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Cover Photo 

The Calamian Deer (Axis calamianensis) is an endemic species of Palawan. This 

species is found only in the Calamian Group of Islands. Aside from its captivating 

natural beauty, Palawan is high in endemism.  It is habitat to unique flora and fauna. 

(Photo credit: PCSDS, 2004) 
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As the yearend of fruitful 2018 beckons, the Palawan Council for Sustainable 

Development Staff (PCSDS) is pleased to present to the public its 4th edition of Our Palawan 

Journal. This is the wrap-up of our initiatives, research papers and related activities that were 

completed during the last semester of the year.   

We have envisioned that this journal will serve as platform for publication of the research 

works for student-researchers, professionals and experts who are willing to share the results and 

findings of their study. Looking back from our first edition in 2015, we are pleased that so far, we 

have published 4 volumes comprising of 28 materials for the last 3 years. 

PCSDS is committed to support our would-be partners in this similar endeavor. As we 

desire to maximize the objectives of this initiative, we encourage researchers and students alike to 

share their works in this medium. We are confident that information sharing will lead to better 

understanding of the natural processes in our environment and the resources present therein. Inter-

connectivity within our biodiversity is off hand an exciting premise that can pique interests and 

imagination. We must pursue learning and in doing so, there might just be some new discoveries 

and new potentials worthy of further exploration. We will continue to dream that one day soon, 

there could be a discovery of a valuable component from our flora and fauna that will cure or treat 

diseases or even prevent illnesses in the future. Who knows, something worthy of commercializa-

tion or an industry-based potential is just within reach from our rich environs.   

Our province is endowed with a wealth of natural history. It is a living laboratory with 

massive opportunities for further study and discovery. Palawan is a paradise so fragile. As such, 

we must ensure that the processes are consistent with the provisions and issuances promulgated 

under the SEP for Palawan Act. Environmental research is one of the strategic approaches being 

espoused under the tenets of RA 7611, hence, we are trying to continuously broaden this platform 

for both basic and applied research.  

In this issue, we are publishing four (4) researches, two of which are contributions from 

partner researchers while the other two are in-house studies conducted by PCSDS. We also 

feature articles of our staff presented during the 3rd National Conference on Sustainable 

Development and 4th Palawan Research Symposium.  A new monitoring tool to ensure   

Sustainable and Responsible Mining in Palawan Biosphere Reserve (Philippines) called 

Sustainable Management Online Tool (SMOT) is also featured. These are among our recent 

initiatives which we deemed worth sharing.   

In behalf of the PCSD Staff, I would like to thank our contributors for unselfishly 

supporting this endeavor. 

 

NELSON P. DEVANADERA 
Executive Director 

Palawan Council for Sustainable Development Staff 

EXECUTIVE DIRECTORôS MESSAGE 
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About the Journal 

 

 

Our Palawan is an Open Access journal. It is made freely available for researchers, students, and 

readers from private and government sectors that are interested in the   sustainable management, 

protection and conservation of the natural resources of the Palawan Biosphere Reserve.   It is acces-

sible online through the websites of Palawan Council for Sustainable Development (pcsd.gov.ph) 

and Palawan Knowledge Platform for Biodiversity and Sustainable Development 

(pkp.pcsd.gov.ph).  Hard copies are also available at the PCSD Library. These are also provided to 

our partner government agencies and academic institutions.  The authors and readers can read, 

download, copy, distribute, print, search, or link to the full texts of published articles. 

  

Our Palawan practices a double-blind peer review. The review process has basically three stages: 

(1) primary checking (the Editors make sure that the manuscript complies with the Authorôs Guide-

lines); (2) review by the external reviewers, involving an assessment of its suitability for publication 

(compatibility with Our Palawanôs aims and scopes, evidence of  research, sufficiency of refer-

ences to the international literature, and scientific soundness); and (3) proofreading and checking 

whether the article is written in compliance with the Authorôs Guidelines. 

 

Submission of Manuscript.  For the next issue, submission of manuscripts is now open for           

acceptance. Manuscripts should comply with the Authorôs Guidelines which could be obtained by    

e-mail from the Editors at research@pcsd.gov.ph and pcsdresearch@gmail.com.  You may visit us 

at PCSD Building, Sta. Monica Puerto Princesa City, Palawan. 

  

Copyright. The articles for publication should not violate the other authorôs rights and copyright, 

fully or partially, through plagiarism (including self-plagiarism) or inclusion of   elements (such as 

figures and photos) that do not belong to the author and for which no written consent to use is given 

by the owner. The author ensures that the paper has not been published or submitted for publication 

to any other journal and that the research described in the paper is original.  The author also            

assumes full responsibility for the contents, correctness and originality of the paper. 
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ABSTRACT 

 

Palawan is one of the Philippineôs remaining islands with the 

largest forest tracts left.  However, despite retaining approximately 

50% of its original forests, it is under threat of degradation due to 

anthropogenic activities; affecting many species of fauna and flora. 

In this study, we present the identification of important habitats for 

endemic and threatened species in the northern part of Victoria-

Anepahan Mountain Range, in Puerto Princesa, Palawan. We 

identified important habitats based on vegetation in eight 

Barangays through supervised classification of 2017 land satellite 

image (Landsat 8). Classification was performed using the Semi-

Automatic Land Classification plugin of Quantum GIS. To 

determine species highest concentration across the study region, 

we produced distribution models for 41 species using the 

maximum entropy algorithm implemented in Maxent.  Finally, we 

assessed the Environmentally Critical Areas Network (ECAN) to 

determine if current zones are positioned appropriately to protect 

the endemic and threatened species. Our results show that the 

largest extent of pristine forest is found in Bacungan, Inagawan, 

Iwahig and Napsan, however, these areas are also facing habitat 

degradation as indicated by relatively large extent of secondary 

growth and cultivation.  Species distribution modeling shows that 

the predicted highest species concentration has been found in 

pristine forests of lowland areas between 100-900 meters elevation, 

with the maximum species overlap of 36 species. Whereas the 

predicted lowest species overlap (<20) is found in mountain tops 

(>1000 m) and in open areas.  The assessment of ECAN revealed 

several mismatches between the current zones and important 

habitats.  The results of this study recommend the reevaluation and 

rezoning of the ECAN zones.   

Identifying Important Habitats of Endemic and Threatened Species  
in Puerto Princesa, Palawan 

*Palawan Council for Sustainable Development Staff 

Keywords:   

Threatened species 
Endemic species 
Habitat 
Victoria-Anepahan      
Mountain Range 

Puerto Princesa City 
Palawan 
 

*Commissioned study by the Palawan Council for Sustainable Development Staff 

 

Our Palawan 
The Scientific Journal of Palawan Council for Sustainable Development 

Research and Analysis 
Life on Land 

         

PCSDS/Our Palawan 4(2018):1-20  
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INTRODUCTION 

 

 Tropical habitats are being altered 

extensively at an increasing rate (Sodhi et al. 

2004, 2010). Changes are often attributed to 

anthropogenic activities, causing biodiversity 

loss globally (Hoffmann et al. 2010; Laurance 

et al. 2012; Hudson et al. 2014). Reducing the 

impacts of habitat modifications on biodiversity 

is one of the most urgent challenges in 

conservation. In recent years, intensive efforts 

have begun to address this problem. Several 

organizations have developed strategies to 

determine critical areas and habitats for 

biodiversity, i.e. areas which require immediate 

conservation action, to inform management and 

guide conservation spending (Mittermeier et al. 

1998; Myers et al. 2000). However, this 

exercise is often done on global, national and 

regional scales, with limited information 

available on how important areas should be 

identified on a local scale. There are no standard 

guidelines and specific methods to identify 

important areas, but many countries generally 

utilize the measure of óirreplaceabilityô and 

óvulnerabilityô as a tool (Brooks et al. 2006). 

Irreplaceability includes information on the 

areaôs biological richness, diversity and 

endemism (Margules and Pressey 2000; Myers 

et al. 2000; Stattersfield et al. 2005). Vulnera-

bility includes information on biological threats 

such as logging and clearing. It also includes 

information on threatened species, land tenures, 

expert opinion, and environmental and spatial 

variables (Margules and Pressey 2000; Brooks 

et al. 2006). For instance, in the Philippines, a 

total of 117 Important Bird Areas (IBA) 

(Mallari et al. 2001) and 206 Conservation 

Priority Areas (PBCPP 2002) were identified 

based on these measures.  

 The biodiversity of the Philippines is 

extremely rich and unique, with approximately 

15,000 known plant species and more than 

1,300 terrestrial vertebrates (Brown and 

Diesmos 2009). Despite the remarkable 

composition of fauna and flora, it is under 

intense pressure from direct persecution (e.g., 

hunting) and severe habitat loss through forest 

degradation and deforestation (Catibog and 

Heaney 2006; Posa et al. 2008). In fact, over the 

last decades, the country had lost around 90 % 

of its original forest cover (ESSC 1999; Mallari 

et al. 2001). Luzon and Palawan are among the 

last remaining islands in the country with the 

largest extent of forest left (FMB 2013). 

Palawan is hailed as the Philippineôs last 

frontier of biodiversity because it retains about 

50% of its natural habitats, which still supports 

viable populations of endemic and globally 

threatened species (Quinnell and Blamford 

1988; PCSD 2010). In 1992, to avoid further 

degradation and to sustainably manage 

Palawanôs remaining natural habitats, the 

Republic Act 7611, also known as the 

ñStrategic Environmental Plan (SEP) for 

Palawanò, was enacted. The SEP is a compre-

hensive policy framework for the sustainable 

development of Palawan, protecting and 

enhancing the natural resources and endangered 

environment of the province. As the main 

strategy of SEP, a zoning scheme called the 

Environmentally Critical Areas Network 

(ECAN) was established. ECAN is a graded 

system of protection and development control in 

which natural resources (both terrestrial and 

marine/coastal areas) are subject to the 

following management scheme and zonation: 

(1) a core zone with maximum protection and 

free of anthropogenic disturbance, (2) a buffer 

zone, in which regulated use of resources is 

permitted and which is divided in sub-zones: 

restricted, controlled and traditional use, and (3) 

a multiple use zone, in which settlements, 

urbanization, industrialization, agricultural 

activities and fisheries may be undertaken. 

Since 1993, ECAN maps were made and 

regularly updated to incorporate new data and 

adapt to developments in the province. 

 In this study we aim to identify and map 

out the location of locally important habitats of 

endemic and threatened species in Puerto 

Princesa, particularly the area of the Victoria-

Anepahan Mountain Range (VAMR), in 

support to the current initiative of the Palawan 

Council for Sustainable Development (PCSD) 

and the local government units to update the 

ECAN zones of the city. 

PCSDS/Our Palawan 4(2018):1-20  
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METHODOLOGY 

 

Study site 

 Puerto Princesa is found at the center of 

the Palawan island with a total land area of 

2,380 km2 (Figure 1). It is the only city and 

highly urbanized area of the province. The city 

is surrounded by a mountain chain with highest 

peak reaching circa (ca) 1,500 meter above sea 

level. Natural habitat is mostly lowland and 

semi-evergreen rainforest, with different forest 

types occurring on basaltic, ultrabasic and karst 

limestone bedrocks (Quinnell and Blamford 

1988; Mallari 2001). Puerto Princesa has an 

annual mean temperature and precipitation of 

27.43 ÁC and 1,560 mm, respectively. There are 

three Key Biodiversity Areas (KBA) found in 

Puerto Princesa. These are the Puerto Princesa 

Subterranean River National Park (PPSRNP), 

Cleopatraôs Needle and a part of the Victoria-

Anepahan Mountain Range (VAMR) (Mallari et 

al. 2001; PBCPP 2002). The VAMR extends 

from Puerto Princesa to the municipalities of 

Aborlan, Narra and Quezon. It has a total land 

area of 164,700 hectares, with the largest area 

of Palawanôs forest found on ultramafic rocks 

(Mallari et al. 2001; Fernando et al. 2008).  

Figure 1. Map of Puerto Princesa City, showing the extent of the  Victoria-Anepahan Mountain 
Range (in red polygon) and the Barangays, visited during the rapid assessment of 
vegetation. 

Vegetation analysis 

 In March 2018, a rapid assessment of 

vegetation in the northern part of VAMR in 

Puerto Princesa was conducted, covering the 

barangays of Bacungan, Simpocan, Bagong 

Bayan, Napsan, Montible, Iwahig and Irawan 

(Figure 1). During the assessment, we collected 

geographic coordinates of different habitat types 

such as cultivation, mangroves, secondary 

growth and pristine forests, to be used as 

reference points for supervised vegetation 

analysis (i.e., habitat types were classified based 

on collected samples or training points). We 

also utilized a drone unit (Phantom 3 Pro) to 

collect photographs and coordinates of 

inaccessible areas (e.g., steep terrains, deep 

forests). We performed vegetation analysis 

using a Land Satellite (LANDSAT 8 OLI) 

PCSDS/Our Palawan 4(2018):1-20  
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image obtained in April 2017, courtesy of 

United States Geological Survey (Figure 2). The 

image was processed using the ñSemi-

Automatic Classification v. 5.3.11ò plugin in 

Quantum GIS v. 2.18.18 (Congedo et al. 2013). 

We used four vegetation classes: (1) cultivation 

(including kaingin, coconut plantations and 

other forms of agricultural activities), (2) 

mangrove forest, (3) secondary growth (<20 

years old) and (4) pristine forest (>20 years 

old). The estimated cover of each vegetation 

type was also calculated. However, the 

calculated area may not be the most accurate, 

because there were areas covered by cloud, 

which we had to exclude from the calculation 

(see Figure 2). A generated vegetation map was 

used to delineate the potential extent of 

important habitats of endemic and threatened 

species. All maps were produced using 

Quantum GIS. 

Species distribution modeling 

 To determine the important habitats of 

endemic and threatened species in Puerto 

Princesa, we performed a predictive modeling 

for 13 birds, 8 mammals, 8 amphibians, and 12 

plant and tree species. We utilized two datasets 

for the modeling: environmental variables and 

species occurrence records. Twenty-one 

environmental variables were used as 

predictors, composed of climatic and 

topographic conditions and vegetative cover 

(Supplemental Information Table 1). Climatic 

variables were obtained from WorldClim 

(http://www.worldclim.org), a 30 arc-second 

climate data designed for developing 

distribution models. We obtained a digital 

elevation model (DEM) from Shuttle Radar 

Topography Mission (http://srtm.csi.cgiar.org) 

and utilized it to construct slope and aspect 

variables, using the ñterrain analysisò plugin of 

Figure 2. LANDSAT 8 image (natural color) used in vegetation analysis. Red dots indicate the 
collection sites of training points used for classification. Source: US Geological Survey. 
https://earthexplorer.usgs.gov 

PCSDS/Our Palawan 4(2018):1-20  

https://earthexplorer.usgs.gov


É2018 Palawan Council for Sustainable Development                                                                                                                                         5 

 

 

 

Quantum GIS v.2.18 (QGIS; http://

www.qgis.org). Vegetative cover of 2010 was 

obtained from the National Mapping and 

Resource Information Authority of the 

Philippines (NAMRIA).  All variables were 

processed in QGIS as raster, with a spatial 

resolution or pixel size of 0.08333 (ca. 1 km2). 

Species occurrence records are geographic 

coordinates of sites where the species have 

been recorded. We used species records from 

our field surveys, which were collected 

between 2014 and 2018, and supplemented 

them with records from the literature and data 

from online repositories such as the Global 

Biodiversity Information Facility (GBIF). The 

number of occurrence records used ranged 

from 5 to 67 (Supplemental Information- Table 

2). Species with less than five records were not 

included in the analysis because this would 

give extremely poor results. 

 We used the maximum entropy 

algorithm implemented in Maxent v.3.3.3k to 

develop the models. Maxent is one of the most 

popular and best machine learning tools for 

predicting species distribution and habitat 

suitability (Elith et al. 2006; Hernandez et al. 

2006; Phillips et al. 2006). Maxent is also 

known for its capability to handle both 

categorical and continuous data, small 

occurrence records and integrate interactions 

between variables. Prior to modeling, we 

created a sampling bias raster file, using the 

species occurrence records to account for 

sampling effort across the study area. This was 

done to avoid those areas which were not 

sampled (i.e., no records) to be automatically 

classified as unsuitable for the species 

(Supplemental Infomation Figure 1). The 

sampling bias raster file was constructed using 

the Gaussian Kernel Density Estimation of 

GRASS plugin in QGIS. During the modeling 

process, we used the linear and quadratic 

feature of Maxent, as recommended for small 

records (<100), and adjusted the regularization 

parameter to 0.25 (Phillips et al. 2004). To 

provide more space for the model to converge, 

the maximum iteration was set to 5000. These 

were the only adjustments made to Maxent 

with the other settings set to default. We 

applied a minimum training presence threshold 

value to Maxentôs continuous output or logistic 

model to represent the species potential 

distribution. Final output for each species is 

represented by a binary (threshold) map, with 0 

and 1 values indicating absence and presence 

of species, respectively.  

 

Identification and delineation of important 

habitats 

 We identified and delineated important 

habitats based on species distribution model 

(SDM) outputs and vegetation analysis. Model 

outputs or binary maps for each taxonomic 

group were amalgamated in QGIS using the 

raster calculator. All areas in which species 

were predicted as being present (indicated by 

1) were added to determine the areas with the 

highest species concentrations or overlap. This 

process was repeated for all taxa, producing a 

single map of species richness. Then the 

generated species richness map was overlaid to 

the vegetation map to strategically identify and 

delineate the extent of the important habitats. 

For instance, areas with the highest species 

concentrations (25-36) and located in pristine 

forest were classified as important, and 

therefore may be considered as areas that 

would require a full course of protection. 

Delineated important habitats were also 

overlaid to current ECAN zones to determine 

potential mismatches and derive new 

information on how the zones could be 

reclassified properly to facilitate a full extent of 

protection and management. 

 

RESULTS AND DISCUSSION 

 

Vegetation status 

 Vegetation status in the northern 

portion of the Victoria-Anepahan Mountain 

Range, based on the analysis of 2017 land 

satellite image, indicates that Bacungan, 

Inagawan, Iwahig and Napsan encompass the 

largest area of pristine forest, whereas Irawan 

and Simpocan encompass the smallest area. 

The largest extent of secondary growth forest is 

also found in Bacungan, Inagawan, Iwahig and 

Napsan, and the smallest extent in Montible, 

Simpocan and Bagong Bayan. The largest area 

of cultivation or open area is found in 

Bacungan, Inagawan and Iwahig. Montible, 

Bagong Bayan and Simpocan contained the 

smallest extent of open area or cultivation 

(Table 1 and Figure 3). These results therefore 

suggest the following: (a) despite that 

Bacungan, Inagawan, Iwahig and Napsan are 

covered the most with pristine forests,  there 

has been active degradation and conversion of  

PCSDS/Our Palawan 4(2018):1-20  
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Barangay 

Vegetation Types 

Pristine Forest 
Secondary 
Growth Forest 

Open Area/
Cultivation 

No data/Cloud 

Bacungan 8,714.10 4,443.62 1,512.47 2,785.34 

Bagong 
Bayan 

7,402.73 751.44 172.68 1,066.13 

Inagawan 12,918.44 2,243.57 2,835.34 427.33 

Irawan 1,881.05 1,218.17 286.74 205.86 

Iwahig 7,691.15 3,284.52 1,243.07 210.31 

Montible 6,126.57 342.54 91.80 37.44 

Napsan 11,480.66 2,022.39 559.85 459.18 

Simpocan 4,386.99 728.63 197.76 879.78 

Table 3. Estimated extent of vegetation types per barangay, based on the analysis of 

LANDSAT 8 image acquired in April 2017. Calculated areas are in hectare. 

*Note: The calculated area may not represent the most accurate extent because there were areas 
excluded in the computation due to the cloud cover (see last column). 

Figure 3. Upper photo showing the patches of recently cleared forest in Barangay        

Simpocan and below showing cultivated areas between Bagong Bayan and 

Napsan, Puerto Princesa City. Aerial photos by C. Supsup. 

PCSDS/Our Palawan 4(2018):1-20  
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natural habitats in these areas, as indicated by 

the relative extent of secondary growth and 

cultivation, and (b) the small extent of secondary 

growth and cultivation in Bagong Bayan, 

Montible and Simpocan does not necessarily 

mean that there is no active degradation or 

conversion activities, as indicated by recently 

cleared forests (Figure 4).  

 

Important habitats  

 Our species distribution modeling 

predicted the highest overlap of endemic and 

threatened species (ca. 30ï36) in the lowland 

areas of almost all barangays, with a noticeable 

extent in Bacungan, Simpocan, Bagong Bayan, 

Montible, Inagawan and Iwahig (Figure 5). The 

predicted lowest species overlap (< 20) is found 

mostly in mountain peaks (above 1000 meter, 

particularly peaks running from Irawan to 

Montible) and open areas. The overlay of SDMs 

and analyzed vegetation showed that the highest 

species overlap is located in pristine forest 

covering lowland areas between 100-900 meter 

elevation. These findings therefore suggest that 

the most suitable or important habitats for 

endemic and threatened species are the lowland 

areas with pristine forest and a few patches of 

secondary growth near forest edges 

(Amalgamated species distribution models for 

each taxonomic group are shown in Supporting 

Information Figures 2 to 5). 

 Tropical lowland habitats are the most 

important habitats for many endemic and 

threatened species in the Philippines (Heaney 

and Regalado 1998; Collar et al. 1999; Mallari 

et al. 2001). However, tropical lowlands are 

now being rapidly and heavily altered, pushing 

many species of fauna and flora on the verge of 

extinction (Heaney and Regalado 1998; 

Diesmos 2008). Take for example the case of 

the ñCritically Endangeredò endemic freshwater 

crocodile Crocodylus mindorensis, which was 

Figure 5. Map of amalgamated distribution models of 41 species. The color shading (in blue) 

indicates the number of species (richness) per pixel or 1 km2, with the highest overlap 

of 36 species. Polygons filled with lines show the extent of high species concentra-

tions, also identified as important areas or habitats for biodiversity conservation 

(delineated based on high species concentration and vegetation overlap). 
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previously found in almost all major islands of 

the Philippines. This species is known to occupy 

undisturbed rivers, creeks, ponds and marshes in 

lowland habitats from sea level up to 850 m 

elevation. But because of rapid changes in the 

lowland habitats, brought on by anthropogenic 

activities, their population has severely declined 

and their distribution is now confined to only 

few localities, in Ligwasan Marsh in Mindanao, 

Isabela and Abra in Luzon and in Dalupiri Island 

(van Weerd 2010). In Palawan, numerous 

spatially restricted species are already listed by 

the IUCN as ñThreatenedò. This includes the 

ñEndangeredò Manis culionensis, which is 

hunted massively for its skin, which is used to 

treat asthma (Esselstyn et al. 2004). Also, 

Barburoula busuangensis and the flagship 

species Polyplectron napoleonis of Puerto 

Princesa, are both hunted for consumption. If 

these unique creatures remain to be ignored and 

conservation initiatives are not undertaken, they 

may face a similar fate as C. mindorensis, or 

worse, may become extinct. These species are 

especially vulnerable, considering that they 

occur only in Palawan and nowhere else. 

 

Mismatches in ECAN zones 

 The overlay of SDMs, ECAN and 

vegetation revealed several mismatches in the 

current ECAN zonation and designated 

important habitats: (a) few areas in Bacungan 

with pristine forest and high species 

concentration are designated as multiple use 

zone, (b) edges of important habitats in 

Simpocan, Bagong Bayan and Napsan are 

designated as controlled used zones, and (c) 

large extents of important habitats in  Inagawan, 

and south of Montible and Iwahig are presently 

designated as restricted use zone (see Figure 6). 

Hence, these findings suggest that the current 

ECAN zones are not positioned most 

effectively and require re-evaluation to 

consequently maximize the protection of 

important habitats for biodiversity conservation.  

Figure 6. Map showing the ECAN zones and identified important areas/habitats. Arrows indicate 

the areas of mismatches between ECAN zones and important habitats.  
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Species name 
Conservation 
Status 

Species range Habitat Records 

Amphibians:        

Philippine Flat-Headed 
Frog Barbourula 
busuangensis 

VU 
Philippines ï  
restricted to Palawan 

Primary and secondary 
lowland forests 

19 

Malatgan River Caecilian 
Ichthyophis weberi 

DD 
Philippines - 
restricted to Palawan 

Primary forests 7 

Palawan Fanged Frog  
Limnonectes acanthi 

VU 
Philippines -  
restricted to Palawan 

Lower montane & pri-
mary lowland forests 

27 

Palawan Horned Frog 
Megophrys ligayae 

EN 
Philippines -  
restricted to Palawan 

Montane & primary 
lowland forest 

15 

Palawan Toadlet  
Pelophryne albotaeniata 

EN 
Philippines -  
restricted to Palawan 

Montane & primary 
lowland forest 

6 

Palawan Bush Frog Phi-
lautus longicrus 

NT 
Philippines,  
Indonesia, Malaysia 

Montane & primary 
lowland forest 

16 

Palawan Striped Stream 
Frog Pulchrana  
moellendorffi 

NT 
Philippines -  
restricted to Palawan 

Lower montane & pri-
mary lowland forests 

29 

Palawan Torrent Frog  
Sanguirana sanguinea 

LC Philippines; Indonesia 
Primary & secondary 
lowland forests 

18 

Birds:      

Palawan Hornbill  
Anthracoceros marchei 

VU 
Philippines -  
restricted to Palawan 

Primary & secondary 
lowland forests 

41 

Yellow-throated Leafbird 
Chloropsis palawanensis 

LC 
Philippines -  
restricted to Palawan 

Primary lowland forest 67 

Palawan Blue Flycatcher 
Cyornis lemprieri 

NT 
Philippines -  
restricted to Palawan 

Sub-montane & lowland 
primary forests 

40 

Palawan Flycatcher 
Ficedula platenae 

VU 
Philippines -  
restricted to Palawan 

Primary lowland forest 21 

Melodious Babbler Mala-
copteron palawanense 

NT 
Philippines -  
restricted to Palawan 

Primary lowland forest 22 

Philippine Scrubfowl 
Megapodius cumingii 

LC 
Philippines,  
Indonesia, Malaysia 

Primary lowland forest 11 

Palawan Scops-owl  
Otus fuliginosus 

NT 
Philippines -  
restricted to Palawan 

Primary lowland forest 18 

Palawan Tit  
Parus amabilis 

NT 
Philippines -  
restricted to Palawan 

Primary lowland forest 12 

Palawan Peacock-Pheasant 
Polyplectron napoleonis 

VU 
Philippines -  
restricted to Palawan 

Primary lowland forest 14 

Blue-Headed Racquet-Tail 
Prioniturus platenae 

VU 
Philippines -  
restricted to Palawan 

Primary & secondary 
lowland forests 

32 

Palawan Flowerpecker 
Prionochilus plateni 

LC 
Philippines -  
restricted to Palawan 

Primary lowland forest 62 

Blue Paradise-Flycatcher 
Terpsiphone cyanescens 

LC 
Philippines -  
restricted to Palawan 

Primary lowland forest 38 

Palawan Stripped-Babbler 
Zosterornis  
hypogrammicus 

NT 
Philippines -  
restricted to Palawan 

Montane & lowland  
primary forests 

5 

Table 2.  List of amphibian, bird, mammal and plant/tree species used for the species distribution 

modeling. Information on species conservation status, extent of occurrence, habitat and 

number of records are also provided.  
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Species name Conservation 
Status 

Species range Habitat Records 

Mammals:        

Palawan Shrew  
Crocidura palawanensis 

LC Philippines -  
restricted to Palawan 

Primary & secondary 
lowland forests 

10 

Palawan Flying Squirrel 
Hylopetes nigripes 

NT Philippines -  
restricted to Palawan 

Primary & secondary 
lowland forests 

13 

Long-Tailed Macaque 
Macaca fascicularis 

LC Southeast Asia Primary & secondary 
lowland, mangrove 
forest, cultivated areas 

21 

Palawan Pangolin  
Manis culionensis 

EN Philippines -  
restricted to Palawan 

Primary & secondary 
lowland forests 

44 

Palawan Spiny Rat  
Maxomys panglima 

LC Philippines -  
restricted to Palawan 

Lower montane, pri-
mary & secondary 
lowland forests 

24 

Southern Palawan Tree 
Squirrel  
Sundasciurus steerii 

LC Philippines -  
restricted to Palawan 

Primary & secondary 
lowland forests 

12 

Palawan Bearded Pig  
Sus ahoenobarbus 

NT Philippines -  
restricted to Palawan 

Montane, lowland 
primary & secondary 
forests 

18 

Palawan Tree Shrew 
Tupaia palawanensis 

LC Philippines -  
restricted to Palawan 

Primary & secondary 
lowland forests 

23 

Flora:      

Antipolo  
Artocarpus blancoi 

VU Philippines Primary lowland  
forest 

8 

Pagsahingin  
Canarium asperum 

LC Philippines, Indonesia, 
Malaysia, Papua New 
Guinea 

Primary & secondary 
lowland forests 

30 

Cryptocarya palawanensis EN Philippines -  
restricted to Palawan 

Primary lowland  
forest next to  
mangrove stands 

5 

Kamagong Diospyros dis-
color 

VU Philippines Primary & secondary 
lowland forests 

12 

Palawan Suraga  
Glyptopetalum pala-
wanense 

VU Philippines, Malaysia Primary lowland  
forest 

6 

Ipil Intsia bijuga VU Southeast Asia, Japan, 
India, Madagascar, 
Australia, British Indi-
an Ocean Territory, 
Tanzania, Vanuatu, 
Papua New Guinea 

Primary lowland  
forest 

15 

Liusin  
Maranthes corymbosa 

LC Philippines, Australia, 
Indonesia, Malaysia, 
Micronesia, Panama, 
Singapore, Thailand, 
Solomon Islands 

Primary & secondary 
lowland forests 

20 

Palawan Medinilla  
Medinilla palawanensis 

EN Philippines - Restrict-
ed to Palawan 

Primary lowland  
forest (on ultrabasic 
rocks) 

6 

Duguan  
Myristica philippinensis 

VU Philippines Primary & secondary 
lowland forests 

6 

Nato  
Palaquium luzoniense 

VU Philippines Primary & secondary 
lowland forests 

17 

Apitong Baboi  
Swintonia foxworthyi 

NA Philippines, Indonesia, 
Malaysia 

Primary lowland  
forest 

18 

Siamese Yellowleaf  
Xanthophyllum flavescens 

NA Southeast Asia Primary lowland  
forest 

13 

Continuation of Supplemental Information Table 2. 
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Table 3. Drone flying locations and coordinates, utilized as reference points during 

the vegetation analysis.  

Description Longitude Latitude 

Cultivated 118.6518056 9.890583333 

Forest 118.6327778 9.888055556 

Forest 118.6133611 9.884694444 

Built-up 118.6028889 9.869722222 

Road 118.6132222 9.884722222 

Road 118.6084722 9.880777778 

Road 118.5905 9.857138889 

Road 118.5845833 9.688361111 

Road 118.5808333 9.849833333 

Cultivated 118.5720833 9.834083333 

Road 118.5777222 9.848444444 

Road 118.5775278 9.848305556 

Road 118.5754444 9.844833333 

Road 118.56325 9.825444444 

Road 118.5546667 9.8175 

Road 118.552 9.810694444 

Cultivated 118.5449444 9.800611111 

Road 118.5165556 9.770888889 

Road 118.5125278 9.762583333 

Forest 118.5157778 9.704027778 

Built-up 118.5061667 9.751527778 

Road 118.4992222 9.743722222 

Road 118.4889444 9.733305556 

Built-up 118.4871111 9.730361111 

Road 118.4638611 9.721833333 

Forest 118.4647778 9.706638889 

Road 118.457 9.719388889 

Forest 118.5845833 9.688361111 

Mangrove 118.684125 9.733186111 

Cultivated 118.6788278 9.785847222 

Forest 118.671375 9.826622222 

Cultivated 118.4888111 9.729083333 

Cultivated 118.5463472 9.799341667 
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ABSTRACT 

 

Alyxia linearis, Tabernaemontana ternifolia, and Wrightia hanleyi are 

Apocynaceae species endemic to Palawan. There are no published 

reports on the ethnomedicinal, biological, and phytochemical studies 

for these endemic plants. Thus, this study investigated the presence of 

secondary metabolites and the potential of these three endemic species 

as source of active agents in the treatment of cancer and tuberculosis, 

two of the leading causes of death worldwide. The crude extracts from 

the leaves, twigs, and roots of these three endemic species were tested 

for cytotoxic activity against three human cancer cell lines (HUVEC,    

K-562, and HeLa) using CellTiter-Blue1 assay. The antituberculosis 

activity of the crude extracts against Mycobacterium tuberculosis 

H37Rv was also assessed using MABA. Phytochemical screening 

showed the presence of alkaloids, phenols, tannins, flavonoids, 

terpenoids, higher alcohols and steroids in the crude extracts of A. 

linearis, T. ternifolia, and W. hanleyi. The dichloromethane and 

methanol root extracts from T. ternifolia displayed the strongest 

antiproliferative activity against HUVEC and K-562 cell lines (GI50 

values = 0.2 to 1.0 Õg/ml); while the dichloromethane twig extract 

from A. linearis (CC50 = 4.4 Õg/ml) and hexane root extract from W. 

hanleyi (CC50 = 9.8 Õg/ml) showed moderately strong cytotoxic 

activity against HeLa cell line. The dichloromethane root extract from 

W. hanleyi root (MIC = 7.4 Õg/ml) showed the best activity against the 

virulent M. tuberculosis H37Rv followed by the dichloromethane root 

extract from T. ternifolia root (MIC 9.6 = Õg/ml). These results 

highlight the potential of A. linearis, T. ternifolia, and W. hanleyi as 

source of active compounds, which require further studies to isolate 

and identify the constituents which possess antiproliferative, cytotoxic 

and antituberculosis activities.  
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INTRODUCTION 

 

Natural products are proven to be valuable 

sources of pharmacological agents that can be 

used in biological, medical, and pharmaceutical 

fields.  Indeed, bioactive plant constituents have 

been employed as a base or as a structural 

template for new drug development, or as a 

therapeutic drug for the treatment of various 

human ailments (Grabowski and Schneider 

2007). In fact, more than 50% of all modern 

drugs were derived from natural products 

(Madhurima et al. 2012). 

The Apocynaceae family comprises of 366 

genera with over 5,000 species of tropical 

shrubs, trees, herbs and woody climbers 

(Endress et al. 2014; Liu et al. 2013; The Plant 

List 2013). In the Asia-Pacific region, 

Apocynaceae species are utilized in traditional 

medicine for the treatment of diabetes, fever, 

gastrointestinal problems, malaria, pain, and 

skin and ectoparasitic infections (Chan et al. 

2016; Wong et al. 2013; Billo et al. 2005; 

Mohamad et al. 2011). In Indian and African 

traditional medicine, Apocynaceae plants are 

utilized in the treatment of asthma, tuberculosis 

and chest complaints (Pallant and Steenkamp 

2008; McGaw et al. 2008; Mariita et al. 2010; 

Luo et al. 2011). The secondary metabolites 

triterpenoids, iridoids, alkaloids and 

cardenolides present in Apocynaceae species 

are known to possess anti-inflammatory, 

cardioprotective, hepatoprotective, 

hypoglycemic and neuroprotective properties 

(Chan et al. 2016); while  alkaloids, glycosides, 

tannins, phenolics, xanthones, quinones, sterols, 

and triterpenoids are said to act as 

antituberculosis agents (Arya 2011). 

The Apocynaceae genera including 

Allamanda, Alstonia, Calotropis, Catharanthus,  

Cerbera, Nerium, Plumeria, Tabernaemontana 

and Vallaris have been reported to exhibit 

cytotoxic or anticancer properties (Wong et al. 

2013). One of the most significant medical 

contributions of this family is the introduction 

of the first commercial anticancer drugs, 

vinblastine and vincristine, developed from 

Catharanthus roseus (periwinkle). Vinblastine 

is used to treat Hodgkinôs disease while 

vincristine is used as remedy for lymphocytic 

leukemia in children (Chan et al. 2016). In 

addition, the Apocynaceae genera such as 

Catharanthus, Tabernaemontana, Voacanga, 

and Wrightia were observed to display 

antituberculosis activity (Cantrell et al. 1996; 

Nagarajan et al. 2008; Mohamad et al. 2011; 

Pallant et al. 2012; Macabeo et al. 2011; 

Boligon et al. 2014). 

Cancer continues to be a leading cause of 

death worldwide, with approximately 17.5 

million new cases and 8.7 million cancer-related 

deaths in 2015 (Ogbolel et al. 2017). In the 

Philippines, it was predicted that the total new 

cases of cancer in 2015 was about 109,280 with 

48,138 new cases among males and 61,142 

among females, whereas the number of cancer 

deaths in the same year was predicted to be 

66,151, with 34,391 in males and 31,760 in 

females (Philippine Cancer Society 2015). This 

high incidence of cancer deaths, in addition to 

the problems of poor selectivity and severe side 

effects of current chemotherapeutic drugs, 

demand for the development of safer and more 

effective anticancer agents (Ogbolel et al. 

2017). Plants play a very significant role as 

source of antitumor agents since over 67% of 

currently available anticancer are derived from 

natural sources (Cragg & Newman 2012). 

Tuberculosis (TB) still ranks among the top 

ten leading causes of morbidity and mortality 

around the globe (Khainar et al. 2012; Godebo 

et al. 2015).  According to the Global 

Tuberculosis Report in 2015, TB remains one of 

the worldôs biggest health threats, and ranks, 

together with HIV, as the leading cause of death 

from infectious diseases globally (WHO 2015). 

Similarly, the Philippines saw 14,000 TB 

related deaths and approximately 324,000 

incident TB patients in 2015 (WHO WPR, 

2017). The treatment of TB is not only 

remarkably lengthy, but the synthetic drugs for 

tuberculosis, though effective and efficient, 

present unavoidable adverse effects to the 

human body. The above-mentioned facts and 

figures underline the need to search for and 

develop potent anti-TB drugs with novel 

mechanism of action, of lower toxicity, and 

limited side effects. Natural products possessing 

antimycobacterial activity provide a potential 

area for discovering new antituberculosis 

agents.  

The Philippines is considered a biodiversity 

hotspot with high endemism rate of both plant 

and animal species (Langenberger et al. 2006). 

In particular, the province of Palawan is home 

to numerous rare and endemic plants. The 

province harbors an estimated 3,000 to 3,500 

flowering plant species mostly known to occur 

Garcellano et al./Our Palawan 4(2018):21-30 
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only in Palawan and exhibiting about 15-20% 

endemism (Madulid 2002; Sopsop and Buot 

2009). The three Apocynaceae plants endemic 

to Palawan ï Alyxia linearis Markgraf, 

Tabernaemontana ternifolia DJ Middleton, and 

Wrightia hanleyi Elmer ï have not been studied 

before (Figure 1). There were no published 

reports found on the ethnomedicinal, biological 

and chemical studies for these endemic species.  

A. linearis was identified to occur only in 

Palawan, specifically in Bacungan, Puerto 

Princesa, and in Bulanjao Range, Rio Tuba. It 

survives in forest with ultramafic soil and at low 

altitudes (Pelser et al. 2015). T. ternifolia was 

introduced as a new species of Tabernaemon-

tana from the Philippines in 2005. It was found 

growing in two mountains in mainland Palawan, 

Mt. Mantalingahan and Mt. Beaufort, at 

elevations above 800 m (Middleton 2005a). W. 

hanleyi, locally known as ñbenta-osò and 

ñsabat-dalan,ò is endemic to Palawan with 

herbarium specimens collected from Puerto 

Princesa (Mt. Pulgar, Mt. Cleopatra, Bacungan 

hills, Takduan zigzag, Tagburos, St. Paulôs Bay, 

Mt. Bloomfield), Narra (Brgy. Calategas, Bato-

bato river), Quezon (Lipuun, Tawa-tawa), and 

Taytay (Ngan PT 1965; Middleton DJ 2005b). 

As stated above, Apocynaceae species are 

employed in traditional medicine for the 

treatment of various ailments and are known to 

produce biologically active secondary 

metabolites which may possibly be utilized for 

drug discovery and development. In addition, 

limited scientific studies have been conducted 

and published on any endemic plants of 

Palawan. Hence, this present undertaking was 

one of the first few studies that endeavored to 

investigate the phytoconstituents and 

pharmacological potential of endemic plant 

species of the province. The aim of the study 

was to determine the presence of secondary 

metabolites from the crude extracts of the 

leaves, twigs, and roots of A. linearis, T. 

ternifolia, and W. hanleyi. It also aimed to 

evaluate the antiproliferative, cytotoxic, and 

antituberculosis activities of the crude extracts 

from these endemic species. 

 

METHODOLOGY 

 

Collection and Identification of the Plant 

Materials 

A. linearis (leaves, twigs, and roots) was 

collected in Sitio Magarwak (9.868448ÁN, 

118.724624ÁE, 22.3 m elevation), Brgy. Sta. 

Lourdes, Puerto Princesa City on March 25, 

2014. T. ternifolia (leaves, twigs, and roots) 

was collected from the montane forest of Mt. 

Beaufort (9.813055ÁN, 118.642972ÁE, 1019.3 

m elevation) in Brgy. Irawan, Puerto Princesa 

City, on April 7, 2014. W. hanleyi (leaves, 

twigs, and roots) was collected from the rocky 

limestone of Tabon Caves (9.278572ÁN, 

117.981184ÁE, 59.4 m elevation) in Lipuun Pt., 

Quezon, on June 4, 2014. Voucher specimens 

for A. linearis, T. ternifolia, and W. hanleyi  

(Acc. No. 2021. 2022, and 2023, respectively) 

were deposited at the Palawan State University 

 (a)  Alyxia linearis                               (b) Tabernaemontana ternifolia      (c) Wrightia hanleyi 

Figure 1. The three Apocynaceae plants endemic to Palawan used in the study. 

Garcellano et al./Our Palawan 4(2018):21-30 
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Extraction and Phytochemical Screening 

Figure 2 shows that all plant parts (150 - 

200 grams each) were air-dried at room temper-

ature for a month and then ground separately 

using a Wiley Mill with a fine mesh. The 

pulverized leaves, twigs and roots of A. linearis 

T. ternifolia, and W. hanleyi (100 g each) were 

then macerated separately with a succession of 

solvents of increasing polarity (hexane, di-

chloromethane, and methanol) each at room 

temperature for 3 days, using 100-200 ml of 

solvent for each extraction. The extraction was 

repeated thrice with 24-hour interval before 

each collection. The collected crude extract was 
concentrated in vacuo using a Buchi rotary 

evaporator at a maintained temperature (40-  

43ÁC for hexane (Hex), 39-40ÁC for dichloro-

methane (DCM), and 45ÁC for methanol 

(MeOH)). A small portion (1 mg) of each crude 

extract was sent to the Leibniz-Institute for 

Natural Product Research and Infection Biolo-

gy, Hans-Knºll-Institute in Germany for 

antiproliferative and cytotoxicity assays against 

HUVEC, K-562, and HeLa cell lines. Similarly, 

1 mg of each crude extract was sent to the 

Institute for Tuberculosis Research, College of 

Pharmacy, University of Illinois at Chicago for 

MABA screening against M. tuberculosis 

H37Rv. 

For phytochemical screening, a small 

amount of each crude extract (5-10mg) was 

dissolved in their respective solvent             

(i.e., hexane, dichloromethane and methanol) to 

form a sample solution. The solvent system for 

the TLC developing chamber was prepared 

from varying ratios (v/v) of petroleum ether and 

ethyl acetate. Capillary tube was used to spot a 

sample solution on the silica gel TLC plate at 

1cm from the edge of the plate and the drop 

was allowed to dry. The plate was placed in 

TLC developing chamber allowing the sample 

to ascend the TLC plate by capillary action. The 

plate was removed and the solvent front was 

marked then allowed to dry. Three spray 

reagents were used - vanillin-sulfuric acid 

reagent, Potassium ferrocyanide- ferric chloride 

(K4Fe(CN)6-FeCl3) and Dragendorffôs reagent - 

to characterize the crude extracts. For the first 

two spray reagents, maximum visualization was 

achieved by heating and charring, and/or until 

an appreciable color has appeared. Dragen-

dorffôs reagent was used to screen for the 

presence of alkaloids, K4Fe(CN)6-FeCl3 for 

phenols, tannins, and flavonoids, and vanillin-

H2SO4 for higher alcohols, terpenoids, phenol 

derivatives, steroids and essential oils. Results 

of the phytochemical screening are reflected in 

Table 1. 

Figure 2. Schematic diagram for plant extraction and phytochemical screening. 

Note: Hex = hexane; DCM = dichloromethane; MeOH = methanol; TLC = thin layer chroma-
tography; conc = concentrated 

Garcellano et al./Our Palawan 4(2018):21-30 
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Antiproliferative and Cytotoxicity 

Assays 

Cell Titer-Blue1 Assay, as described by 

Krauth et al. (2010), was used for the 

determination of inhibition of cell proliferation 

specifically against human umbilical vein 

endothelial cord (HUVEC), human 

immortalized myelogenous leukemia (K-562), 

and human epithelial carcinoma (HeLa) cell 

lines. The GI50 and CC50 values were defined as 

the value at the intersection of the dose curve 

with the 50% line compared to untreated 

control. For comparison, the chemotherapeutic 

agents, imatinib and doxorubicin, were used as 

positive controls.  

 

Antituberculosis Assay 

The anti-TB assay used the virulent strain 

Mycobacterium tuberculosis H37Rv (ATCC 

27294, American Type Culture Collection, 

Rockville, MD). The activity against replicating 

M. tb H37Rv was determined using a 

fluorescence readout in the Microplate Alamar 

Blue Assay [MABA] (Cho et al. 2015) 

following incubation for one week. For 

reference purposes, the standard TB drugs 

rifampin (RMP), isoniazid (INH), capreomycin 

(CAP) and bedaquiline (TMC207) were used as 

positive drug controls. The MABA MIC (mg/

ml) is the lowest concentration at which the test 

compound exhibited an inhibition of >90% 

relative to the mean of replicate bacteria-only 

controls. Results of the antituberculosis assay 

are reflected in Supplemental Information- 

Table 2. 

 

RESULTS AND DISCUSSION 

 

This study initiated a preliminary survey on 

the major secondary metabolites present in three 

endemic Apocynaceae plants in Palawan. TLC 

analyses of the crude extracts followed by 

visualization with the three spray reagents 

showed the presence of different secondary 

metabolites (Table 1). Most crude extracts from 

the leaves, twigs, and roots of A. linearis, T. 

ternifolia and W. hanleyi showed the probable 

presence of alkaloids, phenols, tannins, 

flavonoids, terpenoids, higher alcohols and 

steroids. Alkaloids possess diverse biological 

activities such as anticancer, anti-inflammatory, 

antimalarial, antimicrobial, antipsychotic, 

antiulcer, hypoglycaemic, neuroprotective and 

hepatoprotective activities (Chan et al. 2016). In 

addition, alkaloids, tannins, phenolics, sterols, 

and triterpenoids exhibit antituberculosis 

properties (Arya 2011). Moreover, triterpenoids 

are known for their analgesic, anti-allergy, 

anticancer, antiviral, bactericidal, 

cardiovascular, cytotoxic, fungicidal, and 

spermicidal properties (Chan et al. 2016). Thus, 

although A. linearis, T. ternifolia and W. 

hanleyi have no known ethnomedicinal uses, 

the presence of alkaloids, phenols, tannins, 

flavonoids, terpenoids, steroids, and higher 

alcohols in the leaves, twigs, and roots of these 

endemic Apocynaceae species make them 

potential sources of active compounds that can 

be employed in drug discovery and 

development. 

Preliminary screening of the antiprolifera-

tive and cytotoxic activities of the leaf, twig, 

and root extracts from the three endemic 

Apocynaceae species was also conducted. 

Results of the antiproliferative and cytotoxicity 

assays are shown in Supplemental Informationï 

Table 1. Results of the Cell Titer-Blue1 assay 

indicated that the DCM (TrD) and MeOH 

(TrM) root extracts from T. ternifolia displayed 

strong antiproliferative activity against HUVEC 

and K-562 cancer cell lines (GI50 = 0.2 to 1.0 

Õg/ml) but weak cytotoxicity against HeLa cell 

line (CC50 = 19.6 to 39.2 Õg/ml). In addition, 

the MeOH leaf (AlM) and DCM twig (AtD) 

extracts from A. linearis (GI50 = 4.8 to 9.4 Õg/

ml), the DCM leaf (TlD) and Hex twig (TtH) 

extracts from T. ternifolia (GI50 = 6.7 to 7.2 Õg/

ml), and the DCM twig (WtD) extract from W. 

hanleyi (GI50 = 8.2 to 9.7 Õg/ml) exhibited 

moderately strong activity against HUVEC and 

K-562 cell lines. However, only the A. linearis 

DCM twig extract (AtD, CC50 = 4.4 Õg/ml) and 

the W. hanleyi Hex root extract (WrH, CC50 = 

9.8 Õg/ml) showed moderately strong cytotoxic 

activity against HeLa cell lines. The presence of 

alkaloids and terpenoids in AlM, AtH, TlD, 

TtH, TrD, TrM, WtD, and WrH crude extracts 

may be responsible for the observed 

cytotoxicity against HUVEC, K-562, and HeLa 

cancer cell lines (Chan et al. 2016). 

Interestingly, although it showed weak 

cytotoxic effect against HeLa, TrM (GI50 = 0.2 

to 0.9 Õg/ml) displayed comparable activity 

with the anticancer drug, doxorubicin (GI50 = 

0.1 to 1.0 Õg/ml), against HUVEC and K-562 

cancer cell lines. These results indicate that 

these endemic Apocynaceae species are 

potential sources of biologically active 

Garcellano et al./Our Palawan 4(2018):21-30 
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compounds that may possess anticancer or 

cytotoxic properties.  

A preliminary screening of antitubercular 

activity against M. tuberculosis H37Rv using 

MABA was also carried out. Results of the 

antituberculosis assay are shown Supplemental 

Informationï Table 2. MABA MIC results 

suggested that only the DCM root extracts from 

T. ternifolia (TrD, MIC = 9.6 Õg/ml) and W. 

hanleyi (WrD, MIC = 7.4 Õg/ml) presented 

moderately strong inhibitory activity against M. 

Crude Extract Code Alkaloids 
Phenols, Tan-
nins, 

Flavonoids 

Terpenoids, 
Steroids,  

Higher alcohols 

    A. linearis leaf hexane AlH - - + 

   A. linearis leaf dichloromethane AlD + + + 

   A. linearis leaf methanol AlM + + + 

   A. linearis twig hexane AtH + - + 

   A. linearis twig dichloromethane AtD + + + 

   A. linearis twig methanol AtM + + + 

   A. linearis root hexane ArH + - + 

   A. linearis root dichloromethane ArD + + + 

   A. linearis root methanol ArM + + + 

   T. ternifolia leaf hexane TlH + - + 

   T. ternifolia leaf dichloromethane TlD + - - 

   T. ternifolia leaf methanol TlM - + + 

   T. ternifolia twig hexane TtH + + + 

   T. ternifolia twig dichloromethane TtD + - + 

   T. ternifolia twig methanol TtM - + + 

   T. ternifolia root hexane TrH + + + 

   T. ternifolia root dichloromethane TrD + + + 

   T. ternifolia root methanol TrM + + + 

   W. hanleyi leaf hexane WlH - + + 

   W. hanleyi leaf dichloromethane WlD + + + 

   W. hanleyi leaf methanol WlM + + - 

   W. hanleyi twig hexane WtH - - + 

   W. hanleyi twig dichloromethane WtD + + + 

   W. hanleyi twig methanol WtM - + + 

   W. hanleyi root hexane WrH - - + 

   W. hanleyi root dichloromethane WrD + + + 

   W. hanleyi root methanol WrM + + + 

tuberculosis H37Rv. The rest of the crude 

extracts exhibited weak antitubercular activity.  

The presence of alkaloids, tannins, phenolics, 

sterols, and triterpenoids in TrD and WrD 

crude extract may be responsible for the 

observed inhibitory activity against M. 

tuberculosis H37Rv (Arya 2011). Results 

imply that T. ternifolia and W. hanleyi are 

potential sources of active compounds that 

may be used in the development of 

antituberculosis drugs. 

Table 1. Phytochemical compounds present in the crude extracts. 

Note: +  presence; - absence 

Garcellano et al./Our Palawan 4(2018):21-30 
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CONCLUSION 

 

 This study reported, for the first time, 

the secondary metabolites and the cytotoxic and 

antituberculosis activities of the endemic 

Apocynaceae plants A. linearis, T. ternifolia, 

and W. hanleyi. Preliminary phytochemical 

screening have shown the possible presence of 

alkaloids, phenols, tannins, flavonoids, 

terpenoids, higher alcohols and steroids in these 

endemic species. The Cell Titer-Blue1 showed 

that the leaf, twig, and root extracts from these 

three endemic species displayed cytotoxic 

activity against HUVEC, K-562, and HeLa 

cancer cell lines, with the T. ternifolia root 

extract exhibited the strongest antiproliferative 

activity against HUVEC and K-562 cell lines. 

The MABA MIC revealed that the T. ternifolia 

and W. hanleyi root extracts presented 

moderately strong inhibitory activity against M. 

tuberculosis H37Rv. The results of this study 

demonstrated the phytomedicinal impact of 

these three Apocynaceae species endemic to 

Palawan as potential source of anticancer and 

antituberculosis agents. Thus, further bioassay-

guided screening is necessary to isolate and 

identify the constituents from A. linearis, T. 

ternifolia, and W. hanleyi with cytotoxic and 

antituberculosis properties, which may also be 

useful against other diseases. 

 

POLICY IMPLICATION 

 

 Although the province of Palawan is 

blessed with rich endemic flora, very limited 

studies have been conducted on the medicinal 

potential of these plants. Present and future 

outcomes of this study could be utilized by the 

PCSDS as preliminary data in the wider scale 

investigation of other endemic plants of the 

province to evaluate their biological activities. 

The agency could provide thesis funding for 

undergraduate and graduate students in the 

province to conduct phytochemical and 

biological investigations of plants endemic to 

Palawan. Proper monitoring, conservation, and 

propagation of endemic plants with medicinal 

potential would then be the administrative task 

of the agency. 
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Palawan Scops Owl 
(Otus fuliginosus)  

A Palawan endemic,  

this owl is already listed 

as Near Threatened      

under the IUCN Red List.     

Living in the lowlands 

their population is threat-

ened primarily by        

deforestation. 
tƘƻǘƻ ŎǊŜŘƛǘǎΥ 9ǊƛŎƪǎƻƴ ¢ŀōŀȅŀƎ 

http://www.who.int
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Crude 
Extract 

Antiproliferative Effect Cytotoxicity 

HUVEC 
GI50 [Õg/ml] 

K-562 
GI50 [Õg/

ml] 

HeLa 
CC50 [Õg/ml] 

AlH Ó50 40.4 (Ñ 4.2) Ó50 

AlD Ó50 Ó50 Ó50 

AlM 9.4 (Ñ 0.1) 4.8 (Ñ 0.6) 11.3 (Ñ 0.3) 

AtH >50 >50 >50 

AtD 16.7 (Ñ 0.4) 8.6 (Ñ 1.3) 4.4 (Ñ 0.4) 

AtM 26.8 (Ñ 1.5) 35.2 (Ñ 2.8) 49.6 (Ñ 0.7) 

ArH Ó50 41.8 (Ñ 4.3) Ó50 

ArD 34.3 (Ñ 1.1) 25.1 (Ñ 3.8) 46.7 (Ñ 3.4) 

ArM Ó50 Ó50 Ó50 

TlH 15.8 (Ñ 1.0) 17.4 (Ñ 0.4) 32.2 (Ñ 0.5) 

TlD 7.0 (Ñ 0.5) 19.3 (Ñ 4.2) 38.1 (Ñ 2.8) 

TlM 19.5 (Ñ 0.6) 17.9 (Ñ 1.3) 22.3 (Ñ 0.2) 

TtH 7.2 (Ñ 1.6) 6.7 (Ñ 0.5) 15.8 (Ñ 1.1) 

TtD 16.0 (Ñ 0.7) 12.8 (Ñ 1.6) 19.8 (Ñ 1.6) 

TtM 28.9 (Ñ 3.0) 21.8 (Ñ 1.4) 47.6 (Ñ 1.9) 

TrH >50 >50 >50 

TrD 0.3 (Ñ 0.05) 1.0 (Ñ 0.2) 19.6 (Ñ 2.2) 

TrM 0.2 (Ñ 0.05) 0.9 (Ñ 0.1) 39.2 (Ñ 1.9) 

WlH >50 Ó50 Ó50 

WlD >50 >50 >50 

WlM >50 >50 >50 

WtH 22.4 (Ñ 0.9) 17.8 (Ñ 0.2) 31.7 (Ñ 0.8) 

WtD 8.2 (Ñ 0.7) 9.7 (Ñ 0.2) 31.7 (Ñ 1.2) 

WtM >50 >50 >50 

WrH 20.4 (Ñ 0.8) 15.3 (Ñ 1.6) 9.8 (Ñ 0.3) 

WrD 29.3 (Ñ 2.0) >50 42.8 (Ñ 0.5) 

WrM >50 >50 >50 

*Imatin
ib 

10.9 (Ñ1.2) 0.1 

(Ñ6.7x10-3) 
38.8 (Ñ1.4) 

*Doxor
ubicin 

0.1 1.0Ñ0.6 2.0Ñ0.8 

Crude Extract MABA MIC [Õg/ml] 

vs. M. tb. H37Rv 

AlH 22.5 

AlD 27 

AlM >64 

AtH 49.8 

AtD 26.6 

AtM >64 

ArH 55.3 

ArD 39.6 

ArM 61.1 

TlH 14.4 

TlD 60.6 

TlM 52.6 

TtH 30.1 

TtD 25.2 

TtM 24.2 

TrH 56.5 

TrD 9.6 

TrM 18.1 

WlH 19.0 

WrH 21.2 

WrD 7.4 

WrM 25.5 

RMP 0.0242 

INH 0.0151 

CAP 0.923 

TMC207 0.0222 

Table 2. Microplate Alamar Blue 
Assay Minimum Inhibitory 
Concentration (MABA MIC) 
values of crude extracts and 

TB drug controls Φ 

Table 1. Cytotoxicity of crude extracts and anti-

cancer drug controls Φ 

* GI50 and CC50 values obtained from Macabeo et al. (2013)  
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ABSTRACT 

 

Seeking the relationship of humans to their surroundings is 

a key factor to understand environmental problems that we 

currently face. This study tried to identify how human 

belongingness to his environment, as measured by Sense of 

Place, affects attitudes towards environmental 

conservation, as measured through the General Ecological 

Behavior (GEB) using the data gathered through survey of 

all the households in Icadambanauan Island. Data were 

analyzed using two-stage least squares regression methods. 

Results showed that the island residents' Sense of Place 

have significant positive relationship to their conservation 

behavior. If given the proper attention, these connections 

already embedded in our socio-ecological systems may 

help enhance management plans geared towards 

conservation of resources or in resolving environmental 

problem, especially those linked with anthropogenic 

activities. 

Encouraging Natural Resource Conservation through the Human Affect: 
The Case of Icadambanauan Island, Palawan, Philippines 
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