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Abstract
The whiteleg shrimp Litopenaeus vannamei is one of the most cultured penaeid species
in Indonesia. However, a good standard of environment such as water quality characteristics for
aquaculture must be met to avoid commercial loss. The aims of the study were to analyze the water
quality in the aquaculture pond and their relationship with plankton dynamics and specific growth rate
(SGR) of L. vannamei. A descriptive method with the analysis on the primary and the secondary data
was performed to determine the effect of water quality on the abundance of plankton and the SGR of
the whiteleg shrimp in the intensive pond. The results showed that the plankton abundance indicates
that the pond is eutrophic and the water quality affects the plankton abundance. The regression analysis
demonstrated that the abundance of phytoplankton was influenced (from the highest to the lowest
regression coefficient) by the salinity (94.7%), orthophosphate (94.1%), temperature (91.8 %), CO2
(80.3%), turbidity (66.1%), total organic matter (TOM, 35.2%) and ammonia (16.4%). On the other hand,
the zooplankton abundance was significantly affected by the temperature (44.7%), turbidity (41.9%),
dissolved oxygen (DO, 26.2%), salinity (14.9%) and TOM (7.2%). The parameters of water quality
that affect SGR L. vannamei were ammonia (87.3%), zooplankton abundance (81.2%), TOM (74.9%),
DO (63.1%), pH (48.9%), temperature (41%), turbidity (25.8%), salinity (19.4%), orthophosphate (13.2%),
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and phytoplankton abundance (1.1%). The PCA analyses performed the relation between plankton
abundance and water quality parameters.
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Introduction
Aquaculture is one of the solutions to increase
fisheries production in worldwide. The aquaculture
activity requires the cultured animals and the media
where these cultured animals can live. One of the
most common shrimp aquacultures in Indonesia is the
farming of whiteleg shrimp Litopenaues vannamei
[1]. This species has been considered as one of the
most commercially important due to its high return.
Aquaculture shrimp ponds has been extensively
increased over time, especially from the aspect of
management to increase the production. Recently, an
intensive management system has been often being
applied. An intensive aquaculture is characterized by
periodic monitoring in the shrimp ponds to produce a
high quality of shrimp [2].
Continuous aquaculture activities may significantly
affect the environment, which is indicated by water
quality degradation. A good management practice
of shrimp ponds will lead to a good water quality
that support the growth of plankton. High diversity
of plankton with high abundance within species
will maintain the water quality and increase the
productivity of shrimp ponds [3]. Furthermore, good
management of water quality in intensive shrimp
aquaculture can enhance the water quality parameters,
thus supporting the growth of L. vannamei [4].
The growth rate of L. vannamei is also influenced
by feed supply, fertilizing as well as aeration [5].
This fact shows that water quality in the shrimp
ponds can affect the presence of plankton and the
growth of L. vannamei, where the plankton abundance
can reflect the water condition and L. vannamei
obsolete growth can be used as an indicator of success
in the aquaculture system. This study aimed to measure
water quality in shrimp ponds and determine their
relationship to plankton dynamics and growth of
L. vannamei.

specific growth rate of L. vannamei was analyzed using
simple regression.

Diversity Index
The diversity index was measured by using
Shannon-Wiever index [6] by following formula:

Where Pi = ni/N
...where H’ is diversity index, ni is number of species -i,
and N is the total number of species.

Evenness Index
The evenness index was measured by the following
formula [7]:

...where E is evenness, H’ is diversity index, and H max
is ln S, while S is the total of species.

Dominancy Index
The dominancy index describes about the dominancy
of biotic organisms in ecological community. It could
be determined by using formula [8]:

...where D is dominancy index, ni is total individual -i,
and N is total number of all species.

Time and Site of Study
Materials and Methods
Descriptive method was performed by collecting
water quality data such as temperature, transparency,
pH, dissolved oxygen (DO), carbon dioxide (CO2),
salinity, ammonia (NH4-N), total organic matter
(TOM), nutrient in form of nitrate (NO3) and
orthophosphate (PO4), plankton abundance and
their biological index (diversity, evenness and
dominancy) were measured either in situ or ex situ
in the laboratory. The relationship between water
quality parameters and plankton abundance as well as

The present study was conducted during the rainy
season from December 2019 to January 2020 in the
intensive shrimp aquaculture facility (Lab Lapang
Perikanan Air Payau dan Laut) in Probolinggo, East
Java, Indonesia. Study site was situated at one intensive
shrimp pond facility (Fig. 1) and the pond area is
1600 m² and the shrimp density is 190 ind. m² with
intensive culture system. samples were collected at three
different depth (surface (0.6-0.9 m), middle (0.3-0.6 m)
and bottom (0-0.3 m) of pond). The three depths were
determined by measuring the pond depth using AAQ.
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Fig. 1. Map of sampling point.

Three water samples were taken via anco bridge at
11.00-13.00 Western Indonesian Time (WIB) fortnightly
with four replicates at each depth (N = 12 samples).
Water quality measurement and plankton analysis
were conducted in the field laboratory Probolinggo,
Laboratory of Hidrobiology, Environmental and
Aquatic Biotechnology, Faculty of Fisheries and Marine
Sciences, Universitas Brawijaya.

Sample Collection
Measurement on water quality was conducted in
situ. Temperature, pH, DO, and salinity were measured
using Aqua Quality Sensor equipment (AAQ Rinko
1183), while NO3 and NH4-N were measured using test
kit (Nitrate Test Kit Hanna Instrument model: HI 3874
and Ammonia Test Kit Hanna Instrument model: HI
38049). Transparency was measured using Secchi disk.
Moreover, other water samples were collected for ex
situ analysis that encompassed orthophosphate, CO2 and
TOM using 600 ml bottle samples then further analyzed
in the laboratory. Orthophosphate measurements were
carried out by the spectrophotometer method, while the
measurement of CO2 and TOM was carried out by the
titration method.

Plankton and L. vannamei Sampling
Plankton samples were collected using plankton
net with mesh size 25 µm. The obtained samples were

placed into the labeled sample bottles (vol. 28 ml)
then lugol 1% was added into these sample bottles
as much as 1-2 drops to preserve the sample. Samples
were then added into the cool box and brought
into the laboratory for further analysis. Plankton
samples were identified morphologically using
Prescott (1978) and Davis (1995) identification key.
L. vannamei was obtained using a casting net, then
10 individuals of vannamei shrimp were placed
into the chamber for further weight measurement.
The shrimp samples were air-dried prior to weighting
with analytical scales (accuracy 0.01 g). Afterward,
shrimp samples were re-placed into the experimental
chamber.

Data Analysis
A simple linear regression analysis was performed
to determine the effect of water quality on the density
of plankton and specific growth rate (SGR) of L.
vannamei, by using formula as follows:

Y = a + bX
...where Y is the density of plankton (cell ml-1) and/or
SGR of L. vannamei (%), a and b are the constants and
X is the water quality parameters.
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Results and Discussion

Dissolved Oxygen (DO)

Water Quality

DO in this study ranged from 6.18-6.92 mg l-1, which
is incongruent with the standard that falls on ≥4 mg l-1,
for the shrimp intensive aquaculture [9]. The obtained
DO can be influenced by the sampling time. High
content of DO generally found because the sampling
was performed on the day light, this is probably due
to photosynthesis from the phytoplankton that can
increase DO in the ponds [10].

Temperature
In the present study, temperature ranged from 29.76
to 32.95oC (Table 1). The temperature in this study is
in accordance to the standard for the maintenance of L.
vannamei for intensive aquaculture, which is >27oC [9].
Fluctuation in temperature on each observation could
be due to the weather factor during the measurement in
the shrimp ponds. A decrease in temperature may occur
because of the rainfall during the sample collections,
that lead to temperature decline [10].
Transparency
The transparency in this study ranged from 16.55
to 25.5 cm. This value was lower than the transparency
value suggested by the standard for the maintenance of
L. vannamei for intensive aquaculture, which ranged
from 30 to 50 cm [9]. This low transparency value
may alter light penetration into the shrimp ponds. This
is probably due to the slow water circulation, which
allows accumulation of feed waste and fecal pellets.
These accumulated wastes may be brought up to the
water surface that alter water transparency.
pH
In this study, pH ranged from 7.96 to 9.46. This
value appeared to be higher than the suggested pH
for the standard regulation in L. vannamei intensive
aquaculture (7.5-8.5) [9]. Higher pH can be caused by
the feed wastes and fecal pellets that can increase pH.
Conversely, low pH may occur due to the water supply
from the reservoir and the water input from the rainfall
into the shrimp ponds. However, decrease in pH did not
occur spontaneously and did not affect the productivity
of the ponds [10].
Table 1. Water quality parameters obtained from the study.
No.

Parameters

Value

1.

Temperature (ºC)

29.76-32.95

2.

Salinity (ppt)

16.06-27.42

3.

pH

7.97-9.46

4.

DO (mg l-1)

6.18-6.82

5.

Transparency (cm)

16.55-25.5

6.

NO3 (mg l-1)

0-10

7.

NO2 (mg l-1)

0-0.2

8.

NH4-N (mg l )

0.6-3

9.

TOM (mg l )

5.05-40.44

10.

PO4 (mg l-1)

0.085-0.167

-1

-1

Carbon Dioxide (CO2)
CO2 in the shrimp ponds ranged from
16.96-33.88 mg l-1. The optimum CO2 to support
plankton growth in the aquatic environment is 12 mg l-1
thus photosynthesis can occur without any alteration
[11]. In the present study, the obtained CO2 is slightly
above the optimum value to support plankton growth,
however, this amount is still can be tolerated by
them in the shrimp ponds. Higher CO2 in the aquatic
environment could be due to diffusion of this gas from
the air into the water body and also as the consequence
of respiration from the aquatic organisms. Additionally,
CO2 in the aquatic environment can be produced from
the decomposition of organic materials by bacteria [12].
Salinity
The range of salinity in this study was from
16.06-27.42 ppt. This value is lower than the standard
value for the L. vannamei intensive aquaculture, which
ranges from 28 to 32 g l-1 [9]. The source of the water
used to irrigate the ponds comes from the reservoir.
where, this reservoir holds water from the sea which
is then given fresh water input. This is done to obtain
water with a salinity suitable for the cultivation of
L.vannamei. Higher salinity may occur due to high
temperature during the sampling time that provokes an
intense evaporation. As a consequence, the salt content
will increase thus increasing salinity. In contrast,
lower salinity may be caused by the rainfall during the
sampling time that dilutes the salt content in the ponds,
thus salinity will decrease due to high freshwater supply
[10].
Ammonia (NH4-N)
The observed NH4-N in this study ranged from 0.6
to 3 mg l-1. The obtained value is slightly higher than
the suggested in the quality standard in L. vannamei
intensive aquaculture (≤0.1 mg l-1) [9]. Higher
concentration of NH4-N indicates higher decomposition
of organic materials in the shrimp ponds. In the aquatic
environment, NH4-N could be toxic to the aquatic
organisms when the concentration is higher than
1 mg l-1. Nevertheless, this can be altered by high
amount of oxygen that will oxidize NH4-N into NO3,
which is less toxic for the aquatic organisms [13].
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Total Organic Matter (TOM)

Orthophosphate (PO4)

In the present study, TOM ranged from
5.06-40.45 mg l-1. This range is in accordance with
the standard quality for the L. vannamei intensive
aquaculture (≤90 mg l-1) [9]. Reduction on TOM in
the ponds is probably caused by the rainfall during
the sampling thus the organic materials in the ponds
were diluted by the water supply from the rainfall
[14]. Additionally, the increase value on TOM could be
influenced by the wastes input such as uneaten shrimp
feed and the produced fecal pellets [15].

The PO4 found in this study ranged from 0.085
to 0.167 mg l-1. This value is still in the range of the
standard water quality for an intensive L. vannamei
aquaculture (0.1-5 mg l-1) [9]. Decrease of PO4 in the
aquatic environment could be due to the utilization or
take up by the algae, phytoplankton, macrophyte and
bacteria [18].

Nitrate (NO3)
In this study, NO3 was found at range from 0 to
10 mg l-1. This range is the lowest range in the NO3 test
kit. To our knowledge, NO3 is not toxic for the shrimp
at concentration lower than 50 mg l-1. NO3 is the main
form of nitrogen in the natural aquatic environment and
highly required by the algae growth, due to its stability
and solubility [16].
Nitrite (NO2)
The NO2 is the product of oxidation from ammonia
[17]. The NO2 found in this study ranged from 0 to
0.2 mg l-1. NO2 content in an intensive L. vannamei
aquaculture ponds according to the standard quality is
should be ≤1 mg l-1 [9]. Our results demonstrate that NO2
found in this study is in accordance with the standard

Plankton
Plankton Abundance
The abundance of phytoplankton in this study was
from 2,576 x 103 to 6,020 x 103 cells ml-1. Whereas
the abundance of zooplankton ranged from 280 to
1624 ind l-1 (Table 2). Morphological analysis on
plankton demonstrate that there were 5 classes of
phytoplankton in the shrimp pond. These 5 classes
were from the Chlorophytes (4), Chrysophytes (2)
and Cyanophytes (1) (Table 2). On the other hand,
the zooplankton were consisting of Rotifers (1)
and Arthropods (2) (Table 2). The variation in
plankton abundance could be due to weather during
the sampling. In phytoplankton, their abundance was
influenced by the weather and the presence of activities
surrounding the sampling point and also the change
in water quality parameters [19]. Total abundance of
phytoplankton from the present study indicates that the
shrimp pond is in eutrophic with the total abundance

Table 2. Plankton abundance.
Abundance of phytoplankton (cell ml-1)
Division

Genus

Sampling time

Number

1

2

3

4

Actinastrum

0

0

28

0

28*

Gloeocystis

588*

112*

308*

168*

1,176*

Schizomeris

588*

0

0

0

588*

Sphaerocystis

1,792*

1064*

532*

700*

4,088*

Cyclotella

1,064*

560*

644*

980*

3,248*

Cymbella

896*

616*

672*

476*

2,660*

Chroococcus

1,092*

812*

448*

252*

2,604*

Total abundance of phytoplankton

6,020*

3,164*

2,632*

2,576*

14,952*

Chlorophytes

Chrysophytes
Cyanophytes

Abundance of Zooplankton (ind l )
-1

Rotifers
Arthropods

Brachionus

280

1,624

504

588

2,996

Nauplius

0

0

28

336

364

Cyclops

0

0

0

280

280

280

1,624

532

1,204

3,640

Total abundance of Zooplankton
Source: analyzed data (2020)
Note * = multiplied by 103
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Specific Growth Rate (SGR)

Table 3. Biological index.
Sampling time

Diversity
Index (H’)

Evenness
Index (E)

Dominant
Index (D)

1

1.820

0.336

0.179

2

1.605

0.312

0.224

3

1.833

0.388

0.170

4

1.940

0.395

0.161

of phytoplankton was more than 15,000 cells l-1. The
obtained total abundance of zooplankton also indicates
that the shrimp pond is in eutrophic status with total
abundance of zooplankton more than 500 ind l-1 [20].
The presence of these plankton probably came
from the water source to irrigate the shrimp ponds
(influenced by the neap and tides), considering this type
of pond is an intensive shrimp pond that really relies
on artificial feeds instead of the natural feed from the
plankton. Therefore, the function of plankton in the
shrimp pond is not as natural feed but they are used to
control the water quality in the shrimp pond to absorb
the toxic substance in the pond and to produce oxygen
apart from the paddle wheel.
Biological Index
The Shannon-Wiener diversity index (H’) in
the present study ranged from 1.61-1.94 (Table 3).
The diversity of plankton reflects the living structure
and can easily analyze the information regarding the
species and the abundance of plankton [21]. According
to the Shannon-Wiever criteria, the H’ in the shrimp
ponds can be categorized as moderately diverse,
which means that the distribution of individual and the
community structure is in moderate condition.
The evenness index (E) is used to identify how much
the similarity of distribution for certain individual at
each genus on community level [22]. The E value in the
present study ranged from 0.31 to 0.395 (Table 3). This
result demonstrates that the evenness in the shrimp
pond is very low in a population, or, the evenness of
the organisms is unbalanced. When the value of E is
closer to 0, it means that the evenness between species
in the community is very low or vice versa. In contrast,
E value closer to 1 means that the evenness between
species is equal [23].
The dominance index (D) was used to determine
if there is one dominant species in a population
of plankton [21]. The D value in the present study
ranged from 0.16 to 0.22. According to the criteria in
the Simpson Dominance Index, the obtained D value
can be categorized as low dominance index. When
the D value is closer to 1, the dominance index is we
can interpret that there is a high dominancy and vice
versa. Lower D value demonstrates that there is low
dominancy or there is no species that dominate others
in a community [24].

The SGR analysis demonstrates that there was a
significant growth rate of L. vannamei in the shrimp
pond. The SGR value obtained from the sampling 1-2,
2-3 and 3-4 were 5.45, 3.88, and 6.05, respectively.
The value of SGR varies because the calculation of SGR
is done every two weeks. This is done to determine the
growth of plankton in that time period. A good stocking
density may be defined when the high density of shrimp
in a pond is applied, yet the competition for food
and space could be tolerated by the animals. Hence
the survival rate and the growth rate of the cultured
animals are still high, as well as low variation in size
for the animals [25].

Food Conversion Ratio (FCR)
In the present study, the FCR values on the 1st and 2nd
sampling time were 1.21 and 1.19, respectively. These
results show that when the feed conversion is large, the
feed is not efficiency utilized by the animals. On the
other hand, FCR values for the 3rd and 4th sampling were
0.67 and 0.50, respectively. In general, the FCR value in
vanamei ponds ranges from 1.4-1.8. FCR is good if the
value is low. By knowing the FCR value, farmers can
minimize costs [1]. These low FCR values demonstrate
that the feed given is efficiently utilized by the animals
for their growth. Previous study by [26] showed that the
FCR ratio depends on the protein content on the feed.
An appropriate amount of protein in the feed for the
shrimps with respect to their nutrition needs will lead
to an efficient feeding. Additionally, apart from the
amount of feed given, less amount feed given leads to
a better FCR.

Relationship between Water Quality
and Plankton Abundance
Phytoplankton
In the present study, a simple regression between
the temperature (X) and phytoplankton abundance (Y)
resulted regression equation Y = 27.51 + 0.09x, with
R 2 value of 0.918, which means that the temperature
contributes significantly to the phytoplankton abundance
as much as 91.8 %. Hence according to this regression
equation, an increase in each unit of temperature leads
to an increase of phytoplankton abundance as much as
0.089 unit of abundance. Our result also indicates that
the temperature in the shrimp pond tend to be high,
probably because the weather during the sampling time
was sunny and clear. High temperature can favor the
growth of phytoplankton in the aquatic environment
[27]. Therefore, water temperature contributes
significantly to the growth of phytoplankton [28].
The regression equation between the transparency
(X) and phytoplankton abundance (Y) in this study
was Y = 13.046 + 0.199x, with R 2 = 0.661, which
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means that the transparency contributes significantly
to the phytoplankton abundance as much as 66.1 %.
Additionally, this regression equation also implies that
every increase in one unit of transparency leads to an
increase of phytoplankton abundance by 0.199 unit.
High value of transparency significantly affects the
photosynthesis that favors the growth of phytoplankton.
Conversely, low transparency value significantly affects
the distribution and abundance of phytoplankton [29].
The regression analysis between the CO2 (X)
and the phytoplankton abundance (Y) was described
with the equation Y = 34.892 – 0.297x. The obtained
R 2 was 0.803, which means that the CO2 contributes
significantly to the phytoplankton abundance as
much as 80.3 %. The obtained regression equation
explains that every increase of one unit of CO2 leads
to an increase in phytoplankton abundance as much as
0.297 unit. This equation also shows that CO2 was
negatively correlated to the phytoplankton abundance.
A lower CO2 concentration in the aquatic environment
leads to a higher DO concentration and vice versa. This
condition will affect the abundance of phytoplankton;
thus, a higher CO2 concentration leads to a lower
DO concentration that will eventually lead to lower
abundance of phytoplankton [30].
The obtained regression equation between
salinity (X) and phytoplankton abundance (Y) was
Y = 9.281 + 0.305x with R 2 = 0.947. This means that
salinity contributes significantly to the phytoplankton
abundance as much as 94.7%. According to this
equation, it can be explained that with every increase
of one unit of salinity, the abundance of phytoplankton
will increase by 0.305 units. Additionally, the equation
also implies that salinity is positively correlated to the
phytoplankton abundance. A higher salinity in the
aquatic environment may be caused by evaporation.
High intensity of evaporation will lead to higher
salinity and it is highly possible that certain species of
phytoplankton could not cope with this condition due to
their limited adaptation ability [27].
The regression analysis between the NH4-N (X)
and the phytoplankton abundance (Y) was described
with the equation Y = 2.377 – 0.024x. The obtained
R 2 was 0.164, which means that the NH4-N contributes
significantly to the phytoplankton abundance as much as
16.4 %. The obtained regression equation explains that
every increase of one unit of NH4-N leads to a decrease
in phytoplankton abundance as much as 0.024 unit.
This equation also shows that the NH4-N negatively
correlated with the phytoplankton abundance. This
result is in accordance with the study from [31] who
demonstrate that a higher concentration of NH4-N leads
to a depletion of phytoplankton abundance.
The obtained regression equation between TOM
(X) and phytoplankton abundance (Y) was Y = 21.901
– 0.228x with R 2 = 0.352. This means that salinity
contributes significantly to the phytoplankton abundance
as much as 35.2%. According to this equation, it can
be explained that every increase of one unit of TOM,
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the abundance of phytoplankton will decrease by
0.228 units. Additionally, the equation also implies
that TOM is negatively correlated to the phytoplankton
abundance. This result confirms the previous study
from [32] who revealed that a higher concentration of
TOM leads to a lower abundance of phytoplankton in
the aquatic environment.
The obtained regression equation between PO4
(X) and phytoplankton abundance (Y) was Y = 0.074
+ 0.001x with R 2 = 0.941. This means that PO4
contributes significantly to the phytoplankton abundance
as much as 94.1%. According to this equation, it can
be explained that every increase of one unit of PO4,
the abundance of phytoplankton will increase by
0.001 units. Additionally, the equation also implies
that PO4 is positively correlated to the phytoplankton
abundance. This result confirms the previous study
from [33] who revealed that a higher concentration
of PO4 leads to a higher abundance of phytoplankton
in the aquatic environment. This is because PO4 is
the macronutrient that is required for the growth of
phytoplankton.
Zooplankton
In the present study, the regression analysis between
the temperature (X) and the zooplankton abundance (Y)
was described with the equation Y = 32.203 – 0.165x.
The obtained R 2 was 0.447, which means that the
temperature contributes significantly to the zooplankton
abundance as much as 44.7 %. The obtained regression
equation explains that every increase of one unit
of temperature leads to a decrease in zooplankton
abundance as much as 0.165 unit. Indeed, temperature
is the limiting factor for the aquatic organisms,
including the zooplankton. The increase in temperature
will enhance metabolism in the aquatic organisms that
require more oxygen, that will eventually affect the
abundance of zooplankton [34].
The obtained regression equation between
transparency (X) and zooplankton abundance (Y)
was Y = 24.032 – 0.421x with R 2 = 0.419. This means
that transparency contributes significantly to the
phytoplankton abundance as much as 41.9%. According
to this equation, it can be explained that every
increase of one unit of transparency, the abundance
of zooplankton will decrease by 0.421 unit. Thus, a
low transparency will lead to higher abundance of
zooplankton and vice versa. This result is in congruent
with [35], because zooplankton is characterized by their
negative phototaxis ability.
The obtained regression equation between pH
(X) and zooplankton abundance (Y) was Y = 8.909
– 0.038x with R 2 = 0.132. This means that pH
contributes significantly to the zooplankton abundance
as much as 13.2%. According to this equation, it can
be explained that every increase of one unit of pH, the
abundance of zooplankton will increase by 0.038 unit.
A low abundance of zooplankton could be due to the
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low pH value, where their growth was altered by the
acidic condition as demonstrated in [36].
The regression analysis between the DO (X) and
the zooplankton abundance (Y) was described with
the equation Y = 6.415 + 0.028x. The obtained R 2
was 0.262, which means that the DO contributes
significantly to the zooplankton abundance as much as
26.2 %. The obtained regression equation explains that
every increase of one unit of CO2 leads to an increase
in phytoplankton abundance as much as 0.028 unit.
Indeed, DO affects the abundance of zooplankton.
Low DO could lead to the depletion of zooplankton
abundance. DO is highly required by the zooplankton
for their respiration process [34].
The obtained regression equation between salinity
(X) and zooplankton abundance (Y) was Y = 23.205
– 0.322x with R 2 = 0.149. This means that salinity
contributes significantly to the zooplankton abundance
as much as 14.9%. According to this equation, it can
be explained that every increase of one unit of
salinity, the abundance of zooplankton will decrease
by 0.322 units. Additionally, the equation also implies
that salinity is negatively correlated to the zooplankton
abundance. A higher salinity will lead to decrease
of zooplankton abundance as previously found in
[37].
The obtained regression equation between TOM
(X) and zooplankton abundance (Y) was Y = 16.190
– 0.274x with R 2 = 0.072. This means that salinity
contributes to the zooplankton abundance as much as
7.2%. According to this equation, it can be explained
that every increase of one unit of TOM, the abundance
of zooplankton will decrease by 0.274 units. This
result confirms the previous study from [38] who
revealed that a higher concentration of TOM leads
to a higher abundance of zooplankton in the aquatic
environment.

Relationship between water quality
and the growth of L. vannamei
In the present study, the regression analysis between
the temperature (X) and the specific growth rate (SGR)
of L. vannamei (Y) was described with the equation
Y = -0.574 + 0.021x. The determinant coefficient for
the temperature variable from the obtained R 2 was
0.410, which means that the temperature contributes
significantly to the SGR as much as 41%. The
temperature of brackish water affects the metabolism of
L. vannamei and also the solubility of gasses including
O2. Higher temperature leads to lower O2 solubility in
the water, while the oxygen demand for the shrimps is
higher proportionally to their metabolisms. The increase
in temperature also can reduce oxygen solubility in the
water and accelerates chemical reactions by two times
[5].
The obtained regression equation between
transparency (X) and SGR of L. vannamei (Y) was
Y = 0.006 + 0.002x with R 2 = 0.258. This means that

transparency did not contribute significantly to SGR
(<50%). In this study, the obtained transparency in the
shrimp pond is relatively low. This condition will alter
the light penetration into the pond thus provoking the
stress to the animals [39].
The obtained regression equation between salinity
(X) and SGR (Y) was Y = 0.014 + 0.002x with
R 2 = 0.194. This means that salinity contributes
significantly to the SGR of L. vannamei as much as
19.4%. High salinity could lead to the alteration in
molting process in L. vannamei, where the carapace of
the animals become harder thus the energy demands for
adaptation also increase [40].
In this study, the obtained regression equation
between pH (X) and SGR (Y) was Y = -0.165 + 0.026x
with R 2 = 0.489. This means that pH contributes
significantly to the SGR as much as 48.9%. pH can
affect the speed of reaction and also the osmotic
pressure of the organism, which eventually affect the
growth of L. vannamei [41].
The regression analysis between the DO (X) and
the SGR (Y) was described with the equation Y = 0.804
– 0.110x. The obtained R 2 was 0.631, which means that
the DO contributes significantly to the SGR as much
as 63.1 %. Inadequate amount of DO may cause stress
to the shrimp, increasing their vulnerability to the
parasites, which may lead to mortality. The DO cycle
and supply in the aquatic environment will determine
the capacity of the aquatic system to receive organic
loads without any disruption or lethal effect to the
organisms [42].
The regression analysis between the NH4-N (X)
and the SGR (Y) was described with the equation
Y = 0.074 – 0.019x. The obtained R 2 was 0.873,
which means that the NH4-N contributes significantly
to the SGR of L. vannamei as much as 87.3 %. High
concentration of NH4-N can affect the metabolism
that will lead to reduction on the shrimp appetite and
inhibiting the oxygen consumption. As a result, shrimp
will be limp and eventually lead to mortality [5].
The obtained regression equation between TOM
(X) and SGR of L. vannamei (Y) was Y = 0.063
– 0.001x with R 2 = 0.749. This means that salinity
contributes to the zooplankton abundance as much as
74.9%. A high accumulation in organic materials in an
intensive aquaculture ponds will provoke the growth of
heterotrophic microorganisms and bacterial pathogens,
as well as the reduction of oxygen concentration.
In the aquatic system such as shrimp pond, selfpurification may occur. However, excessive loads of
organic materials may enhance the formation of toxic
substances, which will eventually alter the water quality
and mortality to the animals [43].
Regression analysis between PO4 (X) and SGR
of L. vannamei (Y) produced the equation Y =
7.909 – 24.121x with R 2 = 0.132. This means that
PO4 contributes significantly to the SGR as much as
13.2%. The concentration of PO4 can be influenced by
the soil condition that may affect the productivity of the

Does Water Quality Affect the Plankton...
Table 4. Total loading value for water quality parameters, SGR,
zooplankton and phytoplankton against PC1 and PC2.
PC 1

PC 2

SGR

-0.32801

-0.17075

Zooplankton

-0.22504

-0.41369

Phytoplankton

0.35189

-0.03205

Temperature

0.34682

0.030776

Transparency

0.30797

0.068198

pH

0.33582

-0.169

Salinity

0.33602

-0.15149

DO

-0.35009

0.078744

NH4-N

-0.16434

0.47424

TOM

-0.16721

0.47043

CO2

-0.2928

-0.22056

PO4

0.11773

0.49042

shrimp pond. Indeed, PO4 from the soil in the pond will
dissolve into the water. The ability of soil to capture
PO4 may be influenced by the clay content in the soil
itself. Higher clay content in the soil can increase the
ability of soil to bind PO4 [44].
Simple regression analysis revealed that the
relationship between the abundance of phytoplankton
(X) and the SGR of L. vannamei (Y) could be described
in this following equation: Y = 4.870 + 6.510x with
R 2 = 0.011. This means that phytoplankton abundance
contributes significantly to the SGR as much as 1.1 %.
The abundance of phytoplankton affects the fluctuation
of DO in the aquaculture ponds. Higher abundance of
plankton can decrease DO in the night time until the
day time [45].

Fig. 2. Biplot Ordination of Principal Component Analysis (PCA).
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Simple regression analysis between zooplankton
abundance (X) and SGR (Y) of L. vannamei revealed
the positive relationship with R 2 = 0.812 or 81.2%.
Brachionus sp. has been considered as marine
zooplankton species with high adaptability to the
change in water quality. This species often entering the
shrimp ponds during the water exchange in the ponds.
They developed in the ponds as the natural shrimp
feed, which likely preferred by the shrimps. Indeed,
the abundance of phytoplankton in the shrimp ponds
really depends on the season. Several species could be
highly abundant in the dry season, yet others are highly
abundant in the rainy season. This fluctuation can be
influenced by several factors such as temperature,
pH, nutrient concentration, light intensity, weather,
presence of disease, predation by fish and zooplankton,
interspecies competition and the presence of toxic algae
[46].
Another statistical assessment (PCA analysis),
revealed 2 main components namely PC1 and PC2
(Table 4), which represent as much as 66.48 and
29.02% (Fig. 2), respectively, from the total diversity
of the analyzed variables. Phytoplankton, temperature,
transparency, pH, salinity and PO4 have positive
loading value on PC1. This result demonstrated
that
the
phytoplankton
abundance
increased
proportionally to the increase of temperature,
transparency and pH as well as nutrient enrichment
(phosphate). On the other hand, CO2 had negative
loading value on PC1, indicating that the augmentation
of CO2 has an impact on the depletion of phytoplankton
abundance.
Our PCA analysis showed that zooplankton had
the highest loading value on PC2 as compared to PC1
with negative value. Additionally, on similar PC2
component, NH4-N and TOM had positive loading
value. This indicates that high content of NH4-N and
TOM could decrease the abundance of zooplankton.
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However, based on loading value on PC1, the
phytoplankton abundance correlates positively with the
concentration of DO. Similar trend was found in SGR
and DO on PC1 where the negative loading values of
these two parameters were observed.

5.

6.

Conclusions

7.

In the present study, the water quality parameters
in the shrimp intensive ponds with optimum value
are temperature, DO, NO2, TOM and PO4. On the
other hand, other parameters such as transparency,
pH, salinity, NH4-N and NO3 were not in optimum
range. Based on the results of regression analysis,
the parameters that had the most impact on the
abundance of phytoplankton and zooplankton were
salinity and temperature, while the parameters that
had the most impact on L. vannamei growth were
ammonia. According to the plankton abundance,
both phytoplankton and zooplankton, the status
of aquatic in the intensive aquaculture facility of
Laboratory Fisheries and Marine Science Probolinggo
can be categorized as highly abundant. This study
reveals that water quality significantly affects the
plankton dynamics and the SGR of L. vannamei,
supported by the significant value of R 2 in regression
and PCA analysis.
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