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Abstract. Widhah SF, Ambo-Rappe R, Adrianto L. 2026. Spatio-temporal distribution of seagrass extent in three zones of Spermonde 

Archipelago, Indonesia. Biodiversitas 27 (2): d270216. https://doi.org/10.13057/biodiv/d270216. Seagrass meadows are vital blue 

carbon habitats that support biodiversity, fisheries, and coastal defense, but human activities and environmental changes increasingly 

threaten them. This research examined how seagrass distribution shifted over time and space across Barrang Lompo, Badi, and Langkai 

Islands in the Spermonde Archipelago, Indonesia, representing inner, middle, and outer zones. Using supervised classification of 

Sentinel-2 satellite images from 2015 and 2025, validated by field observations, we identified distinct regional patterns of seagrass loss 

over a decade. Area measurements included 95% confidence intervals, and all observed declines were confirmed by field data. Over ten 

years, seagrass cover shrank by 12.53 hectares (30.69%) in Barrang Lompo, 3.91 hectares (56.02%) in Badi, and 12.23 hectares 

(26.86%) in Langkai. Major losses were noted in Barrang Lompo and Badi due to dense populations, intensive fishing, land-use change, 

and pollution, while oceanographic factors like strong currents, sediment buildup, and variable water quality mainly drove Langkai’s 

decline. These spatial patterns demonstrate the combined impacts of human stressors and environmental factors on seagrass decline and 

underscore the necessity for targeted conservation efforts, water quality improvements, and zone-specific fisheries management to 

protect blue carbon functions and ecosystem resilience in the Spermonde Archipelago. 
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INTRODUCTION  

Seagrasses are true flowering plants that have successfully 

adapted to marine environments, comprising about 60 

species worldwide that are grouped into five families: 

Hydrocharitaceae, Potamogetonaceae, Cymodoceaceae, 

Zosteraceae, and Ruppiaceae (den Hartog 1970). They are 

widely distributed in shallow coastal waters, estuaries, and 

lagoons, where they act as important foundation species 

that support biodiversity and ecosystem functioning 

(McKenzie et al. 2020). Seagrass meadows are highly 

productive ecosystems, contributing significantly to primary 

production in coastal zones and providing multiple 

ecological and socioeconomic benefits, including supporting 

fisheries, protecting shorelines from erosion, stabilizing 

sediments, maintaining water quality, and storing carbon 

that contributes to climate change mitigation (Ambo-Rappe 

et al. 2019; Ambo-Rappe 2020). Despite these important 

roles, seagrasses often receive less attention compared to 

coral reefs and mangroves, which has contributed to their 

global decline being less documented and less visible in 

conservation policy. Research attention among coastal 

ecosystems is uneven: coral reefs dominate with ~60% of 

publications, mangroves receive moderate focus (≈11-

14%), while seagrasses remain the least studied and 

recognized, despite a similar publication share, with far 

lower media coverage and public awareness (Duarte et al. 

2008). 

Indonesia, located at the center of marine biodiversity, 

hosts some of the world's largest seagrass meadows. 

Seventeen species have been documented within its waters, 

including the recently described Halophila major (Zoll.) 

Miq. and Ruppia brevipedunculata Shuo Yu & Hartog 

(Kurniawan et al. 2020; Kurniawan et al. 2024; Salim et al. 

2024). The estimated area of Indonesian seagrass meadows 

is 660.000 ha (Ministry of Marine Affairs and Fisheries 

2025). Nevertheless, this estimate likely underrepresents 

the actual extent, and Indonesia may potentially possess the 

largest seagrass habitat of any nation (Unsworth et al. 2018). 

Regional assessments further indicate that between 30% and 

40% of Indonesia's seagrass meadows have already been 

lost due to human-induced pressures, including 

overexploitation, eutrophication, destructive fishing practices, 

coastal reclamation, and climate-related stressors 

(Muqorrabin et al. 2024). These losses pose a direct threat 

to essential ecosystem services, thereby endangering 

fisheries productivity, carbon sequestration, and the 

livelihoods of coastal communities that rely heavily on 

seagrass meadows. 
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South Sulawesi has seagrass beds covering 91,699 

hectares. One of the areas in South Sulawesi where 

seagrass can be found is the Spermonde Archipelago. The 

Spermonde Archipelago, located off the coast of South 

Sulawesi, is one of Indonesia's most seagrass-rich areas, 

consisting of over a hundred small coral islands and reef 

flats where seagrass is frequently found. At least 11 species 

of seagrass have been reported from this region (Ambo-

Rappe 2014), highlighting its ecological significance. 

Besides their ecological roles, seagrass meadows in 

Spermonde provide vital livelihoods, supporting artisanal 

fisheries and coastal protection for local communities. 

Research by Mashoreng et al. (2020) states that there is a 

decrease in the extent of seagrass in the Spermonde 

Archipelago, which impacts carbon uptake. However, 

research on seagrass distribution within the archipelago 

remains scarce. Despite its importance, research on 

seagrass distribution in Spermonde remains limited and 

fragmented. Effective monitoring of seagrass ecosystems 

requires a combination of field-based and remote-sensing 

techniques. Satellite imagery is useful for efficiently 

assessing water conditions in shallow waters (Nur and 

Nurdjaman 2025). Previous mapping research has mostly 

concentrated on individual sites, such as Bontosua (Thalib 

2017), Barrang Caddi (Kartika 2019), Lae-lae and 

Bonetambung (Yushra et al. 2020) and Kodingareng 

Lompo (Rais 2021). While these studies offer valuable 

insights, they lack a comprehensive spatio-temporal 

perspective across the broader archipelago. Furthermore, 

bibliometric studies indicate that the Spermonde Islands have 

become a global centre for seagrass ecosystem research, 

emphasising biodiversity, ecosystem services, and blue 

carbon (Widhah et al. 2025). This trend underscores 

Spermonde's scientific importance and the need for 

systematic studies on long-term changes in seagrass 

distribution to support sustainable management. 

Another significant gap is the limited use of remote 

sensing in Spermonde, primarily focusing on coral reefs 

and mangroves, with less attention to systematic monitoring 

of seagrass dynamics (Mashoreng et al. 2018; Veettil et al. 

2020). This study aims to fill this gap through a spatio-

temporal analysis of seagrass distribution across three 

representative zones of the Spermonde Archipelago, 

combining satellite remote sensing with field validation. By 

mapping seagrass extent and tracking changes over time, it 

strives to offer new insights into habitat dynamics, 

resilience, and degradation patterns. The findings are 

expected to support ecosystem-based management strategies, 

bolster biodiversity conservation, and improve ecosystem 

services like fisheries productivity, coastal protection, and 

blue carbon storage. Ultimately, these efforts will promote 

the sustainability of coastal communities in one of 

Indonesia’s most ecologically and economically vital 

marine regions. Accordingly, this study explicitly aims to 

quantify decadal changes in seagrass extent across inner-, 

middle-, and outer-zone islands and to relate these changes 

to zone-specific anthropogenic and environmental stressors. 

We hypothesize that seagrass losses will be greatest in 

densely populated inner zones due to higher anthropogenic 

pressures, whereas outer-zone islands will exhibit smaller 

yet significant declines primarily driven by oceanographic 

conditions rather than direct anthropogenic disturbance. 

MATERIALS AND METHODS  

Study area  

This research was carried out from July to August 2024, 

in the Spermonde Islands, Pangkajene District, and the 

waters of South Sulawesi Province, Indonesia. Field data 

collection focused on three islands: Barrang Lompo Island, 

Badi Island, and Langkai Island. A map of the study area is 

shown in Figure 1. 
  

 

 
 

Figure 1. Map of the research sites in in South Sulawesi Province, Indonesia. A. Barrang Lompo Island (119.327360°, -5.050339°), B. Badi 

Island (119.287664°, -4.968726°), C. Langkai Island (119.091471°, -5.030949°)  
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Types and resources of data  

This study utilized both primary and secondary data. 

Primary data were gathered through direct field observations, 

such as seagrass data collection. Secondary data were 

sourced from publicly accessible satellite databases via 

remote sensing imagery. 

Data collection methods  

Two primary methods were utilized for data collection; 

the first involved direct field observations to document 

seagrass distribution and associated environmental parameters. 

The second encompassed remote sensing data processing to 

map and analyze seagrass coverage. The overall data 

collection procedure is depicted in Figure 2. 

Field data retrieval 

Seagrass surveys in the Spermonde Archipelago were 

conducted around Barrang Lompo Island, Badi Island, and 

Langkai Island using a quadrat-transect (straight-line 

transect) method adapted from the Seagrass-Watch protocol 

and CORMEP-LIPI (National Research and Innovation 

Agency of Indonesia) guidelines. At each island, transects 

were established following shoreline contours and the 

spatial distribution of accessible seagrass meadows. 

Transect lengths ranged from 70 to 340 m, depending on 

local geomorphological characteristics and meadow extent. 

To standardize sampling effort across transects of 

varying lengths, each transect was uniformly divided into 

11 equal segments (10% intervals), resulting in 11 fixed 

quadrat positions per transect. At each position, a 50 × 50 

cm quadrat was placed to visually estimate seagrass percent 

cover using the internal subdivisions of the quadrat frame. 

Substrate type was recorded simultaneously and classified 

as mud, sand, or rubble. The map of the study area is 

shown in Figure 1. 

Field sampling was conducted during low tide, 

specifically within the lowest tidal window, to ensure 

maximum seagrass exposure, consistent observation conditions, 

and observer safety. Prior to data collection, standardized 

field sheets were completed to document observer identity, 

island code, transect number, date, time, and tidal 

conditions. The starting point of each transect was marked 

with an iron stake, and its geographic coordinates were 

recorded using a handheld GPS. Each transect was 

completed only after all 11 quadrat positions had been 

surveyed, and the endpoint of each transect was 

subsequently marked and georeferenced. 

In addition to biological observations, environmental 

parameters were measured in situ at each transect to 

characterize local habitat conditions. Water temperature 

(°C) and salinity (o/oo) were measured using a handheld 

multiparameter instrument, while pH was recorded using a 

portable pH meter. Water transparency was measured using 

a Secchi disk. All measurements were conducted during the 

same tidal conditions as the seagrass sampling to ensure 

consistency across sites. 

Seagrass species were identified in situ based on leaf 

morphology, rhizome characteristics, and growth form, 

following Seagrass-Watch identification keys and CORMEP-

LIPI taxonomic references. To ensure data quality, all 

observers received prior training, and inter-observer 

consistency checks were conducted at selected quadrats. 

Any ambiguous species identifications or percent cover 

estimates were discussed and resolved jointly in the field. 

Data processing 

The processing of remote sensing data in this study 

followed a systematic sequence of procedures designed to 

ensure high analytical accuracy and reliability in benthic 

habitat interpretation. The workflow began with the 

acquisition of satellite imagery, specifically Sentinel-2A 

Level-1C data obtained from the Copernicus Open Access 

Hub. Image selection considered cloud-cover levels, as 

scenes with minimal cloud interference provide optimal 

conditions for precise spectral analysis. 

The next phase involved atmospheric correction, carried 

out using ArcGIS to adjust for atmospheric scattering and 

surface-reflection effects that often distort radiometric 

values, especially in coastal and shallow-water environments. 

This correction step ensures that spectral information more 

accurately reflects true benthic conditions rather than 

atmospheric anomalies. 

Following atmospheric refinement, spectral band 

compositing was performed by combining selected 

multispectral bands to enhance spectral separability and 

improve the visual interpretability of coastal features. The 

imagery was then clipped to the defined study area to 

streamline analytical focus, and masking was applied to 

exclude terrestrial pixels, allowing the subsequent analysis 

to concentrate solely on the marine domain. 
 

 

 
 

Figure 2. Density of seagrass in Barrang Lompo, Badi, and Langkai Islands in South Sulawesi Province, Indonesia  
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To further improve the discrimination of benthic substrates, 

the Lyzenga method was applied. This radiative-transfer-

based algorithm compensates for water-column attenuation, 

thereby enhancing the spectral contrast between different 

bottom types such as sandy substrates, coral formations, 

and seagrass meadows. The method utilizes attenuation-

adjusted band ratios, facilitating clearer detection of 

submerged vegetation and other benthic features. 

The final stage consisted of supervised image 

classification. Representative training sites were established 

through in situ surveys, during which coordinates of key 

benthic classes were recorded. These ground-truth observations 

served as reference signatures for classifying satellite 

pixels. Incorporating field-based information substantially 

improved thematic accuracy, ensuring that the resulting 

habitat maps provide a valid and ecologically meaningful 

depiction of benthic conditions across the study area. 

Data analysis 

Data analysis in this study focused on processing 

seagrass field data and interpreting remotely sensed 

imagery. Seagrass density was measured to determine the 

ecological condition of the seagrass meadow at each 

sampling station, while seagrass cover was calculated as 

the total percentage of substrate covered by all seagrass 

species combined. These two parameters served as the 

primary indicators for describing overall seagrass condition 

and spatial distribution patterns within the study area. 

For the remote sensing component, the Lyzenga 

Algorithm was applied to extract benthic substrate 

information based on the reflectance values of the blue 

band (Band 2) and green band (Band 3). The initial step 

involved statistical analysis to derive the coefficient a, 

computed using the variance and covariance of the 

reflectance values from the two spectral bands. All 

variance and covariance calculations were performed using 

Microsoft Excel. 

Spatial changes in seagrass distribution between 2015 

and 2025 were quantified using a post-classification 

comparison approach. Independently classified seagrass 

maps for each year were overlaid to identify areas of 

persistence, loss, and gain. Seagrass area was calculated for 

each island and year, and changes were derived by 

subtracting the earlier map from the later map on a class-

by-class basis. This method minimizes radiometric 

inconsistencies between acquisition dates and allows direct 

interpretation of categorical changes in seagrass extent. 

The coefficient a was then used to determine the band 

attenuation ratio , which was subsequently applied to the 

Lyzenga transformation according to the following 

equation: 

 
Where: = the benthic substrate extraction result, = 

Reflectance of Band 2 (blue), = Reflectance of Band 3 

(green), = Attenuation coefficient ratio between the 

bands, and = Natural logarithm. 

This transformation enhances the discrimination of 

benthic substrate types, enabling clearer identification of 

seagrass-covered areas within the satellite imagery. In 

addition to image-based analysis, statistical analysis was 

performed using SPSS, employing multiple linear 

regression to examine the influence of environmental 

variables on seagrass ecological parameters. The regression 

model evaluated how factors such as water clarity, nutrient 

concentrations, salinity, and depth contributed to variations 

in seagrass density across sampling stations. Prior to 

regression, standard diagnostic tests-normality, multicollinearity, 

and heteroscedasticity-were conducted to ensure the validity 

of the model. The results of this analysis provided a 

quantitative understanding of the key environmental drivers 

shaping seagrass condition in the study area. 

RESULTS AND DISCUSSION 

Species of seagrass 

During the field survey, we identified eight different 

seagrass species, including Enhalus acoroides (L.f.) Royle, 

Thalassia hemprichii (Ehrenb.) Asch., Cymodocea rotundata 

Asch. & Schweinf., Oceana serrulata (R.Br.) Byng & 

Christenh., Halophila ovalis (R.Br.) Hook.f., Halodule 

pinifolia (Miki) Hartog, Halodule uninervis (Forssk.) Boiss., 

and Syringodium isoetifolium (Asch.) Dandy. Barrang 

Lompo Island recorded eight species, Badi Island six 

species, and Langkai Island five species. 

The seagrass species composition across the three 

research islands varies distinctly, based on direct in situ 

identification during field surveys. Barrang Lompo has the 

greatest diversity with eight species, followed by Badi with 

six, and Langkai with five. This study describes the 

variations in species richness among the islands to 

highlight the spatial differences in seagrass communities, 

but it does not include direct measurement or analysis of 

the specific habitat conditions or ecosystem features that 

may explain these differences. Barrang Lompo has the 

highest number of species, with eight species, while Badi 

has recorded six species, and Langkai has five species. This 

difference in the number of species reflects variations in 

habitat conditions and local ecosystem characteristics that 

are not directly described in this study. The presence of 

species such as E. acoroides, T. hemprichii, and C. 

rotundata, which appear consistently in almost all locations, 

indicates that these three species are the main components 

of the seagrass community in the research area. 
 

 

 

Table 1. Distribution of seagrass species in Barrang Lompo, Badi 

and Langkai Islands in South Sulawesi Province, Indonesia 

 

Island name EA TH CR CS HU HO SI HP 

Barrang Lompo Island + + + + + + + + 

Badi Island + + + - + + + - 

Langkai Island + + + - + - + - 

Note: Ea: Enhalus acoroides, Th: Thalassia hemprichii, Cr: 

Cymodocea rotundata, Cs: Oceana serrulata, Si: Syringodium 

isoetifolium, Hu: Halodule uninervis, Ho: Halophila ovalis, Hp: 

Halodule pinifolia 
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The distribution of species across the islands also 

indicates variation in species tolerance to microenvironmental 

characteristics (Table 1). Studies show that local abiotic 

factors, including sediment type, nutrient status, water 

temperature, and salinity, influence the spatial patterns of 

seagrass species distribution. For example, in tropical Indo-

Pacific regions, distinct environmental niches have been 

observed even within a single wide-ranging species, 

suggesting local adaptations to environmental 

heterogeneity (Hu et al. 2021). Similarly, variations in 

sediment and nutrient input in habitats can influence the 

microbial communities linked to different seagrass species, 

highlighting how microenvironmental factors affect species 

composition in seagrass beds (Deng et al. 2024). This 

confirms that the seagrass communities on the three islands 

are heterogeneous, comprising species with different habitat 

preferences. Multispecies seagrass beds (mixed stands of 

more than two species) occur widely in the tropics, 

including Southeast Asia and the Caribbean (Duarte 2000; 

Short et al. 2011). 

Barrang Lompo Island showed the highest seagrass 

diversity compared to Badi and Langkai, with eight species 

found in its inner zone. These include E. acoroides, T. 

hemprichii, C. rotundata, C. serrulata, S. isoetifolium, H. 

ovalis, H. uninervis, and H. pinifolia. The meadows mainly 

consist of E. acoroides and T. hemprichii, two dominant 

species known for tall shoots, large biomass, and high 

tolerance to environmental stresses (Risandi et al. 2023). 

The high species richness in Barrang Lompo is mainly due 

to sheltered conditions formed by surrounding reef structures, 

which reduce wave energy and create a calm hydrodynamic 

environment. Coupled with fine sandy and rubble substrates, 

these conditions support both strong and delicate species, 

such as Halodule and Halophila. Previous research by 

Supriadi et al. (2012) found eight seagrass species on 

Barrang Lompo Island. This aligns with Hernawan et al. 

(2017), who reported that sheltered Indonesian coastal 

lagoons usually have higher seagrass diversity because of 

stable water movement and less physical stress. Additionally, 

seagrass beds help slow wave energy and current speed, 

further aiding their ability to expand and maintain high 

species numbers (Ondiviela et al. 2014).  

Badi Island hosts six seagrass species, namely E. 

acoroides, T. hemprichii, C. rotundata, S. isoetifolium, H. 

ovalis, and H. uninervis. Situated in the central Spermonde 

Islands, Badi is more exposed to stronger currents and 

waves than the inner islands, creating hydrodynamic stress 

that affects seagrass growth. Dewanto (2022) reported that 

higher sea wind speeds contribute to reduced seagrass 

density and coverage on the island, while additional pressures 

from human activities such as coastal development and 

fishing further exacerbate this decline. Compared to Barrang 

Lompo, Badi experiences more intense hydrodynamic 

activity, which creates a selective habitat favoring medium 

to large species while limiting the presence of smaller, 

fragile taxa due to substrate instability.  

Langkai Island supports five seagrass species, E. 

acoroides, T. hemprichii, C. rotundata, S. isoetifolium, and 

H. uninervis, representing the lowest diversity among the 

three islands studied. Situated in the outer Spermonde zone 

and directly bordering the Flores Sea, Langkai is strongly 

influenced by open-ocean conditions, including high waves, 

strong currents, and steep depth gradients. These oceanographic 

stresses create selective habitats that favour resilient 

species, with E. acoroides and T. hemprichii dominating 

due to their tall morphology, large biomass, and high 

resistance to environmental pressure (Risandi et al. 2023). 

In addition to natural drivers, anthropogenic disturbances 

such as destructive fishing, anchoring, and waste disposal 

have further degraded the ecosystem (Jompa et al. 2005), 

limiting the survival of smaller and more fragile species. 

This dominance of robust taxa in high-energy settings 

aligns with Waycott et al. (2009), who emphasized that 

large-leaved seagrasses are better adapted to exposed reef 

environments. Overall, the seagrass distribution in Langkai 

reflects a clear zonation gradient, where inner islands 

sustain higher diversity, middle zones moderate richness, 

and outer zones have the lowest species composition. 

Environmental conditions in the inner zone provide 

sheltered habitats that support a wide variety of seagrass 

species, while outer zones are exposed to high hydrodynamic 

energy that restricts the establishment of smaller or fragile 

taxa, leaving only large and resilient species (Kilminster et 

al. 2015). These zonal differences in species richness 

emphasize the critical role of habitat heterogeneity in 

maintaining seagrass diversity across the Spermonde 

Archipelago. Barrang Lompo, with the highest diversity, 

could serve as a reference site for monitoring ecosystem 

health, whereas management efforts in Badi should prioritize 

reducing anthropogenic pressures to prevent further 

biodiversity decline. Choesin et al. (2024) showed that 

seagrass ecological quality indices are strongly influenced 

by both habitat conditions and human activities, underscoring 

the need for integrated assessment. Combining these indices 

with remote sensing-based monitoring, as applied in this 

study, offers a valuable approach for strengthening long-

term conservation and management strategies in the region. 

 

Table 2. Oceanographic conditions for seagrass in Barrang Lompo Island, Badi Island, and Langkai Island in South Sulawesi Province, 

Indonesia 

 

Parameter Unit  
Island 

Quality standards (Ministry of Environment 2004) 
Barrang Lompo Island Badi Island Langkai Island 

Temperature ⁰C 30.7±0.7 30.2±0.8 32.5±0.8 28 - 32 

Salinity o/oo 33.6±0.7 30.3±0.7 32±0.7 33 - 34 

Clarity  

(visibility) 

% 100±0 100±0 100±0 - 

Nitrate Mg/l 0.89±0.26 0.91±0.26 0.31±0.02 0.008 

Phosphate Mg/l 0.26±0.02 0.27±0.05 0.05±0.01 0.015 

Substrate  Sand Sand-Rubble Sand - 
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Oceanographic condition  

Table 2 indicates that environmental factors 

significantly influence the distribution, growth, and 

development of seagrass species in marine environments. 

Water temperatures across sites ranged from 30.2±0.8-

32.5±0.8°C, salinity ranged from 30.3±0.7-33.6±0.7‰, and 

clarity reached 100%. The dominant substrate was sand, 

with some coral rubble in certain areas listed in the table 

below. 

The analysis of oceanographic parameters across the 

three islands in the Spermonde Archipelago reveals notable 

environmental differences that could impact seagrass 

density. Overall, water temperature stayed within the optimal 

range specified in the Ministry of Environment Decree 

(KepMen LH No. 51/2004), which is 28-32°C, except at 

Langkai Island, where the temperature slightly surpassed 

the upper limit (32.5°C). Higher temperatures above 32°C 

may cause thermal stress in seagrasses (Zhang 2016). 

Exposure to elevated temperatures can promote microbial 

reduction reactions, leading to hypoxia in the substrate and 

the formation of sulfide, which negatively affects the 

survival and growth of seagrass. This indicates that the 

temperature parameter shows a significant value of p = 

0.010, indicating a real difference between islands, supported 

by Pearson correlation results, where salinity has a 

significant negative correlation with seagrass density (r = -

0.589; p = 0.048), suggesting that an increase in salinity 

generally correlates with a decrease in seagrass density. 

Salinity at the research site varies from 30.3 to 33.6‰. 

These values are mostly just below the standard quality 

threshold of 33-34‰, particularly on Badi Island and 

Barrang Lompo. Shen et al. (2022) reported that seagrass 

mortality rates at salinity levels from 25 to 35 ppt do not 

exceed 10%, and all plants grow normally with green 

leaves, although drastic changes can affect seagrass growth 

and distribution. Salinity shows a very weak and 

insignificant positive relationship with seagrass density (r = 

0.116; p = 0.384). These results indicate that the variation 

in salinity at the research location remains within the 

physiological tolerance range of seagrass, thus not having a 

significant effect on seagrass density. Therefore, salinity is 

not the main limiting factor in the environmental conditions 

of this study. 

The clarity remains consistently optimal at 100% across 

all sites. Water clarity was measured during low tide, 

which significantly affects how we interpret these values. 

Higher brightness allows better light penetration to the 

seabed, critical for seagrass photosynthesis. Moreover, 

increased brightness indicates low sedimentation and 

turbidity, which helps seagrass growth. This supports 

Duarte's (1991) assertion that light availability is the key 

limiting factor for healthy seagrass ecosystems.  

The nutrient parameters significantly exceed the quality 

standards established by the Minister of Environment, 

particularly nitrate (standard 0.008 mg/L) and phosphate 

(0.015 mg/L). At all sampling sites, the highest nitrate level 

was recorded on Barrang Lompo Island at 0.89 mg/L, 

while the highest phosphate level was on Badi Island at 

0.27 mg/L. Although values on other islands were lower, 

they still indicate eutrophication pressure. Nutrient 

concentrations also vary notably across locations, with 

nitrate showing a p-value of 0.022 and phosphate a more 

significant p-value of less than 0.001, suggesting big spatial 

differences. Regression analysis confirms that higher levels 

of these nutrients are positively associated with declining 

seagrass density. Correlation analysis reveals significant 

positive relationships: nitrate (r = 0.588; p = 0.048) and 

phosphate (r = 0.593; p = 0.046). This could be due to two 

reasons: (i) seagrass acts as a biofilter, absorbing more 

nutrients in denser areas, or (ii) nutrient-rich sites are near 

human activity zones that contribute runoff, which still 

retain dense seagrass coverage. According to Murphy et al. 

(2021), initially, nutrient increases boost seagrass productivity, 

but over time, they lead to eutrophication, epiphytic algae 

growth, and a reduction in seagrass density. 

The substrate conditions on the three islands are 

dominated by sand and coral rubble, which are ideal 

substrates for seagrass species in tropical waters. Sandy 

substrates facilitate root establishment and rhizome extension, 

as well as support sediment stability. According to Randayani 

et al. (2019), substrates are one of the important factors that 

determine the distribution and success of seagrass growth. 

Hydrodynamic conditions are crucial in determining 

seagrass distribution and sediment features in the Spermonde 

Islands. During the November-March monsoon, strong 

hydrodynamic energy results from the interaction between 

seasonal winds and wave energy from the Pacific Ocean, 

which significantly affects the region’s fringing reef 

systems (Cleary et al. 2005; Ambo-Rappe 2022). This 

period also sees increased water circulation driven by the 

Indonesian Throughflow (ITF), a key global current 

transporting warm Pacific waters through the Makassar 

Strait toward the Indian Ocean. In the Spermonde Archipelago, 

the ITF combines with monsoonal winds, tidal movements, 

and reef morphology, creating distinct hydrodynamic regimes 

across the inner, middle, and outer island zones. The 

Indonesian Throughflow (ITF) is a global current system 

that transfers warm water from the Pacific Ocean to the 

Indian Ocean through Indonesian waters, including the 

Makassar Strait (Feng et al. 2018; Risandi et. al. 2023).  

The inner islands, closer to the mainland, benefit from 

calmer conditions, lower wave activity, and higher nutrient 

levels, supporting dense, thriving seagrass meadows. The 

middle islands experience moderate influence from the 

ITF, where a balance between current strength and sediment 

movement creates favorable conditions for intermediate 

seagrass development. Conversely, the outer islands are 

subjected to stronger ITF currents and higher waves, which 

increase hydrodynamic stress and result in sparser seagrass 

coverage (Rahayu et al. 2019). 

Sedimentological studies show that sediments across 

the Spermonde Archipelago mainly consist of medium- to 

coarse-grained sands, primarily made up of coral and 

coralline algae fragments. Differences in sediment types 

between the exposed outer shelf islands and the sheltered 

inner shelf islands highlight active sediment transport 

processes influenced by local water dynamics and reef 

formations (Janßen et al. 2017). 

Hydrodynamic processes shape the variation of organic 

carbon stocks in seagrass sediments. These stocks are 
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influenced by factors such as the inshore-offshore gradient, 

sediment redistribution caused by currents, and nutrient 

dynamics, all of which affect seagrass productivity and the 

accumulation of organic carbon in sediments (Rahayu et al. 

2019). 

The combined effects of monsoon winds, the Indonesian 

Throughflow, and reef morphology create a clear environmental 

gradient across the Spermonde Islands. This gradient impacts 

seagrass density, species diversity, sediment characteristics, 

and the potential for carbon storage within ecosystems. 

Protected inner islands host dense seagrass beds, while the 

exposed outer islands experience harsher conditions that 

limit seagrass growth (Rahayu et al. 2019). Although water 

clarity and suitable substrates are generally favorable, 

elevated nutrient levels at the sites suggest ongoing 

eutrophication, which could threaten the long-term health 

of these seagrass ecosystems. The strong correlation 

between environmental factors and seagrass density 

indicates that local oceanographic conditions-particularly 

nutrient levels and salinity-are crucial in shaping ecosystem 

dynamics in the Spermonde Islands. 

Accuracy test of seagrass mapping and implications for 

change analysis 

The accuracy assessment confirms that the observed 

spatial-temporal trends are supported by highly reliable 

classification results. Overall accuracy values ranged from 

91.88% to 96.25% across the study sites, indicating that the 

majority of validation samples were correctly classified. 

These high accuracy levels demonstrate the robustness of 

the classification approach in distinguishing seagrass from 

other benthic habitats in the Spermonde Archipelago. 

Furthermore, Kappa coefficients ranging from 0.89 to 

0.95 indicate strong to near-perfect agreement between the 

classified maps and the reference data, after adjusting for 

chance agreement. The consistently high Kappa values 

confirm that the classification performance reflects genuine 

discriminatory capability rather than random coincidence. 

Consequently, the detected declines in seagrass extent can 

be interpreted with high confidence, providing a solid 

foundation for assessing ecosystem change and informing 

management and conservation strategies. 

Area of seagrass 

Based on the outcomes of image classification and 

spatial analysis, the area of seagrass at the three research 

sites was determined (Figure 3). Seagrass meadows across 

the Spermonde Islands exhibited a steady decline from 

2015 to 2025, signaling mounting stress on these 

ecosystems throughout the archipelago. While every island 

faced reductions, the extent of the decline varied in 

absolute size and percentage, highlighting differences in 

local environmental factors, island shapes, and human 

activities. 

Figure 4 shows that the largest absolute reduction in 

seagrass area occurred on Barrang Lompo Island, where it 

decreased by 12.53 ha, from 40.82 ha in 2015 to 28.29 ha 

in 2025. Langkai Island also saw a similar decline of 12.23 

ha, with seagrass coverage dropping from 45.54 ha to 33.31 

ha over the same period. Meanwhile, Badi Island 

experienced a smaller loss of 3.91 ha, decreasing from 6.97 

ha to 3.07 ha. 

Badi Island saw the most severe decline in seagrass, 

losing about 56.02% of its extent when measured 

proportionally (Table 3). Its small initial seagrass meadow 

area makes it more vulnerable, so even minor disturbances 

cause significant proportional losses. The dominance of 

coral reef substrates limits sediment stability, making 

seagrass establishment more sensitive to physical disturbances 

(Jompa et al. 2005). These natural challenges are worsened 

by human activities like fishing, destructive gear use, and 

increased household waste. Nutrient pollution and higher 

turbidity from domestic waste decrease water clarity and 

light, hindering seagrass photosynthesis, growth, and long-

term survival. 

 
 

   
Extend of the area of seagrass in 2015 

   
Extent of the area of seagrass in 2025 

 

Figure 3. The extent of the area of seagrass in South Sulawesi 

Province, Indonesia: Barrang Lompo Island, Badi Island, and 

Langkai Island in 2015-2025 

 

 

 

Table 3. Percentage of seagrass loss in Barrang Lompo, Badi Island, and Langkai Islands in South Sulawesi Province, Indonesia 

 

Island 2015 (HA) 2025 (HA) Δ HA %Decline 95% CI extent 2025 

Barrang lompo 40.82 28.30 12.53 30.69% 22.41-28.29 

Badi 6.97 3.07 3.91 56.02% 2.29-3.04 

Langkai 45.54 33.31 12.23 26.86% 28.13-33.31 
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Figure 4. Extent of the area of seagrass in Barrang Lompo Island, Badi Island, and Langkai Island in South Sulawesi Province, Indonesia 

 

 

 

Barrang Lompo Island experienced an intermediate 

decline of about 30.69% (Table 3). As a highly populated 

island, its seagrass ecosystem is greatly affected by 

ongoing human activities, including household waste 

disposal, destructive fishing methods like bombs and 

poisons, coastal reclamation, and frequent physical 

disturbances from boat anchoring. Seasonal changes, 

especially the decrease during the dry season (Selamat et 

al. 2025), add to these pressures. Its close proximity to 

Makassar City also subjects the island to external urban 

impacts, such as pollution and increased resource 

extraction. This aligns with previous research indicating 

that higher population density correlates with seagrass 

decline in small island settings (Mashoreng et al. 2021). 

Langkai Island experienced the smallest proportional 

decline at 26.86% (Table 3), maintaining the largest 

seagrass area throughout the study. As an outer island, 

Langkai is mainly affected by open-ocean hydrodynamics, 

including strong currents, waves, and sediment transport, 

which influence seagrass distribution on exposed reef flats 

composed of carbonate sediments. Although human 

activities like unsustainable resource exploitation and 

nutrient runoffs from local settlements, alongside natural 

upwelling (La Nafie 2016), contribute to seagrass loss, the 

island's lower population density compared to inner islands 

probably explains why Langkai still has the greatest 

remaining seagrass coverage in the Spermonde 

Archipelago. 

In conclusion, the decline in seagrass coverage across 

the Spermonde Islands results from the interaction between 

anthropogenic pressures and natural oceanographic processes. 

Destructive fishing practices, pollution, coastal development, 

and unsustainable resource extraction represent the dominant 

human-induced stressors, while hydrodynamic forces and 

sediment dynamics act as additional natural constraints. 

This pattern aligns with McKenzie et al. (2020), who 

emphasized that tropical seagrass ecosystems are highly 

vulnerable to multiple, overlapping stressors that operate 

simultaneously across spatial scales. Continued seagrass 

loss poses serious implications for blue carbon storage, 

fisheries nursery functions, and the livelihoods of coastal 

communities that depend on these ecosystems. 
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