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Abstract
The study aimed to assess the species composition, abundance, distribution, as well as
the zonation pattern of mangrove species identified as the nesting habitat of Crocodylus
porusus. A total of three transect lines and 30 quadrats were used. The mangrove area
had five true mangrove species belonging to 4 families; namely, Sonneratia alba, Avicennia
marina, Rhizophora mucronata, Rhizophora apiculata and Ceriops tagal and one associate
mangrove, Nypa fruticans. Sonneratia alba and Avicennia marina were the most abundant
in the area, and were found in seaward zone. Rhizophora apiculata and Rhizophora
mucronata were in the middle zone whereas Nypa fruticans and Ceriops tagal were found
in landward zone. In terms of ecological status, the mangrove area of Del Carmen, Siargao
Islands, Philippines can be rated as 3.0 using a rating scale of 1-no impact and 5.0- having
impact. This means that the area was disturbed. The number of mangrove saplings and
seedlings were quite low. Destructions of the habitat were observed. The cutting of trees
and the use of the area as berthing site for boats is most observed in the mangrove area.
Active community active participation on mangrove conservation and crocodile bio-physical
monitoring should be strengthened for a sustainable management of their wetland resources.
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1

Introduction

Mangrove ecosystem is highly productive
but extremely sensitive and fragile. Beside
mangroves, the ecosystem also harbors other
plant species.
Thus, this study aimed
to identify mangrove species found in Del
Carmen, Siargao Islands and the abundance
and dominance of these mangroves species.
It also aimed to assess the distribution of
mangroves based on seedling, sapling, and
tree counts and its zonation pattern.
The mangrove forest occupies several
millions of hectares of coastal areas
worldwide. They can grow only on sheltered
shores often protected by coral reefs, absent
at coastal area with strong wave action
and strong tidal currents. According to the
increase in firmness of the soil and decrease
in salinity shoreline inland, the specific plant
species of the mangrove community usually
occur in zonation based on the increase in
fanners of the soil and decrease in salinity of
*correspondence: carlos_donoso2008@yahoo.com

the shoreline inland. (Göltenboth, 1998).
On the northeastern side of the province of
Surigao del Norte lies Siargao Islands. This
Island paradise is famous for the long stretch
of sugar-fine beaches, perfect surf, vast
mangrove forest, and deep waters teeming
with a plethora of marine life. The island
dubbed also as the Surfing Capital of the
Philippines and the Crocodile Sanctuary of
the Philippines, home of the biggest crocodile
in the country where vast and preserved
mangrove forest is situated.

2
2.1

Methods
Sampling Area

The study was conducted in the mangrove
area of Del Carmen, the 9th municipality
in Siargao Islands. Substratum varied from
sandy to muddy and fishing was the main
livelihood in the municipality, supported by
the presence of mangrove forest.
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the abnormalities.
Saplings (girth < 4 cm and height > 1)
and seedlings were identified and counted per
plot. Anthropogenic impacts were rated in a
scale of 1-5 with 0 (no impact) and 5 (severe
impact).

2.3

Monitoring
of
Physico-chemical Parameters

Salinity reading was taken in each of
the 10x10 meter plot using Atago hand
refract meter while pH of the seawater
was taken using a multi- DO meter.
For the seaward zone, measurement of
Figure 1. Map of the Municipality of Del Carmen,
physico-chemical parameters was done in the
Siargao Islands showing the study area.
tidal pools and the substrate type was also
determined by visual observation.

2.2

Data Collection

Data was collected using transect line-plot
method (Siregar et al., 2016). Three transect
lines were established (transect 1= 200 m,
transect 2= 200 m, transect 3= 250 m)
from the seaward margin (where the first
mangrove species stood), at the right angle
to the edge of the mangrove. The transect
length deployed in the sites differed due to
its geographical condition. Coordinates of
the place were determined using the Global
Positioning System (GPS). Identification of
mangrove species was done using a field guide
on mangrove identification (Calumpong et
al., 1997).
Plots of 10×10 meter size were laid
at 10-meter interval along the transect.
The acceptable division was based on tidal
inundation: mid, low and high intertidal
zone. The Girth Breast Height/Diameter
Breast Height (GBH/DBH) of the stem was
measured, approximately 1.3 meters above
the ground. When the stem forks below
breast height, or sprouts from a single base
close to the ground or just above each of
the branch, it was measured as a separate
stem. When the stem forks at breast height
or slightly above the girth it was measured at
breast height or just below the swelling. For
those with prop roots, the girth 20 cm above
the root collar was measured. When the
branches have abnormalities/swellings, the
girth was measured slightly above or below

2.4

Data Analysis

Community Structure:
In each plot, all the species encountered
were recorded and diameter breast height
(DBH) of each tree was recorded and
measured using a tailor’s tape. The girth was
measured at breast height, approximately
1.3 m above the ground.

BA =

ΩDBH 2
BA
4

Where:
BA = Basal area (m2 )
Π = 3.14
DBH = Diameter Breast Height (cm)
Stand Basal Area and the number of
stems per hectare were determined using the
formula:
Stand Basal Area (m2 ha − 1) =

BA
Areaof theplot

Where:
BA = Basal area (m2 )
Area of the plot = 100 m2
No. of stems in a plot
S tems per Hectare =

BA
× 10, 000
Areaof theplot(m2 )

The important value of each component
species was computed based on density,
basal area (dominance) and probability of

30

Donoso

Journal of Science & Technology, Volume 4, 2018

occurrence throughout the plot (frequency) 3.2
using the following formula:
N o.of individualsof species

× 100
T otalno.of individual(allspecies)
F requencyof aspecies
Relative density =
× 100
F requencyof aspecies
Standbasalareaof aspecies
× 100
Relative dominance =
Standbasalareaof allthespecies
Relative density =

Where:
Density = number of individuals of each
species in a plot
Frequency = probability of finding the species
in any one plot.
Importance value = Relative density +
relative frequency +, Relative dominance.
Diversity Index
Species diversity was computed using the
Shannon Index (H’) as follows:

P
H’=− si=1 pi lnpi

Species Composition

There were 6 mangrove species recorded in Del
Carmen, Siargao Islands, belonging to 4 families
(Table 1). These include Avicennia marina,
Rhizophora apiculata, Rhizophora mucronata,
Ceriops tagal, Sonneratia alba, and Nypa
fruticans.
The most dominant species was
Sonneratia alba, which favorably grew on
sandy, rocky or muddy soils, preferring salt
water. Another mangrove species observed was
Avicennia marina with its distinct aerial roots
(pneumatophores) which allow the plants to take
in oxygen (Primavera, 2004). Nypa fruticans
of the family Arecaceae was found abundant in
the area but only in transect 3. Nypa fruticans
is widely distributed in marine and freshwater
habitats (Göltenboth, 1998). There were only
4 true mangrove species found in transect 1;
whereas 5 species were observed in transect 2;
and 4 species in transect 3 (Table 2).

3.3

Density of mangroves

The most abundant species in the area
where:
was Avicennia marina followed by Rhizophora
s = total no. of species in a site
mucronata (Table 3 and Table 1 A-C Appendix
pi = the density/i divided by the total Table 1 A-C) which could be due to the ability
density/ cover per transect
of these species to survive even high tides.
In transect 3, the most abundant was Nypa
fruticans.
The mangrove area in Brgy. San Jose, Del
3 Results and Discussion
Carmen, Siargao Islands had only 12 seedlings
and 125 saplings/m2 . Rhizophora mucronata
3.1 General Observation
had the higher number of seedlings and saplings
encountered compared to other species. It is
The mangrove forest in Del Carmen, Siargao
because the propagules of this Rhizophora species
Islands is one of the supporting components of
can be easily carried by the water current, and
the existence of fishery in the municipality. This
can survive even if they are not rooted in the
forest is located on the coastal area facing the
ground. These characteristics are due to its
Province of Dinagat Islands. The mangrove
capacity for viviparous germination. But it
ecosystem has been protected by the rocky shore
was found that only a few numbers of seedlings
of which an intertidal area was found to have
and saplings were encountered in the area. It
abundant and diverse commercially important
was mentioned before that the area was highly
invertebrates. Villagers who have access to these
disturbed especially in transect 3, making it not
ecosystems exploited the area for its resources,
suitable for the growth and development of new
both associated fauna and flora especially in the
saplings and seedlings. Saplings and seedlings
seaward zone in which the sea star Link laevigata
cannot survive because the area was also being
and seagrass Cymodocea rotundata abound.
used as berthing site for the boats of the local
During the conduct of the study, the stands
fisher folks.
of Sonneratia alba and Avicennia marina were
evident. The expanse of these stands has been
protecting the barangay from strong waves. The 3.4 Dominance
of
Mangroves
heavy impact of human activities like cutting of
in the Municipality of Del
trees and using the area as dumping site and
Carmen, Siargao Islands
berthing for boats were most observed. The
mangrove forest has a generally low reproductive Sonneratia alba was found to be the most
potential as evidenced by the low seedling and dominant based on their basal area (Figure
sapling densities.
3). The trees had bigger trunks (10 cm-122
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Table 1. List of mangrove species found in the Brgy. San Jose, Del Carmen, Siargao Island
FAMILY
Acanthaceae (Avicenniaceceae)
Rhizoporazeae

Sonnertiaceae
Arecaceae

SPECIES
Avicennia marina
Rhizophora apiculata
Rhizophora mucronata
Ceriops tagal
Sonneratia alba
Nypa fruticans

LOCAL NAME
Bungalon
Bakawan-lalaki
Bakawan-babae
Tungog
Pagatpat
Nipa

Table 2. Species distribution of mangroves found in Barangay San Jose, Del Carmen, Siargao Island
Species

Sonneratia alba
Rhizophora mucronata
Avicennia marina
Rhizophora apiculata
Nypa fruticans
Ceriops tagal
Total No. of Species: 6

T1

T2

T3

10o 09’3.38"N

10o 09’05.17"N

10o 09’07.02"N

124o 45’52.56"E 124o 45’51.26"E 124o 45’49.79"E
XXX
X
XX
XX
XX
X
X
XX
X
X
X
XXX
X
4
5
4

Table 3. No. of Mangrove trees in Brgy. San Jose, Del Carmen, Siargao Island
Species
Sonneratia alba
Rhizophora mucronata
Avicennia marina
Rhizophora apiculata
Nypa fruticans
Ceriops tagal

T1
.6
3.2
2.93
.1
0
0

T2
1
1.9
.5
.2
0
.2

T3
2
.5
1.5
0
2.1
0

Total
3.6
5.6
7.9
.2
2.1
.2

Average
1.2
1.9
2.6
.1
.7
.1

Figure 2. Average density of saplings and seedlings of mangroves in Brgy. San Jose, Del Carmen, Siargao
Islands.

cm) whereas Ceriops tagal had (8 cm- 9 cm),
which was the smallest trunk among all of the
species found in the study site. It was because
Sonneratia alba is suited to grow in a sandy
substratum so it can be seen in the seaward

zone. It also has the ability to survive in very
harsh environment. It was observed that all of
the mangrove species in the study site especially
Sonneratia alba had bigger stand basal areas
of having 56.3 m2 ha−1 . In comparison, those
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found of the Municipality of Del Carmen had
stand basal area of only 32.2 m2 ha−1 (Primavera,
2004).

3.5

Diversity

The mangrove area in Del Carmen had a
lower species diversity h’ (1.09).
It was
because Sonneratia alba dominated the entire
area especially in transect 2. Nypa fruticans
on the other hand, dominated in transect 3.
Generally, when an area has dominant species,
diversity is low.

the Nypa fruticans was found in landward zone
(Figure 4).
Nypa fruticans may occur along tidal streams
flooded by the tide, the landward zone
(Göltenboth, 1998). But in the study area, it
was only found in transect 3 (Figure 6c) because
the site has more freshwater input than the
other transect. The mangrove species was evenly
distributed but poor in terms of the number of
individuals, the density of seedlings and saplings
and the density of stems per hectares compared
to Del Carmen mangrove forest.

3.8
3.6

Importance Value

Based on the combined density, it was found
that Sonneratia alba had the highest importance
value in the entire area (Table 4). Its higher
importance value was due to its dominance.
The other species, although less dominant,
had likewise contributed greatly to the species
diversity of the mangrove forest. Odum (1971)
stated that both index of diversity behave
inversely to the index of dominance because of
the high value of both e and H. This means that
the higher the distribution of the total number of
individuals among species, the lower percentage
composition of one or more species presents in
a community as affirmed by (Tanduyan et al.,
2011).

3.7

Distribution
Pattern

and

Zonation

Zonation of the mangrove species along the
transect was plotted against the stand basal area
of the species. The study area was divided into
three ecological zones: landward zone, middle
zone and seaward zone.
Figure 5 shows the spatial distribution and
zonation pattern of the mangrove species. It was
found that Sonneratia alba, Avicennia marina
were in the seaward zone, Rhizophora mucronata,
and Rhizophora apiculata were in the middle
zone. Ceriops tagal and Nypa fruticans were in
the landward zone. However C. tagal was found
only in transect 2 while N. fruticans were found
only in transect 3.
Sonneratia alba may be one of the pioneering
species in the mangrove forest of San Jose,
Del Carmen being the most seaward species
inundated daily with the tide. Avicennia marina
a seaward species also colonized the mangrove
area.
Rhizophora apiculata and Rhizophora
mucronata also developed after Sonneratia alba
and Avicennia marina. Ceriops tagal as well

Physico-chemical parameters

The physico-chemical parameters (Table 5)
suggested a typical mangrove ecosystem.
Temperature, pH and salinity were within the
normal range.
The temperature as well as
salinity of transect 1 and 2 differed from those
transect 3 (Table 3). This was because transect
1 and 2 were highly dominated by Sonneratia
alba which has the ability to grow bigger and
can tolerate wide fluctuations in salinity and
often grow on an exposed, soft but stable mud
bank. Since transect 3 was highly exposed to
sunlight, only few mangrove species survived the
anthropogenic disturbances in the area.
Generally, 20o C temperature, pH lower than
7.0 and salinity below 40 g L-1 are suitable for the
growth of mangroves in the tropics. Mangroves
are salt tolerant, and can adapt and survive in
any harsh environment where other plants cannot
survive. Calumpong, et al. (1997) stated that the
favorable salinity of seawater is within range of
minimum 25 g L-1 and maximum of 40 g L-1 with
an average of 33 g L-1. The seawater temperature
of the study area ranged from 32.2o C to 33o C
during low tide.

3.9

Anthropogenic Impact

The mangrove area in Del Carmen, Siargao
Islands has received heavy disturbances. The
area serves as berthing site for fishing boats and
dumping site for solid waste. It was found in the
study that the area, especially transect 3, had
low seedling and sapling density and number of
stems per hectares (Table 3). Because of this, the
ecological status of the area can be rated as 3.0
using in a scale of 0-5 where 0 means no impact
and 5.0 had heavy or severe impact.

3.10

Findings

The mangrove flora in the area was composed
of 6 species belonging to 4 families namely:
Sonneratia alba, Avicennia marina, Rhizophora
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Figure 3. Stand basal area (m2 ha−1 ) of mangroves in Del Carmen, Siargao Island.
Table 4. Relative Values and Importance Value of Mangrove species in Del Carmen, Siargao Islands
Rde
Rdo
Importance
(%)(%)
Sonneratia alba
27.5
17.9
68.42
113.8
Rhizophora mucronata
27.5
28.3
7.85
63.5
Avicennia marina
38.5
41.8
21.6
101.9
Rhizophora apiculata
3.3
1.4
2.06
6.76
Nypa fruticans
1.6
10.4
12
Ceriops tagal
1.6
0.9
0.9
1.99
Total
100
100
100
299.45
*Rfr = Relative Frequency Rdo = Relative Dominance
Rde = Relative Density
Species Value

Rfr(%)

Figure 4. Spatial distribution of mangroves in Del Carmen, Siargao Islands (Transect 1)
mucronata, Rhizophora apiculata, Ceriops tagal,
and Nypa fruticans. Five species were true
mangrove species and one Nypa fruticans, was
an associated species. Sonneratia alba was the
most dominant species while Avicennia marina
was the most abundant species. Physico-chemical

parameters such as pH (6.5), salinity (35 g L-1),
and temperature (30o C) were found to be within
the normal range.
In terms of ecological status, the mangrove
area could be given a rating of 3.0 using the
scale of 0-5 with 0 no impact and 5.0 severe
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Figure 5. Spatial distribution of mangrove species in Del Carmen, Siargao Islands (Transect 2)

Figure 6. Spatial distribution of mangroves in Del Carmen, Siargao Islands (Transect 3)
Table 5. Physico-chemical conditions in Brgy. San Jose, Del Carmen Siargao Island
Transect
1
2
3

Temperature(o C)
29.3
29.5
32.3

impact. The area was quiet poor in mangrove
composition and low number of saplings and
seedlings. Sonneratia alba and Avicennia marina
were found in seaward zone, Rhizophora apiculata
and Rhizophora mucronata, in the middle zone
Ceriops tagal and Nypa fruticans were in the
landward zone.

4

PH
6.51
6.55
6.63

Salinity (g L-1)
35
35
36

Conclusion

The mangrove area of Del Carmen, Siargao
Islands, had 5 true mangrove species and 1
associated species, Nypa fruticans. Sonneratia
alba dominated almost the entire area followed by
Rhizophora mucronata. The mangrove ecosystem
The results showed that the mangrove is very important to the residents because the
ecosystem in Del Carmen, Siargao Islands was mangrove trees serve as a barrier to strong
a disturbed forest. Massive destruction brought waves. Although the mangrove area was heavily
about by human activities occurred in the area. disturbed, the fishermen are still dependent on
These include the cutting of trees for firewood, the forest for their livelihood. The disturbances
and use of the area as the berthing site for fishing of the ecosystem are sending an important
boats.
warning to the government officials and the
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villagers that they should exert more efforts to
protect and preserve their mangrove ecosystem.

5

Recommendations

It is recommended that implementation of laws
on preservation and protection of the mangrove
forest be done in the area. A regular seminar
on marine ecosystems and habitats should be
observed. Active community participation in
mangrove conservation and crocodile bio-physical
monitoring be strengthened for sustainable
management of their wetland resources.

6
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