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INTRODUCTION

Abstract. Research on coral reef biodiversity within oil and gas oper-
ational areas remains limited, as most previous studies have focused
on coastal ecosystems adjacent to urban environments. This study
aims to assess coral reef condition and reef fish community structure
in the Senoro—T1oili Block, as well as to examine the relationship be-
tween coral cover and reef fish abundance. Field data were collected
using Manta Tow and Line Intercept Transect (LIT) methods for coral
reef conditions, while reef fish data were obtained through the Un-
derwater Visual Census (UVC) method. Coral reef observations in-
cluded percentages of live hard coral, dead coral, algae, and abiotic
substrates. Fish data comprised species composition and abundance,
which were analyzed at the family level. The relationship between reef’
fish abundance and live coral cover was tested using Pearson cor-
relation analysis. The study results indicated that dead corals dom-
inated the Senoro-Toili Block coral community, ranging from 17.62
to 52.68%. Evaluation of coral reef conditions shows moderate to
high levels of damage with a high mortality index, indicating that the
health of the reef is significantly compromised and may negatively
impact the associated reef fish populations. The reef fish community
is composed of 195 species, which constitute 37 families. The abun-
dance of reef fish ranges from 1605 to 3105 individuals/500 m?. The
Pearson statistics showed a correlation between the abundance of
reef fish and the percentage of coral cover (p < 0.05). The diversity
index was high, and the evenness index showed that the fish commu-
nity was stable. This was backed up by a low dominance index. These
conditions indicated that the reef fish community in the Senoro—Toili
Block exhibits a relatively high level of ecological resilience in re-
sponse to both natural and anthropogenic disturbances. These results
highlight the necessity of continuous management interventions, es-
pecially coral transplantation initiatives executed in the study region.
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Coral reefs as ecosystems with high biodiversity and primary productivity (Eviota et al.,
2021; Iskandar et al., 2021), are currently facing severe threats both locally and globally (Brandl et

al., 2019; Hoegh-Guldberg et al.,

2019). The consequences of the coral reef's declining conditions
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are not only ecological but also economical due to the vast number of people's livelihoods that
depend on this ecosystem (Morais et al., 2020; Morais & Bellwood, 2020) and in turns, it could
affect food security.

Indonesia is located in the center of the coral reef triangle, making it the country with the
highest coral diversity globally ~ 590 coral species (Purnomo, 2020). However, this condition is
not in line with its coral reef conditions. Only 6.56% of coral reefs are in very good condition,
22.96% are good, 34.3% are sufficient, while 36.18% are categorized as poor (Hadi et al., 2018).
Human activities such as mining and industries cause pollution (Maaty et al., 2021), which in-
cludes sedimentation (Limmon & Marasabessy, 2019), illegal fishing (Pelasula et al., 2021), and
the high load of marine debris (de Carvalho-Souza et al., 2018), which all are triggers for the coral
damage.

The damage to the reef ecosystems affects coral-associated fish diversity (Adrim et al.,
2012; Harahap et al., 2019) because coral reef health and reef fish biodiversity are closely related.
In healthy coral reef conditions, fish abundance is high; conversely, in a damaged coral reef con-
dition, fish abundance is relatively low (Adiyoga et al., 2020; Edrus & Hadi, 2020). Furthermore,
Hastuty et al. (2014) stated that healthy coral reef ecosystems support sustainable fishing activities
because they provide suitable habitats for reef fish to lay eggs, forage, and nursery grounds for
growth (Sektiana et al., 2022).

Central Sulawesi Province has a water area of 77,295.90 km? with a coastline of 6,653 km,
and its coral reef ecosystem area consists of 187,766.71 Ha (Kementerian Kelautan dan Perikanan,
2018). In addition to the fisheries potential, Central Sulawesi waters also contain oil and gas re-
serves in the Senoro-Toili oil and gas block (Mansyur et al., 2019; Tis’in & Mansyur, 2016). The
management of areas with overlapped fishery and oil and gas mining is highly challenging. Oil
and gas exploration is a real threat to the sustainability of coral ecosystems (Maaty et al., 2021).
Furthermore, Maaty et al. (2021) also stated that oil pollution in waters reduced the abundance of
reef fish.

Currently, research on the biodiversity of coral reef ecosystems in oil and gas blocks has
not been widely reported in the scientific literature. Studies conducted during the 2023-2025
period generally focused more on coastal areas adjacent to centers of human activity or urban
areas, such as marine tourism areas (Prihadi et al., 2025), densely populated coastal zones (Putra,
2022), and conservation areas that have long served as sites for ecological monitoring (Shaadikin et
al., 2025). Consequently, scientific information regarding the condition, species composition, and
dynamics of coral reef ecosystems in marine areas associated with the oil and gas indus-
try remains relatively scarce. This situation indicates a significant knowledge gap that needs
to be addressed, particularly in understanding how the characteristics of coral reef eco-
systems develop in marine areas managed by the extractive industry yet still possess eco-
logical value. Based on these conditions, this study aims to evaluate the community struc-
ture of coral reef ecosystems through an analysis of coral cover percentage and reef fish
diversity as indicators of coral reef ecosystem health in the Senoro-Toili oil and gas block area.

MATERIALS AND METHODS

The research was conducted in November 2022 in the Senoro-Toili oil and gas block. Three
stations were established for observation which include: station TK-01 (Gosong Tiaka, 01° 50'
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02.8" LS, 121°59' 11.1" BT), station TK-02 (Gosong Tiaka, 01°50' 11.0" LS, 121° 59' 06.2" BT),
and station TK-03 (Makakata Beach, 01° 17' 50.2" LS, 122° 33' 58.1" BT) (Figure 1). Gosong
Tiaka is administratively part of North Morowali Regency and is located in the waters of Tolo Bay.
Geographically, this location is about 12 nautical miles from the nearest mainland. Makakata Beach
is administratively located in Sisipan Village, Batui District, Banggai Regency, Central Sulawesi.
The stations represent the general condition of the coral reef ecosystem in the Senoro-Toili oil and
gas block. At all three stations, there are also coral reef rehabilitation programs initiated by JOB
Pertamina-Medco E&P Tomori Sulawesi (JOB Tomori), the operator of the Senoro-Toili oil and
gas block.

Coral Cover Data Collection

A combination of Manta Tow survey (as a preliminary survey) and Line Intercept Transect
(LIT) (English et al., 1997; Gomez & Yap, 1998) were employed to collect data on coral reef
conditions. The transect was laid along 100 m at a depth of six to eight meters. The percentage of
living hard coral cover was used to assess coral reef conditions and to enable the determination of

the mortality index. Data were recorded on a data sheet and were categorized following English
et al. (1994) the criteria.
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Figure 1. Research location in the Senoro-Toili Block

Reef Fish Data Collection
Reef fish data collection was carried out using the Underwater Visual Census (UVC) method
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to assess the diversity index (H'), evenness index (E) and Dominance Index (D) at each station (Biirgi
et al., 2025). Reef fish were observed after coral reef observations. Fish sighted were classified
based on fish groups (target, indicator, and significant), species, and the number of individual
fish. The reef fish survey was carried out according to the following procedures (Farhana-Azmi et
al., 2022): (i) installation of a 100 m transect which were adjusted to the coral reef observation's
transect, and the observation was carried out simultaneously; (ii) census along the transect using
SCUBA equipment were carried out alongside the LIT taking an area of observation of 2.5 meters
to the left and right of the transect; (iii) identification of reef fish referring to Matsuda et al.
(1984), Kuiter (1992), Lieske & Myers (1994) and Heemstra & Randall (1993).

Data Analysis

The percentage of coral cover was calculated using the following formula English et al.
(1997): _

N=Y)" % x 100%

Where N is percentage of coral cover (%), /i is total length of the ith lifeform (cm), and L is
total length of transect (cm). The data on coral reef cover conditions that were obtained were
categorized as damaged (0 — 25%), moderate (26— 50%), good (51 — 75%), and very good (76
-100%). Index Coral mortality was calculated using the formula Gomez et al. (1994):

DC
DC +HC
IM = mortality index, DC = dead coral cover, HC = living hard coral cover. Mortality index was

categorized as low (0 — 0.24), moderate (0.25 — 0.49), high (0.50 — 0.74) and very high (0.75 -
100). The abundance of coral fish is calculated using the formula (Odum, 1971):

IM =

number of individuals (Ind)

observation area (m?)

Ecological indices such as the Shannon-Weiner diversity index (H'), Pielou's evenness index
(E), and the Dominance Simpson is calculated using the following formula Ludwig & Reynolds

(1988) and Magurran (1998): .
H = Zizlpi In pi

)

H
E =
Hmax

D Ziszl (pi2)

H' = Shannon -Weiner diversity index, £ = evenness index, D = Simpson dominance index, S =
number of fish species, Pi = proportion of abundance of individuals of one i-th species (ni/N), ni
= number of individuals of each type, N = total number, Hmax = In S.

The criteria for Shannon-Wiener diversity values are: (1) H' < 1.0: low diversity ; 1.0 <H'
< 3.0: moderate diversity ; and H' > 3.0: high diversity. The criteria for evenness values are: (1)
0.00 < E <0.50: stressed community ; (2) 0.50 < E <0.75 : unstable community ; and ( 3) 0.75 <
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E < 1.00: stable community; whilst the criteria for Simpson's dominance index are : (1) 0.00 <D
< 0.50: low dominance; (2) 0.50 <D < 0.75 : moderate dominance; and (3) 0.75 <D < 1.00: high
dominance.

To determine the relationship between the abundance of reef fish and the condition of live
coral cover, a Pearson correlation test was conducted using SPSS 16 software. If the value is
positive and significant, this indicates the crucial role of healthy coral reef ecosystems in supporting
fish populations.

RESULTS AND DISCUSSION

The condition of coral reef cover in the waters of Senoro-Toili Block is dominated by dead
corals with a range of 17.62 - 52.68%. The largest living coral cover was found at station TK-
03 (41.76 %) and the lowest at station TK-01 (14.88 %) (Figure 2a ). Based on these results,
stations TK-01 and TK-02 were categorized as damaged, while station TK-03 was in the moderate
category. The condition of the coral reefs at each station is further explained based on the coral
mortality index. The indices for Stations TK-01 and TK-02 were 0.82 and 0.80, respectively, fall-
ing into high mortality criteria, while at station TK-03, the index was 0.36, which made it mod-
erate (Figure 2b). The mortality index shows the rate of change of living corals degradation into
dead corals. This change agrees with the high percentage of dead coral cover at Stations TK-01
and TK-02. The changes include dead corals overgrown by algae, newly dead corals whose colors
were bright white, and coral rubbles.
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Figure 2. a. coral reef cover; b. mortality index

A total of 195 reef fish species belonging to 37 families were successfully identified across
the three sampling stations (Table 1). The top four most abundant families are Pomacentridae (36),
Scaridae (13), Acanthuridae (13), Chaetodontidae (12), and Serranidae (11) (Table 1). The abun-
dance of reef fish ranged between 1,605 - 3,105 individuals/500 m?, approximately 3 individuals/
m? (Figure 3a). The composition of reef fish varies at each research station with the same trend,
i.e., major groups dominate the communities (1,301 — 2,381 individuals/500 m?), the largest group
found on all reef fish communities (79% of the total abundance). The target fish group contributes
an average of 467 individuals/500 m? to the reef fish community (20% of the total abundance),
while the indicator fish group is seen at an average of 27 individuals/500 m? (1% of the total
abundance) (Figure 3b). The Pearson Bivariate correlation analysis results showed a correlation
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between the abundance of reef fish and the percentage of coral cover (p-value<0.05; r = 0.96).

The Shannon-Wiener index of reef fish in the Senoro-Toili block shows high
diversity (H'=4.097 - 4.586) (Table 2). The evenness index indicates that the reef fish community is
generally stable (E = 0.871 - 0.875). This value is also supported by the low index of dominance
(D =0.015 - 0.022). In other words, the reef fish community in the Senoro-Toili Block is a sta-
ble population, i.e., the community is not easily stressed when facing natural or anthropogenic
disturbances. Also, the community is not under pressure due to the dominance of a particular
species. This is indicated by the highly diverse reef fish, even though the corals are damaged.
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Figure 3. a. Abundance of reef fish; b. Abundance of target fish, indicator fish, and major fish

In general, the damage occurring in the Senoro-Toili Block is unrelated to the Tiaka Oil
Field because, since 2016, this oil field was temporary shut in. Coral conditions in the Senoro Gas
Field (station TK-03) is still categorized as moderate. This is supported by water quality data that
still exceeds the environmental standards (Kasim Mansyur, unpublish data, 2021). Meanwhile,
coral reef damage at stations TK-01 and TK-02 (Gosong Tiaka) was caused by two factors i.e.,
anthropogenic and natural factors (Mansyur et al., 2019). The anthropogenic impact is due to
the arbitrary use of boat anchors by fishermen operating in the Gosong Tiaka, and the natural
impact is caused by the coral predators, particularly the Crown of Thorns Starfish (COTS) (Kasim
Mansyur, unpublish data, 2021).

The use of conventional anchors by fishing vessels and boats in the coral reef area has
increased since the implementation of the temporary shut-in at the Tiaka Field. The frequency
of fishing activities in the coral reef area has been observed to be quite high; however, patrol
and surveillance efforts by security personnel previously assigned to the Tiaka Field have
practically ceased since that period. According to Arafat et al. (2013) the percentage of coral
reef damage due to anchorage in coral reef areas can reach 269.1 m*/year. The use of anchors
in coral reef areas also results in a reduction in the reef fish abundance by up to 50% (Flynn
& Forrester, 2019), detachments of coral colonies from their substrates, and structural coral
damage, especially those in branching lifeforms (Giglio et al., 2017). In addition, researchers
believe that blast fishing also contributes to the reef damage. This is proven by the many abiotic
components in the form of dead coral fragments (rubble) found at all stations. According
to Rizal et al. (2021), the presence of coral fragments and seafloor that form craters between
coral reefs is an indication that the area has been exposed to explosives (Hamuna et al., 2019).

COTS outbreak also triggers the coral reef damage in Gosong Tiaka (Mansyur, unpublish

Mansyur et al. 26
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Table 1. Diversity of reef fish (families and number of species )

Number of Species

No Family
TK-01 TK-02 TK-03
1 Chaetodontidae 4 5 12
2 Apogonidae 5 7 9
3 Aulostomidae - - 1
4 Balistidae 3 4 6
5 Belonidae - - 1
6 Blenniidae 1 1 3
7 Cirrhitidae 2 3 3
8 Dasyatidae - - 1
9 Diodontidae - 1 2
10 Fistularidae - - 1
11 Gobiidae 4 4 6
12 Holocentridae 4 5 5
13 Labrididae 8 7 9
14  Malacanthidae - - 1
15  Microdesmidae 2 3 3
16  Monacanthidae 1 1 1
17 Mullidae 2 3 5
18  Pempheridae - - 1
19  Pinguipedidae 1 1 2
20  Pomacanthidae 2 4 8
21  Pomacentridae 29 30 36
22 Pseudochromidae - - 4
23 Scaridae 4 4 13
24 Scorpaenidae 1 - 3
25  Syngnathidae - - 1
26 Synodontidae 1 1 1
27  Tetraodontidae 2 1 2
28  Acanthuridae 10 11 13
29  Caesionidae 1 2 3
30  Carangidae - - 1
31  Haemulidae - 1 3
32 Kyphosidae - 1 -
33 Lethrinidae 6 6 6
34 Lutjanidae 4 5 7
35  Nemipteridae 3 4 4
36  Siganidae 1 1 3
37  Serranidae 4 5 11
> Family 25 27 36
> Species 105 121 191

Jurnal Biodjati 11(1): 21-35, May 2026
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data, 2021). In general, COTS prefer coral reef areas with high coral cover, while juvenile COTS
prefer protected places by hiding under coral boulders or coral fragments (Moran, 1990). The coral
types whose mortality was highest due to COTS population explosions are Acropora, Pocillopora,
and Porites (Kayal et al., 2011). Coral reef damage due to COTS predation (Kroon et al., 2021)
is one of the most serious problems in coral reef conservation (Kayal et al., 2012). In some
waters, COTS could eliminate half of the living coral population (Plass-Johnson et al., 2015).
According to Moran (1990), an adult COTS individual can prey on 5 - 6 m? of coral colonies/year.
COTS will cause no harm to a coral community if the population size is normal. Under this normal
condition, COTS helps to maintain ecological balance in the ecosystem. The natural population
size of COTS under normal conditions is less than 14 individuals/1000 m?. Corals are threatened
if the population is more than 14 individuals/1000 m? (Fahreza et al., 2013). Information on the
abundance of COTS in Gosong Tiaka was reported by Syakir et al. (2015), where in 2017 and 2018,
the fishermen group managed to lift 1160 and 1278 COTS individuals, respectively. Therefore, the
high COTS population has caused the decline in coral reef conditions in Gosong Tiaka.

Table 2. Ecological indices of coral reefs

Ecological Index Station Category
TK-01 TK-02 TK-03

Diversity Index (H) 4.097 4.197 4.586 High

Evennes Index (E) 0.880 0.875 0.871 Stable

Dominance Index (D) 0.022 0.020 0.015 Low

COTS is a coral predator (Kamya et al., 2014; Putra et al., 2022), but that does not mean
that the animal does not have predators for itself. Natural predators of COTS are fish from the
Lethrinidae, Lutjanidae, Serranidae, and Labridae families, more specifically, the species Lethrinus
miniatus, L. nebulosus, Plectropomus spp., and Variola spp. (Kroon et al., 2021). Due to intensive
and environmentally harming fishing activities, these species that are identified as target fish are
rarely found in the Senoro-Toili Block. The decline in the target fish population is assumed to
be a factor causing the uncontrolled abundance of COTS. Therefore, controlling natural COTS
predators by regulating fishing activities of economically important fish from the Lethrinidae,
Lutjanidae, Serranidae and Labridae families is necessary.

In general, major fish, target fish for consumption, and indicator fish are present in an unusual
composition, namely 79% major group, 20% target group, and 1% indicator group (Figure 3),
while the composition found in healthy coral reef areas has a major ratio composition of 55%,
34% target, and 11% indicator (Lelloltery et al., 2018). The change in the fish composition is
a response to the declining condition of coral cover. Reef fish have a close relationship with
coral reefs as their habitat, i.e., if the percentage of dead coral is high, the number of species and
individuals will be low (Madduppa et al., 2012; Sukandar et al., 2022; Tony et al., 2021). Changes
in the structure of the reef fish community can also caused by global warming and overfishing
(Samoilys et al., 2022).

Interestingly, in this study, many herbivorous fish from the Acanthuridae, Scaridae, and
Siganidae families were found at station TK-03, which correlated with the low algae cover at the
station (0.86%, Figure 2a). The Acanthuridae, Scaridae, and Siganidae families play an important

Mansyur et al. 28
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role in coral recruitment because their herbivorous diet changes the coral surface by peeling off
algae to provide a place for new coral larvae to attach (Afandy et al., 2019; Madduppa et al., 2020).
Algae are the main competitors of planula (cnidarians larvae) in competing for the substrate, the
algae clearance by herbivorous fish allows planula to attach to the substrate (El-Haddad et al.,
2022). The grazing activities of the three families of fish is thought to be the reason for the better
condition of living coral that cover station TK-03 compared to stations TK-01 and TK-02.

Overall, reef fish in the Senoro-Toili Block are dominated by Pomacentridae, categorized as
major fish group. Pomacentridae are the most abundant and are resident fish that exhibit territorial
behavior. They rarely wander far from food sources and shelters (Farghal et al., 2021). The most
crucial criterion in measuring the health of coral reefs in the Senoro-Toili Block is the presence
of indicator fish (Iskandar et al., 2021) from the Chaetodontidae family. The existence of these
fish is an indication that there has been a decline in coral conditions at stations TK-01 and TK-02
because these fish respond quickly to changes in coral substrate cover and have distinctive feeding
behavior patterns; they are opportunistic omnivores and corallivores (coral polyp eaters) (Sektiana
et al., 2022; Tony et al., 2020). The difference in the number of species in the Chaetodontidae
family between stations TK-01 and TK-02 with TK-03 shows that the Chaetodontidae population
at station TK-03 is growing due to the high live coral cover indicates the condition of the coral
reefs in the area is better than the other two stations.

In population distribution statistics, the diversity of coral reef fish communities is related
to the number of species present to form the community (Edrus & Hadi, 2020). In this study, H'
fish species are classified as high, E as stable, and D as low. Stable E with low D indicates that
the habitat provides equal opportunities for all populations to develop. This implies no dominant
population in the coral reef fish community (Hamuna et al., 2022). These results indicate that the
Senoro-Toili Block waters are a suitable habitat for coral reef fish.

Although the condition of live coral cover is poor, the metrics of diversity, evenness, and
dominance of reef fish are good. These good metric values may be influenced by other factors,
such as habitat connectivity, which enables the recruitment of reef fish from different populations
(Faricha et al., 2020) to the waters of the Senoro-Toili Block. When compared to H' and E of reef
fish in other areas on Sulawesi Island such as Wakatobi National Park (H'=2.89 - 2.93; E=0.71
- 0.72) (Yuliana et al., 2022) and Taka Bonerate National Park (H' =2.95 - 3.33; E=0.73 - 0.81)
(Wulandari et al., 2022) then H' and E in the waters of the Senoro-Toili Block is better and this is
correlated with a much higher number of species and families than the other two areas.

The description of the condition of the coral reef ecosystem in the waters of the Senoro-
Toili Block shows worrying conditions at stations TK-01 and TK-02 because they are categorized
as damaged. Efforts that can be taken to prevent further damage to the coral reef ecosystem in
the Senoro-Toili Block are through a coral transplantation program. The three research stations
are suitable for designated coral transplant areas because the coral conditions are categorized as
damaged and moderate.

In addition, from a topographical perspective, the waters of the Senoro-Toili block are
also suitable as a protected area because the West-Northwest side of Gosong Tiaka directly faces
the mainland of Sulawesi which has a sloping water base and is relatively protected from the
effects of the large waves. These waters also have several reef spots that can provide protection
to shore by stabilizing the substrate on the seafloor during turbulence by currents and waves. The
physicochemical parameters of the waters also show that the waters of the Senoro-Toili Block

Jurnal Biodjati 11(1): 21-35, May 2026 29



Jurnal Biodjati 11 (1): 21-35, May 2026

JURNAL BI®DIATI

http://journal.uinsgd.ac.id/index.php/biodjati

can still support coral growth. The diversity of reef fish at the research location is also very high,
indicating that the waters of the Senoro-Toili Block are suitable for the reef fish community.
Therefore, rehabilitation of the coral reef ecosystem is vital to maintain the reef fish community
in the area. However, monitoring the COTS population while rehabilitating the corals is essential.

CONCLUSION

The condition of coral reefs in the waters of the Senoro-Toili Block falls into the category
of damaged and moderate, as indicated by the high number of incidents of living coral cover that
turn to ded corals. On the other hand, the high diversity index and relatively stable evenness index
of reef fish, supported by a low dominance index, indicate that the reef fish community has the
same opportunity to develop and no dominant population exists. Through coral transplantation
program, efforts can be taken to prevent further damage to the coral reef ecosystems. These efforts
can also contribute to maintaining the existence of the reef fish community in the waters of the
Senoro-Toili Block.
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