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Abstract
Mangrove ecosystems are known for being the rainforest of the sea. Philippines is bestowed with this naturally
rich mangrove ecosystem with diverse floral and faunal species. Despite this natural abundance, mangrove
ecosystems are subjected to natural and human induced degradations specifically conversion to fish shrimp
ponds that resulted in diminution aside from its effect on terrestrial and oceanic carbon cycling and could also
affect its important role in terms of terrestrial and oceanic carbon cycling. This study is conducted to determine
the mangrove diversity, distribution and the above-ground biomass and C-stocks in Glan and Malapatan,
Sarangani Province. Purposive sampling is implemented in establishing the plots on both sites. Results show
eight (8) mangrove species belonging to four (4) families are observed in both areas. Data also reveal that the
mangrove ecosystem in Glan Padidu, Glan is undisturbed. Rhizophora apiculata and Sonneratia alba are found
to be dominant on the two sites. Because of the large tree girths and high density of species observed on the
studied areas, both forests have the potential to sequester and store large amount of atmospheric carbon. Thus,
this study quantifies mangrove tree biomass in view of carbon trading as significant in lessening the effects of
global warming.
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Introduction

and soil through litter fall. It significantly helps in

Mangrove forest is also known as the “rainforest of

concentrating carbon dioxide in the atmosphere.

the sea”. It grows well on mudflats and banks of

Although carbon sequestration has been assessed

tropical and subtropical rivers and coastlines, existing

frequently in terrestrial ecosystems, the carbon stocks

at the boundary of land and water and receiving

in mangrove forests have often been disregarded

nutrients from both environments (Ramos, 2013).

especially here in the Philippines (Abino et al., 2014).

Mangroves are salt tolerant trees (halophytes)

Philippines is bestowed with naturally rich mangrove

because they contain a complex salt filtration system

ecosystem with diverse floral and faunal species. The

and complex root system to cope with salt water

Philippines alone hold 37 mangrove species out of

immersion and wave action. They are also anoxic,

estimated 73 species recognized throughout the world

adapted to the low oxygen conditions of waterlogged

(Ramos, 2013). The province of Sarangani is one of

mud.

the places in the Philippines observed with coastal

They

have

morphological,

these

biological,

highly

developed

ecological

and

resources including mangrove community.

Using

physiological adaptations to extreme conditions that

combined data of municipal profiles and Provincial

no other group of plants would possess (Kathiresan et

Environment and Natural Resources Office (PENRO),

al., 2001).

the mangrove forestlands were estimated at 267.6 ha
(De Jesus et al., 2001).

Mangroves are distributed circumtropically. They are
confined in saline coastal sediment habitats in the

Despite this natural abundance, mangroves are

tropics and

subjected

subtropics

mainly

between

to

natural

and

human-induced

latitudes 30° N and 30° S (Ramos, 2013). Within this

degradations specifically conversion to fish and

range, temperature, moisture and large currents

shrimp ponds that resulted to diminution (Abino et

strongly affect their distribution (Kathiresan et al.,

al., 2014). Therefore, this study aims to assess species

2001). Rainfall also influences mangrove distribution,

diversity as well as to estimate above-ground

largely by its effect on salinity (Ramos, 2013). Human

biomass, and C-stocks in one of the coastal zones in

intervention,

Philippine archipelago.

too,

plays

a

role

on

mangrove

distribution.
Materials and methods
Mangroves have massive ecological value (Kathiresan

Study area

et al., 2001). They unveil protection for coastal

This study was carried out in Sarangani Province

erosion, securing coastal communities from storm

located in southeastern Mindanao, geographically lies

surges, waves, tides and currents. Above and beyond,

between

it exhibits facility of protected nursery area for marine

125°16'51.154"-125°12’24.297"E

life and support for fisheries production and

researchers identified two areas as the study sites in

aquaculture and functions as recreational grounds for

the municipalities of Malapatan and Glan. The precise

wildlife enthusiasts. Moreover, mangrove forests

locations of each plot (Fig. 2) were determined

provide important ecosystem services, and play

through the Global Positioning System (GPS).

05°56'24.255"-

05°

50’24.204"N

and

(Fig.

The

1).

important roles in terrestrial and oceanic carbon
cycling (Liu et al., 2013).

Data collection
A total of 32 plots were established to determine the

Because climate change is progressively and globally

species composition and the structure of the area.

concerned, the potential of the mangrove forestry to

Sixteen (16) plots were done in Glan Padidu, Glan

stock carbon is recently highlighted. This ecosystem is

Sarangani

made up of carbon-based life forms in plant biomass

Malapatan, Sarangani Province. The plots were
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and

another

16

plots
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randomly selected covering the different zones

terms of multiple branches aligning the breast height,

including the landward, middle ward and seaward

with the exception of family Rhizophoraceae, the

mangroves. The plot dimension of 10 m × 10 m

measure of the girth size of one branch will be added

constitutes the main plot, wherein mangroves within

to another branch to come up with a measurement.

the plot were measured and named. Purposive

Species located inside the sampling quadrates were

sampling was implemented in establishing the plots

only considered for species inventory (Jumawan et

where mangroves are sufficient. Inside each plot,

al., 2015).

girth size was measured from its breast height. In

Fig. 1. (A) Map of the Philippines, showing Malapatan and Glan, Sarangani Province in Mindanao area, (B and
C) Map showing the locations of the sampling sites in Malapatan and Glan, Sarangani Province respectively.
Species inventory

Biodiversity measurements

Mangrove species inside the plots were determined

Biodiversity index is the list of all the species found

and measured for further data analyses. Species and

within the area of interest and consists of Dominance,

some associated mangroves located outside the plot

Shannon, Evenness, Species Richness and Number of

but can be found in the area were also recorded.

individuals.

Reliable identification guides were used to identify

Software was used in measuring biodiversity indices.

mangrove

Species diversity is described according to the

species

(Primavera

et

al.,

2008;

Calumpong, 2007).

Paleontological

Statistics

(PAST)

Shannon Index (H) as per the following equation:

Identifying saplings and seedlings
Saplings are identified as young trees with girths of

In the formula given above, S is the total number of

less than 10 cm and a height of at least 1.3 cm.

species, N is the total number of individuals, and ni is

Seedlings are young plants with a height of less than

the number of individuals of the i-th species. ni/N is

1.3 m and are not branching. Saplings and seedlings

equivalent to pi, the probability of finding the i-th

present inside the plot were counted, measured, and

species (Magurran, 2004).

identified.
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Data analysis

Vegetation analysis provides a comprehensive species

Mangrove forests are complex ecosystems that can be

list, definition of plant communities and the

found along intertidal zones and play a very

identification of successional processes (Steinfield et

significant

al., 2007).

role

in

marine

ecological

balance.

Fig. 2. Sampling plots in Malapatan and Glan, Sarangani Province, Mindanao Island, Philippines.
These are the formulas used for the analysis:

community was obtained by adding the percentage

Population Density = Number of Individuals/Total

values of relative frequency (RF), relative dominance

area sampled.

(RDom) and relative density (Abino et al., 2014).

Frequency = Number of plots in which a species

Carbon stored in mangroves ecosystem is measured

occurs/Total number of plots sampled.

through the carbon present in the biomass.

Dominance = Total of basal area of each tree of a

Assessment of above ground biomass were calculated

species from all plots/Total area of all measured plots

using the allometric equation for mangroves, where

Relative Density = (Number of individuals of a

only parameters of diameter and wood density were

species/Total number of individuals of all species) ×

used. The maximum diameter of trees included in the

100.

derivation of this equation was 49 cm with a total
number of 104 trees (Abino et al., 2014). Its

Relative Dominance = (Total basal area of a

coefficient of determination (R2) is 0.98 which is,

species/Basal area of all species) × 100.

comparably reliable with allometric equations derived
for natural stands (Chave et al., 2005; Hossain et al.,

Relative Frequency = (Frequency of species/Total

2008; Kauffman and Cole, 2010). It was developed by

frequency of all species in different plots) × 100.

Komiyama et al. (2005) for Southeast Asian
mangroves. The following general equation was used:

Importance Value = Relative Density + Relative
Frequency + Relative Dominance solve.
were B stands for above-ground biomass (kg), ρ is
The importance value index (IVI) which indicates the
structural

importance

of

each

species

in

the

the wood density of the species (g/cm3), and D is the
diameter at breast height or dbh (cm) . The total
above-ground
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species per plot in both sites was solved. The values

carbon concentrations of dominant mangrove species

unraveled per plot were summed for all plots in each

available on both sites.

site and averaged to get the mean biomass which was
then converted to tons per hectare (Abino et al.,

Results and discussion

2014). Carbon pools of aboveground biomass were

Species inventory

then determined by multiplying the biomass carbon

A total of ten (10) mangrove species belonging to five

concentration

carbon

(5) families were observed in both sites during the

concentration of wood is usually a little less than 50%,

sampling period. Eight (8) species were observed in

it is also common practice to convert biomass to

all plots established namely: Avicennia marina, A.

carbon by multiplying by 0.46–0.5 (Kauffman and

rumphiana, Bruguiera gymnorrhiza, B. sexangula,

Donato, 2012). In this case, an average of 47% was

Ceriops tagal, Rhizophora apiculata, R. mucronata

used to estimate carbon stock as based on published

and Sonneratia alba (Table 1).

(percentage).

Since

the

Table 1. List of mangrove species observed inside the plots of each sites.
Species

Family

Common name

Avicennia marina

Avicenniaceae

Bungalon, apiapi, miapi

Avicennina rumphiana

Avicenniaceae

Bungalon, apiapi, miapi

Bruguiera gymnorrhiza

Rhizophoraceae

Pototan, busain

Bruguiera sexangula

Rhizophoraceae

Pototan

Sonneratia alba

Lythraceae

Pagatpat

Ceriops tagal

Rhizophoraceae

Tungog, tangal

Rhizophora apiculata

Rhizphoraceae

Bakhaw lalaki

Rhizophora mucronata

Rhizophoraceae

Bakhaw babae

Nypa fruticans and Terminalia catappa were

along the coastal municipalities of Sarangani Bay

associated mangrove species found outside the plots

based on the previous studies conducted by Mullet et

(Tables 1 and 2). Family Rhizophoraceae got the

al, (2014) and Natividad et al, (2015) on vegetation

highest number of extant species with 5 mangrove

analyses,

species. The recorded mangroves normally thrive

structures in the area.

soil

characteristics

and

community

Table 2. List of associative mangrove species observed outside the plots of each sites.
Species

Family

Common name

Nypa fruticans

Arecaceae

Nipa, sasa

Terminalia Catappa

Combretaceae

Talisay

Only six (6) true mangrove species were found in

number of recorded species which caused the

Malapatan together with the other two associated

difference in the species.

mangroves. This number is quite lower compared to
the previous study conducted in 2015 by Mullet et al

Moreover, the mangroves found in Malapatan were

where they listed 7 species. Xylocarpus granatum

less copious having a total of 275 individuals

and B. cylindrica were not found during the sampling

observed. S. alba dominated the mangrove forest in

time however, three (3) new records were included

the area with 122 individuals followed by R. apiculata

namely A. rumphiana, C. tagal and R. mucronata.

and R. mucronata with 122 and 28 individuals,

The establishment of plots could have affected the

respectively (Table 3). It was also noted that the
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vegetation in the area was not as dense compared to

2015). The mangrove forests in this municipality is

the other site due to its close proximity to the

also

residential areas. The mangrove cover in the area is

disturbances are evident which conclude the limited

only 53 hectares and is primarily composed of

number of mangrove species observed.

frequently

flooded

and

other

man-made

secondary and primary growth trees (Mullet et al.,
Table 3. Species Composition and abundance of Mangrove species in Glan and Malapatan.
Species

Glan

Malapatan

Total

Avicennia marina

22

21

43

Avicennia rumphiana

24

1

24

Bruguiera gymnorrhiza

1

0

1

Bruguiera sexangula

6

0

6

Sonneratia alba

45

122

164

Ceriops tagal

2

1

3

Rhizophora apiculata

299

102

401

Rhizophora mucronata

0

28

28

Total Number of Species found

399

275

674

On the other hand, seven (7) true mangrove species

Malapatan were also found in the site. R. mucronata

were listed in Glan (Table 3). B. gymnorrhiza and B.

was also found in the area however, the number of

sexangula were present in the area and were not

individuals were not counted because this species was

found in the other site. The other species recorded in

found outside the established plots.

Table 4. Mangrove seedlings and saplings observed in Glan, Sarangani Province.
Mangrove Species

Seedlings

Saplings

Total

A. marina

7

2

9

A. rumphiana

16

0

16

B. sexangula

0

1

1

R. apiculata

18

112

130

S. alba

23

6

24

There were a total of 399 individuals observed in the

rehabilitation is done in the area and the locals are

area dominated by R. apiculata with a count of 299

well-informed of the importance of the mangal

individuals (Table 3). Mangroves found in Glan were

community within the vicinity.

of high abundance due to the absence of man-made
activities thus having vast number of mangroves

Regeneration of saplings and seedlings

observed in each plot. Some plots however contained

A total of 6 species regenerated on both sites

fewer individuals but it can be explained by the huge

including A. marina, A. rumphiana, B. sexangula, R.

diameter at breast height of some of the species. The

apiculata, R. mucronata and S. alba (Tables 4 and 5).

mangrove forest in the site is primarily composed of

Regeneration in Glan was relatively higher with a

primary, secondary and tertiary growth trees from

total of 185 individuals of which 64 are seedlings and

seaward to landward due to its undisturbed nature

121 are saplings. This was dominated by R. apiculata

that means it is not influenced by man-made

which had the highest regeneration count of 130

activities as compared to the other site. Also,

individuals. Meanwhile, Malapatan seedlings and
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saplings were lower in number with only 85

from R. apiculata and S. alba. The presence of

individuals from three species namely R. apiculata,

regeneration indicates that the both mangrove forests

R. mucronata and S. alba. Of the total count, 49 were

are thriving despite the relatively low counts.

seedlings while 36 were saplings the seedlings mainly
Table 5. Mangrove Seedlings and saplings observed in Malapatan, Sarangani Province.
Mangrove Species

Seedlings

Saplings

Total

R. apiculata

42

12

54

R. murcronata

5

3

8

S.alba

2

21

23

49

36

85

Biodiversity measurements

(0.925631) which concludes that the mangroves

Table 6 shows the results on the biodiversity indices

found in the said area has been influenced by man-

in both of the mangrove forests. The mangroves in

made activities that also resulted in the distribution of

Glan were found to be higher in terms of species

mangroves were uniform throughout the area. Data

richness (2.4375), no. of individuals (23.5625) and

findings showed that the results in Malapatan were

dominance (0.678113) which concludes that the

quite different with the former study by Mullet et al

mangroves found in the said area is undisturbed and

(2015). However, the difference must be verified

is growing naturally. On the other hand, the

further to have definite assumptions regarding

mangroves found in Malapatan were found to be

biodiversity measurements on the area.

higher in terms of Shannon (0.780331) and evenness
Table 6. Biodiversity Indices of Mangrove Species found in Glan and Malapatan.
Biodiversity Indices
Species Richness
No. of individuals
Evenness
Shannon
Dominance

Glan
2.25
23.5625
0.0810881
0.522669
0.678113

Malapatan
2.4375
16.4375
0.925631
0.780331
0.492769

Table 7. Vegetation Analysis of Mangroves on Glan Padidu, Glan, Sarangani Province
Species
R.apiculata
S.alba
A.marina
A.rumphiana
B.sexangula
C.tagal
B.gymnorrhiza

RPD(%)
74.27
11.14
5.84
6.37
1.59
0.53
0.27

RF(%)
41.67
36.11
11.11
2.78
2.78
2.78
2.78

RDOM(%)
4.38
4.30
0.64
0.35
0.03
0.08
0.23

SIV Ranking
1
2
3
4
5
6
7

Vegetation analysis

74.27%, 41.67% and 4.38%, respectively. This is then

The vegetation analysis of mangroves in Glan as

followed by S. alba with RPD, RF and RDOM values

shown in Table 7 revealed that the species R.

of 11.14%, 36.11% and 4.30%, respectively. R.

apiculata ranked highest in terms of Relative

apiculata was present in high abundance in the site

Population Density (RPD), Relative Frequency (RF)

and dominated the entire mangrove forest.

and Relative Dominance (RDOM) with values of
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Table 8. Vegetation Analysis of Mangroves on Malapatan, Sarangani Province.
Species

RPD(%)

RF(%)

RDOM(%)

SIV Ranking

S.alba

46.39

40

81.24

1

R.apiculata

35.36

40

13

2

R.mucronata

9.89

10

0.78

3

A.marina

7.89

7.59

4.87

4

C.tagal

0.38

2.50

0.11

5

Consequently, results on the vegetation analysis of
mangroves in Malapatan coincides with the former

Above-ground biomass and carbon stock analysis

study especially on the species with high values. S.

The above-ground biomass of the mangrove trees was

alba had an RPD value of 46.39%, RF value of 40%

determined

and RDOM value of 81% (Table 8). This species were

between biomass of the trees and the readily

found in high numbers with sizes (based on the dbh

measured main stem diameter. Main stem diameter

measurements) relatively bigger than the other

was expressed as the diameter at 1.37 m above the

species. On the other hand, C. tagal obtained the

ground (dbh), or in the case of Rhizophora, the

lowest values having RPD, RF and RDOM values of

diameter above the highest stilt root (Kauffman and

0.38%, 2.50% and 0.11%, respectively as marked by

Donato, 2012).

through

establishing

relationship

its less abundance in the area (Table 8).

Fig 4. Bar chart showing the results of Carbon Stocks in (A) Glan Padidu, (B) Malapatan, Sarangani Province.
On the stand level, the mangrove forest of Glan has an

carbon stock of 172.35 t C ha- extending from 1.92 t C

average above-ground biomass of 901.17 t ha- ranging

ha- to 613.83 t C ha- based on the carbon

from 194.07 t ha- to 4567.93 t ha- while Malapatan

concentration used. These carbon density values have

mangal has a total biomass of 366.70 t

covering

carbon dioxide equivalents that were sequestered and

from 4.08 t ha- to 1306.02 t ha-. The total carbon pool

stored in the above-ground biomass. In detail, the

on the first site varied from 91.21 t C ha- to as high as

above-ground biomass in Glan with its total carbon

2146.93 t C

ha-

ha-

with a mean value of 423.55 t C

ha-.

The second site on the other hand has an average

pool is equivalent to 1554.43 t CO2 ha- reaching from
334.75 t.
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