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EXECUTIVE SUMMARY 
 

 The project quantified the impacts of P. aduncum in AVPL through a participatory manner 

for sound management decision. This was done by first assessing the environmental, socio-

cultural, and economic impacts of the IAS. For the bio-physical assessment, site inventory was 

conducted by selecting sites in AVPL with abundant P. aduncum shrubs. Three 20m by 20m 

sample plots were established for each of the age class category of P. aduncum. For these plots, 

soil samples were also collected for analysis. Based on the inventory data gathered, carbon 

sequestration potential, biodiversity indices, and above ground biomass were computed to assess 

the biophysical impact of P. aduncum in AVPL. 

 As for the socio-economic impact assessment, household surveys were conducted to 

determine the perception of respondents along with the crop and farm lot information of farmers 

in AVPL. These data were statistically analyzed to compare the farm lots with and without the 

abundance of P. aduncum. Complemented with key informant interviews and focus group 

discussions, part of the survey data was used to document and analyze the current conventional 

practices in the management of P. aduncum. Target respondents were asked to identify the existing 

mitigating measures used in the management of P. aduncum. Information related to the alternative 

uses of P. aduncum in the ground were also included in the survey by enumerating the possible 

uses based on existing literature and asking respondents on the ground level to identify if these 

alternative uses are being practiced on the ground level.  

 With these data, series of analyses were conducted to determine the impacts of P. aduncum 

on the environmental, socio-cultural, and economic spheres of the landscape using various 

indicators. Initially, statistical test of hypotheses was conducted to narrow down the variables to 

be included in the regression analysis. Using the variables that are significantly associated with 

the willingness to pay response, logit regression was conducted to determine the significant 

indicators of the willingness to pay. Based on the results, the bid price, dominant slope, and the 

perception on the spread of P. aduncum are the significant variables associated with the WTP. It 

was found out that P. aduncum posits negative impact on the environmental landscape of AVPL 

based on the economic value placed by the respondents on the improvement of biodiversity and 

the low biodiversity indices based on the inventory data.  

After determining the value placed for an improved biodiversity, different control scenarios 

were identified depending on the protected area management zoning. Three main zones were 

identified within AVPL. Namely, these are the strict protection zones, buffer zones, and multiple-

use zones. Using the information extracted from the survey and the biophysical assessment, cost-

benefit analysis was done to assess the control scenarios identified. Using the input data from the 

survey and the biophysical inventory assessment, age – structured model was employed to project 

the densities of P. aduncum in AVPL across time. With the data on the projected densities of P. 

aduncum on the long run, the cost and benefits if each control scenarios will be employed was 

computed. Based on the results of the CBA, the most ideal strategy to be implemented is the 

highest level of control. If interventions will be employed to address the issue of IAS in AVPL, it 

is necessary to eradicate the presence of P. aduncum in the whole area of AVPL using various 

control measures to maximize net benefit on the long run. 
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I. PROJECT DESCRIPTION 
 

Introduction 
 

Introduced invasive alien/exotic species is now posing an enormous threat to the world’s 

biological diversity, second only to land-use change (Chapin et al. 2000). Invasive alien species 

movement, establishment, and spread will likely increase because of growing population, 

expanding transportation and tourism, weakening of trade barriers as trade volumes skyrocket, 

ongoing habitat loss, and atmospheric variability (McKinney 1998). Non-native species are being 

introduced intentionally either due to its aesthetic value, added economic benefit, and other 

functions. Another means of entry is through unintentional introduction.  Introduction of non-

native species to various landscapes may have adverse impacts on the ecosystem and may result 

to biodiversity loss, environmental degradation, and hazard susceptibility. Accordingly, if bio-

invasion remains unchecked, crude estimates predict the eventual loss of about 30-35% of the 

world’s species.  

Invasive species usually enter unintentionally through various means of dispersal (i.e. 

animals, vehicles, wind, and humans). After entry, the introduced species will now begin to 

establish itself to the landscape it inhabits. The ability to survive and adapt is the critical 

determinant on whether it can establish itself to the given landscape. Although various factors may 

affect survival at this stage, the key factor that plays a major role in this process is the species’ 

phylogenetic traits. The similarity between the pool of species within the landscape in terms of 

phylogenetic traits is directly proportional to the success rate of establishment of the introduced 

non-native species. After establishment, the species will now begin to spread and colonize 

neighboring landscapes. In this phase, invasion becomes evident. Although there is an extensive 

literature on various control measures being done at this stage, the focus should shift on the impacts 

of invasion across the different stages. Also, some researchers argue that invasive alien species 

may still provide potential benefits depending on the means of utilization. Hence, it is important 

to consider the different accounts as to how these invasive alien species affect a landscape. It is 

necessary for these assessments to quantify the impacts to critically assess the vulnerability of the 

landscape in terms of the invasion.  

Piper aduncum is a major invasive species currently establishing its presence in the Allah 

Valley Protected Landscape in Mindanao. AVPL is one of the major protected landscape in the 

Philippines, being inhabited by the critically endangered Philippine eagle (Pithecophaga jefferyi) 

and many endemic species. Currently, the continuous threatening of the biodiversity within the 

landscape is among the major concerns being addressed by the stakeholders. As a matter of fact, 

the recently drafted Protected Area Management Plan of the landscape focused on addressing key 

issues concerning the protected area. The continuous threatening of biodiversity is among these 

key issues. P. aduncum is seen to thrive and grow in mass within AVPL and nearby farming areas. 

Continuously establishing itself and leaving no room for growth for other major crops, P. aduncum 

has been considered as an invasive alien species within the place. There are divided stance on the 

risks and issues concerning IAS, with some asserting the harmful effects of IAS to major crops 

within AVPL and others emphasizing the alternative uses of Piper aduncum and its economic 

value. To settle these claims, it is important to conduct a scientific based research to assess the 

impacts of IAS, quantify the alternative uses, and aide in the formulation of policies concerning 

IAS and its management.  

With the problems and threats of IAS, there is a dire need to come up with a participatory 

approach in evaluating the impacts of P. aduncum. Thus, this proposed study is an attempt to 

quantify the species’ impacts on socio-cultural, economic and environmental dimensions. The 

framework that will be developed in this case study could be used further in evaluating other 

controversial IAS in the future. 
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Rationale 

 

The scientific community have divided stance on the impacts of invasive alien species. 

Some argue that biologically speaking, the existence of these species will negatively affect the 

current biodiversity if not totally eradicated in the landscape. As for some, although there could be 

negative impacts on the biodiversity, it is still important to evaluate biological invasion and its 

impacts seen through other lenses. 

The existence of P. aduncum in the Allah Valley Protected Landscape is a more specific 

case of bio-invasion in the Philippine landscape. Currently, there are limited studies on the 

economic and socio-cultural impacts of invasive alien species in the Philippines. Hence, the study 

aims to determine the environmental, socio-cultural, and economic impacts of invasive alien 

species in a more specific case of biological invasion on the context of the Philippine landscape. 

Although according to local information, various means can be employed to eradicate and control 

the proliferation of P. aduncum, it is still important to conduct an evidence-based research to 

evaluate the current situation of AVPL in terms of P. aduncum bio-invasion. 

This study will provide relevant analysis by assessing the various impacts brought about 

by the continuous existence and proliferation of Piper aduncum in AVPL. Assessing this specific 

case of biological invasion in the Philippine landscape 

 

Identification, Preparation, and Appraisal 

 

This one-year project entitled “Environmental, Socio-cultural, and Economic Valuation of P. 

aduncum in AVPL, Mindanao, Philippines.” was approved for funding by the Department of 

Environment and Natural Resources under its Special Project Fund on January 2018. However, 

the processing and finalization of the project’s Work and Financial Plan (WFP) and Memorandum 

of Agreement (MOA) took some months. The project officially started on October 2018. 

 

Significance 

 

The information generated by this project will provide the research community with 

knowledge on the impacts associated with invasive alien species seen through various lenses. 

Currently, the defining points as to how a non-native species could be considered as invasive is 

still not clearly established. Without having a framework that could identify if an introduced 

species is invasive based not just solely on its physiological traits but most importantly, its impacts 

seen through the environmental, socio-cultural, and economic lenses, it would be challenging to 

integrate the concerns being brought about by the existence of these non-native species to the 

current policy-making process. 

Analysis of these impacts will provide the necessary information on how non-native 

species introduced either unintentionally or intentionally on a given landscape could be evaluated 

based on its impacts. Additionally, this information will aide policy makers and major stakeholders 

in formulating policies concerning the growing number of invasive species establishing their 

presence on our country, more specifically in our protected areas. 

 

Objectives and Scope 

 

The general objective of the study is to quantify the environmental, socio-cultural and 

economic impacts of P. aduncum through a participatory manner for sound management decision 

as regards this species. Specifically, the study aims to: 

    

1. Assess the environmental (physical and biological), socio-cultural and 

economic impacts of P. aduncum at AVPL; 
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2. Document and analyze the current conventional practices in the 

management of P. aduncum at AVPL; 

3. Formulate policy recommendations in the management and control of P. 

aduncum; and   

4. Develop a user-friendly assessment/evaluation tool that could determine the 

environmental and socio-economic valuation of IAS. 

 

Components 

 
Based on the specific objectives, the project was comprised of four components which are 

namely: (i) Component 1 – Assessment of the environmental, socio-cultural, and economic 

impacts of P. aduncum in AVPL, which involves the establishment of a baseline data on the 

impacts of P. aduncum on the environmental and socio-economic sphere of the landscape through 

biophysical data gathering and socio-economic survey. With these data to be gathered, assessment 

will be conducted to determine if P. aduncum has a significant effect on the landscape of AVPL 

and identify whether the significance of the result is gearing towards either negative or positive 

impact; (ii) Component 2 – Documentation and Analysis of the current conventional practices 

in the management of P. aduncum at AVPL, involves the analysis and baseline data gathering on 

the existing eradication measures and silvicultural practices done on the ground level to manage 

the proliferation of P. aduncum in AVPL. This component aims to document the costs and benefits 

related to the presence of P. aduncum in AVPL; (iii) Component 3 - Formulation of Policy 

Recommendations in the management and control of P. aduncum, which utilizes the results from 

the analysis in components (i) and (ii) by integrating the results by verifying the baseline 

information collected through the conduct of focus group discussions, validation workshops, and 

key informant interviews; and (iv)  Component 4 – Development of a user-friendly 

assessment/evaluation tool which aims to develop a cost – benefit analysis tool to assess the long 

term value of a specific intervention on IAS management in terms of the identified costs and 

benefits. This can be used by various stakeholders to measure the impacts of IAS on the ground. 

 

Implementation Arrangements and Schedule 

 

The project team is composed of a project leader, study leader, and two research assistants 

specializing in economics and forestry. The project leader assumed the overall project operational 

management, while the research assistants aid with the day to day technical and administrative 

operations. The study leader compliments the project leader by ensuring the quality outputs on the 

environmental and biophysical assessment while the project leader focuses on the socio-economic 

assessments. 

As for the implementation partners, the Protected Area Management Board of AVPL under 

the DENR Region 12 office assisted the project team with the ground validation, baseline data 

gathering, and validation workshops. During the site reconnaissance, staffs from DENR Region 

12 assisted and introduced the team with the Municipal Environment and Natural Resource 

Officers (MENRO). For the baseline data gathering and validation workshops, the assistance of 

the forest protection and extension officers from the office of PAMB-AVPL has been critical to 

ensure that the target deliverables in the field were met.   

 

Cost and Financing Arrangements 

 

The total amount of the project grant from DENR Special Project Fund was Php 1,956,000. 

Funds were released quarterly to SESAM – UPLB in accordance with the approved WFP and upon 

submission of the project’s quarterly accomplishment report together with the audited financial 

report.  
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II. REVIEW OF RELATED LITERATURE 
 

Invasive Alien Species: Existing Definitions and Perspectives 

 
The understanding and management of Invasive Alien Species (IAS) is an immature, 

emerging science and its terminology continues to evolve and change. There is currently no 

convenient glossary of terms that provides a comprehensive set of definitions based on fully 

understood processes (ISSG, 2005). The emergence of prominent national and international 

initiatives for the management of invasive alien species, has brought into focus the need for clear 

concepts and terminology in order to really achieve scientific developments regarding the study of 

Invasive Aliens Species. (Richardson & Pysek, 2004).  

The terminology used to characterize non-native species is extensive (Carlton, 2002). 

Common terms being used as synonyms include aliens, exotics, invaders, non-indigenous, 

introduced, immigrants, translocated, etc. According to Witt (2017), alien species are species that 

do not belong to the native flora, is already considered as alien species. The term alien, most 

commonly used terminology, has been assigned to such species, serving as a reminder that these 

are non-indigenous organisms located outside their native ecological context (Emerton and 

Howard 2008). This plant species may be introduced beyond geographical barriers with or without 

the involvement of people (Sakai et. al., 2001).  

Carlton, however, (2002) emphasized that the variation of terms is perhaps most evident in 

describing what really is an “invasive” species. The vague definition and misuse of the terminology 

has been very considerable in invasion ecology. The field suffered indeed in several scientific 

disciplines with this misconception. According to Richardson et. al. (2000), an area of confusion 

with more profound ramifications for invasion ecology exists around the lack of clarity and 

consistency which started with the use of the term ‘naturalized’. The term “naturalized” was found 

out to be used as synonymous to different aspects, imposing too much confusion in the definition 

of terminologies significant in the study of biological invasion. The major problem was the 

widespread use of this term as a synonym for ‘invasive’. This lumps two overlapping, but not 

identical, phases in the naturalization/invasion process. This considerable confusion moved 

Richardson, et.al (2000), to study and analyze this particular matter. As a result, they suggested 

standard definitions of terms with regard to the invasion ecology, to solve the struggle in this lack 

of clarity in terminologies (Table 1).  

 

Table 1. Definition of terms as recommended by Richardson et. al.  

Category Synonyms Definition 

Alien Exotic, introduced, non-native, 

non-indigenous 

Species present due to intentional 

or unintentional introduction as a 

result of human activity 

Casual alien Walf, transient, occasional, 

escapee, adventive, persisting 

after cultivation 

Aliens that may flourish and even 

reproduce occasionally in an 

area, but do not form self-

replacing populations and rely on 

repeated introductions for their 

persistence – such as garden 

plants grown only from imported 

seed 

Naturalized Established Aliens that reproduce 

consistently and sustain 
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populations over many life cycle 

without direct intervention by 

humans, but do not necessarily 

invade natural, semi-natural or 

human-made ecosystems 

Invasive Expanded, Consolidated Naturalized species that 

reproduce often in large numbers 

and are able to spread over a large 

area, damaging native species 

Weed/pest Harmful, problem, noxious An anthropogenic term for plants, 

animals or other pests (not 

necessarily alien) that grow 

where they are not wanted and 

usually have detectable economic 

or environmental effects. 

“Environmental weeds” are alien 

plants that invade natural 

vegetation 

Transformer Edificator (environment-forming 

plant) 

Subset of invasives which change 

the character, condition, form or 

nature of ecosystems over a 

substantial area relative to the 

extent of that ecosystem 

Note. Reprinted from: Diversity and Distributions (p. 93-107) by: Richardson et. al. 

 

Arne Witt (2017), as mentioned earlier, author of one of the latest books of CABi, has 

similar definition of an “alien” species. Moreover, he defined “naturalized” species as species that 

has established self-perpetuating populations without human intervention, however, is not yet 

considered as invasive in terms of widespread. Van Wilgen et al (2001) emphasized that when the 

characteristics of this naturalized species (e.g. ability to survive, reproduce and spread unaided at 

vast rates across ecosystems) had once made them favorable and were found to be problematic, 

they were now deemed to be invasive.  

However, with regard to the term “invasive” Richardson and Pysek (2004) stated that there 

are two main groups of definitions of invasive.  The first definition states that invasive species are 

a subset of naturalized species that produce reproductive offspring, often in very large numbers, 

are able to disperse considerable distances from parent populations, and thus have the potential to 

spread over a large area. While the other one is invasive species are those that are alien to the 

ecosystem under question, and whose introduction causes, or is likely to cause, economic or 

environmental harm to human health. This definition has been widely adopted in policies, 

including such influential ones as the Executive Order 13112 of 1999 signed by President Clinton 

in the USA. 

Many authors of today defines IAS similarly to the second definition presented by 

Richardson and Pysek (2004), which focuses more on the impacts being brought by IAS. To cite 

examples, Mooney and Pejchar (2009) defined Invasive Alien Species (IAS), as those non-native 

species that threaten ecosystems, habitats, or species and are key drivers of human-caused global 

environmental change. Another would be Witt’s (2017) definition of IAS, which are species that 

is both alien, and is destructive to the environment in which it grows. These definitions are almost 
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identical to the two of the world’s most famous international environmental organizations’ 

definition of IAS -- the Convention on Biological Diversity (CBD), and International Union for 

Conservation of Nature and Natural Resources (IUCN). CBD, an agreement between countries 

based on natural and biological resources defined IAS as “plants, [[[animals, pathogens and other 

organisms that are non-native to an ecosystem, and which may cause economic or environmental 

harm or adversely affect human health”. On the other hand, IUCN, currently the world’s largest 

and most diverse environmental network, defined IAS as “plants or animals that are introduced by 

man, accidentally or intentionally, outside of their natural geographic range into an area where 

they are not naturally present and can have severe effects on the environment”. 

Despite the similarities between the current definitions of IAS, distinct clarity still lacks in 

using the term “invasive”. Contradicting concepts like, if a species was described to be “invasive”, 

does it mean it has the potential or ability to spread and invade an area, or has it already invaded 

and widely dominated an area which may cause negative impacts to the environment where it 

grows? Another point of contrary is the association and focus on the environmental impacts to the 

definition rather than the demographic factors. Richardson et al. (2000), cited the proposal of Wells 

et al, (1986) to coin a subset of invasive plants which ‘change the character, condition, form or 

nature of a natural ecosystem over a substantial area as transformer species. It is these species that 

have profound effects on biodiversity and that clearly demand a major allocation of resources for 

containment/control/ eradication. Provided with the information above, Richardson et al. (2000) 

strongly suggest that the term ‘invasive’ should be used with reference to the 

‘biogeographic/demographic’ status of a species without any connotation of impact to avoid too 

much confusion. 

Moreover, Richardson & Pysek (2004) strongly suggests that authors of invasion ecology 

use “potentially invasive” as the term when pertaining to the capability of the species to invade a 

particular area. In the case of the Philippines for example, Florece and Baguinon (2011) has this 

term for the ability of a plant species to invade, colonize, regenerate/reproduce and grow into a 

matured individual, naturalized and resist pest and diseases infestation for a long period of time 

even without human intervention, which is the “bioinvasion potential”. This provides a concrete 

path when pertaining to the potentiality of the species to become invasive and would lead to a 

clearer definition of the “invasive species” which are actually confirmed and proven to already 

invade an area.  

Despite the lack of concrete clarity of the terminologies in invasion ecology, it is still 

providential that currently, IUCN and CBD has this official list of confirmed IAS and its general 

information, such as the specific place where it is native, and different places all-over-the world 

where the species was already considered invasive. 

 

 

International and National Approaches pertaining to IAS  
 

In 1992, the largest-ever meeting of world leaders took place at the United Nations 

Conference on Environment and Development in Rio de Janeiro, Brazil. A historic set of 

agreements was signed at the "Earth Summit", including two binding agreements, the Convention 

on Climate Change, which targets industrial and other emissions of greenhouse gases such as 

carbon dioxide, and the Convention on Biological Diversity (CBD), the first global agreement on 

the conservation and sustainable use of biological diversity. The CBD has three main goals as 

follows. The conservation of biodiversity, Sustainable use of the components of biodiversity, and 

Sharing the benefits arising from the commercial and other utilization of genetic resources in a fair 

and equitable way 

An urgent need to address the impact of invasive alien species (IAS) was recognized, and 

established IAS as a cross-cutting issue at its 4th meeting. Interim Guiding Principles for 

implementing the Article 8(h), which states that each contracting party shall prevent the 
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introduction of, control or eradicate those alien species that threatens ecosystems, habitats or 

species, was adopted at the 5th Conference of the Parties. The decision of COP 6 included adoption 

of Guiding Principles for the Prevention, Introduction and Mitigation of Impacts of Alien Species 

that Threaten Ecosystems, Habitats or Species. 

After years and years of initiatives, last 2010, the parties to the Convention on Biological 

Diversity (CBD) adopted the Strategic Plan for Biodiversity 2011–2020, a ten-year framework for 

action by all countries and stakeholders to safeguard biodiversity and the benefits it provides to 

people. As part of the Strategic Plan 20 ambitious but realistic targets, known as the Aichi 

Biodiversity Targets, were adopted. Governments have committed to establishing national targets 

in support of the Aichi Biodiversity Targets. The development of national targets and their 

incorporation into updated National Biodiversity Strategies and Action Plans (NBSAPs) is a key 

process in fulfilling the commitments set out in the Strategic Plan. National Biodiversity Strategies 

Action Plans reflect how a country intends to fulfill the objectives of the CBD and the concrete 

actions it intends to take. 

The Philippines, through the Department of Environment and Natural Resources (DENR), 

have cooperated and complied to this global call of CBD in establishing national strategies to 

mitigate the threats of IAS and reduce their pressure to biodiversity namely, National Invasive 

Species Strategy and Action Plan (NISSAP). The establishment and development of NISSAP 

enables relevant government agencies to collaborate with experts and stakeholders pertaining to 

the control and management of IAS. Through this, the involved agencies, especially the 

government agencies, can set clear priorities for the identification of gaps, limitations and 

inconsistencies in the national policy and institutional frameworks relating to IAS; and provide 

opportunities to integrate them in the country’s commitments to CBD and other international 

organizations, treaties, and agreements.  

The NISSAP provides a framework for coordinated and multisector management of IAS. 

It is consistent with and complementary to the goals of the Philippine Biodiversity Strategy and 

Action Plan (PBSAP). It is the product of extensive research about IAS in the Philippines hand in 

hand with a democratic consultative process. The consultative process comprises seminars, 

workshops, and consultative meetings with the experts, which then resulted in a comprehensive 

NISSAP Framework. NISSAP comprises 9 strategic goals to realize its vision and mission: (1) 

leadership and coordination, (2) prevention, (3) early detection and rapid response, (4) control and 

management, (5) restoration, (6) research and information management, (7) education and public 

awareness, (8) international cooperation, and (9) training needs. The guiding principles, 9 strategic 

goals, various implementing guidelines, 16 objectives and 84 planned actions to be implemented 

are spread across three timelines- the short-term (2016-2017), medium-term (2018-2019), and 

long-term (2020-2026). The NISSAP is projected to be implemented by virtue of either an 

Administrative Order or an Executive Order. 

The NISSAP aims to foster cooperation among relevant government and non-government 

organizations (NGOs), industries, local communities, civil society, and other stakeholders for a 

collective and coordinated action to reduce the rate of biodiversity loss through the prevention of 

the introduction and spread of IAS, and minimize their impacts. Ideally, the programs provided by 

the NISSAP must be disseminated and integrated on the local strategies, policies and management 

plans of LGUs, especially in the management plans of the protected areas in the country.  

 

 

Biological Stages of Invasion 

 

Understanding why some alien plant species become invasive while others fail has long 

been a central research theme in invasion ecology (Rejmánek et al. 2005). Three big questions 

underpin most work in invasion ecology: Which species invade; which habitats are invaded; and 

how can we manage invasions? (Pysek & Richardson, 2010) Some organizing and unifying themes 

in the field are organism focused and relate to species invasiveness; others are ecosystem-centered 
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and deal with determining the susceptibility of communities, habitats, and regions to invasive 

species. Recently, some theories have taken an overarching approach to plant invasions by 

integrating the concepts of species invasiveness and community’s vulnerability to invasion. Olden 

et. al. (2018), made an important contribution to this long-time problem of invasion ecology. He 

provided a framework of the step-by-step process that a species would need to cross in order to 

become invasive (Figure 1). Richardson et. al. (2002), on the other hand, formulated his own 

framework of the stages of invasion. A similar representation giving emphasis on the barriers 

needed to be crossed by an alien species in order to totally become invasive (Figure 2).            

Species invasiveness on each biological invasion stage can be defined by a model depicting 

the interplay between various factors. (Robinson, Maguire, Pitt). The first stage is where non-

native species are being transported to the foreign landscape either through human-mediated 

dispersal means or through biological mechanisms involving long distance dispersal events. At 

this level, modelling techniques tend to focus more on the pathways and vectors that transport non-

native species, propagule pressure, and cause of species transportation. Traits necessary for non-

native species to survive at this phase include wide native range, seed longevity, and human 

desirability. Not all transported non-native species may colonize the area. Environmental factors, 

which include the abiotic and biotic characteristic of the landscape, play a huge role in the 

colonization process (e.g. soil type, climate). Species with broader climatic tolerance are more 

likely to succeed with the colonization process. In some cases, phenotypic plasticity and high 

genetic variability may allow species to succeed even on unfavorable conditions. Since non-native 

species have low densities at this phase, propagule pressure is also a vital factor in colonization 

success. High number of propagules and number of release events may increase the likelihood of 

success for this stage. 

Figure 1. Generalized stages common to 

all species invasions. Reprinted from: 

Conversation Biology by: Olden et. al., 

2018  

Figure 2. A schematic representation of 

major barriers limiting the spread of 

introduced plants. Reprinted from: 

Diversity and Distributions (pp. 93-107), 

2000 

 



Page | 17  
 

After colonization, species will now begin to establish small sub populations over wider 

landscape. Establishment usually last longer than colonization and occurs on a broader space. 

While abiotic traits of the landscape may filter which species will survive during the colonization 

process, biotic filters play a huge factor on survival during the establishment phase. Being fully 

adapted and naturalized on the ecological landscape, the species will now face the challenge of 

competition with other species native to the community. Species specific traits can directly affect 

survival, competition, growth, and reproduction but it does not take into account germination. 

Thus, propagule pressure is still a factor on determining species invasiveness. Lastly, genetic 

variation on the ecological community can directly affect how a potential invader may use 

resources efficiently. To represent intra-species mechanism, genetic variation should also be taken 

as a factor that might affect invasiveness. Successful establishment will inevitably lead to 

landscape spread. In this phase, the focus will now shift from the ability of the potential invader to 

survive the abiotic and biotic characteristic of the landscape to the potential to spread across 

neighboring landscape. This phase of invasion looks into the fundamental niche. This can be 

defined as the set of all potential landscapes that is connected to the invasive foci by common 

dispersal pathways. The rate of spread varies depending on the ecological niche and physiological 

capability of the species to adapt to the target communities. Among the set of species introduced 

to a given landscape, a species can be considered invasive if it has the ability to adapt to the foreign 

niche, coexist with native species through exploiting unused resources within the landscape, and 

capability to disperse itself through different dispersal mechanisms (Gallien, Larson, Strickland, 

Mollison). After spreading to adjacent niches, species will now begin to grow and disperse on 

neighboring landscapes. Non-native species can be considered as invasive if it succeeded with the 

final phase of spreading. 

 

Quantitative Models pertaining to IAS and Its Spread Dynamics 

 

There is a vast range of literature depicting the quantitative models used to model 

biological invasion. Before choosing the model that should be used, it is important to consider first 

where a species is currently at in terms of the stages of biological invasion before choosing the 

type of model. At each corresponding stage, there are different models that are appropriate to 

determine the interaction within a landscape (Robinson, Mollison).  

Existing literature describe stochastic probability models and dynamic network models 

when modelling the spread and mechanisms behind the spread of invasive species across 

heterogeneous landscapes. At the arrival stage, it is necessary first to evaluate the invasive potential 

of the species based on factors like the species’ phylogenetic traits, environmental niche, and 

competitions with other native species within the biota (Robinson, Mollison, Gallien). For this, 

probability density functions are being employed to measure the relative arrival success rate of a 

species. In some cases, dynamic network models are being used if there is a need to give better 

emphasis on the dispersal unit involvement on the arrival of a species. If the species is known to 

have successfully arrived at a foreign landscape and the objective shifted from modelling the 

success of arrival to determining the rate at which these species are spreading, different set of 

models should be considered (Robinson, Mollison). In this case, models could either be analytical 

based or mechanistic based. Analytical based models like reaction diffusion models, integro-

difference models, travelling waves, and stratified diffusion models require data on the 

presence/absence of the species within the landscape (Robinson, Cosner, Chap, Roques, 

Merchant). Analytical based models usually lack the capacity to predict long distance dispersal 

events and these models do not usually take into account the ecological and economic pattern that 

is another factor on a species invasiveness. Mechanistic models usually consider these ecological 

patterns through using empirical data about the species’ life cycles and environmental preferences. 

Although mechanistic based models are more realistic compared to analytical based models, it 

could be difficult to evaluate due to their complexities. These models commonly do not have exact 
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solutions and it could also be challenging to determine the sources of identified error s within the 

model (Robinson). 

 

 
Figure 3. General Framework to determine the spread and dynamics of IAS 

    

By considering the relevant factors necessary to obtain the fitting model to quantify the 

spread and dynamics of IAS, a general framework was created to aide in guiding future studies 

when choosing the right model. The process was subdivided into three phases. The first phase 

considers all the system-specific factors that should be taken into account upon the selection of the 

model. In this phase, it is necessary to choose the factors that should be considered in modelling 

the spread of invasive species. Generally, it should first be determined if there are available data 

related on the species of interest. In most models, the recorded presence/absence of the species for 

the different locations is a necessary input in spatio-temporal modelling. But there are some 

methods that do not require the presence/absence of the species being examined. After assessing 

the existence of primary data on the species abundance, it is also important to determine the 

environmental factors that should be considered in the model. These environmental factors may 

include climatic variables, competing species, food sources, pathways, and dispersal agents. 

During this phase, it is also important to explore the concept of fundamental niche and realized 

niche. Methods that tend to focus more on the fundamental niche of a species tend to focus more 

on the current mechanisms and the interaction between the different factors being measured on the 

current landscape. As for the methods dealing on the realized niche, the models are more predictive 

since it aims to model the potential of the species to invade other landscapes. 

After determining the factors and the set of predictors that might influence the species, the 

modelling objective should be determined. How should the invasion be modelled? What is the 

specific goal? Should the model focus more on the mechanisms or the correlation among the list 

of predictors? These are few of the questions that should be asked. In most literature, models could 

either predict the spread or determine the distribution of the species on existing landscape. 
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Predicting spread may require spatio-temporal models. The concept of fundamental and realized 

niche can help answer this. Models focusing on the fundamental niche focus more on the 

mechanisms and processes that constrain the distribution and abundance of the species. Shortly 

after the first two phases, the model can now be selected by also taking into account the model 

specific factors. Model specific factors include error specifications, precision level and other 

factors concerning the output of the model. 

Aside from quantitative models determining the spread, distribution, and extent of 

biological invasion, there are also models integrating invasive species management and various 

control measures done at each level of biological framework. Similar to the impacts and 

mechanism associated with biological invasion, management options may differ depending on the 

stage of invasion (Robinson, Mollison, Niell, Baxter). As a precautionary measure, prevention 

methods are usually being implemented during the transport phase. The focus during this phase is 

mainly on the various pathways that may possibly introduce non-native species and the risk 

associated with the introduction of these non-native species. Prevention activities may also 

minimize propagule pressure to lessen the entry of species on the landscape. During the early 

detection phase, Surveillance activities aim to detect newly established non-native species 

populations that can be invasive through visual surveys, insect or animal traps, and plot 

inspections. During the colonization and establishment phase, the focus is on determining how the 

introduced species can be eradicated/prevented based on existing means of eradication. 

 

Physiological characteristics and dispersion of Piper aduncum 

 

With more than 2,000 species, Piper, a pantropical genus, from the family Piperaceae, is 

composed of erect or scandent herbs, shrubs, or infrequently trees. Piper aduncum is a shade 

intolerant shrub or small tree with alternate leaves and flowers and fruits arranged in a spike. It 

occasionally reaches a height of 7 to 8 m, and has very small fruits that are mostly dispersed by 

the wind, fruit bats and birds, but also by people and logging equipment. The commonest 

synonyms include P. angustifolium, P. celtidifolium, P. elongatum, P. multinerviumand P. 

stevensonii, but there are several other synonyms for P. aduncum (Hartemink, 2010). 

Piper aduncum is indigenous to tropical America where it is commonly found (Hartemink, 

2010). Countries in its native range include Mexico, Barbados, Belize, Bolivia, Brazil, Colombia, 

Costa Rica, Cuba, Dominica, Ecuador etc. (Starr. Et al., 2003).  This species can be found between 

sea level and 2000 masl along roadsides and in forest clearings on well-drained soils, forest gaps, 

riparian zones, exploited forest and fallows (Witt, 2017, Padmanda & Sheil, 2014). Its habitat is 

restricted to evergreen vegetation and near water courses in seasonally deciduous forests.  

For successful colonization, environmental requirements is indeed a major factor. For the 

case of a pioneer species, P. adumcum requires high light levels and bare soil (ISSG, 2016). 

Typically, this species is being found in areas with an average annual temperature of 20-30°C and 

an average annual rainfall of 1500-2000mm (Starr et. al., 2003). However, ISSG (2016) also 

recorded P. adumcum in areas that receive > 4000mm of mean annual rainfall. This species can 

colonize most soil types, except from excessively well-drained soils.  

With regard to reproduction, as cited by CABi, an international not-for-profit organization 

creating movements to help farmers all-over the world. Yoneda (2006) stated that mature fruits are 

produced after approximately 70-80 days after flowering. Five years or less, the plant reach its 

reproductive maturity. Seeds of P. adumcum have a low germination rate. In fact, according to 

Francis (2003), cuttings are more successful (ISSG). However, one reason of its rampant spread is 

its formation of suckers (ISSG, 2016). Moreover, seeds are dispersed by birds, bats and wind, as 

well as by logging equipment and migration of people, making its distribution indeed wider 
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(Padmanada & Sheil, 2014). In Fiji, Metcalfe (1995), as cited by GISD, identified that the red-

vented bulbul (Pycnotus cafer) is the chief disperser of P. aduncum’s seeds. 

Rogers and Hartemink, (2000) reported that P. aduncum is a fast growing species with high 

rates of biomass accumulation. The height can grow rapidly at approximately 1.7 m y-1 . On the 

other hand, the growth rates can reach more than 130 kg dry matter. Moreover, in terms of 

longevity, individual stems of P. aduncum can live from two to several years, However, they often 

re-sprout enabling plants to live much longer (ISSG, 2016).  

Piper aduncum has become widely established outside its native range and has become 

common pantropical weed throughout the world (Starr, et. al, 2003). Countries such as Guatamela, 

Colombia, Venezuela, Brazil, and Southern Florida, according to Bornstein (1991) as cited by 

Hartemink, listed P. aduncum on the unwanted weed species list. This species has also become an 

invasive plant in the Amazon region of Brazil after deforestation (Maia et. al., 1997).  

In Southeast Asia, Piper aduncum is identified as an invasive species. Currently included 

in the CABi’s, list of invasive species in Southeast Asia (Witt, 2017). In the Philippines, locally 

known as "buyo-buyo", P. aduncum was first reported last 1929 in the country (Hartemink, 2005). 

P. aduncum was intentionally introduced in the 1960's as a reforestation species and for pulp and 

paper industry in Zamboanga. Furthermore, it is now believed to be the most invasive alien species 

dominating Mindanao Region. In fact, T’boli farmers of Allah Valley Protected Landscape 

(AVPL), claimed that once they have utilized a land for agricultural purposes, P. aduncum will 

surely invade the open areas (Forest Invasive Species In SE Asia, 2014). In fact, Global Invasive 

Species Database (GISD), recorded P. aduncum as an IAS, specifically in the Philippine context. 

Florece and Baguinon (2011) made a criteria and rating system for determining the degree of 

invasiveness of alien plant species in the country. In this quantification, P. aduncum was 

categorized as highly invasive.  

In the case of Allah Valley Protected Landscape, the presence of P. aduncum in the area 

has been observed to usually occur on elevated places and cleared forests. Usually known to local 

residents as Buyo-buyo, P. aduncum serves as an indicator of elevation change, forest clearings, 

and degradation. Buyo-buyo is also considered as threat to the biodiversity because it displaces 

native trees within the landscape. It is possible that there is a biological dispersal involved with 

the invasion of P. aduncum in the area since the tree is a food source for Macroglussos minimus - 

a nectar feeding bat known to thrive within the area. Through spreading the seeds, M.minimus may 

unintentionally serve as an agent in the dispersal of P. aduncum. Aside from the biological 

dispersal agent, it is important to look into human-mediated dispersal events. Since AVPL is 

considered as a tourist hotspot, it is also important to take into consideration the risks of dispersal 

brought about by tourist visits within the site. 

 

Existing Measures to Control and Mitigate Piper aduncum 

 

From biological to mechanical means, there are various ways to eradicate invasive alien 

species. As for the specific means to eradicate P. aduncum, CABi has enumerated specific ways 

on how to control, or prevent, the rampant spread of the species in a particular environment. These 

measures include physical, chemical and cultural control. To physically remove P. aduncum, small 

seedlings and plants to 2 m height (7 ft) can be pulled manually. On the other hand, larger plants 

can be pulled out using a weed wrench or other mechanical means. Residents in the Nahiku area 

report that P. aduncum does not spread vegetatively nor does it re-root after it is pulled out of and 

left on the ground.  Plants that are merely cut and left with their roots in the ground will re-sprout.  

Plants that are too large to remove mechanically may be chemically controlled (CABi). If hand 

pulling is not possible or not feasible, use chemical control methods, including basal bark 
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application of 20% Garlon 4, or cut stump application with 50% Garlon 3A (Langeland and 

Stocker 2002).  In Nahiku, Maui, one resident with P. aduncum on his property reported that he 

has successfully controlled it with the herbicide, but has had trouble keeping up with the numerous 

seedlings that germinate.  

 

III. IMPLEMENTATION ACHIEVEMENT 
 
At the end of September 2020, the Project achieved its end-of-project targets. 

 

Under Component 1, the environmental, socio-cultural, and economic impacts of P. aduncum 

were assessed through biophysical data gathering and socio-economic survey. For the biophysical 

data gathering, plots were established across the AVPL region. For the plots established, the 

number of plant species and P. aduncum per age class were counted and soil samples were 

collected. As for the socio-economic assessment, a survey was conducted to select farmer 

respondents to determine the impact of P. aduncum on the level of income and yield. For the 

baseline data gathering, Lake Sebu, Surallah, and Tboli were the municipalities in South Cotabato 

included in the study. For Sultan Kudarat, a single barangay in Bagumbayan was included. 

Under Component 2, the following activities were conducted: (i) gathered relevant literature 

on the mitigating measures and silvicultural practices done on various landscape to control the 

spread of P. aduncum, (ii) drafted the survey instrument for the documentation of the alternative 

practices, mitigating measures, and other farming practices, (iii) validation training to verify the 

documented costs and benefits, and (iv) statistical analysis to determine the significance of the 

difference between areas with or without P. aduncum in terms of mitigation measures and other 

practices. 

To determine the most appropriate policy recommendations for the management of IAS in 

AVPL, the following activities were conducted: (i) review of existing policies and measures done 

to manage invasive species in the national, regional, and farm level, (ii) series of key informant 

interviews and focus group discussions to determine the actual policies implemented to mitigate 

the presence of IAS on the farm and regional level, and (iii) Establish the recommended policies 

and direction on the management of P. aduncum in AVPL and IAS in general. 

Lastly, Component 4 aims to develop a user-friendly assessment/valuation tool to determine 

the optimal strategy to implement based on the costs and benefits of the identified interventions. 

This was done through utilizing the baseline data gathered in component 1 and the documented 

practices identified in component 2. First, an age structure model was developed using the baseline 

data. This has been the basis for the projections of the costs and benefits. Next, different scenarios 

was formed depending on the level of control. In this case, the level of control was determined 

depending on the type of land zone within AVPL. 

 

IV. IMPLEMENTATION PERFORMANCE 
 
General Design 

 

Theoretical Framework 

 

Counterfactual analysis (Without project vs. with project analysis). Impact assessment 

is the evaluation of the effects likely to arise on the surrounding environment with the presence of 

an intervention, in this case the introduction of bio-control of the invasive alien species. Therefore, 

impact basically equates to the difference of the environmental conditions without the intervention 
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versus that of the condition with the intervention. Figure 5 illustrates the likely definition of impact 

used for this study.  

Impacts can produce both positive and negative effects on the baseline condition of the 

environment (without project). Figure 4 demonstrates an intervention that will induce long-term 

positive effects on the existing condition of the forest (dotted lines above the straight solid line). 

In some instances, when the negative impacts outweighed those that are positive and was left 

unmitigated in the long-run, chances are the presence of an IAS will only worsen the condition of 

the area (dotted lines below the straight solid line). However, if negative impacts are given 

appropriate and effective mitigation measures, adverse effects will be reduced and therefore the 

value of the positive impacts (benefits) will be larger than the negative ones (costs). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Schematic representation of the Impact Assessment Method 

 

 

Conceptual Framework 

 

Impacts arising from any developing project can be classified into three: (1) direct impacts, 

which are areas that are the primary and direct recipient of the impacts of the intervention; (2) 

indirect impacts, those areas that may transcend beyond the scope or the boundary of the system 

and could be a result of the changes made in the primary impact areas; and (3) cumulative impacts, 

often occurs as a result of the combination of various projects and their accumulated impacts 

throughout time (Tsunokawa & Hoban, 1997). 

Environmental impacts can either be positive and negative in nature. Several criteria also 

defines an impact such as (1) duration of the effects, whether it is short, medium, and long-term, 

(2) reversibility, whether changes are temporary or permanent, (3) extent, whether impact reaches 

the immediate surrounding or impacts are widespread and (4) magnitude, whether the effect on the 

component is high, medium, or low.  

Impacts can take place on the economic, environmental, and social dimensions. Economic 

impacts are those of direct consequence to humans, typically leading to monetary losses. 

Environmental impacts are those that affect the functioning of the ecosystem, such as the loss of 

biodiversity and alteration of environmental processes. Social impacts focus predominantly on 

human health and safety, but can also cover quality of life, recreational opportunities, livelihood 

opportunities, and other aspects of social structure (Charles & Dukes, 2006). 

Figure 6 shows the flow of impacts in AVPL with and without the rampant presence of P. 

aduncum. The net economic consequence of the AVPL will be computed by comparing the stream 

of benefits against the management costs. The estimated net economic values should be seen in 
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the societal status of the local community particularly in terms of improved environmental, 

economic, and socio-cultural indicators. 

 

 
Figure 5. Conceptual overview of Impact Assessment of P. aduncum in AVPL 

 

Table 2 summarizes the identified parameters to assess the environmental, socio-cultural, 

and economic impacts of P. aduncum in AVPL. In assessing the environmental impacts, soil 

sampling and biophysical data gathering will be conducted in certain areas identified in AVPL If 

applicable, consultation with concerned stakeholders and secondary data gathering will be done to 

test the hypothesis related to the impact of P. aduncum in the water supply. As for the socio-

cultural and economic impacts, this will be assessed through a combination of survey, focus group 

discussions, and secondary data gathering. Integrating this information to measure the impacts for 

sites with or without the abundance of P. aduncum will provide the baseline information to assess 

the optimal policies to be implemented on the subject of P. aduncum’s abundance in AVPL. 

 

 

Table 2. List of parameters for the nature of impact identified along with the corresponding 

indicators and the means to measure. 

  
Nature of 

impact 

Parameter Underlying Hypothesis Indicator/s of 

impact 

Methods to 

measure 

Environmental Biodiversity  P. aduncum might have 

displaced indigenous 

species 

Estimated density 

and frequency of 

P. aduncum and 

the native species 

Purposive sampling 

 

Land/ Soil 

characteristics 

P. aduncum as fallow crop 

might have improved soil 

fertility of indigenous 

peoples’ farms 

Change in 

land/soil 

characteristics of 

the most invaded 

area 

Soil sampling and 

analysis  
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Water supply 

(if there is any) 

P. aduncum might have 

altered the water regulation 

of AVPL  

Volume of water 

generated from 

AVPL 

Consultation with 

AVPL 

management; 

secondary data 

gathering; ground 

validation 

Socio-cultural Public health 

and safety 

P. aduncum might have an 

effect on the susceptibility 

of AVPL and the nearby 

community to hazards (e.g. 

fire, flooding, landslide, 

earthquake, etc.)  

 

Number of 

hazards occurring 

since the 

prevalent 

presence of P. 

aduncum 

LGU records on 

hazard occurrence; 

interviews with the 

affected 

communities for 

verification of 

records 

Indigenous 

groups 

The widespread distribution 

of P. aduncum might have 

invaded the IPs land 

domain  

Proportion of 

land area owned 

by IPs that are 

invaded by P. 

aduncum  

Interview with 

affected indigenous 

group; ground 

validation 

Livelihood/ 

Source of 

income 

The prevalence of P. 

aduncum might have 

induced changes in the 

livelihood/ source of 

income of the community 

Shifting of 

livelihood of the 

nearby 

community 

Interview with the 

community 

Economic Food and 

agricultural 

production  

P. aduncum might invade 

potential areas for food 

production 

Land areas 

devoted for food 

production, 

however, invaded 

by P. aduncum 

Key informant 

interviews; ground 

validation 

Aesthetic value/ 

recreational/ 

tourism value (if 

there is any) 

Change in the aesthetic 

value because AVPL is 

dominated by one single 

species, P. aduncum 

Number of tourist 

(local and 

foreign) 

Number and 

frequency of 

recreational 

activities  

Tourism 

department 

records; other 

secondary data 

Cost in 

management 

and control 

Management and control 

costs of P. aduncum  

Alterations in 

budget allocation 

of LGU 

Key informant 

interview; budget 

and cost records 
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Component 1. Assessment of the Environmental, Socio-cultural, and Economic Impacts of 

P. aduncum in AVPL. 

 

Habitat Suitability Modelling 

To determine the potential distribution of Piper aduncum across the landscape, Max-Ent 

(Maximum entropy) model was employed. MaxEnt models aim to determine the densities of 

species on a given landscape using identified location points as inputs as well as different 

environmental predictors (e.g. precipitation, terrain, temperature) across a user-friendly landscape 

that is divided into grid cells. If there is an existing population data over the landscape, MaxEnt 

will give an output on the expected population on each grid cell. In most cases, there is an absence 

of population data and the population size is typically unknown. This is where the relative 

occurrence rate (ROR) comes into play. This is the relative probability of a species occurring on a 

grid cell on the landscape. The ROR corresponds to the raw output of the Max-Ent model. With 

this, outputs from the Max-Ent model can be interpreted as the indices for habitat suitability. 

MaxEnt models are being implemented by a gain function. This function refers to the 

penalized maximum likelihood function. Getting the exponent of this function gives the likelihood 

ratio of the presence of the species on a given background point. Using the formulation on the 

geographic space will result in the gain function below. 

 𝐺(𝑋) =  
1

𝑚
∑ 𝑍(𝑥𝑖)𝑀

𝑖=1 𝜆 −  𝑙𝑜𝑔 ∑ 𝑄(𝑥𝑖)
𝑁
𝑖=1 𝑒𝑧(𝑥𝑖)𝜆 − ∑ |𝜆𝑗|𝐽

𝑗=1 ∗ 𝛽 ∗ √𝑠2[𝑧𝑗]/𝑀 

The first term of the objective function is the sum of predicted values at given presence locations. 

The more there are presence points given as inputs for the MaxEnt model, the more accurate is the 

sum of predicted values and the outputs are more detailed. Meanwhile, the second term is just the 

sum of predicted values at background locations. This describes the likelihood of the species 

occurring on all the specified background locations. Lastly, the third term is the overfitting penalty. 

The purpose of this term is to reduce model overfitting and improve the accuracy of the MaxEnt 

model. 

    Habitat suitability models can give insight on the potential invasive potential of a non-

native species over time. Complimenting the impact assessment on IAS with habitat suitability 

models will provide spatial insights on the capacity of a species to invade. With the spatial 

component incorporated in the analysis, the environmental and climatic variables can be analyzed 

by looking into the environmental characteristics of the area with high suitability of P. aduncum. 

Also, the MaxEnt model can determine the land cover type where P. aduncum has a high 

probability of thriving. Including this analysis in the policy recommendations will produce 

efficient interventions since the information on areas to be prioritized is already present. 

Biophysical Assessment 

 
The study was carried out in Allah Valley Protected Landscape (AVPL) in Southern, 

Mindanao. Its exact location is from 6.917054N, 124.464297E to 6.045127N, 124.951139. The 
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whole Allah valley landscape is traversing two provinces in Mindanao, Philippines namely Sultan 

Kudarat and South Cotabato (Map 1), wherein 76% of total area of Allah valley lies in South 

Cotabato and the remaining 24% part of the valley lies in Sultan Kudarat (Puno, 2018). Field 

activities include baseline data gathering. site reconnaissance, actual field sampling, and secondary 

data request from relevant agencies to extract information about AVPL. 

Allah Valley Protected Landscape (AVPL) has extensive coverage. In order to locate 

possible sampling sites, a reconnaissance survey was conducted first to determine possible 

sampling plots in consultation with local people by asking them the exact location of large areas 

of P. aduncum in their locality. This was done at the barangay level across the four municipalities 

covering AVPL because people are more aware of the situation in their locality.  Selection of 

sampling points was based on the availability of P. aduncum having the following diameter 

classes: (1) diameter class of 2-5 cm at the base of the plant; (2) 5.1-10 cm; and (3) 10 cm and 

above. If one diameter class is not available in a municipality, it has to be located in some other 

areas to serve as representative of the diameter class. Three replicates were sampled in each 

diameter class. The specific location of sampling plots is shown in Map 3 and Table 3. 

Representative samples for each diameter class are shown in Figures 7 to 9. 

 

 

Table 3. Location of sampling plots.  

Diameter 

Class (cm) 

Municipality 

Surallah T’boli Lake Sebu Bagumbayan 

2-5 Brgy. 

Kanahay 

(6°16’4”N,12

4°44’35”E,4

96m) 

Brgy. Laconoon 

(6°8’15’N,124°

47’48”E,740m) 

 Brgy. 

Baisaripinang 

(6°25’52”N,124°3

6’31”E,297m) 

5.1-10   Brgy. T’konel  

(6°13’13”N,124°

40’29”E,1081m) 

(6°13’14”N,124°

40’28”E,1076m) 

Brgy. 

Baisaripinang 

(6°25’52”N,124°3

6’26”E,283m) 

10.1 and 

above 

 Brgy. Laconoon 

(6°8’25”N,124°

47’50”E,756m) 

Brgy. T’konel 

(6°13’14”N,124°

40’28”E,1075m) 

(2sampling plots) 

 

Natural 

Forest stand 

  Brgy. T’konel 

(6°13’11”N,124°

40;24:E,1113m) 

 

Corn 

plantation 

  Brgy. T’konel  
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(6°13’12”N,124°

40’26”E.1095m) 

 

 

A total of nine (9) sampling plots measuring 20mx20m were randomly located in the AVPL 

to represent the diameter classes. Within the 20mx20m plot, all P. aduncum and other woody 

plants were counted to determine the density of the plantation. In addition, 10 randomly chosen 

clumps of P. anduncum were measured in terms of basal diameter (cm) and merchantable height 

(m). Five (5) randomly chosen quadrat measuring 1mx1m were established inside each 20mx20m 

plot. Within the 1mx1m plot, identification and counting of understory vegetation was done. 

Furthermore, composite soil samples for routine analysis (OM%, pH, phosphorus, potassium) at a 

depth of 0 to 30 cm were collected in each plot, with the addition of soil samples taken from a corn 

and forest stand deliberately gathered for comparative purposes.  

   
 

Figure 6. Established sampling plot within the four municipalities of AVPL. 
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Figure 7.  Piper aduncum stand representing the 2-5 cm basal diameter class. 

 
 

 
Figure 8.  Piper aduncum stand reperesenting the 5.1-10 cm basal diameter class. 

 

 
Figure 9. Piper aduncum stand representing the 10 cm & above basal diameter class. 
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Computation of Biodiversity 

 

Biological diversity can be quantified in many different ways (Environmental Literacy 

Council). In this particular study, relative abundance and relative frequency of all the species found 

inside the plots were computed. Moreover, species diversity was obtained by computing Shannon-

Weiner Diversity Index using a computer software (PAST 3 software). Shannon-Weiner index 

considers two factors, specifically species richness and evenness. Meaning, the relationship of 

greater number of species and a more even distribution results in a higher value of Shannon-Weiner 

index, which signifies a high diversity in the area. 

 

Aboveground Biomass and Carbon Stock 

 

Aboveground biomass (agb) was computed using the general allometric equation 

developed by Brown (1997) for tropical forests with precipitation of 1500-4000mm yr1 (Table 4) 

for moist forest zone, with formula: W=0.118D2.53 (Brown, 1997): 

Where: 

W= tree biomass (kg/tree) 

D= diameter at breast height, DBH (cm) 

H= height (m) 

P= wood density (g/cm³) 

 

 

Table 4. Allometric Equations for Estimating Biomass using Tree Diameter and Height 

 

Lifezone (Rainfall, mm/yr) Equation 

Dry (<1500) W= 0.138D²·³² (Brown, 1997) 

Moist (1500-4000) W= 0.118D²·⁵ ³ (Brown, 1997) 

Wet (>4000) W=0.337D^1.89 

 

In this study, the formula for the moist forest given the rainfall range of 1500-4000mm/year 

was used since the amount of precipitation of all the four municipalities of AVPL perfectly falls 

within this range (Table 4). 

 

Table 5. Amount of precipitation of the municipalities covering AVPL. 

 

Municipality Precipitation (mm/yr) 

Surallah 1699 

Lake Sebu 1945 

T’boli 1770 

Bagumbayan 1911 

Source: Climate-Data.org 

 

According to Houghton (1997) as cited by Gevaña et. al., after computing the AGB, 

Carbon stock could be obtained by multiplying it to 50%. For the socio-economic survey, the 

number of target respondents was determined using statistical approach to determine the 

significant number to be surveyed. The determination of the sample size for each municipality 
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was a function of the actual population size, confidence level and the desired level of precision.  

Cochran’s formula (1992) was used to determine the sample sizes for the four municipalities 

(Equation 1). After computing the sample size, the team proportionally allocated the computed 

sample for each municipality to the different barangays within. Hence, the sample size for each 

barangay within the municipality is a function of the actual population size of the barangay and 

the computed Cochran sample size (Equation 2). Table 6 summarizes the total population for 

each municipality and the computed Cochran sample size. Meanwhile, Table 7 gives the 

information about the number of barangays surveyed within each municipality and the actual 

areas within AVPL (in ha). 

 

(1)    𝑛0 =  
𝑧2𝑝𝑞

𝑒2  

(2)    𝑛 =  
𝑛0

1+
(𝑛0−1)

𝑁

 

 
Where: 

𝑛0 - sample size required 

z – desired confidence level which is set to     be at 1.96 

p – estimated proportion of the attribute that is present in the given population 

q – this is computed to be 1-p 

e – this is the desired level of precision which is set to be at 0.1 

 
 
 
 

 
 

Total 

Population 

Municipality Computed Cochran 

sample size 

7694 Lake Sebu 93 

1931 Surallah 70 

3151 T’Boli 47 

389 Bagumbayan 12 

 
 
 

 
 

 
Municipality Number of Barangays Areas (ha)within AVPL 

Lake Sebu 18 47,891 

Surallah 8 18,805 

Tboli 7 33,394 

Bagumbayan 1 2,260 

TOTAL 34 102,350 

 
 

Table 6. Actual Population size and the computed Cochran sample size for 

each municipality. 

Table 7. Number of Barangays within each Municipality and the actual Areas 

within AVPL (Source: PAMP-AVPL 2018-2022). 
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Determining the values associated with the impacts of IAS may differ depending on its 

nature. Many of the ecosystem services provided by the AVPL are public goods (e.g. native 

biodiversity and aesthetic value) that have no intrinsic market value. This makes economic 

valuation very relevant for this study. There are a number of valuation techniques to capture the 

socio-cultural, environment, and economic value of the likely effects of P. aduncum. It is important 

to note, however, that ecosystem change does not always translate into change in economic value 

(Pendleton, 2010). That is why this study would try to accurately isolate the effects of the P. 

aduncum by measuring its actual impacts by overlaying it with the area’s baseline condition. 

Therefore, actual impacts, defined in this paper, is the marginal change occurred in the areas as a 

result of the occurrence and eventually spreading of P. aduncum in AVPL. Quantification and 

monetization of each impact, primarily classified between use and non-use values, will be 

estimated using a variety of valuation techniques. For non-use value, this paper will use contingent 

valuation method (CVM) to estimate the monetary benefit that may be derived assuming that an 

intervention for strict control of P. aduncum will be adopted. Contingent valuation method is a 

form of stated preference approach which infers the value people place on ecosystem goods and 

services that have no existing price in the market. The concerned stakeholders will be directly 

asked of their willingness to pay (WTP) for a hypothetical change on the environmental good or 

service through the implementation of a structured questionnaire.  

 

Survey Design for the Socio-economic Analysis 

 

An effective survey instrument is critical in assessing the socio-economic status of a 

particular area. To craft an effective survey instrument, it is necessary to discuss the context of the 

problem statement to the respondents. Thus, a brief background related to the project and the issue 

it tackles was included in the questionnaire. This was followed by an assertion on the current views 

of the local communities within AVPL when it comes to the observed impacts of P. aduncum. 

Subdivided into five sections, the questionnaire was uniquely designed to determine the impacts 

of P. aduncum based on the indicators determined. The first section, Block 1 (Table 8) is composed 

of questions related to the perceived impacts, awareness, and existing knowledge of the 

respondents. This was followed by a section, Block 2, related to the farm lot information of each 

respondent, which includes the crop information (number of major crops being planted and 

whether each crop is being affected by the existence of P. aduncum, volume of harvest, and area 

planted) summarized in a table, natural disasters experienced in the past five years, fallow 

information, spread information, and perceived benefits and uses of Piper aduncum. Respondents 

were also asked to list all the measures being done to prevent the proliferation of Piper aduncum, 

its degree of effectiveness, and the associated costs. Along with this information, Block 3 also 

evaluates the risk perception among respondents in the context of invasive species in AVPL. Block 

4 gets the information needed for the contingent valuation which includes the description of the 

hypothetical scenario and the dichotomous choice referendum format question eliciting the 

willingness to pay for an improvement on biodiversity in AVPL. Lastly, Block 5 organizes the 

socio-demographic related information. These sections are listed in Table 8 along with a brief 

description and the indicators being measured. 

 

 

Table 8. List of the Identified Sections in the Survey Questionnaire. 

 

 Block/Sections Description Indicators measured 

1 Knowledge, Awareness, 

and Perception 

Using a likert scale, respondents were asked to 

rate their level of agreement with statements 

related to the impacts of Piper aduncum on the 

All Environmental, Socio-

cultural, and Economic 

indicators. 
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environmental, socio-cultural and economic 

spheres of AVPL.  

2 Farm lot Information This block extracts the information related to 

the farm lot, crops, fallow practices, perceived 

benefits and spread of Piper aduncum. 

Food and agricultural 

production, public health and 

safety, indigenous groups, 

and livelihood. 

3 Mitigating Measures and 

Risk Perception 

Respondents were asked to list mitigating 

measures to prevent the spread of Piper 

aduncum along with its equivalent cost. 

Cost in management control, 

livelihood 

4 Contingent Valuation This section estimates the monetary benefit of 

an ecosystem service by first providing a 

hypothetical scenario and asking for the amount 

that a respondent is willing to pay for a change 

in the ecosystem service. 

Aesthetic value and 

biodiversity 

5 Socio-demographic 

Information 

Summarizes the information related to the 

respondent’s social status 

Livelihood/Source of Income 

 

Block 4 is one of the most significant part of the survey questionnaire as it elicits the 

willingness to pay among respondents. It was constructed by first explaining the threats due to the 

presence of invasive species and building a hypothetical scenario. For this study, the economic 

value that people attached on native biodiversity, aesthetic value and other ecosystem goods and 

services in AVPL that have changed as a result of the invasion of P. aduncum will be included in 

the development of the hypothetical scenario. The hypothetical scenario was framed by asking 

people their willingness to pay for a program intervention for P. aduncum that would help control 

its increasing spread and thus will restore the native biodiversity, productivity, and aesthetic value 

of AVPL 

Although these questions will extract the necessary information related to the willingness 

to pay (WTP) of identified respondents, it is still important to emphasize that an actual amount 

will not be collected and answering the intended question about their willingness to pay is vital to 

estimate the true value of the ecosystem goods and services in AVPL. It is also instrumental for 

the hypothetical scenario to be as specific as possible, to help the respondents visualize the current 

scenario and the relevance of eliciting the extracted information. After the survey, the responses 

gathered were analyzed along with the socio-demographic information and other determined 

indicators. 
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Figure 10. Upper left: Focus Group Discussion between the project team and the farmers affected by the invasion of 

P. aduncum, Upper right: Household survey conducted in the municipality of Surallah, South Cotabato, 

Bottom: Key Informant Interview with the Mayor of Bagumbayan, Sultan Kudarat. 

 

Statistical Analysis 

 
In analyzing the socio-economic data from the survey, a systematic qualitative analysis 

will be done in conjunction with various statistical tests to determine if there are significant 

differences among sampled areas identified with or without the presence of Piper aduncum. For 

some of the parameters, the degree of statistical significance may serve as a basis for weighing the 

duration, magnitude, and likelihood of the impact. The statistical tests consisted of both non-

parametric and parametric tests. 

To give a brief background on the various statistical tests that were used for the analysis, 

non-parametric tests are being used if the data did not satisfy assumptions related to the normality 

of the distribution and the homogeneity of variances. For the analysis of the result of the socio-

economic survey, Kruskal Wallis rank test, one-way analysis of variance, and logit regression were 

the analyses used. To determine if there are significant differences between the means of two 

groups to be compared, Analysis of Variance was used. This was done by first testing the 

assumptions related to the distribution of the data, and the homogeneity of variances. As an 

alternative to One-way analysis of variance which assumes normal distribution and homogeneous 

variances, Kruskal wallis was used to determine if there are significant differences between 

variables being compared by ranking the observations between the two groups being compared 

and comparing the medians. 

Lastly, logistic regression was used to determine the significant indicators of the 

presence/absence of P. aduncum. With the identified presence/absence of P. aduncum as the 

response variable, logistic regression will allow the inclusion of multiple determinants in the 

analysis. Employing this will aid in the identification of significant indicators of presence/absence. 

But prior to conducting the regression analysis, certain assumptions should be met first before 

running the actual logit regression model. Table 9 lists the assumptions that should be met before 

proceeding with the logistic regression along with the procedures to test the data for the 

corresponding assumptions. If necessary, adjustments in the data should be made to satisfy these 

assumptions. Since the socio-economic survey will gather all possible indicators, there is a wide 

range of candidate variables to be included in the logit regression model. Depending on the sample 

size, it is important to conduct a preliminary analysis to determine what variables should be 

included in the logit regression model. In most cases, univariate tests were employed for the 

indicators identified. Selection was based on the level of significance. Usually, variables with p-

value less than 0.25 were considered. Logit regression models were created based on the 

combination of the selected variables with higher significance. 
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Table 9. Assumptions to be satisfied in conducting the logistic regression along with the 

corresponding testing procedures. 

 

Assumption Description Procedure 

Independence of 

observation 

There should exist no relationship 

among observations in the data. If a 

relationship exists, the data has 

repeated measures. 

Linktest, a function in stata can be 

used to test for this assumption by 

determining if the logit function is the 

best fit or link function to be used for 

the given data.  

Multicollinearity Two more independent variables 

should not be highly correlated to 

each other 

Stata automatically removes one of the 

two variables if there is a perfect 

correlation. To test for medium 

correlation among independent 

variables are correlated, collin can be 

used. This is a program in stata which 

gives an output on the VIF (variance 

inflation factor) and tolerance. 

Checking for standard errors and 

creating correlation matrices can also 

be used for preliminary identification 

of correlated variables. 

Linear relationship 

between logit 

transformation 

There should exist a linear 

relationship between any continuous 

independent variable and the logit 

transformation of the response 

variable. 

Linktest can also be used to test this 

assumption. If the relationship is 

nonlinear, boxtid can be used to 

linearly transform the predictor using 

power transformations and find the 

best power fit based on maximal 

likelihood estimates.  

No significant 

outliers 

There should be no influential points 

and high leverage points. These may 

affect the predicted values of the 

dependent variable. 

To analyze the behavior of each 

observation and determine influential 

points, various test statistics may help. 

Pearson residuals, deviance residuals, 

and pregibon leverage. These 

computed values should be plotted 

against the predicted probabilities. 

 

 

Determining the Biodiversity Value 

 
A logistic regression was employed to the results of the survey to compute for the 

respondents’ WTP and to determine the significant factors that influence their WTP. To estimate 

the mean maximum WTP, the study used the formula proposed by Hanemann (1994): 

 

𝑚𝑒𝑎𝑛 𝑊𝑇𝑃 =  
1

|𝛽|
𝑙𝑛 (1 + 𝑒𝛼) 

 

Where β is the coefficient of the bid price and α is the estimated constant in the logistic 

model if there are no additional independent variable other than the bid price. If there are more 
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than one explanatory variables in the logistic model, the following formula was used in computing 

the ∝: 

 

∝ = ∝0+  ∑ 𝛽𝑗𝑋𝑗

𝑘

𝑗=1

 

 

To account for some of the parameters, α represents the sum of the estimated constant plus 

the sum of all coefficients of the explanatory variables multiplied by their means (Donovan and 

Nicholls, 2003), ∝0 is the constant in o the logistic model and the 𝛽𝑗’s do not include the bid price 

coefficient.  

Aside from the regression model that was implemented to determine the mean maximum 

WTP, a series of regression tests was done to establish a causal relationship among the impacts 

identified and determine the factors affecting the presence/absence of Piper aduncum in AVPL. 

Since the dependent variable was identified to be binary (presence/absence of P. aduncum), either 

probit or logit regression was employed. Prior to running the logistic regression analysis, post-hoc 

tests was done to make sure that the data satisfies important assumptions. Once these assumptions 

are satisfied, valid conclusions can be drawn from the regression models. To name a few, linearity 

is one of the major assumptions. This states that a linear relationship between the dependent 

variable and the log odds ratio should be established. Second, the independent variables should 

not be highly correlated with each other. Lastly, there should be independence of observation. 

Equation 1 gives the general form of the logistic model, where P is the probability of obtaining a 

positive outcome, a and b are the parameters of the regression model while e is the natural 

logarithm constant 2.718. 

𝑃 =  
𝑒𝑎+𝑏𝑥

1 + 𝑒𝑎+𝑏𝑥
 

  

 

Component 2. Documentation and Analysis of current conventional practices in the 

management of P. aduncum 

 
The documentation of current conventional practices and alternative uses in the management 

of P. aduncum was incorporated in the survey questionnaire. In Block 2, specific sections were 

dedicated to identify information related to the fallow practices of respondents (Figure 11). Based 

on the gathered literature on the potential uses of P. aduncum in other landscapes, the list of 

alternative uses for P. aduncum was also incorporated in Block 2. The respondents were asked to 

identify which among these alternative uses are being practiced on the ground, how frequent it is 

being practiced, and the volume of P. aduncum being used for the given alternative use. The 

information from this block will comprise the derived benefits which can be attributed to the 

existing presence of P. aduncum.  
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Figure 11. Section in the survey summarizing the alternative uses and the equivalent 

monetary value of the benefits. 

 

 
Figure 12. Block 3 Section in the survey questionnaire summarizing the costs of mitigating 

measures per farm level 

 

On the other hand, the Block 3 of the survey questionnaire was the section specifically allotted 

to identify related measures to eradicate the presence of P. aduncum as seen in figure 12. The 

different mitigation strategies identified on the farm level was summarized in a table along with 

the equivalent costs and annual frequency in Block 2. This information will be taken into account 

since it represents the actual costs to eradicate P. aduncum. 

After identifying this information, the characteristics of the farms in terms of the costs and 

benefits will be analyzed. Since these data were integrated into the overall socio-economic survey, 

the actual costs and benefits for the areas with or without P. aduncum will be determined. Kruskal 

wallis rank test will be used to determine if the difference between the cost for areas with and 

without P. aduncum is significant. As for the benefits, the most common alternatives will be used 

to offset the costs associated with the loss incurred due to the impact of P. aduncum. The value of 

benefits will be determined using market-based approach since the alternative uses have actual 

prices based on the focus group discussion. 

 

Component 3. Policy recommendations in the management and control of P. aduncum in 

AVPL 
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Based on the results of the assessment of impacts in Component 1 and the documentation of 

existing practices in Component 2, policy recommendations were presented. Prior to this, the 

results were first evaluated and verified by setting up a validation workshop with various 

stakeholders from PAMB-AVPL and virtual presentation of the result of the project to the selected 

stakeholders from DENR. 
The policy recommendations were formulated by integrating the concept of biological 

invasion theory to the existing interventions related to IAS. This was integrated because It is 

critical to evaluate the landscape being invaded to determine the ideal intervention based on the 

stage of invasion. As seen in Figure 1, the appropriate management options may vary depending 

on the stage. During the early stage of introduction, interventions are most effective with lesser 

cost since the focus at this stage are interventions related to surveillance and preventive measures. 

As the non-native species continue to establish itself in the landscape, going deeper in the invasion 

process, the intervention effectiveness decreases with increasing costs. During the invasion – 

impact stage it is important to focus interventions on controlling/containing the spread of the 

invasive species as total eradication during this point entails higher cost which could be impractical 

on the long run. 

 

Figure 13. Invasion Process and Management Options (Invasive Species Council) 

It is necessary to integrate the general biological invasion process in crafting interventions 

needed to address the issue of IAS proliferation on a given landscape. Hence, the project team 

came up with a general framework on modelling invasive species management in protected areas 

(Figure 13). Based on the framework, the model development stage will first start by determining 

where the IAS is currently based on the stages of biological invasion. Once this has been 

determined, the corresponding impacts of the IAS will be quantified by determining the values 

related to the costs of mitigating measures and the benefits by utilizing the species’ alternative use. 

These costs and benefits are just a few of the examples that can be included in the quantification 

and impact valuation process. The result of the impact valuation process will be the basis to 

recommend the most appropriate intervention to take. After the model has been developed, the 

identified mitigating measures will be integrated into the current landscape through formulating 

policies based on the context of mitigating measures, implementing the strategy, and diagnosing 

potential conflict on the ground level. The outputs in the diagnostic phase will be the basis for the 

adjustment to be made in the previously developed model.  
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Figure 14. General Framework on Modelling Invasive Species Management in Protected Areas 

 In the Philippines, there are pioneering studies exploring the impact of invasive species but 

there are currently no further studies delving deeper on its impacts to protected areas. To name a 

few of these significant studies of IAS in the Philippines, Florece and Baguinon (2011) made a 

criteria and rating system for determining the degree of invasiveness of alien plant species in the 

country. In their study, bio-invasion potential was defined as the ability of a plant species to invade, 

colonize, regenerate/reproduce and grow into a matured individual, naturalized and resist pest and 

diseases infestation for a long period of time even without human intervention. In addition, 

Baguinon and Miel (2013) identified the potential threat of bio-invasion in a natural forest in 

Banaue, Ifugao. Results showed that various alien taxa are being introduced in the surveyed 

landscape through wind dispersal. With the existence of invasive plant species threatening the 

biodiversity in different landscapes, these literatures highlighted the significance of determining 

the impacts of invasive alien species in the environmental, socio-cultural, and economic sphere of 

a landscape. 

 Using the general framework in figure 14 and the inputs from the data gathered, the policy 

recommendation will encompass the interventions needed on the farm-based level to address the 

impact of P. aduncum. On the regional and national level, the project team used the specific case 

of biological invasion in AVPL to determine the direction of the policies/intervention to address 

invasive plant species in the Philippines. This will be used as a baseline study to assess the impacts 

of a particular IAS not just on the environment but with the integration of the socio-cultural and 

the economic landscape. 

 

Component 4. Develop a user-friendly assessment/evaluation tool that could determine the 

environmental and socio-economic valuation of IAS 
 

Part of the cost-benefit analysis involves the projection of the quantities of Piper aduncum. 

These estimated quantities will serve as input to monetize the benefits and costs associated with 

the existence of Piper aduncum over time. For the projections, stage-structure modelling was 

employed. The conceptual diagram for the stage-structure model is presented in Figure 15. As 
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seen in the figure, the initial stage for P. aduncum starts at the seedling stage. Lasting for 17-25 

days, seeds produced by Mid-Age class trees and Last Age class trees will turn into seedlings. The 

proportion of surviving seedlings will reach the first age class within 2-5 months, Mid-age class 

within 5-12 months, and Last Age Class for 1-2 years. 

 

  
Figure 15. Conceptual Diagram of the Age structure Model to project the quantities of Piper 

aduncum. 

 

 The age structure model is defined by a series of difference equations describing the 

interaction among stages based on the parameters and the identified dynamics illustrated in the 

conceptual diagram. As seen, there are various parameters that should be considered in the model. 

The Gi’s represent the proportion of individuals moving from stage n to n+1 at the next time step. 

Meanwhile, the Si’s represent the fecundity rate once P. aduncum has reached the reproductive 

stage and the Mi’s represent the proportion of individual trees at each stage staying at the same 

stage in time t+1. Let NS, NF, NM, and NL, represent the population densities for the seedlings, first 

age class, mid age class, and last age class. Equations 1-4 can be used to identify the population 

densities for each age class at time t+1. 

 

𝑁𝑆(𝑡 + 1) =  𝑆2𝑁𝑀(𝑡) + 𝑆3𝑁𝐿(𝑡)  (1) 

 

𝑁𝐹(𝑡 + 1) =  𝐺1𝑁𝑆(𝑡) (2) 

 

𝑁𝑀(𝑡 + 1) =  𝐺2𝑁𝐹(𝑡) (3) 

 

𝑁𝐿(𝑡 + 1) =  𝐺3𝑁𝑀(𝑡) + 𝑀3𝑁𝐿(𝑡) (4) 

  

Evaluating these equations at each time step will produce projected quantities dependent 

on the parameters identified. These equations may also be written in matrix form for efficient 

computations. Known as leifkovitch matrix, this contains the parameters of the difference 

equations. It is usually expressed in the following format: 

 

After projecting the densities of P. aduncum over time, the costs and the benefits of the 

interventions identified will be determined. This has been done by first determining the level of 

intervention for the whole area of AVPL. Table N summarizes the identified scenarios for the cost 

- benefit analysis. For the initial costs for the base year, the status quo cost was determined. 

 

 

  Seedlings 
(17-25 days) 

First Age Class 
(2-5 months) 

Mid Age Class 
(5-12 months) 

Last Age Class 
(1-2 years) 

New 
Sprouts 

New 
Sprouts 

G1 G2 G3 

M3 

S2 S3 
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Cost and Financing 

 

The total approved fund was Php 1,956,000. Funds were released quarterly in accordance with 

the approved WFP and upon submission of the project’s quarterly accomplishment report and 

audited financial statement. There were delays in the fund releases because of the procurement 

process. Initially, the project duration is set from October 2018 – December 2019. The first tranche 

was downloaded last week of October 2018. The next tranche was released to UPLB last May 

2019, this was followed by the third tranche which was downloaded to UPLB last December 2019. 

The disbursement process became extensive because the team was required to totally disburse the 

previously downloaded funds prior to the release of the next tranche. Furthermore, the disruptions 

brought by the extensive lockdown periods due to the COVID-19 pandemic further complicated 

the disbursement process and the implementation of some project activities. 

To address these concerns, the project team has continuously coordinated with the funding 

agency for the continuous extension of the project and the deliverables needed. With some of the 

project activities not feasible to be implemented physically, the project team proposed to conduct 

some of the project activities in a virtual setting which includes the virtual training for the excel – 

based valuation tool, and the virtual presentation of the results. To offset the delays brought about 

by the extensive lockdowns and the procurement process, the project was approved for extension 

until October 2020. 

By the end of 2020, the project’s total expenditure amounted to Php 1,365,521.36 or 95.43% 

of the project fund utilization. This is less than the total budget which amounts to 1,956,000 since 

this only covers the first three tranches. 80% of the last tranche has been downloaded just last 

September 1, 2020. For the previous tranches, 18.52% of the total disbursement was utilized for 

travel related expenses, 4.82% was spent for supplies and materials, 3.139% was allotted for 

communication expenses, 0.71% was used for representation and training expenses, 1.36% was 

budgeted for rent expenses, and 3.96% was utilized for survey expenses. A considerable amount 

of the budget utilization, which is at 62.15%, was allotted for professional services. 5.35% was 

utilized for other maintenance and operating expenses. Table 10 summarizes the project’s total 

expenditure. 

Table 10. Summary of the Project’s Total Expenditure as of February 2020 

Line Item Budget Budget 

Allocation (Php) 

Actual Disbursement 

Php Percentage (%) 

Travel 282,000 252,933.32 18.52 

Supplies and 

Materials 

66,000 65,755 4.82 
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Line Item Budget Budget 

Allocation (Php) 

Actual Disbursement 

Php Percentage (%) 

Communication 43,200 42,780 3.139 

Representation 

and Training 

10,600 9,700 0.71 

Rent Expenses 25,600 18,600 1.36 

Survey Expenses 55,000 54,050 3.96 

Professional 

Services 

848,652 848,651.04 62.15 

Other MOOE 99,828 73,032 5.35 

TOTAL 1,430,880 1,365,521.36 100.00 

 

V. PROJECT RESULTS 
 

Component 1. Assessment of the Environmental, Socio-cultural, and Economic Impacts of 

P. aduncum in AVPL. 

 
Table 11 highlights the parameter to evaluate the environmental, socio-cultural, and 

economic impacts of P. aduncum in AVPL along with the findings based on the initial assessment. 

In the table, some of the underlying hypothesis on the impacts of P. aduncum to the specified 

parameter were found to be true. As for some of the parameters, findings and survey accounts 

showed insignificant results. Based on the surveys and data analysis, P. aduncum has no direct 

impact on the water supply, indigenous groups, and public health. The change in these parameters 

can be attributed to various reasons aside from the existence of P. aduncum. 

 

Table 11. Significance of the initial parameters identified based on the biophysical and socio-

economic assessment. 

 
Nature of 

Impact 

Parameter Underlying Hypothesis Findings based on the 

biophysical and 

socioeconomic 

assessment 
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Environmental Biodiversity P. aduncum might have 

displaced indigenous 

species 

biodiversity loss 

Land/Soil 

Characteristics 

P. aduncum as fallow crop 

might have improved soil 

fertility of indigenous 

peoples’ farms 

greater yield of crops  

Water Supply P. aduncum might have 

altered the water 

regulation of AVPL  

water supply is not 

affected  

Socio - cultural Public Health and 

Safety 

P. aduncum might have an 

effect on the susceptibility 

of AVPL and the nearby 

community to hazards 

(e.g. fire, flooding, 

landslide, earthquake, etc.)  

Increasing natural 

hazards is not a direct 

impact of the 

proliferation of P. 

aduncum. Various factors 

can be attributed to this. 

Indigenous groups The widespread 

distribution of P. aduncum 

might have invaded the 

IPs land domain  

land domains are not 

affected by the invasion 

of P. aduncum 

Livelihood/Source 

of Income 

The prevalence of P. 

aduncum might have 

induced changes in the 

livelihood/ source of 

income of the community 

alternative uses as 

charcoal, stakes, posts, 

and weed control agent, 

Economic Food and 

Agricultural 

Production 

P. aduncum might invade 

potential areas for food 

production 

Higher mean yield on 

plots not affected by P. 

aduncum 

Aesthetic 

Value/Tourism 

Value 

Change in the aesthetic 

value because AVPL is 

dominated by one single 

species of P. aduncum 

P. aduncum has no direct 

impact to the 

recreation/tourism value 

since most of the tourist 

spots in AVPL are within 

the lakes  

Cost of Mitigation 

and Control 

Management and control 

costs of P. aduncum  

Higher cost associated 

with farms proliferated 

by P. aduncum. 
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Habitat Suitability Modelling using MaxEnt 

 

Figure 16 and Table 12 show the ecosystems/land cover types inside AVPL. Note that the 

closed forests were limited to the higher elevations on the mountain ranges in the South-West of 

AVPL along Mt. Busa. The closed forests which are home of biodiversity constitute only about 

34,474 ha or 14% of the total area of AVPL, the open forest at 7,496 ha or 8%. Which means that 

the forest zone (closed and open) is only 22% of the total area of AVPL. The largest ecosystem is 

wooded grassland at 41,809 or 43% of the total area, followed by annual crop at 23,193 ha (24%). 

Other land uses include: shrubs at 5,396 ha, 2,757 ha, 1,056, 1,023, 344, and 93 ha for perennial 

crop, inland water, built-up, grassland and barren land, respectively (Table 12). The wooded 

grassland occupies a wide area at the center of AVPL. The annual crop covers the North-Eastern 

side of the AVPL. This goes to show that AVPL is under tremendous human pressures. 

There are four (4) land classification types inside AVPL as assigned by the DENR (Figure 

17 and Table 13). The widest area covered is the forest reserve with an area of about 64,564 ha 

or 65% of the total area of AVPL. The A and D lands are located at the lower elevations along 

Allah river, is the second largest with an area of about 19,433 ha or 19%, followed by unclassified 

public forest and civil reservation with an area of 8,059 (8%) and 5,936 ha (6%), respectively. In 

comparison with the land cover map, it shows that most of the forest reserve areas have already 

been converted to agricultural and other uses. That is, if you combine the total area of closed and 

open forests, that amounts to 20,971 ha, while in Table 13, forest reservation has a total area of 

64,564 ha, this simply means that about 43,593 ha or about 68% have already been converted to 

some other uses. The lake ecosystem is estimated to be about 1110 ha or 1.1% of the total area of 

AVPL. This is something to worry about, because the forest zones are located in higher elevations 

with steep slopes, which are supposed to serve as reservoirs within AVPL. The hydrologic function 

of the forest has been considerably altered that will lead to flooding and declining water supply in 

the future. 
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                      Figure 16. Land cover map of AVPL (Source: AVPL-DENR) 

 

 

Table 12.  Area (ha) of land use/ecosystems of AVPL. 

Ecosystems/land use Area Percentage 

Annual crop 23,193.34 23.99 

Built-up 1,022.59 1.05 

Closed forest 13,474.89 13.94 

Grassland 344.38 0.35 

Inland water 1,056.22 1.09 

Open forest 7,496.22 7.75 

Open/Barren 93.16 0.09 

Perennial crop 2,757.11 2.85 

Shrubs 5,395.91 5.58 

Wooded grassland 41,809.08 43.26 

                  Total 96,642.90 100 
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Figure 17. Land Classification Map of AVPL. 

 

 

Table 13.  Land classification, area (ha) and percentage occupied by each category. 

Classification Area (ha) Percentage 

Alienable and disposable 19,432.8 19.51 

Forest reserve 64,564.3 65.15 

Civil reservation 5,936.1 5.99 

Unclassified/Public forest 8,059.12 8.13 

Lake 1110.3 1.12 

                       Total 99,102.62 100 

 

To determine the suitability of P. aduncum in AVPL using Maxent Model, various 

variables were considered. Table 14 gives estimates of relative contributions of the environmental 

variables to the Maxent Model. To determine the first estimate, in each iteration of the training 

algorithm, the increase in regularized gain is added to the contribution of the corresponding 

variable, or subtracted from it if the change to the absolute value of lambda is negative. For the 
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second estimate, for each environmental variable in turn, the values of that variable on training 

presence and background data are randomly permuted. The model is re-evaluated on the permuted 

data, and the resulting drop in training AUC is shown in the table, normalized to percentages. As 

with the variable jackknife, variable contributions should be interpreted with caution when the 

predictor variables are correlated. Values shown are averages over replicate runs. 

 

 

Table 14. Percent contribution of variables in Piper aduncum invasion. 

Variable 
Percent 

contribution 

Permutation 

importance 

bio13 (Precipitation of Wettest Month) 29.8 71.8 

bio4 (Temperature Seasonality 

(standard deviation ×100) 
22.7 2.2 

alt_b (altitude) 14.4 3.5 

soil 12.5 5 

Karst (limestone areas) 11.8 13.4 

rivers 7.3 4.1 

Human settlements 0.1 0.1 

*all other factors with 0 contributions were deleted 

 

Bioclimatic variables are derived from the monthly temperature and rainfall values in order 

to generate more biologically meaningful variables. These are often used in species distribution 

modelling and related ecological modelling techniques. The bioclimatic variables represent annual 

trends (e.g., mean annual temperature, annual precipitation) seasonality (e.g., annual range in 

temperature and precipitation) and extreme or limiting environmental factors (e.g., temperature of 

the coldest and warmest month, and precipitation of the wet and dry quarters). A quarter is a period 

of three months (1/4 of the year). 

Overall, Precipitation of Wettest Month imparts the highest with regard to the species’ 

invasion with Percent contribution of 29.8. Followed by the Temperature seasonality, with 22.7% 

contribution. These figures show that bioclimatic variables, especially favorable precipitation and 

temperature seasonality of the area, combined with human- induced factors, would pave the way 

for P. aduncum to really invade specific areas in AVPL. 

Figure 18 shows the result of Maxent projections of suitable areas for P. aduncum using 

the 9 sampling points. The red colored areas, ranked as 1, in the suitability scale, are areas that 

are most suitable for P. aduncum, while the blue ones, ranked 0, are the least suitable for the 

species to thrive in.  

Human modified ecosystems were laid over the suitability result of maxent. According to 

Japitana & Macandog (2019), the predicted suitable habitat of P. aduncum was heavily influenced 

by Soil type, Mean Temp of Warmest Quarter, mean Diurnal Range, Max Temp of Warmest 

Month and Precipitation. Based on the projection, the highest suitability rate falls within the 

wooded grassland and annual crop ecosystems (Figure 19). Table 15 shows the area covered by 

the suitability projection of the two ecosystems.  
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Figure 18. Suitability Map of Piper aduncum in AVPL. 
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Figure 19. Ecosystems types over suitable areas for Piper aduncum in AVPL. 

 

 

Table 15. Total Area of Ecosystem per Suitability Rank. 

 

 Suitability Scale  

Ecosystems 1 0.92 0.85 0.77 0.69 0.62 0.54 0.46 0.38 0.31 TOTAL 

wooded 

grassland 

(has) 

    

14,902  

 

   

16,383 

   

5,284 

   

1,12

9.00  

      

537.

00  

   

2,45

7.00  

      

481.

00  

      

267.

00  

        

41.0

0  

      

294.

00  

   

41,775.00  
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annual 

crop 

(has) 

7411 6288 2174 1860

.274 

578.

414 

2672

.715 

1185

.168 

702.

324 

3.85

4 

301.

164 

23176.84 

 

 

Table 15 shows the land area of the two most suitable ecosystems that fall with each rank 

of the suitability scale. The total land area of the ranks 1, 0.92, and 0.85, that corresponds to highest 

suitability rate, is 36,569 has. Based on the figures, it can be assumed that approximately 88% of 

the wooded grassland ecosystem is highly suitable for the invasion of the IAS. On the other hand, 

15,872.9 ha of annual crop ecosystem occupies the three highest suitability ranks of the scale. This 

means about 70% of the ecosystem is significantly site-suitable for P. aduncum’s growth and 

invasion.  

 

Succinctly, ecosystems such as wooded grassland and annual crop provide the factors 

needed for P. aduncum’s growth and invasion. These ecosystems become suitable areas for the 

IAS since it has no cover and offers light, which then contributes to the growth and invasion of the 

species since P. aduncum, is a shade intolerant shrub. This species can be mostly found in forest 

clearings, forest gaps, riparian zones, exploited forest and fallows (Witt, 2017, Padmanda & Sheil, 

2014). In the Philippines, it is now believed to be the most invasive alien species dominating 

Mindanao Region. In fact, T’boli farmers of Allah Valley Protected Landscape (AVPL), claimed 

that once they have utilized a land for agricultural purposes, P. aduncum will surely invade the 

open areas. Basically, open areas and/or once an area has been opened, P. aduncum would be 

provided with the highest probability of invasion. 

 

In summary, Figure 20 shows the total percentage areas where P. aduncum is suitable to 

grow and invade in the protected landscape. Approximately 28% of the whole AVPL provides the 

greatest site-suitability for the species, with a total area of 27315.27 has (Table 16). The next rank 

in the suitability scale also offers a large percentage of the whole boundary of the landscape, with 

a total area of 27961.11, which covers 29% of AVPL. Moreover, the third rank for high suitability, 

was found out to have a total area of 11799.35, which is approximately 12% of AVPL’s land area. 

These figures show that 70% of the whole land area of AVPL provides great suitability for P. 

aduncum to grow, and invade eventually without proper utilization.  
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Figure 20. Percent suitability area cover in AVPL. 

 

 

Table 16. Total Area Cover per Suitability Rank. 

 

Suitability 

Scale 

1 0.92 0.85 0.77 0.69 0.62 0.54 0.46 0.38 0.31 total 

Land area 

(has) 
27315 27961 11799 5544 3409 8482 3647 4929 1321 3123 97,532 

Percentage 28.01 28.67 12.10 5.70 3.50 8.70 3.74 5.05 1.35 3.20 100 

 

Biophysical Assessment 

 

Appendix 7 - 9 in the appendix section show the species found to thrive under P. aduncum 
stand per diameter class and their relative abundance, relative frequency, relative density, and 

importance value. Species abundance is the number of individuals per species, and relative 

abundance refers to the evenness of distribution of individuals among species in a community. In 

the diameter class 2.5-5 cm the most abundant species as expected, is P. aduncum with a total of 

530 individuals. This species also had the highest relative density value of 38. Overall, P. aduncum 

is the most dominant species in this diameter classification because it garnered the highest 

Importance Value (IV) of 221 (Appendix 7.). The second most dominant species is Elephantopus 

tomentosus with an IV of 105, followed by Desmodium triflorum with IV of 80, Calopogonium 

muconoides with an IV of 76, then Peperomia pellucida with 39 IV. In this sampling plot, it is 

noteworthy that some tree species were encountered such as Gmelina arborea, Leucaena 

leucocephala, Ficus psuedopalma, Psidium guajava, and Wallaceodendron celebicum indicating 

that the site is probably a former reforestation area.  
Under the 5.1-10 diameter class, the five most dominant species in descending order of IV 

were P. aduncum, Nephrolepis biserrata, Cyathea contaminans, Ipomoea obscura, and 

Elephantopus tomentosus (Appendix 8). Some interesting species under this plot are Sindora 

supa, Litsea glutinosa, Celtis luzonica and the widely spread Leucaena leucocephala. Under the 

largest diameter class (10 cm and above), the top five most dominant species are Calopogonium 

muconoides followed in descending order by P. aduncum, Symphyotrium patens, Nephrolepis 

biserrata, and Paspalum conjugatum (Appendix 9). Tree species growing under these sampling 

sites are Artocarpus blancoi, Macaranga tanarius, and Trema orientalis. The last two species are 

pioneer species just like P. aduncum. In general, the sampling sites are covered by species that are 

of lesser value. Most of them are growing on shifting cultivation areas and are also considered 

obnoxious species competing with agricultural crops. The species like Mikania cordata, Lantana 

camara, Chromolaena odorata, Imperata cylindrical, Mimosa invisa are even listed as invasive 

species in the country. 

In diameter class 2.5-5 cm, there were 32 species of plants recorded representing 15 

families. The family with the highest number of species is Fabaceae (Appendix 10), while under 

the 5.1-10 cm diameter class 25 species were recorded representing 19 families, with Fabaceae 

and Asteraceae having the highest number of species (Appendix 11). Under the biggest diameter 

class (10 cm above diameter), 18 species were encountered representing 13 families with 

Asteraceae and Poaceae having the greatest number of species (3 sp.) (Appendix 12). The 

differences in terms of species and families were not significantly different among the diameter 

classes, though the smaller diameter class had the highest number of species. This is expected 

because a younger fallow or regenerating forest have more sunlight to benefit sun-loving species. 
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But as the stand grows older, pioneer species like P. aduncum will shade out species that are shade 

intolerant.   

The Shannon-Weiner diversity index values were obtained per established sampling 

replicate for the three diameter classes. The mean diversity indices under each diameter class, (2-

5 cm; 5.1-10 cm; and 10 cm above) were 1.894, 1.798, and 1.647, respectively (Table 17). There 

was a decrease in the biodiversity index as the plantation became older, indicating that indeed, P. 

aduncum could suppress other plant species that are shade intolerant. However, it should not be 

worried about because plant species under the stands of P. aduncum are considered as weeds of 

lesser value with few trees that are adapted to a shaded environment. No known important or 

threatened species of plants were noticed because the areas dominated by P. aduncum were old 

and abandoned shifting cultivation fields that have been subjected to continuous cultivation. 

Accordingly, when the shifting cultivation areas were already depauperated with soil nutrients, 

they will be allowed to fallow for about 8 or more years. Large diameter sizes of P. aduncum is 

used as an indicator that the field on fallow is now again ready for cultivation. Interviews revealed 

that the longer the fallow period the more fertile the soil will be.  

The resulting biodiversity indices are considered very low compared to forest ecosystems 

using the categorization of Fenando’s (1998) biodversity scale (Table 18). This is expected 

because P. aduncum as a pioneer species that is fast growing will eliminate sun-loving plants. As 

pioneer species it has the ability to improve the site to encourage the recruitment of climax species, 

though needs further investigation as to its potential allelophatic effect on other plants.  

 

 

Table 17. Shannon-Weiner biodiversity indices of sampling plots. 

Dameter Classification (cm) Replicates Mean 

Plot 1 Plot 2 Plot 3 

2-5  1.91 1.982 1.79 1.894 

5.1-10  1.757 1.773 1.865 1.798 

10.1 and above  1.484 1.905 1.553 1.647 

 

 

 Table 18. Modified Fernando Biodiversity Scale (1998). 

Relative values Shannon-Weiner index 

Very high 3.5-4.0 

High 3.0-3.49 

Moderate 2.5-2.99 

Low 2.0-2.49 

Very low 1.99 and below 

 

One of the major threats of IAS, is its ability to degrade biological diversity. In fact, it ranks 

second to the identified threats to biological diversity, much greater than pollution, harvest and 

disease altogether (McGinley and Duff, 2011). Piper aduncum, as one of the considered Invasive 

Alien Species by GISD, has these particular characteristics that significantly contributes to the 

lowering of biodiversity in the area. This species produces a large seedbank compared to other 

species, particularly the native species in the area. Rogers and Hartemink, (2000) reported that P. 

aduncum is a fast growing species with high rates of biomass accumulation. In fact from 
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observations, the species is early maturing, meaning it flowers in two years and its dispersal is 

facilitated by birds and mammal (e.g. bat). It can grow rapidly at approximately 1.7 m y-1. In Papua 

New Guinea and Borneo, the species has been a major competitor to indigenous tree species 

(Rogers and Hartemink, 2000; Padmanaba and Sheil, 2014).   

 

Carbon Sequestration 

 

Though considered to be invasive in some areas, the species however, may seem to have a 

great contribution to improving the carbon sequestration potential of degraded lands. Using 

diameter as the predictor of above ground biomass, the result of the study showed that P. aduncum 

is undoubtedly a great biomass accumulator (Table 19). As expected, younger stands would yield 

lower biomass, but the increase is almost 28 and 140 from youngest to oldest stand. 

 

    Table 19. Aboveground biomass of the three age classes.  

Diameter Classification (cm) Aboveground Biomass (Tons) 

2-5  3.26 

5.1-10  91.88 

10.1 and above 457.79 

 

Tree AGB is strongly correlated with trunk diameter (Brown and Lugo, 1992). The figures 

show the directly proportional relationship of diameter to a species’ aboveground biomass. 

Meaning, the larger the larger the diameter, the higher the aboveground biomass of a species, or 

of a stand as a whole. Moreover, age would be a significant factor on the amount of biomass a 

species tends to have, since age is also directly proportional to the diameter size of a species. So, 

as the species becomes older, its aboveground biomass would definitely become higher.  

The obtained aboveground biomass of the diameter classes were used to compute the 

carbon sequestration potential of the P. aduncum. Generally, numerous authors assume that carbon 

concentration of tree parts to be 45% to 50% of the dry biomass (Vashum & Jakayumar, 2012). 

However, since the study aims to obtain the maximum carbon sequestration potential of P. 

aduncum, 50% was used to compute for the carbon sequestered by the three different stands of P. 

aduncum (Table 20). This result would show that P. aduncum would be even much better than 

grassland or other reforestation species, not to mention the economic benefits of the species as a 

source of fuel and charcoal. 

 

 

       Table 20. Carbon sequestration potential of P. aduncum. 

Diamter classification (cm) Carbon Sequestration Potential (Tons) 

2-5  1.63 

5.1-10  45.94 

10.1 and above  228.90 

 

 

 

Improvement of soil fertility 

 

Results of the soil fertility analysis revealed that among the soil parameters, phosphorus 

was the most significant. This corroborates the result of other studies that indeed P. aduncum is 

rich in phosphorus, the reason why it is being used as a fallow crop for corn. As expected, organic 

matter (%) was also high as the stand becomes older, that is 3.21, 2.91, and 2.1, for diameter class 

10.1 cm and above, 5.1-10 cm, and 2-5 cm, respectively. In terms of pH the oldest diameter class 

https://www.sciencedirect.com/science/article/pii/S0925857416306693#bib0055
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obtained the lowest value, although pH was not significantly different from each other. The 

differences in chemical analysis between the natural forest, corn field and stands of P. aduncum 

were not significantly different (Table 21). 

 

 

Table 21.  Soil chemical analysis under the stands of P. aduncum, corn field, and natural 

forest. 

Diameter Class (cm) pH OM (%) P (ppm) K (ppm) 

2-5 6.00 1.14 14.64 145.00 

5.80 1.48 1.72 170.00 

5.80 3.68 5.20 148.00 

Mean 5.87 2.1 7.19 154.33 

5.1-10 5.80 1.69 3.28 140.00 

5.80 4.32 1.06 150.00 

5.40 2.72 15.36 190.00 

Mean 5.67 2.91 6.57 160.00 

10.1 and above 6.00 2.09 2.32 130.00 

5.80 4.64 18.36 180.00 

5.80 2.89 14.04 146.00 

Mean 5.87 3.21 11.57 152.00 

Natural Forest Stand 5.80 5.49 7.38 160.00 

Corn Plantation 5.80 3.42 5.34 175.00 

 

Significant Results from the Environmental Assessment 

 

Based on the result of the biophysical assessment, the data showed that the dominant 

species growing under the stand of P. aduncum are species which are products of long-term 

shifting cultivation activities. These are basically weed competitors of agricultural crops (e.g. see 

Appendix 7-9) which are normally removed through weeding by farmers as they compete for 

nutrients, affecting crop productivity. Interviews with farmers and guides revealed that P. aduncum 

is even more useful or effective in eliminating a more invasive Imperata cylindrica (cogon). Cogon 

is a species that is even more difficult to eliminate, but when the area is colonized by P. aduncum, 

cogon will be eliminated gradually because of its inability to withstand shaded environment 

(Figure 21). Also, people prefer to have P. aduncum in their farms because of its economic values 

and as soil enricher especially in terms of phosphorus, as supported by the analysis of the soil 

samples. As a species that readily colonizes areas after corn harvest, it is useful as a fallow crop. 

AVPL is a protected landscape wherein it contains natural forest (open and closed) 

covering only about 20,971 ha found in higher elevation. By all means, this natural forest must be 

protected and conserved for the purpose of maintaining its biodiversity and ecosystem services. 

The situation, however, is that even with strict protection laws and policies, shifting cultivation 

continue to impinge on the forest. Opening new shifting cultivation areas will allow the entry of 
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P. aduncum, therefore, yes, inside the existing natural forest, P. aduncum must be eliminated 

totally at all cost to control its spread even on small openings along rivers and creeks. While the 

natural forest of AVPL has already been demarcated, IEC to remove all existing stands of P. 

aduncum must be done.  

There are also production forest zones in AVPL, and these zones constitute the farming 

system areas or agroforestry/hillside farming. These zones are the most dynamic because of regular 

cultivation most often planted to corn, vegetables, and low-density fruit trees. Abandonment of 

corn fields will be colonized eventually by P. aduncum, thus, enriching the soil and providing 

income to farmers. Therefore, it is important to reconsider totally eliminating P. aduncum given 

its benefit as a fallow crop. 

The proposed management regimes to mitigate P. aduncum was further discussed in 

component 3. There are two strategies that will guide decision makers of what to do based on the 

land tenure regimes or land use of AVPL. And because of P. aduncum’s multiple uses, it is but 

rational to maximize its use for as long as it will not encroach into the remaining protection forest 

by limiting or controlling altogether the entry of shifting cultivation on the protection zone. 

 

 
Figure 21.  The gradual elimination of cogon by P. aduncum in the next few years as indicated 

in the left side where broad species of plants/weeds (Elephantopus tomentosus) are now 

prominent. 

 

Socio-economic Information 

 

To determine the socio-economic impact of P. aduncum in AVPL, a survey was conducted 

to obtain the baseline socio-economic data. The respondents were asked to estimate the size of the 

farm in hectares, years of farming experience, and the respective distances of the farm to the 

nearest market and road. Each respondent was also asked to categorize their farm in terms of the 

soil fertility status, dominant slope, type of ownership, and type of irrigation. Table 22 gives the 

summary of the 229 responses from the four municipalities. Two extreme observations were not 

included. The summary includes data on the size of the farm, years of farming experience, and 

distance of farm lot to market and main road. Depending on the post-hoc test, these data will be 

included in the regression analysis as variables. 

The average farm size of the overall landscape is at 3 hectares, with Bagumbayan and 

T’Boli having the lowest and highest mean at 2.58 and 3.84 respectively. In terms of the median, 

Bagumbayan, Lake Sebu, and Surallah have the same recorded median while T’Boli has a median 

value of 3 hectares. For all the municipalities, the minimum recorded size of the farm was 0.25 in 

Surallah. Meanwhile, the maximum farm size is at 20 hectares recorded in the municipality of 
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T’Boli. In terms of farming experience, Surallah have the highest recorded response, median and 

mean value at 60, 20 and 23 respectively. Meanwhile, Bagumbayan have the lowest recorded 

average and median value for the years of farming experience among the four municipalities. To 

also determine if there is a direct correlation between the distance of the farm lots to the nearest 

market and main road and the proliferation of Piper aduncum, the respondents were asked to 

estimate the distance of their farm lots to the nearest market and main road. Majority of the 

barangay roads in AVPL are covered by gravel and earth fill with a total length of 2,461.202 (57 

percent) and 1,389.79 (32 percent) kilometers, respectively (AVPL-PAMP, 2017). The main mode 

of transportation is motorcycle (habal-habal). 

Looking at the summary values for the recorded distances (Table 22), it is observed that 

the recorded distance of the farm lot to the market is larger compared to the farm lot - main road 

distance for all the municipalities. For Bagumbayan, the computed mean farm lot to market 

distance is at 6.54 km. This is almost three times the mean farm lot to main road distance which is 

at 1.68 km. Similar scenario can be observed comparing the mean distances for Lake Sebu and 

T’Boli. Among the municipalities, Surallah have the largest computed mean value at 11.744 km, 

this is the mean distance from farm lot to market.  

 

Table 22. Summary statistics of the recorded nominal values on farm lot information 

 

Categorical information related to the soil fertility status, dominant slope, type of 

ownership, and type of irrigation were also determined during the survey proper. Figures n-n 

summarizes the distribution of responses for the categorical information obtained for the 231 

respondents. For the soil fertility status, only 12 among the 231 respondents interviewed classified 

the soil fertility to be poor (5.19%). Most respondents classified the soil fertility to be either 

moderately fertile (61.90%) and good (31.17%). Majority of the respondents in Lake Sebu, 

Surallah, and T’Boli classified the soil fertility status to be moderate while for Bagumbayan, nine 

among the twelve respondents categorized the soil fertility status to be good. According to the 

recently drafted AVPL-PAMP 2018-2022, vast portion of the areas covered by AVPL have soil 

categorized as undifferentiated mountain soils.  

Table 23 gives a detailed summary of the types of soil in the AVPL and the detailed 

description. Based on this table, undifferentiated mountain soils are described to be a combination 

of sandy and loamy soils. These types of soil are good planting ground for corn, rice and other 

crops. Figure N shows the distribution of the dominant slope categories across the municipalities 

of AVPL as classified by the respondents. To analyze this, Table 23 can be used complimentarily. 

Most of the respondents categorized the dominant slope to be either gentle or moderate (both at 

29%). Only 17% of the total number of respondents categorized the dominant slope of their farms 

to be either steep or very steep. Further looking at the dominant slope distribution per municipality 

(Appendix 1 in the appendix section), the dominant slope falls between gentle to moderately steep. 

Quantitative 

information 

Bagumbayan Lake Sebu Surallah T’Boli Overall 

Mean N Mean N Mean N Mean N Mean N 

1. Size of the 

farm 

2.5769 13 2.80104 96 2.993 75 3.838 46 3.051 230 

2. How long 

have you been 

farming? 

14.3636 11 16.8830 94 23.01 75 19.1522 45 19.25 225 

3. Distance of 

farm lot to 

main road 

1.68077 13 2.0502 95 2.739 73 1.90919 42 2.2131 223 

4. Distance of 

farm lot to 

market 

6.54 13 9.6321 96 11.744 73 9.49 43 10.111 225 
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Roughly 53% and 33% of the total sample respondents in Bagumbayan and Surallah categorized 

the dominant slope of their farm lots to be gentle. For Lake Sebu and T’Boli, 33% and 40% of the 

sampled population categorized the dominant slope to be steeper. 

 

Table 23. Types of Soil in the AVPL. 

 
Types of Soil Description 

Undifferentiated mountain 

soils 

The soil of the entire left bank of the watershed is mainly 

sandy soil while loamy soils are found on the steep slopes with 

excessive drainage 

Dadiangas sandy loam This is found in the flat areas along banks of Allah River. This 

is characterized by good internal and external drainage, level 

to nearly level ground and derived from recent alluvium from 

uplands underlaid by sandstones. 

Banga clay loam The lowest left bank strip supports this soil, which has 

excessive drainage due to steep slopes and is derived from 

igneous rocks. 

Sinolon sandy loam This soil is restricted to a small area along the high bank near 

the headwater and is characterized by good drainage; its 

derivation from sand and gravel is mostly gravel. 

*Lifted from the AVPL Protected Area Management Plan 2018-2022 

 

Since majority of the respondents classified the dominant slope to be either gentle or 

moderate, the soil could be classified as undifferentiated mountain soils. This type of soil can be 

usually found in gentle up to moderately steeper places. Table 23 also describes this soil to be 

found along the entire left bank of the watershed. Since majority of the surveyed sites fall within 

this area of the watershed, this supports the conjecture on the soil classification. Areas with 

undifferentiated mountain soil are good planting ground for a variety of crops. As presented by 

Figure 22, less number of respondents classified the soil fertility status to be poor compared to 

other soil fertility status category. Majority of the respondents’ classification fall at moderately 

fertile (62%) and good (31%). Hence, the respondents have a more positive disposition on the 

fertility of their farm lots. This can be attributed to the dominant slope and soil classification, which 

are related to the lots’ geographical characteristics. As for the hypothesized impact of P. aduncum 

to the soil fertility status, chi-square test was used to determine if the presence or absence of P. 

aduncum in the farm lots have a significant impact on the soil fertility status. This was included in 

the preliminary analysis for the logit regression. 

 

  
 

Figure 22. Distribution of the Type of Irrigation and Soil Fertility Status across municipalities 
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Figure 23. Distribution of the Type of Land Ownership and Dominant Slope across 

municipalities 

 

It is also imperative to review existing indigenous practices within AVPL. This form of 

analysis can give detailed accounts on the existing practices of indigenous groups within the area 

and how these practices contribute to the proliferation of Piper aduncum. Indigenous people within 

the area are mainly classified based on their mother tongue. Table 24 summarizes the percent 

distribution of mother tongue spoken by natives within the municipalities. Serving as home to 

various indigenous groups, a portion of the landscape is specifically allotted for the cultural 

practices of IPs within the area. Economic, recreational, and cultural activities are only allowed in 

multiple use zones to strictly protect and conserve the indigenous and endangered species within 

the area. In strict protection zones, ceremonial and religious acts of the B’laan tribe are allowed if 

prohibited acts which includes any unauthorized or unlawful use of the area like building of fire at 

protection zones are strictly being monitored.  

 

Table 24. Percent Distribution of mother tongue spoken by communities 

 
Municipality T’Boli Hiligaynon/

Ilonggo 

Cebuano Maguindanao Hamtikanon Obo-

Manobo 

Lake Sebu 55.44 25.27 4.77 1.99 0 4.69 

T’Boli 56.75 22.44 6.70 3.87 0 0 

Surallah 4.07 78.6 3.27 2.82 5.52 0 

Bagumbayan n.d. n.d. n.d. n.d. n.d. n.d. 

Source: AVPL Protected Area Management Plan, 2018-2022 

 

Land tenure instruments are being awarded to various indigenous groups within AVPL to 

promote sustainable livelihood and increase self-reliance among IPs. Oftentimes, land tenure 

systems have impacts on environmental sustainability, social conflicts, and food security (FAO). 

If existing impacts are left unchecked, tenurial systems may even worsen the situation and 

negatively affect the whole landscape. Indigenous groups residing within AVPL play significant 

roles in protecting the forest and ensuring environmental sustainability by granting these tenurial 

instruments can promote environmental accountability among IPs in line with the objectives of the 

respective LGUs and the Protected Area Management Board (PAMB) of AVPL. Table 25 

summarizes the list of tenurial instruments awarded within AVPL. Each type of land tenure 

instruments is distinguished mainly based on the issuing agency and location. The Certificate of 

Ancestral Domain Title (CADT) are issued by the National Commission on Indigenous People 

(NCIP) to recognize the ancestral domain of IPs. The two types of CADT are issued depending on 

the location of the IPs. For settlers within Lake Sebu, the CADT was awarded to assert the unified 

claim of the Tboli-Ubo while the CADT awarded to settlers within Tboli and Surallah is for the 

Tboli and Blaan tribe. On the other hand, the Certificate of Land Ownership Agreement (CLOA) 
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is issued by the Department of Agrarian Reform (DAR) to farmers under the Comprehensive 

Agrarian Reform Program. Under this program, CLOAs are being awarded to local farmers within 

AVPL. Meanwhile, the Protected Area Community Based Resource Management Agreement is 

awarded by DENR to Tboli-Ubo groups. Inclusive to IPs within AVPL, it aims to support IPs by 

providing security and incentives to utilize and protect portions of the landscape towards 

biodiversity conservation and sustainable development. 

 

Table 25. Tenurial Instruments Awarded within AVPL. 

 

Tenure Type Issuing 

Agency 

Location 

CADT (R12-LAK-0110-

155) 

NCIP All Barangays In Lake Sebu 

CADT (R12-TBO-1207-

059) 

NCIP All Barangays in Tboli; Portions of Barangay in 

Surallah 

CLOA – Lake Sebu DAR Bacdulong, Denlag, Lamcade, Luhib, Lower 

Maculan, Upper Maculan, Poblacion, Takunel, 

Talisay, Hano-on, Lake Seloton 

CLOA - Surallah DAR Upper Sepaka, Talahik, Duengas, Moloy, 

Colongulo, Buenavista, Little Baguio, Canahay 

CLOA- Tboli DAR Poblacion, New Dumangas, Laconon 

PACBRMA DENR Denlag, Halilan, Lamcade, Upper Maculan, 

Talisay, Lamfugon; All Barangays in Lake Sebu 

Source: AVPL Protected Area Management Plan, 2018-2022 

 

The distribution of response for the type of ownership is included in the appendix section 

(Appendix 1). Although there is no data on the exact number of residents in AVPL with land 

tenurial claims, this information gives hindsight on the number of land parcels belonging to IPs 

and how it is being affected by the proliferation of Piper aduncum. Generally, 26% of the total 

respondents identified the type of ownership to be awarded as CADT and 24% chose other types 

of ownership, which can be either CLOA or PACBRMA. Lake Sebu is the municipality with the 

highest percentage of respondents with CADT type of ownership. This was followed by Tboli 

(23%) and Surallah (16%). For the type of ownership classified as others (CLOA or PACBRMA), 

the aggregate percentage is at 24 percent (48 out of 201). Thus, significant portion of the 

respondents owned their farm lots through these land tenure instruments. According to the recently 

formulated management plan of AVPL, one of the identified management issues within AVPL is 

overlapping tenures, claims, and mandates. This issue led to conflicts over land use within AVPL, 

critically over those area within the landscape that are ecologically fragile. Currently, these tenurial 

instruments are being sold to outsiders and is being used by new settlers as proof of claim despite 

the lack of legal documentation. With this data, statistical test was used to determine if the type of 

ownership is considered as an underlying factor contributing to the presence/absence of P. 

aduncum. This was included in the preliminary analysis for the logit regression under the 

regression analysis section. Simply put, Do the distribution of land tenurial claims most especially 

within critical protection zones significantly affect the presence/absence of P. aduncum? 

In most cases of invasion, human-induced dispersal is one of the main causes of invasive 

species entry. Unregulated distribution and trading of various tenures, claims, and mandates within 

AVPL posits a threat on the biodiversity of AVPL. As observed, forest clearing gives way to the 
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entry of P. aduncum on an area. Claims over portion of the strict protection zones or near protection 

zones may pave the way towards the entry and proliferation of P. aduncum. Hence, it is critical for 

PAMB and local stakeholders to strictly impose regulations related to human entry and farming 

practices most especially on strict protection zones. 

Residents within AVPL also depend on the landscape’s abundant water resources for 

irrigation and other purposes. Declared as a watershed forest reserve in 1985 (PAMB, 2018), 

AVPL encompasses 21 rivers, 21 creeks, and 4 lakes, all located within the bounds of AVPL. The 

list of the creeks, rivers, and lakes within AVPL can be found in the appendix section (Appendix 

2). These water bodies serve as reservoir for domestic, industrial, and communal irrigation. Aside 

from farming, inland fishing is another source of livelihood especially in Lake Sebu. Since 

majority of the lakes within the landscape is located in Lake Sebu, it is considered as a tourist 

hotspot. In terms of irrigation, majority of the farmers identified the type of irrigation to be rainfed. 

With 77% of the total respondents with rainfed irrigation system, followed by 7% of the total 

respondents with conventional irrigation system, and 5% with other types of irrigation system, it 

is evident that most of the farmers rely on rainfed irrigation system although there is plenty of 

sources to irrigate farms conventionally.  

Rainfed agriculture is being practiced in most developing countries and it mainly relies on 

rainfall as a form of irrigation, mostly effective on seasonal crops. Seasonal crops like wheat, rice, 

corn, and soybeans are sensitive to seasonal changes, failing to grow in the absence of rainfall. 

Since most of the crops being planted are seasonal, rainfed agriculture is being practiced by 

majority of the respondents. Not dependent on the type of irrigation, P. aduncum is resiliently 

thriving within farm lots. This could be another factor contributing to the invasive species’ 

abundance. According to the respondents, seasonal crops planted are vulnerable to extreme climate 

conditions. Limited by not just climate change constraints, the proliferation of Piper aduncum is 

also posing a huge threat to farmers. Since P. aduncum is robust to extreme climate conditions, it 

can easily spread across lots. With this, non-native species like Piper aduncum competes with 

crops for nutrients and hinder its growth. Since majority of the respondents have rainfed irrigation 

system, the variable for the type of irrigation will be changed to binary, representing the value of 

1 if the irrigation type is rainfed and 0 otherwise. To check if this variable significantly affects the 

abundance of Piper aduncum, chi-square test will be used. This variable will be included in the 

regression analysis depending on the outcome of the preliminary chi-square test. 

 

Table 26. Number of Households served by type of water source (Levels 1, 2, and 3), South 

Cotabato, 2012 

 

Municipality No. of 

Households 

No. of Households Served % of 

Households 

served 
Level 1 Level 2 Level 3 Total 

Lake Sebu 13,155 6,881 4,650 275 11,806 90 

Surallah 15,378 4,699 2,012 7,165 13,876 90 

Tboli 13,681 160 9,283 2,427 11,870 87 

Source: AVPL Protected Area Management Plan, 2018-2022 

 

In terms of the water source within household level, Table 26 shows the number of 

households served by the type of water source. Across the three municipalities in South Cotabato, 

the type of water source catering the largest number of households differ. In Lake Sebu, majority 

of the type of water source of households fall under Level 1 and Level 2 type of water source. 

Level 1 includes water source coming from protected wells, improved dug wells, developed 

springs, and rainwater cistern. Level 2 refers to communal faucet system or stand post as water 
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source. For Surallah, majority of the households being classified under Level 3 water source can 

be justified since Surallah Water District is identified to be the major water distributor in AVPL. 

As for Tboli, most of the residents’ access water through communal faucet system. Difference in 

the major type of water source across the four municipalities can be attributed to their respective 

geographical location. Another underlying factor can be related to the varying levels of economic 

development at each municipality. With limited access to Level 3 water source, majority of the 

households in Lake Sebu and T’Boli rely on natural and communal means for their water supply. 

In addition, rainfed is the most common type of irrigation across municipalities based on the survey 

conducted. This only shows that for most of the areas in AVPL, the lack of water supply is evident.  

Since the survey questionnaire focused on determining information related to the farm lots, 

the type of water source was not included in the survey. Due to this, the analysis will focus more 

on the type of irrigation system rather than the type of water source within households. By 

determining if the type of irrigation system is a factor affecting the abundance of Piper aduncum, 

the type of water source and the lacking thereof will be accounted for in the analysis. 

To check whether the existence and spread of Piper aduncum has an impact on public 

health and safety, the respondents were asked to give disaster and risk related information. Table 

27 summarizes the count of respondents experiencing natural disasters in the past five years. Along 

with the count, the frequency and mean level of damage was also included for the respondents who 

answered yes. With 83% of the total number of respondents, majority have experienced drought 

1-3 times every year. The impact of drought is at 3.74 on the average, with 5 being the highest 

level of impact. Since farming is one of the major economic activities in the site, it is not unusual 

for most of the respondents to identify drought occurring on a more usual basis compared to 

landslides and flooding. Also given that most of the respondents rely on rainfed irrigation system, 

this increases their vulnerability to drought occurrences. Landslides have the least perceived 

impact among the natural disasters mentioned, with only 30% occurrence, the level of impact is at 

3.16 across municipalities. As for flooding occurrences, 26% of the respondents have experienced 

flooding, with an average impact of 3.8 across the four municipalities, flooding has the highest 

perceived impact across the four municipalities.  

 

Table 27. Disaster and Risk Related Information 

 
Disaster and Risk Related Information Bagumbayan Lake Sebu Surallah T’Boli Overal

l 

1. Have your farm experienced 

flooding? (Binaha na baa ng 

lupang iyong sinasaka?) 

Yes (1) Count 5 23 20 11 59 

Frequency 1-3 Times 1-3 Times 1-3 Times 1-3 Times 1-3 

Times 

Damage 4.5 3.667 4.038 2.8 3.81 

No (0) Count 8 73 55 35 171 

2. Have your farm experienced 

landslide? (Nakaranas na baa 

ng inyong sakahan ng pag-

guho ng lupa?) 

Yes (1) Count 7 26 27 9 69 

Frequency 1-3 Times 1-3 Times 1-3 Times 1-3 Times 1-3 

Times 

Damage 3.75 2.44 4.118 3.09 3.16 

No (0) Count 6 69 48 37 160 

3. Have your farm experienced 

drought? (Nakaranas na ba 

Yes (1) Count 13 69 66 42 190 

Frequency 1-3 Times 1-3 Times 1-3 Times 1-3 Times 1-3 

Times 
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ang inyong sakahan ng 

tagtuyot?) 

Damage 4 3.29 4.132 3.9 3.74 

No (0) Count 0 24 9 5 38 

 
Even though based on the respondents, flooding is the least prevalent, there are barangays 

within AVPL that are susceptible to flooding. Table 28 shows the list of barangays that have 

experienced severe or moderate floods in the past years (AVPL PAMP, 2018-2022). These 

identified areas are located along major rivers or in low-lying parts of the municipality. In AVPL, 

flooding is usually caused by the overflow of rivers distributed across the four municipalities. 

Rain-induced landslides are also common specifically in the area of Bai Sarifinang in 

Bagumbayan. As a growing response to the increasing vulnerability of communities to flooding 

and landslides, flood control and drainage projects are continuously being implemented by DPWH 

South Cotabato. Generally, these interventions are being done to combat the increasing threats of 

climate change on the general landscape. In addition to these projects, it is also important to 

consider the worsening impact of drought to farming communities within AVPL. While climate 

change is the major factor driving frequent and intensifying drought occurrences, the existence of 

Piper aduncum also contribute implicitly to the worsening impacts of drought. Once P. aduncum 

proliferates and enter an area, its resilience to adapt to existing climate conditions can further 

contribute to the degradation of crops. Thus, it is important to recommend policies that combats 

the worsening impacts of climate change and the proliferation of invasive species in support to 

farming communities. 

 

Table 28. Barangays that are susceptible to flooding. (*Lifted from the AVPL-PAMP 2018-

2022) 

 

Municipality Areas Susceptible to Flooding 

Lake Sebu Halilan, Lower Maculan, Denlag 

Surallah Colongulo, Duengas, Moloy, Talahik, 

Buenavista 

T’Boli New Dumangas, Edwards 

Bagumbayan Bai Sarafinang 

 
It is necessary to also collate information pertaining to the crops being planted within the 

farm lots. Since farming is the main source of livelihood in areas within AVPL, these data will be 

useful in determining the impacts of P. aduncum in the livelihood and food production. To extract 

this data, each respondent was asked to identify the major crops being planted in their respective 

farm lots. For each crop, the surveyed farmers were also requested to give details regarding the 

volume of harvest per cropping season, revenue, alternative uses, and total portion of area planted. 

Respondents were also asked if each crop is being affected by the existence of P. aduncum. 
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Table 29. Crop Related Information Gathered from the survey 

 

CROP RELATED INFORMATION 

Types of 

Crop 

Total 

Area 

planted 

 

(HA) 

Total Volume 

of harvest per 

cropping 

season (in 

Kilos) 

 

Average 

Unit Price 

(Php)  

Total 

volume/amou

nt sold (Php) 

Possible uses of 

the remaining 

volume not sold 

Are these 

plants 

affected by 

“buyo-

buyo”? 

 

In what way affected? (Negative Impacts) 

 

 

Yes No 

Bagumbayan         

1.Corn 14.25 37,915 13.625 332,800 Consumption 6 6 Discoloration of leaves as a result of nutrient 

deficiency 

2. Rice 6.25 9,690 16.93 163,600 Consumption 3 5  

3. Peanut 1.25 900 65 98,500  0 2  

4. Banana 1.75 2,750 8 22,200 Consumption/Foo

d for animals 

1 3  

5. Rubber 4.0065 550  14,000 Sold 0 2  

Lake Sebu         

1.Corn 132.922

6 

163,155 17.43 1,984,245 Consumption 27 61 Lesser quality of corn planted 

2.Rice 17.1 31,785 18.3 534,800 Consumption 1 9  

3.Tomato 4.25 21,567.5 74 255,825 Consumption 1 5 Crops are weaker and don’t last long 
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CROP RELATED INFORMATION 

Types of 

Crop 

Total 

Area 

planted 

 

(HA) 

Total Volume 

of harvest per 

cropping 

season (in 

Kilos) 

 

Average 

Unit Price 

(Php)  

Total 

volume/amou

nt sold (Php) 

Possible uses of 

the remaining 

volume not sold 

Are these 

plants 

affected by 

“buyo-

buyo”? 

 

In what way affected? (Negative Impacts) 

 

 

Yes No 

4. Banana 46.82 42,092.5 8.17 222,510 Consumption 13 57 Fruits harvested are more likely worm infested, 

weaker trees 

5. Upland Rice 3.5 11,050 20.5 161,250 Sold 0 2  

6. Abaca 15.24 40,883 67.56 118,875 Sold 4 4 Napapatay ang tanim na abaca 

7. Coffee 40.04 2,189 77.9 104,600 Sold 0 1  

8. Coconut 26.26 4,937.5 16.89 51,700 Consumption 1 17 Nutrient deficit in young coconut trees 

9. Pickles 0.5 500 130 65,000 Consumption    

Surallah         

1.Corn 912.35 146,627 14.16 1,857,100 Consumption 39 14 Competes with corn crops which results to 

nutrient deficient crops. Suppresses sunlight 

which is necessary for healthy growth of corn.  

2. Rice 396 40,467 16.61 645,300 Consumption 12 13 Hinders the growth of crops 

3. Banana 41.56 12,748 7.5 97,407.5 Consumption 17 5 Competes with soil nutrients 

4. Coconut 21.89 5,233 16.14 65,575 Consumption 18 11 Suppresses the growth of small palm trees 

5. Tomato 2.6 143 350 50,000 Consumption 0 1  
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CROP RELATED INFORMATION 

Types of 

Crop 

Total 

Area 

planted 

 

(HA) 

Total Volume 

of harvest per 

cropping 

season (in 

Kilos) 

 

Average 

Unit Price 

(Php)  

Total 

volume/amou

nt sold (Php) 

Possible uses of 

the remaining 

volume not sold 

Are these 

plants 

affected by 

“buyo-

buyo”? 

 

In what way affected? (Negative Impacts) 

 

 

Yes No 

T’Boli         

1. Corn 323.05 143,237 13.62 1,424,670 Consumption 19 25 Even with consistent uprooting, it grows and 

suppresses quality corn crops to grow. 

2. Rice 14 11,001 17.75 260,180 Consumption 4 7 Hinders the growth of crops 

3. Banana 26.76 8,618 8.05 44,096 Consumption 6 9 Competes with soil nutrients 

4. Coconut 28.26 1,303 19.3 33,250  1 5  

5. Coffee 9.25 200 81 17,000  0 3  

6. Pineapple 2.0001 2,667 21 22,000 Consumption 0 4  
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Table 29 summarizes the crop related information gathered from the survey. The major 

crops are listed for each municipality along with the total area planted, total volume of harvest per 

cropping season, unit price, and total revenue. Although there are various crops being planted 

within AVPL, the major crops in terms of yield, revenue, total area planted, and frequency are the 

only ones listed. Across the four municipalities, corn, banana, and rice are the common crops being 

planted. Coffee and coconut are also among the major crops identified, with coffee commonly 

planted in the municipalities of Lake Sebu and Tboli; and coconut being more common in the three 

municipalities of South Cotabato. The last column gives information on the impacts of P. aduncum 

on each identified crop. Majority of the respondents emphasized the negative impacts of P. 

aduncum on planted corn, rice, and banana. Its presence suppresses the growth of major crops. 

More specifically for corn, discoloration of leaves has been observed, a sign of nutrient deficiency 

for corn crops. Banana is also being affected by its presence. For areas with P. aduncum, bananas 

harvested are more likely worm infested, with smaller trees observed in areas with P. aduncum. 

Even with consistent uprooting, Buyo-buyo can easily grow once areas are cleared. Hence, its 

resilience to existing climate conditions and human interventions posits a greater problem to 

farming communities.  

Another way of looking into the collected data is by summarizing the crop information 

across the four municipalities surveyed. Appendix 3-6 gives the summary on mean revenue, yield, 

and total area planted across the four municipalities along with the standard errors and frequencies.  

Another way to also assess the economic impact of P. aduncum. Table 29 summarizes the 

computed change in productivity due to the presence of P. aduncum. To also account for the socio-

economic impact of P. aduncum, the change in productivity attributed to the existing impact of P. 

aduncum was also computed. The overall productivity per hectare was computed as the product of 

the productivity per hectare among farms with or without the presence of P.  aduncum and the 

number of hectares with or without the presence of P. aduncum. Corn, rice, and banana were the 

considered crops because these are the major crops based on the survey. Among these crops, the 

respondents highlighted the negative impact of P. aduncum on corn. To also offset the possible 

benefits with the existence of P. aduncum in farm lots, the value of the alternative uses was also 

factored in. The change in productivity was computed as the difference between the overall 

productivity of plots without P. aduncum and the sum of the overall productivity with P. aduncum 

and the computed alternative use value. The change in productivity can be interpreted as the 

increase in productivity P. aduncum is mitigated in the farm level. 

 

Table 29. Change in Productivity due to the presence of P. aduncum among farms 
Type of crop Without P. aduncum With P. aduncum 

Productivity per 

hectare (in Php) 

Overall Productivity 

(in Php) 

Productivity per 

hectare (in Php) 

Overall Productivity 

(in Php) 

Corn 14,647 4,133,351 10,627 2,998,787 

Rice 22,639 970,953 13,389 574,226 

Banana 4,059 371,846 1,397 127,920 

Alternative Use Value* 36,250 

Total 5,476,149.62 3,700,932.67 

Change in Productivity 1,738,966.95 

 

Also using the summarized information related to the estimated amount sold per cropping 

season, yield, and area planted of each municipality, Single Factor ANOVA Test was conducted 
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using the summarized information as input values. One-way ANOVA is used to determine if there 

are significant differences between the means of a normally distributed variable computed for two 

or more groups. In this case, the main objective is to determine if there is a significant difference 

between the computed means of plots affected and not affected by P. aduncum in terms of the 

amount sold, yield, and area planted across the four municipalities. With areas not affected by P. 

aduncum having higher yield compared to the areas that are affected, there is a significant 

difference between the yield for groups affected and not affected by P. aduncum at 10% 

significance level. As for the amount sold and area planted there is no significance between the 

groups being compared based on the tests conducted.  

 

Table 30. Computed P-values and F Value for the ANOVA Test 

Variable P-value F Value F-critical Value 

Amount Sold (in Php) 0.154055 2.659499 5.987377607 

Yield (in kilos) 0.085317749* 4.234474584 5.987377607 

Area Planted (in HA) 0.934821583 0.007270816 5.987377607 

 

Aside from the crop information, respondents were also asked to identify the types of 

animals found in their farm. Based on the survey, snakes, bats, and wild cats are the most prevalent 

wild animals in the farm. There are different views concerning the role of these animals in the 

farm. For some of the farmers, snakes are biological pest control agents, helping to reduce pests in 

the farm lots. Some farmers on the other hand perceived the role of snakes to be irrelevant, serving 

as either pests or disturbances. Bats are also identified to be common among farms. Although 

based on the survey, bats have no significant role in the farm, the AVPL Management Plan and 

other research studies are saying otherwise. Bats along with birds are the main dispersal agent of 

the seeds of P.aduncum. As observed by some of the residents, bats eat the fruits of Piper aduncum, 

dispersing the seed elsewhere. Thus, it is important to consider the presence of bats on farms as 

another indicator on the spread of P. aduncum.  

Since livestock production is another major economic activity in the landscape, some 

domesticated and livestock animals are also observed to be present like chicken, goat, horse, cow, 

carabao and pigs. Farm animals are usually being consumed or sold by farmers. Aside from its 

economic value, some of the farmers use carabao as means of transportation. Based on some 

accounts from the farmers, P. aduncum can be consumed by livestock animals. In some cases, the 

abundance of P. aduncum in certain areas can be utilized as food source for cows and carabao. 

This can be another way to mitigate the presence of P. aduncum. 
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Figure 24. Documented livestock production in AVPL 

 

The respondents were also asked about their knowledge, awareness and perception on the 

impact of P. aduncum in various areas. Questions eliciting information about the respondent’s 

perception on the impacts of P. aduncum in terms of the various indicators on the environmental, 

socio-cultural, and economic landscape were included in the formulation of the survey instrument. 

Using a likert scale, each respondent was asked to identify the degree as to how much they 

agree/disagree on questions related to the impacts of P. aduncum.  

Notable trends can be observed from the perceived impact of P. aduncum, looking at the 

responses of each municipality. Figures 25.1-25.9 summarizes the distribution of responses across 

municipalities for each question. Most of the respondents in Bagumbayan have a negative 

perception on the impacts of P. aduncum in terms of public health and safety, livelihood, number 

of tourists, and aesthetic value. This is not the same case for the rest of the municipalities. Looking 

at Lake Sebu, overall responses from the respondents are ranging from disagree to neutral in terms 

of public health and safety, shift in livelihood, and number of tourists. While in terms of aesthetic 

value, respondents in Lake Sebu commonly agree that P. aduncum has a negative impact on the 

overall aesthetic value of AVPL. Although the same trend is prevalent in the municipality of 

Surallah, with mean perception values for the aesthetic impact being slightly larger compared to 

the rest of the values, average rank for the perceived impacts in terms of public health and safety, 

shift in livelihood, and number of tourists are almost neutral. As for Tboli, the observed mean 

perception in terms of the number of tourists and aesthetic value of AVPL are the lowest across 

the four municipalities. Mean perception ranks for public health and safety and livelihood shifting 

are the same as Lake Sebu, with responses averagely rangin g from disagree to neutral. 
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Figures 25.1-25.9 Distribution of responses for the Knowledge, Awareness, and Perception of 

Respondents on the Impact of P. aduncum. 

 

Determining the Biodiversity Value using Contingent Valuation Method 

 
Economic valuation is a beneficial tool that allows the quantification of the benefits 

associated with an ecosystem service in comparison to the cost of maintaining this service. 

Complications arise when determining the value of an ecosystem service as many factors should 

be considered which includes target respondents, potential trade-offs and possible hypothetical 

market scenarios. In determining the value of biodiversity in relation to the invasion of Piper 

aduncum in AVPL, indirect methods of valuation will be employed. Specifically, a discrete choice 

referendum format of the contingent valuation method was used to extract the maximum value 

respondents are willing to pay for an improvement of biodiversity in AVPL. This value will serve 

as a basis in determining the optimal intervention that should be implemented to abate the risk 

associated with the existence of Piper aduncum. Furthermore, the biodiversity value was used in 

the cost benefits analysis to quantify the value of identified interventions on the long run. 

Table 31 summarizes the socio-economic profile of the respondents. Since farming is the 

common source of livelihood in these areas, most of the respondents are self-employed. With 

differing proportions, the number of unemployed individuals is larger across the municipalities 

with an average monthly income estimated to be more or less at 7,000 Php. Bagumbayan has the 

highest recorded mean. With only 13 respondents, the mean for Bagumbayan is relatively more 

sensitive to extreme values as compared to the rest of the municipalities. In terms of the civil status, 

majority of the respondents are married with an average household size of 5-6 members. Other 

information included were age, years of residency, and highest educational attainment. Along with 

other factors, this information was included in the logistic regression to estimate the parameters 

that was used in the computation of the WTP. 
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Table 31. Summary of the frequency count for the socio-economic Profile of the Respondents 

across the four municipalities 

 

Variable Definition 

(N=231) 

Bagumbayan Lake 

Sebu 

Surallah T’Boli Total 

Sex  Percentage of 

male respondents 

84.62 77.89 70.67 46.81 69.72 

Age Average age of 

respondents in 

years 

38 45 48 41 45 

YOR Average years of 

residency 

37 41 39 36 39 

CS Percentage of 

married 

respondents 

92.31 97.89 92.00 89.36 92.89 

EducAtt Percentage of 

respondents with 

college/vocational 

degree 

7.69 8.99 19.18 9.52 11.35 

HHsize Average 

Household size 

5 6 5 5 5 

Employed Percentage of 

unemployed 

respondents 

76.92 64.58 60.00 65.96 66.87 

MonthInc Average monthly 

income 

7,839.74 6,993.142 7,203.77 7,284.4 7,060 

 

The framing of the hypothetical scenario is critical in the CVM to elicit the willingness to 

pay of the respondents. According to Carson (2000), the survey should reflect in a clear and concise 

manner the environmental good that will be valued under the hypothetical market. Overwhelming 

the respondents with too much information may result to further complication and may affect the 

WTP responses. Hence, it is important to ensure that the right amount of information is presented. 

This will enable respondents to make informed decision and understand the tradeoffs associated 
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with each choice. CV surveys should contain: a brief introduction that will set the general context 

of the decision to be made, detailed description of the goods to be offered, institutional setting that 

will provide the goods, the manner in which the goods will be paid for, and the elicitation of the 

respondents’ preference with respect to the good. With these guidelines, the following statements 

were written in conjunction to the actual questions related to the WTP of the respondents. 

 
“The spread of an invasive alien species has been considered as a growing concern 

today. In the Philippines, invasive alien species (IAS), like Piper aduncum L. (buyo-buyo), 

is perceived to pose threat to the protection forests or natural forests in Mindanao. This 

species today occupied most open areas in the island of Mindanao, whether on flat, sloping 

or steep slopes of mountains, agricultural and agroforestry fields or even until the urban 

centers. In the Allah Valley Protected Landscape (AVPL) in particular, some view that the 

negative impacts of this species to the biodiversity is significant, while others also view the 

species as potential source of income in terms of fuel wood production and a better soil 

erosion control or slope stabilization as compared to when an area is colonized by other 

grasses like cogon. Given this, there have been on-going calls for the effective control of 

the spread of buyo-buyo. 

The next set of questions is based on a hypothetical scenario. Similar to other studies 

that aim to estimate the value of having preventive measures in place, you will be presented 

with a hypothetical market and will be asked to answer questions related to your 

willingness to pay (WTP) for the intervention to be implemented.  While the survey will ask 

you about the amount you will be willing to pay for the intervention, no payments will 

actually be made. 

At present, your community is experiencing increasing spread of buyo-buyo. 

Suppose a project that will prevent and control the spread of buyo-buyo in your community 

is being proposed. And, this proposed project would include the establishment of several 

farm-based control measures that would be fully accessible and functional. However, this 

project entails costs and the government lacks the funds necessary for the complete 

implementation of this project. Suppose again that the government will provide half of the 

project expenses, while the other half will be shouldered by the community through the 

collection of a monthly contribution for a span of 5 years. A Trust Fund will be created and 

will be managed by the stakeholders such that under no circumstances it will be used for 

other purposes other than for the project (ie, no corruption).”  

 

Generally, 86.58% of respondents are willing to pay for a monthly contribution to control 

the proliferation of Piper aduncum in AVPL. On the other hand, 13.42% of the respondents are 

not willing to pay for a monthly contribution. In figure 26, the proportion of respondents with 

positive response to the WTP question exceeds the percentage of negative response by significant 

amounts. This can be seen across the four municipalities with T’Boli having the largest proportion 

of respondents with negative feedbacks to the WTP question at 27.66%. Meanwhile, Table 32 

summarizes the motivation of the respondents in answering the WTP question. Majority of the 

respondents who answered yes believe that the intervention can help local communities on the 

long run. Under this category, most believe that the existence of P. aduncum poses a huge threat 

among farmers. Contrary to this, some of the respondents who are not in favor of the intervention 

cited the various benefits that can be derived in utilizing Piper aduncum as a raw material. A 

particular benefit mentioned was related to its ability to increase the soil fertility of farm lots. 
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Figure 26. Percent Distribution of Response on the WTP Question 

“Are you willing to vote for the passage of an ordinance requiring the 

community to contribute to the project for the control of Piper 

aduncum?” 

 

Another motivation behind the unwillingness to pay is the lack of financial resources. Even 

with the positive feedback on the proposed intervention, respondents asserted that the government 

should pay for the full cost of implementing the project. Hence, factors attributed to the negative 

response include financial constraints and varied perspective on the impacts of P. aduncum. Since 

majority of the respondents are willing to pay for the intervention in exchange for a unit 

improvement of biodiversity, this implies that most of the respondents seek for an intervention 

related to the eradication of Piper aduncum.  

 

Table 32. List of the reasons given by the respondents related to their answer to the WTP question. 

 

For those who answered YES/NO, in your own words, what would you say was your single most 

important reason? 

For those who answered Yes: 

● The intervention can help local farmers in 

AVPL through eradicating P. aduncum. 

● Areas will be cleaned. Without P. aduncum, 

farm lots can be planted with lesser effort 

on eradication of Buyo buyo. 

● If this will be implemented, we need to 

support the project of the government. 

● Promote “bayanihan” and help 

communities. 

●  

For those who answered No: 

● Piper aduncum can increase soil 

fertility. 

● Various benefits can be derived from 

the presence of this species. 

● Lack of financial resources. 

● No need for government 

intervention. Eradication measures 

can be done independently. 

● The government should pay for the 

whole expenses of the program. 
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For those who answered YES/NO, in your own words, what would you say was your single most 

important reason? 

For those who answered yes: 

● It is difficult to control the spread of P. 

aduncum. Government interventions are 

necessary. 

● Generally, P. aduncum is harmful and it 

poses several threats to farmers. 

● If government interventions are not put in 

place, P. aduncum will continuously spread. 

● Fewer yield due to the presence of P. 

aduncum. 

● Restoration measures within AVPL should 

be implemented to protect biodiversity. 

● Farmers will become more involve in 

helping the community. 

● This will create more economic 

opportunities and promote positive change 

For those who answered no: 

● We have our own way of controlling 

its spread. 

● Piper aduncum is easy to mitigate. 

 

 

If respondents are willing to pay, they will be asked to determine the mode of contribution. 

Three types of contribution were identified during the formulation of the survey. For the monetary 

contribution, four options were presented (50 Php, 100 Php, 150 Php, and 200 Php). The equivalent 

hours of these amounts in weekly labor were the options for the labor contribution. As for the 

respondents who chose food as the mode of contribution, the equivalent monetary value was set 

to 50 Php. Based on the distribution of responses per municipality summarized in Figure 27, it is 

evident that majority of the respondents prefer labor as the mode of contribution. Generally, 

respondents are more comfortable to contribute through manual labor and food compared to giving 

an actual monetary amount on a monthly basis. For Surallah, slight deviation from the trend can 

be seen. At 17.91%, respondents prefer monetary contribution than food, with labor still chosen 

as the primary means of contribution at 76.12%. 
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Figure 27. Distribution of responses for the mode of contribution if 

respondents answered yes to the WTP question 

 

 
Figure 28. Distribution of WTP responses by Bid Price 

 

In terms of the chosen amount, figure 28 summarizes the distribution across the four 

municipalities. It is important to take note that the summary aggregates the chosen amount both 

for labor and monetary contribution. Looking at figure n, majority of the respondents in Lake Sebu 

and Surallah chose 200 Php as the preferred amount, which signifies high importance being placed 

on biodiversity. This is further supplemented by summary of WTP responses in figure n indicating 

high percentage of respondents answering yes in Surallah and Lake Sebu at 90.67 % and 89.58%, 

respectively. For Bagumbayan, majority of the responses fall at 50 Php and 200 Php, implying that 

the value being placed in biodiversity vary among respondents. These municipalities have 

relatively bigger percentage of respondents that are willing to pay compared to TBoli. With only 

72.34% positive responses, respondents tend to be more conservative in choosing the amount of 
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contribution. The highest percent of responses is at 50 Php while the lowest percentage of 

responses is at 200 Php. Preliminary statistical analysis will be done to determine if the mode of 

contribution and the bid price significantly affects the decision to contribute or not. Depending on 

the result, the significant variables will be used to compute for the Mean/Max WTP. Table 33 

summarizes the computed mean WTP based on the logistic regression model. For the scenario 

with Piper aduncum, the significant variables that were used as covariates are bid price and public 

safety. As for the scenario without Piper aduncum, bid price and dominant slope were used as 

covariates. The next section will further discuss in detail how the logistic regression was 

implemented. 

 

Table 33. Computed Mean WTP with active control of P. aduncum. 

Scenario Computed Mean 
WTP (PHP) 

Annual Estimated Benefit 
(in PHP) 

With active control of P. 
aduncum 

166.44 463,363.89 

 

To compute the mean WTP preliminary analysis was first conducted to determine the level 

and significance of the relationship for potential variables selected from the baseline information 

and the willingness to pay for an improved biodiversity. Among these variables, covariates were 

selected to compute for the Mean WTP. Table 34 summarizes the variables used for the logit 

regression model and the corresponding coefficients of the selected variable. For the actual 

computation of the mean WTP, only the coefficient of the significant variables will be used. For 

this specific case, the logit regression yielded two significant explanatory variables (Highlighted 

in asterisks) that affects the willingness to pay responses among respondents. These are the bid 

price and the dominant slope. To further explain, negative significance for the bid price means that 

the higher the bid price is, the less likely are respondents to cooperate.  

 

Table 34. Explanatory variables of the logit regression model used for the computation of 

the mean WTP. 

 

Explanatory Variables Coefficient Mean 

Household Size 0.5574 5.1964 

Bid price -0.0435** 125.3247 

Years of farming experience 0.0021 38.1342 

Dominant Slope 1.6300* 2.4615 

Presence of rice -0.0532 0.0693 

Difference 2.1652 32.4199 

Constant 1.4396  
 (*) – Significant at 5%; (**) – Significant 10% 
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Component 2. Documentation and Analysis of current conventional practices in the 

management of P. aduncum 

 

Based on available literature and focus group discussions conducted, Piper aduncum is 

being considered as a fallow crop within the area. Fallow period is described as the period in which 

a farm lot is left and not planted in preparation for the next cropping season, usually lasting four 

months on the average. Among the respondents, 51% do not practice fallow period due to various 

reasons. One of the major reasons identified is the lack of financial resources, they can’t afford the 

period of inactivity as this might also harm their source of income. If corn is usually the main crop, 

farmers opted not to practice fallow period since it is a much easier crop to be planted with shorter 

period of cropping cycle. In this case, practicing fallow period is not necessary. Based on some 

accounts, it was also found out that farmers planting corn experience fallow syndrome. This is 

described as the negative effect of planting corn after fallow period resulting to stunted growth and 

nutrient deficiency. To resolve this, planting cover crops during fallow period and prior to planting 

corn is viewed as the most efficient option. Meanwhile, 49% of the respondents practice fallow 

period with various motivations.  

 

 

         
 
Figure 29.1-29.2. Left: An example of farm lot during the planting season in AVPL, Right: An example 

of a farm lot during fallow period in AVPL 

 

There are various reasons associated with fallow practice. Some of the respondents strongly 

link fallow practice to the fertility of the farm lots. Since most of the farmers practice rainfed 

irrigation system, this motivates fallow period during dry seasons, where extreme weather 

conditions exist. Practicing fallow period within this period minimizes risk among crops. Lastly, 

fallow period practice can also be linked to the scarcity of financial resources. As a result, there is 

a period of inactivity, resuming farming activities once resources are available. 
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Table 35. Percentage distribution of responses across the four municipalities  

 

Municipality Do you practice fallow period? 

(%) 

Yes No 

Bagumbayan 23.08 76.92 

Lake Sebu 33.68 66.32 

Surallah 44.00 56.00 

T’Boli 76.6 23.4 

Across Municipalities 49.13 50.87 

 

Looking at the average fallow period and fallow cycle across the four municipalities (Table 

35), Surallah have the largest average fallow period at 5.23. With only 44% of the farmers 

practicing fallow period for Surallah, this average fallow duration is the longest. This implies that 

farmers in Surallah practicing fallow period tend to do it for longer periods compared to other 

municipalities. As for Tboli, the percentage of respondents practicing fallow period is at 76.6%, 

this is the highest across municipalities. With the average fallow period at 3.16 months and fallow 

cycle at 2.18, this is the shortest average fallow duration. This explains the largest percentage of 

farmers practicing fallow period. Although majority of the farmers are practicing fallow period in 

Tboli, the average fallow duration is 3 months on the average. This makes the practice of fallow 

period less disruptive and economically efficient for Tboli. Lastly, Bagumbayan has the least 

number of respondents practicing fallow period. Only 3 out of the 13 respondents from 

Bagumbayan practice fallow period, with 4.5 months of fallow duration on the average. For the 

fallow information, two variables were identified.  Namely, these variables are the presence or 

absence of fallow period (binary variable with a value of either 1 if fallow period is being practiced 

and 0 otherwise) and fallow duration in months. Using chi-square test, the significant effect of 

these variables on the presence/absence of P. aduncum will be determined. The chi-square 

preliminary test will decide what variables should be included in the regression analysis. 

 

Table 36. Average Fallow Period and Fallow Cycle Across the four municipalities 

 

Municipality Average Fallow 

Period (in mos) 

Average Fallow 

Cycle (Frequency) 

Bagumbayan 4.5 2.25 

Lake Sebu 4.89 1.87 

Surallah 5.23 2 

T’Boli 3.16 2.18 
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Table 37. Frequency counts of Plants found in the farm lot during fallow period and crops planted 

after fallow period. 

 

Plants during fallow period Crops planted after fallow period 

Name of Plants Frequency Name of Plants/Crop Frequency 

Piper aduncum 67 Corn 31 

Paragis (Wire grass) 26 Variety of vegetables 15 

Star grass 20 Rice 11 

Carabao grass 15 Sweet potato 9 

Mari-marijuana 12 Okra 8 

Cogon grass 10 Mongo beans 8 

Napier grass 8 Banana 5 

Goose grass 7 Eggplant 4 

Chromolaena odorata (Hagonoy) 5 Squash 3 

Para grass 3 Tomato 3 

Ipil ipil 3 Buyo buyo 3 

Love grass (“Bariri”) 2 Pickles 2 

Palawan 2 Fruit trees 2 

Schefflera odorata (“Tukod manok) 2 Peanut 2 

Paran 2   

Makahiya 2 

Alternanthera sessilis (Sessile 

joyweed) 

2 

Total 188 Total 106 

 

 

Table 37 lists the plants found in the farm lots during fallow period. Among farmers, Piper 

aduncum is identified to be the most prevalent plant to grow during fallow period. Different types 

of grasses like wire grass, star grass, cogon grass, napier grass, and goose grass can also be found 
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during fallow period. After some time, crops are being planted in the farm lots. Corn is identified 

by most of the respondents as the major crop being planted after fallow period. Aside from corn, 

different types of vegetables like sweet potato, lady’s finger, mongo beans, eggplant, squash, and 

tomato are planted and used as fallow crops. P. aduncum is the dominant shrub to grow in the farm 

lots during fallow period according to the farmers interviewed. Once an area has been cleared, P. 

aduncum shrubs will grow after a month. Hence, the presence or absence of fallow period is a 

potential indicator of presence/absence of Piper aduncum among farm lots. With the 

presence/absence of fallow period as an indicator, Kruskal Wallis Equality of Population Rank 

Test was done to determine if there is a significant difference between the total volume harvested 

based on the fallow practices of the respondent. Since Piper aduncum is more likely to grow and 

establish itself in cleared areas, farm lots with fallow period have greater risk of invasion compared 

to those farm lots not practicing fallow period. This explains why presence or absence of fallow 

period was used as the dependent variable in the Kruskal Wallis Test.  

Kruskal Wallis Equality of Population Rank Test is the non-parametric equivalent of 

ANOVA. If the data have heterogenous variances and does not adhere to any type of distribution, 

it is best to use Kruskal Wallis Test. Prior to conducting the Kruskal Wallis test, the data should 

satisfy the assumption on similar variability between the two groups being compared. Figures 30.1-

30.2 show the histogram plots of the frequencies of total volume harvested for both the groups 

with and without fallow period. Variability is the same between the two groups being compared 

based on the histogram plots, with both plots having a positively skewed distribution in terms of 

the frequency. Since this assumption has been satisfied, valid conclusions can be drawn from the 

Kruskal Wallis H Test.  

 

 

   
 

 

 

 

 

 

 

 

 

 

 

 

Figure 30.1  Frequency Distribution of 

Total Volume Harvested of respondents 

practicing fallow period 

Figure 30.2 Frequency Distribution of 

Total Volume Harvested of respondents 

not practicing fallow period 
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Table 38. Computed Values for the Kruskal Wallis Equality of Population Rank Test for each 

Municipality, with or without fallow practice. 

 

Municipality With fallow practice Without fallow practice Chi-

Square 

P-Value 

Rank 

Sum 

Frequency Rank 

Sum 

Frequency 

Bagumbayan 23 3 68 10 0.114 0.7353 

Lake Sebu 1802 32 2758 63 4.387 0.0362** 

Surallah 1771.5 42 1078.5 33 3.509 0.0610* 

T’Boli 918.5 36 209.5 11 1.875 0.1709 

Entire 

Landscape 

15249.5 113 11315.5 117 18.983 0.0001** 

 

 

Table 38 gives the rank sum, frequency, computed chi-square, and p-value for each 

municipality. At 5% significance level, the p-value for Lake Sebu and the entire landscape is 

significant. This means that there is a significant difference between the medians of the total 

volume harvested of the two groups classified according to their fallow practice. At 10% 

significance level, there is also a significant difference between the compared medians in the 

municipality of Surallah. Comparing the rank sums between lots with and without fallow practice, 

table n shows that the volume harvested for the lots practicing fallow period in comparison to those 

lots without fallow period. The results show that the difference between the volume of harvest of 

the entire landscape is significant between the two groups, with the lots practicing fallow period 

having higher volume of harvest compared to the lots with absence of fallow period. Looking at 

the municipality level, Surallah follows the trend of the entire landscape in terms of rank sum 

comparisons. As for Lake Sebu, the computed p-value is significant but the volume of harvest for 

the farm lots without fallow period is greater compared to those with fallow period in terms of the 

rank sum. 

 

a. Spread Information 

 

In addition, the team further looked into the details related to the information about the 

spread of Piper aduncum. Respondents were first asked what they think are the major factors 

affecting the spread of Piper aduncum in their farm lots. Table 39 gives a summary on the major 

factors identified, frequencies, and equivalent percentage. Almost 33 percent of the respondents 

point biological agents to be the most common factor in the spread of Piper aduncum. Usually, 

they observed that birds and bats are the major dispersal agents in their farms. Spreading Piper 

aduncum either through eating its fruits, defecating other farms, and transporting it to nearby farm 

lots, these dispersal agents have critical roles in the dispersal of Piper aduncum. This is further 

supported by the AVPL Management Plan (2018-2022), claiming that the fruits of Piper aduncum 

is a food source for Macroglossus minimus (nectar feeding bat). Another major factor identified 
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was the loss of nutrient/fertility. Twenty three percent of the sample population asserted that Piper 

aduncum can spread once the fertility of their farm lots have been compromised. Meanwhile, 13% 

also identified forest clearing to be one of the major factors in the spread of Piper aduncum. Once 

a forest area has been cleared, Piper aduncum is sure to spread on these areas. This is followed by 

12 percent of the respondents identifying wind dispersal to be prevalent in the spread of Piper 

aduncum. Meanwhile, only 6 percent of the respondents considered fallow practices to be one of 

the major factors affecting the spread of P. aduncum. The rest of the entries identified by the 

respondents include water, natural phenomenon, fast rate of spread, weather, farming practices, 

difficulty of eradicating measures, acidic soil, roots, fire, and fruits. 

 

Table 39. List of factors identified by respondents causing the spread of P. aduncum 

Major factors affecting the spread of Piper 
aduncum 

Frequency Percentage 

Biological agents (birds, bats, and other animals) 84 32.94 

loss of nutrient/fertility 59 23.14 

Forest clearing 34 13.33 

Wind dispersal 33 12.94 

Practicing fallow period 16 6.27 

Water 10 3.92 

Natural phenomenon 4 1.57 

fast rate of spread 4 1.57 

Weather 3 1.18 

Farming 2 0.78 

difficulty of eradicating measures 2 0.784 

Acidic soil 1 0.392 

Roots 1 0.392 

Fire 1 0.392 

Falling fruits 1 0.392 

Total 255  

 

 

To further explore the mechanism behind the major factors contributing to the species 

existence in the farm, respondents were also asked to identify factors contributing to the growth of 

Piper aduncum in their farm (Table 40). As expected, almost 47 percent of the respondents named 

various biological agents as the main reason to why P. aduncum grew in their farm. Aside from 

the biological agents, 33 percent responded that wind dispersal is another factor contributing to 

the growth of Piper aduncum to their respective farms. Eight percent of the farmers viewed the 

existence of fallow period to contribute to the growth of Piper aduncum in their respective farm 

lots. Some of the respondents also identified soil fertility, flood, falling fruits, rainfall, water, 

chemical pesticides, human agents, and roots. Aside from the natural attributes, another factor 

identified is the lack of resources to maintain the farm from the presence of Piper aduncum. 
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Table 40. List of factors identified by respondents causing the spread of P. aduncum 

Why do you think Piper aduncum grew in your farm? Frequency Percentage 

Biological agents (Birds, Bats, Rats, and other animals) 147 47.12 

Wind dispersal 104 33.33 

When there is fallow period 25 8.01 

no idea 10 3.21 

Naturally growing 5 1.60 

soil fertility 4 1.28 

Flood 2 0.64 

Falling fruits 2 0.64 

Rainfall 2 0.64 

Water 2 0.64 

Chemical pesticides 2 0.64 

no money to maintain farm and eradicate Piper aduncum 2 0.64 

through farm sticks coming from other farms 2 0.64 

human agents 2 0.64 

Roots 1 0.32 

Total 312  

 

 

b. Perceived Benefits and Uses 

 

According to Hartemink (2006), Piper aduncum has various uses and it can be utilized 

through different ways. Few of the notable uses of P. aduncum documented by Hartemink include 

its use as shade for cages of livestock animals, weed control, natural pesticide, soil fertilizer, fences 

for houses and cages, digging stakes, charcoal material, and medicine. To assess if these benefits 

are being utilized in the case of the invasion of Piper aduncum in AVPL, respondents were asked 

to rate how effective the tree can be utilized as a material for the following identified uses based 

on their experiences. Table 41 summarizes the percent of agree to strongly agree responses for 

each given uses across the four municipalities. Along with perceived effectiveness measured on a 

likert scale, the respondents were also asked to specify the quantity of trees being used and the 

frequency of its utilization in a year. 

Among respondents, uses that are deemed effective were the utilization of Piper aduncum 

as a material to create fences, cages for livestock animals, and charcoal production. All these 

identified uses have an overall percentage of agree to strongly agree responses above 50%. Some 

of the perceived uses that are also identified to be effective were the use of P. aduncum trees as a 
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material for creating houses and the use of Piper aduncum as digging stakes. The rest of the uses 

were identified by the respondents to be less effective or not effective at all. Although based on 

some accounts, essential oils can be extracted from Piper aduncum, the piper shrubs found in 

AVPL are not being utilized by locals as a type of medicine. Piper aduncum’s fruit is edible 

according to some accounts but responses gathered from AVPL show that the fruits of Piper 

aduncum is not being used as food source for livestock animals and residents. Although various 

benefits can be derived from the utilization of P. aduncum, it is important for policy makers to 

look beyond its possible economic value when formulating interventions. Along with its economic 

value, stakeholders should also consider its impact on the biodiversity. Formulating interventions 

with only the potential economic value considered may promote profit driven policies. As such, it 

is important to also consider the ecological impacts of certain policies. 

 

Table 41. Percentage of Agree to Strongly Agree Responses of Different Benefits Identified 

Across the four Municipalities 

 

How effective can P. aduncum be used for the following alternative uses? 

 

Alternative Uses 

Bagumbayan Lake 

Sebu 

Surallah T’Boli Overall 

Agree to Strongly Agree responses (%) 

1.Fencing Material 91.67 44.79 74.67 82.61 64.63 

2.House Construction 83.33 40.63 56 71.11 53.95 

3.Animal Cage Construction 92.31 40.63 73.97 84.78 63.16 

4. Shade for Animals 75.00 33.68 53.42 66.67 48.89 

5. Food for animals 91.67 18.95 32.39 50.00 33.48 

6. Digging sticks/stake 100.00 30.53 60.81 73.33 52.86 

7. Alternative Medicine 60.00 13.68 10.14 20.45 16.06 

8. Consumption  - 12.90 15.71 29.54 17.39 

9. Weed control 92.31 27.37 47.89 60.87 44.44 

10. Fertilizer 76.92 25.26 51.35 61.70 44.10 

11. Pest control 88.89 9.57 20.83 28.89 20.45 

12. Charcoal Production 100.00 45.26 85.13 74.47 67.25 

 

The percentage of respondents positively identifying the alternative uses mentioned is 

higher for Bagumbayan compared to the rest of the municipalities. As for Lake Sebu, most 

respondents gave lower percentage of positive responses for the identified uses. Since various 

native species within the area can be used for charcoal production, stake production, fences, and 

other uses, most farmers in Lake Sebu prefer to utilize native species compared to the invasive 
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Piper aduncum. On the other hand, Tboli and Surallah comes to show that Buyo-buyo is being 

utilized effectively through some of the identified uses. Based on the means, Piper aduncum is 

being perceived in Tboli and Surallah as effective material for building fences and animal cages, 

digging stakes, and charcoal. 

Respondents across the four municipalities were able to adapt to the proliferation of Piper 

aduncum through utilizing its various uses. Although this is perceived as economically beneficial 

to the farmers, it is important to note that the optimal condition satisfying both the economic, 

biodiversity, and socio-cultural needs of the landscape can be achieved through the assessment of 

various management options. 

 

Eradication Measures 

 

It is very vital to be knowledgeable of the characteristics of an IAS, in order to identify the 

best ways on how you would treat them according to your objective. Since human behavior became 

the reason of most invasions in the world, solutions must be made with the influence of human 

behavior also (Wittenberg, 2001). With regard to P. aduncum, CABi has enumerated specific ways 

on how to control, or if possible, prevent, the rampant spread of the species in a particular 

environment. These measures include physical, chemical and cultural control.   

Small seedlings and plants to 2 m (7 ft) can be pulled manually. On the other hand, larger 

plants can be pulled out using a weed wrench or other mechanical means. Residents in the Nahiku 

area report that P. aduncum does not spread vegetatively nor does it re-root after it is pulled out of 

and left on the ground.  Plants that are merely cut and left with their roots in the ground will re-

sprout.  Plants that are too large to remove mechanically may be chemically controlled (CABi).  

If hand pulling is not possible or not feasible, use chemical control methods, including 

basal bark application of 20% Garlon 4, or cut stump application with 50% Garlon 3A (Langeland 

and Stocker 2002).  In Nahiku, Maui, one resident with P. aduncum on his property reports that he 

has successfully controlled it with the herbicide, Remedy, but has had trouble keeping up with the 

numerous seedlings that germinate Do not plant P. aduncum.  Remove any plants that come up in 

the yard.  Wash clothing and gear after use in infested areas. 

Respondents were also asked to identify various measures being done to eradicate and 

control the proliferation of Piper aduncum in their farm lots. Table 42 summarizes the result of 

the inquiry on the mitigating measures identified. It is important to determine this information to 

understand the extent of the various eradicating measures done within the landscape and evaluate 

the degree of effectiveness. Aside from the identification of the strategies done by farmers, the 

estimated costs and frequency of the strategies were also determined. Looking at the four 

municipalities, cutting, burning, and chemical control are the common eradication strategies being 

done to clear the farms with P. aduncum. 
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Table 42. Various Control Strategies with the equivalent costs, frequency, and effectiveness across 

the four municipalities 

 

 

As for Bagumbayan, cutting is the most common eradication strategies with a mean cost 

of 270.73. Eleven farmers identified the use of manual cutting to clear the farms, with mean 

effectiveness rate of 4.8 out of 5. Burning and Chemical control is also being practiced in 

Bagumbayan, with mean costs of 200 and 300 Php respectively. On the average, these control 

measures are being done twice a year. Among the three control strategies in Bagumbayan, cutting 

has the highest mean effectiveness rate. This is followed by burning and chemical control. This is 

the same case for Lake Sebu. Cutting, Burning, and Chemical control are also the major strategies 

identified. With cutting as the major strategy, 90 respondents identified the mean effectiveness 

rate of this method to be at 4.867. In terms of cost, chemical control is the most expensive, with 

mean cost computed to be at 560 Php. Although burning has a mean effectiveness rate of 5 for 

 
Bagumbayan Lake Sebu Surallah T’Boli Total 

Frequency Count Percent Count Percent Count Percent Count Percent Count Percent 

1 12 60% 80 80% 60 77.92% 36 65% 188 75% 

2 5 25% 4 4% 2 2.60% 8 15% 19 7% 

>2 3 15% 16 16% 15 19.48% 11 20% 45 18% 

Cutting 12 57% 93 93% 68 85% 44 64% 217 80% 

Burning 4 19% 1 1% 2 2.5% 4 16% 11 4% 

Chemical 

control 

4 19% 5 5% 6 7.5% 6 7% 21 8% 

Others 1 5% 1 1% 2 2.5% 14 20% 18 7% 

Kaingin 

system 

    
2 2.5% 1 1% 3 1% 

Total cost 8,950 31,700 37,640 56,650 134,940 
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Lake Sebu, there is not enough data to conclude that it is the most effective control strategy since 

only one farmer identified the use of this strategy. 

Aside from the three identified control measures, respondents in Tboli and Surallah also 

practice kaingin system to eradicate Piper aduncum. For both municipalities, kaingin have the 

highest effectiveness rate, with mean effectiveness rate of 5. Despite the high effectivity rate, there 

is not enough data to conclude that kaingin is the most effective control measure due to the low 

frequency of respondents that identified the method. Cutting is also the most common eradication 

measure done for both municipalities. In Surallah, 67 out of the 75 respondents practice manual 

cutting. While for Tboli, 42 respondents use the same method. Chemical control is also the most 

expensive control measure in terms of the average cost. 

 

Component 3. Policy recommendations in the management and control of P. aduncum in 

AVPL 

 

Farm-based Level 

 

Within farms, combination of chemical and manual intervention should be implemented 

on the eradication of P. aduncum. Burning and Kaingin system should be discouraged as these 

interventions may further contribute to the spread of P. aduncum. According to the series of 

interview conducted among farmers, manually cutting Piper aduncum is the most convenient 

mitigating measure but weeks later, the shrub is observed to appear again because of the roots not 

totally eliminated. Thus, it is important to regularly mitigate the presence of P.  aduncum according 

to farmers. Few of the farmers employ burning, and kaingin system. Although these measures are 

relatively more effective in comparison to cutting, these are listed as few of the reasons causing 

the spread of P. aduncum. Chemical means of eradication is also employed but it is more costly as 

compared to manual intervention. This is the reason why majority of the respondents practice 

manual intervention as mitigating measure. Manual intervention alone is deemed ineffective since 

it does not totally eliminate the presence of Piper aduncum. On the other hand, the implementation 

of chemical means to mitigate P. aduncum is deemed unsustainable on the long run since this may 

result to adverse environmental impact. Thus, it is recommended to practice combination of both 

chemical and manual means to balance the sustainability and effectivity of mitigating measure to 

address the impact of P. aduncum as an IAS. 

Although benefits may be derived from the alternative uses of P. aduncum according to 

majority of the respondents, it is important to discourage its use and introduce other species that 

are native/indigenous. Notably, P. aduncum is used actively as a raw material to produce charcoal. 

Ongoing studies are also being implemented to test its effectivity as a raw material in charcoal 

bricketting. Based on the initial survey, P. aduncum is more preferred in charcoal production 

compared to other species because using it entails lesser capital cost. But according to the 

validation workshop with peoples’ organization representatives in AVPL, P. aduncum charcoals 

are lesser effective compared to other species. To address this, it is important to look into the 

utilization of native species as material to produce charcoal. 
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Local Level 

 

 The Protected Area Management Board of AVPL is the local body assigned to manage the 

protected landscape from existing threats. One of these threats include the threatening of the 

biodiversity within the protected regions. Based on the formulated protected area management 

plan, the existence of invasive alien species is documented as one of the existing threats to the 

biodiversity within AVPL, specifically the existence of P. aduncum. To further establish 

management options within the landscape, zone categories were delineated to classify the 

boundaries of biodiversity zones within the landscape. Table 43 gives the details on the zone 

categories. Although P. aduncum is mostly observed within open forests, close monitoring among 

strict protection zones and closed forests should be done to ensure that P. aduncum will not invade 

these areas. Based on literature, the main entry points of IAS are common roads, and clearings. 

Thus, it is important to eradicate P. aduncum within these areas as well. 

 

Table 43. Description of zone categories and the equivalent area within AVPL 

 

Zone Category Area Description 

Strict Protection Zone 48,458.66 Consist of areas with high biodiversity 

values that are closed to all human 

activities 

Multiple Use Zone 52,088.35 Refers to areas where settlement, 

traditional and/or sustainable land use 

including agriculture and other livelihood 

activities may be allowed for as long as 

these are within the carrying capacity of 

the area’s natural resources  

Buffer Zone 1,803 Boundaries separating strict protection 

zones and multiple use zones. Use of 

fertilizers and pesticides are regulated 

within these areas along with the use of 

exotic species for farming 

Total Area 102,350 
 

 

 For each type of land use/tenure regimes, various strategies were presented to manage the 

presence of P. aduncum (Table 44). For the strict protection zones, the presence of P. aduncum 

should totally be eradicated within these areas. This could be implemented through the reduction 

of incidence of kaingin and other activities that might introduce the presence of P. aduncum within 

the area. This strategy may entail additional labor cost to increase the number of forest protection 
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officers within area, strengthening existing monitoring activities. Another approach is the total 

eradication of P. aduncum and replacement with indigenous trees to benefit other species within 

the area. Aside from the labor cost to ensure total elimination of P. aduncum, implementing this 

strategy may also entail cost related to the initiative to introduce indigenous tree species within the 

area. Although this entail higher cost, this strategy can add further benefit on the biodiversity value. 

For the production forest zone, the strategy could either be the containment of P. aduncum and 

maximizing its use to benefit wildlife/fauna or the containment and maximum use of P. aduncum 

to boost the livelihood through charcoal/fuelwood production and other utilization. Both of the 

strategies address the issue on how P. aduncum can be utilized and managed upon eradication. 

 For the multiple-use zones (agroforestry, agriculture, and development zones), P. aduncum 

can continuously be used as a fallow crop or its elimination/maximum usage may depend on the 

discretion of the land owner. These are the status quo management strategies currently being done 

to eradicate the presence of P. aduncum. Other possible management strategies include the 

use/harvest of P. aduncum to be sell to private firms to be used as stake for banana/pineapple 

plantation and the establishment of IEC projects to educate farmers on the potential use and 

existing risks associated with the existing occurrence of P. aduncum. This strategy may address 

the issue on the lack of awareness with regards to the threats of P. aduncum. 

  
Table 44.  Management Regimes for P. aduncum. 

 
Land use/tenure 

regimes 

Strategy 1 Strategy 2 

Strict Protection Zone Reduce incidence of kaingin 

and new openings such as 

timber poaching 

Total elimination of P. aduncum and 

replacement with indigenous tree 

species in AVPL that will benefit 

birds, etc. 

Production forest zone Containment of P. aduncum by 

maximizing use to benefit 

wildlife (fauna) 

Containment and maximum use of 

potentials for enhance inclusive 

growth/income for IPs/brgys. (e.g. 

fuelwood/charcoal/etc.) 

Shifting 

cultivation/kaingin/ 

agroforestry zone 

Science-based use of P.  

aduncum as fallow crop for 

corn 

Use/harvest of P. aduncum for sale to 

private firms (e.g. cuttings as 

trellis/stakes for banana & pineapple 

plantations. 

Agricultural & 

Development zone 

Elimination or use as per land 

owner’s discretion; maximize 

use of P. aduncum 

IEC Initiatives for knowledge sharing 

on the impacts of P. aduncum as an 

IAS 

 

National Level 

 
In implementing measures to mitigate the presence of invasive plant species on a broader 

landscape, it is important to first evaluate the current status of a particular landscape in terms of 

the stages of biological invasion. Optimal measures may vary depending on the stage of invasion. 
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In determining national intervention to mitigate IAS, it is recommended to update existing policies 

to integrate a standardized framework suggesting the appropriate intervention depending on the 

stage of biological invasion. For example, during the early stage of invasion it is important to focus 

actions on surveillance and prevention instead of active control, this is different in cases where 

invasion is at its final phase. In this case, active control is necessary. 

The National Invasive Species Strategy and Action Plan (NISSAP), provided a framework 

which aims to prevent the introduction and spread of IAS in the Philippines. In the framework, 

NISSAP listed 9 strategic goals which aims to harness inter-disciplinary collaboration to address 

the issue of IAS: (1) leadership and coordination, (2) prevention, (3) early detection and rapid 

response, (4) control and management, (5) restoration, (6) research and information management, 

(7) education and public awareness, (8) international cooperation, and (9) training needs. Some of 

the strategic goals listed in the NISSAP compliment the suggested mitigating measure for each 

stage of biological invasion with prevention, early detection and response, control and 

management, and restoration as part of the strategic goals. With these strategic goals, this may 

indicate that the stage of biological invasion has been initially incorporated in the policy-making 

process to combat IAS. Although this may be the case, the existing strategies indicated in the 

NISSAP lack substantial documentation to provide science-based policy recommendations to 

address IAS. The policy framework developed can be further strengthened by including a 

systematic analysis of the mechanism, risks, benefits, and costs of IAS existence depending on the 

stage of invasion. 

By looking at the case of P. aduncum as an IAS in AVPL, various insights can be obtained 

from the resulting analysis which can further be included as an input in the national policy 

framework to combat IAS. The analysis done to assess the impact of P. aduncum comprised not 

just its existing environmental impacts. To give a wholistic perspective, the socio-cultural and 

economic impact of P. aduncum was also included in the assessment. Shifting back to the national 

policy framework, this can be incorporated by including specific analyses of IAS impacts on 

various spheres (in the case of AVPL, socio-cultural and economic spheres were included but other 

spheres can be included depending on the scenario) and integrating it to the existing environmental 

impact. Methods to generally analyze the existing impact of IAS should be included in the national 

policy framework depending on the stage of biological invasion. For example, if the IAS is 

specifically on the colonization or impact stage, a cost-benefit analysis framework should be 

included to determine the impacts of IAS on the long run. This may be different during the 

introduction phase as interventions should focus more on the prevention measures rather than on 

assessing existing impacts. These specific variations should be incorporated in the national policy 

framework to introduce the appropriate approaches depending on the level of invasion. 

 

Component 4. Develop a user-friendly assessment/evaluation tool that could determine the 

environmental and socio-economic valuation of IAS 

 To further aid with the decision-making process and evaluate the established level of 

intervention in the landscape of AVPL, an excel-based assessment/evaluation tool was developed 

to quantify the impacts of IAS within the landscape of AVPL by utilizing the primary data gathered 

from the survey and biophysical assessment and adopting some parameters from secondary data. 

The figure below outlines the process/steps to mitigate the presence of P. aduncum in AVPL. First, 

the parameters to be use has been derived from the primary and secondary data. Using secondary 

data from related studies and the primary data gathered from the survey, rates of survival, 
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fecundity, and germination were determined along with the initial population of P. aduncm per age 

class. It is important to note that the age class established in the age-structure modelling is related 

to the equivalent diameter class of P. aduncum. These parameters will be used for the age structure 

modelling to project the densities of P. aduncum. The resulting projection of the densities will be 

used for the projection of the costs and benefits of the various level of intervention over time. The 

identified scenarios will also be used for the cost-benefit analysis. As discussed previously, the 

level of intervention/scenarios identified is based on the zone categories established within AVPL. 

Table 45 gives the detailed list of the parameters used for the age-structure modelling. Also, a 

separate tool guide was created under the supplementary section to aide potential users of the 

excel-based valuation tool developed. This valuation tool can further be used to quantify the 

impacts of other invasive plant species on various landscape considering the environmental, socio-

cultural, and economic spheres. The quality of the output from the valuation tool highly depends 

on the availability of data for the IAS in question. 

  

 
Figure 31. Step Process Guide for the use of the excel-based assessment/evaluation tool 

 

 

Table 45. Parameters used for the Age-structure Modelling 

 

Parameter type Value Source 

Fecundity rate of mid age class trees 2.5 Secondary data 

Fecundity rate of last age class trees 15 Secondary data 

Germination rate 0.585 Secondary data 

Survival rate from first to mid age class 0.28 Inventory data 

Survival rate from mid age class to last 

age class 

0.32 Inventory data 

Initial population of seedlings 0 Survey and inventory 

data 

Initial population of first age class 438154 Survey and inventory 

data 

Derive 
parameters 
from primary 
and secondary 
data

Project the 
densities of P. 
aduncum and 
area covered 

over time

Identify the 
scenarios for 

the CBA

Estimate the 
value of the 

scenarios for 
the initial year

Project the costs 
and benefits 

over time and 
compute the NPV

Select the 
scenario 
with the 

highest net 
present 
value.



Page | 91  
 

Parameter type Value Source 

Initial population of mid age class 0 Survey and inventory 

data 

Initial population of the last age class 34066 Survey and inventory 

data 

 

 

The different scenarios being compared in the study was defined depending on the level of 

control within AVPL. In the case of low control intervention, the presence of P. aduncum should 

only be controlled within strict protection zones. This means that the potential benefits under this 

intervention are the improved biodiversity because of employing control measures within SPZ and 

the monetary benefits derived from the alternative utilization of P. aduncum within areas in AVPL 

that are outside SPZs. Meanwhile, medium control intervention describes the intervention with 

wider control measures implemented within SPZs and Buffer zones. Wider control measures 

translate to greater costs. As for the high impact control, interventions will be implemented to the 

whole area of AVPL. For the scenario 3 on high impact control, benefits are assumed to be the 

overall value of the biodiversity. Since this scenario was built on the assumption that P. aduncum 

will be proliferated in the whole area of AVPL, the benefits for this scenario constitutes the 

biodiversity value if measures are implemented with the exclusion of the benefits related to the 

alternative utilization of P. aduncum. 

 With the given threats of P. aduncum as an IAS, it is necessary to determine the best level 

of intervention to consider based on the maximized net benefit. Initially, the costs of each scenario 

were computed as the product of the cost of maintenance per hectare generated from the survey 

and the total number of hectares classified in the specific type of land classification in the land 

cover map. As for the benefits for each scenario, it was computed as the sum of the biodiversity 

value as a result of the control measures employed for the specified zones and the monetary 

benefits as a result of the alternative utilization of P. aduncum in areas outside the area of 

intervention. In scenario 1 with low impact control, strict protection zones were identified in the 

land cover map as the forest reserve zones which are mainly composed of closed and open forests.  

Scenario 2 on the other hand includes civil reservation areas in the scope of the control measures 

in addition to the forest reserve areas. Lastly, scenario 3 covers the inclusion of all areas within 

AVPL in employing control measures. This also includes employing control measures in areas that 

are alienable/disposable which covers the farm lots planted with major crops. 

 Based on the results of the Cost-Benefit Analysis, the intervention with the highest net 

benefit is the high impact control. Thus, the most ideal strategy to address the ongoing threat of P. 

aduncum as an IAS in AVPL is the implementation of eradication measures to the whole area of 

AVPL. This can be implemented through employing the existing eradicating measures done on 

the farm-level. The cost per hectare for these interventions only constitutes the annual labor cost 

to implement the various mitigation strategies. The projected value of intervention for the base 

year is presented in Table 46. Meanwhile, Table 47 summarizes the projected benefits, costs, and 

net benefits for the three scenarios selected. For the base year, the total net benefit under scenario 

3 is computed as high as 73.8 million. As for the projected net benefit under scenario 3 across ten 

years, the net present value is at 248 million. This is followed by the scenario of low impact control 

with projected net present value at 211.6 million. Lastly, scenario 2 is the intervention with the 

lowest net present value at 179.9 million. Since the computed net present values are positive for Strict 
Protecti
on Zone 
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all the scenarios, this means that all these interventions can be accepted since the difference 

between the benefits and the costs are positive on the long run. 
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Table 46. Value of the intervention for each scenario selected for the base year 

  
Status quo (without 

intervention) 

With varying level of control Value of intervention 

 
Costs Benefits Costs Benefits Costs Benefits Net Benefit 

Scenario 1: 

Low control 

25,524,662 2,673,252.20 3,926,292.08 27,305,162.94 -21,598,370 24,631,910.74 46,230,280 

Scenario 2: 

Medium 

control 

24,200,552 2,639,466.20 3,722,612.91 48,547,062.76 -20477939.03 45,907,596.57 66,385,535.60 

Scenario 3: 

High control 

20,058,952 5,166,526.94 3,085,537.59 62,056,336.62 -16,973,414.18 56,889,809.68 73,863,223.86 

 

 

Table 47. Cost – Benefit Analysis for each level of control across ten years 

 
Year Costs Benefits Net benefits 

Low control Medium 

control 

High control Low control Medium control High control Low control Medium control High control 

0 25,524,662 24,200,552 20,058,952 
      

1 3,926,292.08 3,722,612.91 3,085,537.59 27,305,162.94 48,547,062.76 62,056,336.62 23,378,870.86 44,824,449.85 58,970,799.03 

2 5,281,505.32 5,975,364.19 7,603,534.00 43,123,949.58 31,396,947.76 62,062,542.26 37,842,444.26 25,421,583.57 54,459,008.26 

3 6,892,549.74 7,798,059.90 9,922,878.63 32,591,300.00 23,730,727.23 62,056,398.68 25,698,750.26 15,932,667.32 52,133,520.05 

4 8,683,538.94 9,824,340.69 12,501,281.28 46,200,762.58 33,636,415.32 62,056,337.24 37,517,223.64 23,812,074.63 49,555,055.97 

5 8,141,118.90 9,210,660.11 11,720,384.75 56,373,868.97 41,040,941.27 62,056,336.63 48,232,750.07 31,830,281.16 50,335,951.88 

6 10,263,118.22 11,611,437.53 14,775,327.04 68,534,638.35 49,892,193.68 62,056,336.62 58,271,520.13 38,280,756.15 47,281,009.58 

7 13,067,448.01 14,784,186.73 18,812,588.31 74,887,162.03 54,515,897.07 62,056,336.62 61,819,714.03 39,731,710.34 43,243,748.31 

8 15,392,480.19 17,414,670.51 22,159,827.44 90,182,049.77 65,648,326.91 62,056,336.62 74,789,569.58 48,233,656.41 39,896,509.18 

9 17,235,900.84 19,500,270.93 24,813,713.17 109,281,338.37 79,549,801.32 62,056,336.62 92,045,437.54 60,049,530.39 37,242,623.46 

10 20,588,628.69 23,293,464.11 29,640,477.26 129,209,679.58 94,054,704.15 62,056,336.62 108,621,050.90 70,761,240.04 32,415,859.37 

Present 

Value*** 

70,846,894.55 50,650,801.14 63,016,140.70 282,490,221.21 230,581,884.04 311,451,128.80 211,643,326.66 179,931,082.89 248,434,988.10 



 

   

 

VI. KEY ISSUES FOR THE FUTURE 
 

The project initiated a number of potential studies on the impacts of IAS in the Philippines. 

To further address the issue of IAS in the Philippines it is important to conduct wholistic 

quantification of impacts not just by looking into the environmental impacts but also with the 

inclusion of the socio-economic value given by utilizing the potential use of the IAS in question. 

With the specific case study of the impact of IAS in Mindanao, the project provided the baseline 

information on how to quantify the impacts of IAS in the Philippine setting. More importantly, the 

results of the study generated potential areas of study which may include the following: 

 According to the baseline interview, P. aduncum can be used as a potential material 

for charcoal bricketting. Further study on the potential of P. aduncum as a material 

for charcoal bricketting is recommended. 

 Further readings suggest the potential of P. aduncum as a material for essential oils. 

Considering the socio-economic setting of the Philippines, a study is recommended 

to assess the phytochemical properties of P. aduncum infloresence as a material for 

oil production. 

 With the baseline data gathered on the estimated presence of P. aducum based on 

the inventory data, a follow-up study is recommended to produce a panel data and 

estimate the spatial spread of P. aduncum considering various variables. 

 According to the locals, bats are the primary agents spreading the seeds of P. 

aduncum across AVPL. A study is also recommended to focus on the mechanisms 

behind the spread of P. aduncum by specifically looking into the role of the 

biological agents on its spread. 

 Comparative studies on the effectiveness of P. aduncum to be utilized as fences, 

digging stakes, charcoal, and weed control agent as compared to native species are 

also potential areas of study. 

 

VII. CONCLUSION 
 

The analysis on the environmental and socio-economic impacts of P. aduncum to the 

landscape of AVPL supports the hypothesis related to the negative impacts of invasive plants to 

the biodiversity. Although some accounts suggest the potential of Piper aduncum as a pioneer 

species in forest restoration based on its carbon sequestration potential, this cannot offset the 

negative impact of the species to food production and biodiversity loss on the long run. As 

compared to the losses in food production due to the presence of P. aduncum, the monetary benefits 

due to the utilization of P. aduncum’s alternative uses are minuscule. Hence, it is important for the 

local implementors to focus mitigating measures on the control of P. aduncum. Since in the case 

of AVPL the invasion has reached the impact stage, this is the best strategy to implement on the 

ground level.  

The documentation of the current conventional practices on the management and utilization 

of P. aduncum in AVPL also provided relevant information on the spread of P. aduncum and the 

factors contributing to its growth among farms. More importantly, the current fallow practices of 

farmers were also documented to test the initial hypothesis on the effectiveness Piper aduncum as 

a fallow crop. Among other plants, P. aduncum is the most dominant shrub observed by majority 

of the respondents to grow if lots are intentionally/unintentionally left without crops. With P. 

aduncum as an observable shrub to grow amidst farms during fallow period, there are divided 

accounts on the subject of its impact among crops. Notably, significant number of respondents 



 

   

detailed the negative impact of P. aduncum on their planted corn. Some on the other hand 

expressed positive notes on its impact on livelihood when utilized as material for charcoal. With 

this, relevant insights were gathered to be included as basis for the policy recommendations. 

Survey accounts alone are not enough basis. To verify the information documented, various focus 

group discussions, and validation workshops were conducted. 

Since the projected costs and benefits of the levels of intervention highly depended on the 

projected densities and area covered of P. aduncum on the long run, this suggests that the negative 

impacts of P. aduncum monetized through the costs are due to the increasing densities of P. 

aduncum on the long run. With no interventions in place, increasing projected densities of P. 

aduncum may pose adverse impacts on the long run. Hence, it is necessary to totally mitigate the 

presence of P. aduncum in the whole area of AVPL to minimize the risks associated with its 

increasing existence on the long run. 

With the result of the cost-benefit analysis, policy recommendations should lean towards 

the total eradication of P. aduncum in the whole area of AVPL. To generally address the impact 

of IAS in the Philippines by studying the case of P. aduncum in AVPL, the importance of proper 

quantification of the impacts of IAS as a whole should be highlighted and integrated in the existing 

policy frameworks to combat IAS. As for the local region, it is important to put more investments 

in monitoring activities to regulate kaingin activities and timber poaching within closed forests. 

Investments should also be made by the local stakeholders for various IEC campaigns for 

knowledge and capacity building. This will ensure that the farmers are knowledgeable on the 

existing threats of P. aduncum as an IAS in AVPL and the various utilization once P. aduncum 

shrubs are eradicated. For the farm level, it is important to employ a combination of manual and 

chemical interventions to mitigate the presence of P. aduncum to balance the effectiveness and 

sustainability of mitigating measures on the long run. 
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IX. APPENDIX 
 

Appendix 1. Frequency distribution of soil fertility status, dominant slope, type of ownership, and 

type of irrigation. 

 
Qualitative information Bagumbaya

n 

Lake 

Sebu 

Suralla

h 

T’Boli Overall 

1. Perception on 

soil fertility status 

Poor (1) 2 1 7 2 12 

Moderate (2) 2 69 43 29 143 

Good (3) 9 25 22 16 72 

2. Dominant slope Flat (1) 1 14 22 11 48 

Gentle (2) 7 30 25 4 66 

Moderate (3) 3 32 13 19 67 

Steep (4) 2 16 13 6 37 

Very Steep 

(5) 

0 2 0 1 3 

3. Type of 

ownership 

With Title (1) 9 38 28 15 90 

Rented (2) 1 1 7 1 10 

CADT (3) 0 34 10 9 53 

Others (4) 3 15 16 14 48 

4. Type of 

irrigation 

Rainfed/Ulan 

(1) 

10 88 54 27 179 

NIA/Irrigatio

n (2) 

3 2 6 5 16 

Others (3) 0 2 1 8 11 

 

 

 
Appendix 2. Water Resources in AVPL 

Rivers Creeks Lakes 

Allah Luhib Sebu 

Hano-on Bolo Lahit 

Lanon Lamidang Seloton 

Lowo-el Somok Maughan/Holon 

Lamlat Odong  

Tabang Dolong  



 

   

Rivers Creeks Lakes 

Lam-ab Halilan  

Lamgabanag Kabusong  

Lamlai Sumihog  

Lambuluan Blawan  

Lamkanidang Samak  

Sinonok Tepal  

El Blobo Lamilat  

Blu-an Leds  

Tran-kini Mene  

Lami Klingan Bong  

Ahib Klingan Odi  

Besol’s King Gabang  

Gao Lamual  

Sepaka Ganan  

Sapali/Banga   

Source: AVPL Protected Area Management Plan, 2018-2022 

 

 

 

 

Appendix 3. Computed Mean Yield and Revenue per hectare of the top five major crops in terms 

of recorded frequency 

 

Type of Crop Affected by Piper 

aduncum? 

No Yes 

Yield per hectare (kilos) 

Corn 437.4884 292.1856 

Banana 1767.823 422.1017 

Coconut 151.7039 415.0078 

Rice 750.1996 119.9436 

Coffee 130.4348 278.8554 

Revenue per Hectare (PHP) 

Corn 4633.292 3489.134 

Banana 5736.241 3583.506 

Coconut 2466.303 4939.8 

Rice 11099.11 2087.422 

Coffee 10869.57 12897.2 



 

   

 

 

Appendix 4. Mean Revenue (Php) with Std error and frequencies 

 

Affected by Piper aduncum? 

Municipality No Yes Total 

Bagumbayan Mean 18679.17 26207.69 22594 

Std Error 27644.67 24341.72 25715.12 

Frequency 12 13 25 

Lake Sebu Mean 38647.95 13915.2 19101.1 

Std Error 53622.24 24508.83 34155.23 

Frequency 39 147 186 

Surallah Mean 22882.86 20192.2 20933.72 

Std Error 28961.43 27476.43 27803.5 

Frequency 35 92 127 

T'Boli Mean 27770.96 13332.96 22573.28 

Std Error 28529.13 12818.12 24966.97 

Frequency 48 27 75 

Total Mean 28845.72 16501.46 20506.62 

Std Error 37868.88 24838.68 30211.14 

Frequency 134 279 413 

 
 

Appendix 5. Mean Yield with Std error and frequencies 

 

Affected by Piper aduncum? 

Municipality No Yes Total 

Bagumbayan Mean 1910.833 1810.89 1858.863 

 Std Error 2150.101 1762.385 1916.884 

 Frequency 12 13 25 

Lake Sebu Mean 3559.039 1243.199 1728.778 

 Std Error 5261.037 3717.032 4181.214 

 Frequency 39 147 186 

Surallah Mean 1740.485 1554.685 1605.889 

 Std Error 1842.112 2088.788 2018.341 

 Frequency 35 92 127 

T'Boli Mean 2563.419 1635.943 2229.527 

 Std Error 2648.699 2318.973 2558.548 

 Frequency 48 27 75 

Total Mean 2579.803 1410.37 1789.799 

 Std Error 3484.855 3058.656 3245.524 

 Frequency 134 279 413 

 

 

 

 

 



 

   

Appendix 6. Mean area planted with std error and frequencies 

 

Affected by Piper aduncum? 

Municipality No Yes Total 

Bagumbayan Mean 0.729708 1.376923 1.06626 

 Std Error 0.547544 1.084861 0.913664 

 Frequency 12 13 25 

Lake Sebu Mean 1.583333 1.145233 1.237093 

 Std Error 1.031372 0.95181 0.982565 

 Frequency 39 147 186 

Surallah Mean 8.259471 11.65892 10.72207 

 Std Error 22.01883 27.74853 26.25357 

 Frequency 35 92 127 

T'Boli Mean 6.700219 2.016778 5.01418 

 Std Error 16.3243 2.214315 13.27017 

 Frequency 48 27 75 

Total Mean 5.083571 4.707252 4.829351 

 Std Error 15.07783 16.6419 16.1337 

 Frequency 134 279 413 

 
Appendix 7. Species encountered Table 16. Species encountered under the stand of P. aduncum 

with 2.5-5 cm diameter class 

                 and their biometrics.  
Species Plot Species 

Abundance 

No. of 

plots 

appeared 

Species 

abundance 

Relative 

frequency 

Species 

Density 

Relative 

Density 

Importance 

Value 2 3 5 

Calopogonium 

muconoides 

30 98 45 173 3 57.67 6.12 5,766.67 12.33                     

76.12  

Centrosema 

pubescens 

8   8 1 8.00 2.04 266.67 0.57                     

10.61  

Chromoaelana 

odorata 

 42 5 47 2 23.50 4.08 1,566.67 3.35                     

30.93  

Colona 

serratifolia 

  2 2 1 2.00 2.04 66.67 0.14                       

4.18  

Cyathea 

contaminans 

2 6 24 32 3 10.67 6.12 1,066.67 2.28                     

19.07  

Cyperus 

rotundus 

1 2  3 2 1.50 4.08 100.00 0.21                       

5.80  

Desmodium 

triflorum 

 73  73 1 73.00 2.04 2,433.33 5.20                     

80.24  

Elephantopus 

tomentosus 

7 213 25 245 3 81.67 6.12 8,166.67 17.46                   

105.25  

Ficus gul 2   2 1 2.00 2.04 66.67 0.14                       

4.18  

Ficus 

minahassae 

  1 1 1 1.00 2.04 33.33 0.07                       

3.11  

Ficus 

psuedopalma 

1   1 1 1.00 2.04 33.33 0.07                       

3.11  

Gmelina arborea 1 1  2 2 1.00 4.08 66.67 0.14                       

5.22  

Imperata 

cylindrica 

4 57  61 2 30.50 4.08 2,033.33 4.35                     

38.93  



 

   

Species Plot Species 

Abundance 

No. of 

plots 

appeared 

Species 

abundance 

Relative 

frequency 

Species 

Density 

Relative 

Density 

Importance 

Value 2 3 5 

Lantana camara 1  1 2 2 1.00 4.08 66.67 0.14                       

5.22  

Leucaena 

leucocephala 

9 1  10 2 5.00 4.08 333.33 0.71                       

9.79  

Lygodium 

circinnatum 

11   11 1 11.00 2.04 366.67 0.78                     

13.82  

Mikania cordata 6  45 51 2 25.50 4.08 1,700.00 3.64                     

33.22  

Mikania 

scandens 

3   3 1 3.00 2.04 100.00 0.21                       

5.25  

Mimosa invisa  6  6 1 6.00 2.04 200.00 0.43                       

8.47  

Mimosa pudica  12  12 1 12.00 2.04 400.00 0.86                   

14.90  

Paspalum 

conjugatum 

11 16 7 34 3 11.33 6.12 1,133.33 2.42                     

19.88  

Pennisetum 

purpureum 

  2 2 1 2.00 2.04 66.67 0.14                       

4.18  

Peperomia 

pellucida 

 35  35 1 35.00 2.04 1,166.67 2.49                     

39.54  

Piper aduncum 178 247 105 530 3 176.67 6.12 17,666.67 37.78                   

220.57  

Psidium guajava 3 7  10 2 5.00 4.08 333.33 0.71                       

9.79  

Sida acuta 15 2  17 2 8.50 4.08 566.67 1.21                     

13.79  

Sterculia 

crassiramea 

 1   1 1.00 2.04 33.33 0.07                       

3.11  

Symphyotrichum 

patens 

22  4 26 2 13.00 4.08 866.67 1.85                     

18.93  

Wallaceodendron 

celebicum 

 3  3 1 3.00 2.04 100.00 0.21                       

5.25  

Grand Total 315 822 266 1403 49 612.5 100.00 46,766.67 100.00                   

812.50  

 

 

 

 

 

Appendix 8. Species encountered under P. aduncum stand with 5.1-10 cm diameter class and 

                 their biometrics. 

 

Species Plot Species 

Abundan

ce 

Number 

of plots 

appeared 

Relative 

abundance 

Relative 

frequenc

y 

Species  

Density 

Relative 

Density 

Importance 

Value 

 1 8 9 

Aglaia 

rimosa  1  1 1 1.00 2.70 33.33 0.09        3.80  

Brachiaria 

mutica  2  2 1 2.00 2.70 66.67 0.02        4.72  

Bridelia 

insulana   6 6 1 6.00 2.70 200.00 0.56        9.26  

Canarium 

asperum  4  4 1 4.00 2.70 133.33 0.37        7.07  



 

   

Species Plot Species 

Abundan

ce 

Number 

of plots 

appeared 

Relative 

abundance 

Relative 

frequenc

y 

Species  

Density 

Relative 

Density 

Importance 

Value 

 1 8 9 

Caryota 

cumingii  2  2 1 2.00 2.70 66.67 0.19        4.89  

Celtis 

luzonica  1  1 1 1.00 2.70 33.33 0.09        3.80  

Centrosema 

pubescens 35   35 1 35.00 2.70 1166.67 3.24      40.94  

Chromoaela

na odorata 2   2 1 2.00 2.70 66.67 0.19        4.89  

Colocasia 

esculentum  16 8 24 2 12.00 5.41 800.00 2.22      19.63  

Colona 

serratifolia 6   6 1 6.00 2.70 200.00 0.56        9.26  

Cyathea 

contaminan

s 16  82 98 2 49.00 5.41 3266.67 9.07      63.47  

Cyperus 

rotundus 30 6 46 82 3 27.33 8.11 2733.33 7.59      43.03  

Elephantop

us 

tomentosus 9 27 51 87 3 29.00 8.11 2900.00 8.05      45.16  

Imperata 

cylindrical 5   5 1 5.00 2.70 166.67 0.46        8.17  

Ipomea 

obscura 44   44 1 44.00 2.70 1466.67 4.07      50.77  

Leucaena 

leucocephal

a 21   21 1 21.00 2.70 700.00 1.94      25.65  

Litsea 

glutinosa  1  1 1 1.00 2.70 33.33 0.09        3.80  

Lygodium 

circinnatum 10   10 1 10.00 2.70 333.33 0.93      13.63  

Melastoma 

malabathric

um  8  8 1 8.00 2.70 266.67 0.74      11.44  

Nephrolepis 

biserrata  58 46 104 2 52.00 5.41 3466.67 9.62      67.03  

Piper 

aduncum 

15

8 

16

1 110 429 3 143.00 8.11 14300.00 39.69     190.79  

Pteris 

tripartite  4 33 37 2 18.50 5.41 1233.33 3.42      27.33  

Sindora 

supa  1  1 1 1.00 2.70 33.33 0.09        3.80  

Spathoglotti

s plicata  52 3 55 2 27.50 5.41 1833.33 5.09      37.99  

Symphyotric

hum patens  14 2 16 2 8.00 5.41 533.33 1.48      14.89  

Grand 

Total 
33

6 

35

8 387 1081 37 515.33 100.0 1 36033.33 99.83164     715.16  

 

 

 

 



 

   

Appendix 9. Species encountered under P. aduncum stand with 10 cm & above diameter class          

and their biometrics. 

Species Plot 
Species 

Abundance 

Number 

of plots 

appeared 

Relative 

abundance 

Relative 

frequency 

Species 

Density 

Relative 

Density 

Importance 

Value 

Row Labels 4 6 7 

Artocarpus 

blancoi  1  1 1 1.00 3.13 33.33 0.09        4.22  

Brachiaria 

mutica 1 24 1 26 3 8.67 9.38 866.67 2.36      20.40  

Calopogonium 

muconoides 153   153 1 153.00 3.13 5100.00 13.87     170.00  

Caryota 

cumingii   1 1 1 1.00 3.13 33.33 0.09        4.22  

Colocasia 

esculentum   1 1 1 1.00 3.13 33.33 0.09        4.22  

Cyathea 

contaminans  15  15 1 15.00 3.13 500.00 1.36      19.48  

Cyperus 

rotundus   13 13 1 13.00 3.13 433.33 1.18      17.30  

Elephantopus 

tomentosus 33 32 14 79 3 26.33 9.38 2633.33 7.16      42.87  

Imperata 

cylindrical  30 6 36 2 18.00 6.25 1200.00 3.26      27.51  

Macaranga 

tanarius   1 1 1 1.00 3.13 33.33 0.09        4.22  

Mikania cordata 3 5 12 20 3 6.67 9.38 666.67 1.81      17.85  

Nephrolepis 

biserrata  55 25 80 2 40.00 6.25 2666.67 7.25      53.50  

Paspalum 

conjugatum 73  5 78 2 39.00 6.25 2600.00 7.07      52.32  

Piper aduncum 109 93 90 292 3 97.33 9.38 9733.33 26.47     133.18  

Pteris tripartita 50  25 75 2 37.50 6.25 2500.00 6.80      50.55  

Spathoglottis 

plicata  4 19 23 2 11.50 6.25 766.67 2.09      19.84  

Symphyotrichum 

patens  62 145 207 2 103.50 6.25 6900.00 18.77     128.52  

Trema orientalis 2   2 1 2.00 3.13 66.67 0.18        5.31  

Grand Total 424 321 358 1103 32 575.50 100.00 36766.67 100.00     775.50  

 

             Appendix 10. List of species and family under 2.5-5 cm diameter class. 

No. Scientific name Family 

1 Calopogonium muconoides Fabaceae 

2 Centrosema pubescens Fabaceae 

3 Cyathea contaminans Cyathaceae 

4 Cyperus rotundus Cyperaceae 

5 Elephantopus tomentosus Asteraceae 

6 Ficus gul Moraceae 

7 Ficus psuedopalma Moraceae 



 

   

No. Scientific name Family 

8 Gmelina arborea Pteridaceae 

9 Imperata cylindrica Poaceae 

10 Leucaena leucocephala Fabaceae 

11 Lygodium circinnatum Lygodiaceae 

12 Mikania cordata Asteraceae 

13 Mikania scandens Asteraceae 

14 Sida acuta Malvaceae 

15 Lantana camara Verberaceae 

16 Paspalum conjugatum Poaceae 

17 Piper aduncum Piperaceae 

18 Psidium guajava Myrtaceae 

19 Symphyotrichum patens Asteraceae 

20 Chromoaelana odorata Asteraceae 

21 Desmodium triflorum Fabaceae 

22 Mimosa invisa Fabaceae 

23 Mimosa pudica Fabaceae 

24 Peperomia pellucida Piperaceae 

25 Piper aduncum Piperaceae 

26 Sida acuta Malvaceae 

27 Sterculia crassiramea Sterculiaceae 

28 Wallaceodendron celebicum Fabaceae 

29 Colona serratifolia Malvaceae 

30 Cyathea contaminans Cyathaceae 

31 Ficus minahassae Moraceae 

32 Pennisetum purpureum Poaceae 

 Number of families 15 

 Family with greatest no. of species Fabaceae (6 sps.) 

 

Appendix 11. List of species and family under 5.1-10 cm diameter class. 

No. Scientific name Family 

1 Aglaia rimosa Meliaceae 

2 Brachiaria mutica Poaceae 



 

   

No. Scientific name Family 

3 Bridelia insulana  Phyllanthaceae 

4 Canarium asperum  Burseraceae 

5 Caryota cumingii  Arecaeae 

6 Celtis luzonica Cannabaceae 

7 Centrosema pubescens Fabaceae 

8 Chromoaelana odorata Asteraceae 

9 Colocasia esculentum  Arecaeae 

10 Colona serratifolia  Malvaceae 

11 Cyathea contaminans  Cyathaceae 

12 Cyperus rotundus Cyperaceae 

13 Elephantopus tomentosus Asteraceae 

14 Imperata cylindrical Poaceae 

15 Ipomea obscura  Covulvolaceae 

16 Leucaena leucocephala Fabaceae 

17 Litsea glutinosa Lauraceae 

18 Lygodium circinnatum  Lygodiaceae 

19 Melastoma malabathricum Melastomaceae 

20 Nephrolepis biserrata  Lomariopsidaceae 

21 Piper aduncum Piperaceae 

22 Pteris tripartita  Pteridaceae 

23 Sindora supa Fabaceae 

24 Spathoglottis plicata  Orchidaceae 

25 Symphyotrichum patens Asteraceae 

 Number of families 19 

 Family with highest number of 

species 

Fabaceae and Asteraceae (3 

sps.) 

 

 

Appendix 12. List of species and family under 10 cm and above diameter class. 

No. Scientific name Family 

1 Artocarpus blancoi Moraceae 

2 Brachiaria mutica Poaceae 



 

   

No. Scientific name Family 

3 Calopogonium muconoides Fabaceae 

4 Caryota cumingii  Arecaeae 

5 Colocasia esculentum  Arecaeae 

6 Cyathea contaminas  Cyathaceae 

7 Cyperus rotundus Cyperaceae 

8 Elephantopus tomentosus Asteraceae 

9 Imperata cylindrica Poaceae 

10 Macaranga tanarius  Euphorbiaceae 

11 Mikania cordata Asteraceae 

12 Nephrolepis biserrata  Lomariopsidaceae 

13 Paspalum conjugatum Poaceae 

14 Piper aduncum Piperaceae 

15 Pteris tripartita  Pteridaceae 

16 Spathoglottis plicata  Orchidaceae 

17 Symphyotrichum patens Asteraceae 

18 Trema orientalis  Cannabaceae 

 Number of families 13 

 Family with the highest number of 

species 

Poaceae and Asteraceae (3 

sps.) 

 

Appendix 13. Preliminary Test to determine the significance of the variables identified for the logit 

regression. 

Variables Test Coefficient P-Value 

Sex Chi-square 3.6701 0.055 

Age Variance Weighted Least Square 

regression 

-2.804 0.158 

Years of Residence Variance Weighted Least Square 

regression 

-1.867 0.577 

Civil status Chi-square 1.8034 0.614 

Educational Attainment Chi-square 6.5328 0.479 

How many are you in this 

house? 

Variance Weighted Least Square 

regression 

0.344 0.424 

Are you employed? Chi-square 0.1389 0.709 



 

   

Variables Test Coefficient P-Value 

Monthly Income Kruskal wallis 0.52 0.471 

Bidprice Kruskal wallis 3.563 0.0591 

Size of the farm Kruskal wallis 6.336 0.0118 

Years of farming experience Variance Weighted Least Square 

regression 

17.853 0.074 

Soil Fertility Status Chi-square 4.3228 0.115 

Dominant Slope Chi-square 7.0253 0.135 

Type of ownership Chi-square 3.1029 0.376 

Distance of farmlot to main 

road (KM) 

Kruskal wallis 2.378 0.1231 

Distance of farmlot to market 

(KM) 

Kruskal wallis 0.084 0.7713 

Type of Irrigation Chi-square 2.3957 0.302 

Pub Safety Chi-square 0.2581 0.611 

Presence of corn Chi-square 0.621 0.431 

presence of rice Chi-square 0.4203 0.517 

Presence of banana Chi-square 0.2697 0.604 

Area planted with corn Kruskal wallis 7.168 0.0074 

Area planted with rice Kruskal wallis 0.897 0.3437 

Area with banana Kruskal wallis 0.552 0.4577 

Volume Harvest Kruskal wallis 9.713 0.0018 

Total amount sold Kruskal wallis 4.896 0.0269 

Presence of snake Chi-square 0.2815 0.596 

Do you practice fallow period Chi-square 14.2382 0.000 

Do you think Buyo-buyo is 

harmful? 

Chi-square 6.1485 0.013 

Do you believe that spread of 

Buyo-buyo is difficult to 

control? 

Chi-square 8.484 0.004 

Applying fertilizer? Chi-square 0.7514 0.386 

Rate of increase Kruskal wallis 9.305 0.0023 

 



 

   

X. SUPPLEMENTARY MATERIALS 
 

Instruction Guide on the use of the excel-based valuation tool 

 
1. Input the values under the tab ‘Input values projection’ 

 

 
 

2. Inputting the parameters derived from the results and discussion will result to projection 

of P. aduncum densities per age classes. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

3. After projecting the densities, obtain the projected area covered by dividing the total 

densities to 1370.34. 

 

 
 

4. According to the survey, only 18% of the total respondents utilize the alternative uses of 

P. aduncum. Using this information, it was assumed that 18% of the projected quantities are 

being utilized. 

 

 
 

 

5. A description of the different scenarios to be evaluated, the total area covered under each 

scenario, and the equivalent covered for the socio-economic survey can be seen under the 

‘scenarios’ tab 

 

 
 



 

   

6. Using the data under the ‘scenarios’ tab, compute the ratio to overall area by dividing the 

total area for each scenario to the actual areas surveyed. 

 

 
 

7. Compute the status quo costs for the three scenarios by getting the product of the initial 

costs and the ratio to overall area. 

 

 
 

8. Compute the value of intervention for each scenario. First, the costs under the varying 

level of control is the product of the projected area with P. aduncum, cost/HA, and ratio to 

overall area. 

 

 
 



 

   

9. The benefits under the varying level of control for scenario 1 and 2 is computed as the 

sum of the benefit gained from improved biodiversity and the alternative uses. 

 

 
 

10. For scenario 1, the benefit value is computed as the product of the WTP and the no. of 

respondents within scenario 1 plus the product of the unit price of the alternative uses and the 

projected density. To translate this for the whole area of AVPL, Ratio to overall area must be 

added as another multiplier. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

11. The same equation will be used to compute the benefits under scenario 2. 

 

 
 

 

12. For scenario 3, the benefits will be computed as the product of the WTP, the total no. of 

respondents, and the ratio to overall area.  

 

 
 

13. The costs and benefits under the value of intervention is the difference between the 

respective cost and benefits under varying level of control and the status quo. 

 

 



 

   

 

14. Net Benefit is the difference between the benefit and the cost for each of the scenarios 

identified. 

 

 
 

15. Compute the discount rates for each time step using the following formula, assuming a 

social discount rate (d) of 15% 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

   

16. To project the cost for each scenario, use the same formula for estimating the initial cost 

discussed earlier with varying projected area covered over time. Use the projected area under 

the ‘Values tab’ for each time interval 

 

 
 

 

17. To project the benefits for each scenario, use the same formula for estimating the initial 

benefits discussed earlier with varying projected densities over time for the alternative use. 

Use the projected densities under the ‘Values tab’ for each time interval. For scenario 3, 

assume a population growth rate of 1% among farmers 

 

 

 
 

 

 

 

 

 

 

 

 

 

 



 

   

18. Same with the initial year computation, the net benefit is the difference between the 

computed benefits and costs across the years 

 

 
 

19. For each scenario, the present value is equivalent to the summation of the cost/benefits 

multiplied by the discount rate for each time interval. 

 

 

 

 

 

 

 

 

 

 

 



 

   

Field Survey Questionnaire 

HOUSEHOLD SURVEY 
 
 
BLOCK 1: Knowledge, Awareness and Perception 
 

  
Pahayag/Pangungusap 

Lubos na 
hindi 

pagsang-
ayon 

Hindi 
Sumasang-

ayon 

Alinma’y 
hindi 

Sumasang-
ayon 

Lubos na 
Sumasang-

ayon 

Hindi 
Alam 

1 Mas dumami ang bilang at lumaki ang sakop 
ng Buyo-buyo sa inyong sinasakupan 
ngayon kumpara dati. 

      

2 Mas kakaunti ang iba’t ibang uri ng halaman 
ang aking nakikita sa paligid ngayon dahil sa 
paglaganap ng Buyo-buyo kung ikukumpara 
dati. 

      

3 Mas kakaunti ang iba’t ibang uri ng hayop 
ang aking nakikita ngayon sa paligid dahil sa 
paglaganap ng Buyo-buyo kung ikukumpara 
dati. 

      

4 Mas bumaba ang aking ani dahil sa 
paglaganap ng Buyo-buyo sa paligid. 

      

5 Mas mahirap tumubo ang mga pananim 
simula ng naging laganap ang Buyo-buyo. 

      

6 Mas kakaunti ang irigasyon o patubig ngayon 
na laganap na ang Buyo-buyo sa paligid 
kung ikukumpara dati. 

 
 

   
 

  

7 Mas lumala ang nagiging epekto ng mga 
kalamidad kagaya ng pagbaha at landslide 
sa aking taniman ngayon na laganap na ang 
Buyo-buyo. 

      

8 
 

Marami ang nagpapalit ng pangunahing 
kabuhayan dahil sa paglaganap ng Buyo-
buyo sa paligid. 

      

9 Nabawasan ang mga turistang dumadalaw 
sa AVPL dahil sa paglaganap ng Buyo-buyo 
sa paligid. 

      

10 Ang kabuuang ganda ng AVPL ay 
nabawasan dahil sa patuloy na paglaganap 
ng Buyo-buyo sa paligid. 

      

11 Kailangan na magkaroon ng mga programa 
upang makontrol ang dami ng Buyo-buyo sa 
paligid. 

      

 
BLOCK 2: Information on Farm Lots and farming systems 
 
Information about the farm lot 
 

1. Size of the farm (Laki ng sakahan) ____ (in has) 

2. How long have you been farming? (Gaano na katagal kayong nagsasaka?) ____ year 

3. Perception on soil fertility status (Gaano kataba ang lupang sinasaka?): (  ) Poor  (  ) Moderate  (  ) Good 
4. Dominant slope (Gaano ka-tarik ang lupang sinasaka?): (  ) Flat  (  ) Gentle (  ) Moderate (  ) Steep (  ) Very steep 
5. Type of ownership (Ano ang klase ng pagmamay-ari ng lupang sinasaka?) (  ) With title   (  ) Rented  (  ) CADT  (  ) Others  

6. Distance of farm lot to (Gaano kalayo ang sakahan sa pinakamalapit ng 
kalsada?) 

_______ kms 

7. Distance of farm lot to (Gaano kalayo ang sakahan sa pinakamalapit na 
palengke?) 

_______ kms 

8. Type of irrigation (Klase ng irigasyon?) (   ) rainfed/ulan   (  ) NIA/irrigation  (  ) others: 
_________________ 

9. Have your farm experienced flooding? (Binaha na baa ng lupang iyong 
sinasaka?) 

(  ) Yes/Oo. Starting what year? (Anong taon 
nagsimula?):________ 
(  ) No/Hindi 
 



 

   

If yes, what frequency per year (Ilang beses kada taon?) 
(  ) 1-3 times 
(  ) 4-7 times 
(  ) 8-11 times 
(  ) 12 or more times 
 
If yes, please estimate the flood damage from 0-5  
(Kung oo, gaano ka lala ang pinsala/epekto ng pagbaha?) 
 
(0—not affected to 5—greatly affected): ________ 

12. Have your farm experienced landslide? (Nakaranas na baa ng inyong 
sakahan ng pag-guho ng lupa?) 

(  ) Yes/Oo. Starting what year? (Anong taon 
ngsimula?):__________ 
(  ) No/Hindi 
 
If yes, what frequency per year? (Ilang beses kada taon?) 
(  ) 1-3 times 
(  ) 4-7 times 
(  ) 8-11 times 
(  ) 12 or more times 
 
If yes, please estimate the landslide damage from 0-5  
(Kung oo, gaano ka lala ang pinsala/epekto ng pag-guho ng 
lupa?) 
 
(0—not affected 5—greatly affected): ________ 
 

13. Have your farm experienced drought? (Nakaranas na ba ang inyong 
sakahan ng tagtuyot?) 

(  ) Yes/Oo. Starting what year? (Anong taon 
ngsimula?):__________ 
(  ) No/Hindi 
 
If yes, how frequent for the past 10 years? (Ilang beses sa 
nagdaang sampung taon?) 
 
(  ) 1-3 times 
(  ) 4-7 times 
(  ) 8-11 times 
(  ) 12 or more times 
 
If yes, please estimate the flood damage from 0-5  
(Kung oo, gaano ka lala ang pinsala/epekto ng tagtuyot?) 
 
(0—not affected 5—greatly affected): ________ 
 

 
Types of plants in the farm 

Types of Plants % of the 
total Area 
planted 

 
(% sa 

kabuoang 
lupang 

sinasaka) 

Volume of 
harvest 

per 
cropping 
season 

 
(Dami ng 
ani kada 
taniman) 

Usual Unit 
Price when 

sold 
 

 
(Kadalasang 

presyo) 

Usual 
volume/amount 

sold 
 
 
 

(Dami ng 
binebenta) 

Possible uses 
of the 

remaining 
volume not 

sold 
 
 

(Kadalasang 
gamit sa mga 
hindi binenta) 

Are these 
plants 

affected by 
“buyo-buyo”? 

 
(0-No, 1-Yes) 

 
(Naapektohan 
ba ng buyo-

buyo ang 
halaman na 

ito) 

In what way affected? 
 
 
 

(Kung oo, paano 
naaapektohan) 

Crops Planted (annual)        

1        

2        

3        

4        

5        

Crops Planted 
(Perennials) 

       

1        

2        

3        



 

   

4        

5        

Naturally-growing        

1        

2        

3        

4        

5        

 
 
Types of animals found in the farm 
 

Animals/Hayop Perceived role of this animals in the farm 
(ano ang silbi sa sakahan?) 

Are these still present during the 
spread of buyo-buyo 

(Ito ba ay makikita pa rin mula nang 
dumami ang buyo-buyo?) 

Wild Animals   

1   

2   

3   

4   

5   

Domesticated Animals   

1   

2   

3   

4   

5   

 
Information about fallow period 

Do you practice fallow period? 
(Pinapahinga ba ninyo ang lupang sinasaka?) 

(  ) Yes   (  ) No 
 
Why/Bakit? 
 
 

How long is the fallow period?  
(Gaano katagal ninyo pinapahinga ang lupang sinasaka bago tamnan muli?) 

________ months/ buwan 

What plants do you observe to grow during the fallow period? 
(Ano ang mga halamang tumo-tubo sa panahong pinagpapahinga ang lupa?) 

List of plants/Listahan ng halaman: 
 
 
 
 

How do you know that the fallow area is now ready for replanting? 
(Paano nyo nalalaman na handa na muling taniman ang lupang sakahan?  
 
 

Reasons/Indicators: 
 
 
 
 

Do you know how long the entire fallow cycle would be? 
(Mga ilang beses na “fallow cycle” ang kaya ng inyong sakahan?) 
 
 

______ year or number of fallow periods 

After the fallow period, what crops do you plant? 
(Bago itanim ang mga pangunahing alagang halaman o main crop, ano muna ang 
itinatanim sa inyong sakahan?) 
 

List of plants/Klase ng halaman: 

Do you still apply fertilizers after the fallow period? And, why? 
(Naglalagay ba kayo ng abono/kemikal pagkatapos pagpahingahin ang lupang 
sinasaka? 

(   ) Yes. Why/Bakit?: 
 
 
(  )  No. Why/Bakit? 
 

What fertilizers do you use? 
(Anong klaseng abono?) 

Klase ng abono/kemikal: 
 
 
 
 



 

   

Perceived historical spread of Piper aduncum 

What year did the buyo-buyo start to grow/occur in your farm? 
(Kailan nagsimula tumubo ang buyo-buyo sa lupang sinasaka?) 
 

 
Year/taon: _____________ 

Why do you think buyo-buyo grew in your farm? 
(Sa tingin ninyo, bakit tumubo ang buyo-buyo sa inyong lupang sakahan?) 

Rank causes/ Talaan ng mga dahilan 
(*Note: Important to also ask about the dispersal agent. Please probe) 

 
1. 
2. 
3. 
4. 
5. 
 
 

Do you think that buyo-buyo is harmful to your farm? 
(Naniniwala ba kayo na masama ang epekto ng buyo-buyo sa inyong 
sakahan? 

(  ) Yes/Oo, why/bakit? 
 
 
 
(  ) No/Hindi, why/bakit? 
 

What year did the buyo-buyo start to spread in your farm? 
(Anong taon nagsimulang kumalat ang buyo-buyo sa inyong sakahan?) 
 

 
Year/taon: _____________ 

At what rate did buyo-buyo increase per year (hectare/year) 
(Gaano kabilis ang pagkalat ng buyo-buyo kada taon (ektarya kada taon) 
 

 
Hectare per year: _______________ 

What do you think are the major factors affecting the spread of buyo-buyo in 
your farm? 
(Ano ang mga pangunahing dahilan ng pagakalat ng buyo-buyo sa inyong 
sakahan?) 

Rank causes/ Talaan ng mga dahilan 
(*Note: Important to also ask about the dispersal agent. Please probe) 

 
1. 
2. 
3. 
4. 
5. 
 

Do you believe that the spread of buyo-buyo in your farm is difficult to control 
and stop? 
(Sa tingin ninyo mahirap bang kontrolin ang pagkalat ng buyo-buyo sa inyong 
sakahan?) 
 
 
 
 
 

(  ) Yes/Oo. Why/Bakit?:     
 
 
 
(  ) No/hindi. Why/Bakit?: 
 
 
 

 
Perceived/Experienced uses of buyo-buyo 
 

 
Mga Paraan 

Sa tingin niyo, gaano ito ka epektibo?  
 

1 - hindi epektibo 
5 - lubos  na epektibo 

Halaga ng 
benepisyo? 

 
(Quantity and Pesos 

value) 

Gaano kadalas ito 
ginagawa sa isang 

taon? 

1.Ginagamit ang buyo-buyo sa pag-gawa ng mga bakuran. 1        2        3       4        5   

2.Ginagamit ang buyo-buyo na materyales sa pag gawa ng bahay. 1  2        3       4        5   

3.Ginagamit ang buyo-buyo sa paggawa ng bahay/kulungan ng mga 
alagang hayop. 

1        2        3       4        5 
  

4. Ginagamit ang buyo-buyo pang-“shade” sa mga alagang hayop. 1        2        3       4        5   

5. Ang bunga ng buyo-buyo ay nakakakain ng mga alagang hayop. 1        2        3       4        5   

6. Ginagamit ang buyo-buyo na pang-hukay para sa mga tinatanim. 1        2        3       4        5   

7. Ginagamit ang dahon ng buyo-buyo na pang-gamut/medisina. 1        2        3       4        5   

8. Ang bunga ng buyo-buyo ay pwede ding kainin ng tao. 1        2        3       4        5   

9. Ginagamit ang buyo-buyo na pang-kontrol sa mga damo. 1        2        3       4        5   

10. Ginagamit ang mga buyo-buyo na pampataba sa lupang sinasaka. 1        2        3       4        5   

11. Ginagamit ang buyo-buyo pang taboy sa mga peste. 1        2        3       4        5   

12. Mainam ang buyo-buyo na gawing uling 1        2        3       4        5   

 



 

   

 
Other uses of buyo-buyo 
 

Uses Types of Uses Quantity and Unit Price 

As food/pagkain:  
 
 
 
 

 

As medicine/gamot: 
 
 
 
 

  

As farm input/gamit sa sakahan:  
 
 
 
 
 

 

As charcoal/fuel wood/ uling:  
 
 
 
 

 

Other uses/ iba pang gamit:   

 
 
BLOCK 3: MITIGATING MEASURES AGAINST THE SPREAD OF BUYO-BUYO 
 
 
What are the major strategies do you implement in the farm to control the spread of buyo-buyo? 
(Ano ang mga paraan para ma-kontrol ang pagkalat ng buyo-buyo sa inyong lupang sinasaka?) 
 

 
Mga Paraan 

Gaano ito ka epektibong paraan?  
 

1 - hindi epektibo 
5 - lubos  na epektibo 

Ginagastos para 
maisagawa ito 

 
(in pesos) 

Gaano kadalas 
ito ginagawa sa 

isang taon? 
 

1.  
 

1        2        3       4        5 
  

2. 
  

1        2        3       4        5 
  

3. 
  

1        2        3       4        5 
  

4. 
 

1        2        3       4        5 
  

5. 
  

1        2        3       4        5 
  

6. 
  

1        2        3       4        5 
  

7. 
  

1        2        3       4        5 
  

8. 
  

1        2        3       4        5 
  

9. 
 

1        2        3       4        5 
  

10. 
  

1        2        3       4        5 
  

 
 
 
 
 
 
 
 



 

   

Risk perception on Invasive Alien Species 
 
Piliin mula 1 (Lubos na hindi sumasang-ayon) hanggang 5 (Lubos na sumasang-ayon) ang antas ng inyong pag sang-ayon sa mga 
sumusunod na pahayag. 
 

1. Handa akong magbayad  para makontrol ang pagkalat ng buyo-buyo basta 
nakakasiguro ako na dadami ang iba pang mga uri ng hayop at halaman. 1      2      3      4      5  

2. Handa akong magbayad  para makontrol ang pagdami ng buyo-buyo basta 
sigurado na gaganda ang AVPL at dadami pa ang maraming turista. 1      2      3      4      5 

3. Kahit walang kasiguraduhan sa hinaharap na dadami ang iba’t ibang uri ng 
hayop, handa pa rin akong magbayad para makontrol ang pag-kalat ng buyo-
buyo sa lupang sinasaka. 

1      2      3      4      5 

3. Kahit na walang kasiguradohan, pipiliin ko na magbayad ng isang napag-
usapang halaga para patuloy na gaganda ang AVPL at mapapalawig ang turismo 
sa lugar. 

1      2      3      4      5 

 
 
BLOCK 4: WILLINGNESS-TO-PAY FOR AN INTERVENTION TO CONTROL/ PREVENT Buyo-buyo 
 
Introduction to the IAS 
 
The spread of an invasive alien species has been considered as a growing concern today. In the Philippines, invasive alien species (IAS), like 
Piper aduncum L. (buyo-buyo), is perceived to pose threat to the protection forests or natural forests in Mindanao. This species today occupied 
most open areas in the island of Mindanao, whether on flat, sloping or steep slopes of mountains, agricultural and agroforestry fields or even until 
the urban centers. In the Allah Valley Protected Landscape (AVPL) in particular, some view that the negative impacts of this species to the 
biodiversity is significant, while others also view the species as potential source of income in terms of fuel wood production and a better soil 
erosion control or slope stabilization as compared to when an area is colonized by other grasses like cogon. Given this, there have been on-
going calls for the effective control  of the spread of buyo-buyo.  
 

Ang paglaganap ng mga tinatawag na Invasive Alien Species (IAS) ay isa sa mga bagay na tinututokan sa kasalukuyan. Sa Pilipinas, 
ang IAS, kagaya ng buyo-buyo, ay tinitingnan na may masamang epekto sa mga kagubatan dito sa Mindanao. Sa kasalukuyan, ang 
buyo-buyo ay matatagpuan sa mga lugar na hindi na sinasaka o yung mga napabayaan na. Sa AVPL, may mga taong tinuturing na 
masama ang epekto ng buyo-buyo sa mga hayop at halaman sa gubat. Ang iba naman ay naniniwala na ang buyo-buyo ay maaaring 
pag-kakitaan, gaya ng pag-uuling o ang potential nito para maiwasan ang paguho ng lupa sa mga matataas na lugar. Kaya, naisip ng 
gobyerno na dapat magkaroon ng mga polisiya para makontrol ang paglaganap ng buyo-buyo.  

 
Contingent Valuation Scenario 
 
The next set of questions is based on a hypothetical scenario. Similar to other studies that aim to estimate the value of having preventive 
measures in place, you will be presented with a hypothetical market and will be asked to answer questions related to your willingness to pay 
(WTP) for the intervention to be implemented.  While the survey will ask you about the amount you will be willing to pay for the intervention, no 
payments will actually be made. 
 
At present, your community is experiencing increasing spread of buyo-buyo. Suppose a project that will prevent and control the spread of buyo-
buyo in your community is being proposed. And, this proposed project would include the establishment of several farm-based control measures 
that would be fully accessible and functional. However, this project entails costs and the government lacks the funds necessary for the complete 
implementation of this project. Suppose again that the government will provide half of the project expenses, while the other half will be shouldered 
by the community through the collection of a monthly contribution for a span of 5 years. A Trust Fund will be created and will be managed by the 
stakeholders such that under no circumstances it will be used for other purposes other than for the project (ie, no corruption).  
 

Ang mga sumu-sunod na mga tanong, ay hango lamang sa isang naisip na sitwasyon or hypothetical. Kagaya ng mga ibang pag-
aaral na isinagawa noon para makuha ang halaga ng pagkakakaroon ng mga programa para makontrol ang pagkalat ng buyo-buyo, 
bibigyan namin kayo ng isang “hypothetical market” kung saan tatanungin namin ang inyong Willingness to Pay (WTP) o kusang loob 
na halagang kayang ibigay para maisakatuparan ang mga panukalang programa. Pero huwag po kayong mag-alala dahil ito ay pa-
aaral lamang at walang aktwal na sisingilin sa inyo. 

 
Sa kasalukuyan, ang inyong lugar ay nakakaranas ng paglaganap ng buyo-buyo. Kung sakaling may programang magpapatupad ng 
mga paraan/stratehiya para epektebong ma-kontrol ang paglaganap ng buyo-buyo sa inyong lupang sinasaka, pero ang proyekto ay 
nangangailangan ng pondo para maisakatuparan. Base sa initial na diskusyon, ang gobyerno ay handang mag-labas ng pondo pero 
ito ay kalahati lamang sa kailangang halaga para maisagawa ang proyekto. Dahit dito, hinihikayat ang mga mamamayan dito sa 
inyong lugar ng buwanang kaukolang kontribusyon sa loob ng limang taon. Ang ponding malilikom ay iapapasok sa isang Trust Fund 
na pangangalagaan ng nararapat ng grupo ng mga stakeholders na kung saan ang naipong pondo ay gagamitin lamang sa proyekto. 

 
 
 



 

   

5.1 Given this information, would you be willing to vote for the passage of an ordinance 
requiring the community to contribute to the project for the control of buyo-buyo?  
 
Base sa impormasyong ibinigay, kayo po ba ay pumapayag na magkaroon ng 
ordinansa ang inyong bayan kung saan kayo ay hinihikayat na mag-bayad ng 
buwanang kontribusyon para makontrol ang paglaganap ng buyo-buyo dito sa inyong 
lupang sinasaka. 
 

Yes/Oo 1 

No/Hindi 2 

5.2 If yes, how would you like to contribute for the project? 
 
Kung oo, sa paanong paraan ninyo gustong mag-ambag? 

Labor | Tutulong sa pag-gawa 1 

Food (vegetable, meat, fish, etc.) 
Magbibigay ng pagkain 

2 

Money | Pera 3 

Others, please specify. 4 

5.3 If labor, are you willing to give ___ working hours per week as your 
contribution for the establishment and maintenance of the project? 
 
Kung tutulong sap pag-gawa, handa ka bang mag-laan ng ____ na oras 
kada lingo bilang iyong kontribusyon para sa proyekto? 

2 hours/ week | 2 oras kada linggo Yes 1 

No 2 

4 hours/ week | 4 oras kada linggo Yes 1 

No 2 

6 hours/ week | 6 oras kada linggo Yes 1 

No 2 

8 hours/ week | 8 oras kada linggo Yes 1 

No 2 

5.4 If money, are you willing to spend PhP ___ per month for the 
establishment and maintenance of the project? 
 
Kung pera, magkanong halaga ang gusto at kaya ninyong i-ambag 
kada buwan para sa proyekto? 

PhP 50/ 
month 

Yes 1 

No 2 

PhP 100/ 
month 

Yes 1 

No 2 

PhP 150/ 
month 

Yes 1 

No 2 

PhP 200/ 
month 

Yes 1 

No 2 

5.5 For those who answered YES, in your own words, what would you say was your single most important reason for supporting the 
proposed program? Sa mga sumagot ng Oo, bakit? 
 

5.6 For those who answered NO, in your own words, what would you say was your single most important reason for NOT supporting the 
proposed program? Sa mga sumagot ng hindi, bakit? 
 

 
 
Block 5. Socio-economic Profile of the Respondents 
 

1.1  Sex | Kasarian (do not ask) Male       1 

Female     2 

1.2 Age | Ilang taon na po kayo?   

1.3 How long have you been residing in this area? (in years) 
Ilan taon na po kayo naninirahan sa lugar? 

  

1.4 Civil Status | Katayuang Sibil? Single     1 

Married      2 

Live-In      3 

Widow/er 4 

1.5 Educational attainment? Ano ang natapos sa pag-aaral?  No Schooling 1 

Elementary undergraduate 2 

Elementary graduate 3 

High School undergraduate 4 

High School graduate 5 

College undergraduate 6 

College graduate 7 

Vocational graduate 8 

MS/ PhD graduate 9 

1.6 How many are you in this house? | Ilan po kayo sa bahay?   

1.7 Are you employed? | May trabaho ba kayo? Yes | Oo 1 

No   | Hindi 2 

1.8 What is your job? | Ano ang inyong trabaho? Pakitukoy ang trabaho.   

1.9 How much is your monthly income? | Magkano ang kinikita kada buwan?   

 
 
-----------End 
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