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Rewataya Village is situated on Tanakeke Island, within the Takalar Regency. Despite its significance, previous 
studies have not addressed the mapping of changes in mangrove land area within this locale. The present research 
aimed to fill this gap by assessing alterations in mangrove land area from 2013 to 2023, alongside examining 
density and canopy cover conditions. The method employed for mapping changes in land area entailed utilizing 
the unsupervised method with maximum likelihood classification. Additionally, the assessment of mangrove 
conditions involved employing plot line transects to determine species density and hemispherical photography 
methods to evaluate canopy cover. Notably, two types of mangroves, namely Rhizophora mucronata and Rhizophora 
apiculata, are prevalent in this village. The mangrove species density in Rewataya Village, Tanakeke Island, is 
categorized as “good.” In addition, the canopy cover in Rewataya Village falls within the classification of “very 
dense” according to mangrove damage criteria. However, there has been a notable reduction in the mangrove 
ecosystem area between 2013 and 2023, with a decrease of 42.28 hectares (from 367.13 hectares to 324.84 
hectares). 

 
 
Introduction 

Mangroves—a type of tropical or subtropical 
plant capable of thriving in muddy substrates (Babo, 
2020)—form ecosystems known as coastal areas, 
housing a collection of plants living in the interface 
between sea and land. In 2017, Indonesia’s mangrove 
ecosystem encompassed a total area of 3,361,261 
hectares (Rahadian et al., 2019). These ecosystems 
serve crucial roles for both humans and associated 
biota. Mangrove forests function as spawning 
grounds for various fish species, safeguard coastal 
areas from erosion, provide natural sustenance, and 
support diverse biota (Afkar, 2022). The protective 
role of mangroves against erosion, high waves, and 
strong winds underscores their significance. 
Ensuring ecosystem sustainability is likely to yield 

numerous benefits, including enhanced biodiversity 
within these ecosystems (Rani et al., 2022). 

Mangrove ecosystems are identifiable through the 
application of remote sensing technology 
(Kustandiyo et al., 2014). Remote sensing—a non-
invasive scientific technique—enables the 
description of objects without direct physical contact. 
Employing remote sensing technology facilitates the 
mapping of mangrove forest areas, offering 
comprehensive distribution maps of these vital 
ecosystems within a given region (Shalihati, 2014). 
The increasing utilization of remote sensing stems 
from its myriad advantages, including the ability to 
accurately depict surface objects in their true shape 
and location (Nurmalasari & Santosa, 2016). Satellite 
imagery, particularly from the Landsat satellite, is 
commonly utilized for this purpose. Landsat imagery 
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typically boasts a spatial resolution of 30 meters and 
utilizes L-band SAR classification (Kovacs et al., 
2013). This satellite’s 16-day temporal resolution and 
free data retrieval process further enhance its utility. 
Landsat imagery finds extensive application in 
various survey and research endeavors, spanning 
disciplines such as geology, geomorphology, mining, 
forestry, and land area change analysis. 

The utilization of images from 2013 and 2023 was 
prompted by significant land conversion, which has 
led to the erosion of a substantial portion of 
mangrove areas due to extensive logging for charcoal 
production and conversion of mangrove forests into 
ponds (Damar et al., 2021). Thus, this study aimed to 
delineate changes in mangrove ecosystem area and 
canopy cover using the hemispherical photography 
method. 

Hemispherical photography constitutes a 
photographic technique employed to assess 
mangrove canopy cover or terrestrial forest canopy 
cover through images captured with a camera 
(Purnama et al., 2020). In this study, a handheld 
smartphone camera was employed, offering 
advantages such as real-time accessibility, adaptability 
to varying cloud cover conditions, and spanning 
multiple years. The utilization of cell phone cameras 
for hemispherical photography represents an indirect 
approach to gauging light transmission. The research 
was conducted on Tanakeke Island, situated within 
the Takalar Regency of South Sulawesi. 

Tanakeke Island is encircled by mangrove forests, 
forming a verdant barrier that serves both ecological 
and economic purposes. Ecologically, these 
mangroves act as a natural shield, protecting the 
island from ocean waves and other environmental 
forces. Economically, they serve as a vital resource, 
fulfilling the daily needs of the local community. 
According to a study conducted by the South 
Sulawesi Marine Conservation Foundation (2015), as 
cited by Anhar et al. (2019), the estimated area of 
mangrove forest on Tanakeke Island in the early 
1980s was approximately 1,770 hectares. However, 
this area has dwindled over time, with only 500–700 
hectares remaining. Hence, the urgency of this 
research lies in providing a comprehensive overview 
of the mangrove ecosystem’s current condition on 
Tanakeke Island. 

 
Materials and Methods 
Research location and time 

This study was conducted from March 13, 2023, 
to May 10, 2023, at the office of CV Nypa Indonesia. 
Data collection took place in Rewataya Village, 

situated on Tanakeke Island, within the Takalar 
Regency of South Sulawesi, as illustrated in Figure 1. 
 

 

 
Figure 1. Research location 

 
The selection of this location for data collection 

was based on its potential to serve as a tourist 
destination and its capacity to offer benefits to 
numerous communities. 

 
Data analysis 
Mangrove species density 

Species density refers to the quantity of a 
particular species per unit area, calculated using the 
formula below (Agustini et al., 2016; Indonesia’s 
Minister of Environment Decree No. 201/2004). 

𝐷! =
𝑛!
𝐴  

Where: 
Di = Density of species i (individuals/m2); 
ni = Number of individual specimens of species i; 
A = Total sampling area (m2). 
 
Canopy cover 

The employed method entailed distinguishing 
between pixel colors representing the sky (white) and 
those representing mangrove vegetation (black). 
Canopy cover analysis was conducted by calculating 
the percentage of mangrove vegetation cover pixels 
in binary image analysis (Chianucci & Cutini, 2012) 
using the following formula. 

𝐶 =
𝑃255
∑𝑃 × 100% 

Where: 
C = Canopy cover percentage (%) 
P255 = Number of pixels with a value of 255 
∑P = Total number of pixels 
 
Standard criteria for mangrove damage 
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Indonesia’s Minister of Environment Decree No. 
201/2004 outlines three categories based on 
mangrove canopy cover, as presented in Table 1. 

 
Table 1. Standard criteria for mangrove damage 
Conditions Criteria Cover (%) Density 

(trees/ha) 
 Very dense ≥ 75 ≥ 1500 
Good Medium ≥ 50 – < 75 ≥ 1000 – < 1500 
Damage Rare < 50 < 1000 

 
Results 
Mangrove species density 

Based on observations of mangroves on 
Tanakeke Island, particularly in Rewataya Village, 
two types of mangroves were identified: Rhizophora 
mucronata and Rhizophora apiculata. Rhizophora 
mucronata was observed in three stations, whereas 
Rhizophora apiculata was exclusively found at station 2. 
The characteristics of station 1 differ from those of 
stations 2 and 3. Station 1 is situated directly adjacent 
to the sea and is distant from residential settlements, 
while station 2 serves as a route for fishing boats to 
the sea. Station 3, on the other hand, is close to 
residential areas and is utilized by surrounding 
residents as a docking area for boats. 
 

Table 2. Mangrove species density 
Mangrove 

species 

Trees 
(individuals) 

/ ha 

Saplings 
(individuals) 

/ ha 
Condition 

R. mucronata 3100 1400 Good 
R. mucronata 1667 467 Good 
R. apiculata 533 500 Rare 
R. mucronata 900 4233 Good 

 
The calculation of sapling rates is presented in 

Table 2. The table indicates that the highest density 
value is recorded for Rhizophora mucronata, with 4233 
trees per hectare at station 3, followed by station 1, 
also with Rhizophora mucronata, at 1400 trees per 
hectare. Rhizophora apiculata registers a density of 500 
trees per hectare at station 3. 
 
Canopy cover 

Observations revealed the presence of two 
mangrove species in the plot, namely Rhizophora 
mucronata and Rhizophora apiculata. Utilizing the 
hemispherical photography method, differing 
mangrove canopy cover values were obtained for the 
three stations. Station 1 exhibited a canopy cover of 
81.10%, station 2 recorded 80.97%, and station 3 
registered 79.83%. These results are depicted in 
Figure 2. According to Indonesia’s Ministry of 
Environment Decree No. 201/2004 and referring to 
standard criteria for mangrove damage, the condition 

is classified as “very dense” when canopy cover 
exceeds 75%. 
 

 
Figure 1. Results of canopy cover analysis 

 
Changes in mangrove land area 

The mangrove ecosystem of Tanakeke Island, 
specifically Rewataya Village, is currently undergoing 
a decline compared to its condition in 2013. This 
decline can be attributed to several factors, primarily 
anthropogenic activities such as land conversion for 
cultivation or residential purposes, as well as the 
expansion of the charcoal industry, leading to a 
reduction in mangrove land (Purwanti, 2020). 
Changes in land use manifest as fluctuations in the 
area of land utilization, as illustrated in Table 3. 
 

Table 3. Changes in land area 
Land 
Cover 

Area in 
2013 (ha) 

Area in 
2023 (ha) 

Change 
(ha) Note 

Mangroves 367.13 324.84 – 42.28 Decrease 
Settlement 12.62 15.78 + 3.15 Increase 
Pond 285.11 324.24 + 39.12 Increase 

 
Table 3 highlights the changes in the mangrove 

ecosystem from 2013 to 2023, revealing a decrease of 
42.28 hectares (from 367.13 hectares to 324.84 
hectares) in mangrove coverage. Conversely, ponds 
experienced a notable increase of 39.12 hectares 
(from 285.11 hectares to 324.24 hectares), while 
settlements expanded by 3.15 hectares (from 12.62 
hectares to 15.78 hectares). Overlaying the 
classifications from 2013 and 2023 unveils the 
alterations in mangrove areas. The analysis utilizes a 
band combination of red, green, and blue bands, 
along with additional panchromatic bands for image 
sharpening. Figure 2 illustrates these changes, 
depicting both additions and reductions in mangrove 
land, as well as the survival of mangrove patches 
from 2013 to 2023. 
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Figure 2. Changes in mangrove land area in 2013 

(A) and 2023 (B) 
 
Discussion 

Takalar Regency—situated in South Sulawesi 
Province—occupies coordinates between 
119°14'22"–119°20'29" E and 5°26'43"–5°32'24" S. 
Known for its expansive mangrove forests, Takalar 
Regency stretches along the western coast of the 
Makassar Strait to the southern shores of the Flores 
Sea, with Patallassang serving as its capital. With a 
coastline spanning approximately 74 kilometers, 
Takalar Regency boasts significant potential in the 
marine sector, particularly in mangrove forestry. 
Apart from that, Tanakeke Island, encompassing an 
area of 43.12 km2, falls under the category of small 
islands (Setiawan, 2016) and is administratively part 
of the Tanakeke Islands District. Characterized by 
lowland topography with slopes ranging from 0 to 
8% (Setiawan et al., 2017), the island comprises five 
villages: Maccini Baji, Mattiro Baji, Balangdatu, 
Tompotana, and Rewataya. For this research, 
Rewataya Village was selected as the study site. 
Administratively, Rewataya Village is situated at 
coordinates 5°29'24.000" S and 119°15'36.000" E 
and comprises three stations. 

This study examined mangrove species density 
across different levels, specifically tree and sapling 
levels. Among all stations, the highest tree-level 
density was observed at station 1, dominated by 3100 
saplings per hectare, followed by 1667 saplings per 
hectare at station 2 and 900 saplings per hectare at 
station 3. Analysis of substrate data collected at each 
station revealed the presence of muddy and sandy 
substrates, which are conducive environments for 
the growth of Rhizophora mucronata (Aswin et al., 
2021). Fitra (2022) suggests that the high density of 
mangroves may be attributed to the sandy and muddy 
soil substrates, facilitating the adaptation and 
successful propagation of Rhizophora mucronata seeds 
at the observation sites. Tabba et al. (2015) 

emphasized the high adaptability of Rhizophora 
apiculata, attributing it to its robust root system that 
firmly anchors into the soil, featuring numerous 
branching structures with air pockets. However, 
Rhizophora apiculata exhibits reduced growth in 
substrates with low or hard silt content, preferring 
muddy, fine, and deep soils typically inundated 
during normal tides (Amin et al., 2015). Shofanduri et 
al. (2018) further noted that while Rhizophora 
mucronata shares habitat areas with Rhizophora 
apiculata, it demonstrates greater tolerance to harder 
substrates and sandy conditions. These findings are 
summarized in Table 2. 

Kuncahyo et al. (2020) highlight that variations in 
mangrove density across different regions are 
influenced by aquatic environmental conditions, 
substrate types, and human activities surrounding 
mangrove vegetation. Following Indonesia’s Minister 
of Environment Decree No. 201/2004, which 
establishes standard criteria and guidelines for 
assessing mangrove damage, the total species density 
values indicate that mangrove conditions at stations 
1 and 3 are classified as “good.” However, at station 
2, where Rhizophora apiculata is rare, the mangrove 
condition is categorized as “rare,” indicating a need 
for rehabilitation efforts by the community and 
relevant stakeholders. These findings are 
summarized in Table 2. 

Based on the canopy cover results depicted in 
Figure 3, Rhizophora species—known for their 
broad leaf morphology with sizes ranging from 9 to 
20 cm—tend to exhibit extensive canopy cover. 
However, the observed percentage of mangrove 
canopy cover is relatively low due to the sparse 
presence of individual mangroves at the study site, 
rendering them rare or less abundant. Consequently, 
gaps in the tree canopy emerge as individual 
mangroves are widely spaced apart. The tree canopy 
serves as a natural barrier, intercepting and dispersing 
sunlight and rain. Insufficient sunlight exposure can 
impede sapling growth, as taller trees foster optimal 
tree growth (Kuncahyo et al., 2020). Furthermore, 
Nurdiansah & Dharmawan (2018) emphasize that 
the percentage of mangrove canopy cover is 
influenced by tree density categories and the 
suitability of environmental characteristics. 

Ecosystem degradation stems from the local 
perception that mangrove areas are public property 
open for unrestricted resource exploitation, leading 
to extensive damage (Setiawan, 2017). The reduction 
in mangrove coverage is attributed to the reliance of 
local communities on mangrove forests. Large-scale 
logging for charcoal production and land conversion 
for pond construction further exacerbate mangrove 
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degradation (Setiawan, 2015). This assertion is 
supported by Hidayat et al. (2020), who detailed that 
the degradation in Tanakeke stemmed from pond 
construction, extensive logging for charcoal 
production, and various other land uses. As a result, 
detrimental consequences arise, including heightened 
flooding occurrences, embankment degradation, and 
coastal erosion exacerbated by rising sea levels 
(Setiawan & Larasati, 2016). Hermawan et al. (2018) 
further underscored that heightened awareness of 
mangrove ecosystems’ importance has prompted 
individuals to abandon disused ponds in favor of 
mangrove replantation efforts, recognizing the 
crucial role of mangroves in environmental 
preservation. 

 
Conclusions 

Across all stations, two predominant mangrove 
species were identified, namely Rhizophora mucronata 
and Rhizophora apiculata, exhibiting the highest density 
at the tree level. The canopy cover, reaching 81.10%, 
falls within the “very dense” category. From 2013 to 
2023, the mangrove ecosystem experienced a 
decrease of 42.28 hectares (from 367.13 hectares to 
324.84 hectares) due to land conversion for pond 
construction, extensive logging for charcoal 
production, and other purposes. These findings 
underscore the critical importance of effective 
management and utilization of mangrove 
conservation areas, particularly in enhancing 
community livelihoods and promoting them as 
tourist destinations. Such considerations are crucial 
for the sustainable preservation of mangrove 
ecosystems. 
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