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Abstract. Paiton power plant’s waters area in Probolinggo has a natural coral reef ecosystem and a
moderate diversity. The purpose of this research was to investigate the correlation between the physicalchemical parameters of water with coral cover and community (abundance and diversity) of coral reef
fish. The monitored parameters were temperature, brightness, salinity, degree of acidity (pH), dissolved
oxygen (DO), nitrate and phosphate with coral sampling transects and coral reef fish, namely monitoring
3 transects. In identifying coral lifeforms, the line intercept transect (LIT) method was used, while the
underwater visual census (UVC) method was used to identify reef fish. The results of measurement of
temperature parameters at three stations showed 30 to 31°C, the brightness ranged between 3.5-5.7 m,
salinity ranged from 30 to 31‰, the value of acidity (pH) ranged between 7–7.3, the dissolved oxygen
levels were 5.7–6.4 mg L-1, water nitrate level was 0–0.103 mg L-1, and the phosphate level was 0.011–
0.25 mg L-1. The coral cover of Paiton, Probolinggo is categorized as being in good condition. The
condition of coral reef fish community in Paiton, Probolinggo is middle to high diversity. The Principal
Component Analysis (PCA) showed a positive correlation between most of the physico-chemical
parameters of Paiton waters (brightness, salinity, pH, dissolved oxygen, nitrate) with coral cover and
negative correlation was evidenced for temperature and phosphate concentration.
Key Words: coral reef, reef fish, principal component analysis, Paiton power plant.

Introduction. The power plant unit in Probolinggo regency utilizes sea water vapor as a
driver and coolant for turbines, where the water source comes from the surrounding
waters. The relatively high temperature turbine cooling water is channeled into the
surrounding waters. These activities are considered to affect the quality of the
surrounding water environment (Supriyanto 2016). The diversity of ecosystems in the
waters is diverse, the coral reef ecosystem is unique and there is a large number of biota
that live in this ecosystem. The water area is also one of the locations used for coral
transplantation. Its potential is important to balance ecology/environment (conservation)
as well because of its function as a means of scientific research and education.
Coral reef is an ecosystem of organisms that live on the bottom of shallow waters
formed from massive deposits of calcium carbonate (CaCO 3) which are strong enough to
withstand ocean wave forces. Coral is an organism that has the highest productivity and
benefits, living in the bottom of shallow waters, especially in the tropics. The coral reef
ecosystem is an important part of the marine ecosystem; this is because coral reefs are a
source of life for more than 500 types of marine life forms. In a coral reef ecosystem,
more than 300 types of coral, 200 species of fish and dozens of mollusks, crustaceans,
sponges, algae and other biota can live (Dahuri 2000). Species of fish that live in coral
reef ecosystems include coral reef fish, one of the organisms with the largest number of
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living coral associations. From juvenile to adulthood, coral reef fish live on the coral reef,
if the coral reefs are damaged or destroyed, the diversity of coral reef fish will decrease
due to the destruction of coral fish habitat.
Coastal areas have the highest productivity and varying benefits, because many
species of fish and corals live in these areas. However, coastal waters are the most
vulnerable areas and receive pressure from land and from the sea itself. It is estimated
that 71% of coral reefs in Indonesia are at a high risk of being impacted by the large
threat to coral reefs caused by human activities (Supriharyono 2000). Changes in
environmental parameters around coral reef ecosystems can cause threats to the health
of corals and the biota that live in these ecosystems.
Aquatic environmental conditions affect coral cover in waters, especially in the
Probolinggo waters and greatly affect the abundance and diversity of coral reef fish
species in the ecosystem. The diversity of coral reef ecosystems in the waters of Paiton,
Probolinggo can be used as a measure of the quality of water conditions. Accurate data is
needed to determine the condition of the coral reef ecosystem in the Probolinggo waters.
Therefore, a study of the relationship between oceanographic parameters and the
condition of coral cover and coral reef fish community structure in coral reef ecosystems
in the waters is needed to determine the condition of the cover and the correlation
between corals and reef fish in the Probolingo waters in a sustainable manner.
This study was aimed at investigating the effect of the hydro-oceanographic
factors on the condition of coral cover and coral reef fish community structure in coral
reef ecosystems in the Probolingo waters.
Material and Method
Determination of sample location. The method of determining the sampling of 3
transects was carried out using purposive sampling and with the help of snorkeling at a
previously determined location. The determined transects were expected to represent the
Paiton Waters, Probolinggo. The sampling location was adjusted to the Global Positioning
System (GPS). Brief descriptions of the three transects are as follows: Transect I-S
07°42'30.00" T 113°34'25.00” with a water depth of 10 m; Transect II-S 07°42'26.96" T
113°34'12.83" with a water depth of 5 m; Transect III-S 07°42'51.40" T 113°35'44.33"
with a water depth of 8 m (Figure 1).

Figure 1. Map of the study area.
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Data collection method. The data used in this study were primary data taken directly
in the field, namely the results of measurements of oceanographic physico-chemical
parameters, total length of coral lifeform, and total coral reef fish found along the coral
transect. In-situ and laboratory tests were taken for physico-chemical parameters.
Observation of coral lifeform used the line intercept transect (LIT) method. The LIT
method was used to determine the total length of each live coral lifeform, dead coral and
other biota found on the transect using a roll meter installed 50 m parallel to the
coastline and then observed and data for each total length of coral lifeform found on the
transect. Observation of coral reef fish used the Underwater Visual Census (UVC)
method, to record coral reef fish in the transect area, namely by recording the number of
individual coral reef fish found along the transect with 50 m transect length, 10 m rightleft viewing width and documentation with underwater camera.
Data analysis. The percentage of coral cover for each coral lifeform category can be
found using the following formula (English et al 1997):
Ci (%) = (pi/P) x 100
Where:
Ci - cover percent of a coral lifeform;
pi - total length of a lifeform category;
P - length of the transect.
The coral cover assessment criteria are presented in Table 1 (English et al 1997).
Table 1
Coral cover assessment criteria
Live coral cover (%)
75-100
50-74.9
25-49.9
0-24.9

Assessment criteria
Very good
Well
Fair
Low

The abundance of reef fish was calculated by the formula (Odum 1994):
X = xi/n
Where:
X - abundance of reef fish (ind m-3);
xi - number of fish on transect i-th observation;
n - volume of the observation transect (50 x 4 x 5 m3).
The abundance of coral reef fish using the criteria are presented in Table 2 (Krebs 2014).
Table 2
Criteria for abundance of coral reef fish
Abundance of coral reef fish
< 50
50-100
> 100

Assessment criteria
Low
High
Very high

The diversity index was used to determine the level of diversity in a community (English
et al 1997):
H' = -∑(Ni/N) ln (Ni/N)
Where:
H' - Shannon-Wiener diversity index;
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Ni - number of individual species I;
N - total number of individuals of all species.
The diversity index criteria are presented in Table 3 (English et al 1997).
Table 3
Diversity index criteria
No
I
II
III

Diversity
H’<2.0
2.0<H’<3.0
H’>3.0

Criteria
Low
Average
High

Correlation analysis between physico-chemical parameters of the waters and coral cover
and coral reef fish community structure was analyzed using the principal component
analysis (PCA) method using SPSS software. Data from the correlation test results were
tabulated in tabular form. The results of the PCA correlation were analyzed using Table 4.
Table 4
The level of correlation between factors
Correlation result
0.00–0.24
0.25–0.40
0.50–0.74
0.75–0.99
1.00

Category
Low correlation
Medium correlation
Strong correlation
Very strong correlation
Perfect correlation

Results and Discussion
Water physico-chemical parameters. Analysis of the physico-chemical parameter
data of the waters is presented in Table 5.
Table 5
Results of measurement of physical and chemical parameters at the research location
Parameters
Temperature
Brightness
Salinity
pH
DO
Nitrate
Phosphate

I
30±0.051
5.2±0.289
31±0.00
7.3±0.289
6.4±0.017
0.055
0.021

II
30±0.051
3.5±0.115
30.7±0.577
7.1±0.173
6.26±0.053
0.102
0.025

III
31±0.115
5.7±0.577
30±0.00
7.0
5.7±0.058
0.103
0.011

Quality standards*
28-30
>5
30-36
7.0-8.5
>5
0.008
0.015

*Indonesian Minister’s decree, KEPMEN LH no. 51/2004.

Temperature. The difference in transect location and the time difference when taking
parameter data can cause differences in temperature ranges between transects.
Temperature is one of the factors that can affect the condition of coral reefs (Giyanto et
al 2017). Based on the quality standards set by the Indonesian Minister’s decreee,
KEPMEN LH no. 51/2004, the temperature for optimal marine biota life ranges from 28 to
30oC. The temperature range obtained during the study belongs to the quality standard
limit determined by the Ministry of Environment, because changes in temperature <2 oC
can be tolerated by marine biota. This indicates that the temperature obtained from
parameter measurements (Table 5) in the waters of Paiton, Probolinggo is still suitable
for the life of coral reefs and another marine biota.
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Brightness. If the brightness of the sunlight obtained by coral reefs is low, the rate of
photosynthesis will decrease and the coral-forming calcium carbonate will decrease
(Giyanto et al 2017). Based on the results of the parameter data obtained, the level of
brightness in the Paiton waters, waters that have low brightness values even in normal
climatic conditions can indicate the number of particles suspended in the waters,
especially in Transect II, turbidity can be caused due to the large supply of sediment and
dissolved particles so that will affect the value of suspended solids (TSS) (Khasanah et al
2020). Generally the level of turbidity or brightness of waters is strongly influenced by
the content of suspended solids. High suspended solids content reduces the penetration
of sunlight into the sea, but the turbidity and TSS contained in Transect II were in high
conditions, the higher the TSS, the lower the brightness and light intensity in water will
decrease (Partini 2009). The shallow area is also a factor in the high TSS level and low
brightness (Shodiqin 2016). Based on the results obtained, the level of brightness in the
waters of Paiton, Probolinggo can be said to be optimal for coral reef life in Transects I
and III in accordance with the opinion of Indonesian Minister’s decree, KEPMEN LH no.
51/2004 concerning sufficient brightness for coral reefs.
Salinity. According to Haruddin et al (2011), the optimal salinity level for coral reefs is
25-30‰, the salinity of seawater in the tropics is 35‰, and the coral biota is fertile at a
salinity level of 34-36‰. In accordance with Indonesian Minister’s decree, KEPMEN LH
no. 51/2004, the quality standard regarding salinity levels is 30-36‰, the salinity levels
of the waters of Paiton, Probolinggo in Transect I, Transect II and Transect III can be
categorized as optimal and suitable for marine biota (Table 5).
Acidity (pH). Based on the Indonesian Minister’s decree, KEPMEN LH no. 51/2004
concerning the quality standard of coral reef ecosystems, the optimal pH level is in the
range of 7.0-8.5. Marine biotas, especially coral reefs, are sensitive to changes in pH. The
optimal acidity degree for the development and growth of marine life is 7-8.5 (Effendi
2003). The results of the pH obtained on Transect I, Transect II and Transect III from the
Paiton waters, Probolinggo can be considered to be in optimal conditions (Table 5).
Dissolved oxygen (DO). Oxygen has an important role in the aquatic environment, as
a chemical element used by biota for metabolic processes (Herawari 2020). According to
Faturohman et al (2016), if a water has a dissolved oxygen (DO) value of less than 3 mg L-1,
this will cause the death of aquatic organisms. Based on the measurement results on
each observation transect, it can be concluded that the coral reef ecosystem in the
waters of Paiton, Probolinggo is in optimal conditions in supporting the life of coral reefs
and other marine biota with DO levels of more than 5 mg L-1 (Table 5).
Nitrate. Effendi (2003) stated that nitrate levels in natural waters are not more than 0.1
mg L-1. However, if the nitrate level exceeds the value of 0.2 mg L-1, it will result in a
eutrophication event in these waters. Nitrates are used by zooxanthellae as nutrients in
the photosynthesis process. Based on the results of the parameter data obtained, nitrate
levels in the waters of Paiton, Probolinggo are suitable for coral reefs in the waters of in
accordance with the Indonesian Minister’s decree, KEPMEN LH no. 51/2004.
Phosphate. Based on the Indonesian Minister’s decree, KEPMEN LH no. 51/2004 the
optimal condition of nutrient phosphate for aquatic biota is at a value of 0.015 mg L-1.
Based on this value, it can be said that the phosphate nutrient conditions in each
observation transect are under normal conditions. According to the EPA (2002),
phosphate levels in waters are high if the phosphate levels are >0.096 mg L-1, the
presence of excessive phosphate levels can cause algae blooms which have a negative
impact on coral reef ecosystems. The limit of uncontaminated waters is <0.087 mg L-1
phosphate level (Ketchum 1969). The high levels of phosphate in Transect II can be
caused by its shallow location and proximity to the mainland, naturally the phosphate is
distributed from the surface to the bottom, so in the shallower waters, the concentration
is higher due to high nutrients on the seabed (Patty 2015).
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Coral cover percentage. Analysis of the cover percentage data used to determine the
condition of coral reefs in the waters of Paiton, Probolinggo is presented in Table 6.
Table 6
Results of live coral cover on Transect I, Transect II, and Transect III
Transect
I
II
III

Live coral cover (%)
73.32
28.44
51.80

Assessment criteria
Good
Moderate
Good

The results of the calculation of data processing Transect I with a depth of 10 m obtained
a percentage of live coral cover of 73.32% which is categorized as good (Table 6, this is
evidenced by the results of optimal measurement parameters and results of high nitrate
levels. Khasanah et al (2013) stated that nitrate is one of the main nutrients used by
marine biota and coral reefs for their growth. The results of calculations on Transect II at
a depth of 5 m showed that the percentage of live coral cover was 28.44% which was
categorized as sufficient (Table 6). An aspect that can affect the low coral cover is low
levels of nitrate. The waters in Transect II obtained 0 mg L-1 nitrate, while all parameters
in Transect II were optimal. The results of calculations on Transect III obtained a
percentage of live coral cover of 51.80% which is categorized as good (Table 6), this is
due to the results of parameter measurements in Transect II which are optimal and good
for coral reef ecosystems.
The structure of the reef fish community. The structure of the reef fish community is
shown by abundance which is presented in Table 7.
Abundance categories of reef fish (individuals transect-1)
Transect
I
II
III

Coral reef fish abundance
996
70
255

Table 7

Assessment criteria
Very high
High
Very high

Overall, the number of fish observed on Transect I was 996 individuals/transect
consisting of 24 species. The abundance of reef fish in Transect II was 70
individuals/transect.
The
abundance
results
in
Transect
III
showed
255
individuals/transect, the abundance in Transects I and III was categorized as very high
because the abundance was >100, while the abundance in Transect II was in the high
category because the abundance was <100 (Table 7). Transect I has the highest coral
fish abundance. This is evidenced by the good coral cover in Transect I compared to the
coral cover in Transect II and Transect III. While the lowest fish abundance was in
Transect II, this was also evidenced by the lowest coral cover results compared to
Transect I and Transect III. Diversity index data analysis used to determine the level of
coral fish diversity in the waters of Paiton, Probolinggo is presented in Table 8.
Table 8
Categories of coral reef fish diversity
Transect
I
II
III

Coral reef fish diversity
2.199
1.848
2.354
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Assessment criteria
Moderate
Low
Moderate

The diversity index value (H') obtained on Transect I was 2.199 which can be categorized
as moderate (Table 8), this is due to the high coral cover on Transect I which is the
habitat for reef fish. Transect II, namely 1,848, the diversity of reef fish is categorized as
low, this is because the habitat of reef fish had low coral cover compared to Transect I. It
met the criteria for the level of diversity grouping, namely >2.00 and the condition of live
coral cover in Transect III was good (Table 6) (English et al 1997).
Correlation of oceanographic parameters with coral cover and coral reef fish
community structure. Correlation analysis between the physico-chemical parameters of
the waters with coral cover and the structure of the reef fish community was analyzed
using the principal component analysis (PCA) method using SPSS software and Microsoft
Excel 2013 and is presented in Table 9.
Table 9
Matrix of correlation of physico-chemical parameters of waters with coral cover
Correlation
Temperature
Brightness
Salinity
pH
DO
Nitrate
Phosphate

Coral reef cover
-0.21
0.75
0.27
0.63
0.16
0.50
-0.85

The results of the PCA analysis concerning the relationship between the physical and
chemical parameters of water and coral cover showed a positive relationship with
brightness, salinity, pH, DO, and nitrate, where the relationship was unidirectional,
namely the higher the variable X, the higher the Y variable. Results obtained concerning
temperature and phosphate parameters, the relationship between these variables was
opposite, which means that if variable X has increased then variable Y has decreased or
vice versa. The results of the relationship matrix of water chemistry physics parameters
with coral fish abundance are presented in Table 10.
Table 10
Matrix of correlation of physico-chemical parameters of waters with abundance of
coral reef fish
Parameters
Temperature
Brightness
Salinity
pH
DO
Nitrate
Phosphate

Correlation
-0.54
0.47
0.58
0.86
0.50
0.17
-0.62

The result of the relationship between water temperature and coral fish abundance is a
strong negative relationship, this happens if two or more variables go opposite, which
means that if variable X increases, variable Y decreases or vice versa. This is because the
higher the temperature in the waters, the level of coral life will decrease, the sudden and
continuous increase in sea water temperature will cause the death of coral polyps and
subsequently become a trigger for coral bleaching, where the condition of corals as habitat
decreases native reef fish will reduce the abundance of fish in a waters (As-Syakur &
Wiyanto 2016). The relationship between reef fish abundance and temperature results
from a strong negative relationship analysis, because the value of the relationship obtained
is 0.5-0.74, the relationship is categorized as a strong relationship (Pandiangan 2009).
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The results of the relationship matrix of water chemistry physics parameters with
coral fish abundance are presented in Table 11.
Table 11
Matrix of correlation of physico-chemical parameters of waters with diversity of coral reef
fish
Parameters
Temperature
Brightness
Salinity
pH
DO
Nitrate
Phosphate

Correlation
-0.55
0.99
0.50
0.11
0.59
0.97
-0.96

The result of the relationship between phosphate and reef fish diversity is a very strong
negative relationship, which means that if variable X increases then variable Y
experiences a decrease or vice versa, meaning that the higher the phosphate, the
condition of coral fish diversity will get worse because of too much nutrients that are in
the waters, and can cause eutrophication in these waters (Effendi 2003).
Conclusions. Based on the results of the physico-chemical parameters measurements of
water obtained from the Paiton waters, Probolinggo, it was found that the water
conditions were in accordance with the quality standards of the Indonesian Minister’s
decree, KEPMEN LH no. 51/2004 and were supportive of the coral reef ecosystem. The
basic cover and condition of live corals found in the waters of Paiton, Probolinggo are
categorized as moderate to good. The structure of the reef fish community in the waters
of Paiton, Probolinggo is categorized as high to abundant, with low to moderate diversity.
Data on water physical and chemical parameters need to be added to the sediment
collection and currents on each transect to determine the total suspended solids that
affect the coral reef ecosystem.
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