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ABSTRACT: 

In biodiversity conservation, ecological corridors are assumed to increase landscape-level connectivity and to enhance the viability 

of otherwise isolated wildlife populations. Mapping these corridors serves as a feasible method to support forest management efforts 

in pinpointing areas to give special attention to. Here, we assess the current forest presence in the 3,000 hectare Mt. Lantoy, Key 

Biodiversity Area in Argao, Cebu and present potential forest corridors that could enhance the canopy cover of the current protected 

area. We present a method to map the potential corridors through the identification of the forest patches obtained from the global 

forest cover dataset and the creation of a species distribution model for the black shama, an endemic bird species in Cebu island and 

a great biodiversity indicator for the area. Our ecological corridors were acquired through the sum of the cost distance rasters 

obtained from the weighted overlay and cost surface tools of the black shama habitat suitability model. With the obtained corridors 

from the study, four potential forest corridors/ extensions were identified connecting five different forest patches. These corridors 

have areas that range from 0.47 – 2.17 square kilometers, with a potential to increase the forest cover in the KBA to more than 33% 

after corridor modelling. 

1. INTRODUCTION

All the tropical forest ecosystems combined host at least two-

thirds of the total terrestrial biodiversity in the world. 

Unfortunately, the last century has marked an astonishingly 

rapid decline regarding the extent of tropical forests around the 

globe (Gardner et al., 2009). It has been estimated that 350 

million hectares have been deforested and another 500 million 

hectares of tropical forest have been degraded. The 

consequences of this are the loss of ecological services, which 

include the loss of biodiversity and watershed protection, the 

loss of many goods, like timber and non-timber forest products 

and the loss of means of existence for tribes inhabiting the 

forest (Lamb et al, 2005).  

In response to this, several actions have been undertaken to 

reduce the impact of forest degradation. The first response has 

been to expand protected areas to help protect the remaining 

biodiversity. However, since the forest provides an important 

source of income for a huge part of the population, expanding 

protected areas which were previously a source of income for 

the population cannot be implemented without boundaries. 

Another response has been to improve the use of abandoned 

land by means of agriculture, so there is less need to deforest 

new land for agriculture. As a last resort, some actions have 

been undertaken in the form of reforestation. Unfortunately, 

even with the previous mentioned actions, there still has been a 

gradual decline, simplification and homogenization of some of 

the world’s most biologically diverse landscapes (Lamb et al, 

2005).  

Most of the degraded landscapes have turned into a mosaic of 

land, with patches of intact residual forest, productive 

agricultural, as well as degraded lands. Analyzing the patch 

dynamics has proven to be a valuable tool to predict changes in 

the biodiversity of an ecosystem. External conditions including 

climate change and habitat fragmentation will change the 

internal dynamics of patches (Gardner et al, 2009). To detect 

these changes, geographic information systems (GIS) can be 

used to map data in order to investigate relationships and 

changes among patches. This data can consist of elevation data, 

locations of animal observations or boundaries of habitat areas 

(Green & Cousins, 1997). 

1.1 Study Area 

The study area chosen was the Mt. Lantoy key biodiversity area 

(KBA) in the municipality of Argao, South Cebu (Fig. 1). Aside 

from being a recognized KBA, Mt. Lantoy is also considered a 

an important bird area. Species found in the vicinity include 

numerous native and endemic flora and fauna such as 26 

threatened endemic tree species and the endangered black 

shama (Copsychus cebuensis). 

Figure 1. Study Site: Mt. Lantoy Key Biodiversity Area 
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2. RELATED LITERATURE 

In the process of protecting wildlife, national parks and 

conservation reserves are established. The establishment of 

ecological corridors between nature reserves can connect 

isolated habitats and reduce the rate of species extinction. The 

paths for wildlife movement can be defined as ecological 

corridors (Santos et al., 2018). There are various benefits of 

building ecological corridors such as, protecting the diversity of 

species, diffusing the animals (Merriam & Lanoue, 1990), 

increasing the exchange of genes, and reducing the risk of 

extinction (Kupfer & Malanson, 1993). On the other hand, an 

ecological corridor could be a channel for the spread of harmful 

organisms, which is a disadvantage to the survival and spread of 

the target animals for protection (Simberloff & Cox, 1987). 

 

In studies on the identification of the ecological corridor, the 

theories of island biology and meta-population have usually 

been suggested as the theoretical foundation. The structure of 

the ecological corridor refers to the combination of number, 

background, width, degree of connectivity, composition, and 

characteristics of key points (Zhu et al., 2005). Forman (1995) 

suggested that corridors can be the habitat of wildlife and can 

act as a channel, source, sink, obstruction, and filter for 

biological movement (Forman,1995). 

 

One of the earliest practical recommendations for land use to 

arise from studies of habitat fragmentation was for fragments to 

be linked by a corridor of similar suitable habitat to have greater 

conservation value (Diamond, 1975). This initial 

recommendation was based entirely on theoretical 

considerations, primarily stemming from island biogeographic 

theory. Subsequently, protection or provision of continuous 

corridors of habitat to link isolates such as nature reserves, 

woodlands or patches of old-growth forest have been widely 

recommended as conservation measures to counter the impacts 

of habitat reduction and fragmentation. 

 

Why has there been such widespread interest in corridors as a 

conservation measure? First, the concept is intuitively appealing 

as a practical measure that responds directly to the isolating 

effects of habitat fragmentation (i.e. if isolation of habitats is the 

problem, then linking them together is the solution). It is also a 

visible solution to a visible problem (Bennett, 1999). Habitat 

corridors are a visible sign of efforts to ‘mend’ the fragmented 

landscape like ‘bandages for a wounded natural landscape’ 

(Saunders & Hobbs, 1991). Second, the concept of providing 

linkages for conservation can be applied at several scales which 

is relevant both to local conservation efforts and to regional or 

national strategies. In local environments, habitat links can be 

protected, managed or restored at the level at which individuals 

or community groups are able to carry out conservation works. 

It is feasible for local communities to actually manage linkages 

in their local environment and see visible environmental change 

as a result (Bennett, 1999). 

 

At regional scales, connecting large core areas of wildlife 

habitat requires corridors – land managed for its function as 

routes for wildlife movement and dispersal (Saunders & Hobbs, 

1991). The notion of connective habitat corridors implies a 

system of corridors and the core areas of habitat which they 

serve to link. Conceptual models of core areas, movement 

corridors, and buffer zones have been proposed by several 

workers (Saunders & Hobbs, 1991; Noss et al., 1996; O'Connell 

& Noss, 1992) as frameworks for long-term regional scale 

conservation of wildlife.  

 

In order to contribute to defining a scientific framework for 

linkage zone assessment (or corridor analysis) an independent 

effort to delineate wildlife corridors according to the 

conservation biology model (cores, corridors, buffers) at 

regional scale in a specific geographic area was reported by the 

researchers. Using Geographical Information System (GIS), a 

conceptual model of core areas, movement corridors, and buffer 

zones can be created.  

 

Wildlife does not recognize the boundaries created by human 

activity. The creation of highways across the habitats of large, 

roaming mammals often results in significant deaths such as 

when bears attempt to cross highways which pass through their 

ranges. Specific crossing points can be built as part of a 

highway project, but where should wildlife corridors be placed 

to maximize their value? In a study to find the best approach to 

creating linkages between areas of the range of black bears 

where the Trans-Canada Highway passes through Banff 

National Park, Alberta, Canada (Clevenger & Et al., 2002), GIS 

played a key part. Suitability maps indicating the areas that are 

most likely to be selected by bears for crossing points were 

developed with GIS software. Several sources of data on bear 

movements were used to create and compare models to predict 

the most likely linkage points that would be used by bears, to 

minimize both construction costs and road-kill. This kind of 

successful research highlights the advantages of GIS models 

over the time-consuming and expensive process of collecting 

data in case-by-case situations. 

 

Conservation biology places a major emphasis on the 

preservation of biodiversity. This means that data on the 

distribution of endangered species and of suitable habitats for 

such species is of utmost concern to biologists working in the 

field. Like animals, plants also do not recognize man-made 

boundaries or borders. In a study of endangered tree species in 

Egypt (Salem, 2003), GIS systems were used for effective map 

overlay of the ranges of endangered plant and of habitat areas 

including those already declared as reserves and those still 

proposed at the time of the study. This research addresses a 

critical issue in biodiversity conservation, the ability to match 

conservation areas with the actual distribution of a wide variety 

of species within a target area. By using these GIS maps, 

botanists and wildlife managers can visualize and present 

suitable data to optimize the boundaries of reserves during their 

creation. This can achieve the highest rate of biodiversity 

preservation in the complex negotiations necessary to balance 

social and economic needs with habitat and species 

conservation. 

 

Currently, fragmentation has become a global issue, and 

anthropogenic activities are considered as the main cause for the 

loss of connectivity between different habitats (Vitousek et al., 

1997). With the rapid development of the economy, the 

construction of roads is one of the main reasons for biodiversity 

loss, and it is also a barrier for wildlife movements. The 

importance of roads in socio-economic development includes 

connecting geographical space and human socio-economic 

activities, promoting local economic development, and growing 

social wealth. However, roads also bring about various adverse 

effects on ecosystems and natural landscapes (Liu & Et al., 

2013). 

 

Construction of lines and strips (e.g., railways and expressways 

create ‘road-effect zones’ that affect land use, soil stability, 

vegetation, landscape pattern, habitat or landscape connectivity, 

ecological risk, animal migration, wildlife corridor, and 
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ecosystems. They can serve as obstacles to separate different 

parts of landscape, acting as a barrier and filter for wildlife 

(Forman & Alexander, 1998; Pan & Liu, 2015).  

  

2.1 Black Shama 

One of the species that is negatively affected by these rapid 

changes in the landscape is the black shama. The black shama 

(Copsychus cebuensis) is endemic to Cebu Island. Its habitat is 

primary forest and the dense undergrowth of secondary habits 

along valleys that have a high percentage of canopy cover. The 

black shama has also been found in scrub and cut-over forests, 

bamboo groves and plantations. However, according to 

Jakosalem and Paguntalan (2007) the black shama prefers forest 

habitats but due to the degradation of these, it is forced to 

inhabit degraded habitats as well (Malaki et al., 2018).   

 

The black shama became an endangered species due to its small 

range and population size both of which are continuously 

declining. The degradation processes posed by human activities 

including settlement, shifting cultivation, firewood gathering, 

illegal cutting of trees for house construction, land use 

conversion, and habitat clearance for mining led to severe 

fragmentation of the black shama’s habitat. This puts extreme 

pressure on the few remaining subpopulations that are still 

found in Cebu Island (Malaki et al., 2018).  

 

An important consideration in restoration efforts for endangered 

species is to maintain a high genetic diversity. A significant 

level of genetic diversity should be maintained in 

(sub)populations since it is the basis of the evolutionary 

potential of species to respond to environmental changes. As the 

remaining black shama subpopulation inhabit different patches, 

they became divided to different breeding groups. Thus, an 

important consideration is to (re)connect these subpopulations 

to maintain a certain level of genetic diversity (Toro & 

Caballero, 2005). 

 

 

3. PROPOSED METHOD 

The elevation raster used for this study was a digital elevation 

model from the Phil-LiDAR project, the slope raster and feature 

vectors were derived from this dataset. The forest cover and the 

tree density rasters were derived from Hansen et al.’s (2018) 

global forest change dataset from the Google earth engine 

database. The bioclimatic variables used for the ecological  

niche model was obtained from the worldclim website, an open 

source repository for climate bioclimatic variables. Black shama 

distribution shapefiles were derived from gathered field 

observation data from Malaki et al. (2018).   

 

3.1 Identifying Habitat Patches 

Because available forest cover datasets over-exaggerated the 

forest covers and encompassed forest zones rather than actual 

canopy covers the following method was used to identify the 

study’s forest patches.  

 

Habitat patches were identified using the tree density raster 

from the global forest change dataset acquired from Google 

Earth Engine (Hansen et al., 2013). Patches with at least 60% 

canopy cover were extracted from the dataset and thus serves as 

the forest patches for the study (Fig. 2). 

 

 
Figure 2. Map (A) shows the tree cover dataset used and Map 

(B) shows the extracted forest fragments 

 

In the interest of creating forest corridors for important species 

like the black shama, we identified source fragments as those 

with known shama populations taken from Malaki and 

colleagues’ (2018) study dataset and those without data as 

destination fragments (Fig. 3). 

 

 
Figure 3. Map (A) shows the source forest fragments in light 

green while Map (B) shows the destination forest fragments.  

 

3.2 Black Shama 

The black shama (Copsychus cebuensis), an endemic interior 

bird species preferring intact forests (Labrador & Patindol, 

2006), is considered as the primary indicator species for the 

study.  Birds serve as good environmental indicators because 

they are easy to detect and are easily observed. If a habitat does 

not fulfill their habitat requirements they take flight and find 

better habitats.  

The black shama, a specialist species only found in select 

forests in Cebu island is considered highly sensitive to habitat 

change, evidenced through its dwindling number and its 

endangered status parallel to the continued degradation of forest 

habitats in the province. Furthermore, canopy cover has shown 

to have a significant positive correlation to black shama 

population densities (Malaki et al., 2018), making them great 

indicators to help model possible forest corridors. 

 

For this reason, this study utilizes black shama occurrence data 

from Malaki and colleagues (2018) to create the habitat 

suitability analysis and climate change adaptation aspects. 

 

3.3 Ecological Niche Modeling 

In coming up with the black shama’s ecological niche, A 

species distribution modeling package in the R open source 

environment was used. Data pre-processing of the worldclim 

climate data was done through clipping, reclassifying and 

projecting the needed materials and more importantly, 

converting these environmental layers from Rasters to ASCII.  

 

The model was created through the prediction of a species’ 

potential distribution by estimating the fundamental ecological 
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niche of a species given the contribution of the climate 

variables. The niche model used for the study is shown in 

Figure 4  

 

 
Figure 4.  (A) Black shama ecological niche model 

 

 

3.4 Cost Surface  

For the analysis, the value of one was given to the flattest slope 

and ten for the steepest ones.  In the case of the elevation raster, 

one (1) was given to 100 to 1000 MASL, and two (2) for higher 

altitudes with respect to Malaki et al.’s (2018) study citing 

Philippine forest bird sightings getting rarer with elevations 

greater than 1000MASL. 

 

One (1) was given for areas closest to the water bodies and ten 

(10) for the farthest. The opposite score was given for areas in 

the vicinity of roads and densely populated areas, ten for areas 

closer or directly in human interference and one farthest from it. 

 

The ecological niche layer was scored one for those with higher 

black shama predictions and ten for the other end of the 

spectrum. Similarly, the tree density layer scores one for denser 

tree canopies and ten for those with no canopy cover. 

 

Weighted Overlay: For the weighted overlay, all layer scores 

were added assuming equal weight for all input layers (Fig. 5). 

 

 
Figure 5. Cost Raster visualizes the cost in each cell for 

connecting forest fragments in Mt. Lantoy KBA 

 

3.5 Identifying Potential Ecological Corridors 

 
Figure 6.  (A) Source Cost Distance Raster and (B) Destination 

Cost Distance Raster 

 

The ecological corridors were acquired through the sum of two 

cost distance rasters obtained from the (1) source and (2) 

destination forest patches. These cost distance rasters compute 

the cumulative cost of travel for each cell away from its 

neighboring ones. Figure 7 shows the computed cost path.  

 

 
 

Figure 7.  Cost path raster in linking different forest fragments 

 

Ultimately, our ecological corridors were produced by selecting 

the least cost path from different connectivity networks in our 

cost path raster. Figure 8 shows the computed least cost paths 

for our fragments on the left (A) and the least cost connectivity 

path to join all forest fragments on the right (B).  

 

 
Figure 8. (A) Least cost paths and (B) Cost Connectivity 
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4. DISCUSSION AND CONCLUSIONS 

4.1 Results and Discussion 

The cost distance output of the study’s analysis identifies 

concentrated areas of low cost possible forest corridors and 

forest extensions suitable for black shama habitat. Figure 9 and 

Table 1 shows the four computed corridors for Mt. Lantoy 

KBA, the largest of the corridors being 2.17 square kilometres 

linking a source fragment to a destination fragment.  

 

 
Figure 9. Computed ecological corridors 

 

 

ID Area (km2) 

1 2.171907 

2 2.101228 

3 0.465535 

4 0.487642 

Table 1. Forest Corridor Patch Areas 

 

With the obtained corridors from the study, four potential forest 

corridors/extensions were identified connecting five different 

forest patches. These corridors have areas that range from 0.47 

– 2.17 square kilometers; together with the existing forest 

patches, this adds up the forest area inside the KBA to 15.7 

square kilometers of forest. 

 

4.2 Conclusion, Research Limits and Future Research 

Directions  

This study has shown us that it is possible to create ecological 

corridors within the Mt. Lantoy KBA with the use of GIS data. 

If the modeled corridors could be managed to become a reality 

we would see a 33% increase in the existing 10.47738 square 

kilometers of forest cover in the area and in doing so, could also 

protect and conserve the biodiversity in our local KBAs.  

 

Seeing as the research process is a feasible method to support 

forest management efforts by pinpointing areas to give special 

attention to; it could be a great advantage to the local 

communities and government units to incorporate scientific 

efforts like this in the creation of their land development and 

forest land use plans. Plans especially enhanced with climate 

change models could increase the adaptive capacity and 

therefore the usefulness of these management plans. If we see 

the increased forest area become a reality, we would not only 

see an increase in the habitats for black shama and other forest 

birds, but more importantly we will see an increase in the 

ecosystem services these forests could provide the surrounding 

communities and ecosystems.  

 

This research has utilized various geospatial layers to map the 

local KBA, with most datasets coming from global open source 

repositories. If the local government units and organizations in 

the Philippines share their respective data, perhaps the studies 

created for biodiversity and ecological conservation efforts 

would be more comprehensive and thorough.   

 

With detailed information regarding land use and land 

development plans, similar researches for forest conservation 

and terrestrial biodiversity protection could be tailored to fit the 

local community better.  Future research topics in the same 

trajectory could be further improved by including the dynamics 

of the local community who conduct their livelihood and grew 

up with these forests. It is imperative for conservation efforts to 

include these communities who not only benefit from these 

forest ecosystems but more importantly are the ones who act as 

stewards in the protection of their environment and 

surroundings. 
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