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Abstract

This study aims to analyze the condition of mangrove ecosystems in the three districts on the east
coast of North Sumatra. Data collection was carried out from June to December 2023 in the Deli
Serdang, Serdang Bedagai, and Langkat districts. The sampling location was determined by
purposive sampling, and the target location was a mangrove area that had aquaculture activities.
There were 9 sampling points, 3 points each in each district. Observations were made using a 10 x
10 m quadratic transect method with 20 replications. Density, relative density, frequency, relative
frequency, dominance, and relative dominance were calculated to obtain the importance index value
of each species. The calculation results showed that Rhizopohora apiculata with a density of 2359-
4208 ind/ha with a relative density between 43.7-48.8%. The highest frequency and relative
frequency values are also in R. apiculata, and R. mucronata species between 0.67 - 1 with a relative
frequency between 25 - 44.4%. The highest species dominance and relative dominance of R.apiculata
was 0.000010272 - 0.00001105, with a relative dominance of 23.07 - 40.25%. Therefore, these two
species are the species with the highest importance index >65%.
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INTRODUCTION

Indonesia has the largest mangrove area in the world, covering approximately 3.1 million
hectares. The mangrove forests in Indonesia play a crucial role in carbon absorption and
contribute significantly to regulating global climate change (Hamzah et al., 2023).
However, these mangrove ecosystems are under threat due to land-use changes and
deforestation (Maulana et al., 2023). Sustainable management is needed to maintain and
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improve the area and quality of mangroves (Aprilina & Hastijanti, 2023). Monitoring
efforts using remote sensing technology, such as machine-learning algorithms, have been
employed to classify and monitor mangrove forests in Indonesia (Purwanto et al., 2022).
The conservation and preservation of mangrove forests are essential for supporting the
economy, local societies, and the environment (Pratiwi et al., 2022). One of the mangrove
distribution areas in Indonesia is the east coast of North Sumatra.

The mangrove condition in North Sumatra has been the focus of several studies.
One study in Medan City found a significant decrease in the mangrove forest area in the
Medan Labuhan Sub-district over the past fourteen years. The study used remote sensing,
GIS (Geographic Information System), and AHP (Analytical Hierarchy Process) to map
and analyze changes in mangrove cover, with the economy identified as the top priority
for preventing further changes (Rahmawaty et al., 2023). Another study in Lubuk Kertang
Village evaluated mangrove rehabilitation efforts and found that planting propagules and
seedlings resulted in the survival of 69.42% and 86.38% of plants, respectively. The carbon
stocks stored by the plants ranged from 51.18 Mg ha-1 to 56.79 Mg ha-1
(Amelia et al., 2023). A study in North Sumatra and Aceh compared different mangrove
management conditions and found that the macrozoobenthic community could serve as
a practical indicator for assessing the functionality of restored mangroves (Basyuni et al.,
2022). Additionally, a study in North Aceh assessed water quality and sediment
characteristics in mangrove areas and found that heavy metal content was generally below
permissible thresholds, except in one area (Harifia et al., 2022). Finally, a study in Pantai
Labu Subdistrict identified the physical conditions necessary for mangrove growth and
development, including aspects of slope, soil, water, sea tide, and climate
(Yuniastuti et al., 2019). Based on this background, this study was conducted to analyze
the condition of mangrove ecosystems in three locations on the east coast of North
Sumatra.
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Figure 1. Map of research location
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METHOD

This study was conducted in three districts on the east coast of North Sumatra,
namely Langkat, Deli Serdang and Serdang Bedagai. Determination of the sampling
location is done based on purposive sampling, where the sampling point is set in a location
where there are aquaculture activities. Sampling locations are as many as 9 points, with
each 3 sampling points in each district (Figure 1). Mangrove observations were carried
out with a quadratic transect method with a size of 10 x 10 m with a distance of 20 m
between transects (Hasan et al., 2024). Transects were repeated 10 times, starting from
the inland area towards the coastline. An illustration of transect laying can be seen in
Figure 2.
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Figure 2. [llustration of mangrove observation transect

Data analysis
Mangrove condition data is analyzed based on the design of observation plots in

the field and calculates the density, frequency, dominance and finds the Index of
Important Value and Diversity Index (Bengen, 2000) based on the following formula,

Species Density

Density (D)= > species 1 )
ensity (D)= Sample plot area

Relative Density Species

. . Density of Species i
Relative Density (RD)= - x 100% 2)
total density

Species Frequency

F (F)= Number of plots where a species was found 3)
requency ()= Total number of sample plots

Relative Frequency Species

. Number of plots where a species was found .
Relative Frequency (FR)= Total number of sample plots x100% (4)

Dominance

Do ©) = Basal area of a species 5)
ominance "~ Area of sample plots
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Relative Dominance

) ) Dominance species 1
Relative Dominance (RC)= Dominance of all species x 100% 6)

Importance Value Index

INP = RD; + RF; + R(; (7)
Where :

RDi = Relative Density

RFi = Relative Frequency

RCi = Relative Dominance

RESULTS AND DISCUSSION

Density and Relative Density (RD;)

Based on the results of the study found 7 species of mangroves that grow in the
observation location including Rhizophora apiculata, Rhizophora mucronata, Avicennia alba,
Avicennia marina, Bruguiera gymnorhiza, Bruguiera cylindrica, and Sonneratia alba. R. apiculata
is a mangrove species with the highest density in all three study sites, the highest density
value in Serdang Bedagai 4208 ind/ha with a relative density value of 43.7%, Deli
Serdang 2359 ind/ha with a relative density of 44.6%, and then 2442 ind/ha with a
relative density value of 48.8% in the district of Langkat (Figure 3). Rhizophora tends to
favor muddy and soft substrates and boasts a wide distribution
(Hariphin et al., 2016; Malahayati et al., 2023). Moreover Gazali et al., (2019), elucidated
that the high density of Rhizophora species is attributed to its year-round production of
flowers and fruits. This ability is closely linked to sunlight intensity.

Mangrove species with the lowest density are different in each research location, 4.
marina being the species with the lowest density in Deli Serdang and Langkat, respectively
467 ind/ha with a relative density of 8.84%, and 867 ind/ha with a density of 17.34%
species. Meanwhile, in Serdang Bedagai District, the species with the lowest density was
Bruguiera cylindrica 292 ind/ha, and relative density 3.03% (Figure 3). The population
density of A. marina is influenced by various factors such as seasonal changes in
physicochemical parameters of water and soil, including temperature, pH, nutrient
content, and pollution levels (Patale & Tank, 2022). Additionally, the distribution of A.
marina in mangrove forests can be affected by shade intolerance and seed predation,
limiting its presence in certain intertidal regions (Elhag et al., 2015). Furthermore,
demographic features like phenological phase, tree size, density, cover, and
pneumatophore characteristics play a role in the sensitivity and survival of A. marina
populations in different habitats (Smith, 1987).
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Figure 3. Graph of Relative Density of species at three research location

Frequency and Relative Frequency (RF;)

Based on the analysis results of mangrove species R. Apiculata, and R. mucronata are
the species with the highest frequency and relative frequency throughout the study site.
The frequency of these two species is between 0.67 - 1 with a relative frequency between
25 - 44.4% (Figure 4). Various factors influence the relative frequency of mangroves.
Physical factors such as temperature, coastal typology, ocean currents, and tidal range
play a crucial role in determining the extent of mangrove populations (Ellison, 2021).
Additionally, biotic factors like predation, resource availability, and stress intensity
impact seedling recruitment and distribution patterns of different mangrove species
(Wang et al., 2018). Furthermore, environmental conditions such as salinity can affect
the sex ratio in mangrove populations, with lower salinity levels correlating with higher
male frequencies in certain species (Silva & Cruz, 2021). The dispersal mechanisms of
mangrove propagules, establishment success, growth development rates, and unique
tolerance limits of each species also contribute to their distributional ranges (Giri & Long,
2016; Romero-Berny et al., 2019).
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Figure 4. Graph of Relative Frequency of species at three research location

Dominance and Relative Dominance (RC;)

The results explained that the highest species dominance and relative dominance
were in R. Apiculata and R. mucronata species. The closing value of R. apiculata species is
0.000010272 - 0.00001105 with relative dominance of 23.07 - 40.25%. Meanwhile, the
dominance value of R. mucronata species ranged from 0.000005197 - 0.000009802 with a
relative dominance value of 11.66 - 35.57%. A dominance index value near 0 suggests the
absence of a dominant species (Destiana et al., 2022). Overall, the dominance values for
all observations were low, indicating no dominant mangrove species. Mangrove
communities typically exhibit uniformity when ecological conditions are stable
(Sipahelut et al., 2020).
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Figure 3. Graph of Relative Coverage of species at three research location
Importance Value Index

The highest importance index in R. apiculata species was 95.4% for the Serdang
Bedagai district, 109.9% in the Deli Serdang district, while it was 130.6% in the Langkat
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district. Furthermore, R. mucronata has an important index value of 65.6% in Serdang
Bedagai Regency, 74.5% in Deli Serdang Regency and 113.8% in Langkat Regency (Table
1). Research by Hasan et al. (2024) also found the highest importance index of
Rhizophora spp in the mangrove ecotourism area of Lubuk Kertang Langkat. Various
factors influence the index of important values of mangroves. Factors such as inundation
frequency, soil sorting coefficient, water salinity, length of residency, awareness of
sustainability, population pressure, deforestation, leaf-to-total area ratio, and leaf
biochemical properties play significant roles in determining the value orientations and
vulnerability of mangrove ecosystems (Afefe et al., 2019; Assaf et al., 2022; Niu et al.,
2021; Shih, 2020). Additionally, the biophysical properties of mangroves, including
fractional cover and plant area index, are crucial in assessing the canopy reflectance and
overall health of mangrove forests (Himes-Cornell et al., 2018).

Table 1. Mangrove importance index in three districts on the east coast of North Sumatra

Deli Serdang Serdang Bedagai Langkat

Species RDi RFi RCi IVI RDi RFi RCi IVI RDi RFi RCi IVI
) W ) ) B ) W ) ) (W () (%)

R. apiculata 446 250 403 1099 437 286 231 954 488 444 373 1306
R.mucronata 306 250 189 745 254 286 11.7 656 338 444 356 11338
A. alba 159 250 239 648 24 95 91 210 00 00 00 0.0
A. marina 88 250 169 508 112 95 196 403 173 11.1 271 556
B. gymnorhiza 00 00 00 00 32 95 116 244 00 00 00 0.0
B. cylindrica 00 00 00 00 30 95 103 228 00 00 00 0.0
S. alba 00 0.0 00 00 11.1 48 148 306 00 0.0 0.0 0.0
Y. Total 100 100 100 300 100 100 100 300 100 100 100 300
CONCLUSION

The condition of mangrove ecosystems in three districts on the east coast of North
Sumatra is in good condition with a dominance value close to 0, the importance index of
R. apiculata and R. mucronata > 65%. This indicates that the condition of the mangrove
ecosystem in the three locations is still in a balanced state.
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