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Accepted: May 29, 2021  coral reefs as their primary habitat. The current study aimed to analyze the

Online: June 30, 2021 variations of coral coverage and their relationship to fish abundance. This

study was conducted in April 2019, in the waters of Samber Gelap Island,
Keywords: Kotabaru, South Kalimantan. The research used LIT (Line Intercept
Biodiversity, Transect) and UVC (Underwater Visual Census) methods to study coral
Caesionidae, coverage and fish abundance at 5 different stations, with each station having
Coral, 3 transects of 50 meters in length. The results indicated that the highest
Reef Fish, coral coverage was station 5 (42.08%), which was classified as fair
Pomacentridae category. This result was directly proportional to the abundance of coral reef

fish at station 5 (781 individuals). In addition, the correlation test results
between the effect of coral coverage and coral reef fish abundance showed a
correlation value of 0.972. It was indicated that coral coverage had a strong
influence on the abundance of coral reef fish in the waters of Samber Gelap
Island, Kotabaru, South Kalimantan. The water conditions of Samber Gelap
Island were classified as being supportive of coral reef life, except current
speed and brightness. In general, the percentage of coral cover in this
location was categorized as being damaged, with the highest coverage found
at station 5. In addition, station 5 also exhibited the highest number of coral
reef fish abundance.

INTRODUCTION

Coral reefs are ecosystems with important ecological, social and economic roles.
Ecologically, those ecosystems provide many services for marine biotas, such as habitats,
spawning areas, foraging opportunities and ecological processes. Besides, coral reefs also
play an essential role in protecting coastal areas from wave action, as well as providing
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significant benefits to the tourism industry. Despite their importance, coral reefs all
around the world face a severe threat of degradation and potential extinction.

Fish communities in coral reef ecosystems are present in large numbers and occupy
a variety of ecological niches, meaning that fish help to support many processes and
relationships within the ecosystem. This high species diversity is mainly due to the great
variation in coral reef habitats and the ability of fish species to utilize many different
resources. Coral reef habitats are not only composed of coral communities but also
include areas of sand, crevices and fissures, algae and different oceanic zones (Nur et al.,
2020).

Coral reefs, mainly coastal coral reefs, were found in mainland waters of
Kalimantan and around the Pulau Laut, South Kalimantan, Indonesia. The most common
types of coral reef structures were fringing reefs, such as those found in Kotabaru
District, and takat corals (patch reefs or platform reefs), which are commonly found in
Tanah Bumbu, South Kalimantan, Indonesia. The conditions of the reefs varied
significantly, ranging from areas that were in excellent condition to areas that were dead.
However, most of the reef ecosystems identified had been severely damaged (Iskandar
etal., 2010).

Kotabaru District is one of eleven districts in South Kalimantan Province, which is
located between 3° 10" and 4° 20" South Latitude and 115° 25' and 116° 20" East
Longitude. Kotabaru District covers 9,422.46 km? and consists of one large island and
140 small islands (Tony et al., 2020; Olga et al., 2020). Samber Gelap Island is one of
the islands' marine natural park area. The island is famous as a tourist site that offers the
beauty of coral reefs and turtle conservation (Pahlevi, 2019). In 2014, an increase in
tourist visits on Samber Gelap Island was observed. Nevertheless, the rise in ecotourism
activity will increase the risk of damage to coral reef ecosystems on Samber Gelap Island.

Munasik and Siringoringo (2011) stated that the coral reef community in South
Kalimantan Province was unstable and depressed. In addition, in the past few years, the
uniqueness of the marine ecosystem in Kotabaru District has been threatened by illegal
fishing activities carried out by fishing communities (As-Syahri et al., 2018). No
research has examined the condition and status of coral reefs in the waters around Samber
Gelap Island. A previous study only showed the condition of coral reefs on Halang
Melingkau Island, which is adjacent to Samber Gelap (Tony et al., 2021). The condition
of coral reefs on Halang Melingkau Island in the medium category were categorized by
Minister of Environment of the Republic of Indonesia (2001) No.4. Additionally,
Dharmaji (2013) addressed coral cover in Sepagar Village Waters, Kotabaru, in South
Kalimantan. Yet, no research has examined the condition of reef fish in Samber Gelap
Island. Therefore, this study was carried out to study the condition of coral cover and the
status of reef fish in Samber Gelap Island to support sustainable tourism.

The Samber Gelap Islands consist of four small islands; namely, Maraeng Island,
Halang Malingkau Island, Samber Gelap Island and Sawa Island. Even though those
islands are far from Pulau Laut (the regency's capital), this island is one of the foremost
marine tourist destinations. This is partly due to the uniqueness of the islands, as they
possess attractions such as white sandy beaches, turtle breeding grounds and large areas
of coral reef. Recently, no research has reported the condition of the coral reef or the
conservation status of sea turtles on Samber Gelap Island since Samber Gelap Island has
become a tourist destination. Markedly, previous studies examined only the ecotourism
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potential and development on Samber Gelap Island (As-Syahri et al., 2018; Pahlevi,
2019). In addition, the Indonesian Ministry of Marine Affairs and Fisheries (2015)
reported that in Samber Gelap and Halang Islands, there are conservation tours for green
turtles (Chelonia mydas) and hawksbill (Eretmochelys imbricata). The use of turtle eggs
in the Kotabaru District was only reported by Salim and Saputra (2016). However, there
has been currently preliminary research on the coral reefs and the fish communities in
Samber Gelap Island, South Kalimantan, Indonesia. Therefore, complete information is
required for the condition of coral reefs and coral reef fish and the relationship between
both. This research aimed to analyze the association between the coverage of coral reefs
and the abundance of fish based on this rationale.

MATERIALS AND METHODS

1.  Study area

The research was conducted in April 2019 in the waters of the Samber Gelap
Islands, Kotabaru, South Kalimantan, Indonesia (Fig. 1). Samber Gelap Island is located
in Kotabaru District, South Kalimantan, Indonesia. Samber Gelap Island is famous for its
white sand. The area of Samber Gelap Island is + 0.01 km? and has no residential areas,
only villas managed by the private sector. Tourist visits, both domestic and foreign, have
increased from 2014 till now. Indonesian Ministry of Marine Affairs and Fisheries
(2015) and (Pahlevi, 2019) reported that there is turtle conservation on Samber Gelap
Island.
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Fig. 1: Research Location Map of Samber Gelap Island, South Kalimantan - Indonesia.
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The observation location (station) was determined purposively (purposive
sampling), considering that the selected site would be a good representation of the
Samber Gelap area as a whole. The research was conducted at five stations with fifteen
observation points considered to represent the condition of coral reefs and reef fish in
island waters. Table (1) presents the coordinates of the observation location.

Table 1: Coordinates of the Observation Points.

Station Coordinates
1.1 116° 36'23,803" E 3°39'21,14"S
1 1.2 116° 36' 25,287" E 3°39'21,795" S
1.3 116° 36'26,773" E 3°39'22,445" S
2.1 116° 36'30,774" E 3°39'27,375" S
2 2.2 116° 36'31,141" E 3°39'28,961" S
2.3 116° 36'31,513"E 3°39'30,546" S
3.1 116° 36'9,829" E 3°39'7,394" S
3 3.2 116° 36'11,425" E 3°39'7,114" S
3.3 116° 36' 13,021" E 3°39'6,830" S
4.1 116° 36'24,543" E 3°39'45,275" S
4 4.2 116° 36' 23,265" E 3°39'46,277" S
4.3 116° 36'21,991" E 3°39'47,283" S
5.1 116° 36'10,737" E 3°39'37,245" S
5 5.2 116° 36'10,018" E 3°39'35,786" S
5.3 116° 36'9,295" E 3°39'34,328" S

2. Data collection
2.1 Water quality parameters

The sampling method used was a purposeful sampling technique, under the
assumption that the samples taken would suitably represent the study site's population.
Measurement of water quality parameters was carried out in the morning (06.00-09.00
a.m.) and evening (15.00-18.00 p.m.) on the water's surface at each station, along with
the simultaneous gathering of coral reef and fish data. Data on water quality, coral cover
and reef fish were carried out per station at 7 specific times. The first water quality data
collection was carried out, then followed by coral fish observations, then followed by
coral cover observations. Water quality parameters were measured: current speed (m/s)
by a current meter (Flowatch FL-03), brightness (m) by a Secchi disk with a diameter of
30 cm, temperature (°C) by a thermometer (Hanna Instruments TM-1), pH by pH meter
(HACH-HQ11d), and salinity (%o) by a refractometer [ATAGO Master S/Mill M (2493)]
at each observation station. The data obtained were compared with the standards in the
Minister of Environment Decree (2004) No. 51, the Republic of Indonesia, about
seawater quality.

2.2 Underwater Visual Census (UVC) and Line Intercept Transect (LIT)

An Underwater Visual Census (UVC) involving a transect was used to obtain coral
reef data (English et al., 1994; Prato et al., 2017). The transect was positioned as close
to the substrate as possible using a 50 m roll measuring tape. From the selected starting
point, each transect was placed parallel to the coastline. Three transects were laid out at
each station. Observations were made on a 5 m wide belt transect centered on the transect
band, giving a total area of observation at each station of 750 m% The substrate
composition was recorded by the line intercept transect (LIT) method based on English et
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al. (1997). The advantage of the LIT method is the accuracy of the data. The data
obtained have better quality and quantity, displaying a more comprehensive community
structure, such as the percentage of live or dead coral cover, colony size, and species
diversity. In addition, the LIT method can provide high-quality data on the structure of
biota communities that are symbiotic with coral reefs (Lam et al., 2006).

Observations are made by installing transects along 50 m parallel to and following
the coastline. At the starting point, observers waited for about five minutes after the
transect line was installed. That time was used to get an overview of the reef fish present
at the observation site, thereby allowing the fish to return to normal behavior after
disturbance due to transect placement. The transect was also recorded with an underwater
camera that was set to video mode. Fish abundance was calculated using a monitoring
distance of 2.5 m to the left and right of the transect for fish less than 35 cm, and a
distance of 5 m to the left and right for fish measuring > 35 cm (English et al., 1997).
Observations were made using the visual census method (UVC). Observations of fish
body characteristics (mouth shape, body shape, fins, color) were recorded directly by an
observer on waterproof paper and filmed by other observers using a camera (in the form
of photos or videos). The coral reef fish that could not be identified directly by the
observer were briefly described on the waterproof writing tool and photographed. Reef
fish were identified using the identification key (Kuiter, 1992). Fish and coral data were
collected sequentially. After the fish data collection was complete, there was a break for a
few minutes, followed by coral data collection (Levinton, 2013).

3. Data analysis
3.1 Hard coral coverage

The percentage of hardcoral coverage was calculated with the following formula
(English et al., 1997):

(=~ % 100% (1)

Where:
- C= lifeform i coverage percentage (%);
- a= lifeform i transect length; and
- A= Total transect length (meter).

According to Gomez and Yap (1988) and the Minister of Environment of the
Republic of Indonesia (2001), four criteria were used to evaluate the hardcoral coverage,
and data are presented in Table (2).

Table 2: Criteria of Hard Coral Coverage Percentage.

% cover Category
75-100 Excellent
50 -74.9 Good
25-499 Fair
0-249 Poor

Note: Based on Decree of the Minister of Environment of the Republic of Indonesia No. 4 of 2001
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3.2 Community structure of coral reef fish
The community structure of coral reef fish was assessed using the following indexes.
3.2.1 Shannon Wiener Diversity Indeks (H)

H' = Y;_; pilninpi (2)
Where:
H’ = Shannon Wiener diversity index;
s = number of coral reef fish species;
p = individual number of coral reef fish species proportion.
A diversity index is calculated by criteria according to Brower and Zar (1977):

a. o’ <2.30 - diversity is low, environmental pressure is very strong;
b.2.30 <H’ <3.30 :diversity is moderate, environmental pressure is moderate;
c. H’>3.30 . diversity is high, ecosystem balance occurs.

3.2.2 Homogeneity index €

Hr

E= (3)

Hmax

Where:
E = homogeneity index;
Hmax = species balance in maximum balance = In s.

Index values range from 0-1 with criteria (Brower & Zar 1977):

e E<04 : homogeneity is small, community is depressed;
e 04<E<0.6 : homogeneity is moderate, community is unstable;
e E>06 : homogeneity is high, community is stable.

3.2.3 Dominance index (C)

C = XYi pi? 4)
Where:
C= Dominance index;
Pi= Individual number of coral reef fish species proportion; and
s = Coral reef fish species number.

The dominance index value ranges from 0 to 1, meaning that if the value approaches
1 then there is a tendency for one individual to dominate another.

3.3 Coral reef fish abundance
Abundance of coral reef fishes was calculated using the following equation (English
et al. 1994):

Where:
N is fish abundancy (ind/m?);
ni is individual number no-i; and

A is area width (m?).
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3.4 Correlation analysis between coral cover and structure of coral reef fish
communities

The linear regression method in Microsoft Excel 2016 was used to determine the
relationship between coral reef coverage and the number of coral reef fish. Linear
regression analysis was used to determine the intensity of the association between two or
more variables and to forecast the expected y value (the number of coral reef fish) using
the x value (coral reef coverage). The following linear regression equation was used, as
suggested by Kutner et al. (2004).

y=a+ bx (6)

Description:
Y= Dependent variable;
a = Constant;
b = Regression coefficient; and
X = Independent variable.

RESULTS

1. Seawater quality parameters

Generally, seawater quality was a limiting factor affecting the life and growth of
coral reef ecosystems and reef fish. The measurements of seawater quality parameters
collected during the study period are presented in Table (3).

Table 3: Seawater Quality Parameters at Samber Gelap Island, South Kalimantan, Indonesia.

Seawater Quality Parameters

Station V\éiz':lrjgr Tem?oe(;;\ture Salinity (%) Bh Czjnl;;s)nt Brig(rrLt)neSS

Morning 1 Clear 29.82+041 3393+169 7.99+0.12 044+026 1.86+0.23
2 Clear 30.01+0.23 3326+141 7.61+046 096+0.72 3.79%x0.58
3 Clear 30.06+0.28 3537+188 7.71+0.21 049+0.27 3.49%0.28
4 Clear 30.02+0.27 3394+144 754+032 058+025 350x+041
5 Clear 30.09+0.26 3250+1.04 737021 1.02+040 5.29+0.54

Evening 1 Clear 30.41+043 3411+229 800+x024 043+033 1.94+0.30
2 Clear 30.41+043 33.71+£111 7.84+037 094+069 4.04+052
3 Clear 30.17+052 35.07+149 7.81+029 056+0.18 3.76+0.24
4 Clear 30.17+052 3490+179 7.71+x023 0.74+030 3.89x0.25
5 Clear 30.08+0.70 33.11+164 756+026 123+051 5.30%0.36

Minister of Environment f

Decree No. 51 of 2004, 28-30 33-34 7-8.5 >5

the Republic of Indonesia

2. Hard coral coverage
Hard coral coverage in the study area was conducted at five stations, with each
station having three transects. The average hard coral coverage on Samber Gelap Island
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was 18.66 = 3.92%, which is considered a poor coverage. The results of hard coral
coverage for each station are presented in Table (4).

Table (4) shows that the hard coral coverage at Samber Gelap Island is in poor
condition, especially at stations 1, 2, 3, and 4. The poor conditions at stations 1, 2, 3, and
4 are thought to be related to low current velocities. In addition, it is suspected that the
brightness level at the four stations was below 5 m, while the water quality at station 5
supported the growth of hard corals. Fig. (2) presents a visualization of hard coral
conditions at each station at Samber Gelap Island, South Kalimantan, Indonesia.

Table 4: Seawater Quality Parameters at Samber Gelap Island, South Kalimantan, Indonesia.

Hard Coral Coverage Categories based on Decree of the Minister of Environment

Station (%) of the Republic of Indonesia No. 4 of 2001
1 1.27 £ 0.69 Poor
2 2441 £5.28 Poor
3 11.24 £391 Poor
4 14.29 £5.47 Poor
5 42.08 +£8.97 Fair

~#

Station 3 Station 4
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Station 5

Fig. 2: Hard Coral Conditions on Five Stations Observed on Samber Gelap Island, South
Kalimantan, Indonesia.

The data showed a correlation between the percentage of hard coral cover and the
number of fish observed at each station. The coral substrate can be categorized as living
substrate (biotic) and dead substrate (abiotic) based on its characteristics. Live substrate
observed at each station consisted of hard corals (HC), dead corals with algae (DC),
coralline algae (CA), soft corals (SC), and other fauna (OT), while non-living substrates
included sand (S), rubble (RB), and rock (RC). The cover of biotic and abiotic life forms
at each station is presented in Fig. (3).

Fig. (3); shows that hard corals dominate the live (biotic) substrate at station 5. In
addition, there is a form of dead coral with algae (32.73 + 16.28%), which indicates an
opportunity for corals to recover from damage. The non-living (abiotic) substrate at
station 5 was dominated by coral fragments (23.79%) and sand (1.40%). Moreover, Fig.
(4); shows that station 1 (67.61%), station 3 (54.64%), and station 4 (57.31%) mostly
consist of coral fragments. The level of coral fragments is an indication of mortality and
damage to coral reefs at the observed station.

There is a composition of hard coral life forms of acropora and non-acropora species
at the observation station. Acropora species are found in two forms: Acropora branching
(ACB) and Acropora tabulate (ACT). Furthermore, non-Acropora corals are found in four
life forms: coral branching (CB), massive coral (CM), coral foliose (CF), and coral
mushroom (CMR). As shown in Fig. (4), the composition of hard coral life forms at
station 5 is more varied when compared to other stations.
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Fig. 3: Biotic (a) and Abiotic Lifeforms (b) on Samber Gelap Island, South Kalimantan,
Indonesia.



Association between Coral Coverage with Coral Fish Communities in Indonesia 871

__60.00
S
o 40.00
(@))
E —
S 20.00 = I I
5 i I I I
@)
0.00 = - I
Y)Y Ny YY YY YN o ¥Y ) oY
Station 1 Station 2 Station 3 Station 4 Station 5
m Acropora Branching = Acropora Tabulate = Coral Branching
Coral Massive m Coral Foliose m Coral Mushroom

Fig. 4: Composition of Hard Coral Life forms on Samber Gelap Island, South Kalimantan,
Indonesia.

3. Coral reef fish community structure

The results showed that there were 43 species on Samber Gelap Island monitored
during the study period. During the study period, the types of fish monitored were
identified into 9 families: Pomacentridae, Scaridae, Labridae, Balistidae, Holocentridae,
Caesionidae, Lutjanidae, Serranidae, and Chaetodontidae. The dominant family was
Pomacentridae, with many 1180 individuals. In addition, the results showed that the
number of major group fish was 1350 individuals, a target group of 344 individuals, and
an indicator group of 22 individuals. The species and numbers of fish monitored in the
Samber Gelap Island are presented in Table (5).

Table 5: Coral Reef Fish Community in Samber Gelap Waters.

— N o <t Lo
c c c c c
Group, Family, Species 2 2 2 2 2 Total
8 8 8 8 8
(2] wn (2] wn [72]
Major
Pomacentridae

Abudefduf sexfasciatus 26
Abudefduf lorenzi 32
Amphiprion clarkii 6
Amphiprion ocellaris 3
Amphiprion sandaracinos 4
Chromis analis 85
Chromis atripectoralis 30
Chrysiptera glauca 41
Dascyllus melanurus 90

Dischistodus melanotus
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Dischistodus pseudochrysopoecilus
Hemiglyphidodon plagiometopon
Neoglyphidodon crossi
Pomacentrus alexanderae
Pomacentrus armillatus
Pomacentrus taeniometopon
Pomacentrus coelestis
Pomacentrus littoralis
Pomacentrus moluccensis
Pomacentrus saksonoi
Pomacentrus tripunctatus
Pomacentrus geminospilus
Pomacentrus grammorhynchus
Pomacentrus smithi
Pomacentrus melonochir
Pomacentrus microspilus
Scaridae
Bolbometopon muricatum
Labridae
Halichoeres melanichor
Halichoeres melanurus
Labroides dimidiatus
Balistidae
Rhinecantus aculeatus
Holocentridae
Sargocentron rubrum
Target
Caesionidae
Caesio cuning
Lutjanidae
Lutjanus decussatus
Serranidae
Epinephelus corallicola
Epinephelus merra
Siganus coralinus
Siganus doliatus
Siganus puellus

Indicator

28
48
287
26

23
170

20
23
1

132 132
3
32
1

.

132
3

14 66
22 23

1

I

31 87 178 186

76

245

60
15

5 32

1

1
18 18
16 16

4 4
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Chaetodontidae
Chaetodon melannotus 5
Chaetodon octofasciatus 12
Chaetodon oxycephalus 3
Chaetodon vagabundus 2
Fish per station 136 381 189 229 781 1716
Species per station 10 14 7 14 23 68

Total number of species 43

Table (5) shows that station 5 is the station with the most number of fish and the
number of species (781 individuals, 23 species) compared to other stations. At station 5,
the number of major fish groups was 723 individuals, the target group was 45 individuals,
and the indicator group was 13 individuals. The number of fish in the indicator group at
station 5 was more than the other stations; this indicates that the water conditions at
station 5 in assumed to be in good condition. Indicator fish are groups of fish that
describe the condition of a coral reef ecosystem. The greater the number of indicator fish,
the great health of the coral reef is indicated. The abundance data of reef fish at Samber
Gelap Island are shown in Fig. (5), and analyzed based on the number of individuals at
each station and area (m?).

station 5 | o4
station 4 [ NN o::

Station 3 _ 0.25

station 2 - | 05!

station 1 [N o.1s

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Abundance of Coral Reef Fish (Ind/m?)

Fig. 5: Abundance of Coral Reef Fish at Each Station (Ind/ m?).

The dominance index (C), homogeneity index (E '), and Shanon Wiener diversity
index (H") of coral reef fish in Samber Gelap Island, which were observed during the
study period, are presented in Fig. (6). Based on those index values, no fish dominated in
Samber Gelap island. There was a high level of homogeneity and a stable community at
all observation stations, but low diversity indicates environmental stress. This is
presumably due to the bad condition of coral reef cover in Samber Gelap Island.
Therefore, only certain types of fish can live (high dominance/homogeneity), but low
diversity index.
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Fig. 6: Shanon Wiener Diversity Index (H”), Homogeneity Index (E), and Dominance Index
(C) at Samber Gelap Island, South Kalimantan, Indonesia.

The percentage of coral cover correlated with the number of coral reef fish (P<0.05,
R? = 0.944). The number of coral reef fish tends to increase along with the increase in the
percentage of coral reef cover, as indicated by the linear regression equation y = 16.404x
+ 37.135, R-value of 0.972 (Fig. 7).
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Fig. 7: Correlation of the Number of Reef Fish with Hard Coral Coverage.

DISCUSSION

1. Sea water quality parameter

Temperature is a limiting factor for coral life because a rise in temperature of only
one or two degrees would affect zooxanthellae's concentration in the coral tissue.
Temperature changes can cause a decrease in coral feeding response, reduce reproduction
rates, increase mucus discharge, and inhibit coral functions such as photosynthesis and
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respiration (Baum et al., 2015; Faturohman et al., 2016). According to Saptarini et al.
(2017) and Khasanah et al. (2019), the temperature needed for corals to achieve
maximum growth is between 23 and 25°C, with the upper limit for growth between 36
and 40°C. Temperatures are high cause of zooxanthellae' release from coral tissue,
disrupting photosynthesis, and causing growth disturbance and eventually death (Rifa’i,
2016). Temperatures measured at the present study site were in the range of 30-31°C,
which indicated suitable conditions for coral growth. The results are in line with
researches of Hoey et al. (2016) and Harvey et al. (2018), who reported that
temperatures between 28-32 °C are optimal for coral growth and reproduction.

The salinity level in water is another factor that affects the growth rate of coral
ecosystems. Salinity at the study site was within the limits of coral tolerance and ranged
between 25-40 %o (Lehtonen et al., 2016). Low levels of salinity in coral ecosystems
could reduce coral fertility. On the other hand, high levels of salinity in coral ecosystems
tend to reduce coral growth rates. This rate of decline in growth varies among coral
species and is dependent on geographical location (Sahril, 2017). Salinity is also directly
proportional to osmotic pressure, meaning that the osmotic pressure of zooxanthellae
living in higher salinity seas is higher (Kiiltz, 2015; Rifa’i et al., 2016).

The pH level of water has a vital role as a parameter of water quality. The pH
supports controlling factors such as the reaction speed of substances in seawater and acts
as a buffer for the balance of chemical compounds. Measured pH levels in this study
were in the range that supports coral life and growth, with values between 7.37 and 8.00.
If pH levels fluctuate outside the standard limit, making water more acidic or basic, coral
condition decreases because the zooxanthellae photosynthesis process in corals is
inhibited (Table 2) (Putri et al., 2015).

Water currents in coral reef areas have a variety of essential roles for coral growth.
For example, currents that promote water circulation help carrying oxygen, zooplankton,
nutrients, and coral planula. In addition, currents help in the process of sediment rejection
on the surface of the reef. Those currents can remove sediment accumulated on the
surface of coral reefs, thereby reducing coral pressure and increasing the light penetration
required for photosynthesis (Tony et al., 2021). Therefore, it affects the rate of coral
growth. Furthermore, the acceleration of sediment rejection by currents helps to speed up
degraded reefs' physiological recovery process (Iskandar & Tony, 2013; Sabdono et al.,
2014).

Brightness was measured based on the ability of light to penetrate the water column,
a factor which is determined by light intensity and decreases with increasing water depth
(Prato et al., 2017). The brightness observed at the study site was 100%, meaning light
reached right to the bottom of the water column, at a depth between 1.86 m and 5.30 m.
However, according to the Minister of Environment Decree No. 51 of 2004, the Republic
of Indonesia, brightness must be above 5 m. The observation showed brightness level at
stations 1-4 was below 5 m. This is thought to be related to the low current velocity so
that that sediment could cover the coral surface. A good level of brightness in the coral
ecosystem can encourage the photosynthesis process by symbiotic algae zooxanthellae
coral (Basu et al., 2018). According to Coker et al. (2013), poor light levels can cause
the photosynthesis rate to decrease, which inhibits the process of respiration and
calcification in corals.
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2. Coral reef coverage

Table (3) shows the variation of coral cover at each station. The highest percentage
of coral coverage was found at station 5, with a value of 42.08 + 8.97 %. The coral
condition was classified in a decree of the Minister of Environment of the Republic of
Indonesia No. 4 of 2001. The following highest coral coverages were found at station 2,
with a coverage of 24.41 + 5.28 %, and station 3, with a coverage of 11.24 + 3.91 %.
Coral conditions at stations 1, 2, 3, and 4 were classified in the poor category. The most
damaged coral was located at station 1. The very low coral coverage at station 1 was
influenced by various factors, including environmental conditions and coastal and beach
activities. Station 1 was near a harbor for fishing boats. It was suspected that this factor
caused high-stress levels in the coral ecosystem, both due to tourism activities and boat
operations such as anchor usage. Those findings are supported by Messmer et al. (2011),
Munasik and Siringoringo (2011), and Fenner (2012) studies which showed that
damage to coral ecosystems were caused by coastal areas such as fisheries, industry, or
tourism activity.

Conversely, station 5, which had the highest coral coverage, was located at the
farthest distance from the mainland (Samber Gelap Island) and a depth of around 5
meters. This meant the risk of damage caused by ships or humans was much smaller. In
addition, station 5 also had the highest current speed than other stations, meaning
sediment rejection was more significant in this area. This would prevent sediment buildup
from inhibiting reef processes such as photosynthesis, meaning coral at station 5 would
have better growth rates. This coincides with the finding of Khasanah et al. (2019), who
stated that currents in coral ecosystems assist in the process of physiological recovery,
meaning damaged coral can recover quicker.

The observations show that stations 1 to 4 have the highest dead substrate cover (in
the form of rubble). The variation of coral composition in Samber Gelap Island, at
stations 1 to 4, is found very low with very high coral rubble. Coral rubble can be caused
by predation of organisms, disease, bioerosion, and unstable (extreme) water conditions
(Holmes et al., 2000). The high coral fragments at stations 1 to 4 are thought to be caused
by unstable water conditions and human activity (Fox et al., 2003). Fig. (4); shows the
presence of Acropora corals with non-Acropora corals. Acropora corals have axial and
radial corals, while non-Acropora corals do not have axial corals (Suharsono, 2008).
Acropora and non-Acropora corals act as reef builders, have different sensitivity levels to
different environmental stresses, and environmental factors, such as temperature,
brightness, depth, and current strength. Environmental conditions affect the growth rate,
life forms, and corals reproduction (Kleypas et al., 1999). Environmental conditions also
affect the abundance, composition, and diversity of coral communities (Baker et al.,
2008). Notably, the composition of coral forms at station 5 is more varied compared to
other stations. This is supported by the quality of waters that meet standards and fairly
good coral cover. Although the environment highly influences coral, it also has a
corresponding effect on the ecosystem in return. One factor affected by coral coverage is
the abundance of reef fish (Coker et al., 2013; Nugraha et al., 2020).

3. Coral reef fish community structure
According to Dartnall and Jones (1986), coral reef fish are classified into three
main groups based on management objectives: (a) target fish (also known as economic
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fish), which are the main target of fishermen's catch as a source of economy and
consumption; (b) indicator fish, which indicate the coral ecosystem conditions; and (c)
the major fish group with fish between 5 and 25 cm whose specific role is unknown apart
from the food chain cycle.

The results in Table (4) show that the number of reef fish is related to coral cover. In
station 1, with the lowest coral cover, there are 31 major fish, 60 target fish, and no
indicator fish. The results of this study concur with those of Tony et al. (2020) who
depicted areas with low coral cover, so the presence of indicator fish was also low. Table
(4) also shows the highest number of major fish groups compared to target and indicator
fish groups. This is in accordance with the study of Du et al. (2019), who found that
major fish groups often represent the largest portion of the fish populations in coral reef
areas. However, this group of fish is not yet known for its specific ecosystem roles, other
than functioning as part of the food chain.

The structure of reef fish communities shown in Table (4) was assessed by
measuring diversity, homogeneity and the dominance index categorized according to Du
et al. (2019). The results show that the Shanon Wiener diversity index (H ') on Samber
Gelap Island ranged from 1.45-2.38. This was classified in the medium category, with the
highest value being located at station 5. The index value of homogeneity of coral reef fish
communities is influenced by various factors, including coral condition and
environmental factors such as temperature (Sabdono et al., 2014). The index value of
homogeneity (E) of reef fish communities on Samber Gelap Island was also calculated,
with results ranging from 0.79 to 0.91. This was classified in the high uniformity
category, meaning the reef did not contain many different types of biota. According to
Pratchett et al. (2011) and Songploy et al. (2017), greater biota uniformity in a
community indicates that the community is stable. In regard to the dominance index (C),
it was found that the values varied from 0.12 to 0.30, indicating that no one species
within the region dominated more than the others. The five stations showed varied
species results, meaning overall dominance was low. A low dominance index in an
ecosystem generally results in the diversity index at that location being higher
(Madduppa et al., 2012). As a result of the poor coral cover condition in Samber Gelap
waters, the diversity index is also low, and only certain fish can survive. As a result of the
low diversity index, the homogeneity index is high (Twinandia et al., 2011).

A correlation assay between the abundance of coral reef fish and coral coverage was
then performed to determine the relationship between the two variables (Fig. 7).
Correlation assay between coral coverage and the number of reef fish. This indicates
there was an increasing trendline, with a correlation coefficient of 0.972. Therefore, it can
be concluded that there was a strong positive relationship between coral coverage and
coral reef fish abundance.This means that if there were a decrease in coral conditions,
fish abundance would also decrease (Messmer et al., 2011; Komyakova et al., 2018).
However, the correlation results were not close to a perfect correlation value (value 1),
indicating that other factors also had an influence on the fish abundance in the waters of
Samber Gelap Island. These results were in accordance with those of Duffy et al. (2016),
Prato et al. (2017) and Nugraha et al. (2020), who stated that the abundance of coral
reef fish in an area could be influenced by factors such as coral rugosity (complexity),
environmental conditions and aquatic nutrition. In general, the condition of coral cover
on Samber Gelap Island is not in good condition. This can be seen from the number of
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indicator fish and the diversity index. The poor coral cover condition is related to current
velocity and low brightness levels in the waters around the observation station.

CONCLUSION

In conclusion, the water conditions of Samber Gelap Island were classified as being
supportive of coral reef life. Generally, the percentage of coral cover in this location was
categorized as being damaged, with the highest coverage found at station 5. Similar
results were also shown for the abundance of coral reef fish, with the highest number also
being found at station 5 when compared to others. A correlation test showed that there
was a strong positive relationship between coral coverage and the abundance of reef fish,
meaning that a change in coral coverage would also result in a change in fish abundance.
However, the results of this correlation also indicate that the abundant reef fish in the
waters of Samber Gelap Island, Kotabaru, South Kalimantan was also influenced by other
factors.

REFERENCES

As-Syahri, H.; Sangen, M. and Rifani, A. (2018). Analysis of marine ecotourism
development strategy for Pulau Laut, Kotabaru Regency, South Kalimantan (Study
on Samber Gelap Island, Tanjung Kunyit, Tamiang Bay and Gedambaan Beach).
Jurnal Wawasan Manajemen, 6(2): 115-130.

Basu, S. and Mackey, K. R. M. (2018). Phytoplankton as Key Mediators of the
Biological Carbon Pump: Their Responses to a Changing Climate. Sustainability,
10(3): 1-18.

Baum, G.; Januar, H. I.; Ferse, S. C. A. and Kunzmann, A. (2015). Local and
Regional Impacts of Pollution on Coral Reefs along the Thousand Islands North of
the Megacity Jakarta, Indonesia. PLOS ONE, 10(9): e0138271.

Brower, J. E. and Zar, J. H. (1977). Fild and Laboratory Method for General Ecologi.
Wm. C Brown Publishing Dubugue, lowa.

Coker, D. J.; Wilson, S. K. and Pratchett, M. S. (2013). Importance of live coral
habitat for reef fishes. Rev. Fish Biol. Fish., 24: 89-126.

Dharmaji, D. (2013). Covercrop of coral reefs Kotabaru district the province of South
Kalimantan (case study waters Sepagar). Fish Sci., 4(6): 90-101.

Du, J.; Loh, K.; Hu, W.; Zheng, X.; Affendi, Y. A.; Ooi, J. L. S.; Ma, Z.; Rizman-
Idid, M. and Chan, A. A. (2019). An updated checklist of the marine fish fauna of
Redang Islands, Malaysia. Biodiv. Data J., 7: e47537.

Duffy, J. E.; Lefcheck, J. S.; Stuart-Smith, R. D.; Navarrete, S. A. and Edgar, G. J.
(2016). Biodiversity enhances reef fish biomass and resistance to climate change.
Proc. Nat. Acad. Sci., 113(22): 6230-6235.

English, S.; Wilkinson, C. and Baker, V. (1997). Survey Manual for Tropical Marine
Resources (2" ed). ASEAN-Australia Marine Science Project Living Coastal
Resources, Townsville, Australia.

English, S. S.; Wilkinson, C. C. and Baker, V. V. (1997). Survey manual for tropical
marine resources (2" ed.). Australian Institute of Marine Science, Townsville,
Australia.



Association between Coral Coverage with Coral Fish Communities in Indonesia 879

Faturohman, I.; Sunarto, S. and Nurruhwati, 1. (2016). The Correlation of Plankton
Abundance with Sea Water Temperature at Cirebon Steam Electricity Power Station.
Jurnal Perikanan Kelautan, 7(1): 115-122. [In Indonesian]

Fenner, D. (2012). Challenges for Managing Fisheries on Diverse Coral Reefs.
Diversity, 4(4): 105-160.

Gomez, E. D. and Yap, H. T. (1988). Monitoring Reef Condition, Coral Reef
Management Handbook. Unesco Regional Office for South East Asia, Jakarta.

Harvey, B. J.; Nash, K .L.; Blanchard, J. L. and Edwards, D. P. (2018). Ecosystem-
based management of coral reefs under climate change. Ecol. Evol., 8(12): 6354—
6368.

Hoey, A. S.; Howells, E.; Johansen, J. L. and Hobbs, J. A. (2016). Recent Advances in
Understanding the Effects of Climate Change on Coral Reefs. Diversity, 8(12): 1-22.

Iskandar, R. and Tony, F. (2013). Sedimentation Study at Angsana River in Angsana
District, Tanah Bumbu Regency, South Kalimantan. Enviro Scienteae, 9: 106-111.
[In Indonesian]

Iskandar, R.; Soendjto, M. A.; Asmawi, S. and Rahman, S. (2010). Faktor Fisik
Perairan dan Antropogenik pada Terumbu Karang Kima si Perairan Bunati,
Kabupaten Tanah Bumbu, Kalimantan Selatan. EnviroScienteae, 6(1): 53-58. [In
Indonesian]

Khasanah, R. I.; Herawati, E. Y.; Hariati, A. M.; Mahmudi, M.; Sartimbul, A,;
Wiadnya, D. G. R.; Asrial, E.; Yudatomo, Y. and Nabil, E. (2019). Growth rate of
Acropora formosa coralfragments transplanted on different composition of faba
kerbstone artificial reef. Biodiversitas, 20(12): 3593-3598.

Komyakova, V.; Jones, G. P. and Munday, P. L. (2018). Strong effects of coral species
on the diversity and structure of reef fish communities: A multi-scale analysis. PLoS
ONE, 13(8): €0202206.

Kuiter, R. H. (1992). Tropical Reef Fish of Western Pacific, Indonesia and Adjacent
Waters. PT. Gramedia Pustaka Utama, Jakarta.

Kiiltz, D. (2015). Physiological mechanisms used by fish to cope with salinity stress.
J.Exp. Biol., 218(12): 1907-1914.

Kutner, M. H. (2005). Applied linear statistical models. McGraw-Hill Irwin, New York.

Lam, K.; Shin, P. K. S.; Bradbeer, R.; Randall, D.; Ku, K. K. K.; Hodgson, P. and
Cheung, S. G. (2006). A comparison of video and point intercept transect methods
for monitoring subtropical coral communities. J. Exp. Mar. Biol. Ecol., 333: 115-
128.

Lehtonen, T. K.; Wong, B. B. M. and Kvarnemo, C. (2016). Effects of salinity on
nest-building behaviour in a marine fish. BMC Ecol., 16(1): 1-9.

Levinton, J. S. (2013). Marine Biology: Function, Biodiversity, Ecology (4™ ed). Oxford
University Press, Oxford

Madduppa, H. H.; Agus, S. B.; Farhan, A. R.; Suhendra, D. and Subhan, B. (2012).
Fish biodiversity in coral reefs and lagoon at the Maratua Island, East Kalimantan.
Biodiversitas, 13(3): 145-150.

Messmer, V.; Jones, G. P.; Munday, P. L.; Holbrook, S. J.; Schmitt, R. J. and
Brooks, A. J. (2011). Habitat biodiversity as a determinant of fish community
structure on coral reefs. Ecology, 92(12): 2285-2298.



880 Iskandar et al., 2021

Indonesian Ministry of Marine Affairs and Fisheries (2015). Ensiklopedia Populer
Pulau-Pulau Kecil Nusantara — Kalimantan Selatan — antara Laut Jawa dan Selat
Makassar. Penerbit Buku Kompas, Jakarta. [In Indonesian].

Minister of Environment of the Republic of Indonesia. (2001). Legislation in the Field
of Environmental Management and Control of Environmental Impacts, Decree of the
Minister of State No. 4 of 2001 concerning Standard Criteria for Marine Biota.
Ministry of Environment, Jakarta, 26 pp.

Minister of Environment of the Republic of Indonesia. (2004). Legislation in the Field
of Seawater quality, Decree of the Minister of State No. 51 of 2004 concerning
Standard Criteria for Seawater Quality. Ministry of Environment, Jakarta, 24 pp.

Munasik, M. and Siringoringo, R. M. (2011). Hard Coral (Scleractinia) Struktur
Komunitas Karang Keras (Scleractinia)di Perairan Pulau Marabatuan dan Pulau
Matasirih, Kalimantan Selatan. limu Kelautan, 16(1): 49-58. [In Indonesian]

Nugraha, W. A.; Mubarak, F.; Husaini, E. and Evendi, H. (2020). The Correlation of
Coral Reef Cover and Rugosity with Coral Reef Fish Density in East Java Waters.
Jurnal limiah Perikanan dan Kelautan, 12(1): 131-1309.

Nur, M.; Rifa’i, M. A.; Yunita, R. and Sofia, L. A. (2016). Feasibility of floating cage
culture based on business scale in Riam Kanan Reservoir, South Kalimantan
Province. AACL Bioflux, 13(5): 2868-2877.

Olga, O.; Aisiah, S.; Tanod, W. A.; Risjani, Y.; Nursyam, H. and Maftuch, M.
(2020). Immunogenization of Heat-Killed Vaccine Candidate from Aeromonas
hydrophila in Catfish (Pangasius hypophthalamus) using Strain of Banjar, South
Kalimantan, Indonesia. Egypt. J. Aquat. Biol. Fish., 24(4): 1-13.

Pahlevi, A. (2019). Development of tourism potential and promotion of Samber Gelap
island in Kotabaru Regency. Jurnal Sosial Pariwisata, 1(1): 1-13

Pratchett, M. S.; Hoey, A. S.; Wilson, S. K.; Messmer, V.; Graham, N. A. and
NAJG, Au. (2011). Changes in biodiversity and functioning of reef fish assemblages
following coral bleaching and coral loss. Diversity, 3(4): 424-452.

Prato, G.; Thiriet, P.; Di Franco, A. and Francour, P. (2017). Enhancing fish
Underwater Visual Census to move forward assessment of fish assemblages: An
application in three Mediterranean Marine Protected Areas. PLOS ONE, 12(6):
e0178511.

Putri, M. R.; Setiawan, A. and Safitri, M. (2015). Variation of ocean pH in the
Indonesia waters. AIP Conf. Proc., 1677(2015): 060021.

Rifa’i, M. A. (2016). The abundance and size of giant sea anemones at different depths in
the waters of Teluk Tamiang village, south Kalimantan, Indonesia. AACL Bioflux,
9(3): 704-712.

Rifa’i, M. A.; Fatmawati, F.; Tony, F. and Kudsiah, H. (2016). The survival and
growth rate of three species of sea Anemones from Asexsual reproduction in Pulau
Kerumputan and Pulau Karayaan, Indonesia. Ecol. Environ. Conserv., 22(3): 531-
539.

Sabdono, A.; Radjasa, O. K.; Ambariyanto, A.; Trianto, A.; Wijayanti, D. P.;
Pringgenies, D. and Munasik, M. (2014). An Early Evaluation of Coral Disease
Prevalence on Panjang Island, Java Sea, Indonesia. Int. J. Zoo. Res., 10(2): 1-10.



Association between Coral Coverage with Coral Fish Communities in Indonesia 881

Salim, D. and Saputra, A. (2016). Socio-economic dynamics of the community towards
the use of turtle eggs in the sub-district of the Sembilan island, Kotabaru regency.
Jurnal Enggano, 1(2): 38-46.

Sahril, A. (2017). Analysis of Dissolved Oxygen Parameters in Southern Ocean Island
Waters as an Indicator of Pollution in Kotabaru District. [Research Report] Lambung
Mangkurat University, Banjarbaru.

Saptarini, D.; Mukhtasor, M. and Rumengan, I. F. M. (2017). Coral reef lifeform
variation around power plant activity: Case study on coastal area of Paiton Power
Plant, East Java, Indonesia. Biodiversitas, 18(1): 116-120.

Songploy, S.; Chavanich, S.; Kuanui, P. and Viyakarn, V. (2017). Diversity of reef
fish at Royal Thai Naval Base, Sattahip, Chonburi Province, Thailand. Indian J. Geo
Mar. Sci., 46(6): 1220-1225.

Tony, F.; Soemarno, S.; Wiadnya, D. G. R. and Hakim, L. (2020). Diversity of reef
fish in Halang Melingkau Island, South Kalimantan, Indonesia. Biodiversitas,
21(10): 4804-4812.

Tony, F.; Soemarno, S.; Wiadnya, D. G. R. and Hakim, L. (2021). Habitat
Biodiversity as a Determinant of Fish Community Structure on Coral Reefs in
Halang Melingkau Island, Kotabaru, South Kalimantan, Indonesia. Egypt. J. Aquat.
Biol. Fish., 25(1): 351 — 370.

Twinandia, D.; Mubarak, A. S. and Mukti, A. T. (2011). Closure area effect on reefs
rehabilitation in biorock and reef seen habitat against fish species diversity in
regional aquatic Pemuteran, Bali. Jurnal limiah Perikanan Dan Kelautan, 3(2): 151—
155.



