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Abstract. The Mahakam Delta represents one of the largest tropical deltas in Indonesia located at Kutai 
Kartanegara, Kalimantan Island and it is heavily affected by sedimentation processes that impact the coral reef 
habitats. The reef-building corals and reef-inhabiting fish have a mutually symbiotic relationship, with corals 

providing food and habitat while depending on the grazing by certain fish for reproductive success. This 
research aims to investigate the coral reef condition and also the community structure of the reef fish in the 
Mahakam Delta. This study was conducted in July 2018, in Muara Ilu, Mahakam Delta. We observed the coral 
reef area and reef fish at 6 sites throughout the Mahakam River mouth. The condition of coral reefs and reef 
fish is assessed through scuba diving activities, using the video belt transect method, while reef fish surveys 
were done by the operated video transect diver method. The results showed that the coral reefs in the Muara 
Ilu waters of Tani Baru Village, Anggana District, Kutai Kartanegara Regency, have an area of 36.36 Ha, 
consisting of two stretches, "Batu Laut Muara Ilu", covering an area of 35.11 Ha and "Batu Darat Muara Ilu", 
covering 1.25 Ha. The percentage of live coral cover ranges from 2% to 46.4%, with an overall average of 
28.5%, which is classified in moderate/moderate coral reef conditions. The reef fish community data from 
twelve transects showed high diversity and stable fish communities in the coral reef ecosystem from the study 
sites. The index values obtained are: H’=2.60; E=0.65; C=0.13. In conclusion, the diversity of reef fish was in 
the medium category, even distribution of species was present and no dominance by certain types was 
observed. 
Key Words: coral, diversity index, Muara Ilu, reef fish. 

 

 

Introduction. The Mahakam Delta, the largest tropical delta in Indonesia, is located at Kutai 

Kartanegara, Kalimantan Island. Sedimentation processes at the Mahakam River have created 

the delta with a covered area of approximately 1800 km2 and 42 islands (Allen & Chambers 

1998; Persoon & Simarmata 2014). The Mahakam River presents 1000–1500 m3sec-1 riverine 

discharge to the ocean, generating up to 8×106 m3 soil sediments per year, 70% muddy 

sediments and 30% sand. As a result, the tropical Mahakam Delta is heavily affected in terms 

of sedimentation, salinity, pH and turbidity. Mahakam Delta might be an unsuitable 

environment for coral reef development, since water conditions with high turbidity levels can 

prevent Symbiodinium spp. (Zooxanthellae) to carry out photosynthesis (Rogers 1990; 

Tomascik et al 1997; Fabricius 2005; Golbuu et al 2008; Santodomingo et al 2015) and the 

light reduction associated with turbidity poses a proportionally greater risk to the coral.  

 The genus Symbiodinium is a mutualistic symbiont within coral that lives in the polyps 

of most reef building corals in tropical reefs (Stat et al 2009; Trench 1979). Coral can acquire 

energy heterotrophically and catch zooplankton using tentacles and nematocyst release 

(Houlbrèque & Ferrier-Pagès 2009). Corals can also swallow and digest suspended particles 

(Anthony 1999; Anthony 2000; Anthony & Fabricius 2000; Goreau et al 1971), or particles 

attached to their polyps (Mills et al 2004, Mills & Sebens 2004). Corals have also been shown 

to be able to ingest and consume macrozooplankton and even benthic gastropod taxa 
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(Alamaru et al 2009; Mehrotra et al 2016; Mehrotra et al 2019). Corals can also obtain energy 

autotrophically and endosymbiotic algae can produce food sources for coral hosts (Muscatine 

et al 1981; Falkowski et al 1984; Muscatine 1990). Some corals have flexibility in their feeding 

strategies and may preserve a positive energy equilibrium by alternation from autotrophy to 

heterotrophy depending on depth (Palardy et al 2006), bleaching condition (Bessell-Browne 

et al 2014; Grottoli et al 2006), and turbidity (Anthony & Fabricius 2000). However, the ability 

of corals to feed in these modes makes them vulnerable to high sedimentation and turbidity. 

 Interestingly, even though Muara Ilu has high turbidity, a probably unsuitable habitat 

for coral, Suyatna et al (2017) and Syahrir et al (2018) have found the presence of coral reefs 

in the Mahakam Delta. Nevertheless, the Mahakam Delta denotes the spreading boundary of 

several sponges, scleractinian corals and shallow water fish, among other groups of coastal 

and reef-associated organisms (Suyatna et al 2017; Syahrir et al 2018). Yet, the study on 

coral reef ecosystem including the total reef area and the reef fish community in this area is 

still limited.  

 Here, we present a comprehensive study on coral reef condition, the ecological health 

of coral reefs and also the structure of the reef fish community in the Mahakam Delta. The 

results will provide more insight regarding coral reef condition and its fish community in an 

unusual environment, Muara Ilu. Coral reef condition and community structure of fish will 

become a management target because this ecosystem is one of the most important 

ecosystems in Mahakam Delta. 
  
Material and Method 
 

Study site. This study was conducted during July 2018 in Muara Ilu, Mahakam Delta. The 

Mahakam Delta is located in the east coast of Kalimantan Island and encompasses 

approximately 1800 km2, at the mouth of the Mahakam River, of one of the largest rivers in 

Indonesia (Figure 1).  

 

Data collection. The coral reef area was investigated at 6 sites throughout the Mahakam 

River mouth, with 2 transects for each site (Figure 1; Table 1). The sampling sites followed 

previous study sites that found the existence of coral reef in the Mahakam Delta (Syahrir et al 

2018). The total coral reef area was determined by (a) marked coordinates in Citra data that 

showed coral reefs and (b) ground-check, using an acoustic technique with an Echosounder 
(Garmin 420i). This tool is known to detect the differences in underwater substrate (Lawrence 

& Bates 2001; Kagesten 2008; D’Elia et al 2009). The coordinates of each location that 

indicated the presence of a hard substrate were marked. These coordinates were the initial 

benchmark for the size and distribution of coral reefs, as well as the coral condition. 

Table 1 Locations of sample collections  

 

No GPS (UTM) Sample ID 

1 S 00°30'18.9" E 117°41'26.6" ST1 

2 S 00°30'10.6" E 117°41'28.5" ST2 

3 S 00°30'01.9" E 117°41'23.8" ST3 

4 S 00°30'10.1" E 117°41'18.2" ST4 

5 S 00°30'05.4" E 117°41'18.0" ST5 

6 S 00°29'58.8" E 117°40'40.0" ST6 

 

The condition of coral reefs and reef fish was carried out through scuba diving activities, using 

the video belt transect method (Hill & Wilkinson 2004; PERSGA/GEF 2004; Lam et al 2006). 

Surveys were done by SCUBA diving with a belt transects of 50 m length with the diameter of 

2.5 m, both to the left and right sides and 5 m upright. Video documentation was taken along 

the transect. Reef fish surveys were carried out using the operated video transect diver 

method (Langlois et al 2010; Watson et al 2010; Holmes et al 2013; Tessier et al 2013; 
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Wartenberg & Booth 2014). This method is similar to the fish belt transect method (Hill & 

Wilkinson 2004) or rapid visual count (PERSGA/GEF 2004), with the observation being done 

by video. The survey was carried out by conducting a set of video recordings as far as 50 m 

following the same stretch of transect on the video belt transect for coral reef condition. 

    

 

Figure 1. Sample collection sites and distribution of coral reefs in Muara Ilu, Tani Baru 

Village, Mahakam Delta. 

 

Data analysis. The data analysis of the echosounder and underwater CCTV results was 

performed with Arcgis 10.1 (ESRI 2012). The coordinates of the coral reef area were connected 

to the mapping distribution and the total reef area in Muara Ilu, Mahakam Delta was estimated. 

The presence of coral reefs was determined by qualitative description from the video belt 

transect results. The cover percentage of live hard coral (HC) was based on the lifeform 

categories (English et al 1994). The cover percentage of coral life is the total percentage of 
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hard and soft coral (LC=HC+SC). HC is the sum of all the coral cover percentage in the 

Acropora and non-Acropora groups (Gomez & Yap 1988; Gomez et al 1994; Jompa & Pet-

Soede 2002; Hill & Wilkinson 2004). The coral reef condition category is based on Kepmenneg 

LH No. 4/2001, about the Coral Damage Standard Criteria and studies by Jompa & Pet-Soede 

(2002) and Hill & Wilkinson (2004).  

The analysis of reef fish videos was carried out using the CountN technique by 

determining each individual fish recorded in the digital transect video (Wartenberg & Booth 

2014). The genus of the reef fish was identified based on scientific literature (Allen & Steene 

1994; Randal et al 1997; Allen 2000; Bergbauer & Kirschner 2014) and the validation of genus 

and family names was performed with the help of WoRMS Editorial Board (2018). For each of 

the 12 transects, we calculated the following community parameters: the diversity index 

(Shannon’s diversity index), evenness index (E) uniformity, and dominance. Shannon’s 

diversity index (H′) is calculated as:  

 

H′ = −∑pi ln pi

s

i=1

 

 

Where: S is the number of species in the sample and pi is the proportion of S in the species 

(Shannon & Weaver 1949; Odum 1971).  

Community balance was calculated by evenness index (E) ranging from 0 to 1 with the 

following formula: 

 

E=H'/ Hmax 

 

Where: H′ is Shannon’s diversity index, Hmax is the maximum value of diversity and S is the 

number of species in the sample (Odum 1971; Bengen 2000). 

Simpson index of dominance (C) represent dominancy rate of one area and the value 

ranging from 0 to 1 is calculated as: 

 

C =∑(
ni

N
) ² 

Where: ni is importance value for each species and N is the total of importance value (Odum 

1971). 

 

Results and Discussion 

 

The coral reef area. The coral reefs in the Muara Ilu waters, Tani Baru Village, Anggana 

District are a part of the coastal ecosystem in the Mahakam Delta. There were no data, from 

what we know, of the existence of these ecosystems before our previous study (Syahrir et al 

2018). This up-to-date research continued the previous research. The coral reef ecosystem of 

the Muara Ilu waters, Tani Baru Village, Anggana District is divided in two parts. The farthest 

part to the sea was about 12.5 km to the east of Tunu Island with an estimated area of 35.11 

ha, called the "Batu Laut Muara Ilu". The other part is about 11.5 km from Tunu Island with 

an estimated area of 1.25 ha, "Batu Darat Muara Ilu" (Figure 1). There are 6 research stations, 

ST1 to ST5 were located in Batu Laut Muara Ilu and ST6 was located in Batu Darat Muara Ilu 

(Table 1). 

 

Coral coverage. The coral coverage averaged at 28.59%, with the highest value in ST4 

(35.8%) and the lowest value in ST6 (15.3%) (Figure 2). HC coverage was 15.4% and soft 

coral (SC) was 13.1%, with ST2, ST3, ST4 and ST5 in the category of moderate/moderate 

coral conditions, and ST1 and ST6 in the category of bad/damaged conditions. The study sites 

were dominated by muddy or silt (SI) substrate with an average percentage of coverage of up 
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to 48.1% (Figure 3). The high percentage of sludge cover was related to the high concentration 

of suspended solids, which were transported by the Mahakam River to the delta (Creocean 

2000).  

 

  

Figure 2. Percentage of live coral. A - average per transect; B - average per station. 

The HC groups were mainly composed of sub-massive corals (CS), massive corals (CM) and 

encrusting corals (CE) (Figure 3). Based on visual observations along the transect, the coral 

reefs are dominated by the monospecific HC Galaxea and the SC Sinularia (Figures 4 and 5).  
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Figure 3. Percentage of average covering per lifeform. 

   

 

Figure 4. Expanse of hard coral dominated by monospecific genus of Galaxea. 

   

Figure 5. Soft coral overlays dominated by monospecific Sinularia. 
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Figure 6. Percentage of hard coral (HC) and soft coral (SC). 

 

Fish abundance and habitat characteristics. The Muara Ilu waters and its fishing activities 

showed a large fishing potential. However, there are no specific data on reef fish communities 

and associated fish at the site. Data collection or direct observations through scuba diving 

revealed some information about the reef fish type and number, and the association with the 

reef location. The fish communities of the two stretches of coral reefs of Muara Ilu totaled 

3855 individuals, from 56 genera and 28 families. 

 The largest fish community was the genus Lutjanus of the family Lutjanidae, with 

approximately 1000 individuals (29%), followed by the genus Apogon the family Apogonidae 

at 22%, with 768 individuals. The dominance of these fish is almost evenly distributed at all 

stations (Figure 7). This result was different from previous observations of Suyatna et al 

(2011), who found the dominance of the family Leiognathidae, with 3 genera, Leiognathus, 

Gazza and Secutor.  

The number of fish counted from all stations and observation transects varied from the 

lowest of ST4 transect 1 with a number of 5 fish to the highest at ST5 transect 2 with 1085 

individuals. There are two points/transects that quite different compared to the other 

transects, ST5 transect 2 and ST6 transect 1. ST5 transect 2 contained 1085 individuals, most 

of which consisted of the genus Apogon, family Apogonidae, with 695 individuals, while ST6 

transect 1 contained 888 individuals, most of which were from the genus Lutjanus, family 

Lutjanidae with 373 individuals. ST5 had the highest number of fish 1523 individuals and ST4 

had the least number of fish, 56 individuals (Figure 8; Table 2). 

The results showed similar numbers of individual fish. ST5 presented the highest 

number of genera (37 genera), while ST1, ST2, ST3 and ST6 showed similar numbers of 

genera, 20, 21, 22 and 21 genera, respectively. ST4 had the lowest number of genera (13 

genera). ST4 transect 1 has the lowest number of genera (2 genera). The highest number of 

genera was found in ST5 transect 1. The results of the genera of reef fish per transect and per 

observation station are presented in Figure 10. 
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Figure 7. Composition of fish communities based on genera. A - all stations; B - each station. 

 

The observed reef fish communities in our study (Table 2) were divided into 4 groups: 

carnivores, also including piscivores and invertivores; herbivores; omnivores; planktivores of 

both phytoplankton and zooplankton (Ferreira et al 2004; Floeter et al 2004; Carassou et al 

2008; Piché et al 2010). The largest group in the coral reef area at the study site was carnivore 

fish, which consisted of 35 genera of reef fish, with 28 tropic genera of carnivore fish and 7 

genera of both carnivores and planktivores. Carnivorous-planktivorous tropic fish can fall in 

the following genera: Apogon (Apogonidae), Caesio (Caesionidae), Cephalopholis 

(Serranidae), Monodactylus (Monodactylidae), Myripristis (Holocentridae), Plectroglyphidodon 

(Pomacentridae) and Thalassoma (Labridae). Meanwhile, herbivorous fish were from 6 genera, 

including 1 genus belonging to the herbivorous-planktivorous feeding type, Amphiprion. In 

addition, there were 8 genera of omnivorous reef fish and 15 planktivorous fish genera. 



AACL Bioflux, 2019, Volume 12, Issue 5. 

http://www.bioflux.com.ro/aacl 
 

1890 

  

Figure 8. A - the number of counted fish according to the observation transects; B - the 

number of counted fish according to the observation station. 

 

 
 

Figure 9. The observed collection of fish concentrated on large structures at the study site. A 

- groups of fish in structure; B - groups of fish in the lower part of the structure; C - groups 

of fish at the top of the structure. 
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Figure 10. A - the number of fish genera according to the station; B – the number of fish 

genera according to the transects. 

 

Figure 11. A - community of reef fish on hard coral; B - community of reef fish on soft coral. 
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Table 2 

Number of individuals and genus of reef fish on each station (ST) transect (Tr) 

 

No Family Genus TM 

Number of individuals per station and transect 

ST1 ST2 ST3 ST4 ST5 ST6 

Tr1 Tr2 Tr1 Tr2 Tr1 Tr2 Tr1 Tr2 Tr1 Tr2 Tr1 Tr2 

1 Balistidae Abalistes C         1    

2 Acanthuridae Acanthurus H   25 21 4 5 4 15 22  10  

3 Monacanthidae Aluterus O         1    

4 Pomacentridae Amblyglyphidodon H  3  1     1    

5 Pomacentridae Amphiprion HP     2   2     

6 Apogonidae Apogon CP      46    695 27  

7 Apogonidae Archamia C          249   

8 Tetraodontidae Arothron C         1    

9 Balistidae Balistoides C         3    

10 Labridae Bodianus C  5       1    

11 Caesionidae Caesio CP      8     10  

12 Monacanthidae Cantherhines O        1     

13 Tetraodontidae Canthigaster C         1 1   

14 Carangidae Carangoides C 189            

15 Carangidae Caranx C 113 4    1 1   20 97 1 

16 Pomacanthidae Centropyge O  11           

17 Serranidae Cephalopholis CP  1           

18 Chaetodontidae Chaetodon C  10  9 1 2  2 11 3   

19 Chaetodontidae Chelmon C          1 2  

20 Pomacentridae Chromis P  66 19 13  2   3 24 22 3 

21 Pomacentridae Chrysiptera P     1   1 2 1 7  

22 Cirrhitidae Cirrhitichthys C    2         

23 Chaetodontidae Coradion C     1 2   2    

24 Labridae Coris C   1 2      2   

25 Acanthuridae Ctenochaetus H         2    

26 Pomacentridae Dascyllus P     8 1       

27 Dasyatidae Dasyatis C           1  

28 Serranidae Epinephelus C  1  3     1 4 1  

29 Carangidae Gnathanodon C 6            

30 Labridae Halichoeres C  5 5 9 3 1  1 2 3 3  

31 Chaetodontidae Heniochus P     1   2 1 4  2 

32 Labridae Labroides C  3  2 2     3 3 1 

33 Lethrinidae Lethrinus C         3 1   
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34 Lutjanidae Lutjanus O  221 24 24 2 26  2 277 41 373 10 

35 Monodactylidae Monodactylus CP           143  

36 Holocentridae Myripristis CP   2       4   

37 Pomacentridae Neopomacentrus P  6  7         

38 Pinguipedidae Parapercis C        1     

39 Pempheridae Pempheris P         2    

40 Ephippidae Platax O   56          

41 Haemulidae Plectorhinchus C          1 1 5 

42 Pomacentridae Plectroglyphidodon CP  10 1 1 2        

43 Serranidae Plectropomus C    1         

44 Pomacanthidae Pomacanthus O   2 7     7 13 4  

45 Pomacentridae Pomacentrus P  9  3    1     

46 Balistidae Pseudobalistes C         6    

47 Pomacanthidae Pygoplites O         1    

48 Holocentridae Sargocentron C      1       

49 Scaridae Scarus H     1    3    

50 Nemipteridae Scolopsis C  3 2 4 26   22 67 12 11 6 

51 Carangidae Scomberoides C 65    22 5     31  

52 Siganidae Siganus H     1   1 2  126  

53 Sphyraenidae Sphyraena C 181          12  

54 Labridae Thalassoma CP   1 8 4    2 2 4  

55 Mullidae Upeneus C   1  1    4 1   

56 Zanclidae Zanclus O  2 3 5     9    

Total individuals 554 360 142 122 82 100 5 51 438 1085 888 28 

Total genera 5 16 13 18 17 12 2 12 28 21 20 7 

Diversity index (H’) 1.36 1.43 1.76 2.5 2.1 1.69 0.50 1.69 1.50 1.180 1.87 1.6 

Uniformity (E) 0.84 0.51 0.69 0.86 0.74 0.66 0.72 0.68 0.45 0.388 0.62 0.86 

Dominance (C) 0.28 0.41 0.24 0.11 0.19 0.29 0.68 0.28 0.43 0.466 0.24 0.22 

Note: TM - food trophic group; C - carnivorous; H - herbivore; O - omnivore; P - planktivorous. 
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Figure 12. A – uniformity (E) and dominance (C) indexes; B – diversity index. 

 

The analysis of the fish community structure indicated that the index values varied among 

transects and observation stations (Figure 12). Diversity index values (H') varied from 0.50 

to 2.50, indicating low to moderate diversity. 11 transects exhibited moderate diversity levels, 

ranging from 1.18 (ST5 Transect 2) to 2.50 (ST3 Transect 2), while only one transect showed 

a low diversity level (0.50 for ST4 Transect 1). Coral fish in ST4 transect 1 numbered 5 

specimens from 2 genera, 4 Acanthurus fish (Acanthuridae) and 1 Caranx fish (Carangidae). 

This does not indicate a stable community.  

 The uniformity and dominance index values also showed the differences between 

transects and observation stations. The uniformity index value (E) ranges from 0.39 to 0.86, 

while the dominance index value (C) ranges from 0.11 to 0.68. Eight of the twelve transects 

showed a uniform trend of species distribution and no dominance of particular species. The 

data indicates that the fish community populations were more stable. The transects were ST1 

transect 1, ST2 transect 1, ST2 transect 2, ST3 transect 1, ST3 transect 2, ST4 transect 2, 

ST6 transect 1 and ST6 transect 2. ST4 transect 1 with E values of 0.72 and C 0.68, as 

mentioned earlier, show an unstable community of reef fish. Fewer individuals and genera 

than other transects indicated that this location was not an appropriate environment for 

supporting various types of fish. ST1 transect 2, ST5 transect 1 and ST5 transect 2 consisted 

of E and C index values of E=0.51, C=0.42; E=0.45, C=0.43; and E=0.39, C=0.47, 

respectively. The result indicated the instable tendency of the reef fish community at the 

related location. Some transects consisted of higher amounts of fish than other genera. Genus 

Lutjanus represented 61.4% from the total fish in ST1 transect 2 and 63.2% in ST5 transect 
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1. The predominant tendency in ST5 transect 2 was represented by the genus Apogon with 

695 fish (64.1%). 

 The variation of coral lifeforms is presumably based on the adaptation to the Mahakam 

Delta environmental conditions, particularly high levels of turbidity and sedimentation, 

indicated by the high percentage of mud cover (Tomascik et al 1997; Edwards et al 2001; 

Torres & Morelock 2002; Ferns 2016). Coral reef at Muara Ilu was dominated by the HC 

Galaxea and SC genus Sinularia. This is similar with a previous study of Syahrir et al (2018). 

The existence of the Galaxea coral colonies is probably due to its ability to widely grow and 

have various morphological forms such as massive, sub-massive, laminar, encrusting and 

branching forms (Veron 2000). Coral colonies with the massive-columnar morphological forms 

were mentioned by Rogers (1990) and Edinger & Risk (2000) to be stress tolerant, especially 

to high sedimentation and eutrophication. Sinuaria, Sarcophyton, and Lobophytum as the SC 

genera group of the family Alcyoniidae, are found in various waters around the world (Fabricius 

et al 2007; Goh et al 2009; Chanmethakul et al 2010; Aratake et al 2012). This group has a 

rapid growth rate, able to tolerate and grow well in waters with moderate sedimentation and 

turbidity levels (Fabricius & Alderslade 2001; Chanmethakul et al 2010; Aratake et al 2012). 

 The HC group commonly has the largest coverage and widest distribution, followed by 

the SC group (Jayasree et al 1996). However, the SC group in this study showed a greater 

cover proportion than HC in some locations, especially on ST5 with HC 15.6%, SC 19.6% and 

ST6 with HC 4.6% SC 10.8% (Figure 6). This results were similar with those of previous 

studies reporting about SC domination (Fabricius 1997; Schleyer & Celliers 2003; Schleyer & 

Benayahu 2008; Syahrir et al 2015). 

 The greater number of carnivores than herbivores, omnivores and planktivores 

indicated that the coral reef area in the Muara Ilu waters of Tani Baru Village, Anggana District 

served as a feeding ground. During the process of collecting data, large types of carnivores 

were found, including Sphyraena (193 individuals), Scomberoides (123 individuals), 

Monodactylus (143 individuals), Caranx (237 individuals) and Carangoides (189 individuals). 

The observed ecological functions of the coral reefs at the research sites were as shelter or 

protection and nursery. This could be seen from the large number of small-sized groups of fish 

that hide near the coral structures (Figure 9). Sale & Douglas (1984) and Mendonça-Neto et 

al (2008) state that the presence of large rocks is important for small fish species, because 

they provide shelter. 

 Habitats with high structural complexity, for instance coral reefs, are commonly known 

to support more types of biota by providing shelter from predation and competition 

(Charbonnel et al 2002; Gratwicke & Speight 2005; Mendonça-Neto et al 2008). Small fish 

species that live here are generally less than 15 cm long and can be found in large numbers 

in almost all coral reef areas, having significant role in reef fish communities (Allen 2000; 

Bergbauer & Kirschner 2014). 

 The structural complexity of HC was different from SC in supporting fish communities. 

Syms & Jones (2001) explained that HC groups have a much larger role than SC. The SC 

degradation would seem to not affect the fish community. However, if the HC group decreased, 

the population and diversity of reef fish species would linearly decline. This was related to HC 

colonies that consisted of hard limestone skeletal structures, which could be used as a shelter 

by individual reef fish, even thought it had died (Adam et al 2014). 

 The coral fish communities were mostly located in the HC area, whereas only a few fish 

were found in the SC area (Figure 11), which is may not only due to the differences in 

availability of hard structures of coral as a shelter of the reef fish but also related to metabolite 

compounds commonly produced by soft corals. The Octocorallia group produces toxic 

biochemical compounds with allelopathic effects, which are useful as a space competition 

strategy against Scleractinia, fellow Octocorallia corals and also as a survival strategy towards 

fish predation (Coll et al 1982; Sammarco et al 1983; La Barre et al 1986; Kelman et al 1999; 

Fleury et al 2006; Hoang et al 2015). 
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Conclusions. In conclusion, the coral reefs in Muara Ilu waters have a total area of 36.36 Ha, 

consisting of two stretches, "Muara Ilu Batu Laut", covering an area of 35.11 Ha and "Muara 

Ilu Batu Darat", covering 1.25 Ha. The reef can be included in the moderate coral group. Our 

results show that coral cover is essential for the maintenance of local diversity of reef fish. 

The diversity of reef fish is in the medium category, with an even distribution of species and 

no dominance by certain types.  

 

Acknowledgements. This research was conducted as the project of The Development of Four 

Universities as The Centre of Excellence for Nation Competitiveness (Biotechnology for 

Agriculture and Health, Learning Inovation, Tropical Studies, Food Security), funded by Project 

Implementation Unit – IsDB Program of Mulawarman University, through Islamic Development 

Bank 2016-2019 Loan Project. The authors would like to acknowledge the Department of 

Aquatic Resource Management and Laboratory of Hydro-Oceanography Faculty of Fisheries 

and Marine Science Mulawarman University for the facilities and equipment support in this 

study. We offer special thanks to Mr. H. Azis, our local source, for the excellent assistance 

during the field survey. 

 

References 

 

Adam T. C., Brooks A. J., Holbrook S. J., Schmitt R. J., Washburn L., Bernardi G., 2014 How 

will coral reef fish communities respond  to  climate-driven  disturbances?  Insight from 

landscape-scale perturbations. Oecologia 176:285-296. 

Alamaru A., Bronstein O., Dishon G., Loya Y., 2009 Opportunistic feeding by the fungiid coral 

Fungia scruposa on the moon jellyfish Aurelia aurita. Coral Reefs 28(4):865. 

Allen G. P., Chambers L. C. C., 1998 Sedimentation in the Modern and Miocene Mahakam 

delta. Indonesian Petroleum Association, Jakarta, Indonesia. Field Trip Guide Book, 236 

p.  

Allen G. R., Steene R., 1994 Indo-Pacific Coral Reef Field Guide. Tropical Reef Research.  

Singapore, 378 p. 

Allen G., 2000 Marine Fishes of South-East Asia: A Field Guide for Anglers and Divers.  Periplus 

Editions (HK) Ltd., Singapore, 292 p. 

Anthony  K. R. N.,  Fabricius  K. E., 2000 Shifting  roles  of  hetero-trophy  and  autotrophy  

in  coral  energetics  under  varying turbidity. Journal of Experimental Marine Biology 

and Ecology 252:221-253.  

Anthony K. R. N., 1999 Coral suspension feeding on fine particulate matter. Journal of 

Experimental Marine Biology and Ecology 232:88-106. 

Anthony K. R. N., 2000 Enhanced particle-feeding capacity of corals on turbid reefs. Coral 

Reefs 19:59-67. 

Anthony K., Fabricius K., 2000 Shifting roles of heterotrophy and autotrophy in coral 

energetics under varying turbidity. Journal of Experimental Marine Biology and Ecology 

252:221-253. 

Aratake S., Tomura T., Saitoh S., Yokokura R., Kawanishi Y., Shinjo R., Reimer J. D., Tanaka 

J., Maekawa H., 2012 Soft Coral Sarcophyton (Cnidaria: Anthozoa: Octocorallia) Species 

Diversity and Chemotypes. PLoS ONE 7(1):e30410. 

Bengen D. G., 2000 [Technical Guidelines for Introduction and Management of Mangrove 

Ecosystems]. Center for Coastal and Ocean Resource Study (PKSPL), IPB, Bogor, 58 p. 

[in Indonesian] 

Bergbauer M., Kirschner M., 2014 Reef Fishes of the Indo-Pacific. John Beaufoy Publishing 

Limited, United Kingdom, 352 p. 

Bessell-Browne P., Negri A. P., Fisher R., Clode P. L., Duckworth A., Jones R., 2017 Impacts 

of turbidity on corals: The relative importance of light limitation and suspended 

sediments. Marine Pollution Bulletin 117(1-2):161-170. 



AACL Bioflux, 2019, Volume 12, Issue 5. 

http://www.bioflux.com.ro/aacl 1897 

Bessell-Browne P., Stat M., Thomson D., Clode P. L., 2014 Coscinaraea marshae corals that 

have survived prolonged bleaching exhibit signs of increased heterotrophic feeding. Coral 

Reefs 33:795-804. 

Carassou L., Kulbicki M., Nicola T. J. R., Polunin N. V. C., 2008 Assessment of fish trophic 

status and relationships by stable isotope data in the coral reef lagoon of New Caledonia, 

southwest Pacific. Aquatic Living Resources 21:1-12. 

Chanmethakul T., Chansang H., Watanasit S., 2010 Soft Coral (Cnidaria: Alcyonacea) 

Distribution Patterns in Thai Waters. Zoological Studies 49(1):72-84. 

Charbonnel E., Serre C., Ruitton S., Harmelin J. G., Jensen A., 2002 Effects of increased 

habitat complexity on fish assemblages associated with large artificial reef units (French 

Mediterranean coast). ICES Journal of Marine Science 59:208-213. 

Coll J. C., Bowden B. F., Tapiolas D. M., Dunlap W. C., 1982 In Situ Isolation of Allelochemicals 

Released from Soft Corals (Coelenterata: Octocorallia): A Totally Submersible Sampling 

Apparatus. Journal of Experimental Marine Biology and Ecology 60:293-299. 

Creocean, 2000 Mahakam Delta 1999 Environmental Baseline Survey. Final Report to Total 

Indonesie.  Creocean, Montpellier, 132 p. 

D’Elia M. D., Patti B., Sulli A., Tranchida G., Bonanno A., Basilone G., Giacalone G., Fontana 

I., Genovese S., Guisande C., Mazzola S., 2009 Distribution and Spatial Structure of 

Pelagic Fish Schools in Relation to the Nature of the Seabed in the Sicily Straits (Central 

Mediterranean). Marine Ecology 30(s1):151-160. 

Edinger E. N., Risk M. J., 2000 Reef classification by coral morphology predicts coral reef 

conservation value. Biological Conservation 92:1-13. 

Edwards A. J., Clark S., Zahir H., Rajasuriya A., 2001 Coral Bleaching and Mortality on Artificial 

and Natural Reefs in Maldives in 1998, Sea Surface Temperature Anomalies and Initial 

Recovery. Marine Pollution Bulletin 42(1):7-15. 

English S., Wilkinson C., Baker V., 1994 Survey Manual For Tropical Marine Resources.  

Australian Institute of Marine Science, Townsville, Australia, 368 p. 

Fabricius K. E., 1997 Soft Coral Abundance on the Central Great Barrier Reef: Effects of 

Acanthaster Planci, Space Availability, and Aspects of the Physical Environment. Coral 

Reefs 16:159-167. 

Fabricius K. E., 2005 Effects of terrestrial runoff on the ecology of corals and coral reefs: 

review and synthesis. Marine Pollution Bulletin 50:125-146.   

Fabricius K. E., Alderslade P., Williams G. C., Colin P. L., Golbuu Y., 2007 Octocorallia in Palau, 

Micronesia: Effects of Biogeography and Coastal Influences on Local and Regional 

Biodiversity. In: Coral Reefs of Palau. Kayanne H., Omori M., Fabricius K., Verheij E., 

Colin P., Golbuu Y., Yurihira H. (eds), Palau International Coral Reef Centre, Palau, pp. 

79-92. 

Fabricius K., Alderslade P., 2001 Soft Corals and Sea Fans: A Comprehensive Guide to the 

Tropical Shallow Water Genera of the Central-West Pacific, the Indian Ocean and the 

Red Sea. Australian Institute of Marine Science, Townsville, 264 p. 

Falkowski P. G., Dubinsky Z., Muscatine L., Porter J. W., 1984 Light and the bioenergetics of 

a symbiotic coral. Bioscience 34:705-709. 

Ferns L. W., 2016 Coral Communities in Extreme Environmental Conditions in the Northern 

Territory, Australia.  Northern Territory Naturalist 27:84-96. 

Ferreira C. E. L., Floeter S. R., Gasparini J. L., Ferreira B. P., Joyeux J. C., 2004 Trophic 

structure patterns of Brazilian reef fishes: a latitudinal comparison. Journal of 

Biogeography 31:1093-1106. 

Fleury B. G., Coll J. C., Sammarco P. W., 2006  Complementary (secondary) Metabolites in a 

Soft Coral: Sex-specific Variability, Inter-clonal Variability, and Competition. Marine 

Ecology 27:204-218. 

Floeter S. R., Ferreira C. E. L., Dominici-Arosemena A., Zalmon I. R., 2004 Latitudinal 

gradients in Atlantic reef fish communities: trophic structure and spatial use patterns. 

Journal of Fish Biology 64:1680-1699. 



AACL Bioflux, 2019, Volume 12, Issue 5. 

http://www.bioflux.com.ro/aacl 1898 

Goh B. P. L., Tan G. E., Tan L. T., 2009 Diversity, distribution and biological activity of soft 

corals (Octocorallia, Alcyonacea) in Singapore. Journal of Coastal Development 

12(2):89-98. 

Golbuu Y., Fabricius K., Victor S., Richmond R. H., 2008 Gradients in coral reef communities 

exposed to muddy river discharge in Pohnpei, Micronesia. Estuarine, Coastal and Shelf 

Science 76:14-20.    

Gomez E. D., Alino P. M., Yap H. T., Licuanan W. Y., 1994 A Review of the Status of Philippine 

Reefs. Marine Pollution Bulletin 29(1-3):62-68. 

Gomez E. D., Yap H. T., 1988 Monitoring Reef Condition. In: Coral Reef Management 

Handbook. Kenchington R. A., Hudson B. E. T. (eds), UNESCO Regional Office for Science 

and Technology for Southeast Asia (ROSTSEA), Jakarta, pp. 171-178. 

Goreau T., Goreau N., Yonge C., 1971 Reef corals: autotrophs or heterotrophs? The Biological 

Bulletin 141:247-260. 

Gratwicke B., Speight M. R., 2005 Effects of habitat complexity on Caribbean marine fish 

assemblages. Marine Ecology Progress Series 292:301-310. 

Grottoli A. G., Rodrigues L. J., Palardy J. E., 2006 Heterotrophic plasticity and resilience in 

bleached corals. Nature 440:1186-1189. 

Hill J., Wilkinson C., 2004 Methods for Ecological Monitoring of Coral Reefs, Version 1; A 

Resource for Managers. Australian Institute of Marine Science, Australia, 117 p. 

Hoang B. X., Sawall Y., Al-Sofyani A., Wahl M., 2015 Feeding experiment in two dominant soft 

coral species (Xeniidae) in the field in the Red Sea. PANGAEA, DOI: 

10.1594/PANGAEA.841534. 

Holmes T. H., Wilson S. K., Travers M. J., Langlois T. J., Evans R. D., Moore G. I., Douglas R. 

A., Shedrawi G., Harvey E. S., Hickey K., 2013 A comparison of visual- and stereo-video 

based fish community assessment methods in tropical and temperate marine waters of 

Western Australia. Limnology and Oceanography Methods 11:337-350. 

Houlbrèque F., Ferrier‐Pagès C., 2009 Heterotrophy in Tropical Scleractinian Corals. Biological 

Reviews 84:1-17. 

Jayasree V., Bhat K. L., Parulekar A. H., 1996 Occurrence and distribution of soft corals 

(Octocorallia: Alcyonacea) from the Andaman and Nicobar Islands, Bombay Natural 

History Society, FAO of the UN, pp. 202-209. 

Jompa H., Pet-Soede L.,  2002  The Coastal Fishery in East Kalimantan – A Rapid Assessment 

of Fishing Patterns, Status of Reef Habitat and Reef Fish Stocks and Socio-economic 

Characteristics, First Draft – February 2002.  WWF Indonesia – Wallacea Program,  

Denpasar, Bali, 162 p. 

Kagesten G., 2008 Geological Seafloor Mapping with Backscatter Data from a Multibeam Echo 

Sounder. Department of Earth Sciences, Gothenburg University, Gothenburg, Sweden, 

47 p. 

Kelman D., Benayahu Y., Kashman Y., 1999 Chemical defence of the soft coral 

Parerythropodium fulvum fulvum (Forskål) in the Red Sea against generalist reef fish. 

Journal of Experimental Marine Biology and Ecology 238:127-137. 

Kepmenneg LH No. 4/2001, Decree of the State Minister of Environment Concerning the 

Criteria for Damage to Coral Reefs. 

La Barre S. C., Coll J. C., Sammarco P. W., 1986 Competitive Strategies of Soft Corals 

(Coelenterata: Octocorallia): III. Spacing and Aggressive Interactions between 

Alcyonaceans. Marine Ecology Progress Series 28:147-156. 

Lam K., Shin P. K. S., Bradbeer R., Randall D., Ku K. K. K., Hodgson P., Cheung S. G., 2006 

A Comparison of Video and Point Intercept Transect Methods for Monitoring Subtropical 

Coral Communities. Journal of Experimental Marine Biology and Ecology 333:115-128. 

Langlois T. J., Harvey E., Fitzpatrick B., Meeuwig J. J., Shedrawi G., Watson D. L., 2010 Cost-

efficient sampling of fish assemblages: comparison of baited video stations and diver 

video transects. Aquatic Biology 9:155-168. 



AACL Bioflux, 2019, Volume 12, Issue 5. 

http://www.bioflux.com.ro/aacl 1899 

Lawrence M. J., Bates C. R., 2001 Acoustic Ground Discrimination Techniques for Submerged 

Archaeological Site Investigations. Marine Technology Society Journal 35(4):65-73. 

Longhurst A. R., Pauly D., 1987 Ecology of Tropical Oceans.  Academic Press Inc, San Diego, 

Harcourt Brace Jovanovich, 407 p. 

Ludwiq J. A., Reynolds J. F., 1988 Statistical Ecoloqy a Primer on Methods and Computing, 

John Wiley & Sons, New York, 358 p. 

Mehrotra R., Monchanin C., Scott C. M., Phongsuwan N., Gutierrez M. C., Chavanich S., 

Hoeksema B. W., 2019 Selective consumption of sacoglossan sea slugs (Mollusca: 

Gastropoda) by scleractinian corals (Cnidaria: Anthozoa). PloS ONE 14(4):e0215063. 

Mehrotra R., Scott C. M., Hoeksema B. W., 2016 A large gape facilitates predation on salps by 

Heteropsammia corals. Marine Biodiversity 46(2):323-324. 

Mendonça-Neto J. P., Monteiro-Neto C., Moraes L. E., 2008 Reef fish community structure on 

three islands of Itaipu, Southeast Brazil. Neotropical Ichthyology 6(2):267-274. 

Mills M. M., Lipschultz F., Sebens K. P., 2004 Particulate matter ingestion and associated 

nitrogen uptake by four species of scleractinian corals. Coral Reefs 23:311-323. 

Mills M. M., Sebens K. P., 2004 Ingestion and assimilation of nitrogen from benthic sediments 

by three species of coral. Marine Biology 145:1097-1106. 

Muscatine L., 1990 The role of symbiotic algae in carbon and energy flux in reef corals. 

Ecosystems of the World 25:75-87. 

Muscatine L., McCloskey L., Marian R., 1981 Estimating the daily contribution of carbon from 

zooxanthellae to coral animal respiration. Oceanography 26:601-611. 

Odum E. P., 1971 Fundamentals of ecology. 3rd ed, Toppan Co, Ltd, London, 574 p. 

Palardy J. E., Grottoli A. G., Matthews K. A., 2006 Effect of naturally changing zooplankton 

concentrations on feeding rates of two coral species in the Eastern Pacific. Journal of 

Experimental Marine Biology and Ecology 331:99-107. 

Persoon G. A., Simarmata R., 2014 Undoing ‘marginality’: The islands of the Mahakam Delta, 

East Kalimantan (Indonesia). Journal of Marine and Island Cultures 3(2):43-53. 

Piché J., Iverson S. J., Parrish F. A., Dollar R., 2010 Characterization of forage fish and 

invertebrates in the Northwestern Hawaiian Islands using fatty acid signatures: species 

and ecological groups. Marine Ecology - Progress Series 418:1-15. 

Randall J. E., Allen G. R., Steene R. C., 1997 Fishes of Great Barrier Reef and Red Sea; Revised 

and Expanded Edition. Periplus Edition (HK) Ltd, Singapore, 557 p. 

Rogers C. S., 1990 Responses of coral reefs and reef organisms to sedimentation. Marine 

Ecology Progress Series 62:185-202. 

Sale P. F., Douglas W. A., 1984 Temporal variability in the community structure of fish on 

coral patch reefs and the relation of community structure to reef structure. Ecology 

65(2):409-422. 

Sammarco P. W., Coll J. C., La Barre S. C., Willis B. L., 1983 Competitive Strategies of Soft 

Corals (Coelenterata: Octocorallia): Allelopathic Effects on Selected Scleractinian Corals. 

Coral Reefs 1:173-178. 

Santodomingo N., Novak V., Pretkovic V., Marshall N., Di Martino E., Cappelli E. L. G., Roesler 

A., Reich S., Braga J. C., Renema W., Johnson K. G., 2015 A diverse patch reef from  

turbid  habitats in the Middle Miocene (East Kalimantan, Indonesia). Palaios 30:128-149.   

Schleyer M. H., Benayahu Y., 2008 Soft Coral Biodiversity and Distribution in East Africa: 

Gradients, Function and Significance. Proceedings of the 11th International Coral Reef 

Symposium, Ft. Lauderdale, Florida, 7-11 July, pp. 1388-1391. 

Schleyer M. H., Celliers L., 2003 Coral Dominance at the Reef-Sediment Interface in Marginal 

Coral Communities at Sodwana Bay, South Africa. Marine and Freshwater Research 

54:967-972. 

Shannon C. E., Weaver W., 1949 The Mathematical Theory of Communication. University of 

Illinois Press, Urbana, 117 p. 



AACL Bioflux, 2019, Volume 12, Issue 5. 

http://www.bioflux.com.ro/aacl 1900 

Sidik A. S., 2010 The Changes of Mangrove Ecosystem in Mahakam Delta, Indonesia: A 

Complex Social Environmental Pattern of Linkages in Resources Utilization. Borneo 

Research Journal 4:27-46. 

Stat M., Loh W. K. W., LaJeunesse T. C., Hoegh-Guldberg O., Carter D. A., 2009 Stability of 

coral–endosymbiont associations during and after a thermal stress event in the southern 

Great Barrier Reef. Coral Reefs 28:709-713. 

Suyatna I., 2011 [A study on distribution of demersal fishes caught around the mangrove area 

of the Mahakam delta].  PhD thesis, Faculty of Forestry, Mulawarman University, 

Samarinda, Indonesia, 177 p. [in Indonesian] 

Suyatna I., Hanjoko T., Adnan A., Yasser M., Efendi M., Budiarsa A. A., Eryati R., Rafii A., 

Sidik A. S., 2017 First record of coral reefs in the delta front of Mahakam Delta, East 

Kalimantan, Indonesia. AACL Bioflux 10(4):687-697.   

Syahrir M. R., Hanjoko T., Adnan A., Yasser M., Efendi M., Budiarsa A. A., Suyatna I., 2018 

The existence of estuarine coral reef at eastern front of Mahakam Delta, East Kalimantan, 

Indonesia: a first record. AACL Bioflux 11(2):362-378. 

Syahrir M. R., Jayadi A., Adnan A., Yasser M. F., Hanjoko T., 2015 Condition of Coral Reef at 

Teluk Pandan Sub-District East Kutai District. International Journal of Science and 

Engineering 8(1):60-64. 

Syms C., Jones G. P., 2001 Soft corals exert no direct effects on coral reef fish assemblages. 

Oecologia 127:560-571. 

Tessier A., Pastor J., Francour P., Saragoni G., Crec’hriou R., Lenfant P., 2013 Video transects 

as a complement to underwater visual census to study reserve effect on fish 

Assemblages. Aquatic Biology 18:229-241. 

Tomascik T., Mah A. J., Nontji A., Moosa M. K.,  1997 The Ecology of Indonesian Series, Vol 

VII; The Ecology of Indonesian Seas. Periplus Editions (HK) Ltd, Republic of Singapore, 

1388 p. 

Torres J. L., Morelock J., 2002 Effect of Terrigenous Sediment Influx on Coral Cover and Linear 

Extension Rates of Three Caribbean Massive Coral Species. Caribbean Journal of Science 

38(3-4):222-229. 

Trench R. K., 1979 The cell biology of plant-animal symbiosis. Annual Review of Plant 

Physiology 13:485-531.  

Veron J. E. N., 2000 Corals of the world. Australian Institute of Marine Science. Townsville, 

QLD, Australia, 1382 p. 

Wartenberg R., Booth A. J., 2014 Video transects are the most appropriate underwater visual 

census method for surveying high-latitude coral reef fishes in the southwestern Indian 

Ocean. Marine Biodiversity 45(4):633-646. 

Watson D. L., Harvey E., Fitzpatrick B. M., Langlois T. L., Shedrawi G., 2010 Assessing reef 

fish assemblage structure: How do different stereo-video techniques compare? Marine 

Biology 157:1237-1250. 

***ESRI (Environmental Systems Research Institute), 2012 ArcGIS Release 10.1. Redlands, 

CA. 

***PERSGA/GEF, 2004 Standard Survey Methods for Key Habitats and Key Species in the Red 

Sea and Gulf of Aden. PERSGA Technical Series No 10, PERSGA, Jeddah, 310 p. 

***WoRMS Editorial Board, 2018 World Register of Marine Species. Available at 

http://www.marinespecies.org at VLIZ. doi:10.14284/170. (Accessed 27 July 2018). 

 
 
 
 
 
 
 
 
 
 



AACL Bioflux, 2019, Volume 12, Issue 5. 

http://www.bioflux.com.ro/aacl 1901 

Received: 17 January 2019. Accepted: 19 June 2019. Published online: 30 October 2019. 
Authors: 
Muhammad Syahrir, Aquatic Resources Management, Faculty of Fisheries and Marine Science, Mulawarman 
University, Jalan Gunung Tabur Kampus Gunung Kelua, 75123, Samarinda, East Kalimantan, Indonesia, e-mail: 
syahrir.ramang@fpik.unmul.ac.id 
Tedy Hanjoko, Aquatic Resources Management, Faculty of Fisheries and Marine Science, Mulawarman University, 
Jalan Gunung Tabur Kampus Gunung Kelua, 75123, Samarinda, East Kalimantan, Indonesia, e-mail: 
tyranosaurusrexz@gmail.com 

Adnan Adnan, Aquatic Resources Management, Faculty of Fisheries and Marine Science, Mulawarman University, 
Jalan Gunung Tabur Kampus Gunung Kelua, 75123, Samarinda, East Kalimantan, Indonesia, e-mail: 
adnan_unmul@yahoo.co.id 
Muhammad Yasser, Aquatic Resources Management, Faculty of Fisheries and Marine Science, Mulawarman 
University, Jalan Gunung Tabur Kampus Gunung Kelua, 75123, Samarinda, East Kalimantan, Indonesia, e-mail: 
mantaray_79i@yahoo.co.id 
Muchlis Efendi, Aquatic Resources Management, Faculty of Fisheries and Marine Science, Mulawarman University, 
Jalan Gunung Tabur Kampus Gunung Kelua, 75123, Samarinda, East Kalimantan, Indonesia, e-mail: 
muchlisfish@yahoo.co.id 
Anugrah Aditya Budiarsa, Aquatic Resources Management, Faculty of Fisheries and Marine Science, Mulawarman 
University, Jalan Gunung Tabur Kampus Gunung kelua, 75123, Samarinda, East Kalimantan, Indonesia, e-mail: 
aditarm83@yahoo.co.id 
Muhammad Raafi, Aquatic Resources Management, Faculty of Fisheries and Marine Science, Mulawarman 
University, Jalan Gunung Tabur Kampus Gunung Kelua, 75123, Samarinda, East Kalimantan, Indonesia, 
email:mufi_ravoy79@yahoo.com 
Dewi Embong Bulan, Marine Science Study Program, Faculty of Fisheries and Marine Science, Mulawarman 
University, Jalan Gunung Tabur Kampus Gunung Kelua, 75123, Samarinda, East Kalimantan, Indonesia, e-mail: 
dewi.embong@fkip.unmul.ac.id; deecost_dee01@yahoo.com 
This is an open-access article distributed under the terms of the Creative Commons Attribution License, which 
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source 
are credited. 
How to cite this article: 
Syahrir M., Hanjoko T., Adnan A., Yasser M., Efendi M., Budiarsa A. A., Raafi M., Bulan D. E., 2019 Community 
structure of estuarine reef fish in Muara Ilu, Mahakam Delta, Indonesia. AACL Bioflux 12(5):1882-1901. 

mailto:syahrir.ramang@fpik.unmul.ac.id
mailto:tyranosaurusrexz@gmail.com
mailto:adnan_unmul@yahoo.co.id
mailto:mantaray_79i@yahoo.co.id
mailto:muchlisfish@yahoo.co.id
mailto:aditarm83@yahoo.co.id
mailto:dewi.embong@fkip.unmul.ac.id

