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Abstract. Dharmawan IWE, Renyaan J, Nurdiansah D. 2022. Mangrove zonation, community structure and healthiness in Kei Islands,
Maluku, Indonesia. Biodiversitas 23: 4918-4927. Forest structure and quality were studied in an archipelagic site in Indonesia which
consists of estuarine and oceanic mangrove habitats. This study aimed to determine mangrove structure and estimate the spatial
distribution of forest healthiness along the zones dominated by different genera. Forest zones were investigated using the Random Forest
method utilizing a cloud-free Harmonized Sentinel-2A-Surface Reflectance image. Community structure measurement followed a
stratified purposive sampling design along forest zonation. A spatial-based mangrove health index (MHI) model was applied to analyze
forest healthiness distribution in each zone. Mangrove area was clearly classified into six genera-dominated zones such as Sonneratia,
Rhizophora, Bruguiera, Ceriops, Xylocarpus and Lumnitzera from seaward to landward. The Rhizophora zone had the most extensive
area proportion at approximately 68% of the total mangrove area. This study revealed that S. alba species dominated in the outmost zone
at about 200% of VI, while X. granatum and C. tagal were calculated in a larger IVI value in the more landward area. On the other
hand, R. stylosa had a majority species composition in Rhizophora forest. According to spatial analysis of MHI, most zones had a

majority area of excellent condition, emphasizing that the entire mangrove forest was pristine.
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INTRODUCTION

Mangrove is one of the most critical ecosystems in the
coastal area. The ecosystem delivers various benefits and
services to adjacent communities from ecological, coastal
protection, and socio-economics perspectives (Haines-
Young and Potschin 2018; Getzner and Islam 2020). As a
primary producer in the coastal food web, the mangrove
forest serves as a habitat, feeding, and nursery ground for
marine and terrestrial fauna (Nagelkerken et al. 2008;
Karimah 2017; Sukuryadi et al. 2021). The availability of
economic biotas in mangroves allows local people to gain
food sources, income, and wealth (Das et al. 2022).
Mangrove ecosystem also protects the shoreline area from
coastal climatic and geologic disasters (Marois dan Mitsch
2015; Hilmi et al. 2017; Sanchez-Nufiez et al. 2019). In
small islands, mangrove existence maintains saltwater
intrusion and secures freshwater supplies to the local
community (Damayanti et al. 2020). In terms of climate
change issue, mangrove has been considered the most
effective blue carbon ecosystem in sequestering greenhouse
gas, storing carbon, and controlling the global warming
effect (Inoue 2019; Alongi 2020).

The magnitude of mangrove ecosystem services is
considerably influenced by the size of habitat area,
community structure, and forest quality. An extensive
forest provides more significant benefits to the
communities. Mangrove area decline affects ecological
services depletion and socio-economic behavior changes
(Malik et al. 2017). Mangrove formation reduces inward

waves and coastal disaster effects in more extensive areas
(Koh et al. 2018). From the global perspective, the
Indonesian mangrove has been significantly considered in
regulating global blue carbon and mitigating climate
changes since the most extensive mangrove area of the
world exists in this country (Murdiyarso et al. 2015).
Therefore, forest area analysis should equip future studies
related to mangrove services.

Mangrove community structure reflects species
composition and stands distribution in certain mangrove
areas. It varies perpendicularly to the shoreline, depending
on the gradient of the environmental -characteristic
(Raganas and Magcale-Macandog 2020). Variability of
habitat delivers unique forest zonation based on mangrove
species domination, mainly triggered by pore-water salinity
and soil organic concentration dynamics from landward to
seaward areas (Costa et al. 2015; Barik et al. 2018).
Salinity gradient contributes to forest classification since
each mangrove species has a different ability to regulate
salt concentration from the environment (Chowdhury et al.
2019). Most seaward areas are composed of the most
adaptive species coping with a higher salinity habitat, while
landward zones tend to be occupied by lower salinity-
tolerant species (Yuvaraj et al. 2017). A muddy substrate in
estuarine mangroves provides a larger stand size compared
to oceanic-sandy mangrove habitats in the less degraded
forest (Dharmawan and Widyastuti 2017). Distal forest
zones are more affluent in organic carbon content than the
seaward zone (Irwanto et al. 2021). However, the
explorative study on mangrove zones in Indonesian pristine
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archipelagic mangroves is limited due to a lack of
resources and safety concerns.

Forest healthiness is one of the main components in
determining forest degradation combined with area
calculation (Besset et al. 2019). Large areas and complex
structures of mangroves need to be supported by healthy
forest conditions to optimize their benefits and services.
Mangrove degradation decreases habitat quality, associated
biota diversity, and abundance, which disrupts food web
balance in the ecosystem (Sahu et al. 2015). The quality of
ecosystem services is also depleted in continuously degraded
mangrove areas (Kalor et al. 2019). Determination of forest
healthiness was varied in several previous studies, which
involved different approaches such as stand structure and
biodiversity assessment (Prasetya et al. 2017), comprehensive
parameters including forest structure, soil, and social-
economic analysis (Faridah-Hanum et al. 2019), and remote
sensing analysis (Maurya et al. 2021). A scientific, efficient,
and low-cost approach would be challenging in determining
forest state for a broader background of stakeholders and
the largest mangrove area globally in Indonesia.

Mangrove health index (MHI) is a single metric in
determining forest quality developed by three dimensions
of mangrove structure, i.e., size, distribution, and coverage
(Dharmawan et al. 2020). It originated from field data
collection measurements of stand structure parameters
representing forest state in a small-scale quadratic plot.
MHI values ranged from 0 to 100, distinguishing mangrove
states into three healthiness categories such as poor,
moderate, and excellent. A further study successfully
transformed the plot-scaled MHI into a spatial index with a
high determination to estimate the distribution of mangrove
healthiness in a more extensive area scale analysis
(Nurdiansah and Dharmawan 2021a). This study aimed to
analyze mangrove community structure and health along
forest zonation in archipelagic mangrove areas. Area
calculation for each MHI category along forest zones
would be involved in this study. Combining those
parameters would lead to a comprehensive result as a basis
for future mangrove management actions in these areas.

MATERIALS AND METHODS

Site description

Our study focused on Kei Archipelago mangrove
forests around Kei Kecil and Kei Besar Island of Maluku
(Moluccas) Province, Indonesia. Total mangrove area of
this study covered about 99,260 ha, found in estuarine and
oceanic habitat types at about 79.654 ha and 19.606 ha for
each region, respectively (Figure 1). As many as ten sites
were scattered along with the mangrove areas as indicative
sites for conducting forest community structure assessment
and collecting training validation data for classification
analysis. Estuarine mangroves were primarily located in
Kei Kecil Island, while oceanic mangroves mostly faced
the Banda Sea on the north-eastern area of Kei Archipelago
in Kei Kecil, Kei Besar, and surrounding islands. The
estuarine habitats have typical mud domination on the
substrate. Mangrove vegetation in this habitat has grown
along bays; hence they are relatively protected from the
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direct influence of the sea environment. On the other hand,
oceanic mangrove areas have a sandy to rock-rubble
substrate domination and face the ocean directly. Oceanic
mangroves probably have a more saline habitat since there
is less freshwater input than estuarine ecosystems.

Mangrove classification analysis

Identification of forest zones was conducted using the
Random Forest technique based on collected training area
pixels (Kolli et al. 2022; Mahamunkar et al. 2022; Fikri et
al. 2022). Harmonized Sentinel 2A Surface Reflectance
images were gathered during September - October 2021 to
produce a single cloud-free image. The Sentinel image was
categorized into medium resolution since each pixel size
covers about 10 m x 10 m area. Cloud masking for each
image was conducted using the QA60 band. Masked image
aggregation was applied based on the median value of each
pixel and band as a reducer. The cloud computing platform,
Google Earth Engine, was utilized to process forest
classification based on genera domination. As many as
9581 pixels of training data were used to classify zones
dominated by each genus. The number of forest zones was
determined during the field survey, which found five
genera domination on the bay, i.e., Sonneratia, Rhizophora,
Bruguiera, Ceriops, and Xylocarpus, in a respective area
from sea to land. Training area pixels were determined
using manual observation on forest community assessment
and completed with a manual interpretation on Google
Earth based on canopy texture and color. The performance
of classification based on the training data was assessed by
1063 pixels of validation data to examinecoloral accuracy
approaches. Producer and consumer accuracy (%) tests
were performed to investigate each classified zone’s
accuracy based on training data and total pixels,
respectively. On the other hand, the classification
performance on the entire bay area was summed up by
overall accuracy value and a kappa coefficient calculation.
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Kei Archipelago, Maluku (Moluccas) Province, Indonesia
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Mangrove community structure assessment

Forest assessment was conducted to determine species
composition and stand structure in each zone in the
archipelagic area (Dharmawan et al. 2020). As many as 48
quadratic 10m x 10m plots were scattered purposively
along the forest area following a stratified sampling design
based on genera domination. Unfortunately, The Lumnitzera
zone structure measurement was missed due to safety
issues hence a manual observation was applied to describe
the zone on the study result. Those measurement areas
were included as training data during classification
analysis. A field survey was conducted to measure
mangrove stand diameter (DBH) on each plot which was
applied to distinguish mangrove stands into two growth
levels, i.e., tree (DBH>5 cm) and sapling (DBH<5 cm).
The number of measured stands on each plot was
considered a forest density value on each growth level.
Forest canopy coverage was estimated by using
hemispherical photography through nine hemispheric
photographs taken on each plot following Dharmawan
(2020). Forest height was calculated by measuring the
angle of the top forest canopy at 10 meters distance. The
MonMang, an Android-based app, was used to record and
process data directly on the field sites before being
exported for further statistical analysis (Dharmawan and
Khoir 2021). Important value index (IVI) was extracted
from the app to determine species composition, while
canopy coverage, density diameter, and height data
represented forest structure parameters. A descriptive
analysis including the mean and standard error value for
each parameter was calculated, while one-way ANOVA
followed by the Tukey HSD test was conducted to detect
differences of each parameter among zones performed
using a tidyverse package on the R-studio statistical
software version 3.72 (2021).

Spatial distribution of MHI along forest zones

The distribution of forest healthiness in each forest zone
was analyzed based on a spatial model of the Mangrove
Health Index (MHI) (Nurdiansah and Dharmawan 2021a).
The model consists of a combination of four vegetation
indices, i.e., NBR (Normalized Burn Ratio), GCI (Green
Chlorophyll Index), SIPI (Structure Insensitive Pigment
Index), and ARVI (Atmospherically Resistant Vegetation
Index). Analyzing each index in calculating the MHI value
required five bands such as red, green, blue, Near Infrared
(NIR), and Shortwave Infrared - (SWIR) on the cloud-free
image. MHI values were divided into three ranges of forest
conditions such as poor (0-33%), moderate (33%-66%),
and excellent (66%-100%).

MHI = 102.12*NBR - 4.64*GCl
159.53*ARVI - 252.39

+178.15*SIPI +

Where:

NBR = (NIR - SWIR)/ (NIR + SWIR)

GCl = (NIR/green) - 1

SIPI = (NIR - blue) / (NIR - red)

ARVI = (NIR - 2.red + blue) / (NIR + 2.red + blue)

BIODIVERSITAS 23 (9): 4918-4927, September 2022

Calculated MHI values from the model were
standardized following MHI categories using the min-max
standardization method. A range of negative MHI values
from -33 to 33% was standardized as a poor forest
category, and a positive range from 66 to 133% was
compressed into the excellent range. MHI determination
and area calculation for each zone were performed in
Google Earth Engine. Spatial MHI distribution along
mangrove zones was visualized on thematic maps, which
were designed using Quantum GIS version 3.22.

RESULTS AND DISCUSSION

Distribution of mangrove genera-dominated zones

Kei Archipelago clearly consisted of six genera-
dominated zones along the forest area. Estuarine
mangroves had a more complex mangrove formation than
the oceanic forest (Figure 2). Five genera-dominated zones
were identified from the estuarine habitat, while only three
obvious patterns of mangrove-occupied oceanic habitat
were recorded. The number of genera-dominated layers in
this study was higher than the estuarine mangrove in Benoa
Bay, which was composed of three mangrove zones
(Sugiana et al. 2022). Another study in an archipelagic area
of Papua found three zones along the mangrove area
perpendicularly from landward to seaward (Nurdiansah and
Dharmawan 2021a). A small coralline island in Java was
only composed of a single forest layer dominated by
Rhizophora stylosa Griff. (Dharmawan 2019; Nurrohman
et al. 2020). Monospecific mangrove domination was
common in flat oceanic islands with a narrow forest width,
a uniform environmental characteristic, and sandy rock-rubble
substrate domination (Dharmawan and Pramudji 2019).

The number of mangrove zones in the Kei Archipelago
differed among habitat typologies. In the estuarine habitat,
the mangrove forest was occupied by five zones, i.e.,
Rhizophora, Bruguiera, Ceriops, Xylocarpus, and
Lumnitzera. Estuarine mangroves had a higher number of
genera-dominated zones than the oceanic habitat, which
was only distinguished into three forest layers: Sonneratia,
Rhizophora, and Bruguiera. Each species of Rhizophora
had a specific optimum range of salinity. Rhizophora
stylosa was dominant in a more saline habitat with a sand-
dominated substrate than R. apiculata, which preferred
more estuarine and riverine habitats (Nugroho et al. 2019;
Nurrohman et al. 2020; Edo et al. 2021). The distribution
of Sonneratia was unclear and irregular along with
estuarine forests in Kei Archipelago. Xylocarpus and
Lumintzera domination was randomly scattered in a narrow
area on the oceanic habitats. Both Bruguiera and Ceriops
were the second layers of forest zonation in both estuarine
and oceanic mangroves in Kei Archipelago. They were
found with massive distribution and growth in a moderate
salinity range, relatively less submerged, and mud-
dominated areas (Irawan et al. 2021). Previous studies also
identified those forests as the middle mangrove zone
(Irwanto et al. 2020; Koroy et al. 2020). The presence of
Xylocarpus and Lumnitzera zones in estuarine mangroves
implied the existence of low saline and less submerged
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habitats in the most landward area. Both species were
mostly found in higher land elevations with a drier
substrate near land mangrove niches (Mughofar et al. 2018;
Irwanto et al. 2020; Ma et al. 2020).

Forest zone variability among habitat types reflected the
adaptative ability of each mangrove species to
environmental conditions. Estuarine habitat tends to have a
broader range of salinity since it experiences a more
frequent freshwater input from upstream areas (Suello et al.
2022). Organic content on the estuarine mangrove
originated from allochthonous and autochthonous sources
(Sasmito et al. 2020). Lack of particulate material export
by tidal fluctuation and dense root system of mangroves
allows deposition of higher organic materials in the
substrate: hence estuarine mangroves were rich in organic
content (Wang et al. 2021). Consequently, most of the
mangrove zones were optimally developed along salinity
gradients and higher soil organic contents in estuarine
areas. In contrast, the oceanic mangrove substrate in this
study area was dominated by sandy to rock-rubble
composition. A previous study figured out the low organic
content in oceanic mangroves compared to estuarine
habitats (Saavedra-Hortua et al. 2020). Species of
Sonneratia alba and Rhizophora stylosa were proven to be
more adaptive among other species to less organic
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substrates in the seaward zone of oceanic mangrove habitat
in Indonesia’s small islands (Dharmawan and Pramudji
2019; Nurdiansah and Dharmawan 2021a).
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Figure 3. Area of each mangrove genera-dominated (S:
Sonneratia; R: Rhizophora; B: Bruguiera C: Ceriops; X:
Xylocarpus; L: Lumnitzera) in Kei Archipelago (A) and
comparison of the proportion of zone area between estuarine and
oceanic habitats (B)
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Figure 2. Distribution of genera-dominated zones displayed in three regions, i.e., southern Kei Kecil Island (A); northern areas of Kei

Kecil Island (B) and Kei Besar island (C)

Table 1. Forest classification performance is based on common accuracy approaches to each genera-dominated zone (S: Sonneratia; R:
Rhizophora; B: Bruguiera C: Ceriops; X: Xylocarpus; L: Lumnitzera) and the entire forest area

Forest zone

Accuracy tests 3 R B C X i
Producer accuracy (%) 80.00 97.02 90.95 95.92 73.81 91.52
Consumer accuracy (%) 72.73 85.76 95.77 97.92 100.00 99.17
Overall accuracy (%) 93.03
Kappa coefficient 0.91
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Regarding  genera-dominated forest area, Kei
archipelagic mangroves were highly dominated by
Rhizophora forest at about 65.27% and 68.71% of total
mangrove forest in both estuarine and estuarine mangroves,
respectively (Figure 3). In the entire forest area, the
Rhizophora-dominated zone occupied approximately
63,937 ha, much larger than other zones. This genus has
been recognized as a cosmopolitan mangrove group
distributed in the Indo-West Pacific region, including the
Indonesian archipelago (Yan et al. 2016). Xylocarpus forest
distribution was limited in the study area, which mainly
lived in the estuarine mangrove at about 723.4 ha or
approximately 1% of the forest area. The Lumnitzera-
dominated zone had a slightly higher proportion of area
than the Xylocarpus forest at about 3%. Xylocarpus and
Lumnitzera domination did not form a regular patterned
zone in oceanic mangroves. On the other hand, the
Sonneratia zone was distributed mainly along the outmost
area of oceanic habitats. The zone represented a more
significant proportion of oceanic mangroves at about 7.4%,
compared to its size in the estuarine habitats at
approximately 1.61%.

The performance of forest classification in this study
indicated a highly accurate result since the value of a
calculated overall accuracy was in the highest category
between 90-100% (McHugh 2012) (Table 1). It was also
represented by a kappa coefficient larger than 0.9
indicating the result was close to the current condition of
forest structure (Jog and Dixit 2016). Another study
performed a similar overall accuracy and kappa value for
distinguishing mangroves in the coastal area using Random
Forest technique through Sentinel images (Ghorbanian et
al. 2021). The number and consistency of training data
played significant roles in performing a better producer
accuracy value (Millard and Richardson 2015). In this
study, a narrow and scattered area of Xylocarpus zones
resulted in the lowest value of this accuracy test at 73.81%.
However, the largest zone of Rhizophora forest in Kei
archipelagic mangrove was highly accurate based on the
producer accuracy test since as many as 97.02% of training
pixels were classified as Rhizophora-dominated zone. In
contrast, validation data pixels for the Xylocarpus zone had
the best performance in the classification result since they
produced an excellent value in the consumer accuracy test.

Mangrove community structure

Ten mangrove species were found on six genera-
dominated zones in Kei Archipelagic mangrove, and each
zone had a typical mangrove species composition. The
Sonneratia-dominated zone was majorly located on the
seaward area of the oceanic mangrove and composed of
four mangrove species which was dominated by S. alba
species at more than 200% of IVI (Figure 4).
Rhizophoraceae members were also present in this zone,
such as Rhizophora stylosa, R. mucronata and B.
gymnorrhiza, with IVl at about 50.60%, 35.95%, and
11.51%, respectively. The Sonneratia zone had the lowest
number of mangrove species compared to other zones. A
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lower species number in Sonneratia forest was also found
in previous studies, such as a monospecific S. alba in Biak
Papua (Dharmawan and Pramudji 2019); two species in
Miossu-Middleburg Island (Nurdiansah and Dharmawan
2021a) and four species in Asam Beach, Belitung Island
(Irawan et al. 2021). Higher salinity and lower organic
matter in the Sonneratia zone were responsible for a lower
species composition related to mangrove adaptation.
Species of S. alba have a better preference for growing in
sandy and rock-rubble substrates with low organic content
and high salinity than other mangrove species (Wang’ondu
et al. 2013).

Rhizophora-dominated areas consist of more mangrove
species than the Sonneratia forest. As many as seven
species were found in this zone which was dominated by R.
stylosa with the highest 1VI at 194.30%. This species
domination indicated that the Rhizophora forest had a
higher saline environment and sandier substrate in this
study area. Species of R. apiculata and R. mucronata were
found in a low value of IVI at about 38% and 19%,
respectively. Those species had a lower saline environment
than R. stylosa, and they were adaptive in a wide range of
lower water salinity ranges (Irawanto et al. 2021). Other
members of Rhizophoraceae also lived along with
Rhizophora forests, such as C. tagal and B. gymnorrhiza,
with much lower VI proportions in a respective numbers
at about 16.37% and 22.68%. Those species tended to be
well-adapted to a muddy substrate with a higher organic
content (Robert et al. 2015). This result indicated that
Rhizophora habitats seemingly lack organic matter since
the domination of R. stylosa was recorded in the present
study. However, future comprehensive studies including
environmental analysis should be applied to emphasize this
indication.
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Figure 4. Species composition for each genera-dominated zone
(S: Sonneratia; R: Rhizophora; B: Bruguiera; C: Ceriops; X:
Xylocarpus) based on IVI (%). Species Abbreviations: AC:
Aegiceras corniculatum (L.) Blanco; BG: Bruguiera gymnorrhiza
(L.) Lam.; CT: Ceriops tagal C.B. Rob.; HG: Heritiera globosa
Kosterm.; RA: Rhizophora apiculata Blume; RM: R. mucronata
Poir.; RS: R. stylosa Griff.; SA: Sonneratia alba Sm.; XG:
Xylocarpus granatum J.Koenig; XM: X. molluccensis M.Roem
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The muddy habitat of Bruguiera forests supported the
most diverse mangrove species in this archipelagic
mangrove. As many as nine mangrove species were found
in this zone. Species of B. gymnorrhiza were highly
dominated at 197.74% of MHI value. This species
preferred to live in a less saline environment with a high
content of organic matter (Zhu et al. 2012). Previous
studies also identified the domination of B. gymnorrhiza in
the middle zone of mangrove forests (Urashi et al. 2013;
Kamruzzaman et al. 2016). The middle zone had a lower
salinity than the seaward area due to the balance of
freshwater input from the upper land area and saltwater
from tidal flow (Bathmann et al. 2021). Environmental
condition in this area was the most preferred habitat for
mangroves and led to a higher diversity of mangrove
species (Ragavan et al. 2015). Previous studies revealed
that the middle zone had higher species diversity than other
zones (Win et al. 2019). Salt tolerant species of S. alba and
R. stylosa and less tolerant species of C. tagal and X.
granatum were found in this zone, indicating that this area
served a wide range of environmental physio-chemistry
parameters.

Along the estuarine habitat, mangrove areas in the front
of the landward zone were occupied by C. tagal as the
main component of forest structure. This species was
dominant at approximately 134% of the total IVI
proportion. Overall, six mangrove species were identified
from the measurement area in the Ceriops-dominated zone.
Species of B. gymnorrhiza are also distributed in this zone
with more than 50% of IVI, followed by R. apiculata at
about 45%. Among other zones, X. molluccensis was only
found in this area with a narrow IVI value. High content of
organic and less saline conditions allowed high domination
of poor salinity tolerant species such as C. tagal and X.
granatum. This domination was also detected clearly in
most landward areas along the Xylocarpus-dominated zone.
Those species were dominant and had a similar VI value at
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about 119% and 134%, respectively. Another species found
in this zone was R. apiculata which was relatively
cosmopolite in the estuary. Domination of X. granatum
frequently occurred in the landward zone with the lowest
water salinity and less submerged by tidal water (Dasgupta
et al. 2012; Siddique et al. 2017).

Canopy coverage of mangroves in the study sites
ranged from 69.76+2.15% in the Sonneratia-dominated
zone to 81.49+2.52% in the Xylocarpus forest (Figure 5). It
was found that the mean value of Sonneratia canopy
coverage was significantly different among zones based on
TukeyHSD analysis. Previous studies also calculated the
lowest canopy coverage in Sonneratia forest compared to
other zones. For instance, a fringing mangrove in Padaido
Archipelago had the most canopy coverage in the
Sonneratia zone at about 61.32% among different zones
(Dharmawan and Pramudji 2019). In another study in
Tidore Archipelago in North Moluccas Provinces, the
Sonneratia forest was composed of large mangrove stems,
while it had a lower percentage of canopy coverage
(Nurdiansah and Dharmawan 2018). It indicated a single
variable of stand structure was not appropriate for
determining forest degradation state since mangrove
canopy shape was varied among species (Dharmawan
2020). Mangrove canopy coverage analysis in Benoa Bay-
Bali showed a higher percentage at Rhizophora forest than
Sonneratia-dominated zones in respective values at about
77.91% and 52.35%. On the other hand, a pristine
mangrove occupied by Rhizophoraceae domination was
found consistently in dense coverage such as Wondama
Gulf and Liki Island estuaries at about 90.0% and 80.4%,
respectively  (Dharmawan and  Widyastuti  2017;
Nurdiansah and Dharmawan 2021b). High canopy
coverage in the Ceriops-dominated zones was detected in
similar value to this study along less disturbed archipelagic
mangroves in Middleburg-Miossu Island and Raja Ampat
(Nurdiansah and Dharmawan 2021a; Pribadi et al. 2020).
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The highest canopy coverage in the Xylocarpus-
dominated zone was supported by the densest stand
distribution in both tree and sapling levels which had a
significant difference from other zones (ANOVA: p<0.05).
Tree and sapling densities of this forest zone were 395
stand.100m? and 101+11 stand.100m?, respectively
(Figure 5). Other zones had a similar tree density ranging
from 18+5 stand.100m 2 found in Bruguiera forest to 23+2
stand.100m2 in Rhizophora-dominated zone. On the other
hand, Ceriops-zone was also found to be significantly
different from Sonneratia, Rhizophora, and Bruguiera
forests. A study in a pristine Ceriops forest on Papua small
island revealed that sapling density was higher than tree
density which was similarly found in the present study
(Nurdiansah and Dharmawan 2021a). Benoa Bay-Bali
mangroves were more dominated by tree stand level than
sapling stands, especially in Sonneratia and Rhizophora
forests (Andiani et al. 2021). Less disturbing mangroves
were commonly occupied by tree stands than sapling
stands, such as mangroves in Wondama, Raja Ampat, and
Liki Islands (Dharmawan and Widyastuti 2017; Pribadi et
al. 2020; Nurdiansah and Dharmawan 2021b). Moreover,
B. gymnorrhiza trees were found fully dominated in Auki
islands with no sapling stands on the mangrove forest due
to a dense forest canopy that inhibits sapling growth
(Dharmawan and Pramudji 2019).

According to the stand size, denser forests in Ceriops
and Xylocarpus forests had a lower mean trunk diameter
than other zones (Figure 5). Consequently, the stands were
focused on vertical growth to gain height. It was implied by
a significant difference in trunk diameter in those sizes
compared to other zones (ANOVA, p<0.05), while their
height was relatively similar. Only the Bruguiera forest
differed significantly among zones in the forest height
reaching approximately 16.36+0.88m. The largest stand
diameter was identified in the Sonneratia-dominated zone
at about 13.0+3.4cm, while the Xylocarpus zone had a
lower stand size diameter at approximately 4.5+4.0cm due
to the domination of sapling levels. Pristine mangrove
forests mainly have a larger stand size, both height, and
diameter, due to a lack of anthropogenic activities. In a
cultural-protected forest of Middleburg-Miossu, mangrove
stem reached approximately 24 cm in stem diameter and
17.6 m in height, similar to this study area (Nurdiansah and
Dharmawan 2021a). Another study showed a massive size
of mangroves at about 19.77 c¢cm in stem diameter in a
pristine mangrove area (Dharmawan and Widyastuti 2017).
In contrast, frequently logging mangrove areas had a much-
lowered diameter size of about 6.50 - 10.66 cm on Bintan
island, which is dominated by Rhizophora (Dharmawan
2018). Rhizophora woods are favored for selective logging,
which has a better quality of charcoal and firewood than
other mangrove woods (Malik et al. 2017). Secondary
mangrove forests in Sekotong, Lombok, have grown,
ranging from 6.10 to 10.57 cm at average diameters (Japa
et al. 2019).

Mangrove health index distribution
Most genera-dominated zones in Kei Archipelagic
mangrove had the excellent category of mangrove health
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index. This category has a massive proportion of more than
60% of the total mangrove area in this study site (Figure 6).
As the top-two-largest mangrove area, Rhizophora and
Bruguiera forests were dominated by healthy forests at
about 60% of the zones area proportion which significantly
contributed to the total mangrove area condition. The
excellent mangrove forests were also found in Sonneratia
and Ceriops forests at approximately 50% and 50% of their
total area, respectively. The moderate healthiness category
was calculated in a dominant proportion at two narrow
zone areas, Xylocarpus and Lumnitzera, which had no
significant influence on the overall condition of mangrove
healthiness in the present study. Another study showed
stable mangrove coverage in the most extensive urban area,
Tual City in Kei islands, from 1999 to 2019 through
satellite imagery analysis (Suyadi et al. 2021). Excellent
mangrove conditions were also identified in a nearby
archipelago in Moluccas Province, in particular Sula
Islands, by previous studies based on forest canopy
coverage assessments (Akbar et al. 2016; Baksir et al.
2018). Overall, archipelagic mangroves, especially in
eastern Indonesia, were commonly in more health
conditions due to a lack of anthropogenic threats compared
to the western region (llman et al. 2016).

According to the area proportion of MHI categories, the
mangrove forest in Kei Archipelago was categorized as a
pristine mangrove since most pixels were in excellent range
value. It was also supported by a minimum proportion of
poor conditions in less than 5% of forest area. However,
the poor forest areas significantly existed along Ceriops
forests at approximately 10% of the total Ceriops area,
which was identified on the largest mangrove bay in Kei
Kecil Island and represented by light blue color areas
(Figure 7). Field observation found a lack of anthropogenic
activities in those areas, so the poor areas were mainly
caused by the natural standing state of the Ceriops
vegetation. In those areas, the unhealthy Ceriops were
composed of stunting stands dominated by sapling growth
levels and less canopy coverage (Figure 8). Stunting
mangroves were natural and predominantly observed in
arid habitats with distinctive geomorphology, altered
hydrology, and different characteristics of soil
biogeochemistry (Adame et al. 2021).
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Figure 6. Area proportion of each Mangrove Health Index (MHI)

category (%) among forest zones in Kei Archipelagic mangroves

area (S: Sonneratia; R: Rhizophora; B: Bruguiera C: Ceriops; X:
Xylocarpus; L: Lumnitzera)
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Figure 8. Poor forest condition of Ceriops tagal species
domination in Kei Kecil Islands mangrove, Maluku, Indonesia

ACKNOWLEDGEMENTS

This study was supported by the Coral Reef Monitoring
and Management Program, Coral Triangle Initiative
(COREMAP-CTI) Capacity Development Research Project
conducted during coastal ecosystem monitoring programs
and Capacity Building Program in 2021-2022 based on
decision letter Head of Earth Science Research
Organization No 3/11I/HK/2022. The authors declare no
conflicts of interest affecting the publication of this paper.

REFERENCES

Adame MF, Reef R, Santini NS, Najera E, Turschwell MP, Hayes MA,
Masque P, Lovelock CE. 2021. Mangroves in arid regions: Ecology,
threats, and opportunities. Estuar Coast Shelf Sci 248:106796. DOI:
10.1016/j.ecss.2020.106796.

Akbar N, Baksir A, Tahir I, Arafat D. 2016. Community structure of
mangrove in Mare Island, Tidore City, Maluka Utara Province. J
Aquat Coast Fish Sci 5 (3): 133-142. DOI:10.13170/depik.5.3.5578.

Andiani AAE, Karang IWGA, Putra ING, Dharmawan IWE. 2021.
Relationship among mangrove stand structure parameters in
estimating the community scale of aboveground carbon stock. J Trop
Mar Sci Technol 13 (3): 485-498. DOI: 10.29244/jitkt. v13i3.36363.

Alongi DM. 2020. Global significance of mangrove blue carbon in climate
change mitigation. Sci 2 (3): 1-15. DOI: 10.3390/sci2030067.

Baksir A, Akbar N, Tahir I, Haji I, Ahmad M, Kotta R. 2018. Struktur
komunitas hutan mangrove di Pulau Sibu Kota Tidore Kepulauan
Provinsi Maluku Utara. J Enggano 3 (2): 178-196. DOI:
10.31186/jenggano.3.2.178-196. [Indonesian]

Barik J, Mukhopadhyay A, Ghosh T, Mukhopadhyay SK, Chowdhury
SM, Hazra S. 2018. Mangrove species distribution and water salinity:
An indicator species approach to Sundarban. J Coast Conserv 22 (2):
361-368. DOI: 10.1007/s11852-017-0584-7.

Bathmann J, Peters R, Reef R, Berger U, Walther M, Lovelock CE. 2021.
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 308-309: 108547. DOI: 10.1016/j.agrformet.2021.108547.

Besset M, Gratiot N, Anthony EJ, et al. 2019. Mangroves and shoreline
erosion in the Mekong River delta, Vietnam. Estuar Coast Shelf Sci
226:106263. DOI: 10.1016/j.ecss.2019.106263.

Chowdhury R, Sutradhar T, Begam M, Mukherjee C, Chatterjee K, Basak
SK, Ray k. 2019. Effects of nutrient limitation, salinity increase, and
associated stressors on mangrove forest cover, structure, and zonation
across Indian Sundarbans. Hydrobiol 842 (1):191-217. DOI:
10.1007/510750-019-04036-9.

Costa P, Dérea A, Mariano-Neto E, Barros F. 2015. Are there general
spatial patterns of mangrove structure and composition along
estuarine salinity gradients in Todos os Santos Bay?. Estuar Coast
Shelf Sci 166: 83-91. DOI: 10.1016/j.ecss.2015.08.014.



4926

Damayanti C, Amukti R, Suyadi S. 2020. Potensi vegetasi hutan
mangrove untuk mitigasi intrusi air laut di pulau kecil. OLDI 5 (2):
75-91. DOI: 0.14203/0ldi.2020.v5i2.313. [Indonesian]

Das SC, Das S, Tah J. 2022. Mangrove Forests and People’s Livelihoods.
In: Das SC, Pullaiah, Ashton EC. (eds). Mangroves: Biodiversity,
Livelihoods and Conservation. Springer, Singapore. DOI:
10.1007/978-981-19-0519-3_7.

Dasgupta N, Nandy P, Sengupta C, Das S. 2012. Protein and enzymes
regulations towards salt tolerance of some Indian mangroves in
relation to adaptation. Trees 26 (2): 377-391. DOI: 10.1007/s00468-
011-0599-x.

Dharmawan IWE. 2018. CO, dynamics on three habitats of mangrove
ecosystem in Bintan Island, Indonesia. IOP Conf Ser Earth Environ
Sci 118 (1): 012049. DOI: 10.1088/1755-1315/118/1/012049.

Dharmawan IWE. 2019. Gugusan Pulau Pari Kepulauan Seribu: Kondisi
komunitas mangrove terkini pada Gugusan Pulau Pari. LIPI Press,
Jakarta. [Indonesian]

Dharmawan IWE. 2020. Hemispherical Photography: Analisis Tutupan
Kanopi Komunitas Mangrove. NAS Media Pustaka, Makassar.
[Indonesian]

Dharmawan IWE, Khoir AF, 2021. Mangrove Research and Monitoring
using MonMang 2.0: Planning and Conducting a Field Survey. NAS
Media Pustaka, Makassar. [Indonesian]

Dharmawan IWE, Pramudji. 2019. Mangrove community structure in
Papuan Small Islands, case study in Biak Regency. IOP Conf Ser
Earth Environ  Sci  550:  012002. DOI:10.1088/1755-
1315/550/1/012002.

Dharmawan IWE, Widyastuti A. 2017. Pristine mangrove community in
Wondama Gulf, West Papua, Indonesia. Mar Res Indones 42 (2): 73-
82. DOI: 10.14203/mri.v42i2.175.

Dharmawan IWE, Suyarso, Ulumuddin Y|, Prayudha B, Pramudji. 2020.
Manual for Mangrove Community Structure Monitoring and
Research in Indonesia. NAS Media Pustaka, Makassar. [Indonesian]

Edo E, Susiana S, Suhana MP, Rochmady R. 2021. Condition of
mangrove in the waters of Pangkil Village, Teluk Bintan District,
Bintan Regency. Akuatikisle: J Akuakultur Pesisir dan Pulau-Pulau
Kecil 6 (1): 1-8. DOI: 10.29239/j.akuatikisle.6.1.1-8. [Indonesian]

Faridah-Hanum 1, Yusoff FM, Fitrianto A, Banuwa IS, Agustiono A,
Agustiana L. 2019. Development of a comprehensive mangrove
quality index (MQI) in Matang Mangrove: Assessing mangrove
ecosystem health. Ecol Indic 102: 103-17. DOl:
10.1016/j.ecolind.2019.02.030.

Fikri AA, Darmawan A, Hilmanto R, et al. 2022. Pemanfaatan platform
Google Earth Engine dalam pemantauan perubahan tutupan lahan di
Taman Hutan Raya Wan Abdul Rachman. J For Sci Avicennia 5 (1):
46-57. DOI: 10.22219/avicennia.v5i1.19938. [Indonesian]

Getzner M, Islam MS. 2020. Ecosystem services of mangrove forests:
Results of a meta-analysis of economic values. Int J Environ Res
Public Health 17 (16): 5830. DOI: 10.3390/ijerph17165830.

Ghorbanian A, Zaghian S, Asiyabi RM, Amani M, Mohammadzadeh A,
Jamali S. 2021. Mangrove ecosystem mapping using Sentinel-1 and
Sentinel-2 satellite images and random forest algorithm in Google
Earth Engine. Remote Sens 13 (13): 2-18. DOI: 10.3390/rs13132565.

Haines-Young R, Potschin M. 2018. Common International Classification
of Ecosystem Services (CICES) V5.1 Guidance on the application of
the revised structure.
https://cices.eu/content/uploads/sites/8/2018/01/Guidance-V51-
01012018.pdf. [17.08.2022]

Hilmi E, Kusmana C, Suhendang E, Iskandar I. 2017. Correlation analysis
between seawater intrusion and mangrove greenbelt. Indonesian J For
Res 4 (2): 151-168. DOI: 10.20886/ijfr.2017.4.2.151-168.

llman M, Dargusch P, Dart P, Onrizal. 2016. A historical analysis of the
drivers of loss and degradation of Indonesia’s mangroves. Land Use
Pol 54: 448-459. DOI: 10.1016/j.landusepol.2016.03.010.

Inoue T. 2019. Carbon sequestration in mangroves. In: Kuwae T, Hori M.
(eds). Blue carbon in shallow coastal ecosystems. Springer,
Singapore. DOI: 10.1007/978-981-13-1295-3_3.

Irawan A, Chikmawati T, Sulistijorini S. 2021. Diversity and zonation of
mangrove flora in Belitung Island, Indonesia. Biodiversitas 22 (5):
2981-2992. DOI: 10.13057/biodiv/d220563.

Irwanto 1, Paembonan SA, Oka NP, Maulany RI. 2020. Growth
characteristics of the mangrove forest at the raised coral island of
Marsegu, West Seram, Maluku. Intl J Innovative Sci Res Technol
5(10): 211-219.

Irwanto, Paembonan SA, Ngakan PO, Maulany RI. 2021. Estimated
carbon stock of various mangrove zonation in Marsegu Island, West

BIODIVERSITAS 23 (9): 4918-4927, September 2022

Seram, Maluku. I0OP Conf Ser Earth Environ Sci 807 (2): 022044.
DOI: 10.1088/1755-1315/807/2/022044.

Japa L, Santoso D. 2019. Analisis Komunitas Mangrove di Kecamatan
Sekotong Lombok Barat NTB. J Trop Biol 19 (1): 25-33. DOI:
10.29303/jbt.v19i1.1001. [Indonesian]

Jog S, Dixit M. 2016. Supervised classification of satellite images. IEEE
CASP: 93-98. DOI: 10.1109/CASP.2016.7746144.

Kalor JD, Indrayani E, Akobiarek MNR. 2019. Fisheries resources of
mangrove ecosystem in Demta Gulf, Jayapura, Papua, Indonesia.
AACL Bioflux 12 (1): 219-229.

Kamruzzaman MD, Kamara M, Sharma S, Hagihara A. 2016. Stand
structure, phenology and litterfall dynamics of a subtropical
mangrove Bruguiera gymnorrhiza. J For Res 27 (3): 513-523. DOI:
10.1007/s11676-015-0195-9.

Karimah. 2017. Peran ekosistem hutan mangrove sebagai habitat untuk
organisme laut. J Trop Biol 17 (2): 51-58. DOI:
10.29303/jbt.v17i2.497. [Indonesian]

Koh HL, Teh SY, Kh’Ng XY, Barizan RSR. 2018. Mangrove forests:
protection against and resilience to coastal disturbances. J Trop For
Sci 30 (5): 446-460. DOI: 10.26525/jtfs2018.30.5.446460.

Kolli MK, Pham QB, Linh NTT, Hoai PN, Costache R, Anh DT. 2022.
Assessment of change in the extent of mangrove ecosystems using
different spectral indices in Google Earth Engine based on random
forest model. Arabian J Geosci 15 (9): 889. DOI: 10.1007/s12517-
022-10158-7.

Koroy K, Muhammad SH, Nurafni N, Boy N. 2020. Pattern zone
ecosystem of mangrove in Juanga Village, Morotai Island District. J
Sumberdaya Akuatik Indopasifik 4 (1): 11-22. DOI: 10.46252/jsai-
fpik-unipa.2020.Vol.4.No.1.92. [Indonesian]

Ma W, Wang W, Tang C, Chen G, Wang M. 2020. Zonation of mangrove
flora and fauna in a subtropical estuarine wetland based on surface
elevation. Ecol Evol 10 (14): 7404-7418. DOI: 10.1002/ece3.6467.

Mahamunkar GS, Kiwelekar AW, Netak LD. 2022. Mapping and change
detection of mangroves using remote sensing and Google Earth
Engine: A case study. In: Tuba M, Akashe S, Joshi A (eds). ICT
Systems and Sustainability. Lecture Notes in Networks and Systems,
vol 321. Springer, Singapore. DOI: 10.1007/978-981-16-5987-4_20.

Malik A, Mertz O, Fensholt R. 2017. Mangrove forest decline:
consequences for livelihoods and environment in South Sulawesi.
Reg Environ Change 17 (1): 157-169. DOI: 10.1007/s10113-016-
0989-0.

Marois DE, Mitsch WJ. 2015. Coastal protection from tsunamis and
cyclones provided by mangrove wetlands—a review. Int J Biodiv Sci
Ecosyst Serv Manag 11 2): 71-83. DOI:
10.1080/21513732.2014.997292.

Maurya K, Mahajan S, Chaube N. 2021. Remote sensing techniques:
mapping and monitoring of mangrove ecosystem-a review. Complex
Intell Syst 7 (6): 2797-2818. DOI: 10.1007/s40747-021-00457-z.

McHugh ML. 2012. Interrater reliability: the kappa statistic. Biochemia
Medica 22 (3): 276-282. DOI: 10.11613/BM.2012.031.

Millard K, Richardson M. 2015. On the importance of training data
sample selection in random forest image classification: A case study
in peatland ecosystem mapping. Remote Sens 7 (7): 8489-8515. DOI:
10.3390/rs70708489.

Mughofar A, Masykuri M, Setyono P. 2018. Zonasi dan komposisi
vegetasi hutan mangrove pantai Cengkrong desa Karanggandu
kabupaten Trenggalek provinsi Jawa Timur. J Pengelolaan
Sumberdaya Alam dan Lingkungan 8 (1): 77-85. DOI:
10.29244/jpsl.8.1.77-85. [Indonesian]

Murdiyarso D, Purbopuspito J, Kauffman JB, Warren MW, Sasmito SD,
Donato DC, Manuri S, Krisnawati H, Taberima S, Kurnianto S. 2015.
The potential of Indonesian mangrove forests for global climate
change mitigation. Nat Clim Change 5 (12): 1089-1092. DOI:
10.1038/nclimate2734.

Nagelkerken 1, Blaber SJM, Bouillon S, Green P, Haywood M, Kirton
LG, Meynecke JO, Pawlik J, Penrose HM, Sasekumar A, Somerfield
PJ. 2008. The habitat function of mangroves for terrestrial and marine
fauna: a review. Aquat Bot 89 (2): 155-185. DOI:
10.1016/j.aquabot.2007.12.007.

Nurdiansah D, Dharmawan IWE. 2018. Mangrove community in Coastal
Area of Tidore Islands. Oceanol Limnol Indones 3 (1): 1-9. DOI:
10.14203/0ldi.2018.v3i1.63.

Nurdiansah D, Dharmawan IWE. 2021a. Community structure and
healthiness of mangrove in Middleburg-Miossu Island, West Papua.
JITKT 13 (1): 81-96. DOI: 10.29244/jitkt.v13i1.34484.



DHARMAWAN et al. — Community structure in Kei Island

Nurdiansah D, Dharmawan IWE. 2021b. Spatial and temporal analysis for
mangrove community healthiness in Liki Island, Papua-Indonesia.
IOP Conf Ser Earth Environ Sci 944 (1): 012017. DOIL:
10.1088/1755-1315/944/1/012017.

Nugroho TS, Fahrudin A, Yulianda F, Bengen DG. 2019. Structure and
composition of riverine and fringe mangroves at Muara Kubu
protected areas, West Kalimantan, Indonesia. AACL Bioflux 12 (1):
378-393.

Nurrohman H, Muhamad A, Rahmah LL, Ramadhanty NA, Hannum P,
Hamidah Q, Hardiyanti SM, Azizah N, Herdani TP. 2020. Structure
community of mangrove in Tidung Kecil Island, Thousands Island
National Park Jakarta. IOP Conf Ser Earth Environ Sci 457: 012009.
DOI: 10.1088/1755-1315/457/1/012009.

Prasetya JD, Ambariyanto, Supriharyono, Purwanti F. 2017. Mangrove
health index as part of sustainable management in mangrove
ecosystem at Karimunjawa National Marine Park Indonesia. Adv Sci
Lett 23 (4): 3277-3282. DOI: 10.1166/as1.2017.9155.

Pribadi R, Dharmawan IWE, Bahari AS. 2020. Penilaian kondisi
kesehatan ekosistem mangrove di Ayau dan Ayau Kepulauan,
Kabupaten Raja Ampat. BIOSFERA Sci J 37 (2): 106-111. DOI:
10.20884/1.mib.2020.37.2.1206. [Indonesian]

Raganas AFM, Magcale-Macandog DB. 2020. Physicochemical factors
influencing zonation patterns, niche width and tolerances of dominant
mangroves in Southern Oriental Mindoro, Philippines. Ocean Life 4
(2): 51-62. DOI: 10.13057/oceanlife/0040201.

Ragavan P, Saxena A, Mohan PM, Ravichandran K, Jayaraj RSC,
Saravanan S. 2015. Diversity, distribution and vegetative structure of
mangroves of the Andaman and Nicobar Islands, India. J Coast
Conserv 19 (4): 417-443. DOI: 10.1007/s11852-015-0398-4.

Robert EMR, Oste J, Van der Stocken T, de Ryck DJR, Quisthoudt K,
Kairo JG, Dahdouh-Guebas F, Koedam N, Schmitz N. 2015.
Viviparous mangrove propagules of Ceriops tagal and Rhizophora
mucronata, where both Rhizophoraceae show different dispersal and
establishment strategies. J Exp Mar Biol Ecol 468: 45-54. DOI:
10.1016/j.jembe.2015.03.014.

Saavedra-Hortua DA, Friess DA, Zimmer M, Gillis LG. 2020. Sources of
particulate organic matter across mangrove forests and adjacent
ecosystems in different geomorphic settings. Wetlands 40 (5): 1047-
1059. DOI: 10.1007/s13157-019-01261-9.

Sahu SC, Suresh HS, Murthy IK, Ravindranath NH. 2015. Mangrove area
assessment in India: Implications of loss of mangroves. J Earth Sci
Clim Change 6 (5): 280. DOI: 10.4172/2157-7617.1000280.

Sanchez-Nufiez DA, Bernal G, Pineda JEM. 2019. The relative role of
mangroves on wave erosion mitigation and sediment properties.
Estuar Coast 42 (8): 2124-2138. DOI: 10.1007/s12237-019-00628-9.

Sasmito SD, Kuzyakov Y, Lubis AA, Murdiyarso D, Hutley LB, Bachri S,
Friess DA, Martius C, Borchard N. 2020. Organic carbon burial and
sources in soils of coastal mudflat and mangrove ecosystems. Catena
187 (1): 104414. DOI: 10.1016/j.catena.2019.104414.

Siddiqgue MRH, Saha S, Salekin S, Mahmood H. 2017. Salinity strongly
drives the survival, growth, leaf demography, and nutrient

4927

partitioning in seedlings of Xylocarpus granatum J. Kénig. iForest
Biogeosci For 10 (5): 851-856. DOI: 10.3832/ifor2382-010.

Suello RH, Hernandez SL, Bouillon S, Belliard JP, Dominguez-Granda L,
van de Broek M, Moncayo AMR, Veliz JR, Ramirez KP, Govers G,
Temmerman S. 2022. Mangrove sediment organic carbon storage and
sources in relation to forest age and position along a deltaic salinity
gradient. Biogeosci 19 (5):1571-1585. DOI: 10.5194/bg-19-1571-
2022.

Sugiana IP, Andiani AAE, Dewi, IGAIP, Karang IWGA, As-Syakur AR,
Dharmawan IWE. 2022. Spatial distribution of mangrove health index
on three genera dominated zones in Benoa Bay, Bali,
Indonesia. Biodiversitas 23 7): 3407-3418. DOI:
10.13057/biodiv/d230713.

Sukuryadi, Harahab N, Primyastanto M, Hadi AP. 2021. Short
Communication: Structure and composition of mangrove vegetation
in Lembar bay area, West Lombok District, Indonesia. Biodiversitas
22 (12): 5585-5592. DOI: 10.13057/biodiv/d221243.

Suyadi, Prayudha B, Renyaan J, Indrabudi T, Manulang CY, Naroli I.
2021. Mangrove in the urban area of small islands: Vegetation health,
potential, and management challenges. IOP Conf Ser Earth Environ
Sci 789: 012012. DOI: 10.1088/1755-1315/789/1/012012.

Urashi C, Teshima KM, Minobe S, koizumi O, Inomata N. 2013.
Inferences of evolutionary history of a widely distributed mangrove
species, Bruguiera gymnorrhiza, in the Indo-West Pacific region.
Ecol Evol 3 (7): 2251-2261. DOI: 10.1002/ece3.624.

Wang F, Cheng P, Chen N, Kuo YM. 2021. Tidal driven nutrient
exchange between mangroves and estuary reveals a dynamic source-
sink pattern. Chemosphere 270: 128665. DOl:
10.1016/j.chemosphere.2020.128665.

Wang’ondu VW, Kairo JG, Kinyamario JI, Mwaura FB, Bosire JO,
Dahdouh-Guebas F, Koedam N. 2013. Vegetative and reproductive
phenological traits of Rhizophora mucronata Lamk. and Sonneratia
alba Sm. Flora Morphol Distrib Funct Ecol Plant 208 (8-9): 522-531.
DOI: 10.1016/j.flora.2013.08.004.

Win S, Towprayoon S, Amnat C. 2019. Adaptation of mangrove trees to
different salinity areas in the Ayeyarwaddy Delta Coastal Zone,
Myanmar. Estuar Coast Shelf Sci 228: 106389. DOI:
10.1016/j.ecss.2019.106389.

Yan YB, Duke NC, Sun M. 2016. Comparative analysis of the pattern of
population genetic diversity in three Indo-West Pacific Rhizophora
mangrove  species. Front Plant Sci 7: 1434, DOIl:
10.3389/fpls.2016.01434.

Yuvaraj E, Dharanirajan K, Jayakumar S, Saravanan, Balasubramaniam J.
2017. Distribution and zonation pattern of mangrove forest in Shoal
Bay Creek, Andaman Islands, India. Ind J Geo Mar Sci 46 (3): 597-
604. http://nopr.niscpr.res.in/handle/123456789/40797. [17-08-2022]

Zhu Z, Chen J, Zheng HL. 2012. Physiological and proteomic
characterization of salt tolerance in a mangrove plant, Bruguiera
gymnorrhiza (L.) Lam. Tree Physiol 32 (11): 1378-88. DOI:
10.1093/treephys/tps097.



