined herein, and in other linked habitats
where similar participatory programs have not yet been
initiated (Hagen and Minter 2020). Local livelihoods have
also been improved through limited Forest Guard hono-
rariums and a recently initiated 500-km forest trail system
designed to support ecotourism. Future goals for the
program to save the Philippine Eagle include an Aurora
Province-based wildlife rehabilitation center that will
highlight Indigenous traditional knowledge in partnership
with government. If the Save the Philippine Eagle
paradigm were implemented with other Indigenous
Peoples throughout Asia, raptor conservation directly
focused on preventing deforestation could offer substantial
benefits throughout the region, while also helping to
mitigate climate change.

In the Neotropics where the loss of forest area is highest,
Indigenous lands are extensive (e.g., as much as 12.5% of
Brazil and up to 21% of Bolivia) and traditional knowledge
of raptors has led to conservation success stories. For
example, Indigenous land management has successfully
protected forests from logging and deforestation more
cfficiently than nationally protected Neotropical areas
(Schleicher et al. 2017). Furthermore, several raptor
rainforest research projects have benefited from local
Indigenous engagement and knowledge. Harpy Eagle nest
searches and monitoring in the Cuyabeno Reserve in
eastern Ecuador, in Darien in Panamai, in Infierno
community in Madre de Dios, Peru, and in Reserva Forestal
de Imataca in Venezuela, were effective due largely to the
participation of local Indigenous communities (Alvarez-
Cordero 1996, Vargas Gonzalez and Vargas 2011, Muniz
2016). The same strategies could be used to search for nests
of other elusive endangered species such as the Black-and-
chestnut Eagle (Spizaetus isidori), the Crested Eagle, or the
Orange-breasted Falcon. Considering these examples, the
expanded use of Indigenous partnerships to conserve
raptors and combat deforestation has significant global
conservation potential.

As a leading professional society for raptor researchers
and raptor conservationists, the RRF is dedicated to the
accumulation and dissemination of scientific information
about raptors, and to resolving raptor conservation
concerns (RRF 2020). Impacts of deforestation on raptor
species, local settlements, biodiversity, and climate remain
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an ongoing conservation concern, presenting a global
threat to raptor populations. Based on the science
summarized herein, engaging Indigenous communities to
combat deforestation and to conduct collaborative re-
search and management while seeking sustainable solu-
tions to address their basic needs will foster long-term co-
occurrence of raptor populations with human populations.
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