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Abstract. Isdianto A, Fewila AR, Rijal SS, Setyanto A, Fathah AL, Atikawati D, Putri BM, Puspitasari ID, Luthfi OM. 2024. Coral disease 
prevalence and compromised health in the Sempu Island Nature Reserve, Malang District, Indonesia. Biodiversitas 25: 1404-1412. Since 
the Dutch colonialization era, the Malang District's Sempu Strait has been designated a natural reserve. Environmental changes and human 
activities have contributed to the 14.28% coral cover in the Sempu Strait. This study aims to assess coral health in the Sempu Strait and 

detect coral diseases or compromised conditions. At five stations, data were gathered utilizing the Underwater Photo Transect  method 
with a 10-meter interval and a 1x1 meter transect implemented across 100 meters. The average coral cover in Sempu Strait is 14.28%, 
considered inadequate according to categories for determining coral reef status. Fish Bite, Black Band Disease (BBD), Ulcerative White 
Spots (UWS), Non-Focal Bleaching (NFBL), Trematodiasis, and Pigmentation Response are the six categories of coral reef diseases that 
have been identified. Sediment damage is the only compromised health condition that has been identified. With an average prevalence of 
15.35%, Non-Focal Bleaching (NFBL) is the most prevalent disease; Black Band Disease (BBD) has the lowest prevalence at 0.8%. The 
insufficient coral coverage in the Strait of Sempu is caused by the surrounding environmental conditions that stress corals to the point 
where the prevalence of coral-eating diseases is increased.  

Keywords: Coral coverage, coral damage, coral reef diseases, nature reserve, sedimentation, underwater photo transect method  

INTRODUCTION 

Coral reefs provide both ecological and economic 

functions; the ecological functions of coral reefs include reef 

formation (calcium carbonate production and bioerosion), 

food chains (primary and secondary production), and 

nutrient uptake and release (Brandl et al. 2019). As an 

economic function, it provides opportunities to people 

through tourism and commercial fisheries (ICRI 2018). 
Coral disease is correlated with coral reefs' resilience and 

ability to recover from chronic and transient stress 

disturbance (Zakaria et al. 2021). The coral disease causes a 

physiological disorder to the coral biotope, impairing the 
vital functions of coral animals, organs, or organ systems, 

disrupting organ growth and reproductive processes, 

changing community structures, and decreasing marine 

animal associations in coral reefs (Beeden et al. 2008). Coral 

diseases have biotic and abiotic causes, such as climate 

change and anthropogenic activity induce coral disease by 

raising sea surface temperatures, which weaken coral 

immune systems (Thurber et al. 2020). Corals indicated by 

the disease are characterized by color changes, coral biota's 
skeleton damage, loss of its net, and sores or bands of 

missing coral tissue. Biotic factors such as bacteria 

(Castañeda-Chávez et al. 2018), viruses (Sweet and Bythell 

2017), protozoa (ciliates) (Cheng et al. 2021) or fungi 

(Soler-Hurtado et al. 2016) can damage corals on a large 

scale. Compromised health is a form of health threat to 

corals caused by several factors (Sweet et al. 2019) such as 

sponges, cyanobacteria, red algae, and peach worms 

compete with corals, while sediments close coral polyps and 

impede coral metabolism (Luthfi et al. 2014).  

Sempu Strait waters of southern Malang, Indonesia have 
an ecosystem of coral reefs of less than 10 hectares (Luthfi 

et al. 2014), which was once rich in coral reefs around 

Sempu Island, but it is currently decreasing due to 

continuous exploitation by the surrounding community as 

Sempu Island is an open tourist area, fishing catchment, 

poorly managed household waste, port activities and also the 

opening of land for development that directly brings 

sediment supplied by the river into the sea. Sediment 

originating from land is a combination of organic and 
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inorganic materials (nutrients, toxins, and pathogens is one 

of the causes of sediment entering the water has a lot of 

impact on corals (Rogers and Ramos-Scharrón 2022; Tuttle 

and Donahue 2022). Anthropogenic activities can leave 

residues in water, reducing its use value and affecting 

humans and aquatic organisms (Nguyen and Vo 2022). 

Coral reefs can recover slowly if anthropogenic or natural 

stresses are reduced (Luthfi et al. 2020). A "coral-algal phase 

shift" occurred when aquatic and land-based activities 

caused coral death and recruitment failure, shifting 
dominance from hard corals to macroalgae (Fabricius et al. 

2023). 

Previous research conducted in the Strait of Sempu in 

2018 revealed that the coverage of living corals in Sempu 

Strait ranged between 6.94-42.4% or clustered in damaged 

conditions. The number of large-scale corals that are very 

rare in the Sempu Strait is possible because they are taken 

physically for human needs or damaged due to the role of a 

bioreoder (organisms that cause bioerosion) with more than 

100 species that live on massive corals, and will accelerate 

coral fragmentations into smaller colonies (Luthfi et al. 
2018). The study aims to determine the life forms, coral 

coverage, and the prevalence of coral disease and 

compromised health in the Sempu Strait waters. Therefore, 

the results can be used as a benchmark for data on the 

destruction of the coral reef ecosystem caused by changes in 

the water environment. 

MATERIALS AND METHODS  

Study area  

The research was carried out in December 2022, located 

in the Sempu Strait waters, Malang District, East Java, 

Indonesia, and was carried out at five stations. The first 

station is Rumah Apung, located at the end of the western 

islands. The current and waves at this first station are quite 

high, but the water conditions are quite clear. The second 

station, Jetty Port, located in Pondokdadap, Sendang Biru 

Port, has very dense community activities compared to other 

stations. The third station, Banyu Tawar, which runs off of a 

small river, resulted in the lower salinity of the other station. 

The fourth station is Waru-Waru, a tourist destination. The 

fifth station is Watu Meja, at the east end of the Sempu Strait 
and close to the Indian Ocean, so these waters' conditions 

have strong currents and waves.  

Data assessment of coral coverage and coral disturbance 

using the Underwater Photo Transect method (Figure 2) is 

done with underwater photography using digital cameras. 

Data on coral conditions observed from five sites were 

collected using a quadran transect. The coral coverage 

percentage is analyzed using CPCE software and refers to 

the Coral Reef Health Monitoring Guidelines to determine 

coral cover condition by 0-25% as poor, 26-50% as fair, 51-

75% as good, 76-100% as excellent (Giyanto et al. 2017). 
Colonies of corals affected by disease/compromised 

health of other coral reefs are documented using underwater 

cameras, and parts of the coral affected with disease/disorder 

are enlarged to facilitate identification inside the quadrant 

transect (Giyanto et al. 2017). Identifying the types of 

diseases and compromised health was done descriptively by 

observing the coral coloration changes, such as white, 

yellow, pink, black, and others (Peixoto et al. 2017). 

 

 
 

 
 
Figure 1. The five sites of observation in Sempu Strait, Malang District, East Java, Indonesia 
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Figure 2. Underwater photo transect 

 

 

Despite the importance of knowing about disease and 

compromised health in corals, we must have an 

understanding of the factors that increase the disease rate, 

such as the corals' proportion that develop disease signs over 

a certain period, the prevalence of marking the progression 

of disease and the compromised health in coral colonies 
(Renzi et al. 2022). Prevalence is the percentage of colonies 

infected with the disease/disturbance with the amount of 

coral colonies in water (Beeden et al. 2008). 

Data collection is carried out in the transect location 

where the coral reef is found using AAQ RINKO, which has 

a quick response to collect the DO content, temperature, 

depth, salinity, and pH. At the same time, the sedimentation 

rate carried out by sediment trap, current speed carried out 

by current meter, and nitrate phosphate parameter carried 

out from the stations and observed in the laboratory using 

the spectrophotometer method. Water quality data measured 
at the site will be presented in tables and then presented 

based on the results of data processed using Microsoft Excel. 

RESULTS AND DISCUSSION 

Water quality 

According to Indonesian Government Regulation 

Number 22/2021 concerning the Implementation of 

Environmental Protection and Management, most water 

parameter values (Table 1) in the location categories are not 

optimal for coral growth. The average salinity is 32.3 ppt, 

below standard; seawater's average salinity in tropical areas, 

such as Indonesia, is approximately 33-34 ppt (Badriana et 

al. 2021). Other sources stated the ideal salinity for coral 

growth is between 30-36‰ (Giyanto et al. 2017). The 

decrease in salinity can lead to a substantial reduction in 
fertilization success during coral spawning and a decrease in 

larval developmental success. It has been observed that a 

20% decrease in salinity can decrease fertilization success 

by 86% during coral spawning and reduced larval 

developmental success by 50% (Carlson et al. 2019) 

The average value of nutrient components, including 

nitrate and phosphate, in Sempu waters exceeds the 

recommended optimum limit for coral growth. High nitrate 

concentrations, combined with low phosphate availability, 

result in zooxanthellae lacking phosphate requirements, 

which increases the vulnerability of corals to bleaching due 
to heat and light stress (Rosset et al. 2017). The nutrient 

component enrichments (nitrate, ammonium, and 

phosphate) cause a decrease in coral resistance to disease 

induction through viruses and pathogenic bacteria (Zhao et 

al. 2021), thereby increasing the prevalence of disease and 

health problems in coral. Meanwhile, the average 

sedimentation rate is 62.2 mg/cm2/day, categorized as very 

high-catastrophic. This high sedimentation caused a 

severely decreased in coral abundance, communities, 

recruitment, colonies, and invasion by opportunistic species, 

even slowing or stopping the regeneration (Pastorok and 
Bilyard 1985).  

 

 

 
Table 1. Water parameters results in Sempu Strait, Malang District, East Java, Indonesia 

 

Parameters Unit 
Station 

Average Threshold Category 
RA JT BT WW WM 

Temperature °C 29.67 29.51 29.78 29.95 29.39 29.7 28-30a Optimal 
Salinity o/oo 32.12 32.01 32.09 32.52 32.38 32.2 33-34 a Not optimal 
pH - 8 8.1 8.22 8 8.1 8.1 7-8.5 a Optimal 
Dissolved oxygen (DO) mg/L 6.35 6.37 6.33 6.32 6.36 6.3 >5 a Optimal 
Nitrate mg/L 0.023 0.019 0.009 0.340 0.520 0.182 0.06 Not optimal 

Phosphate mg/L 0.018 0.019 0.007 0.290 0.320 0.131 0.015 Not optimal 
Current m/s 0.38 0.45 0.47 0.49 0.5 0.38 Slow: 0-0.25b m/s 

Moderate: 0.25-0.50m/s 
Fast: 0.50- 1 m/s 

Very fast: >100 m/s 

Moderate 

Sedimentation rate mg/cm2/day 45.44 73.04 53.93 84.93 53.50 62.2 1-10 slight-moderatec 
10-50 moderate-severe 
>50 severe-catastrophic 

Severe-catastrophic 

Source: (aPastorok and Bilyard 1985, bRamlah et al. 2015, c Indonesia Government 2021) 
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Figure 3. Live coral coverage percentage in Sempu Strait, Malang District, East Java, Indonesia. Note: RA: Rumah Apung; JT: Jetty Port; 
BT: Banyu Tawar; WW: Waru-Waru; WM: Watu Meja; ACB: Acropora Branching; CB: Coral Branching; CF; Coral Foliose; CM: Coral 
Massive; CMR: Coral Mushroom; CME: Coral Millepora; CS: Coral Submassive; ACT: Acropora Tabulate; CE: Coral Encrusting 

 

 

 

Coral cover 

The conditions of coral reefs in the Sempu Strait waters 

fall into the bad category, with coverage percentages ranging 

from 10.2-19.8% ( 
Figure 3). The low percentage of coral coverage is due 

to sedimentation, marine activity such as port activity, 

tourism activities, and environmentally unfriendly 

catchment methods, causing low coral coverage in the 

waters of the Strait of Sempu. 

Overall, the highest life form coverage on the five 

stations is coral massive (CM) at 28.2%, while the lowest 

coverage is coral submassive (CS) at 0.6%. The forms of 

hard coral growth in the swamp waters are dominated by 

massive coral, coral branching, coral foliose, and Acropora 

branching (Luthfi et al. 2018). The forms of coral growth 
provide information about the environmental conditions of 

the waters of a region. Edinger and Risk (2000) stated that 

the classification of the relationship between coral 

development forms and the water environment is divided 

into three: first, ruderals (r) are coral corals that easily adapt 

to their environment or quickly adapt to its damage; 

Competitors (K), both non-Acropora corals are foliose-

shaped and branching that dominate water and have rapid 

growth though less rapidly compared to Acropora; third is 

the coral that has a stress-tolerant (S), which is all massive 

and submassive corals that have the ability to resist 

sedimentation and water eutrophication. 

Coral diseases and compromised health prevalence 

The study revealed the coral disease prevalences in each 

station (Figure 4Error! No bookmark name given.); the 

highest at Rumah Apung station was Pigmentation Response 
(PR) at 14.28%, and the lowest was Ulcerative White Spots 

at 3.57%. The highest type of disease at Jetty Port station is 

Fish Bite (FB) at 20% and the lowest Pigmentation 

Response at 2%. The highest disease at Banyu Tawar station 

was trematodiasis at 23.8%, and the lowest Ulcerative White 

Spots (UWS), Fish Bite (FB) and Pigmentation Response 

(PR) at 9.52%. The highest disease at Waru-Waru station 

was Non-Focal Bleaching (NFBL) at 29.41%, and the lowest 

was Fish Bite (FB) and Pigmentation Response (PR) at 

17.64%. The highest disease at Watu Meja station is Non-

Focal Bleaching (NFBL), with 13.63%, and the lowest Fish 
Bite (FB), with 9.09%. Coral disease prevalence has 

significantly increased under a changing climate, impacting 

coral community structure and functionality  (Ampou et al. 

2017). The impacts and ecology of coral diseases are unclear 

in most high-latitude reefs. High-latitude locations are 

vulnerable to climate change; therefore, identifying diseases 

and developing region-specific baselines are important for 

local management (Moriarty and Ainsworth 2022).  
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Figure 4. Compromised health and coral diseases prevalence in Sempu Strait, Malang District, East Java, Indonesia. Note: RA: Rumah 
Apung; JT: Jetty Port; BT: Banyu Tawar; WW: Waru-Waru; WM: Watu Meja; TLP: Tissue Loss Predation; TLNP: Tissue Loss Non-
Predation; TD: Tissue Discoloration; CH: Compromised Health  

 

 
Table 2. Coral diseases and compromised health 

 

Category Type  Description 

TLP (Tissue Loss 
Predation) 

Fish Bite A fish bite causes injury, the wound characterized by white and rugged like a 
sharp object, sometimes found in a rectangle or line. 

TLNP (Tissue Loss 
Non-Predation) 

Black Band Disease A black band with a width of 7-9 mm is located between a dead (white) 
skeleton and a living tissue. Algae found recover dead skeletons. 

Ulcerative White Spots There are small white circles separated and spread across the colony surface. 

TD (Tissue 
Discoloration) 

Non Focal Bleaching Coral bleaching forms a pattern that spreads on the coral body. 

Trematodiasis Shaped of small pink-colored spots spreading on the coral body, and look 
slightly emerged. 

Pigmentation Response The shape of pink spots was in the pattern spread or only at one point on the 
coral body. 

CH (Compromised 
Health) 

Sediment Damage Diffuse area of tissue loss was associated with fine sediment accumulating in 
hollows on the coral surface and coral polyps and tissue. 

 
 

The highest health disturbance caused by sediment 
damage (SD) was at the Rumah Apung Station at 71.4%, for 

the lowest percentage of compromised health was at Waru-

Waru Station at 35.2%. Therefore, this study shows the 

Rumah Apung Station has the highest percentage of 

compromised health. This is due to the high level of coral 

damage caused by sedimentation, which is high in the 

Rumah Apung station due to high anthropogenic activity 

such as ship and fishing. In addition, the light-moderate 

sediment rate in the Rumah Apung Station is also the biggest 

factor that causes the low percentage of coral cover in 

Rumah Apung Station (Isdianto et al. 2021). 

The observation in Sempu Strait shows 6 types of 
diseases were collected that are divided into 3 categories and 

1 type of compromised health according to the cause of 

disorders in the coral (Raymundo et al. 2008). The disease 

categories include TLP (Tissue Loss Predation) with Fish 
bite; TLNP (Tissue Loss Non-Predation) with Black Band 

Disease (BBD) and Ulcerative White Spots (UWS); TD 

(Tissue Discolouration) with Non-Focal Bleaching (NFBL), 

Trematodiasis, Pigmentation Response (PR); CH 

(Compromised Health) with Sediment Damage (SD). Coral 

diseases and their characteristics found in the waters of the 

Sempu Strait are described in Table 2. 

Coral diseases and compromised health in Sempu Strait 

identification 

The prevalence of disease and threats to corals has been 

used to assess coral reefs' resilience. This is supported by 

Linh et al. (2019), who developed 11 resilience indicators 
for assessing coral reefs, including coral disease, as a 

measure of resilience. Coral diseases threaten the reef-
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building coral species and can potentially reduce coral 

ecosystem biodiversity, loss of habitat, increased 

vulnerability to coastal hazards (Huang et al. 2021), and 

coral mortality (Spadafore et al. 2021). The ability of corals 

to resist diseases and recover after outbreaks is crucial for 

the long-term survival and persistence of coral reefs. Recent 

studies have highlighted the importance of understanding 

the mechanisms of resilience and resistance in coral reef 

restoration and conservation strategies (Libro and Vollmer 

2016). The cascading effects caused by coral diseases on the 
entire reef ecosystem; for example, in the Caribbean, 

diseases have caused a reduction in the primary reef-

building coral, Acropora palmata, and an important grazer, 

Diadema antillarum. These cascading effects include 

alterations in species composition, ecological processes, and 

the overall functionality of the reef ecosystem (McClanahan 

et al. 2002). The coral diseases and compromised health 

characteristics found in Sempu Strait are described in Figure 5. 

TLP (Tissue Loss Predation) is a form of coral disease 

due to the disappearance of tissue caused by predation. Fish 

bites are classified based on lesion size, shape, presence of 
predators, and the development of lesions on the coral 

surface which the growth of macroalgae will later colonize 

(Aeby et al. 2020). The corals losing tissue also causes the 

coral body's susceptibility to disease (Raymundo et al. 

2008). The Sempu Strait waters themselves have a variety of 

reef fish, according to Bintoro et al. (2023), which are 23 

families of reef fish found in the Sempu Strait, which the 

Pomacentridae family dominates. The bite of the coral fish 

is usually white in the shape of a line with a tissue that has 

been scratched or lost (Beeden et al. 2008). 

TLNP (Tissue Loss Non-Predation) is a disease caused 

by bacterial infection, water environment changes, or coral 

reef ecosystem pollution. The types of TLNP disease found 

in the Sempu Strait waters are Black Band Disease (BBD) 

and Ulcerative White Spots (UWS). BBD is a globally 

distributed and easily recognizable coral disease (Meyer et 

al. 2023) and develops at a growth rate of 3 mm/day 

(Buerger et al. 2016). More recently, Ulcerative White Spots 

(UWS), a presumed new "white-plague type" disease, 

killing large numbers of corals in a short time, was reported 
from southeastern Florida in 2014. Therefore, it is possible 

that the pathogen(s) could have been released from sediment 

disturbance, or that pathogen virulence and/or host 

susceptibility were affected by the high temperatures, or 

both (Weil et al. 2019). The appearance of white spots on the 

outer surface of the coral characterizes UWS. A feature of 

the disease makes small wounds <1 cm in diameter, round-

shaped like eggs, regularly on the coral's outer surface, and 

the spotted wounds found on infected corals can merge and 

form large wounds (Raymundo et al. 2008). 

TD (Tissue Discoloration) is a change in color in coral 
tissue due to biological activity within the coral body. The 

types of TD disease found in the Strait are Non-Focal 

Bleaching (NFBL), Trematodiasis, and Pigmentation 

Response. The TD found in coral are massive, submassive, 

coral branching, and acropora branching. The disease forms 

multifocal or diffuse wound patterns shown by a coral tissue 

color change to pink, purple, or blue. Pigmentation can be in 

lines, dots, bumps, or irregular shapes. This characteristic is 

a coral response to disorders such as drilling biota, 

competition, or algae attack (Beeden et al. 2008). 

 
 

 
Figure 5. Coral diseases and compromised health recorded in Sempu Strait, Malang District, East Java, Indonesia: A. Bleaching; B. 
Ulcerative White Syndrome; C. Pigmentation Response; D. Black Band Diseases; E. Trematodiasis; F. Fish Bites; G. Sediment Damage 

A B C 

D E F 

G 
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CH (Compromised Health) caused by sediments can 

cause the closure of coral polyps and inhibit the metabolic 

system. Sedimentation tends to settle easily, and covering 

coral polyps causes tissue necrosis, leading to their death 

(Permana et al. 2022). The organic materials, such as 

hydrogen sulfide in sediment, trigger microbial processes 

that can kill coral. Sediment and water samples may serve as 

potential transmission sources for stony coral tissue loss 

disease (SCTLD)-associated microbes (Rosales et al. 2020). 

Additionally, it highlighted that organic sediment 
enrichment increases microbial activity, causing anoxia and 

increased disease prevalence in corals (Ashey et al. 2023). 

Not only in matured corals, but sedimentation is also a 

stressor for corals just starting recruitment (Moeller et al. 

2017). Sedimental damage in coral reefs in the waters of the 

Sempu Strait occurs due to the high anthropogenic activity 

and river flow that causes the sedimentation rate in the water 

to increase. 

Discussion 

Coral reefs face many global pressures, with climate 

change and ocean acidification identified as significant 
contributors to the worldwide coral reef ecosystem 

degradation (Lesser et al. 2016). The healthiness of coral 

reef is related to their presence of disease and compromised 

health` (Zakaria et al. 2021). Most lesions found on corals 

are not produced by infectious agents but by environmental 

factors such as physical influences (predation, abrasion, 

storms), environmental stressors (temperatures resulting in 

bleaching, sedimentation), or chemical influences 

(toxicants). Environmental stressors greatly influence the 

health of coral reefs (Patthanasiri et al. 2022). Water quality 

is essential to the coral reefs' health; thus, many thresholds 
have been established to determine the extent to which coral 

reefs may survive. Some water quality values in the Sempu 

Strait are not optimal, namely salinity, nitrate, phosphate, 

and sedimentation rate, so they can potentially reduce coral 

health. 

According to the observation findings in five stations, the 

coral cover across all stations was categorized in the bad 

category, measuring 10.2-19.8%. This is also related to 

previous research in 2021 with the same location, showing 

an overall average of 11.47% in 3 observation periods 

(August, September, October) (Isdianto et al. 2023). 

Furthermore, this result is not significantly different from 
studies conducted in 2018, wherein coral cover was 

estimated to be between 8 and 30%, with an average of 20% 

categorized as poor (Luthfi et al. 2019). The low cover of 

live coral is partly caused by high sedimentation disrupting 

coral metabolism due to polyps blockage, leading to coral 

death. These results align with Luthfi et al. (2014) that 

sedimentation and nutrient supply play an important role in 

increasing the prevalence of coral health disorders. This 

follows the study results, which state that the most common 

health problems found in Sempu waters are caused by the 

deposition of sediment covering the coral surface, leading to 
the bleaching and death of several corals. Sedimentation, in 

part, is influenced by the current velocity that removes 

sediment from the coral surface. Sediment sorting can be 

influenced by current speed, water depth, and tidal range, 

influencing sedimentation (Amjadian et al. 2023). The 

current speed in the Sempu Strait is classified in the 

moderate category and is supported by sedimentation rate 

values which are in the severe-catastrophic category; this has 

the potential to damage coral health in the Sempu Strait 

because the moderate-speed currents category (0.25-0.50 

m/s) are insufficient to reduce the rapid sedimentation rate 

in a body of water. 

The disease category recorded most frequently in the 

waters of the Sempu Strait is Tissue Discoloration (TD), 
which includes non-focal bleaching, trematodiasis, and 

pigmentation response. This disease category can be 

observed by color changes on the coral's body, which is the 

coral's response to several disturbances such as drilling 

biota, competition, or algae attacks. The other leading cause 

of macroalgae's appearance is high nutrient levels in waters, 

such as nitrate and phosphate, so it can be concluded that 

high nitrate and phosphate levels can indirectly trigger 

disease development. This follows the statement of Siagian 

et al. (2022) in the research regarding the supply of nutrients 

from shrimp ponds, which states that there is a strong 
relationship between nitrate, phosphate, and ammonia on the 

prevalence of disease and coral cover. Sempu waters require 

attention regarding anthropogenic activities that have the 

potential to provide excess nutrient supply to the waters, 

especially related to port activities and waste from local 

settlements. 

The Sempu Strait is part of a nature reserve that should 

be protected and become a conservation concern by the 

government; tourism activities, especially at Waru-waru 

station, pose a risk of coral damage. This includes kicking 

corals, holding corals, walking on corals, and lowering 
tourist boat anchors without considering corals sites. In 

addition, the sedimentation threat to coral health had 

previously occurred in the Sempu Strait, as was proven 

precisely in 2006-2009, when the expansion of 

Pondokdadap Harbor had a significant influence, resulting 

in a 50% reduction in coral cover (Luthfi et al. 2018). Based 

on the conditions previously explained, besides creating 

marine protected areas, other efforts to restore coral 

ecosystems are sinking artificial reefs or coral gardens. In 

2013, the practice of immersing coral garden media in the 

Sempu Strait was implemented, notably at Watu Meja 

station; however, this practice wasn't maintained 
sustainably. 

Global-scale influences, such as climate change, 

encompassing rising sea surface temperatures, ocean 

acidification, sea level rise, and intensifying storms, require 

study due to their ability to affect the health of coral reefs, 

potentially leading to a decline in coral cover. Studies have 

highlighted the importance of considering both global 

factors and anthropogenic factors in safeguarding coral 

health (Hoegh-guldberg et al. 2017; Tracy et al. 2024). 

Additionally, utilizing resilient coral species could enhance 

the efficacy and proactive nature of coral reef restoration 
techniques in response to climate change (Caruso et al. 

2022). In conclusion, a holistic approach to coral condition 

issues needs to consider environmental conditions, potential 

stress triggers, long-term consequences of anthropogenic 

factors, as well as good integration between stakeholders in 
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implementing conservation efforts. It is hoped that the final 

results of this research will be useful in providing insight to 

policymakers so that they can collaborate with relevant 

stakeholders to carry out appropriate conservation efforts to 

support the sustainability and resilience of coral reefs in 

Sempu Strait waters. 

ACKNOWLEDGEMENTS 

This research is independent research carried out with an 

extraordinary team, periodically collecting data in the field. 

The author also expresses his gratitude for the support of the 
Brawijaya University Fisheries and Marine Resources 

Exploration Laboratory, Malang, Indonesia which has 

provided support for this research through the equipment 

and supplies used, and UPT Pondokdadap, which facilitated 

the research process by empowering extraordinary personnel 

and providing all the necessary resources. It is hoped that the 

successful collaboration will be implemented again 

effectively.  

REFERENCES 

Aeby GS, Howells E, Work T, Abrego D, Williams GJ, Wedding LM, 

Caldwell JM, Moritsch M, Burt JA. 2020. Localized outbreaks of coral 

disease on Arabian reefs are linked to extreme temperatures and 

environmental stressors. Coral Reefs 39: 829-846. DOI: 

10.1007/s00338-020-01928-4. 

Amjadian P, Neill SP, Martí Barclay V. 2023. Characterizing seabed 

sediments at contrasting offshore renewable energy sites. Front Mar 

Sci 10: 1-17. DOI: 10.3389/fmars.2023.1156486. 

Ashey J, Mckelvie H, Freeman JD, Shpilker P, Zane LH, Becker-polinski 

DM, Cowen L, Richmond RH, Seneca F, Putnam HM, Sciences B, 

Island R, Rd F, Science C, St A, Station SM, Pierce F. 2023. 

Characterizing transcriptomic responses to sediment stress across 

location and morphology in reef-building corals. PeerJ 12: e16654. 

DOI: 10.7717/peerj.16654. 

Badriana MR, Avrionesti, Surya MY, Abdurrahman U, Pratyaksa IF, 

Hidayatullah AI, Wicaksono MAA, Diastomo H, Suprijo T, Park H, 

Hutahean AA. 2021. Potential coral implementation area for Indonesia 

Coral Reef Garden in Nusa Dua, Bali. IOP Conf Ser: Earth Environ Sci 

925 (1): 012024. DOI: 10.1088/1755-1315/925/1/012024. 

Beeden R, Willis BL, Raymundo LJ, Page CA, Weil E. 2008. Underwater 

Cards for Assessing Coral Health on Indo-Pacific Reefs. CRTR 

Program Project Executing Agency, Center for Marine Studies, 

Australia. 

Bintoro G, Isdianto A, Harahab N, Kurniawan A, Wicaksono AD, 

Maharditha R, Fathah AL, Putri BM, Haykal MF, Asadi MA, Setyanto 

A, Lelono TD, Luthfi OM, Pratiwi DC. 2023. Reef fish monitoring as 

a coral reef resilience indicator in the Sempu Strait, South of East Java, 

Indonesia. Biodiversitas 24: 4950-4959. DOI: 

10.13057/biodiv/d240938. 

Brandl SJ, Rasher DB, Côté IM, Casey JM, Darling ES, Lefcheck JS, Duffy 

JE. 2019. Coral reef ecosystem functioning: Eight core processes and 

the role of biodiversity. Front Ecol Environ 17: 445-454. DOI: 

10.1002/fee.2088. 

Buerger P, Alvarez-Roa C, Weynberg KD, Baekelandt S, van Oppen MJH. 

2016. Genetic, morphological and growth characterisation of a new 

Roseofilum strain (Oscillatoriales, Cyanobacteria) associated with 

coral black band disease. PeerJ 4: e2110. DOI: 10.7717/peerj.2110. 

Carlson RR, Foo SA, Asner GP. 2019. Land Use Impacts on Coral Reef 

Health: A Ridge-to-Reef Perspective. Front Mar Sci 6: 1-19. DOI: 

10.3389/fmars.2019.00562. 

Caruso C, Hughes K, Drury C. 2022. Selecting Heat-Tolerant Corals for 

Proactive Reef Restoration. Front Mar Sci 8: 632027. DOI: 

10.3389/fmars.2021.632027. 

Castañeda-Chávez MDR, Lango-Reynoso F, García-Fuentes JL, Reyes-

Aguilar ÁR. 2018. Bacteria that affects coral health with an emphasis 

on the gulf of Mexico and the caribbean sea. Latin Am J Aquat Res 46: 

880-889. DOI: 10.3856/vol46-issue5-fulltext-2. 

Cheng CM, Cheng YR, Ding DS, Chen YT, Sun WT, Pan CH. 2021. Effects 

of ciliate infection on the activities of two antioxidant enzymes (SOD 

and CAT) in captive coral (Goniopora columna) and evaluation of drug 

therapy. Biology (Basel) 10 (11): 1216. DOI: 

10.3390/biology10111216. 

Edinger EN, Risk MJ. 2000. Reef classification by coral morphology 

predicts coral reef conservation value. Biol Conserv 92: 1-13. DOI: 

10.1016/S0006-3207(99)00067-1. 

Elvan Ampou E, Johan O, Menkes CE, Niño F, Birol F, Ouillon S, 

Andrefouet S. 2017. Coral mortality induced by the 2015-2016 El-Niño 

in Indonesia: The effect of rapid sea level fall. Biogeosciences 14: 817-

826. DOI: 10.5194/bg-14-817-2017. 

Fabricius KE, Crossman K, Mongin M, Jonker M, Thompson A. 2023. 

Macroalgal cover on coral reefs: Spatial and environmental predictors, 

and decadal trends in the Great Barrier Reef. PLoS One 18: e0279699. 

DOI: 10.1371/journal.pone.0279699. 

Giyanto, Abrar M, Hadi TA, Budiyanto A, Muhammad Hafizt, Salatalohy 

A, Iswari MY. 2017. Coral Reefs Status in Indonesia. [Indonesian] 

Hoegh-guldberg O, Poloczanska ES, Skirving W, Dove S. 2017. Coral Reef 

Ecosystems under Climate Change and Ocean Acidification. Front Mar 

Sci 4: 158. DOI: 10.3389/fmars.2017.00158. 

Huang CY, Hwang JS, Yamashiro H, Tang SL. 2021. Spatial and cross-

seasonal patterns of coral diseases in reefs of Taiwan: High prevalence 

and regional variation. Dis Aquat Organ 146: 145-156. DOI: 

10.3354/dao03624. 

ICRI. 2018. The Coral Reef Economy: The business case for investment in 

the protection, preservation and enhancement of coral reef health. 

Indonesian Government. 2021. Government Regulation number 22 of 2021 

concerning Implementation of Environmental Protection and 

Management. [Indonesia] 

Isdianto A, Haykal MF, Putri BM, Adibah F, Nur Q, Marhaendra I, 

Fadhilah RK, Akbar K, Prasetyo A, Hairuddin A, Andrimida A, 

Hardiyan Z. 2021. Coral reef monitoring surrounding Rumah Apung 

CMC station in Sempu Waters in August 2021 2021. Prosiding 

Seminar Nasional Perikanan dan Kelautan dalam Rangka 

Memperingati Hari Ikan Nasional 9: 47-58. [Indonesian] 

Isdianto A, Kurniawan A, Wicaksono AD, Nur Q, Marhaendra I, Putri BM, 

Fathah AL, Asadi MA, Luthfi OM, Pratiwi DC, Harahab N. 2023. 

Observation of coral reef and macroalgae competition in the Sempu. J 

Ecol Eng 24: 174-184. DOI: 10.12911/22998993/170246. 

Lesser MP, Fiore C, Slattery M, Zaneveld J. 2016. Climate change stressors 

destabilize the microbiome of the Caribbean barrel sponge, 

Xestospongia muta. J Exp Mar Biol Ecol 475: 11-18. DOI: 

10.1016/j.jembe.2015.11.004. 

Libro S, Vollmer S V. 2016. Genetic signature of resistance to White Band 

Disease in the Caribbean staghorn coral Acropora cervicornis. PLoS 

One 11: e0146636. DOI: 10.1371/journal.pone.0146636. 

Linh NT, Tue NT, Nhuan MT. 2019. Assessing coral reef resilience for 

sustainable resource management (case study in Hon La island, Quang 

Binh province, Vietnam). Vietnam J Mar Sci Technol 19: 385-394. 

DOI: 10.15625/1859-3097/19/3/13516. 

Luthfi, M. O, Rahmadita VL, Setyohadi D. 2018. Looking at the ecological 

equilibrium condition of coral reefs on Sempu Island, Malang using the 

approach to the area of hard coral colonies (Scleractinia). J Environ Sci 

16: 1-8. DOI: 10.14710/jil.16.1.1-8. [Indonesian] 

Luthfi OM, Akbar D, Ramadhan MG, Rohman M, Wahib NK. 2019. 

Comparative study of living and non-living base substrate cover of 

Sempu Island Waters, Malang District using the reef check method. 

JFMR-J Fish Mar Res 3: 127-134. DOI: 

10.21776/ub.jfmr.2019.003.02.1. [Indonesian] 

Luthfi OM, Isdianto A, Sirait APR, Putranto TWC, Affandi M. 2020. 

Ecology of cubes artificial reef of Damas Beach, East Java, Indonesia. 

Ecol Environ Conserv 26: 1798-1805.  

Luthfi OM, Naradiarga L, Jauhari A. 2014. Coral Health Disorders in the 

Sempu Nature Reserve Water Area, Malang District, East Java. 

Pertem. Ilm. Nas. ISOI XI 1: 202-209. [Indonesian] 

McClanahan T, Polunin N, Done T. 2002. Ecological states and the 

resilience of coral reefs. Ecol Soc 6 (2): 18. DOI: 10.5751/es-00461-

060218. 

Meyer JL, Gunasekera SP, Brown AL, Ding Y, Miller S, Teplitski M, Paul 

VJ. 2023. Cryptic diversity of black band disease cyanobacteria in 

Siderastrea siderea corals revealed by chemical ecology and 



 BIODIVERSITAS 25 (4): 1404-1412, April 2024 

 

1412 

comparative genome-resolved metagenomics. Mar Drugs 21 (2): 76. 

DOI: 10.3390/md21020076. 

Moeller M, Nietzer S, Schils T, Schupp PJ. 2017. Low sediment loads affect 

survival of coral recruits: The first weeks are crucial. Coral Reefs 36: 

39-49. DOI: 10.1007/s00338-016-1513-1. 

Moriarty T, Ainsworth T. 2022. Identification of coral disease within the 

high- latitude reef, Lord Howe Island Marine Park. Front Ecol Evol 11: 

1194485. DOI: 10.21203/rs.3.rs-1798206/v1. 

Nguyen TG, Vo QM. 2022. The categorized of surface water quality 

variation using multivariate statistical approaches: A case study of Ben 

Tre Province, Vietnam. Trends Sci 19 (8): 3468-3468. DOI: 

10.48048/tis.2022.3468. 

Obura D, Grimsditch G. 2009. Resilience Assessment of Coral Reefs Rapid 

assessment protocol for coral reefs, focusing on coral bleaching and 

thermal stress. IUCN, Gland, Switzerland. 

Pastorok R, Bilyard G. 1985. Effects of sewage pollution on coral-reef 

communities. Mar Ecol Prog Ser 21: 175-189. DOI: 

10.3354/meps021175. 

Patthanasiri K, Lirdwitayaprasit T, Yeemin T, Thongcamdee I, Potisarn N. 

2022. Effects of temperature and salinity on coral bleaching in 

laboratory. IJESD 2022 13 (1): 21-25. DOI: 

10.18178/ijesd.2022.13.1.1367. 

Peixoto RS, Rosado PM, Leite DC de A, Rosado AS, Bourne DG. 2017. 

Beneficial microorganisms for corals (BMC): Proposed mechanisms 

for coral health and resilience. Front Microbiol 8: 1-16. DOI: 

10.3389/fmicb.2017.00341. 

Permana MHR, Subhan B, Arafat D, Sulistiono, Yulianda F. 2022. Coral 

reef health and the distribution of soft coral abundance in Banten Bay. 

IOP Conf Ser Earth Environ Sci 1119 (1): 012034. DOI: 10.1088/1755-

1315/1119/1/012034. 

Ramlah S, Fajri N El, Adriman. 2015. Physical, Chemical Parameters and 

Saphrobic Coefficients (X) as Determinants of Water Quality in the 

Senapelan River, Pekanbaru. [Doctoral dissertation]. Riau University, 

Riau. [Indonesian] 

Raymundo LJ, Couch CS, Bruckner AW, Harvell CD. 2008. A coral disease 

handbook: Guidelines for assessment, monitoring, and management. 

Renzi JJ, Shaver EC, Burkepile DE, Silliman BR. 2022. The role of 

predators in coral disease dynamics. Coral Reefs 41: 405-422. DOI: 

10.1007/s00338-022-02219-w. 

Rogers CS, Ramos-Scharrón CE. 2022. Assessing effects of sediment 

delivery to coral reefs: A caribbean watershed perspective. Front Mar 

Sci 8: 1-23. DOI: 10.3389/fmars.2021.773968. 

Rosales SM, Clark AS, Huebner LK, Ruzicka RR, Muller EM. 2020. 

Rhodobacterales and rhizobiales are associated with stony coral tissue 

loss disease and its suspected sources of transmission. Front Microbiol 

11: 1-20. DOI: 10.3389/fmicb.2020.00681. 

Rosset S, Wiedenmann J, Reed AJ, D’Angelo C. 2017. Phosphate 

deficiency promotes coral bleaching and is reflected by the 

ultrastructure of symbiotic dinoflagellates. Mar Pollut Bull 118: 180-

187. DOI: 10.1016/j.marpolbul.2017.02.044. 

Siagian RAS, Sabdono A, Sunaryo S, Trianto A, Dirgantara D. 2022. 

Nutrient enrichment impact of wastewater shrimp ponds on coral reefs 

of Nyamplungan Village, Karimunjawa. Indones J Mar Sci 27: 267-

278. DOI: 10.14710/ik.ijms.27.3.267-278. 

Soler-Hurtado MM, Sandoval-Sierra JV, Machordom A, Diéguez-

Uribeondo J. 2016. Aspergillus sydowii and other potential fungal 

pathogens in gorgonian octocorals of the Ecuadorian Pacific. PLoS 

One 11: e0165992. DOI: 10.1371/journal.pone.0165992. 

Spadafore R, Fura R, Precht WF, Vollmer S V. 2021. Multi-Variate 

Analyses of Coral Mortality From the 2014-2015 Stony Coral Tissue 

Loss Disease Outbreak Off Miami-Dade County, Florida. Front Mar 

Sci 8: 723998. DOI: 10.3389/fmars.2021.723998. 

Sweet M, Burian A, Fifer J, Bulling M, Elliott D, Raymundo L. 2019. 

Compositional homogeneity in the pathobiome of a new, slow-

spreading coral disease. Microbiome 7: 1-15. DOI: 10.1186/s40168-

019-0759-6. 

Sweet M, Bythell J. 2017. The role of viruses in coral health and disease. J 

Invertebr Pathol 147: 136-144. DOI: 10.1016/j.jip.2016.12.005. 

Thurber RV, Mydlarz LD, Brandt M, Harvell D, Weil E, Raymundo L, 

Willis BL, Langevin S, Tracy AM, Littman R, Kemp KM, Dawkins P, 

Prager KC, Garren M, Lamb J. 2020. Deciphering coral disease 

dynamics: Integrating host, microbiome, and the changing 

environment. Front Ecol Evol 8: 1-18. DOI: 

10.3389/fevo.2020.575927. 

Tracy MA, Weil E, Harvell CD. 2024. Warming and pollutants interact to 

modulate octocoral immunity and shape disease outcomes. Ecol Appl 

30: 1-13. DOI: 10.1002/eap.2024. 

Tuttle LJ, Donahue MJ. 2022. Effects of sediment exposure on corals: A 

systematic review of experimental studies. Environ Evid 11: 1-33. 

DOI: 10.1186/s13750-022-00256-0. 

Weil E, Hernández-delgado EA, Gonzalez M, Williams S, Figuerola M. 

2019. Spread of the new coral disease “ SCTLD ” into the Caribbean: 

implications for Puerto Rico. Coral Reef Newsl 34: 38-43. 

Woodley CM, Bruckner AW, McLenon AL, Higgins JL, Galloway SB, 

Nicholson JH. 1992. Field Manual for Investigating Coral Disease 

Outbreaks. DOI: 10.1016/s0749-3797(18)30801-8. 

Zakaria IJ, Wulandari A, Febria FA, Nofrita, Efrizal. 2021. Diseases and 

health disturbances on scleractinian corals in the west sumatra sea, 

Indian ocean. AACL Bioflux 14: 462-477. 

Zhao H, Yuan M, Strokal M, Wu HC, Liu X, Murk A, Kroeze C, Osinga R. 

2021. Impacts of nitrogen pollution on corals in the context of global 

climate change and potential strategies to conserve coral reefs. Sci 

Total Environ 774: 145017. DOI: 10.1016/j.scitotenv.2021.145017. 
 


	INTRODUCTION

