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Abstract 

Mangrove ecosystems are vital carbon sinks, yet they are threatened by 

anthropogenic pressures and natural disturbances, causing significant carbon 

stock losses. Given the limited data for Baganga, Davao Oriental, this study 

quantified the aboveground biomass (AGB) and blue carbon stock in the Lucod 

mangrove swamp forest reserve. We identified mangrove species, measured 

AGB and carbon content via allometric equations, and compared storage among 

species. The results indicated that the mangrove forest AGB was within typical 

ranges for tropical wet regions and the Asia-Pacific region, but its overall carbon 

content did not reach highly productive ecosystem levels. Nonparametric analysis 

revealed significant heterogeneity in both the overall mangrove AGB across 

sites and the AGB among species. Among the six identified species, Lumnitzera 

littorea was the dominant carbon contributor (65%), whereas Rhizophora 

apiculata contributed the least (2%). These findings underscore the need for site- 

and species-specific approaches in mangrove management and future research 

to understand AGB variations. 

ARTICLE HISTORY 

Received: 20 Jan. 2025 

Accepted: 8 Jul. 2025 

Published: 21 Jul. 2025  

KEYWORDS 

Mangrove;  

Blue carbon stock; 

Aboveground biomass; 

Rhizophora;  

Allometric equation 

Introduction 

 Mangroves stand among the world's most productive 

ecosystems [1]. These trees or shrubs thrive in intertidal 

zones of coastal wetlands along tropical and subtro-

pical coastlines across more than 118 countries [2]. 

There are 77 mangrove species worldwide, 46 of which 

are found in the Philippines. Despite constituting less 

than 1% of the coastal ecosystem component, this 

vegetation plays an indispensable role [3]. Mangroves 

provide vital ecosystem services, including carbon 

sequestration [4]. Atmospheric carbon dioxide levels 

have risen since the industrial revolution, causing 

global warming, sea level rise, and altered precipitation 

patterns [5]. Mangroves are carbon-rich forests that 

serve as crucial greenhouse gas sinks with long-term 

carbon storage capacity [6–7]. However, deforestation, 

coastal development, pollution, and land conversion 

threaten mangrove populations, leading to significant 

carbon stock losses [8]. 

 Baganga, Davao Oriental's largest municipality, hosts 

vital coastal mangroves that serve as natural barriers 

against Pacific waves. In 2012, Typhoon Bopha devastated 

these mangroves, leaving areas such as Barangay 

Lucod vulnerable, degrading livelihoods, and promoting 

unsustainable practices [9]. Since 2013, rehabilitation 

efforts have restored 120 ha of mangroves, but threats 

such as shellfish collection, establishment of artificial 

ponds, and illegal cutting of mangroves persist in the 

present, reducing carbon storage and increasing 

greenhouse gas emissions [10]. This underscores an 

urgent need to quantify the carbon stock within the 

reserve to fill critical data gaps in its carbon seques-

tration potential. 

 Thus, this study assessed the blue carbon stock of 

the mangrove swamp forest reserve in Barangay 

Lucod, Baganga, Davao Oriental. Specifically, different 

species of mangroves present in the study area were 

identified, the aboveground biomass and the blue carbon 

stock of the mangrove ecosystem were determined, 

and the blue carbon stock of different mangrove species 

across sites was compared. 

Research Article 



App. Envi. Res. 47(3) (2025): 025 
 

 
 

 The findings of this study may contribute to the 

Philippine National REDD+ strategy and the Philippine 

Biodiversity Strategy and Action Plan. Specifically, this 

study aligns with the Agriculture, Aquatic, and Natural 

Resources (AANR) Research and Development Agenda 

of the country, as outlined in Section 3 of the Harmonized 

National Research and Development Agenda (HNRDA) 

for 2022–2028. All these goals adhere to the United 

Nations’ Sustainable Development Goal (SDG) No. 13, 

which aims to take urgent action in mitigating climate 

change [7, 11]. 

 

Materials and methods 

1) Location of the study area 

 The study was conducted in the coastal mangrove 

forest of Baganga, Davao Oriental. It is bordered by 

Cateel to the north, Caraga to the south, and Davao de 

Oro to the west and faces the Pacific Ocean to the east. 

Positioned between 7.5743° north latitude and 126.5592° 

east longitude, it boasted a total land area of 94,550 ha, 

a coastline stretching 46.44 km, and a mangrove forest 

covering approximately 1,500 ha. Barangay Lucod is 

distinct for its mangrove coverage spanning 120 ha, 

recognized as protected areas by the DENR, under the 

legal and local supervision of the Protected Area 

Management Board – Committee on Regulations and 

Law Enforcement and the Lucod Mangroves Rural 

Women’s Association (LUMARWA), respectively. 

 The mangrove swamp forest reserve of Barangay 

Lucod has consisted of natural mangroves and mangroves 

reforested by local communities along with the DENR 

and the BFAR since 2013. A map of the Lucod mangrove 

forest is shown in Figure 1 [10, 12–17]. 

 

 

2) Establishment of sample plots 

 The study was conducted during the lowest tides of 

the first two weeks of June 2024. Five plots were esta-

blished within the study area, designated as Sites A to 

E. These sites were characterized by dense mangrove 

vegetation, predominantly composed of species from 

the Rhizophoraceae family. Each site was surrounded 

by small, interconnected tidal pools with substrates 

ranging from muddy to sandy, interspersed with rocks, 

and reaching depths of up to 50 cm. Human-produced 

waste, primarily single-use plastics, and artificial ponds 

were observed throughout the study area. Additionally, 

remnants of sawed mangroves and pieces of timber 

were found at some sites, providing clear evidence of 

mangrove cutting. 

 Each plot, measuring 10×10 m², was established along 

the main transect with a 200 m interval from each other, 

primarily to observe the variation in mangrove species 

at each site. The LUMARWA office served as the starting 

point for the transect. Site A was established 100 m from 

the office, while the succeeding sites followed the 200 

m interval along the main transect line. Establishing the 

primary transect line from the forest boundary toward 

the sea was discouraged because of limited accessi-

bility and its distance from residential areas. According 

to the LUMARWA spokesperson, certain forest sections 

are rarely accessed because of deep muddy substrates, 

and survey efforts should be concentrated near residential 

zones for safety reasons. Reforestation of the Lucod 

mangroves was conducted without adherence to zonation 

principles, leading to relatively homogenous site charac-

teristics throughout the area, in addition to a few localized 

variations. Figure 2 shows a map of the study area, which 

shows the locations and intervals of the five sample 

plots and the relative size of each [16]. 
 

 
Figure 1 Map of the study area [14–16]. 
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Figure 2 Map of the study sites. 

 

3) Identification, diameter at breast height (DBH) 

measurement and categorization 

Handbook of mangroves in the Philippines – Panay 

[24] was used to identify species, which were later examined 

further via collected photographs subjected to taxonomic 

keys, peer-reviewed literature, and expert verification. 

The circumference of individual mangroves was mea-

sured in cm via a tape measure. The measurements of 

tree girth were taken at breast height, which was 1.3 m 

above the ground. For the seedlings, the point of mea-

surement was 30 cm from the ground [18]. This procedure 

is unavoidably complex because of irregularities in stem 

structure. For trees whose height exceeded 1.3 m above 

ground level, the stem circumference was measured 

directly above the buttress. For trees that had multiple 

stems, the precise measurement point was directly 

beneath the point where the stems branched apart. For 

species whose stilt roots usually exceed 1.3 m, such as 

Rhizophora spp., girth was measured above the 

highest stilt root [19–20]. A mangrove was considered 

part of the survey if at least 50% of its main stem was 

rooted inside the perimeter of the plot [21]. 

 The mangroves present were classified into three 

categories, namely, seedlings, saplings, and mature 

trees, on the basis of their height and DBH. Seedlings 

were defined as plants with a height of less than 1 m. 

Saplings included plants taller than 1 m but with a 

diameter of less than 4 cm. Mangroves taller than 1 m 

with a DBH greater than 4 cm were classified as mature 

trees. All individuals classified as mature trees were 

subjected to AGB and blue carbon stock measurements, 

excluding those that fell under categories of seedlings 

and saplings, as these, which constitute understory 

vegetation, are considered generally negligible in 

mangroves and their measurement of ecosystem 

carbon pools [21]. 

 

4) Data analysis  

4.1) DBH 

The recorded circumference of individual trees was 

converted into DBH via the following formula: C = πd, 

where d is the diameter and C represents the circum-

ference in cm. 

4.2) Aboveground biomass (BMAG) computation 

To estimate the AGB, the allometric equation developed 

by Komiyama et al. (2005) was incorporated, which was 

found to be suitable because of the use of accurate 

predictive parameters, such as tree DBH and specific 

wood density [20]. The equation was as follows: BMAG 

= 0.251ρD2.46, where ρ represents the specific wood density 

(dry weight per unit volume in g cm-3) and D represents 

the DBH in cm. Moreover, specific wood density measure-

ments were obtained from the Food and Agriculture Orga-

nization (FAO) and Global Wood Density Database [22]. 

4.3) Carbon stock measurement 

To determine the amount of carbon atoms stored in 

each tree, the AGB of each mangrove was multiplied 

by 0.521, which is particularly applicable to hardwood 

trees, indicating that approximately half of the biomass 

consisted of carbon [23–25]. The formula used was C 

= AGB (0.521), where C is the carbon stored in kg, 

while AGB represents the aboveground biomass. The 

carbon storage values for all species within each plot 

were combined to calculate the total carbon stock per 

sample plot. The carbon stocks for all plots were 

subsequently summed and averaged to determine the 

mean stand carbon pool, which was then converted to 

megagrams per hectare (Mg ha-1) [26–27]. Microsoft 

Excel was employed as the statistical tool for computing 

and analyzing the data. 

4.4) Statistical analysis 

Prior to comparing the groups, the assumption of 

normality for AGB data within each site and mangrove 

species was tested via the Shapiro‒Wilk test. Given 
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that the assumption of normality is violated, the non-

parametric Kruskal‒Wallis H test was employed to 

compare the median AGB values across the five sites 

and among mangrove species with a significance level 

of α = 0.05. A post hoc test using Dunn’s test was 

performed to identify which specific pairs exhibited 

significant differences in their median AGB. To control 

the familywise error rate resulting from multiple pairwise 

comparisons, the Bonferroni correction was applied to 

the p values. 

 

Results and discussion 

1) Floristic composition 

 A total of six true mangrove species from five genera 

were identified across five study sites in the mangrove 

swamp forest reserve of Barangay Lucod (Table 1). These 

species represented 17.14% of the 35 true mangrove 

species recorded in the Philippines [17]. These species 

belong to four families, namely, Combretaceae, Lythraceae, 

Rhizophoraceae, and Meliaceae. The Rhizophoraceae 

family dominated the study area. The species with the 

greatest abundance in the mangrove forest on the 

basis of its density was Rhizophora mucronata. 

 Across the sampling area, 173 individuals were recorded 

and studied. Among these, 36 were seedlings, 60 were 

saplings, and 77 were mature. The average DBH of the 

different mangrove species in the study area ranged 

from a low of 7.29 cm (R. mucronata) to a high of 80.5 

cm (Sonneratia alba). The latter’s average DBH was quite 

expected, as it was among the known large mangrove 

trees. S. alba was followed by Xylocarpus granatum and 

Lumnitzera littorea, with 32.2 cm and 22.10 cm mean 

DBHs, respectively. These are then followed by Ceriops 

tagal, with an average DBH value of 17 cm. Finally, 

Rhizophora apiculata presented a mean DBH value of 

8.73 cm, which was close to that of R. mucronata, which was 

7.29 cm. The classification of mangroves was assessed 

via these parametric variables along with height appro-

ximation. Individuals classified as mature trees were 

subjected to AGB and blue carbon stock measurements 

[20]. 

 

2) Mangrove aboveground biomass 

 The computed AGB across all the study sites ranged 

from 27 Mg ha-1 to 215 Mg ha-1 (Figure 3). Site A presented 

the highest AGB value of 215 Mg ha-1, primarily due to 

the presence of L. littorea and S. alba (Table 1), two 

common mangrove species known for their large trunk 

diameters. As illustrated in Figure 4, L. littorea contributed 

the most biomass among all the species, while S. alba 

ranked third. Sites B and D yielded similar AGB values, 

at 125 Mg ha-1 and 118 Mg ha-1, respec-tively. Although 

L. littorea was present at Site B (Table 3), its low 

frequency was overshadowed by the dominance of R. 

mucronata and R. apiculata, both of which had the 

smallest trunk diameters and AGB values, alongside C. 

tagal, as depicted in Figure 4. 

 A similar pattern was observed at Site D, where the 

relatively low abundance of X. granatum, despite being 

the second highest biomass contributor among the 

species in the study area, was eclipsed by the dominance 

of C. tagal and R. mucronata (Table 3). Finally, Sites C 

and E presented the lowest AGB values of 27 Mg ha-1 

and 31 Mg ha-1, respectively, as both sites were charac-

terized primarily by Bakauan (Rhizophora) stands. 

 The average AGB of the Lucod mangrove swamp 

forest reserve was 103 Mg ha-1 (Table 2), which was 

lower than the value of 189.26 Mg ha⁻¹ recorded in the 

Thalassery estuarine wetland, southwest coast of India, 

via the same allometric equation [28]. This disparity 

likely stems from sampling differences. This study covered 

0.17 ha with 17 plots, capturing greater species richness 

and abundance, whereas the present study sampled 

0.05 ha with only five plots. 

A similar study in Kerala, India, reported a lower mean 

AGB of 80.22 Mg ha-1 than the 103 Mg ha-1 reported in this 

study despite the former sampling 3 ha with 30 plots [29]. 

This study revealed a maximum DBH of 25.74 cm in R. 

mucronata, while this study, which covered only 0.05 ha, 

revealed that R. mucronata had the lowest mean DBH and 

that S. alba had the highest DBH at 80.5 cm (Table 1). 

Notably, a tree's DBH is directly correlated with its biomass 

and thus its carbon content [29]. 

Table 1 Mangrove distribution across sites 

Family Species Average DBH (cm) Abundance Density (ha-1) Site present 

Combretaceae Lumnitzera littorea (Jack) 

Voigt 

22.10 22 440 A, B, E 

Lythraceae Sonneratia alba (L.) Smith 80.5 2 40 A, C 

Rhizophoraceae Rhizophora mucronata 

Lamk. 

7.29 118 2,360 B, C, D, E 

Rhizophoraceae Rhizophora apiculata Blume 8.73 17 340 B, E 

Rhizophoraceae Ceriops tagal (Perr.) C.B. 

Rob. 

17 9 180 D 

Meliaceae Xylocarpus granatum J. 

Koenig 

32.2 5 100 D 

Total  15.43 173   
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Figure 3 Mean aboveground biomass  

at the five sampling sites. 

 

 
Figure 4 Percent aboveground living biomass  

per species of mangrove. 

 

Moreover, the average AGB in this study (103 Mg ha-1) 

was approximately 25% greater than the 77.45 Mg ha-1 

recorded at Panabo Mangrove Park, Davao del Norte 

[30]. This study assessed only four species, including R. 

apiculata (0.28 Mg ha-1), R. mucronata (2.89 Mg ha-1), and 

S. alba (27.98 Mg ha-1), whereas this study recorded 

higher values for these species: 11 Mg ha-1, 22 Mg ha-1, 

and 38 Mg ha-1, respectively (Figure 4). This suggested 

that older mangroves in Lucod. Differences in species 

composition may also be attributed to variations in plot 

establishment and study area. Panabo Mangrove Park 

spans 73 ha [31], whereas Lucod mangroves cover 

approximately 120 ha. 

Although other mangrove vegetation types presented 

excellent AGB values, the findings of the present study 

in Lucod remained noteworthy, as the data were relatively 

high compared with the AGB values from other assess-

ments conducted across the country. These included 

the Avicennia-dominated small plots in Catmon and the 

Rhizophora-dominated large plot in Poctol, San Juan, 

Batangas [32]; the Rhizophora stand in Verde Passage, 

Batangas [33]; and a 22-year-old mangrove forest in 

Aklan [34]. Nonetheless, the IPCC (2013) provided a 

default range for mangrove aboveground biomass in 

tropical wet regions, from 8.7 to 384 Mg ha⁻¹ [34], with 

the AGB estimated in the present study falling within 

this range. Additionally, the estimated mean AGB found 

in this study was within the mangrove biomass range 

reported by Komiyama et al. (2008) from 41 Mg ha⁻¹ to 

460 Mg ha⁻¹ for Asia and the Pacific [35]. 

 

2) Total blue carbon stock 

The average vegetation carbon stock of the mangrove 

swamp forest reserve in Lucod was determined to be 

53 Mg ha-1 (Table 2). This value was slightly lower than 

the 67.30 Mg ha-1 AGB carbon obtained in the carbon 

stock estimation of the mangrove ecosystem of the 

Sulaman Lake Forest Reserve, Sabah, Malaysia [36]. 

This discrepancy may be attributed to the different expe-

rimental designs of these studies compared with those 

of the present study. In this study, nine transect lines, 

each 125 m in length, were randomly established across 

the study sites, with five circular plots, each with a 7 m 

radius, set up along each transect [36]. In contrast, the 

present study employed a single primary transect line 

with a total length of 1,050 m, which, when compared, is 

approximately the same length as the combined transects 

of the former. Furthermore, while both studies utilized 

different allometry methods, both similarly relied on the 

DBH as the sole parameter for calculating the AGB. 

Despite these methodological similarities, the assess-

ment in Malaysia employed a significantly greater number 

of plots, covering a total area of approximately 0.7 ha, 

which is far greater than that covered by the present 

study, which covered only 0.05 ha. This advantage of 

the former likely allowed for the capture of greater 

mangrove density. 

 

Table 2 AGB and carbon content of the study areas 

Site AGB (Mg ha-1) Carbon stock (Mg ha-1) 

A 215 112 

B 125 65 

C 27 14 

D 118 61 

E 31 15 

Total 103  53  

 

The carbon content recorded in this study was lower 

than that in the planted mangrove stand but slightly 

higher than that in the natural stand of Zumarraga, 

Samar, with AGB carbon values of 286.23 Mg ha-1and 

51.25 Mg ha-1, respectively [42]. Using 10×10 m² plots, 

the study covered a larger area with 15 plots along five 

transects perpendicular to the shore, employing the 

same allometry for carbon computation. The AGB carbon 

values from this study, encompassing both planted and 

natural mangroves, fell between the two stands but were 

closer to the natural stand because of similar species 

richness (six species here versus five in Samar's natural 

stand). The planted stands, which included ten species, 

presented relatively high carbon stocks, highlighting the 

correlation between species diversity and carbon storage. 
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The carbon stock recorded in this study was compa-

rable to that of mangroves in Bataan, Palawan, Aklan, 

and Samar, which also included restoration projects 

[34]. The carbon stock values in Puerto Princesa, Palawan 

(56 Mg ha-1) and Balanga, Bataan (45.94 Mg ha-1) were 

closest to those reported in this study, likely because of 

the dominance of Rhizophora species. The mean DBH of 

Rhizophora mangroves at these sites (6.74 cm in Bataan, 

8.74 cm in Palawan) was similar to the 8.01 cm observed 

for R. apiculata and R. mucronata in this study. Differences 

in the carbon stock may stem from the mangrove area: 

Palawan (200 ha) and Bataan (8 ha) rather than Lucod 

(120 ha). In contrast, the carbon stock values in Kalibo, 

Aklan (24.39 Mg ha⁻¹) and Pinabacdao, Samar (132.84 

Mg ha⁻¹) differed significantly. Aklan had the lowest tree 

density (957 trees ha-1), which was far below the 3,460 

trees ha-1 in this study. Although Samar had relatively 

high tree density, it lacked species diversity, with only 

R. apiculata present, unlike the greater richness observed 

in this study, highlighting the influence of diversity on 

carbon stocks [34]. 

In another study on carbon storage assessment and 

forest inventory conducted in the Pagbilao Mangrove 

Forest (PMF) in Quezon Province, the AGB carbon was 

recorded at 35.54 Mg ha-1 [26], which was lower than 

the findings of the present study. In the same study, 22 

species were identified, including all six species recorded 

in the present study. Despite the rich species diversity 

and abundance, its reported diameter class distribution 

indicated that only 2.6% of the mangroves in their study 

area fell into the large-diameter class (31 cm DBH and 

above) [26]. This percentage was exactly half the per-

centage of large-diameter mangroves observed in the 

current study. Additionally, the PMF study reported an 

average DBH of 11.19 cm for all trees across the study 

sites, which was slightly lower than the mean DBH of 

15.43 cm reported in this study (Table 1). Importantly, 

both studies employed the same formula, which excluded 

tree height as a predictive variable for biomass compu-

tation, implying that individual DBH directly influenced 

the total biomass values. 

Despite the current study showing an average, 

comparable carbon storage capacity relative to some 

carbon stock assessments conducted within the country, 

this value was undeniably lower than that of a typical 

productive mangrove ecosystem in Asia and the Pacific 

region. Howard et al. (2014) reported that the carbon 

stock of a productive mangrove ecosystem was estimated 

to range from 55–1376 Mg ha-1, with an average of 386 

Mg ha-1 [27], a range in which the value recorded in this 

study did not decrease. This value was not as high as 

those in neighboring Asian countries such as Malaysia 

[39–40], Vietnam [41], India [42–44], Indonesia [45–48], 

and Heritiera fomes dominated vegetation in Sundarbans, 

Bangladesh [56]. 

 

4) Species-specific carbon storage  

The six mangrove species recorded in this study were 

relatively less diverse than other mangrove ecosystems 

across the Davao Gulf in the Philippines, such as 

Banaybanay, Davao Oriental (33 species) [50], Hagonoy, 

Davao del Sur (12 species) [51], Sta. Cruz, Davao del 

Sur (17 species) [52], Tagum city (11 species), Carmen 

(12 species), and Davao del Norte [53]. Despite this, it 

is important to note that even if an ecosystem has very 

low species diversity, its ability to store carbon cannot 

be undermined [30]. 

Moreover, all the mangrove species identified in the 

current study, with the exception of L. littorea, were among 

the 22 species recorded in the Pagbilao mangrove 

forest [26]. In this study, S. alba presented the greatest 

DBH, which is consistent with the findings of the present 

study. Among the species common to both studies, X. 

granatum was the species with the next largest DBH 

according to PMF, followed by Rhizophora species and 

C. tagal [26]; a ranking that almost correspondingly aligned 

with DBH results in the present study (Table 1). However, 

the DBH appeared to depend on species density with 

respect to the species-specific carbon content. Among 

the six mangrove species identified, the highest recorded 

AGB and carbon stock values were recorded for L. 

littorea, with mean values of 335 Mg ha-1 and 174 Mg 

ha-1, respectively, across all the sites. X. granatum had 

95 Mg ha-1 AGB and 49 Mg ha-1 carbon stock (Table 3). 

The former ranked third in terms of the DBH value, 

followed by R. mucronata in terms of species density 

and mature mangrove abundance. S. alba, while having 

the largest recorded average DBH (Table 1), was the 

least abundant of the six identified species (Table 1). In 

contrast, despite the abundance of R. mucronata, it 

presented the lowest mean DBH among the six species. 

Therefore, the biomass and carbon contribution of both 

species were greater than the average density of L. 

littorea and X. granatum, which both presented average 

DBH values in reference to those of the other mangrove 

species. 

In a study in Panabo Mangrove Park, four species 

were identified, with all but Avicennia marina recorded 

in the present study [30]. Their results revealed that S. 

alba presented a significantly greater carbon stock value 

than Rhizophora species did, with R. mucronata presenting 

a greater value than R. apiculata did. The same ranking 

of mangrove species by carbon stock value, excluding 

species not shared between the two studies, was observed 

in the present assessment from greatest to least. This 

pattern was likely due to the greater bulk develop-

mental capacity of S. alba than of Rhizophora species 

and R. mucronata than of R. apiculata recorded in both 

studies, as DBH was directly linked to the AGB of each 

species and, consequently, to their carbon content. 

However, this contrasted with the findings of an assess-

ment of species-wide contributions to the carbon stock 
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in a mangrove ecosystem in Kerala, India [29]. In this 

study, S. alba presented the lowest carbon content, 

slightly behind R. apiculata, while R. mucronata presented 

the second-highest carbon content among the six species 

examined. Despite this discrepancy, the results still 

revealed that R. mucronata commonly presented a 

relatively high carbon content and was much denser 

than R. apiculata was [29]. The same phenomenon was 

also observed in the Kuta Raja subdistrict, Aceh Province, 

Indonesia [51]. This corroborated the results of this study, 

with R. apiculata being the least contributing species in 

terms of carbon storage. A study in Kerala, India, also 

revealed that the average DBH value recorded for S. 

alba was lower than that recorded for R. mucronata at 

19.68±5.63 cm and 25.74±1.03 cm, respectively [29]. 

This finding suggested that DBH had a considerable 

impact on carbon storage [36]. This finding also suggested 

that S. alba trees in Kerala, India, were not yet fully 

developed, which implied that the carbon stock value 

was also related to tree age. 

 

Table 3 Aboveground biomass and carbon content (Mg 

ha-1) of the Lucod mangrove species 

Species AGB  Carbon stock 

L. littorea 335 174 

X. granatum 95 49 

S. alba 38 20 

R. mucronata 22 11 

C. tagal 16 8 

R. apiculata 11 5 

Total 103  53  

 

On the other hand, ten mangrove species constitute 

the mangrove vegetation on Belitung Island, Indonesia 

[55]. These included all six mangroves identified in the 

present study. Like those observed in the present study, 

Rhizophora species were found to dominate the vege-

tation [55]. This was primarily because the genus Rhizo-

phora is a group of mangroves that tolerate various 

environmental conditions, such as tides, salinity, substrate, 

and nutrient availability, enabling them to survive in various 

zones. The same study revealed that R. apiculata had 

the greatest carbon content, followed by S. alba, C. tagal, 

L. littorea, R. mucronata, and X. granatum, excluding 

the species that were not present in the present study. 

The order of these species by carbon stock value also 

aligned with their individual abundance. Although this 

pattern does not resemble the findings of the present 

study, the apparent influence of density in the results of 

the assessment in Indonesia suggested that species 

density directly affected the carbon stock contribution 

when it aligned homogeneously with DBH [66]. 

Nonetheless, while L. littorea and X. granatum were 

the two species contributing the most to carbon storage, 

C. tagal was recorded as the least, ranking between the 

two Rhizophora species. C. tagal presented the lowest 

mean height and DBH in the PMF in southern Luzon 

[26]. This species is considered a small tree reaching 2 

to 6 m tall and 5 to 10 cm DBH [17], which are parametric 

measures that are less likely to maximize its biomass 

and carbon storage capacity than other mangrove species 

are. Additionally, it was recorded as the least dense 

mangrove species (slightly ahead of L. littorea) among 

all species identified in this study, as shown in a 

community structural analysis in Banay-Banay, Davao 

Oriental [50]. These findings suggested that C. tagal 

was a limited contributor to carbon storage when assessed 

on the basis of bulk capacity alone, an observation that 

may extend to other species in its family, Rhizophoraceae, 

including R. mucronata and R. apiculata. Despite being 

the most diverse family in the study area, Rhizophoraceae 

contributed the least to the area’s total carbon stock. 

 

5) AGB comparisons among sites and mangrove species 

Initially, normality assumptions were assessed for 

each site, revealing that the data for most sites signi-

ficantly deviated from a normal distribution. Consequently, 

a nonparametric test was employed. The analysis yielded 

highly significant results, indicating substantial hetero-

geneity in mangrove AGB. The Kruskal‒Wallis H test 

was applied to compare the median AGB across all five 

sites. The p value obtained (p=0.00013) is substantially 

lower than the predetermined significance level (α=0.05). 

Therefore, there was a significant difference in the median 

AGB among the five sites. Given the significant results, 

Dunn’s post hoc test with Bonferroni correction was 

performed to identify specific pairwise differences. There 

were significant differences in the median AGB between 

Sites C, D and E and between Site B and Sites C, D 

and E. However, no significant differences were found 

between Sites A and B or between Sites C, D and E. 

These findings suggest that factors driving mangrove 

growth and biomass accumulation differ substantially 

between the “high biomass” cluster (Sites A and B) and 

the “lower biomass” cluster (Sites C, D, and E). These 

differences could be attributed to variations in environ-

mental parameters such as tidal inundation, nutrient 

influx and soil quality [57–59]. Furthermore, tree species, 

tree age, interspecific competition and human disturbances 

affect mangrove AGB [60–62]. 

Further analysis was performed to underscore the 

significant interspecific heterogeneity in AGB. Given that 

the calculated p value (0.000015) is substantially less 

than the chosen significance level (α=0.05), this indicates 

a highly significant difference in median AGB among 

the mangrove species. Post hoc analysis revealed that 

L. littorea presented a significantly greater median AGB 

than R. mucronata, R. apiculate, and C. tagal. Similarly, 

S. alba presented a greater median than did R. apiculata 

and C. tagal, and most notably, X. granatum presented 

a significantly greater median than did C. tagal. On the 

other hand, several other pairs did not show significant 
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differences at the adjusted α=0.05 level. Despite the 

smaller sample size of X. granatum, it emerged as having 

a significantly higher median than C. tagal, suggesting 

a strong inherent biomass accumulation potential for 

this species. Moreover, the absence of significant dif-

ferences in some species implies that some mangrove 

species might share similar biomass accumulation 

characteristics or respond similarly to their environment. 

 

Conclusions 

The collection sites at the Lucod Mangrove Swamp 

Forest Reserve are composed of six mangrove species, 

with Rhizophora mucronata dominating. However, the 

greater carbon contribution of Lumnitzera littorea under-

scores the necessity of considering species-specific 

carbon storage. The forest AGB and vegetation carbon 

stocks play critical roles in carbon sequestration and 

coastal protection against sea-level rise and extreme 

weather. Given the lack of zonal reforestation and uniform 

site conditions, annual monitoring of vegetation dynamics 

and carbon trends is recommended. Our nonparametric 

analysis revealed significant AGB heterogeneity across 

both sites and species, emphasizing the crucial need 

for site- and species-specific management approaches. 

Future assessments should expand beyond AGB and 

accessible areas to incorporate soil and belowground 

biomass for a more comprehensive evaluation of total 

ecosystem carbon stocks and productivity. 
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