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Abstract: The study aimed to determine the performance of whiteleg shrimp culture in relation
to temporal and spatial aspects and characteristics and water quality status. Measurement and
sampling of water were carried out before stocking/initial stocking of culture whiteleg shrimp
(rainy season) and end of culture/after harvesting of whiteleg shrimp (dry season) at two locations
in the coastal area of Bulukumba Regency, namely Bonto Bahari Subdistrict (BB) and Gantarang
Subdistrict (GT), and one location as a control, namely in the coastal area of Ujung Loe Subdistrict.
Variables measured and analyzed included temperature, salinity, pH, dissolved oxygen, nitrate,
nitrite, ammonia, phosphate, total suspended solids, and total organic matter. Data were analyzed
by descriptive statistics, multivariate statistics, and non-parametric statistics. Water quality status
was determined using the Storet (Storage and Retrieval) method. The results showed that the
culture of whiteleg shrimp was technology intensive with a stocking density of 110–220 ind/m2 with
productivity between 13.9 and 44.4 tons/ha/cycle. The predicted waste load of N is 28.00 tons/cycle
and P reaches 6.61 tons/cycle. Another result was that changes in water quality status during the
rainy season were classified as moderately polluted at the BB location and complying with quality
standards at the GT location. In the dry season, both locations were categorized as heavily polluted.
Variables of water quality that caused the decrease in water quality status in both locations (BB
and GT) were observed to increase salinity, nitrate concentration, and ammonia concentration and
decreased dissolved oxygen concentration in the dry season. It is recommended to carry out proper
feed management, use of probiotics, and increase the capacity and capability of wastewater treatment
plants to reduce ammonia and nitrate concentrations in water in coastal areas. It is necessary to
determine a more precise time for whiteleg shrimp stocking by reducing the possibility that whiteleg
shrimp culture will still occur at the dry season’s peak.

Keywords: characteristics; water quality; coastal areas; intensive technology; Litopenaeus vannamei

1. Introduction

Coastal areas, seas, and small islands have strategic significance in building the nation
and the welfare of the people in Indonesia, which is an archipelagic country. This is due to
the enormous wealth of natural resources, both biological and non-biological. The coastal
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area is dynamic, unique, and vulnerable to environmental changes [1–3]. Various human
activities on land and sea encourage environmental changes in coastal areas [4–7].

Commodities that are the mainstay for culture in ponds include shrimp, both tiger
shrimp (Penaeus monodon) and whiteleg shrimp (Litopenaeus vannamei). Whiteleg shrimp
is still a strategic support for achieving the national shrimp production target. Whiteleg
shrimp culture technology in ponds consists of traditional, traditional plus, semi-intensive,
intensive, and super-intensive [8–11]. Intensification of whiteleg shrimp culture uses more
efficient land and higher productivity [9,10,12–14] and reduces land use costs by more than
90%/kg shrimp [12]. Higher culture technology results in higher production and more effi-
cient energy use, namely energy costs that are 74–89% lower than lower culture technology
operations [15]. Efforts to produce more shrimp in shrimp culture with intensive technology,
pond farmers can increase production to meet the needs of shrimp demand without putting
pressure and burden on the contribution of waste to natural resources [13,16]. On the other
hand, the intensification of whiteleg shrimp culture ponds can negatively impact polluting
waste in the aquatic environment in coastal areas [9,12,17–19]. Waste from whiteleg shrimp
ponds can come from shrimp feed and feces. Less optimal use of feed or excessive feeding
will lead to the accumulation of organic matter [14,20–22]. Feeds from intensive technology
have been a significant source of waste in aquaculture systems [23,24]. High concentrations
of nutrient waste discharged from shrimp ponds can cause eutrophication in coastal areas
receiving waste [10,11,17]. Whiteleg shrimp feces contain dry matter, crude protein, total
amino acids [25], dissolved organic matter, and particulate organic matter [26,27], which
can also become waste in coastal areas.

In addition to whiteleg shrimp culture waste, which can affect water quality in coastal
areas, seasons can also influence water quality characteristics. Different seasons can impact
different water quality characteristics and status [12,28,29]. Water quality is a term that
describes the suitability or suitability of water for a particular use or for sustaining various
uses or processes [30–32]. Water quality status is the condition of water quality that shows
that it is polluted or unpolluted in a water source within a particular time.

Determination of water quality status is one of the first steps in monitoring and
preventing water quality degradation [33–35]. This determination will support sustainable
development goals (SDGs), mainly target 14.1, which is to prevent and significantly reduce
all types of pollution of marine and coastal areas, particularly from land-based activities,
including marine debris and nutrient pollution. The target set by the United Nations is
expected to be realized in 2025.

Bulukumba Regency, South Sulawesi Province, Indonesia, is one of the centers for
whiteleg shrimp. Ponds in Bulukumba Regency cover an area of ±3875 ha. Ponds in
Bulukumba Regency are managed with three levels of technology, namely traditional, semi-
intensive, and intensive technologies. Intensive technology whiteleg shrimp culture ponds
in Bulukumba Regency are found in three subdistricts, Bonto Bahari, Ujung Bulu, and
Gantarang, but are dominantly found in Bonto Bahari (BB) and Gantarang (GT) subdistricts.

Two methods commonly used in determining the water quality status in Indonesia
are the Storage and Retrieval (Storet) method and the Pollution Index (IP) [30]. These two
methods have been widely applied in determining water quality status due to activities
that can generate waste but have not been used in intensive technology whiteleg shrimp
farming activities. Previous research in the coastal area of Lampung Bay, Lampung Province,
Indonesia [36], concluded that the Storet method is more accurate, logical, and effective
than the IP method in determining water quality status [36,37]. Determining the status of
water quality based on water quality characteristics will provide initial information about
water quality in coastal areas receiving intensive shrimp culture waste for the sustainability
of the functions of the coastal areas of the sea. In the Flores Sea, the Taka Bonerate National
Park was designated a UNESCO Biosphere Reserve in 2015 [38–40]. Taka Bonerate National
Park, which is located in the Selayar Islands Regency, South Sulawesi Province, has an area
of 530,765 ha, which has an atoll area of 220,000 ha, which is the largest atoll or coral reef
in Indonesia and Southeast Asia and the third largest in the world after Kwajalein Atoll
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(Marshall Islands) and Suvadiva Atoll (Maldive Islands) [41]. In areas where there are very
dense activities around the atoll, negative impacts can be received by pollution, nutrient
enrichment, changes in construction in the field (dredging for boat access, filling for housing
construction, sand mining, and others), and exploitation of enormous resources [38–40].
This condition emphasizes the importance of information on the characteristics and status
of water quality both temporally (different seasons) and spatially (different places) so that
shrimp production in ponds and the condition of coastal ecosystems can be improved and
sustainable [5,42].

The research we conducted aimed to determine the performance of whiteleg shrimp
culture concerning water quality characteristics and the water quality status in the coastal
areas of aquaculture ponds at different times and places in the coastal area of Bulukumba Re-
gency, especially in two locations, namely BB and GT [5,30,42,43]. This study pays excellent
attention to the development of whiteleg shrimp aquaculture in coastal areas widespread
in Indonesia. The model applies intensive technology based on natural regulation and
control of water characteristics, quality and spatial, and efforts to reduce the burden of
waste on the coastal environment. It is hoped that the quality of the aquatic environment
will remain under control to create sustainable shrimp farming with an environmentally
friendly concept by relying on natural conditions. The results of this study are expected to
contribute important information for environmental protection and management of coastal
areas so that the environment remains of sustainable quality.

2. Materials and Methods
2.1. Research Site and Time

The method used in this research is a survey method. The survey was carried out
from 28 May to 5 June 2021 (before stocking/initial stocking of the culture of whiteleg
shrimp coincides with the rainy season) and from 28 August to 6 September 2021 (end
of culture/after harvesting of whiteleg shrimp coincides with the dry season) which was
carried out in the coastal areas of Bonto Bahari (BB) and Gantarang (GT) subdistricts.
Whiteleg shrimp culture by applying intensive pond technology. As a control location, the
coastal area of Ujung Loe (UL) Subdistrict is located between the BB and GT (Figure 1). A
total of 12 transects perpendicular to the coastline and 3 transects parallel to the coastline,
or 36 points of water sampling stations, were determined in the field for BB (Figure 2) and
GT (Figure 3). While at the control location (UL), 6 transects perpendicular to the coastline
and 3 transects parallel to the coastline were determined, or 18 points of water sampling
stations in the field (Figure 4). The distance between transects parallel to the coastline was
about 125, 350, and 675 m from the coastline in BB, GT, and UL. The distance between
transects perpendicular to the coastline was about 375, 600, and 800 m in BB, GT, and
UL, respectively. The transect of BB and GT is located in a coastal area where intensive
technology whiteleg shrimp ponds are located on the mainland. The position of the station
points is known by using the Global Positioning System (GPS).
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Figure 4. Station sampling and measuring water quality as a control in the coastal area of Ujung
Loe (UL) Subdistrict, Bulukumba Regency, South Sulawesi Province, Indonesia (courtesy of La Ode
Muhamad Hafizt Akbar, RICAFE).

2.2. Data Collection

The data were collected in the form of primary data and secondary data. Primary
data collection during the first survey was carried out in the rainy season and primary
data collection during the second survey was carried out in the dry season. Water quality
variables that were measured and analyzed were following Ministry of Environment (ME)
Guidelines No. 51 of 2004, concerning Seawater Quality Standards for Marine Biota [44],
and Minister of Marine Affairs and Fisheries (MMAF) Regulation No. 75/Permen-KP/2016,
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concerning General Guidelines for Grow-out of Tiger Shrimp (Penaeus monodon) and White-
leg Shrimp (Litopenaeus vannamei) [45]. Water quality variables measured directly in the
field were temperature, salinity, pH, and dissolved oxygen with YSI Pro Plus, which was
carried out between 08:30 and 12:00 Central Indonesia Time. Another variable was taking
water samples using the Kemmerer Water Sampler. At each sampling point, water samples
were taken at one point. Water samples were taken at two depths: surface (approximately
0.2 × water depth) and bottom (approximately 0.8 × water depth). Water samples from
both depths were composited to represent a single point. The water samples were pre-
served following the instructions APHA-AWWA-WEF (2012) [46]. The water sample was
then brought to the laboratory for analysis. Other primary data in whiteleg shrimp culture
management were obtained through interviews with whiteleg shrimp culture managers
and structured observations in ponds using a questionnaire.

Secondary data from monthly rainfall data from the last five years (2016–2020) in BB
and GT subdistricts were obtained from the Maros Class I Climatology Station in Maros
Regency, South Sulawesi Province. Rainfall data at the BB location was from the station
located in Bonto Bahari, while the rainfall data at the GT location was from the station in
Bonto Macinna.

2.3. Sample Analysis

Analysis of water quality variables consisting of ammonia, nitrate, nitrite, phosphate,
total suspended solids, and total organic matter was carried out at the Water Laboratory of
the Research Institute for Coastal Aquaculture and Fisheries Extension (RICAFE) in Maros
Regency, South Sulawesi Province. Ammonia was analyzed by the phenate method. Nitrate
was analyzed by the sodium reduction method. Nitrite was analyzed by the colorimetric
method. Phosphate was analyzed by the ascorbic acid method. Total suspended solids were
analyzed by the gravimetric method. Total organic matter was analyzed by the titrimetric
method following the guidelines of APHA-AWWA-WEF (2012) [46].

2.4. Data Analysis

Estimates of the effluent load from intensive technology whiteleg shrimp ponds were
determined based on the guidelines of Teichert-Coddington et al. (1991) [47]. Rainfall data
were analyzed to determine the number of dry months (rainfall <60 mm/month) according
to the instructions of Schmidt and Ferguson (1951) [48]. The same rainfall data were also
used to determine the Q value as the basis for determining climate type, following the
instructions for determining the climate classification according to Schmidt and Ferguson
(1951) [48]. These rainfall data analysis results were also used to determine the time of
measurement and sampling of water in the field.

Nonparametric statistics, namely the Mann–Whitney Test, were used to determine the
difference between each water quality variable at different times and places. Before the
nonparametric statistical test, the data normality test was performed using the Shapiro–
Wilk Test [49]. The significance level was set at 5 and 10% or p < 0.10. Pearson correlation
was used to measure the strength and direction of the linear relationship of two water
quality variables. The Mann–Whitney Test and the Shapiro–Wilk Test were carried out
with the help of the International Business Machines (IBM) Statistical Package for the Social
Sciences (SPSS) program, Statistics Version 25.

Data analysis with descriptive statistics was carried out to determine the minimum,
maximum, average, and standard deviation values of the data for each water quality
variable. The results of the analysis were evaluated by comparing the quality standards of
seawater standards based on the ME Decree concerning Seawater Quality Standards for
Marine Biota [30] and the MMAF Regulations concerning General Guidelines for Grow-out
Tiger Shrimp (Penaeus monodon) and Whiteleg Shrimp (Litopenaeus vannamei) [45]. Water
quality status was determined using the Storet method developed by the United States
Environmental Protection Agency (US-EPA) (2002) [43]. Score determination is based on the
number of samples and physical and chemical variables. Water quality status is classified
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into four classes: (1) class A: very good, score = 0: complying quality standards; (2) class
B: good, score = −1 to −10: lightly polluted; (3) class C: moderate, score = −11 to −30:
moderately polluted; and (4) class D: poor, score < −31: heavily polluted [50]. The water
quality status is compared between different times and places.

3. Results
3.1. Whiteleg Shrimp Culture Performance

Intensive technology whiteleg shrimp culture in ponds of Bulukumba Regency is
mostly carried out in two subdistricts: BB and GT. In BB, there are five intensive technology
whiteleg shrimp farming businesses, but only three of them were operational at the time of
the research (Table 1). All ponds are constructed with High-Density Polyethylene (HDPE).
The pond area varies from 1600 to 4000 m2, with a total of 78 ponds. According to the level
of technology applied, namely intensive technology, the stocking density varied from 110
to 150 ind/m2 in BB. In GT, there are three intensive technology whiteleg shrimp farming
businesses. Like the ponds in BB, the intensive technology whiteleg shrimp ponds in GT
are also constructed with HDPE. The ponds area is relatively the same as in the BB, which
is from 1900 to 4500 m2. According to the technology applied, namely intensive technology
whiteleg shrimp culture, the stocking density applied ranges from 100 to 220 ind/m2 in GT.
Pond productivity can reach 44.4 tons/ha/cycle in BB and 30.0 tons/ha/cycle in GT. The
feed conversion ratio (FCR) ranged between 1.2:1 and 1.7:1.

Table 1. Performance of intensive technology whiteleg shrimp aquaculture ponds.

Variable BB Location GT Location

Pond construction HDPE HDPE

Total land area (ha) 20.00–40.00 3.50–45.00

Reservoir area (ha) 0.29–2.00 0.50

WWTP area (ha) 0.15–1.50 0.35–1.00

Number of ponds (unit) 19–34 7–48

Pond area (m2) 1600–4000 1900–5000

Total pond area (ha) 4.39–12.24 2.60–17.28

WWTP pond volume to total pond (%) 3.42–15.82 5.21–13.46

Stocking density (ind/m2) 110–150 100–220

Productivity (ton/ha/cycle) 17.5–44.4 13.9–30.0

Feed conversion ratio 1.2:1–1.7:1 1.4:1

Based on the data obtained from each intensive technology whiteleg shrimp farming
business in Bulukumba Regency, the production potential of whiteleg shrimp can be determined
in the data (Table 2). Potential production can reach 1615 tons/year (1 year = 2 cycles) on a total
pond area of ±37.00 ha in BB and ±1578 tons/year (1 year = 2 cycles) on a total pond area of
±32.60 ha in GT. It is estimated that the total N waste load reaches ±28.33 tons/year and P
reaches ±6.69 tons/year, which is wasted into the coastal area of the culture location in BB
and ±27.68 tons/year N and ±6.53 tons/year P is wasted into the coastal area of GT.

Table 2. Production potential and estimated effluent load from intensive technology whiteleg shrimp
aquaculture ponds.

Subdistrict Intensive Pond
Area (ha)

Number of
Ponds (Unit)

Total Area of
Ponds (ha)

Production
Potential
(Ton/Year)

Estimated Feed
(Ton/Year)

Estimated Waste Load

ton N/Year ton P/Year

BB 37.00 78 26.11 1615 2351 28.33 6.69

GT 32.60 90 34.55 1578 2209 27.68 6.53

Total 69.60 168 60.66 3193 4560 56.01 13.22
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Each whiteleg shrimp pond in Bulukumba Regency has a Wastewater Treatment Plant
(WWTP) pond with an area ranging from ±0.15 to ±1.50 ha. The calculation results show
that the WWTP pond area only ranges from 3.42 to 15.84% of the total pond area or also
ranges from 3.42 to 15.84% of the total pond volume because, in general, the water level is
high in the grow-out pond and is relatively the same as the water level in the WWTP pond.

3.2. Water Quality Characteristics

The water quality in the coastal areas of BB and GT locations, both in the rainy and dry
seasons, is shown in the data (Tables 3 and 4), respectively. The difference in water quality
between the coastal areas of the BB and GT locations as well as UL locations (control) in the
rainy seasons are presented in the data (Tables 5 and 6), respectively.

Table 3. Descriptive statistics and significance of water quality in coastal areas of intensive technology
whiteleg shrimp aquaculture ponds in Bonto Bahari (BB) Subdistrict.

Variable
Mean ± SD

Sig.Before Stocking/Initial of
Culture (Rainy Season)

End of Culture/After
Harvesting (Dry Season)

Temperature (◦C) 28.59 ± 0.18 28.14 ± 0.22 0.000 **

Salinity (ppt) 33.870 ± 0.068 38.493 ± 0.616 0.000 **

pH 8.504 ± 0.116 8.086 ± 0.051 0.000 **

Dissolved oxygen (mg/L) 8.209 ± 0.541 5.214 ± 0.696 0.000 **

Ammonia (mg/L) 0.08504 ± 0.02068 0.13616 ± 0.02979 0.000 **

Nitrate (mg/L) 0.0001 ± 0.0000 0.13966 ± 0.05206 0.000 **

Nitrite (mg/L) 0.02006 ± 0.01972 0.00020 ± 0.00029 0.000 **

Phosphate (mg/L) 0.06622 ± 0.01945 0.03586 ± 0.04285 0.002 **

Total suspended solids (mg/L) 22.6 ± 15.7 9.3 ± 3.0 0.000 **

Total organic matter (mg/L) 67.126 ± 9.663 31.257 ± 15.797 0.000 **

**: significantly different.

Table 4. Descriptive statistics and significance of water quality in coastal areas of intensive technology
whiteleg shrimp aquaculture ponds in Gantarang (GT) Subdistrict.

Variable

Mean ± SD

Sig.Before Stocking/Initial of
Culture (Rainy Season)

End of Culture/
After Harvesting

(Dry Season)

Temperature (◦C) 28.84 ± 0.31 28.43 ± 0.32 0.009 **

Salinity (ppt) 33.566 ± 0.200 36.404 ± 0.571 0.000 **

pH 8.393 ± 0.094 8.320 ± 0.033 0.015 *

Dissolved oxygen (mg/L) 7.089 ± 0.673 5.827 ± 0.648 0.000 **

Ammonia (mg/L) 0.09722 ± 0.02679 0.14769 ± 0.06667 0.052 ns

Nitrate (mg/L) 0.00031 ± 0.00063 0.27675 ± 0.12965 0.000 **

Nitrite (mg/L) 0.02782 ± 0.01272 0.00348 ± 0.00785 0.000 **

Phosphate (mg/L) 0.09993 ± 0.10077 0.09167 ± 0.06966 0.902 ns

Total suspended solids (mg/L) 30.6 ± 8.1 20.5 ± 8.0 0.009 **

Total organic matter (mg/L) 66.295 ± 7.743 36.751 ± 12.948 0.000 **

*: significantly different, **: very significantly different, ns: not significant.

The results of statistical analysis showed that the water temperature was significantly
different (p < 0.01) between the rainy and dry seasons with lower water temperatures in
the dry season in BB (Table 3). The water temperature in the coastal area of GT in the
rainy season is on average 28.84 ◦C, and in the dry season, the average is 28.43 ◦C. As a
comparison, the results of the statistical analysis also showed that the water temperature
was very significantly different (p < 0.01) between the rainy and dry seasons, with the water
temperature also being lower in the dry season in GT (Table 4). In the rainy and dry seasons,
the water temperature in the coastal areas of BT and GT is relatively the same as the water
temperature in the coastal areas of UL, which is the control location (Tables 5 and 6). In
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addition, there is a trend of relatively higher water salinity on transects close to the coastline
(transect A) than transects farther from the coastline (transects B and C), both in BB and GT
during the rainy and dry seasons (Tables 7 and 8).

Table 5. Descriptive statistics and significance of water quality in coastal areas of intensive technology
whiteleg shrimp ponds before stocking/initial of culture (rainy season).

Variable
Mean ± SD

BB Location * GT Location * UL Location (Control)

Temperature (◦C) 28.59 a ± 0.18 28.84 b ± 0.31 28.42 ± 0.57

Salinity (ppt) 33.870 b ± 0.068 33.566 a ± 0.200 33.610 ± 0.060

pH 8.504 b ± 0.116 8.393 a ± 0.094 8.404 ± 0.057

Dissolved oxygen (mg/L) 8.209 b ± 0.541 7.089 a ± 0.673 7.476 ± 0.232

Ammonia (mg/L) 0.08504 a ± 0.02068 0.09722 a ± 0.02679 0.06712 ± 0.04303

Nitrate (mg/L) 0.00010 a ± 0.00000 0.00031 a ± 0.00063 0.00010 ± 0.00000

Nitrite (mg/L) 0.02006 a ± 0.01972 0.02782 a ± 0.01272 0.01277 ± 0.00936

Phosphate (mg/L) 0.06622 a ± 0.01945 0.09993 b ± 0.10077 0.05138 ± 0.02314

Total suspended solids (mg/L) 22.6 a ± 15.7 30.6 a ± 8.1 30.1 ± 7.8

Total organic matter (mg/L) 67.126 a ± 9.663 66.295 a ± 7.743 55.440 ± 9.464

*: the same superscript letters indicate statistically not significant differences (p > 0.05).

Table 6. Descriptive statistics and significance of water quality in coastal areas of intensive technology
whiteleg shrimp ponds at the end of culture/after harvesting (dry season).

Variable
Mean ± SD

BB Location * GT Location * UL Location (Control)

Temperature (◦C) 28.14 a ± 0.22 28.43 b ± 0.32 28.41 ± 0.67

Salinity (ppt) 38.493 b ± 0.616 36.404 a ± 0.571 36.054 ± 0.298

pH 8.086 a ± 0.051 8.320 b ± 0.033 8.232 ± 0.280

Disssolved oxygen (mg/L) 5.214 a ± 0.696 5.827 b ± 0.648 6.338 ± 0.618

Ammonia (mg/L) 0.13616 a ± 0.02979 0.14769 a ± 0.06667 0.08127 ± 0.03903

Nitrate (mg/L) 0.13966 a ± 0.05206 0.27675 b ± 0.12965 0.00173 ± 0.00190

Nitrite (mg/L) 0.00020 a ± 0.00029 0.00348 a ± 0.00785 0.00626 ± 0.00590

Phosphate (mg/L) 0.03586 a ± 0.04285 0.09167 b ± 0.06966 0.01339 ± 0.01702

Total suspended solids (mg/L) 9.3 a ± 3.0 20.5 b ± 8.0 20.3 ± 3.4

Total organic matter (mg/L) 31.257 a ± 15.797 36.751 a ± 12.948 35.820 ± 8.205

*: the same superscript letters indicate statistically insignificant differences (p > 0.05).

The average water salinity in the coastal areas of BB is 33.870 ppt in the rainy season
and an average of 38.493 ppt in the dry season. The results of statistical analysis showed
that the water salinity was very significantly different (p < 0.01) between the rainy and dry
seasons with higher water salinity in the dry season in BB (Table 3). Water salinity in the
coastal area of GT in the rainy season is around an average of 33.566 ppt and an average
of 36.404 ppt in the dry season. The results of the statistical analysis also showed that the
water salinity was very significantly different (p < 0.01) between the rainy and dry seasons
with higher water salinity in the dry season in GT (Table 4). In the rainy season, the water
salinity in the coastal areas of BB and GT is relatively the same as the water salinity in the
coastal areas of UL, but in the dry season, the water salinity of UL is between the salinity of
BB and GT (Tables 5 and 6). One of the causes of differences in salinity in different seasons
is the difference in rainfall. Monthly rainfall in BB and GT is presented in Figure 5. From
Figure 5, it can be seen that the peak of the rainy season in Bulukumba Regency occurs
in May and June, while the peak of the dry season occurs in August and September. In
Table 7, it can be seen that there is a tendency for lower water salinity on transect A than
transect B and C, both in BB and GT in different seasons.
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Table 7. The average value of water quality on transects parallel to the coastline in Bonto Bahari (BB)
and Gantarang (GT) subdistricts at different seasons.

Location/Time Variable Transect A Transect B Transect C

BB Location:

Before stocking/initial of
culture (rainy season)

Temperature (◦C) 28.61 28.61 27.69

Salinity (ppt) 33.897 33.908 34.078

pH 8.473 8.485 8.520

Dissolved oxygen (mg/L) 7.949 8.126 8.115

Ammonia (mg/L) 0.11239 0.07724 0.07300

Nitrate (mg/L) 0.00010 0.00010 0.00010

Nitrite (mg/L) 0.02219 0.02088 0.01398

Phosphate (mg/L) 0.08873 0.06526 0.06666

Total suspended solids (mg/L) 30.0 20.1 27.6

Total organic matter (mg/L 67.947 62.897 61.069

End of culture/after
harvesting (dry season)

Temperature (◦C) 28.13 28.09 28.90

Salinity (ppt) 38.271 38.337 38.466

pH 8.080 8.106 8.386

Dissolved oxygen (mg/L) 5.078 5.229 5.628

Ammonia (mg/L) 0.13770 0.13666 0.12181

Nitrate (mg/L) 0.16768 0.14296 0.14306

Nitrite (mg/L) 0.00493 0.00037 0.00029

Phosphate (mg/L) 0.07485 0.02208 0.05032

Total suspended solids (mg/L) 12.5 11.7 10.2

Total organic matter (mg/L) 33.704 30.826 35.345

GT Location:

Before stocking/initial of
culture (rainy season)

Temperature (◦C) 29.08 28.86 28.62

Salinity (ppt) 33.552 33.596 33.651

pH 8.378 8.420 8.432

Dissolved oxygen (mg/L) 7.260 7.574 7.200

Ammonia (mg/L) 0.10971 0.10510 0.06411

Nitrate (mg/L) 0.00058 0.00010 0.00010

Nitrite (mg/L) 0.03596 0.02963 0.01977

Phosphate (mg/L) 0.11923 0.09060 0.06556

Total suspended solids (mg/L) 30.4 28.9 21.9

Total organic matter (mg/L) 70.704 62.695 66.785

End of culture/after
harvesting (dry season)

Temperature (◦C) 28.83 28.51 28.47

Salinity (ppt) 37.120 37.309 37.318

pH 8.247 8.303 8.309

Dissolved oxygen (mg/L) 5.746 6.150 5.948

Ammonia (mg/L) 0.17174 0.14365 0.14248

Nitrate (mg/L) 0.34021 0.26659 0.26543

Nitrite (mg/L) 0.00222 0.00920 0.00131

Phosphate (mg/L) 0.07405 0.10513 0.07306

Total suspended solids (mg/L) 36.3 21.4 34.8

Total organic matter (mg/L) 43.567 38.626 34.754

The pH of water in the coastal areas of BB and GT was higher and significantly different
(p < 0.05) in the rainy season compared to the dry season (Tables 3 and 4). Comparative
data in the coastal area of UL found that the water pH is 8.404 ± 0.057 in the rainy
season and 8.232 ± 0.280 in the dry season (Tables 5 and 6). The pH value of water is
positively correlated with dissolved oxygen concentration [51,52]. This pH can also be seen
in this study, which shows that water also shows low dissolved oxygen concentrations
(Tables 3 and 4).

The concentration of nitrate in the coastal areas of BB and GT in the dry season
increased very drastically. It was very significantly different (p < 0.01) with the concentration
of nitrate in the rainy season (Tables 3 and 4). The average nitrate concentrations in the
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coastal areas of BB and GT are 0.00010 and 0.00031 mg/L, respectively, in the rainy season
and increase to 0.13966 and 0.27675 mg/L, respectively, in the dry season, or an increase of
more than 800 times.

Table 8. The average value of water quality on transects perpendicular to the coastline in Bonto
Bahari (BB) and Gantarang (GT) subdistricts at different seasons.

Location/Time Variable Transect
I-II

Transect
III-IV

Transect
V-VI

Transect
VII-VIII

Transect
IX-X

Transect
XI-XII

BB Location:

Before stocking/initial of culture
(rainy season)

Temperature (◦C) 27.38 28.42 28.63 28.77 28.67 28.67

Salinity (ppt) 34.183 33.840 33.917 33.922 33.903 33.835

pH 8.312 8.457 8.595 8.582 8.512 8.565

Dissolved oxygen (mg/L) 7.030 8.372 8.220 8.042 8.162 8.790

Ammonia (mg/L) 0.09245 0.08170 0.08290 0.07428 0.09338 0.09118

Nitrate (mg/L) 0.00010 0.00010 0.00010 0.00010 0.00010 0.00010

Nitrite (mg/L) 0.01582 0.01918 0.02462 0.01748 0.00795 0.01537

Phosphate (mg/L) 0.06677 0.06348 0.07330 0.07960 0.08380 0.05930

Total suspended solids (mg/L) 15.3 30.7 14.3 23.0 25.8 31.8

Total organic matter (mg/L) 60.257 65.127 66.931 66.065 67.067 61.581

End of culture/after harvesting
(dry season)

Temperature (◦C) 28.07 28.03 28.05 28.07 28.08 28.13

Salinity (ppt) 37.710 38.662 39.205 38.668 38.162 37.797

pH 8.085 8.057 8.063 8.098 8.097 8.148

Dissolved oxygen (mg/L) 5.432 5.027 4.683 5.410 5.628 5.922

Ammonia (mg/L) 0.10982 0.13425 0.13285 0.13257 0.13158 0.14295

Nitrate (mg/L) 0.18165 0.14422 0.14440 0.14822 0.13387 0.11382

Nitrite (mg/L) 0.00010 0.00073 0.00057 0.00557 0.00010 0.00010

Phosphate (mg/L) 0.02752 0.05290 0.02152 0.07591 0.01249 0.03123

Total suspended solids (mg/L) 9.8 10.0 11.2 9.7 13.5 13.5

Total organic matter (mg/L) 47.723 41.205 15.709 29.484 34.886 28.942

GT Location:

Before stocking/initial of culture
(rainy season)

Temperature (◦C) 28.40 28.47 28.47 28.30 28.23 28.17

Salinity (ppt) 33.610 33.610 33.580 33.663 33.683 33.520

pH 8.440 8.443 8.413 8.380 8.460 8.393

Dissolved oxygen (mg/L) 6.743 6.643 6.873 7.353 8.213 7.677

Ammonia (mg/L) 0.09580 0.09750 0.09837 0.07340 0.09943 0.08573

Nitrate (mg/L) 0.00010 0.00010 0.00073 0.00010 0.00010 0.00010

Nitrite (mg/L) 0.03623 0.01963 0.02193 0.02870 0.03597 0.02287

Phosphate (mg/L) 0.16873 0.06600 0.07737 0.05500 0.06113 0.05493

Total suspended solids (mg/L) 34.3 24.0 27.4 23.7 22.3 27.0

Total organic matter (mg/L) 66.816 67.338 70.675 72.218 66.503 55.763

End of culture/after harvesting
(dry season)

Temperature (◦C) 28.07 28.03 28.05 28.85 28.73 28.78

Salinity (ppt) 37.710 37.662 37.205 36.698 36.212 36.252

pH 8.085 8.057 8.068 8.310 8.250 8.285

Dissolved oxygen (mg/L) 5.432 5.027 4.683 5.733 5.862 6.317

Ammonia (mg/L) 0.10982 0.13425 0.13285 0.14367 0.16970 0.15195

Nitrate (mg/L) 0.18165 0.14422 0.14440 0.31132 0.36795 0.32338

Nitrite (mg/L) 0.00010 0.00073 0.00057 0.00555 0.00187 0.00283

Phosphate (mg/L) 0.02752 0.05290 0.02152 0.14258 0.08617 0.06792

Total suspended solids (mg/L) 9.8 10.0 11.2 32.5 23.3 24.5

Total organic matter (mg/L) 47.723 41.205 15.709 45.116 39.641 37.138
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The complexity of water quality variables in intensive technology whiteleg shrimp
ponds is known as an N compound other than nitrate. These compounds arise from the N
cycle process, with some of the main ingredients being shrimp feed residues and shrimp
feces [53–55]. Tables 5 and 6 show that the ammonia concentration is higher in the dry
season when compared to the rainy season in the coastal areas of BB and GT. The primary
source of ammonia compounds in shrimp farming systems comes from supplementary
feed and direct excretion of cultured aquatic organisms. The ammonia concentration in the
pond system will be directly proportional to the amount of feed entering [56]. There is a
tendency to decrease the concentration of ammonia and nitrate on transects farther from
the coastline (Table 7).

Unlike the forms of N compounds, namely ammonia and nitrate, which increase in the
dry season, another form of N, nitrite, occurs. On the contrary, the concentration decreases
during the dry season in the coastal area of the Bulukumba Regency. Nitrite is usually
found in tiny amounts because it is unstable in dissolved oxygen. This condition is found
in the coastal area of Bulukumba Regency with low nitrite concentrations when nitrate
and ammonia concentrations are high. A nitrite is an intermediate form between ammonia
and nitrate (nitrification) and between nitrate and N gas (denitrification) [7,55,57]. The low
concentration of nitrite in the coastal area of Bulukumba Regency can support it as a source
of water for whiteleg shrimp culture. The recommended nitrite concentration for whiteleg
shrimp culture is lower than 1 mg/L [45].

Generally, P is not toxic to humans, animals, and fish/shrimp. However, excessive P
accompanied by the presence of N can stimulate the explosion of algae populations in the
waters. The phosphate concentration found in the coastal area of BB was lower in the dry
season and was very significantly different (p < 0.01) from the rainy season. The same thing
was also found in the coastal area of GT. Namely, the phosphate concentration was lower
in the dry season than the rainy season, although not significantly different (p > 0.01).

Total suspended solids and total organic matter can be used as references in deter-
mining the level of pollution that occurs [17,58]. Total suspended solids and total organic
matter decreased and were significantly different (p < 0.01) in the dry season compared to
the rainy season (Tables 3 and 4). Total suspended solids and total organic matter in the
coastal area of BB are low. The statistical analysis results show a very significant difference
(p < 0.01) with the concentration of total suspended solids and total organic matter in the
coastal area of GT (Tables 5 and 6).
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3.3. Water Quality Status

Analysis of determining the status of water quality was performed using the Storet
method. The result shows that the water quality in the coastal area of BB is categorized as
Class C or moderate or moderately polluted in the rainy season with a total score of −16,
and the status changes to Class D or poor or heavily polluted. The dry season had a total
score of −44 (Table 9 and Figure 6). The only variable that causes the water quality status to
be classified as moderately polluted during the rainy season is the pH of the water, which
exceeds 8.5. In the dry season, the water quality status becomes heavily polluted in the
coastal areas of BB as a result of salinity exceeding 34 ppt, dissolved oxygen concentration
lower than 5.0 mg/L, and nitrate concentration exceeding 0.008 mg/L.

Table 9. Status of water quality in the coastal area of Bonto Bahari Subdistrict (BB).

Measurement Time
Score on Level

Total Score Water Quality Status
Minimum Maximum Average

Before stocking/initial of culture
(rainy season) 0 −4 −12 −16 Class C or moderate or

moderately polluted

End of culture/after harvesting
(dry season) −12 −8 −24 −44 Class D or poor or

heavily polluted
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The water quality status in the coastal area of GT is classified as Class A or very good
or complying with quality standards with a total score of 0 in the rainy season and turns
into heavily polluted with total score of −56 in the dry season (Table 10 and Figure 6). The
variables that cause a decrease in water quality status in the coastal area of GT during the
dry season are salinity that exceeds 34 ppt, dissolved oxygen concentration lower than
5.0 mg/L, ammonia concentration that exceeds 0.3 mg/L, and nitrate concentration which
exceeds 0.008 mg/L.
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Table 10. Status of water quality in the coastal area of Gantarang Subdistrict (GT).

Measurement Time
Score on Level

Total Score Water Quality Status
Minimum Maximum Average

Before stocking/initial of culture
(rainy season) 0 0 0 0 Class A or very good or

complying quality standard

End of culture/after harvesting
(dry season) −8 −12 −36 −56 Class D or poor or

heavily polluted

Based on Figure 6 above, by applying the Storet method and relatively the same water
quality variables (temperature, salinity, pH, dissolved oxygen, ammonia, nitrate, nitrite,
and phosphate), data were obtained at BB and GT locations. This condition is similar to the
coastal area of shrimp farming in Bangkalan Regency, East Java Province. It is reported that
water quality status is in the moderately polluted category (total score −23) and heavily
polluted (total score −36), which is thought to be one of the causes of whiteleg shrimp
pond waste without going through WWTP [37].

4. Discussion
4.1. Whiteleg Shrimp Culture Performance

The productivity of whiteleg shrimp ponds reaches 17.5–44.4 tons/ha/cycle at a
stocking density of 110–150 ind/m2 in BB and 13.9–30.0 tons/ha/cycle at a stocking density
of 100–220 ind/m2 in GT. At a stocking density of 133 ind/m2, also classified as intensive
technology, a 17.1 tons/ha/cycle production can be obtained [59]. The high stocking
density in intensive technology whiteleg shrimp culture, such as in Bulukumba Regency,
has consequences on the waste load that can affect the feasibility of shrimp habitat and the
aquatic environment in coastal areas around shrimp farming. Shrimp culture technology
should not only focus on increasing productivity and product quality but should also be
able to reduce negative social and environmental impacts [19,60]. Waste originating from
intensive ponds consists of feed that is wasted during culture and feed that is not digested
by shrimp that is wasted through feces and excretion of shrimp during rearing. Aquaculture
business is a significant contributor to the increase in waste and toxic compounds in the
form of ammonia as the primary nitrogen waste [19,61]. About 20–30% of the total N
and P content in the feed will be wasted in the aquatic environment [62]. For nutrient
waste load from whiteleg shrimp feed in ponds measuring 2500 m2 with a stocking density
of 150 ind/m2, the total N was 13.84 g/kg shrimp and P reached 8.09 g/kg shrimp [63].
The amount of feed wasted into the environment from intensive/super-intensive whiteleg
shrimp ponds was 24.32% of the total feed used [64]. It is estimated that about 572 tons/year
of feed is wasted in the coastal environment of BB. About 537 tons/year is wasted in the
environment in the coastal area of GT.

The WWTP pond in the BB pond has a different construction from the WWTP pond
in GT. The WWTP pond dyke in BB is lined with HDPE or made of concrete, but the
base of the pond is not constructed of concrete or is not lined with HDPE or lined with
HDPE with holes, allowing infiltration of pond effluent into the ground. BB’s intensive
technology whiteleg shrimp pond soil is classified as Typic Hapludalfs soil subgroup and
classified as Mediterranean or Alfisol soil great group. Mediterranean soils develop from
limestone parent material with low organic matter concentrations, moderate to high base
saturation, heavy texture with a lumpy soil structure, and soil reactions from slightly acidic
to slightly alkaline [65,66]. Mediterranean soils have clay deposits on the horizon known as
argillic horizons. Clay buried in the lower horizon comes from above, washed down with
percolation water movements [66,67]. Thus, this relatively dense argillic horizon causes
the percolation rate to be hampered. The soil is quickly saturated with water and is easily
eroded [67,68]. It is suspected that the waste liquid from intensive technology whiteleg
shrimp ponds with WWTP pond as applied in BB is eventually discharged into BB’s coastal
area through the water flow. Waste is wasted on the coast because the wastewater cannot
penetrate the argillic horizon. However, a particular study is needed on the construction of
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the WWTP pond to see its ability as an efficient and effective intensive whiteleg shrimp
WWTP pond in more detail.

4.2. Water Quality Characteristics

Water quality is a measure of the condition of water in terms of its physical, chemical,
and biological characteristics. Water quality for aquaculture also shows a measure of water
conditions relative to the needs of biota. Water quality is often a standard measure of
the health condition of aquatic ecosystems [61,69,70]. In general, the temperature of sea
waters in Indonesia has a fairly wide range. Characteristics of different temperatures can be
caused by topography or water depth associated with differences in sunlight penetration.
The water temperature for marine biota and intensive technology whiteleg shrimp culture
ranges from 28 to 30 ◦C [44,45].

Water temperature is influenced by season, latitude, altitude above sea level, time
of day, air circulation, cloud cover, and the flow and depth of water bodies [71]. A
sudden change in the current pattern can also lower the water temperature [72]. The
water temperature in the coastal area of BB is 28.59 ± 0.18 ◦C in the rainy season and
28.14 ± 0.22 ◦C in the dry season. Water temperature in coastal areas is higher in the rainy
season (June–September) than in the dry season (December–March) in Bangkok and Samut
Prakam, Thailand [28]. Other data, in the west season or rainy season in the waters of
Manado Bay, North Sulawesi Province, Indonesia, is characterized by a powerful west
wind accompanied by waves and currents causing the penetration of sunlight to the sea
surface are not practical so that the water temperature is low [70]. The average sea surface
temperature in Indonesian waters, including in the Flores Sea, is generally higher in the
west season (rainy season) than in the east season (dry season) [73]. The research locations
in BB and GT are in the Flores Sea, with lower water temperatures found in September
measurements, namely in the dry season. The statistical analysis results between the water
temperature in BB and GT showed significantly different results (p < 0.05), with the water
temperature in BB being lower than in GT in the rainy and dry seasons. The lower water
temperature in BB is made possible by the higher water depth in the coastal area of BB
compared to GT. The depth of the waters in the coastal area of BB reaches about 20 m, while
in the GT, it only reaches about 10 m. Seawater temperature is influenced by sea depth,
wind speed, sunlight conditions, and the strength of the vertical temperature [74–76]. High
water temperature was found in the water samples taken from the sampling point nearby
the coastline (transect A) due to the shallow waters area. This is different from the water
temperature on the transect perpendicular to the coastline, where there is no particular
water temperature pattern in the BB and GT coastal areas.

Water salinity describes the total solids in the water after all the carbonates have been
converted to oxides. Chlorides have replaced all the bromides and iodides, and all organic
matter has been oxidized. One factor influencing salinity distribution in the waters is the
amount of freshwater that enters marine waters [69,77]. In shallower waters, such as in
the GT coastal area, freshwater intrusion can spread to the bottom of the water so that
the water salinity becomes lower and is very significantly different (p < 0.01) from salinity
in the BB coastal area both during the rainy season (Table 5) and during the dry season
(Table 6). Another cause is higher salinity in BB’s coastal areas than GT due to lower rainfall
(1428 vs. 1936 mm/year) and deeper waters (20 vs. 10 m). Based on the results of the
climate analysis, it was obtained that the value of Q = 0.80 or classified as climate type D
or moderate climate in BB and the value of Q = 0.29 or classified as climate type B or wet
climate in GT. From another analysis, based on the number of dry months, it was found that
there were four dry months in BB and two dry months in GT. The three analyses carried
out on rainfall data show that BB is drier than GT, so it impacts high salinity in the coastal
area of BB, as previously described. A significantly negative correlation was found between
mean monthly salinity and monthly rainfall [78]. It has been reported that there is an
increase in salinity in the waters around the BB and GT coasts, namely the southern region
of Sulawesi, including the Flores Sea, during the dry season as a result of water masses
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from the Banda Sea with high water salinity entering these waters [79]. Seasonal changes
can result in temperature and water salinity [70,79,80]. Intensive technology whiteleg
shrimp culture activities do not influence the increase in water salinity in the dry season
in the two subdistricts. However, it is more dominant due to the influence of the season,
namely measurements made in the dry season. This is reinforced by the results of salinity
measurements in the UL, which also increases during the dry season, even though there is
no intensive technology whiteleg shrimp pond in this location.

In the rainy season, it is known as a mighty west wind accompanied by waves and
currents that cause the evaporation rate to be hampered so that it is thought that it can
withstand increased salinity [70]. In addition, the low salinity of the water during the rainy
season it is suspected that there is freshwater runoff from the land, which causes lower
water salinity, because the measurement time in the rainy season is the peak of the rainy
season in BB and GT (Figures 5 and 6). The 32 rivers are flowing in the Bulukumba Regency
area. The four large rivers have abundant water resources throughout the year, including
Bialo, Binjawang, Balantiyeng, and Anyorang Rivers.

The low water salinity was found on transects close to the coastline. The salinity
differences may have been caused by freshwater intrusion, which affects the salinity of
water samples taken from sampling points nearby the land. Among the factors affecting
salinity distribution in general waters is the freshwater flow that goes into the seawater [81].
In shallower waters, the freshwater intrusion can reach the bottom of the waters, causing
low salinity. On the contrary, salinity in open seawaters is not affected by freshwater
intrusion from the land, which causes high salinity [82].

The water pH in the coastal areas of the two subdistricts can be used as a water
source for shrimp farming because the pH of good source water for intensive technology
whiteleg shrimp culture is 7.5–8.5 [45]. Suitable water pH for marine biota ranges between
7.0 and 8.5 [44]. A small amount of organic material can cause the low pH of the water
from the land carried through the river. It results from organic matter originating from
whiteleg shrimp ponds and other acidic activities on land, which can decrease the water’s
pH because the decomposition process of organic matter can produce acidic compounds.
In addition, with the increase in the amount of waste, the pH of the water will decrease.
This decrease is due to the increase in CO2 concentration due to the respiration process
carried out by various microorganisms [22,83,84]. Generally, water pH increases in the
rainy season and decreases in the dry season, which means that seasonal differences are an
essential factor influencing water pH. As with water salinity, there is a tendency for higher
water pH on transects farther from the coastline (Table 7). pH values of waters increase
as the waters become closer to the open seawaters. If not managed, it will harm aquatic
organisms in coastal areas.

Dissolved oxygen is one of the most critical environmental variables directly affecting
production and growth through metabolism and environmental conditions. Dissolved
oxygen concentration in water can affect the growth, FCR, and carrying capacity of waters.
Dissolved oxygen concentration in the rainy season was higher and significantly different
(p < 0.01) with dissolved oxygen in the dry season in the waters of BB and GT. The low
concentration of dissolved oxygen in the dry season in both BB and GT coastal areas is
thought to result from waste from intensive technology whiteleg shrimp ponds decomposed
by microbes that use a lot of dissolved oxygen. Various processes decrease dissolved oxygen
concentration when nutrients are high, including nitrate [17,70,85,86]. It was also found
that the concentration of dissolved oxygen was lower in the nearshore transect (transect
A) than other transects due to higher effluent near the coast that could require dissolved
oxygen for its decomposition.

The low concentration of dissolved oxygen in the dry season measured in August and
September can also be caused by low sea waves. Waves or ocean waves increase dissolved
oxygen [87,88], so low waves in August and September also impact low dissolved oxygen
concentrations. September, October, and November are the lowest sea waves in the Flores
Sea [89]. The dissolved oxygen concentration was lower in the dry season than in the rainy
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season in the coastal area of Lampung Bay, Lampung Province [36]. Dissolved oxygen
good for marine biota is more significant than 5.0 mg/L [44]. Dissolved oxygen in both
source and rearing water for intensive whiteleg shrimp culture is greater than 4 mg/L [45].

Nutrients in the context of water quality are molecules in water that can be directly
used by biota for cell growth [90,91]. Nutrients widely used by aquatic organisms, in-
cluding seaweed, are ammonia, nitrate, nitrite, and phosphate [92,93]. In general, nitrate
is the essential nutrient that determines the growth of plankton and higher plants in
marine waters.

Besides supplementary feed and direct excretion of cultured aquatic organisms, other
ammonia sources are thought to come from fertilizers used on land for agricultural ac-
tivities carried to coastal areas. Sources of ammonia in waters come from fertilizers and
feed [94,95]. Surface runoff from settlements generally contains higher nitrate and ammonia
concentrations than forests, while fertilizer on agricultural land produces high nitrate and
moderate ammonia [96]. It is suspected that the increase in ammonia concentration in the
coastal area of Bulukumba Regency comes from intensive technology whiteleg shrimp
aquaculture ponds in the form of leftover feed and feces of whiteleg shrimp as well as other
activities that use fertilizers.

The same study results were higher phosphate concentrations in the rainy season
than in other seasons [36,70]. The low phosphate concentration in the coastal area of GT is
thought to be utilized by seaweed cultured in the area. The area of seaweed Kappaphycus
alvarezii culture in the coastal area of Bulukumba Regency will reach 3766 ha in 2020 [97].
It is known that besides N, other nutrients needed by seaweed are P. Phosphate is the P
form that is absorbed by seaweed [98–100]. Elemental P is an essential material for higher
plants and aquatic algae, so this element is a limiting factor for aquatic plants and algae
and significantly affects aquatic productivity [101,102]. Seaweed requires P for growth
because it is the main constituent of Ribonucleic acid (RNA) and consequently is involved
in protein synthesis [103,104]. In addition, the term “overconsumption” in aquatic algae is
also known, namely when the water contains sufficient P, the aquatic algae accumulate P in
the cells exceeding their needs [103]. The excess P absorbed will be utilized when the waters
lack P so that seaweed can still grow for some time during periods of P supply shortage.
The average phosphate concentration is 0.06622 ± 0.01945 mg/L in coastal areas of BB and
0.09993 ± 0.10077 mg/L in the coastal area of the GT during the rainy season. An average
of 0.03586 ± 0.04285 mg/L in the coastal area of BB and 0.09167 ± 0.06966 mg/L in the
coastal area of GT during the dry season, when compared with the ideal concentration for
seaweed growth habitat, which is 1.0–3.2 mg/L [105], this situation is still far from optimal.
Although there is no seaweed culture in BB, the decrease in phosphate concentration is
thought to be due to the relatively small source of phosphate other than the aquaculture
pond in BB in the dry season. In GT, there are agricultural activities such as rice fields
that use many fertilizers, including SP-36 fertilizer, which contains phosphate, which can
contribute phosphate compounds in the coastal area of GT. In the mainland part of BB, the
land use is in the form of less productive forests, so the source of phosphate is thought to
only come from intensive whiteleg shrimp pond waste. This assumption is reinforced by
data on very low phosphate concentrations in UL (control) in the dry season (Table 6) due
to the absence of a phosphate source originating from intensive technology whiteleg shrimp
ponds. The phosphate concentration in the source and rearing water of good whiteleg
shrimp ranged between 0.01 and 5.0 mg/L [45].

Excess or lack of phosphate concentration in aquaculture has an unfavorable impact
on the cultured organisms. Excess or lack of a chemical substance in water will cause
physiological disturbances in aquatic organisms [106]. Although it is estimated that there is
P waste of ±13.22 tons/year or 6.61 tons/cycle from intensive technology whiteleg shrimp
culture wasted in the coastal area of Bulukumba Regency, the concentration is still relatively
low and supports seaweed culture.

The chemical characteristics of the water govern the solubility of inorganic phosphorus
in aquatic systems. There is a very close and positive relationship between phosphate and
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water pH, which means that the higher the pH, the higher the phosphate concentration.
However, it has been reported that the solubility of inorganic phosphorus will decrease
at a water pH greater than 9.0 [107]. In this case, the pH of water in the coastal area of
Bulukumba Regency is still in the range of water pH, which allows an increase in phosphate
with an increase in water pH.

The total suspended solids concentration is less than 80 mg/L and the total organic
matter concentration is less than 90 mg/L, supporting technology intensive whiteleg
shrimp culture [45]. The deeper water depths in the coastal area of BB impact and reduce
the agitation of the seabed so that the concentration of total suspended solids will be
lower [108]. On the other hand, the relatively shallow water depth in the coastal area
of GT results in more significant seabed agitation resulting in a higher total suspended
solids concentration. Another factor that is thought to affect the total suspended solids
in the coastal area of Bulukumba Regency is the sea waves, so that when the sea waves
are low, namely measurements in the dry season, the concentration of total suspended
solids is low. High sea speed and waves cause high total suspended solids [108,109].
Spatially and temporally, the presence and condition of total suspended solids in coastal
areas can be influenced by several factors such as ocean currents, tides, river discharge,
and land cover [110,111]. It is suspected that these various factors can cause a decrease in
the concentration of total suspended solids and total organic matter in the coastal area of
Bulukumba Regency during the dry season.

4.3. Water Quality Status

One of the causes of the decline in the environmental quality of coastal waters is
the discharge of aquaculture waste during operations which contains high concentrations
of organic matter and nutrients. This condition is a consequence of the input of pond
production facilities in aquaculture, resulting in residual feed and feces dissolved into
the surrounding waters [19,112,113]. In commercial aquaculture, 30% of the total feed
given is not consumed by fish/shrimp, and about 25–30% of the feed consumed will be
excreted [114]. The amount of N and P present in the feed will be retained in fish/shrimp
meat between 25–30%, and the rest is wasted in the aquatic environment [114]. Estimated
nutrient load sourced from feed that is wasted into the coastal waters of Bulukumba
Regency in the form of N reaches ± 56.01 tons/year and P reaches ± 13.22 tons/year in
whiteleg shrimp culture with stocking densities of 100 up to 220 ind/m2 in ponds with a
total area of ±69.60 ha (Table 2). Ten water quality variables are used to determine water
quality status in coastal areas. Only four water quality variables cause water quality in
the coastal area of Bulukumba Regency to be heavily polluted, namely high salinity, low
dissolved oxygen, and high nitrate and ammonia concentrations in the dry season. At high
salinity (hyperosmotic), as found in the coastal area of Bulukumba Regency during the dry
season, shrimp growth will be disrupted due to the disturbed osmoregulation process. If
the energy used for osmoregulation activity increases, the energy for growth decreases,
thereby reducing the growth rate of aquatic organisms [115,116]. Meanwhile, dissolved
oxygen in water can be reduced due to respiration and decomposition of organic matter on
the bottom of the water [117,118], causing a decrease in dissolved oxygen in water, where a
decrease in dissolved oxygen concentration to a critical point will cause hypoxia. Hypoxia
(dissolved oxygen concentration <2.0 mg/L or about 30% saturation) is a phenomenon that
occurs in the aquatic environment due to a decrease in dissolved oxygen concentration to
a limit that can contribute greatly to a decrease in the growth and reproduction ability of
aquatic organisms and even death of aquatic organisms in the water [119–121].

A nitrate is a form of N that is less toxic than nitrite and ammonia, but it can be
toxic to shrimp at high concentrations. Shrimp exposed to high nitrate concentrations
for a long time showed shorter antennae length, gill abnormalities, and hepatopancreas
blisters [122,123]. Short antennae and gill abnormalities are often considered early clinical
signs of declining shrimp health [122]. Several cases state that excessive ammonia con-
centrations can cause severe water problems [55]. Such conditions can be caused by the



Sustainability 2022, 14, 2659 19 of 25

contribution of N originating from the mainland. A significant N contribution comes from
fisheries, including from intensive and super-intensive technologies whiteleg shrimp aqua-
culture ponds [10,11,64]. N penetration also occurs in agriculture, agrochemical, forestry,
animal husbandry, and other sectors. The effect of ammonia on shrimp is the narrowing
of the gill surface; consequently, the rate of gas exchange in the gills is reduced [124,125].
In addition, other effects are a decrease in the number of blood cells, a decrease in the
concentration of oxygen in the blood, a decrease in physical resistance and resistance to
disease, and structural damage to various types of shrimp organs. Several research results
state that the accumulation of ammonia in aquaculture water causes various kinds of
damage to aquatic organisms, especially damage to the function and structure of body
organs [126,127]. The concentration of ammonia strongly influences the toxicity of nitrite in
the waters; if the concentration of the two variables is high, they are a stressor for shrimp
and fish cultured so that shrimp and fish are more susceptible to disease [128]. Ammonia
can be reduced directly by assimilating heterotrophic bacteria, algae, and other aquatic
plants [129,130]. Probiotics are heterotrophic bacteria commonly given to aquaculture in
ponds because they can improve pond water quality by reducing total organic matter,
ammonia, nitrate, and nitrite of water [91,131] or, in general, efforts are needed for proper
water management. In addition, to obtain water for whiteleg shrimp culture with lower
concentrations of ammonia and nitrate in BB and GT, it is advisable to take water from a
location far from the coastline. It was mentioned earlier that the concentration of ammonia
and nitrate becomes lower the farther from the coastline (Table 7).

Nutrient enrichment can also reduce the brightness level by stimulating the growth
of phytoplankton in water bodies. Increased nutrient concentrations can cause negative
coral responses such as decreased reproductive success, calcification rate, and skeleton
density [38,132]. These nutrients can also stimulate macroalgae growth, which can cause
coral death due to algal overgrowth [40,133,134]. Knowing the level and source of nitrate
and ammonia pollution can be used to control nitrogen inputs and further determine more
sustainable water management in coastal areas.

Changes in the status of water quality from complying with quality standards and
being polluted in the rainy season to being heavily polluted in the dry season, apart
from being suspected of having a load of waste originating from whiteleg shrimp culture,
it is also suspected to be due to the influence of the season. Measurements and water
sampling carried out in August and September coincided with the peak of the dry season
at the site, which resulted in increased salinity and relatively small dilution of nutrients in
coastal areas [135]. The timing of stocking in whiteleg shrimp culture ponds in Bulukumba
Regency needs to be carried out appropriately. Information has been obtained that one of
the problems with whiteleg shrimp culture in Bulukumba Regency is climatic conditions
that do not support intensive technology whiteleg shrimp culture [136].

The research results are expected to provide basic information regarding the charac-
teristics and status of water quality in the area. The findings of this study indicate that
greater awareness of the environmental impact of intensive whiteleg shrimp ponds and
climate is needed if the whiteleg shrimp aquaculture industry is to be developed and
fulfills sustainable elements. Suppose the coastal area ecosystem must be protected for the
future. It is not easy to present the best option for managing coastal area resources without
monitoring water quality temporally and spatially [137,138]. The results of this assessment
should be followed by regular monitoring of water quality. So that it is hoped a healthy
aquatic ecosystem will be created that can impact the increase and sustainability of intensive
technology whiteleg shrimp aquaculture production and coastal ecosystems where Taka
Bonerate National Park is found, which has thus been designated as a UNESCO Biosphere
Reserve; the bioecological balance of the elements that make up the ecosystem in coastal
areas, including coral reefs, is an essential key. Therefore, maintaining a balanced level of
biodiversity and density between all ecosystem components must be one of the targets and
priorities in the coastal area management strategy to achieve a sustainable environment.
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5. Conclusions

The intensive technology whiteleg shrimp culture in Bulukumba Regency is carried out
with a stocking density of 110 to 220 ind/m2 with the productivity of ±13.9 tons/ha/cycle
up to ±44.4 tons/ha/cycle. The predicted waste load of N is ±28.00 tons/cycle and
P reaches ±6.61 tons/cycle. There was a change in the status of water quality before
stocking/initial stocking of the culture of whiteleg shrimp (rainy season) in the category of
Class C or moderate (moderately polluted) in the BB coastal area and the Class A category
or very good (complying quality standard) in the GT coastal area. Both locations were
categorized as Class D or poor (heavily polluted) at the end of culture or after harvesting
whiteleg (dry season). Water quality variables that cause a decrease in water quality status
in the coastal area of Bulukumba Regency are an increase in salinity, nitrate concentration,
and ammonia concentration and a decrease in dissolved oxygen concentration at the end
of the culture of whiteleg shrimp (dry season). It is recommended to carry out proper
feed management and use of probiotics to reduce ammonia and nitrate concentrations in
water in coastal areas. Moreover, increasing the capacity and capability of the WWTP pond
for intensive technology whiteleg shrimp ponds in the Bulukumba Regency is needed.
This increase minimizes the burden of waste dumped into coastal areas and a detailed
study of the use of WWTP pond with absorption systems in Mediterranean soils and the
application of intensive technology. It is necessary to determine a more precise time for
whiteleg shrimp stocking by reducing the possibility that whiteleg shrimp culture will still
occur at the dry season’s peak.
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