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Abstract

Pulau Dua Nature Reserve has undergone significant changes to its land, affecting its physical and chemical properties.
Additionally, the increasing problem of scattered plastic waste raises concerns about its negative impact on the ecosystem.
This study aims to analyze the physical and chemical characteristics of Pulau Dua Nature Reserve and examine the relationship
between the proportion of plastic waste cover area and environmental parameters. Microclimate, soil, and plastic waste
proportion area data, especially plastic, were collected at 34 points using systematic random sampling, while water salinity was
measured using accidental sampling because the pools for measuring salinity were not spread throughout the research area.
A comparative analysis based on literature review and previous studies with mangrove ecosystems indicates that Pulau Dua’s
mangrove vegetation is under threat from various environmental factors. Among these, the proportion of plastic waste cover
area has the strongest correlation as moderate positive correlation with bulk density in Pearson Correlation Matrix. Independent
Sample T-test comparing plastic waste cover area proportion based on bulk density class confirms that class 4 significantly
affects bulk density. In conclusion, several physical and chemical parameters in Pulau Dua Nature Reserve do not align with
optimal conditions for mangrove vegetation. The most related factors to plastic waste cover area proportion are bulk density
because the indication is that areas covered with plastic waste are areas that are frequently passed by humans, thus increasing
the bulk density of the soil. Value of bulk density will significantly different when proportion of plastic waste cover more than
2.5% based on Independent Sample T-test.
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1. Introduction chemical processes in the Pulau Dua area affect not only the

The history of the Pulau Dua Nature Reserve began
when the archipelago was still under Dutch colonial rule. At
that time, Pulau Dua was still separated from Java, so only
8 hectares were counted as the Pulau Dua Nature Reserve.
Over time, a mud pile formed, uniting Pulau Dua with Java
that reported in 1978. After that, the mud pile was overgrown
with Avicennia marina, which then became the dominant
plant species in the Pulau Dua Nature Reserve [1]. In fact, the
original mangrove found in the Pulau Dua area when it was
still separated from Java Island was Rhizophora sp. That land
changes indicates that physical and chemical changes, such as
the emergence of lands, can have a significant impact on the
composition of vegetation in the Pulau Dua Nature Reserve.

Changes in vegetation composition driven by physical and
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structure of the ecosystem but also the biodiversity that depends
on it. One of the key components of this ecosystem is the
bird population. Vegetation plays a crucial role in supporting
bird life by providing nesting sites, food sources, and shelter
[1]. Therefore, the physical and chemical transformations
within the Pulau Dua Nature Reserve influence not only land
formation and plant structure but also have direct and indirect
impacts on the birds inhabiting the area. Known as “Bird
Island,” Pulau Dua serves as a vital habitat for thousands of
birds, particularly waterbirds.

Plastic waste found scattered around the Pulau Dua Nature
Reserve is one of the threats that can disrupt the habitat of
the birds there [2]. The proportion of plastic waste cover that
covers the mangrove seedling area can cause various problems,
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such as disrupting the absorption of light, dissolved oxygen,
and nutrients. These disturbances can lead to a decline in the
quality of vegetation seedlings in polluted mangrove areas [3].
Several problems mentioned previously suggest that plastic
waste is becoming a significant issue in the Pulau Dua Nature
Reserve. The plastic waste is indicated to affect the physical
and chemical characteristics of the Pulau Dua Nature Reserve
so that it can affect the ecosystem there. Therefore, this study
aims to determine the physical and chemical characteristics
of the Pulau Dua Nature Reserve, as well as to determine the
relationship between the proportion of plastic waste cover and
the physical and chemical parameters of the Pulau Dua Nature
Reserve.

2. Methodology

Field data collection was carried out in two stages. The
first stage of data collection was carried out from September
28, 2023, to September 30, 2023. The second stage of data
collection was carried out from October 13, 2023, to October
14, 2023. Field data were taken at the Pulau Dua Nature
Reserve, Sawah Luhur Village, Kasemen District, Serang
City, Banten Province, Indonesia. The study area is limited by
coordinates 6°0°54.457”’S - 6°1°32.312”S and 106°11°9.287”E
- 106°12°9.074”E. Soil sample processing and data analysis
were conducted at Labtek VA, Jatinangor Campus, Bandung
Institute of Technology, Jalan Let. Jen. Purn. Dr. (HC).
Mashudi No. 1, Sumedang, West Java, Indonesia, with
coordinates 6°55°53.41”S and 107°46°15.90”E. The field data
and sample processing were analyzed using two approaches,
comparison based on literature review and previous studies
with mangrove ecosystems, and statistical methods used are

correlation and real difference test.

The tools used in data collection are a refractometer, soil
tester for soil pH and moisture, soil core sampler, multi-
parameter microclimate sensor (air temperature, air humidity,
light intensity, and air speed), tagging coordinate application
(Avenza Maps), and a plot of 50 cm x 50 cm (10 cm x 10
cm x 25) PVC pipe (can be seen in Figure 1). Meanwhile,
the tools used in processing soil samples include an oven and
aluminum foil paper. The device used application for spatial
processing (ArcMap) and statistical analyze (Excel). The
materials in data processing use the boundary map of Pulau
Dua Nature Reserve.

The physical and chemical characteristic data consist of
the proportion of plastic waste cover (%), air temperature (°C),
air humidity (%), light intensity (lux), air speed (km/h), soil
pH, soil moisture (%), water salinity (%), and soil samples to
obtain bulk density data (gr/cm3), soil porosity (%), soil water
content (% w/w), and soil texture. The physical and chemical
data for each characteristic were taken using systematic
random sampling, except for water salinity data. Systematic
random sampling was carried out by assigning each point a
distance of 100 m in the direction of the wind from North
to South and East to West. The selection of 100 m distance
is expected to be able to select points that represent every
1 hectare or 10,000 m? of the area of the Pulau Dua Nature
Reserve as well as every layer of the mangrove ecosystem
within it. The use of the systematic random sampling method
aims to reduce sampling error in data collection results [4].
The number of points obtained was 34 points, as shown in
Figure 2. Meanwhile, water salinity data were collected using
accidental sampling. This is because encounters with standing
water cannot be found at every point in the Pulau Dua Nature

Figure 1. Plot of PVC Pipe Size 50 cm % 50 cm
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Figure 2. Pulau Dua Nature Reserve Study Area Work Plan Map
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Figure 3. Illustration of the Placement of the PVC Pipe Plot in Taking One Point of the Proportion of Plastic Waste Cover

Reserve during the dry season, so it is necessary to utilize
chance encounters when collecting data in the field [5].

Data collection on the proportion of plastic waste cover
was carried out by placing the PVC pipe plot on the ground
surface four times, with overlapping positions next to each
other between the placements, as illustrated in Figure 3. The
percentage calculation is based the number of fulfillments of
the 10 cm x 10 cm box. Each fulfillment of one 10 cm % 10 cm
box is interpreted as a proportion of 1% of plastic waste cover
from a sample area of 1 m?.

Data collection of air temperature, air humidity, and light
intensity was recorded at average in one minute. Meanwhile,
for wind speed data, the maximum value was recorded over
a one minute. The time for collecting the microclimate data
was taken only at the estimated extreme weather time of one
day, namely within the time range of 10:00 am — 3:00 pm.
This is because the characteristics of the microclimate tend
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to be stable at that time [6]. Meanwhile, data collection of
pH and soil moisture was carried out after the soil tester was
attached to the sampling point for one minute. Apart from data
collection that included microclimate, no specific collection
time was specified.

Comparative Analysis

Each parameter that has been measured will be determined
its maximum, minimum, and average value with standard
deviation. From the maximum and minimum values, the
range of each parameter will be obtained. The use of the range
value of each parameter can make it easier to compare data,
both with other locations and from established standards [7].
However, the average and standard deviation would provide
a better explanation and support the range of maximum and
minimum values shown.
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Correlation Test Analysis

All physical and chemical characteristic data obtained by
systematic sampling method and having interval and ratio data
types were tested with correlation test in the form of Pearson
Correlation Matrix. The matrix is useful to show the strength
of linear relationship between two variables [8]. Data that is
included in interval data type is air temperature and soil pH.
While data that is included in ratio data type that can be tested
for Pearson Correlation Matrix is air humidity, light intensity,
air speed, soil moisture, bulk density data, soil porosity, soil
water content, and plastic waste cover proportion itselve.
Then, the correlation value from every physical and chemical
characteristics with plastic waste cover proportion will be
analyzed further. The correlation formula used in this study
for Pearson Correlation Matrix is shown in equation (1) [9].

nyxy—Ex)QXy) 1
JnXx2 = E0nXy? - T2
with:
r xy :correlation between variables x and y
X : first variable
y : second variable
n : number of observations

Ty

Real Difference Test Analysis

The difference test is conducted by testing the plastic waste
proportion parameters divided into several classes based
on selected physical and chemical parameters. The selected
parameters are selected based on the highest correlation value
among the other parameters. The division of selected parameter
classes will be carried out purposively. The test used is the
Independent Sample T-test which will compare the t value
of the data calculation with the t table. If the t calculation is
smaller than the t table, then the two data are considered not
significantly different. Likewise, if the t calculation is greater
than the t table, then the two data are considered significantly
different [10]. The confidence interval value used is 95%. The
formula used to calculate the t calculation between two data
is shown in equation (2). Meanwhile, to determine the t table,
the degrees of freedom of the two groups of data are used as
shown in equation (5).

t= o 2
T

s 2 — 2(X1—X1)2 (3)
1 n-1

s 2 — Z(XZ_XZ)Z (4)
2 n-1

dk = nl + nz -2 (5)
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t : t coefficient

X :sample mean

s : sample standard deviation
n  :number of sample data
dk :degrees of freedom

3. Result and Discussion

The characteristics of water salinity obtained by accidental
sampling amounted to 13 points located on the river flow
to the sea, sea, and puddles, which can be seen in Figure 4.
Meanwhile, some light intensity data on open land cannot
be measured due to the capacity of the tool. However, from
previous studies, it was stated that open land has a light
intensity of 100000 lux [11].

3.1 Plastic Waste Cover Proportion

The data is presented in Table 1 for the proportion of plastic
waste cover compared to mangrove forests on the North
coast of Central Java shows the same maximum proportion
of plastic waste cover. A significant amount of plastic waste
cover is caused by plastic waste that is often trapped in the
upper sediment layer, which can lead to a prolonged decrease
in oxygen content [12].

3.2 Soil Characteristics

The field data for soil pH showed that the mangrove soil
conditions tended to be neutral for mangrove soil with average
value 6.27+0.76. This result have similarity condition with
data on mangrove vegetation in Wonomulyo District, Polewali
Mandar Regency [24]. However, the pH value tends towards
acid. The activity of soil microorganisms in decomposing
litter is optimal at a neutral acidity level, and a low pH can
slow down the decomposition of the litter [13].

The high soil moisture in the Pulau Dua Nature Resource,
with average value 82.35+38.70%, were quite following the
criteria for tropical forests [14]. Soil moisture parameters
show quite good parameters when compared with mangrove in
Sebubus Village, which has lower soil moisture. Meanwhile,
the low data in the Pulau Dua Nature Reserve could be due
to its position, which is close to the coast, so it is frequently
affected by sea winds [14].

The bulk density field data showed results with a more
extensive range data with average value 0.59+0.24, both in
terms of minimum and maximum limits. The bulk density
field data indicates human activity, same like the high bulk
density value in Bone Bay is attributed to mangrove logging
activities in the area. Apart from human footholds that are
active there, the remaining litter left behind causes the flow
of water to the soil to be obstructed, and the soil will become
more compact [16]. The high bulk density value can make it
difficult for roots to penetrate the soil [17]. This can be a factor
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in the difficulty of mangrove vegetation growing in the Pulau
Dua Nature Reserve.

Soil porosity data tend to be higher with average value
77.67+9.21. High soil porosity can also indicate a high organic
matter content [16]. The high soil porosity also demonstrates
the soil’s ability to capture large amounts of water [16].
Meanwhile, the soil texture taken in the field is note significant
different from that in Bone Bay. The difference between
the two locations is that the soil texture in the Pulau Dua
Nature Reserve is more clay. Clay soil texture has a limited
distribution of vegetation types because not many plant types
can grow in soil with that texture [18].

The soil water content data in the Pulau Dua Nature
Reserve tends to be higher with average value 90.29+77.66%
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w/w. The characteristics of soil that is always wet with high
water content, even to the point of water saturation, are
characteristics of mangrove soil [19]. This makes the Pulau
Dua Nature Reserve have water content parameters that are
suitable for the mangrove ecosystem even though it is the dry
season.

3.3 Microclimate Characteristic

The air temperature field data tended to be higher with
average data 36.00+2.88°C. However, the data in the reference
showed that the temperature was no longer suitable for
Avicennia marina vegetation, as the vegetation has an optimal
growing temperature range of 18°C to 20°C [15]. This could
pose a threat to the Pulau Dua Nature Reserve, which has a

Table 1. Comparison of each Physical Chemical Parameter with Mangrove Ecosystem in Different Places

Physical and Chemical Results of Fi;ld Data | Average Field Star.lda}rd Reference Data
Parameters Collection Data Deviation
Waste Cover Area (%) 0-50 3.15 8.56 <50[12]
Soil pH 45-175 6.27 0.76 4.7-6.7 [24]
Soil Moisture (%) 0-100 82.35 38.70 30 -33[14]
Bulk Density (gr/cm?) 0.22-1.18 0.59 0.24 0.55-0.78 [16]
Soil Water Content (%) 0.56 —274.29 90.29 77.66 30.63 — 47.36 [25]
Soil Porosity (%) 55-91 77.67 9.21 36 —77[16]
Light Intensity (lux) 1822 — 100000 22074.03 33111.61 412 — 83559 [20]
Wind Speed (km/jam) 0.00—-15.30 2.51 4.46 0.00 — 1.44 [21]
Air Temperature (°C) 32.6-45.8 36.00 2.88 25.7-28.6 [14]
Air Humidity (%) 42 -175 62.16 8.56 70 —78 [21]
Water Salinity (%o) 33-54 39.69 7.35 30-351[22]
Sand, Loamy Sand,
Soil Texture Sandy Loal}‘lll, Silt - - C?i;ii;%a%igaﬁk]
Loam, Clay ’
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dominant vegetation of Avicennia marina and a temperature
that tends to be higher than the reference data.

Light intensity field data tend to be higher with average
value 22074.03+£22111.61 lux. Light intensity significantly
affects seedling growth. The higher the light intensity entering
the forest floor, the faster the growth of seedling in the area
[20]. This indicates that the light intensity parameters in the
Pulau Dua Nature Reserve support the growth of mangrove
seedlings there.

The air humidity field data from the Pulau Dua Nature
Reserve tends to be lower, with average value 62.16£8.56%,
compared to the mangrove area in Muara Aluh-aluh. High air
humidity can reduce the availability of nutrients for plants
due to decreased transpiration rates [21]. Meanwhile, the
wind speed in the Pulau Dua Nature Reserve is higher, with
average value 2.51+4.46 km/h, than that in Muara Aluh-aluh.
The low wind speed can be attributes the density of mangrove
vegetation, which causes the wind speed to decreases [21].
This indicates that the Pulau Dua Nature Reserve has greater
potential to provide nutrients for mangrove plants compared
to Muara Aluh-aluh. However, the wind speed data field
indicates that the Pulau Dua Nature Reserve has a lower
mangrove vegetation density than Muara Aluh-aluh.

3.4 Water Salinity Condition

Water salinity field data tend to be higher, with
39.69+7.35%o, than the Binuangeun mangrove ecosystem, in
Banten. Mangrove vegetation itself has a salinity tolerance
level of 10%o to 30%o [22]. This shows that the Pulau Dua
Nature Reserve has exceeded the salinity tolerance limit for
mangrove vegetation, thus threatening its survival due to the
high salinity levels present.

3.5 Correlation Analysis Results

The correlation value of the proportion of plastic waste
cover with physical chemical parameters can be seen in Table
2. The table is a section of the proportion of plastic waste
cover column from the resulting Pearson Correlation Matrix.

According to Table 2, the parameter that have moderate
correlation, as the highest value from Pearson Correlation
Matrix result in this research, to the proportion of plastic waste
cover are bulk density (0.39666) and soil porosity (-0.39666).
Bulk density and porosity are closely related. The higher
bulk density will fewer gaps between soil particles, which
is referred to as porosity. Therefore, the two data points to a
negative perfect correlation. The positive moderate correlation
between the proportion of plastic waste cover and bulk density
can be caused by the high human activity above the ground
surface in the area [23]. Another thing that can support the
relationship between the proportion of plastic waste cover and
bulk density is the change in soil structure that is disturbed
due to the presence of plastic waste cover [2].

3.6 Differential Test Analysis Results

The parameter used to divide the class with the plastic
waste cover proportion data based on Pearson Correlation
Matrix results is the bulk density parameter. The plastic waste
cover proportion parameter divides it into four classes. Based
on this classes, the bulk density at the same point is calculated
for the variance and average in the class group. The results can
be seen in Table 3.

Independent Sample T-test was conducted between two
classes of bulk density data that have been divided in Table 3.
Data in each class will adjust the data distribution specified in
the bulk density parameter class. The difference in the amount
of data in each class will affect the degree of freedom, resulting
in different t-table values. The t-table value is taken using a
95% confidence level and the data distribution is assumed to
be even. The calculated t and t-table values obtained can be
seen in Table 4.

The six tests conducted showed a similar tendency of
results, which were not significantly different between the
two groups of data tested. Only two of the six tests had
significantly different results. The tests with significantly
different results were tests between the two classes of plastic
waste cover proportion that were the furthest apart, namely

Table 2. Pearson Correlation Matrix Section on the Proportion of Waste Cover Column

Characteristics Correlation Value with the
Proportion of Plastic Waste Cover
Light Intensity -0.25202
Wind Speed -0.14485
Air Temperature -0.31132
Air Humidity 0.27687
Soil pH -0.00118
Soil Moisture 0.08499
Bulk Density 0.39666
Soil Water Content -0.17179
Soil Porosity -0.39666
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Table 3. Bulk Density Data Distribution Based on Plastic Waste Cover Proportion Class

Class Range Class Proportion of Plastic Data Variance Average Data of
Waste Cover (%) of Bulk Density Bulk Density
1 0 0.03476 0.48358
2 >0-1 0.04932 0.64231
3 >1-25 0.04656 0.47623
4 >2.5 0.03309 0.79291

Table 4. Bulk Density Independent Sample T-test Results Based on Plastic Waste Cover Proportion Class

Class T Value Based on Calculation T Value from Table [10] Conclusion
1 and 2 1.44403 2.131 Not significantly different
1 and 3 0.08169 2.110 Not significantly different
1 and 4 3.33749 2.101 Significantly different
2 and 3 1.48828 2.176 Not significantly different
2 and 4 1.32357 2.160 Not significantly different
3and 4 3.34550 2.131 Significantly different
class 1 (the lowest class) with class 4 (the highest class), and Acknowledgements

the two classes at the very end, namely class 3 with class 4.
The significantly different data results between classes 1 and
4 indicate that the plastic waste cover proportion in class 4
is already different in significantly influencing bulk density.
Meanwhile, the significantly different results between class 3
and class 4 can be caused by the upper classes having more
diverse values compared to the lower classes. Meanwhile,
four of the six tests that did not significantly different results
indicated that the bulk density data, divided by proportion of
plastic waste cover class, ranging from 0% to 2.5%, did not
significantly different. Significant differences bulk density
will observed when the proportion plastic waste cover exceeds
2.5% in an area.

4. Conclusion

The physical and chemical characteristics in the Pulau Dua
Nature Reserve show that some of its parameters do not
match the mangrove vegetation there, such as air temperature
and water salinity. This incompatibility can pose a threat to
the mangrove vegetation in the Pulau Dua Nature Reserve.
Meanwhile, the physical and chemical parameters that are
most related to the proportion of plastic waste cover are bulk
density and soil porosity. The bulk density value will also
significantly different when the proportion of plastic waste
cover exceeds 2.5% covering the land, so attention needs to
be paid to regulating plastic waste in the Pulau Dua Nature
Reserve.
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Data Availability

The supplementary data, including the raw data can be accessed
via the following link: https://docs.google.com/spreadsheets/d/1
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edit?usp=sharing

References

[1.] Takandjandji M, Kwatrina RT. Pengelolaan Cagar
Alam Pulau Dua di Provinsi Banten sebagai Ekosistem
Bernilai Penting. Jurnal Penelitian Hutan dan Konservasi
Alam.  2011;8(1):95-108.  https://doi.org/10.20886/
jphka.2011.8.1.95-108 .

Soegiharto S, Zuhud EAM, Setiadi Y, Burhanuddin.
Keanekaragaman Burung sebagai Salah Satu Bioindikator
Keberhasilan Reklamasi dan Revegetasi Pasca Tambang
Batu Bara di Kutai Kartanegara, Kalimantan Timur. IPB
University Scientific Repository; 2017.

Gusti MM, Nirmala I, Wijaya, Mahmiah. Pengaruh
Sampah Plastik Terhadap Kelimpahan Semai Mangrove
di Tambak Wedi Surabaya. J-Tropimar. 2022;4(1):42-51.

(2]

DOI: 10.5614/3bi0.2025.7.2.5



3Bio Journal of Biological Science, Technology and Management 7(2): 371-378

Pratama et al.

[4.] Triyono T. Teknik Sampling dalam Penelitian.
Kalimantan: Penataran Analisis Data Penelitian bagi
Dosen PTS Kopertis XI; 2003 https://doi.org/10.13140/
RG.2.2.19674.24003.

[5.] Meidatuzzahra D. Penerapan Accidental Sampling untuk
Mengetahui Prevalensi Akseptor Kontrasepsi Suntikan
terhadap Siklus Menstruasi (Studi Kasus: Pukesmas
Jembatan Kembar Kabupaten Lombok Barat). Avesina
2019;13(1):19-23.

[6.] Karyati, Syafrudin M, Mulyadi R. Panduan Praktikum

Mikroklimatologi ~ Hutan.  Samarinda:  Fakultas

Kehutanan, Universitas Mulawarman; 2022.

Wulandari D, Luthfiani A, Mutmainah A, Prasadnya

SA, Fauzi RZ, Vahlevi RR, Berty GA, Padmadya S,

Mardiansyah, Hidayah K. Analisis Vegetasi Mangrove

Pantai Binuangeun, Lebak, Banten Analysis Mangrove

Vegetation of Binuangeun Beach, Lebak, Banten. Jakarta:

UIS Syarif Hidayatullah Jakarta; 2018.

[8.] Safitri WR. Analisis Korelasi Pearson dalam Menentukan
Hubungan antara Kejadian Demam Berdarah Dengue
dengan Kepadatan Penduduk di Kota Surabaya pada
Tahun 2012-2014. Journal STIKES Pemkab Jombang;
2016.

[9.] Miftahuddin, Pratama A, Setiawan I. Analisis Hubungan
antara Kelembaban Relatif dengan Beberapa Variabel
Iklim. Jurnal Siger Matematika 2021; 02(1):25-33.

[10.] Walpole RE. Pengantar Statistika. Jakarta: Gramedia
Pustaka Utama; 1993.

[11.] Silalahi WAM, Rahmaniar, Anisah S. Analisis Pengaruh
Intensitas Cahaya Matahari dan Suhu Permukaan Panel
Surya terhadap Energi yang Dihasilkan. Medan: Fakultas
Sains dan Teknologi, Universitas Pembangunan Panca
Budi; 2020.

[12.] John J. Hutan Mangrove Pesisir Utara Jawa Tengah
Terancam Sampah Plastik. Mongabay 2021. https:/
www.mongabay.co.id/2021/04/11/h utan-bakau-pesisir-
utara-jawa-tengah-terancam-sampah-plastik/

[13.] Kushartono EW. Beberapa Aspek Bio-Fisik Kimia Tanah
di Daerah Mangrove Desa Pasar Banggi Kabupaten
Rembang. [lmu Kelautan 2009 June; 14(2):76-83.

[14.] Hambran, Linda R, Lovadi I. Analisa Vegetasi Mangrove
Di Desa Sebubus Kecamatan Paloh Kabupaten Sambas.
Protobiont 2014;3(1):1-8.

[15.]Hutchings P, Saenger P. The Ecology of Mangrove. St.
Lucia: University of Queensland Press; 1987.

[16.] Ayu SM, Najib NN, Yumna, Witno, Maria, Liana,
Sada NH, Pitra. Soil Physical Characteristics of The
Mangrove Ecosystem in Bone Bay, Palopo City. Planta
Tropika 2023;11(2):105-14. https://doi.org/10.18196/
pt.v11i2.16646.

[17.] Naharuddin N, Sari I, Harijanto H, Wahid A. Sifat Fisik
Tanah Pada Lahan Agroforestri dan Hutan Lahan Kering
Sekunder di Sub Das Wuno, Das Palu. Jurnal Pertanian

[7.]

378

Terpadu 2020;8(2):189-200. https://doi.org/10.36084/
jpt..v8i2.251.

[18.] Rahmi FY. Agihan Jenis Tumbuhan dan Hubungannya
dengan Tekstur Tanah di Hutan Mangrove Mangguang,
Kota Pariamban. EKSAKTA 2013; 1:49-55.

[19.] Heddy S, Kurniati M. Prinsip-prinsip Dasar Ekologi. Suatu
Bahasan Tentang Kaidah Ekologi dan Penerapannya.
Jakarta: RajaGrafindo Persada; 1994.

[20.] Manurung CY, Kushadiwijayanto AA, Nurdiansyah SI.
Pengaruh Intensitas Cahaya terhadap Pertumbuhan Bibit
Rhizopora mucronata dan Rhizopora apiculata di Desa
Pasir Kabupaten Mempawah. Jurnal Laut Khatulistiwa
2019;2(2):66-71.

[21.] Hidayah I, Hardiansyah, Noorhidayati. Keanekaragaman
Herba di Kawasan Mangrove Muara Aluh-Aluh. Jurnal Al-
Azhar Indonesia Seri Sains dan Teknologi. 2022;7(1):58—
64 .https://doi.org/10.36722/sst.v7i1.1090.

[22.] Andriyani F, Indraswari LA, Suryanda A. Ekosistem
Mangrove Binuangeun, Banten: Kondisi Fisik Dan
Kimia Serta Ragam Ikan. Risenologi. 2020;5(2):32—40.

[23.] Hayati R, Diara HA. Penilaian Dampak Pengembalaan
terhadap Karakteristik Fisika Tanah dan Perubahan
Penutupan Vegetasi di Padangrumput Hosainabad,
Provinsi Kurdistan, Iran. Banda Aceh: Universitas Syiah
Kuala Banda Aceh; 2013.

[24.] Saru A, Amri K, Mardi. Mangrove Structural Vegetation
Connectivity with Acidity and Total Organic Materials
on Sediments in Wonomulyo District of Polewali Mandar
Regency. SPERMONDE. 2017;3(1):1-6.

[25.] Marwanto MR, Anwari MS, Rifanjani S. Pengaruh
Tekstur, Kandungan Air dan Salinitas Tanah terhadap
Kelimpahan Kerang Kepah (Polymesoda erosa) di
Hutan Mangrove Desa Sungai Bakau Kecil Kabupaten
Mempawah. Jurnal Hutan Lestari 2018; 6(1):208-215.

DOI: 10.5614/3bi0.2025.7.2.5


http://www.mongabay.co.id/2021/04/11/h

