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ABSTRACT

This study investigates the biodiversity of seagrass ecosystems in Pujada Bay, Davao Oriental,
Philippines, with a particular focus on evaluating the impact of anthropogenic pressures on species
richness and composition. Seagrass communities from three sites with varying disturbance levels
were compared: heavily populated Taganilao, moderately populated Lawigan, and uninhabited
Pujada Island. Aerial surveys, transect-quadrat sampling, and environmental measurements
(dissolved oxygen (DO), pH, salinity, temperature) were used to assess species distribution, shoot
density, and abundance. Results showed that Pujada Island had the highest species richness and a
balanced community structure, while Taganilao, impacted by pollution and reclamation, had lower
diversity and was dominated by the resilient Thalassia hemprichii. Kruskal-Wallis tests confirmed
significant differences in abundance, especially between Taganilao and Pujada Island (p =
0.000273). Canonical Correspondence Analysis highlighted temperature and DO as key drivers of
species distribution. The study underscores the urgent need for conservation measures to mitigate
human impacts and protect seagrass ecosystems in Pujada Bay.

Keywords: Seagrass biodiversity, anthropogenic pressures, Pujada Bay, species richness, marine
conservation.
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INTRODUCTION

Seagrasses are the only flowering plants
fully adapted to marine environments (Ma et
al., 2024), playing a crucial role in the health
and functionality of coastal ecosystems
(Unsworth et al.,, 2022). These angiosperms
thrive in shallow, nutrient-rich, and slightly
reducing sediments in coastal waters (Qin et al.,
2021), forming extensive meadows that support
various ecological functions (Nordlund et al.,
2024). Particularly in tropical and subtropical

regions, seagrass meadows offer critical
habitats for a wide variety of marine organisms,
ranging  from  ecologically  significant

meiofauna (Ybafiez Jr, 2024), copepods (Pislan
& Yhbafez Jr, 2024), and foraminifera (Felix et
al., 2022), to commercially important fish
species (Ybafiez Jr & Gonzales, 2023), and
endangered fauna such as dugongs (Dugong
dugon) (Lanyon et al., 2024) and sea turtles
(Tapilatu et al., 2022). These ecosystems are
vital for providing food and shelter and
preserving the coastal zone’s structural integrity
(Moreira-Saporiti et al., 2023). Seagrasses
deliver essential ecosystem services, including
sediment stabilization, water filtration, and
carbon sequestration, contributing significantly
to climate change mitigation (Lima et al.,
2023). Despite their ecological and climate-
related importance, seagrass meadows are
increasingly threatened by human activities,
including coastal development, pollution, and
unsustainable fishing practices (Amone-Mabuto
et al, 2023), all of which jeopardize their
resilience and undermine the critical ecosystem
services they provide.

In the Philippines, seagrasses are distributed
across various coastal ecosystems, including
shallow bays, lagoons, and coral reef-associated
habitats. The country is home to 18 species of
seagrasses (Arriesgado et al., 2024), which

include Enhalus acoroides, Cymodocea
rotundata, Oceana serrulata, Halodule
pinifolia, Halodule uninervis, Thalassia
hemprichii, Thalassodendron ciliatum,

Syringodium isoetifolium, Halophila ovalis,
Halophila  decipiens, Halophila beccarii,
Halophila minor, Halophila gaudichaudii,
Halophila  spinulosa, Halophila ovata,
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Halophila sp. 1, and Halophila sp. 2. These
species contribute significantly to marine
biodiversity, providing critical habitats and
supporting the sustainability of local fisheries.
A notable study by Angsinco-Jimene et al.
(2003) was conducted in Pujada Bay,
identifying nine seagrass species, including
C. rotundata, O. serrulata, E. acoroides,
H. pinifolia, H. uninervis, H. minor, H. ovalis,
S. isoetifolium and T. hemprichii. However, this
research  primarily focused on species
occurrence and did not evaluate the diversity,
health, or anthropogenic impacts on seagrass
ecosystems within the bay. Since this study in
2003, no further research has been conducted to
assess the current state of seagrass ecosystems
in Pujada Bay, leaving a significant gap in
understanding how these ecosystems have been
affected by human-induced pressures.

The present study aims to fill this gap by
investigating the current status of seagrass
biodiversity in Pujada Bay, focusing on the
impact of anthropogenic pressures on species
richness and composition. This research will
compare seagrass ecosystems at three distinct
sites within the bay: a heavily populated area
(Taganilao), a moderately populated area
(Lawigan), and an uninhabited area (Pujada
Island). By assessing seagrass diversity across
these sites, the study will provide valuable
insights into how varying levels of human
activity affect the health and biodiversity of
seagrass meadows. The findings will
contribute to a more comprehensive
understanding of the relationship between
human activities and seagrass ecosystems,
helping to guide conservation efforts in
Pujada Bay and similar coastal areas.

MATERIALS AND METHODS

Study area

This study was conducted at selected
locations within Pujada Bay, Davao Oriental,
Philippines, in January 2017 (Fig. 1, Table 1).
Three distinct sites were chosen to represent
varying levels of anthropogenic influence and
their potential impact on seagrass ecosystems:
Station 1 (heavily populated area, Taganilao),
Station 2 (moderately populated area,
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Lawigan), and Station 3 (uninhabited area, human activity, enabling a comprehensive
Pujada Island) (Fig. 2). These sites were assessment of seagrass ecosystem health and
strategically selected to provide a range of diversity under different levels of
environmental conditions influenced by disturbance.
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Legend:
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Figure 1. Map showing the three research locations within Pujada Bay, Davao Oriental, Philippines
Table 1. Geographic coordinates for each study station

Station Location Coordinate
1 Taganilao 6°83°10°°N, 126°28°95”’E
2 Lawigan 6°79°90”’N, 126°33’25’E
3 Pujada Island 6°78°65""N, 126°26°32’E

Figure 2. The study sites in Pujada Bay: A. Taganilao (heavily populated area), B. Lawigan
(moderately populated area), and C. Pujada Island (uninhabited area)
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Station 1 (Taganilao): Situated in a high-
density residential area, Station 1 s
characterized by significant coastal development
and a range of human activities, including
fishing, tourism, agriculture, and fish ponds.
This site is subject to substantial anthropogenic
pressures, such as pollution, sedimentation from
agricultural runoff, and land reclamation,
adversely  affecting  seagrass  meadows.
Additionally, the fish ponds contribute to
increased sedimentation and nutrient loading,
further impacting the ecological integrity of the
seagrass ecosystem. Consequently, Station 1 is
expected to exhibit higher levels of disturbance,
which may influence species diversity and
overall ecosystem structure.

Station 2 (Lawigan): Situated in a
moderately populated area, Station 2 is less
urbanized than Station 1 but still experiences
moderate levels of human activity, including
small-scale agriculture and fishing. The
intensity of anthropogenic pressures here is
comparatively lower, offering a more balanced
environment to assess the effects of moderate
human influence on seagrass meadows.

Station 3 (Pujada Island): Station 3 is
located on an uninhabited island with
minimal human presence. The area is less
impacted by coastal development, pollution,
and other anthropogenic disturbances,
making it ideal for evaluating the natural,
undisturbed state of seagrass ecosystems.
This station serves as a baseline for
understanding the conditions of relatively
pristine seagrass habitats in Pujada Bay.

Data collection and field survey

To assess the distribution and extent of
seagrass meadows, an aerial reconnaissance
was conducted using a GoPro-equipped
aircraft to capture high-resolution aerial
photographs. These images provided valuable
insights into seagrass beds' spatial distribution
and boundaries, offering a broad overview of
the study area. The aerial photography
facilitated precise mapping and location
identification for subsequent field surveys.

Field surveys were performed during the
lowest low tide to ensure optimal access to the

16

seagrass meadows and enhance the seagrass
beds' visibility. Conducting the surveys at this
specific tidal stage minimized interference
from tidal fluctuations, ensuring consistent
environmental conditions across all sampling
sites. The transect-quadrat method was
employed to quantify seagrass species
composition and shoot density. Based on the
results from the aerial reconnaissance, three
survey stations were selected, representing the
seagrass ecosystems within the study area. At
each station, three 50-meter transects were
randomly oriented across the seagrass
meadows. Ten 50 x 50 cm quadrats were
randomly placed along each transect to
sample the seagrass community. An
underwater GoPro camera was used to
document the quadrat samples to ensure
accurate species identification and minimize
observer bias. Additionally, expert assistance
was sought to verify the species identified in
the field, ensuring the data’s reliability and
accuracy.

Environmental parameters

Each sampling station recorded key
environmental parameters influencing seagrass
growth and health. These parameters included
dissolved oxygen (DO), pH, salinity, and
temperature. Salinity was measured with a
handheld refractometer, while pH was
determined using a portable pH meter to assess
the water’s acidity or alkalinity. Temperature
and DO levels were recorded using a DO
meter. All environmental parameters were
measured in triplicate at each station to ensure
data consistency and reliability.

Data analysis

The collected data were analyzed using
standard methods for ecological studies.
Population shoot density was calculated by
counting the number of seagrass shoots of
each species within the quadrats. The
population shoot density was calculated as:
Population Shoot Density = Number of
Shoots/Area Sampled.

Abundance was determined by calculating
the shoot count for each species, dividing the
number of shoots of each species by the total
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number of shoots within each station, and
multiplying by 100 to express the relative
abundance as a percentage.

A normality test was conducted to assess
the distribution of data. Since the seagrass
data were non-parametric, Kruskal-Wallis
analysis was performed, followed by post-hoc
analysis to determine the significant
differences between groups.

The diversity and community structure of
seagrass species were assessed using several
ecological indices, including the Shannon-
Wiener Diversity Index (H’), Simpson’s
Dominance Index (1-D), Dominance (D), and
Evenness (J°) (Magapan & Yhbafiez Jr, 2025).
Additionally, Cluster Analysis was performed
using the Bray-Curtis similarity index to
assess the similarities between sites (Suriya et
al., 2022). Canonical Correspondence
Analysis (CCA) was employed to investigate
the relationships between seagrass species
composition and environmental variables
(Kinamot, 2024).

All statistical analyses were conducted
using Paleontological Statistics (PAST)
software, version 4.15, which enabled robust
multivariate analysis and provided a detailed
understanding of the ecological dynamics of
the seagrass ecosystems in Pujada Bay.

RESULTS AND DISCUSSION

Seagrass species distribution

The distribution of seagrass species across
Taganilao, Lawigan, and Pujada Island in
Pujada Bay showed distinct patterns
influenced by varying levels of human activity
and environmental conditions. C. rotundata,

H. ovalis, S. isoetifolium, and T. hemprichii
were present at all three sites, but E. acoroides
occurred only at Pujada Island (Table 2).
According to Rahayu et al. (2023), seagrass
diversity is generally higher in areas with
minimal human disturbance, which aligns
with the high diversity observed at Pujada
Island. Taganilao, heavily impacted by
agricultural runoff, sedimentation, and coastal
development, exhibited reduced biodiversity
and absence of E. acoroides, which is
sensitive to increased nutrient loads and
turbidity. Similar findings were reported by
Reyes et al. (2022) in other disturbed
Philippine coastal areas. Lawigan, with
moderate human activities such as small-scale
farming and fishing, maintained greater

diversity than Taganilao but still lacked
E. acoroides. While moderate impacts
allowed more species to persist, certain

sensitive taxa remained absent. In contrast,
Pujada Island, the least disturbed site,
supported all recorded species, underscoring
the importance of minimal anthropogenic
interference in maintaining seagrass health.

Since 2003, Taganilao and Lawigan have
likely  experienced population  growth,
agricultural expansion, and intensified coastal
development, leading to higher pollution,
sedimentation, and nutrient enrichment. These
pressures have contributed to declines in
biodiversity and abundance, especially for
disturbance-sensitive species. Natural
stressors, such as storm events and climate
change, also exacerbate habitat degradation
through  physical ~ damage,  sediment
resuspension, and shifts in temperature,
salinity, and sea level.

Table 2. List of Seagrass species present at three selected sites in Pujada Bay

Seagrass species Taganilao| Lawigan | Pujada Island
Cymodocea rotundata Ascherson & Schweinfurth, 1870 + +

Enhalus acoroides (Linnaeus f.) Royle, 1839 - - +
Halophila ovalis (R.Brown) J.D. Hooker, 1858 + + +
Syringodium isoetifolium (Ascherson) Dandy, 1939 + + +
Thalassia hemprichii (Ehrenberg) Ascherson, 1871 + + +

Note: “+": presence; “-*: absence.
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Seagrass shoot density and abundance

The shoot density data for seagrass
species across the three stations in Pujada Bay
reveal significant differences in abundance
among species and sites (Fig. 3). Overall,
shoot densities were highest at Pujada Island,
followed by Lawigan, with Taganilao
generally exhibiting the lowest densities.

At Taganilao, T. hemprichii exhibited the
highest shoot density at 1256 shoots/m?,
followed by S. isoetifolium (204 shoots/m?) and
H. ovalis (172 shoots/m?). C. rotundata had a
very low shoot density of only 16 shoots/m?,
and E. acoroides was absent. At Lawigan,
S. isoetifolium had the highest density with
1060 shoots/m?, followed by T. hemprichii at
947  shootssm’, C. rotundata  with
156 shoots/m?, H. ovalis at 124 shoots/m2, and
E. acoroides was also absent. At Pujada Island,
the shoot densities were considerably higher
for most species. S. isoetifolium had the highest
density (2187 shoots/m?), followed by
T. hemprichii (1687 shoots/m?), C. rotundata
(1626 shoots/m?), H. ovalis (133 shoots/m?),
and E. acoroides (9 shoots/m?).

2500
C. rotundata

u E. acoroides

2000 H. ovalis

u S. isoetifolium

u T. hemprichii 1
1500

Density (ind/m?)

-
=]
1=3
=]

500

0

Taaanilao Lawiaan Puiada Island

Figure 3. The seagrass species density in each
site in Pujada Bay

These density patterns align with Zalsos et
al. (2021), who reported that less disturbed
areas generally support higher seagrass
densities and biodiversity, a trend clearly
reflected in Pujada Bay. The low densities at
Taganilao can be attributed to high

18

anthropogenic pressures such as agricultural
runoff, sedimentation, and coastal
development, which degrade water quality
and reduce light penetration. The absence of
E. acoroides, a species sensitive to turbidity
and nutrient enrichment, further indicates poor
habitat conditions, while the dominance of
T. hemprichii highlights its tolerance for
disturbed environments, as also noted by
Nugraha et al. (2017) and Shen et al. (2022).
In contrast, Lawigan’s moderate disturbance
level allowed for higher densities and a more
varied community than Taganilao, consistent
with Soissons et al. (2016), who observed that
moderately impacted seagrass beds can still
sustain diverse assemblages. However, the
continued absence of E. acoroides suggests
that even moderate stressors can exclude
highly sensitive species. The relatively high
abundance of S. isoetifolium at Lawigan
supports Olive et al. (2022), who identified its
adaptability to environments with moderate
nutrient and sediment inputs. At the other end
of the disturbance gradient, Pujada Island’s
pristine conditions with minimal pollution,
low sedimentation, and clear waters supported
the highest densities across most species,
including both disturbance-tolerant taxa and
sensitive species such as E. acoroides. This
pattern concurs with Swadling et al. (2023),
who emphasized that even resilient species
perform best under optimal conditions,
resulting in both high diversity and density.

Relative abundance patterns (Fig. 4) further
illustrate the effects of disturbance, with
Taganilao showing clear dominance by
T. hemprichii (76%), followed by much
smaller proportions of S. isoetifolium (12%), H.
ovalis (11%), and C. rotundata (1%), and
complete absence of E. acoroides, indicating
reduced community balance driven by high
human impact. Lawigan exhibited a more even
distribution, with S. isoetifolium (46%) and
T. hemprichii (41%) as co-dominants, along
with C. rotundata (7%) and H. ovalis (6%), yet
still lacked E. acoroides, reflecting ongoing
constraints for sensitive species even under
moderate disturbance. In contrast, Pujada
Island displayed the most balanced community,
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with S. isoetifolium (39%), T. hemprichii
(30%), and C. rotundata (29%) complemented
by small shares of H. ovalis (2%) and
E. acoroides (0.01%), indicative of stable
ecological conditions where both resilient and
sensitive taxa coexist. Overall relative
abundance was lowest at Taganilao (17%),
intermediate at Lawigan (24%), and highest at

A 1% 419

12% . C. rotundata

H. ovalis
= S. jsoetifolium

= T. hemprichii

C. rotundata
E. acoroides
H. ovalis

0%" S. iscetifolium
90, ® T. hemprichii

29%

9%

59%

Pujada Island (56%), a pattern consistent with
Hastings et al. (2020) and Tang & Hadibarata
(2022), underscoring that intense disturbance
narrows diversity and favors a few tolerant
species, whereas undisturbed habitats maintain
balanced, species-rich communities essential
for sustaining seagrass ecosystem health in
Pujada Bay.

B 7%
41

C. rotundata
H. ovalis
= S. isoetifolium
u T, hemprichii

46%

17%

= Taganilao
Lawigan
= Pujada Island

24%

Figure 4. Seagrass coverage at each study site: A. Taganilao, B. Lawigan, C. Pujada Island,
and D. Total coverage at each station

Seagrass species diversity

Diversity indices varied across the three
Pujada Bay stations (Table 3), reflecting
differences in disturbance levels. Taganilao
had a species richness (S) of 4, with low
Shannon diversity (H’ = 0.75), low Simpson
diversity (1 — D = 0.39), and a relatively high
dominance index (D = 0.61), indicating a
community dominated by few species.
Evenness (J° = 0.53) suggests uneven species
distribution, consistent with high
anthropogenic pressures such as pollution,
sedimentation, and coastal development.
These conditions likely limit species capable
of surviving, favoring disturbance-tolerant

taxa like T. hemprichii, as also noted by
Atencio et al. (2024).

Lawigan also had a richness of 4 but
higher diversity (H’ = 1.06) and evenness (J’
= 0.73), with a lower dominance index (D =
0.39). This indicates a more balanced
community structure under moderate human
impacts from small-scale agriculture and
fishing. These results align with Liu et al.
(2025), who found that moderate disturbances
can still support diverse seagrass assemblages
if impacts are not severe.

Pujada Island, the least disturbed site,
showed the highest richness (S = 5), greatest
Shannon diversity (H> = 1.19), highest
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Simpson diversity (1 — D = 0.68), and lowest
dominance (D = 0.32), with moderately high
evenness (J° = 0.65). These values indicate a
stable, balanced community where both
disturbance-tolerant and sensitive species
thrive. This pattern matches findings by

Hordijk et al. (2023) and Wang et al. (2021),
who emphasized that pristine conditions
promote maximum diversity, evenness, and
ecological  stability, underscoring  the
importance of conserving such undisturbed
habitats.

Table 3. Diversity indices of seagrasses in Pujada Bay

Sites Species Shannon Diversity | Simpson Diversity | Dominance | Evenness

Richness (S) Index (H’) Index (1 - D) (D) I3
Taganilao 4 0.75 0.39 0.61 0.53
Lawigan 4 1.06 0.61 0.39 0.73
Pujada 5 1.19 0.68 0.32 0.65
Island

Kruskal-Wallis H
pairwise comparisons

test and post-hoc

The Kruskal-Wallis H test revealed
significant differences in seagrass abundance
across the three sites in Pujada Bay (H = 12.94,
p = 0.001294) (Table 4). Post-hoc Tukey
comparisons showed no significant difference
between Taganilao and Lawigan (mean
difference = -42.12, p = 0.105100), indicating
that despite Taganilao’s higher disturbance
from pollution, sedimentation, and coastal
development, its abundance levels were
comparable to the moderately impacted
Lawigan. This suggests that certain species
present in both sites may be resilient to
moderate levels of disturbance, consistent with
Connolly et al. (2018), who reported that
seagrass in moderately impacted areas can
maintain relatively stable abundance depending
on species tolerance. In contrast, Taganilao
showed a highly significant difference in
abundance compared to Pujada Island (mean
difference = -108.47, p = 0.000273),

highlighting the stark contrast between heavily
disturbed and pristine conditions. The much
lower abundance at Taganilao is likely a result
of cumulative anthropogenic pressures that
hinder seagrass growth and establishment,
aligning with McMahon et al. (2022), who
found that intense human disturbance greatly
reduces seagrass abundance. The Lawigan
versus Pujada Island comparison also showed a
significant difference (mean difference =
-66.35, p = 0.043490), although Iless
pronounced than the Taganilao-Pujada Island
contrast. This suggests that even moderate
activities such as small-scale agriculture and
fishing can still impact seagrass health, as
supported by McCloskey & Unsworth (2015),
who observed that cumulative moderate
disturbances can limit optimal growth
conditions. Pujada  Island’s  minimal
disturbance supports the highest abundance
among the three sites, emphasizing the
importance of protecting low-impact habitats to
sustain healthy and productive seagrass
meadows in Pujada Bay.

Table 4. Results of the Kruskal-Wallis H test and post-hoc pairwise comparisons
for seagrass abundance across three sites in Pujada Bay

Comparison Kruskal-WgIIis p-value (K_ruskal- _Mean p-value (Post-
H Statistic Wallis) Difference | hoc Tukey)
Taganilao vs Lawigan 1294 %0.001294 -42.12 0.105100
Taganilao vs Pujada Island ' ' -108.47 *0.000273
Lawigan vs Pujada Island -66.35 *0.043490

Note: *difference is significant when p-value is < 0.05.
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Bray-Curtis Similarity Index

The dendrogram in Figure 5, based on the
Bray-Curtis similarity index, shows distinct
clustering of seagrass species composition
across the three Pujada Bay sites. Taganilao
clustered separately from Lawigan and Pujada
Island, reflecting marked differences in species
composition  likely driven by higher
anthropogenic disturbance. The similarity
between Taganilao and Lawigan was moderate
(0.5421), while Taganilao and Pujada Island
showed lower similarity (0.4209), indicating
greater compositional differences. Lawigan and
Pujada Island had the highest similarity
(0.5657), suggesting that despite moderate
human activity at Lawigan, its seagrass
community remains more similar to the pristine
conditions of Pujada Island. These results align
with Zhang et al. (2023), who reported that
high disturbance often leads to homogenised
and less diverse communities, and with Griffin
et al. (2024), who found that moderate
disturbance can still allow for ecological
characteristics resembling undisturbed sites.
The closer clustering of Lawigan and Pujada
Island suggests that moderate activities like
small-scale agriculture and fishing have not
fully degraded Lawigan’s ecosystem, which
retains enough natural characteristics to
support diverse and balanced seagrass
communities. This highlights the potential for
maintaining healthy seagrass habitats through
effective management in moderately impacted
areas, echoing the observations of Strachan et
al. (2022) on balancing human use and
ecological integrity in coastal ecosystems.

Lawigan

Pujada Island

Taganilao

0.450 0.525 0600 0.675 0.750 0.825 0.800 0.975
Bray-Curtis Similarity Index

Figure 5. Bray-Curtis Similarity Index
analysis showing the similarity in seagrass
species composition across three sites in
Pujada Bay

Water Quality Parameters

The average water quality values across
the three sites in Pujada Bay (Table 5) showed
slight but notable variations, all within ranges
suitable for healthy seagrass growth.
Dissolved oxygen levels were consistently
high, with Pujada Island recording the highest
mean value (6.90 mg/L), followed closely by
Lawigan (6.85 mg/L) and Taganilao
(6.83 mg/L), indicating good oxygen
availability across the bay. These similar
values suggest that tidal exchange, depth, and
biological activity are relatively uniform,
preventing  oxygen-limiting  conditions,
consistent with Tu et al. (2025), who
emphasized the role of adequate DO in
supporting seagrass health. pH values were
near-neutral to slightly alkaline at Taganilao
(8.14) and Lawigan (8.15), while Pujada
Island was slightly lower (7.93), possibly due
to local organic matter decomposition or shifts
in carbonate buffering capacity. All values
remain within the optimal marine range
described by Cossa et al. (2024), indicating
that pH is not a significant stressor.

Salinity levels showed minor variation,
with Taganilao having the highest average
(34.33%0), followed by Lawigan (33.33%o)
and Pujada Island (33.00%o), reflecting natural
influences such as hydrodynamics, freshwater
inputs, and tidal patterns, as noted by Peng et
al. (2024). Temperature was highest at Pujada
Island (30.53 °C), slightly lower at Lawigan
(29.87 °C), and lowest at Taganilao
(29.43 °C), likely influenced by factors such
as water depth, sunlight exposure, and local
currents. Marba et al. (2022) observed that
such moderate variations are unlikely to
threaten seagrass unless they exceed tolerance
thresholds for extended periods. Low standard
deviations across parameters indicate stable
and consistent conditions within each site,
suggesting that water quality is not a limiting
factor for seagrass growth in Pujada Bay,
though subtle site-specific differences may
still influence community composition and
abundance.
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Table 5. Average values of water quality parameters across the study sites

Site Parameter Mean Median Standard deviation
Taganilao DO (mg/L) 6.83 6.83 +0.02
pH 8.14 8.14 +0.02
Salinity (%o) 34.33 35.00 +1.15
Temperature (°C) 29.43 29.40 +0.06
Lawigan DO (mg/L) 6.85 6.85 +0.04
pH 8.15 8.14 +0.02
Salinity (%o) 33.33 33.00 +1.53
Temperature (°C) 29.87 29.90 +0.06
Pujada Island | DO (mg/L) 6.90 6.85 +0.09
pH 7.93 7.94 +0.04
Salinity (%o) 33.00 33.00 +1.00
Temperature (°C) 30.53 30.50 +0.06

CCA of and environmental

variables

seagrass

The Canonical Correspondence Analysis
(CCA) results (Fig. 6) revealed strong
relationships  between seagrass  species
composition and environmental gradients,
DO, pH, salinity, and temperature, across the
three Pujada Bay sites. Axis 1 explained
80.34% of the total variance, indicating that it
captured most of the environmental influence
on species distribution, while Axis 2

15

10
pH

Pujada Iglard

accounted for 14.14%. C. rotundata and
E. acoroides were positioned toward the
positive end of Axis 1, closely associated with
higher  temperatures and DO levels,
suggesting adaptation to warm, oxygen-rich
environments. This pattern was most evident
in Lawigan, which also plotted on the positive
side of Axis 1, reflecting conditions favorable
to these species. S. isoetifolium, positioned
near the centre of the ordination plot,
exhibited broad environmental tolerance,
occurring in a range of conditions across sites.

p-value
CCA1:0.845
CCA2:0.817

.
S. isoetifolium

H. ovalis

2.0 A5 A " -0
*Tagd:
emprichii -0.54
Salinity

Axis 2 (14.14%)

Temperature

Lawigan 1.0 15 20

DO

C. rotundata

E. acoroides
.

Axis 1 (80.34%)

Figure 6. Canonical Correspondence Analysis biplot showing the relationships between
seagrass species and environmental variables across the study sites. The plot illustrates the
distribution of seagrass species (represented by blue circles) in relation to environmental
variables (represented by green vectors), including DO, pH, salinity, and temperature
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On the negative side of Axis 1,
T. hemprichii and H. ovalis were associated
with lower pH and DO, conditions typical of
sheltered or more eutrophic areas with higher
organic matter and decomposition rates. These
environmental conditions align with those at
Taganilao, a site with higher anthropogenic
activity that contributes to cooler waters,
reduced oxygen, and nutrient enrichment,
favoring species adapted to such habitats. In
contrast, Pujada Island was located near the
plot centre, indicating a balanced mix of

environmental factors and minimal
disturbance, which supports a diverse
assemblage of species with varying

tolerances. These findings are consistent with
previous studies (Vieira et al., 2022; Li et al.,
2025) that emphasize the role of temperature
and DO in shaping seagrass communities and
highlight the capacity of undisturbed sites to
maintain stable environmental gradients that
promote biodiversity.

CONCLUSION

The study highlights the significant impact
of anthropogenic pressures on seagrass
biodiversity in Pujada Bay. While Pujada
Island represents a pristine baseline,
Taganilao is heavily impacted by human
activity, showing lower biodiversity and more
dominated communities, whereas Lawigan
exhibits a more balanced seagrass ecosystem.
These findings emphasize the need for
conservation measures to protect undisturbed
habitats and  reduce  human-induced
disturbances in more impacted areas. To
ensure the long-term health of seagrass
ecosystems, efforts should focus on reducing
pollution, sedimentation, and land
reclamation, particularly in  Taganilao.
Continuous monitoring of seagrass diversity
and environmental parameters, and stronger
coastal management policies, is crucial.
Future research should explore the specific
environmental factors influencing seagrass
distribution, the effects of climate change, and
the potential for restoration in degraded areas.
By addressing these recommendations, we can
support the recovery and sustainability of

seagrass ecosystems in Pujada Bay and other
similar coastal regions.
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