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ABSTRACT Published online: May 30, 2026
Mangroves in Ujung Piring, Mlonggo District, Jepara Regency, which has experienced Cite the Article: Murdaningrum, D.W.,,
ecological pressure due to land conversion into aquaculture pondssss and coastal —Febrianto, S., Ain, C. Latifah, N. (2026).
abrasion. This research was conducted in October 2024 with the aim of Analysis of Mangrove Area and Density Using
assessing the community structure and spatial characteristics of mangroves, Multittmporal Satellite Imagery in 2014, 2019,
including land cover, area, and density, in Ujung Piring during 2014, 2019, and and 202.4 in Ujung Piring, _Jepara_ Regency.
. . . International Journal of Life Science and
2024. The met.h.od employed was descrlptlv.e—explo.ratlve. Information on the Agriculture Research, 5(5), 403-416.
temporal condition of mangroves was obtained using Landsat 8 (2014) and ys-//doi or/10.55677/iilsar/\VO5105Y 2026-15
Sentinel-2A (2019 and 2024) satellite imagery. The methods applied included
the calculation of the Normalized Difference Vegetation Index (NDVI) to assess
vegetation density and the Random Forest algorithm for land cover
classification. The NDVI value in 2014 indicated sparse density, whereas in
2019 and 2024 the density increased to sparse to moderate, which was
supported by field measurements showing an average NDVI of 0.41 (moderate)
and canopy cover of 76.4% (dense). The mangrove area showed a continuous
increase over the last decade, from 21.97 ha (2014) to 33.96 ha (2024), resulting
in a net gain of 11.99 ha (17.45 ha gain and 5.46 ha loss). The increase indicates
ongoing rehabilitation efforts and natural regeneration, while the loss of
mangrove area was caused by land conversion into aquaculture pondssss and
coastal abrasion in several locations.
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1 INTRODUCTION

Mangrove ecosystems represent one of the most important coastal ecosystems, providing significant ecological and socio-
economic functions. Mangroves serve as spawning, nursery, and feeding grounds for various aquatic organisms, while also
protecting coastlines by attenuating wave energy, preventing coastal erosion, and supporting local economic activities and
ecotourism (Arifanti et al., 2022). Indonesia possesses approximately 3.44 million ha of mangrove forests, accounting for around
21% of the global mangrove area, with the largest distribution located in Papua. Despite their ecological importance, mangrove
ecosystems in Indonesia continue to experience significant pressure due to deforestation primarily driven by land-use conversion
(FAO, 2023; KLHK, 2025). The conversion of mangrove areas into agricultural land, settlements, aquaculture ponds, and other
economic activities has been identified as a major driver of mangrove ecosystem degradation (Sila & Wijayanti, 2025). On Java
Island, mangrove forests cover approximately 63,740 ha, with Central Java contributing about 16,100 ha, making it one of the
largest mangrove regions on the island (KLHK, 2025). However, mangrove ecosystems along the northern coast of Java have
experienced considerable degradation due to land conversion into aquaculture ponds, agriculture, and settlements. These pressures
are further exacerbated by coastal abrasion and habitat degradation, which limit the natural regeneration of mangroves (Debrot et
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al., 2022). Mangrove rehabilitation initiatives have been implemented by government institutions, local communities, and non-
governmental organizations since 1998 (Poedjirahajoe et al., 2011). According to the National Mangrove Map, mangrove extent
in Central Java increased by more than 1,000 ha during the 2021-2024 period (KLHK, 2021; KLHK, 2025). Nevertheless, the
effectiveness of these rehabilitation programs still requires spatial and temporal evaluation to better understand mangrove
ecosystem dynamics.

One of the mangrove ecosystems located along the northern coast of Java is the mangrove ecosystem in the Ujung Piring
coastal area, Jepara Regency, which is distributed across several locations such as Jambu Village, Blebak Village, and Sekuro
Village. This area has relatively high mangrove species diversity, with 23 mangrove species recorded in the Ujung Piring area
(Kitamura et al., 1997), which is dominated by Rhizophora apiculata, while Sonneratia alba is only found in Jambu Village and
Sekuro Village. The mangrove ecosystem in Ujung Piring is distributed across several zones, ranging from the shoreline,
aquaculture ponds areas, to ecotourism areas. Despite the high mangrove species diversity, the ecosystem is experiencing serious
pressure due to massive land conversion into aquaculture ponds, coastal abrasion, and habitat degradation that inhibits natural
regeneration (Mauludin et al., 2018). Spatial data from Jambu Village show that aquaculture ponds land use reached 76 ha or
about 12.8% of the total village area in 2021. Interpretation of Google Earth imagery from 2010 indicates that pond plot patterns
had been clearly formed for a long time, indicating continuous aquaculture activities. Information regarding community structure
and land conversion is important to assess the condition of mangrove ecosystems in terms of regeneration capacity, resilience, and
ecosystem sustainability. Although rehabilitation efforts have been continuously carried out since 2017 by the government and
local communities, the availability of systematic and time-series-based spatial data is still limited, which becomes an obstacle in
evaluating management effectiveness and policy making.

Accurate mapping, monitoring, and modelling of mangrove ecosystems are important components in supporting sustainable
coastal management. The use of satellite imagery enables the analysis of land cover changes over time as well as the estimation of
ecological parameters such as mangrove area, density, and spatial dynamics (Roy et al., 2024). The limited availability of
comprehensive ecological and spatial data regarding community structure, changes in mangrove extent, and vegetation density in
the Ujung Piring area forms the basis for the necessity of this study. Therefore, this study aims to analyse changes in mangrove
area and density in the Ujung Piring area, Jepara Regency, using a time-series approach based on satellite imagery from 2014,
2019, and 2024, as a basis for supporting sustainable coastal zone management..

2 METHODS

2.1 Study Area

This study was conducted in October 2024 in the Ujung Piring mangrove area located in Dusun Jambu, Mlonggo District, Jepara
Regency, Central Java Province, Indonesia. The study area is part of the northern coastal region of Java Island and is
geographically located at coordinates 6°30'17.40"—6°31'50.77" S and 110°39'54.14"-110°42'55.37" E (Figure 1). The area
represents a coastal lowland with elevations ranging from 075 m above sea level. The coastal area of Jambu Village is dominated
by mangrove ecosystems that develop on muddy to sandy substrates, with a recorded mangrove area of approximately 21.004 ha
(Romadoni et al., 2023). In terms of composition, the area has relatively high mangrove diversity with a total of 23 species, of
which six main species were found within the observation plots, namely Rhizophora apiculata, Rhizophora mucronata, Sonneratia
alba, Sonneratia caseolaris, Ceriops tagal, and Lumnitzera racemosa, while other species were found outside the plots (Kitamura
et al., 1997; Romadoni et al., 2023). The mangrove ecosystem in Ujung Piring is dominated by Rhizophora apiculata (Mauludin et
al., 2018). The high diversity of mangrove species suggests that the Ujung Piring area represents a fringing mangrove forest or
coastal fringe zone, where the vegetation is relatively protected from the influence of ocean wave energy, making the area
favourable for mangrove growth (Purnama et al., 2020).
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Fig. 1 Distributions of research data collection plots in Ujung Piring, Jawa Tengah, Indonesia
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2.2 Data Source

This study employed an exploratory descriptive method, in which the research was not intended to test a particular
hypothesis but rather to describe conditions based on observed variables, phenomena, or existing conditions (Negari et
al., 2017). Field data were collected using a random sampling method with 10 x 10 m quadrat transects (Dharmawan
and Pramudji, 2014). Sampling replication was conducted to ensure that the results obtained were representative and
to reduce potential bias. The field variables measured included environmental parameters such as temperature, pH,
and salinity, as well as mangrove species composition, the number of mangrove stands per quadrat, measurement of
stem diameter at breast height (DBH), and canopy photographs for each plot. The field data were subsequently
analysed to determine the mangrove community structure, including density, Importance Value Index (I1VI),
ecological indices, and percentage of canopy cover. In addition, remote sensing data analysis was conducted, which
included satellite image processing and accuracy assessment.

2.3 Mangrove Community Structure Analysis

The analysis of mangrove vegetation density requires tree stem circumference data to determine the stem diameter or diameter at
breast height (DBH). DBH measurements were conducted at a height of 1.3 m above the ground surface or at the observer’s chest
level. Trees were categorized as individuals with a height greater than 1.3 m and DBH > 4 cm, whereas saplings were classified as
individuals with DBH < 4 cm (Soeprobowati et al., 2024). The Importance Value Index (IVI) analysis was used to characterize
and compare dominant species within each plot. Mangrove species with the highest 1VI values were identified as the most
important species within the plot and were considered dominant in the community. The Importance Value Index (V1) is
calculated as the sum of relative density (RD), relative frequency (RF), and relative dominance (RDo) (Sandaruwan et al., 2025).
The importance value of a mangrove species in the tree category ranges from 0-300%, whereas in the sapling category it ranges
from 0-200% (Rahman et al., 2025). The calculation formulas.

Density (Dl) — > individuals of species i x 10.000

> plots (total quadrat area)
Density of a species

Relative Density (RDi) = x 100%

Total density of all species
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Number of plots where a species occurs

Frequency (Fi) =

Total number of plots

x 100%

Frequency of a species

Relative Frequency (RFi) =

Total Frequency of all species
> BA of species i

>’ Plots (total quadrat area)

Dominance of a species

Dominance (Do) =

X 100%

Relative Dominance (RDo) =

Total dominance of all species

Basal Area (BA) == 1 DBH?
IVI (Tree) = RDi + RFi + RDo
IVI (Sapling) = RDi + RFi

Mangrove ecological indices provide a comprehensive quantitative description based on aspects of species diversity, evenness,
and dominance. A well-structured community is indicated by high species diversity, a balanced distribution of individuals, and the
absence of a single dominant species (Ashari et al., 2019). According to Sandaruwan et al. (2025), species abundance in a sampled
community is defined as the number of individuals belonging to a particular species. This abundance is calculated using
community structure formulas. The following equations were utilized:

H =- 35, {(P) x In(Pi)}
Where, H’ = Shannon-Wiener Diversity Index; Pi = Proportion of individuals of the “i'"™ taxon of the community;
s = Total number of taxa in the community; In = Natural logarithm (basis €)

H’ category :
H <1 : Low diversity
I1<H'<3 : Moderate diversity
H >3 : High diversity
Hr
)

Where, J = Pielou’s Evenness Index; H* = Shannon-Wiener’s diversity index; In = Natural logarithm (basis e); S = Number of
species in the community

J category:

J<04 : High evenness
0,4<J<0,6 : Moderate evenness
J>0,6 - Low evenness

D =Y (Pi)?

Where, D = Simpson’s Dominance Index; Pi = Proportion of individuals of the “i"" taxon of the community.
D category:
D—1 : Community dominated by one species
D—0 : Community evenly distributed with no dominant species

The percentage of mangrove canopy cover was calculated using the hemispherical photography method. The principle of this
method is to compare the area of black pixels and white pixels obtained from the processed photograph. Black pixels represent
canopy cover, whereas white pixels represent non-canopy areas or the sky. The percentage of mangrove canopy cover was
calculated by dividing the number of canopy pixels (P255) by the total number of pixels within the plot (Pplot) and multiplying by
100% (Dharmawan and Pramudji, 2014). The calculated canopy cover values were then analysed and classified according to the
Indonesian Minister of Environment Decree No. 201 of 2004 concerning the Standard Criteria and Guidelines for Determining
Mangrove Damage. The classification consists of three categories based on canopy cover percentage as presented in Table 1.

Table 1. Standard Criteria for Mangrove Damage (Canopy Cover)

Criteria Density Class Canopy
Cover (%)

Good Very dense >75

Good Moderate >50-<75

Degraded Sparse <50

2.4 Magrove Area Change Analysis
Satellite image data analysis to determine land cover was conducted using the Random Forest Classification method.
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Random Forest (RF) is a non-parametric ensemble machine learning algorithm that combines a large number of decision trees,
particularly using the Classification and Regression Tree (CART) approach, to produce more accurate and stable classification
results (Hidayah et al., 2024). This method is widely recognized for its ability to minimize generalization errors in classification
and to simplify the design process of classification models (Saha et al., 2020).

The accuracy assessment of the classification results was calculated using the kappa coefficient. Accuracy evaluation is
essential in remote sensing image classification. Kappa-based indices and overall accuracy are widely used to assess classification
accuracy and demonstrate the validity of classification algorithms. The kappa coefficient is derived from the confusion matrix.
The accuracy indices include Producer’s Accuracy (PA), User’s Accuracy (UA), Overall Accuracy (OA), and the Kappa
Coefficient (k) (Chowdhury and Hafsa, 2022). These indices were calculated using the following formulas:

Overall Accuracy (OA) = ZC%

Where: Cpii = Total observed pixels classified correctly; N = Total number of pixels observed.
Producer’s Accuracy (PA) = %

Where: RPii = Accurately classified observation in a specific row i; Ri = Total observation in the same row i.

User’s Accuracy (UA) = %ﬂ

Where: CPjj: Accurately classified observation in a specific column j; Cj: Total observation in the same column j.
NXL, Oii - XL (Rpi x Cpi)
NA2- 3, (Rix Ci)
Where: N=Total number of pixels observed; Oii = Number of pixels observed in row i and column I; n = Total number of
rows/columns (Classes) in confusion matrix; RPi = Total number of pixels in row I; CPi =Total number of pixels in column i.

Koefisien Kappa (k) =

2.5 NDVI Analysis

Mangrove density was assessed using the NDVI (Normalized Difference Vegetation Index) method. NDVI has been widely used
for mapping and monitoring mangrove ecosystems due to its broad spatial coverage, capability for multitemporal analysis, and
high spectral sensitivity to vegetation conditions (Sofue et al., 2025). The NDVI values derived from vegetation index
transformation range from —1 to +1 (Igbal et al., 2018). The classification of mangrove density values in this study followed the
criteria established by the Ministry of Environment and Forestry Decree No. 105 of 2018. Based on NDVI values, mangrove
density was categorized into three classes: NDVI < 0.35 (sparse), 0.35 < NDVI < 0.60 (moderate), and NDVI > 0.60 (dense)
(Hidayah et al., 2024). Prior to image processing, satellite imagery was corrected to improve visual quality and to standardize
spatial resolution. The images were then cropped to the study area. The workflow of satellite image processing is presented in Fig.
2.

Citra Landsat 8 OLI/TIRS Level 2 (2014)
— and Sentinel-2A MSI (2019&2024)

l

Composite band B2-B7 for Landsat 8 Composite band 6, 4, 5 for Landsat 8
and band B2-B12 for Sentinel-2A and band 4, 8A, 11 for Sentinel-2A
(Mangrove & Non Mangrove

H Cropping the study area }1—

4 Y

’ Random Forest Classification ‘ ’ NDVI ‘
’ Training sample ‘ ’ On-screen digitizing of mangrove areas ‘
l ’ Visual Validation using Google Earth ‘
Raster Processing using the Train
Random Trees Classifier algoritm l
l ’ (NIR —Red) / (NIR + Red) ‘

’ Land cover reclassification ‘ ’ NDVI value classification ‘

| l

Cropping the digitized mangrove area
Raster to vektor and calculate area for and NDVI raster using the Extract by
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Mask tool

Land Cover Map, Mangrove Area, and
7] Mangrove Density

Fig. 2 Flowchart of Landsat and Sentinel-2A satellite image analysis for mangrove forest detection in Ujung Piring, Jepara
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3 RESULT AND DISCUSSION

3.1 Mangrove Ecological Conditions

Environmental parameters at the study site showed variations among stations. The recorded temperature ranged from 33.6°C to
39°C, which exceeded the standard range of 28°C-32°C. Drastic temperature fluctuations may induce thermal stress in
mangroves, potentially affecting their growth and survival (Akbar et al., 2024). Salinity values ranged from 32—35%o., with two
stations exceeding the maximum standard value of 34%o, although these levels remain tolerable for mangrove ecosystems. The
elevated salinity is likely associated with increased temperatures during the dry season, which intensifies evaporation and
consequently raises salt concentrations. In addition, limited freshwater input, aquaculture runoff, and seawater intrusion may also
contribute to higher salinity levels (Farhaby et al., 2020). Meanwhile, the measured pH ranged from 7.8 to 8.1, indicating neutral
to slightly alkaline conditions that remain within the acceptable range for supporting marine biota (7.0-8.5). Stable pH conditions
play an important role in maintaining nutrient availability and supporting microbial activity within mangrove ecosystems
(Romadhony et al., 2023).

3.2 Mangrove Community Structure

A total of five mangrove species were recorded within the study area, namely Sonneratia alba, Aegiceras corniculatum,
Rhizophora apiculata, Lumnitzera racemosa, and Excoecaria agallocha. Among these species, Rhizophora apiculata was the
most dominant and was distributed across all sampling stations. The analysis of mangrove vegetation density in the Ujung Piring
area indicated that all observation stations were classified as dense according to the criteria of the Ministerial Decree of
Environment No. 201 of 2004 (Table 1). Station 1 (S1) recorded a density of 2700 ind/ha (dense). Although species composition
at this station was relatively diverse, most species occurred at low densities per hectare. The dominant species was R. apiculata at
the tree stage, with a density of 900 ind/ha. Station 2 (S2) had a density of 1900 ind/ha (dense) and was dominated by saplings of
R. apiculata with a density of 633.33 ind/ha, indicating that regeneration processes are currently occurring at this station, although
mature tree stands have not yet developed optimally. Station 3 (S3) exhibited the highest density, reaching 3833.33 ind/ha (dense),
largely composed of R. apiculata in the sapling stage (2300 ind/ha) and tree stage (1433.33 ind/ha). The high density of saplings
in S3 indicates an active regeneration process and successful natural recruitment of mangroves in this area.

Substrate conditions varied among stations. Stations S1 and S2 were characterized by sandy silt substrates directly influenced
by tidal dynamics, whereas S3 was dominated by muddy substrates. Substrate characteristics play an important role in mangrove
regeneration as they provide suitable media for propagule establishment and influence vegetation density. According to Rifanjani
et al. (2024), species of the genus Rhizophora possess propagules with high adaptability due to their viviparous reproductive
strategy, in which propagules begin germinating while still attached to the parent tree, thereby increasing the probability of
successful establishment. Mangrove density at the tree stage is an important indicator for assessing the level of mangrove forest
degradation (Sahami, 2018). Based on tree-stage density across all observation stations, the mangrove ecosystem in Ujung Piring
can be categorized as sparse and degraded. This condition is likely influenced by environmental pressures such as elevated
temperature and salinity. However, the dominance of sapling density, particularly from R. apiculata, indicates the presence of
active natural regeneration processes. This condition is further supported by mangrove rehabilitation programs carried out by local
communities and government institutions since 2017, suggesting that the ecosystem still has significant potential for recovery.

The Important Value Index (IVI) analysis indicated that Rhizophora apiculata was the most dominant species across most
observation stations, both at the sapling and tree stages (Fig. 3). This dominance suggests that R. apiculata possesses strong
adaptability to local environmental conditions and may function as a pioneer species in the natural regeneration process
(Kusumahadi et al., 2020). Other species, such as Sonneratia alba and Excoecaria agallocha, also played important roles,
particularly in certain locations where environmental conditions may be more favorable for their growth. High VI values may
indicate ecosystem stability and reflect the competitive advantage of particular species in responding to environmental factors and
interspecific competition (Sandaruwan et al., 2025). However, excessive dominance by a single species, such as R. apiculata, may
lead to community homogenization. Such homogenization can reduce species diversity and decrease ecosystem resilience to
environmental disturbances (Calipayan et al., 2024). This condition highlights the importance of species enrichment—based
rehabilitation to promote a more diverse and stable mangrove ecosystem in the Ujung Piring area.

The analysis of mangrove ecological indices revealed differences in community structure among the observation stations
(Fig. 4). Station 1 (S1) exhibited a Shannon diversity index (H") of 1.35, categorized as moderate, with an evenness index
(J) of 0.84 and a dominance index (D) of 0.30, indicating low dominance. Station 2 (S2) showed a similar condition with a
Shannon diversity index (H") of 1.20, which also falls within the moderate category. This station recorded the highest
evenness value (J) of 0.87 and a dominance index (D) of 0.33, suggesting a relatively even distribution of individuals
among species with no strong dominance. In contrast, Station 3 (S3) exhibited a more stressed or degraded community
condition, with a very low Shannon diversity index (H') of 0.12 and an evenness index (J) of 0.17, both categorized as low.
The dominance index (D) was relatively high at 0.95, indicating low species diversity and uneven distribution of
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individuals, with strong dominance by a single species. The results of this ecological index analysis are consistent with the
findings of Rifanjani et al. (2024) in Nipah Panjang Village, Kubu Raya Regency, where 11 mangrove species were
recorded with Shannon diversity values (H') ranging from 0.70 to 1.43 (low to moderate), relatively even distribution
indicated by the evenness index (J), and generally low dominance values (D). In that study, Rhizophora apiculata was also
found to dominate across different growth stages. High species dominance is often observed in areas experiencing
ecological pressure or exploitation. Similarly, the high dominance observed at S3 is consistent with the findings of Zakia et
al. (2024) in the coastal area of Tanjungpiayu, Batam City, where two mangrove species were recorded with low Shannon
diversity values (H') ranging from 0 to 0.45, evenness values (J) ranging from 0 to 0.65 (low to moderate), and relatively
high dominance values (D) between 0.73 and 1. In that area, Rhizophora apiculata was the dominant species, and in one
station only a single mangrove species was recorded. This condition indicates significant ecological pressure, resulting in
uneven mangrove population distribution and dominance by a single species.

Table 2 Density of mangrove species based on tree and sapling growth stages in Ujung Piring, Jepara.
Number of Density

Stasiun Species Growth Stage Individuals  (ind/ha) Density Category
S. alba Tree 10 333,33 Sparse
Saplin 15 500 Sparse
E. agallocha p1ing P
s1 Tree 18 600 Sparse
A. corniculatum Sapling 5 166,67 Sparse
R.apiculata Tree 27 900 Sparse
L. racemosa Sapling 6 200 Sparse
Total 81 2700 Dense
Saplin 4 133,33 Sparse
S. alba ping P
Tree 10 333,33 Sparse
Sapling 3 100 Sparse
E. agallocha
S2 g Tree 11 366,67 Sparse
R. apiculata Sapling 19 633,33 Sparse
ap Tree 7 233,33 Sparse
L. racemosa Sapling 3 100 Sparse
Total 57 1900 Dense
R. apiculata Sapling 69 2300 Dense
S3 ap Tree 43 1433,33 Moderate
L. racemosa Sapling 3 100 Sparse
Total 115 3833,33 Dense
140 + mSapling ®Tree
120 - Ping
100 1
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Fig. 3 Important Value Index (V1) of mangrove species at sapling and tree stages in Ujung Piring, Jepara.

The analysis of mangrove ecological indices revealed differences in community structure among the observation stations
(Fig. 5). Station 1 (S1) exhibited a Shannon diversity index (H') of 1.35, categorized as moderate, with an evenness index (J) of
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0.84 and a dominance index (D) of 0.30, indicating low dominance. Station 2 (S2) showed a similar condition, with a Shannon
diversity index (H') of 1.20, which also falls within the moderate category. This station recorded the highest evenness value (J) of
0.87 and a dominance index (D) of 0.33, indicating a relatively even distribution of individuals among species and low
dominance. In contrast, Station 3 (S3) exhibited a more stressed or degraded community condition, with a very low Shannon
diversity index (H') of 0.12 and an evenness index (J) of 0.17, both categorized as low. The dominance index (D) was high at
0.95, indicating low species diversity and uneven distribution of individuals, with strong dominance by a single species.

These findings are consistent with those reported by Rifanjani et al. (2024) in Nipah Panjang Village, Kubu Raya Regency,
where 11 mangrove species were recorded with Shannon diversity values (H') ranging from 0.70 to 1.43 (low to moderate),
relatively even distribution indicated by the evenness index (J), and generally low dominance values (D). In that study,
Rhizophora apiculata was also dominant across all growth stages. High species dominance is often observed in areas experiencing
ecological pressure or disturbance. Similarly, the high dominance observed at S3 is in line with the findings of Zakia et al. (2024)
in the coastal area of Tanjungpiayu, Batam City, where two mangrove species were recorded with low Shannon diversity values
(H') ranging from 0 to 0.45, evenness values (J) ranging from O to 0.65 (low to moderate), and high dominance values (D)
between 0.73 and 1. In that area, Rhizophora apiculata was the dominant species, and in one station only a single species was
recorded. This condition indicates significant ecological pressure, leading to uneven species distribution and dominance by a
single mangrove species.

16
14 1.35
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1.2 o
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1.0 0.84 0.87 ®
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@Simpson's Diversity Index (D)

Fig. 4 Ecological indices (H', J, and D) of mangrove communities at each observation station in Ujung Piring, Jepara

Mangrove canopy cover percentage was analyzed using the hemispherical photography method. The average canopy cover
across the three observation stations was 76.4%, which falls into the dense category based on the criteria of the Ministerial Decree
of Environment No. 201 of 2004 (Table 3). According to Romadoni et al. (2023), the average mangrove canopy cover in Ujung
Piring, measured using the same method, was 60.72% (moderate category) across three observation stations. This indicates an
increase in canopy cover over the past year, suggesting potential success of rehabilitation efforts or natural regeneration processes
in the mangrove ecosystem. The dominance of Rhizophora apiculata is one of the main factors contributing to the high canopy
cover in Ujung Piring. Kuncahyo et al. (2020) reported that R. apiculata has relatively broad leaves, ranging from 9 to 20 cm in
size. This morphological characteristic contributes to higher canopy cover, as the tree crown functions like an umbrella that
reduces the penetration of sunlight and rainfall beneath the canopy. In addition, canopy cover is also influenced by the distribution
of tree diameter and height. In this study, all observation stations exhibited relatively well-developed mangrove stands, which
supports the high canopy cover values observed.

Table 3. Mangrove canopy cover percentage at each observation station in Ujung Piring, Jepara

Station Mean Canopy Cover (%) Category
1 74 Moderate
2 77 Dense
3 78,4 Dense
Overall mean 76,4 Dense
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3.3Spatial Change in Land Cover, Mangrove Area, and Density

The analysis of multitemporal satellite imagery revealed significant land cover dynamics within the study area over
the past decade. These changes are influenced by both anthropogenic activities and natural ecological processes,
particularly within aquaculture ponds, mangrove areas, and water bodies. Aquaculture ponds represent one of the
dominant land uses in the area, alongside mangrove vegetation. Based on satellite image interpretation, the extent of
aquaculture ponds increased by 13.37 ha between 2014 and 2024, indicating a substantial expansion of aquaculture
activities over the past decade. Mangrove cover also exhibited a significant increase of 11.99 ha, expanding from
21.97 ha in 2014 to 33.96 ha in 2024. This increase was accompanied by a notable reduction in water bodies by 24.13
ha, which can be interpreted as a consequence of aquaculture expansion and coastal morphological changes.
According to Romadoni et al. (2023), the mangrove area in Ujung Piring was estimated at 21.004 ha. Based on this
reference, the mangrove extent in the study area has increased by approximately 12.96 ha in recent years. Spatial
changes in land cover are illustrated in Figure 5, while the magnitude of changes across two time intervals (2014-2019
and 2019-2024) is presented in Table 4. This pattern reflects both ecological recovery and anthropogenic pressure within the
study area. These trends indicate a complex interaction between mangrove rehabilitation efforts and ongoing land conversion,
particularly driven by aquaculture expansion.

Table 4. Land cover changes in Ujung Piring from 2014 to 2024

Class Area (ha) Change A (ha)
2014 2019 2024 2014-2019 2019-2024 2014-2024
Mangrove 21,97 27,64 33,96 5,67 6,32 11,99
Aquaculture 68,02 7307 81,38 5,05 8,32 13,37
Ponds
Built-up Areas 2,76 4,40 5,25 1,64 0,85 2,49
Water Bodies 50,96 31,41 26,83 -19,55 -4,58 -24,13
Open Land 209,26 216,46 205,55 7,19 -10,91 -3,72
LLO40'0"E 110°40°40"E 110°41'20"E 10400 T10°40°40"F 10°41°20"E
110°40°40"
2
1 Agquaculture Pond
Built-up
2 : Water Body
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Fig. 5 Spatial distribution of land cover in Ujung Piring, Jepara for (a) 2014, (b) 2019, and (c) 2024, derived from Random
Forest classification.
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The accuracy assessment of land cover classification in Ujung Piring, Jepara for 2024 was conducted using a confusion
matrix, as presented in Table 5, based on the Random Forest classification method. The results indicate a high Overall
Accuracy (OA) of 94%, while the Kappa coefficient (k) reached 0.93, reflecting a strong agreement between classified and
reference data. According to Romadoni et al. (2023), a confusion matrix evaluates classification accuracy by comparing
correctly classified pixels with the total number of validation samples to derive the overall accuracy. The minimum
acceptable OA recommended by the United States Geological Survey is above 85%. The Kappa coefficient ranges from -1
to 1, where values closer to 1 indicate stronger agreement (KLHK, 2020). Chopade et al. (2023) stated that kappa values
greater than 0.75 indicate high accuracy, whereas values below 0.40 reflect poor classification performance. Based on the
obtained OA and kappa values, the land cover classification results can be considered highly accurate and reliable for
further land cover change analysis in the Ujung Piring area.

Table 5 Accuracy assessment of land cover classification in 2024 using Random Forest

Class User Accuracy Producer Accuracy Overall Accuracy Kappa Accuracy
Mangrove 100% 100%

Qg:jscu't”re 100% 91%

Built-up Areas _ 90% 90% 94% 0,93

Water Bodies 90% 100%

Open Land 90% 90%

Changes in mangrove extent based on overlay analysis are presented in Fig. 6. During the period 2014-2019 (Fig. 6a), a
substantial mangrove gain of 11.7 ha was observed, accompanied by a loss of 6.03 ha. The increase in mangrove area was
likely driven by early rehabilitation efforts initiated around 2017, particularly in areas close to the coastline, as well as in
central and eastern parts of Ujung Piring, including abandoned aquaculture ponds. In addition, natural regeneration may
have contributed, as propagules from mature trees were transported by tidal currents and successfully established in suitable
areas. Meanwhile, mangrove loss, mainly occurring in the southwestern and eastern coastal zones, was likely associated
with aquaculture expansion and coastal abrasion. A similar pattern has been reported in the coastal area of Tanggul Tlare,
Jepara, where mangrove degradation due to land conversion and abrasion has led to subsequent rehabilitation efforts
(Utomo et al., 2017).

During the period 2019-2024 (Fig. 6b), mangrove gain was relatively smaller (9.09 ha) compared to the previous period,
with a corresponding loss of 2.77 ha. The expansion was mainly observed along the coastline and in previously open areas
near aquaculture ponds. The reduced gain may indicate a decline in available open land for rehabilitation, as many suitable
areas have already been colonized by mangroves, suggesting that restoration efforts have reached a more mature stage. The
lower mangrove loss during this period may reflect improved community awareness and increased land stability in
rehabilitated areas.

Over the entire period (2014-2024; Fig. 6c¢), total mangrove gain reached 17.45 ha, representing the cumulative outcome
of rehabilitation over the past decade. Mangrove loss amounted to 5.46 ha, largely attributed to earlier land conversion
(2014-2019) and ongoing coastal abrasion in certain locations. Overall, the mangrove area in Ujung Piring shows a net
increase, where gains exceed losses, indicating a positive outcome of rehabilitation efforts despite ongoing pressures from
human activities and natural processes. This finding is consistent with Candraningtyas et al. (2025), who reported
significant spatial and temporal variations in mangrove cover across five estuaries along the northern coast of Central Java.
While some estuaries experienced substantial declines due to agquaculture expansion and coastal erosion, others showed
notable increases driven by intensive rehabilitation programs, highlighting the importance of effective management
strategies at the regional scale.
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Fig. 6 Spatial distribution of mangrove gain and loss in Ujung Piring, Jepara based on overlay analysis for (a) 2014-2019,
(b) 20192024, and (c) 2014-2024.

The analysis of mangrove density changes based on NDVI values is presented in Table 6. In 2014, NDVI values
ranged from 0.04 to 0.33, corresponding to a sparse category. This increased in 2019 to 0.05-0.56, indicating sparse to
moderate density, and remained relatively stable in 2024 at 0.05-0.53, also within the sparse to moderate range. The
spatial distribution of mangrove density is illustrated in Fig. 7. The increasing NDVI trend over time suggests ongoing
mangrove rehabilitation and vegetation growth in the study area. NDVI values at each sampling site (Table 7) show an
average of 0.316 at S1 (sparse), 0.423 at S2 (moderate), and 0.493 at S3 (moderate). Overall, the mean NDVI value
for the study area was 0.410, which falls into the moderate density category. The relatively low NDVI value at S1 may
be associated with the dominance of mature trees with more open canopy structures, as well as the presence of species
with smaller leaves or less compact canopies, such as Sonneratia alba. In contrast, the higher NDVI values observed
at S2 and S3 are likely influenced by the presence of younger stands or active mangrove regeneration, particularly
Rhizophora apiculata, which is characterized by dense canopies and dark green leaves that strongly reflect near-
infrared (NIR) wavelengths. This pattern indicates that NDVI effectively captures variations in mangrove structural conditions
across different growth stages.

Table 6. Changes in mangrove density based on NDVI values in Ujung Piring, Jepara

Year NDVI Range Category Density
2014 0,04 - 0,33 Sparse

2019 0,05 - 0,56 Sparse - Moderate
2024 0,05-0,53 Sparse - Moderate

Table 7. NDVI values at mangrove sampling sites in Ujung Piring, Jepara

. Point
Station 1 5 3 Mean Category
S1 0,251 0,251 0,445 0,316 Sparse
S2 0,262 0,503 0,503 0,423 Moderate
S3 0,511 0,533 0,435 0,493 Moderate
Mean 0,410 Moderate
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Fig. 7 Spatial distribution of mangrove density in Ujung Piring based on NDVI for (a) 2014, (b) 2019, and (c)

2024,

The polynomial regression analysis between NDV1 and mangrove canopy cover showed a coefficient of determination

(R?) of 0.8331 (Fig. 8),

indicating a strong correlation between the two variables. An increase in canopy cover

contributes directly to higher NDVI values up to a certain threshold. As canopy cover increases from sparse to dense
conditions, NDVI values rise sharply. However, beyond a certain level (approximately 83.31%), NDVI tends to reach
saturation, as the reflectance signal approaches its maximum. A similar pattern was reported by Pietersz et al. (2024),
who found a strong positive correlation between NDVI and mangrove canopy cover. Canopy cover is considered one
of the most influential vegetation parameters affecting NDVI, as it is directly related to the photosynthetic surface area
that reflects near-infrared (NIR) wavelengths.
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Fig. 8 Polynomial relationship between mangrove canopy cover (%) and NDVI values.

4 CONCLUSIONS

The results of this study indicate that mangrove cover and density in the Ujung Piring area, Jepara, have undergone
significant changes over the past decade (2014-2024). Land cover is predominantly dominated by aquaculture ponds, which
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increased by 13.37 ha. Mangrove area also showed a notable increase of 11.99 ha, with total gains reaching 17.45 ha and
losses of 5.46 ha. Mangrove density improved from sparse to sparse—moderate conditions (NDVI: 0.05-0.53). These
findings suggest that mangrove rehabilitation efforts and natural regeneration in Ujung Piring have been effective,
contributing positively to the recovery of mangrove cover and density. This improvement also plays an important role in
limiting the expansion of aquaculture ponds. Therefore, maintaining and strengthening sustainable mangrove management
strategies in the area is highly recommended.
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