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Abstract. In order to preserve environmental equilibrium and sustain the way of
life for coastal populations, mangroves are an extremely vital ecosystem. The
purpose of this study was to assess the structure and health of the mangrove
community in Lembung Paseser Village, Sepulu District, Bangkalan Regency.
The study employed purposive sampling and hemispherical photography for data
collecting. The findings revealed that a variety of mangrove species were present,
including Sonneratia alba, Rhizopora apiculata, Rhizophora mucronata,
Rhizopora stylosa, Avicennia marina, and Excoecaria agallocha. The most
common mangrove species found in the study area was Rhizophora mucronata,
with an INP value ranging from 68.73 to 124.10. The mangrove health index
value ranged between 54.47 to 70.95% or in moderate to good condition. Overall,
the proportion of mangrove health parameters in Lembung Paseser Village are in
a moderate state.

Keywords: Health Status, Importance Index, Mangrove, Rhizophora
mucronata.

1 Introduction

Mangrove ecosystems are one of the important components in coastal ecosystems that
have significant ecological, economic, and social roles [1,2]. Mangrove forests are
typical coastal ecosystems formed from collections of mangrove vegetation that grow
in shallow water zones, especially in estuaries, protected bays, and along the coastline.
This vegetation is able to survive in extreme environments influenced by sea tides, high
salinity, and muddy or sandy substrates. Mangrove ecosystems have a very important
ecological role, including as spawning grounds for various types of fish and marine
biota, nursery grounds for young aquatic organisms, and feeding grounds for various
species, both those that settle and those that migrate seasonally [3]. In addition to these
ecological functions, mangrove ecosystems also act as natural protectors of coastal
areas from abrasion, large waves, and storms. These helps maintain the stability of the
coastline and prevents the intrusion of sea air into the land [4].
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Located in Sepulu District, Bangkalan Regency, Lembung Paseser Village is a
coastal community with considerable mangrove ecosystem potential, dominated by nat-
urally growing primary mangrove stands that protect the coastline from abrasion, pro-
vide habitats for various marine biota, and support local economic activities through
fisheries and ecotourism, serving as one of the village’s main ecotourism sites. To guar-
antee its sustainability, the state of the mangrove ecosystem in this region must be as-
sessed in tandem with growing human activity and development. Adjacent to Lembung
Paseser Village, Labuhan Village has been successful in creating the Mangrove Educa-
tion Park (TPM) as a conservation initiative and teaching the locals the value of pro-
tecting the mangrove ecosystem. The success of this program shows that there is great
potential to be implemented in Lembung Paseser Village, especially in order to increase
community awareness and participation in mangrove conservation efforts [5].

It is crucial to evaluate the structure and health of the mangrove community in order
to determine the true state of the ecosystem and to develop suitable conservation strat-
egies [6]. The mangrove environment in Sepulu District has an average canopy cover
of 64.55% and a density of about 2,289 individuals per hectare, according to earlier
studies, showing that it is in good health and supports biodiversity. However, specific
data on the composition and condition of mangroves in Lembung Paseser Vil lage re-
main limited. Therefore, further investigation is urgently needed to obtain a com pre-
hensive understanding of the local mangrove ecosystem, which can serve as a founda-
tion for developing sustainable conservation and management efforts, while enhance
community welfare through the responsible use of mangrove resources.
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2 Materials and Methods

2.1 Time and Place

This study was carried out in March 2025 in the Bangkalan Regency's Sepulu District's
coastline (Fig. 1). Purposive sampling, a technique based on certain criteria pertinent
to the goals of the study, was used to choose the research site.
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Fig. 1. Research Location

This strategy was adopted to guarantee that the chosen region had features that were
consistent with the study's main objective, such as local activities, coastal dynamics, or
environmental circumstances. The researcher was able to collect more precise and con-
text-specific data using the purposive sampling approach, which improved the study's
results' relevance and application. According to [7], Purposive sampling was employed
in this study to deliberately select sites that represent different characteristics of man-
grove conditions and levels of community interaction. Four research locations were
chosen to capture the ecological and socio-economic variations within the study area.

2.2 Field Data Measurement

Field data collection was carried out using the MonMang application version 2.0, which
is a development of the previous version, MonMang v1.0 [8]. This application is de-
signed to integrate the input, analysis, and interpretation processes of data simultane-
ously. The data input process is carried out directly in the field using a smartphone
device, and data analysis is carried out automatically by the application system. Meas-
urement of mangrove vegetation parameters was carried out using a 10 X 10-meter tran-
sect method. Measurement of tree trunk diameter was carried out using a meter on all
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mangrove individuals in the observation plot. Identification of mangrove types refers
to the taxonomic literature [9].

2.3  Data Analysis

Analysis of Important Index Values. A species' degree of dominance within a plant
community is determined using an ecological metric called the Important Value Index
(INP). It illustrates a species' significance in an ecosystem by looking at its range, ex-
istence, and contribution to the general structure of the vegetation. As to [10], the INP
is ascertained by examining variables including each species' density, frequency, and
dominance. This index provides valuable information for ecological monitoring, resto-
ration, and conservation by highlighting which species are more important to the envi-
ronment. Species with a higher INP value have a greater impact on the structure of the
community, whilst those with a lower value have less ecological influence on the area
under observation:
INP = FRi + KRi + Dri

The importance value of a species ranges from 0 to 300%. This importance value
provides an overview of the influence or role of a mangrove species in the mangrove
community [8].

Mangrove Health Status Analysis. By evaluating a number of important factors that
represent the mangroves' development and ecological role, the health of the trees at
each site may be evaluated. The diameter of stakes and trees (Sdbh), which indicates
the age and growth of individual plants, the density of saplings or stakes (Snsp), which
indicates regeneration and population structure, and the area of canopy cover (Sc),
which indicates the extent of foliage and light interception, are some examples. Re-
searchers can assess the sustainability, resilience, and possible deterioration of man-
grove ecosystems at each site because to the full understanding of mangrove vitality
that these indicators together offer. Effective management and protection of coastal
habitats depend on the monitoring of these characteristics. The health value of man-
grove forests is calculated using the following equation by [8].

sc + sdbh + snsp
—_—x

MHI (%) = 3

100
where,

MHI = Mangrove Health Index (%)

Sc = Percentage of Canopy Cover

Sdbh = Diameter of Saplings and Trees

Snsp = Number of Stake per Area
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Mangrove forest health is classified into three categories according to [11] which
can be seen in the Table 1.

Table 1. Mangrove Health Categories

Category MHI (%)*
Good >66.67
Moderate 33.34-66.67
Bad <33.33

*Standard criteria of mangrove degradation according to the decree of the Minister of Environment Indonesia
No. 201 of 2004

Canopy Cover. Data on mangrove canopy cover was processed for each plot in each
transect using the Monmang v2.0 tool. Data was gathered using a single observation
plot with nine pre-selected points. At every location, pictures were shot from a height
of around 1.3 meters above the ground. By photographing the canopy structure from
below, the hemispherical photography approach was used to get the canopy cover data.
A smartphone's front camera was equipped with a fisheye lens to complement this tech-
nique, which provided a broad perspective of the canopy. With the use of this method,
canopy density and light penetration may be accurately estimated, offering trustworthy
information on the structure and health of the mangrove ecosystem.

3 Result and Discussion

3.1 Result

Species of Mangrove. Based on the results of species identification, six mangrove spe-
cies were found in Lembung Paseser Village, Bangkalan Regency, distributed among
four observation sites. Avicennia marina, Sonneratia alba, Rhizophora apiculata, Rhi-
zophora mucronata, Rhizophora stylosa, and Excoecaria agallocha are some of these
species. The presence of these species suggests a moderate level of mangrove biodiver-
sity in the area. The density level of mangrove vegetation may be ascertained by count-
ing the number of individual plants and the variety of species present in the observation
plots. More species and individuals often result in a more stable and healthier mangrove
environment. This is due to the fact that species diversity improves ecological resili-
ence, productivity, and habitat complexity.

Table 2. Mangrove species and its importance value index (INP)

Species Name Station 1 Station 2 Station 3 Station 4
Avicennia marina 194.76 94.47 0 71.00
Excoecaria agallocha 86.70 0 0 0

Rhizophora apiculata 56,00 70.17 106.60 0
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Rhizophora mucronata 0 68.73 85.86 124.10
Rhizophora stylosa 0 66.62 107.54 0
Sonneratia alba 0 0 0 152.37

Based on the data in the Table 2, the most frequently found mangrove species is Rhi-
zophora mucronata, especially at Stations 2, 3, and 4. The high frequency of this spe-
cies is due to the relatively stable regional conditions and adequate vegetation support,
so that the mangrove ecosystem at the location can develop optimally. In general, man
grove growth is greatly influenced by the type of substrate, with varying levels of spe-
cies diversity at each location. Rhizophora mucronata tends to grow in areas close to
water flows. At the time of the study, the area was adjacent to a water channel that
flowed towards the pond, which also supported its growth. This type of mangrove has
stilt roots that function to support stability and facilitate adaptation to tidal environ-
ments with high salinity levels.

Importance Value Index (INP). The mangrove species with the highest average
INP at Station 1 was Avicennia marina, reached 194%, suggesting considerable domi-
nance in that area (see Table 2 and Fig. 2). By comparison, Rhizophora apiculata had
the lowest INP value at this site, measuring 56%, indicating a less prominent position
in the community structure. Four different types of mangroves were found at Station 2.
With an INP of 94%, Avicennia marina had the maximum dominance, whereas Rhi-
zophora apiculata once again displayed the lowest value, albeit somewhat higher than
in Station 1 at 70%. These findings show that Avicennia marina consistently predomi-
nates in all sites, while Rhizophora apiculata is somewhat less common. Meanwhile,
at Station 3, the highest INP value was achieved by Rhizophora stylosa of 107%, and
the lowest value was recorded in Rhizophora mucronata found in plot 1 with a value of
85%. At Station 4, there were three types of mangroves, with Sonneratia alba as the
dominant species with an INP of 152%, and the lowest value was recorded in Avicennia
marina of 71.61% (See Fig. 2 and Table 2).
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Fig. 2. Importance value index of each mangrove species in each sampling station
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Mangrove Health Status. Based on the research results, data on mangrove health val-
ues and canopy cover percentage were obtained through the use of the MonMang v2.0
application. At Station 1, the mangrove health level was recorded at 70.95%, with a
canopy cover percentage reaching 87.62%. Station 2 showed a canopy cover value of
77.86% and mangrove health of 63.54%. Meanwhile, Station 3 had a mangrove health
value of 54.47% and a canopy cover of 73.46%. Meanwhile, Station 4 recorded a health
value of 64.01% and a canopy cover of 76.36%. Based on the Mangrove Health Index
(MHI) value, Station 1 is categorized in good condition, while Stations 2, 3, and 4 are
included in the moderate category. This category refers to the standards set by [11],
where MHI values between 33.33% and 66.7% are classified as the moderate category.
In terms of canopy cover, Station 3 is different from Stations 1, 2, and 4 (Table 3).

Table 3. Health status and canopy cover

Name MHI (%) Canopy Cover (%) Category
Station 1 70.95 87.62 Good

Station 2 63.54 77.86 Moderate
Station 3 54.47 73.46 Moderate
Station 4 64.01 76.36 Moderate

3.2 Discussion

The Importance Value Index (INP), ranging from 0% to 300%, is an ecological indica
tor that reflects the dominance and overall contribution of a plant species within a com-
munity. It integrates parameters of relative density, relative frequency, and relative
dominance, providing a comprehensive view of how strongly a species influences the
composition and structure of the mangrove ecosystem [12]. A higher INP value indi-
cates a species’ greater ecological role and stability within its habitat.

Across all observation sites in Lembung Paseser Village, the average INP of Rhi-
zophora mucronata reached 68.04%, showing consistent presence and dominance, par-
ticularly at Stations 2 to 4. This indicates that Rhizophora mucronata plays a major role
in shaping the mangrove community structure in the area. The high INP value of this
species is strongly supported by suitable environmental factors, particularly the sub-
strate type dominated by mud, which provides optimal conditions for its growth [13].
This finding aligns with [14], who noted that the optimal growth of Rhizophora mucro
nata is attributed to its adaptive root system capable of tolerating flooded and saline
environments while reducing wave energy.

In addition to Rhizophora mucronata, Avicennia marina was also observed across
several sites. This species is known for its ability to rapidly colonize new areas due to
its high adaptability and tolerance to harsh coastal conditions, allowing it to quickly
dominate open coastal zones [14]. The coexistence of Rhizophora mucronata and Avi-
cennia marina reflects an adaptive balance between species that occupy different eco
logical niches in mangrove ecosystems.

The density level of mangrove vegetation was determined based on the number of
individuals and the variety of species in each observation plot. Areas with higher den
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sity and species diversity generally have better ecological stability and resilience. This
is consistent with [12], who reported that a higher mangrove density corresponds to a
greater number of standing trees and species within a given area. Thus, the mangrove
ecosystem in Lembung Paseser can be categorized as relatively stable and healthy.

According to the Decree of the Minister of Environment of the Republic of Indone-
sia No. 201 of 2004 concerning the standard criteria for mangrove ecosystem density,
Stations 1, 2, and 4 in this study are classified as “thick,” while Station 3 is categorized
as “moderate.” According to [15], the percentage of mangrove canopy cover can indi-
cate the level of naturalness of an ecosystem as well as the degree of human disturbance.
A high tree density value typically reflects a mangrove forest in good condition [16].

From an ecological perspective, the integrity of an ecosystem is determined by its
ability to maintain functional and structural balance. [17] define ecological integrity as
an ecosystem’s capacity to sustain its organization, which includes both structure (the
interconnection among components) and function (the ecological processes occurring
within it). Similarly, [18] emphasizes that ecosystem integrity occurs when all compo
nents function effectively and synergistically.

The number of mangrove individuals in a given area is influenced by several factors,
including forest age, substrate quality, nutrient availability, hydrological conditions,
and human pressures. Mature mangrove stands with large stem diameters generally in-
dicate good regeneration and ecosystem resilience [19]. Therefore, the dominance of
Rhizophora mucronata and the presence of other adaptive species such as Avicennia
marina demonstrate a relatively balanced mangrove community structure that supports
the ecological integrity of the coastal environment in Lembung Paseser Village.

The results of this study have important implications for mangrove ecosystem edu-
cation and management efforts in Lembung Paseser. Information on ecosystem density
and integrity can be used as a basis for developing environmental education programs
for coastal communities to raise awareness of the importance of maintaining the eco
logical balance of mangroves. From a regional management perspective, findings re-
garding differences in conditions between stations indicate the need for zoning-based
management strategies, whereby areas categorized as “moderate” receive priority for
restoration and control of human activities. In addition, ongoing research is needed to
monitor changes in the structure and function of mangrove ecosystems, so that scien-
tific findings can continue to support conservation policies and decision-making at the
local and regional levels.

4 Conclusion

Rhizophora apiculata, Rhizophora mucronata, Rhizophora stylosa, Excoecaria agal-
locha, and Avicennia marina are among the mangrove species present in Lembung Pa-
seser Village, Bangkalan Regency, according to the research findings. Rhizophora mu-
cronata has the highest Important Value Index (INP) of any mangrove type, at 68.04%.
Station 1 had the greatest levels of canopy cover and mangrove ecosystem health, with
87.62% and 70.95%, respectively. According to the Minister of Environment's Decree
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Number 201 of 2004 about Standard Criteria and Guidelines for Determining Man-
grove Damage, Lembung Paseser Village's mangroves are in good health.
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