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Abstract

Mangrove landscaping in the Segara Anakan Lagoon (SAL) is an adaptation pattern of mangrove
ecosystems to live and grow in unstable areas. This research aimed to develop a mangrove landscape to
mitigate the impacts of ocean waves, currents, and inundation due to climate change. The study was
conducted in SAL and Cilacap Coast (CC) using the environmental properties and climate change data.
The data obtained were analyzed using mapping and trendline analyses. The results showed that
mangrove landscaping in Segara Anakan had four zones with Nypa frutican, Rhizophora styllosa,
Aegiceras corniculatum, Rhizophora apiculata, Avicennia marina, Sonneratia alba identified as the best
adaptation of mangrove species. Climate change give a high impact on mangrove degradation
(degradation 142.1 ha/year), the instability of rainfall intensity with average intensity 3552 mm/year,
irregular wind direction with a speed average of 7 knots, and increasing of sea wave and sea level rise
(range from 2.7 m to 3.4 m) The results conclude that the mangrove species have ability to live and
grow, because the climate change does not affect mangrove growth (the correlation with rainfall
intensity = -0,35, with wind speed = 0,18 and sea wave = - 0,34).

Keywords: climate properties, lagoon degradation, mangrove landscaping, sea wave, sea current.

Introduction

Segara Aanakan Lagoon (SAL) is dominated by  and factory waste disposal®® agricultural,
mangrove and lagoon ecosystems (estuary) 3. They  silvofishery, water transportation, fishing area, as
are widely used for various anthropogenic and  well as other economic activities”® However,
industrial activities*, including residential, domestic, anthropogenic and industrial activities have a
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significant impact on mangrove vulnerability. The
vulnerability of the mangrove ecosystem in SAL is
also influenced by climate change?®

Climate change has a high impact on the lagoon and
mangrove stabilization, including the decreasing
catches of shrimp, crab, and shell catches!®!, rapidly
influencing for the increasing of human demands and
economic growth > reducing the ecosystem services
13 blocked shipping lanes, as well as reduced
fishermen's income and productivity of silvofishery
activity'**>. Additionally, climate change causes
stunting and death of mangrove vegetation ¢, along
with critical land and soil 718 species distribution,
habitat, fishing ground, and socio-economic impacts
1923 It also directly impacts oceanography and
lagoon stabilization, such as increasing sea tides*2
sea level rise, tidal and water inundation? =
sedimentation, ocean and river current®:-*® as well as
ocean wave**®, The direct and indricet impact of
climate change give high impact for mangrove and
lagoon ecosystem in SAL.

Mangrove ecosystems in SAL are thought to have
specific adaptations to mitigate the impacts of
environmental conditions, including climate change.
The pattern of mangrove adaptation can be
developed by mangrove zoning and mangrove
landscape. However, current ecological conditions
and climate change have still threatened the stability
and area of mangrove and lagoon ecosystems in
SAL. For example, the data from 1978 to 2016 shows
that the lagoon has reduced from 4186,45 Ha in 1978
to 1482,75 Ha in 2016 3% Several studies also
reported that the degradation of mangroves in
Cilacap and SAL is caused by high sedimentation
rates**3¢, high levels of pollution®¥* and tidal
inundation3, anthropogenic  factors including

Materials and Methods

Study site
This study was conducted in Segara Anakan Lagoon
(SAL) and Cilacap Coast (CC) with three locations

logging and conversion?*® as well as climate change
2,40,41.

Mangrove landscapes in SAL are developed as a type
of conservation activity to mitigate the negative
impacts of environmental and climate change on
ecosystems. The mangrove landscape is specific
pattern of mangroves species to increase the ability
and adaptability to live and grow in changing
environmental and climatic conditions. In contrast,
the some research results also develop mangrove
landscaping models, for example the mangrove
landscape to reduce coastal disaster risk!, reducing

heavy metal pollution risk 3  and carbon
conservation 4% this landscaping model emphasizes
mangroves' ability to mitigate climate and

environmental change. As a conservation activity,
this method aims to decrease the vulnerability of the
mangrove ecosystem, support primary productivity,
and reduce the impact of sea waves, sea tides, and
water inundation?304344- Therefore, this study aims
to develop mangrove landscaping as an adaptation
pattern to reduce the impact of the sea wave,
currents, and water inundation. This research is
developed base on the hypothesis that climate and
environmental change will reduce the area of
mangroves and lagoons. Mangrove landscaping is
developed to reduce mangrove degradation through
adaptation patterns in areas affected by climate and
environmental change.This research was conducted
in the Segara Anakan Lagoon of Cilacap Regency
from 2008 - 2021, to develop mangrove landscapes
in order to mitigate the impacts of ocean waves,
ocean currents, and seawater inundation due to
climate change, and analyze mangrove degradation
mapping as an impact of climate change from the
results of vegetation sampling in the period 2013 -
2022.

namely (1) mangrove, (2) Lagoon, and (3) coastal
ecosystem®*as shown in Fig. 1.
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Figure 1. Site Research

The stations were used to analyze mangrove
landscaping based on the impact level of the sea
wave, currents, water inundation, and environmental
conditions. This study also used cluster sampling
comprising West and East Segara Anakan. Data were
collected from 22 stations in West Segara Anakan
consist of Donan (2 stations), Donan-kalipanas (1
station), Donan Pertamina (1 station), Kembang
Kuning 1 (3 stations), Kembang Kuning 2 (4
stations), Muara Pelawangan Timur 1 (1 station),
Muara Pelawangan Timur 2 ( 1 station), Sapuregel 1
(1 station), Sapuregel 2 (2stations), Sleko (1 station),
Tritih (6 stations) and 20 in East Segara Anakan
consist of Sungai Ujung Gagak (1 station), Sungai
Lorogan (1 station), Sungai Majingklak (1 station),
Sungai Mauara Cawitali (1 station), Sungai
Kebuyutan (1 station), Sungai Batu Macan (1
station), Sungai Jongor (1 station), Sungai Muara
Legok (1 station), Sungai Kayu Mati (1 station),
Sungai Langkap (1 station), Sungai Karang Braja (1
station), Sungai Klaces (1 station), Sungai Inti Ujung
Gagak (1 station), Sungai Muara Bagian (1 station),
Sungai Muara Masigitsela (1 station), Sungai
Pertigaan Ujung Alang (1 station), Sungai Ujung
Alang (1 station), Sungai Dermaga Ujung Alang (1
station), Sungai Kali Semak (1 station), Sungai
Pertigaan Sudiro (1 station).

Study variables

The variables of mangrove landscaping to reduce the
impact of climate change and environmental
conditions were (1) mangrove landscaping using the
data of species density and species distribution, (2)
the climate indicators including rainfall intensity
(dry and rainy seson), wind speed and wind direction
(3) the ecological impacts of climate change which
include sea wave and sea current, mangrove and
lagoon degradation, and (4) Environment variables
that were water inundation, soil pH, water pH, soil
texture and water soil salinity.

Vegetation analysis

The Mangrove samples were taken using a plotted
line system (plot size 10 m x 10 m). Mangrove
vegetation in each plot will be measured Diameter at
Breast Height (DBH) above 4 cm 2 as in Fig. 2.

10 m

Stasiun 10 m

Figure 2. Design of sampling plot method
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Each tree will be recorded for the number of
individuals to be used in calculating the density of

each species, based on the following formula :
n_ xij
Di = 21_1 ]
A
Note
i = Specis —i
j = plot-j

Di = species density-i
Xij = trees species |, plot-j
A = plot area

The analysis of environment properties

The analysis and the measurements of environmental
factors at each research station can be seen in Table
1.

Table 1. The methods of environmental factors analysis

No Environmental Unit Method/tools References
factors

1 Temperature °C Termometer APHA (2005)
2 Salinity Ppt Handrefractometer APHA (2005)
3 pH Unit pH meter APHA (2005)
4 Soil texture % Gravimetry APHA (2005)
5 Pyrite (FeSy) mg/L Spektrofotometry
6 Nitrate (NOs) mg/L Brussin

Spektofotometry
7 Phoshatet (PO.) mg/L Askorbic acid

The mangrove landscaping

Mangrove landscaping as an adaptation and
tolerance pattern against climate change and
environmental conditions was analyzed using
density (trees/ha) and species distribution. The
domination of mangrove species is indicated by the
density, adaptation pattern, and environmental
characteristics®#°

The climate change condition

The climate change was assessed using data
collected from 2008 to 2021, including (1) the
rainfall data, which can be used to determine several
criteria, namely the trend of rainfall for the beginning
of the rainy and dry season, total rainfall for the six-
month in the rainy season (October - March), and in
the dry season (April - September), the length of the
rainy and season, as well as the trend of extreme
rainfall and rainy days. (2) Rainy season duration
was determined by calculating the rainfall/day, with
atotal value > 50 mm/day, while the length of the dry
season was determined by the rainfall/day < 50
mm/day. (3) The trend of rainfall was calculated by

the rainfall condition from April to October for the
rainy season, and the dry season period from October
to April. (4) Heavy rainfall trend was determined by
the number of heavy rainfall with rainfall intensity >
50 mm/day. (5) The trend of rainy days was analyzed
by the number of rain events in the current year*®-*3

The mapping of the mangrove and Lagoon
ecosystem

The mapping of climate change conditions and
impact in the Segara Anakan Lagoon area was
carried out using a combination of ArcGIS and geo-
metrology, climatology, as well as geophysical
analysis, while the base map processing involved
using Landsat from 1990 to 2020. Satellite imagery
analysis was used to analyze the impact of climate
change on the mangrove and lagoon ecosystem. This
was achieved by following several mapping stages
comprising (a) image cutting, (b) masking,
categorizing, and cropping potential areas using
NDW!I (Normalized Difference Water Index), which
is an algorithm to distinguish between land and water
areas, remove noise, build color contrast, as well as
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determine the area*>°* The NDWI algorithm for
mapping the impact of climate change on mangroves
and lagoons used color sensor analysis based on the
green and infrared bands in the equation system 40
The Eq of algorithmic land-water analysis is

G —NIR
NDWI = === \vhere Green represents band
Green+NIR

green (Band 2 pada Landsat 7) and NIR represents
band near-infrared (Band 4 pada Landsat 7). (c) The
potential analysis area between mangrove and non-
mangrove used an unsupervised classification
approach with a maximum approach likelihood. (d)
The mangrove and lagoon area (ha) was calculated
using a vegetation calculating tool, while (e) the
mangrove density was determined with NDV1, based
on the level of canopy density. The NDVI formula is
the reflectance of remotely sensed objects using the
analyzed imagery color including the red and near-
infrared spectrum channels, with a range of values
from -1 to 1. The formula for the normalized
difference vegetation index (NDVI) 505254 is NDVI

Results and Discussion

Mangrove landscaping

Mangrove landscaping is a pattern of tolerance and
adaptation of mangrove species to reduce the impact
of climate change and environmental conditions as
shown in Table 2 and Fig. 3. The Table 2 shows that
Segara Anakan and Cilacap Coast mangrove species
can be divided into three groups. The first group
consisting of Nypa frutican, Rhizophora styllosa,
Aegiceras corniculatum, Rhizophora apiculata,
Avicennia marina, and Sonneratia alba had a high
density of >1000 trees/ha, indicating that the
mangrove species are tolerant of climate change. In
contrast, the fourth group, composed of Aegiceras
floridum, Bruguiera parviflora, Ceriops tagal, and
Xylocarpus moluccensis had the lowest adaptation to

= (NIR-RED)/(NIR+RED), Note: NIR= band near-
infrared and RED= band red. The NDVI analysis
also used composite images or Band combinations to
obtain the image display on each layer of red, green,
and blue, as well as radiometric correction, and
image contrast sharpening. According to the
Ministry of Forestry (2005), the mangrove density
can be classified into three classes using NDVI
namely Rarely pixel ranging from -1.00 to 0.32,
Medium density 0.33 - 0.42, and high density 0.43 -
1.00, indicating that the NDVI value can range
between -1 and 14149,

Statistic analysis

This research used statistic analysis including trend
line analysis, determination index, average,
deviation standard, stock and tabulation system 32955
The statistical analysis were used to analysis species
distribution in climate change area, trend of lagoon
and mangrove degradation, distribution rainfall
intensity and wind direction.

climate changes as indicated by the lowest density of
<400 tress/has.

Based on the results, Nypa frutican, Rhizophora
styllosa, Aegiceras corniculatum, Rhizophora
apiculata, Avicennia marina, and Sonneratia alba,
as the major species, can live and grow in fragile
conditions, including climate change, sedimentation,
and water pollution caused by heavy metal and oil
spillage 1°%6-%° These mangrove species had good
and specific adaptations to reduce the impact of
environmental and climate change, including the
ability to develop species clustering, zonation, and
association 33
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Table 2. The mangrove adaptation and tolerance from climate change in Segara Anakan Lagoon

Zone Mangrove species mangrove Adaptation Environment characteristic
1 Nypa frutican (Nf) High adaptation because Water inundation 10 cm-150 cm,
having  density =~ >1000 water pH between 5-7.03, soil
Rhizophora stylosa (Rs) trees/ha (moderate density) , pH between 5 — 6,5, soil texture
high distribution, dominant loamy clay, clay, muddy clay,
Aegiceras corniculatum (Ac)  species and sandy loam, and water
salinity 10 ppt — 30 ppt
Rhizophora apiculata (Ra)
Pyritet (2,13 = 0,48 %),
Avicennia marina (Am) phosphate (15,70 + 4,10 mg/l ),
nitrate (25,95 +£3,06 mg/l)
Sonneratia alba (Sa)
2 Bruguiera gymnorrhiza (Bg) moderate adaptation because Water inundation 10 cm-50 cm,
have a  density of> water pH between 6.0-7.5, soil
Rhizophora mucronata (Rm) 700trees/ha  (rare density), pH between 5 — 6.5, soil texture
medium distribution, clay and muddy clay, and water
Sonneratia caseolaris (Sc) salinity <10 ppt — 15 ppt
Xylocarpus granatum (Xg) Pyrite (247 £ 0,33 %),
phosphate (15,38 + 3,07 mg/l),
nitrate (25,47 = 3,19 mg/l)
3 Avicennia alba (Aa) low adaptation because have Water inundation 10 cm —80 cm,
a density of> 400 trees’lha water pH between 6.0-7.5, soil
Ceriops decandra (Cd) (rare density), lower pH between 6 — 6.5, soil texture
distribution, minor species clay and muddy clay, and water
salinity <10 ppt — 25 ppt
Pyrite (1,99 +0,59%), phosphate
(15,07 + 1,69 mg/l), nitrate
(24,59 % 3,44 mg/l)
4 Aegiceras floridum (Af) lowest adaptation because Water inundation 10 cm-30 cm,

Bruguiera parviflora (Bp)
Ceriops tagal (Ct)

Xylocarpus moluccensis (Xm)

have a density of < 400
trees/ha (very rare), lowest
distribution, recessive
species

water pH between 6.0-7.5, soil
pH between 5 — 6.5, soil texture
clay and water salinity <10 ppt —
15 ppt

Pyrite (2,51 +,0,42 %) phosphate
(16,67 + 2,05 mg/l), nitrate
(23,91 + 3,36 mg/l)

The result showed different dominant species than
the previous study by’ in Merbau and Rangsang
Island. Five mangrove species dominated Segara
Anakan, but only three species namely Rhizophora
apiculata, Sonneratia alba, and Xylocarpus
granatum were dominant in Merbau Island as well as
Aegiceras corniculatum, Avicennia alba, and

Rhizophora apiculate in Rangsang Island " This is
presumably due to variations in ecological
conditions such as a small island with a semiclosed
estuary®! as well as differences in pyrite, nitrate,
phosphate, water pollution, pH, and water salinity.
Previous studies also reported different dominance
of mangrove species in several regions *¢* The data
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in Segara Anakan also showed that nitrate and
phosphate potential in zone 1 > zone 2 > zone 3 >
zone 4, but pyrite potential is relatively not different.
This condition affects the species distribution and
density of mangrove species in Segara Anakan
Cilacap.

In detail, mangrove landscaping in Segara Anakan
Cilacap can be illustrated into four zones as shown in

Fig. 3. According to previous reports, mangrove
landscaping in the study area started with Agiceras
Floridum, Avicennia Alba, Avicennia Marina,
Sonneratia Caseolaris, and Sonneratia Alba at the
first zone 2 These landscaping patterns indicate the
different abilities of mangrove species to adapt and
tolerate sedimentation and climate change pressures.

Figure 3. The mangrove adaptation pattern to reduce the impact of climate change

Note : zone 1 : Nypa frutican (Nf), Rhizophora styllosa (Rs), Aegiceras corniculatum (Ac), Rhizophora
apiculata (Ra), Avicennia marina (Am), Sonneratia alba (Sa). Zone 2 : Bruguiera gymnorrhiza (Bg),
Rhizophora mucronata (Rm), Sonneratia caseolaris (Sc), Xylocarpus granatum (Xg). Zone 3 : Avicennia alba
(Aa), Ceriops decandra (Cd). Zone 4 : Aegiceras floridum (Af), Bruguiera parviflora (Bp), Ceriops tagal (Ct),

Xylocarpus mollucensis (Xm)

Mangrove landscaping is also affected by sea
currents, water inundation, sedimentation, sea tide,
and ocean wave. Sea currents affect mangrove and
aquatic organism distribution due to differences,
changes, and distribution of food web structure,
water catchment area, tidal inundation, hydrology,
nutrients inputs, and source of alternative energy
3132 The most adverse impact of climate change, sea
waves, sea currents, sea tide, sedimentation, and
water inundation is altering the structure and
distribution of mangrove species, clustering and
association, as well as degradation of the mangrove
ecosystem 3436162 Moreover, climate change, sea
waves, sea level rise, sea currents, and other
oceanography factors affect the vulnerability and
adaptation of the mangrove ecosystem?®3 Climate
impacts also affect the physiological and

morphological characteristics of mangrove species
as a pattern of adaptation of mangrove species in
response to climate change impacts . The data also
showed that Nypa frutican, Rhizophora apiculata,
Aegiceras corniculatum, Rhizophora stylosa,
Avicennia marina and Sonneratia alba show the high
ability to reduce impact of climate change, sea
current, ocean wave, and water inundation

Indicators of climate change

Rainfall intensity of the dry and rainy season

As shown in Table 3, the Rainfall intensity in Cilacap
and Segara Anakan Lagoon during the dry and rainy
seasons ranged between 2208+502 mm/year and
5435+1372mm/year respectively. The average
rainfall in the rainy season was between 1533 and
2558 mm/year, and the dry season was 180 and 1096
mm/year. Moreover, the highest rainfall intensity
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occurred in 2010 at 5069 mm/year and in 2016 at
5435 mm/year Fig. 4. The highest rainfall intensity
in the rainy season occurred in 2009 — 2010, with an
intensity between 2429 mm/year — 2558 mm/year but
in the dry season, it ranged from 1091-1096 mm/year
in 2014 and 2017. The average of rainfall intensity
3552 + 1000 mm/year (high intensity), with rainfall
intensity in rainy seaseon 1987 + 378 and dry season
912 + 254 mm/year

The potential of rainfall intensity has various
impacts, including heavy and tidal flooding®®®

storm surge, inland flood, El Nino and la Nina events
¢ temperature change (micro and macro impact), as
well as crop-specific agricultural productivity ¢ The
negative impacts of high rainfall intensity include
decreased vegetation productivity 67 triggering of
denitrification and not assimilation ©, nitrite
leaching in depleted soils and high impact on the
water budget’®, The rate of total water change in the
aquifer is estimated to be an average of 37.5 mm
year * with an increase in rainfall of 7.0 mm year* "

Table 3. The trend of rainfall intensity in Cilacap Regency (high intensity, rainy season and dry

season)

Year Intensity of rainfall (mm/year)

Rainfall totals stdev  Rainy season dry

season

2008 2208 750 2208 180
2015 2276 502 1679 597
2018 2354 530 1538 1001
2011 2874 592 1676 1002
2012 3015 673 2307 709
2013 3159 720 1533 1055
2017 3494 810 2398 1096
2009 3588 850 2558 1030
2014 3846 902 2227 1091
2019 3883 910 1678 980
2020 3981 911 1688 1001
2021 4552 1005 2213 1015
2010 5069 1047 2429 1053
2016 5435 1372 1691 956
average 3552 1987 912
Stdev 1000 374 254
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Data in Fig. 4 shows the fluctuating trend of rainfall
intensity wherein the highest occurred in 2010 and
2016, while the lowest was observed in 2008 and
2015. Furthermore, Fig. 4 shows that the rainfall
intensity in the dry season was lesser than in the rainy

season. The highest potential of rainfall intensity
occurred in 2017 for both seasons, while the lowest
was observed in 2008 and 2013 for the dry and rainy
seasons respectively Fig. 5.

The high rainfall intensity (mm/year)
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Figure 4. The trend of rainfall intensity in Cilacap Regency

The potential rainfall intensity in the dry and rainy
seasons is related to the different conditions of
evapotranspiration 2. which triggers land grabbing,
critical land, and land damage 8, affecting soil water
balance, maize production, and potential adaptation
measures 7. Others issues and impacts of potential

rainfall include changes in macroclimatic conditions,
inputs of nutrients, freshwater, and sediments,
coastal watersheds, sea-level rise, and storm activity
with a strong influence on the hydrology, ecological
functioning, physicochemical environment, and
species composition in many ecosystems’-"

Page | 346


https://doi.org/10.21123/bsj.2023.8828

2024, 21(2): 0338-0357 o
https://doi.org/10.21123/bsj.2023.8828 -
P-ISSN: 2078-8665 - E-ISSN: 2411-7986 Baghdad Science Journal

Trend of rainfal intensity in rainy and dry season
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Figure 5. The trend of rainfall intensity in the rainy and dry season
The wind speed and from January to February, the average wind

Fig. 6 shows that the wind speed in Segara Anakan  speed was 7 knots. A significant wind speed increase
and Cilacap Regency based on data from 2009 to  occurred from May to August, from 7 knots to 9
2018 ranged between 5 knots and 9 knots. It also  knots, while the highest was observed in June and
presents the monthly wind speed alteration inayear,  August (east monsoon season), which reach 9 knots.

Jan

The wind speed and direction as shown in Fig. 7 ~ Methods ™™ The data showed that the highest

influence fishing activities by communities and ~ Wind speeds tend to occur in June and August (the
fishermen's adaptation to different technology and easterly season) reaching 9 knots, and this is a barrier
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Figure 6. The trend of wind speed in Cilacap and Segara Anakan
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to fishing activities in Cilacap and Segara Anakan
Lagoon. Previous studies '° and 2° also stated that
wind speed has a negative impact and becomes a
limitation for fishermen to develop a good adaptation
to reduce climate change and support commercial
fishing 2%. Furthermore, wind speed has a high impact

on sea level rise 2?8 ocean waves 3% water
inundation, sea tide, and river current 3. The
direction also influences river current energy 31-3% as
well as food chain 3 organisms, mangrove %
pollution 5°"® and fishing area distribution 2

West Monsoon,

S AT . ™
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Speed and direction of
wind in Cilacap and
Segara Anakan
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Figure 7. The wind direction in Cilacap and Segara Anakan

Impact of climate change

Ocean waves and sea current

Fig. 8 shows that the average wave height around the
southern waters of Cilacap ranged from 2.7 m to 3.4
m, and the highest waves occurred in July and
August. This condition is different between the east
and west seasons because the wave height in the east
season is lower than in the west season wind 34%

Based on data processing using the European Center
for Medium-Range Weather Forecasts (ECMWF)
for a period of 12 years (2009-2021), the average sea
wave height in the waters and the South Indian
Ocean of Java in the West wind season is between
1.1 m to 1.5 m, while in the East season, it ranges
from 1.2 to 1.7 m. Another important oceanography
indicator is the sea current and the average speed of
ocean currents is based on data processing results of
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ECMWEF for 12 years (2009-2021). The data showed
that in the West season, the ocean currents in the
South Indian Ocean of Java moved from the East to
the Southeast with an average speed of 0.25 to 0.50

m /sec or 0.5 to 1 knot. In comparison, during the
East Season, the ocean currents moved from the
West to the Southwest with an average speed of 0.1
to 0.3 m/sec or 0.2 to 0.5 knots.

The sea wave highest in Cilacap and Segara Anakan
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Figure 8. The sea wave highest in Hindia Ocean, Cilacap Regency

The sea wave and sea currents are the main cause of
tidal flooding and sea level rise, which usually occur
in July, August, and October. The highest wave tends
to influence the stability of the lagoon, water
inundation, bathymetry, as well as mangrove
degradation, coral reef, seaweed, sea grass, habitat
degradation of the aquatic organism, and terrestrial
organism 34343 The combined effect of sea level
rise, climate change, increased high waves, tidal
flooding, and other oceanography variables can lead
to habitat loss "%

Mangrove and Lagoon degradation
The impact of climate change on mangrove and
lagoon degradation is illustrated in Fig. 9 and Table

4. The Segara Anakan Lagoon is the estuary of 8
large and 17 small rivers, including the Citanduy,
Cibereum, Cimeneng, Palindukan, Dead Wood, and
Cikujang rivers in the western zone. Furthermore, the
Panikel, Cigintung, Ujung Alang, Dangal,
Sapuregel, and Kembang Kuning rivers influence the
middle zone, while the eastern zone has the
Cigintung and Donan rivers. The existence of many
rivers in Segara Anakan has led to a negative trend
in the lagoon ecosystem, evidenced by a degradation
trend from 2.469,42 ha (1990) to 763.71 ha (2020).
The negative trend of mangrove and lagoon in Segara
Anakan had equation y = -86,195x + 1779,8 with
determintation index (R? = 0,6). This trend also
indicates that the sustainability of mangrove and
lagoon ecosystems is highly threatened.
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Figure 9. The lagoon trend in Segara Anakan Lagoon
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The data in Table 4 shows that the decreasing trend
of the lagoon ecosystem reached 56.86 ha/year. The
highest decrease occurred from 1990-2000, reaching
891.39 ha/10 years, and from 2016-2017, reaching
108.52 halyear. Previous studies 3% showed that the
degradation of lagoon and mangrove in Segara
Anakan Lagoon (SAL) Cilacap for 38 years (1978-
2016) reached 2703.7 ha or at a rate of 71.15 ha/year
2336 Meanwhile, the degradation of the lagoon also
harms the mangrove ecosystem. The mangrove
ecosystem increased from 2,394.54 ha in 1978 to
4,250.70 ha in 1994, and then to 3,892.77 ha in 2001.
It also reduced to 3,818.34 ha in 2009, 3,645.54 ha in
2011, and 2,862.81 ha in 2016 2%,

Table 4. Trend of the Segara Anakan Lagoon

Year lagoon decreasing trend

1990 2.469,42

2000 1.578,03 -891,39
2008 1.157,91 -420,12
2009 1.159,57 1,66
2010 1.161,30 1,73
2011 1.096,81 -64,49
2012 1.084,43 -12,38

2013 1.025,58 -58,85
2014 1.025,50 -0,08
2015 1.019,70 -5,80
2016 930,41 -89,29
2017 821,89 -108,52
2020 763,71 -58,18

Bassically the lagoon and mangrove degradation is
influenced by the other factors, because the
correlation  between mangrove and lagoon
degradation with with rainfall intensity = -0,35 (low
correlation), with wind speed = 0,18 (low
correlation) and sea wave = - 0,34(low correlation)
(Table 5). The other research show that the
degradation of lagoon and mangrove ecosystems in
Segara Anakan is also caused by sedimentation (as
main factor) and the environment. For example,
sedimentation is influenced by climate change and
sediment transport from various rivers. A previous
study %6 reported that the increasing rate of new land
in SAL from 1994 to 2014 was 41.2 ha year?, with
the sedimentation process reaching 484.14 ha year*
from 1994 to 2003 and 339.7 ha year™ from 2003 to
2014.

Table 5. The correlation lagoon/mangrove degradation with climate change factors

lagoon rainfall  wind speed sea wave
lagoon 1
rainfall -0,3474 1
wind speed 0,187507 -0,00632 1
sea wave -0,34472  -0,14529 0,480296 1

Another study 2 noted that reducing the impact of
climate change requires integrated water resource
management and conservation of water activity.
According to a previous report, 2 climate change has
a high impact on lagoons, as indicated by the area
inflow which changed from 22.1 km3 to 15.9 km3,
lagoon salinity increase from 1.4 ppt to 2.6 ppt, and
the lagoon water temperature is projected to rise by

2—6°C. The trend of lagoon degradation presented
in Fig 10 follows the sedimentation rate. The Segara
Anakan lagoon had a negative trend with equation y
= -4,3833x® + 105,12x? - 803,94x + 2973,7 (R2 =
0,9184). The data in Fig. 10 explain that the trend of
mangrove and lagoon area decline is in the form of a
polynomial equation, which means that the rate of
mangrove and lagoon area decline is relatively high.
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This condition require the conservation and
rehabilitation of mangrove and lagoon ecosystems in
Segara Anakan

Trend of lagoon and mangrove area in Segara
Anakan Lagoon
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Figure 10. The impact of climate change on the lagoon degradation

Conclusion

The mangrove landscaping in Segara Anakan as
mangrove adaptation pattern to reduce climate
change impact is arranged by Nypa frutican,
Rhizophora styllosa, Aegiceras corniculatum,
Rhizophora apiculata, Avicennia marina, and
Sonneratia alba as the first zone. Furthermore,
Bruguiera  gymnorrhiza  (Bg),  Rhizophora
mucronata (Rm), Sonneratia caseolaris (Sc),

Acknowledgment

We would excellences to the Dean of Fishery and
Marine Science Faculty, the Head of LPPM Unsoed
supports Terapan Grand LPPM Unsoed 2022 and
2023 (SK Rektor Unsoed no
1135/UN23/PT.01.02/2022 and SK Rektor Unsoed

Authors’ Declaration

- Conflicts of Interest: None.

- We hereby confirm that all the Figures and Tables
in the manuscript are ours. Furthermore, any
Figures and images, that are not ours, have been
included with the necessary permission for re-
publication, which is attached to the manuscript.

Xylocarpus granatum (Xg) forms the second zone,
while Avicennia alba (Aa), Ceriops decandra (Cd)
constitute the third zone. The fourth zone consists of
Aegiceras floridum (Af), Bruguiera parviflora (Bp),
Ceriops tagal (Ct), and Xylocarpus moluccensis
(Xm). Mangrove landscapes are also built to reduce
sedimentation rates, tides, increased ocean currents
and waves as a result of climate change impacts.

no 1120/UN23/PT.01.02/2023), research colleagues,
and BMKG Station Tunggul Wulung Cilacap. We
declare that this paper doesn’t have any conflict of
interest.

- Ethical Clearance: The project was approved by
the local ethical committee in University of
Jenderal Soedirman University.

Page | 352


https://doi.org/10.21123/bsj.2023.8828

2024, 21(2): 0338-0357
https://doi.org/10.21123/bsj.2023.8828
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

e

Baghdad Science Journal

Authors’ Contribution Statement

E. H. made the protocol of this study and as the first
and corresponding author (expert of mangroves and
coastal ecosystems.). N. A. performed the analysis of
environmental conditions. I. S. supports the social
implications of climate change. A. M. supports the
impact of climate change for fishing ground and

References

1.

Hilmi E. Mangrove landscaping using the modulus of
elasticity and rupture properties to reduce coastal
disaster risk. Ocean Coast Manag. Elsevier; 2018;
165(1 November): 71-79.
https://dx.doi.org/10.1016/j.0ocecoaman.2018.08.002
Wardoyo T. Trend Perubahan Curah Hujan terhadap
perubahan Laguna dan Kesejahteraan Nelayan
Kepiting di Laguna Segara Anakan Cilacap. Magister
IImu Lingkungan Unsoed (Thesis); 2019 .

Hilmi E, Sari LK, Cahyo TN, Mahdiana A, Samudra
SR. The affinity of mangrove species using
Association and Cluster Index in North Coast of
Jakarta and Segara Anakan of Cilacap , Indonesia.
Biodivers J Biol Divers. 2021; 22(7): 2907-2918.
https://dx.doi.org/10.13057/biodiv/d220743.

Fudge M, Ogier E, Alexander KA. Marine and coastal
places: Wellbeing in a blue economy. Environ Sci
Policy.  Elsevier Ltd; 2023; 144: 64-73.
https://dx.doi.org/10.1016/j.envsci.2023.03.002

de Almeida Duarte LF, de Souza CA, Pereira CDS,
Pinheiro MAA. Metal toxicity assessment by sentinel
species of mangroves: In situ case study integrating
chemical and biomarkers analyses. Ecotoxicol
Environ. Saf. Academic Press; 2017; 145: 367-376.
https://dx.doi.org/10.1016/J.ECOENV.2017.07.051
Zhang Z, Fang Z, Li J, Sui T, Lin L, Xu X. Copper,
zinc, manganese, cadmium and chromium in crabs
from the mangrove wetlands in Qi’ao Island, South
China: Levels, bioaccumulation and dietary exposure.
Watershed Ecol and Environ. Elsevier; 2019; 1: 26—
32. https://dx.doi.org/10.1016/J. WSEE.2019.09.001
Hilmi E, Pareng R, Vikaliana R, Kusmana C, Iskandar
I, Sari LK, et al. The carbon conservation of mangrove
ecosystem applied REDD program. Reg Stud Mar Sci.
Elsevier B V. 2017; 16 152-161.
https://dx.doi.org/10.1016/j.rsma.2017.08.005
Koswara SD, Ardli ER, Yani E. The Monitoring of
Mangrove Vegetation Community Structure In Segara
Anakan Cilacap For The Period of 2009 And 2015. Scr
Biol. 2017; 4; 113-118.
https://dx.doi.org/10.20884/1.sb.2017.4.2.414.

fishing

activity. T. M. R. designs the impact of

climate change and T. W. supports the analysis of
climate change indicators. All authors interpreted
the data, and read the manuscript carefully and
approved the final version of their manuscript.

10.

11.

12

13.

14,

15.

16.

Azman MS, Sharma S, Shaharudin MAM, Hamzah
ML, Adibah SN, Zakaria RM, et al. Stand structure,
biomass and dynamics of naturally regenerated and
restored mangroves in Malaysia. For. Ecol. Manag.
Elsevier B V; 2021, 482: 118852.
https://dx.doi.org/10.1016/].foreco.2020.118852
Datta D, Deb S. Forest structure and soil properties of
mangrove ecosystems under different management
scenarios: Experiences from the intensely humanized
landscape of Indian Sunderbans. Ocean Coast Manag.
Elsevier Ltd; 2017, 140: 22-33.
https://dx.doi.org/10.1016/j.0ocecoaman.2017.02.022
Ulfa M, lkejima K, Poedjirahajoe E, Faida LRW,
Harahap MM. Effects of mangrove rehabilitation on
density of Scylla spp. (mud crabs) in Kuala Langsa,
Aceh, Indonesia. Reg Stud Mar Sci. Elsevier B V.
2018; 24: 296-302.
https://dx.doi.org/10.1016/j.rsma.2018.09.005

.Mohammed FO, Mohammad AO, Ibrahim HS, Hasan

RA. Future scenario of global climate map change
according to the Koppen - Geiger climate
classification. Baghdad Sci J. 2021; 18(2): 1030-1037.
https://dx.doi.org/10.21123/bsj.2021.18.2(Suppl.).103
0.

Fazaa N A, Dunn JC, Whittingham MJ. Evaluation of
the Ecosystem Services of the Central Marsh in
Southern Iragq. Baghdad Sci J. 2018; 15(4): 369-380.
https://dx.doi.org/10.21123/bsj.15.4.369-380.

Ding Q, Chen X, Hilborn R, Chen Y. Vulnerability to
impacts of climate change on marine fi sheries and
food security. Mar  Policy. Elsevier Ltd; 2017;
83(January): 55-61.
https://dx.doi.org/10.1016/j.marpol.2017.05.011.
Galappaththi EK, Ford JD, Bennett EM. A framework
for assessing community adaptation to climate change
in a fi sheries context. Environ Sci Policy. Elsevier;
2019; 92(November 2018): 17-26.
https://dx.doi.org/10.1016/j.envsci.2018.11.005
Cinco-castro S, Herrera-silveira J. Vulnerability of
mangrove ecosystems to climate change effects : The
case of the Yucatan Peninsula. Ocean Coast Manag.

Page | 353


https://doi.org/10.21123/bsj.2023.8828
https://dx.doi.org/10.1016/j.ocecoaman.2018.08.002
https://dx.doi.org/10.13057/biodiv/d220743
https://dx.doi.org/10.1016/j.envsci.2023.03.002
https://dx.doi.org/10.1016/J.ECOENV.2017.07.051
https://dx.doi.org/10.1016/J.WSEE.2019.09.001
https://dx.doi.org/10.1016/j.rsma.2017.08.005
https://dx.doi.org/10.20884/1.sb.2017.4.2.414
https://dx.doi.org/10.1016/j.foreco.2020.118852
https://dx.doi.org/10.1016/j.ocecoaman.2017.02.022
https://dx.doi.org/10.1016/j.rsma.2018.09.005
https://dx.doi.org/10.21123/bsj.2021.18.2(Suppl.).1030
https://dx.doi.org/10.21123/bsj.2021.18.2(Suppl.).1030
https://dx.doi.org/10.21123/bsj.15.4.369-380
https://dx.doi.org/10.1016/j.marpol.2017.05.011
https://dx.doi.org/10.1016/j.envsci.2018.11.005

2024, 21(2): 0338-0357
https://doi.org/10.21123/bsj.2023.8828
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

e

Baghdad Science Journal

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Elsevier Ltd; 2020; 192 (March): 105196.
https://dx.doi.org/10.1016/j.ocecoaman.2020.105196
Muluneh A. Impact of climate change on soil water
balance , maize production , and potential adaptation
measures in the Rift Valley drylands of Ethiopia. J
Arid  Environ. Elsevier; 2021; 179: 104195.
https://dx.doi.org/10.1016/j.jaridenv.2020.104195
Borras SM, Franco JC, Nam Z. Climate change and
land : Insights from Myanmar. World Dev. 2020; 129:
104864.
https://dx.doi.org/10.1016/j.worlddev.2019.104864
Islam M, Sallu S, Hubacek K, Paavola J. Limits and
barriers to adaptation to climate variability and change
in Bangladeshi coastal fishing communities. Mar
Policy. Elsevier; 2014; 43: 208-216.
https://dx.doi.org/10.1016/j.marpol.2013.06.007

Ojea E, Lester SE, Salgueiro-otero D. Adaptation of
Fishing Communities to Climate-Driven Shifts in
Target Species. One Earth. Elsevier Inc; 2020; 28-31.
https://dx.doi.org/10.1016/j.oneear.2020.05.012
Rezaee S, Seiler C, Pelot R, Ghasemi A. Will
commercial fi shing be a safe occupation in future ? A
framework to quantify future fi shing risks due to
climate change scenarios Projections Reporting of the
Results. Weather Clim Extremes. Elsevier; 2016; 13:
73-85.
https://dx.doi.org/10.1016/j.wace.2016.08.002.
Aubin D, Riche C, Vande V, La |. The adaptive
capacity of local water basin authorities to climate
change : The Thau lagoon basin in France. Sci Total
Environ . Elsevier B V; 2023; 651(2019): 2013-2023.
https://dx.doi.org/10.1016/j.scitotenv.2018.10.078
Jakimavi¢ius D, Kriauéianiené J, Sarauskiené D.
Impact of climate change on the Curonian Lagoon
water balance components, salinity and water
temperature in the 21st century. Oceanologia . 2018;
162: 1-12.
https://dx.doi.org/10.1016/j.0cean0.2018.02.003
Sukop MC, Rogers M, Guannel G, Infanti JM,
Hagemann K. High temporal resolution modeling of
the impact of rain , tides , and sea level rise on water
table flooding in the Arch Creek basin , Miami-Dade
County Florida USA. Sci Total Environ. Elsevier B V;
2017; 27-37.
https://dx.doi.org/10.1016/j.scitotenv.2017.10.170
Truong SH, Ye Q, Stive MJF. Estuarine Mangrove
Squeeze in  the Mekong Delta, Vietnam.
J Coast Res. 2017, 33(4): 747-763.
https://dx.doi.org/10.2112/jcoastres-d-16-00087.1
Bomer EJ, Wilson CA, Hale RP, Hossain ANM,
Rahman FMA. Surface elevation and sedimentation
dynamics in the Ganges-Brahmaputra tidal delta plain,
Bangladesh: Evidence for mangrove adaptation to
human-induced tidal amplification. Catena . Elsevier;

27.

28.

29.

30.

31.

32.

33.

34.

35.

2020; 187(September): 104312,
https://dx.doi.org/10.1016/j.catena.2019.104312
Mukul SA, Alamgir M, Sohel SI, Pert PL, Herbohn J,
Turton SM, et al. Combined effects of climate change
and sea-level rise project dramatic habitat loss of the
globally endangered Bengal tiger in the Bangladesh
Sundarbans. Sci Total Environ . Elsevier B V; 2019;
663: 830-840.
https://dx.doi.org/10.1016/j.scitotenv.2019.01.383.
Joyce J, Chang N, Harji R, Ruppert T, Imen S.
Environmental Modelling & Software Developing a
multi-scale modeling system for resilience assessment
of green-grey drainage infrastructures under climate
change and sea level rise impact. Environ Model Softw
Elsevier Ltd; 2017; 90: 1-26.
https://dx.doi.org/10.1016/j.envsoft.2016.11.026
Hilmi E, Sari LK, Amron A, Cahyo TN, Siregar AS.
Mangrove cluster as adaptation pattern of mangrove
ecosystem in Segara Anakan Lagoon. IOP Conference
Series: Earth Environ Sci 2021; 746(1).
https://dx.doi.org/10.1088/1755-1315/746/1/012022
Bathmann J, Peters R, Reef R, Berger U, Walther M,
Lovelock CE. Modelling mangrove forest structure
and species composition over tidal inundation
gradients: The feedback between plant water use and
porewater  salinity in an arid mangrove
ecosystem. Agric For Meteorol. Elsevier B V; 2021;
308-309(June): 108547.
https://dx.doi.org/10.1016/j.agrformet.2021.108547
Vinagre C, Madeira C, Dias M, Narciso L, Mendonca
V. Reliance of coastal intertidal food webs on river
input — Current and future perspectives. Ecol Indic.
Elsevier; 2019; 101(January): 632-6309.
https://dx.doi.org/10.1016/j.ecolind.2019.01.064
Garnier J, Ramarson A, Billen G, Théry S, Thiéry D,
Thieu V, et al. Nutrient inputs and hydrology together
determine biogeochemical status of the Loire River (
France ): Current situation and possible future
scenarios. Sci Total Environ. Elsevier B V; 2018; 637—
638: 609-624.
https://dx.doi.org/10.1016/].scitotenv.2018.05.045
Hilmi E, Sari LK, Cahyo TN, Amron A, Siregar AS.
The Sedimentation Impact for the Lagoon and
Mangrove Stabilization. E3S Web of Conferences.
2021; 324: 02001.
https://dx.doi.org/10.1051/e3sconf/202132402001
Onat Y, Francis OP, Kim K. Vulnerability assessment
and adaptation to sea level rise in high-wave
environments : A case study on O’ahu, Hawai'i. Ocean
Coast Manag. Elsevier; 2018; 157(February): 147—
159.
https://dx.doi.org/10.1016/j.0cecoaman.2018.02.021
Pirhooshyaran M, Snyder L V. Forecasting ,
hindcasting and feature selection of ocean waves via

Page | 354



https://doi.org/10.21123/bsj.2023.8828
https://dx.doi.org/10.1016/j.ocecoaman.2020.105196
https://dx.doi.org/10.1016/j.jaridenv.2020.104195
https://dx.doi.org/10.1016/j.worlddev.2019.104864
https://dx.doi.org/10.1016/j.marpol.2013.06.007
https://dx.doi.org/10.1016/j.oneear.2020.05.012
https://dx.doi.org/10.1016/j.wace.2016.08.002
https://dx.doi.org/10.1016/j.scitotenv.2018.10.078
https://dx.doi.org/10.1016/j.oceano.2018.02.003
https://dx.doi.org/10.1016/j.scitotenv.2017.10.170
https://dx.doi.org/10.2112/jcoastres-d-16-00087.1
https://dx.doi.org/10.1016/j.catena.2019.104312
https://dx.doi.org/10.1016/j.scitotenv.2019.01.383
https://dx.doi.org/10.1016/j.envsoft.2016.11.026
https://dx.doi.org/10.1088/1755-1315/746/1/012022
https://dx.doi.org/10.1016/j.agrformet.2021.108547
https://dx.doi.org/10.1016/j.ecolind.2019.01.064
https://dx.doi.org/10.1016/j.scitotenv.2018.05.045
https://dx.doi.org/10.1051/e3sconf/202132402001
https://dx.doi.org/10.1016/j.ocecoaman.2018.02.021

2024, 21(2): 0338-0357
https://doi.org/10.21123/bsj.2023.8828
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

e

Baghdad Science Journal

recurrent and sequence-to-sequence networks. Ocean
Eng. Elsevier Ltd; 2020; 207(February): 107424.
https://dx.doi.org/10.1016/j.0ceaneng.2020.107424

36. Sari LK, Adrianto L, Soewardi K, Atmadipoera AS,
Hilmi E. Sedimentation in lagoon waters (Case study
on Segara Anakan Lagoon). AIP Conf Proce . 2016;
1730. https://dx.doi.org/10.1063/1.4947417

37.Ahmed S, Kamruzzaman M, Azad MS, Khan MNI.
Fine root biomass and its contribution to the mangrove
communities in three saline zones of Sundarbans,
Bangladesh. Rhizosphere . Elsevier B V; 2021; 17:
100294.
https://dx.doi.org/10.1016/j.rhisph.2020.100294

38.Hilmi E, Junaidi T, Mahdiana A, Dewi R. The
Ecological Risk  Assessment of  Mercury
Contamination in a Mangrove Ecosystem of the
Segara Anakan Cilacap, Indonesia. Baghdad Sci J.
2023; 12-14.
https://dx.doi.org/10.21123/bsj.2023.7455

39.Rachman TM, Hilmi E, Anwar N, Penelitian L.
Keragaan Sosial Ekologi Dan Ekonomi Masyarakat
Nelayan Di Pesisir Cilacap Selatan. Research of
Empowerment and Development (READ). 2020; 1(1):
38-43. https://doi.org/10.20884/1.read.2020.1.1.2388

40. Cochard R. Coastal Water Pollution and its Potential
Mitigation by Vegetated Wetlands: An Overview of
Issues in Southeast Asia. Redefining Diversity and
Dynamics of Natural Resources Management in Asia.
Elsevier Inc; 2017. 189-230 p.
https://dx.doi.org/10.1016/B978-0-12-805454-
3.00012-8

41.Pham LTH, Vo TQ, Dang TD, Nguyen UTN.
Monitoring mangrove association changes in the Can
Gio biosphere reserve and implications for
management. Remote Sens Appl: Soc Environ . 2019;
13: 298-305.
https://dx.doi.org/10.1016/j.rsase.2018.11.009.

42. Hilmi E, Sari LK, Cahyo TN, Kusmana C, Suhendang
E. Carbon sequestration of MangroveEcosystem in
Segara Anakan Lagoon, Indonesia. Biotropia. 2019;
26(3): 181-190.

43.Hilmi E, Amron A, Sari LK, Cahyo TN, Siregar AS.
The Mangrove Landscape and Zonation following Soil
Properties and Water Inundation Distribution in
Segara Anakan Cilacap. J Manaj Hutan Trop . 2021,
27(3): 152-164.
https://dx.doi.org/10.72226/jtfm.27.3.152

44.Bullock EL, Fagherazzi S, Nardin W, Vo-Luong P,
Nguyen P, Woodcock CE. Temporal patterns in
species zonation in a mangrove forest in the Mekong
Delta, Vietnam, using a time series of Landsat
imagery. Cont  Shelf Res. Elsevier Ltd; 2017;
147(September 2016): 144-154.
https://dx.doi.org/10.1016/j.csr.2017.07.007

45, Hilmi E, Amron A, Sari LK, Cahyo TN, Siregar AS.
The Mangrove Landscape and Zonation following Soil
Properties and Water Inundation Distribution in
Segara Anakan Cilacap. J Manaj Hutan Trop . 2021;
27(3): 152-164.
https://dx.doi.org/10.72226/jtfm.27.3.152

46. Pesce M, Critto A, Torresan S, Giubilato E, Santini M,
Zirino A, et al. Science of the Total Environment
Modelling climate change impacts on nutrients and
primary production in coastal waters. Sci Total
Environ. Elsevier B V; 2018; 628-629: 919-937.
https://dx.doi.org/10.1016/j.scitotenv.2018.02.131

47.Wei Y, Yuanxi L, Yu L, Mingxiang X, Liping Z,
Qiuliang D. environment of urban lakes.
Ecohydrol. Hydrobiol. Elsevier B V; 2020; 12: 1-12.
https://dx.doi.org/10.1016/j.ecohyd.2020.06.006

48. Abdullah MM, Lee SY. Structure of mangrove
meiofaunal assemblages associated with local
sediment conditions in subtropical eastern australia.
Estuar Coast Shelf Sci. Elsevier Ltd; 2017; 198: 438—
449, https://dx.doi.org/10.1016/j.ecss.2016.10.039.

49. Baloloy AB, Blanco AC, Raymund Rhommel RRC,
Nadaoka K. Development and application of a new
mangrove vegetation index (MVI) for rapid and
accurate mangrove mapping. ISPRS ISPRS J
Photogramm Remote Sens. 2020; 166 (Mvi): 95-117.
https://dx.doi.org/10.1016/j.isprsjprs.2020.06.001

50.Jhonnerie R, Siregar VP, Nababan B, Prasetyo LB,
Wouthuyzen S. Random Forest Classification for
Mangrove Land Cover Mapping Using Landsat 5 TM
and Alos Palsar Imageries. Procedia Environ Sci.
Elsevier B V. 2015; 24: 215-221.
https://dx.doi.org/10.1016/j.proenv.2015.03.028

51.Ismail |, Sulistiono S, Hariyadi S, Madduppa H.
Condition and mangrove density in Segara Anakan,
Cilacap Regency, Central Java Province, Indonesia.
AACL Bioflux. 2018; 11(4): 1055-1068.

52.Hartoyo AP, Sunkar A, Ramadani R, Faluthi S,
Hidayati S. Normalized Difference Vegetation Index
(NDVI) analysis for vegetation cover in Leuser
Ecosystem area, Sumatra, Indonesia. Biodivers J Bol
Divers 2021; 22(3): 1160-1171.
https://dx.doi.org/10.13057/biodiv/d220311

53. Andini S, Prasetyo W, Sukmono A. Analisis Sebaran
Vegetasi Dengan Citra Satelit Sentinel Menggunakan
Metode NDVI Dan Segmentasi (Studi Kasus:
Kabupaten Demak). J Geodesi. 2018; 7(1): 17-29.

54. Taufik A, Ahmad SS, Ahmad A. Classification of
landsat 8 satellite data using NDVI thresholds. J
Telecommun Electron Comput Eng. 2017; 8(4). 37-
40.

55.Njana MA. Structure, growth, and sustainability of
mangrove forests of mainland Tanzania. Glob Ecol

Page | 355


https://doi.org/10.21123/bsj.2023.8828
https://dx.doi.org/10.1016/j.oceaneng.2020.107424
https://dx.doi.org/10.1063/1.4947417
https://dx.doi.org/10.1016/j.rhisph.2020.100294
https://dx.doi.org/10.21123/bsj.2023.7455
https://doi.org/10.20884/1.read.2020.1.1.2388
https://dx.doi.org/10.1016/B978-0-12-805454-3.00012-8
https://dx.doi.org/10.1016/B978-0-12-805454-3.00012-8
https://dx.doi.org/10.1016/j.rsase.2018.11.009
https://dx.doi.org/10.72226/jtfm.27.3.152
https://dx.doi.org/10.1016/j.csr.2017.07.007
https://dx.doi.org/10.72226/jtfm.27.3.152
https://dx.doi.org/10.1016/j.scitotenv.2018.02.131
https://dx.doi.org/10.1016/j.ecohyd.2020.06.006
https://dx.doi.org/10.1016/j.ecss.2016.10.039
https://dx.doi.org/10.1016/j.isprsjprs.2020.06.001
https://dx.doi.org/10.1016/j.proenv.2015.03.028
https://dx.doi.org/10.13057/biodiv/d220311

2024, 21(2): 0338-0357
https://doi.org/10.21123/bsj.2023.8828
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

A

Baghdad Science Journal

Conserv. 2020: e
https://doi.org/10.1016/j.gecco0.2020.e01394

56.Chen ZJ, Tian W, Li YJ, Sun LN, Chen Y, Zhang H,
et al. Responses of rhizosphere bacterial communities,
their functions and their network interactions to Cd
stress under phytostabilization by Miscanthus spp.
Environ Pollut. Elsevier Ltd; 2021; 287(June):
117663.
https://dx.doi.org/10.1016/j.envpol.2021.117663

57.Khan MS, Abdullah S, Salam MA, Mandal TR,
Hossain MR. Review assessment of biodiversity loss
of sundarban forest: Highlights on causes and impacts.
Indones J For Res. 2021; 8(1): 85-97.
https://dx.doi.org/10.20886/1JFR.2021.8.1.85-97

58. Mapenzi LL, Shimba MJ, Moto EA, Maghembe
RS, Mmochi AJ. Heavy metals bio-accumulation in
tilapia and catfish species in Lake Rukwa ecosystem
Tanzania.

J Geochem Explor . Elsevier B V; 2020; 208: 106413.
https://dx.doi.org/10.1016/j.gexpl0.2019.106413
59.Chai M, Li R, Qiu Z, Niu Z, Shen X. Mercury
distribution and transfer in sediment-mangrove system
in urban mangroves of fast-developing coastal region,
Southern China. Stuar Coast Shelf Sci. Academic
Press; 2020; 106770.
https://dx.doi.org/10.1016/J.ECSS.2020.106770.

60. Pimple U, Leadprathom K, Simonetti D, Sitthi A,
Peters R, Pungkul S, et al. Assessing mangrove species
diversity, zonation and functional indicators in
response to natural, regenerated, and rehabilitated
succession. J Environ Manage. Academic Press; 2022;
318: 115507.
https://dx.doi.org/10.1016/J.JENVMAN.2022.115507

61. Kantharajan G, Pandey PK, Krishnan P, Ragavan P,
Jeevamani JJJ, Purvaja R, et al. Vegetative structure
and species composition of mangroves along the
Mumbai coast, Maharashtra, India. Reg Stud Mar Sci.
Elsevier B V 2018; 19: 1-8.
https://dx.doi.org/10.1016/j.rsma.2018.02.011

62. Owuor MA, Mulwa R, Otieno P, Icely J, Newton A.
Valuing mangrove biodiversity and ecosystem
services: A deliberative choice experiment in Mida
Creek, Kenya. Ecosyst Serv Elsevier B V; 2019; 40
(September): 101040.
https://dx.doi.org/10.1016/j.ecoser.2019.101040

63.Leo KL, Gillies CL, Fitzsimons JA, Hale LZ, Beck
MW. Coastal habitat squeeze: A review of adaptation
solutions for saltmarsh, mangrove and beach habitats.
Ocean Coast Manag. Elsevier; 2019; 175: 180-190.
https://dx.doi.org/10.1016/J.OCECOAMAN.2019.03.
019

64. Tamimi BM, Juliana WWA, Nizam MS, Zain CRCM.
Temperature  Stress on  Physiological and
Morphological Traits in Rhizophora apiculata.

01394.

Baghdad Sci J. 2021; 18(4): 1492-1500.
https://dx.doi.org/10.21123/bsj.2021.18.4(Suppl.).149
2

65. Marois DE, Mitsch WJ. A mangrove creek restoration
plan utilizing hydraulic modeling. Ecol Eng. Elsevier
B V; 2017;108: 537-546.
https://dx.doi.org/10.1016/j.ecoleng.2017.06.063

66. Latiefa H, Putria MR, Hanifaha F, Afifaha IN, Fadlia
M, Ismoyo DO. Coastal Hazard Assessment in
Northern part of Jakarta. Procedia Eng. Elsevier B V;
2018; 212: 1279-1286.
https://dx.doi.org/10.1016/j.proeng.2018.01.165

67. Amare M, Jensen ND, Shiferaw B, Denno J. Rainfall
shocks and agricultural productivity : Implication for
rural household consumption. Agric Syst. Elsevier;
2018; 166(June): 79-89.
https://dx.doi.org/10.1016/j.agsy.2018.07.014

68. Dai Z, Trettin CC, Frolking S, Birdsey RA. Mangrove
carbon assessment tool: Model development and
sensitivity analysis. Estuar Coast Shelf Sci. Elsevier
Ltd; 2018; 208: 23-35.
https://dx.doi.org/10.1016/j.ecss.2018.04.035

69.Wang Z, Li S, Yue F, Qin C, Bucker S. Rainfall driven
nitrate transport in agricultural Kkarst surface river
system : Insight from high resolution hydrochemistry
and nitrate isotopes. Agric Ecosyst Environ . 2020;
291. https://dx.doi.org/10.1016/j.agee.2019.106787

70. Mastrocicco M, Colombani N, Soana E, Vincenzi F,
Castaldelli G. Intense rainfalls trigger nitrite leaching
in agricultural soils depleted in organic matter. Sci
Total Environ. Elsevier B V; 2019; 665: 80-90.
https://dx.doi.org/10.1016/j.scitotenv.2019.01.306

71. Jafari H, Sudegi A, Bagheri R. Contribution of rainfall
and agricultural returns to groundwater recharge in
arid areas. J Hydrol. Elsevier; 2019; 575 (March):
1230-1238.
https://dx.doi.org/10.1016/j.jhydrol.2019.06.029

72.Yassen AN, Nam WH, Hong EM. Impact of climate
change on reference evapotranspiration in Egypt.
Catena Elsevier; 2020; 194(May): 104711.
https://dx.doi.org/10.1016/j.catena.2020.104711

73.Cherry JA, Cherry JA. Tidal Wetlands in a Changing
Climate : Introduction to a Special Feature. wetlands
and Climate Change Wetlands; 2020: 1-6.
https://doi.org/10.1007/s13157-019-01245-9

74. Saintilan N, Rogers K, Kelleway JJ, Ens E, Sloane DR.
Climate Change Impacts on the Coastal Wetlands of
Australia. Wetland and Climate Change (Wetlands);
2018; 1-10. https://doi.org/10.1007/s13157-018-
1016-7

75.Parker VT, Boyer KE. Sea-Level Rise and Climate
Change Impacts on an Urbanized Pacific Coast
Estuary. Wetlands 2017, 1-14.
https://doi.org/10.1007/s13157-017-0980-7

Page | 356



https://doi.org/10.21123/bsj.2023.8828
https://doi.org/10.1016/j.gecco.2020.e01394
https://dx.doi.org/10.1016/j.envpol.2021.117663
https://dx.doi.org/10.20886/IJFR.2021.8.1.85-97
https://dx.doi.org/10.1016/j.gexplo.2019.106413
https://dx.doi.org/10.1016/J.ECSS.2020.106770
https://dx.doi.org/10.1016/J.JENVMAN.2022.115507
https://dx.doi.org/10.1016/j.rsma.2018.02.011
https://dx.doi.org/10.1016/j.ecoser.2019.101040
https://dx.doi.org/10.1016/J.OCECOAMAN.2019.03.019
https://dx.doi.org/10.1016/J.OCECOAMAN.2019.03.019
https://dx.doi.org/10.21123/bsj.2021.18.4(Suppl.).1492
https://dx.doi.org/10.21123/bsj.2021.18.4(Suppl.).1492
https://dx.doi.org/10.1016/j.ecoleng.2017.06.063
https://dx.doi.org/10.1016/j.proeng.2018.01.165
https://dx.doi.org/10.1016/j.agsy.2018.07.014
https://dx.doi.org/10.1016/j.ecss.2018.04.035
https://dx.doi.org/10.1016/j.agee.2019.106787
https://dx.doi.org/10.1016/j.scitotenv.2019.01.306
https://dx.doi.org/10.1016/j.jhydrol.2019.06.029
https://dx.doi.org/10.1016/j.catena.2020.104711
https://doi.org/10.1007/s13157-019-01245-9
https://doi.org/10.1007/s13157-018-1016-7
https://doi.org/10.1007/s13157-018-1016-7
https://doi.org/10.1007/s13157-017-0980-7

2024, 21(2): 0338-0357 ‘D
https://doi.org/10.21123/bsj.2023.8828 -
P-ISSN: 2078-8665 - E-ISSN: 2411-7986 Baghdad Science Journal

76. Tandio T, Kusmana C, Fauzi A, Hilmi E. Identification dan Perikanan (JSEKP). 2019; 14(2): 179.
of Key Actors in Mangroves Plantation using the https://dx.doi.org/10.15578/jsekp.v14i2.8241
MACTOR Tool: Study in DKI Jakarta. J Sylva Lestari 78.Chai M, Li R, Qiu Z, Niu Z, Shen X. Mercury

2023; 11(2): 163-176. distribution and transfer in sediment-mangrove system
https://dx.doi.org/10.23960/jsl.v11i1.593 in urban mangroves of fast-developing coastal region,
77.Wardono B, Muhartono R, Hikmayani Y, Apriliani T, Southern China. Estuar Coast Shelf Sci. Elsevier Ltd;
Hikmah H. Analisis Prospektif Peran Aktor Dalam 2020;240 (April): 106770.
Strategi Formulasi Pembangunan Perikanan Di https://dx.doi.org/10.1016/j.ecss.2020.106770.

Kabupaten Natuna. Jurnal Sosial Ekonomi Kelautan

DBl B AU s il S il Jaad€ Adalid) A laudY daadal) Uil
¢ 05aY S Il B FLUAN U (e aall (il daaiS i g adlad) jlandY Al
L 9] QLSS s

4 529309 058 oF ey e Uig ¢ T diaga Gile 3 L giiban ala¥) ¢ 2 5681 Jgp08 ¢ 1 alih il

e g I adis Aaals ¢ jlaadl o gle s aliaall 4K « Magister SDA gl s duilall ) gall 50 gali !

Ot Jl i Aaala ¢ (Llad) bl jall zald 59) A3l o gle mali o (& iiuale s FISIP glaia¥) ple and

J1vian Amala ¢ (Lball il 5l i ) &l o gle aealing (A pftale s S ¢ @sls s Jsai i Adana ¢ Al guall s g sall dla )Y ol
e 9 g

AaMAY

Ll A1 HladY ) alaill (&3 laai & Segara Anakan Lagoon (SAL) s dalabudl A1 jlaiy dpeglall il
el s ge JET o Cadaill b sy Dpaglal) laliall gt N Candl 13 Giagy, 8 fie e (3hlie (8 saill 5 il
by s Al Gailadl) alaaiuly Cilacap Coast (CC) s SAL s dul ol cuy al, Flidl uad Gy sl g <l il
DY Al laliall of il < jedal, oLtV ad g il HAd) Jidad aladinly Lgle ) geaadl i ) i) Judas 25, ) s
Aegiceras s Rhizophora Styllosa s Nypa frutican g« skl @j e sind GSUl | jlans 8 Adalull ASY)
g5 s JumilS laaas 25l Sonneratia alba s Avicennia marina s Rhizophora apiculata scorniculatum
ael) Jshas A8 ) jiind axe 5 ¢ (R / S 142.] Lsaaill) W o S S0 Ll i g Adalull AY)
) s (5 sie Ul pall A e B3 35 ¢ die 7 Ao ju dans giay alatiall e Ll eladl g ¢ A/ ale 3552 A4S T siay
Slo Jim Y Fladl s oY« sailly Gl e 50l Ll JladW) )il o ) @il cuald (2 3.4 ) 6 2.7 e sl
(0634 - = a4 50518 < 0=zl de o aa ¢ 0635- = JUae) Jshas 43S aa Tl ;Y1) L sas

ol U ¢ sl As g cca g riladl ille (e Lmyilall JLL\.AS\ Bl ) adi ct\.'m&\ ualliad ;iéal.ﬁd\ clalsly

Page | 357


https://doi.org/10.21123/bsj.2023.8828
https://dx.doi.org/10.23960/jsl.v11i1.593
https://dx.doi.org/10.15578/jsekp.v14i2.8241
https://dx.doi.org/10.1016/j.ecss.2020.106770

