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Abstract. Purwoko A, Mulya MB, Basyuni M, Gandeseca S, Daulay UA, Mubaraq A. 2026. Characteristics of Meretrix meretrix and
mangroves in the main clam-producing area of Bagan Asahan, North Sumatra, Indonesia. Asian J For 10 (1): r100118.
https://doi.org/10.13057/asianjfor/r100118. The Bagan Asahan mangrove ecosystem is one of the east coast ecosystems of North
Sumatra, Indonesia, with enormous potential, including the kepah (Meretrix meretrix). This research aims to analyze the morphological
characteristics of kepah shells through morphometric studies, distribution patterns, and substrate C-organic content, and to assess the
suitability of vegetation and ecosystems. Field observations were conducted over six months at three stations representing different
dominant mangrove genera (Sonneratia, Avicennia, and Rhizophora). Shell morphometric analysis was performed by measuring the
length, height, and thickness of each individual's shell at each station. Distribution was analyzed based on shell length and frequency
patterns. A total of 646 clams were recorded, with an average density of 11.96 individuals m2. Shell lengths ranged from 1.5 to 4.5 cm,
with the most frequent size class between 2.70 and 2.99 cm, indicating dominance of small-sized individuals. The Morisita Index
showed a grouped distribution pattern at all stations. Morphometric relationships among shell dimensions exhibited strong positive
correlations (R?=0.91-0.96), indicating proportional growth. Substrate C-organic content ranged from 1.48% to 1.74%, falling within
ranges suitable for clam habitat. Mangrove vegetation consisted of six genera, with Rhizophora showing the highest importance value
index (127.06%) at the station with the highest clam density (14.94 individuals m>2). Mangrove characteristics are suitable for kepah
habitat. Rhizophora genus are more closely associated with kepah than other mangrove genus in this region. These findings provide
baseline ecological information to support sustainable management of mangrove ecosystems and clam resources in this key production
area. Therefore, Rhizophora genus are recommended for the highest level of protection and enrichment, as they greatly support mussel
sustainability in this main production area.
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INTRODUCTION

Kepah (Meretrix meretrix (Linnaeus, 1758)) is a
member of the Mollusca phylum and belongs to the
Bivalvia (Pelecypoda) class (IThsan and Retnaningrum
2020). Kepah usually inhabits coastal waters, mangrove
ecosystems, and marine environments. Kepah generally
lives permanently and burrows or hides in the substrate.
Kepah 1is quite widespread in several countries. In
Indonesia, kepah is found across various areas, from the
coastal waters of Sumatra to Papua (Gruwier 2017). Kepah
is a good, affordable source of animal protein for the
community. Abdullah et al. (2016) reported that the
moisture, ash, fat, protein, and carbohydrate contents of M.
meretrix were 79.98%, 1.37%, 0.11%, 9.39%, and 9.02%,
respectively.

Ward et al. (2016) stated that mangrove ecosystems are
characterized by trees located between land and sea in
(sub) tropical regions, influenced by tides (Giri et al. 2011;
McKee et al. 2012; Reef and Lovelock 2015). Mangrove
roots stabilize this environment and provide a substrate for
the survival of many plant and animal species (Schaeffer-
Novelli et al. 2016; Donnelly et al. 2017). Mangroves are
crucial spawning and breeding sites for shrimp, fish,
mollusks, crabs, and other marine organisms (Sukardjo
2004; Lee et al. 2014; Ningsih et al. 2020). Mangroves in
Asahan District, particularly in Bagan Asahan, located
around the Asahan River estuary, play a special economic
role for the people of North Sumatra, Indonesia. This area
is the largest long-standing mussel production base in
North Sumatra, and its products are well known and
marketed in neighboring countries.
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Kepah is mainly caught by fishermen and the
community for a livelihood, given its abundance in nature.
Fishermen catch it in various sizes, ranging from large to
small (Silalahi et al. 2014; Desrita et al. 2019). Ginting et
al. (2017) state that there are 2,393 individuals of bivalves,
comprising six families and 14 species, in these waters.
One type of bivalve found is the M. meretrix. The fishing
community in the Bagan Asahan mangrove ecosystem
generally does not consider the number and size of kepah
caught. Kepah caught are often immature. Continuous
shellfish harvesting without accounting for quantity and
size can reduce the availability of wild clams. Furthermore,
the mangrove ecosystem, which serves as a buffer for
shellfish production in this area, continues to face the threat
of destruction. Stakeholders are carrying out various
mangrove preservation and restoration programs to
maintain the sustainability of kepah production in this area.
Data on the suitability of the kepah habitat for the
ecosystem and on the types of mangrove vegetation that are
positively associated with it in this area are not yet
available and remain urgently needed. Data on the
suitability of kepah habitat for the ecosystem and the types
of mangrove vegetation that are positively associated with
it in this region are not yet available and remain urgently
needed. Previous studies on kepah in this region have
addressed only biological and growth aspects (Desrita et al.
2019), bivalve diversity (Susetya et al. 2018) and heavy
metal content (Syafril 2024). Data on morphometric
characteristics, mussel distribution patterns, substrate
organic carbon content, mangrove vegetation conditions,
and the suitability of these factors as mussel habitat in the
Bagan Asahan mangrove ecosystem are not yet available.
The suitability of kepah habitat for the ecosystem, and the
types of mangrove vegetation that are positively associated
with it in the region, are also unknown.

Therefore, it is necessary to conduct a study to
determine the morphometric characteristics, distribution
patterns of kepah, C-organic content of the substrate,
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condition of mangrove vegetation, and the relationship
between various kepah characteristics and dominant tree
species in the Bagan Asahan mangrove ecosystem. The
results of this study will answer the need for important data
and information that is not yet known as a basis for
strategic policy making on how to manage the mangrove
ecosystem in the Bagan Asahan area, to ensure that the
kepah and its habitat can be sustainable as the main source
of livelihood for the surrounding community.

This study was guided by the hypothesis that variations
in mangrove vegetation structure and substrate
characteristics influence the distribution, density, and
morphometric patterns of kepah (M. meretrix) in the Bagan
Asahan mangrove ecosystem. Specifically, it was
hypothesized that stations dominated by different
mangrove genera exhibit distinct clam density, distribution
patterns, and shell morphometric characteristics, reflecting
differences in habitat suitability. Alternatively, this study
addressed the research question of whether dominant
mangrove genera and substrate C-organic content are
descriptively associated with spatial variation in M.
meretrix populations within this main production area.

MATERIALS AND METHODS

Time and location

The study was conducted over six months in the
mangrove ecosystem of Bagan Asahan, North Sumatra
Province, Indonesia (Figure 1). In this study, three stations
were established, representing the location with each
dominant genus. Station 1 (3°02'20.0"N 99°5122.2"E) is
dominated by the Sonneratia genus, the Avicennia genus
dominates Station 2 (3°02'11.8"N 99°51'16.9"E), and the
Rhizophora genus dominates Station 3 (3°01'57.3"N
99°51'12.7"E).

99°51'36"E

99°51'0"E
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Figure 1. Map of research location

g g
< <
~ ~
™ 3 ™
[Station] é(
fStationts}
€
=)
¥
i
o
™
99°51'0"E 99°51'36"E




PURWOKO et al. — Characteristics of kepah (M. meretrix) and mangroves

Data collection

Mangrove vegetation data were collected from each
transect using a quadratic method: three 10x10 m plots
were placed on either side of the transect, and mangrove
density, relative density, relative frequency, relative cover,
and importance value index were calculated. Transects
were placed perpendicular to the shoreline towards the
landward/backside of the mangrove forest. At each station,
three line transects were installed, with a distance of 20 m
between transects.

Kepah sampling at each station and time was carried
out by placing three 1x1 m transect plots as replicates
within a 10x10 m plot (mangrove vegetation measurement
plot). Samples are collected monthly at the lowest tide
using a scraper (Desrita et al. 2019). Measurements of
sample plots were conducted over 6 months to better assess
diversity and trends. The number of kepah individuals
obtained from each replicate plot, station, and sampling
time was summed. All of the fractures obtained are
observed for their morphometric characteristics by
measuring the shell length from anterior to posterior end,
measuring the height of the shell from dorsal side to ventral
side, and measuring the thickness of the shell starting from
the outer side of the left shell to the outer side of the right
shell using a caliper. Measurement of substrate C-organic
content is carried out by taking a 500-g substrate sample
from each station (Susetya et al. 2020), which is then taken
to the Soil Science Laboratory of the Faculty of
Agriculture, Universitas Sumatera Utara, for analysis.

Data analysis
Analysis of the spread and growth of the kepah

The distribution of kepah is analyzed by measuring the
number of individuals, density, and distribution patterns.
The following is the method used to measure these health
indicators.

Kepah density and mangrove density (D)

To analyze the abundance of kepah in each habitat with
different characteristics, the number of individuals and the
density of kepah were measured. The density of kepah is
analyzed by calculating the number of individuals in the
area of the plot, and mangrove density (Di) is analyzed by
looking at the number of stands for species i in an area unit
using the formula proposed by Michael (1994):

Di (ind/m?*) = % (1]
Where:

ni: Number of individuals of type i (ind)
A: Plot area (m?).

Mangrove diversity analysis

To analyze mangrove conditions, a diversity analysis
was conducted using the Important Value Index (IVI) as an
indicator, calculated from Relative Density, Relative
Frequency, and Relative Coverage.

Relative Density (RD) of mangroves

Relative Density is the ratio between the number of
stands for species i and the total stands of all species
(English et al. 1997):
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RD; (%) = ;—; x100% 2]
Where:
RD: Relative density (%)

ni: Number of individuals of type i (ind)
>N: Number of all individuals (ind).

Relative Frequency (RFi) of mangroves

The relative frequency of mangroves is analyzed by
calculating the ratio of the number of plots occupied by one
genus to the total number of plots occupied by all genera,
using Michael's formula (1994).

RFi:Ep—;xlOO% [3]

Where:
pi: Number of plots occupied by type i
>P: Number of plots occupied by all species

Type and relative coverage
The type cover (Ci) is the coverage of type i in an area
(English et al. 1997):

=22 [4]
Where:

Ci: The coverage area of type i
BA:nDBH2/4;n=3.14

DBH: Tree diameter of species i

A: Total area of sampling area (m?)

Relative Coverage (RCi) is the ratio between the
coverage area of type i (Ci) and the total coverage area of

all types (3. C) (English et al. 1997):
<
RC; = z_:: x100% [5]
Where:
RCi: Relative coverage (%)
Ci: The area of the type i coverage

>C: Total area covered by all species

Importance Value Index

Importance Value Index is the sum of Relative Density
values for species (RDi), species Relative Frequency (RFi),
and species Relative Cover (RCi).

IVI =RDi + RFi + RCi [6]

Where:

IVI: Important value index (%)

RDi: Relative density value (%)

RFi: Relative frequency of species (%)

RCi: Relative coverage of species (%)

Analysis of the kepah and mangrove association

The analysis of the kepah and mangrove association
was conducted descriptively due to limitations resulting
from differences in the data structure of kepah indicators
and the mangrove habitat.

Morphometric analysis

Morphometric analysis related to growth properties
using isometric and allometric growth pattern formulas is
based on regression equations (Gosling 2008), namely:

Y=aX’orLogY=Loga+bLogX (7]

Where:
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Y: Shell dimensions (height or thickness) in cm

X: Shell dimensions (length or height) in cm

a and b: Constants

The value of b is also an allometric coefficient that
reflects relative growth. If the value of b=1, then the
growth characteristic of the kepah is isometric, where the
development of the shell dimensions (length, height, and
thickness) is the same. If the value of b is <or> 1, then the
growth is allometric. If b is <1, it is negative allometric,
and if b is >1, it is positive allometric, or in other words,
the growth between the shell dimensions is not proportional
(Gosling 2008).

The relationship between shell dimensions is analyzed
by calculating the correlation coefficient. Data analysis and
processing were carried out by entering data on shell length
and thickness, shell length and height, and shell thickness
and height, which had been converted to logarithmic form,
and then using SPSS 22.0 software with the log-log
regression method (Jungers et al. 1995).

Kepah distribution pattern

Kepah distribution patterns are analyzed using the
Morisita distribution index, as described by Krebs (1989).

Z?zlx!.g - N;

Where:

Id: Morisita Distribution Index

n: Sample size

> x: Total number of individuals in squared (x; + X +
o)

>'xi%: Total squared of the number of individual pieces
in squared (x1%+x2° +...)

This coefficient does not depend on population density
but is influenced by the sample size (i.e., the number of
squares). If Id>1, then the distribution is clustered, Id~1 is
random, and Id<1 is uniform (Rimelahas et al. 2022).

To fulfill the statistical characteristics of the sampling
distribution, a null hypothesis test regarding randomness is
proposed using the chi-square test, namely:

X?2=1d 3x-1)+n-3¥x (db=n-1) [9]

If the x? count is smaller than the x? table value, it
indicates that the population's spread is random.

Distribution of shell length frequency

The distribution based on shell length is analyzed by
determining the number of class intervals required using
the Fish Stock Assessment Tools 2 program. All
assumptions for the analyses used were checked and
confirmed to be met.

RESULTS AND DISCUSSION

Kepah density

The results showed that 646 M. meretrix individuals
were present, with an average density of 11.96 individuals
per m?. The density of M. meretrix varied at each station
(Figure 2) and each month (Figure 3). The M. meretrix
species was most commonly found at station 3, with 269
individuals and a density of 14.94 individuals/m?, followed
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by station 1, with 203 individuals and a density of 11.28
individuals/m?, and station 2, with 174 individuals and a
density of 9.67 individuals/m?. These mussel densities are
considered normal, except for station 3, where the density
is relatively high (above the normal range). The typical
density of M. meretrix in mangrove ecosystems ranges
from 4 to 12 individuals per square meter, depending on
substrate type, ecological pressure, and habitat quality. The
average density reported in several local studies ranges
from 4-6 individuals/m? in areas with high anthropogenic
pressure, and 10-12 individuals/m? in conservation or
minimally disturbed areas. Bahtiar and Purnama (2023)
stated that the normal density of mussels in the Kambu
River of Kendari Bay, Southeast Sulawesi, is 5-12
individuals/m?. Rimelahas et al. (2022) reported that the
density of M. meretrix varied significantly across sampling
stations in the Karang Gading estuary, Indonesia, ranging
from 4.67 to 11.33 individuals/m?, depending on sediment
type and salinity level. Based on the research results above,
the density of mussels at stations 2 and 1 remains within
the normal range, and station 3 is above the average for an
ecosystem with minimal disturbance. This indicates that
environmental conditions at the three stations remain
within the tolerance range for habitat damage in M.
meretrix, despite anthropogenic pressure.

The highest density of mussels was found at station 3.
This station is an area dominated by mangrove plants of the
genus Rhizophora, with distinctive roots (having taproots),
thus strongly supporting the life of this biota. This
condition is similar to the findings of Desrita et al. (2019),
who reported that several stations in the mangrove
ecosystem dominated by Rhizophora had higher densities
than those farther from the mangrove ecosystem. This may
indicate a positive association between Rhizophora
mangrove dominance and mussel density. The complexity
of Rhizophora roots provides a wider rooting surface,
better sediment stabilization, and the ability to retain more
and more diverse leaf litter. At all three stations, the
substrate temperature also ranged from 26°C to 30.5°C.
This temperature range is still considered optimal for the
life cycle of M. meretrix. Wati et al. (2019) reported a
normal temperature range for mussel life of 20-35°C. A
temperature of 30°C will stimulate females to lay eggs.

Distribution pattern

The distribution pattern of the M. meretrix (kepah) is
analyzed using the Morisita distribution index equation, as
shown in Table 1. The results of the analysis show that the
distribution of M. meretrix at each station is grouped.
Bengen (2001) and Duncan (1957) states that individuals in
a population can be distributed according to three
distribution patterns: random distribution (Id=1.0), normal
distribution (Id<1), and group distribution (Id>1). The
group distribution pattern is a pattern of organisms or biota
in a habitat that live in groups in specific numbers. The
distribution pattern results from differences in response to
their local habitat. The group distribution pattern with
varying levels of classification is the most common
distribution because individuals in the population tend to
form groups of varying sizes. The group distribution
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pattern occurs when individuals are attracted to specific
places in their habitat or to nearby individuals.

Shell length frequency distribution

A total of 646 individuals were selected during the
study. The lengths of the shells obtained range from 1.5 cm
to 4.5 cm, with an average of 2.91 cm (Table 2). The most
captured M. meretrix have shell lengths of 2.70 cm to 2.99
cm. The distribution of the M meretrix shell length
frequency is presented in Figure 4.

Figure 4 illustrates that there is a difference in the size
of the kepah obtained every month within the period of 6
months of observation. Different environments influence
the differences in size across locations. Octavina et al.
(2015) state that differences in size frequency are caused

2
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by variations in location, sample representativeness, high
fishing pressure, genetics, age, parasites, and disease.
Overstreet (2021) also states that differences in size
frequency are caused by suboptimal environmental
conditions, heredity, age, parasites, food, temperature, and
water quality.

Table 1. The distribution pattern of M. meretrix

Station
1 2 3
1d 22.72 3.72 20.35
' Station 1 = Station? = Station 3
14-94 .
. B

Figure 2. A. Number of individuals of Meretrix meretrix at each station, B. Density of M. meretrix at each station

May - June =July = August = September = October

A

May - June =July = August = September = October
10.61

12.02

10.61

%

Figure 3. Meretrix meretrix during the six months of observation. A. Number of individuals, B. Density

Length (cm)

Jan Feb Mar

2020

Apr

Figure 4. Distribution based on shell length frequency
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The study also showed a high prevalence of small-sized
kepah. This is because scallops can reach 6 cm in length,
with an ideal average size of 4.5-5.0 cm (Wiharyanto et al.
2013), whereas in Bagan Asahan, the average length was
only 2.91 cm. The large number of small-sized kepah is
thought to result from the high activity of the people who
catch this commodity. Sofiana et al. (2023) state that the
poor quality of the aquatic environment can cause the
natural death of kepah, preventing this biota from growing
from young to adult stages. This is consistent with the
statement by Roman et al. (2023) that an increase in clam
size to adulthood indicates that the exploited species are
categorized as recovering. However, the high level of
community fishing activity is more likely the main cause,
given that the Bagan Asahan area and its surroundings are
the center of kepah production in North Sumatra Province,
which is already very famous.

Maximum and minimum size

The results of measurements of shell length and body
weight of M. meretrix mussels carried out during a 6-month
observation period showed variations in shell length and
maximum and minimum body weight (Table 2). The
minimum shell length of M. meretrix caught in the Bagan
Asahan mangrove ecosystem ranges from 1.5 cm to 2.0 cm,
with a body weight of 2.0 g to 4.1 g, and a maximum shell
length ranging from 3.7 cm to 4.5 cm, with a body weight
of 18.0 g to 28.7 g. These results indicate that the
population of M. meretrix kepah caught in the Bagan
Asahan mangrove ecosystem comprises individuals of
varying sizes, from small to large. However, this condition
also reflects intensive harvesting activities, as the potential
length of adult kepah can reach 60 mm and body weight
can reach 40 grams (Indraswari et al. 2014; Rimelahas et al.
2022).
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Morphometric features

Meretrix meretrix caught during the six months of the
research  totaled 646  individuals. = Morphometric
measurements are carried out in the form of shell length,
shell height, and shell thickness in cm. Shell length is
measured from the posterior to the anterior side. Shell
height measurements are made from dorsal to ventral, and
shell thickness measurements are made from the outer
surface of the left shell to the outer surface of the right shell
(Figure 5).

Morphometric growth

The morphometric growth of the kepah in the mangrove
ecosystem of Bagan Asahan is shown in Figure 6. The
results of the study show that the correlation between shell
length and shell height has a coefficient of determination
(R?) of 0.91 (Figure 6.A), shell length and shell thickness
has an R? of 0.96 (Figure 6.B), and shell height and shell
thickness has an R? of 0.96 (Figure 6.C).

Table 2. Shell length and body weight of M. meretrix for 6
months of observation

Observations Shell length Body weight

Time Min Max Min Max
May 1.5 4.2 2.0 18.2
June 1.9 3.7 2.0 18.0
July 1.9 43 34 27.6
August 2.0 4.4 4.1 23.5
September 1.5 3.9 2.0 21.8
October 2.0 4.5 3.0 28.7

Figure 5. Measurement angle. A. Shell length, B. Shell width, C. Shell thickness
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Figure 6. Relationship between kepah morphometric dimensions:
A. Shell length with shell height, B. Shell length with shell
thickness, C. Shell height with shell thickness

Based on the analysis of the relationship between
morphometric dimensions, it can be seen that the
morphometric growth between shell length and shell
height, shell length and shell thickness, and shell height
and shell thickness exhibits a very strong positive
relationship. This means that every time there is an increase
in the length of the shell, it is possible that the height and
thickness of the shell will increase as well, and vice versa.
If there is a decrease in shell length, there will be a
decrease in the height and thickness of the shell. This
relationship also applies to the dimensional relationship
between the shell's height and thickness.

The regression models for the length of the shell and
the height of the shell, and for the length of the shell and
the thickness of the shell, and for the height of the shell and
the thickness of the shell are linear. The three dimensions
of the shell found in the mangrove ecosystem of Bagan
Asahan are long, tall, and thick; the shell shows a strong
relationship in which the three dimensions are balanced in
growth. This occurs because the kepah adapts to its
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environment by enlarging the thickness of its shell. To keep
their bodies from sinking into the mud, the thickness of the
shell of the kepah is used to weigh their bodies. This strong
and positive inter-dimensional relationship indicates that
the kepah in this ecosystem can still develop well. This
demonstrates that mussels can grow well and generally in
the mangrove habitat of Bagan Asahan. Healthy mussels
(M. meretrix) exhibit morphometric characteristics such as
proportional  shell size, a strong length-to-width
relationship, and balanced growth in body weight relative
to shell size. Morphometric studies show that healthy
mussels exhibit a strong correlation among their body
parameters (Indraswari et al. 2014; Ramadhani et al. 2020;
Zhang et al. 2023).

Content of C-organic substrate

Measurement of the C-organic content of the substrate
was conducted to assess the substrate's suitability for the
kepah habitat at each station. The C-organic content of the
substrate, as determined by laboratory tests at each station,
ranged from 1.48% to 1.74%. This content falls within the
low (+0.5%) and medium (1-2%) categories and is very
suitable for the life and growth of the kepah (M. meretrix).
This is because the ideal organic carbon (C-organic)
content of the substrate habitat for the kepah ranges from
0.5% to 2%, depending on environmental conditions and
substrate type. The C-organic condition is not much
different from several locations in North Sumatra, as
reported in Belawan Port, where the C-organic
concentration is in the range of 0.26-2.74% (Yolanda et al.
2019), in Percut Sei Tuan, around + 0.5% (Basyuni et al.
2018), and in Tanjung Tiram in the range of 1.04-2.10%
(Susetya et al. 2021).

Mangrove density

The results of the mangrove vegetation analysis show
that at the three stations, six genera of mangrove vegetation
-five core mangrove genera and one peripheral mangrove
type -were identified. Core mangroves are mangrove
vegetation that ecologically play a role in mangrove forest
formation, while peripheral mangroves ecologically play a
role in mangrove forest formation and other forests. The
core mangroves found consist of the genera Avicennia
(local name: api-api; family: Avicenniaceae), Xylocarpus
(family: Meliaceae), Bruguiera, Rhizophora (family:
Rhizophoraceae), and Sonneratia (family: Sonneratiaceae).
The peripheral mangrove genus found is FExcoecaria
(family of Euphorbiaceae).

Tables 3, 4, and 5 show that the highest mangrove
density value at station 1 is found in the Sonneratia genus
at 267 ind/ha, and the lowest is found in the Excoecaria
genus at 144 ind/ha. The highest mangrove density at
station 2 is found in the Avicennia genus at 244 ind/ha,
while the lowest is found in the Bruguiera genus at 133
ind/ha. The highest mangrove density at station 3 is found
in the Rhizophora genus, with a density value of 222
ind/ha. In contrast, the lowest density is found in the genera
Avicennia and Sonneratia, at 56 individuals per ha.
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Table 3. Density, relative density, relative frequency, relative
dominance, and importance value index at station 1

Genus Amount D RD (%) RF (%) RC IVl
Fam: Avicenniaceae

Avicennia 19 211 19.19 23.53 27.14 69.87
Fam: Euphorbiaceae

Excoecaria 13 144 13.13 8.82 6.03 27.99
Fam: Meliaceae

Xylocarpus 14 156 14.14 11.76 10.07 35.97
Fam: Rhizophoraceae

Bruguiera 14 156 14.14 11.76 10.51 36.42

Rhizophora 15 167 15.15 17.65 1792 50.72
Fam: Sonneratiaceae

Sonneratia 24 267 2424 2647 2833 79.04
Total 99 1,100 100.00 100.00 100.00 300.00

Note: D: Density, RCi: Relative coverage, RD: Relative density,
IVI: Important value index RF: Relative frequency

Table 4. Density, relative density, relative frequency, relative
dominance, and importance value index at station 2

Genus Amount D RD (%) RF (%) RC IVI
Fam: Avicenniaceae

Avicennia 22 244 2222 2424 2792 7439
Fam: Euphorbiaceae

Excoecaria 13 144 13.13 12.12  13.24 38.49
Fam: Meliaceae

Xylocarpus 15 167 15.15 1515 13.82 44.12
Fam: Rhizophoraceae

Bruguiera 12 133 1212 9.09 438 25.59
Rhizophora 19 211 19.19 2121 20.72 61.13
Fam: Sonneratiaceae

Sonneratia 18 200  18.18 18.18 19.92 56.28
Total 99 1,100 100.00 100.00 100.00 300.00

Note: D: Density, RCi: Relative Coverage, RD: Relative Density,
IVI: Important Value Index RF: Relative Frequency

Table 5. Density, relative density, relative frequency, relative
dominance, and importance value index at station 3

Genus Amount D RD (%) RF (%) RC IVl
Fam: Avicenniaceae

Avicennia 5 56  9.80 6.45 5.34  21.60
Fam: Euphorbiaceae

Excoecaria 8 89 15.69 19.35 11.83 46.87
Fam: Meliaceae

Xylocarpus 6 67 11.76 16.13 741 3531
Fam: Rhizophoraceae

Bruguiera 7 78 13.73 19.35 11.42 44.50
Rhizophora 20 222 3922 29.03  58.81 127.06
Fam: Sonneratiaceae

Sonneratia 5 56  9.80 9.68 5.18 24.66
Total 51 567 100 100.00 100.00 300.00

Note: D: Density, RCi: Relative Coverage, RD: Relative Density,
IVI: Important Value Index RF: Relative Frequency
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Mangrove Relative Frequency, Mangrove Relative Cover,
and Importance Value Index

The results of the analysis of relative density, relative
frequency, relative cover, and the important value index of
mangroves in the Bagan Asahan area, North Sumatra, show
varying values across stations. The results of the
calculations for relative density, relative frequency, relative
cover, and the Importance Value Index of mangroves at
each research station are presented in Tables 3, 4, and 5.

The analysis reveals that the highest relative mangrove
density at station 1 is in the genus Sonneratia, at 24.24%.
In contrast, the lowest relative density is observed in the
genus Excoecaria, at 13.13%. The high relative density of
the Sonneratia genus at this station results from the fact
that this station is located in the middle of a mangrove
ecosystem, which is approximately 100 m from the
coastline. At station 2, the highest relative density value is
found in the Avicennia genus at 22.22%, while the lowest is
found in the Bruguiera genus at 12.12%. Station 2 is
situated at the front of the mangrove ecosystem,
approximately 5 meters from the coastline. At station 3, the
highest relative density value is found in the Rhizophora
genus at 39.22%, while the lowest value is found in the
Avicennia and Sonneratia genus at 9.80% each.

Station 3 is situated in the deepest part of a mangrove
ecosystem, approximately 200 meters from the coastline.
The genus Rhizophora is a type of mangrove that can thrive
in large areas. This genus can still be found in mangrove
areas that are located far from the coastline, as long as the
area is still affected by brackish or salty waters. The
mangroves from the Rhizophora genus have a large area to
live in so that they can develop well in the interior as long
as they still get a good supply of salt water (Kusmana et al.
2003; DeYoe et al. 2020).

The results of the relative frequency analysis of
mangroves indicate that the most frequently occurring
genera in the Bagan Asahan mangrove ecosystem are
Sonneratia, Avicennia, and Rhizophora. The Sonneratia
genus is often found at station 1 with a relative frequency
value of 26.47%. The Avicennia genus is often found at
station 2 with a relative frequency value of 24.24%, while
the Rhizophora genus is often found at station 3 with a
relative frequency value of 29.03%. The number of
Sonneratia and Rhizophora genera in this ecosystem is
influenced by the substrate conditions at the research site,
which are muddy sand. Mangrove forests grow well in
areas with brackish to salty waters. These three genera have
a high tolerance for salt content with salinity ranging from
0-30%0 (Arora and Dagar 2019; Juwari et al. 2020).
Overall, mangroves of the genus Rhizophora are often
found at the study site. Acharya et al. (2021) stated that the
results of this study are consistent with those produced on
the Odisha Coast, India, which reported that mangroves of
the genus Rhizophora have the highest relative frequency
value (100%)-also reported the same in South Sulawesi,
Indonesia (Malik et al. 2015).

The results of the analysis of relative mangrove cover
show that there is a difference in the area of relative
mangrove cover at the three observation stations, in which
the highest relative cover at station 1 is from Sonneratia
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genus with 28.33%, at station 2 is found in Avicennia
genus with a relative cover value 27.92%, and at station 3
is found in genus Rhizophora with a relative coverage
value of 58.81. The overall results indicate that the genus
Rhizophora has the highest relative coverage. The high
relative cover of the mangrove genus Rhizophora indicates
that the presence of the mangrove genus Rhizophora
dominates in the Bagan Asahan mangrove ecosystem. The
high relative cover of the Rhizophora genus is a result of
the substrate conditions, which are muddy sand. This
substrate condition is highly suitable for the growth of the
mangrove genus Rhizophora, as it has a relatively high
fertility (Costa et al. 2016).

The results of the importance value index analysis
obtained from the sum of the relative density, relative
frequency, and relative coverage at the three stations show
that there are differences in the value of the index of
importance at each observation station, where the
Rhizophora genus has the highest index of importance,
which is 127.06% at station 3, followed by Sonneratia
genus at 79.04% at station 1, and Avicennia genus at
74.39% at station 2.

The importance value index describes the community
structure and distribution patterns of mangroves in an area.
The difference in the important value index of mangrove
vegetation in the Bagan Asahan mangrove ecosystem is
driven by competition within each genus for nutrients and
sunlight. The results of this research are consistent with
those of previous studies, which report that the Rhizophora
genus has the highest importance index in Mandeh Bay,
West Sumatra Province, and the Teluk Adang Nature
Reserve (TANR), East Kalimantan (Mukhlisi et al. 2020;
Rafiq and Mukhtar 2020).

Mangrove and clam interaction

A summary of research results on the interaction
between mangrove vegetation characteristics and clam
morphometrics is presented in Table 6. Table 6 shows that
the best clam density indicator was observed at station 3,
with Rhizophora as the dominant vegetation. The relative
density, relative coverage, and important value index of
Rhizophora at station 3 are also the highest among other
mangrove genera. This indicates a positive correlation
between mussels and several ecological indicators of
Rhizopora in their habitat at this location. The distribution
pattern of clams in this habitat type also shows a high
degree of grouping. The complexity of Rhizophora roots
provides a larger rooting surface, better sediment
stabilization, and the ability to retain more and diverse leaf
litter. The above explanation supports the theoretical
assumption of several researchers that the Rhizophora
genus is more suitable as a clam habitat (Yahya et al.
2020). Several studies have reported that Rhizophora has
better biomass-forming abilities (Torres et al. 2019; Zhang
et al. 2021). The high biomass in the substrate also
stimulates biota growth, thereby supporting clam growth.
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Table 6. Interaction of mangrove vegetation characteristics with
clam morphometrics

Station
1 2 3

Density of clam 11.28 9.67 14.94*
Clam distribution index 22.72 3.72 20.35*
Genus domination Sonneratia  Avicennia  Rhizophora
Relative Density 24.24% 22.22% 39.22%*
Relative Frequency 28.33% 27.92% 58.81%*
Important Value Index 79.04% 74.39% 127.06%*

Note: Associations shown are descriptive and not derived from
inferential statistical testing

This is also evident in the high clumping pattern of
clams (20.35), which indicates the attraction that causes
clams to group, either to obtain food or to follow other
biota (Callier et al. 2018). The mangrove-shellfish
relationship in this analysis is descriptive, not a causal
relationship framed by statistical testing. Further research is
needed to measure this positive correlation using a
quantitative approach specifically.

Although Rhizophora species play a crucial role in
mangrove ecosystems, other species also contribute to
biodiversity, nutrient cycling, and habitat structure. A
holistic ecosystem conservation approach encompassing
various mangrove species remains necessary to increase the
mangrove ecosystem's carrying capacity for mussel growth.
Therefore, while immediate pressures, such as overfishing
of mussels, are urgent issues to address, maintaining the
presence and quality of mangrove ecosystems is crucial to
ensuring a more sustainable long-term carrying capacity for
mussel populations.

The Bagan Asahan mangrove area is a habitat and
buffer for clam habitat, which is very important for the
sustainability of clam production and the livelihood of the
fishing community in this area. The economic dependence
of communities on mussels is also found in other coastal
areas in Southeast Asia. In Nha Phu Lagoon, Khanh Hoa
Province, South Central Vietnam, mussels are cultivated
and harvested in the coastal lagoon and serve as a primary
livelihood for local residents (Lan et al. 2024). Other
bivalves (e.g., Meretrix, Perna, Crassostrea) are also
commonly used by communities in Mon State, Myanmar
(Oo 2020). Consumption and various forms of shellfish
utilization for community needs have become part of the
coastal culture in this region. Over time, mangrove
ecosystems are often disrupted by illegal logging and land
conversion for other economic activities (Cahyaningsih et
al. 2022; Ng et al. 2022; Hilmi et al. 2024). On the other
hand, continued efforts to supervise, maintain, and
rehabilitate are carried out by concerned government and
non-government agencies.

In conclusion, this study demonstrates that the
mangrove ecosystem of Bagan Asahan provides suitable
habitat conditions for the Asiatic hard clam M. meretrix. A
total of 646 individuals were recorded during six months of
observation, with an average density of 11.96 individuals
m=2 Clam density varied among stations, reaching the
highest value at the Rhizophora-dominated station (14.94
individuals m2), followed by Sonneratia (11.28 individuals
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m2) and Avicennia (9.67 individuals m™2). The Morisita
Index indicated a grouped distribution pattern at all stations
(Id=3.72-22.72), reflecting habitat heterogeneity and
aggregation behavior. Shell lengths ranged from 1.5 to 4.5
cm, with the dominant size class between 2.70 and 2.99
cm, suggesting intensive harvesting pressure on larger
individuals. Morphometric relationships among shell
length, height, and thickness showed strong positive
correlations (R?=0.91-0.96), indicating proportional and
balanced growth. Substrate C-organic content ranged from
1.48% to 1.74%, which is within the range considered to
support mussel growth. Mangrove vegetation comprised
six genera, with Rhizophora exhibiting the highest
importance value index (127.06%) at station 3, followed by
Sonneratia (79.04%) and Avicennia (74.39%), supporting a
strong descriptive association between Rhizophora
dominance and higher clam abundance.

Limitations of this study include the use of descriptive
analyses for mangrove-clam associations, which preclude
causal inference, and the focus on short-term observations
without direct assessment of recruitment, mortality, or
harvesting intensity. Future studies should apply
quantitative statistical approaches to test mangrove-clam
relationships, incorporate longer-term monitoring of
population dynamics, and evaluate the effects of mangrove
rehabilitation-particularly Rhizophora enrichment-on kepah
sustainability and fishery productivity in Bagan Asahan, as
this commodity has been a mainstay of the region for
generations. Most fishermen in this region are involved in
kepah catching, processing, and trading. Their economic
contributions, both direct and indirect, are irreplaceable.
Therefore, conserving the mangrove ecosystem as a kepah
habitat in this region should be a primary local policy focus
for all parties involved. Through the preservation and
rehabilitation of the mangrove ecosystem, particularly by
enriching the Rhizophora genus, the sustainability of kepah
production in this area will be maintained.
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