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Abstract. Pasa AE, Solano VJD, Figueroa SMS, Valenzona EO, Buhay AFV, Buot Jr IE. 2024. Floristic diversity of Naungan mangrove
ecosystem in Ormoc, the largest port city in Leyte, Philippines. Biodiversitas 25: 2093-2103. Assessing the floristic diversity of the
Naungan mangrove ecosystem in Ormoc, the largest port city in Leyte and a highly susceptible area to geologic and natural hazards,
extreme weather events and human disturbances, is vital to determine available resources and ecosystem services for communities. This
study aimed to evaluate the present state of the mangrove ecosystem in Naungan by analyzing its floristic diversity, composition, and
structural characteristics. A total of 55 nested quadrats were established as observation points, measuring 10 mx 10 mand 5 m x5 mto
document the upper canopy and understorey vegetation, respectively. Mangroves with a diameter of 10 cm and above were recorded for
the upper canopy while plants with diameter below 10 cm were recorded for the understorey. Results showed that the upper canopy
vegetation has a total of 331 individuals of which are 10 tree species belonging to 8 families while the understorey canopy has a total of
1,310 individuals of which are 23 species belonging to 15 families. The diversity of upper canopy vegetation, as measured by the
Shannon index, is notably low at 1.492. Similarly, the understorey diversity, with a value of 2.198, falls into the low category. When
considering the combined diversity of both upper and lower canopies, the overall score remains low at 2.176. Avicennia marina is the
most dominant upperstorey species with a relative abundance of 0.39275 followed by Sonneratia alba with 0.27492 and Avicennia
officinalis with 0.16012. The understorey is also dominated by Avicennia marina with a relative abundance of 0.352672 followed by
Nypa fruticans with 0.118321 and Rhizophora apiculata with 0.10229. Aegiceras floridum and Ceriops decandra are “nearly
threatened” while the other species are under the “least concern” category. The area is managed by a people’s organization but threats
such as fishpond establishment, road construction, and subsistence farming remain and are expected to affect mangrove diversity and
ecosystem services. A mangrove ecosystem conservation framework is proposed, incorporating the importance of policy intervention

and local participation in realizing sustainable mangrove ecosystems and stable provisions of the ecosystem services.
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INTRODUCTION

Mangroves cover a total of 18 million hectares around
the world, 35% of which are found in Southeast Asian
countries (Primavera et al. 2000) including the Philippines.
The intricate mangrove ecosystems serve as vital ecological
centers, which provide ecosystem services crucial for both
environmental sustainability and the livelihoods of the
local community. Understanding the extent and availability
of mangrove resources is important for conservation and
management initiatives. This includes assessing not only
the biodiversity within these habitats but also the ecosystem
goods and services they offer to surrounding communities
(UNEP 2014). These ecosystem services may include
coastal protection, support for fishing livelihood, and
carbon sequestration. Birch (2023) emphasized the existence
of mangroves at the intersection of land and sea which
serve as vital ecosystems in supporting estuaries and
nature-based economies. They play a substantial role in the
global carbon cycle and generate substantial quantities of
organic matter, such as fallen leaves, branches, and various
debris. Additionally, mangrove environments contribute to

complex food webs and the transfer of energy (Nelson et
al. 2019; Medina-Contreras et al. 2020; Kathiresan 2021).
Plant resources in mangrove ecosystem are composed
by group of about seventy taxonomically diverse, tree,
shrub, and fern species (Doydee et al. 2008; Sinfuego and
Buot 2008; Tinh et al. 2009; Doydee and Buot 2011; Buot
et al. 2013; Sinfuego and Buot 2014; Lillo and Buot 2016;
Martinez and Buot 2018; Buot 2020; Buot et al. 2022)
uniquely adapted to marine and estuarine conditions (Duke
and Schmitt 2015). However, there has been an evident
decline in the extent of mangrove areas around the world
(Long et al. 2013; Fortes and Salmo 111 2017; Thomas et al.
2017). This decrease is primarily attributable to human-
induced pressures locally (Abantao et al. 2015; Baclado
and Tatil 2017; Ladias 2020; Warui et al. 2020) and
globally (Godoy and Lacerda 2015; Makowski and Finkl
2018; Friess et al. 2019; Seary 2019; Bryan-Brown 2020;
Turschwell et al. 2020), such as extensive deforestation for
fuel and building materials (Chima and Larinde 2016), the
expansion of fishponds (Mialhe et al. 2016; Song et al.
2021; Bagarinao 2021; delos Santos et al. 2022), and the
establishment of residential and industrial developments
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(Menéndez et al. 2018; Gevafia et al. 2019; Primavera et al.
2019; Quevedo et al. 2022).

The Philippines is considered one of the world's eight
biodiversity hottest hotspots (Myers et al. 2000). About 5%
of the world’s flora is found in the Philippines (Pelser et al.
2011; Garcia et al. 2014) comprising at least 13,500 species
(Areas and Bureau 1998) including mangroves. In the global
context, the nation was positioned as the 23" country about
its quantity of species, and it held the 7™ position within the
Asian region (Ordonez 2003). The country has at least 50%
mangrove species of the world’s with approximately 65
species (Garcia et al. 2014). The Philippine Forestry Statistics
data in 2020 reported a total of 311,400 hectares of mangrove
forest cover (FMB 2022) or equivalent to only about 4.3%
of the total area of the Philippines. In the province of Leyte
alone, the extent of mangrove forest covers approximately
6,598 hectares. Sadly, the dominance of human activities in
socioecological production landscapes and seascapes, such
as in Naungan mangrove ecosystem in Ormoc, Leyte results
in the overutilization of natural resources and loss of
critically important biodiversity (Buot and Osumi 2004;
Buot 2008a, Buot 2008b; Buot 2014; Buot and Buhay 2022).

Forest resources, one of the frequently exploited resources
that have provided ecosystem services, are affected by
deforestation (Dechimo and Buot 2023) and mangroves are
not an exemption. Mangrove ecosystems in Ormoc are
highly susceptible to geologic and natural hazards and
extreme weather events. Historical calamities serve as
evidence of the vulnerability of Ormoc to natural threats
like floods and landslides. This assertion is further supported
by a study conducted by Toda et al. (2015), which highlights
the elevated vulnerability and exposure to natural hazards,
particularly in Naungan. These valuable ecosystems are
also under threat from various anthropogenic activities,
including deforestation, port establishment, and pollution
exacerbated by dense population. Ormoc serves as a port
city and its economy is diversified, encompassing agriculture,
industry, tourism, and commercial services. The agricultural
sector in Ormoc primarily focuses on the cultivation of
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staples such as rice and sugar cane as well as pineapple,
constituting the main produce (Acob 2018).

Therefore, interventions must be formulated to avert the
further destruction of mangrove ecosystem in the Philippines.
An initial step is to undertake a floristic inventory and
diversity assessments. Effective management of mangroves
needs robust knowledge of their true status (Schmitt and
Duke 2015; Webber et al. 2016; Romafiach et al. 2018;
Friess et al. 2019; Hai et al. 2020; Sheaves et al. 2020). By
determining the scope and benefits of mangrove ecosystems,
policymakers, researchers, and local communities can
collaboratively develop strategies to safeguard these invaluable
resources while promoting sustainable development and
resilience in coastal areas, including in the Philippines.
Hence, this study was conducted to fill the gap of the need
to assess the current condition of the mangrove ecosystem
like the case of Naungan. Mangrove ecosystem conservation
framework is also proposed to realize sustainable mangrove
ecosystems and stable provisions of the ecosystem services.
This can be done by incorporating the importance of policy
intervention and local participation in mangrove conservation
and management efforts.

MATERIALS AND METHODS

Study area

The study was located at the mangrove forest in Barangay
Naungan, Ormoc City, Philippines located between 10°
59'58.81" to 11° 0'2.81" N and 124° 33'17.09" to
124° 34'12.36" E (Figure 1). It is situated within the vicinity
of the Barangay and accessible by foot or by using a
motorboat (Figure 2). It is managed by a people’s
organization but anthropogenic threats like residential,
aquaculture, agriculture, and other infrastructure
establishments are present. The climate condition
prevailing in the area is Type IV characterized by having
rainfall that is evenly distributed throughout the year
(pagasa.gov.ph, n.d.).
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Figure 1. Location map of the study site in Barangay Naungan, Ormoc City, Leyte, Philippines



PASA et al. —

The mangrove forest is administratively considered as
public land. Currently, the vegetation in this area is
undergoing a process of rehabilitation initiated by local
people's organizations. While there is existing natural
vegetation in the area, it is facing gradual degradation and
destruction due to various human activities such as the
establishment of fishponds, fuelwood gathering, construction
of houses, and the development of roads. These activities
collectively contribute to the diminishing presence of the
natural vegetation, thereby necessitating efforts towards
rehabilitation and conservation to preserve the ecological
balance and biodiversity of the area.

Procedures
Research design

A descriptive-quantitative research design was used in
this study to determine the composition, distribution,
abundance, frequency, and diversity of mangrove species
in the area. Direct observation and descriptive analysis
were also done to identify the present threats. We also
conducted interviews with local communities residing near
mangrove areas to serve as a crucial component of
comprehensive ecological assessments. These interviews
provided insights into the human component of the
ecosystem, adding a deeper understanding of the interactions
between communities and their surrounding environment.
By engaging with local residents, researchers were able to
gather firsthand information of the activities and occurrences
happening within the mangrove site. This supplementary
information included details about traditional practices,
such as fishing or collecting of natural resources, as well as
observations of changes in the ecosystem over time. This
approach aimed to integrate awareness from residents who
have actual experiences and knowledge, providing a more
comprehensive understanding of the dynamics within the
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mangrove ecosystem. By engaging with the local
communities, the study sought to enrich its findings by
considering the perspectives and practices of those who
have more interaction with the mangroves.

Sampling and data gathering

The study involved identifying species in both the
upper canopy and understorey layers of the mangrove
ecosystem. A total of 55 observation points were established
with distance from the coastline between 0.25 and 1
kilometer (Figure 2). Observation points or plots with size
10m x 10m each were established alternately along a
transect line with an interval of 20 meters apart on both
sides to assess upper canopy diversity. Within these
observation points, additional 5 m x 5 m plots were set up
to evaluate the understorey vegetation (Mueller-Dombois et
al. 2008). This method explores the dynamics and patterns
of mangroves and other plant communities, including their
distribution and composition. In the 10 m x 10 m plots,
mangrove trees with a Diameter at Breast Height (DBH) of
10 cm and above were recorded for the upper canopy,
while trees below 10 cm were documented in the understory
plots (5 m x 5 m). The collected data were tabulated and
analyzed.

Throughout the data collection phase, the study area is
not experiencing inundation. In the case of Naungan, the
seaward portion is usually inundated while the middle part
is sometimes inundated by high tide. The landward
temporarily experiences inundation, especially during high
tide and heavy rainfall. Historical records indicate that
during periods of heavy rainfall and typhoons, low-lying
areas of Naungan become susceptible to rising river water
levels, leading to flooding that devastates communities and
damages residential properties, livestock, and agricultural
land (Resabal 2019).
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Figure 2. Observation points established along the mangrove forest in Barangay Naungan, Ormoc City, Philippines (Google Earth

2022)



2096

Data analysis

Abundance of the species was determined by counting
the number of individuals of a species that appeared in all
observation points while relative abundance evaluates
biodiversity by considering all species present in a community
and determining the proportion of each species relative to
the total. It is computed by dividing the abundance of a
particular species by the total abundance of all species
present in the community (Magurran 2013). Species diversity
was assessed by employing the Shannon diversity index, as
outlined by Magurran (1988). The interpretation of species
diversity results aligns with the classification scheme
formulated by Fernando (1998). In this scheme, a Shannon
index equal to or less than 1.9 is categorized as very low,
2.00-2.49 as low, 2.50-2.99 as moderate, 3.0-3.49 as high,
and a relative value of 3.5 and above is designated as very
high.

RESULTS AND DISCUSSION

Species composition

The upper canopy in mangrove ecosystems refers to the
highest layer of foliage formed by the crowns and branches
of the tallest mangrove trees, which extend above the lower
vegetation (Spalding 2010). The upper canopy has a total
of 331 individuals of which are 10 mangrove species
belonging to 8 families. Avicennia marina is the most
dominant upper story species followed by Sonneratia alba
and Avicennia officinalis. The understorey in mangroves
refers to the layer of vegetation situated beneath the upper
canopy and above the ground level. It consists of smaller
mangrove trees, shrubs, and herbaceous plants that grow in
the shade of the upper canopy (Spalding 2010). The
understorey has a total 1,310 individuals of from 23
mangrove species belonging to 15 families. Avicennia
marina also dominates the understorey followed by Nypa
fruticans and Rhizophora apiculata (Table 1 and Table 2).
This implies that there will be more species waiting to
replace the upper canopy when the environmental conditions
allow. Aegiceras floridum and Ceriops decandra are “nearly
threatened” while the rest of the species are categorized as
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“least concern” under the International Union for
Conservation of Nature (IUCN) Red List of Threatened
Species. There is no information on the conservation status
of Cocos nucifera considering that they are ubiquitous.
Included under the same category are Artocarpus
heterophyllus, Citrus microcarpa, Bambusa spp., Leucaena
leucocephala, Musa spp. and Theobroma cacao. Under the
Updated National List of Threatened Species and their
Categories or the DENR Administrative Order (DAO)
2017-11, all species present in both upper and lower
canopies were categorized as “other wildlife species” or
“no information” which means they are not endangered,
threatened, or vulnerable. These species were found mostly
in cultivated areas as observed during the surveys.

Similar species were observed to be dominant in the
study conducted in Malaysia (Islam et al 2022) including
Rhizopora apiculata, Avicennia alba, Sonneratia alba, Nypa
fruticans and other species such as Rhizopora mucronata
and Bruguiera gymnorrhiza. Dominant species found in
South Sumatra Indonesia were also Nypa fruticans,
Rhizopora apiculata, Avicennia alba and other species such
as Excoecaria agallocha, Acrostichum aureum, Cyperus
rotundus and Nephrolepis sp (Eddy et al 2019). In Cambodia,
commonly found species in mangrove ecosystems are
Rhizophora apiculata and Nypa fruticans (Veettil and Quang
2019).

Species abundance and frequency

The most abundant species in the upper canopy found
during the surveys is Avicennia marina with a total of 130
individuals followed by Sonneratia alba with 91
individuals and Avicennia officinalis with 53 individuals
(Table 3). Relative abundance is observed to follow the
same trend. The relative frequency however shows that
Sonneratia alba is present in 33 observation points (60.0%)
while Avicennia marina is only present in 27 observation
points (49.091%). This is followed by Avicennia officinalis
being present in 23 observation points and Cocos nucifera
in 17 observation points. This means that even if Avicennia
marina is the most abundant species, they are not as
dispersed as the Sonneratia alba.

Table 1. Mangroves and other species in the upper canopy in Barangay Naungan, Ormoc City, Philippines

Conservation status

Scientific name Family Common name TUCN* DAO 2017-11
Avicennia marina (Forssk.) Vierh. Avicenniaceae Bungalon LC OowWs
Avicennia officinalis L. Acanthaceae Api-api LC OowWs
Cocos nucifera L. Arecaceae Coconut NI NI
Ficus nota (Blanco) Merr. Moraceae Tibig LC OowWs
Rhizophora apiculata Blume Rhizophoraceae Bakauan Lalaki LC OowWs
Rhizophora mucronata Lam. Rhizophoraceae Bakauan Babae LC OwWs
Sandoricum koetjape (Burm. f.) Merr. Meliaceae Santol LC OwWs
Sonneratia alba J. Smith Lythraceae Pagatpat LC OwWs
Terminalia catappa L. Combretaceae Talisai LC OwWs
Xylocarpus granatum J. Koenig Meliaceae Tabigi LC OWSs

Note: LC: Least concern; NT: Near threatened; OWS: Other wildlife species; NI: No information
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Table 2. Mangrove and other species in the understorey in Barangay Naungan, Ormoc City, Philippines

Conservation status

Species Family Common name [UCN* DAO 2017-11
Aegiceras floridum Roem. & Schult. Primulaceae Tindok- tindokan NT OWS
Alstonia scholaris (Linn.) R. Br. Apocynaceae Dita LC OWS
Artocarpus heterophyllus Lam Moraceae Langka NI NI
Avicennia marina (Forssk.) Vierh. Acanthaceae Bungalon LC OWS
Avicennia officinalis L. Acanthaceae Api-api LC OWS
Bambusa spp, Poaceae Kawayan NI NI
Bruguiera cylindrica (L.) Blume Rhizophoraceae Pototan-Lalaki LC OWS
Ceriops decandra (Griff.) W.Theob. Rhizophoraceae Malatangal NT OWS
Citrus microcarpa Bunge Rutaceae Calamansi NI NI
Cocos nucifera L. Arecaceae Niyog NI NI
Ficus nota (Blanco) Merr. Moraceae Tibig LC OWS
Ficus septica Burm.f. Moraceae Hauili LC OWS
Luecaena leucocephala (Lam.) de Wit Fabaceae Ipil-ipil NI NI
Musa spp. Musaceae Banana NI NI
Nypa fruticans (Wurmb) Thunb Avrecaceae Nipa LC OWS
Psidium guajava L. Myrtaceae Bayabas LC OWS
Rhizophora apiculata Blume Rhizophoraceae Bakauan lalaki LC OWS
Rhizophora mucronata Lam Rhizophoraceae Bakauan babae LC OWS
Sonneratia alba J. Smith Lythraceae Pagatpat LC OWS
Terminalia catappa L. Combretaceae Talisay LC OWS
Theobroma cacao L. Malvaceae Cacao NI NI
Trema orientalis L. Blume Cannabaceae Anabiong LC OWS

Note: LC: Least Concern; NT: Near Threatened; OWS: Other Wildlife Species; NI: No Information

Table 3. Species abundance, relative abundance and relative frequency of the upper canopy in Barangay Naungan, Ormoc

City, Philippines

Scientific name Abundance at?lfrlw?jt;\rgi e Occurrence Relative frequency
Rhizophora mucronata Lam. 1 0.00302 1 1.818
Sandoricum koetjape (Burm. f.) Merr. 1 0.00302 1 1.818
Terminalia catappa L. 1 0.00302 1 1.818
Xylucarpus granatum J. Koenig 1 0.00302 1 1.818
Ficus nota (Blanco) Merr. 4 0.01208 3 5.455
Rhizophora apiculata Blume 9 0.02719 4 7.273
Cocos nucifera L. 40 0.12085 17 30.909
Avicennia officinalis L. 53 0.16012 23 41.818
Sonneratia alba J. Smith 91 0.27492 33 60.000
Avicennia marina (Forssk.) Vierh. 130 0.39275 27 49.091

The understorey is dominated by Avicennia marina
with a total count of 462 individuals and a relative
abundance of 35.26% which occurred in 34 observation
points with a relative frequency of 61.82%. This implies
also that they are highly dispersed compared to all other
species present in the lower canopy layer. This is followed
by Nypa fruticans with 155 individuals and a relative
abundance of 11.83%. It occurs in 23 observation points
with a relative frequency of 41.42%. The remaining top
three dominant species were Rhizophora apiculata with
134 individuals, Rhizophora mucronata with 110 individuals,
and Sonneratia alba with 100 individuals (Table 4).

Species diversity

The diversity of upper canopy vegetation using the
Shannon index is 1.492 which is very low based on
Fernando’s category (Fernando 1998). The understorey

diversity is a bit higher with a value of 2.198 but is
categorized as low using a similar category. Overall
diversity for both upper canopy and understorey combined
has only a value of 2.176 which is also low. Cafiizares and
Seronay (2016) obtained a Shannon index value of 1.856 in
their study on the diversity and species composition of
mangroves in Dinagat Island, Philippines which is close to
the diversity value obtained in this study. Dangan-Galon et
al. (2016) also obtained low diversity indexes ranging from
0.439 to 0.912 in their study on the diversity and structural
complexity of mangrove forest along Puerto Princesa Bay,
Palawan Island, Philippines. These findings imply that
there is a declining diversity of mangroves in many parts of
the country like the case of Naungan. These findings also
signal that strategic interventions to reverse the current
situation are essential before those mangrove species will
totally vanish.
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Table 4. Species abundance, relative abundance and relative frequency of the understorey in Barangay Naungan, Ormoc City, Philippines

Relative

Scientific name Abundance Occurrence Relative frequency
abundance
Alstonia scholaris (Linn.) R. Br. 1 0.000763 1 1.818
Artocarpus heterophyllus Lam 1 0.000763 1 1.818
Citrus microcarpa Bunge 1 0.000763 1 1.818
Psidium guajava L. 1 0.000763 1 1.818
Ficus nota (Blanco) Merr. 3 0.014504 2 3.636
Bruguiera cylindrical (L.) Blume 3 0.00229 1 1.818
Musa spp 3 0.00229 2 3.636
Terminalia catappa L. 5 0.00229 3 5.455
Theobroma cacao L. 6 0.003817 3 5.455
Trema orientalis L. Blume 13 0.00458 3 5.455
Aegiceras floridum Roem.& Schult. 19 0.009924 7 12.73
Luecaena leucocephala (Lam.) de Wit 32 0.024427 6 10.91
Avicennia officinalis L. 43 0.032824 7 12.73
Cocos nucifera L. 54 0.041221 15 27.27
Bambusa spp 58 0.044275 7 12.73
Ceriops decandra (Griff.) W.Theob. 76 0.058015 13 23.64
Sonneratia alba J. Smith 100 0.076336 21 38.18
Rhizophora mucronata Lam 110 0.083969 21 38.18
Rhizophora apiculata Blume 134 0.10229 20 36.36
Nypa fruticans (Wurmb) Thunb 155 0.118321 23 41.82
Avicennia marina (Forssk.) Vierh. 462 0.352672 34 61.82

This condition is not only observed in the Philippines.
Studies in some ASEAN countries state that they also face
similar concerns. Similarly, in a study conducted in Indonesia
by Eddy et al. (2019), mangrove diversity was found to be
relatively low. It was reported that this was also caused by a
variety of human activities, including settlements, farming,
agriculture, aquaculture, port operations, and logging leading
to the degradation of the mangrove ecosystem. A study
conducted in India highlights the low species diversity and
underdeveloped structural characteristics of mangroves
along the Mumbai coast (Kantharajan et al. 2018). Mangrove
forests along the coastlines of Asian countries are declining
in recent years due to these various factors such as
aquaculture, illegal logging, pollution and climate change
(Ward et al. 2016; Thomas et al. 2017; Goldberg et al. 2020).

Threats to Naungan mangrove ecosystem

Within the study site, it is imperative to recognize the
presence of numerous anthropogenic threats, which
alongside natural hazards, pose significant challenges to the
ecological integrity of the area. Among these threats, a
variety of human activities contribute to the degradation of
the mangrove ecosystem. One prominent concern is the
establishment of fishponds, wherein Naungan benefits from
the flow of freshwater from the river, making it favorable
for aquaculture practices (Olor-Pogado and Evangelio
2020). This involves the conversion of mangrove areas into
aquaculture facilities. This was observed by the researchers
as well as mentioned by the locals during the interviews
with the community. This practice not only leads to the loss
of mangrove habitat but also disrupts the natural hydrological
patterns essential for the health of the ecosystem (Newton
et al. 2020). Additionally, the construction of various
infrastructure projects, such as roads, bridges, or buildings,
further encroaches upon mangrove areas. This results in

fragmenting habitats and impeding the movement of
wildlife (Numbere 2021).

Furthermore, the expansion of agricultural farming
adjacent to mangrove zones presents another significant
threat. Intensive agricultural practices, including the use of
agrochemicals and land clearing, result in pollution runoff
and habitat destruction, affecting both terrestrial and
aquatic components of the ecosystem. These anthropogenic
activities not only directly impact the mangrove ecosystem
but also exacerbate existing environmental stressors, such
as erosion, climate change and sea-level rise (Goldberg et
al. 2020). Moreover, they often have socio-economic
repercussions, particularly for local communities reliant on
mangrove resources for their livelihoods. These can be
observed by the land cover map in Figure 3. With the area
becoming accessible due to the newly constructed road,
more structures are more likely to be established soon.
According to random interviews among the residents of
Barangay Naungan, it is worth note-taking that there is a
plan to establish a megacity proximate to the said
mangrove forest. This will impact the species' diversity and
structure if not properly managed. The mangrove forest as
a socioecological production landscape and seascape is
endangered. Indeed, this is the case as well in other
mangrove forests in the Philippines as reported by various
authors (Doydee et al. 2008; Sinfuego and Buot 2008; Tinh
et al. 2009; Doydee and Buot 2011; Buot et al. 2013;
Sinfuego and Buot 2014; Lillo and Buot 2016; Martinez
and Buot 2018; Buot 2020; Buot et al. 2022).

The presence of nearly threatened mangrove species,
such as Aegiceras floridum and Ceriops decandra, within
the study site in Ormoc highlights the fragile state of the
local ecosystem. These species play critical roles in
maintaining the ecological balance of mangrove habitats,
providing essential habitats for various marine organisms
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and contributing to the overall biodiversity of the area.
However, the ongoing threats posed by human activities,
such as urban development and resource extraction, put the
survival of these species at risk and, consequently, the
integrity of the entire ecosystem. The disruption of the
harmonious interaction between human communities and
the seascape aggravates these threats. Human-centered
plans and activities, driven by economic interests and
urbanization, often prioritize short-term gains over long-
term environmental sustainability. This approach neglects
the complex connections between mangrove ecosystems
and human well-being, leading to the degradation of
ecosystem services and the loss of valuable resources.

As a result of these human-induced pressures, the
expected ecosystem services provided by mangroves are at
risk of being significantly reduced or even lost altogether.
Services such as coastal protection, fishery support, carbon
sequestration, and storm surge mitigation may be
compromised, leading to negative impacts on both the
environment and the livelihoods of local communities. The
decline or disappearance of these services can have far-
reaching consequences, affecting not only the immediate
vicinity of Ormoc but also neighboring areas dependent on
healthy mangrove ecosystems. Addressing these threats
requires a concerted effort to balance human development
with environmental conservation. Implementing sustainable
land-use practices, enforcing regulations to protect mangrove
habitats, and engaging local communities in conservation
efforts are essential steps towards preserving the integrity
of mangrove ecosystems in Ormoc and safeguarding the
ecosystem services they provide. By recognizing the
importance of these threatened species and prioritizing
their conservation, it is possible to mitigate the adverse
impacts of human activities and ensure the long-term
resilience of both mangrove habitats and the communities
reliant on them.
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Proposed conservation framework

The mangrove ecosystem found in Naungan contains
valuable species and provides a range of benefits to the
local community. However, due to the threats observed
during field data gathering such as land use conversions,
waste accumulation and pollution brought about the
anthropogenic activities in the adjacent urban communities,
mangrove habitats are prone to destruction. Addressing
these concerns is a continuous challenge among the local
authorities (Delfino et al. 2015). Hence, this research
output proposes a framework that contributes to ensuring
the protection and conservation of mangrove species. The
components included in this framework capture the need
for the observed threats, issues and concerns in Naungan
mangrove ecosystem as well as the information from the
local interviews. In Figure 4, the main dimensions to consider
toward mangrove sustainability are the socioeconomic and
political dimensions. The socioeconomic dimension revolves
around the relationship between the people and the mangrove
resources, in terms of economic benefits, livelihood, and
daily consumption of its goods and services. Hence, the
sub-dimensions are comprised of sustainable development,
management practices, and the needed capacity development
of the local people towards the mangrove ecosystem
management. The political dimension highlights the roles
and responsibilities of the local government and non-
government institutions in contributing to the management
of the mangrove ecosystem. They have an important
function in the implementation of local policies that protect
the mangroves from illegal harvesting, conversion, and
extensive industrial establishment which degrades mangrove
habitats. They have the power to regulate the observed
threats in Naungan. With the land use plans from the
government institutions and devolved authorities on the
local government units, the preservation and regulation of
extraction of mangrove resources can be achieved.

Figure 3. Land cover within the mangrove ecosystem in in Barangay Naungan, Ormoc City, Philippines (geoportal.gov 2023)
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Figure 4. Proposed framework for mangrove ecosystem conservation in in Barangay Naungan, Ormoc City, Philippines

It is best to involve the People’s Organizations (POs),
Non-Government Organizations (NGOs), and Civil Society
Organizations (CSOs) in the crafting of sustainable
management of mangroves in Naungan. This will encourage
local participation in mangrove conservation efforts. These
entities serve as crucial intermediaries, to raise awareness
among local communities about the importance of mangroves
and the urgent need for their protection. Through various
means such as educational programs, workshops, and
outreach activities, these organizations shall disseminate
information about the ecological significance of mangrove
ecosystems and the potential threats they face. Moreover,
they facilitate community engagement by empowering
residents to take ownership of mangrove conservation
through participatory approaches. By promoting a sense of
responsibility and stewardship among local inhabitants,
these efforts not only enhance the sustainability of
mangrove conservation initiatives but also contribute to the
overall resilience of coastal communities in the Philippines.

Collaboration between the local government and
communities is fundamental for successful mangrove
conservation efforts in the Philippines. This collaborative
approach ensures that conservation strategies are not only
effective but also culturally and socially relevant (Friess et
al. 2016; Triyanti et al. 2017; Valenzuela et al. 2020). By
working together, the local government and communities
can develop sustainable management plans that take into
account the unique practices, traditions, and needs of the
local population while also preserving the integrity of the
mangrove ecosystem. Local traditional knowledge plays a
significant role in this collaborative process. Indigenous
communities often possess invaluable insights into the
dynamics of mangrove ecosystems, acquired over generations
of living close to these environments. This traditional
knowledge can complement scientific research by providing
a nuanced understanding of mangrove ecology, including

local species interactions, habitat dynamics, and adaptive
strategies. Furthermore, integrating traditional knowledge
into decision-making processes enhances the legitimacy
and effectiveness of conservation initiatives. By recognizing
and valuing the expertise of local communities, authorities
can develop more inclusive and sustainable conservation
plans that resonate with the cultural identity and aspirations
of the people directly affected by mangrove management
efforts. In essence, the collaboration between the local
government and communities, combined with the integration
of traditional knowledge, forms a robust framework for
achieving effective mangrove conservation in the Philippines.

A well-managed mangrove ecosystem provides a wide
array of goods and services that are essential for the long-
term sustainability of both the environment and the
communities reliant on them (Sofian et al. 2019). These
benefits are multifaceted and play crucial roles in supporting
biodiversity, mitigating climate change impacts, and
enhancing the resilience of coastal ecosystems and
communities (Aladano et al. 2016). One of the primary
benefits of a well-managed mangrove ecosystem is the
provision of sustained habitats for diverse flora and fauna.
Mangroves serve as nurseries, feeding grounds, and shelter
for numerous species of fish, crustaceans, birds, and other
wildlife. Their intricate root systems provide refuge for
young marine organisms and offer protection from predators,
contributing to the owverall richness and abundance of
coastal biodiversity. Additionally, mangroves act as important
carbon sinks, sequestering large amounts of carbon dioxide
from the atmosphere and storing it within their biomass and
sediments. This helps mitigate climate change by reducing
the concentration of greenhouse gases in the atmosphere,
thereby slowing the rate of global warming. Furthermore,
mangroves serve as natural buffers against the impacts of
climate change-induced phenomena such as storm surges,
coastal erosion, and flooding. Their dense root systems
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dissipate wave energy and stabilize shorelines, reducing the
vulnerability of coastal communities to extreme weather
events. By conserving mangrove ecosystems and safeguarding
the services they provide, communities can increase their
resilience to environmental disturbances and enhance their
capacity to adapt to changing conditions. This resilience
extends not only to the mangrove forests themselves but
also to the broader marine ecosystem and the human
communities that depend on them for sustenance and
livelihoods. Thus, investing in the conservation and
sustainable management of mangrove ecosystems yields
significant long-term benefits for both the environment and
society, ensuring a resiliency in the future for all.

In conclusion, the upper canopy vegetation of mangrove
ecosystem in Naungan has a total of 10 tree species
belonging to 8 families and 331 individuals while the
understorey vegetation has 23 species belonging to 15
families and 1310 individuals. Avicennia marina is the
most dominant upper canopy species followed by Sonneratia
alba and Avicennia officinalis. Avicennia marina also
dominates the understorey followed by Nypa fruticans and
Rhizophora apiculata. The Shannon diversity index of
upper canopy is 1.492 (very low), while the understorey
diversity is a bit higher with a value of 2.198 but is still
categorized as low. Overall diversity for both upper and
lower canopies combined has only a value of 2.176 which
is also low. Aegiceras floridum and Ceriops decandra are
nearly threatened while the rest of the species are
categorized as “least concern”. The present threats in the
site include fishpond establishment, road construction, and
subsistence agricultural farming which are expected to
affect further mangrove diversity in the area. In summary,
the preservation of mangroves necessitates a comprehensive
strategy that takes into account both the ecological and
human aspects of these ecosystems. By comprehending the
socioeconomic and political factors involved and engaging
local communities as well as governments in conservation
initiatives, we can secure the stable safeguarding of
mangroves and their contributions to community welfare
and environmental health. Hence, this study is an important
basis for improving the management and conservation plans
of mangrove ecosystems in Naungan. Careful planning of
future land uses is vital to protect the remaining mangrove
species on the site.
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