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Coral recruitment, which serves as a key factor in the regeneration of coral populations, 

is vital for the sustainability of coral ecosystems. The coral ecosystem in the waters 

around Sempu Island, known for its declining coral cover, relies on this recruitment 

process. This investigation examines the relationship between hard coral cover and coral 

recruitment. The percentage of coral cover and the number of coral recruits were analyzed 

using Pearson correlation analysis. Data were collected at five research stations with the 

Underwater Photo Transect method in December 2022, February 2023, and April 2023. 

The coral cover in the Sempu Island Nature Reserve has been deteriorating over three 

consecutive survey periods, with percentages recorded at 14.28%, 13.92%, and 12.57%. 

A total of 22 coral recruits were recorded, belonging to six identified genera: Seriatopora, 

Porites, Pocillopora, Goniastrea, Pavona, and Acropora. Coral recruits and hard coral 

cover were positively but weakly correlated (r = 0.1119). Stable substrates such as dead 

coral with algae (DCA), dead coral (DC), and rock (RK) may facilitate coral recruitment. 

Coral recruits in the Sempu Island Nature Reserve compete with macroalgae and older 

corals for space and resources. Given the low levels of coral cover and recruitment, 

sustainable management measures should be implemented to protect the Sempu Island 

Nature Reserve coral ecosystem. 
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1. INTRODUCTION

Coral reef sustainability depends on the recruitment process 

of coral larvae, starting with settlement and continuing until a 

skeleton form on the surface of the substrate and survives for 

a certain period of time [1]. This process is a crucial 

component in the formation of coral reef ecosystems, 

especially in their recovery from disturbances. Settlement of 

coral larvae and post-attachment survival are two key steps for 

successful coral recruitment [2]. Coral recruitment was 

estimated based on the number of small coral colonies, defined 

as colonies with the longest diameter of ≤10 cm [3]. Coral 

larvae that successfully settle and survive influence coral reef 

population dynamics [4]. Additionally, measuring changes in 

recruitment patterns can provide early warning of potential 

reef damage or impacts on reef resilience following 

disturbances [5]. 

Sempu Island is a conservation area in East Java and is 

classified as a nature reserve. It is located in Tambakrejo 

Village, Malang Regency. Corals in the Sempu Island Nature 

Reserve waters on average live at a depth of 1-7 m [6]. Sempu 

Island is directly connected to the Indian Ocean, making the 

waters of this island, especially its coral reef ecosystem, 

directly affected by physical and chemical factors from the 

Indian Ocean. The coral ecosystem in these waters faces 

several challenges, and coral cover has been continuously 

declining [7]. The coral cover in Sempu Island Nature Reserve 

was 50% in 2006 and 2013 but later declined to an average of 

36% across all stations [8]. From 2006 to 2009, a reclamation 

project involving 2.6 hectares was initiated with the purpose 
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of constructing a fishing port. This reclamation activity 

resulted in sedimentation, hence impacting the overall 

condition of the coral ecosystem. Consequently, by 2014, the 

coral cover in the waters of the Sempu Island Nature Reserve 

had declined to 24.1% [9]. Moreover, there were fluctuations 

observed in the years 2016, 2017, and 2018. Specifically, there 

was an increase in the poor category during the period of 2016-

2017, followed by a significant decrease in 2018. These 

fluctuations were observed at three specific stations, namely 

Teluk Semut, Watu Meja, and Waru—Waru. According to 

recent research conducted in 2023, the average coral cover in 

the Sempu Island Nature Reserve is approximately 11.47%, 

classifying it as poor [10]. 

A healthy coral population plays a crucial role in 

influencing its reproductive rate. Hartmann et al. [11] stated 

that populations with higher coral cover will produce more 

larvae per unit coral surface area compared to populations that 

experience a decrease. This discovery highlights how 

important coral cover is as a determining factor in larval 

production, which in turn promotes coral recovery. There is 

concern that the decline in coral coverage within the Sempu 

Island Nature Reserve may result in a drop in the population 

of coral larvae. This research aims to assess water quality, hard 

coral cover, substrate conditions, the number and genera of 

coral recruits, and analyze the relationship between hard coral 

cover and recruitment in the study area. 

 

 

2. STUDY AREA 

 

A research study was conducted on Sempu Island, Malang 

Regency, at five locations during December 2022, February 

2023, and April 2023. The research was conducted at five 

stations, specifically Watu Meja, Waru-Waru, Banyu Tawar, 

Rumah Apung, and Jetty (Figure 1). Watu Meja (ST1) is 

located at the mouth of the strait and is largely unaffected by 

human activities and tourism. Waru-Waru (ST2) is a popular 

tourist destination, visited frequently by tourists for activities 

such as snorkeling and swimming. The salinity of Banyu 

Tawar (ST3) is believed to be influenced by freshwater input 

from the estuary. The Jetty (ST4) is directly influenced by 

various activities, including fisheries and port operations. This 

station is frequently affected by both liquid waste from ships 

and solid waste. Rumah Apung (ST5) is affected by domestic 

waste due to its proximity to residential areas. 

 

 
 

Figure 1. Research map 

 

 

3. METHOD 

 

3.1 Observation of coral cover  

 

The research was conducted over three observation periods 

December 2022, February 2023, and April 2023. These 

periods were selected based on seasonal considerations and 

ecological factors. December represents the peak of the rainy 

season, during which high rainfall and increased terrestrial 

runoff contribute to the transport of sediment and nutrients, 

influencing marine conditions [12, 13]. The second period, 

February, marks the transition from the rainy season to the dry 

season, representing the phase of highest temperature [12, 14]. 

Temperature fluctuations during this period may trigger coral 

spawning, particularly for species that spawn at elevated 

temperatures. Meanwhile, April signifies the onset of the dry 

season, characterized by decreased sedimentation rates and 

more stable oceanographic dynamics. 

As a focus for observing coral condition data, 10 semi-

permanent transects using pegs and ropes measuring 1×1 m 
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(Figure 2) were carried out at each research station. The 

distance between semi-permanent transects is approximately 

10 meters and the placement is adjusted to the substrate 

conditions and coral distribution at each research station. 

Semi-permanent transects were placed at a depth range of 3–5 

meters, representing water conditions influenced by external 

factors such as sedimentation, nutrients, and temperature 

variations. Each transect is tagged to facilitate the periodic 

identification process. 

 

 
 

Figure 2. Use of quadrant transect as a tool of analysis area 

 

 
 

Figure 3. Underwater Photo Transect method 

 

Observations of hard coral data were carried out using the 

Underwater Photo Transect method (Figure 3) where the 

images were taken as perpendicular as possible to the object 

of observation or quadrant transect [15]. This method enables 

detailed documentation of coral reef conditions at different 

scales, with small quadrats (4 grids) for precise substrate 

composition analysis and larger quadrats for an overall 

assessment of coral community structure within the transect. 

It follows the standards established by study [16], where 

captured images are utilized for further analysis to identify 

substrate types, coral cover percentage, and community 

structure within the transect. 

The data was processed using CPCe (Coral Point Count 

with Excel extensions) software. The analysis stages using 

CPCe include determining the photo frame, identifying 

benthic or substrate categories at each random point (50 

random points), and storing the data for further processing in 

Microsoft Excel software [17]. The coral cover calculated 

using the formula: 
 

𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 %𝑐𝑜𝑣𝑒𝑟

=
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑝𝑜𝑖𝑛𝑡𝑠

𝑟𝑎𝑛𝑑𝑜𝑚 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠
× 100% 

 

The coral cover values obtained were then categorized 

according to Giyanto et al.’s [16] criteria, namely the poor 

category (0 to 25%), medium category (26 to 50%), good 

category (51 to 75%) and very good cover (76 to 100%). 

Identification of the benthic substrate category refers to the 

Survey Manual for Tropical Marine Resource 2nd Edition [18] 

and Coral Reef Health Monitoring Guide [16]. 

 

3.2 Observation of coral recruits 

 

Coral recruits was observed in a 1×1 quadrant transect area 

and repeated ten times at the same depth. Documentation was 

carried out perpendicularly on the quadrant transect for 5 

repetitions in each box in the transect. Coral recruit size was 

measured directly using callipers. Then, the documentation 

results were processed using ImageJ software as a cross-check 

for recruitment size (the specified recruitment size is >5 cm 

and <10 cm). The recruits found were then identified based on 

their morphology referring to studies [18, 19]. The abundance 

of coral recruits in the transects was captured for further 

statistical data analysis. 

 

3.3 Correlation analysis 

 

The Pearson correlation test (r) was carried out to see the 

closeness of the relationship between 2 variables. In this study, 

it was used to determine the closeness of the relationship 

between the percentage of coral cover and the number of coral 

recruits. The strength of correlation is shown in the following 

Table 1. 

 
Table 1. Correlation level 

 
Coefficient Interval Correlation Value 

0.00 – 0.19 Very weak 

0.20 – 0.39 Weak 

0.40 – 0.59 Moderate 

0.60 – 0.79 Strong 

0.80 – 1.00 Very strong 
Source: Study of McManamay et al. [20]. 

 

 

4. RESULTS AND DISCUSSION 

 

4.1 Water quality 

 

The water quality parameters that were collected contained 

temperature, salinity, pH, brightness, dissolved oxygen (DO), 

depth, waves, currents, nitrate, phosphate, and sedimentation 

rate. Parameters were taken using a Secchi disk to measure 

brightness, AAQ Rinko 1183s-F for salinity, temperature, and 

pH, a scale staff for waves, and sedimentation rate using a 

sediment trap. The following parameter measurement results 

can be seen in Table 2. 

The average temperature and salinity values for water 

quality in the Sempu Island Nature Reserve are 29.6℃ and 

32.2 ppt, these values are still considered optimal. Salinity and 

temperature are important factors that have a significant 

impact on coral survival [21]. Low salinity combined with 

high temperatures can cause a stress response in corals, 

thereby affecting their growth, survival and photosynthetic 

efficiency [22, 23]. Temperature affects the speed of 

metabolism, reproduction and growth form of coral [24], while 

salinity values that are too low can affect coral's resistance to 

high temperatures [7, 25].  
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Table 2. Water quality in Sempu Island Nature Reserve 
 

Parameter Unit 
Station 

Average Quality Standards 
WM WW BT RA JT 

Temperature ℃ 29.4 29.8 29.7 29.7 29.6 29.6 28 – 30a 

Salinity ‰ 32.4 32.4 32.1 32.2 32.1 32.2 33 – 34a 

pH - 8.3 8.2 8.2 8 8.3 8.2 7 – 8.5a 

DO mg/L 6.4 6.3 6.3 6.4 6.4 6.4 >5a 

Current m/s 0.49 0.5 0.47 0.45 0.38 0.46 

Slow: 0-0.25b m/sb 

Moderate: 0.25-0.50m/s 

Fast: 0.50- 1 m/s 

Very fast: >100 m/s 

Sedimentation mg/cm/day 74.73 85.49 61.05 58.13 89.27 73.73 

1-10 slight-moderatec 

10-50 moderate-severe 

>50 severe-catastrophic 
Source: aIndonesian Government [26], bRamlah et al. [27], cPastorok and Bilyard [28]. 

 

The current speed value in Sempu waters has an average of 

0.46 m/s and categorized as medium [27]. The growth of coral 

is influenced by various hydrodynamic processes, particularly 

those associated with sediment transport. This is significant as 

sediment has the potential to impact the overall health of coral 

[21]; the level of nutrient uptake by coral [29]; as well as the 

process of supplying food, oxygen, the process of cleaning 

deposits on coral polyps [30]. The presence of moderate 

currents speed, waves, and tides plays a crucial role in 

supporting coral recruitment and growth [24].  

The sedimentation rate in the waters of the Sempu Island 

Nature Reserve is in the catastrophic category with a value of 

73.7 mg/cm/day > 50 mg/cm/day [28]. Sedimentation greatly 

affects fauna communities physically as well as through 

changes in sediment composition, organic matter and nutrient 

input. The study conducted by Chou et al. [31], shows a strong 

correlation between changes in benthic communities and the 

amount of clay/silt fractions in sediments. Sedimentation also 

disrupts coral photosynthesis by covering coral polyps [32]. 

Not only for adult corals, sedimentation is also a stressor for 

corals that are just starting to settle on the substrate [33]. 

Sedimentation damage that occurs on coral reefs in the waters 

of the Sempu Island Nature Reserve occurs due to high 

anthropogenic activities and river flows which cause the rate 

of sedimentation in the waters to increase. Sedimentation leads 

to the death of coral which is eventually overgrown by algae. 
 

 
(A) 

 
(B) 

 

Figure 4. (A) Coral cover in Sempu Island Nature Reserve; and (B) Average percentage of substrate categories at each station 
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4.2 Susbtrate cover percentage 

 
The average coral cover (Figure 4(A)) classification at 5 

stations were damaged with range from 10.28%-to 18.30%). 

The percentage value of coral cover from December 2022, 

February and April 2023 decreased every month with average 

values 14.28%, 13.92% and 12.57% respectively which were 

included in the damaged category. The lowest cover shows at 

WM station with an average of 10.28% and the highest was at 

RA station with an average of 18.36%. 

The condition of the coral reef ecosystem in a body of water 

can be seen from the percentage of live coral cover [34]. 

Physical, biological and human environmental pressure that 

occurs on coral reef ecosystems, especially from increasingly 

dense and high levels of human activity, includes pollutants 

originating from land such as dirty waste from fishing port, 

ship passageways, and fish waste, as well as tourist activities 

influence the changes of coral reef ecosystem [7, 35]. The 

decline is marked by the large number of dead corals that have 

been overgrown by algae [10]. Apart from that, it is also 

influenced by the presence of the South Java Current (SJC) 

along the coastline of South Java, which changes over time, 

causing sediment to stir up from the bottom of the waters, 

resulting in disruption to coral life on this area [36]. The low 

value of coral cover in the waters of the Sempu Island Nature 

Reserve is predicted by the high percentage of sand and silt at 

several stations, this can support the reason that the 

sedimentation rate is relatively high. 

The results of the overall benthic substrate cover are shown 

in Figure 4(B). Sempu Island Nature Reserve consists of an 

overall of 8 substrate types, which include hard coral (HC), 

dead coral (DC), dead coral with algae (DCA), rubbles (R), 

rocks (RK), sand (S), silt (SI), and macroalgae (MA). The 

figure provide insight into a substrate that is suitable to 

successful recruitment due to its high stability. Examples of 

such substrates include dead coral with algae (DCA), dead 

coral (DC), and rocks (RK). The stability of DCA is 

considered to be as beneficial; nevertheless, the recruitment 

process of coral planula may be hindered by the presence of 

algae that covers the surface of dead coral. 

 
4.3 Recruitment 

 
4.3.1 Total coral recruits found 

A total of 22 coral recruits (Figure 5) were found at the five 

stations during 3 months of observation and their numbers 

increased or remained constant. The highest number of recruits 

was at Watu Meja station with a total of 8 recruits in the whole 

month. In December, no recruits at the WM station were found 

in the transects during observations, but in the following 

months, namely February and April, 8 recruits were found in 

each month. 

Coral recruitment in WM was found most often attached to 

parts of dead coral covered in algae (DCA) (Figure 4(B)) 

because this substrate is stable and has many crevices, making 

the recruitment process easier. Even though they are in large 

numbers, their existence is threatened by the coral recruits at 

this station because they are thought to be competing for space 

with macroalgae which simultaneously grow on the surface of 

dead coral. The station with the second highest total 

recruitment was Jetty Port with a total of 6 recruits. Even 

though the silt substrate cover is quite high, this station 

provides the highest stable and gapped rock (RK) substrate 

compared to other stations for the recruitment process.  

 

 
 

Figure 5. Total coral recruits found in Sempu Island Nature 

Reserve 

 
The lowest number of recruits was at Waru-Waru station 

with 2 recruits. The few coral recruits found in WW were 

thought to be due to the limited availability of stable substrates 

for coral recruitment such as rocks and dead coral. The WW 

station is dominated by silt and is the only station where 

macroalgae are found, so there is a risk of increasing obstacles 

to the coral recruitment process at this station. The high hard 

coral cover at Waru-Waru station is thought to increase 

competition for space and nutrients, thereby inhibiting the 

growth of juveniles [37].  

The benthic substrate is very important in the continuity of 

coral recruitment. The basic substrate type of the Sempu Island 

Nature Reserve is dominated by clay, which due to its low 

mass, it has the potential to clog coral polyps, which can cause 

health problems and disease and disrupt the recruitment 

process [38]. Nozawa et al. [39] also stated that most coral 

recruits were found attached to plates with surfaces that had 

crevices, compared to smooth ones. Apart from that, coral 

recruits are also often found on stable substrates such as dead 

coral and rocks compared to coral fragments and sand 

substrates [40]. 

 
4.3.2 Genus of coral recruits 

According to the results, it was found that 6 genera of coral 

recruits (Figure 6) in the waters of Sempu Island, namely 

Seriatopora, Porites, Pocillopora, Goniastrea, Pavona and 

Acropora. The most common coral recruitment genera found 

at sizes <5 cm were Pocillopora and Goniastrea. The presence 

of different coral life forms is indeed influenced by the 

environmental conditions in which the coral is situated, where 

this is influenced by natural or anthropogenic factors [41]. The 

Pocillopora genus has a submassive growth form which is 

characterized by colonies reaching large sizes with branches 

that are slightly upright, large at the base, and wide at the top 

of the branches [42]. Pocillopora is known to have fast growth, 

high survival rate, and high abundance, especially in the Indo-

Pacific region, so this species is suitable for transplantation to 

conserve coral reef [43, 44].  

 

77



 

 
 

Figure 6. Coral recruits genus in Sempu Island Nature Reserve 

 

Meanwhile, the genus Goniastrea has a form of massive 

growth or rock. Massive and submassive coral groups have 

coral characteristics that can survive and are often found in 

murky waters [32], this is in accordance with the five research 

stations which have high sedimentation rates [28], so it is more 

many coral recruits were found in submassive and massive 

growth forms. Other physical parameters such as strong 

currents and waves are usually dominated by short, strong, 

creeping or submassive branching corals, this is in accordance 

with the current conditions of the Sempu Island Nature 

Reserve which are classified as fast current [27]. 

 

4.4 Correlation of coral cover and coral recruits 

 

Statistical analysis of the correlation-regression test 

between the percentage of live coral cover and the number of 

coral recruits obtained a correlation coefficient of 0.1119 

(Figure 7). This value indicates that the relationship between 

the two variables is very weak, so that an increase or decrease 

in live coral cover does not have a significant effect on the 

amount of coral recruitment at a location. The pattern of 

relationship between these two variables can be described with 

the equation y=0.0213x + 0.0326, where x is coral cover and 

y is coral recruitment. 

 

 
 

Figure 7. Correlation between coral cover and coral 

recruitment 

 

The weak correlation indicates that various other factors 

play a more significant role in determining the success of coral 

recruitment. Some of the key factors influencing coral 

recruitment include the availability of stable substrates, such 

as dead coral with algae (DCA), dead coral (DC), and rocks 

(RK) [45]. Additionally, environmental pressures such as 

sedimentation can act as a major constraint on juvenile coral 

growth. Previous research [45] documented that the 

sedimentation rate in the waters of Selat Sempu falls into the 

catastrophic category, with values reaching 73.7 mg/cm²/day, 

exceeding the 50 mg/cm²/day threshold. 

Furthermore, environmental factors such as water 

temperature, dissolved oxygen (DO), and nutrient levels that 

promote macroalgae growth contribute to the competition 

between corals and macroalgae for space, ultimately inhibiting 

coral recruitment [10]. Another influencing factor is 

anthropogenic disturbances, including fishing and tourism 

activities, which can also negatively impact coral recruitment. 

Despite the very weak correlation observed in this study, the 

relationship remains positive. The positive correlation results 

are supported by Ayu et al. [46] who stated that there is a high 

positive correlation between the percentage of live coral cover 

and the density of coral juveniles. This study also provides 

other results that the density of coral juveniles is more 

common in dead coral than in live coral, this is because dead 

coral is a stable substrate so it is suitable for the coral 

recruitment process [5, 47]. There are differences in the level 

of correlation between the percentage of hard coral cover and 

the number of coral recruits at each location, indicating that 

coral recruitment is not the only factor in supporting an 

increase in coral cover in an area. 

Research by Giyanto et al. [37] provided another perception 

that high hard coral cover also has the potential to increase 

competition in terms of getting space and nutrients, thereby 

hampering the recruitment process of young corals. This gap 

shows the need to emphasize the complexity of factors that 

influence coral recruitment, thus requiring more research 

further to understand the specific conditions under which hard 

coral cover can positively impact coral recruitment [48]. 

Adult coral colonies play an important role in producing 

coral larvae, but not all larvae produced will be successful in 

the recruitment process. Genetic diversity and the adaptability 

of parent corals have an impact on larval dispersal and 

settlement, thereby influencing recruitment success [49]. 

Other factors such as competition with algae and other biota 

[50], water quality and human activities also influence 

recruitment success. However, efforts to increase the number 
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of recruits through restoration initiatives have become 

important in the sustainability of coral ecosystems. Several 

conservation activities such as coral propagation, large-scale 

restoration, selective breeding of heat-tolerant corals, marine 

protected areas, can contribute significantly to increasing coral 

recruitment and increasing the natural recovery process [51, 

52]. 

 

4.5 Sustainable coral-reef management perspective 

 

Dissolved oxygen (DO) as an important environmental 

factor influencing coral diversity has implications for targeted 

marine conservation strategies [53]. The coral ecosystem 

sustainability management strategy, using a conservation 

approach, aims to guarantee the long-term sustainability and 

optimal functioning of the coral ecosystem. This conservation 

strategy involves a sequence of actions to conserve, 

rehabilitate, and sustainably manage coral ecosystems. An 

efficient conservation method involves the establishment and 

management of coral conservation areas to protect coral 

ecosystems against destructive human activities [54]. 

Conservation initiatives in Raja Ampat and Komodo National 

Park have demonstrated the effectiveness of marine protected 

areas (MPAs) in enhancing coral resilience and biodiversity 

[55, 56]. Implementing similar approaches in the Sempu 

Island Nature Reserve could provide long-term ecological 

benefits. Furthermore, conservation efforts encompass 

strategies aimed at restoring degraded coral habitats, either by 

replanting damaged corals or by enhancing their surrounding 

environment condition. Artificial coral reefs represent man-

made constructions designed to imitate natural reefs, offering 

a variety of habitats for marine species [48]. 

As previously mentioned, coral recruitment and adult coral 

cover have a vital role in the continuity of coral cover 

conditions. Efforts that can be offered include serving habitat 

engineering that is aimed at the requirements and issues of 

waters of the Sempu Island Nature Reserve. The following are 

steps that can be proposed: 

1. Carrying out a conservation class assessment. This aims to 

predict the condition of coral, invertebrate, fish 

biodiversity, potential abundance of fish and habitat for 

rare animals in a water area as well as environmental 

stressors [49]. Utilizing proximity sensing technology by 

analyzing sea surface temperature (SST), turbidity, salinity, 

and wind speed in various machine learning (ML) 

algorithms can estimate the extent of coral bleaching to 

help the institutions involved in creating data-based 

solutions [50]. 

2. Create marine conservation policies based on previous 

conservation class assessments. A co-management 

framework that fosters collaboration between government 

agencies, local fishing communities, and conservation 

NGOs is crucial for the effective implementation and 

enforcement of marine conservation policies. 

Karimunjawa National Park has applied a collaborative 

management approach since 2007, integrating various 

government departments and community groups. Similarly, 

co-management in Komodo National Park (TNK) 

facilitates the distribution of authority among national and 

local governments and local communities, ensuring more 

efficient and sustainable coastal resource management [57, 

58]. Several factors need to be considered so that the 

marine conservation policy itself can function optimally. 

Therefore, competent human resources are needed and 

have the correct technical understanding [51]. 

3. Develop management conservation strategies for the 

waters of Sempu Island Nature Reserve, while ensuring an 

effective integration of monitoring and evaluation. This 

can be achieved through methods such as coral transplants, 

submerging artificial reefs, cultivating coral gardens, and 

other similar approaches. Previously, conservation efforts 

in Sempu waters included the establishment of a coral 

garden in 2013 [52], but this activity appears to have been 

unsustainable due to a lack of monitoring and evaluation.  

4. Provide education to coastal communities who interact 

with the sustainability of coral reefs. The government and 

community are encouraged to increase awareness of 

conservation efforts [57, 58]. A study in Bali highlights 

that social factors, such as education and active community 

participation, are key determinants of rehabilitation 

success. Consequently, various organizations have 

initiated community engagement programs, ranging from 

education initiatives to skill development, to enhance local 

involvement in conservation efforts [59, 60]. 

Given the increasing frequency of climate-induced coral 

bleaching events in Indonesia, conservation measures should 

prioritize the identification and protection of thermally 

resilient coral species within Sempu Island’s reefs. 

Additionally, adaptive management strategies should be 

developed to monitor and respond to temperature fluctuations, 

ensuring the long-term sustainability of coral populations. The 

importance of a conservation approach is also shown in 

attempts to reduce pressure on coral ecosystems from harmful 

fishing, pollution, and climate change. These efforts involve 

governments, local communities, and conservation 

organizations collaborating to create sustainable management 

policies and practices. Furthermore, conservation measures 

include public education and outreach on the value of coral 

ecosystems and how people may help protect them. It is 

envisaged that by employing a holistic and sustainable 

conservation approach, coral ecosystems will be able to 

preserve themselves and benefit future generations. 

 

 

5. CONCLUSION 

 

Water quality and coral ecosystems in the Sempu Island 

Nature Reserve reveals significant findings regarding the state 

of the marine environment and its impact on coral health and 

recruitment. The water quality parameters, including 

temperature, salinity, pH, dissolved oxygen, and 

sedimentation rates, were within optimal ranges for coral 

survival, except for salinity which was slightly lower than 

ideal, and sedimentation rates which were alarmingly high, 

indicating severe to catastrophic levels of sedimentation. This 

high rate of sedimentation is detrimental to coral health, as it 

physically impacts the fauna, alters sediment composition, and 

hinders coral photosynthesis by smothering coral polyps, 

ultimately leading to coral death and algae overgrowth. 

The substrate cover analysis showed a damaged coral 

ecosystem, with coral cover classification across five stations 

ranging from severely damaged to catastrophic. This 

degradation is attributed to physical, biological, and 

anthropogenic pressures, including pollution and 

sedimentation stirred by the South Java Current. The presence 

of various substrate types indicated areas suitable for coral 

recruitment but also highlighted the challenges posed by algae 

overgrowth on dead coral, which hampers the recruitment of 
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new corals. 

Coral recruitment observations showed an increase or stable 

number of recruits, with variations across stations influenced 

by substrate stability and presence of algae. The recruits were 

primarily found on stable substrates like dead coral and rocks, 

suggesting that these areas are critical for coral larvae 

attachment and survival. However, the overall low number of 

recruits underscores the ongoing challenges to coral recovery 

in the waters of Sempu Island Nature Reserve. 

Based on the results of research at the five stations over 

three observation periods, it is known that the average coral 

cover in the waters of Sempu Island Nature Reserve has 

decreased respectively to 14.28%, 13.92% and 12.57%, which 

is categorized as poor. It is also known that there were a total 

of 22 coral recruits during the observations, with six identified 

genera including Seriatopora, Porites, Pocillopora, Goniastrea, 

Pavona and Acropora. The highest number of coral recruits 

overall was found at the Watu Meja station with eight recruits 

and the lowest was at Waru-Waru with two recruits.  

The results of both correlation tests were carried out and 

showed a positive relationship with a very weak level of 

relationship. Hard coral cover is not the only factor that 

determines the number of coral recruits, but the availability of 

substrate and competition with other biota, including 

competing with adult corals themselves.  

This study provides critical insights into the ongoing 

degradation of coral ecosystems in the Sempu Island Nature 

Reserve, emphasizing the significant impact of high 

sedimentation rates, suboptimal water quality, and limited 

stable substrate availability on coral health and recruitment. 

The findings demonstrate that while some coral recruitment is 

occurring, it remains insufficient to offset the decline in coral 

cover, which has consistently decreased across observation 

periods. The weak correlation between hard coral cover and 

the number of recruits further underscores the complexity of 

coral recruitment dynamics, highlighting the role of substrate 

availability, competition with algae, and anthropogenic 

stressors as key factors influencing coral recovery. Given these 

findings, this study reinforces the urgent need for targeted 

conservation measures that prioritize sedimentation control, 

water quality improvement, and habitat restoration. 

Establishing marine protected areas (MPAs), implementing 

adaptive management strategies, and integrating community-

based conservation efforts are essential steps toward ensuring 

the long-term sustainability of coral reefs in the Sempu Island 

Nature Reserve. 
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