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Abstract

Plant diversity in biocultural landscapes faces a critical challenge at the onset of
the Anthropocene with its numerous challenges aggravated by the climate change
issues. Two opposing perspectives or philosophies, i.e., anthropocentrism and
ecocentrism, prevail. Hence, understanding plant diversity dynamics is impera-
tive in order to formulate appropriate and strategic solutions beneficial to all
organisms on earth. The chapter aims to look into the following objectives:
(1) describe plant diversity in biocultural landscapes, (2) investigate reports on
plant diversity responses during the Anthropocene, and (3) propose a framework
on how to manage plant diversity in biocultural landscape during the
Anthropocene. Results indicated that in the olden times, plant diversity has
been protected and enhanced by the local people through direct mentoring,
education, and conversation with elders. During the Anthropocene, triggered
with population explosion, there have been more land use type conversion,
leading to reduction of plant population size and even species extinction. Species
distribution has been altered especially along elevational gradients of many
tropical mountains. Lower dominants ascend to higher elevations when
disturbances destroyed upper forest zones. Succession at various seral stages
seems unconsummated destabilizing ecosystem structure and processes, remark-
ably diminishing ecosystem services. A framework to harmonize anthropocen-
trism and ecocentrism is proposed using systems thinking approach, to
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sustainably manage plant diversity in biocultural landscapes amidst the escalating
challenges brought about by the Anthropocene epoch. The framework which
appears idealistic can evolve to a more detailed and pragmatic one incorporating
philosophical, sociopsychological, and economic theories and realities.

Keywords

Anthropocentrism - Ecocentrism - Bioethics - Biodiversity - Elevational
gradients - Human population - Systems thinking

1.1 Introduction

Plant diversity refers to the variety of plant species in an ecosystem landscape. In
nature, species are always occurring in association with other species which they
have evolved with through the years. They had been experiencing the same set of
ecosystem processes and had been interacting and adapting to some changes of the
surroundings to maintain homoeostasis and be able to perpetuate life. At certain
times, there are rough and tumultuous events and plants need to overcome seemingly
insurmountable environmental disturbances together as a plant association and as a
community.

In some landscapes, plant diversity is believed to be harmoniously related with
the village people. And hence, plant diversity has always been sustained by the
people. This is particularly true in biocultural landscapes or cultural landscapes to
some (Birnbaum 1994), where humans and nature, as has been said, make
adjustments and have the so called give and take relationship for the purpose of
securing shelter, food, and/or for pleasure (Ciftcioglu et al. 2016). Humans take only
what they need, seeing to it that nature and its ecosystem services are never
compromised with whatever activity has been planned and done for the purpose of
just getting what the family or the village need. People also protect what they
deemed essential for their daily existence. These essential plants could be for food
(for humans, farm animals, and pets), medicine, shade plants, construction materials,
home for birds or other wild organisms, or simply, plants for occasional rituals like
dances and village festivities for the Gods and the deities which they consider
important and obligatory.

However, during the Anthropocene where disturbances and all forms of ecosys-
tem landscape degradation abound, apprehensions can arise, whether the harmony
between humans and nature is sustained (Radcliffe 2000; Buot 2008a, b; Buot and
Osumi 2004; Buot and Osumi 2011; Buot and Buhay 2022; Ellis 2018). This is
especially fueled by the aggravating and alarming climate change crises that beset
the world and its populace. Several studies had been conducted to determine the
current condition of plant diversity in biocultural landscapes (Buot and Okitsu 1998,
1999; Buot 2007, 2008a, b, c; Banaticla and Buot 2004, 2005; Buot and Osumi
2004, 2011; Malaki and Buot 2011; delos Angeles and Buot 2015, 2019;
Chanthavong and Buot 2017, 2019a, b; Obena and Buot 2019; Vallena and Buot
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2018; Martinez and Buot 2018a, b; Sulistiyowati and Buot 2013, 2016; Cadiz and
Buot 2009; Sopsop and Buot 2009, 2011a, b; Doydee and Buot 2011; Santiago and
Buot 2018a, b; Caringal et al. 2019, 2020, 2021; Villanueva and Buot 2020; Obemio
and Buot 2021; Lillo et al. 2020, 2021; Villanueva et al. 2021a, b). In Mount Pulag,
the highest mountain peak on Luzon Island, Philippines, and a revered biocultural
landscape of the local tribe in the Cordilleras, shifting cultivation has been observed
in steep slopes of up to 2300 masl (Buot and Okitsu 1998, 1999). The elevational
zones of woody vegetation have been altered contrary to what is normal in the
tropics (Buot 2001). The same is true with Mount Akiki, a high peak near Mount
Pulag. Vegetable farms are frequently seen on steep slopes (Buot 2007; Buot and
Buhay 2022). And again, the elevational zones of woody vegetation are quite
anomalous. Pines ascended in higher altitudes following cutting of oaks for farms.
This is very similar to what is happening in Mount Pulag (Buot 2014) and perhaps in
many mountain peaks in the Cordillera mountain range on Luzon Island,
Philippines. Incidentally, similar observations were recorded for Mount Makiling
(Buot 2001; Buot and Osumi 2011; Lasco et al. 2001; Luna et al. 1999; Payawal
1983; Payawal and Markgraf 1981), Mount Mayon (Buot 2008c), Mount Tabunan
(Cadiz and Buot 2009), and in Aborlan Guba System in Palawan (Sopsop and Buot
2009, 2011a, b). This means that even biocultural landscapes where plant diversity is
supposedly protected by the local peoples have never been spared from the ongoing
massive ecosystem landscape degradation brought about by the search for more food
sources and spaces for food production.

Indeed, there is a need to investigate plant responses to extensive human
disturbances in many ecosystem landscapes. This will give us insights and various
leads on how to craft appropriate landscape approaches and management strategies
to sustain plant diversity amidst the escalating challenges brought about by the
Anthropocene.

The chapter aims to look into the following objectives: (1) describe plant diversity
in biocultural landscapes, (2) investigate reports on plant diversity responses during
the Anthropocene, and (3) propose framework on how to manage plant diversity in
biocultural landscape during the Anthropocene.

1.2  Monitoring Plant Diversity in Biocultural Landscapes

Plant diversity is a unique property of a community which needs to be assessed,
monitored, and evaluated periodically (Buot 2008a; Morin 1999). Monitoring plant
diversity especially in biocultural landscapes is crucial since provision of adequate
ecosystem services would all depend on the status of plant diversity, faunal diversity,
and microbial diversity of any ecosystem landscapes (Ciftcioglu et al. 2016).
Checking plant diversity in biocultural landscape is of interest. It is given that
plant diversity is only attained when there is a good interaction of the biophysical,
sociocultural, and politico-economic components of the environment. When diver-
sity is good, then ecosystem services (food, medicine, unpolluted freshwater and
fresh air, etc.) will be abundant, resulting to a high degree of community well-being
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Fig. 1.1 Impact of high plant diversity to ecosystem/landscape processes, ecosystem services, and
community well-being. Note that this is the ideal case scenario which in reality, considering the
Anthropocene, does not exist. See discussions for suggested activities to attain this
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Fig. 1.2 A framework showing what are urgently needed to have a higher plant diversity that
would result in achievement of the UN Sustainable Development Goals

(Buot and Buot 2022; Buot et al. 2020; Buot and Dulce 2019; Buot and Cardenas
2018; Buot 2017; Buot et al. 2017). This is illustrated in Fig. 1.1. In these papers,
Buot and colleagues were using the community capital framework (Flora and Flora
2013) in evaluating the well-being of the community, comprising natural, sociocul-
tural, financial, political, and built capitals. They have been emphatic in stressing the
significance of a good and diverse forest cover (natural capital) to incredibly increase
community well-being index (cwbi). However, this is the ideal case scenario. In
reality, the ideal does not exist. We have to take into account and understand the
impact of several intervening processes and disturbances, natural or man-made.

It is therefore imperative for everyone across age groups, gender classes, sectors
and beliefs to actively participate in aggressively sustaining a high plant diversity in
biocultural landscapes. Some activities contributing towards this end include robust
community education and awareness program, persuasive local training on biodi-
versity assessment, monitoring and proper utilization and conservation, and
sustained skills training on community livelihood, among others (Fig. 1.2). These
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activities are the components of many sustainable biodiversity conservation and
management frameworks (Buot 2008a, b; Fowler 2009; Flora and Flora 2013; Hong
2007, 2011, 2014). Doing these will indeed contribute to the achievement of the UN
Sustainable Development Goals 3 (good health and well-being), 6 (clean water and
sanitation), 8 (decent work and economic growth), 12 (responsible consumption and
production), 13 (climate action), and 15 (life on land).

1.3  Plant Diversity Responses During the Anthropocene

Plant diversity responds to whatever stimulus in the surrounding environment (May
and McLean 2007). When the environment is well and good, generally, plant
diversity is well and good too, assuming that management implements sustainable
practices. Corollarily, there is better ecosystem structure and processes resulting to
abundant ecosystem services and excellent community well-being (Fig. 1.3). How-
ever, when the adjacent surroundings are exposed to destructive activities, such as
logging, shifting cultivation, mining, flooding, etc., plant diversity is destroyed and
endangered of degradation and even extinction. This is followed by disruption of
dynamic biogeochemical cycling (Morin 1999), resulting to low productivity of
food, medicine and other necessities; air and water pollution; vulnerability to global
warming and drastic climatic changes, prevalent during the Anthropocene; and
decreasing community well-being of the locals. This is critical, especially in
biocultural landscapes, where there are human populations largely dependent on
the natural resources and the biodiversity. Hence, investigating the plant diversity
dynamics in biocultural landscapes, during the Anthropocene, is very important.
Plant diversity responses can be very erratic (Fig. 1.3), with the aggravating
climate change issues during the Anthropocene (Ellis 2018). Several studies
revealed varying responses of plant species diversity to varying sets of disturbances.
The most common is the stunting of growth (Stewart and Globig 2021), remarkable

ANTHROPOCENE
EPOCH SCENARIO * Stunted Growth, Death &
Extinction of Species

* Ideal Ecosystem Structure * Large Scale Human Disturbances

* Reduction of Population Size

* Ideal Ecosystem Processes * Land Use Type Alteration

* Anomalies in Species
Distribution

+ Abundant Ecosystems * Air & Water Pollution

Services <
* Climate Change Issues * Unconsummated Ecological

Succession Process

NATURE WITHOUT
DISTURBANCES

PLANT DIVERSITY

RESPONSES

Fig. 1.3 A diagram illustrating some plant diversity responses to disturbances brought about by the
Anthropocene
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reduction of population size (May and McLean 2007), decreasing diversity (Buot
and Osumi 2011), and in extreme cases, death and extinction (May and McLean
2007; Buot and Buhay 2022; Caringal et al. 2021). In terms of elevational zonation
of vegetation, studies reported anomalies in species distribution. Lower dominants
ascend to higher elevation and occupy the niche of the higher elevation dominants
destroyed with shifting cultivation, deforestation, mining, or other deliberate change
of land use (Buot 2007, 2008c; Buot and Okitsu 1998; Buot and Osumi 2004,
Banaticla and Buot 2005; Cadiz and Buot 2009; Sopsop and Buot 2011a, b). A
drastic change in microclimatic conditions occurs with changes in land use types in
upper elevations favorable for the lower dominants to colonize and proliferate.

In Mount Makiling, Diplodiscus climbed up to the niche of the dipterocarps when
the latter was logged over in the 1940s (Payawal 1983; Payawal and Markgraf 1981;
Luna et al. 1999; Lasco et al. 2001; Buot and Osumi 2011; Castillo et al. 2018).
Pinus of Mount Pulag, Mount Akiki, and other peaks of the Cordillera mountain
range, ascended up to more than 2400 masl, replacing the oaks after cutting and high
altitude farming (Buot 2001; Buot and Okitsu 1998, 1999; Tamayo et al. 2021). In
Mayoyao, Ifugao, a UNESCO World Cultural Heritage Site, several invasives had
been reported in the lower elevation of the pinuchu or muyong, a managed forest
believed to sustain soil fertility and water on the age-old culture-laden rice terraces
paddies (Santiago and Buot 2018a, b), a similar scenario in Mount Ilong of the
Halcon Range, in Mindoro Island (Villanueva and Buot 2018). In southern Luzon
(Buot 2008c, 2014), there is ascent of Astronia populations from lower
(500-800 masl) to higher altitudes (900—1500 masl). This is a very similar pattern
as that of the Cordillera mountains of the Philippines. In Cebu Island, Cadiz and
Buot (2009) reported the same trend for Arfocarpus from Zone 2 (ca 580 masl) to
Zone 4 (ca 700 masl) of Mount Tabunan, a remnant of a primary forest but now has
been subjected to some sort of human disturbances as well. In Palawan island,
Sopsop and Buot (2013) reported Artocarpus to dominate at the lower elevation
(150 masl) since the mountain (Aborlan Guba System) has been sustainably man-
aged by the Tagbanua tribe, one of the indigenous people in Palawan.

This alteration of the elevational vegetation zonation pattern should be studied
further. This could just be like any seral stage of a succession process. These lower
dominant species simply respond naturally to fill in the gaps created by disturbances
in higher altitudes. This means that once the ecosystem landscape stabilizes, every-
thing will be back to normal as well. The dipterocarps of Mount Makiling, for
example, are still occupying the lower DBH classes in a report by Buot and Osumi
(2011). Thus, one day, we may witness the transformation of the elevational zones of
Mount Makiling, as well as with other mountains. But the requisite would be
reduction or complete halting of the prevailing disturbances, to allow the ecological
succession process to progress onto the next seral stage and up to the climax state.

We are more wary of the fate of the Cordillera mountains, knowing the
characteristics of the pine, which now dominate many elevational zones (Paw
2022; Tamayo et al. 2021; Buot and Okitsu 1999; Kowal 1966). As we know,
pines are aggressive successional species, but can be topo-edaphic climax as well, as
has been observed in the case of Pinus taiwanensis in Taiwan (Hsieh et al. 1994).
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Buot and Okitsu (1998, 1999) argued that the proliferation and dominance of Pinus
along the steep slopes of the Cordillera is a demonstration that it is a topo-edaphic
climax. The topography is very steep and the original oaks have difficulty in
reestablishing in this stressful environs. Kowal (1966) maintains that pines are
simply successional species in the Cordillera, citing the conclusion that pines are
simply result of human disturbance and fire (Bogaert et al. 2014; Hong 1998, 2001;
Hong et al. 1995; Denevan 1961) in areas with shallow, poor soils, and low
temperature. Kowal (1966) argued that if fire and human disturbances will be
eliminated in the Cordillera mountains, the direction would be towards the develop-
ment of a montane forest mostly dominated by oaks. Much work has to be done to
better understand the pines and the ecology of the Cordillera mountains. Robust
studies that will elucidate the plant diversity responses to huge disturbances brought
about by the Anthropocene in biocultural landscapes are urgent.

1.4  Framework in Managing Plant Diversity in Biocultural
Landscapes During the Anthropocene

Currently, two worldviews or perspectives prevail on how humans view our ecosys-
tem landscapes, including, biocultural landscapes (Fig. 1.4). Some scholars refer
to these as the philosophies of anthropocentrism (Kopnina et al. 2018; Simkins
2014; Boddice 2011; Grey 1993; Routley and Routley 1980) and ecocentrism
(Milstein and Castro-Sotomayor 2020; Smith 2019; Lupinacci 2017; Frim 2017,

Anthropocentrism Ecocentrism
(Human-centered) (Nature-centered)

[ Harmonization using Systems Thinking ]

A 4

Sustainable Plant Diversity in Biocultural

Landscape during the Anthropocene Epoch

Fig. 1.4 A framework harmonizing the philosophies of anthropocentrism and ecocentrism using
systems thinking to achieve sustainable plant diversity and all forms of life in biocultural landscapes
during the critical times of the Anthropocene. See discussion for lacking details in the framework,
like interdisciplinary and transdisciplinary brainstorming activities and negotiations
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Shoreman-Ouimet and Kopnina 2016; Rowe 1994). Anthropocentrism believes that
humans are the main element of the planet (Kopnina et al. 2018) and argues on the
right of humans to live at all costs. Ecocentrism, on the other hand, is nature-centered
(Milstein and Castro-Sotomayor 2020; Smith 2019; Shoreman-Ouimet and Kopnina
2016) and believes that there is no separation between nature and humans with the
other beings. It recognizes that all species, including human race, are results of long
history of coevolution with nature, and hence, focuses on the living community and
works to sustain ecosystem structure and processes which would help sustain
humans and all life on earth. As a philosophy, ecocentrism is ideal. But in practice,
sometimes there could be the tendency to go to the extremes. Anthropocentrism and
ecocentrism are two opposing perspectives causing problems in sustainable man-
agement of plant diversity in biocultural landscapes, particularly, during the critical
times under the Anthropocene. Consequently, policy makers might get confused
with which perspective has to be considered in the crafting of relevant bills and laws,
like allocating alienable and disposable land to be used for human habitation, for
example, from mangrove forests or from portions of mountain landscapes, or the
construction of road network across mountain landscapes with rare native species.
For the planet earth and all the biotic flora, fauna, microbes, including every one
of us to survive, something urgent has to be done. As Fig. 1.4 illustrates, there is an
immediate need to harmonize anthropocentrism and ecocentrism views. Perhaps,
there has to be a sort of compromise. The systems thinking approach (Government
Office for Science 2012; Ramage and Shipp 2009; Fowler 2009) can be the answer
to sustain plant diversity and all life in biocultural landscapes during the critical
times of the Anthropocene epoch. Systems thinking approach will see the whole as a
system with interconnected and deeply interrelated component parts. This means
that every move of one will definitely affect the other parts. Hence, the need to think
holistically. Therefore, there should be no such thing as anthropocentrism and
ecocentrism alone. Thinking as a system would mean looking at the valid concerns
of the two opposing perspectives critically and analytically. After all, the main
concern of both parties is survival. And definitely, all humans would need biodiver-
sity from nature in order to survive. Destroying nature does not address the quest for
survival of anthropocentrism advocates. On the other hand, going to the extreme
ecocentrism practice of not allowing even a slight and justified land use alteration to
allocate space for the burgeoning human population may not contribute favorably, as
well to human race survival. The two views should have a compromise. For
example, in nature, there is the so-called natural population regulation. But, with
the advances in medical science and technology, this natural population regulation
mechanism has been a challenge. This is where there is the need for an urgent
systemic examination. Which component of the system now has to act in order to
address this challenging trend so that all the other system components will be
functioning well? Definitely, this is easier said than done. Hence, the framework
(Fig. 1.4) as presented appears impractical. The many interdisciplinary and transdis-
ciplinary brainstorming activities and negotiations are not shown, but are understood
as part of the framework. The state of the social, cultural, politico-economic, and
natural environments of the biocultural landscape affects the quality of the
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conversation and discussions, as well as the ultimate decision making process. But at
the very least, the framework guides us in showing the broad strokes.

Once these two opposing perspectives are harmonized, the planet earth will be an
ideal ecosystem with diverse structure and dynamic processes, enhancing rich plant
biodiversity and abundant ecosystem services for everyone, despite the challenges
brought about by the Anthropocene.

1.5 Summary and Conclusion

Plant biodiversity in biocultural landscapes is important for the proper functioning of
the ecosystem processes, resulting in abundant ecosystem services enhancing com-
munity well-being. Knowing the numerous challenges associated with the
Anthropocene, scientific reports on plant diversity responses to stresses even in
biocultural landscapes were investigated. Notable responses include stunted growth,
reduction of population size, and anomalous species distribution and unconsum-
mated ecological succession. A framework using the systems thinking approach is
proposed to harmonize anthropocentrism and ecocentrism, the two prevailing
perspectives or philosophies affecting the management of plant biodiversity in
biocultural landscape during the Anthropocene. Although the framework presented
is more ideal than practical, the discussions point out the realities that may hinder
attainment of the main goal, and therefore should be taken into consideration. In the
future, the framework can be revised to have a more pragmatic approach
incorporating philosophical, sociopsychological, and economic theories and
realities.
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Building sustainable development in mangrove conservation requires an
integrated understanding of the different factors affecting socio-ecological system
such as the case of community-managed mangrove forest. In the context of this
study, biocultural approach to conservation links local people and the mangrove
environment. This study aims to assess various factors influencing biocultural
approach to mangrove conservation such as socioeconomics, conservation
practices, local ecological knowledge, gender roles, and management. It
employed mixed method research design to describe these factors. The results
revealed that the local community has sufficient awareness on mangrove forest in
terms of ecosystem services and local knowledge which significantly affect how
they utilize and manage their resources. Conservation and management of man-
grove using community-based conservation are evident in the stakeholders’
practices and activities. The use of biocultural approach to conservation shows
potential to build sustainability.
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2.1 Introduction

Biocultural approach refers to conservation actions made in the service of sustaining
the biophysical and sociocultural components of social-ecological systems (Gavin
et al. 2015). It is a progressive approach to conservation that recognizes and honors
the intrinsic relationships between nature and humanity (National Tropical Botanic
Garden 2021).

Integrated conservation is a biocultural approach to conservation initiatives that
attempt to ensure the conservation of biological diversity by reconciling the man-
agement of protected areas (PAs) with the social and economic needs of local
people. Integrated community-based conservation can improve environmental integ-
rity, economic efficiency of actions, and equity for local community in sustainable
benefit distribution (Nandy and Islam 2010).

Community-led local resource protection can draw participation and collective
actions to deal with climate change impacts and build resilience of socially disad-
vantaged communities (Allen 2006). Management of mangrove resources and
sustainable livelihoods of vulnerable social groups are indeed great challenges to
promote adaptation and build resilience.

Application of the biocultural approach in community-based management is
challenging. The voluntary role of coastal communities in guarding mangrove
forests is the ultimate outcome of integrated approach and has been referred to as a
positive transformation.

Local communities and stakeholders also develop adaptive capability through
their management capacity, supported by effective legislation that enables mangrove
protection from non-climate stressors. Effective sustainable management promotes
mangrove resilience, a concept linked with adaptive capacity as the ability to absorb
and recover from the effects of disturbance (Turner et al. 2000; Intergovernmental
Panel on Climate Change (IPCC) 2014).

On the other hand, the lack of community participation is one of the causes of
mangrove degradation in many parts of the world (Kairo 2007). Lack of
stakeholders’ participation and ownership in the conservation project is an issue
and leads to different problems in project implementation (Macintosh et al. 2002)
and failure to meet the management of a natural resource (Crona 2006; Kairo 2007,
Creencia and Querijero 2018).

The long-term goal of coastal adaptation is to increase overall social and ecologi-
cal resilience. While the need to improve the current state of coastal marine
ecosystems and fisheries remains to be a core resource management objective,
there is now an urgent need to also focus on how to improve coastal communities’
ability to cope and eventually adapt to climate change (Quibilan 2014).

The management of natural resources focuses on the dynamics between natural
resources and people. The use of natural resources, and decision-making regarding
natural resources, is not shaped purely by biophysical characteristics of the
resources, but in large part by who can use and manage them. Unequal relations—
usually defined by social differences of gender, ethnicity, socioeconomic class, age,
and so on—translate into inequalities among people in their access to and control
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over resources and thereby influence the benefits and adverse effects that different
people and nature experience.

There is growing recognition that natural resource management (NRM) requires a
diversity of stakeholders in the decision-making process to meet sustainability
objectives. Programs that employ participatory approaches have risen in popularity
in response to this. However, contrary to its aim, participatory NRM may build on
and reinforce social inequalities unless there is a conscious effort to address them.
There is therefore a need for analyses of the power dynamics and sociocultural
norms that give rise to social inequalities.

The socio-demographic-economic dimensions are important considerations
towards mangrove conservation and utilization (Fortes and Salmo III 2017). A
need to look at mangrove management and conservation requires systems approach
(Fortes 2010) and holistic or global perspectives to help reduce threats and pressures
that lead to vulnerability of mangrove ecosystem as socio-ecological system. Most
of the vulnerability assessments proposed in the current literature have focused on
the ecosystem itself of the mangroves, its socio-ecological characteristics, and also
the economic dimension. Based on the report of the Municipality of Calatagan
Coastal Resources Management (2015), the local people’s organizations were
mainly composed of male fishers whose focus of management is on coral reefs
and seaweeds.

Many rehabilitation efforts on mangroves have been done in the Philippines
(Primavera and Esteban 2008), but very few of these efforts integrate sustainability
and resilient-based approaches. Some of the issues that hinder that integration of
sustainability paradigm include insufficient knowledge base at all levels of planning,
implementation, monitoring and evaluation, limited focus and scale, lack of consen-
sus among stakeholders on objectives, roles, and responsibilities, inadequate stake-
holder participation, insufficient focus on institutional and capacity-building of all
key groups involved in conservation, and weak monitoring and evaluation.

As illustrated by Tobin (1999), sustainable and resilient communities are those
that are more prepared to minimize the effects of, and recover quickly from, disaster.
Thus, to increase local resiliency, there must be careful planning and organization for
both immediate and long-term biophysical impacts, stemming from strong social
networks within and between segments of society (Tobin 1999).

While the need to improve the current state of coastal marine ecosystems and
fisheries remains to be a core resource management objective, there is now an urgent
need to also focus on how to improve coastal communities’ ability to cope and
eventually adapt to climate change using community-based conservation. Thus,
assessing the impacts of management of mangroves, integrated community-based
conservation is important towards sustainability. This research attempted to bridge
this gap through mainstreaming of sustainability criteria and indicators for mangrove
forest.

To achieve this, the specific objectives are as follows:

1. To document the socioeconomic profile of the stakeholders of the people’s
organization;
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2. To assess the conservation practices, local ecological knowledge (LEK), and
gender roles in context with the criteria and indicators for sustainable mangrove
forest; and

3. To evaluate the governance of the community-based mangrove forest using the
harmonized Marine Protected Area Management Effectiveness Assessment Tool
(MPA MEAT).

2.1.1 Research Design

The present study employed a mixed methods research (MMR) design that uses both
quantitative and qualitative inquiries (Tashakkori and Teddlie 2010) to investigate
the sociocultural, economic, and political dimensions of a community-managed
mangrove forest in Calatagan, Batangas. It specifically utilized a case study
approach and descriptive-quantitative design. The concurrent design type of MMR
was employed where both qualitative and quantitative data are collected in a single
phase.

Because the general aim of this approach was to better understand the sociocul-
tural, economic, and political dimensions of community-based conservation of
mangrove ecosystem from the biocultural lens, the data were collected from the
community stakeholders of the people’s organization (PO). The goal was to obtain
different but complementary data that cross-validate the overall results, and so,
concurrent triangulation or transformational design should be conducted for corrob-
oration purposes.

There are basically two (2) approaches in studying environmental issues: qualita-
tive and quantitative methodologies. Qualitative research methodologies are used to
explore why or how a phenomenon occurs, to develop a theory, or describe the
nature of an individual or group’s experience, while quantitative methodologies
address questions about causality, generalizability, or magnitude of effect (Fetters
et al. 2013). Mixed methods research, frequently referred to as the ‘third methodo-
logical orientation’ (Tashakkori and Teddlie 2008), draws on the strengths of both
qualitative and quantitative research.

According to Greene (2008), MMR is a type of thinking and orientation toward
social inquiry that actively invites the researchers in dialogue about multiple ways of
seeing and hearing, multi ways of making sense of the social world, and multiple
standpoints on what is important and to be valued and cherished.

Triangulation allows one to identify aspects of a phenomenon more accurately by
approaching it from different lenses or vantage points using different methods and
techniques. In context with this study, triangulation was incorporated through
interviews, panel or group discussions, document analyses, and survey research
instruments. Semi-structured interviews (IDIs), in situ observations, and focus
group discussions (FGDs) with the members of the PO as regard to their conserva-
tion practices and document analysis of the secondary sources of data (e.g., manage-
ment plan, mangrove ecotourism business plan, constitution and by-laws, SEC
registration, etc.) comprise the qualitative methods of data gathering procedures.
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Fig. 2.1 Map showing the community-managed mangrove forest in Calatagan, Batangas,
Philippines
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Fig. 2.2 PALITAKAN (Pro-mangrove Alliance and Implementing Team and Arm as Kilitisan’s
Advocates of Nature), a community-based organization composed of various stakeholders manag-
ing the mangroves

On the other hand, survey questionnaire on the effectiveness of the community-
based management of the coastal community was used to collect quantitative data of
the biophysical, socioeconomic, and institutional details of the PO and the mangrove
systems (Figs. 2.1 and 2.2).
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2.1.2 Historical Profile of the People’s Organization (PO)

Calatagan Mangrove Forest Conservation Park (CMFCP) or locally known as “Ang
Pulo” is a community-managed mangrove forest governed locally by PALITAKAN
(Pro-Mangrove Alliance and Implementing Team and Arm as Kilitisan’s Advocates
of Nature), formerly TALIMUSAK (Tagapaglinis ng Likas na Yamang-dagat sa
Kilitisan). TALIMUSAK was changed to PALITAKAN in 2010 as the official name
of the people’s organization (PO) to symbolize the palitakan (mud skipper), an
amphibious fish that inhabits the mangrove pneumatophores with 360° vision. The
fish is also considered biomonitor of the mangrove ecosystem which is analogous to
the stakeholders who manage the forest. CMFCP is located in Brgy. Kilitisan,
Calatagan, Batangas, and has two (2) islets called Pulong Buhangin 1 and 2. It
follows a restricted zone scheme in contrast with a no-take zone to give benefits for
the local people to extract other aquatic resources.

The conceptualization of the forest park started from a barangay resolution of
Sangguniang Kabataan (SK), a youth organization, headed by Ms. Hannah
Esguerra. Afterwards, it is declared a municipal nature park and a community-
managed marine protected area (MPA) through the Sangguniang Bayan
(SB) Resolution No. 76 on September 8, 2009. The CMFCP was initially supported
by the United States Agency for International Development (USAID) through the
Conservational International Philippines and the Local Government of Calatagan in
2009. Further socioeconomic developments have taken place in terms of the intro-
duction of the community-based sustainable tourism (CBST) through the Coral
Triangle Support Project (CTSP). The PO of this forest park is composed of various
stakeholders such as women, fishers, farmers, youth, academe, LGU, and other
internal stakeholders who participate in the conservation and management of the
mangrove ecosystem. There are 40 individual members of the PO who reside near
the mangrove area. They served as the respondents of the study.

2.1.3 Participatory Rural Appraisal (PRA)

Participatory rural appraisal (PRA) is a growing combination of approaches and
methods that enable rural people to share, enhance, and analyze their knowledge of
life and conditions, to plan and act and to monitor and evaluate (Chamber 1997;
Macandog et al. 2005). A PRA is a set of tools that include the engagement of the
community. It is an enabling mechanism that allows them to participate and be full
partners in their own development. The Food and Agriculture Organization (FAO)
defined PRA as a research methodology in which a local community studies an issue
that concerns the population, prioritizes problem, evaluates options for solving the
problem(s), and comes up with an action plan to address the concerns (Macandog
et al. 2014).

Various approaches of PRA were employed to explore the sociodemographic,
economic, and political drivers of community-based mangrove restoration in
Calatagan, Batangas, using appreciative inquiry. The following were the general
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activities involved in the rapid rural appraisal conducted in PALITAKAN (Pacardo
et al. 2000): preparatory activities, focus group discussion (FGD), key informant
interview (KII), reconnaissance survey, field data collection, and data analysis.

2.1.4 Socioeconomic Profiling and Gender Roles in Mangrove
Conservation

The sociodemographic profile of the 40 respondents was gathered from the
stakeholders using a survey questionnaire. An informant consent agreement form
was presented to the respondents before the data collection based on the ethics
clearance approved by the DLSU-D University Research Office. The survey ques-
tionnaire is composed of two (2) parts: (1) sociodemographic profile of the
stakeholders such as location and household information including income, family
size, position, sex, age, civil status, educational attainment, and occupation; (2) gen-
der roles in mangrove conservation (Bagsit and Jimenez 2013) which is composed of
three indicators namely: mangrove nursery development and maintenance; man-
grove planting; and mangrove management, protection, and maintenance.

It was validated in terms of content validity using the Aiken’s content validity test
by three (3) experts in environmental science and coastal resources management.
These experts came from the following institutions: LGU-MENRO, Batangas State
University, and Calatagan Senior High School-Ecology Laboratory. A coefficient of
0.91 was obtained which indicated very good validity. On the other hand, it was
piloted to ten (10) mangrove stakeholders in Calatagan who were not part of the
study to check the reliability of the tool. The Cronbach alpha statistics was used for
this purpose. A coefficient of 0.88 was obtained which signified that there is internal
consistency of the items in the revised tool, thus, there is good reliability.

2.1.5 Assessment of Ecological Knowledge (EK) and Conservation
Practices on Mangroves

EK was assessed in terms of the different thematic aspects of ecosystem services
such as provisioning services, regulating services, supporting services, and cultural
services. Focus group discussion was conducted to determine the benefits derived
from mangrove ecosystem by the stakeholders. It was conducted through in-depth
interview of the different groups of stakeholders. A survey tool was also used to
supplement the data needed. Conservation practices were assessed using social
indicators such as stakeholders’ engagement, extent of government and external
organizations’ participation, and Mangrove Awareness and Uses (MAU) index. The
MAU tool is divided into two subcategories namely: ecological knowledge and
socioeconomic knowledge.



24 M. A. Cudiamat and B. L. Querijero

2.1.6 Marine Protected Area Management Effectiveness
Assessment Tool (MPA MEAT)

The MPA MEAT aims to assess governance in terms of enforcement, implementa-
tion, and maintenance (see Appendix G). However, MPA management in the
context of governance approaches in the Philippines is not limited to the physical
management of the MPA only, but also includes direct and indirect uses, threats,
people, and the systemic interaction between the people and the resource.
Management effectiveness is defined, in the context of the MPA MEAT,
according to four different levels: (1) established, (2) strengthened, (3) sustained,
and (4) institutionalized. MPA effectiveness, on the other hand, is based on several
criteria and/or governance indicators in combination with the biophysical and
socioeconomic impact indicators and socioeconomic impact indicators. MPA
MEAT is a management tool to help measure MPA effectiveness using simplified
tools allowing an objective evaluation of MPAs. It can be applied to locally managed
MPAs and marine areas declared under the National Integrated Protected Area
System Act (RA 7586). It can be implemented through an assisted self-evaluation
or key informant interviews. Documents provide proof of completion of targets.
Assessment will be conducted through the PRA approaches with the PALITAKAN.

2.2  Data Gathering and Statistical Analysis

The demographic profile of the respondents, livelihood sources, perception on their
socioeconomic and ecological knowledge, gender participation, and conservation
practices were gathered from the PO. Mean, standard deviation, frequency, and
percentage were used for the descriptive statistics of the sociodemographic and
economic profile and the MPA management effectiveness assessment tool.

Nonparametric test such as Mann-Whitney test (U), Kruskal-Wallis test (H), and
Spearman (r,) rank coefficient of correlation were used in analyzing data in the local
ecological knowledge and gendered perspectives on mangrove conservation. This
was due to the problem of the normality assumption of the data or normal distribu-
tion in spite of several attempts to data transformation.

All statistical analyses were carried out at p < 0.05 level of significance. Statisti-
cal Package for the Social Sciences (SPSS) software version 25 was used for the
descriptive and inferential tests. Paleontological Statistics (PAST) software was also
used in the multivariate analyses.



2 Building Sustainability in Community-Managed Mangrove Forest. . . 25

23 Results and Discussion

2.3.1 Socioeconomic Profile of the PO of Calatagan Mangrove
Forest Conservation Park

The socioeconomic profile of the people’s organization was assessed in terms of the
different demographic variables such as sex, age, civil status, educational attainment,
monthly income, and occupation (Table 2.1). Based on the results of the socioeco-
nomic profiling, majority of the stakeholders were female (n = 22). In addition,
majority of the stakeholders are in age range of 21-30, while the least number of the
stakeholders lie in ages 11-20. In terms of civil status, 24 of the stakeholders are
married which composed its majority, while widow (n = 2) and live-in (n = 2) are
the least numbers of stakeholders. In terms of educational attainment, majority of the
stakeholders are high school graduate (n = 14), while the least number are composed
of both elementary level and high school level with three participants each. Majority
of the stakeholders (n = 26) have a monthly income of Php1-5000.00, while the
least (n = 4) have monthly income of Php10,001-15,000.00. In terms of occupation,
boat operators hold most of the stakeholders (n = 7), while MPA Patroller had the
least number of stakeholders (n = 2).

2.3.2 Ecosystem Services, Diversification of Livelihood,
and Ecotourism in CMFCP

The results showed that majority of the stakeholders observed that the mangrove
forest provides ecosystem services under cultural category (n = 122) with four
ecosystem services (Table 2.2). Ecotourism holds the majority (» = 40) under this
category, while spiritual/recreation had the least frequency (n = 21). In terms of
regulating fresh air and protection from strong wind, waves and storms had the
highest frequency (n = 36) while carbon sequestration had the least frequency
(n = 10). Under supporting/habitat category, majority of the stakeholders perceived
that mangrove forest provides habitat of invertebrates (n = 36), while nursery of
juvenile fishes had the least frequency (n = 33). In terms of provisioning, fishes had
the highest frequency (n = 32), while fuel wood had the least (n = 14).

The stakeholders perceived that the mangroves provide cultural services such as
education, research, spiritual/recreation aesthetic value/happiness, and ecotourism.
This is because the conservation site is a frequent venue for mangrove study tour of
the academe and a recreational place. Ecotourism plays a very significant role in the
livelihood of the community stakeholder. The PO members provide various services
such as boat/raft and table/hut rental, tour assistance, and income derived from
entrance and conservation fees.

Regulating services serve as the second dominant ecosystem services perceived
important by the respondents, particularly on providing fresh air and protection from
strong waves and storm. Few (25%) recognized the role of mangroves to sequester
carbon dioxide, which is related to providing fresh air. Education on how this is done
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Table 2.1 Socioeconomic

profile of the stakeholders Demographic profile Frequency (n) | Percentage (%)

of Calatagan Mangrove Sex

Forest Conservation Park Male 22 55

(CMEFCP) Female 18 45
Total 40 100
Age (in years)
11-20 3 7.5
21-30 13 32.50
31-40 6 15
41-50 11 27.5
51-60 7 17.5
Total 40 100
Civil status
Single 12 30
Married 24 60
Widow 2 5
Live-in 2 5
Total 40 100
Educational attainment
Elementary level 3 7.5
Elementary graduate 4 10
High school level 3 7.5
High school graduate 14 35
College level 10 25
College graduate 6 15
Total 40 100
Monthly income (in peso, Php)
1-5000 26 65
5001-10,000 10 25
10,001-15,000 4 10
Total 40 100
Occupation
Boat operator 7 17.5
Farmer 4 10
Fisher 6 15
Mollusks gleaner 4 10
MPA patroller 2 5
Tour guide 6 15
Vendor 3 7.5
LGU worker 8 20
Total 40 100




2 Building Sustainability in Community-Managed Mangrove Forest. . . 27

Table 2.2 Ecosystem services provided by the mangrove forest as perceived by the stakeholders

Percentage

Category Ecosystem services Frequency | (%)

Cultural Educational/research area 32 80
Spiritual/recreation 21 52.5
Aesthetic value/happiness 29 72.5
Ecotourism 40 100
Total 122

Regulating Fresh air 36 90
Prevention of floods and soil erosion 16 40
Water quality 19 47.5
Carbon sequestration 10 25
Protection from strong wind, waves, and 36 90
storms
Total 117 58.5

Supporting/ Nursery of juvenile fishes 33 82.5

habitat Habitat of invertebrates 36 90
Total 69

Provisioning Fishes 32 80
Crustaceans 28 70
Mollusks 29 72.5
Fuel wood 14 35
Total 103

by mangrove trees can be an area for knowledge enhancement for the members.
Most of the respondents who were earlier trained by an international conservation
organization had ecological knowledge of the different roles of mangroves as an
ecosystem and their knowledge about the ecosystem services of the mangrove forest
was evident in the results of the survey.

The stakeholders are also aware of the supporting services of mangroves as
habitat for invertebrates and nursery ground for fishes. They also recognized that
mangroves provide them fish, crustaceans, mollusks, and other invertebrates, the last
two are usually gleaned during low tide and are used as food for the family. It is
interesting to note that only a third recognized mangrove forest as a source of
firewood indicating their awareness on the prohibition to cut mangrove trees.

Table 2.3 presents the different livelihood and mangrove-related ecotourism
activities engaged in by the stakeholders. The findings showed that there is diversi-
fication of livelihood and the stakeholder. Based on the KII, they do not depend
solely on ecotourism because there are lean seasons when there are limited guests or
tourists availing the ecotourism services of the park.
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Table 2.3 Diversity of livelihood and mangrove-related ecotourism activities of the stakeholders
based on the focus group discussion (FGD)

Additional livelihood Mangrove-related ecotourism activities
Mollusk gleaning Mangrove study tour
Fishing Adopt-a-mangrove project
Sugar cane farming/crop growing Bird watching

Sea cucumber collecting Balsa riding (rental basis)
Selling in sari-sari store Kayaking

Fruit vending Motor boating

Swine production Kayaking

Poultry raising Snorkeling
Cattle/carabao/goat raising Eco-camp

Construction works Seminar-workshop
Carpentry

Sewing

Table 2.4 Sociopolitical indicators of conservation in terms of stakeholders’ engagement

Mean + S. Verbal

Social indicators D. interpretation

1. | Volunteer in planning and managing MPA 4.33 +£0.89 | Always

2. | Participate in mangrove-related trainings and meetings | 4.05 + 1.01 | Usually

3. | Participate in mangrove reforestation 438 +0.87 | Always

4. | Participate in mangrove monitoring and the adjacent 4.10 + 0.93 | Usually
ecosystems

5. | Follow strictly the policies and laws on mangroves 445 +0.68 | Always
Grand mean + S.D. 426 + 0.68 | Always

Extent of stakeholders’ participation in conservation is presented using mean =+ standard deviation
(s.d.). (Threshold legend: Never = 1.00-1.80, Seldom = 1.81-2.60, Sometimes = 2.61-3.40,
Usually = 3.41-4.20, and Always = 4.21-5.00)

2.3.3 Conservation Practices and Mangrove Awareness and Uses
(MAU) Index of the Stakeholders

Sociopolitical dimensions of mangrove conservation practices revealed that the
stakeholders are engaged very much in conservation-related activities such as
planning, managing, participation in trainings, meetings, reforestation, afforestation,
mangrove monitoring, and following policies and laws on mangroves (Table 2.4).
According to the stakeholders, their motivation to participate in the community-
based project includes giving back to nature or sense of gratitude, new learnings and
insights, social interaction with people from all walks of life and of course for the
purpose of sustainability that will benefit the younger generation.

Although most of them are volunteers, they only get a very few amounts from the
revenue. A local guide would earn only 25% of the daily income. Say, for instance,
there are ten guests who paid Php150.00 each and there are five local guides who
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Table 2.5 Sociopolitical indicators of conservation in terms of the extent of government and
external stakeholders’ support in the community-based program on mangroves

Mean + S. Verbal

Political indicators D. interpretation
1. | Provide logistics and training and technical assistance 3.65+0.77 | Usually
2. | Provide financial support for the sustainability of the 3.33 + 1.27 | Sometimes

mangrove project

3. | Lead in involving people’s organization in government’s | 3.93 + 0.94 | Usually
development projects

4. | Assistin the legislation and enforcement of laws related to | 4.20 & 0.91 | Usually

mangroves

5. | Encourage the community to participate in the mangrove |4.48 +0.75 | Always
projects
Grand mean + S.D. 392 +0.59 | Usually

Threshold legend: Never = 1.00-1.80, Seldom = 1.81-2.60, Sometimes = 2.61-3.40,
Usually = 3.41-4.20 and Always = 4.21-5.00

assisted in terms of guiding and operating the boat raft. Unfortunately, they would
only receive Php75.00 each.

In terms of the extent of support of the LGU and other external organization such
as NGOs, the stakeholders assessed that there is usual support mechanism
(Table 2.5). Based on the FGD, the LGU particularly the Municipal Environment
and Natural Resources Office (MENRO) of Calatagan has been providing capacity-
building among the members of the PO. Empowering activities focused mainly on
the systematics and biology of mangroves and livelihood diversification.

However, financial support remains to be a challenge for community-based
programs to finance sustainably the different management and conservation-related
activities and operations due to budget constraint. With the small revenues from the
user fees/guests, they found it very difficult to finance the rehabilitation of the
facilities such as board walk made from bamboo and the balsa (boat raft) and
other maintenance and operating expenses. And of course, much more of the benefit
sharing/honorarium for the services was rendered by the stakeholders.

2.3.3.1 Mangrove Awareness and Uses (MAU) Index of the Stakeholders
The stakeholders’ knowledge in the context of mangrove conservation was divided
into knowledge indicators namely: ecological knowledge and socioeconomic knowl-
edge. These were assessed using the developed MAU index. The results showed that
the stakeholders have high awareness/knowledge on most of the ecological roles of
mangroves in the marine ecosystem (Table 2.6). However, while the average results
showed high awareness, the head tour guide of the PO still felt the need for some
stakeholders to undergo capacity-building on science-based ecological restoration
for sustainable mangrove planting/growing.

As to socioeconomic knowledge on mangrove (Table 2.7), MAU indices showed
high scores on the economic importance of mangroves such as source of food,
livelihood, and ecotourism. Stakeholders were also highly aware about the social
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Table 2.6 Mangrove awareness and uses (MAU) index of ecological knowledge
Mean + S. Verbal

Knowledge indicators D. interpretation
1. Mangroves are plants in the marine ecosystem 370 +£0.65 |HA
2. Mangrove can sequester carbon dioxide from the 330+ 061 |HA
atmosphere

3. Mangroves serve as habitats and nurseries to marine animals | 3.38 + 0.52 | HA
4. Mangroves protect coastal communities from storm surge 3.85+0.53 |HA
and strong winds

5. There are different species of mangroves in Ang Pulo 348 +0.82 |HA
6. Mangroves help in nutrient recycling 335+0.74 |HA
7. Mangroves prevent erosion and siltation 3.40 +0.87 |HA
8. Sudden Sea level rise in coastal area can be reduced by 3.08 +0.89 |MA
mangrove conservation

9. There are vulnerable or threatened species in Ang Pulo 2.88 +0.97 |MA
Grand mean + S.D. 338 +0.29 |HA

HA high awareness, MA moderate awareness, LA low awareness, and NA no awareness

Table 2.7 Mangrove Awareness and Uses (MAU) Index of socioeconomic knowledge

Mean + S. Verbal

Knowledge indicators D. interpretation
1. Mangroves indirectly provide food and livelihood 3.65+0.66 |HA

2. Destruction of mangrove forests results to low fishery 3.60 +£ 0.67 |HA
production

3. Mangroves can be used as firewood and for construction | 2.73 + 1.06 | MA
materials

4. Mangrove can be a source of tourism 3.68 +0.76 |HA
5. Mangroves provide livelihood and income to the 3.70 + 0.61 |HA
community

6. Mangrove areas can be used for aquaculture activities. 325+098 |MA
7. Mangroves can be source of pharmaceuticals and 220+ 1.04 |LA
medicine

8. Conserving mangroves builds camaraderie and 378 £0.62 |HA
volunteerism

9. Mangrove conservation can increase community 378 +0.62 |HA
participation

Grand mean + S.D. 337 +£0.56 |HA

HA high awareness, MA moderate awareness, LA low awareness, and NA no awareness

benefits of mangroves as evidenced by community participation, camaraderie, and
volunteerism. They also assessed themselves to have moderate awareness on man-
grove uses as firewood and for construction materials and aquaculture activities in
the mangrove areas and low awareness on their use as medicine. Moderate and low
awareness indicates that the stakeholders are not using the mangrove for these
purposes either as a prohibition of the law (cutting of trees and conversion to
aquaculture ponds) or plain lack of knowledge on how to use them as medicine.
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Still, there were reports especially in the past of occasional mangrove logging and
unsustainable aquaculture activities according to some stakeholders.

2.3.4 Analysis of the Social Dimensions of Integrated
Community-Based Conservation

Summary statistics of the social dimensions of ICBC are presented in Table 2.8.
Stakeholders’ engagement and participation and perceived extent of support by the
external stakeholders are evident. They had higher awareness on the ecological and
socioeconomic aspects of mangroves. However, their knowledge on the ecological
aspect of conservation needs to be augmented with science-based restoration
approaches as there are areas in the mangrove forest that did not follow zonation
pattern in the case of monospecific plantation of Rhizophora spp. This is supported
by the findings of Creencia and Querijero (2018) that knowledge awareness is a key
driver of community-based conservation.

Statistical analysis of the different dimensions showed that stakeholders’ engage-
ment is significantly correlated with ecological knowledge and socioeconomic
knowledge (Table 2.9). Awareness plays an important role in mangrove

Table 2.8 Summary of the descriptive statistics of the dimensions of conservation-related
practices

N Minimum Maximum Mean S.D.
Stakeholders’ engagement (SE) 40 2.60 5.00 3.38 0.29
Perceived extent of support (EE) 40 2.60 5.00 3.37 0.56
Ecological knowledge (EK) 40 1.33 3.67 3.92 0.59
Socioeconomic knowledge (SEK) 40 1.33 3.56 4.26 0.68

Table 2.9 Spearman rank coefficient of correlation of the conservation practices and stakeholders’
knowledge on mangroves

SE EE EK SEK

Stakeholders’ engagement Correlation 1.000 0.096 0.601° |0.384™
(SE) coefficient

Sig. (2-tailed) 0.558 0.000 | 0.015
Perceived extent of support Correlation 0.096 1.000 | —-0.131 0.051
(EE) coefficient

Sig. (2-tailed) 0.558 0.420 | 0.756
Ecological knowledge (EK) | Correlation 0.601" —0.131 1.000 | 0.486"

coefficient

Sig. (2-tailed) 0.000 0.420 0.001
Socioeconomic knowledge | Correlation 0.384™ 0.051 0.486" | 1.000
(SEK) coefficient

Sig. (2-tailed) 0.015 0.756 0.001

*Correlation is significant at the 0.01 level (2-tailed)
**Correlation is significant at the 0.05 level (2-tailed)
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Table 2.10 Gender-differentiated perception on conservation practices and stakeholders’ knowl-
edge using Mann-Whitney U test

Gender Variable Mean rank U p—value*
Male Stakeholders’ engagement 10.61 171.5 0.470
Female 9.89

Male Perceived extent of support 11.29 196.5 0.978
Female 9.26

Male Ecological knowledge 9.45 125 0.047"
Female 11.05

Male Socioeconomic knowledge 8.13 72 0.001™"
Female 12.38

jSigniﬁcant atp < 0.05
“Significant at p < 0.01

conservation towards sustainability (Creencia and Querijero 2018). There was also
significant relationship between ecological knowledge and socioeconomic knowl-
edge. However, there was no marked significant relationship between stakeholders’
engagement and the perceived extent of support. This further implies that commu-
nity engagement may be driven by intrinsic motivation.

The statistical analyses of the gender-differentiated perception between men and
women (Table 2.10) revealed that there is no significant difference on the
stakeholders’ participation (p = 0.470) in mangrove conservation and the extent
of support of the external stakeholders (p = 0.978). This result further means that
members of the PO participated in the community-based conservation regardless of
their gender. They also agreed that there is support mechanism from external
stakeholders.

However, there were significant differences between the (p = 0.047) ecological
knowledge of men and women. The findings showed that women had higher
ecological knowledge than men as evidenced by the mean rank of 11.05 for
women compared to men with mean rank of 9.45. Similarly, women also possess
higher awareness than men in terms of socioeconomic knowledge on mangroves as
shown by the mean rank of 12.38 for women and a mean rank of 8.13 for men.

2.3.5 Gender-Based Analysis of the Impacts of Integrated
Community-Based Conservation

Gender analysis using the framework of Bagsit and Jimenez (2013) was used to
assess the gender roles in mangrove conservations of the people’s organization based
on mangrove nursery development and maintenance, mangrove planting, and man-
grove management, protection, and maintenance (Table 2.11). Based on the
findings, both men and women are engaged in majority of the mangrove
conservation-related tasks and activities in the PO, although there are still tasks
that are more gendered based on the perception of the stakeholders.
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Table 2.11 Gender roles in mangrove conservation as perceived by the stakeholders. Frequency

and percentage (enclosed in parenthesis) are shown

Activity
A. Mangrove Nursery Development and Maintenance (MNDM)
1. Preparing planting materials (MNDM1)
2. Preparing nursery (MNDM2)
3. Potting the seeds (MNDM3)
Cutting bamboo stakes (for the fence) (MNDM4)
5. Fencing (MNDMS5)
6. Purchasing polybags and other materials for the nursery
(MNDM6)

B. Mangrove planting (MP)

1. Transferring of mangrove seedlings/propagules to the
planting area (MP1)

2. Digging holes prior to planting (MP2)

3. Planting mangroves (MP3)

Female

2(5)
3(7.5)

3(7.5)
0

1
27.5)

5
(12.5)

12.5)
0

C. Mangrove management, protection, and maintenance (MMPM)

1. Attending meetings (MMPM1)

2. Planning (MMPM?2)

3. Decision-making (MMPM3)

4 Coordinating with other agencies/organizations
(MMPM4)

Sales (MMPMS5)

6. Monitoring (MMPM6)

b

7. Clean-up of mangrove area (MMPM?7)
8. Accounting of income and expenses (MMPMS)

9. Safekeeping of funds (MMPM9)
10. | Installing sign boards (MMPM10)

2(5)
2(5)
0

5
(12.5)

3(1.5)
0

0

19
(47.5)

26 (65)
12.5)

Male

(12.5)
1(2.5)
27
(67.5)
28
(70)
2(5)

1(2.5)

6 (15)
2 (5)

0
0
1(2.5)
0

1(2.5)
22
(55)

0
1(2.5)

0

27
(67.5)

Both

38 (95)
32 (80)

36 (90)
13 (32.5)

12 (30)

27 (67.5)

34 (85)

33 (82.5)
38 (95)

38 (95)
38 (95)
39 (97.5)
35 (87.5)

36 (90)
18 (45)

40 (100)
20 (50)

14 (35)
12 (30)

Data on the factor analysis of the different activities showed that men and women
are engaged in differentiated tasks (Table 2.12). Scores were shown for each of the
identified factors generated from the three major mangrove conservation-related
tasks. Gender-specific activities were categorized based on these scores in each
factor. High scores greater than 0.50 were considered and were in boldfaced. The
PCA biplot of the three axes showing factors was also shown to cluster the different
gender-specific tasks (Fig. 2.3). Conservation activities that require muscular
strength such as cutting bamboo stakes (MNDM4), putting up fences (MNDMS),
monitoring and patrolling (MMPMS6), and installation of sign boards (MMPM10)
were identified as activities performed by majority of the male members (Factor 2).
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Table 2.12 Factor analy-

sis of the sender toles in Factor 1 Factor 2 Factor 3
mangrovegconservation MNDM1 0.954 0.206 —0.220
related activities performed ~MNDM2 0.900 0.351 —0.257
by the stakeholders MNDM3 0.940 0.231 —0.249
MNDM4 0.227 0.971 —0.079
MNDM5 0.184 0.980 —0.072
MNDMG6 0.814 0.243 —0.527
MP1 0.923 0.228 —0.310
MP2 0.905 0.378 —0.196
MP3 0.951 0.259 —0.168
MMPM1 0.954 0.206 —0.220
MMPM2 0.954 0.206 —0.220
MMPM3 0.958 0.233 —0.168
MMPM4 0.931 0.200 —0.306
MMPM5 0.940 0.231 —0.249
MMPM6 0.446 0.888 —0.112
MMPM?7 0.964 0.208 —0.168
MMPM8 0.578 0.157 —0.800
MMPM9 0.314 0.062 —0.948
MMPM10 0.192 0.976 —0.108

Bold values show significant factors affecting mangrove conserva-
tion (p < 0.05)

On the other hand, traditionally assigned roles for women such as purchasing
polybags for mangrove seedlings (MNDM®6), accounting of income and expenses
(MMPMS), and safekeeping of funds (MMPMY9) were also performed by the
majority of the women in this study (Factor 3). However, MNDM1, MNDM?2,
MNDM3, MP1, MP2, MP3, MMPM1, MMPM2, MMPM3, MMPM4, MMPMS5,
MMPM?7, and MMPM8 were mangrove-related tasks performed by both men and
women. This implies that the community-based organization has a big potential
towards gender-equality. This is supported by the practices of the PO where women
were also part of the mangrove governance and planning. These results lead to a
greater opportunity for environmental initiatives to achieve multiple benefits from
the mangroves, amplify results, and increase effectiveness, as gender equality and
women’s empowerment lead to more successful, efficient, and equitable environ-
ment and conservation outcomes (USAID 2019).

2.3.6 Effectiveness of Governance of the Marine Protected Area
(MPA)

MPA MEAT of the governance of Calatagan Mangrove Forest Conservation Park
revealed that the present MPA is at Level 3 based on the scores obtained in the
assessment (Table 2.13). This is due to the fact that community participation was
evident among the stakeholders. There was also legal identity and site development
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Table 2.13 Marine-Protected Area Management Effectiveness Assessment Tool (MPA MEAT)
results of the governance of integrated community-based conservation based on MPA level

Management focus category Total available points Threshold met
Management plan 8 YES
Management body 10 YES
Legal instrument 5 YES
Community participation 2 YES
Financing 9 YES
IEC 6 YES
Enforcement 16 NO
Monitoring and evaluation 13 YES
Site development 2 YES
Total 71

Level 3

Remarks Sustained

Level 1 = Established (minimum 20 pts. and at least 1 year), Level 2 = Strengthened (min. 31 pts.
and at least 2 years), Level 3 = Sustained (min. 47 pts. and at least 5 years), and Level
4 = Institutionalized (min 63 pts. and at least 7 years). Note: All “thresholds” questions should
be satisfied for that level and those before it

plan that might strengthen the existence of the mangrove protected area. This means
that the park is approaching sustainability. Basically, CMFCP is at Level 4 (based on
the MPA MEAT score of 71), but the issue is that it did not satisfy all the thresholds
in Level 4 such as in enforcement. On the other hand, financing, enforcement, and
monitoring and evaluation (M & E) were identified as management foci
(Table 2.14).

2.4 Discussion

The community stakeholders of the community-managed forest are characterized by
an almost equal number of men and women. Majority belonged to age brackets of
3140, 41-50, and 51-60, married, and finished postsecondary education level. A
study conducted by Paglinawan (2016) revealed similar findings in a community-
managed mangrove forest in Papaya, Nasugbu, Batangas.

Majority of the PO members have a monthly income (in Philippine pesos, Php)
within the range of Php1-5000.00. The relatively low average monthly income of
the members may be because 40% of the members are still young and are beyond
51 years old age group that may be considered not in active work force. It is
interesting to note that 75% of the members are high school graduates, some even
have college degrees. The results also showed that there is diverse occupation across
the members of the people’s organization which is predominantly coastal-based
source of income.

Majority of the members belonged to the community where the mangrove is
proximate. The other members are working at the barangay and municipal levels of
the local government unit in Calatagan. The overall findings show similarity with the
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findings of Carandang et al. (2013) whose study also focused on community-based
management of mangroves in Palawan and Bohol.

There are four (4) identified categories of ecosystem services provided by the
mangrove forest as perceived by the stakeholders. These ecosystem services were
categorized as to cultural, regulating, supporting/habitat, and provisioning services,
indicating that the stakeholders have deep understanding on the ecological and
cultural services of mangrove forest and the personal benefits they derived from
protecting it.

The livelihood of the community stakeholders can be categorized into agricul-
tural, small-scale business, and mangrove ecotourism-related income generating
activities. Knowledge on mangroves is high in terms of socioeconomic and ecologi-
cal importance. Conservation practices of the stakeholders are evident. Gender
equality is a powerful lever for change. Women are vital to conservation and
resilience-building efforts, and gender equality is intrinsically linked to achieving
sustainable development goals (USAID 2019). Analysis of the stakeholders’ partic-
ipation shows gender mainstreaming because men and women are both involved in
the conservation-related activities of the organization.

Community participation was evident among the stakeholders. There was also
legal identity and site development plan that might strengthen the existence of the
mangrove-protected area. This means that the park is approaching sustainability.
Basically, CMFCP is at Level 4 (based on the MPA MEAT score of 71), but the
issue is that it did not satisfy all the thresholds in Level 4 such as in enforcement. On
the other hand, financing, enforcement, and monitoring and evaluation (M & E) were
identified as management foci.

2.5 Conclusions and Recommendations

The socioeconomic profile of the stakeholders of the community-managed man-
grove forest is characterized by various demographic variables such as sex, age, civil
status, educational attainment, monthly income, and occupation. There is equal
number of men and women stakeholders who also participated in the study. Majority
are mid-adult, married, and finished postsecondary education. There is diversity of
livelihood among the members of the people’s organization, but their monthly
income is at the low range.

The stakeholders had high awareness on the four categories of ecosystem services
namely: cultural, regulating, supporting/habitat, and provisioning services. There is
a number of additional livelihoods aside from mangrove-related ecotourism
activities engaged in by the stakeholders. Diversification of livelihood helps the
community to reduce pressures on mangrove ecosystem such as timber harvesting.
Sociopolitical indicators of conservation reveal that stakeholders’ engagement and
external stakeholders’ support are evident.

The ecological knowledge and socioeconomic knowledge on mangroves of the
stakeholders showed that men and women are knowledgeable based on the MAU
index. In addition, gender roles in mangrove conservation indicate that men and
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women are both performing in most mangrove-related conservation activities such
as mangrove nursery development and maintenance, mangrove planting and man-
grove management, protection, and maintenance, except in specific activities that
require physical strength such as gathering of bamboos and fencing wherein men are
often the ones involved. On the other hand, women usually handled marketing,
accounting, and finance-related activities. This implies that gender equality in terms
of gender roles in the community-based conservation is possible. Integrated
community-based conservation from 2009 to 2019 shows satisfactory level of
conservation and management based on MPA MEAT. The assessment reveals that
the management is at Level 3 which means that it is approaching sustainability.
Community participation has been a best practice of the organization, while financial
self-sufficiency remains a management challenge in the organization.

The use of biocultural approach to conservation shows potential to build
sustainability. To scale up the community-based conservation, provision of alterna-
tive livelihood and diversification of the sources of income of the local people are
recommended. Continuous research, capacity-building, and empowerment programs
may be done to strengthen the participation and sustain the motivation of the
community in managing the mangroves.
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Abstract

The proposal on the Anthropocene suggests that the Earth has entered a contem-
porary ecological era, in which climate changes and human activities massively
impact the environment universally. This new anthropogenic epoch brings excep-
tional challenges to the plant diversity in biocultural landscapes, thus preventing
their benefits to human well-being. Additionally, the loss of biodiversity is
exacerbating along with the inexorable variations in the Anthropocene, and
biodiversity conservation could not cope with the elevating anthropogenic
disturbances. Despite the enduring biodiversity loss, it is asserted that the effec-
tive amalgamation of several conservational strategies could contribute to the
efficient conservation of endangered plants. The strategies should be specified
with proper operative guidelines for monitoring the effect once it gets
implemented. Therefore, the current conservational practices should be
reconsidered, reexamined, and updated accordingly so that a more consistent,
logical, and integrated universal strategy could be devised which will alleviate the
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limitations of the existing policies and proposed protocols. This book chapter
addresses the major issues that address our failure to meet current conservational
strategies and also discusses the essential changes and recommendations to
existing conservational practices.

Keywords

Anthropogenic disturbance - Biodiversity - Climate change - Conservation -
Human activities

3.1 Introduction

Down the ages, humans are known to have a vivid influence on altering the planet’s
biosphere right from elevating the level of acidity in the ocean to shattering of the
land sites and change of climate (Meng et al. 2021; Otto 2018). It has been
hypothesized that the earth might have entered a new ecological era, termed the
“Anthropocene”, where humans influence the environmental atmosphere worldwide
(Lewis and Maslin 2015; Zalasiewicz et al. 2017). Along with human activity, hasty
climatic change has inextricably and persistently restructured the biological diversity
of the environment. In the hypercompetitive world, the knitted impact of climatic
changes and human activities is proposed to have an intense consequence on
eco-diverse neighborhoods and the prioritization of human-acquainted conservation
plans. Additionally, recent anthropogenic alterations have overtaken the former
changes in the environment as well as the history of humans (Meng et al. 2021;
Ordonez et al. 2016).

It is evident that biodiversity indispensably contributes to the welfare of human
beings as well as augments several profits of natural metabolites to society (Meng
et al. 2021). The consumption, utilization, conservation of biodiversity, and alloca-
tion of its profits from the use of genetic resources were proposed to be guaranteed
by the United Nations Convention on Biological Diversity (CBD) (Locke et al.
2019). Nevertheless, there is a gradual decrease of biodiversity throughout antiquity
and it began to tremendously decline, thus contributing to the sixth mass annihilation
of the earth (Isbell et al. 2017; Johnson et al. 2017).

Over the past few decades, countless intercontinental contracts, nationwide
guidelines, and scientific organizations have been crucially focusing on conserving
biodiversity as it has become an impending disaster recently (Meng et al. 2021).
However, unprecedented delay in the response of biodiversity to anthropogenic
commotion leads to the advent of novel assemblies and reformation of threatened
areas. Biodiversity has also provoked incredible interest in researchers, legislative
bodies, landlords, and public to understand the roots and topological patterns of
biodiversity (Vellend et al. 2017). Therefore, it is the sole responsibility of students,
researchers, educational institutes, and legal authorities to renovate the conservation
policies of biodiversity according to the altering anthropogenic effects.

It has been proposed that anthropogenic effects have altered about 95% of the
terrestrial area to some extent globally and around 75% of the land has been
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drastically altered by the influence of human activities (Kennedy et al. 2019; Meng
et al. 2021). Furthermore, the predicted range of temperature rise elevates with high
carbon utilization, monetary progress, and population (Raftery et al. 2017). The
impact of humans on climatic changes is evident from the recent reports by the
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
(IPBES) and the Intergovernmental Panel on Climate Change (IPCC) which
empathized the impressions of climate change and hazards due to indefensible
consumption of natural sources (IPBES Report 2019; IPCC 2019). Climate change
also contributes to the rapid loss of biodiversity (Arneth et al. 2020). Hence,
anthropogenic disturbances inexorably affect the biological diversity worldwide.
Therefore, novel strategies for conservation of biological sources at the local or
universal level are to be implemented based on the anthropogenic disturbances and
influence of climatic changes. Hence, anthropogenic disturbances inexorably affect
the biological diversity worldwide. The major factors driving the extinction of plant
species in the Anthropocene epoch are pictorially represented in Fig. 3.1.

In this chapter, we examine the influence of climate change and human activities
against the loss of biodiversity. Additionally, the major issues concerned with
today’s conservational policies and the possible ways to tackle it were discussed in
brief.

3.2  Vulnerable Biodiversity and Anthropogenic Disturbance

The notion of plant diversity in biocultural landscapes is predicted to conserve the
delicate biodiversity in today’s changing world. The areas where buffering of
anthropogenic disturbances shelters the vulnerable biological diversity are termed
“Biodiversity arks in the Anthropocene”. This notion is vital to seal the gaps amid
conservational strategies and management beneath climatic changes in the present as
well as in the future. Human activities like financial evolution, development, infra-
structure, and consumption of natural resources as well as climatic changes have
perpetually contributed to the loss of biodiversity (Meng et al. 2019a, b). Addition-
ally, the influence of climatic alterations and anthropogenic effects on biodiversity is
ostensible in key issues like loss of tropical forests, extinction of plant species, the
profusion of marine fishes, invertebrates, tamed lands, external temperature, increase
in population, emission of CO,, and destruction of the environment. Therefore, it is
hypothesized that areas of biodiverse arks are the regions where brittle biological
plant diversity can be protected from antagonistic effects in the Anthropocene. But
these areas are usually omitted in the conservational strategies for many years (Meng
et al. 2021).

3.2.1 Influence of Human Activities

Along with the societal growth of anthropological influences, the escalating request
for natural resources has markedly wedged the biological diversity of plant species
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worldwide. Anthropogenic activities hasten the human-caused extinctions of plant
species, thus ultimately leading to tremendous loss of biodiversity (Braje and
Erlandson 2013; Meng et al. 2021). Fortunately, anthropogenic influences on plant
diversity have gained enormous attention which is evident from the proposals of
appropriate regulations and the establishment of national nature reserves and
national parks.

Fortunately, the influence of human activity on biodiversity has received consid-
erable attention. Particularly, many nature reserves have been established, and
relevant legislation has been proposed. These areas, where biodiversity is sheltered
from human activity, can be considered as parts of biodiversity arks; e.g., national
nature reserves and national parks have been set up to protect biodiversity in
comprehensive ecological ranges. The existence of such “safe sites” is a basic
requirement for biodiversity conservation. Yet, few vicinities are unexploited and
must be included in the conserved areas. For instance, the Fengshui forests have a
huge cultural as well as economic value and are considered holy by localists, hence
the diversity of plant species in those areas has recurrently eluded from anthropo-
genic disturbances (Meng et al. 2021; Tang et al. 2013). These areas play a signifi-
cant role in conserving the diversity of plant species, but are simply deemed as
enclaves in former conservational policies and are also omitted from the protected
sites. Biodiversity arks can therefore seal the gaps between existing conservational
patterns and the imminent edge of biodiversity conservation (Meng et al. 2021).

Even though the ex-situ conservation sites are considered “protected areas” for
threatened or sporadic plant species, they could not shelter several plant species
inside an entire flora and fauna. Presently, the sites enriched with exorbitant biodi-
versity are given higher priority for conservation. These sites are termed “Hotspots
of biodiversity” (Meng et al. 2021; Myers et al. 2000). Yet, those hotspots were
inexorably exposed to anthropogenic activities. For instance, financial evolution and
refining lifestyle change involuntarily affect the conservation of plant species world-
wide, especially in developing nations (Meng et al. 2019a, b). Therefore, we could
conclude that the hotspots of biodiversity are slowly extinguished due to the
exploitation of most of the natural sources in order to lessen the crisis of poverty.
Here, it leads to the arousal of a question, on “Whether biodiversity conservation
strategies could also be altered according to the changes in biodiversity hotspots?”

In addition to the impact of humans on biodiversity-related factors, the global
diversity of plant species worldwide is also greatly affected by environmental and
evolutionary alterations at both inter- and intraspecies levels (Meng et al. 2021).
Therefore, more consideration should be given to the conservation of biodiversity by
lessening the impact of humans and protecting the plant species in the anthropogenic
environment in addition to the already protected areas.

3.2.2 Influence of Climate Change

For ages, humans were considered the ideal cause of biodiversity loss in conserva-
tion biology. But only a few studies reported climatic change to be the major factor
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influencing the significant modification of plant diversity. The reports showed
positive, neutral as well as negative correlations between climate change and
biodiversity loss (Vellend et al. 2013; Meng et al. 2021). Arneth et al. (2020) stated
that climate change must be included as a target for the conservation of biodiversity
in future evaluations. Factors like elevated temperature, warm weather, and intense
rain have an effect on plant diversity. Hence, it is crucial to understand the associa-
tion between plant diversity and climate change in an anthropogenic environment to
evaluate and alleviate the ecological impact on biodiversity. It is assumed that global
warming is increasing due to the emission of greenhouse gases. The release of
greenhouse gas, especially CO,, increases the earth’s temperature by trapping the
atmospheric heat. Similarly, an increase in global warming inexorably affects
biodiversity. Regardless of the elevating distress about the increased risk of plant
species eradication and global temperature increase, it is still tough to corroborate the
interlink between the extinction of species and climate change (Panetta et al. 2018).
Even though it is hard to perceive the climate-induced deterioration, change in
climate exaggerates the extinction of plants as well as animals on a larger scale
(Dirzo et al. 2014; Panetta et al. 2018; Harrison 2020).

Biodiversity arks emphasize the development of protecting sectors in order to
safeguard the plant diversity from adverse effects of climate changes in the
Anthropocene. Elevated temperature particularly is known to have a negative impact
on the topographical dispersal of plant species found in high altitudes and cold
temperatures (Meng et al. 2019b). The impact of climate change on the diversity of
plants has also been demonstrated.

Due to an increase in temperature, it is expected that there will be a drastic
decrease in the turnover of plant species in mere future which is evident from
limitless distribution and shift in the species range (Alexander et al. 2018). Over
the last few decades, environmental patterns elucidated the response of species
diversity to the ecological deviations in the Holocene epoch. This led to the
identification of prevailing refugia that have conserved existing species origin.
Elevation and reduction in habitat diversity along with shifts in latitude and altitude
have facilitated the plant species to thrive in unfavorable climatic shifts in the
Anthropogenic epoch. Accordingly, the areas that are shielded from temperature
rise in the Anthropocene could lead to the conservation of habitat diversity (Meng
et al. 2021). On the other hand, alterations in climate had no impact on the
thermophilic species. Surprisingly, in some instances, it has even augmented the
tropical and subtropical species diversity. Nevertheless, alterations in climate have a
huge impact on the plants growing in high altitudes of tropical forests as well as
plants adapted to extremely cold conditions (Meng et al. 2019b). Generally, biodi-
versity arks emphasize species-enriched environments. Therefore, it is mandatory to
give more consideration to plant species that respond slowly to ecological alterations
due to global warming when compared to climatic shifts. It is necessary to include
endangered plants existing in high altitudinal and latitudinal regions which are
adapted to cold temperatures in conservation strategies. It is estimated that the plants
adapted to cold climates will illustrate diversified levels of susceptibility, thus
resulting in assembly and segmentation of habitat diversity. Therefore, it is
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well-known that alterations in climate have a negative impact on the physiological
responses of plant species. It is evident from earlier reports that there is a tremendous
downfall in species diversity of plants and also extinction of plants is higher than
convergence due to global warming (Gao et al. 2020; Harrison 2020). The geologi-
cal discrepancies occurring in some micro-refugia sites show experimental data on
the reduction of eradication hazards owing to climatic buffering (Suggitt et al. 2018).

3.3  The Scrutiny of CBD

The Convention on Biological Diversity has been implemented around 33 years ago
which is a crucial worldwide tool casing the viable progress in the conservation of
plant diversity. It has been approved by around 196 countries in the world as of
2017. This evidenced the watershed on the legal responsiveness to create awareness
among people on the issues in the conservation of biodiversity and the
responsibilities of the treaties to pledge to understand the necessities of the Conven-
tion law and succeeding verdicts consented by the parties (Heywood 2017). The
contract was documented in the international regulations that biodiversity conserva-
tion was considered as a “communal fear of mankind”. The treaty cherished that the
nations recollect control over their own biodiversity and regulate the approach
towards their hereditary resources. It is therefore obliged that the countries are
accountable for the inventory, monitoring, conservation as well as access to their
own biological diversity. Yet the convention makes it vibrant that conservation
depends on the possibility and suitability (Hagerman and Pelai 2016).

Now, this gives rise to a valid question on the effectiveness of CBD in attaining
its major targets as signed on behalf of international authorities (Harrop and
Pritchard 2011; Heywood 2017). It was formerly termed the “hard law” with the
probability to impose enactment via officially required etiquettes (Abbott and Snidal
2000). Over time, it demanded the submission of countrywide reports and biodiver-
sity policies and acted by the signed parties. Yet only two strategies have reached an
agreement, namely, Cartagena and Nagoya, which refer to biosafety and access to
hereditary resources, respectively. The major disadvantage of global law is the
nonexistence of rebellious procedures. The convention forms a constitution that
offers the pliability to the signed parties on how the endowments are instigated
(Heywood 2017). The sequential upgrade of CBD started back in 2000 when new
approaches were developed aiming at a more articulate and efficient execution of
conservation. Then an obligation, “2010 Biodiversity Target”, was implemented
which is a drastic failure. Thus, to meet these targets, a proposal was made termed as
#2020 Aichi Targets”. The goals were systematized in a way to attain the targets of
the “2010 Biodiversity strategy”. In 2012, owing to the national circumstances, the
treaties came to an agreement on setting up their individual goals which led to the
2020 Aichi aspiring targets as an aftermath effect. But several nations were unsuc-
cessful in setting up their own targets which resulted in the omission of some
strategies from the 2010 biodiversity targets. For instance, well-established
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conservation strategies and wealthy countries like Canada also lacked to meet the
targets (Heywood 2017; MacKinnon et al. 2015).

As the political influence on the accomplishment of necessities of CBD was high
in most of the signed countries, there rises a massive competition for resources
between conservation of biodiversity and other equally important preferences like
industrialization, robustness, and educational development (Heywood 2017). These
issues were boldly commented on by Laikre et al. (2008) as most of the allegations of
the CBD were influenced by political members rather than researchers. On whole,
these deliberations are applied not only to developing countries but to all signed
countries. But the developing nations usually fail to meet the targets due to poor
infrastructure, resource deficit, and an unequal load of biodiversity they are enforced
to tackle.

3.4  Key Issues to Be Addressed

The imminent analysis of triggering elements that have restricted improving the
conservation of plant species as well as the lack of achieving the goals signed under
the Convention of Biological Diversity (CBD) and other parties discloses several
disputes. Roughly, few issues deal with worldwide social as well as commercial
factors, some with environmental modification, some with the concern of saving
plants, and some were methodological and research-oriented conservation problems.

3.4.1 Data Gaps in Terms of Plant Diversity

Generally, the absence of basic reference data makes the conservation of plants very
difficult. The human acquaintance with the diversity of plants was very much limited
at all points and classes with regard to species identity, dispersal, evolution, anthro-
pology, biological activity, and socioeconomic benefits. There exist severe gaps in
the perception of humans on the subjects of evolution, nomenclature, demographics,
analysis of threatened or endangered species, and prominence of conservation
(Havens et al. 2014; Heywood 2017). The lack of sufficient data contributes to the
human inability to engender info and gain familiarity with the subject area. Hence,
building maps and modeling frameworks are impossible which restrict us to achieve
the aims, goals, and targets of biodiversity. It is vital to “Know what we don’t know”
to achieve the targets on time (Heywood 2017). After data retrieval, they have to be
deposited in plant-related databases, digital servers, or any other information storing
software established in resident, national, district-wise, and international levels.
Even though many authorized information tools are available aiding the conserva-
tion of plants, lack of funds, inadequate maintenance, and financial support were
essential. The funding information is vital to upgrade the International Union for
Conservation of Nature (IUCN) red catalog of endangered/threatened and conserved
plants and the World Database of Key Biodiversity Areas (KBA) and worldwide
expertise scientists retrieved secondary information from the available primary
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datasets (Juffe-Bignoli et al. 2016). The upsurge of high volumes of datasets and
advanced cloud-based computing technologies and increased funding agencies
provides greater scope for plant species conservation and renewable utilization of
diverse plants. In contrast, there exists an equal number of challenges like formula-
tion of appropriate data analyzing tools so that huge complicated data could be
processed accordingly. In addition to this, poorly organized monitoring agendas with
fewer environmental concerns make the administrative intrusions more strenuous
(Heywood 2010, 2017). Generally, less importance was inclined to implementation
of monitoring programs as it is crucial, costly, and insufficient funding was only
available. Therefore, young scientists could make effective alterations in monitoring
programs which could also be aided by the members of plant species conservation.

3.4.2 Threatened Plant Species

Over a decade, the most obsessive topic with relevance to the conservation of plants
is the estimation of the approximate numeral or proportion of species becoming
extinct or threatened. Mostly, humans contemplate that plant biodiversity could be
conserved by protecting endangered or vulnerable species. This specifically elevates
the risk of losing the existing biodiversity (Heywood 2017; Wilcove 2010). The
reported estimation of vulnerable species varies in the range of 10-60%, but then
they are usually organized in a way that all species ranging from less endangered to
desperately vulnerable species clump together which in turn results in forthcoming
extinction (Kew 2016). The red list provided by IUCN gives a worldwide summary
of threatened species, but only a limited number of samples have been evaluated. For
effective plant conservation, each country should take appropriate measures to
safeguard the prominence of their own natural flora and fauna with more significance
given to endemic plant species, identify the possible risks, and protect them from
becoming extinct. As a result, novel conservation programs could be implemented
from the baseline. This is evidently seen in the tropical regions with varied flowering
plants.

The IUCN along with Royal Botanic Gardens and Natural History Museum
globally analyzed the extinction risk for plants grown worldwide (http:/
threatenedplants.myspecies.info/). This data suggested that one out of five plants is
at the risk of becoming extinct. The analysis by “State of the World’s Plants 2016
also provided similar data (Kew 2016).

The next question that arises will be whether it is necessary to know the accurate
number of plants that are at high risk of extinction worldwide.

The status, significance, and consequences of these conditions are well-known by
the members of the conservation committee. Mostly the governments are bothered
about the issues happening within their own nation rather than having a universal
depiction or illustration. People should also be equally aware of the species loss at an
unusual rate. Some proofs indicate that stimulating the communal people could bring
about effective changes in plant conservation rather than pestering the government
authorities for financial support. The government will generally give less priority to
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conservation programs rather than education, physical well-being, and mitigation of
poverty. A workshop conducted in March 2017, “Vatican workshop on Biological
Extinction” revealed that about fifty percent of the plant species will become extinct
by the end of this era (Heywood 2017).

But these conclusions are not given much significance usually as they are stated at
frequent breaks and show no visible aftermath effects. When the consequences
slightly begin to show in the environment worldwide in addition to climate change,
it is evident that most of the plant species shift to a higher risk of extinction.

3.4.3 Effectiveness of Legal Policies in Conserving Global
Biodiversity

It is incredible that despite the fact that the ideation of conservation of biological
diversity has been extensively recognized locally, regionally, nationally, and inter-
nationally, very less consideration was given to the abundance of essential
organizations and skilled professionals for the execution of the objectives of the
convention and altering the verdicts of the meetings.

It is our responsibility to make conservation the major concern. The areas that are
already protected were usually excluded, but it is pathetic that no efforts were taken
to conserve the ex-situ sites and for setting up the essential organizational framework
worldwide. In contrast, when the agricultural and forests face the consequences of
loss of crop diversity at the genetic level, administrations like Food and Agricultural
Organization (FAO), Consultative Group for International Agricultural Research
(CGIAR), and International Board for Plant Genetic Resources (IBPGR) created a
gene bank. They also specified etiquettes to be followed while collecting, storing,
and accessing the seeds. In addition to this, several gene banks have been installed
statewide as well as countrywide. In terms of conservation of ex-situ plant species,
the government has left it to the botanical gardens with the allotment of funds or
skilled professionals (Heywood 2010, 2017). Spain is the only country to identify
this emerging consequence and some gene banks for seeds have been set up in
botanical gardens which are aided by some independent governmental agencies. The
condition becomes even worse when in situ conservation of aimed plant species is
considered owing to the unavailability of academic measures.

The major goal of CBD is to include institutional activities for attaining its
proposed targets. In 2015, Global Environmental Facility (GEF) funded over $12
billion to the developing nations for conserving the overall plant diversity and has
included more than 3300 conserved areas (GEF 2015). In the past 25 years of
commencement of CBD, the High-level Panel reported that the 2010-2020 targets
of Aichi could not be achieved without the correct academic frameworks, resource
accessibility, and legal assistance (CBD High-Level Panel 2012, 2014).
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3.4.4 Too Many Strategies: A Contradicting Factor

Over the last few decades, one noteworthy achievement is that organizations like
United Nations societal charities, Intergovernmental Organizations (IGO), several
Non-Governmental Organizations (NGO) and private sectors and various conserva-
tional treaties and agreements reported the propagation of evaluations, publications,
analyses, policies, strategies, and schemes. Besides the exceptional price of printing
these documentary papers with many schemes and illustrations, it is unclear for
whom these documents are made and what measures are taken for reaching these
documents to the audience at the specified time (Heywood 2017). But the reality is
that these documents are preserved in shelves rucked with dust particles or remain
unsold in cache/warehouse and very few people only will be aware of these
documents. It is hearth wrecking that extensive research remains unnoticed which
results in repetition of efforts at a relevantly higher cost. It may seem that much
concern is not given to making the process economical or cost-efficient. It is
unanticipated how these documents are processed and come to one’s table.

Sometimes, the abundance of excessive info is now witnessed in most fields, but
recently it has been depicted even in the field of environmental conservation of
biodiversity owing to its broad scope, interconnection, and high intricacy. It includes
not only the scientific and custom evaluation of conservation, analysis, and
improvements at genetic and computational levels, but also the economic, socio-
cultural, and legal frameworks. It is hard to be updated on the progress happening in
this field due to our limited capability to recite and precise about only a part of these
evaluations. Several statistical analyses suggest that we should read more informa-
tion and process it, but that in turn could always lead to a superficial understanding of
the consequences.

3.5 Crucial Issues with Today’s Conservation Policies

The conservation strategies followed today are mostly similar to those that were
implemented a centennial ago. The major elements were the development of organi-
zation of threatened sites, imposition of action plans to protect extinct species,
implementation of genebanks for storage, and ex-situ conservation of endangered
plants as an insurance plan. But the consequence is that these steps failed to attempt
the reintroduction of the threatened plant species to sites from where they have
become extinct with the aim of reestablishing the vanished biodiversity (Heywood
2019). It has been specified that the conservation policies followed today are built on
the narrative history and superficial myths rather than an organized assessment of the
research findings. Nevertheless, we now have enormous information from literature,
knowledge, understanding, and capacity along with the high-tech facilities and a
substantial amount of gathered skills and practices (Heywood 2019; Sutherland et al.
2004). According to Adams, “The issues concerned with conservation at the begin-
ning of this century were almost the same issues that have been identified and
handled by environmentalists about 100 years ago.” The same goes with the solution
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of conservation as well which remains to be more alarming. Therefore, the solutions
were also advancing, complicated, sophisticated, and acclimatizing to altering
surroundings. But the irony is no solution guarantees a positive swing in the
never-ending chess play of species loss (Adams 2004). The perspective of today’s
conservation practice is drastically diverse from the initial time as now we exist in a
phase where human activities have a huge impact on the resource availability and
surrounding environment (Seddon et al. 2016; Steffen et al. 2016; Johnson et al.
2017). It is now understood that there is an uprising demand for a novel conserva-
tional approach even if no solidarity exists on how to progress further.

The various conservation approaches were interlinked, even if it is not echoed in
routine. Over the past decades, the demand for ideal plant conservation deliberates
the application of different conservational practices in combination according to the
prevailing circumstances, but practically it is hard to come into practice as the way in
which conservation is systematized like species and area-based practices were
generally established by various expertise of the field (Heywood 2019). The lack
of synchronization between two strategies, namely, management of species and
conserved sites, occurs as they both epitomize diverse communities in the ecosystem
and conservation of biodiversity (Heywood 2017). Therefore, this depicts as a major
consequence depending on how the environmental science is practiced and is
therefore significant in the split-up of in situ and ex-situ in CBD and the separation
of area-specific approaches from species-specific approaches in the country-wise
conservation policies and Global Strategy for Plant Conservation (GPSC). It is heart
wrecking that not even a single conservational strategy is completely effective,
particularly for plants (Havens et al. 2014; Heywood 2017).

The crucial issues with today’s conservational policies are listed below
(Heywood 2019):

» A widespread universal organization of conserved areas which is floundering in
the conservation of biodiversity,

* A hesitant and undeveloped implementation of “other efficient area-specific
conservation approaches”,

» A rising thrust for the appliance of public-based conservational targets,

+ Significant attempts to recognize Key Biodiversity Areas (KBA) (IUCN 2016)
and Imported plant areas (IPA) for plants and their relevant association
(Darbyshire et al. 2017) and a combination of all these measures at the species
level along with
— Considerable financing for Red Listed threatened species even when such

plans are not included in conservation action plans.

— Conservation and restoration of species and enactment of the same on a partial
scale in many countries (Heywood 2015).

— Restoration, reinstatement of species and efficient recovery are aided by:

— Enormous ex-situ collection of native plant species from botanical gardens and
germplasm and seed banks, environmental organizations, and the worldwide
network of agri-based genome banks (particularly for wild crops and aromatic
and medicinal plants).
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The typical attribute of conservational plans today is that most natural resources
are frequently utilized for planning rather than for execution. For instance, plans
targeting species conservation and recovery strategies are already prepared,
processed, and even permitted but not executed (Dorey and Walker 2018). Enor-
mous effort has been put into training and preparing the national report on “The
TUCN Red List of Threatened species”, but no substantial action on conservation
was implemented (Juffe-Bignoli et al. 2016). A huge amount of funds and money
was spent each year for the organization and service of the international NGO, IG,
and UN assemblies and aiding the presence of several thousand agencies and
summation of conclusions of the proceedings and future recommendations, most
of which are either elapsed or forgotten, the infinite number of small-scale pilot
schemes that do not have any follow-up, and many more.

3.6 Implementation of Better Strategies in the Future

The continual increase in humanoid population, financial growth, consumption, and
overexploitation of resources has led to indefensible biodiversity loss, which further
worsened the battle between anthropogenic activities and conservation of biodiver-
sity (Meng et al. 2019a, b). Therefore, future perspectives should be suggested based
on a clear understanding of the fundamental values of biodiversity, augmentation of
conventional conservation sites, and highlighting the beneficial features of nature to
humans. Recent environmentalists are supporters of conserved sites only when they
show beneficial effects to mankind. The conservational plans today encourage
association with financial agencies and resource utilizers (Meng et al. 2021). A
framework should be formulated in a way it gets executed in conservational plans to
seal the gaps between human understanding and profitable conservation in the
Anthropogenic epoch. The intrusions of conservation should guarantee the
sustainability of biodiversity arks for a longer period and improvement of self-
monitoring diverse environment. Mostly, this institutes a novel conservational
strategy to evaluate and cope with the influences of human activities and climate
change on recent and future plans of dispersal of biodiversity. This unravels the
impacts of numerous chauffeurs of anthropogenic disturbance, contributing to an
improved perception of altering effects of the ecosystem. It also highlights the
possibilities of conservational plans and their effective administration in the
evolving world. Therefore, future scientists working on the conservation of biodi-
versity and earth science must illuminate the smooth proceedings and dispersal
patterns that safeguard biodiversity against anthropogenic notions.

Even though the attempts for conserving biodiversity have given heartening
results in the previous decade, only little has succeeded in preventing the loss of
biodiversity due to the failure of tackling the indefensible consumption of resources
and reduction of biodiversity in the anthropogenic environment. Hence,
conservationists suggest to implement region-wise conservational plants (Meng
et al. 2021). Initially, the foremost priority of conservational plans is to minimalize
the influence of human activities in hotspots of biodiversity in developing nations.
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Nevertheless, humans unintentionally affect the conservation of biodiversity world-
wide, especially in developing nations with people suffering a deficit of resources
and low standards of living. It is stated that poverty goes in hand with the loss of
biodiversity, therefore poverty deficit and conservational issues should be handled in
a collaborative form, while there is very less chance of attaining success (Adams
2004; Meng et al. 2021). Then, ecosystems with a greater number of extinct and
threatened species should be transformed into protected sites. For instance, the
consecrated sites flourished completely with the ecosystem (Fengshui forestry
where the locals are restricted to enter) were targeted for in situ conservation of
biodiversity. Human activities have devastated some areas with highly endangered
species, which have to be monitored very closely (Meng et al. 2021). At last,
identification and recognition of the possible climate shielding sites are crucial for
alleviating the influence of climate change on biodiversity. But, the shielding zones
with warm climates are to be given high consideration in terms of preserving the
biodiversity to face the forthcoming climate changes.

As far as Anthropocene is concerned, the future of conservation exists in the
restoration of habitats and reintroduction of plants at a wide scale, not only within,
but also outside the recognized classical range of species (Volis 2016, 2017). A
novel strategy ‘“‘conservation-oriented restoration” has been proposed which
embraces inter-situ and quasi-in-situ conservation as major constituents. This strat-
egy is based on two proceedings:

» There exists no active plan to manage the elevation of threatened species and
prevent them from becoming extinct.

* Reintroduction of plants not only within but also outside the known conventional
range of species.

Mostly, the reintroduction of plant species outside conventional ranges is not
encouraged. As far as the restoration of the ecosystem is concerned worldwide, it
requires precise resolutions to scientific, technical, financial, and societal
consequences and therefore more funds are required (Lamb 2018). Therefore,
resources should be equally utilized for conservation as well as restoration of
resources, taking into consideration the financial limitations.

3.7 Conclusion and Future Recommendations

The global threat of climate change is majorly due to the influence of humans and
their conservational policies. Scientists are still exploring ways to manage this
devastating threat. It is vital to guarantee that the conservational approaches are
effective at all stages to gradually decrease the continuous loss of biodiversity so that
species become adapted to the evolving ecosystem in the future.

Throughout history, humans are known to cause significant biodiversity loss
despite it being beneficial for their well-being. Biodiversity loss and destruction of
ecosystems were predicted to increase further in the future. It is intimidating to
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address the challenges of the influence of the Anthropocene and the conservation of
biodiversity. Humans usually fail to focus on the importance of biodiversity at the
cost of their well-being, rather they usually concentrate on resource recreation.
Therefore, understanding the prevailing crisis of biodiversity is essential and the
relevant authorities along with environmentalists and scientists should pledge to
prevent the loss.

The failure of conservation of plant diversity to meet national and international
goals could be clarified only when different strategies are synchronized right from
the initial stages to execution and efficient collaboration should be formed with
sponsors, landlords, and residents. Subsequently, the major concern depicting the
prevailing biodiversity loss is the letdown of integration of species-specific and area-
specific conservational plans. Mostly, the countries focus on protecting the in situ
sites with threatened species as a major approach without any effort to eradicate the
hazards to indigenous species. This ultimately results in the extinction of threatened
species. Therefore, countries should focus on the conservation of in situ species and
much effort has to be implemented in the retrieval of vulnerable species. Developed
countries with advanced recovery plans also try to implement novel strategies for
species restoration frequently (Dorey and Walker 2018).

The success of the conservation of protected areas lies in their ability to face and
overcome legal and economic issues in mere future (Dudley et al. 2018). The proper
maintenance of protected areas could also sometime lead to biodiversity loss when
the existing species and habitats are at high risk of extinction. For species recovery,
policies targeting the removal of threats to species should be implemented
(Heywood et al. 2018; Monks et al. 2019). Therefore, the balance between the
different action plans and their coordinated implementation could positively impact
the conservation of plant diversity.
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Abstract

Rauwolfia serpentina is a valuable medicinal plant belonging to Apocynaceae
family. The plant is rich with various phytochemicals particularly indole alkaloids
like reserpine. Root extracts of plant have been used from centuries for the
ailment of neurological disorders. Successful clinical studies have unravelled
the properties like antihypertensive, antidiabetic nature, etc. However, the plant
which was available widely in southern western ghats of India is now under threat
of extinction. Unrestrained human exploitation of medicinal plants in
anthropocene epoch has led to the reduction of plants like R.serpentina. An
elaborate literature survey of phytochemicals and the so far proven medicinal
properties of R. serpentina was performed. Advent of in vitro propagational
strategies and the accomplishment of Rhizogenes-induced roots were also
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4.1 Introduction

Medicinal plants are gaining attention of pharmaceutical industry at global level
because of their immense medicinal value and reliability. As a matter of fact, these
are the driving factors causing the extensive exploitation and endangering of these
treasures. Rauwolfia serpentina (Linn.) Benth. Ex Kurz in Apocynaceae family is
one such plant which was exploited indiscriminately due to their unparalleled effects
on nervous system. Some other plants belonging to this genus are R. tetraphylia,
R. vomitoria, R. hookeri, R. micrantha, and R. verticillate. Rauwolfia serpentina was
named in honour of Leonard Rauwolf, a German physician (Goenka 2007). The
plant is popular in Sanskrit name Sarpagandha (Snake root) which was first men-
tioned in historic works of Charak (1000-800 Bc). The medicinal properties were
also deliberated in other Ayurvedic literatures of Sushruta, Vrindamadha, and
Bhavprakasha (Chauhan et al. 2017a).There are a lot of controversies regarding
this naming. But the most accepted argument behind the naming is the antivenom
property of this plant. Moreover, some assumptions are regarding the resemblance of
roots with snake (sarpa). Another unlikely belief is that snakes run away because of
the smell of the plant. Some other vernacular names are Chandra, Naakooli,
Amalapori, Patalagaruda, etc. The plant is widely observed and cultivated in
India, China, Japan, Sri Lanka, and Bangladesh. Appreciable vegetative growth is
observed in acidic sandy soil and at an annual rainfall of 200-250 cm. It is found to
be indigenous in Himalayas, Punjab, Assam, Meghalaya, Uttarakhand, Sikkim,
Andaman, and Western Ghats (Agrawal 2019; Bhanwaria et al. 2021; Dey and De
2010).

This tropical shrub is 6 in. to 2 ft. long and their thick, lengthy roots possess a
characteristic lens-shaped structure. These greyish brown clustered roots with
uneven cervices generally penetrate deep into the soil. Leaves in whorls are ecliptic
or lanceolate. Another unique feature is the clump of pink as well as white flowers.
The fleshy, tiny drupe type green fruits become black purple on maturing. The
flowering period is usually between November and December (Chauhan et al.
2017a; Agrawal 2019).

The therapeutic significance of plant was dated centuries ago. Advent of use of
dried root powder as ‘Pagal ki dawa’ for treatment of mentally violent patients was a
milestone. The beginning of twentieth century witnessed several attempts to deter-
mine phytochemical constituents of the plant (Chatterjee 1953; Monachino 1954). A
revolutionary step in the saga of Rauwolfia serpentina was put forward by Rustom
Jal Vakil. This renowned scientist in cardiology carried out tremendous clinical trials
for studying the antihypertensive property of dried root powder of the plant. His
unparalleled efforts led to the worldwide recognition of the plant as an antihyperten-
sive drug and he was later entitled as ‘Father of Rauwolfia serpentina’ (Goenka
2007). Unfortunately, the overexploitation of R. serpentina had led to a considerable
reduction in its overall number and was later categorized as an endangered plant by
International Union for the Conservation of Nature and Natural Resources (IUCN)
and also in CITES (Convention on International Trade in Endangered Species)
(Mehrotra et al. 2015). R. serpentina is a victim of unconstrained human exploitation
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during the anthropocene epoch, characterized by escalating anthropogenic activities
amidst climate anomalies, aggravating climate change impact on the environment,
biodiversity, and society as a whole. Tremendous and swift measures are necessary
for the safeguarding of these plants.

This chapter emphasizes on the significance of conservation of Rauwolfia
serpentina through highlighting renown pharmacological properties and its
phytochemicals rendering those activities. Besides, various in vitro propagation
and biotechnological approaches utilized in the R. serpentina research have also
been discussed.

4.2  Phytochemicals

Phytochemicals are naturally available chemical compounds which attribute benefi-
cial properties to plants such as defence against pathogen attack and abiotic stresses.
Interestingly, these phytochemicals also have therapeutic properties like antimicro-
bial, anticarcinogenic activity, etc. (Njerua et al. 2013). An array of diverse extrac-
tion techniques have been employed for qualitative and quantitative phytochemical
profiling of extracts of R. serpentina (Hussain et al. 2015; Kumar et al. 2016b;
Namita and Yadav 2016; Das et al. 2019). The concentration of phytochemicals
estimated via various detection strategies is depicted in Table 4.1.

4.2.1 Alkaloids

Rauwolfia serpentina is rich with monoterpenoid indole alkaloids which are the key
factors that attribute the antihypertensive properties (Geissler et al. 2016). For
instance, reserpine, serpentine, reserpiline, ajmalicine, ajmaline, ajmalimine, aricine,
rescinnamidine, rescinnamine, deserpidine, corynanthine, isoreserpiline,
isoreserpine, indobinine, indobine, yohimbine, isorauhimbinic acid, yohimbinic
acid, 3 hydroxysarpagine, N(b)-methylisoajmaline, and N(b)-methylajmaline.
Alkaloids are basically classified as reserpine-like and yohimbine-like. They consid-
erably vary in their chemical structure (Fig. 4.1). The alkaloid profiling of different
tissue extracts of wild plant, cultivated plant, and in vitro regenerated plant has been
performed (Panwar et al. 2011). Furthermore, they have been successfully isolated
and crude forms were used for various experimental studies (Sagi et al. 2016; Singh
et al. 2017b). On the other hand, large bunches of root are necessary for the isolation
of minor alkaloids (Falkenhagen et al. 1993). Ammoniacal chloroform was
elucidated to be the best solvent for alkaloid extraction (Bindu et al. 2014). The
techniques employed for the alkaloid examination were thin layer chromatography
(Le Xuan et al. 1980), High-performance liquid chromatography (Wachsmuth and
Matusch 2002), High-performance thin layer chromatography (Klyushnichenko
et al. 1995; Panwar and Guru 2011), spectrophotometry (Singh et al. 2004), and
GC-MS (Hong et al. 2013; Hussain et al. 2015).The advance techniques with more
productivity like liquid chromatography with quadrupole time-of-flight mass
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spectrometry (Kumar et al. 2016a), UHPLC with Hybrid Triple Quadrupole Linear
Ion Trap Mass Spectrometry (Kumar et al. 2016b), UPHLC-photo diode array-mass
spectrometry (Sagi et al. 2016), and high-performance liquid chromatography cou-
pled with electrospray ionization quadrapole time of flight tandem mass spectrome-
try (HPLC-ESI-QToF-MS/MS) (Bindu et al. 2014) were also later employed. The
pharmacological properties of these alkaloids, particularly remedies on mental
discomforts, have been established in the mid-1900s itself (Banerjee and Lewis
1954). Even though the concentration of alkaloids varies with plant parts, the roots
are considered to be most therapeutically significant part of the plant (Lucas 1963).
Later, studies were conducted to evaluate the dependency of alkaloid content on
geographical conditions. Large variations were attained underlining the necessity of
genetic breeding programmes for developing high yield variety (Usmani et al. 2015).

4.2.1.1 Reserpine

Reserpine is considered as the most potent and therapeutically efficient indole
alkaloid derived from the root extracts of R. serpentina. Chemically, the compound
is 11, 17 a-Dimethoxy-18 pB-[(3,4,5-Trimethoxybenzoyl) Oxy]-3 B, 20 a-yohimban-
16 B-carboxylic acid methyl ester (C33H4oN,Oy) (Singh et al. 2017b). It is whitish
yellow powder, insoluble in water. The compound was extracted and used by Robert
Wallace Wiggins (Lobay 2015). The bioavailability of the compound ranges from
50 to 70%. The ingested reserpine distributed throughout the body even in breast
milk. Tissue-specific biosynthesis of reserpine in roots was spotted in many
investigations (Panwar et al. 2011). In addition to this, reserpine has been success-
fully isolated and quantified (Negi et al. 2014). The mass production of reserpine
from the plant at industrial scale later began (Zafar et al. 2020a).

Reserpine is now a commercially valuable pharmaceutical drug approved by
FDA in 1953 for hypertensive patients (McQueen et al. 1954). Reserpine can act
on sympathetic-parasympathetic equilibrium of central nervous system and evokes a
sedative sensation. Along with this, some studies pointed out the effect of reserpine
on level of glycogen, acetylcholine, and anti-diuretic hormones (Goel et al. 2009).
Interestingly, it drastically reduced the blood pressure and exhibited vasodilating
effect on comparison with synthetic drugs. The action on blood vessels was found to
be persistent (Mcqueen and Blackman 1955; Shamon and Perez 2016). It was also
perceived that frequent administration of minimum doses of reserpine induced
variations in motor signals in pharmacological models of Parkinson’s disease
(Fernandes et al. 2012). Moreover, apoptosis inducing ability of reserpine has
been noted in many studies. It inhibited DNA synthesis as well as destabilized the
mitochondrial membrane potential. Recently, it had been proven that reserpine is an
efficient therapeutic agent in cancer treatment. This alkaloid supressed cell prolifer-
ation and DNA repair and even induced apoptosis by regulating TGF-§ signalling
pathway (Ramu et al. 2020). However, certain assumptions circulated regarding the
chances of genetic mutation on regular administration of reserpine. But in early
1990s itself, these controversies were proved to be wrong (von Poser et al. 1990).
Various drug formulations with distinct trade names like Regroton, Demi-Regroton,
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Salutensin, Hydroserpine, and Hydropres-50 are now available in market (Singh
et al. 2017b).

4.2.1.2 Rescinnamine

Rescinnamine (C;5H4,N,0q), the 3,4,5-trimethoxycinnamic acid ester of methyl
reserpate, is another bioactive compound with antihypertensive as well as cytotoxic
property (AbdelHafez et al. 2013). It was reported that reserpine could easily
dissolve and exert vasodilating effect on blood vessels (Mcqueen and Blackman
1955). The underlying factor behind this result was the ability of rescinnamine to
block the conversion of angiotensin I to angiotensin II. Further studies proved that it
also reduced aldosterone secretion. The earlier studies evidenced the hypotensive,
bradycardic, and depressive nature of this compound (Klohs et al. 1954).
Rescinnamine, its similar compounds, and the synthetic production procedure
were officially patented in 1975. Commercially, now it is available in the name
‘Tsuruselpi S’ (Singh et al. 2017b).

4.2.1.3 Ajmaline

Ajmaline is another therapeutically consumed indole alkaloid for antiarrhythmic
effect. Ajmaline (C,oH,6N,0,) is chemically a monoterpenoid alkaloid with ajmalan
backbone in which hydroxyl groups are substituted at 17 and 21 positions. This
alkaloid was isolated in 1931 and named ajmaline in honour of Hakim Ajmal, a
legendary person in Unani medical system (Agrawal 2019).

Ajmaline is a class I antiarrhythmic agent which can alter the electrocardiogram
characteristics (Roten et al. 2012). It decreases J wave and extends P-Q interval, Q-T
interval, QRS complex, and R wave. It is a potent sodium channel blocker and
employed in the diagnosis of Brugada syndrome and its subtypes (Rolf et al. 2003).
Moreover, it is also administrated in the treatment of tolerated monomorphic ven-
tricular tachycardias and atrial fibrillation cases in Wolff-Parkinson-White syndrome
(Singh et al. 2017b). Cardenolide and bufadienolide are two important synthetic
derivatives of ajmaline with antiarrhythmic and cardiotonic property. These
compounds as well as the protocol for production was patented in 1975 (Makarevich
et al. 1979). Now it is commercially available in brand names like Ajmalinum,
Gilurytmal, Ajmalina, etc. (Singh et al. 2017b).

4.2.1.4 Yohumbine

Yohumbine (C,;Hy¢N,0O3), the a-adrenergic blocker, is widely used in erectile
dysfunction disorders as it could increase blood flow towards penis (Ernst and Pittler
1998). It specifically blocks presynaptic neuron and is experimentally validated in
rabbits (Starke et al. 1975). It was reported that administration of yohumbine
stimulated the fight or flight responses like anxiety, shivering, palpitations, hot,
cold flashes, pupil dilation, etc. in experimental subjects (Charney et al. 1984).
Yohumbine is also often considered as a sexual desire-inducing agent. It is also
well-known for its hypnotic activity (Mehrotra et al. 2015).
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4.2.1.5 Ajmalicine

Ajmalicine (C,,H,4N,0) is an indoline alkaloid extracted from R. serpentina as well
as Catharanthus species (Zenk et al. 1977). The concentration of ajmalicine was
reported to be more in stem extract when compared to that of roots (Deshmukh et al.
2012). It was reported that the amount of ajmalicine in roots could be raised up by
optimizing growth media conditions like utilizing sucrose, phosphate, and 6.5 pH
(Bhagat et al. 2020). The commercial production has also been enhanced by use of
CdCl, (Zafar et al. 2020a) Interestingly, similar to other phytochemicals, ajmalicine
maintains cerebral blood pressure and also possesses psychotic effects (Agrawal
2019). Ajmalicine also possesses renal vasodilation properties and it selectively
inhibits postganglionic functioning of sympathetic system (Mehrotra et al. 2015).

4.2.1.6 Other Alkaloids

Reserpiline is a yohimban alkaloid with antipsychotic property (Gupta et al. 2012).
Serpentine is an anhydronium alkaloid with sedative effect. However, it also excites
heart rate. Interestingly, serpentine also exhibited antihistaminase activity and was
testified in guinea pigs (Sachdev et al. 1961). It also inhibits succinate dehydroge-
nase in liver and brain tissues. Isoajmaline, neoajmaline, and rauwolfinine are some
other alkaloids with apparent actions on nervous system (Singh et al. 2017b).
3-hydroxysarpagine, yohimbinic acid, isorauhimbinic acid, N,-methylajmaline,
and N,-methylisoajmaline are some other indole alkaloids. Remarkably, yohimbinic
acid exhibited significant inhibition on topoisomerase which could be further
researched for anticancer therapy (Itoh et al. 2005). It was noted that alkaloids like
vomilenine and perakine were produced from cell suspension cultures in contrast to
wild plant (Nikolaeva and Alterman 1993).

4.2.2 Other Phytochemicals

R. serpentina is also rich in phenols, flavonoids, and tannins. Phenols are intensely
valuable because of its antioxidant, antimicrobial, anticancer, antidiabetic, anti-
inflammatory, hepatoprotective, neuroprotective, and cardioprotective nature
(Saibabu et al. 2015). Flavonoids are free radical scavengers and widely studied
phytochemical in fields of cancer, inflammation, etc. (Panche et al. 2016). The
presence of radical scavenging potential of phenols and flavonoids of
R. serpentina was assessed and found to be higher (Keshavkant et al. 2008). Later,
the use of salicylic acid (elicitor) and AcCN/H,O (solvent) was suggested with the
intention of elevating the production of phenolic acids and flavonoid rutin at
commercial scale (Nair et al. 2013). Quercetin, a most potent flavonoid antioxidant,
was also isolated from the leaves of R. serpentina. It exhibits anti-inflammatory,
anticancer properties and is used in the treatment of arthritis, bladder infections,
asthma, eczema, and diabetes (Gupta et al. 2015). Similarly, rutin was also detected.
Rutin prevents DNA alteration, lipoprotein peroxidation, and thus mutations (Gupta
and Gupta 2015). Tannins are peculiar with its antiseptic property (Vieira Pereira
et al. 2015). In addition to this, the presence of saponins and fat was identified in n-
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hexane extract of roots of R. serpentina (Hussain et al. 2015). The presence of
carbohydrates, glycosides, starch, coumarins, emodins, and phlobatanins was also
later revealed. Anthraquinones were also ascertained in stem extracts of the plant
(Deshmukh et al. 2012; Das et al. 2020; Vaishnav and Sahoo 2020).

The plant is also nutritionally copious with vitamins like riboflavin, ascorbic acid,
thiamine, and niacin. The macronutrients like calcium, phosphorous, magnesium,
and sodium were detected in the plant extract. However, zinc and iron are major
microelements. (Singh et al. 2017b). All these elements are essential for the proper
growth and development of our body. Unfortunately, presence of some heavy metals
like arsenic, chromium, and cadmium was also detected in trace amounts via atomic
absorption spectroscopy (Gupta and Gupta 2016). Recently, the presence of tita-
nium, tin, vanadium, molybdenum, chromium, aluminium, silicon, mercury, stron-
tium, nickel, cadmium, lead, and bismuth in limited amounts was identified in leaves
and seeds by means of direct current arc optical emission spectroscopy (Bharti et al.
2020). Above all, antioxidant enzyme superoxide dismutase has been identified in
the extracts (Kirillova et al. 2001).

4.3 Pharmacological Properties

Curative properties of R. serpentina have been efficiently utilized by tribal people in
different parts of the world for the treatment of various ailments. According to
literature surveys, tribal groups in Similipal Biosphere Reserve are using the root
extract of R. serpentina for curing malaria (Panda 2014). As reported in Indian
Ayurvedic literature, the root extracts of the plant were used in doctoring mental
illness, sleeplessness, cardiovascular diseases, erotic violent behaviours, snake bites,
diarrhoea, and severe pain (Lobay 2015; Bunkar 2017a). It was also administrated to
ease uterine contraction during delivery (Singh and Singh 2009). It is now available
in the market in the form of herbal drugs (Rungsung et al. 2014). When compared to
the synthetic drug, extracts of R. serpentina have the following advantages like
fewer side effects, no digestive issues, increased bioavailability, and reduced
chances of drug resistance development (Bunkar 2017a). Figure 4.2 represents the
phytochemical properties of R. serpentina.

4.3.1 Antioxidant Nature

The formation of oxidative stress in our body leads to various diseases like cancer
and diabetes. Medicinal plants are chemically rich in antioxidants. In this context,
extracts of the R. serpentina could be efficiently utilized to prevent and treat
oxidative damages. Various studies have assessed the antioxidant potential of
extracts of R. serpentina via 2, 2’-diphenyl-1-picryl Hydrazyl Radical (DPPH)
assay (Fazal et al. 2011). Interestingly, methanolic extracts of roots showed higher
free radical scavenging activity than leaves and buds (Dey et al. 2016). In addition to
this, further studies exposed that wild varieties showed more activity than cultivated
ones (Chauhan et al. 2017b).
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4.3.2 Antidiabetic Activity

The aqueous extracts of R. serpentina were used as an antidiabetic drug for periods
by the local clan in northern Thailand (Manosroi et al. 2011). Ample clinical studies
revealed a decrease in blood glucose level on the administration of Rauwolfia
therapy. The antidiabetic activity of R. serpentina was primarily investigated via
alpha-amylase assay. The hypoglycaemic efficacy of wide and cultivated varieties of
the plant was explored and it was observed that the plant is a good candidate drug for
diabetic treatments (Chauhan et al. 2017b). Interestingly, the methanolic root
extracts showed the antidiabetic effect on alloxan-induced diabetic rats (Qureshi
et al. 2009). Furthermore, 10-60 mg/kg was found to be the appropriate dose of an
extract with hypoglycaemic property based on trials in Wistar mice (Azmi and
Qureshi 2012b). The level of glycosylated haemoglobin in blood was used as a
parameter to investigate the effects of methanolic extract of R. serpentina (Azmi and
Qureshi 2012a). Later, the glucose suppressing activity of hydromethanolic extracts
was also experimentally perceived. In contrast to previous studies, higher doses of
the extract were effective and with less side effects (Azmi and Qureshi, 2014). The
action of extract over pancreatic cells helped in maintaining blood glucose homeo-
stasis (Azmi et al. 2018). Similarly, investigation in fructose-induced type 2 diabetic
mice was also performed. The findings suggested that the hypoglycaemic effect was
either because of reduced intake of fructose into the intestine or of low insulin
resistance (Azmi and Qureshi 2013). These results were further corroborated by
docking studies. The phytochemicals like ajmaline, serpentine, rauwolfine, yohim-
bine, and sarpagine in R. serpentina were found to be activators of insulin and thus
mediated the diabetic effect (Ganugapati et al. 2012). The dry lab studies using
aldose reductase as a target led to the identification of potent phytochemicals like
indobine in attributing antidiabetic nature (Pathania et al. 2013).

4.3.3 Hypolipidemic Property and Role in Cardiovascular Diseases

The hypolipidemic effect of methanolic extracts of R. serpentina was experimentally
proven in Wistar albino mice. Remarkably, a significant reduction in the level of
total cholesterol, triglyceride, and low density lipoprotein was observed underlining
the role of the herbal drug in maintaining lipid equilibrium (Azmi and Qureshi
2013). Parallel studies were performed to evaluate the antilipidemic activity of
hydromethanolic extract. These actions were endorsed most likely probably because
of inhibition of HMG-CoA reductase and AcetlyCoA carboxylase or by promoting
lipase (Azmi et al. 2018). More studies were conducted on albino mice and alloxan-
induced mice, validating the antihyperlipidemic activity with less side effects
(Qureshi et al. 2009; Shah et al. 2020). Additionally, MolDock studies revealed
the contribution of phytochemicals like reserpine, ajmalicine, yohimbine, and
indobine in inhibiting the 3-hydroxy-3-methyl-glutaryl-CoA reductase and thus the
cholesterol biosynthetic pathway (Azmi et al. 2021).

Herbal medicines are good alternatives for the expensive pharmaceuticals for
healing cardiovascular diseases (Rastogi et al. 2016). The hypolipidemic property of
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R. serpentina root extract is the core for its healing role in cardiovascular ailments.
Clinical trials using human subjects in the 1950s proved the efficacy of Rauwolfia
therapy in treating angina pectoris and coronary artery disease (Lewis et al. 1956). In
vivo studies were performed by inducing oxidative stress on left anterior coronary
artery ligation in dogs, followed by administration of the herbal formulation of
R. serpentina with other medicinal plants. The plant formulation succeeded in
maintaining the biochemical, haemodynamic parameters, and thus the cardiac health
(Afsheen et al. 2018). The blood pressure moderating ability of the reserpine was
also reported (Bunkar 2017a). Increased blood pressure leads to ailments like
hypertension. The action of the reserpine on the vaso-motor centre leads to
generalized vasodilation and subsequently reduced blood pressure. Several clinical
trials have been carried out to appraise the antihypertensive efficacy of root extracts
of R. serpentina. In mid of 1900s, Vakil conducted a notable work on 50 hyperten-
sive patients. The uptake of rauwolfia resulted in a fall of blood pressure for around
80% of patients (Vakil 1949). Alseroxylon, a drug derived from Rauwolfia, was
administrated to a group of 84 patients with varying intensity of hypertension. Most
of them showed positive results with harmless side effects (Livesay and Moyer
1954). Correspondingly, studies on patients with hypertensive disorder for almost
11 months by giving R. serpentina resulted in a decrease in blood pressure
(Markvotiz et al. 1955). A series of studies succeeding Vakil’s findings were
performed during 1950s. All of them unequivocally pointed out the impact of
R. serpentina, specifically reserpine on hypertension. Moderate side effects like
sedation and drowsiness were observed in most cases. But it was considered as
blessing in disguise for patients (Lobay 2015). A review work was performed to
expound the dose-dependent action of reserpine by exploring all the available
clinical trials. They reported the effectiveness of reserpine similar to the available
drugs, but couldn’t make a conclusion regarding exact dosage of reserpine. How-
ever, it was suggested that low dosage of drug is acceptable with least side effects.
(Shamon and Perez 2016) Recently, a major fall in diastolic BP, systolic BP, and
level of angiotensin converting enzyme was observed as a result of experimental
tests using a combination of R. serpentina and Curcuma longa on hypertension-
induced dogs (Farieha et al. 2019). Besides, the cardioprotective indices were
elevated and the risk of coronary attacks was reduced on the use of methanolic
extracts of R. serpentina in alloxan-induced mice (Azmi and Qureshi 2012a).

4.3.4 Antimicrobial Activity

Medicinal plants have been extensively used for microbial infections for centuries
ago. Being an important medicinal plant, the antimicrobial potential of R. serpentina
was also investigated extensively. The bactericidal activity of the root extract was
first validated via MIC and MBC against S. typhi. It was also observed that indole
alkaloids like reserpine confer this property (Deshmukh et al. 2012). Later, metha-
nol, chloroform, and aqueous extracts of the plant exhibited inhibition against a
number of pathogenic microbes. Among them, methanol extract had shown the
highest MIC against S. aureus. The root extract was found to be effective against
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bacteria like Saccharomyces cerevisiae, Bacillus subtilis, Enterococcus faecalis,
Micrococcus luteus, Escherichia coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Streptococcus pneumonia and Proteus vulgaris as well as against
fungi like Aspergillus niger and Candida albicans (Owk and Lagudu 2016). Inter-
estingly, one of the bactericidal activity-bestowing factors was identified to be
stigmasterol in n-hexane fraction of methanolic extract of the plant (Dey et al.
2016). The ethanolic extract of the plants has also showed similar repressing effect
on bacteria (Bunkar 2017a, b). Analogously, the methanolic, ethanolic, and acetonic
extracts of the plant were considered for investigation for fungi like Trichoderma
viride, Fusarium oxysporum, and Penicillium notatum. The antifungal and
antibacterial nature of R. serpentina was once again substantiated (Singh et al.
2017a, b).

4.3.5 Role in Mental Health

R. serpentina is legendary in Ayurvedic literature for its extraordinary effects on the
nervous system and subsequent curing of various mental disorders. This antipsy-
chotic herb was widely employed in the treatment of insomnia, tremor, and frenzy
conditions. Studies on schizophrenic patients revealed the impact of rauwolfia in
reducing aggressiveness. Further studies on neurotic patients induced dreams
(Azima et al. 1957). Similarly, raudixin, a drug derived from the roots of
R. serpentina, was proven to be a probable dream-inducing agent. But more elabo-
rate studies are required to overcome the objections on the efficiency of the drug as
well as to explain the underlying mechanism (Azima 1958). Clinical studies on
118 patients suffering from mental illness revealed the sedative potential of reser-
pine. Substantial reduction in nervousness and the comforting effect was produced
on administration (Glynn 1955). The herbal drug was also found to be effective in
reducing overanxiety in psychiatric patients. Unfortunately, no impact was observed
in depression (Lowinger 1957). Interestingly, studies on autistic children with low
doses showed hopeful changes like reduced hyperactivity, calmness, and better sleep
(Lehman et al. 1957). Another study proved that reserpine in the form of drug
serpasil had lessen the insane treatments of drug and alcohol addicts (Avol and
Vogel 1955). The mitigating effect of phytochemicals like ajmaline and reserpine on
Alzheimer’s disease was evaluated via in vitro and in silico studies. Both of the
compounds exhibited B-site amyloid cleaving enzyme (BACE-1) suppression, anti-
cholinesterase, and monoamine oxidase-B (MAO-B) inhibition. The neuroprotective
ability of these bioactive compounds promises a new treatment strategy for
alleviating Alzheimer’s disease (Kashyap et al. 2020).

4.3.6 Anticancer Property

Anticancer potential of reserpine, an important phytochemical extracted from roots
of R. serpentina, was an experimental subject among researchers in the nineteenth
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centuries. But was not prized because of the toxic nature. At the same time, lot of
rumours were circulated regarding the incidence of breast cancer on use of
R. serpentina. Later, proper clinical studies contradicted these false assumptions
(Lobay 2015). Fortunately, exceptional role of reserpine in killing resistant tumour
cells was later identified and is now a hope in the anticancer studies. Resazurin
reduction assay, doxorubicin uptake assay, was employed to study cytotoxicity and
further confirmed by molecular docking studies (Abdelfatah and Efferth 2015).
Moreover, it was evidenced that reserpine suppressed cell proliferation and also
induced apoptosis in oral cancer cells via TGF-f signalling (Ramu et al. 2020). It
was also found that anticancer activity of leaves extract was comparatively higher
through studies on HeLa cell lines (Deshmukh et al. 2012). The anticancer property
of alstonine, serpentine, was experimentally proven on groups of mice bearing either
Ehrlich ascites carcinoma cells or lymphoma cells. These are bioactive compounds
present in R. serpentina (Beljanski and Beljanski 1986). More elaborate studies are
demanded to explore the anticancer potential of this wonder drug.

4.3.7 Antivenom Property

The Indian ethnic folks have been reported to use the paste of roots and leaves of
R. serpentina as an herbal antidote (Upasani et al. 2017, 2018). It was found to be
effective with combination of Tylophora indica paste (Ignacimuthu et al. 2006). This
traditional knowledge was later proven to be true by identifying lead compounds in
the plant extract against the venom of cobra. The docking studies demonstrated that
phytochemicals have a suppressing effect on phospholipase A2 like potential factors
in venom (Sreekumar et al. 2014). Stigmasterol is an important phytochemical
attributing this antivenom nature. It was also noted that the concentration of stig-
masterol in tropical plants varies considerably with the altitudinal location of growth.
The factors like wind, rainfall, temperature, and humidity have influential roles in the
content of stigmasterol and thus antidote nature (Dey and Pandey 2014).

4.3.8 Miscellaneous Properties

Investigation on guinea pigs with extracts of R. serpentina unwrapped the
antihistaminase nature. Serpentine was the potent phytochemical that hindered
histaminase in vivo (Sachdev et al. 1961). Fascinatingly, studies on HIV antigens
uncovered the anti-HIV activity of the root extracts of the plant (Sabde et al. 2011).
Aqueous and ethanolic extracts were considered for testing the antimalarial activity
in mice diseased with malaria. The results indicated substantial suppression in the
growth of plasmoids. Topoisomerase II inhibiting the nature of serpentine was the
crucial factor that leads to the death of parasites. This promises R. serpentina as a
candidate herbal for developing an antimalarial drug (Omoya et al. 2019). The
presence of symbiotic actinomycetes has also been discovered within
R. serpentina. These actinomycetes are efficient in the production of bioactive
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chemicals (Gohain et al. 2015). Correspondingly, Cladosporium sp., an
antibactericidal fungus, has been isolated from the leaves of R. serpentina. Addi-
tionally, potential metabolites like naphthoquinones were also found to be
synthesized from this fungi (Khan et al. 2016). A unique strain of rhizobacterium
named Delftia tsuruhatensis was identified from R. serpentina with plant promoting
properties. Above all, these bacterium also produced a novel antibiotic(amino
(5-(4-methoxyphenyl)-2-methyl-2-(thiophen-2-yl)-2,3-dihydrofuran-3-yl)methanol)
with profound fungicidal activity (Prasannakumar et al. 2015). Twenty fungal
batches belonging to Fusarium sp., Aspergillus sp., Xylaria sp., Phomopsis sp.,
Cladosporium sp., Alterneria sp., Gleomastix sp., and Colletotrichum sp. have been
isolated and four of them showed signs of noticeable antibacterial activity (Singh
et al. 2016). Lately, another fusarium sp. with antistaphylococcal action was
observed in leaves of R. serpentina. Sixteen more potent antibacterial fungal strains
were also identified in this category. The potential of these fungal groups was not
only limited to antibacterial activity, but they also mimicked the antioxidant and
hypolipidemic effect. These studies also pointed out that C. gloeosporioides is the
most colonized fungi within R. serpentina (Nath et al 2013) Another noteworthy
property is the action of the plant against the genotoxic impact produced on the
exposure of carbofuran in freshwater fishes. The antioxidant nature of R. serpentina
attributes to this mechanism of protection (Tiwari and Trivedi 2019). Recently, the
hepatoprotective and renoprotective nature of methanolic extracts of R. serpentina
was revealed through investigations on albino mice. These studies shed new light on
the pharmacological properties of R. serpentina and cancelled the proposed side
effects of the use of these drugs (Shah et al. 2020). One more striking property of
R. serpentina was corrosion inhibition activity on aluminum alloys. The inhibitory
activity was greatly increased by intensifying the concentration of plant extracts and
temperature (Chaubey et al. 2017). Likewise, the alkaloid extracts of the plant
demonstrated the formation of protective layer over steel supressing the corrosion.
Reserpine was also proposed as the possible candidate involved in this biological
protection (Raja and Sethuraman 2010).

4.4  Growth and Conventional Propagation Methods

Generally, the plant grows in wide geographical area with an annual rainfall of
15004000 mm and a temperature range of 10-38 °C (Agrawal 2019). It grows well
in humus-rich loamy soil. Seeds are usually used for propagation. Seeds are col-
lected around the beginning of June and can be maintained for 6 months in proper
storage conditions. Tap roots with filiform secondary roots are chosen sometimes to
propagate. Soft stem cuttings could also be employed. Sproutings are seen within a
month. Comparatively, low germination rates were observed on the use of these
plant parts. Moreover, generated plants are susceptible to pathogen attacks and
climate fluctuations. Most importantly, each generation may show genetic variability
and which will subsequently affect the alkaloid content within the plant (Mukherjee
et al. 2019).
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4.5 Biotechnological Approaches

The various disadvantages of conventional propagation strategies, increased eco-
nomic value of phytochemicals like reserpine, and the categorization of
R. serpentina as an endangered plant attracted the biotechnologists more towards
the vast realm of this medicinal plant.

4.5.1 In Vitro Propagational Strategies

Growing cells, tissues, and organs of plants under artificial synthetic media and
appropriate environmental conditions is termed as tissue culture (Van Eck and Smith
1997). Tissue culture is a better option for the mass propagation of endangered plants
like R. serpentina. Shoot tips, hairy root, leaf, callus, axillary meristems, nodal and
internodal segments, and seeds could be used as explant to develop the plant. Even
inflorescence was efficaciously exercised to develop callus (Kaur 2018). Young
leaves have been reported as an assuring explant in many studies (Nurcahyani
2008). Nodal, internodal segments, and leaves were compared to develop callus
and it was observed that leaf is a better choice for callus induction and plant
regeneration (Panwar et al. 2011). Apposite sterilization is a major step ensuring
the success of tissue culture. A proper sterilization pattern is followed for
R. serpentina cultures; Bavistin (0.1-0.2%) followed by Tween-20 (10%) for
5 min, Sodium hypochlorite for 5 min, cetrimide solution (1%) for 5 min, ethanol
for 30 s, and HgCl, (0.1%)for 5 min (Mukherjee et al. 2019). Several other variations
in terms of concentration and exposure of chemicals have been practiced (Bahuguna
et al. 2011; Mallick et al. 2012; Pan et al. 2013). Murashige and Skoog
(MS) medium is generally used for organogenesis, embryogenesis, and callus
induction. Half concentration of MS media (pH—5.8) was employed for root
induction as well as for maintaining shoot and leaves (Benjamin et al. 1993; Goel
et al. 2009). MS medium with BAP (0.5-1.5 mg/L) with KIN (0.5-1.0 mg/L) or
NAA (0.5-1.0 mg/L) was reported to be best medium for callus induction. The use
of other media like Gambrog’s B5S medium (Pan et al. 2013), Linsmaier Skoog
medium (Yamamoto and Yamada 1986), and Woody plant medium (Alatar 2015)
were also successfully established. (Yamamoto and Yamada 1986) They used LS
media for 13 years and successfully alleviated the reserpine production via persuad-
ing stress conditions by amending hormone concentration. One of the studies proved
that woody plant medium supplemented with 5.0 pM BA and1.0 pM NAA was
found to be the best choice to generate shoot artificially (Abdurahman 2012).
Sucrose (3%) is the major carbon source for nourishment of growing tissues.
However, MS media with1.5% sucrose was also to be effective in inducing root
(Bhadra et al. 2009). Additionally, fruitful use of MS with 4% sucrose for producing
roots was also reported (Pandey et al. 2007). Optimum temperature and light
intensity were reported to be 20-25 + 1-2 °C and 3000 lux, respectively. Moreover,
50-70% of relative humidity and 16 h exposure to light were enough for the growth
of callus in synthetic media. Auxins, cytokinins, and gibberellic acid were the
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common growth regulators used by most investigators and variations in the concen-
tration and combination ratios were also attuned to favour root and shoot initiation
(Mukherjee et al. 2019). The impact of concentrations of growth regulators is
depicted in Table 4.2. Various other addictives like coconut milk (Aryal and Joshi
2009), mixture of proteins, ascorbic acid, citric acid (Kataria and Shekhawat 2005),
copper sulfate (Ahmad et al. 2001), and antibiotics (Benjamin et al. 1993) have also
been utilized to induce and enhance the growth of in-vitro plants. Use of thidiazuron
in media caused profused shooting in explants (Pandey et al. 2007). Moreover, prior
treatment of thidiazuron before culturing explants in liquid MS media resulted in
amplified number of shoots (Alatar 2015). Total alkaloid quantity was also elevated
by adequate supply of nitrogen (Akram and Ilahi 1986). Interestingly, the shoot tips
were treated with colchicine to induce autotetraploidy with the intention of
ameliorating alkaloid content (Mathur et al. 1987). Direct and indirect regeneration
systems were compared to study the augmentation in reserpine production. In vitro
regeneration was proved to be more effective (Mukherjee et al. 2020). These direct
and indirect organogeneses have been employed in many studies to explore the ways
of micropropagation (Bahuguna et al. 2011). Somatic embryos were also success-
fully established from roots of R. serpentina in liquid MS media. Additionally, flow
cytometry studies evidenced the stability of regenerated plants from these embryos
(Zafar et al. 2019). Proper acclimatization must be followed after all these for the
generation of healthy plants. Commonly used are soil, sand, and leaf manure or
farmyard wastes (Mukherjee et al. 2019). Different combinations of vermiculite,
soil, and sand were other good alternatives to generate plantlets (Kad et al. 2017).

4.5.1.1 Use of Elicitors

The massive production of phytochemicals like reserpine could be achieved by use
of elicitors. Elicitors can be either biotic or abiotic (David Paul Raj et al. 2020). Use
of elicitors like copper and zinc imparted the increase in number of shoots generated
(Nurcahyani 2008; Ahmad et al. 2014). Use of other chemicals like melaphene
exhibited solid impact on alkaloid content (Kozlova et al. 2005). Studies conducted
on different concentrations of methyl jasmonate showed that higher concentrations
caused a 7.3 times rise in total reserpine content (Harisaranraj et al. 2009). Similarly,
acetyl salicylic acid (ASA), salicylic acid (SA), and methylsalicylic acid were
applied directly onto the plants in form of sprays. This caused tremendous increase
in the phenolic acid-derived metabolites like cichoric acid (Nair et al. 2013). The
eliciting property of salicylic acid (SA), dimethyl sulphoxide (DMSO), and abscisic
acid (ABA) was assessed. A positive effect was imparted by all except DMSO. An
association between the action of SA and trypamine (precursor) was also uncovered.
About 57.64 mg g_1 of reserpine was produced on 36 days of elicitation (Panwar
and Guru 2013). Similarly, the use of CdCl, caused considerable increase in
reserpine and ajmaline content by inducing stress (Zafar et al. 2020b). An ascent
in reserpine synthesis was also reported on the use of AICl; (0.15 mM). The
antioxidant assays evidenced the stress induced by AlICl;. However, it became the
source of a positive effect (Zafar et al. 2017). Outstandingly, the 2.9-fold of rise in
amount of ajmaline was recorded on use of mannan from Saccharomyces cerevisiae
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Table 4.2 Depicts the influence of various growth regulators on the induction of explants
Growth
Media with conditions
Plant suppliments (temperature, Response
parts (mg L™ /M) photoperiod, RH) | (%) Inducing | References
Nodal MS with BA (1.5) |25+ 1°C, 16 h, 90 S Salma et al.
segments + NAA (0.2) 3000 lux (2008a)
MS with IAA+ 80 R
IBA (1)
MS with BA (10%) |25 +2°C, 16 h, 85 S Ahmad
+ NAA (0.5%) RH- 60-65% et al. (2014)
MS with BAP 25+2°C,14hL, |80 C Bhadra et al.
(1.5) + IAA (0.5) 10h D (2009)
+24-D (1.5)
MS with BAP 25°C, 16 h - S Saravanan
(17.74*) + ADS (40 pmol m 2 s") etal. (2011)
(32.57%)
MS with BAP 26-30 + 2 °C, - S Kataria and
(10%) + IAA 12 h/dark for 2-3 Shekhawat
(0.5%) + AA days (2005)
(50) + Arg + CA +
ADS (25)
MS with BAP R
(5*%) + TAA (0.5%)
MS with BA with |25 +1°C,16 h, 80 C Salma et al.
BA (0.5) + NAA 3000 lux (2008b)
0.2)
MS with BA (2) + S
NAA (0.2)
MS with IAA R
(1) + IBA (1)
MS with IBA 20-25°C,16/8h | — C Bhatt et al.
(0.125) + BAP L and D, 3000 lux (2008)
(1.0)
MS with BAP 25+2°C, 16 h 98 S Khan et al.
2) + IAA (0.02) + (2018)
NAA (0.5) R
MS with IBA (0.2) [25+2°C,16 hL |96+233 |S Mallick
and D, et al. (2012)
60 uEm2s !
MS with BAP 100 R
2.5)
MS with NAA
(0.5)
Shoot tips | MS with 2,4-D 25+2°C,16/8h |- C Pandey
(3) and BAP (2) L and D, 3000 lux et al. (2007)
MS with BAP 75 S

(2.0) + NAA (0.5)

(continued)
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Table 4.2 (continued)

Growth
Media with conditions
Plant suppliments (temperature, Response
parts (mg L™ '/uM*) photoperiod, RH) | (%) Inducing | References
MS with 4% 85 R
sucrose + NAA
(0.5 mg/L)
MS with BAP 25 °C, 16 h, RH- 85.6 S Jain et al.
(5.0) + IBA (0.5) 55-60% (2003)
MS with IBA 754 R
0.5)
MS with TDZ 24+2°C,16h 75 S Alatar
(0.8%) (50 mmol m*s™") (2015)
MS with 2,4-D 25+2°C,16/8L |80 +4.5 C Kumari
(1.5) and D, 2000 lux et al. (2015)
% MS with IBA + |25 +2°C, 16 h, 100 R
TAA (1) RH- 50-55%
MS with NAA 92 S Susila et al.
(0.1) and BA (2.5) (2013)
2 MS NAA (0.4) |25+3°C,16/8L |91 R
+IBA (0.1) and D 3000 lux
MS with BAP 85 S Baksha
(4.0) and NAA et al. (2007)
0.5)
Y% MS with NAA 25+2°C, 16 h, 100 R
0.5) 2000 lux
MS with BAP - S Chikte et al.
(4) and NAA (0.4) (2013)
L MS withIAA+ |[25+1°C,16h 90 R
IBA (1)
Nodal MS with BAP 25+1°C, (16 h 90 S Mukherjee
segments (2.5) followed by 50 pmol/mzls) et al. (2020)
with multiple shoot
shoot proliferation via
apices MS with BA (0.2)
+ NAA (0.5))
MS with BA (1.0) |26 +1°C, 16 h, 79 £ 4.9 S Sarker et al.
+ NAA (0.1) 2000 lux (1996)
Y2 MS with NAA 83 R
()]
Auxillary | MS with BAA 25 +2°C, 60 90 S Abdurahma
bud (5.0%) + NAA + 10% RH (2012)
(1.0%)
WPM with BAA
(5.0%) + NAA
(1.0%)
BS with BAA
(5.0%) + NAA
(1.0%)

(continued)
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Table 4.2 (continued)
Growth
Media with conditions
Plant suppliments (temperature, Response
parts (mg L™ /M) photoperiod, RH) | (%) Inducing | References
SH with BAA
(5.0%) + NAA
(1.0%)
MS with BA (2.2) (24 +2°C,12h 90 F Mondal
+KIN (2.32) + (40 pM m %71 et al. (2011)
NAA (0.54) after
regenerating roots
and shoots
B5 with 6-BAP 25°C,8h — S Tiwari et al.
(3.0) + NAA (55 pmol m2s™") (2003)
(0.54)
MS+NAA (0. + - - S Roja et al.
BA (1.0) (1987)
Shoot MS with TAA 24 + 2 °C, 77.33 S Rani et al.
(0.5) + BAP (0.5) | 2000 lux, 16 h +1.2 (2014)
MS with IBA (20) |24 +£2°C, 16 h, - R Yahya et al.
3 months (2007)
MS with BA - - C Roja et al.
(1) +2,4-D (2) (1987)
MS with BAP 25+2°C,14hL, |30 C Bhadra et al.
(1.5) + IAA (0.5) 10hD (2009)
+2,4-D (1.5)
Leaf MS with PABA 25+2°C,16/8h |97.33 R Pandey
(1) + NAA (4) L and D, 3000 lux |+ 0.45 et al. (2010)
MS with IBA - C Bhatt et al.
(0.125) + BAP (2008)
(1.0)
MS with 2,4-D 20-25 °C, 16/8 h 90 C Mukherjee
(1.5-2) L and D, 3000 lux et al. (2020)
MS with NAA 25+1°C,16h 75.0+7 S
(0.2) + KIN (1.5) (50 pmol/m? /s)
after 72h D
MS with BAP 77.77 C Singh et al.
(1.0) + IAA (0.5) (2009)
MS with BAP 25 + 1 °C, after 75 S
(2.5) +IAA (0.4) 72hdark 16 h L,
60% RH
100 R
MS with BAP 16/8 h L and D
2.5) + IAA (0.5)
+ NAA (0.5)
MS with 2,4-D (80 pM per m~?/ 89 +48 C Mallick
2.5) sh et al. (2012)

(continued)
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Table 4.2 (continued)

Plant
parts

Root

Media with
suppliments

(mg L™ /M)
MS with NAA
(2.5 ppm) +
Kinetin (2.5 ppm)

MS with BA

(1) +2,4-D (2)
MS with 2,4-D
(2.0) + BA (1.0)
MS with BAP
(2.0) + NAA (0.5)
MS with NAA +
IBA (0.2)

MS with BAP

(4) and NAA (0.4)
Y5 MS with TAA +
IBA (1)

MS with BAP (5)
MS with 2, 4-D
(2.0) + BAP (0.5)
followed by AICl;
treatment

MS with IBA (20)

White’s media
with coconut milk
(100), Biotin (10),
IAA (10), NAA
(0.8), BAP (10),
ENS (10)

Growth
conditions
(temperature,
photoperiod, RH)
25°C+2°C,16h
Land D, 60 pPEm™

2 1
N

25+1°C,16h

24 +1°C,12h
(100 pmol/mz/s)

24 + 2 °C, with or
without light,
3 months

Response
(%)

93.65
95.34

99.95

60

91.54

90.1 £2

R. Varghese et al.

Inducing | References

C Subandi
et al. (2018)

C Roja et al.
(1987)

C Panwar
et al. (2011)

S

R

S Chikte et al.
(2013)

R

C Sinha and
Kumar
(2020)

C Zafar et al.
(2017)

R Yahya et al.
(2007)

C Akram and
Ilahi (1986)

(100 mg/L). Meanwhile, use of sodium chloride elevated the production of
ajmalicine (Srivastava et al. 2016). All the reports underline the fact that induction
of stress via chemicals caused a considerable advance in phytochemical production.

4.5.1.2 Synthetic Seed Development
The artificial seed technology was a breakthrough in the field of in vitro propagation.
It can be defined as encapsulated somatic embryo, any meristematic tissue like shoot
tips that can be cultivated as seeds and which are capable to regenerate the whole
plant (Chandrasekhara 2012). Meristematic nodal segments, shoot tips are most
often used for producing synthetic seeds. The explants were encapsulated using
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3% sodium alginate and calcium chloride. The efficacy of different media in
generating artificial seeds was also considered in the above study. Woody plant
medium supplemented with plant hormones like NAA and BA showed sproutings
within 2 weeks of growth (Faisal et al. 2012). Later, studies testified the optimum
concentration of Sodium alginate as 3% and of Calcium chloride as 75 mM. In
contrast to the above study, comparatively higher germination rates were observed in
Y2 MS liquid and semisolid media (Gantait et al. 2017). Storage at 4 °C was
evaluated as a means for maintenance of alginated shoot ends up to 18 weeks
(Ray and Bhattacharya 2008). It was found that proper storage at 8 °C will retain
the reserpine content and viability of seeds (Gantait and Kundu 2017).

4.5.2 Use of Genetic Markers

Variation in genetic stability was a common consequence of in vitro propagation
studies. Therefore, fidelity of the clone produced must be assessed via various gene
markers. RAPD (Random Amplified Polymorphic DNA) and ISSR (Inter Simple
Sequence Repeats) markers were used to study the genetic stability of artificial
seeds. Genomic DNA was extracted from young leaves using CTAB method
followed by PCR. Out of 20 RAPD primers, 19 generated distinct, consistent
bands. In case of ISSR, all the seven primers produced bands. All the clones
produced bands monomorphic to mother, endorsing the efficacy of in vitro propaga-
tion methodology (Faisal et al. 2012). Similarly, it was reported that 10 RAPD
primers produced 97 reproducible bands, while ISSR produced 68 consistent maps.
This study once again cemented the reliability of synthetic seed approach for
micropropagation (Gantait et al. 2017). Finger printing bands generated via RAPD
markers confirmed the uniformity between mother and clones produced by direct
organogenesis (Goel et al. 2009; Senapati et al. 2014). The ISSR markers were
fruitfully employed to investigate the genetic diversity within R. serpentina collected
from different geographical locations of Southern Western Ghats. Gene flow (Nm),
Nei’s gene diversity (h), Degree of genetic differentiation (Gst), and Shannon index
of genetic diversity (I) were also considered. The high polymorphism observed
signified the need of proper conservation strategies for this vital plant. Moreover,
it also strengthened the reliability of ISSR markers in genetic studies (Pillai et al.
2012). They have been used to evaluate the clonality of indirect organogenesis-
regenerated plants. Out of 18 primers used, one that was reported to be not mono-
morphic band was further characterized (Saravanan et al. 2011). By the same token,
genetic diversity was assessed via RAPD markers in R. serpentina variants of
Western ghats. Large variation in the quantitative traits within R. serpentina varieties
was observed. Along with RAPD, researchers also analysed the horticultural and
chemical profiling. Implementation of proper conservation strategies localizing each
small area is mandatory for protecting this natural treasure (Nair et al. 2014). In
contrast to above all, DNA barcoding of different tissues and time periods of
R. serpentina was performed. They detected species unique indels in the rpsl6
intron for R. serpentina (Eurlings et al. 2013).
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4.,5.3 Rhizogenes-Induced Hairy Roots

It is a declared fact that roots are the major source of alkaloids in R. serpentina.
Transformation strategies were mainly focussed to produce bulk amount of roots via
Agrobacterium rhizogenes. Ri-induced cultures are a better conservational strategy
to guard and propagate this endangered plant (Srivastava and Misra 2017). The first
attempted was reported in 1983 where shoot cultures were infected with AT 15834.
Remarkably, callus with hairy roots was produced and later fully developed into
plants. Unfortunately, much variation in alkaloid content was not reported. How-
ever, the advent of transformation techniques gave an economic preface to the
studies of R. serpentina (Benjamin et al. 1993). Relatedly, the strain A4 was used
to produce roots in wounded leaf explants. This study also led to the discovery of a
new alkaloid called 12-hydroxyajmaline (Falkenhagen et al. 1993). Analogous
studies were reported in the other species of Rauwolfia (Sudha et al. 2003). Another,
Agrobacterium strain LBA 9402, was used to transform shoots and leaves of
R. serpentina. The presence of rolA and rolB genes was detected by PCR to mark
the transformation. Variations in the alkaloid content were observed in transformed
root lines. Physiological condition of resultant cell, copy number of T-DNA, inser-
tion site, and expression of rol genes were most possible reasons (Ray et al. 2014a).
Genetic variability in root lines was also reported on studies using strains of LBA
9402 and A4. Various cytogenic studies showed the difference in Ty and Tg DNA
integration pattern and in ajmalicine content too. It was recommended to choose the
variant with more alkaloid content for scale-up studies (Ray et al. 2014b). Relatively,
transformation efficiency of A4 was reported to be more. Plants generated from
R;.induced roots were found to be normal and produced higher amount of secondary
metabolites compared to cultivated plants. It unfolds the possibility of using
Ri-induced plants for reserpine production commercially (Mehrotra et al. 2013a).
Successful in vitro studies were later upgraded to industrial level by means of
Erlenmeyer flasks and bioreactors. The use of 5 L bioreactor with provisions for
air supply and all other necessities was reported for the scale up of root cultures of
R. serpentina. The growth rate of cultures was considerably high in bioreactor than
flasks (Mehrotra et al. 2015). A standardized protocol by the above-mentioned
authors for mass production of root cultures via AT 5 strain in B 5 medium in a
5 L bench top bioreactor was later published (Mehrotra et al. 2016). Interestingly, a
ANN-based combinatorial model was predicted by them standardizing the culture
conditions to obtain maximum metabolite yield from root cultures of R. serpentina
(Mehrotra et al. 2013b). In between, the idea of using table sugar instead of sucrose
was auspicious which will reduce the heavy expenses of industrial manufacturing.
They also reported the upturn in the ajmaline, yohimbine, and reserpine contents on
a long-term culture of 6 years and also suggested that this longevity elevated the
genetic stability of strain (Pandey et al. 2014). Since the inoculants are highly
susceptible to contamination, a better cryopreservation storage strategy was
established. Root tips were first encapsulated using sodium alginate and were priorly
cultured in sucrose. Gel beads were stored in cryovials and kept in liquid N, for
storage. It was successfully revived later (Mehrotra et al. 2015).
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4.5.4 Metabolic Engineering

Increased demand for bioactives like reserpine for pharmacological needs caused a
considerable upsurge in metabolic engineering approaches. Metabolic engineering is
defined as the manipulation of metabolic pathway in a selected organism with the
intention of producing economically valuable metabolites. The decade of 1900s
witnessed early attempts of researchers to alleviate the alkaloid content by
incorporating microbes as bioreactors. Interestingly, strictosidine synthase, a key
catalytic agent in alkaloid biosynthesis, was isolated from R. serpentina and was
expressed in E. coli. According to the report, this is the first enzyme from plant
secondary metabolism to be expressed in an microorganism (Kutchan 1989). The
enzyme was structurally and chemically similar to the plant-derived enzyme. Later,
microsomes were artificially synthesized using cell cultures of R. serpentina and
guinea pig liver. Vomeline, an intermediate in ajmaline biosynthetic pathway, was
successfully produced via vinorine hydroxylase (Cytochrome P 450-Dependent) at
40 °C and pH 8.3 (Falkenhagen and Stockigt 1995). Interestingly, phytoene
desaturase (PDS) was silenced via biolistic-mediated VIGS in R. serpentina. The
construct (pTRV2-RsPDS) was introduced in eight plantlets and bleaching of leaves
was perceived indicating the transformation (Corbin et al. 2017). In addition to this,
Catharanthus tryptophan decarboxylase (tdc) was overexpressed in roots of
R. serpentina via AT 4 strain. tdc is elicitor responsive gene in TIA pathway. An
intensification in reserpine and ajmalicine biosynthesis was observed (Mehrotra et al.
2013c). Sadly, very few metabolic engineering works are reported. Elaborate
researches are recommended to study the possible ways to ameloriate the bioactives
in R. serpentina.

4,55 Novel Approaches

Nanotechnology has been efficaciously employed in the research of R. serpentina.
Green synthesized Copper oxide nanoparticles (CuO Nps) were subjected to
antibacterial study. These highly porous, spongy nanoparticles were found to be
active against both gram positive and gram negative bacteria. Interestingly, these
particles decayed trypan blue dye on exposure to ultraviolet rays (Lingaraju et al.
2015). Ample studies resulted in the development of transcriptomic assembilies for
R. serpentina(Géngora-Castillo et al. 2012). In silico approaches carried out in
R. serpentina resulted in the identification of functional MicroRNAs. MicroRNAs
are short non-coding RNAs with specific functional roles. Remarkably, 15 conserved
miRNAs were detected and most of them are proposed to be involved in develop-
mental metabolic roles of the plant. These studies can be considered as benchmark in
recognizing the possibilties of genetic pathways involved in metabolite production.
Interestingly, the investigators also performed the phylognetic study of the
evoluntionary relationships between rse-miRNA precursors and stem-loop sequence
found in some other plants (Prakash et al. 2016).
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4.5.6 Conclusion

R. serpentina plants are well-known for their medicinal properties and were found
easily in many regions of India. However, the colossal exploitation of these valuable
medicinal plants during the Anthropocene epoch has led to the considerable reduc-
tion in their number. Rampant effective strategies are mandatory to sustain a
considerable population needed by society. Effectual in vitro propagation and
biotechnological approaches should be utilized to curtail the endangering of plant
in the wild. Unfortunately, a very few metabolic engineering approaches have only
been reported. More intricate and effective studies are indispensable to get insights
of the unexplored possibilities of this plant. Ample computational studies will be
revoluntionary in determining the genes involved in secondary metabolite produc-
tion and subsequent engineering. Besides, stringent regulations are required for the
efficacious protection of plants without exploiting them.
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Abstract

Much of our underutilized and neglected species can be leveraged for food
security, and dietary and nutrient diversity. In this chapter, we documented
species of Dioscoreaceae used by local communities in the Province of Ilocos
Norte, Philippines, as we gather informed decisions toward mainstreaming their
sustainable conservation and utilization.

There are ten taxa belonging to nine species and two genera of Dioscoreaceae
documented. This is an update on the digital checklist of family Dioscoreaceae in
the Philippines, which listed only two species growing in Ilocos Norte. Eight taxa
are edible, two of which [Dioscorea hispida Dennst. and Tacca leontopetaloides
(L.) Kuntze] are reported toxic but could be consumed after processed and
detoxified. The top species are Dioscorea alata L., T. leontopetaloides,
Dioscorea esculenta (Lour.) Burkill var. spinosa (Roxb. ex Prain & Burkill) R.
Knuth, and D. hispida based on cultural importance. The traditional uses include:
as food, boiled feedstuff for hogs, laundry starch to stiffen fabrics and linens,
medicinal remedy for skin problems, and live amulet or ritual. Majority of the
informants source the plants from the wild, process, and sell them, earning
additional income for their families. Ethnobotanical evidences such as
ethnotaxonomic, ethnolinguistic, tradition of continued utilization, and traditional
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knowledge and practices, among others, confirm that these species occupy an
important position in the lives and subsistence as well as culture of the locals.
Giving additional taste and flavor in local dining tables, these species reflect the
simplicity of the Ilocano people. Wild-sourcing them likewise reflects the frugal-
ity and hard work that also shine their resilience as people.

Keywords

Ethnobotany - Dioscoreaceae - Dioscorea - Tacca - Traditional uses - Cultural
importance

5.1 Introduction

Species of Dioscoreaceae, locally called yams, are economically important plants for
their tuberous starchy roots, which are staple foods in many tropical regions and
sources of raw materials, i.e., steroids in the pharmaceutical industry. In the Province
of Ilocos Norte, situated in Northwestern Luzon, Philippines, the traditional use of
species of Dioscorea and Tacca, two of the four genera comprising the family
Dioscoreaceae (APG II 2003), is common in many remote and upland communities.
They are subsistence food, sometimes alternative to rice during the lean months or
hunger season that precedes crop harvest. Despite the traditional utilization, the
species remain underutilized. Thus, as a foundation activity towards harnessing the
species’ potential, documentation of the plant utilization for food and nonfood needs
to be done.

There are limited studies done on the wild, semi-wild, and cultivated species of
Dioscoreaceae in Ilocos Norte. Earlier studies have documented only five species
which include Dioscorea alata L. (greater yam or ube), Dioscorea esculenta (Lour.)
Burkill var. spinosa (Prain) R.Knuth (wild lesser yam or buga), Dioscorea hispida
Dennst. (asiatic bitter yam, nami or karot), Dioscorea Iluzonensis Schauer
(kamangeg), and Tacca leontopetaloides (L.) Kuntze (pannarien) (Agbigay et al.
2020; Antonio 2008; Antonio et al. 2011; Legaspi 2004; Legaspi et al. 2018; Tomas
et al. 2020). Reconnaissance survey suggests more species growing in the province
and there is no ethnobotanical documentation done on them yet. A more compre-
hensive documentation is sought for all Ilocandia species in the rural communities of
the Province where these are greatly depended on for subsistence and income. We
need to document them in order to make an informed decision on prioritization both
in conservation planning and leveraging their potential for intended applications.

This chapter therefore presents the ethnobotanical study conducted on yams in
Ilocos Norte to identify the species known and used by the locals, document the uses
and associated traditional knowledge of the people, and assess related evidences
confirming that the species have rooted in the lives and food culture of the people in
the province.
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5.2  The Survey Process

5.2.1 The Survey Area

The Province of Ilocos Norte is situated in the northwestern tip of the Luzon Island,
Philippines, at latitude 17° 48’ and 18° 29’ North and longitude 120° 25’ and 120°
58’ East. The province consists of 21 municipalities and two component cities and is
subdivided into four agroecological zones: central lowland, northern coastal, south-
ern coastal, and eastern interior (Provincial Planning and Development Office-Ilocos
Norte (PPDO-IN) 2002). Of these, about 25% are upland areas. The ethnobotanical
survey was conducted in these upland or mountainous communities in the
Municipalities of Badoc, Vintar, Banna, Nueva Era and Pasuquin, and City of
Batac. These municipalities were selected with the help of Municipal Agriculture
Offices (MAO) based on agroecological zone, species abundance, and prevalence of
utilization of the target species. The Municipality of Badoc represents the southern
coastal zone; the Municipality of Vintar and City of Batac, the central lowland; the
Municipalities of Banna and Nueva Era, the eastern interior; while the Municipality
of Pasuquin, the northern coastal zone (Fig. 5.1). Prior Informed Consent (PIC) and
required permits were secured from concerned local government units, community
leaders, and private land owners.

5.2.2 Data Gathering and Analysis

The survey employed a key informant interview using a modified structured inter-
view schedule. Information gathered include: (1) demographic data on the key
informants, (2) species known or used, (3) species’ growing areas and seasonal
abundance, (4) informants’ perceptions on the plants’ socioeconomic importance,
(5) status of utilization and conservation; (6) indigenous knowledge, e.g., method
of preparation and recipe prepared; and (7) other experiences or knowledge of
informants on the target plants. The interview was aided with electronic images of
the species listed in Pelser et al. 2011 onwards). A follow-up interview using free-
listing method was also made to generate more comprehensive data.

The Key Informants. A total of 60 key informants (Table 5.1) were purposively
selected to give sound data on the target species. They were selected with the help of
community leaders based on credibility, familiarity or knowledge, and experiences
on the target plants found in the area. The informants were between the ages of
19 and 90 with an average of 45. Mostly are married, female, residing in the area
since birth (21-90 years), and farming is their main source of livelihood (Table 5.2).

Nature Walk. A nature walk or visual inspection of the plants cited by the
informants in each area was done to validate the species’ identities. Voucher
specimens were prepared and deposited at the Plant Biology Division Herbarium
of the Institute of Biological Sciences, University of the Philippines Los Bafios,
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Fig. 5.1 Map of the Province of Ilocos Norte showing the survey areas and the agroecological
zones. (Map by Engr. Rodel T. Utrera, Mariano Marcos State University)
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Table 5.1 Number of key

A . Agroecological zone | Municipality | Number | Percentage
informants in the survey

arcas Southern Coastal Badoc 10 16.7
Northern Coastal Pasuquin 15 25
Central Lowland Batac 10 16.7
Vintar 15 25
Eastern Interior Nueva Era 5 8.3
Banna 5 8.3
Total 60 100

Table 5.2 Demographic profile of the key informants

Parameter State Number | Percentage
Age (years) 19-30 12 20
31-60 43 72
>61 5 8
Civil status Married 55 92
Single 5 8
Duration of residency in the area Since birth (21-90 years) 57 95
(year) <20 years 3 5
Educational attainment High School level/graduate 49 82
Elementary level/graduate 11 18
Source of income* Farming 50 83
Market/ambulant vending 7 12
Employment in government 6 10
agency
Others (i.e., construction) 4 7

“Multiple responses

College, Laguna. Taxonomic keys, online botanical herbarium database, online
plant databases, flora, plant dictionaries, and taxonomic references were used in
the identification. We subscribed to the APG classification, in which Dioscoreaceae
is composed of genera Dioscorea, Tacca, Stenomeris, and Trichopus (APG 11 2003)
in this study. Biophysical characteristics of the growing areas which could affect
species distribution and diversity were not investigated in the study.

Data Analysis. Data were analyzed using means, weighted means, frequencies,
percentages, rank, relative frequency of citation (RFC), and cultural importance (CI).
Species’ relative frequency of citation (RFC) was calculated adopting the formula of
Maghirang et al. (2018), as follows:

No. of informants citing a species

RFC = Total no. of informants

The species cultural importance index (CI) was also computed, expressed through
the formula adopting Barcelo (2014):
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where

i—varies from only one use to the total number of uses (NU) mentioned for a
species, and
N—total number of informants in the survey.

For example, D. hispida (karot) was cited as used in food by 60 informants, for
medicinal by nine, and for ritual by five. The total number of informants is 60.
Hence, the CI of D. hispida is 1.23.

5.3  Species of Dioscoreaceae Identified
in Northwestern Luzon

5.3.1 Taxonomic Diversity, Distribution, and Growth

Taxonomic Diversity. There are ten taxa in nine species under two genera of
Dioscoreaceae identified in Ilocos Norte: eight taxa belonging to seven species of
Dioscorea, and two species of Tacca (Plate 5.1). All species except two were cited
by the informants. The most cited species are D. alata, Dioscorea esculenta var.
fasciculata, D. hispida, D. luzonensis, and T. leontopetaloides (Table 5.3). The
non-cited species were Dioscorea pentaphylla L. and Tacca palmata Blume,
which were spotted during the nature walk in Batac, and Badoc and Nueva Era,
respectively.

Local Distribution. The local distribution of the species varies across study areas.
Seven species which include D. alata, Dioscorea bulbifera L., D. esculenta var.
spinosa, D. esculenta var. fasciculata, D. hispida, D. luzonensis, and
T. leontopetaloides are cited and utilized in all the survey areas (Table 5.4).

D. pentaphylla, and D. divaricata and T. palmata were known and/or spotted in only
one or two sites, respectively. D. pentaphylla was spotted in Batac during the forest
walk, but not cited during the interview in Batac including the rest of the
municipalities. D. divaricata is both cited and used by the informants in Badoc;
while same species were not cited nor used by the informants in Nueva Era.
Meanwhile, T. palmata was not cited in the interview, but found growing wild
within bolo (Gigantochloa levis (Blanco) Merr.) stand in Badoc, and in thickets in
Nueva Era. It is extant, but the residents are not aware of its existence and have not
given considerable attention until recently during the pandemic when interest on
ornamentals surfaced.
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Plate 5.1 The identified species of Dioscoreaceae in Ilocos Norte. (a) D. alata, (b) D. bulbifera,
(¢) D. divaricata, (d) D. esculenta var. fasciculata, () D. esculenta var. spinosa, (f) D. hispida, (g)
D. luzonensis, (h) D. pentaphylla, (i) T. leontopetaloides, (j) T. palmata. (Photos by M.A. Antonio)

Based on the survey and nature walk, species’ richness per municipality is in the
order: Badoc (10 species) > Nueva Era (9 species) > Batac (8 species) > Banna,
Pasuquin, and Vintar (7 species each) (Table 5.4).

Genetic Status. Based on informants’ responses and the researcher’s observations,
majority of the species are wild-growing. These include D. divaricata, D. hispida,
D. esculent var. spinosa, D. luzonensis, D. pentaphylla, T. leontopetaloides, and
T. palmata. These grow in thickets, low to medium-elevation or foot of secondary
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Table 5.3 The relative frequency of citation (RFC) of the species

Common, local, or
Species vernacular name RFC | Rank
Dioscorea
Dioscorea alata L. Greater yam 1 3
Ubi
Dioscorea bulbifera L. Aerial yam 0.12 |7
Ubi-bunga
Dioscorea divaricata Blanco Dolian, dorian 0.08 8
Dioscorea esculenta (Lour.) Burkill var. fasciculata Lesser yam 1 3
(Roxb.) R. Knuth Tugui, Lukto
Dioscorea esculenta (Lour.) Burkill var. spinosa Wild lesser yam, buga | 0.88 |6
(Roxb. ex Prain & Burkill) R.Knuth
Dioscorea hispida Dennst. Asiatic bitter yam, 1 3
nami, karot
Dioscorea luzonensis Schauer Kamangeg 1 3
Dioscorea pentaphylla L. Lima-lima 0 9.5
Tacca
Tacca leontopetaloides (L.) Kuntze Pannarien 1 3
Tacca palmata Blume - 0 9.5
Table 5.4 Local distribution of the species of Dioscoreaceae
Municipalities
Species Badoc |Banna |Batac |NuevaFEra |Pasuquin | Vintar
D. alata v v 4 v v v
D. bulbifera v v v v v v
D. divaricata v X X v X X
D. esculenta var. fasciculata | v v v v v v
D. esculenta var. spinosa v v v v v v
D. hispida v v v v v v
D. luzonensis v v v v v v
D. pentaphylla X X v X X x
T. leontopetaloides v v v v v v
T. palmata v x x v x x
Species Richness 9 7 8 9 7 7

v —present; x—absent

forests, hills, and roadsides (Table 5.5). Some D. luzonensis and D. hispida plants
are now in semi-wild or domesticated state through the efforts of some local
residents to cultivate them. Recognizing the importance and uses of D. luzonensis
and D. hispida, some residents propagate them for easier access and assured supply
of tubers for utilization later. There were two observed domestication practices in

Pasuquin and Badoc.
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First, they follow more of the rubbish heap model, i.e., when wildlings are seen
growing in their areas, they tend to them by cultivating around the hills, clearing
other wayward plants and weeds, and erecting trellis for support. Second, they
employ an informal seed system by setting aside the small tubers of D. hispida for
sowing in succeeding season. In both practices, the informants indicated that they
propagate in the usual natural growing areas and have not tried growing them in
prime cultivated areas, e.g., upland farms (bangkag) and rainfed lowland, nor
applying chemical inputs. This indicates that, even if we promote the cultivation
of these wild species, it would not compete with the ‘big-ticket’ crops on the
cultivated areas. Likewise, the application of chemical inputs such as fertilizer to
increase the species’ productivity is a future researchable area.

D. alata have both cultivated and wild forms in the province (Table 5.5). The
much-preferred varieties such as those with purple, yellowish, and globose tubers are
usually cultivated in upland farms, marginal areas, and home gardens. The less-
preferred and those used as boiled feedstuff for swine are usually wild-growing in
upland farms, idle and fallow areas, thickets, and low-elevation secondary forests.
Compared to the adjacent Provinces of La Union, Ilocos Sur and Benguet, D. alata
culture in the survey areas in Ilocos Norte is not as popular as in the former provinces
where the greater yam (ubi) is commercially produced and processed into halaya,
jams, ice cream, cakes, and other pastries.

D. bulbifera and D. esculenta var. fasciculata are both cultivated crops
(Table 5.5). D. bulbifera is grown in marginal fields, fallow areas, and home
gardens, while that of D. esculenta var. fasciculata is grown commercially in rainfed
lowland and upland farms (bangkag).

Seasonal Abundance. Based on the Corona’s system of classification, the Province
of Ilocos Norte has Type I climate (Lantican 2001), which is characterized by two
pronounced seasons: wet and dry. The dry season (DS) is from November to April,
while the wet season (WS) is during the remaining months of the year. The active
growing season of yam in natural vegetation coincides with the wet season
(WS) (May to October) in Ilocos Norte (Table 5.5). Sprouting of yams in natural
vegetation is triggered by the first rains in the month of May. The plants generally
mature, characterized by the start of yellowing of leaves, by the month of October,
but senescence extends until October or November (sometime December) depending
on rainfall frequency during the last months of the year. The schedule of harvesting
tuber varies among species (Table 5.5).

D. alata, D. bulbifera, D. esculenta var. spinosa, and T. leontopetaloides. These
are harvested between October to December. Since these species except
T. leontopetaloides are usually intended for home consumption and boiled feedstuff
for swine, harvest schedule is dictated by the food need of the household and farm
and off-farm activities. To the informants, the tubers are usually used as supplement
to rice and for viand, hence they only dig and harvest when the household needs
it. Harvesting is also scheduled earlier or later so as not to coincide with the peak of
farm and off-farm activities like rice harvesting, planting, etc.
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D. divaricata. The informants in Badoc usually harvest it the last in December or
January of succeeding year or during the lean months. To them, it is their reserve
food, and they leave it un-dugged (ilebben Ilk.) until needed.

D. esculenta var. fasciculata. This cultivated species is usually grown from
January or February to November and harvested at different months of the year
depending on the purpose. Early harvesting can be made in September, usually for
home consumption, during which tuber flesh is still loose and friable. Regular
harvesting is between November and December, usually intended for market, during
which tuber flesh has turned chewy and firm. Late harvesting of tubers intended for
planting materials is done in January to February.

D. hispida. Tubers of D. hispida are harvested earlier in August to September in
Pasuquin to catch up available running fresh water (river water) for washing. This
species needs detoxification prior to consumption due to its toxic dioscorine compo-
nent, and they need ample running water like the river for repeated washing during
detoxification process. The August to September harvest months are also beneficial
to the processors as they could gain more income during these times. Balled
D. hispida tubers are sold at PhP10 each, and the turnover of the commodity is
faster during these early months. Meanwhile, in Badoc, Batac, and Solsona,
harvesting is done between August and December.

D. luzonensis. In most of the survey areas especially Pasuquin, harvesting is done
as early as September when tubers are sold at P100 per kilogram despite the loose
and friable texture of the tubers. More matured tubers are harvested in October to
November during which tuber flesh has turned chewy and firm. These are sold at
PhP40 to PhP50 per kilogram. Harvest practices differ in Badoc where many
informants follow two-time harvesting in a single hill. The first harvest is in
September to October, then they get back to the same hill for a second round of
harvest in November, December, and January. The tuber yield at the second harvest
is a regrowth of the upper sett, usually smaller and amorphous which is in contrast to
the first harvest which is an elongated cylindric tuber.

D. pentaphylla and T. palmata. These species are not harvested and there is no
documented utilization for food or feed. T. palmata, however, was observed to be
used as ornamental by a few plant hobbyists in Nueva Era, Ilocos Norte, for its
penta-foliate leaves.

5.3.2 Cultural and Socioeconomic Importance of the Species

Traditional Uses. All of the documented species except D. pentaphylla and
T. palmata are consumed by the local communities in the Province of Ilocos
Norte. Consumption of the tubers as food is the foremost use of the species
(Table 5.6). They are consumed as supplement to rice, boiled and/or broiled
snack, processed products like jams, halaya, and guinatan (a local snack cooked
with coconut milk), or mixed with other vegetables in viand or in pork and beef
stews. Detoxified tubers of T. leontopetaloides, in particular, are dried and powdered
into flour to enhance the taste and aroma of fried rice (sinangag). Detoxified tubers



5 Ethnobotany of Yams (Dioscoreaceae) Used by Local Communities in. . . 109

Table 5.6 Traditional uses and cultural importance (CI) of the species of Dioscoreaceae in Ilocos

Norte

Species Traditional uses Cultural importance | Rank

D. alata Food 1.33 1
Boiled feedstuff for swine

D. bulbifera Food 0.12 7

D. divaricata Food 0.08 8

D. esculenta var. fasciculata | Food 1 5.5

D. esculenta var. spinosa Food 1.22 3

Boiled feedstuff for swine

D. hispida Food 1.08 4
Folkloric medicine
Used for ritual

D. luzonensis Food 1 55
D. pentaphylla - 0 9.5
T. leontopetaloides Food 1.25 2

Laundry starch (stiffen fabric)
T. palmata Ornamental® 0 9.5

# Not cited by informants but observed by the researcher

of D. hispida are mixed as topping to fried rice or cooked with a little oil or butter for
breakfast or snack.

Other documented traditional uses include feed, folkloric medicinal, and for ritual.
Tubers of lesser-known and lesser-preferred D. alata and D. esculenta var. spinosa
are used as boiled feedstuff for swine. D. hispida is a folkloric topical cure for cuts,
bruises and skin itchiness, and as live amulet to ward off bad spirits.
T. leontopetaloides flour, after a quick boil, is used as laundry starch to stiffen
linen and fabrics.

The statement that “people cannot use what they don’t know” holds true to
D. pentaphylla and T. palmata. While these species are present in one or two
study areas, people are not aware of their presence and identity. Hence, there was
no known or documented use. 7. palmata, however, was observed by the researcher
as a potted ornamental by a few hobbyists during the COVID pandemic.

Importance Level. The level of importance of the Dioscoreaceae plants in general
was based on the informants’ perception. The informants strongly agree that the
yams provide more food to their households, thus enhancing dietary diversity
(Table 5.7). They moderately agree that wild-harvesting or cultivation supplements
family income. They only agree that these enhance nutrition and have other uses
such as medicinal, animal feedstuff, and laundry starch. They moderately disagree
that the plants have esthetic and ritual values (Table 5.7), despite a very few
responses on D. hispida being used as live amulet, and observation on T. palmata
being used as ornamental.
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Table 5.7 Key informants’ perception of the importance of the species of Dioscoreaceae

Importance Importance level
Provide more food to the family Strongly agree
Provide additional household income Moderately agree
Enhance nutrition Agree

Has medicinal uses Agree

Use as animal feedstuff Agree

Has ornamental/esthetic value Moderately disagree
Use in ritual (live amulet) Moderately disagree
Has other uses (i.e., laundry starch or stiffen fabric) Agree

Table 5.8 Utilization of Dioscoreaceae tubers by informants

Parameter Frequency Percentage
Are yams utilized
Yes 60 100
No 0 0
Where are they taken®
Gathered from the wild 54 90
Own harvest 17 28
Bought 6 10
Reason for using®
Readily available in the area 42 70
Abundant 42 70
Love/used to the taste 42 70
Provides income 37 62
Nutritious 30 50
Emergency food during the pandemic 27 45

# Multiple responses

All the informants confirmed they utilize the yam tubers for family consumption
or market. Majority (72%) of them gather tubers from the wild or naturally growing
Dioscoreaceae plants. The other informants derive raw tubers from their own harvest
(28%) or buy raw as well as processed tubers from neighbor-gatherers/processors or
market (10%) (Table 5.8). Among the reasons the informants use the species
include: readily available in the area, abundant, and taste is loved or used to and
thus have become integral part of their diet at particular months of the year.

Tubers of some species are known to be toxic and exude bitter taste while others
result to health inconveniences. Thus, four of the species are used in moderation,
with precaution or some limitations (Table 5.9). D. hispida and T. leontopetaloides
are believed to be poisonous (with bitter taste), hence the tubers need to be detoxified
prior to cooking. Together with D. luzonensis and D. divaricata, extra care is needed
during tuber preparation as these can cause itchy skin. Other reasons given by the
informants include crop management-related concerns like tedious digging and
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Table 5.9 Informants’ reasons for moderated use of some species

Reason Species Frequency | Percentage
Plant-related

Believed to be poisonous D. hispida 9 15

Cause health inconveniences, i.€., D. hispida 3 5
diarrhea, itchy skin T. leontopetaloides

D. luzonensis
No longer found in the area D. divaricata 3 5
Difficult to harvest D. luzonensis 7 12

D. divaricata
Tedious processing D. hispida 11 18
T. leontopetaloides
Human-related
Health/age restrictions (i.e., old age) - 11 18

detoxification, and scarce supply like in the case of D. divaricata; and gatherer/
processor’ health- or age-related restrictions.

Cultural Importance. Based on cultural importance (CI) value, the top species, in
descending order, are D. alata, T. leontopetaloides, D. esculenta var. spinosa,
D. hispida and D. luzonensis, and D. esculenta var. fasciculata (Table 5.6). CI
measures the frequency of citation of the species taking into account its multiple
uses. Comparing it to RFC, which has a maximum value of 1.0 (Table 5.3), RFC # CI
as the later takes into consideration the multiple uses of the species. Hence, the
higher values of above species are due to more frequent citation and multiple uses. In
the case of D. esculenta var. fasciculata (a cultivated crop) and D. luzonensis
(a much-loved yam among Ilocanos), they are both commercial crops but obtained
lower CI than the others due to single use (as food).

Lower CI is estimated for the lesser-known and lesser-used D. bulbifera and
D. divaricata, while zero CI for T. palmata and D. pentaphylla.

Socioeconomic Importance. In addition to the traditional uses mentioned above,
the species of Dioscoreaceae have also played important role in income supplemen-
tation in the study areas. Almost all (90%) of the informants sell tubers they
harvested or gathered from the wild. They sell in village market (83%), neighbor-
hood (83%), downtown or poblacion market (48%), and at farmgate through
assemblers and private orders (28%) (Table 5.10). About 80% of the selling
informants disclosed that cultivation and/or wild-harvesting and processing of
yams is a good source of income. The mainly marketed tubers are D. luzonensis,
D. hispida, D. esculenta var. fasciculata, and T. leontopetaloides, especially in
Pasuquin, Badoc, Banna, and Batac. The two major processor-sellers in Pasuquin
earn as much as PhP32,000 gross income per season (4 months) from D. hispida.
The three major gatherers of D. luzonensis in Brgy. Turod, Badoc earn an estimated
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Table 5.10 Marketing of Dioscoreaceae tubers in Ilocos Norte

Parameter Frequency Percentage
Selling?
Yes 54 90
No 6 10
Selling place® (n = 54)
Village market 45 83
Downtown or supermarket 26 48
Neighborhood 45 83
Others (farmgate with assembler, orders) 15 28
Is it a good source of income (n = 54)
Yes 45 83
No 9 17
Not selling, why? (n — 6)
Just enough for own household 6 100
Bartered/traded with other goods 2 33
Give away to neighbor 2 33
Not saleable 0 0
Not known/popular among consumers 0 0

# Multiple responses

income of PhP9,000 to PhP15,000 per season. This venture gives them a handsome
amount of additional income; however, such income is seasonal and short-duration
(about 4 months) only. Some informants reported that the scope of work and income
derived from yams is better than a fixed daily wage-earner or farm laborer who earns
P400 a day. However, others added that it is not a stable income source due to
seasonality of the plants.

The social impact of wild-gathering yams has developed adaptive values among
rural families in the study areas, making them more resilient especially during the
lean months and crises, e.g., COVID pandemic. Additionally, wild-gathering has
perpetuated the values of frugality and hard work among the locals.

54 Ethnobotanical Evidences on the Utilization
of Dioscoreaceae in Northwestern Luzon

Yams have rooted in the subsistence and survival, food culture, and tradition of
Ilocanos and other cultural groups living in Ilocos Norte. Four major evidences were
documented pointing to the significant position of the species in the daily living of
the people in this part of the country.
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D. hispida & T. leontopetaloides in the Municipality of Banna & Nueva Era

F v ¥

1900’s 1920’s 1950’s 1970’s 2000’s

4 generations

D. hispida in the Municipality of Pasuquin

r

r v ¥ o

1900’s 1920’s 1950’s 1970’s 1990’s
—2G -1G G1 G2 G3 G4
6 generations

G1 is the generation of the key informant

Fig. 5.2 The use of Dioscoreaceae in Ilocos Norte can be traced from four to six generations as
suggested by the key informants. G1 is the generation of the key informant

5.4.1 Long History of Continued Utilization

The long history of continued utilization of yams dates back to the olden days of the
informants’ forefathers (Fig. 5.2), thus suggesting the plants have become a tradition
across the communities in the province. The eldest (90 years old) informant in the
Municipality of Pasuquin can trace the use of D. hispida for six generations (two
generations before her, and four generations from her time to her great
grandchildren). Meanwhile, the use of D. hispida and T. leontopetaloides can be
traced for only four generations in the Municipalities of Banna and Nueva Era. But,
this does not imply that these are used only during these generations. A limitation on
older informants has restricted the short duration documented.

Majority of the informants learned about the plants since their childhood
(21-90 years) (Table 5.11). They learned about the plants mainly from their
forefathers (90%), and a few (22%) learned from neighbors and personal experience.
Knowledge on plants which are socioeconomically important, such as yams, are
oftentimes transmitted by oral tradition from generations to generations.

5.4.2 Ethnotaxonomic Knowledge and Practice

The people’s familiarity of the plants enables them to discriminate one species from
the other and identify toxic from nontoxic yam. Leaf type and shape; vine spines,
shape, and strength; phyllotaxy; and tuber habit are important discriminatory
characters. Using them, the people can discern the following:
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Table 5.11 Key
informants’ sources of
knowledge of the species of

Parameter Frequency Percentage
When they learned about the species

Dioscoreaceae Since childhood (21-90 years) 58 96.7
About 20 years ago 2 33
From whom they learned about the species®
From forefathers 54 90
From neighbors 12 20
From school 0 0
From DA technicians 0 0
From R&D workers 0 0
Through experience 1 1.7

 Multiple responses

Based on leaf type and shape:

» Trifoliate D. hispida vs. simple D. alata/D. esculenta vs. pentafoliate
D. pentaphylla

» Cordate D. alata vs. sagittate D. luzonensis

Based on vine spines and shape:

» Spiny D. hispida vs. non-spiny D. luzonensis
* Round D. esculenta vs. winged D. alata

Based on phyllotaxy
» Alternate D. luzonensis vs. opposite D. divaricata
Based on tuber habit:

» Fascicled or clustered D. esculenta var. fasciculata (tugui) vs. with runner
D. esculenta var. spinosa (buga)

Yam vines exhibit directional twining, either twining to the right (clockwise) or
twining to the left (counter-clockwise). The twining direction is constant in each species,
and is a characteristic peculiar to particular sections within the genus Dioscorea. The
wings present in some species such as D. alata support the twining habit. This character
is not being used by the locals in species discretion and identification.

5.4.3 Indigenous Knowledge and Practices
Yams generally produce poisonous components in their tubers (either underground

or aerial). These are secondary metabolites, alkaloids, or saponins. The presence of
the bitter or toxic components provides protection to the plant, enabling them to
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DETOXIFICATION & PROCESSING
OF D. hispida

| Peel tubers, slice flesh thinly |
-
Mix salt
-2 ganta salt for every pail (16-
li cap.) of sliced flesh, or 1:1
for better results)
4E-
Keep mixture in a pail or jar,
leave overnight up to 24-hrs
-

Transfer into netbag/bamboo
basket

L
Dip/Leave it in running
water-for one day
-

Mix & wash repeatedly
-until clear sap is produced
when squeezed
(approx. one day)

-
| Drain |
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Fig. 5.3 Detoxification process for Dioscorea hispida

escape extinction in the wild by restricting overcollection by man or got eaten by
wild herbivorous animals.

With the bitterness and perceived toxicity of the bitter tubers, locals have
developed indigenous knowledge and practices which include methodologies in
cooking, detoxifying, processing, and local dishes and recipes.

Among the documented species in the Province, eight of them are edible, two of
which are toxic (D. hispida and T. leontopetaloides). Through experience, the locals
are aware of the toxicity and bitterness in the two species. But, this observation
did not restrict them from eating the tubers as they have grown fond of the unique
taste and flavor of these wild foods. Instead, they have developed crude
methodologies and indigenous knowledge and practices.

Figure 5.3 shows the schematic process documented from the locals in the
Municipality of Pasuquin, Nueva Era, and Banna in the detoxification and
processing of D. hispida tubers. Important steps in the process integrate brining
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PROCESSING T. leontopetaloides FLOUR
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8-
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O
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.
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.
Repeat washing several
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L
Dry
O
Pulverize chunks
Powder throughly

. o
Cook Store flour Use as laundry

- w/fried rice; (room temp.) starch
delicacy

Fig. 5.4 Detoxification process for Tacca leontopetaloides

and repeated washing in running water. Washing in running water is recommended
in order to evade itchiness when the skin gets in contact with the exudate. They also
follow some indicators for properly detoxified D. hispida tubers, which include:
(1) Pliable slices, (2) Clear sap or exudate, (3) No biting taste, (4) No karot aroma or
smell, (5) Taste good when cooked, and (6) No dizziness effect when ingested. A
rapid detection kit should be developed for a systematic and scientific assessment of
the safety of the tuber after processing.

Detoxified D. hispida tuber is fried or steamed in rice for snack or breakfast meal.
It can also be kept frozen, or sundried and stored in a jar under room temperature
until needed. It is sold at PhP50 per kilogram or PhP10 per fist-sized ball.

T. leontopetaloides tubers are processed into flour prior to cooking. For the
detoxification of the bitter content, the schematic process is shown in Fig. 5.4.
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Unlike D. hispida tubers which are sliced thinly during processing,
T. leontopetaloides tubers are grated finely, followed by repeated sedimentation
and washing, drying, and pulverizing. Here, the process can be done in the kitchen,
not needing running water as there is no documented itchiness on the skin upon
exposure to the wash water.

Tacca dough is cooked into snack and delicacies such as guinatan, fritter, baked
Tacca (bibingka), etc. The flour is also sprinkled in fried rice during cooking and
gives a unique aroma or taste and a gluten texture to fried rice. Flour can be stored in
a jar under room conditions. In the Municipality of Pasuquin, Tacca flour is boiled
with plenty of water and the mixture is used to stiffen fabric or linen.

5.4.4 Ethnolinguistic Information

Yams are known to the locals in corresponding vernacular names (Table 5.3). Except
for D. pentaphylla (locally called lima-lima), the etymology of the vernacular names
cannot be easily defined. D. pentaphylla is a pentafoliate species, hence the vernac-
ular name lima-lima.

Several local terminologies associated with yams are also coined by the locals.
These include terms such as (1) panagilebben, which pertains to a postharvest
practice or storage by burying in the soil, (2) lappatan, to mark a yam hill and
serve as reference for digging later even when the leaves and vines have dried up,
(3) unaban, the process of detoxifying or washing thoroughly.

Above evidences suggest that yams have indeed rooted in the diet, food culture,
and plant heritage of the people in northwestern Philippines.

5.5 Enhancing the Utilization of Species of Dioscoreae

Generally, members of family Dioscoreaceae are major tuber crops and numerous
wild species, which form staple foods in tropical regions and are of pharmacological
interest, especially some species of Dioscorea which are frequently rich in steroidal
sapogenins and usually accumulating chelidonic acid and lactone alkaloids.

In the local arena, much of our local plant resources, which include the members
of family Dioscoreaceae, are being mined and harnessed for their potential in
achieving food sufficiency, health and nutrition, livelihood creation, and income
generation.

Three Dioscorea spp. (D. esculenta var. spinosa, D. hispida, and D. luzonensis)
and Tacca leontopetaloides were earlier documented and characterized as among the
indigenous food plants in Ilocos Norte (Antonio et al. 2011). These are important
substitutes for rice in the upland communities and prepared into boiled snacks,
delicacies, or as vegetable dishes. Three yam species were also reported by Vidad
(2016) as local feed resource for native pigs in Ilocos Norte. These include
D. esculenta var. spinosa, D. luzonensis, and D. alata ‘ube ti baboy’ or ‘ube-bantay’.
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In addition to the food and feed uses, there has been heightened exploration of the
lesser-known yams for food product development. D. luzonensis tubers were suc-
cessfully processed by Legaspi et al. (2018) into flour which is noted to be at par
with the commercial flour and unique for being gluten-free. Thus, the produced flour
is good for gluten-intolerant individuals, those with autoimmune diseases, persons
with special needs, and the health and wellness enthusiasts. The produced flour is
further processed into healthy snack products which are now being promoted for
commercialization (Legaspi et al. 2018).

The documented use as food and feed in the province is supported by the
proximate composition of the species. Vidad (2016) reported the proximates of
two species in both raw and boiled forms. The raw D. alata contains 32.24%,
5.15%, 5.85%, 3.85%, 0.83%, 84.32%, and 3833.33 kcal/kg of air dry matter, ash,
crude protein, crude fiber, crude fat, nitrogen free extract, and gross energy, respec-
tively; boiled D. alata had 30.77%, 4.31%, 12.91%, 2.61%, 0.42%, 79.75%, and
3925.33 kcal/kg, respectively; raw D. esculenta ‘buga’ contains 33.65%, 4.35%,
3.84%, 3.96%, 0.04%, 87.81%, and 3806.00 kcal/kg, respectively; boiled “buga”
(Dioscorea esculenta var. spinosa) contains 31.78%, 04.07%, 07.02%, 04.04%,
1.38%, 83.50%, and 3869.33 kcal/kg, respectively (Vidad 2016).

The data of Legaspi et al. (2018) and Agbigay et al. (2020) proved the extent how
Ilocanos patronize one of the Dioscorea species, D. luzonensis or locally called
‘kamangeg’. An estimate of more than 13 tons of D. luzonensis tubers are being
gathered from the wild and subsequently sold in public markets of Ilocos Norte per
season at PhP32.00 to PhP57.00 per kilogram (Agbigay et al. 2020). Among the
20 municipalities and cities in Ilocos Norte, the public markets of the City of Batac
and Laoag City had the highest volume of D. luzonensis tubers sold (3110 kg and
3010 kg, respectively), while the municipality of Pagudpud had the lowest (20 kg).
There is no record of D. luzonensis being sold in the public markets of Badoc,
Pagudpud, Adams, Carasi, and Dumalneg; but, there were indications that gathered
D. luzonensis are limited for home consumption and ambulant vending in the
community. In the neighboring Province of Ilocos Sur, about 1-2 kg are gathered
per hill of D. luzonensis, 3—4 kg for D. esculenta ‘buga’, and >7 kg for D. alata
(Tomas et al. 2020). D. alata and D. luzonensis were most preferred by the people in
Hocos Sur.

Yams are known to contain bitter or toxic principles, which render them less
palatable, cause health inconveniences such as in the case of histamine which
triggers itching (Shim and Oh 2008), and oftentimes poisonous such as in the case
of dioscorine which triggers fatal paralysis of the nervous system (Reddy 2015). In
yam-eating regions, various techniques are used by the people to reduce, if not
eliminate, the bitter and toxic components of yams. Boiling, steaming, and/or baking
over coals after cleaning and peeling the tubers are among the most common
techniques reported by Bhandari and Kabawata (2005) (as cited by Kumar et al.
2017).

Much of the known ethnobotanical uses of species of Dioscoreaceae highlight
their potential for food. But, recent studies reveal various bioactivities with
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pharmacological potential and use in dietary supplements and cosmetics (Son et al.,
2007; Black et al., 2007) (as cited by Kumar et al. 2017).

The many uses are documented and growing efforts on their exploration and
promotion show the harmonious blend of the people with the abundance of nature. In
the study areas, the locals live by the wild foods they gather. They earn supplemental
income for their families. And recently, local processors and technology adopters are
aiming at value-addition using the lesser-known yams.

To accelerate the utilization of yams, thus giving optimum benefits for human
gains, a harmonious blend of science and indigenous knowledge has to be
emphasized. Various ethnobotanical studies highlight the utilization of yams for
food, feeds, and folkloric medicine, among others. While indigenous knowledge
systems in the consumption as well as elimination of the toxic components of yams
are in place, food safety remains a concern. Thus, science-based and systematic
technologies eliminating the toxic components will enhance optimum utilization for
food and nonfood. For rural communities which do not have ready access to
laboratories, rapid detection kits should be developed for use in the mountainous
and remote landscapes. Likewise, a proactive search for the nutritive and nonnutri-
tive components of the lesser-known and lesser-documented species will also aid
utilization.

5.6 Summary, Conclusions, and Recommendations

A survey was done in the Province of Ilocos Norte to document the species of
Dioscoreaceae known and used by the locals, their uses, and ethnobotanical
evidences implying the significant role of the species among the people of the
province. There are ten taxa of yams identified in Ilocos Norte. These include
D. alata, D. bulbifera, D. divaricata, D. esculenta var. fasciculata, D. esculenta
var. spinosa, D. hispida, D. luzonensis, D. pentaphylla, T. leontopetaloides, and
T. palmata. Majority of them are wild-growing and seasonally available.

All the species except D. pentaphylla and T. palmata have documented uses.
Traditionally, these are mainly used for food; the others, at a lower extent, for feed,
folkloric medicine, laundry starch, and live amulet. There is no enumerated use of
T. palmata by the informants, but observed to be propagated by some hobbyist for
ornamental purposes.

All informants utilize the tubers for home consumption and market. Additional
income is derived by families in rural communities from sourcing, processing, and
vending or marketing. Tubers are sold as raw tubers (i.e., D. luzonensis,
D. esculenta, D. alata), detoxified slices (D. hispida), or flour (T. leontopetaloides).

Of the eight edible species, two species (D. hisida and T. leontopetaloides) have
bitter taste. The locals have developed crude methodologies of detoxification and
processing of the tubers. Detoxification of D. hispida entails slicing, brining,
soaking, and repeated washing in running water, while that of 7. leontopetaloides
entails grating, repeated washing, sedimentation, drying, and pulverizing.
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Several ethnobotanical evidences confirm the significant role of the documented
species in the diet and livelihood of the people in the study areas. These include long
history of continued utilization dating back since the olden days of their forefathers,
people’s familiarity of the species, indigenous knowledge and developed
methodologies in detoxification and processing, and the presence of vernacular
names and associated terminologies, among others.

With the documented uses of the species and informal efforts on domestication
and culture, there is felt harmonious blend of the people with the abundance of
nature in this part of the country. Likewise, a harmonious blend between science-
based methodologies and indigenous knowledge has to be emphasized to ensure
food safety and leverage on the potential of the species to the fullest.

Since many yam species are wild-growing, they are exposed to threats in their
natural habitats. They are exposed to risks caused by changes in land use, environ-
mental degradation or destruction; climate change; and overharvesting and exploita-
tion. Thus, a conservation and management framework should be developed and
mainstreamed. Such framework should encompass interventions such as domestica-
tion, development of crop production technologies, heightened exploration of the
potential, and role assessment for various stakeholders, among others. Lastly, a
strong policy support should be instituted for the implementation of the conservation
and management framework.
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A Preliminary Survey of the Genus Hoya R.
Br. (Apocynaceae) in Papua, Indonesia,
with Notes on Hoya as Larval Food Plant
of Euploea netscheri Snellen

Daawia, Inocencio E Buot, Jr, Krisantini, and Dwi Suratman

Abstract

The genus Hoya (Apocynaceae) has been known as an ornamental plant for
100 years in Europe, USA, and Australia, while in Indonesian it is still poorly
known. There were about 350—450 species of Hoya in the world, and 74 species
among them were distributed in Papuasia. Most of the Hoya species in Papuasia
were recorded from Papua New Guinea, and there has been very poor record from
western New Guinea (Papua Province and West Papua Province). This prelimi-
nary survey of Hoya species diversity was carried out in several Regencies in
Papua and Papua Provinces using purposive sampling method. We conducted
12 field expeditions in Yapen, Biak, Sorong, Raja Ampat, Maybrat, Jayapura, and
Keerom. From this survey, we discovered 10 species of Hoya, namely: Hoya
stenakei, Hoya megalaster, Hoya pachyphylla, Hoya patella, Hoya globulifera,
and Hoya inconspicua. Four other species belong to Eriostemma Section (Hoya
lauterbachii, Hoya coronaria, Hoya sussuela, Hoya spl). We recorded Hoya
pachyphylla and Hoya globulifera as larval food plants for Euploea netscheri. To
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the best of our knowledge, these are new record of larval food plants for Euploea
netscheri.

Keywords

Hoya - Apocynaceae - Euploea - Papuasia - Papua - Indonesia

6.1 Introduction

Hoya belongs to family Apocynaceae, subfamily Asclepiadoideae (Endress et al.
2014). Many home gardeners have enjoyed Hoya species for decades as ornamental
plants. In Sweden, hoyas are called “porcelain flowers” and “wax plants” in English.
The stems, leaves, and flowers are covered by a waxed layer and produce very
unique looking flowers. The flowers grow in umbels and the number of flowers per
umbel varies from one single flower up to 80 flowers. The collective number of
flowers per umbel form a bell shape. The flowers often release unique, sweet
fragrances to attract pollinators. The leaves are opposite, thick, and usually in
pairs. Most of the Hoya species are epiphytic vines, while some are terrestrial
vines and only a few species are woody shrubs.

Hoya R.Br is the largest genus of Apocynaceae in which Rodda (2015) estimated
to have 350-450 species. Hoya has a wide distribution in tropical and subtropical
regions; it is distributed from India to the Pacific Islands (Wanntorp et al. 2006).
Hoya is also recorded widespread in perhumid tropical lowlands of the Philippines
(Kleijn and Van Donkelaar 2001). There are over 172 species of Hoya in the
Philippines (Martinez and Buot 2017).

The most species-rich regions for Hoya are in tropical and subtropical South Asia,
South East Asia, and Papuasia (Juhonewe and Rodda 2017; Lamb and Rodda 2016).
Papuasia is a level 2 botanical region defined in the World Geographical Scheme for
Recording Plant Distribution (WGSRPD). Papuasia lies in the Southwest Pacific
Ocean in the Melanesia Eco-Region of Oceania and tropical Asia. Papuasia
comprises Aru Islands, West Papua (Papua Province and West Papua Province) in
Eastern Indonesia, Papua New Guinea, and Solomon Islands (excluding Santa Cruz
Islands).

New Guinea Island consists of two countries; in the western half it is Indonesia
New Guinea (Papua Province and west Papua Province), and the eastern half is
Papua New Guinea. Most of New Guinea’s described species of Hoya were from
Papua New Guinea, while the inventory of Hoya in Indonesia New Guinea is still
Very poor.

According to Forster (1996), New Guinea Island has 74 species of Hoya and less
than half of them have been found in Indonesia New Guinea (Papua and West Papua
provinces). While Moore (1916) published and described Hoya species from Indo-
nesian New Guinea, Hemsley (1891) published Hoya species from Solomon Islands.

The new publications to the Hoya of New Guinea were made by Forster and
Liddle (1991, 1992, 1993) and Forster et al. (1995). Indonesian New Guinea’s Hoya
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was poorly explored compared to Papua New Guinea’s Hoya (Forster 2006) and so
far only 16 species of Hoya have been recorded similar for both areas (Forster 1996,
2006).

6.2 Methodology

The preliminary inventory on Hoya diversity in Papua and West Papua Provinces
was conducted using Purposive Sampling Method. We did 12 field expeditions in
5 Regencies in Papua Province and West Papua Province which were Jayapura,
Keerom, Biak, Sorong, Raja Ampat, and Yapen during 2018 and 2019 as shown in
Fig. 6.1. We did one field expedition in Serui Japen 3—7 February 2019, one in Biak
(2—4 October 2018), one in Sorong (Mei 2019), one in Raja Ampat (April 2019), one
in Maybrath (April 2019), two field expeditions in Jayapura (August 2018 and April
2019), and five field expeditions in Keerom (April 2018, July 2018, September
2018, June 2019). All of the occurrences of Hoya species were recorded, and
specimens were collected for identification purpose. The collected specimens were
also planted in Hoya Garden which belongs to Yayasan Pendidikan Alam Papua
(YADIKAP) in Arso 2, Keerom Regency, for further study of identification of Papua
Hoya and for ex-situ conservation purposes. Every time they produced flowers in
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Fig. 6.1 Map of Papua and West Papua Provinces and surveyed sites shown by red dots



126 Daawia et al.

Hoya Garden, the flowers were photographed and sent to Papuasia’s Hoya Expert
(Ms. N. S. Juhonewe) for further identification.

6.3 Result and Discussion

Despite our limited explorations, we believe that Papua Land (Western New Guinea)
has a very rich diversity of Hoya species as mentioned by Forster (1996) that New
Guinea has 74 species. During this preliminary inventory (2018-2019), we only
encountered 10 species of Hoya in both Papua and West Papua Provinces. The
number of these species will increase if Hoya inventory is carried out more inten-
sively in the Western New Guinea. The list and the description of the species are
described as follows:

1. Hoya stenakei Simonsson & Rodda
Stems cylindrical 2-6 mm in diameter, dark green, young stem often slightly
pubescent: old stem greyish-brown, glabrous with peeling bark; internode
4-18 cm long. Leaves petiolate; petiole terete, 2—3.5 cm in diameter, green to
brown, glabrous (pubescent when young); lamina lanceolate, succulent,
10-17 cm long and 3-6 cm wide, dark green on adaxial surface, light green
on abaxial surface, glabrous, apex acute, base cordate; pinnate. Inflorescences
one per node, 2—10 flowers per umbel, peduncle terete, 2—7 cm long, 2-5 mm in
diameter. Corolla spreading, pink margin with pale cream yellow at the center of
inside corolla, cream color outside; lobes fleshy, triangular-acuminate, 3 cm
long, 2 cm wide, inside corolla lobes fuzzy, densely pubescent along margin and
on apices, outside corolla glabrous; Corona pentagonal, cream color.

2. Hoya megalaster Warb. ex K. Schum & Lauterb
Stem cylindrical 1-3 mm in diameter, very thin new stem, dark green, wiry first
and easily damaged; old stems with grey waxy coating, glabrous; internode
4-16 cm. Leaves petiolate; petiole terete 1.7-2 cm long, 3—5 mm in diameter,
green to brown, glabrous; lamina thin, not succulence, glabrous, broadly ovate,
cordate at the base with the basal lobes often overlapping, 8—14 cm long and
5-6 cm wide, apex acute. Inflorescences one per node, 610 flowers per umbel,
peduncle terete, 2—7 cm long, 2-5 mm in diameter Corolla saucer-shaped
(concave), red, glabrous except the center of corolla covered with fine hairs,
corolla lobes are triangular in shape, 8 mm long and incurved. Corona star-
shaped, lobes are relatively thick, dark red, apex round. The flowers release
strong fragrance of vanilla in the evening.

3. Hoya pachyphylla K. Schum & Lauterb
Stem cylindrical, stiff, 2—4 m long, 2—5 mm in diameter, green greenish brown,
glabrous; internode 10-25 cm. Leaves petiolate; petiole 1-2 cm long and
3-5 mm in diameter, greyish green; lamina ovate, fleshy, wavy on the edge,
6.5—12 cm long, 3.5-7.5 wide, light green to red mauve on abaxial surface, light
green on adaxial surface, apex acuminate, base rounded; venation palmate,
visible vein on adaxial surface, new leaves are often red mauve in color and
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turn into light green as they mature. Inflorescences one per node, positively
geotropic, 3040 flowers per umbel; peduncle terete, 5-10 cm long, 2-3 mm in
diameter. Corolla light yellow-cream. Corona pale pinkish white with darker
pink in center.
4. Hoya patella Schitr
Stem wiry and thin, cylindrical, glabrous, 1-3 mm in diameter, internode
1-11 cm, young stem dark green, old stem greenish grey. Leaves petiolate;
petiole terete, 5—13 mm long and 2—-3 mm in diameter; lamina thin, dark green,
small to medium size, very thick hairs on young leaf, linear-lanceolate, apex
acute, acute at the base. Flowers are pink, large, widely and shallowly
cup-shaped. Corolla widely cup-shaped with mostly fused petals. Corona
ovate from above, inner angles are acute and raised, outer angles are rounded
and horizontal, pink reddish.
5. Hoya globulifera Blume
Stem cylindrical, stiff, 2-3 m long, 1.5-3 mm in diameter, greenish brown,
glabrous, sparsely peeling bark, internode 5—10 cm. Adventitious roots sparsely
produced along the stem. Leaves petiolate; petiole terete, 1-2 mm in diameter,
5-7 mm long, greyish green, glabrous; lamina linear-lanceolate, 1-2 mm thick,
fleshy, 2.5-3 cm wide, 4-8 cm long dark green on adaxial surface and light
green on abaxial surface; apex acute, base acuminate, pinnate. Inflorescence
one per node, 10-30 flowers, peduncle terete, 2—7 cm long and 2-5 mm in
diameter. Corolla rotate, fleshy, fuzzy, red mauve with dense whitish hairs on
margin of inside corolla. Corona inner angles are acuminate and red maroon,
outer angles are acute, pinkish white.
6. Hoya inconspicua Hemsl
Stems cylindrical, green. Leaves petiolate, petiole 2—5 mm long and 2—-3 mm in
diameter; lamina small, shiny, ovate to lanceolate. 5-6.5 long and 2.5-3.5 wide,
apex acute to acuminate, base acute. Inflorescences one per node, 10-20 flowers
per umbel, flowers are small, orange-pink.
7. Hoya lauterbachii K. Schum (Section Eriostemma)
Hoya lauterbachii form 1
Stems cylindrical, soft hairs cover young stem. Leaves petiolate; petiole
terete, 2-3 cm long and 3—4 mm in diameter; lamina oblong elliptic, apex
acuminate, rounded at the base; venation pinnate. Inflorescences one per
node, very big flower up to 7 cm in diameter, 3-6 flowers per umbel,;
peduncle terete up to 10 cm long; pedicels terete up to 8 cm long. Corolla
bowl-shaped (campanulata), densely velvety-hairy inside and outside, inside
of the corolla mauve red with cream colored at the center, light green outside
corolla. Corona outer angles are rounded, yellowish green.
Hoya lauterbachii form 2
Stems cylindrical. Leaves petiolate; petiole terete, 1-1.5 cm long and
3—4 mm in diameter; lamina oblong elliptic, apex acuminate, rounded at
the base, 4-5 wide and 8—10 cm long; venation pinnate. Inflorescences one
per node, 4 flowers per umbel. Corolla bowl-shaped (campanulata), up to
5 cm in diameter, shiny, glabrous without densely velvety-hairy inside and
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outside, pink inside and yellowish light green outside corolla. Corona
yellowish dark red.
8. Hoya coronaria Blume (Section Eriostemma)

We noticed that there are two forms of flowers in this species, hence it is

recorded as Hoya coronaria form 1 and form 2.

Hoya coronaria form 1:
Stems cylindrical, 3 mm in diameter, up to 3 m long, pubescence, green.
Leaves petiolate, petiole 0.5—1 cm long thick; lamina thick, oblong to ovate,
7-8.5 cm long and 3.5-4.5 cm wide, apex acuminate, base rounded; venation
pinnate. Inflorescence one per node 3—7 flowers per umbel, convex, erect
peduncle. Corolla star-shaped, fleshy, shiny, thick, nearly flat or slightly
campanulate, yellowish white green. Corona apex rounded, light yellow.

Hoya coronaria form 2:
Stems cylindrical, 3-5 mm in diameter, up to 5 m long, pubescence, green.
Leaves petiolate, petiole 0.5-1 cm long; lamina thick, oblong to ovate,
6—7 cm long and 3-5 cm wide, apex acuminate, base rounded; venation
pinnate. Inflorescence one per node; 2—7 flowers per umbel; erect peduncle.
Corolla star-shaped, fleshy, shiny, thick, nearly flat or slightly campanulate,
red mauve. Corona apex rounded, red mauve.

9. Hoya sussuela (Roxb.) Merr (Section Eriostemma)

Stem cylindrical, 2 cm in diameter. Leaves petiolate, petiole 1-1.5 cm long;

lamina blade, thick, fleshy, oblong to ovate, 6-9 cm long and 2.5-4.5 cm wide,

apex acuminate, base rounded; venation pinnate. Inflorescences one per node;

positively geotropic, 20-25 flowers, peduncle 10-30 mm long, pedicels

20-25 mm long. Corolla stiff and leathery, mauve red, about 45 mm in diame-

ter. Corona apex blunt, maroon red.

10. Hoya sp 1. (Section Eriostemma)

Hoya sp 1 form 1
Stem cylindrical, green, 5-10 mm in diameter, internode 9-15 cm long.
Leaves petiolate, petiole 2-5 cm long and 2-5 mm in diameter; lamina
oblong to ovate, apex acuminate, base rounded; venation pinnate. Inflores-
cence one per node; positively geotropic, 20-25 flowers, peduncle 12—15 cm
long. Corolla fleshy, hairy, 1.7-2 cm in diameter, corolla lobus broadly
ovate, maroon red, apex acute to acuminate. Corona yellowish cream with
maroon red on the center, lobus ovate, apex blunt.

Hoya sp 1 form 2
Stem cylindrical, green, 3-8 mm in diameter, internode 10-17 cm long.
Leaves petiolate, petiole 2-5 mm long and 2-3 mm in diameter; lamina
oblong to ovate, apex acuminate, base rounded; venation pinnate. Inflores-
cence one per node; positively geotropic, 20-30 flowers, peduncle 8—13 cm
long. Corolla fleshy, 1.5-2 cm in diameter, corolla lobus broadly ovate,
inside corolla mauve red, outside corolla pale green, apex acute. Corona
yellowish cream with maroon red on the center, lobus ovate, apex blunt.

H. lauterbachii form 1, H. lauterbachii form 2, H. coronaria form

1, H. coronaria form 2, H. sussuela, Hoya spl form 1, and Hoya spl form
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2 belong to Section Eriostemma. Species that belong to Section Eriostemma
have certain characteristics like a free-standing hairy column that stand in a
cup at the point of attachment with the corolla. Eriostemma means “wolly
crown” in Greek; they are vines; have woody corona (Baltazar and Buot
2019), and can grow in alkaline environment. According to Juhonewe and
Rodda (2017), members of Hoya section Eriostemma Schltr. are common
and widespread throughout the Malesian region and Papuasia. Species
delimitation within this section is particularly problematic. Eriostemma sec-
tion is hard to divide into separate species. They tend to hybridize with each
other so it looks like a colorful mix in New Guinea (private comm. Juhonewe
2019). For instance, H. lauterbachii form 2 could be a hybrid between
H. coronaria and H. lauterbachii. Hoya spl form 1 and Hoya spl form
2 both have very similar form and color of corona, but totally different color
of corolla as shown in Fig. 6.3.

6.3.1 Habitat and Distribution of Hoya Species in Papua and West
Papua Provinces

Hoya species encountered during this preliminary inventory scattered in different
locations and habitats as shown in Table 6.1. Hoya species were found in almost all
types of habitats, including coastal areas, gardens, plantations, and secondary to
primary forests. Hoya species were found in each locality visited. Although this
preliminary inventory did not yet cover all localities in the Provinces of Papua and
West Papua, it can be predicted that Hoya was widespread in both provinces.

All Hoya species found in this preliminary survey grew in lowlands. Juhonewe
and Rodda (2017) recorded lowland rainforests and lower montane forests appear to
harbor the majority of Hoya species in Papua New Guinea. Martinez and Buot
(2018) also recorded similar result that most of Hoya species (33) in the Philippines
were found at the lower elevation ranges 0—700 m a.s.1.

There were eight species of Hoya discovered in Papua Province, namely:
(1) Hoya Stenakei; (2) Hoya megalaster; (3) Hoya pachiphylla; (4) Hoya
globulifera; (5) Hoya lauterbachii form 1; (6) Hoya coronaria form 2; (7) Hoya
spl form 1; (8) Hoya spl form 2 as shown in Table 6.1 and Fig. 6.2.

Hoya globulifera was commonly found widespread in almost all types of habitats.
The plant was found climbing on shrubs and trees ranging from beaches, the primary
and secondary forests. While several species of Hoya were observed to only grow in
certain types of habitats, H. pachyphylla, H. patella, and H. incospicua were
encountered growing on the branches of trees in the primary and secondary forests.
Hoya incospicua was observed growing on the trees in the primary and secondary
forest around the seashore in Raja Ampat. Hoya stenakei and H. megalaster were
found only growing in low land primary forest in Arso Keerom.

Hoya stenakei was observed growing on the forest floor and climbing until the top
of big trees in the primary forests in Arso, Keerom, Papua Province, in 2018. This
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Table 6.1 Habitat and distribution of Hoya species in Papua, Indonesia

Daawia et al.

Hoya species Habitat | Location Regency/city Province

H. stenakei PF Arso 4 Keerom Papua

H. megalaster PF, SF | Yamarub Village, Kwimi | Keerom Papua

Village (Arso)

H. pachyphylla | PF, SF | Arso Keerom Papua

H. patella SF, PF | Kaili District Sorong West Papua

H. globulifera PF, Arso, Holtecamp, Raja Keerom, Jayapura, Papua &
SF, C Ampat Raja Ampat West Papua

H. incospicua SF, PF | Raja Ampat Raja Ampat West Papua

H. lauterbachii P PIR2, Arso Keerom Papua

form 1

H. lauterbachii | G Aimas District Sorong West Papua

form 2

H. coronaria C Misool Raja Ampat West Papua

form 1

H. coronaria C Holtecamp Jayapura City Papua

form 2

H. sussuela C Maybrat Maybrat West Papua

H. sp. 1 form 1 C Sarahwandori Bay Yapen Papua

H. sp.1form2 |C Biak Biak City Papua

PF primary forest, SF secondary forest, C coastal, G garden, P plantation

was the second H. stenakei found during the survey. H. stenakei was a new species
and was newly published in 2017; the first was found in Baiberi, Sandaun Province,
PNG, near the border line between Indonesia and PNG, in 2011 (Juhonewe and
Rodda 2017). Both H. stenakei records in Papua Province, Indonesia, and Papua
New Guinea were found in logging areas. Provisional [UCN conservation assess-
D (IUCN 2016).

Hoya megalaster was encountered for the first time during field expedition in
Yamarub Village, Arso, Keerom Regency, Papua Province, and it was also found at
Kwimi Village, Arso District. Hoya megalaster was observed growing in the forest
floor and climbed until the top of big tree in primary forest. H. megalaster was also
recorded in Papua New Guinea. It was first found in Papua New Guinea in the late of
nineteenth century growing in shade at the base of rainforest trees near the Ruru
River at about 400 m above sea level. Other early locations are the upper reaches of
the Sepik River, the forest of the Ibo Mountains at Boral, at about 700 m above sea
level, and the forest at the foot of the Bismarck Range, near Saugueti Stage, at about
300 m above sea level (Forster et al. 1995).

Hoya lauterbachii was found in the Palm Oil Plantation, PIR 2, Arso, Keerom.
They grow very well at the base of the plantation and climbed the palm oil trees.
However, Hoya coronaria form 1 and form 2 grew very well along the beach in
Misool and Holtecamp beach in Jayapura. They rambled through the trees in search
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Fig. 6.2 Hoya species found in Papua Province. (1) Hoya stenakei; (2) Hoya megalaster; (3) Hoya
pachyphylla; (4) Hoya globulifera; (5) Hoya lauterbachii form 1; (6) Hoya coronaria form 2;
(7) Hoya spl form 1; (8) Hoya sp1 form 2

of light. All Eriostemmas originate and grow on the ground and seem to thrive under
bright sunlight. Eriostemmas are considered terrestrial rather than epiphytics.

Meanwhile, there were five Hoya species encountered in West Papua Province as
shown in Fig. 6.3: (1) Hoya patella; (2) Hoya inconspicua; (3) Hoya lauterbachii
form 1; (4) Hoya coronaria form 1; (5) Hoya sussuela.

6.3.2 Hoya as Larval Foodplants for Euploea netcheri

All specimens collected from the fields during the survey were planted in Yadikap’s
Hoya Garden. From observations for 2 years, there were two Hoya species used by
Euploea netsheri females to lay eggs, namely, H. pachyphylla and H. globulifera.
All stages of metamorphosis development took place in both Hoya species as their
host plants. The females of E. netscheri laid their eggs on young leaves and usually
were put on the underside of the leaves (Fig. 6.4).
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Fig. 6.3 Hoya species encountered in West Papua Province. (1) Hoya patella; (2) Hoya
inconspicua; (3) Hoya lauterbachii form 1; (4) Hoya coronaria form 1; (5) Hoya sussuela

Fig. 6.4 The early stages of Euplea netscheri on H. pachyphylla and H. globulifera. (1) An Egg of
E. netscheri on underside leaf of H. pachyphylla. (2) The fifth instar larva of E. netsheri feeding on
H. globulifera. (3) The fifth instar larva of E. netsheri feeding on H. pachyphylla

Euploea species are polyphagous which utilize many species of plants that belong
to Apocynaceae, Asclepiadaceae, and Moraceae as their larval food plants (Goode
2014). These findings agree with Parsons (1999) who recorded that Euploea species
in Papua New Guinea feed on the same plant families.

6.4 Conclusion and Recommendations

This survey provided list of ten species of Hoya found in Papua and West Papua
Provinces, Indonesia. Conservation priorities for Hoya in Papua should address two
species, H. stenakei and H. megalaster, located at logging areas in the low land
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rainforests in Arso, Keerom. More intensive Hoya exploration should cover the
whole of Papua and West Papua Provinces to discover the richness of Hoya species
in the western of New Guinea. Hoya pachyphylla and Hoya globulifera are larval
food plants for Euploea netsheri.
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Species Diversity and Habitat Association
of Ferns and Lycophytes in Mts. Palay-Palay
Mataas na Gulod Protected Landscape
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Abstract

Ferns and lycophytes are distinct lineages of free-sporing vascular plants that are
frequently used to study composition and diversity patterns in tropical forests.
These plant groups are known to be sensitive to environmental changes and
stresses, leading them to possible ecological threats. Not much is known about
their ecology in one of the Philippines’ Key biodiversity areas, the Mts. Palay-
Palay Mataas na Gulod Protected Landscape situated in the Island of Luzon.
Hence, this chapter aims to discuss the ferns and lycophytes species diversity
found in the landscape and describe the environmental variables that affect them.
Based on the data generated from the conducted study, a total of 21 species of
ferns and lycophytes belonging to 7 families and 11 genera were documented
from the sampling plots established along the mountain’s elevational gradients.
As elevation increased, an increasing trend in the Shannon-Wiener Diversity (H")
was observed. Further, ordination techniques suggested that the most influential
factors affecting pteridophytes’ diversity and distribution were elevation and light
intensity. Other factors like soil moisture, air temperature, soil temperature, and
relative humidity were also considered essential. Pteridophyte species were found
to be preferential in unique environmental constraints, indicative of
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environmental stress and forest quality. A few species were documented to have a
distinct association with habitats suggestive of environmental stress making them
good indicators of disturbances.

Keywords

Canonical Correspondence Analysis - Environmental variables - Habitat
association - Ordination - Pteridophytes - Rarefaction curve

7.1 Introduction

Pteridophytes is a term traditionally used to describe the two separate evolutionary
classes of plants, particularly lycophytes (Lycopodiopsida; fern allies) and ferns
(Polypodiopsida). It is broadly interpreted as vascular plants that do not produce
flowers, fruits, or seeds (Callado et al. 2015). Comparing it to the seed plants, this
plant group exhibits lower endemism and shows less frequent speciation (Guo et al.
2003). Though often neglected, this has been frequently used in studying community
pattern composition and diversity of tropical forests (Kessler 2001). Their diversity
and populations are often at risk from increasing social pressures, loss of habitat, and
climate change (Fernandez et al. 2010).

A genus-based estimate revealed that there are 1338 lycophyte species and
10,578 fern species in the world (PPG 1 2016). In Asia, the pteridophytes flora are
remarkably rich. In fact, in the southeast Asian Region alone, an estimated 4500
species were recorded contributing to more than one-third of the world’s diversity
(Moran 2008; Ebihara et al. 2012). Further, in the Philippine archipelago, the fern
and lycophyte species are represented by more than 1048 species, which are
distributed among 176 genera and 40 families, respectively (Pelser et al. 2011).
However, the speed of deforestation in Asia is remarkably high (Sodhi and Brook
2006), and pteridophytes, the major vegetation of the forest understory, are pres-
sured under threat (Ebihara et al. 2012). The conversion of forests to agricultural or
industrial lands leads to pollution, affecting pteridophyte species richness (Amoroso
et al. 2016). These gravest threats to biodiversity are linked to anthropogenic
activities resulting in habitat loss, fragmentation (Jackson and Fahrig 2013), and
latter change in biocultural landscapes. Hence, “megadiverse” and biodiversity
“hotspots” countries like the Philippines (Myers et al. 2000; Posa et al. 2008) are
considered priority areas for pteridophyte and lycophyte conservation (Brummitt
et al. 2016).

Pteridophytes are known to be sensitive to changes in different environmental
variables. Though direct sunlight may not be appropriate for ferns, a shady area with
an average of only 23 °C would be enough for ferns to thrive (Catapang et al. 2012).
Studies revealed that the diversity of pteridophytes is influenced by the availability
of the requirements that enable them to grow and thrive. On account, the environ-
mental variables that affect them are associated with edaphic factors (Tuomisto et al.
2014) such as soil nutrients (nitrogen, phosphorus, and potassium content)



7 Species Diversity and Habitat Association of Ferns and Lycophytes in Mts.. .. 137

(Catapang et al. 2012; Zuquim 2015; Delos Angeles and Buot 2015), variation in
pH, soil moisture, and other extrinsic factors, like geographic location, elevation,
temperature, and humidity (Kessler 2001; Kessler et al. 2016). However, not much is
known about the association between pteridophyte species and the environmental
variables affecting them. Though extensive studies about Philippine pteridophytes
have just started during the turn of the twenty-first century (Barcelona 2005), most of
the available data are focusing on species inventory, discovery, and conservation
status. Thus, this chapter will focus on the ecological associations of the documented
pteridophyte species and the important environmental variables affecting their
diversity and distribution in one of the Philippines’ key biodiversity areas (Ong
et al. 2002; Conservation International et al. 2006), Mts. Palay-Palay Mataas na
Gulod Protected Landscape.

7.2  Mts. Palay-Palay Mataas na Gulod Protected Landscape

Mts. Palay-Palay Mataas na Gulod Protective Landscape (MPPMNGPL) situated in
the island of Luzon, Philippines (Fig. 7.1) is located within the Municipalities of
Ternate and Maragondon, Cavite and Nasugbu, Batangas (Protected Areas in
CALABARZON cited 2020 Aug 2). It was proclaimed as a national park, game
refuge, and bird sanctuary by virtue of Proclamation No. 1594 in 1976. With
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Fig. 7.1 Topographic Map of Mts. Palay-palay Mataas na Gulod Protected Landscape
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coordinates of 14.233311 N 120.654502 E, it is located 60 km southeast of Manila
and 60 km northwest of Mt. Makiling (Solis et al. 2015).

The landscape is composed of these major peaks which are: Mataas na Gulod
(622 masl), Pico de Loro (595 masl), Palay-Palay (648 masl), and Dos Picos
(442 masl) (MPPMNGPL Forest Assessment and Geospatial Report retrieved
2021). The topography of the park varies from low, moderate to steep terrains
with forest floors and low altitude elevations. Vegetation in low elevations includes
grasses and herbs, which gradually transition into dipterocarp trees, cogon grasses,
shrubs, herbs, vines, and ferns at higher elevations (Solis et al. 2015). Though
declared as a protected landscape, the area has been logged over time. The
remaining vegetation is considered as a secondary growth forest with remnants of
primary lowland forest (Causaren 2009). Approximately 62.5% of the area is forest,
and 37.5% is non-forest vegetation. The landscape has been an ecotourism and a
popular destination for hikers and mountaineers until its recent temporary morato-
rium in 2016 due to observed ecological distress.

7.3  Methods and Data Analysis

In compliance with Republic Act no. 9147 (Wildlife Resources Conservation and
Protection Act of 2001), a Gratuitous Permit was secured to collect and sample the
study site. With the granted permission, the sampling plots were laid along the
elevational gradients of the landscape using the Plot Technique Method. Quadrats
with a dimension of 20 x 20 m were established based on accessibility, vegetation,
fern assemblages, and terrain. Considering the presence of fern patches inside the
established plots, three subplots (5 x 2 m) were further assembled (Delos Angeles
and Buot 2015). A total 19 plots (57 subplots) were established in the site during the
duration of the study. All the occurring ferns and lycophytes species inside each
subplot were considered, identified, preserved, and treated for ecological
associations and analyses. Further, epiphytic and climbing individuals were consid-
ered only when they developed fronds less than 2-m from the ground (Delos Angeles
and Buot 2015; Syfert et al. 2018).

Environmental variables (climatic and edaphic factors) in the plots were
measured. The climatic factors that were considered and determined were: air
temperature (°C), elevation (masl), relative humidity (%), and light intensity (1x/
cd). Additionally, the soil factors (edaphic factors) were characterized by measuring
the soil temperature (°C), slope (%), soil pH, organic matter (%), soil moisture (%),
and soil texture. The relative humidity and air temperature measurement was
determined using a digital psychrometer, while a digital light meter was used to
determine light intensity. The percentage slope was computed based on the quotient
of the rise and run of the slope of the subplots’ terrain, which was acquired by using
an improvised “A-frame” made of pegs, a premeasured string, and a level. Further,
the elevation of the plots was determined using a GPS device. In situ, a soil
thermometer was used to determine the temperature of the soil.
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Other edaphic factors were determined in the laboratory after enough samples
from each plot were gathered. Soil samples that are kept and secured in ziplock
plastic bags were subjected to soil analysis parameters such as pH, content moisture,
organic matter content, and texture. Specific techniques performed were the Gravi-
metric Technique (Shukla et al. 2014) and the Loss on Ignition Method (Konare et al.
2010). Ultimately, the soil texture was identified through the particle size distribu-
tion analysis through the hydrometer method (Gavlak et al. 2005).

The species diversity of pteridophytes was evaluated and analyzed using the
Shannon-Wiener Index (H’), while the measure of evenness (J) was quantified
using the Shannon Evenness Index. In addition, the overall diversity of the landscape
was qualitatively described using the Modified Fernando (1998) Diversity scale. The
acquired values were analyzed using the software EstimateS® version 9.1.0. A
Species Rarefaction Curve was extrapolated using Microsoft Excel to estimate the
possible number of species accumulated in the increase of sampled sites. Further,
other important species data were collected (e.g., Relative frequency, relative den-
sity, relative abundance, etc.), and the Dominance Candidate Index (DC;) of each
species was computed (Avolio et al. 2019).

Ordination analyses were employed to determine the relationship between floris-
tic and environmental data. The raw data were normalized prior to ordination
analysis, a step essential to transform the data necessary for accurate comparison
of statistics taken from different measurements (Weiss et al. 2017). The ordination
techniques performed were the factor analysis or the Principal Component Analysis
(PCA) and the Canonical Correspondence Analysis (CCA). Furthermore, assump-
tion checks and tests for significance were carried out to support the adequacy and
appropriateness of the ordination. Ultimately, an ordination biplot was generated for
a holistic data visualization. The software PAST version 3.17 and Jamovi® version
2.2.2 were used in these analyses.

7.4  Species Diversity of Ferns and Lycophytes

A total of 1159 individuals belonging to 21 species, 7 families, and 11 genera were
documented inside the established plots investigated along the elevational gradients
of MPPMNGPL (Tables 7.1 and 7.2). The most represented fern taxa with 9 species
is the family Pteridaceae. It is followed by Dryopteridaceae (4 spp.), Lygodiaceae
(3 spp.), and Thelypteridaceae (2 spp.), respectively. Polypodiaceae and
Tectariaceae are the fern families with the least representation having one (1) species
recorded each. On the other hand, lycophytes are represented by the family
Lycopodiaceae. In addition, the most represented pteridophyte genera is Pteris
(7 spp.) followed by Lygodium (3 spp.) and Bolbitis (2 spp.). Determinately, much
of the growth form of the species was terrestrial and lithophytic. This reflects the
common forms of ferns as two-thirds of the extant species are terrestrial (Scheuttpelz
and Pryer 2009).

Though a few numbers of species were documented in the sampling plots, the
extrapolated species rarefaction curve shows that encountering new species is
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Table 7.1 Checklist of the ferns and lycophytes species documented in the sampling plots
established in Mts. Palay-Palay Mataas na Gulod Protected Landscape. Growth forms:
A-arborescent, E epiphytic, H hemiepiphytic, L lithophytic, T terrestrial

Family
Dryopteridaceae

Lycopodiaceae
Lygodiaceae

Growth

Taxa form
Bolbitis L/T
rhizophylla

(Kaulf.)

Hennipman

Bolbitis L
scalpturata (Fée)

Ching

Polystichum T
horizontale C.

Presl

Dryopteris sp. T
Huperzia sp. L
Lygodium T
circinnatum

(Burm.fil.) Sw.

Exsiccata
(DLSUD-
Herbarium
accession
no.)

0479

0480

0491

Status
(Pelser
et al.
2011))

Native

Native

Native

Native

Distribution
(Pelser et al.
2011)
Philippines,
Taiwan.
BALABAC,
LUZON,
MINDORO,
PALAWAN

China, Java,
Lesser Sunda
Isls, Myanmar,
Philippines,
Sulawesi,
Sumatra,
Taiwan,
Thailand,
Vietnam.
LUZON,
PALAWAN

Bismarck
Arch, Borneo,
Moluccas, New
Guinea, ?
Pacific Ocean,
Philippines,
Solomon Isls,
Sulawesi.
MINDANAO:
Bukidnon

Andaman Isls,
Bangladesh,
Bismarck
Arch, Borneo,
China, Hong
Kong, ?India,
Java, Laos,
Lesser Sunda
Isls, Malay
Peninsula,
Moluccas, New
Guinea,
Nicobar Isls,
Pacific Ocean,
Philippines,

(continued)
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Table 7.1 (continued)

Family

Taxa

Growth
form

Exsiccata
(DLSUD-
Herbarium
accession
no.)

Status
(Pelser
et al.
2011))

Distribution
(Pelser et al.
2011)

Singapore,
Solomon Isls,
Sri Lanka,
Sulawesi,
Sumatra,
Thailand,
Vietnam

Lygodium
japonicum

0485

Native

Bangladesh,
Bhutan,
Cambodia,
China, India,
Japan, Java,
Korea, Laos,
Lesser Sunda
Isls, Moluccas,
Nepal, New
Guinea,
Pakistan,
Philippines,
Ryukyu Isls,
Sulawesi,
Sumatra,
Taiwan,
Thailand,
Tibet, Vietnam.
LUZON:
Tlocos Norte

Lygodium
flexuosum (L.)
Sw.

0484

Native

Andaman Isls,
Australia,
Bangladesh,
Bhutan,
Cambodia,
China, India,
Laos, Lesser
Sunda Isls,
Malay
Peninsula,
Moluccas,
Myanmar,
Nepal, New
Guinea,
Philippines,
Ryukyu Isls,
Singapore, Sri
Lanka,
Sulawesi,

(continued)
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Table 7.1 (continued)

Family

Taxa

Growth
form

Exsiccata
(DLSUD-
Herbarium
accession
no.)

Status
(Pelser
et al.

2011))

Distribution
(Pelser et al.
2011)

Thailand,
Vietnam.
PALAWAN

Polypodiaceae

Microsorum
longissimum J.
Sm. ex Fée

L/T

Native

Borneo,
Philippines.
LUZON

Pteridaceae

Adiantum
philippense L.

Native

Africa,
Andaman Isls,
Australia,
Bangladesh,
Bhutan,
Cambodia,
China, India,
Indian Ocean,
Laos, Lesser
Sunda Isls,
Malay
Peninsula,
Moluccas,
Myanmar,
Nepal, Pacific
Ocean,
Philippines, ?
Solomon Isls,
Sri Lanka,
Sulawesi,
Taiwan,
Thailand,
Vietnam.
PALAWAN

Pteris cretica L.

Native

Africa,
Bangladesh,
Bhutan, China,
Europe, India,
Indian Ocean,
Japan, Korea, ?
Malay
Peninsula,
Middle East,
Myanmar,
Nepal, Pacific
Ocean,
Pakistan,
Philippines,
Ryukyu Isls,
Sri Lanka,

(continued)
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Table 7.1 (continued)

Family

Taxa

Growth
form

Exsiccata
(DLSUD-
Herbarium
accession
no.)

Status
(Pelser
et al.
2011))

Distribution
(Pelser et al.
2011)

Taiwan,
Thailand,
Tibet, Vietnam,
W Asia.
PALAWAN

Pteris distans J.
Sm.

0494

Endemic

Endemic to the
Philippines.
LUZON

Pteris

ensiformis Burm.

0503

Native

Bangladesh,
Bhutan,
Bismarck
Arch, Borneo,
Cambodia,
China, India,
Laos, Lesser
Sunda Isls,
Malay
Peninsula,
Moluccas,
Myanmar,
Nepal, New
Caledonia,
New Guinea,
Nicobar Isls,
Pacific Ocean,
Philippines,
Ryukyu Isls,
Singapore,
Solomon Isls,
Sri Lanka,
Sulawesi,
Taiwan,
Thailand,
Vietnam

Pteris
heteromorpha
Fée

0495

Native

Borneo, China,
India, Laos,
Myanmar,
Philippines,
Sulawesi,
Thailand,
Vietnam.
LUZON

Pteris
oppositipinnata
Fée

0496

Native

Borneo,
Philippines,
Sulawesi.
PALAWAN

(continued)
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Table 7.1 (continued)

Family

Tectariaceae

Thelypteridaceae

Taxa

Pteris pellucida
C.Presl

Pteris
philippinensis
Fée

Adiantum sp.
Tectaria
hilocarpa (Fée)
M.G.Price

Amphineuron
terminans (J.Sm.
ex Hook.)
Holttum

Christella
dentata (Forssk.)
Brownsey &
Jermy

Growth
form

Exsiccata
(DLSUD-
Herbarium
accession
no.)

0493

0501

K. R. De Villa and R. D. Lagat

Status
(Pelser
et al.
2011))

Native

Native

Native

Native

Native

Distribution
(Pelser et al.
2011)

Borneo, Java,
Lesser Sunda
Isls, New
Guinea,
Philippines
Bhutan,
Borneo, China,
India, Laos,
Lesser Sunda
Isls, Myanmar,
Nepal,
Philippines,
Sulawesi,
Taiwan,
Thailand,
Vietnam.
PALAWAN

Borneo,
Philippines,
Sulawesi.
LEYTE,
LUZON,
MINDANAO,
PALAWAN,
PANAY

Sri Lanka to
Polynesia.
Throughout the
Philippines in
the more
seasonal
regions
Pantropic.
MINDANAO:
Bukidnon

probable (Fig. 7.2). This is presumed by the predicted trendline (R* = 0.9946),
suggesting that if more sampling sites were explored, new additional species can still
be encountered. This trend as explained by Jost et al. (2010) and Magurran and
McGill (2011), is likely observed in large study areas with expanded sampling
techniques, as the instance includes diverse habitat types that support distinct species
assemblages. Further, this shows how specialized pteridophytes species are in their
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Table 7.2 Species data of the ferns and lycophytes documented in MPPMNGPL
Total Total Total
Total relative Total relative relative Total

Taxa frequency |frequency |density | density abundance | Dci
Bolbitis 539 0.47 0.95 46.58 0.47 0.71
rhizophylla (Kaulf.)

Microsorum 175 0.56 0.31 15.12 0.15 0.64
longissimum J.Sm. ex

Fée

Lygodium circinnatum | 62 0.30 0.11 5.36 0.05 0.32
(Burm.fil.) Sw.

Bolbitis scalpturata 61 0.11 0.11 5.27 0.05 0.13
(Fée) Ching

Pteris philippinensis 52 0.19 0.09 4.49 0.04 0.22
Fée

Pteris 51 0.11 0.09 441 0.04 0.13
ensiformis Burm.

Polystichum 36 0.11 0.06 3.11 0.03 0.12
horizontale C.Presl

Tectaria 28 0.11 0.05 242 0.02 0.12
hilocarpa (Fée) M.G.

Price

Pteris 26 0.09 0.05 2.25 0.02 0.10
oppositipinnata Fée

Huperzia sp. 25 0.02 0.04 2.16 0.02 0.03
Pteris 22 0.12 0.04 1.90 0.02 0.13
heteromorpha Fée

Pteris pellucida C. 18 0.04 0.03 1.56 0.02 0.04
Presl

Lygodium 14 0.09 0.02 1.21 0.01 0.09
flexuosum (L.) Sw.

Christella 11 0.04 0.02 0.95 0.01 0.04
dentata (Forssk.)

Dryopteris sp. 10 0.04 0.02 0.86 0.01 0.04
Amphineuron 9 0.05 0.02 0.78 0.01 0.06
terminans (J.Sm. ex

Hook.) Holttum

Pteris distans J.Sm. 7 0.05 0.01 0.60 0.01 0.06
Pteris cretica L. 6 0.04 0.01 0.52 0.01 0.04
Lygodium japonicum 3 0.04 0.01 0.26 0.00 0.04
(Thunb.) Sw.

Adiantum 3 0.02 0.01 0.26 0.00 0.02
philippense L.

Adiantum sp. 1 0.02 0.00 0.09 0.00 0.02
TOTAL 1159 2.579 2.003 100.164 | 1.00 3.079
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Species Rarefaction Curve

25

R2=0.9946

ACCUMULATED NUMBER OF SPECIES

50 60 70 80

SAMPLING SITES

Fig. 7.2 Species rarefaction curve for the sampled sites in MPPMNGPL. Seen in red is the
extrapolated predictive trendline with an R* of 0.9946

distribution; additional other species were further observed outside the plots and
were not reported in this paper. Ultimately, the same trend was also observed in the
study of Kessler (2000), Amoroso et al. (2009), Aureo et al. (2020), and Coritico
et al. (2020).

The species data (frequency, relative frequency, density, relative density, relative
abundance, and DCi) were determined (Table 7.2). Of the documented species,
Bolbitis rhizophylla represents 46.58 % of the total recorded individuals encountered
in the study. This lithophytic fern with free venation pattern and terminal bulbil in
the fronds (Dong and Zhang 2005) was also reported as the dominant fern species in
the areas of Upland Cavite (Medecilo and Lagat 2017). The sites by which this
species was found are generally areas in the landscape that has a terrain characterized
by a steep to a very steep slope and rocky substrates, conditions that create
microenvironments which enhance unique and selective species of ferns to grow
(Banaticla and Buot 2004). Aside from these edaphic conditions, this dominant
species is found thriving in the areas in closed forest canopy with low light penetra-
tion; confirming its preference to grow in areas with low light intensity seen in the
ordination (Fig. 7.5). Further, Raymundo et al. (1991) reported this as a potential
indigenous medicinal flora due to its strong antimicrobial activity against Micrococ-
cus luteus, Staphylococcus aureus, and Candida utili.

The second dominant species in the landscape was Microsorum longissimum
constituting 15.12% of the total frequency. Like B. rhizophylla, patches of
M. longissimum were documented in the closed forest canopy of the landscape,
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but were significantly associated and observed in much higher elevation. This
observation was also confirmed by the ordination analysis (Fig. 7.5). Both dominant
species were native to the Philippines (Pelser et al. 2011). Further, the only
lycophyte species encountered in the sampling plots was Huperzia sp. This species
was found in the forest’s understory and accounted for 2.16 of the relative density
and a relative abundance of 0.02. Species of this genera was reported to be a
potential source for various pharmaceutical compounds in treating Alzheimer’s
Disease (Kim Thu et al. 2020). Ultimately, majority of the documented
pteridophytes are considered native to the Philippines, showing the rich pteridophyte
flora of the archipelagic country.

The Shannon-Weiner Diversity Indexes (H') and Evenness (J) of the established
plots were determined (Table 7.3). High measures of H' were generally recorded in
the elevational range of 300-646 masl wherein the most diverse plot is Site 4 (H
"= 1.290, J' = 0.331), followed by site 13 (H' = 1.143, J' = 0.351) and 14 (H
"= 1.113, J = 0.306), respectively. On the other hand, the lowest diversity index
was computed in site 12 with a value of H = 0.413 and J' = 0.009. Other sites with
low diversity are at the elevational range of 400—646 masl (Table 7.4).

The subplots of the most diverse site, Site 4, are situated at an elevation of
341.40 masl. It is located near a stream and characterized by a rocky substrate
with enclosed canopies of trees. The area is less disturbed compared to the other
sites due to its far proximity to the road and trail; a potential factor that can be
attributed to its high diversity index. Though it is difficult to specify the variable/
s responsible for the diversity (Whittaker et al. 2001), the other environmental
variables recorded in the site such as the high relative humidity (94.26%) and the
very steep slope (66.75%) were noteworthy to be considered (Table 7.3). According
to Sanchez-Gonzalez et al. (2016), changes in humidity are associated with ferns’
diversity values. Further, the increase in the number of species can be linked to the
rockiness of the substrate (Kreutz et al. 2015) and high and constant humidity,
especially in areas near bodies of water—as the presence of water enhances the
sexual reproduction of ferns (Gonzatti et al. 2016). In cognizance, the very steep
slope of the site is held significant to diversity because it creates microenvironments
with fewer disturbances leading to unique fern species to thrive (Banaticla and Buot
2004).

The least H' was calculated at site 12 (located at 477.56 masl). This site is
considered an open area with less tree cover. It is situated near the trail which is
indicative of possible environmental disturbance and stress. Only two species of
ferns (B. rhizophylla and M. longissimum) were encountered in the area. Moreover,
the environmental variable that can potentially explain the site’s low diversity is its
recorded high air temperature. The high-temperature reading (28.030 °C) was noted
to be remarkably higher than the ideal temperature for fern growth (Catapang et al.
2012) which greatly decreases the area’s relative humidity (Nassif et al. 2021). This
occurrence further lessens the available moisture in the soil—important factor in fern
propagation (Delos Angeles and Buot 2015), distribution, and community assem-
blage (Karst et al. 2005). Other sites with low fern diversity are sites 5 and 11, which
also recorded a low diversity index. Climactically, the overall species diversity of the
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Table 7.4 The Shannon-

Weiner Index of diversit Sampling sites Elevation (masl) H J
(H") and Sha)r(lnon EvvennZss 1 230.28 0.797 0.266
Index (J') of the Sampling 2 245.18 0.693 0.228
Sites in MPPMNGPL 3 282.30 0.730 0.182
4 341.40 1.290 0.331
5 375.90 0.583 0.137
6 379.60 0.987 0.204
7 388.00 0.793 0.189
8 398.60 0.847 0.218
9 420.27 1.057 0.263
10 443.70 0.647 0.152
11 456.23 0.620 0.162
12 477.56 0.413 0.009
13 506.49 1.143 0.351
14 544.47 1.113 0.306
15 580.00 1.050 0.264
16 587.23 0.693 0.189
17 628.00 1.093 0.266
18 639.14 1.023 0.203
19 646.04 0.693 0.171
Average 0.856 4.091

landscape is H' = 0.856. This value is qualitatively regarded as “very low” in
diversity based on the Modified Fernando Biodiversity Scale (Fernando 1998),
supporting the less frequent speciation of this plant group (Guo et al. 2003).

Generally, an increasing trend of both the diversity and evenness in the landscape
is observed, despite some fluctuations at some sites as elevation increases. These
fluctuations may be attributed to the formation of microenvironments with unique
environmental factors or abiotic conditions. Further, the same trend was also
observed in Mt. Banahaw De Lucban and the secondary forest of the North-eastern
Slope of Mt. Makiling (Banaticla and Buot 2004; Delos Angeles and Buot 2015),
which are the proximal mountains to the landscape. Typically, the diversity of ferns
is exhibited by a well-defined hump-shaped pattern seen both at the local and
regional scales (Karger et al. 2011). However, since MPPMNGPL is considered a
low mountain (<2000 m) (Kromer et al. 2013), this distribution pattern was not
observed.

7.5  Most Important Environmental Variables Affecting
Diversity and Distribution

Physicochemical parameters were associated with fern ecology. Previous studies cite
that edaphic factors (Tuomisto et al. 2014), such as soil nutrients (nitrogen, phos-
phorus, and potassium content) (Catapang et al. 2012; Zuquim 2015; Delos Angeles
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Table 7.5 Results of the
principal components anal-

K. R. De Villa and R. D. Lagat

Principal component axis

ysis (PCA) for the ecologi- Ecological variables | 1 2 3 4

cal variables observed in Relative humidity 0.917

MPPMNGPL Air temperature —0.895
Soil temperature —0.893
Soil moisture 0.874
Elevation 0.770
Light intensity —0.747
Soil organic matter 0.812
Soil pH 0.896
Eigenvalue 3.89 1.64 1.34 1.16
% of variance 38.9 16.4 13.4 11.6
Cumulative % 39.8 553 68.7 80.4

Values below the factor loading of 0.71 were hidden from the table

Table 7.6 Results of the

: KMO measure of sampling adequacy 0.667

assumption checks: KMO " . 2
. . Bartlett’s test of sphericity X 317
measure of sampling ade-
quacy, Bartlett’s test of df 45
sphericity, Cronbach’s p <0.001
reliability test Cronbach’s a reliability test sd 0.675
a 0.801

and Buot 2015), variation in pH, soil moisture, and extrinsic factors, such as
geographic location, elevation, temperature, and humidity significantly affect
pteridophytes’ diversity, richness, and distribution (Kessler et al. 2011). In connec-
tion, results obtained from factor analysis through PCA (Principal Component
Analysis) revealed that the important environmental variables affecting pteridophyte
flora in MPPMNGPL are relative humidity, air temperature, soil temperature, soil
moisture, elevation, light intensity, soil organic matter, and soil pH. Set at a factor
loading of 0.71, a stringent cut-off (Tabachnick and Fidell 2007), these ecological
variables contributed to an accumulated variance of 80.4% and cover PC1, PC2,
PC3, and PC4, respectively (see Tables 7.5 and 7.6). The assumption checks
(KMO = 0.68; Bartlett = 0.001) confirm that the factor analysis is useful and
acceptable for the observed data (Table 7.5).

A total eigenvalue of 8.04 was computed from the first four principal components
(PC1, PC2, PC3, and PC4) that scored higher than 1. The large portion of the scores
was attributed to PC1 (3.89) and PC2 (1.64), contributing to 38.9% and 16.4% of the
variance. Moreover, the eigenvalues of the third and fourth components are 1.34 and
1.16, contributing to the 13.4% and 11.6% variance, respectively. Though four
components scored higher than 1, the scree plot (Fig. 7.4) prescribed that the first
3 (PC1, PC2, and PC3) components (68.7% of variance) are enough for interpreta-
tion. This is due to the presence of the sharp reduction or the “elbow” (Wilcox 2012)
of the eigenvalues between PC2 and PC3 (Fig. 7.3). Thus, for a more robust analysis,
only the significant environmental variables in the first three components were
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Fig. 7.3 Scree plot of the eigenvalue of the principal components

considered in the CCA; ensuring that the overfitting of the data is minimized. The
environmental variables included were relative humidity, air temperature, soil tem-
perature, soil moisture, elevation, light intensity, and soil organic matter. In support,
the inclusion of these seven variables was identified with good internal consistency
and is reliable for analysis (Cronbach’s a index = 0.801) (Table 7.6).

7.6  Factors Affecting Fern and Lycophytes Diversity

Using the seven environmental variables determined as most important from the
performed factor analysis, an ordination technique through Canonical Correspon-
dence Analysis (CCA) was carried out. This will provide an integrated description of
the species-environment relationship construing the relationship between the fern
and lycophytes community and the environmental variables measured.

Results of the ordination through Canonical Correspondence Analysis (CCA)
revealed that the fern and lycophytes community in MPPMNGPL are influenced by
the determined environmental variables. A total variance of 1.87 was summated
from the eigenvalues of all the axis generated from the analysis (Table 7.7). The first
two axes of the ordination were accounted for an accumulative percent variation of
61.79% of the total inertia, a value sufficient to explain the correlation between the
species data and the environmental data (David 2017). Canonical axis 1 (eigen-
value = 0.607) is correlated with elevation, while Canonical axis 2 (eigen-
value = 0.547) is correlated with light intensity. Furthermore, the percentages of
the explained variance calculated from Axis 1 and Axis 2 are significant based on the
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Table 7.7 Results of canonical correspondence analysis (CCA) for the ecological constraints and
the species of ferns and lycophytes in MPPMNGPL

Axis 1 Axis 2 Total inertia
Eigenvalue 0.60662 0.54699 1.866922
Cumulative % of the variance 32.49 61.79
Permutation test (N = 999)
p-value 0.001 0.001

performed permutation test (N = 999) (Axis 1 p-value = 0.001, Axis 2 p-
value = 0.001).

The environmental factors on the right-hand side of the first axis (eigen-
value = 0.60662, variance = 32.49 %) are associated with areas in high elevation
(Figs. 7.4 and 7.5). This association is further supported by high relative humidity,
high soil moisture, low organic matter, and low light intensity, which may implicate
the forested areas of the landscape. On the other hand, the left-hand side of the axis
are variables associated with the non-forested areas of the site. This is evidenced by
the influence of high light intensity, high soil temperature, and high air
temperature—factors that may indicate the openness of the forest and its possible
disturbances. Thus, this axis is suggestive of the forest quality of the landscape as
influenced by elevation. On the other hand, the second axis (eigenvalue = 0.54699)
constituted 29.3% of the variance. Vectors on the upper portion of the axis are
variables associated with the areas with a rich source of soil moisture. The influence
of high relative humidity, low soil temperature, and low air temperature further
supports this. In cognizance, the lower portion of this axis shows an association with
low organic matter and low light intensity. This negative correlation is supported by
the increasing air temperature and soil temperature. Thus, axis 2 is the axis of the
landscape’s understory quality and soil factors.

The level of influence of the standardized environmental data can be proportion-
ally associated by the length of their vector in the plot (Sarker et al. 2014). Hence, it
is suggested that the most affecting factors influencing the distribution and diversity
of ferns and lycophytes in MPPMNGPL are elevation and light intensity (Fig. 7.4).
Other influential factors, in order of importance, are soil moisture, air temperature,
and soil temperature, respectively. In addition, the angle depicted between the
vectors shows their degree of correlation. As regards a positive correlation between
relative humidity, elevation, and soil moisture, air temperature and, soil temperature
are detected. Elevation and relative humidity, on the other hand, are negatively
correlated with air temperature and soil temperature. These relationships support
that as elevation increases, the relative humidity and soil moisture increase
(Banaticla and Buot 2004; Catapang et al. 2012), while the air temperature and
soil temperature decrease (Heegaard 2002; Roundy and Chambers 2021).

Sites with low species diversity are generally influenced by high light intensity,
high air temperature, and high soil temperature (Fig. 7.4). Further, sites with a higher
index of diversity are mostly influenced by high relative humidity and elevation, low
organic matter, and low light intensity. Elevation as an important environmental
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factor is associated strongly with fern distribution and diversity (Banaticla and Buot
2004; Catapang et al. 2012; Delos Angeles and Buot 2015). Hence, it is pre-
sumed that the changes in elevation potentially drive the distribution of
pteridophytes in MPPMNGPL. In addition, low organic matter being linked with
high fern diversity (Rodriguez-Loinaz et al. 2008) was observed in the study area.

7.7  Environmental Preferences of Ferns and Lycophytes

The environmental preferences of the documented ferns and lycophytes species in
MPPMNGPL show notable associations (Fig. 7.5). Most species are associated with
identical environmental conditions such as high elevation, high relative humidity,
low organic matter, and low light intensity. However, a few pteridophyte species
show particularity in the constraints that they can thrive, deviating from most
samples. This preferential nature of ferns and lycophytes in specific environmental
conditions shows their adaptive nature (Rathinasabapathi 2006).

Initially are the “sun-loving” fern species of the landscape: L. japonicum, L
flexuosum, and L. circinnatum. These ferns species are considered “sun-loving”
because they are associated with and thrive in environments with high light intensity.
Notably, this association is atypical of most ferns since direct and high light intensity
is a deterrent to the germination process of their spores as spore germinates optimally
in low light intensity (Catapang et al. 2012; Suo et al. 2015). Hence, it can be
deduced that the aforementioned fern species are well-adapted to this condition.

Furthermore, C. dentata, A. terminans, P. cretica, and P. ensiformis are the fern
species that can thrive in a harsher landscape environment. These ferns prefer areas
with high air temperature and soil temperature, constraints indicative of
disturbances, and a forest with an open canopy (Medecilo and Lagat 2017). In
cognizance, the association C. dentata and A. terminans substantiate its previously
described particularity in a specific type of environment, making it a good indicator
of stress and disturbances (Alcala et al. 2019; Delos Angeles et al. 2020; Dai et al.
2020). Climactically, species that significantly flourish in high soil moisture are
Huperzia sp., P. horizontale, and Dryopteris sp. These species require more mois-
ture than other pteridophytes in the landscape.

Seen in the biplot are the other pteridophyte species that generally thrive in an
environment with high elevation, high humidity, low organic matter, and low light
intensity. The species influenced by these environmental variables are P. pellucida,
T. hilocarpa, M. longissimum , P, oppositipinnata , P. philippinensis, B. rhizophylla,
A. philippense, and B. scalpturata. Further, these constraints are indications of intact
forest vegetation with thick canopy cover.
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7.8  Threats and Biocultural Importance of Pteridophytes

Ferns and lycophytes are considered effective ecological markers; additionally,
though often neglected, these plants also have various ethnobotanical usages that
strengthen the innate relations between plants and people. The usage of ferns and
lycophytes transcends from ornamental, handicrafts, food sources, and medicinal
uses. Of the documented species in MPPMGPL, ferns and lycophytes were mostly
utilized for their esthetic values (Table 7.8). Lygodium species such as Lygodium
circinnatum, Lygodium japonicum, and Lygodium flexuosum were utilized as raw
materials for handicrafts (PCAARD 2017) because of their durable rachis. These

Table 7.8 Harvesting risk and economic use of the ferns and lycophytes in MPPMNGPL

Harvesting
Family Taxa risk Economic use
Dryopteridaceae | Bolbitis rhizophylla (Kaulf.) Whole Ornamental
Hennipman plant
Bolbitis scalpturata (Fée) — —
Ching
Polystichum horizontale C. — -
Presl
Dryopteris sp. - -
Lycopodiaceae Huperzia sp. Whole Ornamental, medicinal
plant
Lycopodiaceae Lygodium circinnatum (Burm. Fronds, Handicraft, tying
fil.) Sw stem element, medicinal
Lygodium japonicum Whole Food, handicraft,
plant medicinal
Lygodium flexuosum (L.) Sw. Whole Food, animal feed,
plant handicraft, medicinal
Polypodiaceae Microsorum longissimum J.Sm. | — -
ex Fée
Pteridaceae Adiantum philippense L. Fronds Ornamental, medicinal
Pteris cretica L. Fronds Medicinal
Pteris distans J.Sm. - -
Pteris ensiformis Burm. Whole Medicinal, ornamental,
plant food flavoring
Pteris heteromorpha Fée - -
Pteris oppositipinnata Fée - -
Pteris pellucida C.Presl - -
Pteris philippinensis Fée - -
Tectariaceae Tectaria hilocarpa (Fée) M.G. Whole Ornamental
Price plant
Thelypteridaceae | Amphineuron terminans (J.Sm. | Fronds Medicinal
ex Hook.) Holttum
Christella dentata (Forssk.) Fronds Medicinal

Brownsey & Jermy

“

—” unidentified
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species, commonly referred to as “Nito” were considered a common raw material
used in basket making (Pazon and Del Rio 2018), basket wares, and other handicraft
products. Though the native usage of nito in weaving is linked to the practices of
the indigenous people in the southernmost regions of Luzon Island (e.g., Iraya
Mangyan Tribes in Mindoro Province and Palawan), the people in Cavite and nearby
provinces use weaved nito food plates and food platters during festivities and
gatherings in celebration of important cultural gatherings and commemoration.
Huperzia sp., Bolbitis rhizophylla, and Adiantum philippense L. were utilized for
horticultural purposes such as gardening and landscaping. At the same time, the
other documented species have attributes to be utilized for medicinal purposes
locally and in other countries showing their biocultural importance.

Even so, some pteridophyte species are only harvested for their fronds; several
species were identified wherein the whole plant is harvested for usage. These species
(Huperzia sp., L japonicum, L. flexuosum, Pteris ensiformis, and Tectaria hilocarpa)
face high risk due to how they were harvested and their various economic uses.
Though no hard quantifiable evidence was available to support the harvesting of
pteridophytes in the site and the region as of the time of writing, other emerging
threats in the landscape were observed during the study; threats which are not only
harming the pteridophytes but also the other flora and fauna.

Despite its temporary moratorium in 2016, the following threats in the landscape
were still documented: the occupation of land claimants inside the protected area,
river poisoning, installation of traps and baits for birds and other animals, burning
and land clearing activities, and presence of plastic wastes. If continuous, these
anthropogenic threats will significantly contribute to habitat loss, diminishing of
wildlife populations, habitat destruction, land conversion, and pollution. These
problems will later negatively affect the landscape’s pteridophyte flora, putting
some preferential species at risk, together with the local biodiversity. The impacts
of these environmental problems can be addressed by the strict adherence to the
existing laws governing the land and the involvement of the locals in protecting the
landscape. The latter can be achieved by initiating a local-based conservation
program and assessment to capacitate and engage them in protecting the landscape
(Lagat and Causaren 2018).

7.9 Summary and Conclusion

The species of ferns and lycophytes documented in MPPMNGPL were all native to
the Philippines. This estimate provided an update on the list of the known pterido-
phyte flora in the province, region, and the country as a whole. Pteridophyte
diversity is seen to increase as elevation increases, though a typical hump-shaped
distribution is not observed. Further, a low diversity in ferns and lycophytes was
generally attributed to the open areas of the landscape.

Based on the species-habitat association generated from the ordination, the
environmental variables: relative humidity, air temperature, soil temperature, soil
moisture, elevation, light intensity, and soil organic matter, were considered the most
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important environmental variables affecting the distribution and diversity of ferns
and lycophytes in MMPMGPL. Of these, the most influential factors are elevation
and light intensity. Generally, sites with high diversity index tend to be influenced by
elevation, while sites with low diversity index are influenced greatly by light
intensity—main factors that play important roles in fern reproduction, development,
and distribution. Further, a majority of fern and lycophytes species are thriving
preferably in areas with high elevation, high humidity, low organic matter, and low
light intensity. However, some fern species can thrive in harsher environments with
specificity. These constraints are areas with high light intensity, high air temperature,
and high soil temperature indicating possible habitat and other ecological
disturbances. Hence, these adaptive ferns can potentially be a good indicator of
environmental stresses. Furthermore, pteridophytes have known biocultural impor-
tance, providing important ecological services to man. However, anthropogenic
threats put them at risk and possible harm. Using of the estimates and the scientific
data described in this study can potentially strengthen the existing biodiversity and
conservation programs to protect these vital plant groups and all life forms in the
landscape.
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in Mts. Palay-Palay-Mataas-Na-Gulod
Protected Landscape, Luzon Island,
Philippines
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Abstract

The current distribution and some ecological information of Impatiens
manillensis are very limited. This paper reports additional information on the
species’ distribution, seasonality, and microhabitat requirements. The previously
reported sites, where 1. manillensis was documented and visited and habitats and
microhabitats were described. Physical parameters such as light intensity, relative
humidity, ambient, and soil temperature were also measured, and the soil texture
was determined. Small subpopulations were still observed in the previously
reported sites. The species, which is active during the rainy months, prefer
shallow sandy loam on rock beds in partially exposed forest edge areas. To thrive,
this herb requires these microhabitat parameter ranges: light requirement
(171 x 10-193 x 100 Ix), soil temperature (20-30 °C), ambient temperature
(27-31 °C), and relative humidity (96—-100%). Numerous flora/organisms were
also associated with its habitats. Currently, the species is evaluated as data-
deficient given its restricted range and distribution. It is highly recommended to
be included in the national list of threatened Philippine flora.
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8.1 Introduction

Plant biologists, agronomists, and conservationists are alarmed by the threat of
climate change exacerbated by anthropogenic activities to plants. Expected aberrant
responses of about 42% of the 4000 plant species investigated revealed the possible
irreversible damage of Anthropogenic Climate Change (ACC) to plants (Parmesan
and Hanley 2015). This grave threat is even compounded to a greater degree for
endemic plants with a restricted distribution like Impatiens manillensis (Hooker
1909; Medecilo 2004; Pelser et al. 2011; Tandon 2022). A subpopulation of
I. manillensis is present in Mts. Palay-Palay-Mataas-Na-Gulod Protected Landscape
(henceforth  MPMNGPL; 14.23° N, 120.22° E; Fig. 8.2) situated in the
municipalities of Ternate and Maragondon in Cavite and Nasugbu in Batangas
(Medecilo 2004; R.A. 11038 2018). The information on the current distribution
and population estimates of I. manillensis is very limited, if not lacking. Available
information already qualifies the species for immediate conservation and protection;
however, it is not yet included in the National List of Threatened Philippine Flora
(DAO No 2017-11).

Impatiens manillensis Walp., Nov. Actorum Acad. Caes. Leop.-Carol. Nat. Cur.
19(Suppl. 1): 317 (1843) IPNI 2022. The recognized synonyms for this species are
Impatiens biganensis Hook.f., Impatiens cleistogama Hook.f., Impatiens
cryptogama Hook f., Impatiens curranii Hook.f., and Impatiens caviteana Hook.f.

8.2  Description

Impatiens manillensis is a member of the large herbaceous Impatiens genus under
the family Balsaminaceae. Impatiens are native to Asia, Africa, and North America
(Britannica 2017). It is an annual herb, 50400 cm; stems are erect nodes with
intervals of 45—70 cm, succulent, sparsely branched, and glabrous. Leaves alternate,
the terminal young leaves start as whorls of three’s or more (Fig. 8.1a), the lower-
most occasionally pseudo-opposite, sessile, or shortly petiolate (Fig. 8.1a); petioles
1-54 mm; blades 3.5-9.9 x 1.0-2.5 cm, lanceolate to narrowly elliptic or oblanceo-
late, glabrous or finely pubescent above and below, the base cuneate-acuminate, the
margins serrate-dentate, with pointed trichome like structure between margin
dentation, the apex acute (Fig. 8.1). Inflorescences of solitary flowers or groups of
2-3 flowers borne at node of the terminal portion of the stem together with the
whorled young leaves; peduncles are absent (Fig. 8.1a, b); bracts 2 x 7 mm, axillary
at the base of the pedicel; pedicels 64—67 mm. The flowers are light purple and white
at the center (Fig. 8.1b, c), with upper petal 15-17 % 13-20 mm, apically emarginate
(Fig. 8.1c) with an appendage 2—4 mm; lateral petals 11 x 13—14 mm, also with
emarginate tips (Fig. 8.1c), the upper petal of each lateral pair smaller than the lower;
ovary smooth and shiny. Capsules 10-15 x 4-6 mm, pendent, pubescent, and
slightly unipennate in shape. Seeds few from 9 to 14, brown, globose, 1.5-3 mm
in diameter, tuberculate. Taproot superficial (Fig. 8.2a), adventitious roots present
(Fig. 8.2b, ¢).
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Fig. 8.1 Impatiens manillensis terminal branch with flowers. (a) Clustered fruits at a node with the
whorled leaves in three’s. (b) Flowers are borne at the terminal end. (¢) Flowers are light purple in
color with white at the center

Fig. 8.2 Root characteristics of I. manillensis. (a) Superficial. (b, ¢) Taproot type with adventitious
roots growing from the node and internodes of the stem

8.3  Seasonality and Microhabitat Characterization

This species is active during the rainy months from May to November. It is dormant
for the remaining months of the year as seeds in association with other plants. The
reported sites (Medecilo 2004) were visited last July 9, 2022. Habitats were
described, physical parameters such as light intensity, relative humidity, ambient,
and soil temperature were measured, and the soil texture was determined.

The substrates preferred by this species are shallow sandy loam on rock beds
occasionally flooded during rainy days. This explains the characteristic superficial
root growth of the plant that occurs actively during the rainy season (Fig. 8.3b inset).
The habitats are found in partially exposed forest edge areas. The light measurement
obtained from a partially exposed habitat area ranges from 171 x 10 to 193 x 100 Ix.
Soil temperature depends on the time of the day which ranges from 20 °C to 30 °C.
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Fig. 8.3 (a) Map of the Philippines showing MPMNGPL where subpopulations are reported. (b)
The preferred habitat of Impatiens manillensis. (Inset) I. manillensis superficial root growth
characteristic. (¢) I. manillensis and associated plants

The ambient temperature ranged from 27 °C to 31 °C. Relative humidity ranges from
96% to 100%. Most of these habitats are situated near rivers and streams (Fig. 8.3b)
which help maintain the high relative humidity conditions. Associated flora/
organisms include begonias, lichen, moss, thallose liverworts, and different species
of ferns (Fig. 8.3¢c). These typically inhabit areas with high relative humidity.

8.4  Existing Threats and Conservation Status

This Philippine endemic is reported to have been described as early as 1848
according to “A Review of the Known Philippine Islands Species of Impatiens by
Hooker” (Hooker 1909). The distribution of 1. manillensis is very restricted which
includes forests in the provinces of Cavite and Rizal in Luzon Island (Medecilo
2004; Pelser et al. 2011). There is no information or updates if a population still
exists in Rizal province. A recent ocular visit at MPMNGPL last July 9, 2022,
confirmed the presence of the remaining subpopulations of this species in their
preferred habitats. MPMNGPL, which is characterized by mixed forest habitats
with an area of more or less 3900 ha, is possibly one of the remaining suitable
habitats for this Philippine endemic (Medecilo 2004; Pelser et al. 2011).

Currently, the conservation status of . manillensis is not clearly defined or is still
unresolved due to data deficiency (The Plant List 2013). In addition to the restricted
distribution of 1. manillensis, its current habitat, especially those that are in areas
exposed to intense anthropogenic activities like construction and maintenance of
road infrastructures can negatively impact its survival. There is an increase in soil
erosion related to these activities due to physical modification of the habitat that can
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displace dormant forms (seeds) of the plant and pollution (air and water) contributed
by vehicles. Seeds displaced to unsuitable habitats may no longer germinate. In
addition, the threats linked to climate change such as altered duration of dry and wet
seasons and increased ambient temperature exacerbated by continuous vegetation
clearing (Causaren et al. 2018) can modify specific microhabitat conditions that may
result in habitat loss for this species. According to Causaren et al. (2018), serious
dangers exist in the area such as illegal logging, firewood gathering, poaching,
quarrying, slash-and-burn or ‘kaingin’, harvesting of non-timber forest products,
and the use of some portions of the park as pasture for livestock.

8.5 Summary and Conclusion

Impatiens manillensis is a Philippine endemic with a very restricted distribution in
Luzon particularly in the provinces of Rizal and Cavite. Recent investigations
confirmed the presence of a subpopulation in MPMNGPL situated in Cavite and
Batangas. It is fortunate that these subpopulations are within the protected areas;
however, other possible subpopulations still present in Rizal and other areas may not
be accorded with the same protection. With a data deficient species given its
restricted range and distribution, the species is highly recommended to be included
in the national list of threatened Philippine flora.
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Abstract

Inventory of the floristic composition is imperative to biodiversity conservation.
Pteridophytes is one of the plant groups in Southern Mindanao that lack substan-
tial data on its floristics. The composition and diversity of fern and fern allies from
base to summit of the northwestern slope of Mount Matutum Protected Land-
scape (MMPL) are highlighted in this chapter. A total of 265 species under
94 genera and 29 families were noted, 29 of which are keystone endemics,
while 27 are considered threatened. Polypodiaceae and Aspleniaceae are the
families largely represented in MMPL. Moreover, Asplenium, Pteris, Diplazium,
and Elaphoglossum were noted to be highly abundant and widely distributed
genera.

Species’ richness and diversity vary across elevational gradients with gener-
ally an increasing trend from 1500 to 1900 masl. A decline was observed <1500
and >2000 masl with the least recorded pteridophyte species at 2275 masl.
Ground pteridophytes including tree ferns were the most abundant in the patch
structure, while the epiphytic community is rich from mid-elevations (1700 masl)
to the peak (2200 masl).
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9.1 Introduction

A significant understory flora growing in MMPL are ferns and lycophytes, collec-
tively referred to as pteridophytes, owing to their non-seed reproductive strategy.
They are widely distributed both in the tropic and subtropical regions especially at
higher elevations, and they flourish in moist, shaded habitats (Delos Angeles and
Buot 2012; Franco et al. 2011; Barcelona 2003a, b; Bhattarai et al. 2004; Sharpe
et al. 2010; Gomez 1985; Holttum 1948; Flora Malesiana Series II n.d.). Around the
world, there are about 12,000 estimated species of this plant group distributed in
51 families, around the world (PPG I 2016). In the Philippines, an estimate of about
1100 species are known belonging to 34 families (Amoroso et al. 2016).

Pteridophytes form a very delicate sub-canopy layer in the forest and constitute
the largest portion of the understory community. These plants are also host to diverse
faunal and other floral species. One interesting example for this can be presented by
the tree ferns Cyathea, in which about 26 species are found solely in the country.
These species have been known to house several other epiphytic plants, including
the threatened ferns and fern allies. However, they are also highly priced as anchor
material for many ornamentals. Several species of this group have been associated
with distinct environmental characteristics (i.e., heavy metal accumulation) as well
as changes that have occurred (i.e., fragmentation, clearings, climate changes)
leading to significant population decline due to increasing exposure of their habitats
to fragmentation and climate change (Magtoto and Austria 2017; Ibars and Estrelles
2012). Their remarkable adaptations to various disturbances suggest an important
role for pteridophytes in conservation and restoration.

As economic development ensues, utilization for this understory group has also
increased over the years. Several species have high economic value as food
and ornamentals (Oloyede 2012), medicine (Liu et al. 2012; Mannan et al. 2008;
Sen and Ghosh 2011; Upreti et al. 2009), phytoremediation agent (Sharpe et al.
2010), and important habitats of other plants as well as animals (Goswami et al.
2016; Keller and Prance 2015). Hence, the inclusion of pteridophytes in biodiversity
and conservation interventions is demanded.

Mount Matutum Protected Landscape is a majestic landmark, in the southern part
of Mindanao, Philippines. It was declared as a Key Biodiversity Area (KBA) (Key
Biodiversity Areas: Conservation International—Philippines, Haribon Foundation
and the Department of Environment and Natural Resources, year) and an Important
Bird Area (IBA) (BirdLife International 2015), holding in its bosom vast forest and
agricultural wealth and significant natural resources that are in danger of loss with
the increasing human population in the surrounding communities. Moreover, it is a
key watershed supplying 25% of the water requirements in the region (DENR-
PAWB 2006). Towering at 2286 masl, this forest reserve occupies 14,000 ha, of
which 3000 ha is reported to still be a primary forest (DENR-PAWB 2006).

Floristics of pteridophytes in Mindanao have been determined by several botani-
cal surveys, but largely is confined in northern part. This is reflected in the works of
Amoroso et al. since 1995. As for the southern regions, botanical surveys are
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highlighted in project reports (Foundation for the Philippine Environment 2003;
Gonzalez 2000; Obemio and Buot 2021), mostly unpublished. In 2016, published
reports on flora of Matutum presented only the seed plants and bryophytes, but not
pteridophytes. Interestingly, the earliest pteridophyte exploration in this protected
area dates back more than a 100 years ago (1917) by Copeland where he observed
about 99 species, two of which, namely, Gleichenia peltophora and Diplazium
calliphyllum, remained the only record in the Philippines based on collections
published online by various herbaria worldwide. With this, an updated account on
this plant group, its composition, richness, and distribution are needed to come up
with a comprehensive representation of MMPL flora and that of southern Mindanao.
This would be vital support to developing effective measures on protecting impor-
tant habitat zones in the protected area. More so that today, conservation efforts
attempt to integrate fern research, and hence, entail a great deal of commitment to
more research interventions.

9.2 The Mount Matutum Protected Landscape

Mount Matutum Protected Landscape (MMPL) is a landmark of South Cotabato and
Sarangani Provinces in Southern Mindanao, covering four (4) municipalities (3 in
South Cotabato; 1 Sarangani Province) and 14 barangays (12 South Cotabato,
2 Sarangani Province). It rises to about 2,286 meters above sea level (masl), covering
an approximate area of 14,000 hectares with 3,000 hectares considered as primary
forest. It is recognized as a symmetrical stratovolcano located in southern Mindanao
(6°22'N, 125°06.5’E), Northwest of Sarangani Bay, and 30 km Northwest of
General Santos City. MMPL is a significant network of ecosystems—forests, water-
shed, wetlands, and air towering 2, 286 m above sea level (masl). Its orogenesis is
the result of subduction events between Celebes Sea microplates under the greater
Mindanao island, believed to have occurred more than 2000 years ago. An active
stratovolcano, MMPL exhibits an andesitic geologic nature with a 320 m well-
preserved dome-shaped crater, and interestingly, a 120 m summit deep
vegetated area.

With reference to Yumul et al. (2008) and Philippine Institute of Volcanology and
Seismology (PHIVOLCS), MMPL is recognized as a symmetrical stratovolcano
located in southern Mindanao (6°22'N, 125°06.5’E), Northwest of Sarangani Bay
and 30 km Northwest of General Santos City. By stratovolcano, it means that the
mountain was built by multilayers of hardened alternating lava and ash. This
stratovolcano belongs to the Cotabato Arc which emerged by the eastward subduc-
tion of the oceanic Celebes Sea microplate along the Cotabato trench. The trench is
under the southern tip of Mindanao Island, which belongs to the Philippine Mobile
Belt and Mt. Matutum is located 130 km from the trench. However, deep-seismic
studies show that the subducting slab is only 75-85 km below Mt. Matutum volcano.

The climate in the northwest and southwest parts of this protected area is tropical
with significant rainfall throughout the year even in the driest months. Koppen-
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Fig. 9.1 Mount Matutum Protected Landscape (MMPL) in South Central part of Mindanao

Geiger system classified the climate as Af or tropical wet. Monthly temperature
variations are no greater than 3° C. There is intense surface heating and high
humidity which cause high humidity cumulus and cumulonimbus clouds to form
early in the afternoons almost every day (Figs. 9.1 and 9.2).

The protected forest area boundary is at 1300-2286 masl. Site 1 (Glandang trail)
has been the official monitoring area of the Department of Environment and Natural
Resources. Several monitoring stations have been marked which are assessed quar-
terly. Also, two one-hectare plots have been permanently delineated in MMPL
which are also assessed at least once a year by DENR (Fig. 9.3).
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Fig. 9.3 Topographic map showing the study sites in the northwestern slope of MMPL (Black
dots—Tupi, South Cotabato; Blue—Polomolok, South Cotabato)

9.3 Pteridophyte Species Composition in Mount Matutum

A total of 265 species under 97 genera and 30 families were observed in MMPL
(Table 9.1 and Fig. 9.4). Of these, 21 species were fern allies belonging to
Lycopodiella, Huperzia, Phlegmariurus, and Selaginella genera under 2 lycophyte
families while the rest are distributed in the 26 monilophyte families. Around
217 were identified up to the species level, while 48 were named up to the genus
level.

The most species-rich families were Polypodiaceae and Aspleniaceae with
52 and 30 species, respectively. Three other families showed >20 species in
composition namely: Dryopteridaceae (18), Hymenophyllaceae (24), and
Pteridaceae (20).

Asplenium and those in Polypodiaceae are mostly epiphytes. They are among the
families of plants identified to contain native and ecologically important species
(Amoroso et al. 2011) as well as threatened flora (Fernando et al. 2008). Other
genera with epiphytic species are Abrodictyum, Antrophyum, Calymmodon,
Callistopteris, Davallia, Dryopteris, Elaphoglossum, Haplopteris, Huperzia,
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Table 9.1 Pteridophyte families-species composition in Mount Matutum protected landscape
showing cover and frequency values, distribution, and conservation status

Pteridophyte families and species | Total

composition cover | Frequency | Distribution

I. Lycopodiopsida (Fern Allies)

1. Lycopodiaceae

Huperzia javanica (Sw.) Fraser- 100 0.07 Widespread

Jenk

Huperzia serrata (Thunb.) Trev 30 0.019 Southeast Asia

Lycopodium clavatum L 51 0.019 Widespread

Palhinhaea cernua (L.) Vasc & 162 0.07 Tropics, Mindanao

Franco

Phlegmariurus banayanicus 151 0.019 Endemic

(Herter) A.R. Field & Bostock

Phlegmariurus delbrueckii - Endemic

A.R. Field & Bostock

Phlegmariurus pinifolius (Trevis) | 316 0.096 Southeast Asia

Kiew

Phlegmariurus squarrosus 52 0.038 Australia, Southeast Asia

(G. Forst.) A. Love & D. Love**

Phlegmariurus verticullatus (L.f) | 15 0.019 Africa, Australia, Southeast Asia
A.R. Field Widespread
Pseudodiphasium volubile

(G. Forst) Holub

2. Selaginellaceae

Selaginella boninensis Baker 357 0.058 Taiwan, Vietnam, Philippines
Selaginella biformis A. Br. Ex 35 0.019 Widespread -India, China, New
Kuhn Guinea, Philippines
Selaginella cupressina (Willd) 28 0.019 Widespread-Moluccas, Java,
Spring Sulawesi, Borneo, Philippines
Selaginella cf. delicatula (Desv.) |16 0.019 WS India-China, New Guinea,
Alston Philippines

Selaginella cf. denticulata (L.) 82 0.038 India-China, New Guinea,
Spring Philippines

Selaginella elmeri Hieron 533 0.109 Endemic (Luzon, Mindanao)
Selaginella engleri Hieron 50 0.038 Widespread—Borneo, Philippines
Selaginella gastrophylla Warb 115 0.122 Borneo, Philippines
Selaginella involvens (Sw.)Spring | 104 0.077 Widespread in Aisa
Selaginella magnifica Hieron** 48 0.038 Endemic

Selaginella plana (Desv. Ex Poir) | 120 0.077 Widespread

Hieron

Selaginella remotifolia Spring 31 0.049 Widespread

Selaginella cf. ornata - Asia

(Hook&Grev) Spring

11. Polypodiopsida(Ferns)

1. Aspleniaceae

Asplenium affine Sw - Widespread

Asplenium apoense Copel 48 0.019 Endemic

(continued)
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Table 9.1 (continued)

Pteridophyte families and species | Total

composition cover | Frequency | Distribution

Asplenium callipteris (Fee) Baker | 149 0.122 Endemic

Asplenium cf bulbiferum G. Forst | 139 0.122 Asia

Asplenium cf. pacificum Holttum | 20 0.024 Polynesia

Asplenium cf. rhizophyllum L 15 0.024 America

Asplenium cuneatum Lam 18 0.024 Widespread

Asplenium cymbifolium Christ 309 0.13 Borneo, Philippines

Asplenium elmeri Christ 289 0.163 Borneo, Philippines

Asplenium cf. haenkei Copel - Moluccas, Philippines

Asplenium horridum Kaulf 663 Moluccas, New Guinea, Pacific,
Solomon Islands, Philippines

Asplenium laserpitiifolium Lam -

Asplenium lepturus J. Sm - China, Laos, Sulawesi, Vietnam,
Philippines

Asplenium lobulatum Mett 1178 0.272 New Guinea, Pacific, Solomon Isls.,
Sulawesi, Philippines

Asplenium longgisimum Blume 579 0.122 Southeast Asia

Asplenium nidus L 1847 0.288 Widespread

Asplenium nigrescens Blume 3189 0.38 Southeast Asia

Asplenium normale D. Don 204 0.077 Widespread

Asplenium pellucidum Lam 181 0.077 Australia, Borneo, South Asia,
Madagascar, Micronesia, Philippines

Asplenium persicifolium Bedd 417 0.096 Borneo, Sulawesi, Philippines

Asplenium phyllitidis D. Don 32 0.019 Southeast Asia

Asplenium polyodon G. Forst 49 0.077 Australasia, Micronesia, New
Caledonia, New Guinea, Philippines

Asplenium tenerum G. Forst 32 0.077 Widespread

Asplenium tenuifolium D. Don - Southeast Asia

Asplenium thunbergii Kunze 2131 0.348 Asia, Mindanao,Philippines

Asplenium vittaeforme Cav* 261 0.043 Asia

Hymenasplenium excisum 2853 0.38 Australia, Asia

(C. Presl) S. Linds

Hymenasplenium subnormale 75 0.038 Borneo, China, Moluccas

Copel

Asplenium unilaterale (Lam.) 578 0.058 Asia, Africa

Hayata

Asplenium sp. 1 348 0.019

Asplenium sp. 2 -

2. Athyriaceae

Athyrium drepanopterum (Kunze) | 707 0.163 Southeast Asia

A.Br.ex Milde

Athyrium elmeri Copel 42 0.096 Endemic

Athyrium nakanoi Makino** 60 0.058 Asia, Mindanao

Athyrium puncticaule (Blume) 45 0.038 Asia

T. Moore
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Pteridophyte families and species | Total

composition cover | Frequency | Distribution

Cornopteris banaohensis - South Asia

(C. Chr.) K. Iwats & M.G.Price

Cornopteris decurrenti-alata 49 0.049 Asia

(Hook) Nakai

Cornopteris opaca (D. Don) - Asia

Tagawa

Cornopteris philippinensis 80 0.073 Moluccas, Philippines

M. Kato

Diplazium calliphyllum 0 Moluccas, Philippines

M.G. Price

Diplazium dilatatum Blume 4204 0.25 Asia, Australia

Diplazium esculentum (Retz.) Sw | 158 0.022 Asia, Australia

Diplazium forbesii C. Chr - Borneo, Java, Sumatra, Philippines
Diplazium geophilum Alderw 340 0.065 Moluccas, Sulawesi, Philippines
Diplazium pallidum T. Moore 72 0.077 Australia, Asia

Diplazium pseudocyatheifolium 53 0.038 Endemic

Rosenst

Diplazium sibuyanense Alderw 202 0.109 Endemic

Diplazium sorzogonense 52 0.058 Southeast Asia

(C. Presl.) C. Presl

Deparia sp. 18 0.024

Diplazium sp. -

Diplazium sp. 1 -

3. Blechnaceae

Austroblechnum melanocaulon 2710 0.239 Asia, Philippines (Mindanao)
(Brack.) Gasper & V.A.O Dittrich

Blechnopsis orientalis L. C. Presl Asia, Philippines (Mindanao)
Cranfillia vulcanica (Blume) 37 0.019 Southeast Asia

Gasper & V.A.O Dittrich

Parablechnum vestitum (Blume) 189 0.043 Asia, Philippines (Mindanao)
Gasper and Salino

Stenochlaena palustris (Burm.f) 107.1 | 0.038 Asia

Bedd

Brainea cf. insignis -

Blechnopsis sp. -

4. Cibotaceae

Cibotium cf. barometz (L.) J. 49 0.019 China, West Malesia, Philippines
Sm**

5. Cyatheaceae

Alsophila apoensis (Copel.) RM. |60.96 |0.073 Endemic

Tryon**

Alsophila fuliginosa Christ* 2725 0.239 Endemic

Alsophila hermannii R.M. 2445 0.272 Endemic

Tryon**
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Pteridophyte families and species | Total

composition cover | Frequency | Distribution

Alsophila heterochlamydea 2929 0.272 Endemic

(Copel.) R M.Tryon*

Sohaeropteris glauca (Wall ex 3262 0.293 New Guinea to India, Philippines

Hook) Copel**

Sphaeropteris elmeri (Copel.) R. | 83 0.058 Moluccas, Sulawesi, Philippines

M.Tryon*

Sphaeropteris lepifera (Hook.) R. |22.24 |0.049 East Asia, Philippines

M.Tryon**

Sphaeropteris tripinnata (Copel.) | 1254 0.217 Borneo, Java, Moluccas, Malaysia,

R.M.Tryon Sulawesi, Philippines (widespread)

Alsophila sp. -

6. Davalliaceae

Davallia repens (L.f.) Kuhn 273.24 1 0.038 Asia, Australia, Philippines
(Mindanao)

Davallia wagneriana Copel 212 0.022 Moluccas, Sulawesi, Sumatra,
Philippines (Mindanao)

Davallia denticulata (Burm.f.) 483 0.065 Australia, Asia, Philippines

Mett. ex Kuhn (Mindanao)

Davallia solida (L.f.) Kuhn 48.12 1 0.038 Australia, Asia, Philippines
(Mindanao)

Davallia trichomanoides Blume - Asia

7. Dennstaedtiaceae

Dennstaedtia cf. hooveri Christ 61 0.019 Moluccas, Philippines (Mindanao)

Dennstaedtia scandens (Blume) - Asia, Philippines (Mindanao)

T.Moore

Histiopteris incisa (Thunb.) J.Sm | 544 0.154 Widespread, Philippines (Mindanao)

Microlepia strigosa (Thunb.) 45 0.038 Asia

C. Presl

Monachosorum henryi Christ 3346 0.348 Asia

Monachosorum subdigitatum - Asia

(Blume) Kuhn

Pteridium aquilinum (L.) 216 0.038 Widespread

Kuhn#*#**

8. Dicksoniaceae

Dicksonia amorosoana Lehnert & | 67 0.073 Endemic

Coritico

Dicksonia mollis Holttum** 660 0.109 Borneo, Philippines

9. Diplaziopsidaceae

Diplaziopsis javanica (Blume) 1718 0.217 Asia

C. Chr

10. Dipteridaceae

Dipteris conjugata Reinw ‘ 200 ‘ 0.022 Widespread

11. Dryopteridaceae

Arachniodes amabilis (Blume) 559 0.098 Asia, Philippines (Mindanao)

Tindale
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Pteridophyte families and species | Total

composition cover | Frequency | Distribution
Bolbitis heteroclita (C. Presl) 278.7 0.073 Asia, Philippines
Ching

Bolbitis rhizophylla (Kaulf.) 30 0.038 Taiwan, Philippines
Hennipman

Bolbitis quoyana (Gaudich) Ching | 200 0.054 Australia, Asia
Dryopteris hendersonii (Bedd.) 140 0.038 Asia, Philippines
C. Chr

Dryopteris pseudocaenopteris 393 0.038 Asia

(Kunze) Li Bing

Dryopteris hirtipes (Blume) 744 0.038 Asia

Kuntze

Dryopteris sparsa (D. Don) 386 0.065 Widespread

Kuntze

Dryopteris subarborea (Baker) 174 0.033 Asia, Melasia

C. Chr

Dryopteris nodosa (C. Presl) Li 118 0.043 Asia, Melasia

Bing Zhang

Dryopteris permagna M. Price** | — Endemic
Dryopteris purpurascens (Blume)

Christ

Elaphglossum blumeanum (Fee)J. | 1878 0.283 Asia, Melasia

Sm

Elaphoglossum caliifolium 1242 0.239 Asia, Melasia, Philippines
(Blume) T. Moore (Mindanao)
Polystichum moluccense 1702 0.141 Asia, Melasia

T. Moore**

Polystichum elmeri Copel 51 0.022 Endemic (Mindanao)
Polystichum biaristatum (Blume) | 296 0.054 Southeast Asia

T. Moore

Teratophyllum aculeatum - Southeast Asia
(Blume) Mett ex Kuhn

Arachniodes sp. 2 384 0.122

Arachnoides sp. 3 128 0.073

Bolbitis sp. -

Lommogramma sp. - 0.043

Polystichum sp. 2 670

12. Gleicheniaceae

Dicranopteris linearis (Burm) 716 0.049 Widespread
Underw 31 0.024 Borneo, Sulawesi, Philippines
Dicranopteris linearis var. rigida Borneo, Sulawesi, Philippines
(Blume) Holttum

Gleichenia peltophora Copel

13. Hymenophyllaceae

Abrodictyum pluma (Hook.) 620 0.098 Asia, Melasia

Ebihara & K.Iwats
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Pteridophyte families and species | Total

composition cover | Frequency | Distribution

Abrodictyum cumingii C. Presl - Moluccas, New Guinea, Solomon
Isls., Sulawesi, Taiwan, Philippines

Abdrodictyum obscurum (Blume) | 61 0.054 Australia, Asia

Ebihara & K. Iwats

Callistopteris apiifolia (C. Presl) | 654 0.109 Asia, Melasia

Copel

Crepidomanes bipunctatum 24 0.024 Australia, Asia

(Poir.) Copel

Crepidomanes brevipes (C.Presl) | 18 0.024 Asia, Micronesia

Copel

Crepidomanes minutum (Blume) | — Australia, Asia

K. Iwats

Crepidomanes grande (Copel.) 36 0.024 Bornea, Micronesia, Melasia,

Ebihara & K. Iwats Southeast Asia

Hymenophyllum cf. acanthoides 78 0.024 Asia

(Bosch) Rosent

Hymenophyllum cf. badium Hook. | 144 0.033 Asia, Micronesia

& Grev

Hymenophyllum cf. blandum - Asia

Racib

Hymenophyllum cf. ramosii Copel |— Endemic

Hymenophyllum denticulatum Sw | 55 0.019 Asia

Hymenophyllum emarginatum Sw | 21 0.019 Asia

Hymenophyllum fimbriatum J. Sm | 464 0.163 Asia

Hymenophyllum cf. holochilum - Australia, Asia

(Bosch) C. Chr

Hymenophyllum imbricatum 788 0.152 Asia

Blume

Hymenophyllum cf. nitidulum 32 0.024 Asia

(Bosch) Ebihara & K. Iwats

Hymenophyllum cf. pallidium 476 0.163 Australia, Asia, Micronesia

(Blume) Ebihara & K. Iwats

Hymenophyllum cf. serrulatum 90 0.033 Asia, Micronesia

(C. Presl) C. Chr

Hymenophyllum cf.thiudium 70 0.022 Borneo, New Guinea, Philippines

Harrington

Hymenophyllum - Widespread

cf. polyanthos(Sw.) Sw

Vandenboschia auriculata 36 0.019 Asia

(Blume) Copel

Vandenboschia maxima (Blume) | — Micronesia, Asia

Copel

14. Hypodematiaceae

Leucostegia truncata (D. Don) 386 0.154 Asia

Fraser-Jenk
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Table 9.1 (continued)

Pteridophyte families and species | Total

composition cover | Frequency | Distribution

15. Lindsaceae

Lindsaea apoensis Copel 577 0.122 Endemic

Lindsaea pulchella (J. Sm.) Mett. | 40 0.024 Southeast Asia, Philippines

Ex Kuhn (Mindanao)

Odontosoria chinensis (L.) J. Sm | 62 0.073 Asia

Odontosoria retusa (Cav.) J. Sm 11 0.024 Asia, Micronesia

Osmolindsaea sp. -

Osmolindsaee odorata (Roxb.) 15 0.024 Southeast Asia

Lehtonen & Lehtonen

Tapeinidium gracile 26 0.024 Southeast Asia

(Blume)Alderw

Tapeinidium pinnatum (Cav) 58 0.049 Asia

C. Chr

Tapeinidium sp. -

Lindsaea sp. 1 15 0.024

Lindsaea sp. 2 -

16. Lygodiaceae

Lygodium japonicum (Thunb.) 15 0.024 Widespread

SW***

17. Mariatiaceae

Angiopteris evecta Sw 1390 | 0.272 Mindanao

Angiopteris anguistifolia C. Presl | 245 0.058 Southeast Asia

Ptisana pellucida (C. Presl) 1554 0.228 Sulawesi, Taiwan, Vietnam,

Murdock Philippines

Ptisana sylvatica (Blume) 490 0.163 South Asia

Murdock

18. Nephrolepidaceae

Nephrolepis cordifolia (L.) 562 0.087 Australia, Southeast Asia

C. Presl

Nephrolepis falcata (Cav.) C. Chr |431 0.058 Southeast Asia

Nephrolepis flexuosa Colenso - Polynesia, Australia

Nephrolepis hirsutula (G. Forst.) | 84 0.038 Asia, Micronesia, Melasia

C Pres

19. Oleandraceae

Oleandra pistillaris (Sw.) C. Chr | 741 0.043 Southeast Asia

Oleandra sibbaldi Grev 25 0.024 Polynesia, Southeast Asia

20. Osmundaceae

Plenasium banksiifolium 20 0.024 Asia

(C. Presl) C. Presl

21. Ophioglossaceae

Ophioderma pendulum L. 289 0.087 Old World Tropics (Madagascar to
Tropical Asia to Polynesia)

Botrychium daucifolium Wall ex | 610 0.13 Asia, Micronesia

Hook & Grev/
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composition cover | Frequency | Distribution

22. Plagiogyriaceae

Plagiogyria glauca (Blume) Mett | 1391 0.239 South Asia

Plagiogyria pcnophylla (Kunze) 728 0.12 Southeast Asia

Mett

Plagiogyra euphlebia (Kunze) 530 0.152 Southeast Asia

Mett

23. Polypodiaceae

Aglaomorpha sagitta (Christ) 101 0.038 Endemic

Hovenkamp & S. Linds*

Calymmodon gracilis (Fee) Copel | 273 0.195 Asia, Australia, Micronesia

Calymmodon gracillimus (Copel) | 15 0.0192 Malesia (except Peninsular Malaysia

Nakai ex H. Ito and Lesser Sunda islands)

Chrysogrammitis glandulosa (J. 54 0.024 Borneo, Malaysia, Sri Lanka,

Sm.) Parris Sumatra, Taiwan, Philippines

Chrysogrammitis sp. 5 0.024

Dasygrammitis malaccana 48 0.077 Southeast Asia

(Baker) Parris

Drynaria aglaomorpha 134 0.038 Sulawesi, Philippines

Christenh*

Drynaria cornucopia (Copel.) 15 0.038 Endemic

Alderw*

Drynaria descensa Copel 75 0.019 Endemic

Goniophlebium persicifolium 1245 0.174 Southeast Asia, Solomon Islands

(Desv.) Bedd

Goniophlebium pseudoconnatum | 1114 | 0.25 Southeast Asia, Philippines—Luzon,

(Copel) Copel Mindanao

Goniophlebium subauriculatum - Southeast Asia, Solomon Islands,

(Blume) C. Presl Australia, New Caledonia

Lepisorus accedens (Blume) - Southeast Asia, Australia,

Hosok Micronesia

Lepisorus mucronatus (Fee) Li 40 0.019 Southeast Asia, Micronesia,

Wang Philippines - Palawan, Mindanao

Lepisorus sp. 737 0.141 Southeast Asia

Lepisorus spicatus (L.f.) Li Wang | 163 0.022 Africa, Southeast Asia, Melanesia,
New Caledonia

Lepisorus validinervis (Kunze) Li | — Southeast Asia

Wang

Leptochilus insignis (Blume) - Southeast Asia

Fraser-Jenk

Loxogramme avenia (Blume) 11 0.011 Southeast Asia, Micronesia,

C. Presl Philippines—Palawan, Mindanao

Loxogramme cf. salicifolia 158 0.087 East and Southeast Asia

(Makino) Makino
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Loxogramme paralella Copel 13 0.011 Southeast Asia, Philippines -Luzon,
Mindanao

Oregrammitis beddomeana 75 0.033 Southeast Asia, Philippines - Luzon,

(Alderw) T.C. Hsu Mindanao

Oreogrammitis jagoriana (Mett 16 0.024 Borneo, Solomon Isls, Sulawesi,

ex Kuhn) Parris & Sundue Thailand, Vietnam, Philippines

Oreogrammitis reinwardtii 15 0.024 Australia, Malesia, Melanesia,

(Blume) Parris Polynesia

Oreogrammitis setigera (Blume) | 674 0.065 Southeast Asia, Philippines

T.C. Hsu

Oreogrammitis sumatrana 58 0.024 Southeast Asia

(Baker) Parris

Oreogrammitis tenuisecta - Southeast Asia

(Blume) T.C. Hsu

Oreogrammitis torricelliana 18 0.024 Philippines, New Guinea, Solomon

(Brause) Parris Islands

Prosaptia celebica (Blume) Southeast Asia

Tagawa & K.Iwats

Prosaptia contigua (G. Forst.) 77 0.019 Southeast Asia, Australia, New

C. Presl Caledonia, Solomon Islands

Prosaptia multicaudata (Copel.) Malesia, Australia, Polynesia

Parris

Prosaptia obliquata (Blume) Mett | 849 0.13 Southeast Asia

Prosaptia venulosa (Blume) 41 0.024 Southeast Asia

M.G. Price

Scleroglossum pusillum (Blume) | 18 0.019 Southeast Asia

Alderw

Tomophyllum macrum (Copel.) 28 0.024 Endemic

Parris

Tomophyllum millefolium 15 0.024 Southeast Asia

(Blume) Parris

Phlebodium sp. 1 60 0.022

24. Pteridaceae

Adiantum hosei Baker 966 0.13 Borneo, Sulawesi, Philippines

Adiantum capillus-veneris L 15 0.024 Widespread

Adiantum diaphanum Blume - Australia, Southeast Asia, Melanesia

Adiantum aff. mindanaoense - Moluccas, New Guinea, Philippines

Copel**

Antrophyum latifolium Blume 89 0.033 Southeast Asia

Antrophyum parvulum Blume 26 0.024 Africa, Southeast Asia

Antrophyum reticulatum 134 0.065 Southeast Asia

(G. Forst) Kaulf

Antrophyum sessifolium (Cav.) 300 0.13 Borneo, Sulawesi, Taiwan,

Spreng

Philippines
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Antrophyum sp. 86 0.058

Haplopteris ensiformis (Sw.) 37 0.019 Southeast Asia, Melanesia

E.H. Crane

Haplopteris alternans (Copel.) 22 0.024 Sulawesi, Mindanao

S. Linds. & C.W. Chen

Haplopteris scolopendrina (Bory) | 153 0.058 Southeast Asia

C. Presl

Haplopteris aff. mindanaoensis - Endemic

S. Linds & C.W. Chen

Pityrogramma calomelanos (L.) - America, Mindanao

Link

Pteris longipinnula Wall - Southeast Asia

ex. J. Agardh

Pteris oppositipinnata Fee 1212 0.217 Borneo, Sulawesi, Philippines

Pteris biaurita L. - Widespread

Pteris schlecteri Brause 54 0.024 Moluccas, New Guinea, Sulawesi,
Philippines

Pteris tripartita Sw 477 0.135

Pteris whitfordii Copel 389 0.076 Endemic

Vaginularia junghunii Mett 221 0.038 Southeast Asia, Mindanao

25. Psilotaceae

Tmesipteris zamorae Gruezo & 521 0.154 Endemic

Amoroso**

26. Thelypteridaceae

Chingia ferox (Blume) Holttum — Southeast Asia

Macrothelypteris polypodioides 62 0.038 Australia, Asia

(Hook) Holttum

Phegopteris cf. paludosa - Southeast Asia

Pronephrium nitidum Holttum - Widespread

Sphaerostephanos unitus (L.) 34 0.019 Widespread

Holttum

Sphaerostephanos urdanetensis 55 0.019 Endemic

(Copel.) Holttum

Christella acuminata (Hout) 550 0.154 Southeast Asia

Holttum

Christella dentata (Forssk.) 48 0.019 Widespread

Brownsey & Jermy

Coryphopteris squamipes (Copel) | —

Holttum

Coryphopteris pubirachis (Baker) | —

Holttum

Pneumatopteris laevis (Mett.) 551 0.13 Endemic

Holttum

Pneumatopteris nitidula (C. Presl) | — Endemic

Holttum
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composition cover | Frequency | Distribution
27. Tectariaceae

Tectaria melanocaulos (Blume) - Southeast Asia
Copel Southeast Asia
Tectaria dissecta (G. Forst)

Lellinger

Pteridophyte Composition in MMPL

Aspleniaceae
Athyriaceae
Blechnaceae
Cibotaceae
Cyatheaceae
Davalliaceae
Dennstaedtiaceae
Dicksoniaceae
Diplaziopsidaceae
Dipteridaceae
Dryopteridaceae
Gleicheniaceae
Hymenophyllaceae
Hypodematiaceae
Lindsaceae
Lycopodiaceae
Lygodiaceae
Mariatiaceae
Nephrolepidaceae
Oleandraceae
Ophioglossaceae
Osmundaceae
Plagiogyriaceae
Polypodiaceae
Psilotaceae
Pteridaceae
Selaginellaceae
Thelypteridaceae
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Fig. 9.4 Family-Genus-Species Composition of Pteridophytes in MMPL

H|’}"“”‘rr'['r"'"r"[|

N
o

45



186 C. D. Obemio et al.

Lindsaea, Lycopodiella, Nephrolepis, Oleandra, Ophioglossum, Osmolindsaea,
Phlegmariurus, Polystichum, Teratophyllum, and Tmesipteris. Among these,
Tmesipteris zamorae and Polystichum moluccense were found to exclusively prefer
tree ferns as their habitat. Meanwhile, the lithophytic community is composed of
species in the following genera: Adiantum, Antrophyum, Austroblechnum, Bolbitis,
Hymenophyllum, Nephrolepis, Pyrossia, Selaginella, and Thylacopteris. Two
genera, Oleandra and Davallia, are found to be hemi-epiphytes, exhibiting both
epiphytic and terrestrial habits. Tree ferns under Alsophila (4 spp.), Sphaeropteris
(4 spp.), and Dicksonia (2 spp.) and giant ferns under Angiopteris were the tallest
terrestrial ferns exhibiting tree-like habit.

Among the fern allies, two families are represented in MMPL, namely,
Lycopodiaceae (Lycopodiella, Lycopodium, Huperzia, Phlegmariurus, Palhinlea)
and Selaginellaceae (Selaginella). The latter was found to be the most abundant with
13 species, while Lycopodiaceae was represented by 9 species. Selaginella species
were observed from 1200 to 2000 masl elevations, while Lycopodiaceae (Huperzia,
Palhinhaea, Phlegmariurus, Pseudophasium) species thrive from 1600 to
1900 masl.

In the lowland areas of MMPL, several vegetation structures can be observed
which could provide different microenvironments for pteridophytes. This study was
able to observe patches of pteridophytes in the buffer and multiple use zones
(900-1100 masl) of the protected area. These zones are occupied greatly by
plantations (pineapple, vegetable) and residential areas. Highly tolerant species of
pteridophytes such as Christella, Pteridium, Nephrolepis, and Diplazium can be
found in these zones. They thrive along with invasive species such as Piper aduncum
(buyo-buyo) which indicates that these sites at the base of MMPL are highly exposed
and disturbed areas. Multiple use zones are marked by community and farm
dwellings surrounded by various private plantations devoted to several crops such
as corn, coffee, and vegetables (pepper, lettuce, tomato, etc.). Meanwhile, across
steep cliffs on the way to the mountain, several Osmunda spp. and Selaginella
species can be found bordered by populations of giant and tree ferns.

Going further the mountain forest, a community of giant ferns (Angiopteris,
Ptisana) and emerging tree ferns (Alsophila, Sphaeropteris) can be observed. This
is now part of the Strict Protection Zone of MMPL. Uphill presents the different
pteridophyte flora forming community with the rest of plant groups such as trees,
palms, and flowering understory.

The composition of pteridophytes in MMPL shares similarity with other
landscapes in Luzon (Magtoto and Austria 2017; Barcelona 2003a, b; Barcelona
et al. 20006), Visayas (Barcelona 2004), and other parts of Mindanao (Amoroso et al.
2011, 2016; Coritico et al. 2020). Moreover, these richness counts only validate the
significant contribution of the Philippines in the world's diversity of pteridophytes
(Table 9.2).

About 1100 species of pteridophytes under 144 genera and 3 families of
lycophytes and 34 families of ferns are known to thrive in the Philippines (Amoroso
et al. 2011, 2016; Delos Angeles and Buot 2012; Pelser et al. 2011; Smith et al.
2008). From this, it can be recognized that MMPL houses an interesting and
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Table 9.2 Pteridophyte richness in Mount Matutum and other mountain ecosystems in the
Philippines

Number of taxon

Mountains Species | Genera |Family | Reference

Mt. Makiling, Laguna 305 103 31 Price ( 1975)

Mt. Pangasugan, Leyte 93 55 24 Belonias and Banoc
(1994)

Mt. Santo Tomas, Benguet 100 59 21 Tolentino (1988)

Marilog Forest 183 78 28 Amoroso et al. (1996)

Mt. Apulang, Bukidnon 249 85 28 Amoroso et al. (1996)

Mt. Bali-it, Kalinga 167 67 30 Barcelona et al.
(2003a, b)

Mt. Iraya, Batanes 89 47 25 Barcelona et al.
(2003a, b)

Mt. Banahaw, Quezon 93 47 24 Banaticla and Buot
(2005)

Rajah Sikatuna Protected Landscape, | 169 63 27 Barcelona et al. (2006)

Bohol

Mt. Kitanglad, Bukidnon 439 100 25 Amoroso et al. (2011)

Mt. Makulot, Batangas 40 25 13 Catapang et al. (2012)

Mt. Hamiguitan, Davao Oriental 155 72 27 Amoroso et al. (2009)

Adams,Cordillera Mountain Range 47 34 21 Magtoto and Austria
(2017)

Mt. Tago Range, Bukidnon 203 89 29 Coritico et al. (2020)

Mt. Matutum, Socsargen 265 86 28 This study

significant diversity of pteridophytes, constituting 24% and 43% of the total species
composition in the country and Mindanao Island, respectively.

Species composition of pteridophytes in MMPL presents the floral multiplicity in
the protected area, comparable with other terrestrial landscapes in the country.
Moreover, the influence of topographic, atmospheric, and soil factors on the diver-
sity of ferns and fern allies results in a variety of microenvironments that favor the
growth of pteridophytes and create various niches for them which explains the
preferential or restricted ranges of the majority of these species.

9.4  Species Diversity of Pteridophytes in Mount Matutum

Species diversity using richness and Shannon-Wiener (H’) diversity index showed
varying levels from base to summit (Figs. 9.5 and 9.6). The relationship of pterido-
phyte richness and altitude presented general fluctuation in richness across elevation;
however, the highest number has been recorded with the 1500-2100 masl (Fig. 9.5).
It can be observed that for both sites, there is the rise and fall of peaks, but generally
the montane forest (1500—1900) harbors the most number of species.
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Fig. 9.5 Species richness in the NW slope of MMPL (1195-2286 masl)
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Fig. 9.6 Diversity (H') in the NW slope of MMPL (1195-2286 masl)

Shannon-Wiener diversity index (Shannon and Weaver 1949) and evenness
showed a range 1.199-3.194 and 0.3337-0.9194, respectively. It was further
observed that most of the sites that have the lowest diversity were from base zone
and the summit zone, while evenness was variable across elevation.

It can be gleaned that diversity peaks at certain points from 1200 to 1900
(Fig. 9.6). There are, however, sharp declines in some sites and the pattern generated
is much like the ones presented for species richness. Moreover, moderate (>2.5-3.0)
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Fig. 9.8 Comparison of diversity, and evenness across elevation gradients

to high (3.0-3.5) diversity of species was observed within 1500—-1900 followed
thereafter with a decreasing trend in the upper mossy forest (1900—2286 masl).

A direct relationship can be observed between diversity and richness where peaks
of richness often meet that of diversity (Fig. 9.7). The same with evenness which
shows congruence with diversity (Fig. 9.8).

The peak of species richness and diversity index of ferns and fern allies at middle
elevations gives a hump-shaped pattern (Colwell & Lees 2000; Lou 2010; Othman
et al. 2015; Zhao et al. 2005). Several studies (Catapang et al. 2012; Kessler
et al. 2011; Jones et al. 2011; Tu et al. 2010; Kluge et al. 2006; Amoroso et al.
2011; Bhattarai et al. 2004; Hawkins et al. 2003; Kessler et al. 2011; McCain 2005;
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Rahbek 2005; Perez 2004; Page 2002); Zhou et al. 2019) reflected the same. This is
due to increasing overlap of species ranges toward the center of domain and the
provision of different niches for pteridophytes through suitable climatic conditions
such as high humidity and moderate temperatures as well as the different
microhabitats brought about by topography, plant community, and soil conditions.
Meanwhile, a recognizable reduction in the richness and diversity in the upper
mossy (2100-2200 masl) than that of the lower mossy (1900-2100 masl) has been
noted.

A different picture, however, is observed in the mossy forest of MMPL, espe-
cially at elevations >2100 masl where species richness decreases. This can be the
result of relatively few shaded areas and the increasing abiotic stresses in this zone.
The same trend has been observed in the Pteridophytes study of Banaticla and Buot
(2005) in Mt. Banahaw and (Amoroso et al. 2011) in Mt. Kitanglad where patches
located in exposed areas limit the abundance of pteridophytes. It showcased increas-
ing richness and diversity towards the mid-altitude occurs followed by declines.
Interestingly, different peaks of richness and diversity occur at mid-altitude range.
This unique pattern is the result of the landscape’s topography and other environ-
mental gradients, a result of their different ecophysiological processes and climatic
tolerances (Syfert et al. 2018; Costa et al. 2018; Bhattarai 2003; Bhattarai and Vetaas
2003).

The greater number of species in montane regions is recognized as a consequence
of evolutionary conservatism in the thermal niches of tropical taxa, coupled with the
greater thermal zonation (Janzen 1976) and the broader climatic factors (Kluge et al.
2017; Morin and Lechowicz 2011; Kozak and Wiens 2010; Kozak and Wiens 2007,
Fernandez and Vrba 2005). This accordingly may result in increased opportunities
for allopatric isolation, speciation, and the accumulation of species in tropical
montane regions (Cadena et al. 2012).

Determining evenness in addition to diversity provides a concrete picture on the
status of pteridophytes as it does not only count richness, but also take into account
its proportion through equality/inequality elements (Lou 2010). This must be
integrated with diversity to express compositional variation in plant communities
(Gillespie et al. 2008; Hill 1973). Jost (2010) explains the importance of evenness
measures much like the distribution of wealth in the community: that if species were
households and abundance was wealth, then the distribution of wealth among these
households (evenness) could provide a picture of how equal or unequal the
proportions are with respect to the entire community. Hence, to understand
biological diversity, the number of different species in a community and number
of individuals within each of these species must be assessed (Leibold et al. 2004).

In MMPL, evenness measures have lows and highs which are variable across the
landscape. This supplements the Shannon index by reiterating that highly diverse
areas do not mean that cover or abundance was equitable. There are sites with high
diversity, but only few species hold a large percentage of the entire cover. Factors
that account for the low evenness in several sites were low slopes (<25), low
temperatures, and soil pH.
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Overall, diversity in most areas in MMPL have moderate (2.5-3.0) to high
(3.0-3.5) (Fernando et al. 2008) H’ diversity index. This range is also observed in
other ecological landscapes (Ifo et al. 2016; Amoroso et al. 2006, 2012; Belonias and
Banoc 1994). High diversity in an ecosystem enhances its ability to withstand
disturbances such as pollution, maintain soil fertility and microclimates, cleanse
water, and provide other invaluable services (Goeltenboth et al. 1999). However,
with the observed local threats in the area including small scale slash and burn
activities, the occurrence of invasive species, and conversion of forest lands for
residential areas, such high diversity may in the long run be put at risk if no
sustainable measures for long-term conservation are undertaken (Gao et al. 2009).

9.5  Factors Influencing Species Diversity in Mount Matutum

Different microenvironments and abiotic factors may influence the fluctuations
observed in species richness and diversity in MMPL across altitude. In fact, ferns
and fern allies are known to be affected consistently by environmental factors
primarily topographic and edaphic ones.

In Mount Matutum, diversity and richness patterns were influenced largely by
slope, while evenness was attributed to pH and PO, levels. The strength of the
relationship, however, needs to be drawn and further analysis is warranted
(Table 9.3).

Several studies (Carvajal-Hernandez et al. 2017; Nettesheim et al. 2014; Yuan
et al. 2014; Kessler et al. 2011; Banaticla and Buot 2005) also support the impact of
slope in the composition and abundance of fern and fern allies. It has been observed
that as the slope increases towards less steep gradients, richness and diversity
increases. Variation in slope can affect the degree of moisture conservation through
exposure to varying incidence angle of sunlight (Banaticla and Buot 2005). As such,
increase in slope creates steeper incline which provide a unique environment for the
growth of specialist species which may not be the case for flatter areas. Hence,
diversity along this site can be high.

Soil pH showed direct relationship with evenness with evenly abundant areas
having pH range of 5-6. pH influences the bioavailability of soil nutrients, soil
microbial activity and crop growth and development in soil (Wang et al. 2019;

Table 9.3 Regression coefficients showing the relationship of dependent variables—diversity,
richness, and evenness and significant independent variables—pH, Slope, NO,, and PO,

Dependent variables Factors Coeff Std. err t p R
Diversity Constant —2.532 6.083 —-0.416 0.678

Slope 0.385 0.154 2.498 0.015 0.27019
Richness Constant 52.931 93.956 —0.563 0.575
Evenness Constant —0.621 2.241 —-0.277 0.782

pH —0.664 0.208 —3.189 0.002 0.25298

PO, —0.101 0.034 —2.989 0.004 0.16125
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Zhang et al. 2019; Kim-Bui et al. 2013; Fageria et al. 2011, 2014). It is also
recognized as the greatest factor in the metal hyperaccumulation ability observed
in some ferns which generally occurs in acidic soils (Kim-Bui et al. 2013).

pH was further associated with climatic factors where low pH is realized along
low temperature and high humidity in higher areas. This along with the increasing
environmental stresses like wind pressure and steep slopes substrates becomes like a
filter on fern and lycophyte community. On the other hand, the upper mossy forest
(2100-2200) in MMPL was observed to have many unique species found nowhere
else in sites below. The same has been observed in the mountains of Southern
Mindanao where species becomes very distinct and higher in number (Amoroso
et al. 2011) as the altitude increases.

Phosphates (PO4) are essential for building the cell membranes and activate
carbohydrates during respiration. It is also one of the mineral nutrients for soil
fertility which is bound to organic matter in soil (Guignard et al. 2017). As such,
their bioavailability is also dependent on factors that also affect levels of organic
matter such as microbial degradation, temperature, soil pH, and relative humidity
(Fig. 9.9).

9.6 Patch Structure of Pteridophytes

Community structure based on height and habit of pteridophytes was first presented
by Banaticla and Buot (2005) in Mount Banahaw de Lucban, Quezon Province,
Philippines. Based on this study, the patch community structure of pteridophytes in
MMPL was analyzed. There are four general classes of patch, namely; Class
1 Terrestrial <100 cm tall (Selaginella spp.); Class 2 Terrestrial >100 cm tall
(Alsophila and Sphaeropteris spp., Angiopteris spp.); Class 3 < 100 cm Lithophytic
and Epiphytic (Hymenophyllum spp.); Class 4 > 100 cm Epiphytic on relatively
high trees (Fig. 9.10).

Majority (64%) of the northwestern portion are represented by all the height and
habit classes (Class 1-4). Transects lacking at least one class have generally lower
diversity compared to those completely represented. In addition, sites where low
diversity showed low percentage of class 2 height and habit forms and uneven
percent share of classes 1-4. The lowest diversity was found at 1246, 1475 masl,
and 2275 masl, while the highest diversity was recorded at 2100 masl where all
classes are present.

There is a huge lithophytic and epiphytic community at higher elevations starting
at 1700 masl towards the peak (2286). On the other hand, the lowland elevations
<1700 are marked by the dominance of class 1 height and habit forms. These are the
patches predominated by aggressive and highly tolerant species such as Diplazium
dilatatum, Pteris spp., Nephrolepis spp., Ptisana spp., and giant fern Angiopteris
evecta. Class 2 demonstrates height and habit forms of large and tall ferns found to
occupy wide range of elevation, but has second to the last percent share. It is
especially profound along 1195-1462 masl marked mostly by Alsophila and
Sphaeropteris spp. Ptisana spp. and Angiopteris evecta. At the peak, class 2 forms
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Fig. 9.10 Fern Patch Structure Based on Height and Habit Forms (Class 1-4) of Pteridophytes
in MMPL

are sparse with few stands of tree ferns, Dicksonia spp. and Alsophila and
Sphaeropteris spp. present. On the other hand, the summit is marked by minute
Coryphopteris, having a tree fern-like appearance yet standing to only about 2 ft in
height and 7 cm diameter.

Patch structure of the pteridophytes in MMPL is dominated by terrestrial under-
story ferns. This presents a significant ground cover in the landscape that forms a
delicate sub-canopy maintaining soil mineral nutrition and stability and as ecological
filter that shapes the heterogeneity in composition and distribution (George and
Bazzaz 1999). Next to understory ferns are the tree ferns which provide important
habitats for other pteridophytes and other plant groups as well as animals. The
presence of epiphytes also serves to provide necessary foraging habitat for endemic
avian communities (Fjeldsa 1999).

Different microenvironments along the fern patch community provide wide array
of ecological niches for pteridophytes (Banaticla and Buot. 2004). At the base of the
mountain are large open areas marked by high light intensities and temperature
which explains the almost uniform vegetation patch and presence of opportunistic
ferns especially those of scrambling habit. This is also the low-diversity areas as
portions of pteridophytes were remarkably uneven. Meanwhile, the montane forest
zones with lower temperatures and lower canopy openness influence the different
patch community of ferns marked by greater richness and abundance (Silva et al.
2018).

9.7  Preferential and Widely Adapted Species

Pteridophytes with frequency less than or equal to 0.20 were considered preferential
while those that exceed such value are referred to as widely adapted (Banaticla and
Buot 2004). Few (8%) pteridophytes in Mount Matutum are widely adapted species,
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occurring in more than 18 designated sites. This indicates the narrow range distribu-
tion of most ferns and fern allies as presented by over 90% of the pteridophyte
community (Table 9.4).

Most frequently encountered ferns are Monachosorum henryii (r = 0.40) and
Asplenium nigrescens (r = 0.38). The former is terrestrial, while the latter is an
epiphyte. Both were observed from 1600 to 2200 masl. Following them are
Hymenoasplenium excisum and Asplenium thunbergii, having >0.30-0.40
frequency.

Widely adapted species in ferns only form a small proportion in the landscape
which was the same observation in Mount Banahaw (Banaticla and Buot 2004).
However, there are widely adapted species that have been tagged as problem ferns
and their presence in the protected area in huge covers poses a threat to other patch
structures especially when more areas become cleared by slash and burn practices or
natural phenomenon (i.e., landslides). Example of these that can be found in MMPL
are Lygodium japonicum, Pityrogramma calomelanos, and Pteridium aquilinum
(Robinson et al. 2010).

Preferential or restricted-range species can represent the microenvironment spe-
cific to areas where they thrive and hence are sensitive to alterations in their
environment. (Silva et al. 2018). Interestingly, they could serve as indicators in the

Table 9.4 Widely adapted Pteridophyte species in MMPL showing cover and frequency values

Species Cover Frequency
Monachosorum henryi Christ 3346 0.402
Asplenium nigrescens Blume 3189 0.380
Hymenasplenium excisum (C. Presl) S. Linds. 2853 0.348
Asplenium thunbergii Kunze 2131 0.326
Sphaeropteris glauca (Blume) R.M. Tyron 3262 0.293
Asplenium nidus L. 1847 0.288
Elaphglossum blumeanum (Fee) J.Sm. 1878 0.283
Asplenium lobulatum Mett. 1178 0.272
Alsophila hermannii. R.M. Tyron 2445 0.272
Alsophila heterochlamydea (Copel) R.M. Tyron 2929 0.272
Angiopteris evecta SW. 1390 0.272
Diplazium dilatatum Blume 4204 0.293
Goniophlebium pseudoconnatum (Copel) Copel. 1114 0.250
Austroblechnum melanocaulon (Brack.) Gasper & V.A.O Dittrich 2710 0.239
Alsophila fuliginosa Christ. 2725 0.239
Elaphoglossum caliifolium (Blume) T. Moore 1242 0.239
Plagiogyria glauca (Blume) Mett. 1391 0.239
Ptisana pellucida (C. Presl) Murdock 1554 0.228
Sphaeropteris tripinnata (Copel) R.M. Tyron 1254 0.217
Diplaziopsis javanica (Blume) C. Chr. 1718 0.217

Pteris oppositipinnata Fee 1212 0.217
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monitoring of biodiversity and ecosystem health of the landscape (Banaticla and
Buot 2005; Delos Angeles and Buot 2015).

Distribution and range as well as endemism of pteridophyte species have been
attributed to terrain, altitude, climate variation, soil composition as well as landscape
heterogeneity (Bickford and Laffan 2006; Banaticla and Buot 2005; Lehmann et al.
2002; Duncan et al. 2001; Lillo et al. 2020). The greater proportion of restricted-
range pteridophytes found mostly along montane to mossy forest in MMPL would
imply the necessity for these forest zones to be closely monitored to have an accurate
picture of quality of environment in the protected area.

9.8 Endemic and Threatened Species of Pteridophytes

The conservation status of pteridophytes in Mount Matutum was sought with
reference to Department of Environment and Natural Resources (DENR) Adminis-
trative Order (DAO) (DAO 2017-11). This is the recent national list for threatened
plants in the Philippines based on the criteria for threatened plants by DENR.

DAO (2017-11) is an administrative order from the Department of Environment
and Natural Resources (DENR) which presents different categories from Interna-
tional Union for the Conservation of Nature (IUCN) Global Redlist except for CR
and EN. This is a good supplement as IUCN only presents 47% of the plants that can
be found in the Philippines. It also included two (2) other categories as Other
Threatened Species (OTS) and Other Wildlife Species (OWS). OWS may be
compared to the LC of IUCN, while OTS may be similar to NT of IUCN. Classifi-
cation was based on studies on rate of decline, population size, area of geographic
distribution, and degree of population distribution and fragmentation (Tables 9.5 and
9.6).

There are about 27 species considered to be threatened, while about 29 Philippine
species are endemic (Table 9.7) with reference to Amoroso et al. (2016) and Pelser
et al. (2011 onwards; Cos Digital Flora). These are further classified as broad or
narrow endemics based on the work of Amoroso et al. (2016). Broad endemics have
wider distribution in the country, while narrow endemics can be found only in
certain regions, and in this study, Mindanao.

These threatened and endemic species in MMPL face the concern on prioritiza-
tion for conservation interventions. More often, pteridophytes do not get adequate
attention in conservation as much as trees and other vascular flora. On the other
hand, there are also problem ferns, which need to be controlled, which calls for more
studies of its ecophysiological characteristics to effectively regulate their spread in
the forest. Moreover, presence of narrow (Mindanao) endemics further strengthens
the call for Southern Mindanao stakeholders to prioritize the conservation of these
species and integrate this floral group in management plans.
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Table 9.5 Threatened Species Categories and their description (DAO 2017-11)

Threatened categories Description

» Critically Endangered | Refers to a species, subspecies, varieties, or other infraspecific

(CR) categories facing extremely high risk of extinction in the wild in the
immediate future

» Endangered (EN) Refers to a species, subspecies, varieties, or forma that is not
critically endangered, but whose survival in the wild is unlikely if
the causal factors continue operating

*  Vulnerable (VU) Refers to a species or subspecies, varieties, formae or other
infraspecific categories of plants that are not critically endangered
nor endangered, but are under threat from adverse factors throughout
its range and are likely to move to the endangered category in the
future. This shall include varieties, formae, or other infraspecific

categories
¢ Other Threatened Refers to a species, subspecies, varieties, or other infraspecific
Species (OTS) categories that are not critically endangered, endangered nor

vulnerable but are under threat from adverse factors, such as over
collection throughout its range and are likely to move to the
vulnerable category in the near future

Non-threatened category | Refers to non-threatened species, subspecies, varieties, or other
¢ Other Wildlife infraspecific categories that have the tendency to become threatened
Species (OWS) due to destruction of habitat or other similar causes as may be listed
by the Secretary upon the recommendation of the National Wildlife
Management Committee

9.9 Conservation Plans for the Pteridophytes in MMPL

As forest degradation is now occurring at higher rates, especially in the tropical
regions where forest land areas are converted for agricultural plantations, under-
standing patterns of species richness and diversity is gaining importance (De Fries
et al. 2005). In this way, protection of specious areas within these landscapes may
further be pursued, thereby mitigating species’ loss.

Prior to every conservation undertaking, it is important to realize its pattern, the
environmental factors affecting their distribution as well as those that are necessary
to effectively manage their population. From here, it would be possible to see how
the patterns might change over temporal scale and under the controlling factors and
predict how patterns might change over time under the influence of these controlling
factors. Detection of these patterns and understanding their underlying causal
mechanisms are important for the future management and conservation of biodiver-
sity (Bhattarai 2017).

Conservation interventions to address the dwindling population of pteridophytes
could be a complex puzzle and one successful strategy in one area may not address
the problem in the other. The unending search for solution calls for a more emphatic
social community which can be achieved through constant information dissemina-
tion and education campaigns. Too often, these are neglected and advocacy activities
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Table 9.6 Threatened list of Pteridophyte species based on (DAO 2017-11) and relevant literature
and their altitudinal range in MMPL

Endangered (EN) Athyrium nakanoi Makino 2000-2100
Adiantum aff. mindanaoense Copel 1400-1600
Alsophila hermannii R.M. Tyron 1300-2100
Cibotium barometz (L.) J.Sm 1800
Dicksonia mollis Holttum 1600-2200
Dicksonia amorosoana Lehnert and Coritico 1900-2200
Ophioglossum pendulum L. 1500-1800
Phlegmariurus squarrosus (G. Forst.) A. Love & 1300-1800
D. Love
Polystichum moluccense T. Moore 1300-2100
Sphaeropteris glauca (Blume) R.M. Tyron 1200-2100
Sphaeropteris lepifera (J.Sm. ex Hook.) R.M. 900-1100
Tryon
Tmesipteris zamorae Gruezo and Amoroso 1500-1900
Vulnerable (VU) Asplenium vittaeforme Cav 1200-1400
Drynaria aglaomorpha Christenh 1500-1600
Drynaria cornucopia (Copel) Alderw 1500-1600
Alsophila fuliginosa Christ. 1800-2100
Alsophila heterochlamydea Copel. 1300-2200
Botrychium daucifolium Wall ex Hook & Grev/ 1300-1600
Polystichum elmeri Copel 1800-2000
Sphaeropteris elmeri (Copel.) Copel 19002000
Other Threatened Species Angiopteris evecta Sw 1100-1800
(OTS) Davallia denticulata (Burm.f.) Mett. ex Kuhn 1400-1800
Davallia solida (L.f.) Kuhn 1600-1800
Diplazium calliphyllum M.G. Price 1400-1600
Diplazium sibuyanense Alderw 1400-1600
Plenasium banksiifolium C. Presl 1200-1700

appear to be a mere performance of a routine. It is recommended that advocacy
interventions transcend boundaries and be understandable instruments in the grass-
roots level of the society (Aribal and Buot 2009).

In supplementing conservation programs at communities, policy strategies must
also be developed. This intervention is very important in conserving protected area
as it covers nearly all aspects of conservation at local, national, regional, and
international scales (FOS 2006). In MMPL, policies are set towards restrictions in
collection of wildlife species, conduct of scientific studies, land use boundaries, and
tourism activities (DAO 2017—-11). However, the protected area needs a rehash on its
policies towards biodiversity and monitoring to include species-specific targets and
measurable indicators on desired results (i.e., increase in diversity/richness or reduc-
tion in observable threats such as hunting, encroachment of settlements in the
protected area) and establishment of permanent biodiversity monitoring stations.
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Table 9.7 Endemic species of Pteridophytes and their altitudinal range in MMPL

Altitude
Endemic species (masl)
Narrow Adiantum hosei Baker 1300-2000
(Midanao) Alsophila hermannii R.M. Tyron 1300-2100
Diplazium pseudocyatheifolium 1200
Dicksonia amorosoana Lehnert & Coritico 1300-1500.
Hymenophyllum ramosii Copel 1800-2100
Lindsaea apoensis Copel 13001500
Phlegmariurus delbrueckii (Herter) A.R. Field and 1700-1800
Bostock
Polystichum elmeri Copel 1800-2000
Pteris whitfordii Copel 1300-1500
Broad Alsophila fuliginosa Christ 1800-2100
(Philippines) Alsophila hermannii R.M. Tyron 1300-2100
Alsophila heterochlamydea Copel. 1300-2200
Alsophila apoensis 1900-2000
Asplenium apoense Copel 1300-1400
Asplenium callipteris (Fee) Baker 1300-1400
Drynaria cornucopia (Copel.) Alderw 1500-1600
Drynaria descensa Copel 1500-1600
Drynaria sagitta (Christ) Christenh 1500-1600
Haplopteris aff. mindanaoensis 1800-1900
Phlegmariurus bayanicus 1700-1800
Pneumatopteris laevis (Mett.) Holttum 1000
Pneumatopteris nitidula (C. Presl) Holttum 1200-1300
Polystichum elmeri Copel. 1800-2000
Pteris opposipinnata Fee 1200-1600
Pteris whitfordii Copel 1200-1300
Selliguea elmeri (Copel.) Ching 2100-2200
Sphaeropteris elmeri (Copel.) Copel 1900-2000
Sphaerostephanos urdanetensis (Copel.) Holttum 1600-1700
Tmesipteris zamorae Gruezo & Amoroso 1500-1900
Tomophyllum macrum (Copel.) Parris 2100-2200

Moreover, an integrated resource planning and management of relevant government
agencies, local government units (LGUs), PAMB, academe, and civil society
organizations (CSOs) to harmonize interventions in MMPL prior to developing
policy strategies must be enforced (DAI 2019).

Another plausible intervention is the mass propagation of threatened species
through ex situ and in situ mechanisms. In Central Mindanao, there is already
ex-situ conservation through botanical gardens, spore banks, and greenhouses.
This provides avenues for genetic lines of pteridophytes to be preserved and for
the community to develop biophilic interaction which will be crucial for intensifying
citizens’ involvement in conservation. Conservation efforts along this line could also
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lead towards local community participation from local livelihood to community
involvement in management of targeted species such as pteridophytes.

9.10 Conclusion

The forest landscape in MMPL showed significant pteridophyte flora. Richness,
diversity, and evenness showed trends from base to summit, influenced by environ-
mental factors. Middle elevations presented the bulk of richness and diversity which
was found to be related to slope. Meanwhile, evenness values were variable and
showed association with soil pH. Patches of pteridophytes at the base or lower
elevation areas show indication of clearing as marked by the growth of aggressive
and ramet-forming individuals as well as other nonindigenous plant groups, thereby
decreasing areas for the native ferns and fern allies. The presence of a significant
number of threatened species highlights the urgency of conservation interventions,
especially that MMPL is a protected area surrounded by growing population of
household community and pressed with current economic development
interventions.
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Abstract

In Indonesia, there is a rare type of coconut known as kopyor coconut which is the
result of a mutation expressed in the endosperm. Kopyor coconut trees are found
concentrated in several areas on the islands of Java and Lampung. However, there
is little information reported about the kopyor coconut in the field, especially its
variety and diversity. This chapter describes: (1) the center of kopyor coconut in
Java and Sumatera Island, and (2) morphological diversity of kopyor coconut
based on type, color, size, and endosperm texture. Kopyor coconut tree is
classified into dwarf and tall types, as well as hybrids resulting from dwarf and
tall hybridization. Hybrid kopyor coconuts are commonly found in the Pati area,
Central Java. In fact, some observations showed that the diversity of kopyor
coconuts in terms of color, size, and texture of the endosperm can be found
among kopyor coconut population. In the tall kopyor coconut, there are green,
brown, and red coconut fruits. However, the color of dwarf kopyor coconut fruit
has more variations compared to tall. There are green, red, brown, yellow,
brownish green, reddish brown green, greenish brown, and orange (ivory). The
endosperm diversity of kopyor coconut was identified based on its texture, the
percentage of endosperm volume filling the fruit cavity, and coconut water
volume. Generally, kopyor coconut endosperm is classified into 3 types: Type
A—clotted endosperm loose from the shell, crumbs, and no coconut water; Type
B—some endosperm still attached to the shell, very crumbly, and little coconut
water; and Type C—endosperm still attached to the shell and very soft has a lot of
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coconut water. Those information on the diversity of kopyor coconut is very
important for researchers, laboratories, and institutions to develop in situ and ex
situ conservation, as well as to produce superior kopyor coconut.

Keywords

Mutant coconut - Endosperm - Fruit color - Phenotype diversity

10.1 Introduction

Kopyor coconut is one of the coconut variants which is thought to be the result of
natural mutation, having a nut (commonly for coconut fruit) with an abnormal
endosperm. The structure of the endosperm is very soft and the flesh separates
from the shell into small pieces that fill the entire cavity. Kopyor coconut endosperm
abnormalities cause embryos to fail to germinate. Endosperm cannot be utilized by
the embryo as an energy source in the germination process, due to the endosperm in
kopyor coconut seeds rotting immediately after planting. Thus, pure-bearing kopyor
coconut palms that produce 100% kopyor nuts have not been obtained in nature.

Phenotype characters of kopyor coconut are associated with xenia effect, the
effect of pollen on seeds and fruit of the fertilized plant, controlled by a single
recessive mutant k gene in a K locus (Maskromo et al. 2016; Sukendah et al. 2009).
Sudarsono et al. (2013) classified kopyor coconut into three classes based on the
phenotype, the genotype of endosperm, and zygotic embryo: (1) Normal phenotype-
homozygous KK nuts, with the genotype of endosperm being a homozygous KKK,
(2) Normal phenotype-heterozygous Kk nuts, with the genotype of endosperm either
KKk or Kkk, and (3) Kopyor phenotype-mutant homozygous kk nuts with the
endosperm genotype a homozygous kkk.

Generally, kopyor coconuts are obtained from normal coconut trees which
produce normal coconuts and kopyor coconuts in one bunch of inflorescence. This
type is called heterozygous kopyor coconut tree. Heterozygous kopyor coconut tree
is grown from coconut seeds with normal phenotype, but carries the gene for the
kopyor trait on one of the alleles in the locus that regulates the kopyor trait (Kk tree).
By this method and depending on where they are planted, also the type of kopyor
coconut and its pollination, the percentage of kopyor nuts produced very low,
usually only 1-2% fruits per bunch. For tall kopyor coconut type, a cross-pollinated
produces 1-2 kopyor fruit per bunch. This is because the possibility of recessive
genes in female flower pollinated by recessive gene in male flower is relatively
small. Meanwhile, the dwarf type of kopyor coconut produces more kopyor fruit per
bunch, sometimes it can reach 50%. Research results Maskromo et al. (2013)
showed that the percentage of kopyor fruit production of three varieties of dwarf
kopyor coconut (green, yellow and brown) from Pati (Central Java) ranged from
24.8-38.9%. This is because the dwarf type of kopyor coconut is self-pollinating so
that the chance of pollination recessive genes between female and male flowers is
greater. To develop pure (homozygote) kopyor seedling, the only way is through
in vitro culture (embryo rescue technique) (Mashud et al. 2004; Novariantol et al.
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2014). This seedling can produce 100% kopyor nuts and called homozygous kopyor
coconut tree.

Heterozygous kopyor coconut trees can only be found in certain areas in Java,
Madura, and Sumatera Island. In Java, kopyor coconut exists in small-scale commu-
nity gardens in Jember (East Java), Pati Regency (Central Java), and Ciomas-Bogor
(West Java). Kopyor coconut is also grown in farmer plantation in Sumenep
(Madura Island), and Kalianda, Lampung (south part of Sumatera Island). Usually,
those kopyor coconut trees are tall type. However, in some areas such as Pati,
Jember, and Sumenep, there are dwarf and hybrid types. In these areas kopyor
hybrid coconut palm is grown among the normal population. Until now, very few
researchers have explored the presence and diversity of the kopyor coconut trees on
the island of Java or Madura. This chapter aims at (a) describing the diversity of
kopyor coconut trees in the farmer’s plantation, and (b) describing diversity of
kopyor coconut endosperm.

10.2 Centers of Kopyor Coconut in Indonesia

In nature, the population of heterozygous kopyor coconuts is very limited and
concentrated in small-scale community gardens on the islands of Java and South
Lampung. Until now, there is no clear information about the origin of the kopyor
coconut tree. However, the population of kopyor coconut can be found in Jember,
Banyuwangi, Sumenep, Tulungagung (East Java), Pati (Central Java), Ciomas,
Bogor, and Tangerang (West Java) (Asmah 1999), while in Sumatra it is in Kalianda,
South Lampung (Mahmud 2000). Kopyor coconut plants are also often reported to
grow sporadically in various areas on the Java island, but the highest population of
kopyor coconut is found in five central areas, namely Sumenep, Jember, Pati,
Tangerang, and South Lampung.

Heterozygous kopyor coconut centers in Sumenep Regency are located in
Dungkek, Batang-Batang, and Gapura Districts. The population of kopyor coconut
is scattered sporadically in the three subdistricts. The largest population is in
Lapataman Village, Dungkek (Fig. 10.1a, b). Each farmer has an average of 10-20
trees per person. In 2007, the Sumenep Plantation Office has registered the local
variety of kopyor coconut, Lapataman Dungkek, to the Department of Agriculture.
Aside heterozygous kopyor coconut, the local government has developed a 1 ha
homozygous dwarf kopyor coconut plantation consisting of 200 trees (Fig. 10.1c).
The seedling came from embryo culture.

In Sumenep, coconut kopyor is known as Kelapa Puan. The number of kopyor
coconuts produced from one tree per bunch is an average of 2%. The production of
kopyor fruit in the three subdistricts is estimated at an average of 1000 nuts per week
(Akuba 2002). Farmers usually sell kopyor coconut in the form of fresh fruit at a
price of IDR 50,000 per fruit. This price is ten times compared to normal coconut.

The largest heterozygous kopyor coconuts in Jember are in three subdistricts,
namely Wuluhan, Ambulu, and Gumuk Mas. In Jember, there are two types of
kopyor coconut, tall and dwarf types. Although generally heterozygous kopyor
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Fig. 10.1 Heterozygous kopyor coconut population in Lapataman, Dungkek, Sumenep, East Java.
(a) Tall heterozygous kopyor coconut, (b) Dwarf heterozygous kopyor coconut, and (¢) Homozy-
gous dwarf kopyor coconut from embryo cultured seedling

coconuts grow scattered among normal coconuts, but in Kesilir Village, Wuluhan
District, there is one garden planted with heterozygous kopyor coconuts of approxi-
mately 50 trees with a spacing of about 7 x 7 m (Fig. 10.2a). Heterozygous kopyor
coconut produced an average of 3—4 fruits per bunch, even up to 7 fruits per bunch
per tree. Planting kopyor coconut trees in one area causes an increase in pollination
between male flowers and female flowers that carry kopyor traits.

The population of tall kopyor coconut tree in one area was also found in May-
angan Village, Gumuk Mas District. Kopyor coconut trees are planted on bunds
surrounding the fish pond (Fig. 10.2b). According to the farmer who planted it, the
kopyor coconut seeds planted in Gumuk Mas came from the village of Kesilir
Wuluhan. The expansion of the kopyor coconut planting area continues around the
Gumuk Mas area, which is now about 4-5 years old (Fig. 10.2c). Meanwhile, the
population of dwarf coconut kopyor in Jember is very small and is spread in Ambulu
District with orange, yellow, and green fruit colors.

The highest population of kopyor coconut from Pati is found in Tayu,
Margoyoso, and Dukuh Seti subdistricts (Fig. 10.3a). As in other areas, the kopyor
coconut tree is planted in the gardens around people’s homes (Fig. 10.3b). In contrast
to Jember, the dwarf type of kopyor coconut in Pati is very numerous and
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Fig. 10.2 Heterozygous kopyor coconut population in Jember, East Java. (a) Tall heterozygous
kopyor coconut plantation in Kesilir Village, and (b) Tall heterozygous kopyor coconut in Gumuk
Mas Village

widespread in this district. It is suspected that the dwarf kopyor coconut is a native
plant of the Pati area. Dwarf kopyor coconut from Pati has grown in other districts in
Central Java such as in Jepara, Rembang, Sukoharjo, Magelang, and Jogyakarta. In
addition, it has spread to Sumenep, East Java, Berau, East Kalimantan, and Riau
Islands (Maskromo et al. 2015). The Association of Indonesian Coconut Farmers
(APKI) in Pati Regency, Tayu District, played an important role in the distribution of
the heterozygous kopyor coconut seedlings. Association members usually develop
dwarf kopyor coconut seedlings from normal coconuts carrying the kopyor gene
(Fig. 10.3c).

Aside from dwarf type, hybrid kopyor coconuts are also commonly found in Pati.
The hybrid kopyor coconut is the result of a natural pollination between the tall and
dwarf kopyor coconuts. Observation of the origin of hybrid kopyor coconut in Pati
shows that some hybrid kopyor coconuts in Central Java come from parents in
Central Java. For example, the hybrid kopyor coconut from Dukuh Seti has the
parents of the tall kopyor coconut from Tayu and the dwarf kopyor coconut from
Margoyoso. The Tayu hybrid has parents from Tayu, Dukuh Seti, and Margoyoso
(Table 10.1). However, the hybrid kopyor coconut from Margoyoso comes from the
parent of tall kopyor coconut Margoyoso and dwarf Tayu.
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Fig. 10.3 Heterozygous kopyor coconut in Pati, Central Java. (a) Tall heterozygous kopyor
coconut, (b) Dwarf heterozygous kopyor coconut in Tayu Village, Pati, (c) Heterozygous kopyor
coconut seedling

Table 10.1 Possible origin of hybrid kopyor coconut in Central Java

Hybrid kopyor coconut Tall kopyor coconut Dwarf kopyor coconut
No. | (Offspring) (Parent 1) (Parent 2)
1. Hybrid Dukuh Seti Tall Tayu Dwarf Margoyoso
2. Hybrid Tayul Tall Tayu Dwarf Margoyoso
3. Hybrid Tayu2 Tall Dukuh Seti Dwarf Tayu
4. Hybrid Tayu3 Tall Margoyoso Dwarf Margoyoso
5. Hybrid Margoyoso Tall Margoyoso Dwarf Tayu
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10.3 Diversity of Kopyor Coconut Tree in Farmer Plantation

Kopyor coconuts, like normal coconuts, can be classified into two types—tall and
dwarf types (Mashud and Manaroinsong 2007). Meanwhile, Freemond et al. (1966)
classified normal coconuts into three varieties, namely tall, dwarf, and hybrid/
intermediate (var. Aurantiaca). In the case of coconut kopyor, hybrid species have
also been found in certain locations, such as Pati, Central Java and Jember, East Java.
In this area, hybrid kopyor coconuts grow among the normal population. Mean-
while, in the Sumenep area, hybrid species have not been found (Sukendah et al.
2011).

Tall kopyor coconut trees have the appearance of trunk size, plant height, and
fruit size that are larger than the dwarf type. A distinctive feature is the presence of a
bole (the enlarged part at the base of the stem). Tall kopyor coconut begins to flower
at the age of 5-7 years with a cross-pollination pattern, so that the variability
between individuals and populations is quite high. Naturally, the tall kopyor coconut
only produces 1-2 kopyor fruit per bunch.

In addition to the tall and dwarf types, kopyor coconuts are also classified based
on the color of the fruit. Heterozygous tall kopyor coconut in Sumenep can be
distinguished based on fruit color into 3 types, i.e., green, brown, and red
(Fig. 10.4b, c). Meanwhile, the tall kopyor coconut in Kalianda has various fruit
colors, ranging from green, brownish green, brown to reddish brown. In general, the
fruit color diversity of tall kopyor coconut is relatively the same as the tall normal
coconut color variation.

Kopyor coconut fruit diversity is not only in fruit color, but also in fruit size, fruit
weight, and endosperm thickness (Sukendah et al. 2011). Besides that, there is also
diversity in flower morphology. Kopyor coconut flower color matches the color of
the fruit. Inflorescence morphology of brown kopyor coconut is longer with more
female and male flowers, but has shorter and thicker flower stalks than green ones.

Diversity of fruit color in dwarf kopyor coconuts is more than the tall one.
According to Maskromo et al. (2014), dwarf kopyor coconut in Pati, Central Java,
has quite a lot of color variations, namely green, yellow, brown, and orange
(Fig. 10.5a—d). Besides that, there are also color gradations, namely brownish
green and greenish brown. Until now six kinds of dwarf kopyor coconut in Pati
can be identified based on the fruit color: green, brownish green, brown, greenish
brown, yellow, and orange (ivory) (Maskromo et al. 2015).

10.4 Diversity of Kopyor Coconut Endosperm

The phenomenon of kopyor coconut endosperm with soft texture or crumbs and
lumps (Fig. 10.6a, b) does not only occur in Indonesia. In other countries such as the
Philippines, Thailand, Sri Lanka, and India, coconuts with endosperm similar to
kopyor coconut are also found. In Indonesia, besides the existing kopyor coconut
fruit, endosperm with soft and lumpy texture is also found, known as lilin coconut
(Fig. 10.6¢). The endosperm texture of lilin coconut from Indonesia is similar to that
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Fig. 10.4 Diversity of tall heterozygous kopyor coconut based on fruit color. (a) Tall kopyor
coconut, (b) Diversity of color and size of tall kopyor coconut fruits in Sumenep, (¢) Diversity of
color and size of tall kopyor coconut in Jember

of macapuno from the Philippines, but different from that of kopyor coconut
(Figs. 10.6d). The endosperm texture of lilin coconut and makapuno coconut is
soft like jelly, not crumbly or not easily crushed, coconut water is viscous like oil.
Therefore, the endosperm of makapuno can be made into snacks and mixed in buko-
pie cakes. However, the endosperm texture of kopyor coconut is rough crumbs, and
kopyor coconut water is not viscous, but like normal coconut water.

The diversity of kopyor coconut is not only seen in the type (tall, dwarf, hybrid),
but also in the texture of the endosperm. Based on the texture of the endosperm, the
kopyor coconuts in Sumenep are divided into 3 types, namely: Type A which has the
following characteristics: the endosperm is lumpy into small flakes and is very
crumbly and peels off from the shell, little or no coconut water; Type B: some of
the endosperm peeled off into small lumps, some are still attached to the shell, the
endosperm is very soft or loose, still has coconut water; and Type C: endosperm still
attached to the shell, not peeled off but very loose in texture and has a lot of coconut
water (Fig. 10.7).

Akuba et al. (2000) also classify the endosperm of the Sumenep kopyor coconut
into 3 groups, namely, the first endosperm that has been broken or totally broken
meat is called “Puan” or “Kopyor”. In the second type, the endosperm is still intact



10 Morphological Diversity of Kopyor Coconut in Indonesia 213

Fig. 10.5 Diversity of dwarf kopyor coconut based on fruit color. (a) red dwarf kopyor coconut,
(b) brown dwarf kopyor coconut, (¢) green dwarf kopyor coconut, and (d) yellow dwarf kopyor
coconut

but very soft called “Theeri” and the third type is the endosperm slightly harder than
“Theeri” which is called “Kapungan”. In contrast to the kopyor coconut in Sumenep,
the endosperm texture of the kopyor coconut in Kalianda is classified based on the
score of the thickness of the endosperm. There are 9 scores of endosperm of
Kalianda kopyor fruit, which are ordered based on the percentage of endosperm
volume filling the fruit cavity, starting from the thinnest with a score of 1 to the
fullest filling the cavity of the coconut fruit with a score of 9. Meanwhile, the dwarf
kopyor coconut in Pati obtained a score of 1 to a score of 6 (Maskromo et al. 2014).

10.5 Summary and Conclusion

The diversity of kopyor coconut phenotypes was identified in several kopyor
coconut centers in Sumenep (Madura), Jember (East Java), Pati (Central Java), and
in Kalianda (Lampung). According to the type of kopyor coconut, it is distinguished
by tall, dwarf, and hybrid. Hybrid kopyor coconut is the result of hybridization
between tall and dwarf kopyor coconuts. Morphologically, tall and dwarf kopyor
coconut vary in fruit color, fruit size, and endosperm texture. Based on the fruit
color, both tall and dwarf kopyor coconuts are divided into green, brown, red, and
yellow kopyor coconuts. Even in the dwarf kopyor coconut, more variations in fruit
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Fig. 10.6 (a, b) Endosperm kopyor coconut, (¢) Endosperm lilin coconut (Maskromo et al. 2015),
(d) Endosperm macapuno Philippines. (http://picssr.com/tags/makapuno)

Fig. 10.7 Diversity of kopyor coconut endosperm texture (a) Type A: clotted endosperm loose
from the shell, crumbs, and little/no coconut water, (b) Type B: some endosperm still attached to the
shell, very crumbly, and little coconut water. (¢) Type C: endosperm still attached to the shell and
very soft has a lot of coconut water

color were found. The diversity does not only occur in the color of the fruit, but also
in the endosperm. Kopyor coconuts in Sumenep are grouped into 3 types of
endosperm, while in Pati and Kalianda kopyor coconuts are classified in to a score
of 1-6 based on percentage of endosperm volume filling the fruit cavity.
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Abstract

Understory plant species diversity was assessed within forests over limestone
across municipalities of Paranas, Taft, and Guiuan in Samar Island, Philippines.
Edaphic factors were analyzed and subjected to cluster and ordination analysis. A
total of 26 understory plants were recorded, 6 fern species belonging to 6 genera
in 6 families and 20 flowering plants belonging to 13 genera in 9 families. Based
on the forest floor census, the highest species richness occurs in Paranas, with
18 understory plant species followed by Taft with 12 and Guiuan with 5. Com-
munity awareness together with the help of Environmental agencies such as the
Department of Environment and Natural Resources and the Local Government
Unit is instrumental towards plant species protection and conservation. Lower
species diversity in Guiuan may be attributed to generally poor soil
characteristics. Soil pH across sites was slightly acidic. Generally, the percent
organic matter (OM) was high in all plots but was highest in Guiuan (16.44%)
and lowest in Taft (9.61%). Variation in average soil OM across sites can be
explained by differences in vegetation cover, amount of leaf litter, and continuous
rain-promoting decomposition. Similarly, total N and P are high and above
threshold levels in all plots. Total average N was recorded to be highest in Guiuan
(0.63) and lowest in Taft (0.47). Interestingly, most of the analyzed edaphic
factors are not typical of forests over limestones. Understory plant species
recorded from Paranas and Taft are highly affected by Fe and EC. Plant species
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from Guiuan, on the other hand, is positively correlated with pH, OM%, N%, P,
Cl, K, Cu, Mn, Mg, Na, and Zn. Understanding key environmental factors is
important in biodiversity assessment and indicates overall environmental quality.

Keywords

Edaphic factors - Flora - Kaigangan - Samar Island

11.1 Introduction

Samar Island together with Leyte is collectively known as Eastern Visayas and is
identified as one of the 15 biogeographic zones in the Philippines due to its unique
and rich biodiversity (Madulid 2000). Furthermore, it hosts a number of native and
endemic species due to its extremely rugged terrain, geographic location, climatic
and edaphic conditions, biogeographic conditions, and a variety of habitats and
forest formations (Meneses et al. 2018; Tolentino et al. 2020). These forest
formations include mangrove forests, beach forests, old and second-growth tropical
lowland evergreen forests, forests over ultramafic rocks, and forests over limestone
(Chavez et al. 2020). Forests over limestone phenomena are geomorphologic
features that result from the dissolution of a layer or layers of soluble bedrock,
usually, carbonate rock. Limestone karsts cover 10% of the total land area of the
Philippines and are notable for having high species endemism due to their unique
flora and fauna (Fernando et al. 2008). Recent expeditions in these forests have led to
new species records as well as the discovery and description of new floral species
(Meneses et al. 2018; Meneses and Cootes 2019; Adorador 2019; Adorador and
Fernando 2019; Adorador et al. 2020; Chavez et al. 2020).

The assessment of floral communities in the epigeic region of forests over
limestone ecosystem can generate useful information such as floral diversity, com-
munity structure, niche partitioning, as well as the understanding of plant adaptations
and plant assemblage patterns as a result of the complexity of environmental
conditions. A well-documented and conserved forest over limestone brings in
numerous priceless ecosystem services that will sustain ecosystem health,
minimizing global warming and drastic climatic changes, aggravating disaster in
this vulnerable region as observed during typhoons, particularly Typhoon Haiyan.
To understand plant community change and composition as a result of varying soil
characteristics, documenting and continuous monitoring is essential.

Generally, this study was conducted to document and examine plant diversity and
species composition in forests over the limestone of Paranas, Taft, and Guiuan of
Samar Island. Specifically, this study aims to: (1) Document plant understory species
in forests over limestones and (2) Describe the pattern of plant distribution regarding
ecological parameters using multivariate tools.
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11.2 Materials and Methods
11.2.1 Study Site

Assessment of floral diversity in Paranas (Fig. 11.1), Taft (Fig. 11.2), and Guiuan
(Fig. 11.3) of Samar Island was conducted from October 1-16, 2019, as part of
Project 1: Assessment of Biodiversity in Forest Over Limestone Ecosystem. This is a
component of the government-funded research program, Assessment and Conserva-
tion of Forest Over Limestone Ecosystem Biodiversity in Selected Municipalities of
Samar, Philippines (CONserve-KAIGANGAN). The selection of sampling plots
was based on the biophysical characteristics of the area, including (1) plant diversity
heterogeneity, (2) topographic attribute (elevation), (3) the extent of forest over
limestone area, and (4) the presence of anthropogenic disturbances.

11.2.2 Plant Species Assessment

In documenting understory plant species recorded in established plots from select
municipalities, the line intercept technique was used. A total of 54 line transects were
established in Paranas (18), Taft (18), and Guiuan (18). Two line transects, 5 meters
(m) in length and subdivided with 1 m intervals, were deployed inside each sampling
plot. The local name, height, and cover of all plant species traverse in the line were
recorded per 1 m interval markings. For species nomenclature, The Plant List
(2013) and Co’s Digital Flora (Pelser et al. 201 1-onwards) was followed.

The dominating plant species in the area were determined by obtaining the
following parameters: relative density (RD) and relative frequency (RF). These
parameters were then utilized to compute the Importance Values (IV) using the
formula adapted from Mueller-Dombois (1974):

IV Relative Density (RD) + Relative Frequency (RF)

2
where:
RC — Cover of the species 100
Total cover of all species
RE Number of occurrences of the species

~ Total number of occurrences of all species

Shannon index of diversity was also computed with the following formula:
Shannon Index of diversity (H’):

H=— Z(P, In p;)
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where p; = 10 relative abundance or the proportion of the total sample belonging to
the nth species, and i = 10 and In is the natural logarithm.

11.2.3 Herbarium Specimen

Voucher specimens were collected for proper identification and documentation.
These were then processed, and herbarium specimens were deposited in the Plant
Biology Division Herbarium (PBDH), Institute of Biological Sciences, University of
the Philippines Los Bafios. Specimens were identified utilizing original descriptions,
taxonomic revisions, and botanical keys. Our specimens were also compared with
the collections of PBDH and from available online resources such as “Co’s Digital
Flora of the Philippines” (Pelser et al. 2011). Because existing databases and updated
information regarding the flora of Samar are wanting, experts from the Philippine
National Museum were consulted in order to identify the unknown plant specimens.

11.2.4 Data Analysis

Altitude and geographic location were measured using a geographic positioning
system (GPS) device. In order to detect significant changes in the floristic composi-
tion among plant communities recorded across select municipalities of Samar Island,
edaphic factors were analyzed, such as % organic matter (OM), % nitrogen (N),
phosphorus (P), electrical conductivity (EC), potassium (K), sodium (Na), calcium
(Ca), magnesium (Mg), iron (Fe), zinc (Zn), copper (Cu), manganese (Mn), and
chlorine (Cl). A similarity analysis (ANOSIM) was run, which performed
999 randomized permutations on data to calculate the statistic R global with their
corresponding probability p (Clarke and Gorley 2006). The quantitative data
obtained from soil and plant analysis were subjected to Canonical Correspondence
Analysis (CCA). The researchers performed principal coordinate analysis (PCoA) of
Bray-Curtis similarity of plant species abundance data recorded across select
municipalities where square root transformed, and abiotic factors were used without
further transformation (% organic matter (OM), % Nitrogen, Phosphorus, Electrical
Conductivity, K, Ca, Mg, Fe, Fe, Zn, Cu, Mn, and Cl). To detect significant changes
in the plant floristic composition across select municipalities, a similarity index
(ANOSIM) was used. All analyses were performed using the Paleontological Statis-
tics Software Package Version 3.25 (2019).



M. D. delos Angeles et al.

224

- - SN 2ulffv wndyonisouulr) JBIORYIUBIY so[erwe |
(Hadd)
191 . eUqO/(HA4d) ZSOL ®U2qO uBWISE[NY] “ds niosag Jeaoeruo3og s9[eIIqINoN))
(HAdd) 290L euaq0 - “ds pundyy JeadRIOqISUTZ so[eIeqI3urZ
(Hagd) z60L e92q0 - BULIQAZ “TBA DULIGIZ DIUDISIPDL] QBOBUI[OWILIO)) | SO[EUI[OUWIO))
(Hadd) £91L eU2q0 mueq “ds snuvpuvg
- “ds pyourofog JedoruRpUR] so[euepued
(HAgd) ovoL eu2qO MeURUY swinpg (‘wey) snjofipuniod snqnsg BAORIAIY S9[BIAY
1)L
(Hagd) ov1L eudq0 - 2 "[107 ((qx0¥) vi.3d po s1170]80IPULSIYOS
(HAgd)
GGOL eu2qO/ (HA9d) 0€1L eUQO meked ‘[Sug sisuaurddipyd puswojpuiofy
(Hadd) 060L ®U290 - “ds vaoydoprydpyy
(Hagd) 811L eU2q0O KompueH ANINOH UBA X3 NIOYDS DULIGDZ DISDIO]Y
(Hadd) 001L ®Y90 - “ds vispooyy
(HAdd) 680L euaq0 oxerd NOYOS WIDINUIU0D DUIUOD]SY JeadRIy So[eIRWISITY
(HAdd) LE1L vUqO ISNUS A “ds uodig deooeradig soreradig
oaéo%&wm«&ﬁ?moﬁéummu
(Ha@dd) 921L eueqO ONN 103uI[[o] (ISI0 D)) DIIISSIP DLIDIOI] 9BIOBLIBIOA],
(Hadd) 111 eUq0 opNT 1D "D (99) pivua.d sijadoldpd) | seadepisdoLrewior
(HAdd) vE1L/6€1L B0 jiund [S91d "D 2[p1u0zII0Y WNYdUSKoq seaoepueldodiq
(HA4gd) 160L/€90L eusqQ | Join/3o0107 "ABD) 2uLLOfav11A wnuad]sy Jeaoerualdsy sorerpodAjod
(Hadd) ¢S1L eU9q0 oN[ed “ds suapdorsuy SBI0RIIBIRIA SoTeneIeIA
(HAdd) 9€1L eusqO - “ds pjjou18nyag Jeaoe[[ouIde[os So[[eUISR[RS
eikydoprroid,
BIBOJISXH Qureu QueU OYNUAOS A[uue 19pI0 dnoi3
uowmwo)) Juelg

sourddiqiyq ‘puefsy Jewres jo senifediorunu 109[9s WOIJ PApI0dal sardads jueld pop1oody |°LL d]qeL



225

Ecology of Understory Plants of Forests Over Limestone in Samar Island,. . .

1

(9107) AT DAV, Pu® (9107) T Ddd, U0 Paseq AINe[OUIWON

(Hadd) 6S0L ®42q0

(€1 HS) QWeu uowuod oN

(Hagd) ¥T1L 2uaq0 yorndyniepy
(HQgd) 8€1L vU2q0 e
(Hadd) €91L U290 oreg opyn

ueAemes]/Imesned umouwyun)

(Hadd) 1L euaqo

“ds vapuvpi)

QBOIBLISUSAD)




226 M. D. delos Angeles et al.

11.3 Results and Discussion
11.3.1 Plant Species Composition

A total of 26 understory plant species were recorded from the different established
plots across the municipalities of Paranas, Taft, and Guiuan (Table 11.1). Among
these were 6 fern species belonging to 6 genera from 6 families were recorded,
whereas a total of 20 flowering plant species belonging to 14 genera and from
9 families were also recorded. Generally speaking, families represented by only
one species were numerous compared to those represented by 2 or more species. The
family with the greatest species richness was recorded to be Araceae (6), followed by
Pandanaceae (2), whereas the remaining seven families were each represented by a
single species. Five floral species were unidentified due to the absence of diagnostic
features found in the reproductive parts.

Based on the forest floor census, the highest species richness occurred in Paranas,
with a total of 18 understory plant species, followed by Taft with 12 species and
Guiuan with 5 species (Table 11.2). Paranas was computed to have the highest
Shannon values and was deemed to be the most diverse among the sites (H' = 2.31),
and Guiuan with the lowest Shannon values and was the least diverse among sites (H
"= 1.29). A lower species diversity in the forests over limestones of Guiuan may be
due to the generally poor soil characteristics of the forest as compared to that of
Paranas. According to Goltenboth et al. (2006), “Forests over limestone are usually a
mosaic of rich and poor growth due to free-draining, steep slopes, water stress, high
concentrations of calcium and magnesium, richer soils between jagged peaks and
pinnacles.” In addition, that may also be attributed to the possibility that the forests
over limestone in the area are still young, especially due to the vulnerability of the
area to natural calamities such as typhoons. Typhoon Haiyan was a fast-moving and
extremely intense tropical cyclone that devastated the island in the year 2013 (Lin
et al. 2014; Takagi and Esteban 2016).

The Importance Values (IV) of species were computed for each site and
summarized in Tables 11.3, 11.4, and 11.5. Out of the 18 understory species in
Paranas, the dominant plant species based on IV was Pandanus sp. (26.47%),
belonging to the Pandanaceae family (Fig. 11.4a). It was computed to have a relative
cover of 29.02% and a relative density of 23.91%. The same species also registered
the most number, with 22 individuals. Similarly, in the established transects at Taft,
among the 12 species, Pandanus sp. (50.41%) was the dominant species based on
IV. It was computed to have a relative cover of 53.39% and a relative density of

Table 11.2 Species richness and calculated Shannon index of the diversity of select sites from
Samar Island, Philippines

Sites Richness Shannon index of diversity
Paranas 18 2.31
Taft 12 1.75

Guiuan 5 1.29
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Table 11.3 Importance values and rank of dominant understory species collected from the
municipality of Paranas, Samar Island, Philippines

Relative values (%)

Relative

No. of Relative frequency Importance
Scientific name individuals | cover (RC) (RF) value (IV) Rank
Pandanus sp. 22 29.0180213 23.9130435 26.4655324 1
Cyclopeltis crenata 20 23.2806179 21.7391304 22.5098742 2
(Fée) C. Chr.
Polystichum 12 9.63589555 | 13.0434783 11.3396869 3
horizontale C. Presl
Tectaria dissecta 6 4.70761309 6.52173913 5.61467611 |4
(G. Forst.) Lellinger
Schismatoglottis 4 4.52372196 4.34782609 4.43577402 |5
calyptrata (Roxb.)
Zoll. & Moritzi
Marukpurok 5 1.14012505 7.60869565 4.37441035 |6
No common name 7 7.282089 1.08695652 4.18452276 |7
(SH 13)
Luta 2 2.0228025 5.43478261 3.72879255 |8
Lukdo Bato 3 5.22250828 2.17391304 3.69821066 |9
Gymnostachyum affine | 2 2.94225818 2.17391304 2.55808561 |10
Nees
Homalomena 1 0.51489518 3.26086957 1.88788237 |11
philippinensis Engl.
Alocasia sp. 1 2.39058477 1.08695652 1.73877065 |12
Balukawi/Kawayan 2 1.25045973 2.17391304 1.71218639 |13
Piper sp. 1 2.24347186 1.08695652 1.66521419 | 14
Angiopteris sp. 1 1.87568959 1.08695652 1.48132306 |15
Alocasia zebrina 1 1.02979036 1.08695652 1.05837344 | 16
Schott ex Van Houtte
Selaginella sp. 1 0.58845164 1.08695652 0.83770408 | 17
Begonia sp. 1 0.33100405 1.08695652 0.70898028 | 18

47.42% and had the most number with 46 individuals. The dominant plant species in
Guiuan based on 1V is Tradescantia zebrina var. zebrina (41.74%), belonging to the
family Commelinaceae (Fig. 11.4b). It was computed to have a relative cover of
40.41% and a relative density of 43.06%.

Stakeholders utilize a variety of plant species from the area. Locals have attested
to consuming several Begonia species. They use it as a souring agent in soups and
viands. Whereas other plant species, such as that of Alocasia sp. and Aglaonema
sp. are used for horticultural and decorative purposes. The increasing popularity of
plants similarly has led to increased poaching activities. Community awareness
together with the help of Environmental agencies such as the Department of Envi-
ronment and Natural Resources and the Local Government Unit is instrumental
towards plant species protection and conservation.
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Table 11.4 Importance values and rank of dominant understory species collected from the

municipality of Taft, Samar Island, Philippines

Relative values (%)

Scientific name/ No. of Relative
common name individuals | cover (RC)
Pandanus sp. 46 53.3887862
Cyclopeltis crenata 18 17.7141097
(Fée) C. Chr.

Freycinetia sp. 8 8.10227973
Lukdo Bato 3 5.29882933
Schismatoglottis 4 3.23475046

calyptrata (Roxb.)
Zoll. & Moritzi

Saribus rotundifolius 6 2.83425755
(Lam.) Blume

Homalomena 2 3.01910043
philippinensis Engl.

Angiopteris sp. 2 1.97165742
Alpinia sp. 3 0.77017868
Aslpenium vittaeforme | 3 1.6327788
Cav.

Cyrtandra sp. 1 1.50955022
Kulasiman 1 0.5237215

Relative
frequency
(RF)
47.4226804
18.556701

8.24742268
6.18556701
4.12371134

3.09278351

2.06185567

3.09278351
3.09278351
2.06185567

1.03092784
1.03092784

1\
50.4057333
18.1354054

8.1748512
5.74219817
3.6792309

2.96352053

2.54047805

2.53222046
1.93148109
1.84731724

1.27023903
0.77732467

Rank
1

10

11
12

Table 11.5 Importance values and rank of dominant understory species collected from the

municipality of Guiuan, Samar Island, Philippines

Relative values (%)

No. of Relative
Scientific name individuals | cover (RC)
Tradescantia 31 40.4145078
zebrina var. zebrina
Pilako 24 26.276832
Cyclopeltis crenata 10 23.3160622
(Fée) C. Chr.
Aslpenium 5 7.84603997
vittaeforme Cav.
Rhaphidophora sp. 2 2.14655811

Relative
frequency
(RF)
43.05555556

33.33333333
13.88888889

6.944444444

2777777778

Importance
value (IV)
41.7350317

29.8050827
18.6024755

7.39524221

246216794

Rank

4

5

Further analysis revealed that plant species were similar across different sites
(NMDS ordination, Fig. 11.5). Plant species composition was similar among plots
established in Paranas and Taft (ANOSIM, R global = —0.02366, P > 0.05) and
between Taft and Guiuan (ANOSIM, R global = 0.009259, P > 0.3518). These
similarities can be accounted for by the proximity of sites. A summary of the
frequency of the occurrence of understory species is summarized in Table 11.6.



11 Ecology of Understory Plants of Forests Over Limestone in Samar Island,. . . 229

Fig. 11.4 Dominant plant species, based on the calculated Importance Values (IV), collected from
Paranas and Guiuan, respectively. (a) Vegetative structures of Pandanus sp. and; (b) Vegetative
structures of Freycinetia sp.

There are five common species between Paranas and Taft which included
Cyclopeltis crenata (Fée) C. Chr., Homalomena philippinensis Engl. Lukdo Bato,
Pandanus sp., and Schismatoglottis calyptrata (Roxb.) Zoll. & Moritzi. Common
species between Taft and Guiuan are Aslpenium vittaeforme Cav. and Cyclopeltis
crenata (Fée) C. Chr. On the other hand, plant species composition recorded in plots
established in the sites Paranas and Guiuan was found to be different (ANOSIM,
R global = 0.03121, P < 0.05).

11.3.2 Edaphic Factors Affecting Understory Plant Communities
Across Select Municipalities of Samar

Environmental factors are equally important in biodiversity assessment and indicate
overall environmental quality. The structural and functional characteristics of
communities are shaped in accordance with habitat conditions (Protasov et al.
2019). Results from the soil analysis revealed variations in soil chemical
characteristics across sites. Soil pH values across sites were identified to be slightly
acidic (Table 11.7), and the acidic nature of soils can be explained by the intensive
leaching of basic cations brought about by high rainfall (Calubaquib et al. 2016).
Samar falls under Type II and Type IV climate according to the Modified Coronas
Classification, where the former is characterized by having no dry season with a
pronounced maximum rain period throughout the year (Abino et al. 2014). Gener-
ally, percent OM was high in all plots. Percent OM was highest in Guiuan (16.44%)
and lowest in Taft (9.61%). Variation in average soil OM across sites can be
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Table 11.6 Frequency of occurrence of recorded understory floral species recorded from
established plots in select municipalities of Samar Island, Philippines

Scientific name Paranas Taft Guiuan

Alocasia sp. X - -

Alocasia zebrina Schott ex Van Houtte X

Alpinia sp. -

Angiopteris sp. X

el
|

Aslpenium vittaeforme Cav.

Balukawi/Kawayan

Begonia sp.

R
|
|

Cyclopeltis crenata (Fée) C. Chr.

Cyrtandra sp.

|
el
|

Freycinetia sp. -

Gymnostachyum affine Nees X - -

Homalomena philippinensis Engl.

Kulasiman -

Saribus rotundifolius (Lam.) Blume
Lukdo Bato

Luta

Marukpurok

|
Mo |
|

No common name (SH 13)

Pandanus sp.

Hop MR e X
|
|

Payaw
Pilako - - X
Piper sp.

>
|
|

Polystichum horizontale C. Presl

>
|
|

Rhaphidophora sp.

|
|
>

Schismatoglottis calyptrata (Roxb.) Zoll. & Moritzi

Selaginella sp.

X | =
|
|

Tectaria dissecta (G. Forst.) Lellinger

Tradescantia zebrina var. zebrina — — X

explained by differences in vegetation cover, amount of leaf litter, and continuous
rain-promoting decomposition.

Similarly, total N and P are high and above threshold levels in all plots. Percent N
was recorded to be highest in Guiuan (0.63%) and lowest in Taft (0.47%). In a study
conducted by Calubaquib et al. (2016), they found a positive relationship between
OM and total N content in degraded soils collected in Luzon, Philippines. More than
95% of N is bound to soil OM (Scheffer and Schachtschabel 1992). Available P in
soil samples was recorded to be highest in Guiuan (95.79 mg/kg) and lowest in
Paranas (9.11 mg/kg). Electrical conductivity was highest in Guiuan (368.33 pS/cm)
and lowest in Paranas (248.47 pS/cm). Interestingly, most of the analyzed edaphic
factors are not typical of forests over limestones. Karst surface deposits are typically
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Table 11.7 Average values of edaphic factors (pH, OM%, N%, P, & EC) analyzed from soil
samples collected from plots established in Paranas, Taft, and Guiuan

Site Plot pH OM % N % P mg/kg (olsen) EC pS/cm
Paranas 1 6.4 3.12 0.47 5.5 154

2 6.3 12.15 0.58 7.3 0.207

3 7 37.97 0.74 12.9 507

4 7.4 6.86 0.27 53 118

5 6.7 5.87 0.3 7.9 329

6 6.7 6.28 0.32 7.6 346

7 6.3 11.81 0.44 11 273

8 7.6 10.73 0.63 12.3 460

9 7.1 10.66 0.56 12.2 49

AVE 6.83 11.72 0.48 9.11 248.47
Taft 10 7.1 16.35 0.63 11.7 523

11 7 16.35 0.63 11.7 523

12 6.3 4.66 0.38 12.4 370

13 59 9.05 0.36 *5.9 469

14 4.9 12.81 0.58 *1.5 204

15 6.1 8.87 0.37 9.4 535

16 6.8 7.62 0.49 19.7 0.262

17 6 6.09 0.24 *6.2 127

18 6.3 4.7 0.52 12.3 110

AVE 6.23 9.61 0.47 12.87 317.92
Guiuan 19 7.6 66.55 1.07 626 872

20 6.7 10.91 0.57 17 547

21 6.4 9.66 0.5 81.3 451

22 6.6 10.31 0.62 19.5 209

23 6.3 7.65 0.43 17 171

24 6.5 11.48 0.69 17.7 46

25 6.7 9.78 0.52 27 578

26 7.1 10.48 0.59 44 314

27 7.6 11.18 0.7 12.6 127

AVE 6.83 16.44 0.63 95.79 368.33

*P Bray Method

characterized by a high pH, low organic matter content, and a heterogenous land
surface (Abe et al. 2018) (Table 11.8).

The analyzed edaphic factors were found to correlate based on the resulting CCA
with the first two axes explaining 36.68% of the variation and patterns among
understory plant species (Fig. 11.6). Understory plant species recorded from Paranas
and Taft are highly affected by Fe and EC. Plant species from Guiuan, on the other
hand, is positively correlated with pH, OM%, N%, P, Cl, K, Cu, Mn, Mg, Na, and

Zn.
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11.4 Summary and Conclusion

Floral diversity was assessed across the municipalities of Paranas, Taft, and Guiuan
in Samar Island, Philippines, from October 1 to 16, 2019. A total of 26 understory
plant species were recorded, including 6 fern species belonging to 6 genera in
6 families, and 21 flowering plant species belonging to 13 genera in 9 families.
Based on the forest floor census, highest species richness was recorded from Paranas
with a total of 18 understory plant species followed by Taft with 12 species and
Guiuan with 5 species. The lower species diversity in Guiuan may be attributed to
the poor general soil characteristics of forests over limestones. Plant species compo-
sition was similar among plots established in the sites Paranas and Taft and between
Taft and Guiuan.

Soil pH values across sites were identified to be slightly acidic with an average
pH range of 6.23-6.83. Generally, percent OM was high in all plots. Percent OM
was highest in Guiuan (16.44%) and lowest in Taft (9.61%). Variation in average
soil OM across sites can be explained by differences in vegetation cover, amount of
leaf litter, and continuous rain-promoting decomposition. Similarly, total N and P are
high and above threshold levels in all plots. Total average N was recorded to be
highest in Guiuan (0.63%) and lowest in Taft (0.47%). Understanding key environ-
mental factors is equally important in biodiversity assessment and can indicate
overall environmental quality.
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Taxo-Ethnobotany of Genus Ficus 1 2
L. in Jammu and Kashmir State (India)
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Abstract

Genus Ficus is one of the most widespread members of the family Moraceae. It
comprises ca.800 species in the world and ¢.70 in India. It is chiefly distributed in
tropical and subtropical countries of the world and is of great economic impor-
tance. As many as 19 species of this genus are found in Jammu and Kashmir. In
the present communication, taxonomy, history, myths, and ethnobotany of the
genus in Jammu and Kashmir (India) are presented. A key to identifying and
describing different species in detail with the latest nomenclature is provided.
Coloured plates of various species are appended herewith to facilitate easy
identification.
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12.1 History and the Myths

Genus Ficus is the Latin name for the common edible fig or fig tree, Ficus Carica L,
which is native to Asia Minor and the Mediterranean region. The antiquity of the fig
tree can be inferred from the use of its sewn leaves by Adam and Eve as first
covering of their bodies and from other numerous references made to it in the holy
Bible (Moldenke 1954). In Chinese, fig means a fruit without a flower (Condit
1984). There are different schools of thought regarding the origin and distribution of
Ficus species in the world. Fig is grown since the dawn of civilization and the roving
tribes probably transplanted it from place to place and thus Ficus Carica L is one of
the earliest trees grown by the primitive man more than 4000 years ago. Fig species
of genus Ficus have been named after religion (Ficus religiosa), distribution (F.
benghalensis), product (F. elastica), the deity (F. Krishnae), or to some structures,
e.g., F. lacor. The English name Banyan for Ficus benghalensis is probably derived
from the banyas who were favourite to it for running their business under its shade.
In Ramayana, Britta is the name given for F. benghalensis or banyan tree. The name
Pippal was given by the Aryans to F. religiosa, and its sanctity continues today in
India (Sastri 1957). Plants of F. religiosa and F. racemosa are depicted on several
steatite seals of Mohenjodaro (ca. 3000-2000 B.C) and in railings of Bharhut Stupa
of first and second century B.C. (Saha 1981; Jain 1981).

There are several mythological stories in Puranas and other sacred literature
concerning the Ficus religiosa and F. benghalensis. 1t is believed that Negrtos
introduced the worship of Pippal tree in India (Sengupta 1965). It is believed that
Lord Krishna used to sit on pippal and Cadamb tree [Anthocephalus chinensis
(Lam.) Rich ex Walp.] after stealing clothes of bathing maidens to tease them.
According to another myth, Brahma was transformed into a banyan tree and the
latter is thus considered symbol of Brahma. It is also believed that when the demon
Bhasmasura wanted to destroy Shiva and marry Parvati, Shiva stood firm and took
form of banyan tree and thus it can never be destroyed (Agarwal 1981). The utility of
asvatha or pippal is known to the Hindus since the Vedic era. In Kerala, no one dares
to tell a lie under this tree. The eminence of the temple in south India is often judged
by the height and age of pippal tree associated with it (Nair 1965).

Women desirous of having children often walk around Ficus religiosa and
F. benghalensis chanting mantras. Some ladies place strips of clothes and having
stones or bricks on the branches of these Ficus trees for the birth of a child (Agarwal
1981) The destruction of these trees is considered a sin by Hindus. Ficus racemosa
is also considered sacred. The Sikhs have attachment with F. religiosa and
F. benghalensis and they believe them as creators (Sengupta 1965). Fig seeds
seldom germinate under their parent trees, and probably, the gastrointestinal tracts
of birds and animals act as incubators before germination of fig trees in cracks of old
walls, tree tops, etc. A famous banyan tree of Andhra Valley was said to be about
520 m in circumference with over 3000 trunks or aerial roots and able to shelter
nearly 2000 people under it (Murray and Watt 1890). Trees of F. religiosa and
F. benghalensis are venerated by Indians, particularly the Hindus, Buddhists, Jains,
and other communities and are frequently planted near their houses, temples,
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villages and roadsides. Stones of various sizes placed under these trees on raised
platforms represent Lord Shiva and some other deities (Devi & Devatas) and
sometimes small shrines and temples are erected under these trees. Wherever a
Hindu family lives, these two trees are often found. By growing upon walls,
rooftops, constructions and even as epiphytes on other trees, they cause serious
damage to the latter, but still devoted Hindus hesitate to eradicate or check their
growth considering it a sin.

12.2 Geography and Physiographic Factors

The state of Jammu and Kashmir lies between 320 and 37 20 north latitude and 73
25 and 80 30 east longitude. It forms a majestic crown in the extreme north of the
Indian Union covering nearly 640 km from north to south and 480 km from east to
west. It occupies a total area of about 222,236 sq. km in north-western Himalaya.
The state is wedged between Afghanistan and north-west frontier province of
Pakistan on the west and north-west, Trukmenistan and China on the north and
Tibet in the east. It is bordered on the south by Punjab and Himachal Pradesh. The
state comprising 14 districts is chiefly rugged and mountainous except for the small
tracks adjoining the Punjab plains and the valley of Kashmir. Total population of the
state per census of 2001 stands at 10,069,917 with an average population density of
about 99 persons per sq. km. Leh with an area of ca 82,665 sq. km is largest of all the
districts of state. The entire state can be broadly divided into three main structural
groups resulting from the stratified rock formations These are the Panjal, the Zanskar
and the Tertiary groups. The Panjal comprises outer hills, outer plains, and middle
mountains of lesser Himalaya, The Zanskar comprises the entire tract from Lahul
and Spiti in the east to Karakoram in the north, and the Tertiary group is represented
by the Valley of Kashmir and other river valleys.

Whole state of Jammu and Kashmir is a three-storeyed entity. The province of
Jammu with shivaliks, the outer hills, and ravines on the south of Pir Panjal represent
the Ist storey. The Kashmir Valley between the Pir Panjal range on south and south-
east and the Great Himalayan range in the north and the north-east represents the
second storey. The trans-Himalayan region comprising the territories of Gilgit,
Baltistan, and Ladakh in the north of Great Himalayan ranges forms the third storey.
The Pir Panjal and the Great Himalayan ranges divide the state almost into three
distinct physiographic divisions which are isolated from one another by some lofty
mountain barriers and passage from one to the other region is facilitated through
many high altitude passes. The area to the south of Pir Panjal receives about 170 cm
of average annual rainfall, the Kashmir valley about 105 cm, and the Ladakh region
receives the minimum of about 10 cm of rainfall annually. July to September receive
nearly 66% of the total rainfall in the foot hills and plains of Jammu province. The
Kashmir valley receives the maximum rainfall during the spring season, which lasts
from March to May. July to August and December to March are the two rainiest
seasons in the Ladakh region. The total area under forests in Jammu and Kashmir is
about 20,441 sq. km constituting 9.2% of the total geographic area of the state
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(Anonymous 1956). These forests are in Jammu and in Kashmir Valley. The cold
desert areas of Kargil and Leh are devoid of forests. There are 4 national parks and
15 wild life sanctuaries in the state covering about 14,870.22 sq. km thus
representing 6.67% of the total area of the state. The forests in Jammu and Kashmir
are of the following categories: the tropical dry deciduous forests, Himalayan
subtropical pine forests, subtropical dry evergreen forests, dry temperate forests,
moist temperate forests, subalpine forests, alpine forests and the dry alpine forests
supporting their own type of vegetation.

12.3 Systematic Taxonomic Study and Ethnobotany

The genus Ficus was founded by Linnaeus in Species Plantarum 1:1059.1753;
Lactotype: F. carica L. N.L Britton Fl. Bermuda from Indian region. Roxburgh’s
Flora Indica published in 1832 described 55 Indian species including 41 with his
name as their author but of these only 15 were new species. King in J.D Hooker’s
Flora of British India (King 1888) recognized 112 species under this genus.
According to Willis 1973 The genus Ficus comprises 800 species. The genus is
represented by ca. 70 species in India (Santapau 1961). According to King (1888),
6 species of Ficus are endemic to eastern Himalaya, and the other 6 are endemic to
South India.

Ficus is a large genus of monoecious and dioecious trees, shrubs, root climbers,
and epiphytes with milky juice and often with adventitious roots. Leaves stipulate,
alternate, spiral or distichous or opposite, entire, lobed or serrate to dentate along the
margin. The receptacles usually contain male, female, gall flowers (sterile female
flowers). The gall flowers provide shelter to minute wasp-like insects. Special gall
insects are associated with the pollination of each species of Ficus. The modified
receptacle, possibly a peduncle called syconium is the common fig or fruiting body.
Amongst the trees, the most significant in the area of our study are F. benghalensis
L., F. religiosa L, F. elastica Roxb. ex Hornem., F. Virens Ait., F. rumphii Bl, etc.
They are followed by medium or small-sized F. carica L., F. hispida Lf., F.
racemosa L., F.palmata, F. cunia Buch. Ham., F. auriculata Lour, F. nerrifolia
J.E Sm., F. beghalensis var. Krishnae (C.DC) Corner etc. Ficus pumila L. and
F. sarmentosa Buch.-Ham ex Sm. are the climbers. The milky latex of some species
of Ficus is used for the production of rubber commerce.

Several species of Ficus produce fruits of variable palatability. Ficus carica is
chiefly grown for its edible and medicinal fruits. Figs dried and ground into flour are
used for making bread and cakes in eastern and northern India. Figs have a laxative
property. The chief nutritive value of fig is its rich sugar contents. Fig fruits are used
as famine food in east India. The dried fruits of Ficus carica are sold in the market
and are official in Pharmacopeia (Kirtikar and Basu 1935). The arborescent species
like F. benghalensis, F. religiosa, F. benjamina and F. elastica are grown in
gardens and along roadside for shadow and avenue purpose. Twigs and leaves of
many species provide fodder to domestic animals. Ripe sweet fruits are relished by
the visiting birds. The gum of Ficus species is used for trapping birds. The buttress



12 Taxo-Ethnobotany of Genus Ficus L. in Jammu and Kashmir State (India) 243

roots are used as planks, but the timber is of poor quality and rarely used for
constructions. Latices of several species of Ficus are anthelmintic. Milky juice,
bark, leaves buds, seeds and root tips are used as medicines and have been described
in many Materia Medica and other literature on the medicinal plant (Biswas and
Ghosh 1973) and Bhartacharya (1956). The milky latex dropped over sugar discs
locally called ‘Patasas’ eaten to enhance vigour by men.

12.3.1 Taxonomy Key to the Species of Genus Ficus in Jammu

10

11.

12.

and Kashmir State

Leaves opposite

Leaves alternate or spiral
Scandent or climbing shrubs
Erect shrubs or trees

Plant plants found clinging upon rocks or climbing upon trees in
Forests; leaves isomorphous, equal at the base; figs. 1-1.3 cm
across, globose

Plants grown in gardens and for covering boundary walls; figs.
4-5 cm long, pyriform

Leaves spirally arranged (rarely alternate)

Leaves alternate

Leaves with prominent caudate —accuminate tip
Leaves obtuse, acute or shortly acuminate at the tip

Petioles terete; pinna with 4-8 cm long, linear, acumen at the tip,
rounded or truncate at the base, entire; figs purple or black,
depressed at the mouth

Petioles flattened or channeled, the pinna with less than 2.5 cm
long at the tip, truncate or subcordate at the base, figs white with
dark red or purple spots, not depressed at the mouth

Leaves with a prominent pouch at the base on adaxial surface

Leaves without any pouch at the base

Leaves equal sided or nearly so at the base, bearing a rounded
auricle on one side at the base

Trees with prominent pillar-like aerial prop roots; leaves entire
along the margin; figs red when ripe

Trees or shrubs without pillar-like aerial prop roots; leaves
subentire, toothed or lobed along the margin; figs yellow, purple or
black (rarely red)

Figs yellow when ripe
Figs other than yellow in colour when ripe

Leaves distinctly toothed in the upper half, abruptly caudate or
acuminate at the tip

Leaves entire rounded or subacute at the tip subacute at the tip
Leaves inequilateral or slightly unequal at the base
Leaves equal sided at the base

F. hispida

2

3

4

F. sarmentosa

F. pumila

F. arnottiana
5

6

7

F. religiosa

F. rumphii

F. benghalensis var.
krishnae

8
F. semicordata

F. benghalensis

10

11
12
F. subincisa

F. elastica
13
14

(continued)
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13. | Leaves elliptic-ovate with lateral veins in 5-9 pairs; figs sessile; F. microcarpa
pink or mauve or purple when ripe
Leaves elliptic-lanceolate with lateral veins in 7—11 pairs; Figs F. nerriifolia
stalked, red when ripe

14. | Plants without aerial adventitious roots; leaves ovate-orbicular or 15
ovate-oblong
Plants often with aerial adventitious roots; leaves elliptic-oblong or | 18
lanceolate-ovate

15. | Petioles channeled; leaves glabrous; figs white with red dots when | F. virens
ripe
Petioles terete; leaves scabrid or pubescent; figs other than whitein | 16
colour when ripe

16. | Leaves 12—18 cm across, entire, glabrous or nearly so above; figs F. auriculata
on special leafless, condensed shoots arising from the main trunk or
the main branches
Leaves less than 12 cm across, dentate or serrate, scabrid above, 17
sometimes lobed; figs solitary, rarely paired, axillary, without ribs

17. | Leaves membranous, truncate or subcordate at the base; figs F. palmata
purplish-black when ripe
Leaves thick, cordate at the base; figs greenish purple when ripe F. carica

18. | Leaves 3—7 cm long, elliptic-ovate, abruptly shortly acuminate at F. benjamina

the tip, rounded at the base, 1-nerved from the base; figs sessile,
solitary

Leaves 8—12 cm long, ovate-oblong or elliptic-lanceolate, acute at
the apex, cuneate or subcordate at the base often infected with
insect galls, 3-nerved from the base; figs peduncled, in large
clusters on main branches or the trunk, red or purple when ripe

F. racemosa

Ficus arnottiana (Miq) Miq in Ann. Mus. Bot. Lugd. Bat 3: 287.1967; king in

Ann. Roy. Bot. Gard. Calcutta 1:56, t. 68 A. and 84 V. 1887 and in Hook. f. Fl. Brit.
Ind. 5:513.1888; Talb. For. Fl. Bombay Pres. and Sind 2: 516 f. 524.1911; Corner in
Dassan and Fosb. Rev. Handb. Fl. Ceylon 3:244.£.10.1981; Urostigma arnottiana
Miq in London Bot. 6:564.1847.

Vernacular names: Hindi-Paras pipal; Malyalam-Kallarayal; Oriya-Plakhyo;
Sanskrit-Plaksha; Tamil-Kagoli; Telgu-Kalaravi.

A glabrous 5-8 m tall tree or a large shrub without aerial roots and pale smooth
bark; leaves spirally arranged with pinkish veins and petioles, 5-12 x 4-8 cm, ovate-
cordate, up to 2 cm long, the lateral veins in 5—7 paris; figs in axillary pairs and raised
below fallen leaves, sessile, yellowish-brown or reddish-purple with green dots
when ripe, 6-7 mm across globose, depressed; bracts blunt, caducous; peduncles
2-5 mm long; figs mature in March—July.

Occurrence and distribution: Occasionally found as introduced in drier areas.

Ethnobotany: Leaves and bark used in treatment of skin diseases and leaves are
lopped for fodder (Ambasta et al. 1994). Leaves and bark used in skin diseases.

Ficus auriculata Lour., Fl. Cochinch. 666. 1790; Merr. in Trans. Phil. Soc.
Philad. n.s. 24:BS. 1955; Corner, The Garden’s Bull. Singapore 18: 33. 1960;
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Sharma and Kachroo, Fl. Jammu 1: 295. 1981; F. roxburghii Wall. ex Miq. Ann.
Mus. Lugd. Bat. 3:296.1867; King in Hook. f. Fl. Brit. Ind. 5:534.1888; Parker,
Forest Fl. Punjab, Hazara and Delhi, 484. 1924.

Vernacular names: English-Even Apron; Dogri-Dhusi, Trembal, Trembu;
Hindi-Timla, tirmal;

Pahari-Tussa, tussi.

An evergreen, small to medium-sized tree upto 8—10 m in height with thick bole,
spreading crown, yellowish — grey, with almost smooth bark, and hollow branches;
leaves alternate, stipulate, petiolate, 10-20 % 10-25 cm, broadly ovate or orbicular,
usually entire, acute or obtuse, sometime repand-toothed, glabrous or sub-glabrous
above, softly pubescent beneath, cordate or truncate at the base with 5-7 basal
nerved and 3—4 pairs of lateral nerves; petioles 2—15 cm long; figs obovoid in
clusters and supported by 3 large ovate-triangular bracts, depressed at the top,
umbilicus, large, red or purple-orange when ripe in March—Aug.

Occurrence and distribution: Common in forests of Pinus roxburghii espe-
cially upon rocks. In Jammu, Kathua, Ramban, Udhampur, Reasi, Rajouri and
Poonch. Ascending to ca. 1200 m.

Ethnobotany: Leaves are used in making plates (‘Pattals’) and saucers
(‘Doonas’) commonly used in rituals and for worshiping. Leaves are lopped for
fodder, and bark is used for rope making. Ripe fruit is edible and laxative. Also made
into jams and jellies (Plate 12.1. 1-9).

Ficus benghalensis L., Sp. P1. 1059.1753; King in Ann. Roy. Bot. Gard. Calcutta
1: 18, t. 13. 1887 and in Hook. f. Fl. Brit. Ind. 5: 499. 1888; Sharma and Kachroo,
Fl. Jammu 1: 294. 1981; Parker, Forest Fl. Punj. Hazara and Delhi 479. 1983 (Repr.)

Vernacular Names: Bengali-Bar, bot; English-Banyan tree; Dogri-Bar, Borh;
Gujrati-Vad, vadlo, var.; Hindi-Bar, bargad, bar; Kanad-Ala, alada, mara, vata;
Malyalum-Ala, vatam; Marathi-Vada, vad, var.; Sanskrit-Bahupada, vata; Tamil-
Al, alam; Telgu-Marri, peddamarri.

Large, evergreen, tree with grey smooth bark, much spreading branched crown
and prop roots giving support to the spreading heavy branches, young part softly
pubescent; leaves stipulate petiolate, 10-20 % 4-12 cm, ovate or elliptic, entire
obtuse, coriaceous, rounded-subcordate or slightly narrowed at the base, 3—7 nerved,
lateral nerves about 5 pairs, prominent; petiole 1-5 cm long, not jointed to the blade;
figs. 1-2 cm in diameter, supported by 3 rounded bracts, sessile, in axillary pairs,
globose, puberulous, red when ripe in October—November and in April-July.

Occurrence and Distribution: Fairly common in warmer places ascending to
ca. 800 m alt. in forests and also planted around habitations. Generally, it is an
epiphyte when young and is more common on walls of old buildings and wells.
Common in Jammu, Kathua, Udhampur, Reasi, and Rajouri districts.

Ethnobotany: Fruits are eaten in times of scarcity. Leaves lopped for fodder.
Latex is locally applied in rtheumatism and lumbago. Infusion of bark is considered
tonic and astringent, useful in diarrhoea, diabetes and dysentery. Root fibres used in
gonorrhea and leaves applied as poultice to abscess. Leaves and seeds are tonic and
cooling (Chopra et al. 1956). Wood is suitable for making paper pulp, also used in
cheap furniture. Fibre from bark and prop roots is used for ropes. Drops of its latex
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7 8 9

Plate 12.1 1—Ficus carica 2&3—F. palmata 4—F. benghalensis var. krishnae 5—F. rumphi
6—F. pumila 7—F. sarmentosa 8—F. arnotiana 9—F. hispida

are put upon sugary discs locally called ‘Pattasas’ eaten by men to increase their
vigor and vitality.

Ficus benghalensis. L. var.. Krishnae (C.DC.) Corner in Gard. Bull. Singapore
21:14.1965 & in Dasson and Fosb., Rev. Handb. Fl. Ceylon 3:253.1981;
F. Krishnae C. DC in Bot. Mag. t. 8092. 1906; Naik, Fl. Marathwada 2:811.1998.

Vernacular Names: Dogri-Krishan Borh; English-Krishna’s butter cup; Hindi-
Krishan Makhan Katori
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A small or medium-sized much-branched tree with dull white bark. Trunk with
distant, horizontal wrinkles; leaves alternate, petiolate, 15-25 x 5-10 cm, ovate-
lanceolate, acute or bluntly acuminate at the tip, cuneate and forming a pouch at the
base, leathery and entire along the margin; figs reported from October to February.

Occurrence and Distribution: Grown in gardens for its peculiar pouched leaves.

Ethnobotany: Grown in gardens.

Ficus benjamina L. Mant. Pl. 129.1767; King in Ann. Roy. Bot. Gard. Calcutta
1: 43, t, 52. 1887 and in Hook. f. Fl. Brit. Ind. 5: 508. 1888; Corner in Dassan. and
Fosb. Rev. Handb. Fl. Ceylon 3:257.1981.

Vernacular names: Assam-Chillubor; Bengali-Pukar; Bombay-Pimpri; Dogri-
Chilkan, Rondu and Rumbal; English-Weeping fig, willow fig; Malayalam-Purra-
juvi.

Small to medium-sized evergreen trees, with umbrella-like canopy, grey bark and
drooping branches, often with few aerial, withering roots; leaves 3—7 X 2-5 cm
ovate-elliptic, shining, leathery, rounded or tapering at the base, pointed or abruptly
shortly acuminate at the tip, figs axillary, mostly solitary, sometimes in pairs,
subglobose or pyriform, 1.5-2 cm across, the figs appear in April-July and are
greenish-yellow to orange or dark red when mature and subtended by 3 bracts at the
base (Plate 12.2. 1-9).

Occurrence and distribution: Often found grown as an ornamental hedge in
gardens and along boundary walls.

Ethnobotany: Decoction obtained from leaves is mixed with oil, which is
applied to ulcers. The milky juice is used against the whitening of the cornea.

Ficus carica L.sp.Pl. 1059.1753; Cooke, Fl. Pres. Bombay 3:155.1958 (Repr.);
Naik, Fl. Marathwada 2:810.199