


annual global CO2 emission and far exceeds the mean carbon stock (C-stock) in tropical upland,
temperate, and boreal forests. (Kauffman & Donato as cited by Abino et al., 2014).

Mangrove ecosystems also offer coastal protectiori through wave attenuation and erosion prevention
(Gedan et al., 2011); but they gained more prominence in the aftermath of the

December 2004 Indian Ocean tsunami (Danielsen et al., 2005; Kathiresan & Rajendran, 2005; Alongi,
2008), the November 2013 typhoon Haiyan that hit the Philippines (Gross, 2014), and other recent
destructive cyclones and hurricanes (Tibbetts, 2006; Williams et al., 2007; Das & Vincent, 2009). These
systems also regulate water quality, serve as critical habitats for many fish and sheilfish species, provide
wood and other products to local populations, and host a diverse array of rare and endangered species
(Barbier et al., 2011).

Despite their benefits and services, this ecosystem is one of the most threatened ecosystems on earth,
with an estimated 340,000 to 980,000 hectares being destroyed each year (Murray et al., 2011). Although
their historical extent is difficult to determine due to dramatic losses which occurred before accurate
mapping was possible, statistics showed that an estimated 67% of the historical global mangrove range,
35% of tidal salt marshes, and 29% of sea grasses have been lost. If these trends continue at current
rates, a further 30-40% of tidal marshes and sea grasses and nearly all unprotected mangroves could be
lost in the next 100 years (Pendleton et al., 2012).

Meanwhile, the continuous decline of mangrove forest is also true in the Philippines. Based on the early
estimates, our mangrove forest was recorded to be around 400,000-500,000 ha-1. Recent estﬁnates,
however, revealed that this has tremendously been trimmed down to 153,577 hal, which suggests a huge
loss in biodiversity and biomass (Forest Management Bureau as cited by Gevana & Pampolina, 2009).
Notably, Lasco and Pulhin as cited by Abino et al. (2014) reported that the estimated mean biomass of
mangrove forests in the country is around 409 t ha-1 with a corresponding stored carbon of 184 t C ha-1.

A different case may hold for the Katunggan it Ibajay (KII) Eco Park in the town of Ibajay in Aklan,
Philippines, home to one of the most diverse mangrove forests in the country. It is a 44.22 ha-1 protected
park which boasts a total of 28 true mangrove species or 80% out of the total 35 Philippine mangrove
species (Primavera, 2004). The forest is also home to some species of birds and other wildlife like mud
lobsters, fiddler crabs, mudskippers and other fauna. Recent studies have been conducted in the area,
including the identification of mollusk species, tree species, behaviors and activities of fiddler crabs.
However, a study regarding the species diversity and carbon sequestration potential of the mangrove
species in KII need to be studied and underscored. 3

The present study, then, set out to evaluate the diversity of the mangrove species in the area and its
carbon sequestration potential. Particularly, it aimed to determine where the population structure of a
dense cluster of naturally-grown mangrove stands are located. The study also wanted to quantify the
amount of carbon stored in the soil and its carbon dioxide equivalent while considering the vital role of
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Bulk density was determined by choosing an undisturbed spot near the plot, removing debris from the
surface and carefully driving into the upper 5-cm layer of the soil metal cylinders of known volume
(100cm3). Three (3) samples were collected in each plot. The extracted sediment cores were carefully
placed in labeled plastic bags and immediately sealed for later processing in the laboratory. The
undisturbed cores were immediately weighed, recorded and oven-dried at 1050C for two days. The dry

weights were recorded. Bulk density values were computed using the formula:

o\ bmmbryieght
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The carbon density for each sampling plots were obtained using the two methods of calculation (Donovan,
2013):

(3)CT=CFxDxV

where CT is total carbon for the layer in metric tons, CF is the fraction of carbon (percentage carbon
divided by 100), D is density, and V is the volume of the soil layer in cubic meters. Another shortcut
equation giving tons of carbon per hectare is:

(4) T=Thcm x D x C (%)

where T is tons of carbon per hectare, Thcm is the thickness of the sampled layer in centimeters, D is
density, and C (%) is the percentage of carbon.

Further, results obtained from carbon density calculation were then converted to the total carbon dioxide
equivalent expressed in tons per hectare (tons ha-1) to quantify the amount of carbon that would be
released into the atmosphere if this ecosystem were left unprotected. This was obtained based on the
conversion equivalent suggested by Donovan (2013) where tons of Carbon will be multiplied by 3.67 to
get tons of Carbon dioxide (CO2). Total C storage was estimated by getting the sum of the soil C stocks.

Results and Discussion

A. Population Structure and Diversity

Table 2a summarizes the structure & compaosition of species recorded in the study. It can be gleaned that
Plot 5 has the most abundant number of mangrove individuals dominated by species of C. tagal, C.
decandra, and C. philippinensis. It has been recorded with a total of 8,053 (38.76%) individuals resolved
into 7,303 seedlings, 287 saplings, and 463 matured mangrove trees. Plot 2 had the least in count with a
total of 822 (3.96%) with 532 seedlings, 184 saplings, and 106 mangrove trees.

Generally, all the plots had a very low diversity index values following a decreasing trend: Plot 2 > Plot 3
> Plot 4 > Plot 5 > Plot 1 (Figure 5). Plot 1 had the lowest index value (H’= 0.840) with only four (4)
identified species lower compared to Plots 4 (H'=0.947) and 5 (H’=0.896) even with only three (3) species
recorded. The result may be attributed to the number of seedlings present in these plots comparable to

76







Table 2b. Species diversity of each mangrove species

Family Species* N Percent (%) o

Avicenniaceae A. alba 767 3.69 -0.122
A. officinalis 764 3.68 -0.121

A. rumphiana 114 0.55 0.029

Acanthaceae A. ilficifolius 1 0.005 -0.000
Rhizophoraceae C. decandra 7,444 3584 -0.368
C. taga/ 1,032 497 -0.149

C. philippinensis 6,376 30.70 40.363

N. fruticans 1474 7.10 -0.188

8. gymnorrhiza 1,282 6.17 -0.172

B, paifiora 27 0.13 -0.009

R. mucronata 364 1.75 -0.071

R. stylosa 56 0.27 -0.016

Sonneratiacesae S alba 1,071 5.16 -0.153
TOTAL 20,772 100.00 1.760
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Figure 4. Total abundance of mangrove
species

B. Soil Physicochemical Properties

Figure 5. Diversity indices in all sampling
plots

The physicochemical properties of the soil in Katunggan It Ibajay Eco Park were presented in

Figure 6. The soils of the area were slightly acidic with an average pH value of 6.09. Among
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species found in this plot.

On the other hand, Plots 3 and 4 had Carbon concentrations of 1.65% and 1.99%,
respectively. This result may be attributed with the abundance of C. philippinensis that thrive
on this plot. Meanwhile, plot 2 dominated mostly by Rhizophora mucronata (Bakhaw babae)
had 1.21% organic carbon concentrated in the soil, While, plot 1 had the lowest organic
Carbon concentration of 0.94% relative to the growth and abundance of Nypa fructicans
(Nipa) and Bruguiera gymnarrhiza (Pototan) species.

Generally, the mean organic Carbon concentration of the area was 1.59% which was
considered significant as to the amount of organic matter content of the soil in the area.
Whereas, it was affirmed in the study of several researches (Perie & Ouimet, 2008; Hossain et
al.,, 2012, Gevana & Pampolina, 2009) that soil OM contains about 58% of Organic Carbon;
hence, providing enough nutrients to the growth of mangrove trees.

Consequently, it can be noted that the computed carbon density and carbon dioxide
equivalents varied closely in each sampling plot following the sequence: Plot 4 > Plot 5 > Plot
3 > Plot 2 > Plot 1 (Figure 7a-b). The highest carbon stored in the soil was found in Plot 4
amounting to 96.71 tons/ha-1 or equivalent to 354.94 tons CO2e/ha-1 among others. This
was particularly affected by the amount of bulk density of the soil in this plot which was
higher than Plot 5. Comparably, the amount of carbon stored in Plots 3 and 5 were found
nearly similar amounting to 90.72% tons/ha-1 (332. 94 tons CO2e/ha-1) and 90.09 tons
C/ha- (330.63 tons CO2e/ha-1), respectively. Hence, the computed result was basically
affected by the amount of their bulk densities and concentration of soil carbon.

However, Plot 2 dominated largely by Rhizophora spp. found to have contributed on the
sequestration of carbon in the aboveground layer of the soil to about 76.96 tons C/ha-1
(282.43 tons CO2e/ha-1); while, Plot 1 roughly dominated by Nipa palms (Nypa fructicans)
had the lowest stored carbon at a rate of 56.12 tons C/ha-1 (205.95 tons CO2e/ha-1).

Overall, the carbon density values obtained in the present study summed up to 410.60 tons
C/ha-1 (1,506.89 tons CO2e/ha-1) equivalent to 410.60 Mg C/ha-1 carbon stock, Despite
the limitations of the present study and difficulty in comparing soil organic carbon pool of

the mangrove ecosystem due to natural variations as well as sampling methodologies, the

estimated mean carbon stock was 82.12 tons C/ha-1. The total C-stock of this study was

found higher than the findings of Gevana and Pampolina (2009) which estimated the

aboveground layer of mangrove forest in Verde Passage, San Juan Batangas at around

103.50 tons C/ha-1. Likewise, it is worth comparing to the studies undertaken by Abinoc et

al. (2014) in Bahile mangrove forest in Palawan which is closely estimated to 529.9 tons
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Figure 7a. CO; equivalent in Kaiunggan It Ibajay Eco Park

Conclusion

Mangroves play a significant role in sequestering carbon and reducing greenhouse gasses. It can be
concluded from the review that mangroves are an important sink for CO2. Despite the very low diversity
index recorded from this natural mangrove forest, which covers 44.22 hectares, the researcher notes its
potential to sequester and store a substantial quantity of 34.22 tons C/ha-1 per year and an estimated
amount of 125.59 tons CO2e/ha-1 per year. Taking into account the amount of CO2 equivalent, this
much aboveground carbon stock amounting to 1,506.89 tons/ha-1 was a significant amount which must
be managed well. It means that if this mangrove forest would be exposed to deforestation or any other
anthropogenic (human) activities, the area can release this much CO2 back into the atmosphere,
increasing the already high level of atmospheric Greenhouse Gases (GHGs) and eventually aggravate and
worsen the impact of climate change. ’

Therefore, the renowned array of ecosystem services and ecological functions that people may benefit
from these intertidal forests can lead to notable strategies for climate change mitigation in an attempt to
balance the conservation of mangrove ecosystems and sustainable livelihood for coastal inhabitants
(Abino et al., 2014). It is also vital to explore activities/strategies eligible under Verified Carbon Standard
(VCS) such as Reducing Emissions from Deforestation and forest Degradation (REDD+), Reforestation
and Revegetation Activities (ARR), Wetlands Restoration or Conservation (WRC), or combinations of
these, to provide maximum flexibility and at the same time protect the benefits from these ecosystems.
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