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Vegetation analysis plots, each measuring 10 m x 10 m, were established at each station, with

an interval of 20-30 m between plots. The mangrove leaf specimens were
collected for proper identification of species. The study’s results identified
thirteen mangrove species classified under nine families, all of which were
categorized as least concern species based on the International Union for
Conservation of Nature. The species diversity of the sampling area falls
under very low diversity (H'=0.852), which may be attributed to
anthropogenic activities and the recent typhoon Rai, which devastated the
area. The most ecologically important species were Avicennia officinalis
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1. Introduction

Mangroves are vital components of tropical coastal ecosystems, providing essential
ecological services and functions. They provide habitat for local flora and fauna, protect and
stabilize coastlines, enrich coastal waters, yield commercial forest products and support coastal
fisheries (Akram et al. 2023). According to Licuanan et al. (2018), the Philippines is considered
one of the biodiverse countries for coastal plant diversity in the world because of its archipelagic
orientation and tropical climate. Its coastline stretches approximately 36,000 km, covering more
than 7,000 islands (Garcia et al. 2014). However, the Philippines has also been constantly listed as
one of the world’s top biodiversity hotspots (United Nations Development Programme 2022).

Mangroves provide a wide array of benefits, including wood for firewood, charcoal, and
construction (Rasquinha and Mishra 2021). Moreover, they offer coastal protection acting as the
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first line of defense by breaking the force waves, thereby preventing flooding and erosion
(Menéndez et al. 2020). They also serve as vital habitats (Cafizares and Seronay 2016), nurseries
for certain marine species (Long and Giri 2011), and nesting grounds for hundreds of bird species
(Garcia et al. 2014; Tanalgo et al. 2019). However, despite their immense value, mangroves are
still degraded and destroyed through human-made pressure. That is apart from the stress caused
by inevitable environmental factors. Some estimates place the annual global loss rate at one million
hectares, with certain regions facing the risk of complete collapse. Moreover, mangrove
afforestation is constantly challenged by the year-round scarcity of propagules. This scarcity is
attributed to several factors, including irregular flowering, insufficient seed viability, seed
predation, poor post-dispersal seed growth, and low germination rates (Namitha et al. 2024).
Despite dramatic losses and ongoing problems, conservation and rehabilitation measures offer a
glimmer of hope for mangroves in the Philippines. The Department of Environment and Natural
Resources is responsible for the management of mangroves. A move toward mangrove
conservation began in 1976 when the government established the National Mangrove Committee
under the Ministry of Natural Resources, the predecessor to the Department of Environment and
Natural Resources.

The municipality of Claver, Surigao del Norte, is a rapidly developing municipality. The
Bagakay Mangrove Trail Lagoon has become a popular tourist destination, leading to human
intervention and habitat modifications for aesthetic and functional purposes. To our knowledge,
no prior ecological assessment has been conducted in the Bagakay Trail Lagoon mangrove
ecosystem. This study provides the first baseline data on species composition, diversity, and
conservation status in this emerging ecotourism site. Given the rapid tourism-driven development
and lack of ecological monitoring, there is an urgent need to assess the current condition of the
mangrove community to inform appropriate conservation strategies. Thus, this study aims to assess
the community structure of mangroves in Bagakay Trail Lagoon, Claver, Surigao del Norte, by
determining its species composition, diversity, density, frequency, dominance, and conservation
status. The findings will also provide valuable information for concerned agencies, such as the
Municipal Environmental and Natural Resources Office (MENRO), to better formulate sustainable
development management strategies.

2. Materials and Methods
2.1. Study Site

The study was conducted in Bagakay Trail Lagoon in Brgy. Bagakay, Claver. Bagakay is
situated at approximately 9.5747, 125.7308 (9° 34' North, 125° 44' East), in the municipality of
Claver (Fig. 1). Elevation at these coordinates is estimated at 9.6 meters or 31.5 feet above mean
sea level. The Mangrove Trail Lagoon is a sheltered estuary with predominantly muddy, fine-silt
substrates that support dense stands of native mangroves, covering a total land area of
approximately 8 hectares. It serves as an eco-tourism and community livelihood area, surrounded
by mixed residential areas and small-scale tourism facilities, such as boardwalks, floating cottages,
and recreation zones. Moreover, the municipality of Claver is a rapidly developing municipality
located in the Province of Surigao del Norte, with large-scale mining and port activities (PhilAtlas
2022).
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Fig. 1. Map showing the locale of the study.

2.2. Sampling Design and Layout

Four sampling stations were established in the area. The sampling stations were selected to
represent the varying levels of anthropogenic disturbance along the lagoon, from the more
disturbed to the less disturbed interior section. A transect line ranging from 150-200 m for each
station was laid perpendicular to the shoreline to capture the full range of mangrove zonation from
the seaward fringe to the landward fringe. This orientation ensures that sampling systematically
traverses gradients in tidal inundation, salinity, substrate, and species composition, providing a
representative ecological profile of the area (Biodiversity Management Bureau 2017). Moreover,
within the transect line, five 10 m x 10 m plots for the sampling of the mangrove trees (mangrove
with a diameter at breast height (DBH) of > 4 cm were recorded) were set up with an interval of
20-30 m between plots (Fig. 2).

N O OO |e=|0 5 [ O -
O O O [l ] ]
%ﬁ

I:'H

1m

Fig. 2. Plot layout of the study.

All mangrove individuals within each plot were identified and counted; the diameter at breast
height (DBH) in cm, basal area in meters, and the density of the mangrove species were also
measured. For the regeneration of the mangroves, each 10 m x 10 m plot had three 1 m x 1 m
subplots arranged randomly, and all the mangrove species at a seedling stage were counted and
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identified. All mangrove species within the plots were characterized as a seedling (< 1 m height),
sapling (> 4 cm diameter, height > 1 m), and mature trees (> 1 m height and > 4 cm diameter). The
height of the mangrove within the sampling plot was measured using marked bamboo poles or
sticks. The stick method has been reported to have a mean measurement error of ~15% under field
conditions, primarily due to alignment and observer estimation errors (Saliu et al. 2021).

2.3. Mangrove Species Identification

Mangrove species were identified through field characteristics and cross-referenced using
the field guide manual of Philippine Mangroves authored by Primavera et al. (2004).

2.4. Diversity Indices

The Mangrove community’s species diversity was calculated using Shannon-Wiener’s
diversity index, which provides a quantitative description of mangrove habitats in terms of species
distribution and evenness. Shannon-Wiener diversity index was calculated using Equation 1
(Omoro et al. 2010):

Shannon-Wiener Diversity (H'): H' =Y. [pi % (In pi)] 1)

where pi is the proportion of individuals of the i-th species expressed as a portion of the total cover
and In is the log base n.

The diversity values for Shannon-Wiener were classified based on the scale developed by
Fernando (1998), presented in Table 1.

Table 1. Modified scale by Fernando (1998)

H* Values Descriptive interpretation
> 3.50 Very high
3.00-3.49 High
2.50-2.99 Moderate
2.00-2.49 Low
<1.99 Very low

2.5. Vegetation Analysis

For the analysis of vegetation, the following parameters were used: population density,
frequency, dominance, relative density, relative frequency, relative dominance, and importance
value. Species composition and community structure of a plant community can be studied using
vegetation analysis. The technique is a crucial tool for land classification, managing endangered
plants and animal species, and conserving soil and water (Maridi et al. 2014). Measuring species
frequency, density, dominance, and importance value were calculated using Equations 2-8
(Nursanti et al. 2021):

Number of Individuals

Population Density= Total Area Sampled @

Density for a Species

Relative Population Density (%) = Total Density for all Species

x 100% (3)
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Number of Plots wherein Species Occurs

Frequency = 4
q y Total Number of Plots @
. Frequency Value of a Species
Relative Frequency (%) = q Y P —x 100% (5)
Total Frequency Value for all Species
. Total Basal Area of each Tree Species in all Plots
Dominance = (6)
Total Area Sampled
. . Dominance of a Species
Relative Dominance (%) = P 00% @)

Total Dominance of all Species

Importance Value (%) = Relative Density (%) + Relative Frequency (%) + Relative (8)
Dominance (%)

2.6. Mangrove Habitat Assessment

The percent crown cover, regeneration per m?, average height, and the number of seedlings
(less than 1 m) and saplings (more than 1 m but with less than 4 cm DBH) were also recorded.
Crown diameter was measured as the average of the widest crown width and its perpendicular
measurement taken at 90°. The crown cover was calculated using Equations 9-11.
Total Crown Cover of All Trees

0p) =
Percent crown cover (%) Total Area Sampled 9)
. Total Regeneration Count
2:
Regeneration per m Total Regeneration Plots (10)
. Total Height of T Recorded
Average height (m) = otal Height of Trees Recorde (11)

Total Number of Trees Recorded

2.7. Conservation Status

The conservation status of each mangrove species in the area was determined through the
International Union for Conservation of Nature (IUCN 2020) Red List data.

3. Results and Discussion
3.1. Species Composition

A total of thirteen (13) mangrove species were identified in Bagakay Trail Lagoon, Claver,
Surigao del Norte, belonging to nine families (Table 2). The family Rhizophoraceae exhibited the
highest species richness, represented by Rhizophora apiculata, Rhizophora mucronata, and
Bruguiera parviflora. A similar trend was reported by Arfan et al. (2023), who identified R.
mucronata as the most dominant mangrove species in Ampekale Tourism Village, South Sulawesi,
Indonesia. The dominance of Rhizophoraceae is a common characteristic of many mangrove
ecosystems (Md Isa and Suratman 2021). This is likely attributed to their specialized adaptations,
such as aerial roots, viviparous embryos, salt tolerance and high tannin content. These
characteristics enhance survival and propagation in challenging environments, even in high-
salinity, waterlogged soils, and fluctuating conditions (Tomlinson 2016).
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Table 2. Species composition and conservation status of mangroves in Bagakay Trail Lagoon,
Claver, Surigao del Norte

L . Conservation Station

Common Name Scientific Name Family Status (IUCN 2020) Present
Langarai Bruguiera parviflora Rhizophoraceae Least Concern 1
Bakauan lalaki Rhizophora apiculata Rhizophoraceae Least Concern 1,2,4
Bakauan babae Rhizophora mucronata Rhizophoraceae Least Concern 1,2,3,4
Bungalon Avicennia alba Verbenaceae Least Concern 1,3,4
Api-api Avicennia officinalis Verbenaceae Least Concern 1,2,3,4
Saging-saging Aegiceras corniculatum Myrsinaceae Least Concern 1,2, 4
Pagatpat Sonneratia alba Lythraceae Least Concern 1,2,4
Buta-buta Excoecaria agallocha L. Euphorbiaceae Least Concern 2
Tabigi Xylocarpus granatum Meliaceae Least Concern 3
Piagao Xylocarpus moluccensis Meliaceae Least Concern 3,4
Gapas-gapas Campostemon philippinensis Bombacaceae Least Concern 1
Dungon Heritiera littoralis Sterculiaceae Least Concern 3
Nipa palm Nypa fruticans Arecaeae Least Concern 1,2,34

In terms of conservation status, all identified species were classified as of least concern by
the IUCN (2020). Similar studies have also reported least concern species, but they have
emphasized the ecological and biodiversity significance of these species at the global scale (Pulido
et al. 2025). Moreover, the number of individuals per species distribution was generally
widespread across the four sampling stations (Table 2); however, the quadrat sizes varied
substantially. Notably, the presence of Nypa fruticans significantly exhibited a trend suggesting a
potential influence on the abundance of other mangrove species, which is known to be found
behind mangrove forest formations with habitats along rivers influenced by sea tides (Harefa et al.
2023). Quadrats 14, 16, and 19, where N. fruticans was not observed, exhibited the lowest counts
of mangrove individuals (Fig. 3). This observation is purely speculative, as it lacks statistical
validation. Further investigation and statistical testing are needed to substantiate this hypothesis
and confirm any potential competitive interaction or habitat displacement effect of N. fruticans, a
common associate of mangrove forests and the only palm species better adapted to mangrove
forests (Cheablam and Chanklap 2020). This species can sometimes form dense stands that alter
light availability and substrate conditions for other mangrove species.
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Fig. 3. Number of individuals per sampling quadrats.

3.2. Mangrove Diversity Indices

The analysis of diversity indices across the twenty (20) quadrats within Bagakay Trail
Lagoon reveals a pattern of generally low mangrove diversity, with Shannon diversity values
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ranging from 0 to 1.381 (Table 3), indicating a monospecific dominance in several quadrats, a
common sign of ecological stress or disturbance. Notably, a significant number of quadrats (Q2,
Q4) exhibited a Shannon diversity of 0, which is directly attributed to the presence of only dead
or cut mangroves within these plots. This highlights a localized disturbance in the mangrove
community. This extremely low diversity suggests a lack of species heterogeneity, which could
imply several underlying ecological factors or anthropogenic influences. In a systematic review
conducted by Bhowmik et al. (2022), they identified several drivers of mangrove deforestation,
which are largely contributed to by aquaculture and agriculture. Other factors include climate
variability, salinity intrusion, and increased coastal acidity.

Table 3. Diversity indices and the number of species per quadrant

Quadrat Shannon Simpson Evenness Nl;;té?gsc)f Relative values
Q1 0.04 0.01 0.52 2 Very low
Q2 0.00 0.00 1.00 1 Very low
Q3 0.29 0.13 0.44 3 Very low
Q4 0.00 0.00 1.00 1 Very low
Q5 0.92 0.38 0.31 8 Very low
Q6 0.27 0.09 0.32 4 Very low
Q7 0.89 0.48 0.61 4 Very low
Q8 0.57 0.38 0.88 2 Very low
Q9 0.55 0.26 0.43 4 Very low
Q10 1.38 0.67 0.66 6 Very low
Q11 0.57 0.28 0.44 4 Very low
Q12 0.28 0.15 0.66 2 Very low
Q13 0.29 0.15 0.67 2 Very low
Q14 0.48 0.21 0.40 4 Very low
Q15 0.27 0.12 0.44 3 Very low
Q16 1.32 0.72 0.94 4 Very low
Q17 1.37 0.64 0.56 7 Very low
Q18 0.88 0.41 0.48 5 Very low
Q19 1.16 0.65 0.79 4 Very low
Q20 0.91 0.47 0.79 5 Very low

The overall diversity indices within Bagakay Trail Lagoon reveal a very low species
diversity across all stations (Table 4), with values ranging from 0.48 to 1.25 and an overall value
of 0.85, indicating both limited species richness and uneven species abundance, a pattern often
associated with stressed or anthropogenic activities (Goloran et al. 2020). Similarly, the Simpson
diversity index (Simpson_1-D), ranging from 0.19 to 0.59 with an overall value of 0.34, suggests
a degree of dominance within the mangrove community, where a few species hold numerical
superiority. Such reduced diversity in mangrove ecosystems can have implications for their
resilience and ecological functioning, potentially stemming from factors such as habitat
disturbance or environmental stressors (Carugati et al. 2018).

3.3. Mangrove Vegetation Analysis

Table 4 presents the analysis of the mangrove vegetation in the study area. The species
importance value (SIV) was calculated by adding the relative density, relative frequency, and
relative dominance, which provides the overall indication of each species’ ecological significance
within the community. Due to the challenges of determining the basal area for relative dominance,
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the SIV of this species was derived from the sum of its relative density and relative frequency. The
results reveal that Avicennia officinalis has the highest SIV (68.20), indicating its prominent
ecological role in the area’s mangrove ecosystem. The high value is driven by its substantial
relative dominance (52.34), suggesting that, although its relative density (2.35) is low, the existing
individuals are likely mature trees with significant basal area, thereby contributing substantially to
the forest’s structure. The dominance of A. officinalis may be linked to its robust root systems,
which stabilize sediments, and its capacity to thrive in fluctuating salinity conditions.

Table 4. Overall diversity indices of mangrove species in Bagakay Trail Lagoon, Claver, Surigao
del Norte

Station Shannon H Simpson_1-D Evenness_e"H/S Relative values
1 0.58 0.22 0.18 Very low
2 0.95 0.42 0.37 Very low
3 0.48 0.19 0.23 Very low
4 1.25 0.59 0.43 Very low
Overall 0.85 0.34 0.18 Very low

Nypa fruticans also presents a high SIV (105.19), although this value excludes relative
dominance (Table 5). The difficulty in determining basal area for Nypa fruticans is noted in other
studies, where population structure is often assessed based on the number of leaves rather than
DBH (Middeljans 2014). Furthermore, the high relative density (82.21%) and relative frequency
(22.97%) indicate that this species is the most numerically abundant and widely distributed within
the sampled area. This aligns with field observations where dense N. fruticans stands limited the
establishment of other species in several quadrats. While its structural contribution through basal
area is not quantified here, its sheer abundance suggests a significant influence on the ecosystem,
potentially affecting light availability and substrate conditions for other mangrove species
(Primavera et al. 2004).

Table 5. Mangrove vegetation Analysis in Bagakay Trail Lagoon
Relative Relative Relative

Name of species density (%) frequency (%)  dominance (%) SV
Aegiceras corniculatum 1.43 10.81 21.99 34.23
Avicennia alba 0.50 5.41 0.96 6.87
Avicennia officinalis 2.35 13.51 52.34 68.20
Campostemon philippinensis 0.34 1.35 0.01 1.70
Excoecaria agallocha L. 1.34 4.05 5.05 10.45
Heriteria littoralis 0.08 1.35 0.01 1.45
Bruguiera parviflora 0.08 1.35 0.00 1.44
Rhizophora apiculata 5.20 12.16 2.92 20.28
Rhizophora mucronata 4.19 14.86 0.45 19.51
Sonneratia alba 1.43 8.11 15.93 25.46
Xylocarpus granatum 0.08 1.35 0.21 1.65
Xylocarpus molluccensis 0.76 2.70 0.13 3.59
Nypa fruticans 82.21 22.97 105.19

The overall mangrove vegetation analysis highlights a community structure where Avicennia
officinalis and Nypa fruticans are the most ecologically important species in the sampled area, with
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other species contributing to varying degrees to the forest’s composition and structure. This
dominance affects overall diversity and forest resilience because it influences regeneration
capabilities and shapes the future community structure. However, this dominance was also driven
by the significant impact on the local livelihood. Nypa fruticans is directly utilized as a traditional
and cost-effective roofing material. Its sap can also serve as a source of sugar and alcoholic
beverages (CABI Digital Gallery 2019). Beyond its direct use, the mangrove ecosystem,
significantly shaped by the presence of both Avicennia officinalis and Nypa fruticans, serves as a
crucial habitat and nursery ground for various fish species, crabs, and shellfish (Gargaran et al.
2024; Primavera et al. 2017). These resources form the basis of livelihoods for some community
members, highlighting the indirect economic benefits derived from a healthy and diverse
mangrove ecosystem (Table 5).

3.4. Mangrove Habitat Assessment

Based on the evaluation of percent crown cover, regeneration per square meter, and average
height, the following characteristics are revealed (Table 6). The percent crown cover was recorded
at 61%, the regeneration rate was 1.63 seedlings per m?, and the average mangrove height was
5.46 meters. According to the classification guidelines outlined in the BMB Technical Bulletin
2017-05. The observed percent crown cover of 61% falls within the ‘Good’ category. Furthermore,
both the regeneration rate of 1.63 seedlings per m2 and the average height of 5.46 m are classified
as ‘Excellent’ (Table 6). The ‘Excellent’ category, as defined by the BMB Technical Bulletin,
indicates habitat conditions ranging from undisturbed to negligible disturbance, characterized by
only slight disturbances and few instances of cutting. The results demonstrate a ‘Good’ category
for percent crown cover and an excellent category for regeneration. This can be attributed to the
devastation caused by Typhoon Rai, which struck the province of Surigao del Norte and nearby
provinces in December 2021. Since the study was conducted in the early months of 2022, the
recent disturbance likely affected the upper canopy, while the understorey continued to regenerate.

Table 6. Analysis of the condition of mangroves in Bagakay Trail Lagoon

Parameter Value Category
Percent crown cover (%) 61 Good

Regeneration per m? 1.63 Excellent

Average height (m) 5.46 Excellent

4. Conclusions

This study assessed the species composition, diversity, conservation status and canopy cover
of mangroves at Bagakay Trail Lagoon. The study’s results identified thirteen mangrove species,
classified under nine families, all of which were categorized as least concern species based on the
International Union for the Conservation of Nature. Although least concern species have a lower
risk of extinction, they remain vital in sustaining ecological functions and maintaining global
biodiversity. Furthermore, the species diversity of the sampling area falls under very low diversity
(H'=0.852), which may have been significantly contributed to by anthropogenic activities and the
recent typhoon Rai, which devastated the area. The most ecologically important species were
Avicennia officinalis and Nypa fruticans, with high importance values suggesting their dominance
and significant influence on the ecosystem. These findings highlight the importance of site-species
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conservation interventions be implemented by both government and non-government
organizations. It is further recommended that long-term changes be tracked and that local
management strategies remain effective to sustain this valuable ecosystem.
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