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Coral ecosystems are shaped by complex environmental gradients, and understanding 

these influences is critical for conservation efforts. This study presents a quantitative 

analysis of environmental factors contributing to coral species richness along 

Pangandaran Beach, situated on the southern coast of Java Island within the Indian 

Ocean—a region noted for its warm, clear waters conducive to coral proliferation. 

Utilizing line intercept transect surveys for coral assessment and Principal Component 

Analysis (PCA) for data interpretation, this research identifies a marked variation in 

species richness between the western (Pasir Putih) and eastern (Batu Numpang) sectors 

of the beach. The Pasir Putih area exhibits a robust positive correlation between coral 

species richness and environmental parameters such as dissolved oxygen (DO), light 

intensity, and water temperature. Conversely, Batu Numpang is characterized by lower 

species richness, which the Akaike information criterion model (AICc = -236.55) 

suggests is adversely affected by reduced DO levels—a stark contrast to the positive 

influence of DO in Pasir Putih (AICc = -14.06). These findings position DO as a pivotal 

environmental factor influencing coral diversity in Pangandaran Beach, with implications 

for targeted marine conservation strategies.  
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1. INTRODUCTION

Elucidating the factors driving organismal variation across 

environmental gradients remains a cornerstone of ecological 

inquiry [1]. Coral reefs, invaluable yet vulnerable marine 

ecosystems, have suffered extensively from anthropogenic 

stresses including overfishing, pollution, disease, and climate-

induced bleaching events [1-4]. The Indo-West Pacific and 

western Atlantic tropical coastal seas have witnessed a 

pronounced decline in coral cover over the past four decades, 

with some reefs experiencing shifts to macroalgae-dominated 

states, commonly referred to as "coral-algal shifts" [4-6]. The 

depletion of herbivorous fish has been implicated in the top-

down degradation of reefs, while bottom-up degradation has 

been associated with increased nutrient enrichment [7, 8]. 

Moreover, selective mortality induced by mass bleaching 

events has contributed to the altered composition of coral 

assemblages, exacerbating the decline of certain species [9]. 

Reef composition is influenced by pronounced gradients of 

depth, salinity, nutrient concentration, and sedimentation from 

inshore to offshore locations [4, 10-12]. Chronic 

anthropogenic stressors, such as fishing activities and the 

discharge of heavy metals and other contaminants, alongside 

episodic natural disturbances like storms, have been 

documented to have significant impacts on coral reef 

populations, with many stressors exhibiting distinct spatial 

patterns [13]. Interactions among coral taxa further complicate 

these patterns, influencing community composition and the 

dynamics of associated taxa [14-16]. 

Understanding spatial variability and environmental 

dependencies of coral reef communities is essential for 

assessing management strategies and sustainable exploitation 

of natural products [17]. This study aims to examine coral reef 

taxonomic composition along a significant inshore-offshore 

gradient at Pangandaran Beach. Data were collected on coral 

assemblages, and environmental parameters such as water 

clarity, pH, and dissolved oxygen concentration were 

measured. The intention is to model the relationship between 

coral community composition and environmental gradients, 

providing a robust framework for the prioritization and 

management of key environmental factors for coral 

conservation. 

2. MATERIAL AND METHODS

2.1 Study location 

Pangandaran Beach is a beach facing the Indian Ocean. The 

530-hectare protected forest known as the Pananjung Nature

Reserve is located on an island that extends into the ocean.
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Pangandaran Beach is separated between western and eastern 

sections that encircle Pananjung (Figure 1). This study 

involves sampling in the western portions of the Pasir Putih 

(PP) area and the eastern portions of the Batu Numpang (BN) 

area within the longitude geocoordinates of 108.6330 E and 

108.6710 E and latitude of 7.7010 S and 7.7230 S. 

 

 
 

Figure 1. Map of the study area at Pangandaran beach, West 

Java Province, Indonesia 

 

2.2 Environmental data collections 
 

Primarily, environmental data were including light (lux), 

humidity (%), pH, salinity (‰), air temperature (℃), dissolved 

oxygen (DO, mg/l), wind (m/s), and water temperature (℃) 

obtained from the western portions of the Pasir Putih area and 

the eastern portions of the Batu Numpang area within 

Pangandaran beach. This required employing the line intercept 

transect survey technique to determine the coral colony 

coverage [18]. 

 

2.3 Coral surveys 

 

During line intercept transect surveys, ocular identifications 

of scleractinian coral species were made [18]. A method by 

study [19] was accustomed to photographing unidentified 

specimens for further analysis and classification. Using the 

line-intercept transect data, the percentage coverage of each 

coral species and life form was determined. We surveyed six 

30-meter-long transects and placed a 1 m × 1 m quadrat with 

1 m spacing at each of the two depths assessed at each site (3 

and 5 m). Four locations were studied for corals.  

 

2.4 Coral diversity analysis 

 

The diversity of coral species was determined using The 

Shannon–Wiener diversity index (H’). This commonly used 

index was applied to estimate fish species diversity in both 

disturbed and intact sites. 
 

𝐻′ = ∑ 𝑝𝑖 ln(𝑝𝑖)

𝑆

𝑖=1

  

 

where, H’ is Shannon–wiener index, pi is the proportion of the 

total abundance of the community represented by the i-th 

species, ln(pi) is the natural log of pi, S = number of fish 

species encountered, and Σ = sum of species 1 to species S. 

 

2.5 PCA analysis, ANOVA, and x2 test 

 

Principal component analysis (PCA), an ordination method, 

was used to visualize the patterns of coral species and 

environmental variable data between western portions of the 

Pasir Putih area and the eastern portions of the Batu Numpang 

area. To test the significance of the locations (western vs 

eastern) on the coral species and environmental variable data, 

analysis of variance (ANOVA) and x2 test was used. 

 

2.6 AIC model 

 

Coral community correlations with environmental variable 

data in both western portions of the Pasir Putih area and the 

eastern portions of the Batu Numpang area were modeled 

using the Akaike Information Criterion (AIC). The AIC was 

developed using linear regression. The measured parameters 

included in AIC were AICc, ΔAICc, AICc weight, cum weight, 

and log likelihood. 

 

𝐴𝐼𝐶 =  2𝑘 –  2𝑙𝑛(Ĺ)  

 

with k be the number of estimated parameters in the model. 

Let Ĺ be the maximized value of the likelihood function for the 

model.  

To build the model, environmental variables correlating 

with the fish coral community, including light, humidity, pH, 

salinity, air temperature, dissolved oxygen (DO), wind, and 

water temperature obtained were included in the analysis to 

develop the model. The best model was selected based on the 

model that has the lowest AIC values. To investigate which is 

the best model, the following three linear mixed-effect models 

were applied and compared as follows: 

Model 1: Light effect 

Model 2: Humidity effect 

Model 3: pH effect 

Model 4: Salinity effect 

Model 5: Air temperature effect 

Model 6: DO effect 

Model 7: Wind effect 

Model 8: Water temperature effect 

The best model was selected based on the lowest AICc and 

cum weight values. 

 

 

3. RESULT AND DISCUSSIONS 
 

Western area (Pasir Putih) of Pangandaran has more coral 

families and individuals in comparison to eastern area (Batu 

Numpang). The diversity index for Pasir Putih was 1.494 and 

1.561 for Batu Numpang (Table 1). Pocilloporidae was the 

common coral family since it can be found in both areas. 

Acroporidae dominated the Batu Numpang, while 

Pocilloporidae dominated the Pasir Putih. Batu Numpang has 

more species categorized as near threatened and vulnerable 

indicating the Batu Numpang was potential for coral 

conservation areas. 

 

3.1 Environmental gradients 

 

Both sides either the western (Pasir Putih/PP area) and the 

eastern (Batu Numpang/BN area) have distinct environmental 

gradients (Table 2). The results of temperature measurements 

in the waters at the Batu Numpang area showed that water 

temperature at 27.5℃. Meanwhile, the temperature in Pasir 

Putih is between 28℃ and 30℃ or warmer than Batu 

Numpang (Figure 2), with the average temperature of the two 
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points at 28.65℃. According to Keputusan Menteri 

Lingkungan Hidup dan Kehutanan RI [20], the criteria for 

appropriate temperature conditions for coral reef life is within 

the range of 28-30℃. This temperature condition can be 

classified as normal. The temperature of Batu Numpang and 

Pasir Putih surpasses the ideal limit for coral growth on 

average, although corals can still endure it, resulting in a low 

level of coral cover. Coral reefs thrive in water temperatures 

ranging from 18 to 36℃, with 26 to 28℃ being the ideal 

temperature for coral growth. Diverse distribution patterns and 

coral reef variety are linked to various temperatures in each 

place, both ecologically and geographically [20, 21]. 

The salinity value in the Batu Numpang area was 3.23‰, 

meanwhile, at the Pasir Putih area, the salinity was lower at 

3.02‰ (Figure 2). This indicates the salinity levels recorded 

in both locations were actually not ideal, considering that the 

recommended salinity levels for coral growth were in the 

range of 33-34‰ [20]. 

 

Table 1. Coral species list recorded with family, common name, abundance, and IUCN Red List in the western (Pasir Putih/PP 

area) and the eastern (Batu Numpang/BN area) 

 

Scientific 

Name 
Common Name Photo Family IUCN 

Sites 

Western 

(PP) 

Eastern 

(BN) 

Acropora 

muricata 
staghorn coral 

 

Acroporidae 

NT - 2 

Acropora 

abrotanoides 
 

 

LC - 1 

Acropora 

kirstyae 
 

 

V - 1 

Fungia 

fungites 

common mushroom 

coral 

 

Fungiidae NT - 1 

Pocillopora 

damicornis 
cauliflower coral 

 
Pocilloporidae 

LC 3 1 

Pocillopora 

verrucose 
 

 

 2 - 

Porites 

attenuata 
stony coral 

 

Poritidae V 1 - 

Pavona 

frondifera 
leaf coral 

 

Agariciidae LC 1 - 

Dipsastraea 

pallida 
colonial stony coral 

 

Merulinidae LC 1 - 

Number of coral families 4 3 

Number of coral species 5 5 

Number of coral individuals 8 6 

Shannon diversity index (H’) 1.494 1.561 
IUCN Red List status: LC (least concern), NT (near threatened), V (vulnerable) 
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Table 2. Summary of the mean and 95%CI and ANOVA for the effects of locations (western vs eastern of Pangandaran beach) 

on the coral species, light (lux), humidity (%), pH, salinity (‰), air temperature (℃), dissolved oxygen (DO, mg/l), wind (m/s), 

and water temperature (℃) 
 

Source of Variations 

Mean and 95%CI 

F P Western 

(PP) 

Eastern 

(BN) 

Species 4(95%CI: 1.74 to 6.26) 3(95%CI: 1.87 to 4.13) 0.6 0.481817415 

Light (lux) 815.4(95%CI: 779 to 851) 769(95%CI: 487 to 1050) 0.102473628 0.764905066 

Humidity (%) 83(95%CI: 80 to 86) 85(95%CI: 85 to 85) 1.714285714 0.260574547 

pH 6.4(95%CI: 6.17 to 6.63) 6.3(95%CI: 6.07 to 6.53) 0.375 0.573392254 

Salinity (‰) 3.146(95%CI: 3.02 to 3.28) 3.23(95%CI:3.23 to 3.23) 1.714285714 0.260574547 

Air Temperature (℃) 30.4(95%CI: 30.2 to 30.6) 30.3(95%CI: 30.1 to 30.5) 0.375 0.573392254 

Dissolved Oxygen (DO, mg/l) 5.48(95%CI: 4.65 to 6.31) 5(95%CI: 4.21 to 5.79 0.675527756 0.45729822 

Wind (m/s) 4.278(95%CI: 2.96 to 5.6) 5.67(95%CI: 4.78 to 6.56 2.924905354 0.162395957 

Water temperature (℃) 28.42(95%CI: 27.5 to 29.3) 27.5(95%CI: 27.5 to 27.5) 4.368891948 0.104808273 

 

 
 

Figure 2. Comparisons of coral species, light (lux), humidity (%), pH, salinity (‰), air temperature (℃), dissolved oxygen (DO, 

mg/l), wind (m/s), and water temperature (℃) between the western (Pasir Putih/PP area) and the eastern (Batu Numpang/BN 

area) 
 

The weather and the time of sampling might alter the 

salinity levels, which can affect the salinity of the waters. For 

corals, salinity is recognized to be a limiting factor [21]. 

According to Supriharyono [22], the typical salinity of 

saltwater in the tropics is around 35‰, and corals grow in the 

34-36‰ salinity range. Salinity, on the other hand, is a 

significant element in aquatic ecological circumstances that 

can influence osmotic pressure in the aquatic organism's body, 

causing these creatures to waste energy to adapt to their 

surroundings via osmoregulation systems [23, 24]. 

Gradients in water quality were more important predictors 

of variance in coral composition. As can be seen in PCA model 

(Figure 3), the biotic composition of selected coral taxa 

(ascidians, macroalgae, and corals) on the Pangandaran beach 

seems to be influenced by water quality characteristics include 

light intensity (turbidity), salinity, water temperature and DO, 

which is consistent with Gittenberger et al. [25]. According to 

the Akaike model (Table 3), declining DO is a main 

determinant factor (AICc = -14.06) contribute to the increases 

of coral species in Pasir Putih and decline in Batu Numpang 

(AICc = -236.55). To conclude, DO gradient is key 

environmental factors influencing the coral community in the 

Pangandaran beach. This is in contrast to Cleary et al. [10], 

who investigated coral, sponge, large benthic foraminifera 

(LBF), and sediment archaea and bacteria populations in the 

Spermonde archipelago. With the exception of soil bacteria, 

habitat variables were more relevant explanatory factors than 

water quality variables in the Spermonde. The current study, 

in which water quality variables were more important 

predictors of ascidians' composition than habitat variables, is 

consistent with Gittenberger et al. [25], who found that various 

ascidian species were very good indicators for bioregions with 

varying distances offshore, while no correlations between 

ascidian communities and habitats were found. 

Larger foraminifera harboring symbionts are among the 

most essential calcifiers in healthy reef environments [26, 27]. 

They are sensitive to environmental factors and are commonly 

employed as water quality monitors [28, 29]. As seen in 

inshore reefs, poor water quality results in fewer obligate 

symbiont-bearing taxa compared to non-symbiont-bearing 

taxa [28]. Depth is a key factor in defining the assemblage 

composition of LBF within reef systems, with the biggest 

diversity in assemblage composition occurring in either 

shallow (reef flat) or deeper (reef slope) assemblages [30, 31].
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Figure 3. PCA models showing the western (Pasir Putih/PP 

area) and the eastern (Batu Numpang/BN area) related to 

light, humidity (%), pH, salinity, air temperature (AT), 

dissolved oxygen (DO), wind velocity (WV), and water 

temperature (WT) 

The abundance of Amphistegina species determines a major 

part of the variation in the fraction of symbiont-bearing LBF 

in the total benthic LBF assemblage. However, there are more 

LBF species in the Indo-West Pacific, and they occupy a wider 

range of habitats [30-32]. Certain taxa in the LBF, particularly 

those in the genus Calcarina, can endure both poor water 

quality and benthic environments dominated by algae rather 

than corals [31]. Some species in this group are particularly 

sensitive to substrate types, such as the presence of corals and 

the lack of sand, while others are sensitive to water quality [31]. 

Reefs at JBTI are dominated by Calcarina species that 

withstand poor water quality, in contrast to other reef systems 

in the region. In addition, taxa that tolerate algal rather than 

rubble substrates predominated. We found that water quality 

appears to be a key determinant of LBF assemblage 

composition in this study.  

In this study, modeling the coral reef compositions along 

with their environmental gradients will provide versatile coral 

management tools. Since it can determine which 

environmental variables should be prioritized and managed, 

this can lead to effective coral reef management. 

 
Table 3. AIC models of coral species, light, humidity, pH, salinity, air temperature, dissolved oxygen (DO), wind, and water 

temperature between the western (Pasir Putih/PP area) and the eastern (Batu Numpang/BN area) 

 
Coral Species Richness (S) 

Models 
AICc ΔAICc AICc Weight 

Cum. 

Weight 

Log 

likelihood 

Batu Numpang (East)      

Model 1: S’⁓light* -236.55 0.00 0.92 0.92 109.27 

Model 2: S’⁓humidity -11.57 224.98 0.00 1.00 -3.22 

Model 3: S’⁓pH -11.57 224.98 0.00 1.00 -3.22 

Model 4: S’⁓salinity -11.57 224.98 0.00 1.00 -3.22 

Model 5: S’⁓air temp -11.57 224.98 0.00 1.00 -3.22 

Model 6: S’⁓DO* -227.08 9.46 0.01 1.00 104.54 

Model 7: S’⁓wind velocity* -231.36 5.16 0.07 0.99 106.68 

Model 8: S’⁓water temp -11.57 224.98 0.00 1.00 -3.22 

Pasir Putih (West)      

Model 1: S’⁓light -9.35 4.73 0.03 0.97 -4.32 

Model 2*: S’⁓humidity* -13.24 0.84 0.23 0.82 -2.38 

Model 3*: S’⁓pH -7.41 6.68 0.01 0.99 -5.30 

Model 4: S’⁓salinity* -13.24 0.84 0.23 0.59 -2.38 

Model 5: S’⁓air temp -7.41 6.68 0.01 1.00 -5.30 

Model 6: S’⁓DO* -14.06 0.00 0.36 0.36 -1.96 

Model 7: S’⁓wind velocity -10.51 3.57 0.06 0.88 -3.74 

Model 8: S’⁓water temp -10.44 3.64 0.06 0.94 -3.76 
*= best model 

 
 

4. CONCLUSIONS 

 

Water quality and environmental gradients have shaped the 

coral community in Pangandaran beach in particular Pasir 

Putih in western sides and Batu Numpang in eastern sides of 

beach. The diversity index for Pasir Putih was 1.494 and 1.561 

for Batu Numpang, indicating high coral diversity mainly in 

Batu Numpang. Pocilloporidae was the common coral family 

since it can be found in both Pasir Putih and Batu Numpang. 

Acroporidae dominated the Batu Numpang, while 

Pocilloporidae dominated the Pasir Putih. Batu Numpang has 

more species categorized as near threatened and vulnerable 

indicating the Batu Numpang was potential for coral 

conservation areas., decline in Batu Numpang (AICc = -

236.55). To conclude, DO gradient is key environmental 

factors influencing the coral community in the Pangandaran 

Beach.  

Despite the fact that the study has succeeded in modeling 

the coral community across environmental gradients, for 

future studies, it is important to include more environmental 

factors to fill data gaps. Those factors and data requirements 

include the nutrient level, sedimentation, and turbidity. 
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