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Abstract. Wintah, Kiswanto, Hilmi E, Sastranegara MH. 2023. Mangrove diversity and its relationships with environmental conditions
in Kuala Bubon Village, West Aceh, Indonesia. Biodiversitas 24: 4599-4605. Mangrove ecosystem plays various ecological and socio-
economic roles. Indonesia has the largest extent of mangrove forest one of which is located in West Aceh Regency, Aceh Province. The
aim of this study was to assess the diversity and structure of mangrove forest in Kuala Bubon Village, West Aceh, and to analyze the
relationships between the existence of mangrove species and the environmental conditions. Field survey was conducted from May to
August 2022 using plot sampling method on three stations representing various habitat characteristics. Vegetation sampling using a 10 x
10 m? plot as well as measurement on physical parameters (pH, salinity, and temperature) and chemical parameters (sediment texture
and organic carbon content) were conducted. The relationship between the presence of mangrove species and the environmental
parameters was analyzed using Principal Component Analysis (PCA). The result of vegetation sampling recorded 6 mangrove species,
i.e., Rhizophora stylosa Griff, Sonneratia alba Sm, Avicennia marina (Blume), ¢, and Sonneratia caseolaris (L) Engl. This study
revealed that the presence of Rhizophora stylosa Griff was related to the conditions of the clay substrate, pH and temperature values.
Meanwhile, the existence of Rhizophora apiculata Blume, Rhizophora mucronata Lamk, Sonneratia alba Sm, Sonneratia caseolaris (L)
Engl, and Avicennia marina (Blume) was related to the conditions of the silt substrate, diameter and salinity. Based on the results of

relationship analysis, silt substrate and salinity have a correlation to maintain the mangrove ecosystem.
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INTRODUCTION

Mangroves are woody trees and shrubs that grow on
different salinity gradients (Ahmed et al. 2023). Mangrove
is a unique ecosystem located in the transition zone
between terrestrial and marine realms, and only occurs in
tropical regions. Mangrove forests provide a range of
ecosystem services, which are important for the well-being
of humankind (Njana 2020), from serving as the barrier
from strong waves, storm and tsunami, mitigating coastline
from abrasion, providing habitat of flora and fauna to
providing sources of livelihood to local communities. In
the context of climate change mitigation, Syakti et al.
(2013) highlighted the ability of the mangrove ecosystem
to sequester and store carbon from air, water and soil.
Many studies also revealed that mangroves have potential
as sources of antimicrobials (Pringgenies et al. 2021),
potential of marine natural ingredients (Pringgenies et al.
2023), amino acid (Ningsih et al. 2020), micro and macro
element contents (Ariyanto et al. 2019a) and chemical
profiles (Ariyanto et al. 2019b).

Mangroves generally grow on intertidal area with a fine
textured soil and high salt content. Dewiyanti et al. (2021)
indicate that different mangrove habitats have different

characteristics in physico-chemical soil properties as well
as water conditions. As a result, there are different types of
flora and fauna in mangrove habitats with different
environmental characteristics (Chen et al. 2023). Mangrove
ecosystem with good condition certainly provides various
benefits in terms of ecological functions (e.g., spawning
ground, feeding ground, and nursery ground) and economic
functions. In a good mangrove ecosystem, a high diversity
of marine biota can be found, such as gastropods (Ariyanto
et al. 2018a; Ariyanto et al. 2020), bivalves (Yahya et al.
2020), fishes (Hasan et al. 2021), crabs (Mégevand et al.
2022), and shrimps (Alam et al. 2022).

The condition of mangrove is influenced by the abiotic
and biotic components of the environment. The abiotic
variables that affect mangrove ecosystem include pH,
temperature, salinity, sediment texture, and organic matter.
For example, a study found that the growth and survival of
mangrove seedlings are affected by salinity in which over
30 weeks, period the seedlings showed categories of low
(3-5 psu), moderate (15-17 psu), and high (33-36 psu)
(Kodikara et al. 2018). In addition, nutrients and organic
carbon also affect the existence of mangrove forests (Chen
and Ye 2014; Sasmito et al. 2020). On the other hand,
biotic environment that affect mangrove condition include
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mangrove decomposition (Ariyanto et al. 2018b), litter
dynamics (Ariyanto et al. 2019c), and the presence of food
sources for marine biota (Ariyanto 2019; Wintah et al.
2021). The high variability of organic matter largely
influences the overall carbon dynamics in the mangrove
ecosystem (Kusumaningtyas et al. 2018). Among various
types of disturbance in mangroves, deforestation and
hydrological changes are the most devastating to soil
nutrient-plant relations and mangrove productivity (Alongi
2018). Mangrove deforestation also  causes decreased
biodiversity, freshwater loss, sedimentation on coral reefs
and coastal sediment acidification.

The ecological study in mangrove forest is largely
focused on forest structure, which shows the composition
of species and the distribution of size, growth and yield of
the vegetation composing the forest. The information on
forest structure is useful as the basis for management
planning and decision making to achieve sustainable
management of mangrove forests and their associated
ecosystem services (Njana 2020). Other studies have also
been focused on various themes, including species diversity
(Perera et al. 2013), habitat suitability for mangrove
conservation (Samal et al. 2023), mangrove growth and
survivorship (Kathiresan et al. 2019; Goldberg and Heine
2021) and mangrove adaptation in extreme environment
(Erftemeijer et al. 2021). Distribution of species and tree
sizes, growth and yield provide useful information on
management planning

Indonesia has the largest extent of mangroves in the
world, scattered along the coastline of the provinces on the
country. One area with distribution and diversity of
mangrove forests is West Aceh, Aceh, which is located in
Sumatra Island. Similar to mangrove ecosystems across the
world, mangroves in West Aceh are likely affected by the
environmental conditions. Therefore, this study aimed to
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determine the relationship between the effects of
environmental conditions and the existence of mangrove
species in Kuala Bubon Village, West Aceh District, Aceh,
Indonesia. This study aimed to determine the relationship
between the effects of environmental conditions on
mangrove species in Kuala Bubon Village, West Aceh
District, Aceh, Indonesia.

MATERIALS AND METHODS

Study area and period

This study was conducted in mangrove forest in Kuala
Bubon Village, Samatiga Sub-district, West Aceh District,
Aceh, Indonesia (Figure 1). This research was conducted
from May to August 2022. The research location was
divided into three stations, i.e., Station 1, which was
located in the mangrove forest facing the sea and thus
directly affected by tidal wave (4°12'39.84"N, 96°
2'54.20"E ), Station 2 which was located in middle area of
mangrove forests (4°12'39.92"N, 96° 2'51.01"E), and
Station 3 which was located area near the ponds (Station 3:
4°12'41.18"N, 96° 2'48.27"E).

Data collection
Vegetation sampling

Mangrove vegetation was sampled using quadrat plot
method. Observations were conducted at a 10 x 10 m? plot
with distance between plots was 100 m, and total plot had 9
plots. There were three plots at each station for the
monitoring and measurement of mangrove species and
diameter at breast height (DBH). Mangrove species were
identified using an identification book, and DBH was
measured.
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Figure 1. Mangrove forest in Samatiga Sub-district, West Aceh District, Aceh, Indonesia
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Physical and chemical soil parameters

There were three samples for each station for
measurement, including pH, salinity, temperature, organic
carbon and sediment texture. Water qualities were
measured on site with a water quality meter (model 8603).
Organic carbon and sediment were analyzed in the
laboratory.

Organic carbon

The grain size of sediments and organic carbon content
were determined with the Walkley-Black method (FAO
2020) at the Soil Science Laboratory, State University of
Surakarta. For the texture determination, organic matter
was oxidized with H,O, and soluble salts were removed
from the soil with HCI, while heating. The remaining
material was minerals and consisted of sand, silt, and clay.
The sand was separated by wet sieving, while dust and clay
were separated by deposition according to Stoke's law.

Sediment texture

Sediment of 0.500 g was collected and placed into a
100 mL volumetric flask. Then, 5 mL of K;Cr,O7 1 N was
added, and the mix was shaked. 7.5 mL of concentrated
H,SO, were added, shaked, and the mix was left to stand
for 30 minutes. The mix was diluted with ionized water,
and allowed to cool. The next day, the absorbance of the
clear solution was measured using a spectrophotometer at a
wavelength of 561 nm. As a comparison, 0 and 250 ppm of
standards were made by pipetting 0 and 5 mL of 5,000 ppm
standard solution into a 100 mL volumetric flask.

Data analysis

All data were statistically analyzed using Principal
Component Analysis (PCA) using XLstat 2022 to
determine the relationship between the environmental
parameters and the presence of mangrove species.
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RESULTS AND DISCUSSION

Mangrove diversity, size and abundance

Table 1 shows the species diversity, distribution, size
and abundance of mangrove the studied area. Station A had
species, i.e., Rhizophora apiculata Blume, Rhizophora
mucronata Lamk, and Rhizophora stylosa GCriff, while
Station B had 4 species, i.e., R. apiculata, Sonneratia
caseolaris (L) Engl, R. Blume and Sonneratia alba Sm.,
and Station C consisted of 3 species, i.e., R. apiculata, R.
mucronata Lamk and Avicennia marina (Blume). In total,
there were 6 species of mangroves in the studied area.
Species with the highest abundance at Station A was R.
stylosa (14), Station B was S. alba Sm (12), and Station C
was A. marina (7) and R. mucronata (7).

Environmental parameters

Table 2 shows the environmental parameters in the
studied area. Station A had water temperature (°C), pH, and
salinity (psu) of 25.83-26.67 °C, 6.02-6.1, and 26.0-32 psu,
while Station B of 26.67 °C, 6.15-6.17, and 23.33-29 psu;
and Station C of 25.67-27.33 °C, 5.83-6.13, and 27-28 psu.
Station C showed a higher temperature than Station A and
B. The pH conditions of the three stations did not show a
significantly different range of values. The salinity
condition showed that Station C had higher salinity
compared to Station A and B. Water temperature, pH, and
salinity play a significant role in the regeneration of
mangrove species especially true mangroves (Win et al.
2019). Waramit et al. (2023) reported that the rate of
mangrove growth was slow in the first 5 years, and the
growth rate increased rapidly over 6-15 years, with
increasing plant height at the rates of 0.9, 1.8, and 2.4 my*
for both mangrove ecotypes in the first 5 years, 6-10 years,
and 11-15 years, respectively, with an increase in DBH at
the rates of 0.5, 0.8, and 1.4 cm year?, respectively.

Table 1. The diversity, size and abundance of mangrove species in mangrove forests of Kuala Bubon Village, Samatiga Sub-district,

West Aceh District, Aceh, Indonesia

Station Plot Mangrove species DBH (cm) Number of trees

A Al Rhizophora apiculata 20.63+3.08 9
Rhizophora mucronata 11.61+0.86 4

A2 Rhizophora apiculata 24.34+1.11 2

Rhizophora stylosa 12.45+1.47 7

A3 Rhizophora apiculata 17.18+4.74 3

Rhizophora stylosa 15.86+4.45 14

B B1 Rhizophora apiculata 18.14+7.20 9
B2 Rhizophora apiculata 20.63+1.56 6

Sonneratia caseolaris 16.07+4.11 4

B3 Rhizophora apiculata 15.17+4.30 4

Sonneratia alba 16.97+3.72 12

C Cc1 Rhizophora apiculata 15.43+4.29 2
Rhizophora mucronata 10.34+0.16 2

Avicennia marina 13.27+3.94 7

c2 Rhizophora apiculata 20.05+3.29 2

Rhizophora mucronata 15.59+0 2

C3 Rhizophora apiculata 16.44+3.97 3

Rhizophora mucronata 16.59+3.09 7
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The vegetation composition, age and structure of
mangrove forests along with tidal oscillation have strong
relationship with soil properties, mangrove zone and
inhabitant fauna. Very high salinity can affect water
movement and mineral distribution, thereby reducing water
uptake by plants and other living things. In mangroves, soil
water salinity and the corresponding osmotic potential are
the main drivers of plant water supply (Peters et al. 2019).
Chowdhury et al. (2019) found that strong salinity is the
primary cause of mangrove degradation as increased
salinity inhibits nutrient cycling and the release of
microbial decomposers, subsequently resulting in nutrient-
poor soil. Optimum salinity level might facilitate seedlings
to grow best, but the growth rate declined with decreasing
irradiance. In addition to water salinity, tidal inundation
period and ground elevation can affect the diversity of
mangrove, zone and growth rate (Win et al. 2019). A study
in East Java revealed that the optimal habitat condition for
mangrove has water temperature between 28-29°C, salinity
of 29 psu-31 psu, and water pH of 6.8-7.5 (Hariyanto et al.
2019). Table 2 shows the difference in pH among stations.
Jayachandran et al. (2018) found that the sedimentation of
Cu and organic matter increases as pH increases.

Sediment conditions

Figure 2 shows the composition of sediment in the three
stations. In general, clay had the highest composition
followed by silt and sand. Station C had the lowest clay
proportion than Stations A and B, while it had the highest
proportion of sand. This result indicate that station C had
the closest condition to pond compared to other stations.
Matos et al. (2020) stated that the mudflats play a major
role in carbon and nutrients sequestration, directly related
to grain size and organic matter. Site with high elevation
enhances diazotrophic network stability in mangrove
sediments, thus making it more suitable and recommended
for mangrove restoration (Huang et al. 2023).

Organic contents
Figure 3 shows that the highest organic content was at
Station A with 12.33-14%, followed by Station B wit
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Figure 2. The composition of sediment texture in mangrove forest
in Samatiga Sub-district, West Aceh District, Aceh, Indonesia
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10.33- 10.67%, and Station C wit 9.33-1.63%. This result
implies that the closer the station from the sea, the higher
organic matter contained in mangrove ecosystem. In
addition, the difference in organic content can also be
caused by the litter produced by mangrove forest since it is
the main source of organic matter. Organic carbon in the
soil is the amount of original carbon materials supplied
through a decomposition process (Alongi 2014). Sediments
tend to be trapped and retained in mangrove forests, and
this is attributed to mangrove’s widespread stem and root
structure (Krauss et al. 2014). The low decomposition rate
leads to the buildup of many organic carbon materials.
Mamidala et al. (2023) added that variations in leaf litter
decomposition can increase the nutrient release in the
coastal waters.

The difference in organic carbon can also be caused by
mangrove stand age. Tang et al. (2023) state that mature
mangrove stand produced high C organic stock. Other
study in Makassar found that organic carbon in mangrove
forest ranged from 2.53% to 2.60% (Kaseng 2018). The
mature mangrove stand generally has trees with large
diameter and great number of density, thus producing a
great amount of litter, which is then composed as organic
carbon.

Table 2. Environmental parameters in mangrove forest in
Samatiga Sub-district, West Aceh District, Aceh, Indonesia

. Water temperature Salinit
Station  Plot (°C§) pH (psu)y

Al 26.33+0.58 6.02+0.16 32+2

A A2 26.67+0.57 6.1+0.17 28+1

A3 25.83+0.29 6.07+0.05 28+1

B C1 26.67+0.57 6.15+0.13 28 +1

C2 29.67+1.15 6.17+0.06 26+1

C3 29.67+1.15 6.17+0.05 26+1

C C1 25.67+0.57 6.13+0.23 26+1

C2 27.33%1.15 5.83+0.21 27+0

C3 27+1 6+1 27+1
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Figure 3. Organic carbon (%) in mangrove forest in Samatiga
Sub-district, West Aceh District, Aceh, Indonesia
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Figure 4. The PCA result of the relationships between
environmental parameters and mangrove species

Relationships between environmental parameters and
mangrove existence

The relationship between the environmental parameters
and the existence of mangrove species is presented in
Figure 4. The PCA result showed that environmental
parameters measured in this study can explain 77.71% to
the diversity of mangrove species, consisting of Function 1
(F1) with contribution of 52.41% and F2 with contribution
of 20.30%. The PCA result revealed that the presence of R.
stylosa was related to the conditions of the clay substrate,
pH and temperature values. Meanwhile, the existence of R.
apiculata, R. mucronata, S. alba, S. caseolaris, and A.
marina was related to the conditions of the silt substrate,
DBH size and salinity values.

Organic matter also has an influence on the diversity of
mangrove species. R. mucronata showed the highest
growth performance and survival rate under all salinity
conditions. Therefore, R. mucronata is the preferred
species for mangrove plantings (Kodikara et al. 2017).
Another study revealed that salinity and pH also caused an
increase in Pb translocation to leaves (Cabafias-Mendoza et
al. 2020).

The increase in stem diameter and growth rate of R.
mucronata was higher than that of A. marina. Certain
mangrove species are more sensitive to extreme
temperatures with the genus Sonneratia being the most
sensitive (Chen and Ye 2014). Mangroves are typically
stunted due to a combination of extremely low rainfall,
high salinity and low nutrient availability (Adame et al.
2021). The availability of nutrients to support mangrove
growth is determined by a variety of biotic and abiotic
factors such as tidal inundation and elevation, redox status,
microbial activities, plant species, litter production and
decomposition (Ellison 2021). Nutrient limitations have
been reported among mangroves responding to it by
developing physiological strategies such as increasing root
biomass (Alhassan and Aljahdali 2021). Carbonate
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sediments which low in organic matter can be sourced from
the adjacent seafloor of the shallow shoal surrounding the
island (Erftemeijer et al. 2021).

Figure 4 also indicates the impact of salinity and sand
to the growth in R. apiculata. A study showed a
contribution of salinity and sand to the overall water
quality in Gurupura River is an indication of the increasing
seawater flow into the estuaries (Sulochanan et al. 2022)
which also be impacted by sea level rise caused by climate
change (Fanous et al. 2023). Mangrove diversity is also
affected by direct inputs from wastewater effluents, runoff,
aquaculture, fishing, and tourism in adjacent areas, the
delivery of plastic debris by surface currents, wind, and
tides, as well as the trapping of plastic debris by well-
developed root system of mangroves (Duan et al. 2021;
Luo et al. 2021). The density of soil organic carbon
indicates the sediment characteristics which can be used to
inform the optimal rehabilitation technique (Balke and
Friess 2016; Twilley et al. 2018). Eid and Shaltout (2015)
found that organic content in the mud flat declined
significantly with depth and afforestation can increase soil
carbon even at the young age (Lunstrum and Chen 2014).

Figure 4 shows that the conditions of the clay substrate,
pH and temperature value have strong relationships with R.
stylosa. Rahim et al. (2017) reported optimal range of
temperatures that supports mangrove growth in the coastal
mangrove forests Torosiaje Jaya Village. Bassar et al.
(2023) added the significant effect of soil pH in the fine
root production.

In conclusion, the diversity of mangrove species can be
affected by organic matter in Samatiga Sub-district, West
Aceh District, Aceh, Indonesia. Furthermore, every various
mangrove can be affected by different environmental
water. This study also revealed that the presence of R.
stylosa was related to the conditions of the clay substrate,
pH and temperature. Meanwhile, the existence of R.
apiculata, R. mucronata, S. alba, S. caseolaris, and A.
marina was related to the conditions of the silt substrate,
DBH and salinity values.

ACKNOWLEDGEMENTS

Acknowledgments are addressed to the Ministry of
Research, Technology, and Higher Education of the
Republic of Indonesia for providing funds of the Hibah
Penelitian Kerjasama Antar Perguruan Tinggi (PKPT)

scheme for the 2022 fiscal year (Number:
033/UN59.7/PG.02.00.PT/2022).
REFERENCES

Adame MF, Reef R, Santini NS, Najera E, Turschwell MP, Hayes MA,
Masque P, Lovelock CE. 2021. Mangroves in arid regions: Ecology,
threats, and opportunities. Estuar Coast Shelf Sci 248: 106796. DOI:
10.1016/j.ecss.2020.106796.

Ahmed S, Sarker SK, Friess DA, Kamruzzaman Md., Jacobs M, Sillanpéaa
M, Sullibie C, Naabeh S, Pretzsch, H. 2023. Mangrove tree growth is
size-dependent across a large-scale salinity gradient. For Ecol Manag
537:120954. DOI: 10.1016/j.foreco.2023.120954.


https://www.sciencedirect.com/journal/forest-ecology-and-management

4604

Alam MI, Yeasmin S, Khatun MM, Rahman MM, Ahmed MU, Debrot
AO, Ahsan MN, Verdegem MCJ. 2022. Effect of mangrove leaf litter
on shrimp (Penaeus monodon, Fabricius, 1798) growth and color.
Aquac Rep 25: 101185. DOI: 10.1016/j.aqrep.2022.101185.

Alhassan AB, Aljahdali MO. 2021. Nutrient and physicochemical
properties as potential causes of stress in mangroves of the central
Red Sea. PLoS ONE 16 (12): e0261620. DOI:
10.1371/journal.pone.0261620.

Alongi DM. 2018. Impact of global change on nutrient dynamics in
mangrove forests. Forests 9 (10): 596. DOI: 10.3390/f9100596.

Alongi DM. 2014. Carbon cycling and storage in mangrove forests. Ann
Rev Mar Sci 6 (1): 195-219. DOI: 10.1146/annurev-marine-010213-
135020 .

Ariyanto D, Bengen D, Prartono T, Wardiatno Y. 2018a. The association
of Cassidula nucleus (Gmelin 1791) and Cassidula angulifera (Petit
1841) with mangrove in banggi coast, Central Java, Indonesia. AACL
Bioflux 11 (2): 348-361.

Ariyanto D, Bengen DG, Prartono T, Wardiatno Y. 2018b. Short
Communication: The relationship between content of particular
metabolites of fallen mangrove leaves and the rate at which the leaves
decompose over time. Biodiversitas 19 (3): 700-705. DOI:
10.13057/biodiv/d190304.

Ariyanto D. 2019. Food Preference on Telescopium telescopium
(Mollusca : Gastropoda) Based on food sources in mangrove. Plant
Arch 19 (1): 913-916.

Ariyanto D, Gunawan H. Puspitasari D, Ningsih SS, Jayanegara A,
Hamim H. 2019a. The differences of the elements content in
Rhizophora mucronata leaves from Asahan Regency, North Sumatra,
Indonesia. Pol J Nat Sci 34 (4): 481-491.

Ariyanto D, Gunawan H. Puspitasari D, Ningsih SS, Jayanegara A,
Hamim H. 2019b. Identification of the chemical profile of
Rhizophora mucronata mangrove green leaves from the eastern coast
of Asahan, North Sumatra, Indonesia. Plant Arch 19 (2): 4045-4049.

Ariyanto D, Bengen DG, Prartono T, Wardiatno Y. 2019c. The
Physicochemical factors and litter dynamics (Rhizophora mucronata
Lam. and Rhizophora stylosa Griff) of replanted mangroves,
Rembang, Central Java, Indonesia. Environ Nat Resour J 17 (4): 11-
19. DOI: 10.32526/ennrj.17.4.2019.27.

Ariyanto D, Bengen DG, Prartono T, Wardiatno Y. 2020. Distribution and
abundance of Cerithideopsilla djadjariensis (Martin  1899)
(Potamididae) on Avicennia marina in Rembang, Central Java,
Indonesia. Egypt J Aquat Biol Fish 24 (3): 323-332. DOI:
10.21608/EJABF.2020.95329.

Balke T, Friess DA. 2016. Geomorphic knowledge for mangrove
restoration: A pan-tropical categorization. Earth Surf Process
Landforms 41: 231-239. DOI: 10.1002/esp.3841.

Bassar ZATM, Dannoura M, Okada N, Kamruzzaman Md. 2023. Fine
root dynamics of Kandelia obovata, Rhizophora stylosa and
Bruguiera gymnorrhiza in a mangrove environment in OkKinawa,
Japan. Reg Stud Mar Sci 64: 103046. DOl
10.1016/j.rsma.2023.103046.

Cabafias-Mendoza MDR, Santamaria JM, Sauri-Duch E, Escobedo-
Graciamedrano RM, Andrade JL. 2020. Salinity affects ph and lead
availability in two mangrove plant species. Environ Res Commun 2:
061004. DOI: 10.1088/2515-7620/ab9992.

Chen'Y, Ye Y. 2014. Effects of salinity and nutrient addition on mangrove
Excoecaria  agallocha. PLoS ONE 9 (4): e93337.
DOI:10.1371/journal.pone.0093337.

Chowdhury R, Sutradhar T, Begam MM, Mukherjee C, Chatterjee K,
Basak SK, Ray K. 2019. Effects of nutrient limitation, salinity
increase, and associated stressors on mangrove forest cover, structure,
and zonation across Indian Sundarbans. Hydrobiol 842: 191-217.
DOI: 10.1007/s10750-019-04036-9.

Dewiyanti I, Darmawi D, Muchlisin ZA, Helmi TZ, Imelda I, Defira CN.
2021. Physical and chemical characteristics of soil in mangrove
ecosystem based on differences habitat in Banda Aceh and Aceh
Besar. 10OP Conf Ser: Earth Environ Sci 674: 012092.
DOI: 10.1088/1755-1315/674/1/012092.

Duan J, Han J, Cheung SG, Chong RKY, Lo CM, Lee FWF, Xu SJL,
Yang Y, Tam NF, Zhou HC. 2021. How mangrove plants affect
microplastic distribution in sediments of coastal wetlands: Case study
in Shenzhen Bay, South China. Sci Total Environ 767: 144695. DOI:
10.1016/j.scitotenv.2020.144695.

Eid EM, Shaltout KH. 2015. Distribution of soil organic carbon in the
mangrove Avicennia marina (Forssk.) Vierh. along the Egyptian Red

BIODIVERSITAS 24 (8): 4599-4605, August 2023

Sea Coast. Reg Stud Mar Sci 3:
10.1016/j.rsma.2015.05.006.

Ellison JC. 2021. Factors Influencing Mangrove Ecosystems. In: Rastogi
RP, Phulwaria M, Gupta DK (eds.) Mangroves: Ecology, Biodiversity
and Management. Springer, Singapore. DOI: 10.1007/978-981-16-
2494-0_4.

Erftemeijer PLA, Cambridge ML, Price BA, Ito S, Yamamoto H,
Agastian T, Burt JA. 2021. Enhancing growth of mangrove seedlings
in the environmentally extreme Arabian Gulf using treated sewage
sludge. Mar Pollut Bull 170: 112595. DOI:
10.1016/j.marpolbul.2021.112595.

Fanous M, Eden JM, Remesan R, Daneshkhah A. 2023. Challenges and
prospects of climate change impact assessment on mangrove
environments through mathematical models. Environ Model Softw
162: 105658. DOI: 10.1016/j.envsoft.2023.105658.

FAO. 2020. Global Soil Laboratory Network. Standard operating
procedure for soil organic carbon-Walkley-Black method: Titration
and colorimetric method. FAO, Rome.

Goldberg NA, Heine JN. 2021. Growth and survivorship of red mangrove
seedlings under a mangrove canopy and in a saltmarsh community in
Northeastern Florida. Flora 278: 151804. DOI:
10.1016/j.flora.2021.151804.

Hariyanto S, Fahmi AK, Soedarti T, Suwarni EE. 2019. Vegetation and
community structure of mangrove in Bama Resort Baluran National
Park Situbondo East Java. Biosaintifika 11 (1): 132-138. DOI:
10.15294/biosaintifika.v11i1.19111.

Hasan MR, Mamun AAI, Yeamin HM. 2021. Biometric indices of eleven
mangrove fish species from southwest Bangladesh. Egypt J Aquat
Res 47: 207-213. DOI:10.1016/j.ejar.2020.11.002.

Huang X, Feng J, Yang Q, Chen L, Zhang J, Yang B, Tang X, Yu C, Ling
J, Dong J. 2023. High site elevation enhanced nitrogen fixation and
the stability of diazotrophic community in planted Sonneratia apetala
mangrove sediments. Appl Soil Ecol 191: 105059. DOI:
10.1016/j.aps0il.2023.105059.

Jayachandran S, Chakraborty P, Ramteke D, Chennuri K, Chakraborty S.
2018. Effect of pH on transport and transformation of Cu-sediment
complexes in mangrove systems. Mar Pollut Bull 133: 920-929. DOI:
10.1016/j.marpolbul.2018.03.054.

Kaseng ES. 2018. Analysis of nitrogen and carbon content on mangrove
forests in Tongke-Tongke, Sinjai. IOP Conf Ser J Phys: Conf Ser
1028: 012067. DOI: 10.1088/1742-6596/1028/1/012067.

Kathiresan K, Narendran R, Kalidasan K, Dinesh P. 2019. Pruning of
shoot branches: An efficient technique for stimulating the mangrove
growth (Rhizophora mucronata). Biocatal Agric Biotechnol 17: 309-
312. DOI: 10.1016/j.bcab.2018.12.006.

Kodikara KAS, Jayatissa LP, Huxham M, Dahdouh-Guebas F, Koedam
N. 2018. The effects of salinity on growth and survival of mangrove
seedlings changes with age. Acta Bot Bras 32 (1): 37-46. DOI:
10.1590/0102-33062017abb0100.

Kodikara KAS, Mukherjee N, Jayatissa LP, Dahdouh-Guebas F, Koedam
N. 2017. Have mangrove restoration projects worked? An in-depth
study in Sri Lanka. Restor Ecol 25 (5): 705-716. DOI:
10.1111/rec.12492.

Krauss KW, Mckee KL, Lovelock CE, Cahoon DR, Saintilan N, Reef R,
Chen L. 2014. How mangrove forests adjust to rising sea level. New
Phytol 202 (1): 19-34. DOI: 10.1111/nph.12605.

Kusumaningtyas MA, Hutahaean AA, Fischer HW, Pérez-Mayo M,
Pittauer D, Jennerjahn TC. 2019. Variability in the organic carbon
stocks, sources, and accumulation rates of Indonesian mangrove
ecosystems. Estuar Coast Shelf Sci 218 (5): 3180-323. DOI:
10.1016/j.ecss.2018.12.007.

Lunstrum A, Chen L. 2014. Soil carbon stocks and accumulation in young
mangrove forests. Soil Biol Biochem 75: 223-232.DOI:
10.1016/j.s0ilbio.2014.04.008.

Luo Y'Y, Not C, Cannicci S. 2021. Mangroves as unique but understudied
traps for anthropogenic marine debris: A review of present
information and the way forward. Environ Pollut 271: 116291. DOI:
10.1016/j.envpol.2020.116291.

Mamidala HP, Ganguly D, Purvaja R, Singh G, Das S, Rao MN, Kazip VY,
Arumugam K, Ramesh R. 2023. Interspecific variations in leaf litter
decomposition and nutrient release from tropical mangroves. J
Environ Manag 328: 116902. DOI: 10.1016/j.jenvman.2022.116902.

Matos CRL, Berrédo JF, Machado W, Sander CJ, Metzger E, Cohen
MCL. 2020. Carbon and nutrient accumulation in tropical mangrove
creeks, Amazon Region. Mar Geol 429: 106317. DOI:
10.1016/j.marge0.2020.106317.

76-82. DOI:


https://doi.org/10.1016/j.rsma.2023.103046
https://doi.org/10.1016/j.rsma.2023.103046
https://doi.org/10.1016/j.apsoil.2023.105059
https://doi.org/10.1016/j.jenvman.2022.116902

WINTAH et al. — Mangrove diversity in West Aceh, Indonesia

Mégevand L, Kreienblhl P, Theuerkauff D, Lignot JH, Sucré E. 2022.
Individual metabolism and behaviour as complementary endpoints to
better understand mangrove crab community variations linked to
wastewater inputs. Ecotoxicol Environ Safe 236: 113487. DOI:
10.1016/j.ecoenv.2022.113487.

Ningsih SS, Ariyanto D, Puspitasari D, Jayanegara A, Hamim H,
Gunawan H. 2020. The amino acid contents in mangrove Rhizophora
mucronata leaves in Asahan, North Sumatra, Indonesia. E3S Web
Conf 151: 1-3. DOI: 10.1051/e3sconf/202015101047.

Njana MA. 2020. Structure, growth, and sustainability of mangrove
forests of mainland Tanzania. Glob Ecol Conserv 24: e01394. DOI:
10.1016/j.gecco.2020.e01394.

Perera  KARS, Amarasinghe MD, Somaratna S. 2013. Vegetation
Structure and species distribution of mangroves along a soil salinity
gradient in a micro tidal estuary on the north-western coast of Sri
Lanka. AmJ Mar Sci 1 (1): 7-15. DOI: 10.12691/marine-1-1-2.

Peters R, Walther M, Lovelock C, Jiang J, Berger U. 2020. The interplay
between vegetation and water in mangroves: new perspectives for
mangrove stand modelling and ecological research. Wetl Ecol Manag
28:697-712. DOI: 10.1007/511273-020-09733-0.

Pringgenies D, Wilis AS, Feliatra F, Ariyanto D. 2023. The antibacterial
and antifungal potential of marine natural ingredients from the
symbiont bacteria of mangrove. Glob J Environ Sci Manag 9 (4): 819-
832. DOI: 10.22035/gjesm.2023.04.

Pringgenies D, Setyati WA, Djunaedi A, Pramesti R, Rudiyanti S,
Ariyanto D. 2021. Exploration of antimicrobial potency of mangrove
symbiont against multi-drug resistant bacteria. Jurnal Ilmu Perikanan
dan Kelautan 13 (2): 222-232. DOI: 10.20473/jipk.v13i2.26199.

Rahim S, Baderan DWK, Hamidun MS. 2017. The density, composition
and mangrove forest habitat in coastal areas of Torosiaje Jaya Village,
Gorontalo, Indonesia. Intl J Bonorowo Wetl 7: 38-42. DOI:
10.13057/bonorowo/w070108.

Samal P, Srivastava J, Charles B, Singarasubramanian SR. 2023. Species
distribution models to predict the potential niche shift and priority
conservation areas for mangroves (Rhizophora apiculata, R.
mucronata) in response to climate and sea level fluctuations along
coastal India. Ecol Indic 154: 110631. DOl:
10.1016/j.ecolind.2023.110631.

4605

Sasmito SD, Kuzyakov Y, Lubis AA, Murdiyarso D, Hutley LB, Bachri S,
Friess DA, Martius C, Borchard N. 2020. Organic carbon burial and
sources in soils of coastal mudflat and mangrove ecosystems. Catena
187: 104414. DOI: 10.1016/j.catena.2019.104414.

Sulochanan B, Ratheesh L, Veena S, Padua S, Prema D, Rohit P,
Kaladharan P, Kripa V. 2022. Water and sediment quality parameters
of the restored mangrove ecosystem of Gurupura River and natural
mangrove ecosystem of Shambhavi River in Dakshina Kannada,
India. Mar Pollut Bull 176: 113450. DOLI:
10.1016/j.marpolbul.2022.113450.

Syakti AD, Hidayati NV, Hilmi E, Piram A, Doumenq P. 2013. Source
apportionment of sedimentary hydrocarbons in the Segara Anakan
Nature Reserve, Indonesia. Mar Pollut Bull 74 (1): 141-148. DOI:
10.1016/j.marpolbul.2013.07.015.

Tang D, Liu X, Xia Z,Hou J,Yang X, Li P, Xiaojie Yuan X. 2023.
Sources of organic matter and carbon stocks in two mangrove
sediment cores and surface sediment samples from Qinglan Bay,
China. Sci Total Environ 893: 164897. DOl:
10.1016/j.scitotenv.2023.164897.

Twilley RR, Rovai AS, Riul P. 2018. Coastal morphology explains global
blue carbon distributions. Front Ecol Environ 16: 503-508. DOI:
10.1002/fee.1937.

Waramit N, Romkaew J, Prathumyot W, Jantawong S. 2023. Effect of
physiographic type and harvesting age on biomass yield, chemical
composition, and carbon sequestration of mangrove plantations for
biofuel feedstock production. Ind Crop Prods 200 (Part A): 116812.
DOI: 10.1016/j.indcrop.2023.116812.

Win S. Towprayoon S, Amnat C. 2019. Adaptation of mangrove trees to
different salinity areas in the Ayeyarwaddy Delta Coastal Zone,
Myanmar. Estuar Coast Shelf Sci 228: 106389. DOI:
10.1016/j.ecss.2019.106389.

Wintah, Nuryanto A, Pribadi R, Sastranegara MH, Lestari W, Yulianda F.
2021. Distribution pattern of gastropods and physical chemical factors
in the Kebumen mangrove forest, indonesia. AACL Bioflux 14 (4):
1855-1864.

Yahya N, Idris I, Rosli NS, Bachok Z. 2020. Mangrove-associated
bivalves in Southeast Asia: A review. Reg Stud Mar Sci 38: 101382.
DOI: 10.1016/j.rsma.2020.101382.


https://doi.org/10.1016/j.ecolind.2023.110631

