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Abstract

Background: Mangrove ecosystems are shaped by environmental conditions and species-specific
characteristics. In Nagari Mandeh, West Sumatra, nipa palm (Nvpa fruticans Wurmb) is
abundant, but information on its spatial distribution and relationship with river distance remains
limited. This study quantified its density and frequency, examined spatial distribution, assessed
its relationship with river distance, and mapped its occurrence. Methodology: The study was
conducted from November to December 2024 using purposive sampling and
a 10-m-wide X 200-m-long belt transect from the riverbank. Twenty 10 X 10 m plots were
established. Spatial distribution was assessed using the Morisita index, the relationship between
river distance and abundance using simple linear regression, and coordinates were mapped using
QGIS. Environmental relationships were examined using Canonical Correspondence Analysis
(CCA). Findings: A total of 568 individuals were recorded across 2,000 m? with a density of
0.284 individuals m™? and a frequency of 95%. The Morisita index was 1.16, indicating a
clustered distribution. Abundance decreased significantly with increasing river distance
(Y=—0.1829X + 47.6; R* = 0.7162; r = —0.846, p < 0.001). Mapping showed concentration
near the riverbank, occupying 1,630 m? (>75% of the sampled area). CCA indicated no strong
association with measured environmental variables. Contributions: N. fruticans exhibited high
abundance, frequent occurrence, and a clustered distribution. Its abundance decreased with
increasing river distance, highlighting the importance of the river-to-inland gradient and
providing a baseline for monitoring and site-specific management.
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INTRODUCTION

Mangrove forests are highly dynamic tropical and subtropical coastal ecosystems
characterized by high productivity and complex interactions among physical,
chemical, and biological components. The high productivity of mangrove vegetation
contributes substantially to organic matter production, which serves as an important
energy source for organisms inhabiting and utilizing these ecosystems
(Pakaya et al., 2017). In addition to providing important ecological functions,
mangrove vegetation plays a critical role in maintaining ecosystem structure and
stability through coastal protection, carbon sequestration, habitat provision, and the
maintenance of biodiversity (Anu et al., 2024). However, mangrove vegetation
structure and composition are not static, but are shaped by interactions between
environmental conditions and species-specific ecological characteristics, including
tolerance, regeneration, dispersal, and resource utilization. Consequently, variation in
the abundance and spatial distribution of plant species may influence vegetation
structure and affect the establishment and persistence of other species through
interspecific interactions and competition.

One important mangrove ecosystem in West Sumatra is located in the Nagari
Mandeh area, Pesisir Selatan Regency, which covers approximately 896.73 ha
(Rahmi, 2017). The area is ecologically important and has also been developed as a
tourism destination emphasizing ecological and educational values while
supporting biodiversity conservation and mangrove ecosystem management
(Raynaldo et al., 2020). Within this ecosystem, the occurrence and dominance of
particular plant species, particularly the nipa palm (Nypa fruticans Wurmb), are relevant
to understanding local vegetation dynamics. High abundance and dominance of
N. fruticans may influence the composition and spatial structure of mangrove
vegetation by modifying the availability of space and resources for other plant species.
Therefore, quantifying the density and spatial distribution of N. fruticans is important
for understanding its occurrence, dominance, and potential influence on vegetation
dynamics within the Nagari Mandeh mangrove ecosystem.

The ecological characteristics of N. fruticans, including its high reproductive
capacity, seed dispersal through water, and ability to establish in riverine and brackish
habitats, may contribute to its persistence and spatial distribution in mangrove
environments (Numbere, 2019). These characteristics may result in heterogeneous
patterns of abundance across different parts of the mangrove habitat. Understanding
such variation is important because the spatial distribution of plant species reflects the
interaction between species characteristics and environmental conditions. Previous
studies have reported variation in the density and distribution of N. fruticans across
mangrove habitats (Fithria et al., 2024). Consequently, assessing the spatial
distribution of N. fruticans and its variation along environmental gradients can provide
insights into the ecological factors associated with its occurrence and dominance.

Spatial distribution patterns can be quantitatively assessed using indices such
as the Morisita index, which can characterize whether individuals exhibit random,
uniform, or clustered distributions (Rani, 2003). In addition, spatial mapping based on
the geographic coordinates of individual plants can provide a spatially explicit
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representation of species occurrence and distribution. Such approaches have been
applied to characterize plant distribution and support spatial assessment using
geographic information systems (Pasaribu et al., 2024; Solfiyeni & Nurmalasari, 2025).
In the context of mangrove ecosystems, examining the relationship between habitat
position and species density is also important because environmental gradients may
influence vegetation distribution and structure (Yuvaraj et al., 2017). Distance from
the river represents a readily measurable spatial gradient that may reflect variation in
hydrological and environmental conditions within the mangrove habitat.

Building on the previous study by Putri (2025), which documented the
composition and structure of invasive plants in the Nagari Mandeh mangrove area, a
quantitative assessment of N. fruticans density, spatial distribution, and its relationship
with river distance is warranted. Therefore, this study aimed to quantify the density of
N. fruticans, examine its spatial distribution pattern, determine the relationship between
distance from the river and N. fruticans density, and map its spatial distribution within
the Nagari Mandeh mangrove tourism area. The findings are expected to provide a
spatially explicit baseline for monitoring N. fruticans distribution and dominance and
to support evidence-based management and conservation of the Nagari Mandeh
mangrove ecosystem.

METHOD

The study was conducted in the Nagari Mandeh area, Koto XI Tarusan
Subdistrict, Pesisir Selatan Regency. Data collection took place in a mangrove forest
dominated by Nypa fruticans. Geographically, this area is located at 1°11°33" S,
100°25’45” E (Figure 1). In each plot, the number of nipa palm individuals was
counted, and coordinates were recorded using a map marker application.
Environmental factors recorded in the study area included sunlight intensity using a
lux meter, as well as measurements of air and soil temperature, salinity, and soil pH.

SW00T TTeT

50 104 180 m

@ Research Location

L
100°25°48,36"E 100°26'2,76"E

Figure 1. Map of research locations
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Data collection

The study employed a field survey method, with the research site selected using
purposive sampling based on predefined ecological criteria relevant to the objectives
of the study. The study site was purposively selected because it represents a mangrove
area in Nagari Mandeh, Koto XI Tarusan Subdistrict, Pesisir Selatan Regency, West
Sumatra, where N. fruticans occurs abundantly and forms a dominant component of
the mangrove vegetation. The selection criteria included: (1) the presence of N. fruticans
populations; (2) relatively high density or apparent dominance of N. fruticans within
the mangrove vegetation; (3) the presence of a habitat gradient extending from the
riverbank toward inland areas, allowing spatial variation in N. fruticans density to be
assessed; and (4) sufficient accessibility and habitat continuity to establish systematic
observation plots and measure relevant environmental parameters. These criteria were
established to ensure that the selected site was directly relevant to the assessment of
the density, spatial distribution, and dominance of N. fruticans within the mangrove
ecosystem. Purposive sampling is appropriate when research sites are deliberately
selected according to predefined characteristics that are directly related to the research
objectives (Campbell et al., 2020). At the designated location, a 10-m-wide belt transect
was established and extended 200 m from the riverbank toward inland areas. The
transect was divided into 20 consecutive 10 X 10 m observation plots, with adjacent
plots arranged continuously without intervening gaps.

This design covered the entire transect and enabled the assessment of spatial
variation in N. fruticans density along the river-to-inland gradient (Sidik et al., 2018)
(Figure 2). The plots were used to examine the spatial distribution of nipa palms in the
Nagari Mandeh tourism area. Additionally, linear regression analysis was performed
using Microsoft Excel to evaluate the relationship between distance from the river and
the density of N. fruticans individuals. The coefficient of determination (R?) was used
to assess the proportion of variation in N. fruticans density explained by distance from
the river. Data analysis utilized the Morisita index to identify distribution patterns;
Avenza software was used for mapping, and QGIS was employed for visualizing
distribution points and the extent of dominant areas.
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Figure 2. Plots of density observations, distribution patterns, and mapping
Density and frequency

Khairini et al., (2026). Spatial Distribution and Dominance of Nipa Palm (Nypa fruticans Wurmb)... | 800



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (3): 797 - 811, September 2026 e-ISSN: 2685-7332

Data analysis

Density (D)
Density (D) = Total number ofind_ividuals
Sample plot size
Frequency (F)
Frequency (F) = ¥ Subplots found a species

¥, all sample subplots

The Effect of Distance from the River on Density
Y=a+pX

Where: Y = Dependent variable, X = Independent variable, a = Intercept, § = Slope.
Spatial Distribution Patterns (Krebs, 2014)

Indeks Morisita (id)
Id: n ( (sz _Zx) )

(Ex)*-Xx)
Where,
Id : Morisita scatter index
n : Number of observation plots
Zx2  :The square of the number of individuals found in each plot (x12+x22+ ...)
Ix : Total number of individuals found in each plot (x1+x2+ ............ )

The results of the Morisita index (Id) analysis can be defined as follows: Id=1:
the distribution pattern is random; Id>1: the distribution pattern is clustered; Id<1, the
distribution pattern is uniform or regular.

Mapping and Area Coverage of Nypa fruticans

During field research, data collection was carried out by recording the
coordinates of each individual Nypa fruticans species found within the plot. The
coordinates were collected using the Map Marker application. The data was then
transferred in text form to the Excel application. Next, during the map creation stage,
an analysis was first performed using the Excel application to input attributes in the
form of a CSV file. After the coordinate data was analyzed, the data was input into the
QGIS application. Once the analysis process was complete, the coordinate data
entered into the QGIS application displayed the distribution points of N. fruticans.

Next, the area invaded by the dominance nipa plant was calculated by
connecting the outer points of the coordinates to form a polygon, which was then
colored to distinguish the invaded area. After that, the total domination area was
calculated to obtain the area in square meters. The data was visualized in the QGIS
application and the results were obtained in the form of coordinate points and polygons
of the nipa domination area at the research location. The mapping
results were displayed on a Google Satellite base map and supplemented with photo
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documentation of the research location obtained from drone photos
(Solfiyeni & Nurmalasari, 2025).

RESULT AND DISCUSSION

Density and Frequency

Based on the research conducted, the number of Nypa fruticans individuals varied in
each observation plot. The number of N. fruticans individuals recorded in each plot is
presented in Table 1.

Table 1. Density of Nypa fruticans in each plot

No. Plot Distance (m) Number of Individuals Density (ind/m?)
1 0-10 54 0.54
2 11-20 47 0.47
3 21-30 36 0.36
4 31-40 42 0.42
5 41-50 30 0.3
6 51-60 37 0.37
7 61-70 36 0.36
8 71-80 34 0.34
9 81-90 38 0.38
10 91-100 15 0.15
11 101-110 20 0.2
12 111-120 31 0.31
13 121-130 29 0.29
14 131-140 25 0.25
15 141-150 23 0.23
16 151-160 18 0.18
17 161-170 16 0.16
18 171-180 14 0.14
19 181-190 0 0
20 191-200 23 0.23

Total Individuals 568 0.284 ind/m?

Based on Table 1, it can be seen that the number of N. fruticans
individuals found in each plot varies. At the study site, which covered an area of 2,000
m? (0.2 ha), there were a total of 568 individuals (0.284 ind/m?). The higher number
of individuals in plots adjacent to the river suggests that N. fiuticans was more abundant
in areas closer to the riverbank. In Figure 3, plots located near the river were found to
have denser stands of N. fruticans in waterlogged areas, while plots toward inland areas
were found to have sparser and less frequent nipa that were not waterlogged. This
finding is in line with Kitamura et al., (1997), who stated that nipa is generally found
along rivers affected by tides, forming a large community from the estuary to the
brackish water upstream. According to Irsadi et al., (2019) and Ellison (2021),
environmental conditions such as salinity greatly affect the distribution of nipa. In
addition, the nutrient content or organic matter in the soil and water also contributes
to vegetation growth and density (Pérez et al., 2018). Numbere (2019) adds that the
level of sea tides also has the strongest correlation with nipa population density.
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Figure 3. Conditions of Nypa fruticans observation plots: (A) plot adjacent to the
riverbank and (B) plot located further inland

Table 2. Frequency of Nypa fruticans

Observation Total Number of plots where Nypa fruticans Frequen
Plot individuals were found quency
20 19 95%

The frequency of a species indicates its distribution level in an area. The more
evenly a species is distributed, the higher its frequency value. N. fruticans individuals
were found in 19 of 20 observation plots, giving this species a frequency value of 95%.
No nipa palm individuals were found in plot 19 because other mangrove individuals
were growing there. At the study site, nipa palm individuals were found to be more
numerous than other mangrove species. This is thought to be because the biotic and
abiotic environmental conditions are optimal for the growth and development of nipa
palm individuals. According to Bengen (2000), nipa dominates the transition zone
between mangrove forests and lowland forests, but this dominance is very dangerous
for the balance of the mangrove ecosystem because this species is highly proliferative,
adapts quickly, and is classified as an invasive species in some regions of North Africa
(Numbere, 2019). This concern is supported by a recent study in the same Nagari
Mandeh mangrove ecosystem, where N. fruticans dominance was associated with high
carbon storage but low diversity of native mangrove species (Fikri et al., 2026).

The dominance of nipa in this location is thought to be due to its adaptability.
This adaptability is supported by several factors, including tolerance to changes in
salinity, the ability to grow on muddy substrates, and resistance to dynamic
environmental changes such as sea level rise and tidal fluctuations (Bjorn et al., 2022).
In addition, nipa reproduction is also more efficient through the production of large
numbers of seeds, where in one bunch there can be 30-50 fruits that are tightly packed
together, forming a cluster of round fruits as shown in Figure 4. After ripening, the
fallen fruit floats in the water, following the tidal currents or river flow until it gets
stuck where it grows (Radam et al., 2018).

Khairini et al., (2026). Spatial Distribution and Dominance of Nipa Palm (Nypa fruticans Wurmb)... | 803



Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (3): 797 - 811, September 2026 e-ISSN: 2685-7332

\

Figure 4. Reproductive organs of Nypa fruticans. Malé (A); Female (B)

The Effect of Distance from Rivers on the Density of Nypa fruticans Individuals

The results of the regression analysis to determine the effect of distance from
the rivers on the density of nipa palm individuals are shown in Figure 5. The equation
model obtained from the linear regression analysis is y = -0.1829x + 47.6 with R2 equal
to 0.7162. This equation shows that the effect of distance on individual density is
71.62%, while 28.38% of individual density is influenced by other factors. This
indicates that the distance from the river to the mainland affects the individual density
of N. fruticans.

60

50 y=-0.1829x +47.6
® R?=0.7162
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Figure 5. Effect of distance from the river on the density of Nypa fruticans individuals
(linear regression)

Based on the figure, it can be seen that the number of nipa palm individuals
decreases as the distance from the river increases. Nipa tends to grow more abundantly
on the edges of mangrove forests along river channels. This indicates that N. fruticans
tends to grow more optimally in areas close to waterways. Widodo et al., (2020) stated
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that nipa grows abundantly along riverbanks, canals, and tributaries in mangrove
ecosystems, forming pure stands or mixed stands with other mangroves. According to
Radam et al., (2018), nipa stands in mangrove areas generally grow behind the main
mangrove forest with lower salinity conditions. Its ability to grow in brackish or almost
fresh water zones reinforces the evidence that distance from the river is one of the key
factors in determining the distribution of this species.

Spatial distribution pattern of Nypa fruticans

The spatial distribution pattern of Nypa fruticans was calculated using the
Morisita index. This distribution pattern is known to be the tendency of plants to
form a specific distribution within their community. The spatial distribution pattern of
N. fruticans in the Nagari Mandeh mangrove area is presented in Table 3.

Table 3. Distribution pattern of the Nypa fruticans species based on the Morisita Index
n yx ¥ x? id Distribution pattern
20 568 19236 1.16 Clustered

Table 3 shows that there are 568 individuals of N. fruticans with a Morisita
index (Id) >1, namely 1.16. Based on the Id value, the distribution pattern of nipa in
this location is categorized as clustered. This is consistent with Sidik et al., (2018), who
found that N. fruticans plants grow in clusters on sandy and muddy substrates along the
water's edge. Nipa trees also generally grow close together and in clusters, forming
pure communities.

Clumped distribution patterns are commonly found in nature because the
environmental factors required by a particular species are relatively similar
(Ludwig & Reynolds, 1988). The occurrence of clumped distribution patterns is due to
the uneven distribution of resources required for life in the habitat environment
(Sulistiyowati et al., 2021; Solfiyeni et al., 2024). According to Rofi'i et al., (2021),
the distribution of a species is often influenced by environmental heterogeneity, even
on a small scale, as well as by the species' adaptation strategy, so that a species has a
clumped distribution pattern only in suitable environments.

Mapping and area coverage of Nypa fruticans in Nagari Mandeh

The distribution of Nypa fruticans individuals at the 2000 m? research site was
mapped using GPS coordinates and visualized using the QGIS application. The
mapping results are shown in Figure 6. Based on the distribution map, it can be seen
that N. fruticans individuals grow more densely and in large numbers in areas directly
adjacent to the riverbank. Conversely, further inland, the number of individuals found
decreased and their distribution became sparser (Figure 7b). This is in line with the
habitat characteristics of N. fruticans, which generally live in colonies and groups in
brackish water zones, especially along rivers or estuaries.

The area where nipa palm individuals were found in the transect shows the
observation area boundary in the form of an orange polygon analyzed using the QGIS
application, which is 1630 m?. This value shows that more than 75% of the research
area is dominated by the N. fruticans species (Figure 7). According to Barbour (1987),
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the distribution pattern of plant species tends to be clustered, because reproduction
methods such as seeds falling close to the parent plant or rhizomes producing
vegetative offspring remain close to the parent plant. This pattern is commonly found
in wild plants, especially in ecosystems with unevenly distributed environmental
nutrients (Indriyanto, 2006).

Figure 6. Area polygon (a) and distribution points of N. fruticans individuals in each
observation plot (b)

Species diversity will gradually decline if the dominant local plant species in a
given area are not managed. In the long term, this situation can lead to changes in
vegetation structure and composition, organism communities, and energy flow,
ultimately reducing the function and quality of available ecosystem services
(Solfiyeni et al., 2022). Comparable evidence from West Sumatra shows that species
dominance can alter vegetation structure and reduce native species richness and
ecosystem carbon storage capacity (Solfiyeni et al., 2025).

Relationship between environmental factors and the distribution of Nypa fruticans
individuals

Environmental parameters measured at the research site in Nagari Mandeh
were analyzed for their relationship with the number of Nypa fruticans individuals and
distance from the river using Canonical Correspondence Analysis (CCA). The results
of the analysis can be seen in Figure 7. The CCA analysis results provide a visual
representation of the relationship between plant species and environmental factors at
the research site. The combination of the two main axes explains the greatest variation
in species composition influenced by the environment. The influence of environmental
factors on the N. fruticans species shows the position of the N. fruticans species (labeled
blue) in the ordinal space located near the center (negative Axis 1 and negative Axis
2). The N. fruticans species is close to the center point of the coordinates, indicating that
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this species does not have a strong association with any particular environmental
variable. This indicates that N. fruticans has broad ecological tolerance and is able to
adapt to various environmental conditions, or is referred to as a generalist species
(Alongi, 2002).

The central position of N. fruticans in Figure 7 shows that its existence is not
greatly determined by fluctuations in temperature, salinity, or soil pH. The Soil pH
and salinity arrows point to the upper right (positive Axis 1 and Axis 2), The ordination
pattern suggests a weak association between N. fruticans occurrence and the measured
salinity and soil pH gradients. Bawaihi et al., (2020) state that nipa plants are mostly
found in brackish environments with low to moderate salinity levels. In addition, the
optimal soil pH required for nipa to grow is neutral to slightly acidic, which comes
from the decomposition of litter in mangrove forests (Mangwa & Fuashi, 2021).

® Heritera littoralis ® Hibiscus tiliaceus

3

Axis 2

° .
Soil temperature Scyphiphora hydrophylacea
2 4

Soil Ph
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14
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t P8 3 : - *p18 T T T T
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-1 *p11
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| 2 g Air temperature
=2 ® Rhizophora apiculata

Axis 1

Figure 7. Results of Canonical Correspondence Analysis (CCA) of the relationship
between environmental factors and the number of individuals and distance
in the Mandeh area

Furthermore, the air temperature parameter is in the opposite direction,
indicating that N. fruticans is not greatly affected by high temperatures. Meanwhile,
N. fruticans 1s also far from the soil temperature arrow, so the presence of nipa is not
greatly affected by soil temperature. Environmental temperature plays a role in the
growth rate and photosynthesis of nipa. The optimal temperature for N. fruticans is in
the range of 25-32 °C. From another study by Emoyama et al., (2019), the optimal
temperature in mangrove areas dominated by nipa is 28 °C, so the air temperature in
the study area is optimal for the existence and growth of nipa.
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CONCLUSION

This study demonstrated that distance from the river significantly influenced
the density of Nypa fruticans, with density decreasing as distance from the river
increased. The species exhibited a clustered spatial distribution (Morisita Index = 1.16)
and high local dominance, occurring in 19 of 20 observation plots and covering more
than 75% of the sampled area. These findings highlight the importance of periodic
monitoring and spatial mapping of N. fruticans, particularly in river-adjacent areas
where its density was highest, to provide a basis for detecting future changes in its
distribution and dominance. The study provides a spatially explicit baseline for
monitoring vegetation dynamics and supporting site-specific management of N.
fruticans within the Nagari Mandeh mangrove ecosystem.

ACKNOWLEDGEMENTS

The author would like to express his gratitude to Andalas University,
particularly to the Biology Study Program, Faculty of Mathematics and Natural
Sciences, Andalas University, to the management of Nagari Mandeh Tourism Area,
Pesisir Selatan Regency, West Sumatra, for granting permission for the research
process and assisting in the implementation of field research, to the field team who
assisted and accompanied the researcher in conducting this research, as well as to
friends who provided advice and support to the researcher. The author also extends
his deepest gratitude for the funding of this research through the PSS research scheme
with contract number: 322/UN16.19/PT.01.03/PSS/2025.

REFERENCES

Alongi, D. M. (2002). Present state and future of the world's mangrove forests.
Environmental Conservation, 29(3), 331-349.
https://doi.org/10.1017/S0376892902000231

Anu, K., Henna Parveen, K., Sneha, V. K., Busheera, P., Muhammed, J., &
Augustine, A. (2024). Mangroves in environmental engineering: Harnessing
the multifunctional potential of nature's coastal architects for sustainable

ecosystem  management. Results in  Engineering, 2l 101765.
https://doi.org/10.1016/].rineng.2024.101765

Bengen, D. G. (2000). Technical Guidelines for the Identification and Management of
Mangrove Ecosystems (First Edition). Pusat Kajian Sumberdaya Pesisir dan
Lautan, Institut Pertanian Bogor Press. 72 page. [In Indonesian language]

Barbour, M. G., Burk, J. H., & Pitt, W. D. (1987). Terrestrial plant ecology (2nd edition).
Benjamin/Cummings Publishing Company, Menlo Park, CA. 604 page.

Bawaihi, M., Salim, D., & Nursalam. (2020). The Spatial Distribution Pattern of
Nipah Palms and Its Relationship to the Physicochemical Parameters of the
Waters on the Eastern Side of the Barito River Estuary. Marine, Coastal and
Small Islands Journal, 3(2), 1-8. https://doi.org/10.20527/m.v3i2.11774 [In
Indonesian language]

Khairini et al., (2026). Spatial Distribution and Dominance of Nipa Palm (Nypa fruticans Wurmb)... | 808


https://doi.org/10.1017/S0376892902000231
https://doi.org/10.1016/j.rineng.2024.101765
https://doi.org/10.20527/m.v3i2.11774

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (3): 797 - 811, September 2026 e-ISSN: 2685-7332

Bjorn, L. O., Middleton, B. A., Germ, M., & Gaberscik, A. (2022). Ventilation systems
in wetland plant species. Diversity, 14(7), 517.
https://doi.org/10.3390/d14070517

Campbell, S., Greenwood, M., Prior, S., Shearer, T., Walkem, K., Young, S.,
Bywaters, D., & Walker, K. (2020). Purposive sampling: Complex or simple?
Research case examples. Journal of Research in Nursing, 25(8), 652—661.
https://doi.org/10.1177/1744987120927206

Ellison, J. C. (2021). Factors influencing mangrove ecosystems. In R. P. Rastogi, M.
Phulwaria, & D. K. Gupta (Eds.), Mangroves: Ecology, biodiversity and
management. Springer, Singapore. https://doi.org/10.1007/978-981-16-2494-
04

Emoyama, U. O., Numbere, A. O., & Woke, G. N. (2019). Impact of Nypa palm
(Nypa fruticans) and mangrove forests on plankton community along Andoni
River, Nigeria. International Journal of Marine Science, 9(4), 36-44.
https://doi.org/10.5376/ijms.2019.09.0004

Fikri, N. A., Solfiyeni, Maideliza, T., & Ritonga, M. A. (2026). Estimation of biomass
and carbon stocks in mangrove forests dominated by Nypa fruticans Wurmb in
the Nagari Mandeh Area, West Sumatra, Indonesia. Jurnal Sylva Lestari, 14(1),
100-110. https://doi.org/10.23960/jsl.v14i1.1260

Fithria, D., Hairul, B., Indra, 1., Zainal, A., & Muchlisin, Z. A. (2024). Density and
distribution of nipah (Nypa fruticans) on the western coast of Aceh, Indonesia.
Biodiversitas, 25(9), 2967-2973. https://doi.org/10.13057/biodiv/d250917

Indriyanto. (2006). Forest Ecology (First edition). PT Bumi Aksara, Jakarta. 222 page
[In Indonesian language]

Irsadi, A., Anggoro, S., & Soeprobowati, T. R. (2019). Environmental factors
supporting the mangrove ecosystem along the Semarang—Demak coast. E3S
Web of Conferences, 125, 01021.
https://doi.org/10.1051/e3sconf/201912501021 [In Indonesian language]

Kitamura, S., Anwar, C., Chaniago, A., & Baba, S. (1997). Handbook of mangroves in
Indonesia: Bali and Lombok. Ministry of Forestry of Indonesia & Japan
International Cooperation Agency (JICA), Jakarta. 119 page.

Krebs, C. J. (2014). Ecology: The experimental analysis of distribution and abundance (6th
edition). Pearson Education Limited, Harlow, England. 678 page.

Ludwig, J. A., & Reynolds, J. F. (1988). Statistical ecology: A primer on methods and
computing. John Wiley & Sons, New York, NY, USA. 337 page.

Mangwa, D. C., & Fuashi, N. A. (2021). An assessment of the physico-chemical
parameters of mangrove soils that support Nypa fruticans and other mangrove
species establishment in the Cameroon estuary. 4sian Soil Research Journal, 5(2),

1-18. https://doi.org/10.9734/asrj/2021/v51230102

Numbere, A. O. (2019). Impact of invasive Nypa palm (Nypa fruticans) on mangroves
in coastal areas of the Niger Delta Region, Nigeria. In C. Makowski & C. Finkl

Khairini et al., (2026). Spatial Distribution and Dominance of Nipa Palm (Nypa fruticans Wurmb)... | 809


https://doi.org/10.3390/d14070517
https://doi.org/10.1177/1744987120927206
https://doi.org/10.1007/978-981-16-2494-0_4
https://doi.org/10.1007/978-981-16-2494-0_4
https://doi.org/10.5376/ijms.2019.09.0004
https://doi.org/10.23960/jsl.v14i1.1260
https://doi.org/10.13057/biodiv/d250917
https://doi.org/10.1051/e3sconf/201912501021
https://doi.org/10.9734/asrj/2021/v5i230102

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (3): 797 - 811, September 2026 e-ISSN: 2685-7332

(Eds.), Impacts of invasive species on coastal environments (pp. 425—454). Springer.
https://doi.org/10.1007/978-3-319-91382-7_13

Pakaya, F., Abd, H. O., & Citra, P. (2017). Diversity and Abundance of Bivalves in
the Mangrove Ecosystem of Mananggu Village, Mananggu Subdistrict,
Boalemo Regency. Jurnal Ilmiah Perikanan dan Kelautan, 9(3), 53-57.
https://doi.org/10.37905/nj.v913.4531 [In Indonesian language]

Pasaribu, C., Areta, Bazlina, A., Azzahra, Bagas, N. S., Pamelia, A. W., Rafa, B. G.,
Putri Prayoga, N. A., Dimas, A. P., & Dian, A. P. (2024). Inventory and
Mapping of Medicinal Plant Diversity in Rambipuji Village, Jember Regency:
Efforts to Preserve Local Knowledge. Jurnal Pengabdian Nasional (JPM), 5(3),
870-879. https://doi.org/10.35870/jpni.v5i3.1078 [In Indonesian language]

Pérez, A., Libardoni, B. G., & Sanders, C. J. (2018). Factors influencing organic
carbon accumulation in mangrove ecosystems. Biology Letters, 14(10),
20180237. https://doi.org/10.1098/rsbl.2018.0237

Putri, S. M. (2025). A Study of the Composition and Structure of Invasive Plant
Species in Mangrove Forests in the Nagari Mandeh Area, Pesisir Selatan
Regency, West Sumatra. Undergraduate thesis of Universitas Andalas.
Repository. http://scholar.unand.ac.id/495102/ [In Indonesian language]

Radam, R., Muis, R., Soendjoto, H. M. A., & Rezekiah, H. A. (2018). The Nipah Fruit
(Nypa fruticans Wurmb) and Its Many Benefits (First edition). Lambung
Mangkurat University Press, Banjarmasin. 165 page. [In Indonesian language]

Rahmi, F. Y. (2017). Analysis of Vegetation and Potential Carbon Stocks in the
Mangrove Forests of the Mandeh Area, South Coast. Master's thesis of
Universitas Andalas. Repository. http://scholar.unand.ac.id/64132 [In
Indonesian language]

Rani, C. (2003). Methods for measuring and analyzing the spatial patterns (dispersion)
of benthic organisms. Department of Marine Science, Faculty of Marine
Science and Fisheries, Hasanuddin University, Makassar. [In Indonesian
language]

Raynaldo, A., Mukhtar, E., & Novarino, W. (2020). Mapping and change analysis of
mangrove forest by using Landsat imagery in Mandeh Bay, West Sumatra,
Indonesia. AACL Bioflux, 13(4), 2144-2151.

Rofi'i, 1., Poedjirahajoe, E., & Marsono, D. (2021). Diversity and Distribution Patterns
of Mangrove Species in SPTN Region I Bekol, Baluran National Park. Juvenil:
Jurnal Ilmiah Kelautan dan Perikanan, 2(3), 247-256. [In Indonesian language]

Sidik, F., Wigati, N., Rohman, A. Z., Jenhar, J. H., PK, H., & Islamy, F. (2018).
Perancak Mangrove Estuary Guide (First edition). Balai Riset dan Observasi Laut,
Bali. 50 page [In Indonesian language]

Solfiyeni, S., Syamsuardi., Chairul., & Mukhtar, E. (2022). Impact of invasive tree
species Bellucia pentamera on plant diversity, microclimate and soil of secondary

Khairini et al., (2026). Spatial Distribution and Dominance of Nipa Palm (Nypa fruticans Wurmb)... | 810


https://doi.org/10.37905/nj.v9i3.4531
https://doi.org/10.35870/jpni.v5i3.1078
https://doi.org/10.1098/rsbl.2018.0237

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (3): 797 - 811, September 2026 e-ISSN: 2685-7332

tropical forest in West Sumatra, Indonesia. Biodiversitas, 23(6), 3135-3146.
https://doi.org/10.13057/biodiv/d230641

Solfiyeni, S., Fadhlan, A., Aziz, A., Syahputra, G., Azzahra, A., & Mildawati. (2024).
Vegetation diversity and habitat suitability modeling of the invasive plant
Bellucia pentamera in conservation forests of West Sumatra, Indonesia.
Biodiversitas, 25(2), 781-791. https://doi.org/10.13057/biodiv/d250238

Solfiyeni, S., & Nurmalasari, A. (2025). Density and distribution mapping of invasive
plant Jatropha gossypiifolia in priority savanna of Bama Resort, Baluran
National Park, East Java, Indonesia. Biodiversitas, 26(1), 255-264.
https://doi.org/10.13057/biodiv/d260126

Solfiyeni, S., Azzahra, A., Mildawati, & Ritonga, M. A. (2025). Estimation of carbon
stock in areas invaded by invasive plants (Calliandra houstoniana) in the Bung

Hatta Grand Forest Park, West Sumatra, Indonesia. Asian Journal of Forestry,
92), 312-321. https://doi.org/10.13057/asianjfor/r090213

Sulistiyowati, H., Rahmawati, E., & Wimbaningrum, R. (2021). Spatial Distribution
Patterns of the Invasive Alien Plant Species Lantana camara in the Pringtali
Resort Bandealit Savanna Area of Meru Betiri National Park. Jurnal Ilmu
Dasar, 22(1), 19-24. [In Indonesian language]

Widodo, P. S., Herawati, W., Hidayah, H. A., Chasanah, T., & Proklamaningsih, E.
(2020). Distribution and characteristics of nypa palm (Nypa fruticans Wurmb)
in southern part of Cilacap Regency. IOP Conference Series: Earth and
Environmental  Science, 550, 012010.  https://doi.org/10.1088/1755-
1315/550/1/012010

Yuvaraj, E., Dharanirajan, K., Saravanan, & Balasubramaniam, J. (2017).
Distribution and zonation pattern of mangrove forest in Shoal Bay Creek,
Andaman Islands, India. Indian Journal of Geo-Marine Sciences, 46(3), 597—604.

How To Cite This Article, with APA style :
Khairini, A., Solfiyeni, S., Mildawati, S., & Ritonga, M. A. (2026). Spatial Distribution and

Dominance of Nipa Palm (Nypa fruticans Wurmb) in Mandeh Mangrove Forests, West
Sumatra, Indonesia. Jurnal Pembelajaran dan Biologi Nukleus, 12(3), 797-811.
https://doi.org/10.36987/jpbn.v12i3.9620

Khairini et al., (2026). Spatial Distribution and Dominance of Nipa Palm (Nypa fruticans Wurmb)... | 811


https://doi.org/10.13057/biodiv/d230641
https://doi.org/10.13057/biodiv/d250238
https://doi.org/10.13057/biodiv/d260126
https://doi.org/10.13057/asianjfor/r090213
https://doi.org/10.1088/1755-1315/550/1/012010
https://doi.org/10.1088/1755-1315/550/1/012010

Jurnal Pembelajaran Dan Biologi Nukleus p-ISSN: 2442-9481
Vol 12 (3): 797 - 811, September 2026 e-ISSN: 2685-7332

Conflict of interest

Author contributions

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to
influence the work reported in this paper.

All authors contributed to the study's conception and design. Material
preparation, data collection and analysis were performed by all
authors. The first draft of the manuscript was submited by [Solfiyeni].
All authors contributed on previous version and revisions process of
the manuscript. All authors read and approved the final manuscript.



