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Logging roads cutting through primary forest on the edges of Monte Alén National Park, 
Equatorial Guinea. Photo credit G McCabe
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GLOSSARY

• ArcGIS Pro: A commercial Geographic Information Systems software provided by the 
Environmental Systems Research Institute (ESRI) corporation 

• Arc-second: The distance of the earth’s surface travelled in 1/3,600th of a degree of 
latitude or longitude 

• Clip: A spatial analytic procedure like a cookie cutter which “cuts” one polygon, to the 
shape and size of another polygon 

• Digitisation: The process of converting information (for instance the path of a river), from 
a physical, to a digital format

• Geodesic area: Measures the area of a polygon overlaid on the surface of a sphere which 
is a mathematical representation of the surface of the earth, and whereby the edges 
of the polygon (i.e., the lines which connect the vertices) are the shortest paths on the 
surface of the sphere. Geodesic area calculations are more accurate than the equivalent 
planar calculations, for which polygon edges are the shortest path on a two-dimensional 
Cartesian plane. 

• Geographic Information Systems (GIS): An integrated electronic framework/software, 
allowing for the capture, storage and analysis of spatial data

• Global Forest Change (GFC): A global, annually updated set of satellite-derived datasets, 
described by Hansen et al., 2013, quantifying forest cover, loss and gain

• Intersect: A spatial analytic procedure whereby multiple polygons are overlaid and 
combined

• Landsat: An ongoing and long-running series of satellites, which have acquired millions of 
images of the earth’s surface 

• Pixel: Also called a “picture element”. The small pieces which digital raster images are 
composed of 

• Projected Coordinate Systems: Flat, two-dimensional representations of the earth’s 
surface, with linear units of measure, used for mapping and spatial analysis. These can be 
contrasted with Geographic Coordinate Systems, which represent the earth as a spheroid 
and use angular units of measure 

• QGIS 3.10.4: QGIS (formerly Quantum GIS) is a freely available Geographic Information 
Systems software. Version 3.10.4 was the latest stable version released at the time this 
analysis was conducted 

• Raster: A digital image composed of rectangular pixels, arranged in a grid. A common 
format for Geographic Information Systems data 

• Shapefile: One type of file format used to represent spatial data in a Geographic 
Information System software

• Shuttle Radar Topography Mission (SRTM): An international spacebourne radar mission, 
which has acquired extensive, high resolution digital topography data of the earth

• Vector: A representation of geographic features as points, lines and polygons. A common 
format for Geographic Information Systems data
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KEY MESSAGES and CRITICAL RESULTS

The Bristol Zoological Society (BZS) are monitoring habitat loss at our forested conservation 
programme sites (Fig. 1) using global, annually updated data. This enables us to compare the 
threats occurring between programme sites and track threats over time, ultimately improving 
our ability to target conservation action for our endangered flagship species. 

Figure 1: Bristol Zoological Society forested conservation programme countries, showing flagship species as 
silhouettes and programme focal areas as red polygons. Madagascar, blue-eyed black lemur (Eulemur flavifrons), 
Tanzania, Sanje mangabey (Cercocebus sanjei), Equatorial Guinea, western lowland gorilla (Gorilla gorilla 
gorilla), The Philippines, Negros bleeding-heart dove (Gallicolumba keayi), Cameroon, Kordofan giraffe (Giraffa 
camelopardalis antiquorum), Costa Rica, lemur leaf frog (Agalychnis lemur).

Compared to all the other BZS programmes, the Madagascar programme currently faces the 
highest threat of ongoing habitat loss, having lost nearly 10% of the forest in the Sahamalaza 
core protected area in under two decades (between 2001 and 2018). This region also has the 
smallest area of remaining suitable habitat (73km2) for its endemic and highly endangered 
lemur species, for instance the blue-eyed black lemur (Eulemur flavifrons). The Philippines, 
Tanzania and Cameroon programmes face an intermediate threat level (1%-2.5% loss), 
whilst the Equatorial Guinea and Costa Rica programmes are under the lowest threat of 
deforestation (less than 1% loss).
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BACKGROUND

Ongoing loss of the habitats required by threatened species has accelerated the global 
biodiversity crisis (Brondizio et al., 2019). Preventing the permanent biodiversity loss 
that accompanies this habitat loss requires clear, spatially explicit targets (Mokany et al., 
2020). Wildlife conservation efforts are chronically underfunded, necessitating efficient 
allocation of resources and a critical approach to prioritising areas and species which 
will have the most cost-effective positive impacts for biodiversity and human wellbeing 
(Cullen, 2012). Amongst the diverse strategic approaches, the selection of iconic flagship 
species can leverage local and wider public support, attracting funding for programmes 
which benefit the wider habitats and ecosystems depended on by many other species 
(Verissimo et al., 2011).  

   

The Bristol Zoological Society use a Conservation Masterplan and “One Plan Approach” to 
both integrate our in situ, ex situ and behaviour change work and to guide conservation 
action across multiple programme sites (Bristol Zoological Society, 2018, https://bristolzoo.
org.uk/cmsassets/documents/Save-Wildlife/BZS_Conservation-Strategy_web.pdf). This 
strategic approach is consistent with the maturation of the discipline of Conservation 
Science, and a shift in focus towards evidence-based actions targeted to have the greatest 
impact for the resources available and robust evaluation which can form part of ongoing 
adaptive management (Sutherland et al., 2004). The BZS flagship species represent a 
broad taxonomic spectrum including amphibians, birds, invertebrates and mammals. These 
include the Kordofan giraffe (Giraffa camelopardalis ssp. antiquorum), lemur leaf frog 
(Agalychnis lemur), western lowland gorilla (Gorilla gorilla gorilla), blue-eyed black lemur 
(Eulemur flavifrons), Negros bleeding-heart dove (Gallicolumba keayi) and Sanje mangabey 
(Cercocebus sanjei), all of which are Critically Endangered or Endangered (IUCN, 2020).

A strategic approach to evaluating the impacts of habitat loss on BZS conservation 
programme sites and flagship species is needed to enable comparisons between 
programmes and over time, to ensure that conservation action is well-targeted. Geographic 
Information Systems (GIS) is highly suited to this strategic approach, offering a powerful 
suite of spatial analytic tools, married with an expanding range of freely available datasets, 
including habitat change, elevation, climate, human population and infrastructure. 

Therefore, the aims of this report were to quantify and compare the loss of suitable forest 
habitat from the year 2000 (when consistent data became available) to the year 2018 (the 
most recently available data at the time of analysis) for BZS flagship species at programme 
sites which are naturally forested (i.e. sites that would be largely forested in the absence of 
anthropogenic disturbance). These sites are situated in the countries of Cameroon, Costa 
Rica, Equatorial Guinea, Madagascar, the Philippines and Tanzania. We did not include in 
this study other BZS programmes such as the UK, and Desertas Grande Island (Portugal), 
as these sites are freshwater or grassland, respectively.

https://bristolzoo.org.uk/cmsassets/documents/Save-Wildlife/BZS_Conservation-Strategy_web.pdf
https://bristolzoo.org.uk/cmsassets/documents/Save-Wildlife/BZS_Conservation-Strategy_web.pdf
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METHODS

Software and datasets 
All spatial analyses were undertaken using GIS software including ArcGIS Pro and QGIS 
3.10.4. Forest cover and forest loss data were extracted from readily available and continually 
updated Global Forest Change dataset (Hansen et al., 2013, https://glad.earthengine.app/
view/global-forest-change#dl=1;old=off;bl=off;lon=20;lat=10;zoom=3; , Fig.2). The Global 
Forest Change data are derived from Landsat satellite imagery, and have a pixel size of 30m. 
Pixels (i.e., small components of digital raster images) were classified based on reflectance 
values and chosen during the respective forest growing seasons to improve the classification 
accuracy for deciduous forests. For example, in Cameroon, deciduous forests drop their 
leaves and do not grow during the dry season, which occurs from December to April. Landsat 
images from that period were excluded by Hansen et al., when they made their forest 
classifications. For further methodological detail, see Hansen et al., 2013, supplementary 
material. 

The Global Forest Change dataset includes information on: 

i) Percentage forest cover per 30m pixel in the year 2000, where “forest cover” is defined as 
canopy closure of vegetation taller than 5m in height 

ii) Annual forest loss from the year 2001 until 2018. Forest loss between years in a given 
pixel was defined as “stand-replacement disturbance” (Hansen et al., 2013), where the 
vegetation taller than 5m had been removed 

iii) Forest gain between 2000 and 2012. Forest gain between years in a given pixel was 
defined as the regrowth of vegetation taller than 5m

iv) Data mask, delineating the terrestrial areas for which data are available

https://glad.earthengine.app/view/global-forest-change#dl=1;old=off;bl=off;lon=20;lat=10;zoom=3;
https://glad.earthengine.app/view/global-forest-change#dl=1;old=off;bl=off;lon=20;lat=10;zoom=3;
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Figure 2: Maps of an example region, the small city of Caticlan in the Northwest Panay peninsula, Panay Island, 
The Philippines. Panels A and B are satellite images sourced from the Global Forest Change dataset, where pink 
tones indicate an absence of vegetation cover. Panel A depicts the area in the year 2000 and panel B depicts 
the year 2017. Panel C is a current (2020) satellite image of the same area sourced from ESRI world imagery 
basemaps. 

Elevation data were sourced from the Shuttle Radar Topography Mission 1-arc-second dataset 
[available from: https://earthexplorer.usgs.gov/]. Protected area data were sourced from 
the World Database of Protected Areas [available from: https://www.protectedplanet.net/
en]. Country administrative boundaries and other national datasets were sourced from Diva 
GIS [available from: http://www.diva-gis.org/Data]. Where features such as roads, rivers and 
towns could not be sourced from existing spatial datasets, they were digitised from satellite 
images available in Google Earth. For guidance on digitising see Smith, 2011 and Digitizing 
Map Data — QGIS Tutorials and Tips, 2021. The datasets chosen are the most widely used 
datasets of their kind and are deemed the industry standard (for example see Burivalova et 
al., 2015).

Area of Analysis
For each programme site, areas of analysis were specified in discussion with the programme 
leaders as follows:

• Cameroon: The wider Bénoué complex in Northern Cameroon, including Bénoué, Bouba 
Njida and Faro National Parks, 29 hunting zones, and the unprotected areas in between

• Costa Rica: The whole of Costa Rica, including numerous protected areas, especially the 
La Amistad reserve

• Equatorial Guinea: The whole of mainland Equatorial Guinea (Rio Muni), including 
numerous protected areas, especially the Monte Alén National Park 

• Madagascar: The mainland Sahamalaza-Iles Radama National Park (SIRNP), in the Sofia 
Region of north-west Madagascar, especially the Sahamalaza core protected areas

https://earthexplorer.usgs.gov/
https://www.protectedplanet.net/en
http://www.diva-gis.org/Data
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• The Philippines: the entirety of Negros and Panay islands, in the West Visayas region 
of the Philippines, including numerous protected areas, especially the Northwest Panay 
Peninsula Natural Park, Northern Negros Natural Park, Mt Kanlaon, and Balinsasayao Twin 
Lakes protected areas

• Tanzania: The Uzungwa Scarp and Mwanihana forest of the Udzungwa Mountains National 
Park, in south central Tanzania.

For each programme site a polygon shapefile was created, which categorises the region 
into three land-use categories; 1) core programme areas. These are the sites within the 
region where the Bristol Zoological Society is more actively undertaking conservation work. 
These are usually protected areas, but not necessarily; 2) Protected areas (in the Cameroon 
programme an additional category for hunting zones was also created); and 3) unprotected 
areas. In coastal regions, the aforementioned shapefiles were clipped by the Global Forest 
Change data mask, so that marine areas are excluded and only terrestrial areas are included. 

Data processing
Each type of dataset (forest cover, forest loss, forest gain, elevation) was clipped by the 
relevant area of analysis. Datasets were then converted into projected coordinate systems 
(flat, two-dimensional representations of the earth’s surface) to enable accurate area 
calculations as follows; 

• Cameroon:    WGS 1984 UTM Zone 32N

• Costa Rica:   WGS 1984 UTM Zone 17N

• Equatorial Guinea:  WGS 1984 UTM Zone 32N

• Madagascar:   WGS 1984 UTM Zone 38S

• The Philippines:   WGS 1984 UTM Zone 51N

• Tanzania:    WGS 1984 UTM Zone 37S

Pixels were classified into initial forest categories, based on their percentage forest cover 
in the year 2000 (Fig 2). For humid tropical forest sites (Costa Rica, Equatorial Guinea, the 
Philippines, Tanzania), pixels were defined as “forest” in the year 2000 if they comprised ≥ 
75% forest cover and “non-forest” otherwise. For sites characterised by lower, more seasonal 
rainfall, and correspondingly sparser deciduous forest (Cameroon and Madagascar), a 
threefold classification was created whereby 0-24% forest cover = non-forest, 25-49% forest 
cover = forest and 50-100% forest cover = dense forest. Choosing threshold values for sharply 
distinguishing forest from non-forest inevitably involves simplifying what is in reality a more 
gradated and fine-scale distinction, but we based our threshold decision for humid tropical 
forests on the work of Achard et al., 2014, Aleman, Jarzyna and Staver, 2018, and Vieilledent 
et al., 2018. Our threefold classification of drier forests was derived a posteriori by the first 
author by comparing different forest cover classes with satellite image base maps (Esri, 2020, 
Fig. 3).
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Figure 3: A comparison of satellite images (ESRI 2020 world imagery basemaps) and a threefold forest 
classification in Madagascar and Cameroon. Non-forest (0-24% tree cover), forest (25-49% tree cover) and dense 
forest (50-100% tree cover) are represented by peach, light and dark green respectively. 

All raster datasets were converted into polygons. The elevation data was classified according 
to the ecological habitat requirements of the flagship species where appropriate. For 
example, the Negros bleeding-heart dove is only found within an elevation band of 300-
1,000m above sea level (BirdLife International, 2017). The lemur leaf frog thrives mostly 
between elevations of 440-1,600m above sea level (Solís et al., 2008). Elevation data from 
the Shuttle Radar Topography Mission contained gaps. These data voids are a known dataset 
issue, impacting regions with high relief (for example steep-sided canyons). Data voids 
did not cover large regions of our study areas, but were small fragments within areas of 
otherwise reliable elevation data. Polygon datasets were therefore inspected for gaps and 
filled with values from surrounding and adjacent polygons, as a simple manual equivalent to a 
Nearest Neighbour Interpolation (Teegavarapu et al., 2018).  

For each programme site, the following polygons were intersected, i.e., overlaid and 
combined a) the study area, divided between the aforementioned land-use categories (core 
programme areas, protected areas, unprotected areas) where appropriate; b) the elevation 
classification where appropriate; c) the initial forest classification; and, separately, d) i) the 
annual forest loss and ii) forest gain. The geodesic surface area of all polygons in m2 was then 
calculated. Geodesic area calculations are more accurate than planar calculations, especially 
for large areas, as they account for the spherical shape of the earth. 
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Data summary and presentation
For each programme site, the extracted data (namely forest cover, forest loss, forest gain 
and elevation) were analysed both within protected areas, and, where appropriate, in 
the surrounding non-protected landscape and the spatial units were converted into km2. 
These data were then summarised to create metrics which can be compared between sites      
(Table 1). These metrics were:

• A: Total land area

• B: Area of suitable forest habitat for the flagship species in the year 2000. This was 
defined as forested or densely forested land, within the species elevational tolerance 
where appropriate. 

• C: Percentage of the total land area represented by suitable habitat (100 * (B / A))

• D: Mean annual area of gross loss of suitable forest habitat between the years 2001 and 
2018 

• E: Estimated annual forest habitat gain. This was calculated as the total gross forest 
gain between the years 2000 and 2012 (within the species elevational tolerance where 
appropriate), divided by 12

• F: Remaining area of suitable forest habitat at the start of 2019 (B – (∑ forest loss 2001 - 
2018))

• G: Percentage of suitable forest habitat lost between the years 2000 and 2018 (100 - (100 
* (F / B)))

• H: Number of years until total loss of suitable forest habitat, assuming a constant rate of 
loss (F / D) 

• I: Severity of habitat loss, whereby i) <1% loss = Low, ii) 1% - 2.5% loss = Medium and iii) 
2.5%< loss = High

• J: Trend in habitat loss. Determined by the annual proportional losses of suitable habitat. 
Note that these trends were not evaluated for statistical significance. By contrast, the 
country-specific trends (tables 2-7) analysed absolute levels of forest loss per annum, and 
were evaluated for statistical significance
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SUMMARY RESULTS

Table 1: Metrics of change in suitable forest habitat for Bristol Zoological Society programmes, ordered from 
left to right by severity of proportional habitat loss. Please note that the data in this table is restricted to the 
main programme sites, whereas the programme-specific results sections present information for the entire 
area of analysis. The main sites per programme included in this table were; 1) Madagascar: Zones Humides de 
Sahamalaza, 2) Philippines: Twin lakes, Mount Kanlaon, North Negros, Northwest Panay Peninsula Natural Park, 3) 
Tanzania: Udzungwa Scarp and Mwanihana Forest, 4) Cameroon: Bénoué, Bouba Njida and Faro National Parks, 5) 

Equatorial Guinea: Monte Alén National Park and 6) Costa Rica: La Amistad Reserve. 

Metric Madagascar The 
Philippines

Tanzania Cameroon Equatorial 
Guinea

Costa Rica

A: Total land area (km2) 108.09 1156.33 504.38 7634.86 1939.34 3719.96

B: Area of suitable forest 
habitat (year 2000, 
km2)

73.02 380.32 364.99 565.58 1911.16 1139.38

C: Percentage of suitable 
forest habitat cover 
(year 2000)

67.55 32.89 72.36 7.41 98.55 30.63

D: Mean annual loss of 
suitable forest habitat 
(2000-2018, km2)

0.40 0.50 0.41 0.32 0.55 0.23

E: Estimated annual forest 
habitat gain (km2) 0.05 0.39 0.21 0.01 0.07 0.01

F: Remaining area of 
suitable forest habitat 
(year 2019, km2)

65.74 371.26 357.61 559.90 1901.31 1135.27

G: Percentage of suitable 
forest habitat lost 2000 
- 2018

9.97 2.38 2.02 1.01 0.52 0.36

H: Years until total loss of 
suitable forest habitat

163 738 873 1772 3476 4979

I:  Severity of habitat loss High Medium Medium Medium Low Low

J: Trend of proportional 
habitat loss Stable Stable Stable Decreasing Increasing Increasing

Metric H is a single number which can be used to compare the sustainability of current 
rates of loss of suitable forest habitat between sites. A larger number indicates a longer 
period of predicted forest persistence, hence a more sustainable rates of loss, whilst a 
smaller number indicates less sustainable rates of loss. Lastly, maps were created per 
programme site, showing the location of human settlements, roads, rivers, protected areas, 
forest habitat, forest loss and forest gain (Figs. 4 - 9). 
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Loss of suitable forest habitat was around 1% between 2001 and 2018 across all programme 
sites, but varied greatly between sites (Table 1). The strictly protected core of the Sahamalaza 
National Park in Madagascar lost nearly 10% of the suitable forest habitat over the last two 
decades. These proportional losses are an order of magnitude higher than those experienced 
in Equatorial Guinea’s Monte Alén National Park or the Costa Rican part of the La Amistad 
Reserve, which lost 0.52% and 0.36% respectively.  The Madagascar programme also retains 
by far the smallest absolute area of suitable habitat (73 km2), two orders of magnitude less 
than Equatorial Guinea and Costa Rica (1,911 km2 and 1,139 km2 respectively). Across all 
programmes there is a weak trend of increased proportional forest loss over time and some 
programme sites experienced “spikes” in deforestation in some years (Cameroon in 2007, 
Equatorial Guinea and Tanzania in 2014).  
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PROGRAMME-SPECIFIC RESULTS and DISCUSSION

Madagascar
The Sahamalaza-iles Radama National Park in north-west Madagascar encompasses an 
overall area of nearly 1,000km2. Just under half of this area was covered by sparse and dense 
tropical montane forest in the year 2000. The region is home to numerous threatened and 
endemic species, including the blue-eyed black lemur. Though legally protected, this area 
has experienced approaching 20% loss of forest cover in two decades (16% loss, 2000-2018). 
Even more worryingly, within the core protected area (Zones Humides de Sahamalaza), 
though levels of forest loss have not returned to the spike experienced in 2006, there has 
been a strong trend of increased annual loss since 2009. 

If current rates of forest loss continue, even without accounting for the trend of accelerating 
loss, then the area will be entirely devoid of forest within a century. The core protected 
zone within the national park contains a higher proportion of forest than surrounding 
areas, and has experienced a lower proportion of forest loss. The core protected zone will 
experience total forest loss in under two centuries if current rates of forest loss continue. The 
ongoing loss of forest habitat is an alarming threat to the endangered species of the region, 
warranting urgent forest protection.

Figure 4: Map of the 
Sahamalaza region, situated 
in north-west Madagascar 
(red polygon in inset 
map). BZS field stations, 
villages, paths/roads, 
rivers and core protected 
areas are represented by 
yellow stars and black 
circles, black and blue 
lines and purple outlines 
respectively. Non-forest, 
forest and dense forest 
are represented in peach, 
light green and dark green, 
while forest loss and forest 
regrowth (imperceptible) 
are represented by red and 
yellow areas. 



Metric
Sahamalaza-iles 
Radama National 

Park
Zones Humides de 

Sahamalaza

Total Area 854.21 108.09

Forested area (year 2000, 25-100% tree cover) 359.89 73.02

Percentage forest cover in 2000 42.13 67.55

Forest loss year 2001 (25-100% tree cover) 1.34 0.27

Forest loss year 2002 0.79 0.06

Forest loss year 2003 2.99 0.82

Forest loss year 2004 1.07 0.17

Forest loss year 2005 1.84 0.36

Forest loss year 2006 2.71 1.16

Forest loss year 2007 2.12 0.68

Forest loss year 2008 5.85 0.4

Forest loss year 2009 2.55 0.11

Forest loss year 2010 2.4 0.29

Forest loss year 2011 1.87 0.17

Forest loss year 2012 2.29 0.17

Forest loss year 2013 3.93 0.34

Forest loss year 2014 7.61 0.45

Forest loss year 2015 3.83 0.29

Forest loss year 2016 8 0.44

Forest loss year 2017 6.11 0.64

Forest loss year 2018 6.46 0.46

Forest gross gain 2000-2012 (any tree cover) 7.15 0.56

Additional area of forest loss 2000-2018 11.3 0.44

Mean annual gross forest loss 2000-2018 3.54 0.4

Remaining forested area (start of 2019) 296.14 65.74

Years until total forest loss (25-100% tree cover) 84 163

Percentage forest cover lost (2000-2018, 25-100% tree cover) 17.72 9.97

Severity of habitat loss High High

Trend in absolute habitat loss (slope and p-value)
In creasing 

(0.32 ,<0.001)
Not significant
(<0.01 ,0.98)
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Table 2: Metrics of forest cover change in the Sahamalaza region of north-west Madagascar. 
The metrics for the Sahamalaza-iles Radama National Park exclude the areas of the Zones 
Humides de Sahamalaza. Areas are measured in km2.
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The Philippines
The islands of Negros and Panay in the Visayas region of the Philippines encompass an 
overall area of nearly 25,000km2. In the year 2000, just over 20% of the area was forested, 
consisting primarily of tropical rainforest and cloud forest. Less than 10% of the area was 
both forested and within the 300-1,000m elevation range, thought to be most suitable for the 
Critically Endangered Negros bleeding heart dove (Birdlife International, 2018). The Critically 
Endangered Visayan warty pig was originally found in forests from sea level to 1600m 
elevation, but with the loss of lower elevation forests, it is currently only found in the forested 
regions at 800m and above (Meijaard et al. 2011). The region is home to several other 
endemic threatened species including spotted deer and Walden’s hornbill. The Northwest 
Panay Peninsula Natural Park (NWPPNP), which is the primary BZS regional programme site, 
encompasses an area of just over 130km2, of which nearly 60% remains suitable forest habitat 
for the Negros bleeding heart dove. The Bristol Zoological Society are conducting research 
on the habitat requirements of Visayan warty pigs, which will allow for comparable analyses 
of the impacts of deforestation on this Critically Endangered species. 

Negros and Panay experienced rapid deforestation over the last century, especially at low 
and mid elevations. Additionally, nearly 4% of the suitable forest habitat across Negros 
and Panay was lost between 2001 and 2018 (Table 3). Annual losses were variable, with 
high losses occurring in 2009 and 2017. Legally protected areas experienced lower rates 
of suitable forest habitat loss, around 2.5% across all protected areas. Areas lacking legal 
protection have experienced far higher forest losses of 4.6%. If current rates of forest loss 
continue (taking average rates for the entire area), then Negros and Panay will be entirely 
devoid of suitable forest habitat within approximately 450 years. 

Interestingly, the NWPPNP, analysed on its own, is experiencing a much lower rate of 
deforestation and will retain suitable habitat for twice as long as the whole of Panay and 
Negros Islands together. This key protected area is the largest remaining contiguous lowland 
forest in the West Visayas and consists of a patchwork of primary and secondary forest areas 
(Mynott et al., 2021).  The deforestation rate is low and only touches the northern part of the 
protected area. In addition, the area around the protected area remains forested, thereby 
providing a buffer for wildlife.

The entire region has experienced encouraging forest cover regrowth within the 300-1,000m 
elevation range, totalling over 50km2. This represents around 2.5% of the area of suitable 
forest habitat in the year 2000. Whilst this regrowth significantly offsets forest losses, a) 
it is unclear what proportion is natural forest rather than plantations and b) many locally 
threatened species seem to require old-growth primary forest. The Critically Endangered 
Negros bleeding heart dove is thought to have a declining wild population of fewer than 
400 individuals. The remaining suitable habitat for this species is extremely limited and also 
declining. Though total suitable habitat loss is not an imminent threat, careful ongoing in situ 
and ex situ conservation action, including the enforcement of legal habitat protection, are 
strongly advised. 
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Figure 5: Map of the islands 
of Negros and Panay in the 
Philippines (red polygon 
in inset map). BZS field 
stations, large cities, roads, 
rivers and protected areas 
are represented by a yellow 
star, black circles, black 
and blue lines and purple 
outlines respectively. Non-
forest, low (0-300m), mid 
(300-1,000m) and high-
elevation (1,000m>) forest 
are represented in peach, 
light, mid and dark green, 
while forest loss and forest 
regrowth are represented 
by red and yellow areas.
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3.05 0.08 0.58
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5.06 0.23 1.03

4.82 0.04 1.1
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7.51 0.05 1.34
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2.54 0.09 0.59

1.67 0.09 0.32

0.94 0 0.15

4.69 0.05 1.18

5.77 0.11 2.24

2.16 0.04 0.19

42.41 1.37 9.56

54.11 0.44 12.35

3.71 0.09 0.87

1394.37 78.31 601.94

376 901 695

4.57 1.96 2.53

High Medium High

Not significant
 (-0.02 ,0.826)

Not significant
(<0.01 ,0.967)

Not 
significant

(0.01 ,0.615)
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Table 3: Metrics of forest cover change in the islands of Negros and Panay, the Philippines. Areas are measured in 
km2. Forested areas are 300-1,000m elevation. 

Metric

Total Area

Forested area (year 2000, 75-100% tree cover, 300-
1000m elevation)

Percentage forest cover in 2000 (300-1000m elevation)

forest loss year 2001 (75-100% tree cover, 300-1000m 
elevation)

Forest loss year 2002

Forest loss year 2003

Forest loss year 2004

Forest loss year 2005

Forest loss year 2006

Forest loss year 2007

Forest loss year 2008

Forest loss year 2009

Forest loss year 2010

Forest loss year 2011

Forest loss year 2012

Forest loss year 2013

Forest loss year 2014

Forest loss year 2015

Forest loss year 2016

Forest loss year 2017

Forest loss year 2018

Forest gross gain 2000 - 2012 (any tree cover, 300-
1000m elevation)

Additional area of forest loss (300-1000m elevation)

Mean annual gross forest loss 2000 - 2018 (300-1000m 
elevation)

Remaining forested area (start of 2019, 300-1000m 
elevation)

Years until total forest loss (75-100% tree cover, 300-
1000m elevation)

Percentage forest cover lost (2000-2018, 75-100% tree 
cover, 300-1000m elevation)

Severity of habitat loss

Trend in absolute habitat loss (slope and p-value)

Unprotected
Northwest 

Panay Peninsula 
Natural Park

Protected 
(other)



Figure 6: Map of the Uzungwa Scarp (left) and Mwanihana forest (right) in south central Tanzania (red polygon in 
left inset map). Towns, roads, rivers and protected areas are represented by black circles, black and blue lines and 
purple outlines respectively. Forest and non-forest are represented in peach and dark green, while forest loss and 
forest regrowth are represented by red and yellow areas. Right inset map shows the areas of analysis (red outlined 
polygons) within the local network of protected areas (purple shaded polygons).
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Tanzania
The Uzungwa Scarp and Mwanihana forest in south central Tanzania, jointly encompass an 
area of over 500 km2, of which nearly ¾ was covered by tropical rainforest and miombo 
woodland in the year 2000. The Uzungwa Scarp is over twice as large as the Mwanihana 
forest within the Udzungwa Mountains National Park, and has a slightly higher proportion 
of forest cover. The Endangered Sanje mangabey is endemic to this region, which hosts 
numerous other endemic species. The area has experienced just over 2% loss of forest cover 
in two decades. While much deforestation is scattered, some is clustered near to settlements 
on the edge of the protected areas. Forest losses have remained relatively stable over time, 
but an anomalous spike in deforestation occurred in 2014 in both sites, in which proportional 
forest losses were more than twice as high as any other year since 2000, and over ten times 
as high as low years such as 2006. It is unclear what caused this spike, but dry conditions 
and associated forest fires are a possibility. If current rates of forest loss continue, assuming 
a constant rate of loss, then forests will persist for nearly 900 years. While these sites are not 
under a very high threat of forest loss, the spatial and temporal clustering of losses deserve 
further investigation. These areas are quite unique biodiversity havens, such that their 
ongoing protection is important. 
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Table 4: Metrics of forest cover change in the Uzungwa Scarp and Mwanihana forest in south central Tanzania. 
Areas are measured in km2. 

Metric

Total Area

Forested area (year 2000, 75-100% tree cover)

Percentage forest cover in 2000

forest loss year 2001 (75-100% tree cover)

Forest loss year 2002

Forest loss year 2003

Forest loss year 2004

Forest loss year 2005

Forest loss year 2006

Forest loss year 2007

Forest loss year 2008

Forest loss year 2009

Forest loss year 2010

Forest loss year 2011

Forest loss year 2012

Forest loss year 2013

Forest loss year 2014

Forest loss year 2015

Forest loss year 2016

Forest loss year 2017

Forest loss year 2018

Forest gross gain 2000 - 2012 (any tree cover)

Additional area of forest loss

Mean annual gross forest loss 2000 - 2018

Remaining forested area (start of 2019)

Years until total forest loss (75-100% tree cover)

Percentage forest cover lost (2000-2018, 75-100% tree cover)

Severity of habitat loss

Trend in absolute habitat loss (slope and p-value)

Uzungwa Scarp

358.49

265.55

74.08

0.05

0.38

0.09

0.26

0.32

0.00

0.43

0.48

0.32

0.36

0.36

0.12

0.28

1.02

0.43

0.16

0.23

0.05

1.75

2.18

0.30

260.22

877

2.01

Medium

Not significant
(0.01 ,0.515)

Mwanihana 
forest

145.9

99.43

68.15

0.28

0.23

0.18

0.00

0.07

0.06

0.18

0.03

0.01

0.23

0.11

0.04

0.05

0.51

0.01

0.00

0.03

0.00

0.78

1.05

0.11

97.4

861

2.05

Medium

Not significant
(-0.01 ,0.299)
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Cameroon
The Bénoué Complex in Northern Cameroon is a vast landscape covering nearly 34,000 
km2, comprising 3 protected areas, 29 hunting zones and areas with no legal protection 
(Figure 7). Hunting zones cover an area nearly three times as large as the protected areas. 
In the year 2000, nearly 80% of the overall area was non-forest, with just over 20% sparse 
forest and less than 1% of dense forest, both of which are concentrated in the south. The 
landcover here is largely mixed savannah woodland, typical of the Sahel region of Africa, 
which is naturally less dense than the forested areas of the other programmes. The region 
is one of the few remaining strongholds for the Critically Endangered Kordofan giraffe. 
Since the year 2000 the area has experienced nearly 2% loss of forest cover in two decades. 
While there is scattered deforestation, the majority is clustered near to large towns and 
villages outside of protected areas. Over the entire region, forest losses have remained stable 
over time (declining slightly in protected areas), with spikes of high deforestation which 
occurred in 2007 and 2010 (2001 and 2007 within protected areas), which were an order of 
magnitude higher than some other years (Table 5). It is unclear what caused these spikes, 
but dry conditions and associated forest fires are a possibility. If current rates of forest loss 
continue, assuming a constant rate of loss, then forests will persist for nearly a millennium. 
Both protected areas and hunting zones seem to have been effective at retaining forest. 
Unprotected areas experienced nearly 6% forest loss, whereas hunting zones and protected 
areas experienced 1.5% and 1% loss. While at a landscape level, forest loss does not appear to 
be a major threat, this hides a great deal of spatial and temporal habitat-change variability. 
In addition, this type of analysis may fail to adequately capture forest degradation and other 
habitat-change factors important for the Kordofan giraffe, which are not dependent on 
closed canopy forest. Forest loss in areas of low tree density (<25% tree cover) is not reliably 
quantified through this analysis. 

Figure 7: Map of the 
Bénoué complex in 
Northern Cameroon 
(red polygon in 
inset map). Larger 
towns, roads, rivers, 
protected areas 
and hunting zones 
are represented 
by black circles, 
black and blue lines, 
purple outlines 
and brown shading 
respectively. Sparse 
and dense forest 
are represented 
by light and dark 
green, respectively, 
and non-forest 
is represented in 
peach. Forest loss 
and forest regrowth 
(imperceptible) are 
represented by red 
and yellow areas.



Metric Hunting
zones Protected areas Unprotected

Total Area 21877.26 7634.86 4361.73

Forested area (year 2000, 25-100% tree cover) 6584.61 565.58 589.91

Percentage forest cover in 2000 30.1 7.41 13.52

Forest loss year 2001 (25-100% tree cover) 4.09 1.23 0.76

Forest loss year 2002 3.89 0.31 0.83

Forest loss year 2003 1.49 0.05 0.71

Forest loss year 2004 1.66 0.15 0.28

Forest loss year 2005 1.63 0.09 0.33

Forest loss year 2006 8.41 0.22 3.97

Forest loss year 2007 17.48 1.86 6.82

Forest loss year 2008 4.64 0.25 1.71

Forest loss year 2009 4.77 0.24 0.97

Forest loss year 2010 15.79 0.27 6.18

Forest loss year 2011 2.58 0.14 1.63

Forest loss year 2012 3.9 0.51 1.37

Forest loss year 2013 5.15 0.09 1.06

Forest loss year 2014 6.01 0.13 1.11

Forest loss year 2015 2.04 0 0.73

Forest loss year 2016 3.66 0.02 1.19

Forest loss year 2017 6.08 0.06 2.18

Forest loss year 2018 7.8 0.06 2.34

Forest gross gain 2000 - 2012 (any tree cover) 1.52 0.07 0.22

Additional area of forest loss 241.12 26.97 111.07

Mean annual gross forest loss 2000 - 2018 5.62 0.32 1.9

Remaining forested area (start of 2019) 6483.53 559.9 555.74

Years until total forest loss (25-100% tree cover) 1155 1772 293

Percentage forest cover lost (2000, 25-100% tree cover) 1.54 1.01 5.79

Severity of habitat loss Medium Medium High

Trend in absolute habitat loss (slope and p-value)
Not significant
 (0.08 ,0.691)

Not significant
(-0.03 ,0.115)

Not significant
(0.02 ,0.794)
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Table 5: Metrics of forest cover change in the Bénoué complex in Northern Cameroon. Areas are measured in km2. 
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Equatorial Guinea
Mainland Equatorial Guinea, known as Rio Muni, covers nearly 25,000 km2 in total, of which 
Monte Alén National Park covers nearly 2,000 km2. Over 94% of Rio Muni was covered in 
tropical rainforest in the year 2000, while Monte Alén was nearly 99% forested. This region, 
which has the highest forest cover of any BZS site, comprises a part of the range of the 
Critically Endangered western lowland gorilla. Forest loss is largely restricted to areas near 
to roads, settlements and industrial sites (e.g., the Sendje hydroelectric power plant). Though 
forest loss across Rio Muni has been fairly high (nearly 4%) since the year 2000, Monte Alén 
has experienced low levels of forest loss (just over 0.5%). Across Rio Muni, forest losses 
declined from the year 2000 until 2004, but have rapidly increased since, with a high spike 
in 2014. Within Monte Alén, the rate of forest loss has been steadily increasing since the year 
2000, with a similarly high spike in 2014. This pronounced spike correlates with the 2014 oil 
price crash. This crash caused widespread urban job losses. The resultant urban exodus may 
have increased natural resource extraction in rural areas, fuelling deforestation. If current 
rates of forest loss continue, assuming a constant rate of loss, then forests will persist for 
nearly 500 years across Rio Muni, and almost three and a half millennia in Monte Alén. Both 
within and outside of protected areas, forest loss does not appear to be the main threat to 
gorillas and other wildlife in Equatorial Guinea. Instead, poaching and persecution by farmers 
(in response to crop damage), are likely to be more severe threats. That said, the steady 
increase in the rate of forest loss is a concern for biodiversity conservation in general, and 
should be monitored. 

Figure 8: Map of Mainland Equatorial Guinea (known as Rio Muni. Red polygon in inset map). Major settlements, 
towns, roads, rivers and protected areas are represented by large and small black circles, black and blue lines, and 
purple outlines respectively. Non-forest and forest are represented in peach and dark green, while forest loss and 
forest regrowth (imperceptible) are represented by red and yellow areas.
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Table 6: Metrics of forest cover change in mainland Equatorial Guinea. The metrics Rio Muni exclude the area of 
Monte Alén National Park. Areas are measured in km2.

Metric Monte Alén Rio Muni

Total Area 1939.34 23024.72

Forested area (year 2000, 75-100% tree cover) 1911.16 21644.68

Percentage forest cover in 2000 98.55 94.01

forest loss year 2001 (75-100% tree cover) 0.5 31.31

Forest loss year 2002 0.04 23.9

Forest loss year 2003 0.38 16.32

Forest loss year 2004 0.02 3.05

Forest loss year 2005 0.1 10.66

Forest loss year 2006 0.18 8.32

Forest loss year 2007 0.54 21.24

Forest loss year 2008 0.7 36.58

Forest loss year 2009 0.35 43.26

Forest loss year 2010 0.72 37.98

Forest loss year 2011 0.34 60.53

Forest loss year 2012 0.32 39.52

Forest loss year 2013 1.25 57.27

Forest loss year 2014 1.88 145.75

Forest loss year 2015 0.32 62.24

Forest loss year 2016 1.34 77.12

Forest loss year 2017 0.54 95.71

Forest loss year 2018 0.33 62.87

Forest gross gain 2000 - 2012 (any tree cover) 0.78 46.74

Additional area of forest loss 0.87 183.99

Mean annual gross forest loss 2000 - 2018 0.55 46.31

Remaining forested area (start of 2019) 1901.31 20811.06

Years until total forest loss (75-100% tree cover) 3476.15 449.36

Percentage forest cover lost (2000-2018, 75-100% tree cover) 0.52 3.85

Severity of habitat loss Low High

Trend in absolute habitat loss (slope and p-value)
Increasing 

(0.04 ,0.047)
Increasing

(4.92 ,<0.001)
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Costa Rica
Mainland Costa Rica covers over 50,000 km2 of which roughly one quarter falls within 
the country’s impressive network of highly biodiverse legally protected areas. La Amistad 
National Park, which may be an important area for the conservation of the Critically 
Endangered lemur leaf frog, covers an area of nearly 4,000 km2 (Figure 9). This species is 
thought to inhabit forests between 440 and 1,600m above sea level (IUCN, 2008), though 
this is contested. 

Forest habitats in Costa Rica are highly diverse, including rainforests, cloud forests and 
tropical dry forests. Though forest cover across Costa Rica remains relatively high (around 
60% in the year 2000), only 30% of La Amistad, or 20% of the rest of the country, contained 
potentially suitable habitat for this species in the year 2000. The band of potentially suitable 
habitat is largely constrained to the northern slopes of the mountain ranges which traverse 
the country. There is however considerable uncertainty regarding the historical and current 
range of the species, which is almost certainly far more restricted than the potentially 
suitable habitat. The country has experienced a high loss of suitable forest habitat cover over 
two decades (approximately 4%), while protected areas have experienced only 1% loss. There 
are loci of forest loss, but it is unclear what these correspond to. Rates of loss of suitable 
habitat across Costa Rica show an overall downwards trend, with large differences between 
years, and a high spike in 2009. By contrast, in La Amistad, rates of forest loss have steadily 
increased, though the trend is not significant and shows high inter-annual variability. This is 
concerning as La Amistad is the largest protected area in Costa Rica and is little-researched.

If current rates of loss continue, assuming a constant rate of loss, then suitable forest habitat 
will persist for over 400 years in Costa Rica as a whole, but for nearly five millennia in La 
Amistad. Thus, loss of suitable forest habitat, defined crudely according to tree cover and 
elevation, does not appear to be a preeminent threat for the lemur leaf frog. However, 
this species seems to be associated with ponds, which may be absent from steep slopes, 
even if they are forested and within the suitable elevation range. As such, protecting the 
specific sites where the species is known to be present, and surveying to better understand 
its current distribution and micro-habitat requirements, are very high priorities for its 
conservation. 
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Figure 9: Map of Mainland Costa Rica (red polygon in inset map). Major settlements, roads, rivers and protected 
areas are represented by black circles, black and blue lines, and purple outlines respectively. Non-forest, low 
(0-440m), mid (440-1,600m) and high-elevation (1,600m>) forest are represented in peach, light, mid and dark 
green, while forest loss and forest regrowth (imperceptible) are represented by red and yellow areas.



Metric La Amistad Protected (other) Unprotected

Total Area 3719.96 9442.62 37691.3

Forested area (year 2000, 75-100% tree cover, 440-1600m 
elevation)

1139.38 2464.45 6664.85

Percentage forest cover in 2000 (440-1600m elevation) 30.63 26.1 17.68

Area of forest loss year 2001 (75-100% tree cover, 440-1600m 
elevation)

0.15 1.11 23.06

Forest loss year 2002 0.18 1.24 33.59

Forest loss year 2003 0.16 0.65 12.8

Forest loss year 2004 0.16 0.98 14.23

Forest loss year 2005 0.2 1.27 27.98

Forest loss year 2006 0.19 0.87 21.95

Forest loss year 2007 0.24 0.87 20.9

Forest loss year 2008 0.22 1.34 37.24

Forest loss year 2009 0.5 2.43 53.21

Forest loss year 2010 0.14 2.3 18.34

Forest loss year 2011 0.19 1.99 18.13

Forest loss year 2012 0.17 0.89 24.54

Forest loss year 2013 0.14 0.29 4.52

Forest loss year 2014 0.33 0.31 8.52

Forest loss year 2015 0.04 0.1 3.29

Forest loss year 2016 0.09 0.53 8.23

Forest loss year 2017 0.43 2.78 23.34

Forest loss year 2018 0.6 3.96 24.16

Area of forest gross gain 2000 - 2012 (any tree cover, 440-1600m 
elevation)

0.1 1.09 25.47

Additional area of forest loss (440-1600m elevation) 0.06 2.99 107.19

Mean annual area of gross forest loss 2000 - 2018 (440-1600m 
elevation)

0.23 1.33 21

Remaining forested area (start of 2019, 440-1600m elevation) 1135.27 2440.54 6286.82

Years until total forest loss (75-100% tree cover, 440-1600m 
elevation)

4979 1837.03 299.35

Percentage forest cover lost (2000-2018, 75-100% tree cover, 440-
1600m elevation

0.36 0.97 5.67

Severity of habitat loss Low Low High

Trend in absolute habitat loss (slope and p-value)
Not significant

(0.01 ,0.156)
Not significant
(0.05 ,0.275)

Not significant
(-0.71 ,0.215)
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Table 7: Metrics of forest cover change in mainland Costa Rica. Areas are measured in km2. Forested areas are 
400-1,600m elevation.



SUMMARY DISCUSSION

All Bristol Zoological Society programme sites retain vital habitat for our threatened 
flagship species, and all of them experience some degree of anthropogenic pressure, which 
has reduced the amount of suitable forest habitat over time. Nonetheless, the degree of 
anthropogenic impacts on suitable habitat are uneven across programmes. The Madagascar 
site is under very high threat of ongoing unsustainable habitat loss; the Philippines, Tanzania 
and Cameroon sites are experiencing an intermediate level of threat; whilst the Equatorial 
Guinea and Costa Rica sites are under the lowest threat. This should be taken into account 
when creating conservation strategies for each site. 

At every site where comparisons were made between protected and unprotected areas (The 
Philippines, Cameroon, Equatorial Guinea and Costa Rica), unprotected areas experienced 
markedly higher rates of forest loss. This may indicate that protected areas are an effective 
mechanism of forest protection, and that BZS should support local efforts to legally protect 
areas important for biodiversity. This result should however be treated with caution, as 
protected areas are often deliberately sited in areas less accessible to people and thus 
inherently less prone to anthropogenic disturbance (Andam et al., 2008). 

Though we have attempted to apply a consistent analytic method across sites, inherent 
differences between them should be accounted for when making comparisons. Most 
importantly, the forests in the Cameroon and Madagascar sites are naturally characterised by 
far dryer and sparser tree cover. There are also large differences in the size of the protected 
areas, their terrain and road accessibility, the surrounding human population density and the 
legislative framework under which they fall. One would expect that areas which are larger, 
more mountainous, with fewer roads, lower human population density and stronger legal 
institutions, would benefit from both the passive protection of inaccessibility and active 
conservation protection from nation states and NGOs (Laurance et al., 2002). Monte Alén 
(Equatorial Guinea) and La Amistad (Costa Rica) for example, are both mountainous regions, 
while Sahamalaza is largely accessible on foot from numerous nearby villages. 

The Global Forest Change dataset is currently the best available and most suitable, 
facilitating standardised analysis and comparisons between programmes and over time. 
Nonetheless, limitations of the dataset include i) a lag of 2-3 years before data becomes 
available, ii) lack of annual forest regrowth data, and iii) a crude definition of forest cover, 
which does not distinguish primary from secondary forest or from plantations. The lack of 
clarity over what constitutes forest regrowth, coupled with the fact that many BZS flagship 
species are somewhat dependent on primary or old-growth forest, led us to exclude regrown 
forest in our calculations of long-term sustainability. Arguably over very long time periods, 
the substantial areas of regrown forest, especially in the Philippines and Tanzania, may come 
to have high conservation importance. 

This analysis necessarily involved certain simplifications. The most significant simplification 
is the relatively crude categorisation of forest habitat types and the simple assumptions 
made about species habitat requirements. For example, the Kordofan giraffe is known to be 
associated with savannah and shrubland, as well as forest (Fennessy and Marais, 2018). 
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CONCLUSIONS and RECOMMENDATIONS

Main Conclusions
In this report we conducted GIS analyses of suitable habitat and deforestation for flagship 
species at BZS forested programme sites. We successfully combined global datasets and 
a standardised analytic approach to identify changes over time and make comparisons 
between sites. Our main conclusions were that: 

• Trends in deforestation vary greatly between programmes, with the Madagascar site 
experiencing rates of suitable habitat loss an order of magnitude higher than the 
Equatorial Guinea and Costa Rica sites. 

• In the sites where the landscape included a matrix of legally protected and unprotected 
areas, rates of deforestation were notably lower inside protected areas.

• Most programmes experienced high inter-annual variability in deforestation. In some 
cases, there were trends of increasing deforestation over time, while in others, there were 
clear spikes of high deforestation, the causes of which remain unclear.

Key recommendations
There are some key recommendations for conservation actions which emerge from this 
report, namely:

• Prioritisation/Focus: BZS as a society should ensure that programmes experiencing rapid 
deforestation (e.g., Madagascar) or which have very small remaining areas of suitable 
habitat (e.g., the Philippines) have a strong focus on forest conservation and reforestation 
built into their programme objectives. We should continue to closely monitor programme 
sites with low but increasing trends of deforestation (e.g., Equatorial Guinea). Lastly, we 
should continue to provide support and positive reinforcement for programme partners at 
all programme sites to prevent future habitat loss.

• Communication: Relevant sections of this report, along with the raw data and shapefiles, 
should be disseminated to key stakeholders and programme partners. 

• Analysis: At the level of specific programmes, there is a need to delve deeper into spatial 
and temporal patterns of forest loss to identify anthropogenic threat processes. This may 
include a) identifying the ecological and anthropogenic characteristics at each programme 
which area associated with habitat loss (such as slope, rainfall, soil type, human settlements 
and roads) and b) creating heat maps showing which sub-regions have experienced the 
highest levels of deforestation. This may enable programme managers to co-develop plans 
for sustainable resource management with local stakeholders.   

• Monitoring: A more simplified, but rapid and close to real time method of monitoring 
deforestation should be sought and applied to all BZS programmes. A promising 
candidate would be the use of Global Forest Watch (https://www.globalforestwatch.org/). 
This will allow programme managers and their teams on the ground to investigate large 
deforestation events and alert local authorities. 

• Planning: All of the above should facilitate discussions about Specific, Measurable, 
Achievable Relevant and Time-bound (SMART) actions which need to be taken to 
safeguard the flagship species from ongoing habitat loss. These actions will vary by 
programme, but may include working collaboratively with governments, extractive 
industries, local communities and protected area managers. 
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Future directions
The analyses in this report have great scope to be extended and improved. These measures 
may require additional field data collection, literature reviews and extensive analyses. Future 
directions include: 

• Extending these existing analyses to other flagship conservation species such as the 
Visayan warty pig (The Philippines). This will require identifying the habitat requirements 
for the species, which may include forest cover, elevation and other ecological and 
anthropogenic factors. This will enable us to determine which species in a given 
programme site are under the greatest threat of ongoing loss of preferred habitat. 

• Determine the feasibility of conducting analyses relating to other key anthropogenic 
threats including habitat fragmentation and degradation, overharvesting, climate change, 
pollution, introduced species and pathogens. This should be a medium-term aim as part of 
our general commitment to identifying, monitoring and mitigating anthropogenic threats 
to our flagship species. 
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