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Abstract. The coral reef existence at eastern front of Mahakam Delta has never been investigated, since 
the water condition and bottom substrate have been considered unsuitable for the coral reef development.  
Interestingly, thirty genera of hard coral in eleven families and eleven genera of soft coral in six families 
were found from this research. Video belt transect methods discovered poor/bad to fair/moderate of coral 
cover condition. These results confirmed that coral reef does exist at eastern front of Mahakam Delta, Tani 
Baru Village, Anggana Sub-district, Kutai Kartanegara District, East Kalimantan Province. 
Key Words: percent cover, genera, video belt transect, Anggana, Kutai Kartanegara. 

 
  
Introduction. Coral reefs or often called as “rain forests of the sea” are one of the most 
biologically rich and highly productive ecosystems on earth (Burke et al 2011). Coral 
reefs found around the world and the global center of maximum marine biodiversity is an 
area that encompasses parts of Southeast Asia and the Western Pacific known as the 
“Coral Triangle” (Veron et al 2009; Veron et al 2015; Burke et al 2012). Indonesia is the 
country with the largest area of coral reefs (Tomascik et al 1997; Spalding et al 2001), 
located within the Coral Triangle particularly the central to the eastern region which is 
east coast of Kalimantan Island across to Papua (Burke et al 2011). 

The Mahakam Delta is located at the east coast of Kalimantan Island, at the 
mouth of one of the largest rivers in Indonesia, named the Mahakam River and 
administratively included in Kutai Kartanegara District, East Kalimantan Province. This 
delta was formed by the sedimentation processes of the Mahakam River, it is 
symmetrical with a radius to the delta shore c.a. 50 km, covering an area of 1800 km2 
and comprising 42 islands with total land surface about 1100 km2 (Allen & Chambers 
1998; Storms et al 2005; Budiyanto & Lestari 2013; Persoon & Simarmata 2014; Pham 
Van et al 2016). 

The Mahakam River discharge carries out high quantities of suspended solid to the 
delta area causing very low water transparency or very turbid water, further the 
deposition and accumulation causing the bottom substrate characterized by mud or high 
silt and clay contents (Allen et al 1976; Allen & Chambers 1998; Creocean 2000; Storms 
et al 2005; Budhiman et al 2004, 2012). As a coastal environment, it is also 
characterized by a wide fluctuation of salinity due to the freshwater-seawater influence 
(Mackinnon et al 2000; Blanton et al 2001; Davila et al 2002; Piola et al 2005; Lane et al 
2007; Möller Jr et al 2008; Salisbury et al 2011; Wikner & Andersson 2012). Generally, 
this condition of delta environment or estuarine waters negatively influenced the coral 
reef condition and, thus, suggested as unsuitable environment for coral reef development 
(Rogers 1990; Tomascik et al 1997; Fabricius & De’ath 2001; Fabricius 2005; Golbuu et 
al 2008; Jokiel et al 2014).  

Despite none of coral reef visual prove had ever been published from eastern front 
area of Mahakam Delta, there was a rational idea to perform the search for coral reef 
existence in this area due to some available linked indicators. Several studies show 
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evidences of coral reef existence associated to Mahakam Delta from the earlier epoch 
(Wilson 2005; Marshall et al 2015; Rosler et al 2015; Santodomingo et al 2015a, b). The 
studies also revealed that the ‘ancient’ coral reefs adapted to turbid waters and soft 
substrates, which probably resemble the present waters condition. Nevertheless, the 
palaeoecologycal study has informed the correlation of past-present coral reef 
communities (Pandolfi 2011; Rosler et al 2015; Weiss & Martindale 2017). Thus, the 
possibility of ‘present day’ coral reef existence in this area is considerable. Even till 
present, there remain few studies about coral reef existence related to the Mahakam 
Delta. Tomascik et al (1997) described the nearest coral reef existence which was about 
75 km south of the Delta to coast of Balikpapan and 20 km north of Mahakam Delta to 
Tanjung Santan. Suyatna et al (2017) from the research of 2011 and 2013 found the 
coral reef developed closer to the Delta Mahakam, i.e. 8.7 km to the north (included to 
Muara Badak Sub-district) and 11.9 km to the south (included to Samboja Sub-district) 
of Mahakam Delta. However, there is no evidence whether the coral reef also settled 
along the eastern front area of Mahakam Delta. 

Based on the fish catch studies that were conducted in both onshore and offshore 
of the eastern front area of Mahakam Delta by TotalFinaElf E&P Indonesie (2002), Total 
E&P Indonesie (2006), and Suyatna (2011), the presence of reef fishes within the area 
was indicated. Several species of the catch such as goatfish (Upeneus, Mullidae), snapper 
(Lutjanus, Lutjanidae), monocle bream (Scolopsis, Nemipteridae), razorfish (Centriscus, 
Centriscidae), scorpionfish (Pterois, Scorpaenidae), bannerfish (Heniochus, 
Chaetodontidae) and butterflyfish (Chaetodon, Chaetodontidae), were identified as reef 
fishes (Allen & Steene 1994; Randal et al 1997; Allen 2000; Bergbauer & Kirschner 
2014). The catch has become the indicator of coral reefs community existence around 
the area due to the coral reef’s ecological role as the fishes habitat (Sale 1991; Tomascik 
et al 1997; Mora 2015; Graham & Nash 2013; Honda et al 2013). 
 Moreover, there used to be a rumor for many years among fishermen in Mahakam 
Delta about rocks-like objects in the seabed of their fishing ground at the delta eastern 
front area, Anggana Sub-district, Kutai Kartanegara District. This common term of ‘rocks-
like’ possibly lead to coral reef, but unfortunately this has never been investigated. 
Therefore, this research was conducted in order to obtain the evidence of existence and 
‘first sight’ of condition of coral reef in this sub-district. 
 
Material and Method. Administratively, Delta Mahakam includes five sub districts in 
Kutai Kartanegara regency i.e. Muara Badak, Sanga-Sanga, Anggana, Muara Jawa and 
Samboja (Nursigit et al 2013). Anggana is located at the center area of the delta and the 
most eastward to the Makassar Strait (Figure 1). 

Spotting the reef has encountered difficulties in this research due to the high 
turbid waters, both by direct visual from the water surface or through the common 
satellite image. However, since seabed roughness and hardness differences are 
detectable by acoustic technology (Lawrence & Bates 2001; Kagesten 2008; D’Elia et al 
2009), therefore, Garmin GPSMap 585 echosounder was used for the water depth 
measurement and also to assist distinguishing the soft-hard bottom substrate type 
(Garmin 2011). The spotted area of hard substrate bottom was further cross-checked 
through scuba diving. The research area was taken at the eastern coast of Anggana Sub-
district at July 2017. Several spots had been checked during the field survey, however, 
only spots with observed coral reef are presented in this report, i.e. four spots. The 
coordinates of the observation spots are: 1) S.00o30’09.0”, E.117o41’16.9”; 2) S.00o30’ 
19.0”, E.117o41’26.8”; 3) S.00o29’58.6”, E.117o40’39.7”; 4) S.00o30’05.4”, E.117o41’ 
16.2”. 
 The coral coverage was observed by video belt transect. A set of video was 
recorded along 50 m track in the perpendicular position with height about 0.4 m to the 
reef (Hill & Wilkinson 2004; PERSGA/GEF 2004; Lam et al 2006). Coral colony groups are 
classified in lifeform category based on English et al (1994). 

Percent cover of hard corals (HC) is the total of both coverage of lifeform Acropora 
and non-Acropora. Live coral (LC) coverage is the total of hard coral (HC) and soft coral 
(SC) coverage (LC = HC + SC). The coral condition was indicated by percentage of live 
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corals, classified into following categories: LC < 25% as poor/bad, LC 25 - <50% as 
fair/moderate, LC 50 - <75% as good, and LC ≥75% as excellent (Gomez & Yap 1988; 
Gomez et al 1994; Jompa & Pet-Soede 2002; Hill & Wilkinson 2004).  

The HC colony was identified to genus level by in-situ (Kelley 2009) and/or ex-situ 
(Veron 2000; Veron & Stafford-Smith 2002) with the taxonomy referring to updated 
systematics, e.g. Gittenberger et al (2011), Budd et al (2012), Arrigoni et al (2014), 
Huang et al (2014a, 2014b, 2016), Kitano et al (2014), Kitahara et al (2016), Richards 
(2016) and WoRMS Editorial Board (2017). The SC genera were identified referring to 
Fabricius & Alderslade (2001), Sánchez & Wirshing (2005) and Yogesh Kumar et al 
(2014). 

 

 
Figure 1. Position of observation spots in Mahakam Delta. 

  
Results and Discussion. Coral reefs community at eastern front area of Mahakam 
Delta, Anggana Sub-district, Kutai Kartanegara District, all were observed within Tani 
Baru Village area. It is located in front of Ilu River mouth or known as Muara Ilu, about 
11 km eastward. This river flows between two main islands of Mahakam Delta, i.e. 
Mangkok Island at the north side and Terantang Island at the south side (Figure 1). The 
found coral reef was developed on a relatively flat contoured seabed. The measured 
depth at each observation spots was: 7-9 m, 10-11 m, 5-6 m, and 6-7 m, respectively.  
 Across all observation spots, 11 families (including 1 family of Incertae Sedis) 
comprising 30 genera of HC were identified, while from SC group we identified 6 families 
comprising 11 genera (Table 1). 
 The highest number of HC genera was found in observation spot 4 with 21 genera 
from 8 families, then a lower number was found in spot 1 with 15 genera from 7 families, 
spot 3 with 6 genera from 5 families, and spot 2 with 3 genera from 3 families. The 
observation spot with highest to lowest number of SC genera consecutively was: spot 3 
(6 genera from 5 families), 4 (4 genera from 4 families), 1 (4 genera from 3 families) 
and 2 (1 genus from 1 family).  
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Table 1 
List of corals genera from Delta Mahakam eastern front, Anggana Sub-district 

 
Observation spot No Family Genus 

1 2 3 4 
 Hard Coral      
1 Acroporidae Alveopora + + +  
2 Agariciidae Leptoseris    + 
3 Euphylliidae Euphyllia    + 
4 Euphylliidae Galaxea +    
5 Fungiidae Ctenactis +    
6 Fungiidae Cycloseris +   + 
7 Fungiidae Danafungia +   + 
8 Fungiidae Halomitra +   + 
9 Fungiidae Heliofungia +   + 
10 Fungiidae Herpolitha +   + 
11 Fungiidae Lithophyllon +    
12 Fungiidae Pleuractis    + 
13 Fungiidae Polyphyllia +    
14 Incertae sedis Physogyra    + 
15 Lobophylliidae Echinophyllia    + 
16 Lobophylliidae Lobophyllia +    
17 Lobophylliidae Oxypora    + 
18 Meandrinidae Eusmilia   +  
19 Merulinidae Caulastrea +    
20 Merulinidae Cyphastrea   + + 
21 Merulinidae Dipsastraea    + 
22 Merulinidae Favites  +  + 
23 Merulinidae Goniastrea    + 
24 Merulinidae Mycedium    + 
25 Merulinidae Platygyra    + 
26 Merulinidae Trachyphyllia    + 
27 Pocilloporidae Stylophora    + 
28 Poritidae Goniopora + + + + 
29 Poritidae Porites +   + 
30 Siderastreidae Pseudosiderastrea +  +  
 Soft Coral      
1 Alcyoniidae Lobophytum +  + + 
2 Alcyoniidae Sarcophyton +    
3 Ellisellidae Ellisella   +  
4 Ellisellidae Junceella +  +  
5 Gorgoniidae Pseudopterogorgia    + 
6 Melithaeidae Melithaea   +  
7 Nephtheidae Lemnalia +    
8 Nephtheidae Litophyton  +   
9 Nephtheidae Nephthya    + 
10 Nephtheidae Scleronephthya   +  
11 Xeniidae Xenia   + + 

 
Fungiidae, members of HC groups, was most abundance with 9 genera in spots: 1 (8 
genera) and 4 (6 genera). Worldwide, this family formerly consist of 13 genera according 
to Veron (2000), after revised by Gittenberger et al (2011) recently become 15 genera.  
Fungiids or also known as mushroom corals are initially attached to a hard substratum, 
but at their life phase as adult mostly detached and become free-living (Hoeksema 1989; 
Hoeksema & Yeemin 2011). Fungiids are found under different degrees of environmental 
disturbances (Kramarsky-Winter & Loya 1996), they were reported being able to survive 
and disperse over various kinds of substrata and depths (Chadwick-Furman & Loya 1992; 
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Goffredo & Chadwick-Furman 2000; Hoeksema 2009, 2012; Hoeksema et al 2014). The 
abundance and survival of Fungiidae group are related with their capability in adaptation 
strategy, e.g. asexual reproduction in form of cloning through the budding and 
fragmentation (Kramarsky-Winter & Loya 1996; Hoeksema 2004; Harrison 2011; 
Hoeksema & Waheed 2011; Hoeksema & Yeemin 2011), ability to repair and regenerate 
their damaged tissues and skeleton (Kramarsky-Winter & Loya 1996), capability of 
‘moved-away’ or mobilization (Hoeksema 1988; Chadwick-Furman & Loya 1992; 
Hoeksema 2004; Hoeksema & de Voogd 2012), they can flip-over or self-righting 
whenever their body are suffering upside-down (Hoeksema & Bongaerts 2016), and they 
are capable to excavate and freed themselves from sediment burial (Bongaerts et al 
2012).  
 Other members of HC group, Merulinidae and Poritidae, were recorded from all 
observation spots. Within Merulinidae family, there were 8 genera recorded from this 
research. Merulinidae is the most genus-rich family of reef-building corals occurring in 
the Indo-Pacific, including the Red Sea (Veron 2000), with 25 genera included into the 
family (Huang et al 2014a, 2014b). Meanwhile, there were only two genera recorded 
from family Poritidae, i.e. Porites and Goniopora. These genera are characteristic groups 
in turbid coastal areas and common in areas that are influenced by river runoff (Tomascik 
et al 1997). In many studies, coral species in Merulinidae and Poritidae are found to be 
tolerant, recovered and surviving from bleaching events and mortality in ‘atypical’ 
environments with high sedimentation, turbidity, thermal stress and periods of exposure 
(Edwards et al 2001; Torres & Morelock 2002; Hennige et al 2010; Chou et al 2012; 
Sutthacheep et al 2013; Ferns 2016). 

Overall, coral reef in the research area included the condition of fair/moderate 
category with LC cover of 26.25%. The coverage comprised by HC was 16.1% and by SC 
10.15%. Most colonies of HC were in encrusting lifeform. No acropora group lifeform was 
observed, hence all HC cover was composed by non-acropora corals (Figure 2). 
 

 

Figure 2. Percent cover of LC (HC + SC) in each observation spot and the overall average 
(Av = average). 

 
Despite the observation spots are considered nearby one to another, particularly spot 1 
and 4, each spot showed different coral coverage composition (Figure 3). 
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Figure 3. Percent cover of coral lifeform in each observation spot. The codes of coral 

lifeforms were referring to English et al (1994). 
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The highest LC cover was observed in spot 1 with LC 44.3%, consisting in 20.7% of HC 
and 23.6% of SC. The coverage of SC was higher than HC, which is mostly due to the 
contribution of monospecific colonies of Sarcophyton that were observed densely 
developed at a certain part of this spot (Figure 4a & 4b). These results were consistent 
with the previous studies that showed the most abundant genera from soft coral 
Alcyoniidae was Sarcophyton (Fabricius et al 2007; Goh et al 2009; Chanmethakul et al 
2010; Aratake et al 2012; Baum et al 2016). Sarcophyton species are very hardy and 
dominant in many coral reef areas; they are characterized by a distinct sterile stalk, a 
broad, flared, smooth, mushroom shaped top called capitulum (Aratake et al 2012). In 
order of competition for space and survival, as an octocorallian, they are also known to 
produce and releasing a kind of chemical substance into the water. The chemical 
substance is toxic and causing allelopathic effects (Coll et al 1982; Sammarco et al 1983; 
La Barre et al 1986; Tomascik et al 1997; Fleury et al 2006). 

Concurrently, the coverage of HC in spot 1 was mostly composed by Galaxea and 
various genera of Fungiidae. Galaxea coral was observed in the form of a wide 
submassive colony (Figure 4c). The coral colonies of Galaxea are known to grow in 
massive, submassive, laminar, encrusting, and arborescent forms, as well as by the 
width of the colony up to several meters (Veron 2000). The presence of dominant 
Galaxea colonies in the delta area with high turbidity and sedimentation is possible due to 
the mixed massive-columnar morphology, since the morphological growth is known as a 
stress-tolerator in high sedimentation and/or eutrophication (Rogers 1990; Edinger & 
Risk 2000). 
 

 
Figure 4. Coral reef in observation spot 1: a) and b) dense colonies of Sarcophyton; 

 c) a large colony of Galaxea. 
 
The lowest cover of LC was observed in spot 2 with seabed mostly covered by silt and 
only one small group of the LC colonies was observed growing close together at a narrow 
spot. Ten colonies of coral were found from 3 genera of HC and 1 genus of SC. HC group 
was found as 7 coral colonies of genus Goniopora (Figure 5b), and single colony each of 
Alveopora and Favites (Figure 5a), while SC group was detected as only one coral colony 
of genus Lithophyton. Fragments of HC or rubble with mixed of some shell fractions also 
were found at the certain parts, particularly nearby the observed LC (Figure 5c). The 
presence of a rubble form of hard substrate may play roles to provide a suitable 
attachment object for coral colonies, which is an important part of recruitment and 
sustainability of growth for many sessile invertebrates (Hughes 1999; Rasser & Riegl 
2002; Fox et al 2003; Duckworth & Wolff 2011; Wahab et al 2014). 

Bottom substrate in observation spot 3 was characterized by vast cover of silt 
(64.4%). The coral condition was in poor/bad category with LC cover of 21.4%. Similar 
to the coral cover of spot 1, dense coverage of SC was also observed at the certain part 
of the study area in spot 3. Percent cover of SC group was 11.2% that dominated by 
Junceella and Ellisella genera, belonging to the Ellisellidae family (Figure 6a & b). 
Junceella or commonly known as sea-whip, has whip-like character state, while Ellisella is 
candelabrum (Bilewitch et al 2014). Ellisellidae family constitute a diverse and widely 
distributed family, which recorded throughout the Indo-Pacific and Atlantic region, 
Mediterranean and Red Sea (Grasshoff 2000; Fabricius & Alderslade 2001; Sánchez & 
Wirshing 2005; Cairns 2007; Fabricius et al 2007; Ben & Dautova 2010; Yogesh Kumar 
et al 2014, 2016), although the origins of this family is likely occurred in the Indo-Pacific 

a) b) c) 
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region (Bilewitch et al 2014). Meanwhile, percent cover of HC was lower than SC i.e. 
10.2%. The dominant colony of HC was from genera of Alveopora and Goniopora. They 
were often observed grow in a group of several small colonies. Another frequently 
observed colony of HC was Pseudosiderastrea (Figure 6f) that grows in sparse and small 
size colony, commonly less than 25 cm wide, while the large colonies of HC was 
encrusted Chypastrea and Favites (Figure 6d & e). 

 

 
Figure 5. Coral reef of observation spot 2: a) colony of Favites; b) colony group of 

Goniopora; c) rubble. 
 

 
Figure 6. Coral reef of observation spot 3: a) Junceella; b) Ellisella; c) Alveopora; 

 d) Cyphastrea; e) Favites; f) Pseudosiderastrea. 
 
In general, higher percent cover of SC toward HC is a common case since Octocorallia 
groups in many reefs area have better ability to grow and compete with HC in dominating 
certain areas (Fabricius 1997; Schleyer & Celliers 2003; Schleyer & Benayahu 2008; 
Nababan et al 2015; Syahrir et al 2015; Baum et al 2016; Shahbudin et al 2017). 
Octocorals are the second most common and widely distributed group after HC which are 
able to tolerate large variations of ecological conditions (Yongesh Kumar et al 2016). 
They have been reported occur in various types of coral reefs in wide ecological range of 
marine, from tropical to subtropical, shallow waters to abyssal depths and hard to soft 
substrates (Fabricius & Alderslade 2001; Cairns 2007; Fabricius et al 2007; 
Chanmethakul et al 2010; Bryce & Sampey 2014; Perez et al 2016). They are adaptable 
and can survive under heavy loads of sedimentation (Schleyer & Celliers 2003), overgrow 
and smother the HC colonies (Alino et al 1992), compared to the HC group they are more 
resistant (up to four times) toward the density deflation due to the turbidity influences 
(Fabricius et al 2012), and competitively damage many stony corals and may become 

a) b) c) 

d) e) f) 

a) b) c) 
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dominant on the reefs due to the alteration of the environmental conditions (Chadwick & 
Morrow 2011). 

The coral reef condition of spot 4 was categorized into fair/moderate with 39.1% 
of LC cover, comprised of 33.3% cover of HC and 5.8% cover of SC. This spot was also 
recorded as the highest coral coverage of HC group among the spots, as well revealed 
the highest genera of coral, mostly contributed by encrusting corals (CE) with 20.5% of 
coral cover. The CE was particularly large colonies of Dipsastraea genera (formerly known 
as Favia genera of Indo-Pacific before Budd et al (2012) and Huang et al (2014b)) from 
Merulinidae family (Figure 7a). In addition, other genera of HC also observed growing in 
wide colonies are Favites, Leptoseris, Platygyra, Physogyra and Porites (Figure 7b-f).  
The encrusting colonies were observed mainly growing over the rock or dead coral. Six 
genera of Fungiids (Table 1) were recorded from this spot (Figure 7g).  
 

 
Figure 7. Coral reef of observation spot 4; a) Dipsastraea; b) Porites; c) Favites; d) 

Leptoseris; e) Leptoseris & Physogyra; f) Platygyra; g) Halomitra (upper) & Cycloseris 
(below); h) Pseudopterogorgia. 

 
The present study successfully reported the coral presence in the Mahakam Delta area. It 
was surprising that we found a significant community of corals in the delta area, an 
atypical environment for the coral reefs development. Suyatna et al (2017) also found 
corals distributed in the Mahakam Delta. The presence of these new discoveries of corals 
in this area will aid to complete the databases of the coral reef in Mahakam Delta. 
Therefore, it opens up a wider idea of the possibility of another undiscovered coral reef 
that is still hidden and ‘unseen’ under the turbid conditions of the murky Mahakam Delta. 
Furthermore, this discovery may raise the question of how these reefs can adapt and 
survive in the unsuitable conditions of the deltaic environment, and whether they are 
associated with the ancient reefs from several previous studies (e.g. Storms et al 2005; 
Wilson 2005; Marshall et al 2015; Novak et al 2013; Kusworo et al 2015; Renema et al 

b) c) 

d) e) f) 

g) h) 

a) 
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2015; Santodomingo et al 2015a, 2015b; Pretkovic et al 2016). Finally, this study 
implication expected to increase our understanding of high aquatic biodiversity and 
complex ecosystem of the Mahakam Delta. 
 
Conclusions. The coral reefs are found to exist in the eastern front of the Mahakam 
Delta, Tani Baru Village, Anggana Sub-district, Kutai Kartanegara District, East 
Kalimantan Province. Thirty (30) hard coral genera from 11 families and 11 soft coral 
genera from 6 families were recorded. The measured coral reef condition varies from 
poor/bad to fair/moderate category. 
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