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ABSTRACT 
 

Forests play a key role in biodiversity conservation supporting local livelihoods. These 

ecosystems face threats from agricultural expansion, forest fires, and unsustainable land use practices. 

This study focused on assessing woody species diversity, their conservation status, biogeography, and 

local use values, and established a geospatial database in Dugo Watershed in Tadian, Mountain Province. 

The goal was to provide baseline data for conservation planning of the watershed. Nineteen plots recorded 

81 woody species from 60 genera and 36 families. Dominant species included Pinus kesiya Royle ex 

Gordon and Ficus benguetensis Merr. The Shannon-Wiener Diversity Index measured 2.84, indicating 

moderate species diversity in the area. There are 14 species classified as threatened woody species 

consisting of: three endangered, four near threatened, two other threatened, and five vulnerable. High-

priority species such as endangered Guioa acuminata Radlk. and vulnerable Saurauia bontocensis Merr. 

are endemic with specific habitat requirements, making them highly sensitive to disturbance. The 

presence of several endemic species further underscores the watershed’s conservation value. Documented 

species use range from ecological functions to economic and cultural purposes, indicating strong potential 

for community-based stewardship. Geographic Information System (GIS) showed the distribution of 

species to support monitoring and management. The findings emphasize the need for community-based 

conservation efforts, habitat restoration, and regular monitoring to strengthen the watershed’s biodiversity 

and ecological resilience.  
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INTRODUCTION 

 

The Philippines is recognized as one of the 18 

mega-biodiverse countries of the world (CBD 2020). 

According to Pelser et al (2011), Philippine vascular 

plants comprise approximately 290 families and 

10,220 recorded species, of which about 51.3% are 

endemic. This rich biodiversity provides resources and 

services to local communities, including food, clean 

water, climate regulation, and cultural values (Shin et 

al. 2022; Sharma and Birman 2024). However, human 

activities such as agricultural expansion, forest 

conversion, and unsustainable resource use, combined 

with climate change, continue to threaten these 
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ecosystems (Wang et al. 2021; Prakash and Verma 

2022). As a result, there is a need to focus conservation 

efforts on areas that are important for preserving 

biodiversity. 

The Philippine biodiversity conservation priorities 

identified critical areas for conservation and the 

importance of conducting floral assessment to guide 

these initiatives (Ong 2002). The urgency of these 

efforts is underscored by the fact that only 3% remains 

as the country's primary vegetation which is the lowest 

percentage among the world’s biodiversity hotspots 

(Campbell et al. 2016). Moreover, the ongoing 

discovery of endemic species underscores the 

increasing value of the remaining fragments of both 

primary and secondary native vegetation as natural 

capital for the Philippines (Peng et al. 2017).  

 Despite the presumed rich biodiversity of the 

Cordillera region publicly available and site-specific 

biodiversity data remain limited (Baoanan et al. 2020). 

This knowledge gap is particularly evident in small 

watersheds like Dugo Watershed where baseline 

information on species composition, distribution, and 

conservation status is lacking. Establishing such 

baseline data is essential for guiding conservation 

planning and sustainable management because forest 

ecosystems are vital for maintaining biodiversity and 

supporting the livelihoods of nearby communities 

(Oldekop et al. 2020). As these ecosystems lose 

functionality, the flow of these services is disrupted, 

posing risks to both biodiversity and human well-

being. Therefore, protecting these areas requires a 

comprehensive approach that considers both 

ecological and socio-economic factors, including the 

integration of community-based strategies (Bauyot et 

al. 2024). 

  The Cordillera Administrative Region is 

home to diverse plant life, which includes species 

found in lowland and montane forests (Baoanan et al. 

2020). However, these forests are under threat from 

various activities, such as forest fires and expansion to 

vegetable farms (Paltiyan-Bugtong et al. 2022). 

Tadian is a rural municipality in the southwestern part 

of Mountain Province in the Northern Philippines 

(Figure 1).  It is currently facing similar biodiversity 

conservation challenges. Anthropogenic activities 

have impacted the biodiversity of these areas, 

sometimes before species can be properly documented, 

and some species may have already been lost. 

 Dugo Watershed is a communally managed 

forest within Tadian that plays a critical role in 

supplying water to nearby communities and among the 

few remaining forested areas in the municipality. 

Although the watershed is locally managed, it is not 

formally protected under the National Integrated 

Protected Areas System (NIPAS) and E-NIPAS 

system. Current management practices focus primarily 

on water resource protection and land-use regulation, 

while species-level biodiversity assessment and 

conservation prioritization remain limited. 

Furthermore, the area faces ongoing threats from 

agricultural expansion, forest fires, and unsustainable 

land use practices. As van Beijnen and Jose (2020) 

showed in a similar case, the absence of formal 

protective status in a watershed allows disturbances to 

pose serious threats to endemic species, underscoring 

the urgency of establishing protection measures for 

Dugo Watershed.  

 This study assessed the woody species 

diversity, evaluated their conservation status, 

biogeography, and local use values, and established a 

geospatial database for monitoring to support future 

conservation activities in Dugo Watershed. Baseline 

data on woody species diversity and spatial 

distribution in Dugo Watershed will provide essential 

information to monitor ecosystem changes over time 

(Castillo et al. 2021). Species status and geographical 

data were documented (BMB and GIZ Gmbh 2017) to 

identify taxa requiring immediate conservation action. 

In this study, woody species were defined functionally 

as plants with a persistent above-ground stem that 

remains over time and through changing 

environmental conditions (Gray 1887; FitzJohn et al. 

2014). Only trees and shrubs were included, while 

lianas, palms, tree ferns and bamboo were excluded.  

 The outcomes of this study are intended to 

support the development of conservation strategies for 

the watershed. The findings will help shape 

community-based conservation initiatives and support 

decision-making by the DENR and Local Government 

Units (LGUs) in making informed decisions. The 

study will also serve as a resource for researchers and 

students working on floral biodiversity and 

conservation planning in the future. 

 

 

METHODS 

 

Study Site 

 The municipality of Tadian is located in the 

southwestern part of Mountain Province, Northern 

Philippines (Figure 1). It is bounded on the west by the 

municipality of Cervantes, Ilocos Sur, on the east by 

the municipality of Bauko, Mountain Province, on the 

south by the municipality of Mankayan, Benguet, and 

on the north by the municipality of Besao, Mountain 

Province. Being at the center of different forest types, 

like pine forests and broad-leaf forest, diversity could 

be higher in this area. The municipality has an 

approximate land area of 14,942 ha (Tadian LGU 

2000). 

 The Dugo Watershed is in Tadian, Mountain 

Province, and covers about 440 hectares. It consists of 

secondary forest with Benguet pine (Pinus kesiya 

Royle ex Gordon, 1840) and broadleaf trees. Other 

land uses include agroforestry areas, rice fields, 

vegetable gardens, and residential zones. The 
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watershed lies at an elevation of 1,000 to 1,860 meters 

above sea level and is one of the few remaining 

forested areas in the municipality. The terrain includes 

steep to moderately steep slopes. Based on Corona's 

system of classification, the area falls under Climatic 

Type I, with two seasons: the wet season (“deam”) and 

the dry season (“tiagew”) (Tadian LGU 2000). 

 

Sampling Sites 

Nineteen (19) sampling plots were 

established in the existing forested watershed area. 

Potential plot locations were first systematically 

generated in QGIS Ver. 3.22.9 at 300 m intervals. This 

systematic generation resulted in 26 potential plot 

locations. From these points, 19 plots were randomly 

selected using QGIS randomization tools to ensure 

unbiased representation across the forested watershed 

area.  The number of plots was determined using 

Cochran’s formula (1977) for a population of 26 

potential plot locations, with a confidence level of 

90%, a precision of ±10%, and an estimated proportion 

of 0.5, resulting in 19 plots. Each plot measured 40 m 

× 40 m.   

 

Diversity Assessment 

All woody species (trees and shrubs) found 

within each plot were identified, documented, and 

geotagged. Species identification was conducted in the 

field, with scientific names and classifications verified 

using Co’s Digital Flora of the Philippines (Pelser et 

al. 2011) and Plants of the World Online (POWO 

2024). Species that could not be identified were further 

verified with the help of plant taxonomist. No 

herbarium specimens were collected, but field 

observations and reference verification ensured 

accurate species identification. Density, frequency, 

and dominance were used to compute the importance 

value of woody species (Guron et al. 2019). 

 

Diversity Indices 

 Species diversity in the Dugo Watershed was 

assessed using several diversity indices (Guron et al. 

2019). These included the Shannon-Wiener Diversity 

Index (H'), Simpson’s Diversity Index (D), and 

Margalef’s Richness Index (R). Computations were 

performed using Microsoft Excel 2016. The formulas 

for each diversity index were as follows: 

 

 Shannon-Wiener diversity index (H) 

 H= ∑ 𝑝𝑖(l𝑛𝑝𝑖)S
𝔦=𝜄  

 

where: H = Shannon-Wiener diversity index 

       pi = Number of individuals of species i/ total 

number of samples 

               S = Number of species or species richness 

 ln = the natural logarithm   

 

 Simpson’s diversity index (D) 

 𝐷 = 1 − ∑
𝑛𝑖(𝑛𝑖−1)

𝑁(𝑁−1)

𝑠
𝑖=𝑙  

 

where: ni = total individual of species i  

 N = total number of individual of all species  

 S = number of species or species richness 

 

 Margalef’s Richness Index (R) 

 𝑅 =  
(𝑆−1)

l𝑛 (𝑁)
 

 

where: R = richness  

               S = number of species 

               N = number of individuals (of all species) 

 

 
Figure 1. Map of Philippines, the Cordillera Administrative Region, showing the sampling sites. 
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Conservation Status, Biogeography and Use Value 

 The conservation status of all recorded 

woody species was assessed using the IUCN Red List 

of Threatened Species (IUCN 2025) and the DENR 

Administrative Order (DAO) 2017-11: Updated 

National List of Threatened Philippine Plants (DENR 

2017). Species that were not assessed or were absent 

from the IUCN Red List and national conservation 

records were designated as Not Evaluated. 

Distribution status was assessed using Co’s Digital 

Flora of the Philippines to determine whether species 

are endemic, indigenous, or introduced. Documenting 

endemic species is critical for identifying conservation 

priorities as their restricted range makes them more 

vulnerable to extinction (Manes et al. 2021; Orsenigo 

et al. 2018).  Indigenous and introduced species were 

also recorded to complete understanding of the local 

flora. Information on species uses including food, 

medicine, construction, cultural significance, and 

ecological services were obtained through interviews 

with local communities. This information provides 

context for the perceived conservation value and 

potential threats to plant species within the watershed.   
 

GIS Mapping and Database 

 Field data were processed using QGIS to map 

the locations of all identified woody species within 

each sampling plot. A geospatial database was 

developed in QGIS to store species attributes, 

including diameter at breast height (DBH), scientific 

name, family, distribution status, and documented uses. 

The database provides a baseline for visualizing 

spatial patterns and supporting biodiversity 

monitoring in the watershed.  
 

 

RESULTS  
 

Woody Species Composition and Diversity 

 A total of 81 woody species (Table 1) with 60 

genera and 36 families were documented in Dugo 

Watershed (Figure 2). Among these, the genus Ficus 

had nine, which was the highest number of species. On 

the other hand, the genera Ardisia and Pittosporum 

each had three species. At the family level, Moraceae 

had nine species, followed by Rubiaceae, with seven, 

and Euphorbiaceae, with five.   

 In terms of importance value (IV), results 

showed that P. kesiya had the highest IV at 111.38, 

indicating its dominant presence and influence on the 

community structure (Table 2). Following this, Ficus 

benguetensis Merr., (1905), has an IV of 9.98, which 

also reflects its importance. Other notable species 

include Pipturus asper Wedd., (1854), with an IV of 

8.19, and Eurya coriaceae Merr., (1910), at 7.85.  

 The diversity indices used for Dugo 

Watershed were a Shannon-Weiner Diversity Index of 

2.84, a Margalef’s Species Richness Index of 11.78, a 

Pielou’s Evenness Index of 0.65, and a Simpson’s 

Dominance Index of 0.81. 
 

Conservation Status, Biogeography and Use Value 

 Several species found in the watershed were 

listed as threatened (Figure 3). The results revealed 

that three species were classified as endangered, four 

nearly threatened, two as other threatened, and five as 

vulnerable. The rest are categorized as least concern, 

which indicates that they were not currently at risk, 

and not evaluated, meaning they have not been 

assessed or evaluated by the reports used. Key species 

classified as Endangered include Guioa acuminata 

Radlk., (1914), Pterocarpus indicus Willd (1802), and 

Wendlandia philippinensis Cowan, (1932). These 

species were at high risk of extinction due to specific 

habitat requirements and threats such as habitat loss. 

Species classified as Near Threatened include E. 

coriacea, Leea philippinensis Merr., (1906), 

Mussaenda benguetensis Elmer, (1906) and 

Vaccinium benguetense S. Vidal, (1886). These 

species were at risk, requiring monitoring and habitat 

protection to prevent further declines. Species 

classified as Other Threatened include Aphanamixis 

polystachya (Wall.) R. Parker, (1931) and Pittosporum 

ramosii Merr., (1920) which face specific threats such 

as  habitat  loss.   Species   classified    as   Vulnerable  

 

 

 
 

Figure 2. Proportion of documented genera (A) and families (B) in the study site. Categories with less than 1.2% of the total 

were grouped as “Others”.  
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Table 1. List of woody species identified. 

 
 Scientific name Family Name Conservation status 

1 Acalypha angatensis Blanco Euphorbiaceae Not Evaluated 

2 Acalypha cardiophylla Merr. Euphorbiaceae Least Concern 

3 Alnus japonica (Thunb.) Steud. Betulaceae Least Concern 

4 Alphitonia excelsa (Fenzl) Reissek ex T. Mitch. Rhamnaceae Least Concern 

5 Aphanamixis polystachya (Wall.) R.Parker Meliaceae Other Threatened 

6 Aralia bipinnata Blanco Araliaceae Least Concern 

7 Archidendron clypearia (Jack) I.C.Nielsen Fabaceae Least Concern 

8 Ardisia pyramidalis (Cav.) Pers. Primulaceae Not Evaluated 

9 Ardisia Sw. Primulaceae Not Evaluated 

10 Ardisia warburgiana Mez Primulaceae Not Evaluated 

11 Bischofia javanica Blume Phyllanthaceae Least Concern 

12 Boehmeria Jacq.  Urticaceae Not Evaluated 

13 Bridelia Willd. Phyllanthaceae Not Evaluated 

14 Buddleja asiatica Lour. Scrophulariaceae Least Concern 

15 Callicarpa pedunculata R.Br. Lamiaceae Least Concern 

16 Cinnamomum Schaeff. Lauraceae Not Evaluated 

17 Clausena anisum-olens (Blanco) Merr. Rutaceae Least Concern 

18 Croton L. Euphorbiaceae Not Evaluated 

19 Crypteronia paniculata Blume Crypteroniaceae Least Concern 

20 Decaspermum parviflorum (Lam.) A.J.Scott Myrtaceae Least Concern 

21 Eugenia L. Myrtaceae Not Evaluated 

22 Euonymus cochinchinensis Pierre Celastraceae Least Concern 

23 Eurya coriacea Merr. Pentaphylacaceae Near Threatened 

24 Ficus ampelos Burm.f. Moraceae Least Concern 

25 Ficus benguetensis Merr. Moraceae Least Concern 

26 Ficus concinna (Miq.) Miq. Moraceae Least Concern 

27 Ficus cuneiformis C.C.Berg Moraceae Not Evaluated 

28 Ficus minahassae (Teijsm. & de Vriese) Miq. Moraceae Least Concern 

29 Ficus nota (Blanco) Merr. Moraceae Least Concern 

30 Ficus pseudopalma Blanco  Moraceae Not Evaluated 

31 Ficus ruficaulis Merr. Moraceae Least Concern 

32 Ficus septica Burm.f. Moraceae Least Concern 

33 Glochidion luzonense Elmer Phyllanthaceae Not Evaluated 

34 Gmelina arborea Roxb. ex Sm. Lamiaceae Least Concern 

35 Guioa acuminata Radlk. Sapindaceae Endangered 

36 Harpullia arborea (Blanco) Radlk. Sapindaceae Least Concern 

37 Heptapleurum blancoi (Merr.) Lowry & G.M.Plunkett Araliaceae Not Evaluated 

38 Heptapleurum Gaertn. Araliaceae Near Threatened 

39 Homalanthus macradenius Pax & K.Hoffm. Euphorbiaceae Least Concern 

40 Ilex crenata Thunb. Aquifoliaceae Not Evaluated 

41 Itea macrophylla Wall. Iteaceae Not Evaluated 

42 Kanapia monstrosa (A.Rich.) Arriola & Alejandro Rubiaceae Not Evaluated 

43 Leea philippinensis Merr. Vitaceae Near Threatened 

44 Leucaena leucocephala Lamk Fabaceae Not Evaluated 

45 Leucosyke capitellata (Poir.) Wedd. Urticaceae Not Evaluated 

46 Leucosyke Zoll. & Moritzi Urticaceae Least Concern 

47 Lithocarpus jordanae (Laguna) Rehder Fagaceae Vulnerable 

48 Lithocarpus woodii (Hance) A.Camus Fagaceae Vulnerable 

49 Litsea cordata (Jack) Hook.f. Lauraceae Least Concern 

50 Maesa indica (Roxb.) Sweet Primulaceae Least Concern 

51 Mallotus mollissimus (Geiseler) Airy Shaw Euphorbiaceae Least Concern 

52 Melicope sp1 J.R.Forst. & G.Forst. Rutaceae Not Evaluated 

53 Meliosma Blume Sabiaceae Not Evaluated 

54 Meliosma Blume Sabiaceae Not Evaluated 

55 Melodinus J.R.Forst. & G.Forst. Apocynaceae Not Evaluated 

56 Micromelum minutum (G.Forst.) Wight & Arn. Rutaceae Least Concern 

57 Mussaenda benguetensis Elmer Rubiaceae Near Threatened 

58 Neolitsea microphylla Merr. Lauraceae Vulnerable 

59 Neonauclea Merr.  Rubiaceae Not Evaluated 

60 Neonauclea reticulata (Havil.) Merr. Rubiaceae Least Concern 

61 Pinus kesiya Royle ex Gordon Pinaceae Least Concern 

62 Pipturus asper Wedd. Urticaceae Least Concern 

63 Pittosporum moluccanum (Lam.) Miq. Pittosporaceae Least Concern 

64 Pittosporum pentandrum (Blanco) Merr. Pittosporaceae Least Concern 

65 Pittosporum ramosii Merr. Pittosporaceae Other Threatened 
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 Scientific name Family Name Conservation status 

66 Premna oblongata Miq. Lamiaceae Least Concern 

67 Prunus L. Rosaceae Not Evaluated 

68 Psidium guajava L. Myrtaceae Least Concern 

69 Pterocarpus indicus Willd. Fabaceae Endangered 

70 Pterophylla D.Don Cunoniaceae Not Evaluated 

71 Saurauia bontocensis Merr. Actinidiaceae Vulnerable 

72 Solanum lasiocarpum Dunal Solanaceae Not Evaluated 

73 Tarennoidea wallichii (Hook.f.) Tirveng. & Sastre Rubiaceae Not Evaluated 

74 Toona calantas Merr. & Rolfe Meliaceae Vulnerable 

75 Turpinia sphaerocarpa Hassk. Staphyleaceae Least Concern 

76 Vaccinium barandanum S.Vidal Ericaceae Not Evaluated 

77 Vaccinium benguetense S.Vidal Ericaceae Not Evaluated 

78 Viburnum luzonicum Rolfe Viburnaceae Least Concern 

79 Viburnum odoratissimum Ker Gawl. Viburnaceae Least Concern 

80 Wendlandia luzoniensis DC. Rubiaceae Least Concern 

81 Wendlandia philippinensis Cowan Rubiaceae Endangered 

 
Table 2. Top 15 species with the highest importance value (IV). 

 

Scientific name 
Relative 

Density 

Relative 

Frequency 

Relative 

Dominance 

Importance 

Value 

Pinus kesiya Royle ex Gordon 42.94 7.76 60.68 111.38 

Ficus benguetensis Merr. 3.36 4.57 2.06 9.99 

Pipturus asper Wedd. 2.91 2.74 2.54 8.19 

Eurya coriacea Merr. 4.04 1.83 1.99 7.85 

Toona calantas Merr. & Rolfe 1.57 2.28 3.33 7.18 

Alnus japonica (Thunb.) Steud. 2.13 3.20 1.85 7.17 

Homalanthus macradenius Pax & K.Hoffm. 2.69 2.74 1.69 7.12 

Ficus ampelos Burm.f. 3.25 2.28 1.18 6.71 

Ficus septica Burm.f. 1.57 3.65 1.41 6.63 

Gmelina arborea Roxb. ex Sm. 2.02 2.28 1.90 6.20 

Kanapia monstrosa (A.Rich.) Arriola & Alejandro 2.35 2.28 1.20 5.84 

Heptapleurum blancoi (Merr.) Lowry & G.M.Plunkett 1.57 2.28 1.82 5.68 

Wendlandia luzoniensis DC. 1.46 3.20 0.81 5.47 

Euonymus cochinchinensis Pierre 1.35 2.74 1.03 5.12 

Acalypha angatensis Blanco 1.79 2.28 1.03 5.11 

 

include Lithocarpus jordanae (Laguna) Rehder, 

(1919), Lithocarpus woodii (Hance) A. Camus, (1931), 

Neolitsea microphylla Merr., (1906), Saurauia 

bontocensis Merr., (1915), and Toona calantas Merr. 

& Rolfe, (1908). These species play critical ecological 

roles and require habitat protection and regeneration 

efforts. 

Figure 4 shows the proportion of species by 

distribution status in the study area. The results 

indicated that 60.49% of the species were indigenous, 

reflecting the watershed’s rich native biodiversity. The 

presence of 14.81% endemic species could indicate 

the role of the area as a habitat for species found only 

in the Philippines. The remaining species were 

introduced. 

 Species were recorded based on use 

categories (Figure 4). Ecological use was noted in 

87.65% of species. Multipurpose use was noted in 

8.64%, and economic use in 3.70%. A few were 

recorded with cultural use such as P. kesiya and T. 

calantas, but they were counted under multipurpose 

use. Which explain why the cultural use category is 

0%. 

 

 

Spatial Database of Woody Species  

 The spatial database developed through GIS 

was used for the mapping of woody species within the 

established quadrats. Each point represents a species 

and contains information such as scientific name, 

family name, height, diameter at breast height (DBH), 

information about its endemism or status, and uses 

(Figure 5). These maps highlight the geographic 

distribution of species, particularly those that are 

threatened and can be used in monitoring their 

population in the future.  
 

 

DISCUSSION 
 

Woody Species Composition and Diversity 

 The presence of 81 species reflects the 

existing vegetation structure in the watershed. The 

dominance of Ficus species shows their ecological 

importance, as they contribute to vegetation structure 

and provide food for animals (Berg and Corner 2005). 

Being pioneer plants, they indicate constant exposures 

to disturbance. Ficus species can grow as epiphytes, 

hemi-epiphytes, or trees, allowing them to adapt to 

different environments. These characteristics make 

them a key component of the watershed vegetation. 
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The genera Pittosporum and Ardisia also contribute to 

the biodiversity of the watershed. These plants are 

valued for their medicinal properties and contain 

phytochemicals that have potential applications 

(Kobayashi and De Mejia 2005; Linh et al. 2024). 

However, difficulty in identifying some species and 

limited studies on their uses have led to their 

underutilization. 

 

 
 

Figure 3. Threatened species of Dugo Watershed (A) Guioa acuminata Radlk, (B) Pterocarpus indicus Willd., (C) 

Wendlandia philippinensis Cowan, (D) Eurya coriacea Merr., 1910, (E) Leea philippinensis Merr., 1906, (F) Mussaenda 

benguetensis Elmer, 1906, and (G) Vaccinium benguetense S.Vidal, 1886. 

 

 
 

Figure 4. Proportion of species by distribution status (A), and distribution of species by their uses B. 
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Figure 5. Distribution of woody species within the sampling area (A) Tree distribution map of Plot 5 as sample; (B) Attribute 

table showing species information.  
 

 

The families Moraceae, Rubiaceae, and 

Euphorbiaceae are the most dominant in the watershed. 

These families are recognized as pantropical rainforest 

families and indicators of tropical conditions 

(Wurdack et al. 2005; Corlett and Primack 2011; 

Delprete and Jardim 2012). Although a few species 

that belongs to these families are endemic to the area. 

 The watershed is dominated by Benguet pine. 

This species is dominant in the whole Cordillera 

Administrative Region (CAR) in the Northern 

Philippines. It is considered as one of the most 

important trees in CAR, both economically and 

culturally (Lumbres and Lee 2014). Its dominance is 

partly due to local preference for the wood of the 

species being termite resistant and the frequent forest 

fires, which hinder the growth of broad-leaf species, 

thus maintaining pine prevalence. In the Dugo 

watershed, forest fires occur almost every two years 

due to human activities. Community initiatives and 

united efforts locally known as "galatis", such as 

establishing fire lines help mitigate these fires. The 

species also grows well in soils with low fertility 

(Galindo-Jaimes et al. 2002). It also occupies 

extensive forest area in the Cordillera Mountain Range 

(Clemente 2024), highlighting the resilience and 

adaptability of P. kesiya.  

 The computed diversity indices reflect a 

community with moderate species diversity and 

balanced representation. Key species such as P. kesiya 

and F. benguetensis contribute to ecological stability, 

and the Simpson’s Dominance Index indicates 

dominance of these two species. Maintaining diverse 

plant species is essential for supporting the ecological 

functions and resilience of the watershed (Walker et al. 

1999). Studies of other areas in Benguet, such as the 

Alno communal mixed forest and Talinguroy 

Research Station, show higher diversity indices 

(Lumbres et al. 2014; Guron et al. 2019). Mt. Ulap in 

Benguet also shows varied but generally higher 

diversity (Guron et al. 2022). Difference in 

biodiversity indices can be due to various factors like 

climatic conditions, soil characteristics, forest 

management practices, disturbance regimes, historical 

land use, and elevation, which can influence species 

diversity (Kumar and Ram 2005). Effective 

management in Mt. Ulap leads to higher biodiversity, 

with these areas undergoing secondary succession 

towards broadleaf forests (Guron et al. 2022). 

 Frequent forest fires caused by human 

activities remain a major challenge in the watershed. 

These fires favor P. kesiya and limit the growth of 

broadleaf species. While occasional fires can help 

regenerate fire-adapted species, frequent and intense 

fires cause habitat loss, species decline, and changes 

in soil and water conditions (Shivaprasad et al. 2025). 

Managing these fires is a major challenge for 

watershed conservation. Future research should focus 

on how ecosystems recover and build resilience after 

forest fires, examining vegetation, soil, and 

biodiversity changes while considering climate, 

topography, and human interventions to guide 

sustainable conservation and management practices 

(Nolan et al. 2021; Walia et al. 2025).   

 Limited information on underutilized species 

like Pittosporum and Ardisia also poses a challenge. 

Although these species are present in the watershed, 

their ecological roles, uses and conservation status are 
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still poorly documented. Studies show that neglected 

and underutilized species can support sustainable food 

security because of their resilience, nutritional value, 

and socio-economic benefits (Knez et al. 2024; Onawo 

and Egboduku 2025). Further research is therefore 

needed to document these species and assess their 

potential value so they can be included in conservation 

and management planning for the watershed.  
 

Conservation Status, Biogeography and Use Value 

 The presence of threatened woody species in 

the watershed highlights its importance for 

biodiversity conservation. Guioa acuminata classified 

as Endangered and S. bontocensis classified as 

Vulnerable were observed to be restricted to limited 

areas within the watershed. In particular, S. 

bontocensis was recorded in locations near streams, 

indicating an association with water-available sites. 

These species thrive only in specific habitats (POWO 

2024), making them highly sensitive to disturbance. 

As mentioned by Manes et al. (2021), the restricted 

ranges of species mean that they are often at greater 

risk of extinction because threats such as climate 

change, and habitat loss can affect their population. 

This pattern of threatened and endemic species 

concentrated in specific habitats reinforces the need 

for targeted conservation (Arzaga and Banaticla-

Hilario 2025).  

 The documentation of endemic species 

further supports the conservation value of the 

watershed for species found only in the Philippines. In 

contrast, several introduced species were also recorded, 

including Alnus japonica (Thunb.) Steud., (1840), 

Gmelina arborea Roxb. ex Sm., (1810), and Psidium 

guajava L., (1753) are introduced. Alnus japonica was 

introduced in the locality for its nitrogen-fixing 

capabilities and as a source of organic fertilizer or 

compost. Unfortunately, it became invasive in other 

areas (Paltiyan-Bugtong et al. 2022). The two other 

species, G. arborea and P.  guajava, were also 

introduced. Gmelina arborea has become popular in 

the country as a source of timber. It has been a 

common species being planted in reforestation efforts, 

yet it is known to be exotic. Well-intended 

reforestation using non-native trees can harm native 

biodiversity (van Beijnen and Jose 2020). Psidium 

guajava, also not native to the country, is believed to 

have originated elsewhere and was introduced by the 

Spaniards. The adaptability of the guava tree to 

various soils and climates has enabled its 

naturalization in tropical and sub-tropical regions 

worldwide (Singh 2011).  

 Most species of the watershed were identified 

for their ecological roles. Most of these species are 

native, and the local community recognizes the 

importance of these species in preventing soil erosion, 

improving water retention, providing shelter to 

habitats. Species with multiple uses include A. 

japonica (shade for coffee, dried leaves as mulch, 

firewood), Bischofia javanica Blume, (1827) (timber, 

used to cure ulcer but is not widely known in the 

community), and P. kesiya (timber, firewood, house 

construction, cultural value). Species with economic 

value include G. arborea (timber), P. indicus (timber), 

and P. guajava (food, edible). Examples of species 

contributing to ecological functions 

include Crypteronia paniculata Blume, (1827) (helps 

prevent soil erosion) and F. benguetensis (food for 

animals). Species identified with cultural value 

include P. kesiya and T. calantas (for woodcraft). 

Pinus kesiya is widely used in traditional practices, 

such as house and coffin construction, firewood for 

household use and community gatherings and 

celebration. Its collection from the “Batangan” (forest 

land) is managed by the community in accordance 

with customary laws, reflecting an existing 

community-based management system that supports 

sustainable resource use. Similar practices have been 

documented among other indigenous groups (Bauyot 

et al. 2024). 

 Given their threatened status and limited 

distribution, species such as G. acuminata and S. 

bontocensis, should be formally included in local 

protection policies. The LGU can enact rules limiting 

their collection while promoting their propagation in 

community nurseries. Similarly, underutilized species 

like Pittosporum and Ardisia can be integrated into 

small-scale restoration and agroforestry programs, 

providing both ecological benefits and potential 

economic use. These measures can be supported 

through targeted community workshops and 

monitoring programs. 
 

Spatial Database of Woody Species 

 The GIS database combines geographic 

location with specific species attributes, aiding 

informed decisions in forest management and 

conservation efforts. The use of GIS technology 

provided the LGU a valuable tool for assessing and 

monitoring the forested area within the watershed. 

 Areas dominated especially of threatened 

species should be prioritized for protection. Areas 

dominated by P. kesiya and those frequently affected 

by fires are suitable for restoration through enrichment 

planting of native broadleaf species. Continuous 

establishment of fire lines, regular patrolling, and 

targeted enrichment planting can be implemented to 

enhance biodiversity and conserve the watershed. 

 The findings emphasize the need for targeted 

conservation actions to protect high-priority species 

like G. acuminata and S. bontocensis. These species 

need immediate attention due to their endemism and 

specific habitat requirements, which makes them 

vulnerable to disturbance. Efforts should focus on 

habitat protection and restoration for species with 

limited distribution. This will help prevent further 
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habitat loss and promote natural regeneration. 

Community-based conservation initiatives should be 

prioritized. Expanding programs like "galatis" can 

strengthen fire prevention and engage locals in 

addressing threats like forest fires, illegal logging and 

other unsustainable land-use practices. In addition, 

regular monitoring and further research on threatened 

species and underutilized plants, such as Pittosporum 

and Ardisia, are essential. This will help safeguard 

their ecological and economic importance and support 

informed conservation strategies.  

 Overall, the study underscores the 

importance of maintaining biodiversity and ecological 

stability in the Dugo Watershed. Strengthening these 

aspects will ensure the watershed’s resilience and 

provisions of continued ecosystem services and 

resources for surrounding communities. The spatial 

database created through GIS technology also 

provided a valuable tool for mapping and managing 

the woody species, and supports effective forest 

management and conservation planning. 
 

 

FUNDING 
 

 The study was funded through the authors’ 

personal resources.  
 

 

GENERATIVE AI STATEMENT 
 

 This manuscript used Grammarly tool to 

assist in language refinement and clarity improvement.   
 

 

ETHICAL CONSIDERATIONS 
 

 All activities ensure minimal disturbance to 

natural habitat and complied the local permissions. 
 

 

DECLARATION OF COMPETING INTEREST 
 

 The authors declare that there is no 

competing interests to any authors. 
 

ACKNOWLEDGMENTS 
 

 We acknowledge the support of the Local 

Government Unit of Barangay Lubon, Tadian, and all 

individuals who assisted in this study. We also thank 

the Western Philippines University and the 

anonymous reviewers for comments and suggestions. 
 

 

REFERENCES  
 

Arzaga J, Banaticla-Hilario MC. 2025. Botanical data for the 

conservation of the Victoria-Anepahan Mountain Range, 
Palawan, Philippines. The Palawan Scientist. 17(2):107–120. 

https://doi.org/10.69721/TPS.J.2025.17.2.12  

Baoanan ZG, Abansi CL, Abalos SFA. 2020. A review of 

biodiversity-related reports in the Cordillera Highlands, 

Northern Luzon, Philippines. Journal of Nature Studies. 

19(2):84–103. 
Bauyot MF, Villegas J, Asaias V. 2024. Gender roles of Obu 

Manuvu women and leaders in the conservation of the 

Philippine Brown Deer Rusa marianna Desmarest, 1822. The 
Palawan Scientist. 16(2):47–56. 

https://doi.org/10.69721/TPS.J.2024.16.2.05  

Berg C, Corner E. 2005. Moraceae: Ficeae. Flora Malesiana. 
[accessed 2025 June 21]. 

https://repository.naturalis.nl/pub/579346/FM1S200501700

2001.pdf. 
BMB, GIZ GmbH (Biodiversity Management Bureau and the 

Deutsche Gesellschaft für Internationale Zusammenarbeit 

GmbH). 2017. Manual on Biodiversity Assessment and 
Monitoring System for Terrestrial Ecosystems. Manila: BMB 

and GIZ GmbH. p. 94, 98, 147. 

Campbell KK, Braile T, Winker K. 2016. Integration of genetic and 

phenotypic data in 48 lineages of Philippine birds shows 

heterogeneous divergence processes and numerous cryptic 

species. PLOS ONE. 
11(7):e0159325. https://doi.org/10.1371/journal.pone.01593

25 

Castillo LA, Bantayan NC, Canceran MS, Barua LD, Alegre AC, 
Gonzalvo KJP, Gestiada EC, Parducho VB, Limpiada AA, 

Castillo ML. 2021. Tree Composition, diversity, and stand 
structure of mid-montane forest in Sipit Watershed, Mount 

Makiling Forest Reserve ASEAN Heritage Park, Philippines. 

Philippine Journal of Science. 150(S1):257-269. 
Clemente R. 2024. Ethnobotany of conifer in the Philippines. In 

Conifers -From Seed to Sustainable Stands. IntechOpen. 

https://doi.org/10.5772/intechopen.1004287 
Cochran WG. 1977. Sampling techiques. Third edition. New York: 

John Wiley & Sons.  

CBD (Convention Biological Diversity). 2020. Biodiversity facts: 
Status and trends of biodiversity, including benefits 

 from biodiversity and ecosystem services. [accessed 

2025 Dec 16]. 
https://www.cbd.int/countries/profile/?country=ph 

Corlett RT, Primack RB. 2011. Tropical rain forests: An ecological 

and biogeographical comparison. Hoboken:  John 
Wiley & Sons.  

Delprete PG, Jardim JG. 2012. Systematics, taxonomy and floristics 

of Brazilian Rubiaceae: An overview about the current status 
and future challenges. Rodriguésia. 63(1):101–128. 

https://doi.org/10.1590/S2175-78602012000100009  

DENR (Department of Environment and Natural Resources). 
2017. Administrative Order No. 2017-11. Updated national 

 list of threatened Philippine plants and their categories. 

Co’s Digital Flora of the Philippines. [accessed 2024 Dec 2]. 
https://www.philippineplants.org/Resources/dao-2017-

11.pdf.  

FitzJohn RG, Pennell MW, Zanne AE, Stevens PF, Tank DC, 
Cornwell WK. 2014. How much of the world is 

woody?.Journal of Ecology. 102(5):1266-1272. 

https://doi.org/10.1111/1365-2745.12260 

Galindo-Jaimes L, González-Espinosa M, Quintana-Ascencio P, 

García-Barrios L. 2002. Tree composition and  structure in 

disturbed stands with varying dominance by Pinus spp. in the 
highlands of Chiapas, Mexico. Plant Ecology. 

162(2):259-272. https://doi.org/10.1023/A:1020309004233 

Gray A. 1887. The elements of botany for beginners and for schools. 
American Book Company, New York. 

Guron MA, Lumpio RG, Napaldet JT. 2019. Comparison of floral 

diversity of pine forest, agroforestry and agricultural land-
uses in Talinguroy Research Station, Benguet State 

University, Northern Philippines. Mountain Journal of 

Science and Interdisciplinary Research. 79(2):21–
34. https://doi.org/10.70884/mjsir.v79i2.177 

Guron MA, Narvaez G, Alafag J, Napaldet JT. 2022. The plant 

diversity of Mt. Ulap Eco-Trail in Cordillera Central Range, 

https://doi.org/10.69721/TPS.J.2025.17.2.12
https://doi.org/10.69721/TPS.J.2024.16.2.05
https://repository.naturalis.nl/pub/579346/FM1S2005017002001.pdf
https://repository.naturalis.nl/pub/579346/FM1S2005017002001.pdf
https://doi.org/10.1371/journal.pone.0159325
https://doi.org/10.1371/journal.pone.0159325
https://doi.org/10.5772/intechopen.1004287
https://www.cbd.int/countries/profile/?country=ph
https://doi.org/10.1590/S2175-78602012000100009
https://www.philippineplants.org/Resources/dao-2017-11.pdf
https://www.philippineplants.org/Resources/dao-2017-11.pdf
https://doi.org/10.1111/1365-2745.12260
https://doi.org/10.1023/A:1020309004233
https://doi.org/10.70884/mjsir.v79i2.177


Gaya and Parao.: Flora of Dugo Watershed, Mountain Province  

  
The Palawan Scientist. 18(1):151-161 

© 2026, Western Philippines University 

 
  161 

Philippines: An insight on the effect of ecotourism in a 

secondary forest. Journal of Wetlands Biodiversity. 12:25-50. 

IUCN (International Union for Conservation of Nature). 2025. The 

IUCN Red List of Threatened Species. Version 2025-1. 
[accessed 2025 August 25]. https://www.iucnredlist.org/  

Knez M, Ranić M, Gurinović M. 2024. Underutilized plants 

increase biodiversity, improve food and nutrition 
 security, reduce malnutrition, and enhance human health 

and well-being. Let’s put them back on the plate!. Nutrition 

Reviews. 82(8):1111-1124. 
https://doi.org/10.1093/nutrit/nuad103 

Kobayashi H, De Mejía E. 2005. The genus Ardisia: A novel source 

of health-promoting compounds and 
phytopharmaceuticals. Journal of Ethnopharmacology. 

96(3):347–354. https://doi.org/10.1016/j.jep.2004.09.037  

Kumar A, Ram J. 2005. Anthropogenic disturbances and plant 
biodiversity in forests of Uttaranchal, Central 

Himalaya. Biodiversity & Conservation. 14:309–

331. https://doi.org/10.1007/s10531-004-5047-4 

Linh NTT, Van Tuyen N, Pham TV, Awale S, Son NT. 2024. The 

genus Pittosporum: Current knowledge on traditional use, 

phytochemistry, and pharmacological 
activity. Phytochemistry Reviews. 24(20):2015-2058. 

https://doi.org/10.1007/s11101-024-09990-4 

Lumbres RIC, Palaganas JA, Micosa SC, Laruan KA, Besic ED, 
Yun CW, Lee YJ. 2014. Floral diversity assessment in Alno 

communal mixed forest in Benguet, Philippines. Landscape 
and Ecological Engineering. 10:361–368. 

https://doi.org/10.1007/s11355-012-0204-5 

Lumbres RIC, Lee Y. 2014. Percentile-based Weibull diameter 
distribution model for Pinus kesiya stands in Benguet 

province, Philippines. Southern Forests: A Journal of Forest 

Science. 76(2):117-
123. http://dx.doi.org/10.2989/20702620.2014.918689 

Manes S, Costello MJ, Beckett H, Debnath A, Devenish-Nelson E, 

Grey KA, Jenkins K, Ming Khan T, Kiessling W, Krause C, 
and others.  2021. Endemism increases species' climate 

change risk in areas of global biodiversity importance. 

Biological Conservation. 257:109070. 
https://doi.org/10.1016/j.biocon.2021.109070 

Nolan RH, Collins L, Leigh A, Ooi MK, Curran TJ, Fairman TA, 

Resco de Riso V, Bradstock R. 2021. Limits to post‐fire 
vegetation recovery under climate change. Plant, Cell & 

Environment. 44(11):3471-3489. 

https://doi.org/10.1111/pce.14176 
Oldekop JA, Rasmussen LV, Agrawal A, Bebbington AJ, Meyfroidt 

P, Bengston DN, Blackman A, Brooks S, Davidson-Hunt I, 

Davies P, and others. 2020. Forest-linked livelihoods in a 
globalized world. Nature Plants. 6:1400-1407. 

https://doi.org/10.1038/s41477-020-00814-9 

Onawo OL, Egboduku WO. 2025. Highlighting the untapped 
potential of neglected and underutilized crop species for 

sustainable food security. Journal of Underutilized Legumes. 

7(2):73-93. 
Ong P, Afuang L, Rosell-Ambal R. 2022. Philippine Biodiversity 

Conservation Priorities: A Second Iteration of the National 

Biodiversity Strategy and Action Plan. Quezon City, 

Philippines: Department of Environment and Natural 

Resources-Protected Areas and Wildlife Bureau, 

Conservation International Philippines, Biodiversity 
Conservation Program-University of the Philippines Center 

for Integrative and Development Studies, and Foundation for 

the Philippine Environment. [accessed 2024 Dec 20]. 
https://www.philchm.ph/wp-content/uploads/Philippine-

Biodiversity-Conservation-Priorities.pdf. 

Orsenigo S, Montagnani C, Fenu G, Gargano D, Peruzzi L, Abeli T, 
Alessandrini A, Bacchetta G, Bartolucci F, Bovio M, and 

others. 2018. Red Listing plants under full national 

responsibility: Extinction risk and threats in the vascular flora 
endemic to Italy. Biological Conservation. 224:213-222. 

https://doi.org/10.1016/j.biocon.2018.05.030 

Paltiyan-Bugtong JC, Kiligto CP, Cajigan SSD, Agtarap JO, 

Napaldet JT. 2022. Floral diversity of the remnant 

 mossy forest patches in Atok, Benguet, Northern 

Philippines. Journal of Wetlands Biodiversity. 12:67–86.  
Pelser PB, Barcelona JF, Nickrent DL. (eds). 2011. Co's Digital 

Flora of the Philippines. [accessed 2025 Dec 16]. 

https://www.philippineplants.org/General/CDFPStats.html. 
Peng CI, Rubite RR, Lin CW, Hughes M, Kono Y, Chung KF. 2017. 

Three new species of Begonia sect. Baryandra from 

 Panay Island, Philippines. Botanical Studies. 
58(1):28. https://doi.org/10.1186/s40529-017-0182-x 

Prakash S, Verma AK. 2022. Anthropogenic activities and 

Biodiversity threats. International Journal of Biological 
Innovations. 4(1):94-103. 

POWO (Plants of the World Online). 2024. Plants of the World 

Online. [accessed 2024 Jan 27]. 
http://www.plantsoftheworldonline.org/  

Sharma I, Birman S. 2024. Biodiversity loss, ecosystem services, 

and their role in promoting sustainable health. In: Singh P, 

and Yadav N. (eds) The Climate-Health-Sustainability Nexus. 

Springer, Cham. https://doi.org/10.1007/978-3-031-56564-

9_7 
Shin YJ, Midgley GF, Archer ER, Arneth A, Barnes DK, Chan L, 

Hashimoto S, Hoegh-Guldberg O, Insarov G, Leadley P, and 

others. 2022. Actions to halt biodiversity loss generally 
benefit the climate. Global Change Biology. 28(9):2846-

2874. https://doi.org/10.1111/gcb.16109 
Shivaprasad KM, Sowmya MS, Danakumara T, Gowda MM, 

Kumar R, Kumar SD, Kumar BS. 2025. Chapter 4 - Forest 

fire and its impact on forest biodiversity. In: Saikia P, Kumar 
A, Khan ML, Lei X, editors. Forests for Inclusive and 

Sustainable Economic Growth. Elsevier. p. 37–53. 

https://www.sciencedirect.com/science/article/pii/B9780443
314063000047. 

Singh SP. 2011. 10 - Guava (Psidium guajava L.). In: Yahia EM, 

editor. Postharvest Biology and Technology of Tropical and 
Subtropical Fruits. Woodhead Publishing. p. 213–246e. 

https://www.sciencedirect.com/science/article/pii/B9781845

697358500103. 
Tadian LGU (Local Government Unit). 2000. Tadian municipal 

profile. Municipal Planning and Development  Office, 

Local Government Unit of Tadian, Mountain Province.  
Van Beijnen J, Jose E. 2020. Botanical observations from a 

threatened riverine lowland forest in Aborlan, Palawan, 

Philippines. The Palawan Scientist. 12(1):1–19. 
https://doi.org/10.69721/TPS.J.2020.12.1.01  

Walker B, Kinzig A, Langridge J. 1999. Original Articles: Plant 

Attribute Diversity, Resilience, and Ecosystem Function: The 
Nature and Significance of Dominant and Minor Species. 

Ecosystems. 2(2):95–113. 

https://doi.org/10.1007/s100219900062  
Walia K, Kumari Y, Garima, Mehta A. 2025. Ecosystem Recovery 

and Resilience After Forest Fires. In: Singh H, Kumar N, 

editors. Forest Fire and Climate Change: Insights into 
Science. Cham: Springer Nature Switzerland. p. 119–145. 

https://doi.org/10.1007/978-3-031-89967-6_7. 

Wang J, Soininen J, Heino J. 2021. Ecological indicators for aquatic 

biodiversity, ecosystem functions, human activities and 

climate change. Ecological Indicators. 132:108250. 

https://doi.org/10.1016/j.ecolind.2021.108250  
Wurdack KJ, Hoffmann P, Chase MW. 2005. Molecular 

phylogenetic analysis of uniovulate Euphorbiaceae 

(Euphorbiaceae sensu stricto) using plastid rbcL and trnL‐
F DNAsequences. American Journal of Botany. 92(8):1397–

1420. https://doi.org/10.3732/ajb.92.8.1397 
 

ROLE OF AUTHORS: SFAG - responsible for data gathering, 

analysis, and writing the results and discussion sections; MRP - 

responsible to the improvement and enhancement of the article 

 
Responsible Editor: Dr. Dave P. Buenavista 

https://www.iucnredlist.org/
https://doi.org/10.1093/nutrit/nuad103
https://doi.org/10.1016/j.jep.2004.09.037
https://doi.org/10.1007/s10531-004-5047-4
https://doi.org/10.1007/s11101-024-09990-4
https://doi.org/10.1007/s11355-012-0204-5
http://dx.doi.org/10.2989/20702620.2014.918689
https://doi.org/10.1016/j.biocon.2021.109070
https://doi.org/10.1111/pce.14176
https://doi.org/10.1038/s41477-020-00814-9
https://www.philchm.ph/wp-content/uploads/Philippine-Biodiversity-Conservation-Priorities.pdf
https://www.philchm.ph/wp-content/uploads/Philippine-Biodiversity-Conservation-Priorities.pdf
https://doi.org/10.1016/j.biocon.2018.05.030
https://www.philippineplants.org/General/CDFPStats.html
https://doi.org/10.1186/s40529-017-0182-x
http://www.plantsoftheworldonline.org/
https://doi.org/10.1007/978-3-031-56564-9_7
https://doi.org/10.1007/978-3-031-56564-9_7
https://doi.org/10.1111/gcb.16109
https://www.sciencedirect.com/science/article/pii/B9780443314063000047
https://www.sciencedirect.com/science/article/pii/B9780443314063000047
https://www.sciencedirect.com/science/article/pii/B9781845697358500103
https://www.sciencedirect.com/science/article/pii/B9781845697358500103
https://doi.org/10.69721/TPS.J.2020.12.1.01
https://doi.org/10.1007/s100219900062
https://doi.org/10.1007/978-3-031-89967-6_7
https://doi.org/10.1016/j.ecolind.2021.108250
https://doi.org/10.3732/ajb.92.8.1397

