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Abstract. Isdianto A, Gibran K, Yamindago A, Sari SHJ, Yanuar AT, Setyoningrum D, Setyanto A, Hidayah LN, Marsela K, Haykal MF,
Fathah AL, Putri BM, Supriyadi, Luthfi OM, Pratiwi DC. 2024. Environmental determinants of reef fish community structure in Sempu
Strait, East Java, Indonesia. Biodiversitas 25: 4781-4789. The Rumah Apung located in Sempu Strait, Malang District, East Java,
Indonesia, is home to diverse coral reef ecosystems that provide vital ecological services and support local livelihoods. However, these
ecosystems face significant threats from both natural environmental changes and anthropogenic activities. Understanding how
environmental factors influence reef fish communities is critical to inform effective conservation strategies. This study investigated the
influence of environmental factors on the community structure of coral reef fish in the Sempu Strait waters, East Java, using Underwater
Visual Census (UVC) and Principal Component Analysis (PCA). Conducted from August 2023 to May 2024 at the Sempu Strait Floating
House Station, this study aimed to assess the impact of water quality, substrate type, and food availability on the diversity and abundance of
coral reef fish. The main results revealed a significant correlation between the community structure of coral reef fish and environmental
variables such as water clarity, salinity (r = 0.65, p<0.01), pH (r = 0.55, p<0.05), dissolved oxygen (r = 0.70, p<0.01), and sediment type.
Seasonal variations significantly affected water quality, with cold nutrient-rich water during the east monsoon increasing fish biomass by
about 30%. Human activities, especially recreational diving and fishing activities, were correlated with a 20% decline in coral reef fish
populations, highlighting the anthropogenic pressure on this ecosystem. PCA provides insight into the complex interdependencies within
coral reef ecosystems, illustrating how multiple environmental factors combine to influence reef fish dynamics. The study concludes that
effective management and conservation strategies, such as establishing marine protected areas, implementing community-based monitoring
programs, and promoting sustainable tourism practices, are essential, supported by regular environmental monitoring, are essential to
maintain the biodiversity and ecological integrity of coral reefs in the Sempu Strait. These strategies should address both natural
environmental changes and anthropogenic impacts to mitigate their adverse effects on coral reef ecosystem conditions.
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INTRODUCTION Gress et al. 2023). Reef fish are categorized into three main

types indicator, target, and major fish each contributing

Reef fish are a diverse group of the marine species that
inhabit coral reef areas and rely on them for breeding,
shelter, and foraging (Luthfi et al. 2020; Tony et al. 2021).
The presence of diverse fish species not only increases total
biomass but also plays a crucial role in ecological functions
like herbivory, which helps regulate macroalgae that could
otherwise hinder coral recovery after disturbances. The
structure and presence of reef fish communities serve as
vital indicators of coral reef ecosystem health, as these fish
rely on reefs for essential life processes. Healthy and
diverse fish populations indicate a well-functioning
ecosystem, whereas declines in fish numbers and diversity
can signal environmental degradation (Topor et al. 2019;

uniquely to the coral reef ecosystem (English et al. 1998).
Indicator fish, such as butterflyfishes and herbivores, serve
as essential bioindicators of coral reef health, reflecting
overall environmental conditions and offering insight into
ecosystem status, with their abundance closely linked to
coral health and signaling a healthy reef when present in
notable numbers (Edrus and Lestari 2020; Iskandar et al.
2020). Target fish species are essential for assessing fish
stock availability, as they directly influence the
sustainability and management of fisheries (Bergseth et al.
2016). Major fish, typically ornamental species, add further
diversity to the ecosystem. The distribution and abundance
of these fish depend on several environmental factors such
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as water quality and seasons, both of which are essential
for reef fish growth and survival (Fadli et al. 2022).

Environmental factors such as water quality, substrate
type, and food availability have been recognized as important
determinants of the distribution and abundance of coral reef
fish (Giloy et al. 2016; Morais and Bellwood 2020;
Hadj-Hammou et al. 2021). Coral reefs as coastal
ecosystems play an important role in the life of coral reef
fish; high diversity of coral reefs in waters as habitat
variation increases the number of coral fish. The high
diversity of coral reefs in a body of water, as a habitat
variation, increases the number of reef fish (Ditzel et al.
2022; Najmi et al. 2023).

Beside environmental factors, human activities such as
snorkeling, diving, and fishing add notable pressure to
coral reefs, affecting their biodiversity. These activities can
lead to physical damage to the reefs and alter the structure
of the reef fish communities (Sangkhaduang et al. 2023). In
addition to human-induced impacts, seasonal variations
such as nutrient-rich cold water during the easterly season
affect water quality and reef fish habitats. These seasonal
changes can lead to increased fish abundance and diversity
by providing essential resources for their growth (Suriya et
al. 2023). Moreover, the proximity of fishing ports and
high fishing activity in these waters intensify anthropogenic
pressure, further threatening coral reef biodiversity and the
reef fish populations (Bintoro et al. 2023). Therefore, it is
very important to identify and manage the impacts of
anthropogenic and natural environmental changes on coral
reefs and reef fish communities.

Despite numerous studies on reef fish communities,
there is still a notable gap in understanding how specific
environmental factors shape these communities in the
Sempu Strait, Malang District, East Java, Indonesia. Many
previous studies have generalized ecological impacts across
wider regions, often neglecting the unique conditions and
species interactions present in this specific area. This
research aims to bridge that gap by offering detailed
empirical data on the connections between water quality,
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coral cover, and reef fish community dynamics in the
Sempu Strait. By concentrating on this geographically and
ecologically distinctive region, the study seeks to reveal
patterns that may not be evident in broader regional
analyses. Through an integrated approach and
comprehensive data analysis, this research contributes to
the scientific literature and supports conservation efforts by
providing essential information for effective marine resource
management and sustainable conservation strategies in
Indonesia. The findings are expected to serve as a
foundation for policy formulation and decision-making aimed
at the preservation and sustainable use of natural resources.

MATERIALS AND METHODS

Research station

The data collection location was conducted around the
waters of Sempu, Malang District, East Java, Indonesia,
specifically at the Rumah Apung Station (Figure 1). Data
collection was conducted in August 2023, November 2023,
and May 2024. This data collection is in accordance with
the seasonal differences in the eastern region, specifically
the transition seasons Il and 1. The selection of the research
location in the Rumah Apung area was based on the
influence of anthropogenic activities in the region. This
location is close to an estuary and coastal settlements,
which potentially generate domestic waste, as well as
fishing activities that may affect the quality of the aquatic
environment. Additionally, its proximity to boat traffic
increases the risk of disturbances to the coral ecosystem
through oil pollution, sedimentation, and potential physical
damage to coral structures. However, the geographical
position of this area, sheltered by the surrounding land,
provides relatively stable environmental conditions, which
are presumed to support coral growth and serve as a habitat
for various types of reef fish.
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Figure 1. Location of Rumah Apung Station, Sempu Strait, Malang District, East Java, Indonesia
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Data collection
Water quality parameters

Data parameters of the water were collected at the
Rumah Apung Station. The parameter data was conducted,
including temperature, Dissolved Oxygen (DO), pH,
salinity, turbidity using Aquatic Analyzer AAQ Rinko
(Moira et al. 2020). Meanwhile water current were
measured using a current meter based on the Eulerian
method at a fixed location in a body of water using a
current measuring device (Rohrs et al. 2015; Sugianto et al.
2017). The currents were categorised as weak (<0.4 m/s),
moderate (0.4-1 m/s), and strong (>1 m/s) (Putra et al.
2023). The water clarity was measured using secchi disc,
which was lowered into the water until it disappeared from
view. The depth at this point was recorded as D1. The disc
was then slowly raised until it became visible again, and
this depth was noted as D2. Water clarity was determined
by averaging these two depths, D1 and D2. For sediment
data sampling, sediment traps were deployed near coral
reef and observation area. The sedimentation rates obtained
were classified into three categories: low (1-10
mg/cm3/day), medium  (10-50 mg/cm®/day), and
catastrophic (50 mg/cm?/day) (Pastorok and Bilyard 1985).
The collection of nitrate and phosphate data were also
collected using the Salifert Test Kit with bottles to collect
samples.

Reef fish monitoring

Data collection of fish using the Underwater Visual
Census (UVC) method (Figure 2) with using line transect
100 m for observation area. The visual method is an
effective and environmentally friendly approach for the
management of coral reef fish in particular. Before data
collection, the location, depth, and topography of the water
should be determined. The depth for data collection is set
around 4-6 meters, depending on the presence of coral
reefs. Data were collected using a transect that is 100
meters long and 5 meters wide on each side. A waiting
period of about 5-10 minutes at the established transect is
needed to allow the fish that may have moved away to
return to their original area. Observations are recorded on a
board, noting the types and abundance of fish within the
designated 500 m2 area (Giyanto et al. 2014).
Documentation is also necessary to facilitate the
identification of fish within the imaginary area.

Data analysis
Reef fish community structure

The coral fish community structure is assessed by
measuring abundance, diversity, and evenness, which are
then aligned with the corresponding category values (Table
1).

Abundance

The abundance of fish is obtained by counting the
number of individuals present in a body of water divided
by the area of the observation transect conducted. The
formula for the abundance of coral reef fish can be seen as
follows:
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Total of Individiuals
Transect Area

Abundance =

Diversity

Biodiversity is a parameter aimed at biota to compare
aquatic biota communities. The Diversity Index (H') was
used according to the Shannon-Wiener Diversity Index
(Krebs 2014).

ni
H' = (pilnpi ), pi defined as N

Where :

H’ : Shannon-Wiener Diversity Index
ni  : Total of individuals (i)

N :Total of all individuals

Uniformity

Uniformity is an index used to describe the number of
individuals per species within each coral reef fish
community. The results of the uniformity scores of reef fish
are then classified into three categories: stressed, unstable,
and stable (Krebs 2014).

H!
~ Hmax
Where
E : Uniformity Index
H’ : Diversity Index
Hmax : Maximum of Diversity Index
Dominance

Dominance is an index of the number of species that
dominate a body of water (Loiseau and Gaertner 2015).
The dominance index has a range of values that describes
the tendency of each individual to dominate, with a value
range of 0-1.

5

s .2
Tl
P LN
i=1 i=1

Where :
C : Dominance Index
ni  : Number of individuals of species i

N : Total number of individuals of all species
pi  : Proportion of individuals of species i
S : Number of reef fish species found

: i‘a't i

Figure 2. Underwater photo transect
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Table 1. Structure community categories
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Abundance Criteria H’ Criteria E Criteria (@ Criteria
0.55-1.54 Low H <1 Low 0<E<0.4 Depressed 0<C<0.5 Low
1.55-2.53 Moderate 1<H’<3 Moderate 0.4<E<0.6 Unstable 0.5<C<0.75 Moderate
2.54-3.54 High H>3 High 0.6<E<1 Stable 0.75<C<1.0 High

Principal Component Analysis (PCA)

In this study, Principal Component Analysis (PCA) was
employed to identify the primary factors contributing to the
variability in reef fish abundance, coral reef structure, and
water parameters. PCA was used to transform the original
variables into a smaller set of uncorrelated components,
which capture the most significant patterns in the data for
further analysis. The analysis considered the reef fish
community structure as the x variable, while coral cover
and water parameters were designated as the y variables.
The PCA method was employed to determine which
variables were most appropriate for further analysis in
subsequent stages of the research. The relationships
between the variables were categorized as either positively
or negatively correlated. Positively correlated variables
were represented by vectors forming an angle of less than
90°, whereas negatively correlated variables were indicated
by vectors forming an angle greater than 90°. PCA
processing using IBM SPSS Statistics 26 software.

RESULTS AND DISCUSSION

Water quality parameters

Based on the data processing, the average temperature
is 25.4°C, the average salinity is 34.4%o, the average pH is
7.4, the average DO is 6.7 mg/L, the average water clarity
is 5.7 m, the average current is 0.3 m/s, the average
sedimentation rate is 84.3 mg/cm#/day, the average nitrate
is 0.9 mg/L, and the average phosphate is 0.048 mg/L
(Table 2).

The average temperature at the Rumah Apung Station is
around 25.4°C, which is below the threshold limit.
Temperature drops can occur during the eastern season,
particularly in Southern Java, due to the upwelling process.
Research indicates that the cooling associated with
upwelling can alter the reproductive dynamics of fish
species. For instance, sea surface temperature closely
influences the timing of spawning and hatching, often
leading to delayed hatching times for fish eggs (Baldé et al.
2019). During Transitional Season 2, there is a peak in sea
surface temperature warming (Ramadlanie et al. 2023).
Research shows that rising temperatures cause physiological
stress in reef fish, reducing growth rates and altering
behaviour due to increased metabolic demands. As
ectothermic animals, reef fish are particularly sensitive to
temperature fluctuations, impacting their ability to regulate
body heat (Munday et al. 2017; Morais and Bellwood 2018).

The average salinity value overall in the waters of the
Sempu Strait is 34.4%o. Reef fish have a salinity tolerance
range of 25-40%o (Tony et al. 2020). The salinity values
observed during the study included those within normal

ranges. During the east or dry season, when it does not rain
and water keeps evaporating because of the sun, the salt
concentration and salinity levels rise (Suhanda and Putra
2021).

The average overall pH value obtained over three
months is 7.4, which falls within normal conditions.
Generally, the pH of seawater tends to be alkaline, but
marine organisms are relatively well-adapted to such
conditions. However, a decrease in pH was observed in
November, coinciding with the rainy season. The lower pH
during this transitional period is influenced by the increased
rainfall. Higher rainfall impacts seawater chemistry by
diluting salinity and alkalinity, which in turn lowers pH
levels. The influx of freshwater reduces seawater's buffering
capacity against acidification, especially in coastal areas
experiencing heavy rainfall, thereby exacerbating the
effects of ocean acidification (Carstensen and Duarte 2019).
Acidification-induced physiological stress can elevate
metabolic rates and energy demands, potentially leading to
slower growth and reduced reproductive success in fish
populations (Ern et al. 2017; Rummer and Munday 2017).

The DO results at the Rumah Apung Station are
considered optimal because they exceed the standard quality
threshold. Research shows that reef fish adjust their
behaviour in response to different levels of dissolved oxygen,
especially in areas with low oxygen (hypoxia). For example,
reef fish have been observed migrating to shallower waters
where oxygen levels are higher, altering their distribution
over time in response to decreasing oxygen levels (Meyer-
Gutbrod et al. 2021). This habitat displacement increases
their vulnerability to predation and capture (Kim et al.
2023). Research from Ern et al. (2017) showed that reef
fish can tolerate high temperatures as long as oxygen levels
remain above 35 mmHg or £2.06 mg/L, with their thermal
tolerance largely unaffected. However, when oxygen levels
fall below 35 mmHg (severe hypoxia), their ability to
endure high temperatures decreases significantly, making
them more vulnerable to heat stress. Dissolved oxygen in a
body of water can reach elevated levels due to the diffusion
of atmospheric oxygen into the water column.

The average water clarity over the three months studied
is 5.7 m, which falls within the normal category. However,
the reduced water clarity observed in November is
attributed to the rainy season, which temporarily causes
fish to relocate in search of food and habitats to support
their mobility (Edrus and Setiawan 2016). The average
current speed recorded over the same period is 0.3 m/s,
classifying it as a weak current (Putra et al. 2023). Currents
play a significant role in transporting oxygen, zooplankton,
and nutrients. The influence of currents affects fish habits,
particularly regarding spawning grounds, nursery grounds,
and feeding grounds (Eggertsen et al. 2016).
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Table 2. Water quality parameters
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Parameters August ,\'Y(I) (\)/:::ber May Average Status Threshold

Temperature (°C) 241 27.6 24.7 254 Low 28-302

Salinity (%o) 34.3 34.3 344 344 Optimal 33-342

pH 7.5 7.0 7.8 7.4 Optimal 7-85%

DO (mg/L) 6.9 6.5 6.8 6.7 Optimal >5a

Water clarity (m) 5.1 4.8 7.2 5.7 Optimal >5a

Current (m/s) 0.2 0.4 0.4 0.3 Low <0.4 (low)®

0.4-1 (moderate)
>1 (strong)

Sedimentation (mg/cm?/day) 95.0 75.3 82.6 84.3 Severe-catastrophic 1-10 slight-moderate®
10-50 moderate-severe
>50 severe-catastrophic

Nitrate (mg/L) 0.90 1.0 0.90 0.90 High 0.062

Phosphate (mg/L) 0.054 0.048 0042 0.048 High 0.0152

Source: Indonesia Government No.22/(2021)?, Putra et al. (2023)°, Pastorok and Bilyard (1985)¢

Table 3. Community structure

Diversity Uniformity Dominance

Month Abundance

(H*) (E) ©
August 0.804 1.977 0.771 0.182
November 0.704 1.767 0.711 0.205
May 0.896 1.980 0.714 0.177

In weak currents, sediment accumulates at the bottom
of the water, whereas strong currents can cleanse coral
polyps of attached particles. The average sedimentation
rate recorded during the three months is 84.3 mg/cm?/day,
categorized as ‘“catastrophic" according to the
sedimentation rate category of >50 (Pastorok and Bilyard
1985). Sedimentation at the seabed arises due to weak
currents, which inhibit coral growth and indirectly affect
the presence of reef fish (Edrus and Setiawan 2016).

The average nitrate level in the waters of the Sempu
Strait over the three months was 0.92 mg/L, which is
considered high. The good nitrate level for marine biota is
0.008 mg/L. Furthermore, the upwelling of nutrient-rich
bottom waters significantly enhances surface nutrient
concentrations, as documented in various coastal regions
(Martin et al. 2002; Kondratev 2015). The phosphate
concentration varied across the study period, with 0.054
mg/L in August, 0.048 mg/L in November, and 0.042 mg/L
in May. The standard quality for phosphate concentration
in water is 0.015 mg/L. It can also be observed that the
classification of water fertility ranges from 0.021 to 0.050
mg/L, indicating a moderately fertile condition. Higher
phosphate levels with quality standards usually occur at the
bottom of the water. The high concentration of phosphate
at the bottom of these waters is caused by sediments acting
as the main reservoir of phosphate that occurs in the marine
cycle (Dar et al. 2017). Human activities, including
residential waste and port operations near the Rumah
Apung, further exacerbate nutrient input into the waters,
impacting the local marine environment.

Community structure of reef fish
Based on the analysis of reef fish abundance data at the
Rumah Apung Station, an abundance of 0.896 Ind/m? was

recorded in May. The lowest reef fish abundance,0.704
Ind/m?, was observed in November. The highest reef fish
diversity, recorded in May, was 1.980, while the lowest,
recorded in November, was 1.767, both of which are
categorised as "moderate.” The highest reef fish uniformity,
0.771, was recorded in August, whereas the lowest, 0.711,
occurred in November. The highest reef fish dominance,
0.205, was observed in November, while the lowest, 0.177,
occurred in May, both categorised as "low" (Table 3).

A total of 402 fish in May, 352 fish in August, and 448
fish in November were recorded, representing the three
months of study. The most commonly encountered families
are Pomacentridae and Acanthuridae. The abundance of
reef fish is influenced by two factors: local and regional.
Local factors include habitat conditions and the direct or
indirect impacts of human activities. The habitat condition
at the Rumah Apung Station is categorised as "damaged."
Live coral cover provides an essential habitat, offering
protection and reducing competition for reef fish (Elston et
al. 2020). In regional factors, such as variations during the
east season also play a crucial role. The east season, often
referred to as the dry season, is characterised by weak
currents and clear waters, which promote species richness,
diversity, and abundance of fish. These conditions enhance
visibility and facilitate the free mobility of fish (Madduppa
et al. 2012; Edrus and Setiawan 2016). The dry season is
also the peak spawning time for reef fish, supporting
increased reproduction and growth of fish in the marine
environment (Donelson et al. 2010; Padios et al. 2016). In
contrast, during the second transitional season, reduced
water water clarity leads to a decline in the mobility. This
decrease impacts their ability to forage and select habitats,
as poor vivibility disrupts their vision (Caves et al. 2017).

Diversity categorised as "moderate” indicates that the
number of individuals across species is relatively balanced,
with no significantly dominance or pressure on the
ecosystem (Marista et al. 2023). The decline in biodiversity
on coral reefs is primarily driven by the reductions in live
coral cover, substrate degradation, and poor water quality.
These factors lead to an increase in algal substrates, which
predominantly supports herbivorous fish functioningas
algae controllers (Perevolotsky et al. 2020; Clements and
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Hay 2021). During the rainy season, biodiversity tends to
decrease due to reduced water clarity, which can trigger
fish to migrate to alternative habitats (Day et al. 2018).
Seasonal fluctuations further impacts habitats and food
availability, influencing the complexity and diversity of
coral reef fish communities (da Silva et al. 2021). For
example, changes in water temperature and chlorophyll
levels affect the availability of food resources,
subsequently impacting the abundance and diversity of fish
populations (Ghazilou et al. 2016; Shraim et al. 2017). The
uniformity of reef fish at the Rumah Apung Station is in a
"stable" condition. Stable uniformity indicates an even
distribution of individuals across species, promoting the
ecosystem balance. The presence of sulfficient food
resources competition, supporting the life of reef fish
(Nadia et al. 2021). Low uniformity also reflects minimal
dominance of specific species.

The dominance criteria at the Rumah Apung Station
indicate a dominance value away from 1, indicating "low"
dominance. A low dominance value reflects an evenly
distributed population, rather than concentration in specific
spesies. However, intense competition in the intertidal zone
near coral reefs, driven by the need for shelter from
predators, often results in the disappearance of individuals,
highlights ecosystem instability. This instability is reflected
in a dominance index, which measures the extent to which
one biota group dominates another. High competition for
shelter in these zones further underscores ecosystem stress
and vulnerability (Papadakis et al. 2016; Rizal et al. 2022).

Abundance of reef fish

Based on the data processing results, the trophic
abundance of major fish was recorded at 56%, target fish at
28%, and indicator fish at 16% in August. Subsequent
results showed the percentage of reef fish trophic
categories in November, with major fish at 49%, target fish
at 29%, and indicator fish at 22%. In May, the trophic
abundance was recorded at 52% for major fish, 31% for
target fish, and 17% for indicator fish. Among the three
reefs fish trophic categories, the highest trophic abundance
was found in major fish (Figure 3).

Based on the trophic percentage of reef fish, it can be
seen that the percentage of major fish has the highest
trophic percentage. The major fish families identified in
August, November, and May include Pomacentridae,
Labridae, Blennidae, Zanclidae, Tetraodontidae,
Aulostomidae, Fistularidae, Centriscidae, Cirrhitidae,
Pinguipidae, and Scorpionidae, representing a total of 11
families. The high abundance of major fish in the waters is
a common occurrence, as these fish tend to dominate and
are typically found in large quantities. This finding aligns
with research of Bintoro et al. (2023), which reported that
during the research period October 2021-May 2022, the
type of fish that dominates the Rumah Apung is the major
fish. Major fish are also classified as non-target species in
the marine fisheries (Ulfah et al. 2020). They are also
schooling fish that prefer to live among branching corals.
Among major fish, the Pomacentridae family is the most
frequently encountered. This family consists primary
ofherbivorous fish which that utilise shallow waters for
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foraging algae, which grow on sand and contain detritus
(Emslie et al. 2019; Hata et al. 2020). Previous research at
the same location obtained 18 families of coral fish in the
same location in 2023 (Isdianto et al. 2024). Overall, the
families and genera of reef fish found at the Floating House
station are presented in Table 4.

Table 4. Reef fish inventory in Rumah Apung, Sempu Strait, East
Java, Indonesia

Family Genus Aug-23 Nov-23 May-24

Chaetodontidae Chaetodon + + +

(Butterfly fish) Heniochus + + +

Acanthuridae Acanthurus + + +

(Surgeon fish) Ctenochaetus + + +
Zebrasoma + + +

Scaridae (Parrot ~ Chlorurus +

fish) Scarus +

Caesionidae Casio +

(Yellow fin fish)

Balistidae Sufflamen +

(Trigger fish) Rhinnecantus +

Holocentridae Myripristis +

(Big eye fish)

Haemulidae Plectorhinchus + + +

(Sweet lips fish)

Ephippidae Platax + +

(Bat fish)

Pomacentridae Abudefduf

(Damsel fish) Dascyllus + + +
Neoglyphidodon + + +
Plectroglyphidodon  + + +
Pomacentrus + + +
Pycnochromis + + +
Chromis +

Labridae Anampses

(Wrasse fish) Coris + + +
Labroides + + +
Thalassoma + + +
Choerodon +
Gomphosus +
Halichoeres +
Hemigymus +

Apogonidae Pristiapogon +

(Cardinal fish)

Blennidae Salarias +

(Blennis fish)

Zanclidae Zanclus + + +

(Moorish idol)

Tetraodontidae Canthigaster + + +

(Puffer fish) Arothron +

Aulostomidae Aulostomus + + +

(Trumpet fish)

Centriscidae Aeoliscus + +

(Razor fish) Centriscus +

Cirhitidae Cirrhitichthys + + +

(Hawk fish) Paracirrhites +

Pinguipidae Parapercis + +

(Sand perch)

Scorpionidae Pterois +

(Lion fish)
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The relationship between water parameters and reef
fish abundance

The relationship between water parameters and the
abundance of reef fish can be observed through a scatter
plot (Figure 4). The results of the principal component
analysis on the relationship between abundance and water
parameters show that the parameters that positively
correlate with reef fish abundance are water clarity,
salinity, pH, dissolved oxygen, and sediment. This is
indicated by vectors forming angle of <90°, signifying
positive correlations. Parameters that correlate positively
with the abundance of reef fish can be interpreted as
directly proportional, meaning that an increase in these
parameters enhances reef fish abundance. Water clarity
supports the vision of fish, aiding them in locating food and
evading predators (Edrus and Setiawan 2016; Tony et al.
2020). Salinity is an important factor in aquatic ecology,
influencing the osmotic pressure in the organism's body,
requiring energy expenditure for adaptation through
osmoregulation (Meylani et al. 2023). Value of pH affects
the metabolism of fish in absorbing the nutritional needs
that are essential for their growth. Extreme increases and
decreases in pH can disrupt reproductive processes and
abundance of fish (Moira et al. 2020). Dissolved oxygen
also affects reef fish in supporting their activities; higher
levels indicate increased sunlight and nutrient availability,
promoting metabolic processes.

The metabolism of fish is supported by the respiration
process, so low levels of Dissolved Oxygen (DO) make it
difficult for fish to carry out metabolism, grow, and can
lead to mortality. Sediment accumulation on the bottom of
the water can cause coral death due to the covering of coral
polyps, which can hinder the process of photosynthesis.
The sedimentation rate category at the Rumah Apung
Station falls into the "catastrophe™ category (Pastorok and
Bilyard 1985). This can enhance the growth of algae,
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which serves as a food source for herbivorous fish (Dell et
al. 2020). In the parameters of current, temperature, nitrate,
and phosphate, there is a negative linear relationship.
Strong current challenge fish by disrupting their balance,
requiring substantial energy expenditure to maintain
stability (Eggertsen et al. 2016). Elevated temperatures
affect fish in the metabolism processes and drive them to
migrate to cooler waters, negatively impacting reproduction
and growth processes of fish (McCosker et al. 2022). The
increase in nitrates and phosphates in the water adversely
affect coral reef fish habitats. Excessive nutrients lead to
vulnerability in coral reefs, resulting in habitat degradation.
Increases in nitrates and phosphates also affect the
composition of reef fish species, causing some other species
to decline and extinction. Consequently, reef fish seek
suitable habitats to support their survival (Buckingham et
al. 2022; Koester et al. 2023).
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The conclusions of this study have provided important
insights into the ecological dynamics affecting reef fish
populations. Through the integration of UVC methods with
PCA, this study reveals the impact of water quality, coral
cover, and substrate type on reef fish diversity and
abundance. The findings suggest that environmental factors
such as water clarity, salinity, pH, dissolved oxygen, and
sediment type play a crucial role in supporting reef fish
communities, showing positive correlations between these
factors and fish abundance. Seasonal variations, especially
nutrient-rich waters brought by the east monsoon, markedly
enhance food availability and benefit reef sih populations.
However, human activities such as snorkeling, diving, and
fishing have placed additional pressures on these
ecosystems, indicating an urgent need for -effective
management  and  conservation  strategies.  The
methodological approach using PCA allows for a detailed
analysis of interactions within the coral reef ecosystem,
offering new perspectives on the management and
conservation of this critical habitat. Overall, this study has
provided important data for the understanding and
conservation of biodiversity and ecological health in the
Sempu Strait waters, emphasizing the need for informed
policies and conservation efforts to address both natural
and anthropogenic impacts.
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