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Abstract: The increasing of greenhouse gases as a result of various human activities that can cause global warming become one of the
issues in the world today. The increasing of greenhouse gases causing global warming has a direct impact on climate change and sea
level rise. Mangrove ecosystems that are widely available in coastal areas have a very effective ability to reduce the concentration of
carbon dioxide (CO?) in nature. The objective of study is to determine the potential of carbon stored in mangrove stands in the Tapak
Area, Semarang City at Central Java Province, Indonesia. The method used is non-destructive test with allometric equations in
mangrove stands and survey. Data collection was done by purposive sampling. The results showed that there were 3 types of mangroves
in Dukuh Tapak, namely Rhizophora mucronata, Avicennia marina, and Rhizophora apiculata. Mangrove in Dukuh Tapak has a

biomass content of 503.87 tons / ha equivalent to 231.78 tons C / ha with a total of 469 trees.
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1. Introduction

The coastal area has a strategic meaning because it is an
interface area between terrestrial and marine ecosystems
(Ward et al., 2020), and has very rich potential for natural
resources and environmental services (Susantoro et al.,
2019). In this shallow sea area, there are several productive
marine ecosystems such as mangroves, estuaries, coral reefs
and seagrass beds (Kathiresan, 2011).

Mangrove forests are found in almost all islands in Indonesia
in 30 provinces (Daulat et al, 2018). Mangrove forests are a
form of ecosystem that plays an important role in the coastal
areas of Indonesia (Malik et al., 2019) which are scattered in
several provinces in various archipelagic groups (Miron,
2018). The uniqueness of the mangrove ecosystem in Indo-
nesia is that it has the highest species diversity in the world.

Mangrove ecosystems play an important role in global miti-
gation efforts by reducing CO? concentrations (Kibria,
2013). According to (lksan, 2019) the value of carbon con-
tained in mangrove vegetation is the potential for mangroves
to store carbon in the form of biomass. Calculation of carbon
stock in a mangrove ecosystem can be used to see the ability
of the mangrove ecosystem to absorb gases that can be oper-
ated globally (Putra, 2019).

Some Efforts being made to control the concentration of car-
bon in the atmosphere can be used to reduce the amount of
CO? in the atmosphere (Jaikishun, 2017), especialy in the
Northen region of Java.

The character of the Northern region of Java is a major area
in the development of industrial areas and is the main area of
land transportation routes on the island of Java (Handayani et
al., 2020). High population density and industrial activities
can have an impact on increasing the use of natural resources
and the volume of waste (Pimentel, 2015; Ray, 2011). All of
these activities have an impact on coastal areas which can
affect the environmental quality of coastal areas, especially
in decreasing the quality of coastal ecosystems (Visbeck,
2013).

Ecological damage to the utilization of mangrove forests in
coastal areas that is not managed properly will reduce the
function of the mangrove forests which will have a negative
impact on the potential and function of other forest ecosys-
tems as habitat (Rudianto et al., 2020). Whereas mangroves
can absorb and store large amounts of organic carbon in se-
diments and biomass of plants, trees and leaves which makes
them an important natural 67 carbon sink (Putra, 2019).

Research on carbon in mangroves in Tapak, Semarang City
is important to pay attention to all mangrove areas that are
capable of carbon from the air. These results can support
sustainable and sustainable conservation area management
activities in their management with global impact.

2. Material and Method
2.1 Research Location

The research was conducted in March 2 - May 15, 2020 at
Mangove Tapak Tugurejo Village, Semarang City Province
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of Central Java. The boat lift net size used in this research is
6 GT. Location of the research presented in Figure 1.
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Figure 1: Research location
2.2 Tools and Material

The tools used in this research are GPS used to determine the
coordinate point, camera used to record activities during
research, stationery used to record the results of the inter-
view, transect rope used to transect boundary, roll meter used
to measure distances between transects, plots rope used to
define mangrove boundaries that will be identified in the
form of seedlings, saplings and trees, cloth meter used to
measure the diameter of mangrove tree trunks, wooden
stakes used to be a pole for transect lines and plots, man-
grove identification table used to assist in identifying man-
grove species in the field, plastic sample used to store leaf,
stem and fruit samples in mangroves, mangrove worksheets
used to be data entry sheet, compass used to make the rope
pulled perpendicular to the shoreline, PH meter used to
measure water pH, thermometer used to measure tempera-
ture and refractometer used to measure the salinity of waters.

2.3 Research Methods

The method used is a non-destructive test with allometric
equations method in mangrove stands and also survey me-
thod by conducting direct operations in the field. The non-
destructive test with allometric equations method is the
method done by measuring the height or diameter of the tree
and using allometric equations to extrapolate the biomass.
The survey method is an investigation carried out to obtain
facts from the symptoms that exist and look for factual in-
formation, both about social, economic, or political instu-
tions of a group or region in the form of primary and
secondary data. Primary data obtained by direct observation
to obtain data, conduct interviews to dig up information, in
this case the interviewees are mangrove stakeholders. Do-
cumenting by taking pictures directly using the camera to
support and visualize the results associated with this re-
search. While secondary data is obtained through supporting
data obtained through Internet, books and others references.
The research station was determined by using a purposive
sampling technique. The procedure for measuring biomass
and mangrove carbon stock was carried out by means of a
non-destructive test (NDT) where the allometric formula was
known to be measured. The total biomass in mangrove trees
is calculated using allometric equations by calculating the

aboveground biomass. The carbon concentration in organic
matter is usually around 50% (lksan et al. 2019), therefore
the estimated amount of carbon stored per component can be
calculated by multiplying the total weight of the biomass by
the carbon concentration. The analysis includes vegetation
index, biological index, associated biota, mangrove biomass,
carbon and total carbon stock as well as water quality para-
meters.

2.4 Data Analysis

The analysis used in this research is an analysis of spesies

and relative density, species and relative frequencies, impor-

tance value index, diversity index, index of evenness, do-
minance index, environment parameter of waters, calculation
of carbon biomass and measurement of total carbon stock.

1) Spesies Density (Di) — Di = ni/A — (Di = i-species
density; ni = number of individual boxes of species-1; A
= total area of sampling) (Akhrianti, 2020)

2) Relative Species Density (RDi) — RDi = ni/Zn x 100%
— RD; = Relative Density; ni = = total number of indi-
viduals of species-i (ind); Zn = total number of individu-
als of all species. (ind (Akhrianti, 2020)

3) Species Frequencies (Fi) —» Fi = pi/ XP —» Fi =
Frequency of the ith type; pi = Number of sample plots
where species of i, is found; P = The total number of
sample plots created(Akhrianti, 2020)

4) Species Relative Frequency (RFi) —» RFi = Fi/ ZF x
100% — RFi = Relative frequency (%); Fi = Frequency
of the i" species (ind); =F = total frequency of all species
(ind) (Akhrianti, 2020)

5) Closure of Species (Ci) - Ci = EBA/A — BA = nd/4,
n = 3,14; A = The total area of the sampling area (m?)(
Akhrianti, 2020)

6) Relative Closure of Species (RCi) -» RCi = Ci/XC x
100% — RCi= closing relative type; Ci= area of species
cover; XC = total area of closure for all species. (Ak-
hrianti, 2020)

7) Species Important Value Index (1VI) —» IVI = Impor-
tant values of a species range from 0- 300%. This impor-
tant value provides an overview of the influence or role
of a type of mangrove in the mangrove community.
(Akhrianti, 2020)

8) Diversity Index (H’) -» H’ = (ZPi Ln Pi) » H '=
Shannon-Wiener diversity index; X is summation; Pi is
the proportion of individuals found in the ith species;
Ln= Natural logarithm; (Shannon, 1949)

9) Index of Evennes (E) » E = HYH'max — E =
Evennes index; H' = Shannon-Wiener diversity index;
Ln = Natural logarithm; S = Number of species; H'maks
= Maximum value/ In S; (Odum, 1993)

10) Dominance Index (D) — D = X ni (ni-1)/N(N-1] - D
= dominance index — Simpson; ni = number of individu-
al in the i" species; N total number of entities in the da-
taset; (Simpson, 1949)

11) Water Environment Parameters
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Table 1: Standard criteria for aquatic environtment parame-
ters (minister of Environment Decree of Indonesia, Number

51/2004)
No | Water Environment Parameters | Quality Standards
1 Potential Hydrogen (Ph) 7-8,5
2 Temperature (°C) 28-32
3 Salinity (%o) 30-34

12) Calculation of Carbon Biomass

Table 2: Alometric models of above-ground biomas of sev-
eral mangrove species (Rustam et al., 2015)

No Species type Model of allometrik Source
1 | Avicenniaalba |B=0,079211*D**"%% [(Tue et al., 2014)
2 | Avicennia marina | B = 0,1848*D?>%2* (Dharmawan &

Siregar, 2008)

Rhizophora apicu-

B = 0,043*D*%

(Amira, 2008)

lata
Rhizophora mu- _ 2,3136 (Dharmawan,
4 cronata B =0,1466" D 2013)
. _ * - %2101 (Kauffman &
5 | Sonneratiaalba |B=0,3841*p *D Cole, 2010)
Scyphiphora _ %5246 |(Komiyama et al.,
6 hydrophyllacea B =0,251"p*D 2005)
Bruguiera gym- ok % 2505 | (Kauffman &
! norhiza B =p0,0754* D Donato, 2012)
Bruguiera cylindri- _ x-x246  |(Komiyama et al.,
8 ca B = 0,251%p*D 2005)
. _ % % 246 |(Komiyama et al.,
9 Ceriops tagal B =0,251* p* D 2005)

10

Xylocarpus grana-

B =0,1832* D>%#

(Tarlan, 2008)

tum
11 |Lumnitzera littorea| B = 0,251%p*D>* (Komiyama etal.,
2005)
Lumnitzera race- _ xx~246  |(Komiyama et al.,
12 mosa B =0,251%p*D 2005)
Information:

B = Biomass (kg); D = Diameter at breast height (cm); p =
wood density (gr/cm?)

13) Measurement of Total Carbon Stock

The carbon concentration in organic matter is usually around
50% (Macias, 2017), therefore the estimated amount of car-
bon stored per component can be calculated by multiplying
the total weight of the biomass by the carbon concentration
with the following formula (Hetland, 2016): Carbon stock =
Biomass per unit area x 0.50

Based on the calculation of carbon stock, the amount of CO?

Rhizophora mucronata

B Rm Spesies density tree/hectare)
Am Relative density (%)

W Total stands

Avicennia marina
B Rm Relative density (%)

Ra Species density (pohon/hectare)
M Total species density

absorption by mangroves will be obtained using the formula:
CO? absorption = (Mr CO?) / (Ar C) x Content C — Mr
CO?= Molecular weight of the compound (44) and Ar C =
Relative molecular weight of atom C (12)

3. Result and Discussion
3.1 Identification of Mangrove Species

The research which was conducted at the Mangroves of Du-
kuh Tapak, Tugurejo Village, Semarang City, found 3 species
of mangrove trees. The mangrove species consist of Rhizo-
phora mucronata, Avicennia marina, and Rhizophora apicula-
ta. It is line with previous research conducted by (Martuti et
al., 2017). The distribution of mangrove species can be seen
in Table 3
Table 3: Distribution of mangroves site

Mangrove Types
Station | Rhizophora | Avicennia | Rhizophora
mucronata marina apiculata
1 121 stands | 43 stands | 21 stands
2 140 stands | 47 stands -
3 7 stands 90 stands -
Total | 268 stands | 180 stands | 21 stands

3.2 ldentification of Mangrove Areas

The area of mangroves in the coastal area of Semarang City
is 84.47 ha and the largest area is in the Tugu District which
has an area of 52.4 ha of mangrove. This situation tends to
show a decrease in the area of mangroves and this is due to
the change in land use for industry and the presence of coast-
al abrasion due to sea level rise (Nugroho et al., 2020). Man-
grove in Tapak village itself has an area of mangrove vegeta-
tion in 1999 was 20.37 ha, then in 2003 it was 19.12 ha, and
in 2015 it was 19.27 ha (Perdana et al., 2016). This man-
grove is located on the northern coast of the sea and close to
the industrial area of the city of Semarang

3.3 ldentification of Mangrove Vegetation

The results of observations of mangrove vegetation at station
1 in the mangroves of Dukuh Tapak, Tugurejo Village, Se-
marang City used an identification book (Noor, 2008). The
mangrove vegetation analyzed by calculating the density
(Di), relative density (DRi), relative frequency (FRIi), closure
relative (Ci), and important value index (IVI) (Ismail et al.,
2017) can be shown at figure 2 and 3.

m Rhizophora apiculata

B Am Spesies density (tree/hectare
m Ra Relative density (%)

B Total relative density
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Based on the figure above, station 1 and 2 has criteria for
medium mangrove density with a value of 1001 and 1012
trees / ha respectively, but station 3 has criteria for low man-
grove density with a value of 525 trees/ha. There are three

SRF Station 1
W 5RF Station 3

SRC Station 1
W 5RC Station 3
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species of mangrove plants at station 1 cosisting of Rhizo-
phora mucronata, Rhizophora apiculata and Avicennia mari-
na, two species at station 2 and 3 consisting of Rhizophora
mucronata dan Avicennia marina.

W 5RF Station 2 W 5RC Station 2
Total SRF Total SRC
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Figure 3: Species Relative Frequency and Closure

The highest relative frequency value and relative closure at
station 1 was 55.56% and 50% for the species Rhizophora
mucronata, indicating that Rhizophora mucronata had the
most distribution in each plot. Station 2 has a smaller relative
frequency value that is 42.86%, which means that this spe-
cies of mangroves has less distribution in each area. Howev-
er, Rhizophora mucronata had a relatively higher cover than
Avicennia marina with a ratio of 60%: 40%. So it can be
concluded that Rhizophora mucronata has a more important
role than Avicennia marina in the area because it has charac-
teristics and morphology that supports it to compete with
other species and it can be stated that the condition of the
waters in the area is good for mangrove growth. At station 3,
Avicennia marina has a relative frequency value of 85.71%
and a relative cover of 97.07%. This shows that the Avicen-
nia marina has the most distribution and is evenly distributed
in each compartment. Avicennia marina has a relative fre-
quency value of 85.71% and a relative cover of 97.07%. This
indicates that Avicennia marina has the most distribution and
this species is evenly distributed in each plot.

3.4 Diversity, Evennes and Dominance Index Vegetation

The calculation of the diversity, evennes and dominance in-
dex is carried out to determine the level of mangrove biodi-
versity, the evenness level of a mangrove species and the
magnitude of the mangrove species that dominates an area.
The results of the calculation of the diversity, evennes and
dominance index can be seen in (Table 4).

Table 4: Diversity, evennes and dominance index at research
stations at Duku Tapak Mangrove

Index Station
1 2 3
Diversity Index 09| 06 | 03
Evennes Index 08| 08| 04
Dominance Index 05| 06 | 09

Based on table 4 above, the diversity index value (H ") is
obtained ranging from 0.3 to 0.9. According to Agustini's

criteria (2016), this value is included in the low category
(H'<2.0). This shows that the mangrove ecosystem has less
productivity, less stable water conditions and high ecological
pressure. There are several possible factors causing damage
to the mangrove ecosystem, namely pollution, conversion of
mangrove forests that do not pay attention to environmental
factors and xcessive deforestation. This is reinforced by the
statement of (Ilman et al., 2020) which states that the dam-
age to the mangrove ecosystem is caused by the conversion
of functions for fishponds and housing areas, overexploita-
tion and water pollution which triggers degradation of habi-
tat and biodiversity in this area.

Furthermore, the evennes index value at each research sta-
tion ranged from 0.4 to 0.8. In accordance with Agustini's
criteria (2016), this value is included in the low category (at
station 3) and classified as high (at stations 1 and 2). This
shows that the species found at stations 1 and 2 tend to have
evennes, it means that there is not particular species domi-
nates a station. If the evennes index value is small, then the
species evennes in the community is less, it is means that the
number of individuals of each species is not the same, so
there is a tendency to be dominated by certain species. Con-
versely, the greater the evennes index value indicates that in
the community there is no particular domina species.

The dominance index value at each research station ranged
from 0.5 to 0.9. The highest dominance index value was
found at station 3 (0.9) and the lowest at station 1 (0.5).
Based on Agustini's criteria (2016), station 3 has a high do-
minance value which is indicated by the presence of a domi-
nant species, namely Avicennia marina which has more than
half of the total individuals at station 3. Meanwhile, at sta-
tion 1 the dominance value is low, there are not mangrove
species that dominate the community. This means that the
species in the mangrove community tend to be evennes and
the ecological conditions are still stable. And for station 2 the
dominance value is moderate as indicated by the presence of
a dominant species, namely Avicennia marina which has
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more than half of the total individuals at the station.
3.5 Identification of Biota Types

The biota found at the sampling station were aves species
such as large egrets (Egretta alba), Prenjak jawa (Prinia fami-
liaris), and turtledoves (Geopelia striata). This biota was seen
passing through the air several times when mangrove sam-
ples were taken. Then also found types of fish such as gelo-
dok fish (Periothalamus sp.), Milkfish (Chanos chanos) and
shrimp (Litopenaeus vannamei). Gelodok fish (Periothala-
mus sp.) are often found on riverbanks in mangroves. These
fish have fast and agile movements in moving places, mak-
ing it difficult for researchers to catch these fish. Milkfish
(Chanos chanos) and shrimp (Litopenaeus vannamei) are
found in mangrove areas located in traditional ponds. At the
mangrove location Tapak milkfish and shrimp are commonly
cultivated by the local community. At the sampling station,
reptiles, molluscs and bivalves were also found, such as
snakes (Hypsiscopus matannensis), mangrove crabs (Scylla
Spp.), Snails (Achatina fulica), sea snails (Gibbula divarica-
ta), tree snails (Amphidromus).

3.6 Water Environment Parameters
The following is the water quality of the Tapak mangrove
sampling station, Tugurejo Village, Semarang City, obtained

during the final practice (Table 5).

Table 5: Water environment parameters of Tapak's Man-
grove

Water Envi- | Station 1| Station 2 | Station 3 | Quality Stan-
No| rontment dars (kepmen
Parameters | ' +| 12 | T1| T2 TL 1 T2 1) 151 /9005)
1 pH 84 8 |81]8| 79| 77| 785
2 Tem?,eé;’““re 32| 33 (333(352/328|325| 2832
3 | Salinitas (%0)] 32| 32 | 30 |30,5 27 | 27 | 30-34

3.7 Water Environment Parameters

Based on the research results, the total value of biomass and
carbon stock of mangrove vegetation in Dukuh Tapak, Tugu-
rejo Village, Semarang City was shown in (Table 6).

Stand | Carbon
Station Mangrove | Spesies | Biomass | Stock COo2
Species Number | (tonnes / | (tonnes/| absorption
ha) ha)

Rhizophora |51 | 6495 | 2802 | 102,74
mucronata

Rhizophora |, 507 | 234 | 856
1 apiculata

Avicennia | 44 868 | 3992 | 1464
mucronata

5 185 | 152,79 | 7028 | 257.7

Rhizophora |\ | 6314 | 3825 | 14024
mucronata

2| Avicennia | .| gaqs | 4054 | 148,66
mucronata

5 187 | 171,28 | 7879 | 2889

Rhizophora | 323 | 149 | 13247
3 mucronata

Avicennia 90 | 176,57 | 81,22 | 170,79
mucronata

Stand | Carbon
Station Mangrove | Spesies | Biomass | Stock CO2
Species Number | (tonnes / | (tonnes/ | absorption
ha) ha)
) 97 179,8 82,71 303,26
Total Number 469 503,87 | 231,78 | 849,86

The research results showed that the biomass content was
503.87 tonnes/ha. This is equivalent to 231.78 tonnes C/ha
and this condition is estimated to be able to absorb 849.86
tonnes of CO?ha of carbon dioxide (CO?). The Tapak Man-
grove has an area of 19.27 ha, so with the existing area it is
estimated that the Tapak Mangrove has a biomass content of
9709.57 tonnes / ha, equivalent to 4466.40 ton C/ha and it is
able to absorb CO? about 16376.80 tonnes/ha. Based on car-
bon storage data obtained from each research station, the
highest carbon storage is at station 3 with a total of 97 trees,
this allows the area to be able to store carbon of 82.71
tonnes/C, while the lowest carbon content is at station 1 with
the number of 185 trees, the ability to store carbon in this
area is estimated at 70.28 tonnes/C. Station 3 has the highest
biomass potential (179.8 tonnes/ha) while station 1 has the
lowest biomass potential (152.78 tonnes/ha). This is because
station 3, which is located near the estuary, has a high densi-
ty and the age of the existing stands is older than others so
that the mangroves growing in this location have a relatively
large diameter

4. Conclusion

The types of mangroves found in the study locations were
different for each station. At station 1 there were 3 types of
mangroves, while at stations 2 and 3 only 2 types were
found. This condition is possible because each type of man-
grove has a different survival rate and substrate.

The quality of mangrove waters in Tapak, Tugurejo Village,
Semarang City for the degree of acidity or pH has a value
ranging from 7 to 8.4. and the temperature at the observation
location has a value ranging from 32°C to 35.2°C. If it is
compared with the sea water quality standard, the Ministerial
Decree No. 51 of 2004, the pH value indicates the state of
the waters in the location has passed the specified threshold.
Biota in tropical waters generally lives naturally in the upper
limit of the highest temperature, if there is a change from the
upper limit it will disrupt physiological processes that can
cause the death of biota. The salinity of the waters in the
Tapak Semarang mangrove area was found to range from
27%o t0 32%o. If it is compared with the sea water quality
standard, the Ministerial Decree No. 51 of 2004, the pH val-
ue indicates that the waters in the location are fairly normal.

The mangroves in Tapak, Tugurejo Urban Village, Semarang
City are able to absorb carbon from the air. The mangroves
in Dukuh Tapak have a biomass content of 503.87 tonnes/ha,
a carbon stock content of 231.78 tonnes C/ha with a total of
4609 trees.

5. Acknowledgment

Authors are thankful to our colleagues at Jakarta Technical
University of Fisheries for their assistance in the field works.
We are indebted to Ilham, Ph.D as Director of Fisheries Ja-

Volume 10 Issue 7, July 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR21610080327

DOI: 10.21275/SR21610080327

276



International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

karta Technical University of Fisheries, Indonesia, for his
support to finish this article and we would like also to ex-
press our gratitude to our colleagues at Université de Bor-
deaux, University of the Basque Country and Universiti Ma-
laysia Terengganu, as well as all lecturers of Jakarta Technic-
al University of Fisheries.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Nicolas D. Ward, J. Patrick Megonigal, Ben Bond-
Lamberty, Vanessa L. Bailey, David Butman, Elizabeth
A. Canuel, Heida Diefenderfer, Neil K. Ganju, Miguel
A. Goiii, Emily B. Graham, Charles S. Hopkinson, Ta-
rang Khangaonkar, J. Adam Langley, Nate G. McDo-
well, Allison N. Myers-Pigg, Rebecca B. Neumann,
Christopher L. Osburn, René M. Price, Joel Rowland,
Aditi Sengupta, Marc Simard, Peter E. Thornton, Maria
Tzortziou, Rodrigo Vargas, Pamela B. Weisenhorn and
Lisamarie Windham-Myers, “Representing the function
and sensitivity of coastal interfaces in Earth system
models,” Nature Communications Vol. 11 no. 2458, pp.
1-14, 18 Mei 2020, https://doi.org/10.1038/s41467-
020-16236-2

Tri Muji Susantoro, Ketut Wikantika, Lissa Fajri
Yayusman, Alex Tan, M. Firman Ghozali, “Monitoring
of Mangrove Growth and Coastal Changes on The
North Coast of Brebes, Central Java, Using Landsat
Data,” International Journal of Remote Sensing and
Earth Sciences Vol. 16 No.2, pp. 197-214, 26 Decem-
ber 2019,
http://dx.doi.org/10.30536/j.ijreses.2019.v16.a3221
Kathiresan Kanasamy and Alikunhi M Nabeel, “Tropi-
cal Coastal Ecosystem: Reraly Explored for Their Inte-
raction” Ecologia Vol. 1 no. 1, pp. 1-22, 2011,
https://doi.org/10.3923/ecologia.2011.1.22

August Daulat, Widodo Setiyo Pranowo, Syahrial Nur
Amri, “Mangrove Forest Change in Nusa Penida Ma-
rine Protected Area, Bali - Indonesia Using Landsat Sa-
tellite Imagery”, International Journal of Remote Sens-
ing and Earth Sciences Vol. 15 no. 2, pp.141-156, De-
cember 2018,
https://dx.doi.org/10.30536/j.ijreses.2018.v15.a2955
Abdul Malik, Abdul Rahim, Uca Sideng, Abdul Rasy-
id, and Jamaluddin Jumaddin, “Biodiversity assessment
of mangrove vegetation for the sustainability of eco-
tourism in West Sulawesi, Indonesia,” AACL Bioflux,
Volume 12, no 4, pp. 1458-1466, 2019,
http://www.bioflux.com.ro/aacl

Alina Miron, “The Archipelagic Status Reconsidered in
Light of The South China Sea and Diizgit Integrity
Awards,” Indonesian Journal of International Law, Vol.
15 no. 3, pp. 306-340, 10 Maret 2018,
http://dx.doi.org/10.17304/ijil.vol15.3.729

Golam Kibria, “Mangorve Forests-1ts role in Livelih-
oods, Carbon sinks and Disaster mitigation,” Vol. 8 No.
7, pp.1-16, January 2013,
https://doi.org/10.13140/RG.2.1.1848.8800
Muhamad lksan, WOD Al Zarliani , La Narel S. Ha-
fidhawati A, & Fitriani Baena, “Biomass and Carbon
Uptake of Mangrove Forests Pohorua Village, Muna
Regency,” International Journal of Applied Biology,
\Vol. 3 No 2, pp. 57-64, 29 December 2019

Armyn Atlanta Putra, Rudianto and Citra Satrya Utama

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]

[22]

Dewi, “Analysis of the Ability of Mangrove Sequestra-
tion and Carbon Stock in Pejarakan Village, Buleleng
Regency, Bali,” Jurnal llmu dan Teknologi Kelautan
Tropis, Vol. 11 No. 3, HIm. 511-526, December 2019,
https://doi.org/10.29244/jitkt.v11i3.24049

Sirpaul Jaikishun, A.A. Ansari, Philip Dasilva, and
Alam Hosen,” Carbon storage potential of mangrove
forest in Guyana,” Bonorowo Wetlands, Vol. 7, no 1,
pp. 43-54 June 2017,
https://doi.org/10.13057/bonorowo/w070109
Wiwandari Handayani, Uchendu Eugene Chigbu, Iwan
Rudiarto and Intan Hapsari Surya Putri,” Urbanization
and Increasing Flood Risk in the Northern Coast of
Central Java—Indonesia: An Assessment towards Bet-
ter Land Use Policy and Flood Management,” Land,
Vol. 9, No 343, pp. 01-22, 23 September 2020,
https://doi.org/10.3390/1and9100343

David Pimentel, X. Huang, A. Cordova and M. Pimen-
tel,” Impact of a Growing Population on Natural Re-
sources: The Challenge for Environmental Manage-
ment,” Frontiers, Vol. 13, No 12, pp. 01-22,
http://www.frontiersjournal.com/issues/vol3/vol3-
12_Pimentel.htm

Sarbapriya Ray and Ishita Aditya Ray,” Impact of Pop-
ulation Growth on Environmental Degradation: Case of
India,” Journal of Economics and Sustainable Devel-
opment, VWol.2, No.8, 04 November 2011,
http://www.iiste.org/

Martin Visbeck, Ulrike Kronfeld-Goharani, Barbara
Neumann, Wilfried Rickels, Jorn Schmidt, and Erik
van Doorn,” Establishing a Sustainable Development
Goal for Oceans and Coasts to Face the Challenges of
our Future Ocean,” Kiel Working Paper, No. 1847, pp.
01-23, June 2013,
https://www.researchgate.net/publication/248391393
Rudianto Rudianto, Dietriech G. Bengen and Fery Kur-
niawan,” Causes and Effects of Mangrove Ecosystem
Damage on Carbon Stocks and Absorption in East Java,
Indonesia,” Sustainability Journal, Vol. 12, No. 24, pp.
01-17, 10 December 2020,
https://doi.org/10.3390/su122410319

Muhamad lksan, W O D Al Zarliani, La Nare, S. Ha-
fidhawati, A, and Fitriani Baena,” Biomass and Carbon
Uptake of Mangrove Forests Pohorua Village, Muna
Regency, International Journal of Applied Biology, Vol.
3, No. 2, pp. 57-64, 2019

I Akhrianti and A Gustomi,” Important value aspect of
mangrove community at coastal area of Pangkalpinang
City, Bangka Island”, IOP Conf. Series: Earth and En-
vironmental Science, Vol. 599, pp. 1-10, 24 November
2020, https://d0i:10.1088/1755-1315/599/1/012056
C.E. Shannon and W. Weaver. “The mathematical
theory of communication”. Science, Vol. 185, pp. 27-
39, 1949

Odum, E.P., Introduction to ecology (translation). Gad-
jah Mada University Press. Yogyakarta. p. 574, 1993.
E.H. Simpson. “Measurement of diversity”. Nature;
\ol. 163, p.688

Minister of Environment Decree of Indonesia, Number
51/2004, Standard criteria for aquatic environtment pa-
rameters of Minister of Environment, 2004.

Rustam, Agustin, Novi Susetyo Adi, Restu Nur Afi Ati,
Terry L. Kepel, Dan August Daulat. T.T. “Blue Car-

Volume 10 Issue 7, July 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR21610080327

DOI: 10.21275/SR21610080327

277


https://doi.org/10.1038/s41467-020-16236-2
https://doi.org/10.1038/s41467-020-16236-2
http://dx.doi.org/10.30536/j.ijreses.2019.v16.a3221
https://doi.org/10.3923/ecologia.2011.1.22
https://dx.doi.org/10.30536/j.ijreses.2018.v15.a2955
http://www.bioflux.com.ro/aacl
http://dx.doi.org/10.17304/ijil.vol15.3.729
https://doi.org/10.13140/RG.2.1.1848.8800
https://doi.org/10.29244/jitkt.v11i3.24049
https://doi.org/10.3390/land9100343
http://www.frontiersjournal.com/issues/vol3/vol3-12_Pimentel.htm
http://www.frontiersjournal.com/issues/vol3/vol3-12_Pimentel.htm
https://www.researchgate.net/publication/248391393
https://doi:10.1088/1755-1315/599/1/012056

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
SJIF (2020): 7.803

bon: Program Inisiatif Blue Carbon Indonesia Kep.
Derawan-Berau, Kalimantan Timur.” Diakses 29 April
2020.

[23] Carlos A. Salas Macias, Julio C. Alegre Orihuela and
Sergio Iglesias Abad," Estimation of above- ground
live biomass and carbon stocks in different plant for-
mations and in the soil of dry forests of the Ecuadorian
coast”, Food and Energy Security. pp. 1-7, 28 July
2017.

[24] Hetland, J., P. Yowargana, S. Leduc, and F. Kraxner.
2016, Carbon-negative emissions: systemic impacts of
biomass conversion: a case study on CO2 capture and
storage options”, Int. J. Greenhouse Gas Control, Vol.
49, pp. 330-342, June 2016,
https://doi.org/10.1016/j.ijggc.2016.03.017

[25] Nana K. Tri Martuti, Dewi L. Setyowati, Satya B. Nu-
graha, and Ditha P. Mutiatar,” Carbon stock potency of
mangrove ecosystem at Tapak Sub-village, Semarang,
Indonesia”, AACL Bioflux, Volume 10, No 6, pp.
1524-1533, 2017, http://www.bioflux.com.ro/aacl

[26] Patric Erico Rakandika Nugroho, Suryanti, and Pudjio-
no Wahyu Purnomo,” Analysis of Changes in Man-
grove Area in the North Coast of Central Java Province
Indonesia”, Indonesian Journal of Fisheries Science
and Technology, Vol. 16, no. 3, pp. 208-218, 29 Octo-
ber 2020, http://ejournal.undip.ac.id/index.php/saintek

[27] Perdana, A.F., Petrus Subardjo, and Agus A.D.S., “The
study of changes in the area of mangrove vegetation
using the NDVI method. Landsat 7 ETM + and Landsat
8 ETM + imagery in 1999, 2003, and 2015 in Pesisir
Desa Tapak, Kec. Tugu, Semarang City (translation),”
Journal Oceanografi, vol. 5, no. 3, pp. 301-308, 2016,
http://ejournal-s1.undip.ac.id/index.php/jose

[28] Noor, Y.S., M. Khazali, & I.N.N. Suryadiputera. Guide
Book for Introduction to Mangroves in Indonesia
(translation), Ditjen PKA Departemen Kehutanan dan
Wetlands International Indonesia Programme. Bogor.
2008.

[29] Mohd Hasmadi Ismail, Mohd Fadli Ahmad Fuad, Pak-
hriazad Hassan Zaki, and Noor Janatun Naim Jemali,”
Analysis of importance value index of unlogged and
logged peat swamp forest in Nenasi Forest Reserve,
Peninsular Malaysia”, Bono Rowo Wetlands, Volume
7, No 2, pp. 74-78, December 2017,
https://doi.org/10.13057/bonorowo/w070203

[30] Agustini, Nella Tri, Zamdial Ta’alidin, Dan Dewi
Purnama,*“ Mangrove Community Structure in Kahya-
pu Village, Enggano Island” (translation), Jurnal Eng-
gano, Vol. 1, no. 1, pp. 19-31, 2016.

Volume 10 Issue 7, July 2021

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: SR21610080327 DOI: 10.21275/SR21610080327

278


http://www.bioflux.com.ro/aacl
http://ejournal.undip.ac.id/index.php/saintek
http://ejournal-s1.undip.ac.id/index.php/jose
https://doi.org/10.13057/bonorowo/w070203



