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Abstract Mangrove forests play a crucial role in the
environment by serving as nurseries for marine life and
protecting coastlines from storms. Nonoc Island has no
data in terms of mangrove diversity and carbon storage in
the DENR. This study assesses diversity and measures
carbon storage in trees and soil in the mangrove forests of
Barangay Cantiasay and Barangay Nonoc, Nonoc, Island.
Field sampling was done on September 15-17, 2023, where
the transect-quadrat method was utilized, with 15 plots per
site established to assess mangrove species composition,
biomass, and soil carbon. Species identification was based
on morphological characteristics, and diversity indices
were analyzed using PAST software. Aboveground
biomass (AGB) was estimated non-destructively, while
soil samples were collected from depths of 0-30 cm and
30-60 cm for carbon content analysis. A total of 306
mangrove individuals from six species were recorded and
were classified as Least Concern by the IUCN. Rhizophora
species were the dominant species in both sites.
Rhizophora apiculata had the highest tree biomass
(6,493.17 kg and 1,569.60 kg) and carbon storage (3.12 Mg
ha'l and 0.737 Mg ha?l) in Cantiasay and Nonoc,

respectively. Soil carbon estimates totaled 84.86 Mg C ha.

The highest total carbon stock was recorded in the
mangrove forest of Cantiasay (251.09 Mg C ha?), with
85% stored in sediments, while Nonoc had 152.24 Mg C
hal, with 95% stored in sediments. These findings
highlight the vital role of mangrove forests in carbon

storage and their contribution to the reduction of carbon
dioxide deposits.

Keywords Aboveground  Carbon,
Carbon Pools, C Sinks, Soil Carbon

Biodiversity,

1. Introduction

Mangrove forests play a vital role in coastal protection,
serving as natural buffers against tropical cyclones and
mitigating the impacts of climate change through carbon
sequestration [1]. This ecosystem provides essential
services, including biodiversity conservation, fisheries
support, and shoreline stabilization, making their
preservation critical for both ecological integrity and
socio-economic development [2],[3],[4]. Given their
importance in reducing vulnerability to natural and
human-induced threats, mangrove conservation and
sustainable management remain a global priority
[51.[61.[7].

The Philippines, home to at least 39 mangrove species,
relies heavily on these coastal forests for livelihood support,
particularly in fisheries and related industries [8],[9].
However, mangroves face increasing threats from
anthropogenic activities such as aquaculture expansion,
coastal industrialization, and overharvesting for timber and
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charcoal [10]. In particular, mining activities have been
identified as a significant driver of mangrove degradation
in certain regions, including Nonoc Island, Surigao City,
which has a long history as a mining hub [11].

Previous studies have examined various aspects of
mangrove ecosystems in the Philippines, including their
structural composition, biomass density, and carbon
storage capacity. In Butuan Bay, Mindanao, 12 mangrove
species were identified, with Avicenniaceae and
Rhizophoraceae dominating, however, the overall
biodiversity was rated as very low due to significant human
disturbances in the area [12]. Additionally, in Barangay
Cagdianao, Dinagat Islands, which is near a mining area,
nine species were recorded, with Lumnitzera littorea and
Lumnitzera racemosa as the dominant species. The
biodiversity of this forest remained low but under
relatively minimal disturbances. This underscores the need
for effective conservation efforts in these regions [13].

A study assessing the carbon storage of the mangrove
forest in Barangay Talisay, Nonoc Island, revealed a
biomass density of 606 Mg ha and an estimated carbon
stock of 368 Mg ha? [14]. However, there is no current
data on the diversity and carbon storage potential of the
mangrove forests in Barangay Cantiasay and Barangay
Nonoc, Nonoc Island. Hence, this study aims to evaluate
mangrove species composition and diversity, and quantify
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above-ground and soil carbon stock. The findings of this
study will contribute to the ongoing national initiatives on
Philippine’s natural resource accounting, as well as the
global efforts in environmental conservation, climate
change mitigation, and disaster risk reduction, by
providing a more comprehensive understanding of
mangrove carbon storage. This could aid local stakeholders
in developing informed conservation strategies and
sustainable management plans.

2. Materials and Methods

2.1. Location of the Study

The research was carried out in Nonoc Island, Surigao
City (Figure 1), focusing on the mangroves in Barangay
Cantiasay and Nonoc. The first location is situated in
Barangay Cantiasay which falls between the coordinates
of 9°85°11.959” N 125°59°0.92” E to 9°51’7” N
125°35°3.53” E. The second location is Barangay Nonoc,
with coordinates of 9°83°01.396” N 125°58°5.673” E to
9°49°37” N 125°35’8.173” E. These mangroves are
situated along the community's coastline, near the JT3
Port. The area is a mix of sand, gravel, rocks, and silt
substrate.
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2.2. Data Gathering Procedures

A 100-m belt transect was laid parallel to the shore.
From this transect, three 100-m transects were established
perpendicular to the shore, with 50m to 100m distance.
Along each perpendicular transect, 5 10x10 m plots were
established, at 10 m intervals, totaling 15 plots at each site.

Mangroves in the plots were identified based on their
morphological characteristics using the field guide
Handbook of Mangroves in the Philippines by Primavera
[15],[16]. Individuals with at least 5 cm dbh were measured,
recorded, and identified.

2.3. Data and Analysis

The Paleontological Statistical Software Package
(PAST) developed by Hammer et al. [17] was used to
analyze mangroves diversity indices.

2.3.1. Species Composition

a) Abundance = total number of individuals
b) Total Basal Area = cross-sectional area at breast

height
m(DBH)?
4 cm

The total BA for all species is the sum of BA values for
each tree in the plot.

c) Diversity (Simpson’s index) = N(N— 1)

Where the n = number of individuals; N = the total
number of individuals

Among the species found in each site, the following
measures of species influence will be computed:

Density = number of individuals/ area sampled

Frequency = number of quadrats in which a species
occurs/ number of quadrats examined

Relative Density = density of a given species /density of
all species*100

Relative Frequency = frequency of a given species/
frequency of all species*100

d) Estimation of Diversity Indices

The Shannon-Wiener Index of Diversity will determine
the species richness and distribution.

s
H'=-) (Inp)
i=1

2.3.2. Above-Ground Biomass Estimation

AGB was estimated using species-specific allometric
equations based on diameter at breast height (DBH). Only
trees with stem diameters of at least 5 cm were included in
the measurement process, and this was done using a tree
caliper or tape measure at the height of 1.3m above the soil
surface [18].
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The aboveground biomass of mangroves was then
determined using an allometric equation developed by
Komiyama et al. [19]. The equation is:

AGB = 0.251 p D?4¢

Where:

AGB: aboveground biomass,

p: Wood density,

D: Diameter at breast height

The wood density values are average wood density for
each species, based on studies from Southeast Asia, and
were derived from the Global Wood Density Database [20],
unless otherwise stated. The aboveground biomass value
was multiplied by a factor of 0.48 to calculate the carbon
stock [21],[22],[23].

2.3.3. Soil Collection and Analysis

Soil samples were collected from the 10 x 10 m plots to
determine the soil organic matter content for the soil
analysis. Three variables were considered in measuring the
soil carbon stock; (a) soil depth, (b) soil bulk density, and
(c) organic carbon content [24].

Soil samples were taken at varying depths at 0-30 cm
and 30-60 cm [25]. The soil was sieved through a 5-mm
mesh screen to remove other components and was
combined to obtain a consistent color.

Oven-dried for at least 24 hours at 105-110C until
constant weight, the samples were sent to the Regional
Agriculture Office in Butuan City for organic carbon
analysis through the Walkley-Black method [26].

To calculate for soil bulk density, another set of soil
samples was collected from the same plots, dried and
weighed. Bulk density was calculated using the formula
adapted from [21];

Soil Bulk Density (g/ms) = oven-dried sample mass(g)/
volume of soil corer (m:)

Where;

Volume of soil corer = nr2h

In calculating the soil organic carbon, the formula based
on the study of Donato et al. [7] was used;

Carbon in the soil (Mg ha+) = bulk density (g/ m?) * soil
depth interval (cm) *%C

Total soil carbon stock for the whole sampling area was
then computed as;

Total soil carbon stock of the area (Mg) = Total soil
carbon (Mg ha') x Area (ha) of the whole forest

3. Results and Discussion

3.1. Species Composition

The study identified a total of 6 mangrove species in the
coastal areas of Nonoc Island: Avicennia officinalis,
Bruguiera  gymnorrhiza, Rhizophora  apiculata,
Rhizophora mucronata, Rhizophora stylosa, and
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Scyphiphora  hydrophylacea.  Rhizophora  species
dominates the sites, coinciding with initial information
from key informants. This species composition, their
abundance and conservation status provide a
comprehensive snapshot of the mangrove ecosystem on
Nonoc Island (Table 1).

A total of 306 mangrove individuals were observed in all
sampling plots in barangay Cantiasay (243) and Nonoc
(63), Nonoc Island (Table 1). The individuals belonged to
three (3) families and four (4) genera, as classified by
Primavera [15],[16],[27]. These six species identified are
categorized to be of “Least Concern” by the International
Union for Conservation of Nature (IUCN), indicating that
these mangrove species are not currently at a significant
risk of extinction. However, continued monitoring is
essential, as the impacts of anthropogenic pressures and
extreme weather events may intensify over time,
potentially threatening their long-term stability. Such
findings, therefore, underscore the importance of
conservation efforts to mitigate these threats and preserve
the ecological services provided by these mangroves [28].

3.1.1. Diversity Indices and Influence

The results indicated that Cantiasay has a diversity index
of 1.474 (H'), while Nonoc has a diversity index of 0.9883
(H") (Table 2). This suggests that the mangrove forest of
Cantiasay is more diverse and has a more even species
distribution than Nonoc. In contrast, Nonoc's lower
diversity index implies that there are fewer dominant
species in the area or that the species are less evenly
distributed. Furthermore, the Simpson Index values
Cantiasay and Nonoc were 0.7299 and 0.4651, respectively.
These findings reinforce that Cantiasay supports a more
diverse and evenly distributed mangrove community,
whereas Rhizophora species dominate Nonoc. The
dominance of Rhizophora species, particularly R.
apiculata and R. mucronata, aligns with observations from
initial interviews and existing literature on the regions’
mangrove forests. These species exhibit remarkable
adaptations to the coastal environment, including tolerance
to salinity and waterlogged conditions, which are vital for
the resilience of mangrove forests [29]. The additional
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presence of species such as A. officinalis, B. gymnorrhiza,
R. stylosa, and S. hydrophylacea further enhances the
biodiversity and ecological complexity of these habitats.
The genetic mechanisms enabling such resilience are
underscored by recent transcriptomic studies, such as the
the study [30], which highlights the upregulation of genes
in R. stylosa related to salt and oxidative stress adaptation.
This implies that similar genetic mechanisms may
contribute to the resilience of other Rhizophora species like
R. apiculata and R. mucronata, reinforcing why they thrive
in mangrove environments

This genetic diversity is a cornerstone of the
functionality and sustainability of mangrove ecosystems,
ensuring their role in coastal protection, carbon
sequestration, and habitat provision. Rhizophora species,
such as R. apiculata and R. mucronata, are widely
recognized for their ability to thrive in saline and
waterlogged conditions due to specialized root systems
(e.g. prop roots) that provide stability and facilitate gas
exchange [31].

Additionally, studies highlight that these species
dominate tropical and subtropical mangrove regions,
particularly in Southeast Asia, due to their resilience
against tidal flooding and sedimentation [31],[32]. These
findings collectively underline how the combination of
dominant and additional mangrove species strengthens the
overall ecosystem. Such biodiversity promotes resilience,
ecological complexity, and the ability to adapt to changing
environmental conditions. The COVID-19 pandemic and
subsequent natural disasters, such as Typhoon Odette, have
significantly disrupted mangrove ecosystems, including
those in Nonoc Island. The pandemic led to delays in
reforestation efforts due to travel restrictions, labor
shortages, and the diversion of resources to pandemic
response activities. As a result, many environmental
programs, including mangrove planting and maintenance,
were either postponed or scaled back, reducing the
momentum of conservation efforts during critical periods.
Moreover, the social and economic disruptions caused by
the pandemic affected local communities' ability to
participate in or support environmental conservation
activities [33].

Table 1. Species composition of mangrove species found per barangay, including residency and conservation status
Family Species Local Name Residence Status C N IUCN
Acanthaceae Avicennia officinalis Api-Api, Miyapi 10 2 LC
Bruguiera gymnorrhiza Nilad 8 2 LC
Rhizophora apiculata Pototan Native 95 45 LC
Rhizophoraceae
Rhizophora mucronata Bakhaw laki Native 47 8 LC
Rhizophora stylosa Bakhaw bae Native 65 5 LC
Rubiacaea Scyphiphora hydrophylacea Bakhaw bato Native 18 1 LC
Total 243 63 306

Note: C: Cantiasay, N: Nonoc, LC: Least Concern Reference: © Board of Trustees of the Royal Botanic Gardens Kew;

https://powo.science.kew.org
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Table 2. The diversity index values in the mangrove forest of Nonoc Island.

Sites No. of individual Simpson (D) Shannon-Wiener (H’) Evenness Description
Cantiasay 243 0.7299 1.474 0.7279 Very Low
Nonoc 63 0.4651 0.9883 0.4478 Very Low

Note: Diversity description was adapted from Fernando et al [58]

The wvulnerability of mangrove ecosystems to natural
disturbances such as Typhoon Odette further highlights the

compounded impact of human and environmental stressors.

In the case of Typhoon Odette, the storm uprooted and
damaged large swathes of mangrove forests, affecting their
ability to sequester carbon, protect coastal areas, and
support biodiversity [34]. The combined effects of the
pandemic and Typhoon Odette underscore the urgent need
for integrated conservation strategies that account for both
human and natural factors impacting mangrove
ecosystems.

The diversity indices for mangrove species in Cantiasay
(Table 3) provide an understanding of each species’
diversity influences, the mangrove community structure in
Cantiasay exhibits a pronounced dominance of Rhizophora
species, particularly R. apiculata, which demonstrates the
highest Importance Value Index (IVI) of 108.69. This
dominance aligns with patterns observed in other Southeast
Asian mangrove forests where Rhizophoraceae often
predominate in intermediate to downstream estuarine
positions [35]. The species with highest frequency is R.
apiculata (86.667) and the lowest is A. officinalis (20.000).
Where the high value of frequency and relative frequency
in Rhizophora species is due to its good reproductive
ability compared to the other species. Also, the A.
officinalis is less found within the sampling plot or quadrat
in each barangay. The high relative density (37.55%) and
relative dominance (39.43%) of R. apiculata suggest
optimal growing conditions for this species, potentially
indicative of stable mid-intertidal positions with suitable
hydrological regimes [36]. However, such pronounced
dominance may also reflect historical disturbance patterns,
as R. apiculata has been documented to rapidly colonize
available space following disturbance events in tropical
mangrove systems [37]. The presence of S. hydrophylacea,
albeit with a moderate 1VI (30.80%), is noteworthy. This
species typically occurs in the high intertidal zone and its
presence indicates some level of zonation within the forest
[31]. The relatively low frequency (33.333) but moderate
relative  frequency percentage (12.20%) of S.
hydrophylacea suggests a clustered distribution pattern,
which is consistent with its known ecology as a
mid-to-high intertidal specialist [38]. Such zonation, even
in a Rhizophora-dominated forest, contributes to habitat
heterogeneity and may support diverse faunal assemblages
[39]. From a conservation perspective, the observed
community structure presents both opportunities and
challenges. The strong establishment of Rhizophora
species indicates successful adaptation to local conditions,

potentially providing insights for restoration efforts in
similar environments [40]. However, the limited
representation of other species suggests a need for targeted
conservation to enhance overall biodiversity. Recent
meta-analyses have shown that mangrove forests with
greater species diversity demonstrate enhanced ecosystem
service provision and improved resilience to climate
change impacts [41].

Therefore, while maintaining the robust Rhizophora
population, management strategies should consider
interventions to support the establishment and growth of
under-represented species, particularly those with low 1VI
values. The findings from Barangay Cantiasay regarding R.
apiculata showing the highest biomass density and carbon
content align with several studies on mangrove ecosystems
[32], [34], highlighting the crucial role of the Rhizophora
species within carbon sequestration and storage
mechanism. R. apiculata is a notable carbon pool as they
grow large and have greater biomass, thereby able to
sequester carbon in the long term. This helps the mangrove
ecosystem in combating climate change by absorbing
carbon from the atmosphere. These species are typically
more productive than others due to their robust root
systems and efficient nutrient cycling capabilities, which
facilitate greater growth rates and higher biomass densities
in coastal environments. This high productivity is directly
linked to their ability to sequester large amounts of carbon,
making them crucial players in global carbon cycles.

The diversity indices for mangrove species in Nonoc
(Table 4) illustrate the ecological structure and significance
of each species in the local mangrove ecosystem. The
findings highlight the dominance of R. apiculata, which far
exceeds the other species in terms of VI at 166.53%. This
substantial dominance is driven by its high relative density
(68.54%) and relative dominance (64.66%), indicating that
it occupies a predominant role in Nonoc's mangrove forest
structure. The IVI of R. apiculata in Nonoc suggests highly
favorable ecological conditions for its growth, likely
characterized by stable hydrology, nutrient availability,
and minimal interspecies competition. Similar to patterns
observed in Cantiasay, the dominance of R. apiculata in
Nonoc reflects its adaptive advantages, such as efficient
nutrient cycling and rapid colonization abilities [37]. The
basal area of R. apiculata (0.228 m?) highlights its
dominant role in the forest’s structural biomass and its
critical contribution to ecosystem services, particularly
carbon sequestration. It represents the total cross-sectional
area of all trees at breast height per unit area of forest,
where a larger basal area indicates a higher density and size
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of trees, which generally correlates with greater carbon
storage capacity [42],[43]. Thus, the high basal area value
for R. apiculata underscores its importance in supporting
the forest ecosystem's structural integrity and carbon
dynamics. Research indicates that Rhizophora species,
with their dense root systems and high biomass
productivity, play a critical role in carbon storage [7].

Non-Rhizophora species exhibit markedly lower VI
values, with A. officinalis (27.47) and B. gymnorrhiza
(17.84) being the least represented. These low VI values
reflect limited abundance and dominance, possibly due to
competitive exclusion by R. apiculata or niche constraints.
For example, A. officinalis typically thrives in high-salinity
environments and may be less competitive in areas
dominated by Rhizophora species [44]. Similarly, B.
gymnorrhiza, while ecologically important, often occupies
specific intertidal zones and may struggle to establish in a
predominantly Rhizophora-dominated forest.

The presence of R. stylosa IVI (30.05%) and R.
mucronata VI (35.21%) suggests some level of species
diversity within the Rhizophoraceae family. While these

Blue Carbon Accounting in the Mangrove Forest of Nonoc Island, Surigao City

species contribute to structural complexity, their relatively
lower VI values indicate they are less competitive
compared to R. apiculata. Further, S. hydrophylacea, with
an I1VI1 of 22.90, highlights some degree of zonation in the
ecosystem. Its presence, despite low dominance, suggests
habitat  heterogeneity and  potential  ecological
contributions, such as serving as a habitat for associated
fauna [38].

The overwhelming dominance of R. apiculata in Nonoc
raises concerns about biodiversity and resilience. While
Rhizophora species are known for their ecosystem services,
including shoreline stabilization and carbon sequestration,
their dominance may reduce overall community resilience
to environmental disturbances. Diverse mangrove forests
generally provide more robust ecosystem services,
including enhanced nutrient cycling and greater resistance
to pests, diseases, and climatic stressors [41]. Therefore,
the limited representation of non-Rhizophora species
suggests a need for targeted conservation efforts to
enhance biodiversity and ecosystem functionality.

Table 3. Mangrove Species found in Cantiasay and their diversity influences

Species frequency |Basal Area (m?) | Relative Frequency (%) | Relative Density (%) | Relative Dominance (%) VI
A. officinalis 20.000 0.178 7.32 3.95 8.79 20.06
B. gymnorrhiza 26.667 0.026 9.76 3.16 1.30 14.22
R. apiculata 86.667 0.797 3171 37.55 39.43 108.69
R. mucronata 46.667 0.355 17.07 18.58 17.58 53.23
R. stylosa 60.000 0.513 21.95 25.69 25.36 73.00
S. hydrophylacea | 33.333 0.152 12.20 11.07 7.54 30.80
Total 20.000 0.178 100.00 100.000 100.00 300.00

Table 4. Mangrove Species found in Nonoc and its diversity influences

Species frequency |Basal Area (m?) | Relative Frequency (%) | Relative Density (%) | Relative Dominance (%) VI
A. officinalis 20.000 0.023 14.29 6.74 6.44 27.47
B. gymnorrhiza 13.333 0.014 9.52 4.49 3.83 17.84
R. apiculata 46.667 0.228 33.33 68.54 64.66 166.53
R. mucronata 20.000 0.042 14.29 8.99 11.94 35.21
R. stylosa 20.000 0.036 14.29 5.62 10.14 30.05
S. hydrophylacea | 20.000 0.011 14.29 5.62 3.00 22.90
Total 140.000 0.023 100.00 100.000 100.000 300.00
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3.2. Above-Ground Biomass (AGB) and Carbon
Storage Estimates

The contribution of Rhizophora apiculata to biomass
accumulation and carbon sequestration in Barangay
Cantiasay and Barangay Nonoc (Table 5) registered the
highest biomass density and carbon content across species,
highlighting its importance in mangrove ecosystems. R.
apiculata is a fast growing and highly productive species,
playing an important role in carbon sequestration in the
coastal ecosystem [32]. They grow quickly, their root
systems run deep, and they can withstand rough coastal
conditions, which means they can soak up and hold onto
big amounts of carbon dioxide over time [45],[46].

The influence of wood density on biomass and carbon
storage is well-documented. Species with denser wood,
like R. apiculata, store more carbon per unit of biomass
due to the higher lignin content in their tissues, which also
contributes to their structural strength and longevity in the
mangrove ecosystem [45]. This relationship between wood
density and carbon storage is evident in both Cantiasay and
Nonoc forests, where species with higher wood density
demonstrated greater biomass and carbon content per tree.

This relationship is a key factor in the overall carbon
sequestration efficiency of mangrove forests. These
findings reinforced the importance of conserving
mangrove habitats, especially those dominated by
Rhizophora species, as they are integral to carbon
sequestration efforts and mitigating climate change
[32],[47].

Additionally, local environmental factors such as
salinity, sediment type, and tidal influences may also
impact the growth and carbon storage capacity of R.
apiculata and other mangrove species [45]. These
conditions contribute to variations in biomass density
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between the two barangays but consistently reinforce the
ecological importance of Rhizophora-dominated mangrove
forests. These findings emphasized the importance of
conserving Rhizophora dominated mangrove ecosystems,
not only for their biodiversity but also for their critical
contribution to mitigating climate change through carbon
sequestration. Mangrove forests significantly contribute to
global carbon budgets, making their protection essential
for long-term environmental sustainability [32],[47].

3.3. Soil Organic Carbon

The comparison of soil organic carbon (SOC) across
different strata revealed that sediment carbon comprised
the majority of total carbon content storage in both sites
(Table 6). The topsoil (0-30 cm) in both barangays contains
a higher organic carbon percentage compared to the deeper
layer (30-60 cm). This is mainly due to plant litter
accumulation, root activity, and microbial processes that
enhance carbon storage near the surface. In Barangay
Cantiasay, the organic carbon percentage at 0-30 cm is
4.09%, while at 30-60 cm, it slightly decreases to 3.91%. A
similar pattern is observed in Barangay Nonoc, where the
topsoil exhibits a higher organic carbon content compared
to the deeper layer.

The decrease in SOC with depth follows trends observed
in other mangrove ecosystems. Studies confirm that the
topsoil of mangroves generally holds more carbon due to
active biological processes and organic matter input [48],
[49]. Despite the decline in carbon content at deeper layers,
the stored carbon remains significant, indicating that
mangrove soils serve as long-term carbon reservoirs.
Deeper soil layers play an essential role in long-term
carbon sequestration, even if surface layers experience
more dynamic carbon cycling [21],[32].

Table 5. Above-ground Biomass Estimation and C Storage in Brgy Cantiasay and Nonoc

) No. of individuals Average Tree Biomass (kg/tree) | Total Biomass Density (Mg/ha™) | C content, (Mg/ha™)

Species Cantiasay | Nonoc Cantiasay Nonoc Cantiasay Nonoc Cantiasay Nonoc

A. officinalis 10 2 1469.25 143.45 1.469 0.143 0.71 0.069
B. gymnorrhiza 8 2 641.06 78.74 0.641 0.079 0.31 0.038
R. apiculata 95 45 6493.17 1534.65 6.493 1.535 3.12 0.737
R. mucrunata 47 8 2696.26 298.27 2.696 0.298 1.29 0.143
R. stylosa 65 5 4048.46 276.41 4.048 0.276 1.94 0.133

S. hydropyllacea 18 1 985.38 50.42 0.985 0.050 0.47 0.024
Total 243 63 16333.57 2381.94 16.33 2.38 7.84 1.14

Table 6. Soil organic carbon across two depths in the mangrove forests of Barangays Cantiasay and Nonoc

% Carbon in Soil Organic Carbon Content (Mg/ha®) Total of Organic Carbon
Barangay i
0-30cm 30-60cm 0-30cm 30-60cm Content (Mg/ha)
Cantiasay 4.09 391 20.88 22.04 42.92
Nonoc 2.74 2.85 20.53 21.41 41.94
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The total soil organic carbon in Barangay Cantiasay is
42.92 Mg/hal, suggesting that its mangrove soils are rich
in organic carbon. This aligns with findings from other
mangrove ecosystems where the accumulation of organic
matter contributes to high soil fertility, improved nutrient
cycling, and water retention [49],[50]. Similar trends are
observed in Barangay Nonoc, where organic carbon
content follows a comparable distribution across depths.
The consistent bulk density of 0.25 g/cm3in Barangay
Nonoc indicates stable conditions for carbon sequestration,
reinforcing the role of mangroves as effective carbon sinks.

While most studies confirm a higher SOC concentration
in the topsoil, some variations exist. Accordingly, certain
mangrove species had higher carbon content in deeper soil
layers, influenced by species composition, sedimentation,
and environmental factors [51]. Also, bulk density and
vegetation types can affect carbon distribution [7],[52].
These findings suggest that while the general trend of
higher surface SOC is consistent, localized factors may
contribute to slight variations in carbon storage.

Mangrove ecosystems, including those in Nonoc Island,
play a crucial role in carbon sequestration. The high
organic carbon stock in these soils aligns with previous
studies [49], [34], emphasizing the importance of
mangroves in climate change mitigation and ecosystem
stability. However, human activities, particularly mining in
Nonoc Island, may impact soil composition and hydrology,
potentially altering carbon storage. Hence, sustainable land
management practices, such as reforestation and
conservation, are essential to maintaining and enhancing
mangrove carbon sequestration capacity. Given the
significant organic carbon content across depths, the
findings underscore the need for mangrove conservation to
support biodiversity, maintain soil fertility, and strengthen
climate change mitigation efforts. Protecting this
ecosystem ensures their continued role in carbon storage
and long-term environmental sustainability.

3.4. Total Carbon Stock

The total soil carbon estimated across the two barangays
is 84.86 Mg C ha. The highest soil carbon was recorded in
Cantiasay, with 42.92 Mg C ha?, followed by 41.94 Mg C
hal in the mangrove forest of Nonoc (Table 7). Factoring
in the carbon stored in the aboveground biomass of the
mangroves, the highest carbon stock was recorded in the
reforested mangrove forest of Cantiasay, with 251.09 Mg
C, equivalent to 921.49 Mg CO,, followed by the
reforested mangrove forest of Nonoc with 152.24 Mg C
and equivalent carbon dioxide of 558.73 Mg CO..

Blue Carbon Accounting in the Mangrove Forest of Nonoc Island, Surigao City

Approximately 85% of the carbon stock in the barangay
Cantiasay is stored in the sediments, while in Nonoc forest
approximately 95% of the carbon stock are stored in the
sediments. These results supported by the findings of
several studies, for instance, where mangrove soil carbon
accounted for about 52% - 73% of the total carbon stock in
the three sites in Misamis Oriental [53] and about 85% in
Sofala Bay [54]. These values highlight the significance of
mangrove soil as carbon reservoirs, and their degradation
could contribute to CO, emissions.

The total carbon stock estimates of both forests
(Cantiasay and Nonoc) are relatively lower (Figure 2) than
the carbon stock recorded in Barangay Talisay, Nonoc
Island (306 Mg C ha') which was reportedly an
undisturbed forest with mixed species of mangroves and
mangrove associates [14]. The same finding was observed
when compared with the natural mangrove forest in
Alubijid, Misamis Oriental (283.01 Mg C hal), and the
planted mangrove forests of Laguindingan (137.52 Mg C
ha') and El Salvador, Misamis Oriental (160.62 Mg C hal)
[53]. These differences may be due to variations in
mangrove species, forest structure, tree density, sampling
methods, allometric equations, soil depth, carbon content,
location, and soil moisture in each area [55],[57].

In Barangay Cantiasay, the mangrove forest is
characterized by a soil type that is moist, most dense and no
gravels. The forest is also close to the residential area
where household waste is reportedly washed to the forest.
While in Nonoc, the forest substrate has mixed gravel type
until 0-60 cm. Not too moist and not too dense. The
community of this barangay is situated away from the
forest, however, residents claimed that this forest was
previously disturbed due to the JT3 Port construction in
1974 when the mining activity was still operating in the
island.

Conversely, the total carbon stock in both sites is also
lower compared to an island mangrove forest in Mahaba
Island, Placer, Surigao del Norte which has a total of 89.46
Mg C ha! for its aboveground biomass (AGB) carbon only
[56]. While this current study quantified both the ABG and
soil carbon, it still registered lower C storage than that in
Placer. This was because the tree mean DBH of Placer
mangroves ranges from 11.929 cm to 26.125 cm, as
compared to the mean DBH in Cantiasay which ranged
from 9.270 cm to 14.589 cm, and 4.938 cm to 9.395 cm in
Nonoc. This indicates that the mangrove stand in Nonoc
Island is still young and although have lower carbon stored,
these mangroves still have higher potential in terms of
sequestering carbon dioxide as they grow.

Table 7. Total Carbon Stock of Nonoc Island and CO, equivalent

Barangays AGB car:b_clm (Mg C | Soil Carbgn (Mg C Total Carb_?n (Mg C | Total Carbon Stock per | CO, equivale_lnt (Mg CO;
at) hat) hat) forest (Mg C) ha)
Cantiasay 7.76 42.92 50.68 251.09 921.49
Nonoc 1.10 41.94 43.04 152.24 558.73
Total 8.86 84.86 93.72 403.33 1480.22
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Figure 2. Comparison of total carbon stock across different mangrove forests in Mindanao, Philippines. (Letters in parenthesis indicate location and
literature sources: (a) Talisay, Nonoc Island [14], (d) Placer, Surigao del Norte [56], (e to g) Macajalar Bay, Misamis Oriental [53].

4. Conclusions

This study identified six mangrove species in the coastal
areas of Nonoc Island, namely: A. officinalis, B.
gymnorrhiza, R. apiculata, R. mucronata, R. stylosa, and S.
hydrophylacea, which are all classified as Least Concern
by the International Union for Conservation of Nature
(IUCN). Among these, Rhizophora species were the most
dominant in both sites. A total of 306 mangrove individuals
were recorded, with Cantiasay having a higher species
diversity and more balanced species distribution compared
to Nonoc.

The study also found that R. apiculata had the highest
biomass density (6.493 Mg ha in Cantiasay; 1.535 Mg
hal in Nonoc) and carbon stored (3.12 Mg ha? in
Cantiasay; 0.737 Mg ha in Nonoc), making it a key
species for carbon sequestration. Soil organic carbon
analysis revealed that the topsoil (0-30 ¢cm) in both sites
contained higher carbon than deeper layers (30-60 cm),
which is consistent with other mangrove studies. Cantiasay
had a higher total soil organic carbon content of 42.92 Mg
C ha, which is approximately 85% of the total carbon
stock stored in forest. While Nonoc has SOC of 41.94 Mg
C ha’l, approximately of 95% of the forests’ carbon stock.
These findings indicate the great potential of both forests
for carbon sequestration and storage. This further
emphasizes the importance of protecting mangrove forests,
which serve as long-term carbon sinks. To protect and
increase the carbon stored in the remaining forest reserves,
this study recommends that the concerned stakeholders
should work together to preserve and improve the forest in
Nonoc Island. This is an important step in reducing the

effects of climate change and conserving the remaining
forest resources on the island.
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