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Abstract. Setiahadi R, Lukitasari M, Dewi NK, Sumani, Retnaningdyah C, Mukhtasor. 2025. Analysis of the factors contributing to the 
degradation of coral reefs and marine biota at Pasir Putih Beach, Prigi Bay, Trenggalek District, East Java, Indonesia. Biodiversitas 
26: 1384-1394. The deterioration of coral reefs and marine ecosystems poses a significant challenge that needs to be addressed to 
maintain sustainable marine ecotourism management. Both natural processes and human activities contribute to the decline of coral reef 
ecosystems. This study seeks to examine the factors causing damage to coral reefs and marine life along the Karanggongso Coast, East 

Java Province, Indonesia. The research utilized a survey method combined with a descriptive analytical approach. Coral reef surveys 
were conducted using the Line Intersept Transect (LIT) technique, while sedimentation and land cover changes were assessed using grab 
samplers, Google Earth maps, and Rupa Bumi Indonesia (RBI) maps. Beach physical condition observations provided material for 
descriptive analysis, and coral reef and sedimentation data were used to create indicative maps. The overlay of indicative maps and 
descriptive analysis results were employed in the spatial analysis of factors destroying coastal ecosystems. The study findings revealed 
the Physical Condition of the Waters, with indicators including temperature (28.7oC), salinity (35%), dissolved oxygen (13.2 Ppm), pH 
(7.73), and brightness (4.5m). While these conditions remain favorable, extensive sedimentation has reduced the Percentage of Coral 
Reef Cover to below 24.9%. Analysis of sedimentation from land use change indicates that significant areas of forest and shrubland 

have been converted to agricultural land, settlements, tourist facilities, and several shrimp ponds, leading to erosion and sedimentation. 
The size of the sediment grains in the water reflects the predominant sand content at each station, with values ranging from 99.19% to 
99.63%. 

Keywords: Ecotourism, education, factors driving coral reef degradation, marine biota 

INTRODUCTION 

The development strategy for coastal areas in 

Trenggalek District is stipulated in regional regulation 15 

of 2012 concerning the Spatial Plan of Trenggalek District, 

East Java, Indonesia for 2012-2032 (Bappedalitbang 
Trenggalek District 2024). While coastal regions offer 

development opportunities, they also require preservation 

through planned resource management and rational land 

use (Watt-Pringle et al. 2023), including areas like Pasir 

Putih Beach in Karanggongso Village, Trenggalek District. 

Coastal ecosystems are highly productive and diverse, 

supporting various economically valuable activities (Lee et 

al. 2019). However, rapid population growth and increased 

economic activities in these areas lead to social issues and 

environmental challenges (Lara-Pulido et al. 2021; Giyanto 

et al. 2023). To address threats to biodiversity and 

ecosystem management in coastal regions, sustainable 
spatial planning is necessary, considering geographical and 

socio-cultural factors such as demographics, population 

distribution, and other strategic aspects (Vidayanti and 

Retnaningdyah 2024). The aim of this spatial organization 

is to promote sustainable development that incorporates 

educational (Sukri et al. 2023), economic, socio-cultural, 
and environmental elements, while ensuring equitable 

development (Glaser et al. 2018). 

Coastal waters and marine resources exhibit a unique 

diversity that necessitates comprehensive area management 

(Hidayat et al. 2023). Research has shown that there are 

functional ecological connections among coastal 

ecosystems, as well as between coastal and highland areas 

and the open ocean (Giyanto et al. 2023; Cahyani and 

Nugroho 2024). For instance, alterations in one coastal 

ecosystem, such as mangroves, will eventually impact 

other ecosystems (Gudka et al. 2023; Cahyani and Nugroho 

2024; Sartori 2024). Furthermore, coastal forests and coral 
reefs have the capacity to act as carbon sinks, similar to 

community forests, thereby mitigating the effects of 
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climate change (Wirabuana et al. 2020; Sartori 2024). 

Coral reefs play a crucial role in supporting the local 

economy. The socioeconomic benefits that communities 

derive from coral reef ecosystems can be evaluated not 

only in monetary terms but also through qualitative 

assessments (Sabbagh and Hickey 2020; Isdianto et al. 

2024). These qualitative evaluations can enhance our 

understanding of the vital role coral reefs play in people's 

everyday lives (Delevaux et al. 2018; Mujahidah et al. 

2023). 
Pasir Putih Beach, situated within the 'Pegunungan 

Seribu' Geo-park landscape, is highly susceptible to climate 

change impacts. Consequently, it is essential to develop 

climate change mitigation strategies to prevent the 

destruction of coral reef ecosystems, which are vital for 

sustaining the income sources of coastal communities (Sari 

et al. 2021). Coral reef damage can result from both natural 

and human-induced factors (Graham et al. 2020).  

Karanggongso's Pasir Putih Beach in Trenggalek 

District is a conservation area with the potential to become 

an underwater tourist destination due to its coral reefs and 
diverse marine life. However, these ecosystems are 

currently facing severe degradation caused by 

sedimentation, alterations in land cover, and harmful 

practices by fishermen and visitors. The sedimentation is a 

result of the Southern Cross Roads (SCR) construction and 

changes in land cover within nearby watersheds. The 

primary challenge for ecotourism in this region is the 

deterioration of coral reefs and marine ecosystems due to 

sedimentation and coastal land cover destruction. To date, 

no comprehensive solution has been developed through a 

collaborative process involving all stakeholders to create a 
management model for ecotourism areas that adapts to 

changes in physical conditions and aquatic ecosystems. 

An alternative method for addressing conflicts in ideas 

and authority within natural resource management is the 

deliberative approach (Setiahadi et al. 2017). This process 

offers all parties an equal chance to identify existing 

problems and create solutions (Setiahadi et al. 2019). To 

enhance problem-solving strategies, policy monitoring 

implementation must incorporate the deliberative process 

(Setiahadi et al. 2020). Developing such strategies through 

deliberation requires stakeholder collaboration. 

This study examines how natural and human factors 
affect coral reefs and marine life degradation. The study 

results were used to develop marine ecotourism objects on 

Pasir Putih Beach. The findings will contribute to an 

integrated ecotourism planning strategy developed through 

deliberation. This approach seeks to align the interests of 

all stakeholders, particularly in the socio-economic, marine 

conservation, and ecotourism management subsystems, 

with the Trenggalek District's development plans. 

MATERIALS AND METHODS 

Study area 

The study was carried out in the Pasir Putih Beach area 
of Karanggongso village, located within Prigi Bay, 

Trenggalek District, East Java Province, Indonesia. The 

geographical coordinates of the research site are between 

111043'08" and 111060'80" East Longitude (EL), and 

8o14'43" and 8o24'00" South Latitude (SL). Figure 1 

displays a map illustrating the location of the research area. 

The area of Karanggongso beach used for research is 1.5 

km2. 

 

 

 

 
 
Figure 1. Maps of location research in the Pasir Putih Beach, Prigi Bay, Trenggalek District, East Java Province, Indonesia 

Prigi Bay 
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Procedure 

The research began with an examination of natural 

elements, gathering both primary and secondary 

information on the aquatic and coral reef environments. 

The assessment of physical conditions involved measuring 

seawater salinity, clarity, and temperature. Coral reef health 

was evaluated using the Line Intercept Transect (LIT) 

technique to obtain data on reef composition and coverage 

(Tuwo and Tresnati 2021). These datasets would be used to 

create a coral reef map depicting current conditions at the 
time of the study. The investigation of human factors 

focused on analyzing sedimentation resulting from changes 

in land cover and conservation efforts by tourism 

management. To support this analysis, sedimentation areas 

were mapped using cartographic tools and drone 

technology (Tuwo and Tresnati 2021). The findings from 

the water condition survey were examined using a 

descriptive approach, while coral reef status and 

sedimentation extent were analyzed through indicative map 

creation. The combination of indicative map overlays and 

descriptive analysis facilitated the spatial examination of 
factors contributing to material damage. Figure 2 illustrates 

the research and analysis steps for identifying the causes of 

coral reef and marine life degradation at Pasir Putih Beach. 

Data collection and analysis 

The study employs a survey method, which is one of 

the techniques utilized in Participatory Action Research 

(PAR). PAR has not been extensively applied to investigate 

the causes of ecosystem degradation due to the 

complexities involved in verifying and balancing facts 

related to sustainable management issues (Hendrastiti et al. 

2024). The survey aims to gather both primary and 
secondary data concerning natural/environmental factors 

and human factors. At designated observation plot points, 

physical water conditions such as salinity, clarity, and 

seawater temperature are measured using transects and 

sampling with 5 repetitions.  

Coral reef assessments are conducted using a 50 m 

transect aligned with the coastline (Tiu and Abelson 2023; 

Komala et al. 2024). Sedimentation data is obtained 

through sediment grain analysis and in-depth interviews 

with tourist attraction managers. Respondents are selected 

through purposive sampling. An indicative map of the area 

is created using Google Earth maps, Rupa Bumi Indonesia 
(RBI) maps, and drone-assisted ground checks. Padding 

points for transect placement are established at each 

location using the Line Intercept Transect technique and 

sediment grain testing. Coral lifeforms intersecting the 

transect are documented and photographed for subsequent 

identification based on condition and taxonomy (Sartori 

2024).  

Using the LIT method, a single point is selected at each 

site to establish the transect location (Wang et al. 2024). 

The coral lifeforms intersecting the transect are 

documented, captured in photographs, and classified based 
on their state and taxonomic group (Cahyani and Nugroho 

2024; Patty et al. 2024). This collected information allows 

for the determination of coral cover percentage, lifeform 

prevalence, lifeform diversity, and the proportions of dead 

and living corals. The analysis of the data involves 

calculating the overall percentage of coral reef coverage 

using the Cox (1967) method: 

 

 
 

Determination of mortality index value based on the 

formula (Hill and Wilkinson 2004): 

 

  
 

Where, 

IM : Mortality Index 

KM : Dead Coral Cover Percentage 

KH : Live Coral Cover Percentage 

 

To determine the condition of coral reef cover based on 

the percentage of live coral reef cover, the criteria of 

Gomes and Yap (1984) are used, as listed in Table 1 (Hill 

and Wilkinson 2004).  
 

 

 
 
Figure 2. Research procedure of analysis of causes factors of the 
degradation of coral reefs and marine biota on Pasir Putih Beach, 
Trenggalek, East Java, Indonesia 
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Table 1. Criteria for a percentage of live coral reef cover 
 

Parameter 
Standard criteria for coral reef 

damage (%) 

Percentage of living 
coral reef cover area 

Damage Bad 0-24,9 
Middle 25-49.9  

Good Good 49.9-74.9 
Very Good 75-100 

 
 

 

The main data for examining sediment particles is the 

fundamental sediment obtained from the coastal waters of 

Karanggongso's Pasir Putih Beach. Supplementary 

information for this research includes maps from Google 

Earth and RBI provided by the Geospatial Information 
Agency. Using the purposive sampling method, bottom 

sediment rate data was gathered at 5 coastal locations using 

a grab sampler. The sedimentation rate information was 

processed by calculating dry volume, while surface 

sediment data underwent granulometry analysis to 

determine sediment types. A grab sampler was employed to 

collect primary data. secondary data was acquired from 

https://earth.google.com/web for Google Earth and 

https://tanahair.indonesia.go.id/ for RBI maps. Satellite 

imagery from 2006, 2011, 2017, 2021, and 2023 was 

utilized. Information systems conduct digital, visual, and 
geographic analyses of the imagery to assess its 

appearance. 

RESULTS AND DISCUSSION 

Results 

Physical condition of coastal waters 

To evaluate ecological parameters at each observation 

site, environmental variables are monitored. Table 2 

presents the findings from the environmental parameter 

observations conducted during the study. At Pasir Putih 

Beach, the water temperature measures 28.0-30.1°C, which 

is conducive to coral reef ecosystems. While coral reefs 

thrive best in waters ranging from 23-25°C, they can 
endure temperatures up to 36-40°C (Mcquaid 2021). The 

observed average seawater temperature falls within the 

acceptable range set by the Ministry of Environment 

Decree No. 51/2004, which specifies 28-30°C for coral 

reefs and seagrass beds and 28-32°C for mangrove forests. 

Along with temperature, salinity plays a crucial role in 

coral reef survival. Salinity acts as a limiting factor, with 

corals only able to thrive within specific ranges. The 

measured salinity at the beach is 34-35%, aligning with the 

ideal range of 30-35% for coral growth (Ding et al. 2022). 

Consequently, corals are scarce in areas with large river 
estuaries, high rainfall, or excessive salt content. Salinity 

extremes can impede coral growth rates, with the extent of 

this impact varying based on each coral species' tolerance 

to salinity fluctuations (Oetama et al. 2024). 

The synergistic impact of elevated temperature and 

reduced salinity on coral bleaching and zooxanthellae was 

observed. When corals were subjected to the maximum 

temperature (33°C) and minimum salinity (10 psu), 

extensive bleaching (50-90%) occurred, accompanied by 

increased symbiont concentrations in the surrounding water 

(Patthanasiri et al. 2022).  

The Dissolved Oxygen (DO) concentration of 10.0-13.5 

ppm is optimal for coral reef development, indicating that 

Pasir Putih Beach waters are likely free from industrial 

contamination. This high oxygen level is attributed to 

phytoplankton and aquatic plant photosynthesis, facilitated 

by adequate sunlight. Additionally, in coastal regions, the 

upwelling of nutrient-rich bottom water enhances 
phytoplankton photosynthesis, further contributing to 

elevated DO levels (Bettencourt et al. 2020). Algae 

demonstrated significantly higher tolerance to extremely 

low oxygen levels (2-4 mg L−1) compared to corals. While 

corals could withstand reduced oxygen concentrations, they 

had a specific threshold determined by exposure duration 

and concentration. Surpassing this limit resulted in rapid 

coral tissue loss and death. Hypoxia may play a crucial 

role, or in some instances be the primary cause, of coral 

tissue degradation during coral-algae interactions (Haas et 

al. 2014).  
The acidity level (pH) of 7.1-7.8 falls within the 

acceptable range of 6-9 for various purposes (Ding et al. 

2022). This pH value in the waters surrounding Pasir Putih 

Beach is ideal for coral reef growth. Typically, marine 

water pH ranges from 7.0 to 8.5 (Khusnah et al. 2019). 

Ocean Acidification (OA) poses a significant threat to coral 

reef ecosystems by reducing the availability of carbonate 

ions necessary for coral skeleton formation. Coral skeletal 

growth involves two distinct processes: extension (upward 

growth) and densification (lateral thickening). Skeletal 

density is directly affected by changes in seawater 
carbonate ion concentration and thus, by OA, while 

extension is not (Mollica et al. 2018). Mollica et al. (2018) 

introduce a numerical model of Porites skeletal growth that 

connects skeletal density to the external seawater 

environment through its influence on coral calcifying fluid 

chemistry. They validate this model using existing coral 

skeletal datasets from six Porites species across five reef 

sites and employ this framework to forecast the impact of 

21st century OA on Porites skeletal density throughout the 

global tropics. Their model predicts that OA alone will lead 

to a decline of up to 20.3±5.4% in the skeletal density of 

reef-building Porites corals. 
Immediate measures to combat ocean acidification are 

required at both global and local levels, including CO2 

mitigation and ecosystem protection, adaptation, and 

restoration. The diverse legal, economic, and social 

contexts, coupled with the intricate connections between 

threats to coral reef ecosystems, necessitate that 

governmental and stakeholder efforts to safeguard specific 

coral reef systems be tailored to the unique circumstances 

and priorities of the communities relying on those systems, 

while considering relevant national, regional, or global 

commitments (Allemand and Osborn 2019). 
The water quality parameters evaluated are brightness 

and depth, which are closely interrelated as brightness 

diminishes with increasing water depth. Greater brightness 

values in water bodies indicate higher light penetration. 

Sunlight intensity plays a crucial role for coral reefs and 
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their symbiotic organisms (zooxanthellae). At Pasir Putih 

Beach in Karanggongso, the water brightness measures 

approximately 2.2-4.7 m. 

Percentage of coral reef cover 

The percentage of coral cover at Pasir Putih Beach at a 

depth of 5 m is presented in the following Table 3. The 

environmental conditions of a habitat determine the 

prevalent coral species found there. Each coral reef 

ecosystem is characterized by a particular type of coral that 

thrives in those specific conditions. In the flat regions of 
coral reefs, smaller corals are typically dominated by 

massive, submassive, and branching varieties (Ceccarelli et 

al. 2022). Figure 3 illustrates the coral reef coverage 

percentages at Pasar Putih Beach in Karanggongso. 

The coral reef is situated in close proximity to the 

shore, featuring a broad sandy area and relatively gentle 

water movement. Based on observations at the location, 

coral community structure includes Coral Branching (CB), 

Coral Foliose (CF), Coral Massive (CM), Coral Mushroom 

(CMR), and Coral Submassive (CS). The overall health of 

the coral is favorable, as evidenced by the substantial 
presence of CB and CF. CF  is a prevalent variety that 

readily adjusts to aquatic environments characterized by 

waves, turbidity, and sedimentation (Riegl and Piller 1999; 

Graham et al. 2020). Riegl and Piller (1999) stated that 

foliated corals in regions with strong currents can generate 

micro-currents within their structures, passively aiding in 

sediment removal from colony surfaces. CM observed at 

Pasir Putih Beach primarily takes the form of spherical 

shapes or solid, hard chunks. Despite the relatively calm 

currents, coral massive exhibits satisfactory growth at the 

study site. However, the massive coral growth form 
typically thrives better in environments with stronger 

currents. Mushroom coral is found solitary shaped like a 

mushroom and comes from the species. Indications used 

that an area is experiencing damage to its coral reefs are the 

cover of rubble and the presence of algae.  

Rubble is a form of irregular coral fractures that can be 

caused by natural disasters, the use of explosives to find 

fish, coral mining for building materials, anchor dumping, 

and other destructive human activities. Algae is one of life 

for coral reefs, algae will be very difficult to live and grow 

on good coral reefs (Samuel et al. 2023). The study 

location revealed a Dead Coral Algae (DCA) percentage of 
11,24%. This comparatively high proportion of dead coral 

is believed to result from the substantial amount of 

sediment transported by water currents. Sedimentation can 

have lethal consequences for coral reefs, as burial impedes 

growth rates. The abrasive effect of sediment particles 

hinders zooxanthellae photosynthesis, reduces coral 

abundance and diversity, diminishes the percentage of live 

coral cover, and impedes coral reef recovery. 

Sedimentation is one of the limiting factors for coral life. 

Suspended and deposited sediment have negative effects on 

the coral community. The rate of sedimentation can lead to 
low coral cover, low growth rate and low recruitment 

(Limmon and Marasabessy 2019). Sediments affect corals 

in numerous ways including smothering, abrasion, shading, 

and inhibition of coral recruitment. Sediment delivery 

resulting in deposition and water quality deterioration can 

cause degradation at the spatial scale of corals or entire 

reefs (Rogers and Ramos-Scharrón 2022).  

Satellite imagery analysis and extensive interviews 

reveal that sedimentation poses the greatest threat to coral 

reefs near Pasir Putih Beach. Activities such as 

deforestation, road construction, and non-terraced 

agricultural expansion contribute to increased sediment in 

surface runoff, which ultimately reaches rivers and settles 

in coastal and marine areas. Human actions that disregard 
environmental sustainability, even those occurring far 

upstream, can harm coastal and marine ecosystems. Fine 

and coarse suspended sediment particles negatively affect 

coastal and marine life through three primary mechanisms. 

Firstly, sediment covers or clogs the respiratory systems of 

marine organisms, particularly benthic species like coral, 

seagrass, and algae, leading to asphyxiation. Secondly, 

increased water turbidity from sedimentation reduces light 

penetration, impacting light-dependent organisms and 

benthic communities reliant on sunlight for photosynthesis. 

Thirdly, sediment from agricultural areas rich in nitrogen 
and phosphate can trigger eutrophication, with phosphate 

typically found in higher concentrations in sediment from 

fertilized soil due to its strong binding to soil particles. 
 
 

 
Table 2. Environmental parameters observed at Pasir Putih 
Beach, Trenggalek, East Java, Indonesia 
 

Parameter Value QS 

Salinity (%) 34-35 33-34 
Temperature (0C) 28.0-30.1 28-32 

Dissolved oxygen (ppm) 10.0-13.5 >5 
pH 7.1-7.8 7-8.5 
Brightness (m) 2.2-4.7 NA 
Current speed (m/s) 0.9-3.9 NA 

Source: Primary data processed (2024). Note: QS: Quality 
Standard based on Appendix III of KepMen LH No 51 2004; NA: 
Not Available 
 

 
 

Table 3. Percentage of coral reef cover 
 

Types of coral reefs Genus 
Percentage 

(%) 

Coral Branching (CB) Porites 19.40 

Coral Foliose (CF) Montipora 13.22 
Corak Massive (CM) Favites, Favua and 

Goniastrea 
5.22 

Coral Mushroom (CMR) Herpolitha and Fungia 1.46 
Coral Submassive (CS) Pocillopora 8.52 
Dead Coral Algae (DCA) - 11.24 
Rubble (RB) - 18.74 
Rock - 11.84 

Silt (S) - 9.5 
Water (W) - 0.86 

Source: Primary data processed (2024) 
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The characteristics of bottom materials, including size, 

shape, and composition, play a significant role in 

sedimentation and erosion along stable coastlines. Key 

factors influencing sediments include composition, size, 

grain distribution, shape, porosity, and settling speed, with 

grain size distribution being particularly important. The 

study site's sediments consisted of sandy clay fractions and 

loamy sands, with fine particles dominating the water's 

bottom. The calm nature of ocean currents in the area 

allows suspended particles to settle more rapidly. 
The aforementioned alterations took place in 2006, 

2011, 2017, 2021, and 2023, resulting in increased turbidity 

and harm to coral ecosystems. Coastal conditions are 

monitored along the shoreline. Interviews with local 

inhabitants revealed evidence of sediment accumulation. 

Shorelines with white sand exhibit indications of new 

sediment buildup extending seaward. The beach face slope, 

typically situated 5-8 meters from the coast and 

approximately 10 meters deep, is diminishing. This slope's 

sediment suggests material transport from land to shore 

through erosion and surface runoff, with deposition 
occurring beyond the beach crest. Karanggongso's Pasir 

Putih Beach experiences mixed tides with a single 

dominant pattern. Typically, tidal currents move shoreward 

during high tide and retreat to the bay during low tide. 

Land erosion issues are also addressed in research by 

(Limmon and Marasabessy 2019), which notes 

exacerbation by rainfall, vegetation, organic matter, and 

human activities. Another study by Jones et al. (2020), 

proposes that sediments directly falling onto coral reefs and 

other organisms, or suspended in the water column, may 

reduce light availability necessary for photosynthesis, 
growth, and coral calcium formation. The outcomes of 

laboratory analysis on sedimentation samples indicate the 

average grain size at each collection site, as illustrated in 

Table 4. 

Examination of water samples revealed a predominant 

sand composition at each location, with percentages 

ranging from 99.19% to 99.63% (Table 4). Web-based map 

analysis indicated alterations in coastal water conditions, 

showing an expansion of sedimentation areas across 

numerous regions of Karanggongso's Pasir Putih Beach. 

Sediment properties, including grain size, hue, and mineral 

content, influence sedimentation or suspension processes 
and light absorption capacity (Tuttle and Donahue 2022). 

Sediment particles exceeding 2 mm in size typically sink to 

the ocean floor and may contribute to coral reef erosion 

during periods of high wave activity (Serrano-Moreno 

2024). Conversely, fine particles (<0.063 mm) often remain 

suspended, diminishing light penetration. The presence of 

minute sediment particles in coral environments can 

enhance bacterial activity (Tuttle et al. 2020). This may 

result in coral exposure to dissolved substances such as 

heavy metals and other pollutants, including pesticides 

adhering to clay minerals. 
 
 
 

Table 4. Results of the type of sediment grain size at the 
observation point at Pasir Putih Beach of Karanggongso, 
Trenggalek, East Java, Indonesia 
 

Observation 

points 

Content (%) Sediment 

name 

Grain size 

(mm) Sand  Silt Clay 

1 99.19 0.73 0.07 Sand 0.435 
2 99.63 0.32 0.03 Sand 0.417 
3 99.34 0.60 0.05 Sand 0.425 
4 95.45 4.06 0.47 Sand 0.329 
5 99.36 0.58 0.05 Sand 0.435 

 

 

 

 
 
Figure 3. Coral reef cover at Pasar Putih Beach of Karanggongso, Trenggalek, East Java, Indonesia 
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Figure 4. Some coral reefs of Pasir Putih Beach, Karanggongso, Trenggalek District, East Java, Indonesia. A. Coral Branching 
(Porites); B. Coral Foliose (Montipora); C. Coral Massive (Goniastrea); D. Coral Massive (Favites); E. Coral Mushroom (Fungia); F. 
Coral Submassive (Pocillopora); G. Rubble; H. Dead Coral with Algae (DCA) 
 

 

The characteristics of sediment play a crucial role in 

sedimentation, erosion, and coastal stability. Key factors 
influencing these processes include sediment composition, 

grain size distribution, particle shape, porosity, and settling 

velocity. Among these, grain size distribution is considered 

the most critical. The analysis of sediment grain size at 

Pasir Putih Beach adheres to the classification system 

outlined in the shore protection manual (Limmon and 

Marasabessy 2019).  

Although some research suggests that coral species may 

react differently to settled or suspended sediment, a 

definitive sequence of responses to sediment accumulation 

or reduced water clarity has not been established (Tuttle 
and Donahue 2022). The susceptibility or resilience of 

coral reef species to sediment varies depending on factors 

such as reef location, proximity to the shore, depth, wave 

exposure, and other environmental conditions. 

Nevertheless, a substantial decrease in coral populations 

could indicate significant environmental changes, 

particularly deteriorating water quality (Tuttle et al. 2020). 

In 2006, 2011, 2017, 2021, and 2023, alterations 

occurred that resulted in increased turbidity and harm to 

coral reefs. Coastal conditions are monitored along the 

shoreline. Interviews with local inhabitants indicated 

ongoing sedimentation. The white sandy coastline exhibits 
signs of new sediment accumulation towards the ocean. 

The beach face slope, typically situated 5-8 meters from the 

shore with a depth of about 10 meters, is diminishing. This 

slope's sediment indicates material transported from land to 

coast through erosion via run-off and over-top processes, 

leading to precipitation. Karanggongso's Pasir Putih Beach 

experiences mixed tides with a single dominant type. 

Generally, tidal currents move inland along the coast 

during high tide and return to the bay at low tide. 

Water conditions can naturally fluctuate over time, 

aligning with environmental changes. Clarity levels shift 
due to alterations in land cover, causing erosion and 

sedimentation. Predictions for the sedimentation area along 

Pasir Putih Beach, where sampling occurred, suggest a trend 

of expansion. This is supported by visual interpretation of 

Google Earth imagery (Figure 4). To complement the study 
of factors damaging coral reef ecosystems and marine life, 

land use changes were analyzed. This examination 

involved observing satellite imagery to identify land cover 

changes during 2006-2011 (Figure 5), 2017-2021 (Figure 

6), and 2023 (Figure 7). 

Discussion 

Research has identified key environmental factors that 

significantly impact coral biology, including temperature, 

salinity, nutrient levels, oxygen content, and pH (Freeman 

et al. 2013; Giyanto et al. 2023). Coral growth and 

metabolic processes are particularly influenced by the 
surrounding water's temperature and salinity, as well as the 

duration of feeding periods (Graham et al. 2020). Despite 

covering merely 0.1% of the ocean floor, coral reefs thrive 

under specific environmental conditions. These include 

tropical seas with shallow, warm (but not excessively hot) 

water, ample sunlight for zooxanthellae algae 

photosynthesis, and clear water. Turbidity, caused by 

suspended particles, hinders coral growth by absorbing 

radiant energy and impeding filter-feeding, which is why 

corals are typically absent near river mouths) (Dao et al. 

2021). Coral reefs generally flourish at depths between 0 

and 25 meters, but cannot develop between 50 and 70 
meters (Mcquaid 2021). In these ecosystems, light intensity 

is crucial for zooxanthellae photosynthesis, which provides 

corals with nutrition. The compensation point for corals 

occurs at a depth where light intensity diminishes to 15-

20% of surface levels. 

Recent research has highlighted oxygen as a critical, 

potentially limiting factor in reef environments, as 

evidenced by mass mortality events linked to low oxygen 

levels. Both natural and human-induced factors cause 

oxygen fluctuations on coral reefs at various scales. These 

variations restrict key processes like productivity, 
respiration, and calcification, and often influence 

interactions between corals and their competitors, 
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pathogens, and mutualists. Furthermore, oxygen frequently 

mediates the apparent effects of temperature, 

eutrophication, acidification, and other stressors on corals. 

Consequently, oxygen variation's impact is visible in 

numerous patterns, including reef biodiversity, coral 

bleaching, colony morphology, and fish behaviour (Nelson 

and Altieri 2019). Environmental conditions and depth play 

a significant role in shaping the structure and composition 

of coral reefs. A study conducted in the Pramuka Island 

area of Seribu Islands, north of Jakarta, Indonesia, aimed to 
investigate how location and depth affect coral reef 

formations. At a depth of 3 m, hard coral coverage was 

generally higher than at 10 m in both study sites on 

Pramuka Island, with the exception of the northern area. 

The coral mortality index showed variation, ranging from 

0.39 to 0.98. The western part of Pramuka Island exhibited 

the lowest average number of families, genera, and life 

forms. Significant differences were observed between sites 

in terms of hard coral cover percentage, coral mortality 

index, and mean numbers of families, genera, and life 

forms. Depth differences primarily affected the percentage 

of coral cover and the average number of life forms. 
Various factors limit coral development and growth 

(Fahlevy et al. 2017). 
 

 

 
 
Figure 5. Interpretation of visual changes Maps of Google Earth in 2006-2011 in Pasir Putih Beach of Karanggongso, Trenggalek 

District, East Java, Indonesia 
 
 

 
 
Figure 6. Interpretation of visual changes Maps of Google Earth in 2017-2021 in Pasir Putih Beach of Karanggongso, Trenggalek 
District, East Java, Indonesia 
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Figure 7. Interpretation of visual changes Maps of Google Earth 
in 2023 in Pasir Putih Beach of Karanggongso, Trenggalek 
District, East Java, Indonesia 
 
 

In the Pasir Putih Beach of Karanggongso waters, the 

measured current is relatively mild, approximately one m/s. 

Current velocity influences nutrient transport within marine 

environments. The significance of currents in coral reef 

ecosystems is crucial. Corals require currents for 

microplankton food supply, removal of material deposits, 

and oxygen delivery from the open sea (Ding et al. 2022). 

Consequently, current circulation is vital for energy 

transfer processes. Coral growth tends to be more robust in 
areas with continuous water movement from currents and 

waves compared to calm, sheltered locations. Sedimentation 

poses a threat to coral growth, as coral polyps become 

susceptible to sediment or sand coverage due to insufficient 

sediment removal from the coral surface. 

Satellite imagery analysis and interview data suggest 

that sedimentation poses the primary threat to coral reefs 

near Karanggongso's Pasir Putih Beach. Activities 

contributing to soil erosion, including deforestation, the 

construction of Southern Cross Road, and non-terraced 

agricultural land clearing, can elevate sediment levels in 
surface runoff. This sediment ultimately reaches coastal 

and marine areas via river systems. Environmental neglect 

in human activities, even those occurring hundreds to 

thousands of kilometers upstream, can result in damage to 

coastal and marine ecosystems. Fine and coarse suspended 

sediment particles can adversely affect coastal and oceanic 

biota. According to Tuttle et al. (2020), coastal 

development and runoff-induced sedimentation directly 

impact coral recruitment, growth, mortality, and the 

ecosystem services provided by coral reefs. Rogers and 

Ramos-Scharrón (2022) claimed that sedimentation can 

impede coral reef growth and potentially lead to coral 
death. 

The impact generally occurs through three mechanisms. 

Initially, marine organisms, particularly those residing at 

the bottom of water bodies (benthos) like coral animals, 

seagrasses, and seaweeds, are covered by sediment 

materials or have their respiratory systems enveloped. This 

leads to breathing difficulties and eventual death from 

oxygen deprivation (asphyxia). Sedimentation also 

increases water turbidity, which hinders light penetration 

and disrupts light-dependent organisms. This effect extends 

to basic communities relying on light for photosynthesis. 
Lastly, sediment from agricultural areas rich in nitrogen 

and phosphate can trigger eutrophication. Phosphate 

typically binds strongly to soil particles, resulting in higher 

concentrations in fertilized soil sediments. 

Reskiwati et al. (2022) examined how depth and slope 

gradient influence the vertical distribution of hard coral 

growth forms and genera at three locations on Bunaken 

Island. The study utilized the Line Intercept Transect (LIT) 

method, dragging it vertically at depths between 3-15 

meters. Findings revealed two distinct slope types: steep 

and gentle. The slope variations corresponded to different 
coral growth forms, with encrusting forms predominating 

on 90° slopes, while massive growth forms dominated 55° 

and 43° slopes. The study also found that depth 

characteristics did not affect hard coral genera but impacted 

colony numbers and sizes. Both colony quantity and size 

decreased as depth increased. 

Ecosystems in coastal regions can suffer damage from 

unregulated land use alterations. These changes are often 

tied to population expansion and economic survival, 

naturally resulting from societal socio-economic shifts. 

This encompasses modifications to both productive and 
non-productive lands, involving the conversion of specific 

functions to others (Rogers and Ramos-Scharrón 2022). 

The scarcity of available land is exacerbated when areas 

designated for particular purposes are repurposed for 

different activities. Environmental impacts become 

significant when land is utilized for commercial endeavors 

such as tourism (Woodroffe et al. 2023).  

Land use transformations are evident in the conversion 

of forests and shrublands into agricultural areas, residential 

zones, tourist facilities, and shrimp farms. These alterations 

diminish coastal vegetation and reduce the soil's capacity to 

absorb rainfall. Consequently, run-off transports soil to the 
shoreline, leading to erosion and sedimentation in coastal 

areas. The Pasir Putih Beach of Karanggongso is 

geographically situated near the southern crossroad 

development project on Java island. The region is 

physically influenced by the forest cover conditions in the 

surrounding Karts mountains and the seasonally varying 

oceanographic dynamics of Prigi Bay. An empirical 

calculation approach, based on sediment characteristics and 

their impact on coastline conditions, revealed a 

sedimentation process occurring along the coastal area. 

The land use changes observed from 2017 to 2021 
mirror the pattern seen from 2006 to 2011. Typically, these 

changes involve the transformation of vegetated areas like 

forests and shrublands into parts of the Southern Highway, 

settlements, or tourist attractions. However, this pattern 

shows minimal change from 2021 to 2023. Over the four-
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year period, these land-use alterations have significantly 

impacted coastal sedimentation levels. 

The transformation of coastlines results from the 

interplay between coastal conditions and the effects of both 

natural and human-induced factors. The Pasir Putih Beach 

in Karanggongso is situated near the southern crossroad 

development project on Java Island. This area is influenced 

by the forest cover in the surrounding Karts mountains and 

the seasonal oceanographic dynamics of Prigi Bay. An 

empirical analysis of erosion and sedimentation processes, 
based on sediment characteristics and their impact on 

shoreline conditions, indicated a predominant 

sedimentation process along the coastal region. 

Theoretically, the significant variations in coastline 

changes are linked to the shoreline's morphology and wave 

characteristics, which are dependent on wind direction and 

intensity. The extended coastline features several tributary 

streams that transport eroded material from inland. The 

generally calm coastal currents, combined with wave 

diffraction, intensify the sedimentation process. Eroded 

material from upstream is transported parallel to the shore 
through littoral drift, leading to sedimentation in specific 

areas. Observed land use modifications affect coastal water 

conditions, subsequently impacting coral reefs and marine 

biota. Figure 5 shows minimal changes in land conversion 

for settlements and tourist attractions, as well as limited 

forest area transformation for road construction. In 

contrast, Figures 6 and 7 depict significant changes from 

densely vegetated areas to settlements, tourist facilities, and 

the construction of the Southern Cross Road. 

Evidence indicates significant land-use transformations, 

including the conversion of forests, bushes, and shrubs into 
agricultural areas, urban developments, and transportation 

infrastructure. These alterations diminish vegetation in 

water catchment zones and reduce the capacity to retain 

rainwater. Consequently, erosion occurs, transporting soil 

particles into streams and coastal waters. The once clear 

and bright waters have become turbid, resulting in a decline 

in living coral reef coverage. This demonstrates that both 

natural processes and human activities contribute to the 

degradation of the ecosystem and marine life at Pasir Putih 

Beach. 

The research concludes that the damage to coral reef 

ecosystems and marine life on Pasir Putih Beach is caused 
by erosion and sedimentation. Although this process occurs 

naturally, human-induced land cover change accelerates 

ecosystem destruction. Coastline instability and damage to 

coastal ecosystems can cause disruption of coastal 

sediment dynamics. The results of this study show that the 

physical condition of the waters remains ideal for coral reef 

growth. Nonetheless, the percentage of coral reef cover has 

decreased as a result of extensive sedimentation. The 

results of sedimentation analysis from land use change 

prove that most of the forest and shrub areas have been 

converted into agricultural land, settlements, tourist 
attractions, and some shrimp ponds, which cause erosion 

and sedimentation. As evidence of massive sedimentation, 

it was found that the size of sediment grains in the water 

showed the dominant sand content at each station. 
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