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ABSTRACT

Whiteleg shrimp (Litopenaeus vannamei) farming is a major activity in the coastal areas of many tropical coun-
tries. To meet the demand in this market, the culture system has expanded using intensive technology, which has
resulted in the emission of effluents that threaten the surrounding aquatic ecosystem. Therefore, proper aquaculture
management is needed to ensure both economic and ecological benefits. This led to the emergence of eco-green
aquaculture. Water quality monitoring is a critical part of aquaculture management and when performed regularly,
it yields a large and complex dataset. In this study, the authors aimed to analyse the dynamics of water quality
characteristics and the relationships between these variables in whiteleg shrimp ponds in a tropical eco-green
aquaculture system from 2020 to 2022. Since the data includes nine parameters and is quite complex, the principal
component analysis (PCA) approach was used. This method enables to identify the factors that determine water
quality, which will help ensure effective and efficient aquaculture management. Consequently, the water quality
variables in the studied area were reduced to five dimensions and salinity, ammonia, and pH were found to be the
key factors responsible for the changes in water quality characteristics. Hence, these variables should be the focus
of farming management systems.

Keywords: aquaculture wastewater; intensive system; Litopenaeus vannamei; mangrove; PCA.

INTRODUCTION al., 2022]. This process generates organic waste,
which is made up of feed byproducts and large

Whiteleg shrimp (Lifopenaeus vannamei)  amounts of shrimp excrement [Nirmal et al.,

farming is a major activity in the coastal areas
of many tropical countries [Bush et al., 2010].
Since the market demand for whiteleg shrimp is
tremendous, intensification of this commodity
culture system is unavoidable [Emerenciano et

2020]. In intensive aquaculture systems, the high
density of stocking has an impact on the waste
load, which may affect the viability of the shrimp
habitat as well as the aquatic resources near the
aquaculture pond [Suwoyo et al., 2015; Musa et
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al., 2020]. These contaminants can lead to eu-
trophication and lower dissolved oxygen levels,
as well as encourage the spread of a variety of
pathogens [Peng et al., 2009]. While cultivation
technologies aim to boost the output and quality
of products, they should also be able to mitigate
any unfavourable environmental and social con-
sequences [Rurangwa et al., 2017].

Proper farm management and technology
enhance the economic growth of the surround-
ing communities by creating jobs in the related
fisheries industry [Asche, 2011]. In recent years,
the concept of eco-green aquaculture has gained
popularity [De-Ledn-Herrera et al., 2015; Musa
et al., 2019]. It refers to a technology used for
developing traditional aquaculture towards inten-
sive ponds by applying the silvofishery model.
It originated as a hybrid system that integrated
aquaculture ponds and mangrove ecosystems in
coastal areas [Musa et al., 2020]. This approach,
which is a combination of conservation and utili-
sation, makes it possible to preserve mangroves;
this is important because, ecologically, they have
relatively high productivity [Mahmudi et al.,
2021]. Moreover, they function as traps and ef-
fective waste phytoremediators, as well as control
the blooming of blue-green algae species. There-
fore, the implementation of eco-green aquaculture
appears promising in the coastal areas that have
experienced degradation due to anthropogenic
activities, such as industrial or domestic pollution
and coastal development [Mahmudi et al., 2022].

Controlling the water quality of ponds is nec-
essary to ensure shrimp production and farm prof-
itability, especially in intensive culture systems.
To achieve such control, water quality parameters
must be monitored on a regular basis [Adnan et
al., 2014; Orozco-Lugo et al., 2022]. This is be-
cause shrimp growth and survival rates are highly
associated with the physicochemical and bio-
chemical parameters of the water [Carbajal and
Sanchez, 2008]. Given the numerous and com-
plex changes in water quality, which are frequent-
ly difficult to interpret, monitoring initiatives and
efficient estimation of water quality are crucial in
culture management; they allow a comprehensive
understanding of the extent of contamination in
order to limit its impact [Ferreira et al., 2011].

This study aimed to assess the interactions
and major factors that influence the changes in the
water quality parameters in an eco-green aquacul-
ture system implemented for conducting whiteleg
shrimp farming. Typically, long-term monitoring
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is needed to detect changes in water quality [Mc-
Quatters-Gollop et al., 2009]. This process yields
a vast and complex database. Various multivari-
ate statistical methods, such as principal compo-
nent analysis (PCA), can aid in understanding
the complicated data matrix in order to perform
a comprehensive analysis of the water quality;
this also enables the identification of the poten-
tial components that influence the water system
the most [Lusiana et al., 2022]. This is crucial for
carrying out efficient and effective shrimp farm-
ing management in order to achieve sustainable
fisheries aquaculture.

METHODS AND MATERIALS

Study area

The study area included the whiteleg shrimp
ponds at the Brackish and Marine Water Labora-
tory at Brawijaya University. This facility is situ-
ated in Probolinggo Regency’s coastal region and
is encircled by mangrove vegetation (Figure 1).
The study was conducted from 2020 to 2022.

According to Figure 1b, sampling was per-
formed at four different locations. While Site 1 is
a river-to-mangrove water inlet, Site 2 is a man-
grove-to-pond water inlet. Site 3 includes water
outlets from the pond to the mangrove, which
contain waste materials. Site 4 is a mangrove-to-
river water outlet.

Measurement of water quality parameters

Numerous water quality characteristics at the
study sites were measured by analysing the water
samples. A Lutron PDO-520 DO meter was used
to monitor temperature (°C), dissolved oxygen
(DO; mg/L), and pH. A secchi disc and refrac-
tometer were used to test transparency (m) and
salinity (%o). Additionally, the levels of nitrate
(mg/L), nitrite (mg/L), and ammonia (mg/L) were
measured using test kits. Finally, ex-situ colouri-
metric and titrimetric analyses were performed on
orthophosphates (mg/L) and total organic matter
(TOM; mg/L).

Data analysis
Pearson correlation analysis

Pearson correlation analysis is a method
that can be used to measure the closeness of the
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Figure 1. Study area at Brawijaya University’s Brackish and Marine
Water Laboratory (a) research location; (b) sampling sites

relationship or interaction between two quantita-
tive variables. This method measures the strength
of the association and the direction of the rela-
tionship between variables and is expressed as a
numerical measure known as the Pearson corre-
lation coefficient. If the coefficient is close to -1
or +1, it indicates a strong relationship between
variables. If it is close to 0, it indicates there is
no relationship between the variables. The signifi-
cance of the results can be evaluated by using the
t-test [Lusiana and Mahmudi, 2020].

Principal component analysis

Principal component analysis (PCA) is a
technique used to simplify data by reducing the

number of dimensions of the dataset while main-
taining as much variation in the data as possible.
Therefore, the characteristics of the data are not
significantly altered. This method changes those
variables that are originally correlated to a new
set of variables that are smaller and independent,
meaning that they are no longer correlated [Jol-
liffe and Cadima, 2016]. The principal compo-
nents (PCs) generated through this process can
contribute to explaining the variation in the data
with a large percentage of ordered data. For in-
stance, the percentage of variation that can be ex-
plained by PC1 is greater than that of PC2, and
so on. Thus, PCA dimension reduction is carried
out by determining the number of PCs that can
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explain at least 80% of the total variability in the
data [Rencher and Christensen, 2012]. In addi-
tion, the use of PCA is based on the fulfilment
of the assumptions of sample adequacy using the
KMO test and the homogeneity of the data us-
ing the Bartlett test. The variables that determine
the variation of the data the most are identified
based on the value of the loading factor [Jolliffe
and Cadima, 2016].

RESULTS AND DISCUSSION

Water quality characteristics

The results of the nine types of water quality
measurement are presented in Table 1 and then
compared to the Indonesian national standard
values for aquaculture practice. The majority of
the water quality parameters satisfied the standard
criteria, including temperature, DO, nitrate, or-
thophosphate, and TOM. However, the mean val-
ue of salinity was lower than the standard value,
while that of ammonia was higher. Moreover, al-
though the average values of pH and transparency
lay within the standard range, their minimum val-
ues were below the lower threshold values.

Whiteleg shrimp is known for its tolerance
to a broad range of environmental conditions, in-
cluding low salinity [Esparza-Leal et al., 2010].
Previous research suggests that salinity as low
as 1 ppt in whiteleg shrimp ponds has no sig-
nificant impact on the feed conversion rate [Jaf-
fer et al.,, 2020]. However, other studies show
that a salinity value of 2 ppt can influence both
their growth indicator and survival rate [Gao et
al., 2016]. Meanwhile, a high level of ammonia
in intensively cultured ponds could be the result
of a higher feed rate, which causes a rapid build-
up of sludge at the pond’s bottom; this is waste

Table 1. Results of water quality measurement

material comprising of leftover food, excrement,
rotting plankton, aerial particles, erosion soil, and
microorganisms [Koyama et al., 2020].

The unfavourable pH values in aquaculture
ponds result in a decline in the growth of cultured
biota [Tumwesigye et al., 2022]. Lower pH val-
ues can limit the degradation of organic matter
and allow it to accumulate in pond soil, leading
to a high oxygen demand at the intersection of
the bottom soil and pond water [Boyd, 2017; Ha-
sibuan et al., 2021]. In the case of shrimp, it has
been observed that the exposure to low pH values
may result in a loss of weight in the carapace, a
slight decrease in strontium concentration, and an
increase in magnesium content while maintaining
the calcium levels [Wickins, 1984]. Furthermore,
low transparency of the cultured pond may affect
the photosynthetic activities of autotrophic organ-
isms, such as phytoplankton [Lusiana et al., 2019].

Correlation between water quality variables

The results of the Pearson correlation analy-
sis, as shown in Table 2, suggest that pH is sig-
nificantly correlated with transparency, DO, or-
thophosphate, and TOM. It is assumed that these
factors can be regarded as the characteristics re-
lated to organic substances in aquaculture ponds.
In recent years, shrimp farming has been intensi-
fied through high rates of stocking and techno-
logical advancements, such as high-protein feed.
According to reports, although shrimp diets have
30-40% protein content, only 20-25% of this is
used, leaving the remainder as sewage sludge.
For every kg of shrimp fed, up to 50 g of ammo-
nia nitrogen is generated [Iber and Kasan, 2021].
Moreover, the decomposition of organic materi-
als in water consumes oxygen via the processes
aided by aerobic or oxygen-requiring organisms,
thus lowering the DO levels in ponds [Wu et al.,

No Variable Min Max Mean Std. Dev Standard value
1 Temperature (°C) 28.5 35.3 30.77 1.61 28-32

2 Transparency (cm) 7 69 28.97 13.24 20-40

3 pH 4.37 9.46 6.60 1.57 6-9

4 DO (mgl/L) 5 15.5 9.23 3.16 >3

5 Nitrate (mg/L) 0.28 10 4.98 3.34 <20

6 Ammonia (mg/L) 0.39 3 1.48 0.71 <0.05

7 Salinity (ppt) 16.06 32 23.15 3.87 26-32

8 Orthophosphate (mg/L) 0.05 2.34 0.34 0.41 <5

9 TOM (mg/L) 5.06 236.37 71.84 62.30 <90
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Table 2. Matrix of Pearson correlation coefficient and significance test for water quality variables

Parameter Temp | Transparency pH DO Nitrate | Ammonia | Salinity | Orthophosphate | TOM
Temp 1 -0.03 0.09 -0.18 -0.09 -0.26 0.21 -0.18 -0.24
Transparency -0.03 1 -0.34* -0.07 -0.04 -0.14 0.48* 0.08 0.23
pH 0.09 -0.34* 1 -0.53* -0.06 -0.43* -0.28 -0.35* -0.70*
DO -0.18 -0.07 -0.53* 1 -0.03 0.49* -0.01 0.37* 0.43*
Nitrate -0.09 -0.04 -0.06 -0.03 1 0.26 -0.29 -0.24 -0.1
Ammonia -0.26 -0.14 -0.43* 0.49* 0.26 1 -0.25 0.25 0.28
Salinity 0.21 0.48* -0.28 -0.01 -0.29 -0.25 1 0.14 0.27
Orthophosphate | -0.18 0.08 -0.35* 0.37* -0.24 0.25 0.14 1 0.30
TOM -0.24 0.23 -0.70* 0.43* -0.1 0.28 0.27 0.3 1

Note: * — significant at 5% level.

2021]. A negative correlation was observed be-
tween pH and DO, most likely caused by nitrifi-
cation [Murray et al., 1975].

Meanwhile, salinity was closely correlated
with transparency. Since the study site is located
in a coastal area, it is highly influenced by the
dynamics of marine and freshwater ecosystems.
Thus, the salinity fluctuates [Chand et al., 2015].
The salinity of the sea as well as the estuary causes
suspended particles to accumulate or combine.
The solid particles continue to sink and solve on
the sea bottom as the accumulated load increases.
This process improves the transparency of the wa-
ter. Research has shown that these effects increase
along with salinity [Czuba et al., 2011].

PCA results

The sample adequacy (KMO) test that was
conducted prior to performing PCA indicated that
the water quality of the eco-green aquaculture

30-

20-

Percentage of explained variances

whiteleg shrimp pond was sufficient for the pur-
poses of this study; the KMO coefficient was 0.70
or greater than 0.50 (). In addition, the results of
Bartlett’s data homogeneity test also supported
PCAanalysis (p<4.56E-09). Asshown in Figure 2,
the results of the analysis suggested that the num-
ber of dimensions of water quality should be re-
duced to five PCs. This is because the first five
dimensions or components contributed to 83.5%
of the total variation.

According to Table 3, the first PC (PC1) rep-
resents pH and DO, as their loading factors in
PC1 were the highest among other PCs. Further,
PC2 indicates transparency, ammonia, and salin-
ity, while PC3 characterises nitrate. In addition,
temperature as well as orthophosphate and TOM,
were represented by PC4 and PCS5, respectively.

The contribution of each water quality factor
to the overall variation in the dataset is depicted
in Figure 3. It is evident that salinity, ammonia,
and pH have the highest contributions. Therefore,

Dimensions

Figure 2. Scree plot of PCA
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Figure 3. Biplot ordination of PCA

they can be regarded as the determinants of the
changes in water quality dynamics in the whiteleg
shrimp pond. Moreover, these variables are repre-
sented by the first two PCs in this study.
Numerous aquatic animals, including white-
leg shrimp, depend on salinity as one of the ma-
jor environmental characteristics that affect their
existence, growth, and dispersion [Kumlu et al.,
2000]. This is because the whiteleg shrimp goes
through various phases of living in the ocean
as well as in estuaries as part of its natural life
cycle [Walker et al., 2009]. Salinity variations
are especially noticeable in tropical areas, where
the climate consists of both dry and wet seasons
[Chand et al., 2015]. However, in recent decades,
climatic change has resulted in rising sea levels, a
higher likelihood of coastal flooding, and tropical
cyclones, all of which are responsible for salinity-
mediated environmental stress in freshwater fish-
eries worldwide [Badjeck et al., 2010]. As one of
the most dynamic and unique coastal habitats in
the tropics, mangrove forests provide a variety
of ecological services, including nutrients and
shelter for aquatic organisms. A recent study by
Ahmed et al. [2022] suggested that the high lev-
els of nutrients and leaves provided by mangrove
forests are likely to mitigate the effects of salinity.
The massive amount of feed consumed by
shrimp in intensive cultivation systems is de-
graded, thus releasing harmful nitrogenous com-
pounds into the culture water [Iber and Kasan,
2021]. Such materials cause a chain reaction,
which produces the components that contribute to
contamination and degradation of water quality.
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Ammonia, urea, and carbon dioxide are the most
common metabolic waste materials found in
shrimp aquaculture sewage [Patil et al., 2021].

According to previous reports, the levels
of nitrogen ammonia increase directly with the
length of the culture period and could potential-
ly rise to 46 mg/L in intensive ponds [Lin and
Chen, 2001]. It has been found that high levels
of total ammonia in the water have a negative
impact on the quality of the water, which in
turn reduces the amount of shrimp that can be
produced [Iber and Kasan, 2021]. These issues
can be addressed by continuous water exchange.
Besides the effort required for water exchange,
how and where to dispose of old water may pose
a challenge. As a result, lowering the ammonia
concentration in sewage water before releasing
it into the environment is a better way of deal-
ing with contaminated water [Lyles et al., 2008].
A noticeable decrease in ammonia content was
observed in the silvofishery aquaculture system
[Musa et al., 2020]. However, although the ex-
istence of mangrove trees has been proven to
enhance the quality of aquaculture effluents, the
pollution index might still fall short of the ‘ideal’
category [Mahmudi et al., 2022].

Furthermore, the emergence of carbon dioxide
as a shrimp culture sewage material has had an
impact on pH regulation in water [Boyd, 2015].
Numerous biological and chemical processes oc-
curring in the pond could cause shifts in the pH
[Kathyayani et al., 2019]. For instance, plants take
in carbon dioxide during the day for photosynthe-
sis, while plants and animals let out carbon dioxide
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at night [Boyd, 2017]. Unsuitable pH values in
aquaculture ponds may elevate ammonia toxicity,
which causes aquatic species to experience stress.
This could reduce their growth, increase their sus-
ceptibility to disease, and ultimately lead to their
demise [Kathyayani et al., 2019].

CONCLUSIONS

The increasing intensification of whiteleg
shrimp farming has raised the questions regarding
the sustainability of this industry as well as asso-
ciated environmental issues. In response to this,
eco-green aquaculture has emerged as a system
that integrates aquaculture and mangrove forests
to preserve coastal ecosystems. Moreover, proper
aquaculture management is critical to ensure the
success of the fisheries culture industry, especial-
ly in terms of water quality monitoring and evalu-
ation. To achieve this, complex data are required
to detect changes in water quality characteristics
in such whiteleg shrimp ponds. Furthermore,
identifying the major factors that are responsible
for the dynamics of water quality in aquaculture
ponds is critical for effective and efficient farming
management. Therefore, a multivariate approach,
like PCA, is implemented. The result of this study
revealed that salinity, ammonia, and pH are the
key factors that determine water quality in the
studied pond. Hence, these factors are suggested
as the focal point in water quality management in
whiteleg shrimp ponds that are a part of tropical
eco-green aquaculture systems.
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