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ABSTRACT

Vannamei shrimp (Litopenaeus vannamei) is one of the leading commaodities.
Environmental factors are crucial to intensive vannamei shrimp production. Changes
in the plankton's composition can show the ecosystem's balance. This research was
carried out from March to June 2022 in intensive ponds in the Gending district,
Probolinggo Regency, East Java. Sampling was carried out over seven weeks. The
population was calculated using a haemocytometer. The species diversity was
calculated using the Shannon-Wiener formula, and the uniformity index was
calculated using the Odum formula. The abundance of zooplankton did not have a
significant relationship with water quality parameters because each species was
affected by different water quality parameters. The N/P ratio value does not directly
impact the plankton population in this shrimp pond, where the results obtained from
the pond waters have low diversity, which means that the waters have a low level of
uniformity. There is no dominance of certain species.
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INTRODUCTION

(Vanamei) are superior due to their greater

Litopenaeus vannamei is one of the leading
commodities in shrimp cultivation. This
originates from more than 20 °C sea
temperature, from Northern Mexico to the
Northern Peruvian coast (Kongchum et al.,
2022). In Indonesia, vannamei shrimp is a
leading commodity and a major fisheries
export. In 2022, the national production of
vannamei shrimp in Indonesia reached
918,550 tons per year, while in 2023
production increased to 1,120,000 tons per
year (Ministry of Maritime Affairs and
Fisheries, 2024). The shrimp aquaculture
sector has become a significant source of
income for shrimp value chain actors
worldwide, including both marginal and
independent farmers. Whiteleg shrimp
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resistance to disease and environmental
fluctuations, high stocking densities, and

shorter rearing times (Amelia et al., 2021).
One of the crucial environmental factors for
intensive vannamei shrimp growth is the
presence of phytoplankton to support primary
productivity and water quality. Systems
prioritising phytoplankton balance exhibit a
relationship between cultivated organisms and
phytoplankton communities (Lukwambe et al.,
2019; Yang et al., 2020). The composition of
the phytoplankton community can affect the
growth and survival of shrimp (Casé et al.,
2008). Unstable phytoplankton communities
can increase the risk of shrimp (Lyu et al.,
2021). Plankton may be utilised as a natural
feed source for prawn farming, which can help
the industry grow, maximise the conversion
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rate, and boost the effectiveness of artificial
feed (Soeprapto et al., 2023).

Changes in the quality of the pond
environment may impact the balance of the
pond ecosystem, as shown by changes in the
composition of the plankton in the aquaculture
environment. The foundation of this study is
the significance of plankton function in the
aquaculture pond. This study aims to analyze
the plankton composition as an indicator of the
stability of the ponds' aquatic ecosystem.
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MATERIALS AND METHODS
Time and Place Research

This research was carried out between
March and June 2022 in intensive shrimp
ponds in the Gending district, Probolinggo
Regency, East Java (Figure 1). Six shrimp
ponds were observed. Each pond analyzed was
circular, with a diameter of 30 m and an area
of around 700 m2. Sampling was carried out for
seven weeks.
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Figure 1. Vannamei Shrimp Ponds Location

Sampling Procedure

Sampling was conducted at a depth of 0.5 m
using a 5-liter bucket at five replicate points.
Samples were filtered using a 25-pm plankton
net. Plankton samples were then transferred to
60 ml plastic bottles with the addition of 1%
Lugol's solution and 2% formalin as a
preservative. Samples were labeled and stored
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in a cooler for further testing in the laboratory.
Under a microscope, qualitative and
quantitative phytoplankton studies were
conducted in the laboratory using the Utermohl
method. Sample composition was determined
by identifying specific and infraspecific
species.
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Data Analysis

The data analysed includes abundance,
diversity index, uniformity index, and
dominance index.
A. Plankton Abundance

The abundance or population of plankton in
this study was calculated using a
haemocytometer. The sample was dropped
with a pipette and observed with a
magnification of 450x. The calculation result
of the number of individuals in the grid was
multiplied by 10*. Determination of the
abundance of phytoplankton species is
calculated using the formula (Rasit et al.,
2016):

Vf=Lkxd

Vf: sample volume (ml)
Lk: square area (mm)
d: chamber depth of haemocytometer (mm)

Di = ni (%) (%)

Di: abundance of species I (individuals/L)

Ni: the number of individuals of species i

Vs: Total volume of all samples (ml);

Vc: calculated sample volume [(number of
squares) x (V)] (ml)

A: volume of filtered water sample (L)

B. Diversity Index
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The diversity index (H") was calculated
using the Shannon-Wiener formula (Mason,
2002).

H’ = - = (Pi) In (Pi)
i=1

H’: Species diversity index

Pi: Proportion of types (ni/N)

ni: Number of individuals of type i
N: Total number of individuals

C. Uniformity index
The uniformity index calculation uses the
formula Odum (1993) as follows:

_
" InS
E: Type uniformity index
H: Many types
S: Number of species in the community

D. Dominance index
The dominance index is analyzed using the
following formula (Odum, 1994):

D = X[ni/N]?

D: Simpson dominance index
ni: Number of individuals of type i
N: Total number of individuals

RESULTS AND DISCUSSION
The following is data from observations of
plankton abundance in Table 1.

Table 1. Abundance of Phytoplankton and Zooplankton in Vannamei Shrimp Ponds Along with Percentages

Type of Population per week (individuals/L)
Plankton Based Genus
on Pigment 1 11 11 v \Y Vi VII

Chlorella 4.17x10° 1.67x10° 2.33x10° 8.17x10° 7.67x10° 1.35x10° 2.33x10°

Green Algae Chlamydomonass 1.53x10° 8.17x10° 3.67x10° 3.00x10° 3.21x10° 3.63x10° 8.33x10*

(Chlorophyta) Scenedesmus 4.17x10° 8.33x10° 1.67x10* 4.17x10* 1.67x10* 7.08x10* 6.25x10*

Oocystis - 8.33x10* 3.33x10* 1.00x10° - 5.83x10* 4.17x10*

Total of Green Algae 1.95x10° 1.08x10° 6.50x10° 1.26x10° 1.10x10° 1.84x10° 4.21x10°

9 (90%) (34%) (24.2%) (48.29%) (30.7%) (80.2%) (71.6%)

Pietoyo et al/ JOAS, 10(2): 77-88
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Population per week (individuals/L)

Type of Plankton Based on Pigment Genus I I m v v Vi T
Coelosphaerium 3.33x10* 1.67x10* - - - - 5.83x10*
Blue Green Algae (Cyanophyta) Ah/rll{ac?zi?/sptsigs ) ] ] } ] gg:ig“ )
Oschillatoria 4.17x10° 3.75x10* 5.42x10* 1.25x10* 5.83x10* 5.00x10* 3.33x10*
Total of Blue Green Algae 3.75x10*(1.7%)  5.42x10%(1.7%) 5.42x10% (2%) 1.25x10* (0.5%) 5.83x10*(1.6%)  1.21x10°(52%)  9.17x10%(15.6%)
Amphora 4.17x10° - - - - 2.50%x10* -
Amphiprora 2.08x10* 1.25x10* 1.25x10* 2.92x10* 1.25x10* - -
Chaetoceros 1.04x10° 1.67x10* 2.08x10* 1.67x10* 1.67x10* - -
Diatom (Bacillariophyta) Coscinodiscus i and - 1'67)(10: s s -
Cyclotella - 1.67x10 8.75x10 2.88x10 9.00x10 1.21x10 5.00x10
Cylindropyxis - - - - 3.00x10° 1.50x10°
Pleurosigma - - - - - - 8.33x10°
Navicula - - - - - -
Total of Diatom 1.29x10° (6%) 4.58x10* (1.3%) 1.21x10° (4.5%) 3.50x10°(13.4%)  1.23x10°(34.19%)  2.96x10°(12.9%)  5.83x10*(9.95%)
Prorocentrum 1.25x10* - - - - - -
Chrysochromulina - - - - - 2.08x10* -
Dinoflagelata (Phyrophyta) Protoperidium - - - - 4.17x10° - -
Gyrodinium - 4.17x10° - - - - -
Gymnodinium - 3.83x10° 6.67x10* 2.46x10° 2.17x10° 8.33x10° 4.17%x10°
Total of Dinoflagelata 1.25x10°(0.6%)  3.88x10°5(12.1%)  6.67x10%(2.5%) 246x10°(9.4%)  221x105(6.1%)  2.92x10*(1.3%)  4.17x10%(0.72%)
Prymnesium 1.25x10* 1.57x10° 1.75x10° 7.00x10° - - 1.25x10*
Golden Green Algae (Chrysophyta) Cryptomonas 2.50x10° 2.08x10° 2.08x10° 9.88x10° 8.33x10°
Total of Golden Green Algae 1.25x10°(0.5%)  1.50x10°(50.3%)  1.78x10°(66.2%)  7.21x10°(27.5%)  9.88x10°5(27.5%)  8.33x10%(0.4%)  1.25x10%(2.13%)

Ciliata
Paramecium
Acanthocystis
Brachionus
Vorticella
Strombidinopsis
Euplotes

Zooplankton

Total of plankton

4.17x10°
4.17x10°
8.33x10°
8.33x10°

2.17x10°

4.17x10°

8.33x10°

3.17x10°

4.17x10°

8.33x10°

2.68x10°

4.17x10°

8.33x10°

4.17x10°
4.17x10°

2.61x10°

3.60x10°

2.30x10°

5.88x10°
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Total Abundance and  Percentage
Composition of Phytoplankton and
Zooplankton

Table 1 shows phytoplankton and
zooplankton abundance fluctuations during
vannamei shrimp cultivation. The highest
phytoplankton abundance was recorded in week
5 with 3.60x10¢ individuals/L, while the lowest
was in week 7 with 5.88x10° individuals/L. The
highest zooplankton abundance was recorded in
week 1 at 2.50x10* individuals/L, and it was not
detected from week 5 to week 7. The fluctuations
in phytoplankton and zooplankton abundance
during the observation period indicate mutually
influencing ecological dynamics. According to
Musa et al. (2023), zooplankton abundance
influences phytoplankton abundance due to
predation processes. When zooplankton are not
detected, phytoplankton dominate the water.

Based on plankton abundance, the pond water
is classified as mesotrophic. According to
Vesensia et al. (2021), mesotrophic water is
categorised as water with moderate fertility, with
a phytoplankton abundance of 2,000-5,000
individuals/L and a zooplankton abundance of 1—-
500 individuals/L. This condition is suitable for
the growth of vannamei shrimp because the
nutrient content is optimal to support plankton
growth as natural feed. The abundance and
composition of plankton are significantly
influenced by increased nutrient input during
aquaculture activities. Uncontrolled nutrient
increases can shift water bodies from
mesotrophic  to  eutrophic  conditions.
Eutrophication in water bodies is highly
dangerous as it can lead to low dissolved oxygen
levels (Astuti et al., 2022). Nutrient input during
aquaculture must be monitored and controlled to
prevent water eutrophication.

Phytoplankton ~ composition was more
dominant than zooplankton during observation
(Table 1). The percentage composition of
Pietoyo et al/ JOAS, 10(2): 77-88
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phytoplankton in week 1 was 98.8% and
zooplankton 1.2%. This dominance increased to
100% in week 5 and remained stable until week
7. Higher phytoplankton levels indicate a more
stable and productive ecosystem (Otero et al.,
2020). Ecosystem productivity is better and more
stable when phytoplankton populations are more
functionally diverse (\Vallina et al., 2017).

Plankton serve as bioindicators for assessing
water quality. Changes in plankton composition
and succession correlate with various water
quality parameters (Sathishkumar et al., 2021).
Therefore, routine monitoring of plankton
populations alongside water quality parameters is
crucial. Sudden changes in plankton diversity can
pose significant risks to the ecosystem and the
health of the vannamei farming system. Drastic
changes have the potential to affect shrimp
physiology, causing cellular damage, disrupting
respiratory function, and ultimately reducing
performance and production levels (Lyu et al.,
2021; Li et al., 2022). Therefore, implementing
early detection strategies based on plankton
monitoring is crucial to prevent water quality
degradation and changes in the vannamei
aquaculture ecosystem (Sathishkumar et al.,
2021).

Phytoplankton Abundance and Percentages
Composition Based on Pigments

The percentage composition of
phytoplankton is shown in Table 1. The
composition of phytoplankton in vannamei
shrimp  culture varied throughout the
observation period. The phytoplankton found
consisted of different pigment-based groups
such as Chlorophyta, Cyanophyta,
Bacillariophyta, Phyrophyta, and
Chrysophyta. According to Kristiana et al.
(2024) four species of plankton were identified
in the ponds used for vannamei shrimp
cultivation: (50-71%) were green algae

81


https://doi.org/10.20473/joas.v10i2.70465
https://e-journal.unair.ac.id/JoAS

JoAS Volume 10 No. 2 October 2025
DOI: https://doi.org/10.20473/joas.v10i2.70465

(Chlorophyta); (16-32%) were blue green
algae (Cyanophyta); (2-13%) were diatoms
(Chrysophyta) and 1% were dinoflagellates
(Phyrrophyta).

Green algae

The presence of green algae in vannamei
shrimp farming waters is highly fluctuating, as
shown in Table 1. It dominated at 90% in the
first week, but decreased to 34% in the second
week and 24.2% in the third week. The number
increased again in the following weeks,
reaching 80.2% in the sixth week. The
observed green algae groups include:
Chlorella and Chlamydomonas as the
dominant species, followed by Scenedesmus
and Oocystis. According to Samadan et al.
(2020), Chlamydomonas, Tetraselmis,
Chlorella, and Oocystis are the four
Chlorophyta species commonly found in
intensive vannamei shrimp farming ponds.
Chlorella spp. is frequently found in intensive
shrimp farming systems (Setyaningrum and
Yuniartik, 2021), indicating that the water
quality in such systems is nutrient-rich (Lyu et
al., 2021; Wafi and Ariadi, 2022). Chlorella is
also tolerant to extreme weather changes and is
unaffected by shrimp ponds' ecosystem
dynamics (Liyana et al., 2011). This plankton
can also act as a competing microorganism for
Vibrio spp (Ariadi et al., 2022).

Blue Green Algae

Cyanophyta appeared in low proportions
(0.5-2%) from the first to fifth weeks, but
increased to 5.2% in the sixth week and peaked
at 15.6% in the seventh week. The blue-green
algae groups identified include:
Coelosphaerium as the dominant species,
Anabaeopsis, Mycrocystis, and Oscillatoria.
Blue-green algae can disrupt shrimp farming
productivity in excessive quantities because

Pietoyo et al/ JOAS, 10(2): 77-88
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this group can produce toxins during blooms
(Riandietal., 2021). To prevent blooms, water
quality maintenance is necessary to suppress
species’ growth from the blue-green algae

group.

Diatom

The diatom group showed fluctuations
during the observation period. The peak
abundance in week 5 reached 34.1% or
1,229,167 individuals/L. This figure continued
to decline in weeks 6 to 7. This diatom group
includes: Amphora, Amphiprora,
Chaetoceros,  Coscinodiscus,  Cyclotella,
Cylindropyxis, Pleurosigma, and Navicula.
According to Supono and Hudaidah (2018),
diatoms are a type of plankton that play a very
positive role in vannamei shrimp farming. The
species composition and abundance of diatoms
can indicate aquaculture water quality (Tan et
al., 2013). Diatoms, particularly epipelic
species like Pleurosigma, play a key role in
sediment-water interactions by influencing
organic matter dynamics, nitrate
concentrations, and alkalinity (Foldi et al.,
2018).

Dinoflagellates

The presence of Dinoflagellata in vannamei
shrimp  ponds also fluctuates, with
susceptibility levels ranging from 0.6% to
12.1% or densities ranging from 1.25x10*
individuals/L to 3.88x10° individuals/L. The
Dinoflagellata group includes: Prorocentrum,
Chrysochromulina, Protoperidium,
Gyrodinium, and Gymnodinium. A
Dinoflagellata population explosion is harmful
to vannamei shrimp. The toxins produced by
the population explosion can inhibit growth
due to anoxia, excessive mucus formation, or
even death (Boyd, 2017). According to Adam
et al. (2022), Dinoflagellata is the primary
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cause of White Faeces Disease outbreaks in
vannamei shrimp ponds, alongside Vibrio.

Golden Green Algae

The abundance of golden green algae
peaked at 66.2% in the third week. The Golden
Green Algae group consists of Prymnesium
and Cryptomonas. The presence of large
amounts of Prymnesium indicates that the
water is unhealthy. According to Boyd (2017),
Prymnesium and Crysochromulina cause fish
and shrimp mortality because they can produce
the toxin prymnesin, which disrupts membrane
permeability. This toxin can lyse red blood
cells and cause neurotoxic effects.

Zooplankton Abundance and Percentage
Composition

The Genus Brachionus, Strombidinopsis,
and Euplotes dominate the abundant
zooplankton. According to Wallace and
Uyhelji (2009), Brachionus belongs to the
phylum Rotifer, which lives in freshwater,
brackish, and marine water. Rotifers can
readily achieve population densities well over
1,000 individuals per litre due to their fast
reproduction rates, and they can even
occasionally  take  over  zooplankton

Pietoyo et al/ JOAS, 10(2): 77-88
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ecosystems.

In Table 1, it can be seen that in the first
week in the vannamei pond plots, there were
four species of zooplankton: Acanthocyctis at
0.2%, Brachionus at 0.4%, Paramecium at
0.2%, and Vorticella at 0.4%. In the second
week, there were two species: Brachionus and
Euplotes. Brachionus decreased to 50% of the
initial number, but Euplotes appeared at
8.33x10% individuals/L.

In the 3" week, new species appeared,
namely  Strombidinopsis at  8.33x103
individuals/L and ciliates at 4.17x103
individuals/L. In the 4™ week, Brachionus
appeared again, 8.33x10% individuals/L;
Strombidinopsis  4.17x10% individuals/L;
Euplotes 4.17x103 individuals/L, and ciliate
4.17x10% individuals/L. The presence of
zooplankton was not detected from the 5th
week to the 7th week. According to Arafat et
al. (2021), the biotic elements of the aquatic
ecosystem are significantly impacted by the
diversity and abundance of the zooplankton
community. By consuming phytoplankton and
other zooplankton and serving as a key player
in energy transfer between fish and
phytoplankton, zooplankton play an essential
part in the aquatic food web.
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Diversity, Uniformity, and Dominance Index Value of Plankton
Figure 2 presents the diversity, uniformity, and dominance index values of plankton observed

during the study.

Diversity index (H)

1.5

B Phytoplankton

Figure 2. Diversity Index Value of Plankton

The diversity index of phytoplankton
ranged from 0.91 to 1.85 (Figure 2), whereas
zooplankton ranged from 0.64 to 1.33. In the
5™ week to the 7" week, the presence of the
zooplankton was not detected. The diversity
index H < 2.3 is categorised as low biota
community stability. According to Palupi et al.
(2022), in intensive shrimp ponds, the diversity
index is 1.95, whereas in traditional shrimp

1
0.5 I
0 T T T T T T 1
1 2 3 4 5 6 7

week-

Zooplankton

ponds it is 2.17. According to Lukwambe et al.
(2019), probiotic supplementation had a major
impact on algae growth. Probiotics
supplements can reduce the development of
Cyanobacteria species (Oscillatoria and
Anabaena) and increase the growth of
Nannochloropsis, Chlorella of Chlorophyta
species, Oocystis, and Navicula of
Bacillariophyta species.

Uniformity index (E)

1.2

0.8
0.6

Figure 3. Uniformity Index Value of Plankton
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The uniformity index of phytoplankton
ranged from 0.39 to 0.80 (Figure 3), whereas
zooplankton ranged from 0.92 to 0.96.
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According to Odum (1993) because there is no
competition for food or space, populations are
uniformly distributed when E > 0.5.

Dominance index (C)

0.6
0.5

Figure 4. Dominance Index Value of Plankton

The dominance index of phytoplankton
ranged from 0.21 to 0.55 (Figure 4), whereas
that of zooplankton ranged from 0.27 to 0.55.
This showed that there is no overwhelming
phytoplankton or zooplankton in vannamei
shrimp ponds. Odum (1993) said there are no

Water quality parameters
Water quality test results are in Table 2.

Table 2. Value of Water Qualities

0.4
0.3
0.2
0.1 I I I
0
1 2 3 4 5 6 7

week-
® Phytoplankton

Zooplankton

dominating species when the value of C is near
zero. However, a dominating species is present
if the value of C is around 1. According to
Palupi et al. (2022), the dominance index in
intensive shrimp ponds is 0,18, while in
traditional shrimp ponds it is 0.15.

weeks
Water quality parameters | 1 11 v \V/ VI \Val!

pH 8.32 8.30 8.26 8.17 8.16 8.07 8.33
Salinity (ppt) 8.17 8.33 8.83 9.00 8.83 8.50 9.17
Total Alkalinity (ppm) 554.67 540.67 550.67 446.67 522.67 493.33 504.00
Phosphate (mg/l) 0.05 0.06 0.05 0.05 0.07 0.09 0.07
Total Nitrogen (mg/l) 1.19 2.02 1.60 1.85 1.29 1.20 3.34
N/P ratio 26 32 34 39 18 14 50

This vannamei shrimp pond has a water
salinity of 8.17 — 9.17 ppt with a pH of 8.07 —

Pietoyo et al/ JOAS, 10(2): 77-88

8.33 and total alkalinity between 446.67 —
554.67 ppm (Table 2). Total nitrogen values

range from 1.19 to 3.34 mg/l, while phosphate
85
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values range from 0.05 to 0.09 mg/Il. Nutrients
needed for plankton growth in shrimp ponds
include nitrogen and phosphorus availability.
According to Nguyen and Harvey (1997) and
Xu et al. (2010), nitrogen and phosphorus play
a role in plankton growth. Nitrogen plays a
direct role in  synthesising  protein
biomolecules, the basic components of amino
acids. Meanwhile, phosphorus is needed to
form nucleic acids and store and transfer
energy through ATP molecules (Yakoob et al.,
2021). Nutritional needs will differ for each
species. Excess or deficiency will disrupt
natural biochemical processes to trigger the
development of certain species based on the
availability of nutrients in the system. In
ecosystem conditions, the availability of
nitrogen nutrient content is higher than
phosphorus, which will trigger the growth of
certain species faster and more (such as algae)
(Lietal., 2020; Maberly et al., 2022). Sommer
et al. (2012) stated that the availability of
excess phosphorus compared to nitrogen will
also cause species that can fix nitrogen to
become more numerous and grow faster (such
as some Cyanobacteria).

The results of the calculation of the N/P
ratio in shrimp pond waters range from 18:1 to
50:1. The ratio of nitrogen to phosphorus (N/P)
requirements must be balanced, an ideal
condition for stable plankton community
growth. In general, the N/P ratio in shrimp
ponds is 16:1, which is a classic ratio in natural
aquatic ecosystems, where phytoplankton
grow optimally in these conditions. However,
according to Mustafa et al. (2024), the optimal
ratio in shrimp ponds varies depending on the
type of shrimp and ecosystem conditions. The
specific value of the optimal N/P ratio in
shrimp farming is not explicitly stated. An
imbalance in this ratio can trigger changes in
the structure of the plankton community, affect
Pietoyo et al/ JOAS, 10(2): 77-88
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the dynamics of microorganisms, and
potentially — produce toxins or cause
eutrophication (Elser et al., 2020; Li et al.,
2020; Van Mooy et al., 2021). In this shrimp
pond, the N/P ratio value does not directly
impact the plankton population. The results
obtained from the pond waters have low
diversity, which means that the waters have a
low level of uniformity and no dominance of
certain species.

CONCLUSION

Variations in plankton presence within
vannamei shrimp ponds indicate shifts in the
quality of the pond environment. The diversity
index of phytoplankton is categorized as low
biota community stability. The dominance
index of phytoplankton ranged from 0.21 to
0.55, whereas that of zooplankton ranged from
0.27 to 0.55. This implies that there are no
overwhelming species. The uniformity index
of phytoplankton ranged from 0.39 to 0.80,
whereas that of zooplankton ranged from 0.92
to 0.96. Based on the abundance of plankton,
these vannamei ponds were stable. However,
the N/P ratio calculation results showed a
range that was too wide. This means that if the
waters are not controlled properly, it will cause
poisoning. In short, aquaculture waters in
ecosystems such as this are categorised as
water bodies with low stability, but are still
suitable for vannamei shrimp farming.
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