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Abstract. Lestarina PM, Bengen DG, Prartono T, Rifa’l MA, Zamani NP. 2025. Structure and ecological dominance of mangroves in
Tanah Laut, South Kalimantan, Indonesia. Biodiversitas 26: 4775-4782. The Tanah Laut Region is one of the districts in South
Kalimantan, Indonesia, with significant mangrove potential. However, like many other coastal areas in Indonesia, the mangrove forests
in Tanah Laut face serious threats. Strategic development of effective conservation and management requires a comprehensive
understanding of the structure of mangrove communities and their ecological conditions. Research on relative density and the
Importance Value Index (IVI) provides invaluable quantitative tools for assessing the status of mangrove communities. Relative density
provides an overview of a species' abundance relative to others within a community. This study focuses on identifying and
characterizing existing mangrove species and evaluating their community structure using quantitative methods. The study was
conducted at four selected sampling points in the Tanah Laut coastal area of South Kalimantan: Muara Asam-Asam, Pagatan Besar, and
Bawah Layung, Avicennia marina (152.44% to 300 %), and Muara Kintap, Rhizophora mucronata (104.27% to 202.86%) have high
importance value indices at nearly all locations. The number of trees found of all types at the research site. The most abundant type of
mangrove tree was A. marina with 208 trees, followed by R. mucronata with 155 trees. Bawah Layung site has the highest number of
unique species (S = 7) and has a (H') of 1.670 and a (D) of 0.764. Pagata Besar came second with an H' index of 1.413 and a (D) of
0.688. Muara Kintap and Muara Asam-Asam have only two dominant species. Their H' index values are below 1, and their Simpson's
values are below 1. This study revealed that 4. marina and R. mucronata species play an important role in maintaining the stability of
mangrove ecosystems in the Tanah Laut coastal area. Therefore, to support long-term ecosystem resilience, conservation and
rehabilitation efforts should focus on protecting these important species and increasing community heterogeneity.
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INTRODUCTION coastal landscape (Basyuni et al. 2022; Suhardi et al. 2024).

This diversity reflects both the genetic richness and the
these

interactions within

As an essential tropical habitat, mangroves maintain
coastal ecological balance. The importance of mangroves is
illustrated by their rich biodiversity, support, and direct
dependence of human populations on them. The primary
function of mangroves is their ability to absorb carbon,
absorbing five times more carbon than other ecosystems to
reduce atmospheric emissions. In addition, this ecosystem
protects coastlines, provides critical habitat for species, and
provides economic support for coastal communities
through fisheries, forest products, and ecotourism (Suhardi
et al. 2024).

As the world's largest archipelago, Indonesia contains a
significant portion of the world's mangrove forests,
covering approximately 23% of the global total (Jia et al.
2023; Rahman et al. 2024). While this extensive coverage
places Indonesia in a strategic position for global
conservation efforts, the country also faces major
challenges due to human-caused pressures (Md Noor et al.
2024; Abdillah et al. 2025). The biodiversity of Indonesian
mangroves is high, with families such as Rhizophora,
Avicennia, Somnneratia, and Bruguiera dominating the

complexity of ecological
ecosystems. Each species has distinctive morphological
and physiological adaptations that enable survival in
environments characterized by fluctuating salinity, low soil
oxygen levels, and dynamic tidal conditions (Leeuwis and
Gamperl 2022).

South Kalimantan Province in Indonesia, located on the
biodiversity-rich island of Borneo, features a long coastline
with diverse ecosystems, including mangrove forests
(Nugroho et al. 2022a). The Tanah Laut Region, one of
South Kalimantan's districts, has significant mangrove
potential. These forests are important not only for the local
ecology but also for communities that rely on coastal
resources. However, like many other coastal areas in
Indonesia, the mangrove forests in Tanah Laut face serious
threats. Human activities such as land conversion for
agriculture and aquaculture (e.g., ponds), infrastructure
development, illegal logging, and pollution have
contributed to the degradation and loss of mangrove areas.

Research on relative density and Importance Value
Index (IVI) serves as a valuable quantitative tool for
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assessing the health of mangrove communities. Relative
density reflects the importance of a species compared to
other species in a community. IVI combines several
parameters, such as relative density, relative dominance,
and relative frequency, into a single value that indicates a
species' ecological importance within an ecosystem.
Species with high IVI values are generally dominant and
influence the structure and function of mangrove
communities. This analysis enables the identification of
keystone and rare species, along with their distribution
patterns, which serve as indicators of the overall health of
the ecosystem (Pimple et al. 2022; Ferreira et al. 2024).
Although the importance of mangrove ecosystems in
South Kalimantan has been recognized, comprehensive
quantitative studies on the biodiversity and importance of
mangrove species in Tanah Laut remain limited. This lack
of knowledge hinders effective conservation and
management efforts (Nugroho et al. 2022a). Without
baseline data on species composition, population structure,
and the ecological role of individual species, it becomes
difficult to design effective restoration programs or
implement suitable protection policies (Malhi et al. 2020;
Nugroho et al. 2022b). Understanding the diversity and
ecological importance of mangroves in Tanah Laut is
crucial for identifying priority conservation areas, guiding
effective restoration efforts, and developing sustainable
management strategies. The quantitative data generated
from this study will provide a solid foundation to ensure
this vital ecosystem continues to provide ecological and
social benefits for current and future generations while
contributing to both regional and national goals. This study
is expected to serve as an important reference for future
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mangrove studies in South Kalimantan and other coastal
regions of Indonesia, particularly Tanah Laut.

MATERIALS AND METHODS

Study area

This study was conducted at four selected sampling
sites along the coastal arca of Tanah Laut, South
Kalimantan, Indonesia (Figure 1, Table 1): Muara Kintap,
Muara Asam-Asam, Pagatan Besar, and Bawah Layung,
each sampling location covers an area of 1,500 m?, with 3
stations and 9 sub-stations, for a total of 12 stations and 27
sub-stations. These locations represent characteristics of
mangrove ecosystems. The study was conducted in July
2024, timed to coincide with optimal tidal conditions for
site access and species identification.

Procedures
Mangrove vegetation data collection

Mangrove data were collected using the line transect
method. At each station, a transect was laid perpendicular
to the shoreline extending inland. Three transect lines were
established per station, with three 10 m x 10 m plots placed
along each transect at 50-meter intervals, with a tree
diameter >4 cm or trunk circumference > 16 cm measured
at chest height or approximately 1.3 meters. Data were
recorded in an observation table, then described and
analyzed. Mangrove vegetation data includes species type
and the number of individuals obtained from observations
and measurements at each station, with three replicates,
developed by Bengen et al. (2023).
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Figure 1. Location study sites along the coastal area of Tanah Laut, South Kalimantan, Indonesia. Coordinate points of sampling
stations: 1. Muara Asam-Asam Village, Jorong Sub-district; 2. Muara Kintap Village, Kintap Sub-district; 3. Bawah Layung Village,

Kurau Sub-district; 4. Pagatan Besar Village, Takisung Sub-district
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Table 1. Geographical position of the sampling station
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Station Coordinate point

Description

Muara Asam-Asam 03°59°03.8” S, 115°04°17.21” E

Village, Jorong Sub-district

Muara Kintap Village, 03°52°52” S, 115°18°49.29” E
Kintap Sub-district
Bawah Layung Village, 03°40°30” S, 114°37°30” E

Kurau Sub-district

Pagatan Besar Village, 03'47°02” S, 11436°54.87” E

Takisung Sub-district

It is located at the mouth of the river, where the mangroves are
dominated by the species Rhizophora apiculata, and the
substrate is muddy.

It is located on the edge of the river and has a fishing port.

It is located on the edge of the beach and river mouth. The
dominant mangrove species are Avicennia alba and A. marina,
and the substrate is mud.

It is located on a beach where the mangrove vegetation is
directly affected by seawater. There are also crowded mangrove
tours and a small pier where fishing boats anchor.

Data analysis
Importance Value Index (IVI)
IVI: RCi+ RDi + RFi [1]

Description:

RCi: Measures how many individuals of a species
compared to the total individuals of all species in the study
area

RFi: Measures how often a species is found in sample
plots compared to the total frequency of all species.

RDi: Measures how much basal area or canopy cover a
species has compared to the total basal area/canopy cover
of all species.

Density
K=ni/A [2]

Description:

K: Density

ni: Total number of individuals of the i-th species
A: Total area of the sample observation area

Shannon-Wiener

H ==X piln(pi) [3]

Description:

H': Shannon-Wiener diversity index

S: Total number of species

pi: Proportion of individuals of the i-th species
ni: Number of individuals of the i-th species
In: Natural logarithm

Simpson

D=Y. p4 [4]

Description:

D: Simpson's dominance index

S: Total number of species

pi: Proportion of individuals of the i-th species

Species richness
This determines the number of species found at the
research location.

RESULTS AND DISCUSSION

The analysis revealed variations in species dominance
across stations at the Bawah Layung site (Table 2). At
Station 1, Avicennia marina was the dominant species, with
an Importance Value Index (IVI) of 177.34, reflecting its
high density and canopy cover. These conditions favor the
Avicennia genus and suggest that the zone may be a
frontier area with greater tidal exposure or a dense
substrate. In comparison, dominance at Station 3 shifted to
Avicennia alba (IV1 152.73) and Sonneratia caseolaris
(IVI 85.78), while A. marina's IVI decreased significantly
to 61.48. At several stations in Pagatan Besar, 4. marina
remained a prominent keystone species, although with a
more balanced dominance pattern. At Station 1, 4. marina
recorded the highest IVI at 12547, followed by R.
mucronata at 98.72, indicating that environmental
conditions are favorable for the growth of both genera. In
contrast, IVI wvalues at Station 2 were more evenly
distributed among the five identified species. Rhizophora
mucronata had the highest IVI at 81.02, only slightly above
the other, indicating possible environmental heterogeneity
or transitional areas that support the coexistence of multiple
species. At Station 3, 4. marina showed dominance, with
an IVI of 152.44.

The Muara Kintap site exhibited a strong and consistent
dominance pattern by R. mucronata, which recorded IVI
values consistently above 190, reaching 202.86 at Station
2. This makes R. mucronata the most important and
prominent species at the Muara Kintap site. Avicennia
marina was also present, but with a significantly lower IVI,
at approximately 100. In comparison, the Muara Asam-
Asam site showed extreme dominance by the 4. marina. At
Station 1, it recorded an IVI of 233.72 and was most
prominent at Station 3, achieving a perfect IVI of 300.00.

At the Bawah Layung site, 4. marina exhibited the
highest density, reaching 0.28 ind/m? (2800 ind/ha) (Table
3). Avicennia alba was also recorded at a significant
density (0.17 ind/m*> or 1700 ind/ha), indicating the
dominance of the Avicemnia genus in this area. The
presence of Sonneratia alba and S. caseolaris, albeit at
lower densities (0.06-0.07 ind/m?), may indicate zones with
muddier, more stagnant substrates, favored by the
Sonneratia genus. Meanwhile, the densities of Rhizophora
species (apiculata and mucronata) were relatively low
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(0.04 ind/m?). At the Pagatan Besar site, 4. marina showed
strong dominance, reaching a density of 0.32 ind/m? (3233
ind/ha), surpassing its value at Bawah Layung. This
indicates highly favorable environmental conditions for the
growth of A. marina in Pagatan Besar. Rhizophora
mucronata was also recorded at a substantial density of
0.18 ind/m? (1,767 ind/ha), suggesting the presence of a
mixed habitat that supports both genera. Other species,
such as 4. alba (0.06 indi/m?) and S. alba (0.04 ind/m?),
were also identified, contributing to overall species
diversity, albeit at lower density than the dominant species.
The presence of R. apiculata and Avicennia officinalis
further indicates a high species diversity in Pagatan Besar.
At Muara Asam-Asam site, density patterns showed clear
dominance of A. marina, with a density of 0.25 ind/m?
(2467 individuals per ha). In comparison, R. mucronata
was found at a much lower density of 0.03 ind/m? (333
ind/ha). Unlike Muara Asam-Asam, the Muara Kintap was
significantly dominated by R. mucronata, recorded at 0.27
ind/m? (2667 ind/ha), while A. marina was present at a
lower density (0.11 ind/m? or 1.133 ind/ha).

The number of mangroves found across the study sites
determines the species composition of mangroves, as
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shown in Figure 2. The largest population size was A.
marina with 288 individuals, followed by R. mucronata
with 155 individuals, and A. alba with 70 individuals.
Species with lower populations were 4. officinalis with 32
individuals, S. alba with 30 individuals, R. apiculata with
21 individuals, and S. caseolaris with 20 individuals. The
dominance of A. marina and R. mucronata species
indicates that these two species are dominant.

Mangrove diversity in the four study sites showed quite
striking differences between each area. Table 4 shows that
the Bawah Layung site has the highest number of unique
species (S = 7) and has a Shannon-Wiener diversity index
(H') of 1.670 and a Simpson index of 0.764. These values
indicate that the community structure in the area is
relatively balanced and diverse. With six different species,
Pagata Besar came second with an H' index of 1.413 and a
Simpson's index of 0.688. In contrast, Muara Kintap and
Muara Asam-Asam have only two dominant species,
indicating low diversity. Their H' index values are below 1,
and their Simpson's values are below 1, indicating a
community structure dominated by a few species. These
differences suggest that environmental pressures vary and
ecosystem conditions may be uneven in different places.

Table 2. Mangrove ecosystem importance index in the sampling stations

Location Station Species RCi (100%) RDi (100%) RFi (100%) VI
Bawah layung 1 Avicennia marina 73.64 70.37 33.33 177.34
Avicennia alba 7.13 7.41 33.33 47.87
Sonneratia alba 19.23 22.22 33.33 74.78
2 Avicennnia officinais 29.70 29.69 25.00 84.39
Rhizophora apiculata 16.73 18.75 25.00 60.48
Rhizophora mucronata 17.31 18.75 25.00 61.06
Avicennia marina 36.26 32.81 25.00 94.07
3 Avicennia marina 19.70 8.45 33.33 61.48
Avicennia alba 56.02 63.38 33.33 152.73
Sonneratia caseolaris 2428 28.17 1333 85.78
Pagatan Besar 1 Avicennia marina 50.47 50.00 25.00 125.47
Avicennia alba 4.04 4.05 25.00 33.09
Rhizophora mucronata 37.23 36.49 25.00 98.72
Sonneratia alba 8.26 9.46 25.00 42.72
2 Avicennia marina 23.61 24.62 20.00 68.23
Avicennia alba 2522 24.62 20.00 69.83
Rhizophora mucronata 31.79 29.23 20.00 81.02
Sonneratia alba 6.96 7.69 20.00 34.65
Rhizophora apiculata 12.42 13.85 20.00 46.26
3 Avicennia marina 54.03 65.08 33.33 152.44
Avicennia officinalis 35.55 23.81 33.33 92.69
Rhizophora mucronata 10.42 1111 3333 54.86
Muara Kintap 1 Rhizophora mucronata 81.25 68.75 50.00 200.00
Avicennia marina 18.75 31.25 50.00 100.00
2 Rhizophora mucronata 80.13 72.73 50.00 202.86
Avicennia marina 19.87 27.27 50.00 97.14
3 Rhizophora mucronata 73.59 69.39 50.00 192.98
Avicennia marina 26.41 30.61 50.00 107.02
Muara Asam-Asam 1 Rhizophora mucronata 8.17 8.11 50.00 66.28
Avicennia marina 91.83 91.89 50.00 233.72
2 Avicennia marina 71.66 74.07 50.00 195.73
Rhizophora mucronata 28.34 25.93 50.00 104.27
3 Avicennia marina 100.00 100.00 100.00 300.00
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Table 3. Mangrove tree density in each research location
Location Species Ind Density (ind/m?) Density (ind/ha)
Bawah Layung Avicennia marina 84 0.28 2800
Avicennia alba 51 0.17 1700
Sonneratia alba 18 0.06 600
Avicennia officinalis 19 0.06 633
Rhizophora apiculata 12 0.04 400
Rhizophora mucronata 12 0.04 400
Sonneratia caseolaris 20 0.07 667
Pagatan Besar Avicennia marina 97 0.32 3233
Avicennia alba 19 0.06 633
Rhizophora mucronata 53 0.18 1767
Sonneratia alba 12 0.04 400
Rhizophora apiculata 9 0.03 300
Avicennia officinalis 14 0.05 467
Muara Asam-Asam Rhizophora mucronata 10 0.03 333
Avicennia marina 74 0.25 2467
Muara Kintap Rhizophora mucronata 80 0.27 2667
Avicennia marina 34 0.11 1133

Table 4. Species richness index and diversity index by location

Location Species Shannon- Simpson
richness (S)  Wiener (H') D)
Bawah Layung 7 1.670 0.764
Pagatan Besar 6 1.413 0.688
Muara Asam-Asam 2 0.365 0.210
Muara Kintap 2 0.609 0419
350 1

§ 300 4

g

g 250 A

k=)

S 200 A

@

g 150 4

é 100 4

e s

Species

Figure 2. Mangrove species composition

Discussion

The spatial distribution and dominance of mangrove
species across the four study sites (Bawah Layung, Pagatan
Besar, Muara Kintap, and Muara Asam-Asam) revealed
significant heterogeneity in community composition at
each observation station. Importance Value Index (IVI)
analysis identified A. marina and R. mucronata as the most
ecologically dominant species across most of the study area
(see Table 2). Avicennia marina reached absolute
dominance with an IVI of 300.00 at Station 3 in Muara
Asam-Asam. At the same time, R. mucronata showed
strong dominance in Muara Kintap, with IVI ranging from

200.00 to 202.86. The high IVI values of these two species
indicate superior ecological adaptation and strong
competitive ability in utilizing local environmental
resources. In contrast, A. alba, S. alba, and R. apiculata
generally had lower IVI wvalues, suggesting a less
significant ecological role or more fragmented distribution
within the studied mangrove ecosystems.

Variations in species dominance and distribution
patterns can be attributed to abiotic environmental factors
such as salinity, substrate characteristics, topographic
elevation, tidal hydrological dynamics, and freshwater
availability. These findings align with global and regional
studies on mangrove distribution. In addition to
environmental determinants, propagule dispersal capacity
and physiological tolerance to climatic conditions are key
factors influencing mangrove species distribution (Van der
Stocken et al. 2019; Ferreira et al. 2024). Furthermore,
studies on mangrove distribution mapping and modeling
suggest that genera such as Avicennia and Rhizophora
dominate more extreme or dynamic habitats, while other
species are restricted to specific ecological niches (Hu et al.
2020; Martinez-Diaz and Reef 2023; Samal et al. 2023). A
high IVI for one or two species at each site indicates a
tendency toward monodominance, a phenomenon
commonly observed in mangrove ecosystems worldwide.
However, species diversity is crucial for maintaining
ecosystem stability, supporting ecological function, and
increasing resilience to environmental dynamics. Thus, a
thorough understanding of mangrove species distribution
and dominance is vital for effective conservation planning,
rehabilitation  programs, and sustainable  coastal
management.

A comprehensive tabular analysis revealed significant
variability in mangrove species composition and
dominance among sites and stations (Sreelekshmi et al.
2020). At the Bawah Layung site, A. marina was the
dominant species, as indicated by the highest IVI value,
followed by A. alba and S. alba (Ondiviela et al. 2014). At
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Pagatan Besar, A. marina also dominated, although R.
mucronata and A. alba were present at certain stations. In
contrast, R. mucronata showed strong dominance at Muara
Kintap, reflected in high IVI values. At Muara Asam-
Asam, 4. marina was the most dominant species, peaking
at Station 3 with an IVI of 300.00. Species' dominance in a
given area reflects strong ecological adaptation to local
environmental conditions. Avicennia marina, for example,
is known for its tolerance of salinity and muddy substrates;
therefore, it often dominates the front zone of mangroves,
which is located right next to marine waters. In contrast, R.
mucronata, with its sturdy supporting root system, is more
commonly found in the middle to back zones. These areas
are more protected from waves and have relatively stable
substrates (Ondiviela et al. 2014). The spatial distribution
and dominance of mangrove species are strongly
influenced by environmental factors, including salinity,
tidal regime, substrate type, availability of freshwater, and
microclimate characteristics. Global-scale studies have
shown that air temperature and precipitation are the two
main factors that limit the global distribution of mangroves.
In some regions, minimum winter temperatures are
important limiting factors, while in others, precipitation
and freshwater supply play a more dominant role (Heino et
al. 2009; Dodds et al. 2019).

In addition to regional climatic factors, local
microhabitat characteristics such as topography, elevation
relative to sea level, and substrate composition are key
determinants of mangrove zonation and species
composition. For instance, A. marina tends to dominate
areas with greater tidal exposure, while R. mucronata is
more prevalent in sheltered areas with deep mud substrates
(Wong et al. 2021). These habitat preferences drive natural
zonation patterns in mangrove ecosystems, where species
dominate certain zones based on their ecological tolerance
ranges. Beyond abiotic factors, the dispersal capacity of
mangrove propagules, which are reproductive units that can
float in the water column, plays a fundamental role in
determining the species distribution. Global-scale studies
show that ocean currents, wave intensity, and tidal rhythms
significantly influence the distance and direction of
mangrove propagule dispersal. Propagules of certain
genera, such as Avicennia and Rhizophora, remain viable
under prolonged exposure to seawater, enabling long-
distance dispersal and the colonization of new habitats.

The mangrove density analysis across the four study
sites (Bawah Layung, Pagatan Besar, Muara Asam-Asam,
and Muara Kintap) revealed that 4. marina and R.
mucronata had the highest densities, as shown in Table 3.
At Pagatan Besar, A. marina was recorded at 0.32 ind/m?
(equivalent to 3,233 ind/ha), and R. mucronata at 0.18
ind/m? (equivalent to 1,767 ind/ha). This quantitative
dominance aligns with the high Importance Value Index
(IVI) values observed for these species in various
mangrove ecological studies. Both species often exhibit IVI
values exceeding 100%, indicating their significant
ecological role in the mangrove community. The high
densities of A. marina in Pagatan Besar and Bawah
Layung, and R. mucronata in Muara Kintap, contributed
significantly to their IVI values. These findings suggest
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that these species are likely the primary determinants of
community structure at these sites.

According to the Shannon-Wiener index (H = 1.670)
and Simpson index (1-D = 0.764) (Table 4), the mangrove
community in Bawah Layung showed the highest diversity
among the observed locations, which was not much
different from Pagatan Besar, which had a Shannon-Wiener
index value (H' = 1.413) and Simpson (1-D = 0.688)
indices, which correlate with species richness (7 species)
and (6 species) compared to the other two locations, Asam-
Asam (2) and Kintap (2). At locations such as Asam-Asam
and Kintap, where there are only two dominant species,
this low species richness reinforces the view that the
community structure is highly skewed and evenness is low.
The high IVI values of A. marina and R. mucronata species
found in almost all sites suggest that these two species play
a dominant role in the community structure.
Physiologically, these species play multiple roles in the
environment, including stabilizing sediments, protecting
the shoreline, and providing habitat for estuarine biota. The
dominance of A. marina and R. mucronata indicates
adaptation to the physical conditions of tropical waters and
helps the ecosystem survive (Figure 2) (Pimple et al. 2022).
Vegetation can recover after disturbances such as abrasion
or human pressure because dominant species are strong and
resistant to disturbance. Therefore, to ensure the long-term
stability of coastal ecosystems, management of mangrove
areas should consider the ecological benefits and values
offered by dominant species while maintaining species
diversity.

Other mangrove species, such as 4. alba, S. alba, and
officinalis, generally have lower densities, resulting in
consistently low Importance Value Index (IVI) scores.
Nevertheless, these species contribute to the overall
diversity and structural stability of the ecosystem. This
dominance pattern, where one or two core species
dominate with high IVI values while others serve in
complementary roles, is widely observed in various
Indonesian mangrove ecosystems (Muli et al. 2021;
Basyuni et al. 2022). The dominance of specific species, as
reflected by high densities and IVI values, reflects their
ecological functions, including carbon sequestration,
coastal erosion mitigation, and the provision of essential
habitats for diverse biota (Quadros et al. 2021; Pimple et al.
2022). Therefore, the high density of 4. marina and R.
mucronata at the study sites strongly supports their
designation as keystone species in mangrove management
and conservation initiatives (Akram et al. 2023; Haseeba et
al. 2025). This information also provides a foundation for
prioritizing local-scale mangrove restoration and protection
strategies (Dabala et al. 2023; Su and Gasparatos 2023).

The observations at the study site align with global
findings indicating that the genera Avicennia and
Rhizophora frequently become dominant mangrove
ecosystems worldwide (Lu et al. 2022). Studies from
China, India, and Latin America support these patterns,
indicating that climatic factors, topographic characteristics,
and interspecific interactions significantly influence
mangrove species distribution and dominance (Sreelekshmi
et al. 2020). Predictive studies indicate that some mangrove
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species, such as R. apiculata, will expand their habitats
landward or to higher elevations in response to sea-level
rise. In contrast, others may contract their distribution areas
(Friess et al. 2022). Anthropogenic activities, including
land conversion, pollution, and coastal development, pose
substantial threats to the sustainability of mangrove
ecosystems (Cahyaningsih et al. 2022; Lakhnarayan and
Phillip 2024). A comprehensive understanding of the
factors influencing mangrove species distribution and
dominance is essential for formulating effective
conservation strategies (Kumar et al. 2021; Banerjee et al.
2022). In the context of mangrove rehabilitation programs,
selecting species suited to local environmental conditions is
crucial for successful planting and long-term ecosystem
sustainability (Lewis et al. 2019; Ellison et al. 2020).
Furthermore, detailed species distribution mapping can
inform the designation of priority areas for conservation
and restoration and support the monitoring of ecosystem
changes caused by natural disturbances and human
activities (Strassburg et al. 2020; Miranda et al. 2021).

The dominance of certain species at the study site
significantly impacts the economic and social benefits for
local communities (Muli et al. 2021). In addition to their
role in carbon sequestration, these species provide crucial
habitats for diverse marine biota, which are vital to the
livelihoods of local fishers. Healthy and diverse mangrove
ecosystems, reflected in the high IVI values of several
species, directly support fisheries productivity (Sari et al.
2023). These ecosystems also provide coastal protection
against erosion and abrasion, and offer opportunities for
ecotourism and other environmental services (Sujiwo and
Nurlaili 2022). Furthermore, areas with substantial
mangrove dominance can be incorporated into Payment for
Ecosystem Services (PES) programs or carbon offset
initiatives, increasing community income and encouraging
active conservation participation. Therefore, data on
mangrove species' distribution and dominance can be used
to identify areas with high economic and social potential,
enabling more effective planning and implementation of
management interventions. Although certain dominant
mangrove species provide substantial ecological and
economic benefits, conservation policy implementation at
the local level still faces multiple challenges. Land
conversion pressures for aquaculture, agriculture, and
infrastructure development often occur in areas with high
IVI scores, reducing carbon sequestration capacity and
leading to the loss of socioeconomic benefits (Sykes et al.
2020). Additionally, climate change projections indicate
potential shifts in species distribution, with key species
such as R. mucronata predicted to experience a reduction in
suitable habitat. Additional challenges include low public
awareness, ineffective regulation enforcement, and limited
long-term monitoring data. Therefore, comprehensive data
on mangrove species distribution and dominance is crucial
for evidence-based conservation planning, prioritization of
conservation areas, and the development of adaptive policy
frameworks that integrate local community participation
and account for climate change dynamics.

The distribution and dominance of mangrove species
across the four study sites varied significantly, influenced
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by environmental factors, the species' intrinsic adaptive
capacity, and interspecific interactions. Avicennia marina
and R. mucronata emerged as the most dominant and
adaptive species in most locations, which means that these
mangrove species have better tolerance in Tanah Laut
waters. This can be used as a reference for mangrove
species for effective mangrove conservation in Tanah Laut.
It is recommended to conduct regular population
monitoring for both dominant species, at least once every
six months. Pay attention to stand structure parameters
such as the number of individuals, height, and diameter, as
well as natural regeneration parameters such as the number
of seedlings and saplings. Low-diversity areas, such as
Muara Kintap and Muara Asam-Asam, can be prime
targets for mixed-species planting programs. This approach
will enhance community structure heterogeneity and
ecosystem resilience. To maintain ecological sustainability
and habitat suitability, local species with moderate IVI
values, such as S. caseolaris or A. alba, should be
considered when selecting additional species.
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