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Abstract Mangroves have been acknowledged for
reducing climate change through carbon sequestration;
however, little is known about carbon storage of
mangroves. This study estimated the carbon stock in the
aboveground biomass and belowground carbon of
mangrove in Nasipang, Rizal, Zamboanga del Norte. It
employed line quadrat to determine the species composition,
and carbon stock. DBH and total height were measured to
quantify the aboveground carbon stock of the mangroves
using species-specific biomass equations. Samples of soils
at four different depths were collected to quantify the
belowground soil organic carbon. The carbon component
of living trees was calculated by multiplying the biomass
(kg) of each tree by the carbon conversion factor for the
region's mangrove species. The study recorded 10 species
belonging to five families. Results showed that the
estimated total aboveground biomass of the mangrove is

253.47 Mg/ha™* equivalent to the aboveground total carbon

stock which is 114.06 Mg C/hal A higher amount of soil
organic carbon content was found in depth 50- 100 cm with

568.98 Mg C/ha in which there was a large gap between
this depth and depth 0-15 cm (174.55 Mg C/ha), 15-30 cm

(170.04 Mg C/ha), and 30-50 cm (228.78 Mg C/ha). The
quantified belowground soil organic carbon has an
average of 285.58 Mg C/ha. The overall amount of soil
organic carbon, both above and belowground, is 399.64
Mg C/ha. This baseline information indicates that the area
has the capacity to store and sequester significant
guantities of carbon, even with low biodiversity; therefore,
it is essential to prioritize and strengthen mangrove
protection and conservation efforts.

Keywords Aboveground Biomass, Species-Specific
Biomass Equations, Carbon Stock

1. Introduction

Coastal ecosystems have a critical role in mitigating
climate change as mangroves contribute to the regulation
of earth temperature. These absorb carbon from the
atmosphere as they grow and store it in their tissues, roots,
and soil. As a result, less carbon enters the atmosphere [1].
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Coastal ecosystems that sequester carbon are called ‘blue
carbon’ ecosystems. Blue carbon refers to the carbon
captured in marine and coastal environments such as
seagrass meadows, salt marshes, and mangroves. If
undisturbed, the carbon held within blue carbon
ecosystems can remain intact for extended periods,
potentially lasting for thousands of years [2], thus
preventing it from entering the atmosphere and
contributing to climate change.

Compared to terrestrial ecosystems, blue carbon
ecosystems have been proven to sequester higher amounts
of carbon per lot [3], and among these ecosystems,
mangroves store the greatest amount of carbon due to their
larger and woody growth forms [4]. Tue et al. [5] stated
that in the tropical region, mangroves are considered to
have a significant carbon absorption capacity. Studies
revealed that they can sequester carbon four times more
compared to rainforests [6]. Mangrove researchers from
across the world demand an update on the state of the last
surviving mangroves, especially regarding their carbon
dynamics, due to the potential of mangroves to store
carbon [7]. A study by Gevafa & Pampolina in Verde
Passage, San Juan, Batangas [8] found out that a
Rhizophora stand had an estimated carbon stock of 115.45
mg/ha?l, and by Venturillo in Arborlan, Palawan [9]
assessed a mangrove forest and resulted to 117.38 mg/hat
carbon being stored in the area. Another study by Inocente
[10] assessed mangrove’s aboveground stock of carbon in
Brgy. Mukas, Lanao del Norte and found that the area has
an estimated carbon stock of 89.30 mg/ha. The ability of
mangroves to sequester and store carbon is one reason to
protect it from destruction.

Despite its important benefits, regrettably, mangrove
forests are decreasing at a disturbing rate. The International
Union for Conservation of Nature [11] claimed that in Asia,
more than 250,000 hectares of mangroves were lost
between 2000 and 2012, almost double the global average.
Causes of mangrove deforestation include overharvesting
of trees for personal and commercial uses and clearing for
other land uses.

In the Philippines, Gevana et al. [12] reported that the
country’s estimated mangrove forests cover roughly
356,000, with a 0.5% current decadal deforestation.
Nevertheless, various projects and strategies have been
incorporated for rehabilitation and climate change
mitigation approaches of carbon ecosystems in the country,
such as mangroves. The Zoological Society of London [13]
led projects on rehabilitating mangroves in the Philippines
which “rehabilitated and protected over 100 hectares of
abandoned  fishpond  mangroves”.  Through the
Community-based Mangrove Rehabilitation Project
(CMRP), ZSL began its work in 2007 with the goals of
enhancing coastal protection, food resources, and
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livelihood options.

In the Zamboanga Peninsula, Zamboanga del Norte
holds the area with the most forest cover. In 2020, 80,341
ha of forest cover was recorded in Zamboanga del Norte,
according to the Philippine Forestry Statistics in 2021 [14].
The closed forest covers 7,996 ha, whereas the open forest
covers 71,166 ha. Meanwhile, mangrove forest occupies
1,178 hectares of the total forest area. From 592 hectares in
2010 [15], a considerable increase in mangrove forest was
seen; the mangrove forest cover has increased about
doubled in area. However, there is limited information on
the existing mangrove species in the province.

Although publications regarding blue carbon in
mangroves in the Philippines are increasing [16], little is
known about the diversity and carbon stock potential of
mangrove forest in the Municipality of Rizal, Zamboanga
del Norte, specifically in Barangay Nasipang. Thus, the
researcher seeks to evaluate the diversity and carbon
storage potential of this significant mangrove habitat in
Brgy. Nasipang, Rizal, Zamboanga del Norte, to
supplement the limited reports on the status of mangroves
on the Zamboanga Peninsula in the Philippines. Thus, this
study aimed to estimate the aboveground carbon stored in
the aboveground biomass as well as the belowground soil
organic carbon content of mangrove forest in Rizal,
Zamboanga del Norte.

2. Methods

2.1. Research Locale

This study was conducted in Brgy. Nasipang, in the
municipality of Rizal, Zamboanga del Norte (Figure 1),
which is considered a 5th class municipality. Rizal is
located at the coordinates of 8°37°17.79”’N and
123°31°47.01’E. The province falls under the fourth
climatic type characterized as having more or less even
distribution of rainfall throughout the year.

2.2. Sampling Design

A non-destructive line quadrat sampling technique was
to determine the biodiversity, and the carbon stored in the
study area. Three 150-meter transect lines were established
in the study site that is perpendicular to the shoreline, with
a 50m distance between transect lines. Five 10mx10m
quadrats were set up in each of the 150m transect lines with
a 20m distance between quadrats (Figure 2) [17].

This sampling design was adopted to determine the
species composition, diversity and carbon stock from
landward to seaward.
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Figure 2. Line quadrat plot design was used in the study
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2.3. Data Collection

Mandatory permits, like an authorized Gratuitous Permit
(GP) from the Department of Environment and Natural
Resources in accordance with RA 9147 for specimen
collection, were acquired. Permits for the ethical conduct
of research were also secured.

Following the line transect method, one hundred percent
(100%) inventory of true mangroves with a diameter of at
least 4 cm within the plots was conducted. The species
identification, diameter at breast height (dbh), and overall
height of each tree were documented. A tape measure and a
rangefinder were utilized to determine the trunk
circumference (cm) and the total height (m) of each species,
respectively. The geographic coordinates of the quadrats
were collected. All the data gathered were tallied in the
modified data sheet shown in Annex 1 [18].

For anomalies in stem structure, different measures were
followed. Howard et al. [2] reported that the DBH may be
determined from the ground parallel to the trunk if the tree
is somewhat straight and has a tall trunk. For species with
stilt roots, such as Rhizophora spp, the diameter of the stem
is usually measured above the tallest stilt. In certain trees
with prop roots that reach deep into the canopy, measuring
above the uppermost prop root may not be feasible,
practical, or precise, and generally, the tree's diameter is
assessed above the stilt roots where an actual main stem is
present.

Species

General Equation
Bruguiera gymnorrhiza
Lumnitzera littorea
Rhizophora apiculata
Rhizophora mucronata
Rhizophora spp.
Sonneratia alba

Xylocarpus granatum
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2.4. Data Analysis

Tree Biomass and Carbon Stock
To calculate diameter at breast height (dbh), the formula
below was used.

c
d=— @)

Where d is the diameter, C is the circumference (cm),
and m is 3.14.

For comparability with other data, tree biomass was
converted from kilogram to megagram units, and the
sampling area was from square meters to hectare units. The
computed total biomass (aboveground Mg) per quadrat
was totaled for all quadrats and was divided by the total
area of sampled quadrats (in hectares) recorded.

The biomass density of the trees (Mg/ha) was
determined for the stand using allometric equations that
estimate the total aboveground biomass of mangrove trees
[19]. The total biomass for each quadrat was calculated by
summing the tree biomass, which is expressed in Mg per
plot (1 Mg = 1 metric ton). To convert biomass into the
corresponding carbon amount, the biomass was multiplied
by 0.45, which represents the average carbon content value,
based on the previous studies conducted by Lasco & Pulhin
[20].

The study used the following allometric equations for
mangroves:

Biomass Equation

B = 0.0509*p*(D)2*H @)
B = 0.0464*(D2H)0.94275%p 3)
B = 0.0214*(D2H)1.05655*p (4)
B = 0.0444*(D2H)0.96842*p (5)
B = 0.0311*(D2H)1.00741%p (6)
B = 0.0375*(D2H)0.98626*p @
B = 0.0825*(D2H)0.89966*p (8)
B = 0.0830*(D2H)0.89806*p ©9)

where, B = Biomass (kg), D = diameter at breast height (cm), p = wood density (g/cm?®), H = height [2].
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The average wood density value of each species was
based on the World Agroforestry Center (WAC) Wood
Density Database for Southeast Asia (tropical) mangrove
species.

Carbon Content of each Tree (kg C) = tree biomass (kg) *
Carbon Conversion Factor (10)

The carbon content of live trees was calculated by
taking the biomass (kg) of each tree, measured using an
allometric equation, and multiplying it by the
region-specific carbon conversion factor for mangrove
species. This process will be applied to each tree that is
sampled. The individual carbon content values for each
tree were summed to obtain the overall carbon content
from the trees (kg C) within the specified quadrat size
(m?).

3. Results and Discussions

3.1. Species Composition

There were three hundred and ninety-two (392)
individual mangrove trees identified at Barangay Nasipang,
Rizal, Zamboanga del Norte. These trees were classified
into five (5) families: Myrcinaceae, Acanthaceae,
Rhizophoraceae, Lynthraceae, and Meliaceae. Only one
species of the family Myrcinaceae, Acanthaceae, and
Lythraceae appeared on the study site. These are Aegiceras
corniculatum, Avicennia rumphiana, and Sonneratia alba,
accordingly. Five (5) species were identified under the
Rhizophoraceae family, and these are Bruguiera
gymnorrhiza, Bruguiera parviflora, Rhizophora apiculate,
Rhizophora mucronata, and Rhizophora stylosa. And two
(2) species were observed under the family of Meliaceae:
Xylocarpus granatum and Xylocarpus moluccensis.

Among all of the species found, Bakhaw lalaki
(Rhizophora apiculata) has the highest number of
individual trees identified with 134 trees. It is followed by
Bakhaw babae (Rhizophora mucronata) with 118 trees,
Tabigi (Xylocarpus granatum) with 93, Apiapi (Avicennia
rumphiana) with 14, and Pototan (Bruguiera gymnorrhiza)
with 10 trees. Individual trees found for Saging-saging
(Aegiceras corniculatum), Langarai (Brugueira parviflora),
and Pagatpat (Sonneratia alba) were 9, 8, and 3,
respectively. On the other hand, Piag-ao (Xylocarpus
moluccensis) and Bakhaw bato (Rhizophora stylosa) were
found to have the lowest number of individual trees with 2
and 1 trees, in that order.

Blue Carbon Unveiled: Carbon Stock Quantification in Rizal Mangrove Forest, Zamboanga Del Norte, Philippines

The mangrove species identified in the study site were
all true mangroves, and their given conservation status falls
under the least concern, except for Avicennia rumphiana,
which is vulnerable, as categorized in the IUCN [21] red
list. According to the IUCN, Avicennia rumphiana is
categorized as vulnerable as its distribution is patchy, and
although widespread, it is not common in some areas like
the Philippines, and is declining generally. As this species
is recognized as uncommon in the country, the local
government should take into consideration the protection
of these species from anthropogenic activities to prevent it
from further declining. Although the other species were
categorized as least concerned, their population trends are
all decreasing based on the IUCN Red List. This supports
Polidoro et al. [22] in their statement that mangrove areas
worldwide are rapidly declining due to clearing for coastal
development, aquaculture, and logging for timber and fuel
production.

Of the 46 mangrove species found in the Philippines
[23], the species identified from the sampling technique
represent only 21% of the total species in the country.
However, there are several other true mangrove species
found outside the fifteen 10x10m quadrats in the study site.
For example, Avicennia alba, Avicennia officinales, and
Nypa fruticans were identified in the mangrove forest. The
three species are all categorized under the least concern
category in the JUCN red list. Both the Avicennia alba and
Avicennia officinales have decreasing population trends,
but Nypa fruticans was recognized as unknown. This is due
to the population being dynamic as it is vulnerable to
localized threats in some areas but is also planted in several
areas due to the goods and services it provides [24].
Nevertheless, despite the differences in trends, they are still
subjected to protection for the various benefits they
provide to the community, fauna, and the environment.

The species composition of the study site is presented in
Figure 3, following the presentation of Gevana &
Pampolina [8]. Rhizophora apiculata had the greatest
percentage of the overall population in the study site, with
34%, followed by Rhizophora mucronata with 30%, and
Xylocarpus granatum with 24%. Avicennia rumphiana
accounted for only 4% of the overall population, followed
by Bruguiera gymnorrhiza making up 3%. Aegiceras
corniculatum and Bruguiera parviflora represented only
2% of the entire population, followed by Sonneratia alba
accounting for 1%. The species with the lowest percent
value were Rhizophora stylosa and Xylocarpus
moluccensis, both of which occurred only once and twice,
respectively.
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No. of Mangrove Standing Trees by Family and Species

Xylocarpus granatum - 93 (23.72%)

Xylocarpus moluccensis - 2 (0.51%)

Bruguiera gymnorrhiza - 10 (2.55%)
Bruguiera parviflora - 8 (2.4%)
Rhizophora apiculata - 134 (34.18%)
Rhizophora mucronata - 118 (30.10%)
Rhizophora stylosa - 1 (0.26%)

Meliaceae
=
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Figure 3. Mangrove Species Composition in Nasipang, Rizal, Zamboanga del Norte

3.2. Aboveground Carbon Content

Table 1 shows the biomass data and estimated
aboveground carbon content collected from all the quadrats
categorized into zones. The total computed biomass
Mg/hat is 253.57 which served as basis to estimate
aboveground carbon stock which is 114.06 MgC/ha™. Zone
5 had the highest amount of biomass among all zones,
while zone 4 had the lowest. One reason is the fact that
zone 5 had the highest number of R. apiculata (40 trees),
which is the most important species among all the observed
species. The study recorded ten (10) species belonging to
five (5) families occurring in the area. These were Aegiceras
corniculatum,  Avicennia  rumphiana, Bruguiera
gymnorrhiza, Bruguiera parviflora, Rhizophora apiculata,
Rhizophora mucronata, Rhizophora stylosa, Sonneratia
alba, Xylocarpus granatum, and Xylocarpus moluccensis.
Also, aside from having a much higher number of
individual trees found in zone 5, many of its trees have
higher circumferences which resulted in higher biomass.
The same is to be said that for the 3rd zone, despite almost
having the same number and type of species observed,
zone 5 still had the highest value of biomass estimated
because of some species having larger circumferences. It is
a fact that when zone 4 is compared to zone 2, zone 2 had
the highest biomass calculated compared to zone 4 despite
having a fewer number of species observed. This is
because the circumferences of R. apiculata and R.
mucronata in the 2nd zone had higher values compared to
that in the 4th zone. For most species, it has previously
been proven that the estimated biomass growth in bigger
stems appears to be greater than in smaller stems [25].

The 5th zone is the closest to the landward area, which
means that the landward consists of more mature trees with

high circumferences compared to the other zones,
specifically the seaward. This finding aligns with the
research conducted by Al-Nadabi & Sulaiman [26], who
evaluated the Carbon Sink Potential of Avicennia marina
within the AIQurm Nature Reserve in Muscat, Oman.
Their research determined that the landward zone exhibits
the greatest values for both aboveground and belowground
carbon due to the presence of more mature trees with larger
circumferences. The seaward zone, on the other hand, has
the lowest value for both aboveground and belowground
carbon.

Table 1. Estimated biomass and Carbon Content per Zone in mg/ha’!

Zone  Number of Individual ~ Biomass Carbon MgC/ha*
Standing Trees Mg/hat
1 72 47.68 21.46
2 56 48.14 21.66
3 92 49.65 22.34
4 79 45.58 20.51
5 93 62.41 28.08
Total 392 253.47 114.06

Biomass accumulation is largely determined by species,
tree age, environment, management regime, proximity to
water channels, and nutrient sediment that contribute to
mangrove productivity [27]. The allometric equation used
for biomass estimation is also one reason for the relatively
low and high values calculated. This study used modified
species-specific equations proposed by Kauffman and
Donato [28] as it yields a greater accuracy than general
equations. On the other hand, the studies of Gevafa et al.
[29], Abino et al. [30], Mariano et al. [17], Inocente [10],
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Alimbon & Manseguiao [31], used the general equations.

The total biomass estimate in this study is 253.47
mg/hat. Alimbon & Manseguiao [31] mentioned that the
IPCC, in 2013, specified a range of default values for the
aboveground biomass of mangroves in tropical wet areas.
The concentration ranges from 8.7 to 384 Mg ha™. This
implies that the estimated biomass of the study area was
within the range of default values. However, the result is
lower compared to the assessed mean biomass by Lasco
and Pulhin [32] of mangroves in the Philippines which is
409 t C/hat. Note that one megagram (Mg) is equivalent to
one tonne. Nevertheless, the result of this study is
comparable to the aboveground biomass studies done here
in the Philippines. The result in this study is moderately
lower than that from San Juan, Batangas with an
aboveground biomass value of 259.05 mg/ha [29], Samar
with a value of 297.20 mg/ha* [30], and Palawan with of
561.2 mg/ha* [33]. However, the result is relatively higher
compared to that of Panabo City, Davao del Norte with a
biomass value of 77.45 mg/ha [31], Mukas, Kolambugan,
Batangas with 188.09 mg/ha [34], Zamboanga, Lanao del
Norte with 198.44 mg/ha™ [10], Zamboanga del Sur with
202.2 mg/hal [17] and Aborlan, Palawan with 193.88
mg/ha? [9]. The baseline biomass data will aid in
recognizing the value of mangroves in Barangay Nasipang,
Rizal, Zamboanga del Norte. Differences in biomass
between mangrove forests are indications of healthy and
sick forests [35]. Therefore, the estimated biomass in the
mangrove forest of Barangay Nasipang, Rizal, Zamboanga
del Norte has considerable values, which implies that the
mangrove trees are growing well, which significantly helps
the health of the mangrove’s ecosystem.

Howard et al. [2] stated that carbon stock is estimated to
be between 55 and 1376 Mg ha, with an average of 386
Mg ha. The result indicates that the carbon stock was
within the range of default values. At present, few studies
are available on assessing carbon stock in natural forest in
the Philippines. In this study, the calculated total
aboveground carbon stock is moderately smaller than that

Blue Carbon Unveiled: Carbon Stock Quantification in Rizal Mangrove Forest, Zamboanga Del Norte, Philippines

of San Juan, Batangas with a carbon stock value of 115.45
mg/ha?® [8], Arborlan, Palawan with 117.38 mg/ha* [9],
Bahile, Pagbilao, Quezon with 178.80 mg/ha? [10], and
Samar with 188.50 mg/ha! [30]. However, the result is
significantly higher compared to that of Panabo City,
Davao del Norte with 37.18 mg/ha! [31], Mukas,
Kolambugan, Lanao del Norte with 89.30 mg/ha™* [10] and
in Zamboanga del Sur with 90.52 mg/ha* [17]. The results
imply that the mangrove forest in Barangay Nasipang,
Rizal, Zamboanga del Norte has a substantial ability to
sequester and store carbon, and thus must be subject to
protection and conservation measures.

Global estimates of aboveground carbon differ based on
the composition of mangrove species, forest structure,
temperature, geomorphology, hydrology, and disturbances.
These estimates also fluctuate according to different
sampling strategies and the accessibility of localized
allometric equations used for calculating aboveground
biomass [36]. Various environmental elements (such as
temperature, rainfall, tidal flooding, river flow, nutrient
cycling and availability, and salinity) as well as
morphological traits (like size) that influence the
productivity and respiration rates of mangrove ecosystems
can account for the variations in biomass measurements,
carbon stocks, and the capacity for carbon dioxide
sequestration observed worldwide [31].

Table 2 illustrates the number of frequencies, biomass,
and carbon stock per species identified in the mangrove
forest of Barangay Nasipang, Rizal, Zamboanga del Norte.
R. apiculata has the highest frequency having 134
individual trees. This resulted in the highest estimated
biomass and carbon stock among all species observed in
the study site [37], which mangrove stands dominated by
Rhizophora, in particular, have a high biomass and carbon
density. The result also supports the positive correlation
between the importance value index and the aboveground
biomass of mangroves from several studies mentioned
above.

Table 2. Frequency, mean biomass, and mean carbon stock per species

Species Frequency (actual count) Biomass Mg/hat Carbon stock Mg/hat

Aegiceras corniculatum 9 0.09 0.04
Avicennia rumphiana 14 18.61 8.37
Bruguiera gymnorrhiza 10 6.31 2.84
Bruguiera parviflora 8 0.20 0.09
Rhizophora apiculata 134 112.75 50.74
Rhizophora mucronata 118 72.95 32.83
Rhizophora stylosa 1 0.03 0.02
Sonneratia alba 3 17.44 7.85
Xylocarpus granatum 93 20.55 9.25
Xylocarpus moluccensis 2 4.54 2.04

Grand Total 392 253.47 114.06
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3.3. Belowground Soil Organic Carbon Content

The observed variations in soil organic carbon (SOC)
content across different zones within the mangrove forest
offer valuable insights into the heterogeneity of this coastal
ecosystem. The distinctiveness in carbon content among
zones highlights the intricate interplay between
environmental factors, vegetation dynamics, and soil
characteristics.

Table 3. Soil organic Carbon of each zone

Zone Soil Organic Carbon mg/ha*
1 336.2366
2 276.6252
3 296.8085
4 269.493
5 248.7396
Mean 285.58

Table 3 above shows the total soil organic carbon per
zone. Zone 1 has the highest soil organic carbon which has
336.24 (Mg C/ha). This is followed by Zone 3 with
296.81(Mg C/ha), Zone 2 with 276.63 (Mg C/ha), and
Zone 4 with 269.49 (Mg C/ha). Meanwhile, as Zone 5 had
the lowest soil organic carbon content, it automatically
results in having the lowest carbon stock with 248.74 (Mg
C/ha). The average soil organic carbon stock in Barangay
Nasipang, Rizal, Zamboanga del Norte is 285.58 Mg C/ha.

The soil organic carbon (SOC) content in the mangrove
forest of Barangay Nasipang, Rizal, Zamboanga del Norte,
with a recorded value of 285.58 Mg C/ha, is significantly
lower compared to the findings from the one conducted in
the Sulaman Lake Forest Reserve by Suhaili et al. (2020)
with a SOC value of 351.98 +11.73 Mg C/ha, and another
in the mangrove areas of Sinjai District, South Sulawesi,
Indonesia, with a mean SOC stock of 413.10 £12.37 Mg
C/ha. The study in Sulaman Lake Forest Reserve,
conducted by Besar et al. [38], indicates a significantly
higher SOC content than Barangay Nasipang. This
difference could be attributed to various factors such as
geographical location, local environment, and land use
practices. Also, the variations in soil sampling and analysis
techniques slightly influenced the results, the study in
Sinjai District used the Loss on Ignition method while
Sulaman Lake Forest Reserve and this study used the
Allometric equation. Additionally, the result of the mean
soil organic carbon stock of Sinjai District was collected at
five study sites. Similarly, the study in Sinjai District,
South Sulawesi, Indonesia, also reports a higher SOC
content compared to Barangay Nasipang. In this case, the
mangroves in Sinjai are described as a disturbed region
with no previous study on SOC stock, and the study
emphasizes the importance of conservation and restoration
to increase SOC stock and mitigate climate change [39-42].

The mentioned total soil organic carbon (SOC) in the
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mangrove forest of Barangay Nasipang, Rizal, Zamboanga
del Norte indicates the high capacity of the mangrove
forest to sequester carbon from the atmosphere and store it
in the soil. Such a significant soil organic carbon (SOC)
value suggests the potential of the mangrove to play a
crucial role in mitigating climate change by acting as a
carbon sink. Additionally, the SOC present in the
mangrove forest of Barangay Nasipang reflects the overall
health and productivity of the mangrove, with rich organic
carbon content supporting various ecological functions,
including biodiversity, nutrient cycling, and soil stability.
Moreover, the soil organic carbon (SOC) levels in the
mangrove forest nourish its function as a carbon reservoir.

4. Conclusions

The mangrove forest in Barangay Nasipang, Rizal,
Zamboanga del Norte is home to at least 10 mangrove
species, including a wvulnerable species, Avicennia
rumphiana. Rhizophora apiculata, one of the identified
species, was discovered to be the species with the greatest
importance and had the most impact on the overall
mangrove forest. Furthermore, even though the mangrove
forest has a relatively low amount of carbon being stored,
its ability to store and sequester carbon and carbon dioxide
can be increased through time especially if rehabilitation
and expansion are implemented. Strict conservation and
protection measures should be established and maintained
when there are vulnerable species present. The local
authorities must work together with the local communities
that live close to the mangrove forest to prevent
deterioration of the area.

5. Recommendations

Based on the results, the researcher recommends the
following:

¢  The computed above ground carbon in Nasipang
mangrove forest needs to assess the economic value
for the carbon market. The quantified and monetized
above ground carbon will serve as a decision criterion
in rehabilitation of mangroves and/or setting
development projects.

. The local organizations, environment advocates, the
academe, alongside with the Local Government Units,
and the locals should formulate an Information,
Education and Communication Programs (IEC) to
enhance the knowledge of the community on the
existing laws with regards to the environmental laws
specifically on the mangrove protection and
conservation, and the awareness towards the
importance and status of the mangrove forest.

e  Existing carbon stock can be improved through
rehabilitation and or expansion of mangrove forest.
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A follow-up study should be conducted on a large
scale and a longer amount of time to further assess the
increase or decrease of biomass estimates in the area.
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