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ABSTRACT

The estimated mean biomass across sites of Northern Mindanao was 947.47 Mg ha™' with a carbon stock of
142.12 Mg ha™'. Camiguin Island exhibited the highest aboveground and belowground biomass and carbon stock,
attributed to the prevalence of large-diameter trees. In contrast, Cagayan de Oro and Laguindingan had higher
numbers of smaller-diameter trees, resulting in lower biomass and carbon stock. The study highlighted the
critical role of soil carbon, which constituted a significant portion of the total carbon stock. Overall, the combined
mean carbon stock of biomass and sediments across all sites was 447.86 Mg ha™', translating to a carbon
sequestration potential of 1,643.66 Mg CO2 ha™'. The study emphasizes the species composition, mangrove
stand age, and site protection in enhancing the carbon sequestration capabilities of mangrove forests.
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INTRODUCTION

Mangroves are unique ecosystems found in tropical and subtropical coastal regions. They are characterized by
salt-tolerant trees and shrubs that thrive in the intertidal zone, where they are subjected to saltwater inundation
and fluctuations in water levels [1]. Mangroves play a crucial role in maintaining coastal stability, reducing
erosion, and providing habitat for a diverse range of species [2]. Additionally, mangroves also have a significant
role in carbon sequestration and can help to reduce climate change. [3-4]. Scientific literature about carbon
sequestration and storage in blue carbon ecosystems is limited in the Philippines because more studies are
concentrated on terrestrial vegetation.

Additionally, most carbon sequestration studies are primarily focused on the potential above/below ground
biomass of mangroves in different areas of the country such as in Palawan [5], Leyte [6], Verde Island Passage
[7], Aklan [8-9], Quezon [10], Batangas [11], Davao [12]. In contrast, limited studies are conducted in
Mindanao. Recent studies of mangroves particularly in the Mindanao region, have relied on species-specific
allometric equations to estimate carbon stock accumulation [13-15]. Soil carbon accounts for a substantial
proportion, ranging from 40% to 90%, of the total carbon stocks of the studied areas in Macajalar Bay,
highlighting the vital role of mangrove soils as carbon reservoirs [16]. Primarily focusing on the mangroves,
carbon sequestration potentials in belowground and aboveground biomass of these are merely explored carbon
reservoirs in Northern Mindanao. There are several studies conducted on the composition and diversity of
mangroves in some of Northern Mindanao. However, limited studies have been conducted on the biomass,
carbon stock, and sequestration potentials of mangrove forests in the region. Thus, this study aims to determine
the aboveground and belowground root biomass, and carbon stocks and estimate the carbon sequestration
potentials using allometric equations in Northern Mindanao, Philippines. The results of this study will serve as
a guide to recommend management and conservation strategies for a marine ecosystem like mangroves and
explore the potential of mangroves in climate change mitigation.
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MATERIALS AND METHOD
A. Description of the study sites

The area of the study is in Region X, Northern Mindanao, Philippines which spans a total land area of 2,049,602
hectares (5,064,680 acres). The seas surrounding Northern Mindanao are rich in marine biodiversity and serve
as major fishing grounds of the region. Sampling of mangrove ecosystems is conducted across six (6) stations
specifically in (1) Mahinog; (2) Guinsiliban; (3) Bulua; (4) Bayabas; (5) Bonbon; (6) Mauswagon, encompassing
three (3) coastal areas namely the municipality of Laguindingan, City of Cagayan de Oro and the island province,
Camiguin (Fig. 1). Significant presence of marine ecosystems such as mangroves in all areas have high potentials
for conservation and regeneration which may contribute to the fisheries production and future resilience against
climate change threats.
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5. Bonbon, Cagayan de Oro City
6. Mauswagon, Laguindingan

Source: QGIS version 3.26.3

Fig. 1 Geographical locations of the six (6) sampling sites in the Region X, Northern Mindanao, Philippines
B. Measurement of Diameter at Breast Height, Basal Area, and Height

Utilizing a technique modified from the ASEAN-Survey Manual for Tropical Marine Resources, the mangrove
profile was evaluated using the purposive transect-quadrat method [17]. Plots were established in six (6)
sampling sites in Northern Mindanao. Three (3) 20 x 10 (200 m2) plots were established in each station at a 50-
meter interval each plot. The girth (or diameter at a standard breast height of 1.3m) of mangroves was measured
using a tape measure. The diameter at breast height or DBH was calculated using the formula: circumference
divided by 3.1416(DBH)2/4 [17]. At a standard height of 1.3 m above ground, the girth at the breast height
(GBH) of each tree will be measured. Tree height measurement in meters was determined by applying
trigonometric techniques and by using a modified clinometer.

C. Estimation of Aboveground Biomass (AGB) and Belowground Root Biomass (RB) of mangroves

Following the allometric equations for Southeast Asian mangroves [18] having a coefficient of determination
(R?) of 0.98 and 0.95, respectively, the aboveground biomass, and root biomass (kg) were estimated using the
following common allometric equations:

Wagb = 0.251p D2'46
Wr=0. 199p0'899 D*%2
Where:

Wagb = aboveground biomass(kg)
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Wr = root biomass (kg)
p = wood density of species
D = DBH/Diameter of tree trunk

The average wood density for each species was based on studies conducted in Southeast Asia derived from the
Global Wood Density Database [17], [19-21]. The total biomass (both aboveground and belowground) per plot
was obtained by summing all the individual plot measurements and then averaged to calculate the mean stand
biomass. This mean stand biomass was subsequently converted into tons per hectare (t ha™). The carbon pools
of both the aboveground, leaf, and root components were determined by multiplying the biomass values by a
carbon concentration of 0.45, which represents 45% [22]. This concentration is equivalent to the amount of
carbon content typically found in tropical trees, including mangroves.

D. Sampling and Measurement of Sediment Carbon

Determination of Organic C in the sediment of mangrove sites was done by extraction of approximately one
kilogram of sediment from the upper 20-cm layer in randomly chosen areas within the plots using a sediment
corer (PVC #4) with Scm diameter of known volume and was placed inside a Ziplock bag to be transported in
the laboratory. Five (5) replicate soil samples were collected within each plot. The obtained sediment samples
were weighed and oven-dried for 48 hours at 105 degrees Celsius to get their constant mass [23]. Bulk density
expressed in g cm-3 will be calculated using the following formulas:

Sediment Bulk Density (g cm™) = Dry weight of sample (g)/ Volume of cylinder (cm?),
where:
Sample Volume= Cross-sectional area of the corer x height of the sub-section
The dry mass of sediment and the equivalent C stock were determined using the following formula:
Sediment mass at specified depth (t ha-1) = Bulk density at specified depth (Mg m™) x 10,000 m?x depth (m)
Sediment Cat specified depth (t ha'!) = Soil mass at specified depth (Mg) x % organic Cat specified depth/100
Where:

% organic C was obtained by submitting the soil samples to the Department of Agriculture Region 10-
Soils Laboratory for analysis.

E. Calculation of the Total Carbon Storage and CO: Equivalent

The sum of the aboveground, root, and soil C-stocks was used in getting the total carbon storage estimate. In
obtaining the CO; equivalent of the biomass and C- stocks, the ratio of molecular weight of CO, to carbon was
utilized. In this study, to obtain the carbon dioxide equivalent, carbon stocks were multiplied by 3.67, which is
the molecular ratio of CO» to C [24].

RESULTS AND DISCUSSION
A. Species Composition and Diversity

Table 1 shows the overall species composition of the three (3) sites surveyed in Northern Mindanao, Philippines.
Thirteen (13) species belonging to four (4) orders, six (6) families, and eight (8) genera were found in three (3)
coastal sites of Northern Mindanao, namely: Province of Camiguin, Cagayan de Oro City and the municipality
of Laguindingan. The identified mangroves are Aegiceras corniculatum (Family Myrsinaceae), Avicennia
marina, Avicennia rumphiana (Family Avicenniaceae), Bruguiera gymnorhiza, Ceriops decandra, Ceriops
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tagal, Rhizophora apiculata, Rhizophora mucronata, Rhizophora stylosa (Family Rhizophoraceae), Exoecaria
agallocha (Family Euphorbiaceae), Lumnitzera racemosa, Son-neratia caseolaris and Sonneratia alba (Family

Lythraceae).

Table I: Classification of Mangroves Identified in Northern Mindanao, Philippines.

Order Family Species Local name
Primulales Myrsinaceae Aegiceras corniculatum | saging-saging
Lamiales Avicenniaceae Avicennia marina apiapi, miapi
Lamiales Avicenniaceae Avicennia rumphiana apiapi, miapi
Malpighiales Rhizophoraceae Bruguiera gymnorhiza pototan
Malpighiales Rhizophoraceae Ceriops decandra baras-baras
Malpighiales Rhizophoraceae Ceriops tagal tungog
Malpighiales Rhizophoraceae Rhizophora apiculata bakhaw lalaki
Malpighiales Rhizophoraceae Rhizophora mucronata | bakhaw babae
Malpighiales Rhizophoraceae Rhizophora stylosa bakhaw bato
Malpighiales Euphorbiaceae Exoecaria agallocha lipata
Myrtales Combretaceae Lumnitzera racemosa tabao
Myrtales Lythraceae Sonneratia alba pagatpat
Myrtales Lythraceae Sonneratia caseolaris pagatpat

Among the over-all 302 individuals, the species of Sonneratia alba dominated the sites along with Avicennnia
rumphiana. These species are usually linked with habitats experiencing continuous inundation in mid to high
intertidal, particularly evident in most study sites situated along coastal areas [25-26]. Specifically, Sonneratia
alba is typically thrived in rocky-sandy substrata and well adapted to a wide range of salinity, ranging from
medium to more saline waters [25], [27-28]. With larger basal areas, often exceeding 1 meter in diameter,
Sonneratia alba and Avicennia rumphiana stand out for their significant contribution to the overall importance
values among identified mangrove species. These characteristics make them more resilient to natural disasters,
leading to higher survival rates of the species [29].

Based on the importance value indices of mangrove species, the total h-value of 2.054 in Northern Mindanao
falls within the low category [30]. However, it still exceeds those reported in Dumanquilas Bay (1.1) [31] Leyte
Island (1.245) [32], Sarangani Province (0.75) [33], Panguil Bay [34] and the entire municipality of Kinoguitan
(1.63) [35]. The high evenness index of 0.60 indicates that the species in the area are distributed in nearly equal
proportions. Several studies have reported that mangrove forests exhibit relatively low diversity indices,
attributed to their distinctive stand formation when compared to other tropical forest ecosystems [36].
Furthermore, for conservation status, all 11 species were recorded to be at Least Concern (LC), based on the
International Union for Conservation of Nature (IUCN) red list [37] except for Avicennia rumphiana which has
been recently assessed as Vulnerable (VU) and Ceriops decandra as Near Threatened (NT) [36]. Natural
calamities such as tropical storms, waves, and high-water surges are common contributors to the decline of
mangrove ecosystems, however, several studies have emphasized the significantly higher impact of
anthropogenic factors such as fishpond conversions, deforestation, and urban development [38-43].

Comparing the local distribution of mangroves across the three (3) sites, Cagayan de Oro City has the highest
number of species and species richness, followed by Camiguin Province, and Laguindingan has the lowest.
Among this site- only four (4) species are commonly located in all sites namely Avicennia rumphiana,
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Rhizophora apiculata, Rhizophora mucronata, and Sonneratia alba. Based on the diversity profile, Cagayan de
Oro has the highest h-value of 1.908, followed by Laguindingan (1.824) and Camiguin (1.513). These can be
projected on the number of species found in the City of Cagayan de Oro. Meanwhile, the dominance of the
species Sonneratia alba attributed the highest dominance value in Camiguin among the three sites consequently,
attributing to sparse distribution in the area. Other sites namely, Cagayan de Oro and Laguindingan showed high
equitability and evenness values which can imply more uniformly distributed mangroves in both sites.

B. Aboveground, Belowground Biomass and Carbon Stock

Table 2 presents the mean biomass of both aboveground and below-ground biomass and their carbon stock of
the (3) selected sites in Northern Mindanao. Based on the allometric equations [18], the overall estimated mean
biomass and carbon stock across sites is 947.47 Mg ha™! (C-stock of 142.12Mg ha™).

Table II: Aboveground Biomass (Agb) and Belowground Root Biomass (Rb) of Mangroves in the Three Selected
Sites of Northern Mindanao, Philippines

Biomass and | Sampling Sites Total (Mg ha!)
Carbon Stock — —
Camiguin Cagayan de Oro Laguindingan
Mean biomass 569.91 147.03 230.53 947.47
C-stock AGB 202.80 51.22 78.42 332.44
C-stock RB 53.66 14.95 25.32 93.92
Total C-stock 256.46 66.16 103.74 426.36

As seen in Fig. 2 the highest aboveground, belowground, and carbon stock of mangroves observed is 569.91 Mg
ha! (C-stock of 256.46 Mg ha'), recorded in the Camiguin Island. Followed by the Municipality of
Laguindingan with 230.53 Mg ha-1 (C-stock of 103.74 Mg ha') and lastly, Cagayan de Oro City with 147.03
Mg ha! (C-stock of 66.16 Mg ha™').

Total C-stock (Mg C ha-1)

Sites

Fig. 2 The Distribution of Total Carbon Stocks AGB and RB of Mangroves in the Three Selected Sites of
Northern Mindanao, Philippines
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Classifying the mangrove trees by diameter Fig. 3 showed that Camiguin has the highest number of trees with
diameters greater than 20 cm, while Cagayan de Oro and Laguindingan have fewer such trees and a higher
number of trees with diameters less than 5 cm.

Legend

- Cagayan de Oro
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Froquarcy
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Fig. 3 The Frequency Distribution for the Mangroves DBH in the Three Selected Sites Of Northern Mindanao,
Philippines

Diameter at breast height is directly related to tree biomass [18]. Hence, the abundance of mangrove trees with
diameters over 20 cm in Camiguin, particularly the presence of large basal areas of Sonneratia sp. stands, leads
to higher aboveground and belowground biomass, resulting in greater carbon stock in that mangrove site. The
different quantities of estimated biomass and carbon stocks were influenced by the girth size of the mangrove
trees within the plots and the wood density characteristic of each species [5]. In a mangrove forest, large trees
with a substantial DBH contribute more significantly to the aboveground biomass than numerous young trees
with small DBH measurements [44-46].

The mean above-ground biomass estimates observed across the study sites exceed those of various locations
locally and across Asia, including studies conducted in China, Japan, India, and Malaysia, as well as local studies
in Southern Luzon and Misamis Oriental [47-51]. Meanwhile, the overall ratio of above-ground biomass to root
biomass in the study ranged from 1.41 to 4.21, with an average of 2.32. These results align with the findings of
Komiyama et al., which reported a range of 1.1 to 4.4. Mangrove forests generally have lower ratios than
terrestrial forests, attributed to the need for substantial root biomass to stabilize their bottom-heavy tree form in
wet and soft mud [52-53].

Biomass and carbon stock in mangrove forests are also significantly influenced by the type of mangrove species
present. Each species exhibits unique growth characteristics and biomass distribution, which in turn affect the
overall carbon sequestration potential of the forest. Several studies show that different species contribute
differently to biomass and carbon stocks, highlighting the need for species-specific models [54-55]. Similarly to
the distribution and composition of species within mangrove sites, the allocation of above-ground and root
biomass can vary among species and is influenced by factors including geographical location and ecology
[48],[52].

C. Soil Carbon

The soil carbon content in the upper 20 cm of sediment at the mangrove sites in Northern Mindanao is
summarized in Fig. 4. The mean soil carbon estimated across the three sites was 917.23 Mg ha™'. Camiguin
recorded the highest soil carbon content (491.78 Mg ha™'), accounting for more than half of the total average
across all sites, followed by Cagayan de Oro City (224.85 Mg ha™!) and, least Laguindingan (200.60 Mg ha™').
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Fig. 4 The Distribution of Soil Carbon Stocks in Mangrove Areas of Three Selected Sites in Northern Mindanao,
Philippines

Soil characteristics within the upper 20 cm reveal that Laguindingan and Cagayan de Oro, which have clay to
muddy sediments, exhibit higher bulk density. In contrast, Camiguin, with lower bulk density, shows higher
organic carbon content which contradicts the study findings [16], [56-57]. However, this could indicate the
considerable variability in soil characteristics across sites suggesting that localized environmental factors may
influence soil properties in different sites.

The variations in the soil carbon content across the (3) three sites may be attributed to the age of the mangrove
stands and the environmental factors impacting soil carbon in the region [16], [58]. The higher diameter or GBH
of mangrove stands observed in Camiguin compared to other sites can linked to its higher soil carbon content.
Studies show that as mangroves age, their trunk girth increases, serving as a common indicator of biomass
accumulation and tree maturity. For instance, research in Kerala, India, indicated that larger GBH is often
associated with older mangrove stands, reflecting their growth over time [51].

D. Total Carbon- Stock (C-stock) and Carbon dioxide (CO2) Sequestration Potentials

The combined mean C-stocks of biomass and sediments across all sites in Northern Mindanao is 447.86 Mg ha
!, equivalent to a carbon dioxide sequestration potential of 1,643.66 CO, Mg ha™!. Camiguin recorded the highest
CO; sequestration potential among the sites (2746.02 Mg CO; ha-1), with 66% attributed to soil c-stock and the
34% remainder to biomass. Despite Cagayan de Oro displaying a higher carbon sequestration potential in terms
of soil carbon, overall, Laguindingan still follows with a greater CO> sequestration potential of 1116.93 Mg CO»
ha! and, lastly, Cagayan de Oro with the least CO2 sequestration potential (1068.03 Mg CO> ha!) (Table 2).

Table II: Total Carbon Stock Summary of the Study Sites in Northern Mindanao

Sites AGB + BGB | Sediment carbon | Total carbon stock | CO; equivalent (Mg
carbon (Mg C ha!) | (Mg C ha!) (Mg C ha'!) COzha™)

Camiguin 256.46 491.78 748.24 2746.02

Cagayan de Oro | 66.16 224.85 291.02 1068.03

Laguindingan 103.74 200.60 304.34 1116.93

The study revealed that sediment carbon across the three sites is relatively 65-78% higher than the combined
values of above and below-ground biomass. These findings are consistent with several studies that reported that
soil carbon constitutes a significant portion of total carbon stock, approximately accounting for about 40-98%
of the total carbon stock in mangrove forests [16], [21], [23], [59-60]. These studies emphasize the crucial
significance of mangrove soil as carbon reservoirs (Fig.5).
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Fig. 5 AGB, RB and sediment C-stock values, and equivalent CO2 of mangroves in of three selected sites in
Northern Mindanao, Philippines. AGB = above ground biomass, RB = root biomass, C-Stock = carbon stock,
CO; Eq = carbon dioxide equivalent.

The total CO> stock potential value derived from the study is higher than the carbon stocks recorded in several
studies in Puerto Prinsesa, Palawan [5], Batangas [11], Bohol [61], and Macajalar Bay [16]. Differences in carbon
sequestration potentials are attributed to the species present across sites. In Camiguin, large basal areas of
Sonneratia sp. and Avicennia sp. influence biomass, while the age of mature trees impacts their soil carbon stock.
In Cagayan de Oro and Laguindingan, the presence of dense, smaller GBH values of Rhizophora species may
have been a factor in the values of sequestration potentials in both sites. The mangrove forest in Camiguin is
well-protected since the site selected is within the mangrove sanctuary, compared to Cagayan de Oro and
Laguindingan where both areas are highly vulnerable due to the presence of nearby residential areas and
commercial resorts. Other factors that may contribute to the differences in values include sampling designs,
allometric equations used, soil depth, organic matter discrepancies, site selections, and localized conditions of
the mangrove sites [5],[60].

CONCLUSION

The mean biomass and carbon stock in across (3) three sites in Northern Mindanao is 947.47 Mg ha-1 (C-stock
of 142.12Mg ha-1). Camiguin Island recorded the highest biomass and carbon stock, attributed to the presence
of large-diameters trees like Sonneratia alba, while Cagayan de Oro and Laguindingan had higher numbers of
smaller-diameter trees, resulting in comparatively lower biomass and carbon stocks. Soil carbon content,
particularly in Camiguin, influenced the overall carbon sequestration potential, highlighting the critical role of
soil carbon in mangrove ecosystems. The overall mean C-stocks of both biomass and sediments across all sites
in Northern Mindanao is 447.86 Mg ha-1, equivalent to a carbon sequestration potential of 1,643.66 Mg ha-1.
The study emphasizes the biomass and carbon stock contributions of mangrove forests in Northern Mindanao,
particularly the role of species composition, girth diameter, and soil characteristics. The study implies that soil
carbon constitutes a major portion of the total carbon stock in mangrove forests.

RECOMMENDATIONS

Effective conservation and management strategies like species and site-specific initiatives are crucial to
enhancing the carbon sequestration potential of mangrove forests particularly in vulnerable areas like Cagayan
de Oro and Laguindingan. Further research should focus on refining allometric models and consider depth
intervals in soil carbon analysis to support sustainable mangrove forest management and carbon sequestration
efforts.
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