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Plankton plays an important role in shrimp cultivation in
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on six units of ponds located in Cirebon district, West Java,
Indonesia. The ponds were lined with HDPE on each side and
plastic mulch at the bottom. Post larvae of shrimp were
stocked at an average density of 110 shrimp.m?® and
maintained for 98 days. Water quality samples were collected
for daily measurement. Data were analyzed descriptively and
then analyzed using Pearson’s correlation test and regression.
The results of this study showed that during the shrimp rearing
period, 65 species of plankton were identified, consisting of
Chlorophyta 20%, Cyanophyta 15.38%, Diatoms 26.15%,
Euglenophyta 6.15%, Dinoflagellates 4.62%, Protozoa
10.77%, and Ciliates 16.92% with an average density ranging
from  7.56x10°-19.99x10°  cells.mL’.  Chlorella  sp.
(Chlorophyta) and Oscillatoria sp. (Cyanophyta) were found
to be the dominating species in all ponds. Total phytoplankton
density tended to be higher during the first 54 days of culture.
The results of the correlation and regression tests showed that
the composition of plankton, the concentration of total organic
matter, and the salinity of the water affected the abundance
of plankton in the pond.
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INTRODUCTION

Pacific whiteleg shrimp is a fishery
commodity with high economic value. The
increasing demand for Pacific whiteleg
shrimp from both the local and global
markets has powered an increase in
aquaculture production through
intensification which is characterized by
high shrimp density and the use of
artificial feed. The existence and
dependence on natural feed in intensive
systems are very limited, causing the input
of artificial feed to increase (Ekasari,
2009; Emerenciano et al., 2022).0n the
other hand, the intensive system applied
to the shrimp farming process faces
several problems such as poor water
quality and low feed efficiency resulting in
large amounts of waste material being
produced (Avnimelech, 2006; Wiyoto et
al., 2021).

Phytoplankton and zooplankton can
be wused as indicators of aquatic
environmental conditions because of their
sensitivity to changes in water quality such
as low dissolved oxygen concentrations,
high organic matter, toxic contamination,
poor feed quality, and predation (Casé et
al., 2008; Fernandes et al., 2019). In
general, at feeding rates of less than 300
kg.ha'.day’', phytoplankton activity is
important in water quality control
(Hargreaves, 2013). In addition, plankton
also plays an important role as an
additional source of feed for the shrimp
being raised. Although its contribution as
feed is not large in intensive shrimp
farming, the role of plankton as additional
feed remains (Chang et al., 2020; Silva et
al., 2021). The abundance and
composition of plankton can be an
indicator of the nutrient conversion
process that occurs in a shrimp cultivation
system and can be wused as a
complementary indicator in monitoring
water quality (Casé et al., 2008).

Organic matter is a collection of
complex organic compounds that have
been decomposed by decomposing
organisms, either in the form of humus
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resulting from humification or inorganic
compounds from mineralization, and is an
important source of nutrients for aquatic
organisms (Michael-Kordatou et al., 2015;
Wang et al., 2016; Artifon et al., 2019).
The mineralization process of organic
matter containing nitrogen will produce
ammonia that could harm aquaculture
organisms because it is toxic even at low
concentrations and it reduces the quality
of water in aquaculture (Ekasari, 2009;
Rurangwa and Verdegem, 2015; Jasmin et
al., 2020). As much as 75% of oxygen
consumption in water is due to the
respiration process of algae, bacteria, and
detritus, including the organic matter
decomposition process (Boyd, 2019;
Wiyoto et al., 2021). Nutrients produced
by the decomposition of organic matter by
bacteria will be quickly absorbed and
stored in algal cells, which can affect the
abundance and composition of these
microalgae (Hargreaves, 2013).

In the process of shrimp farming in
ponds, various parameters will interact
with each other in the water and can affect
the biological process of both shrimp as
the cultivated organism and plankton as
one of the natural sources of shrimp feed.
One of the water quality parameters that
also affect plankton is salinity. Mo et al.
(2021) stated that the number of plankton
types formed was influenced by salinity.
Different groups of plankton can adapt to
a certain range of salinity (Chakraborty et
al., 2011). This study aimed to measure
the magnitude of the relationship between
plankton community composition
dynamics, total organic matter, and
salinity in intensive shrimp farming
systems.

METHODOLOGY
Ethical Approval

In this study, animals were not
handled directly. This study focused only
on the observations of plankton and water
quality parameters. All experimental and
rearing procedures involving animals were
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conducted under the National
Accreditation for Animal Welfare as
outlined in the Republic of Indonesia's SNI
7311:20009.

Place and Time

The location of the research pond
was in Playangan Village, Gebang District,
Cirebon Regency, West Java for one
cultivation cycle (98 days) starting from
December 2017 to May 2018.

Research Materials

The equipment used in this research
is 500 mL bottle sample, microscope
(Olympus CX23, Japan), Neubauer
hemocytometer (Assistent, Germany), and
refractometer (Atago 2473 MASTER-
S10M, Japan.

Research Design

All shrimp ponds use high-density
polyethylene (HDPE) on the walls, while
the bottom is covered with plastic mulch.
Each pond was also equipped with 8-10
units of paddle wheel aerators (30,000
shrimp HP-1) to supply oxygen and mix
the pond water. The water level in each
pond ranged from 120-130 cm. The sludge
formed by the decomposition of feed
waste and various detritus accumulated in
the center of the pond was removed
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periodically through the central drain just
before feeding from the age of 20 days of
rearing until before harvest.
Approximately 8-10% of the total water
volume was added every week to replace
water lost due to sludge disposal,
evaporation, and seepage.

The study was conducted on 6
shrimp ponds coded A2, A4, A6, A7, A8,
and A9 (Figure 1) with an area ranging
from 2,000-4,000 m2 and an average
initial shrimp stocking density of 110
shrimp m-2. Shrimp postlarva (PL8) was
obtained from a commercial hatchery.
Feeding was done four times a day with
commercial feed with a protein content of
28-30% given at 3-5% of body weight.
Water samples were collected directly
from the pond on-site at a depth of =20
cm above the pond bottom at a certain
point in the feeding area around the
feeding try bridge using 100 mL plastic
bottles every week. The water samples
were immediately carried to the pond
laboratory after collection and 10 mL of
water samples from each observation
pond was set aside separately from the
total water sample for plankton
observation, while the rest was
immediately used for the analysis of
organic matter content and salinity
(Sepian et al., 2022).

Figure 1. Map of observation shrimp pond location (A2, A4, A6, A7, A8, A9).

Work Procedure

The samples that had been set aside
for plankton observations were then
stored in a refrigerator before being
analyzed. Quantitative and qualitative

analysis of plankton was carried out using
a microscope at a total magnification of
100x and 400x on the sub-sample of water
that was dripped on a Neubauer
hemocytometer using a dropper and the
numbers calculated based on the cell
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counting technique: the number of each
type of plankton observed on one grid was
multiplied by 10,000 (cells.mL") (Sepian
et al., 2022). The total organic matter
analysis was carried out by the titrimetric

doi : 10.20473/jath.v13i2.52715

method using KMnO,; (APHA, 2002),
while salinity was measured once a day at
06.00 Western Indonesian Meantime
using a refractometer (Table 1).

Table 1.  Observational parameters measured, method, and time of measurement in each
shrimp pond plot for 98 days of observation.
Parameter Method Frequency
Plankton (density, genus, and composition) Sepian et al. (2022) Every week
Total organic mater APHA (2002) Every week
Salinity Refractometer Everyday
Data Analysis Based on the average value of total

All data including plankton, TOM,
and salinity were processed with Microsoft
Excel 2010 and presented descriptively in
the form of tables and graphs. To discover
whether there is a relationship between the
plankton density formed and the
composition of the plankton community,
organic matter, and salinity, the data were
analyzed further by Pearson’s correlation
test and regression using the Minitab 16.0
software.

RESULTS AND DISCUSSIONS
Plankton Density and Community
Composition

Plankton Density (x106

cells.mL-1)

Plankton Density
(x106 cells.mL)

plankton density obtained from the 6
ponds, the highest plankton density was
19.99 x 10° cells.mL" in pond A8, while the
lowest density was in pond A9 with an
average of 7.56 x 10° cells.mL" (Figure 2).
The highest plankton density occurred
during the rearing period of 21-33 days
and continued to decrease with increasing
rearing age. Total plankton abundance is
related to the frequency of fermented
product additions which decreased with
increasing rearing age and the intensity of
rain which fell quite often in the middle of
the rearing period. The addition of
fermented products serves as fertilizer to
support the growth of plankton in shrimp-
rearing ponds.

5 12 21 26 33 40 47 54 61 68 75 83 89 96

ot A2 =M= A4 ---A--AB —B-A7 —%—A8 --@- A9

Figure 2. Total plankton abundance based on days of shrimp culture in 6 unit observed
pond (A2= shrimp pond number 2; A4= shrimp pond number 4; A6= shrimp
pond number 6; A7= shrimp pond number 7; A8= shrimp pond number 8; A9=

shrimp pond number 9).

The percentage density of the
Chlorophyta group was almost the same in
all rearing ponds with a range between 60
and 74%, followed by the Cyanophyta

group with an average of 14-23%, and
Diatoms with an average of 5-19%. The
highest density of the protozoa group was
found in pond A9 with an average
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percentage of 3.54+0.08%, while the
Euglenophyta, Dinoflagellate, and Ciliata
groups were almost the same in all ponds
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with a percentage of less than 2% (Table
2).

Table 2.  Proportion (%) of plankton based on days of shrimp culture in 6 unit observed
ponds (mean =+ standard deviation, n = 14).
A2 A4 A6 A7 A8 A9
Chlorophyta 62.15+0.25* 65.03=0.2% 63.72+0.21* 60.06+0.19* 74.22+0.11* 64.56+0.21°
Cyanophyta 23.61+0.2% 18.09+0.14* 14.16+x0.09* 21.77+0.15* 15.23x0.11* 19.23%=0.18"
Diatom 11.46+0.11* 14.01%0.2° 19.17+0.2° 15.59+0.19* 15.66+0.05* 11.30%=0.13%
Euglenophyta 0.39+0.01* 0.18%+0.01*% 0.46+0.01° 0.37+0.01% 0.82+0.01% 0.21+0.01%
Dinoflagellata 0.53+0.01*  0.63+0.01* 1.68+0.03% 0.88+0.02% 0.97+0.03* 0.14+0.01*
Protozoa 0.52+0.01*  1.09%0.02% 1.43+0.03" 0.70%=0.01* 2.36x0.04° 3.54+0.08*
Ciliata 0.44+0.01* 0.27+0.01° 0.23+0.01% 0.74+0.02% 1.10+0.02° 0.92+0.02%

Overall, there were 65 species of
plankton identified, consisting of 20%
Chlorophyta, 15.38% Cyanophyta,
26.15% Diatoms, 6.15% Euglenophyta,
4.62% Dinoflagellates, 10.77% Protozoa,
and 16.92% Ciliates (Table 3). Based on
the observation results, the composition of
the plankton community formed was quite
high even though it had only reached the

genus level. The Diatom group is the
group with the largest number of
members, consisting of 17 species, while
the Dinoflagellate group is the smallest
group with 3 species. This proves that
Diatoms have high diversity in estuary
waters (Casé et al., 2008; Chakraborty et
al., 2011; Afonina and Tashlykova, 2018).

Table 3.  Plankton genera identified in the six observation pond units were grouped based
on the phylum.

Chlorophyta Cyanophyta Diatom Euglenophyta Dinoflagelata  Protozoa Ciliata
Chlamydomonas  Anabaena Amphiprora Astasia Gymnodinium Chilomonas  Askenasia
Chlorella Aphanocapsa Amphora Trachelomonas  Protoperidinium Amoeba Acanthometra
Chlorococcum Aphanothece Cerataulina Strombomonas  Gyrodinium Chroomonas Balantidium
Cosmarium Chroococcus Chaetoceros Euglena Cryptomonas Euplotes
Cosmocladium Gloeocapsa Chrysococcus Petalomonas Favella
Dictyosphaerium  Gomphosphaeria  Chrysocromulina Pelagomonas Frontonia
Dunaliella Merismopedia Coscinodiscus Pleotia Halteria
Gloeocystis Microcystis Cromulina Tintinnopsis
Gloeotilopsis Nostoc Cyclotella Mesodinium
Mesotaenium Oscillatoria Diatoma Coleps
Oocystis Melosira Strombidium
Radiosphaeria Navicula
Tetraselmis Nitzschia

Odontella

Pinnularia

Pleurosigma

Thalassiosira
13* 10* 17* 4% 3 7% 11*
20.00%** 15.38%** 26.15%** 6.15%** 4.62%** 10.77%** 16.92%**

Note:

Result showed in genus each phylum
* Number of genus each phylum
** Percentage of phylum
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The plankton community formed in
each pond was varied in numbers, from 3
species to 23 species. Similar to the
dynamics of the total abundance of
plankton in each pond, the number of
types of plankton that grew in each pond
also demonstrated a downward trend after
54 days of rearing until before harvest.
Regular disposal of sludge through the
central drain to prevent the accumulation
of organic matter in the water will cause
the nutrient concentration to decrease,
affecting the composition of plankton
species in the water. Burford (1997) stated
that nutrient concentration plays an
important role in the dynamics of plankton
community composition.

The highest number of plankton
species was found in pond A6 with a total
of 23 species of plankton consisting of 6
species each from the Chlorophyta,
Cyanophyta, and Diatom groups, while
Euglenophyta and Dinoflagellates each
contributed 1 species and the protozoan
group 3 species (Figure 3). The dynamics
of changes in the number of plankton
species compositions which were quite
stable occurred in the plankton
community in pond A9 with a range of 5-
15 plankton species observed. Boyd
(2019) stated that the composition of
phytoplankton species differs from one
water to another and will always change
over time even in the same waters. Casé et
al. (2008) also stated that an irregular
blooming of one plankton species in a
pond indicates that the system working in
the pond waters is imbalanced.

The most common types of plankton
found in the observation ponds were
Chlorella sp. from the Chlorophyta group
which experienced blooms in almost all
observation ponds and Oscillatoria sp.
from the Cyanophyta group. The
dominance of the Diatom group in the
early maintenance period occurred in all
observation ponds except for the A8 pond,
then it began to shift to the Chlorophyta
group in the middle to the end of the
rearing period (Figure 3). In this study, the
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plankton dominance began to shift with
the increasing concentration of organic
matter (Figure 4). Casé et al. (2008) stated
that the dominance of diatoms has the
potential to shift to BGA when there is an
increased concentration of P in the water.
The dominance of the Cyanophyta group
was also recorded several times in the
middle to the end of the rearing period
(Figure 3). According to Yusoff et al.
(2002), the dominance of Cyanophyta has
a longer period than that of the Diatoms
because the increase in nutrient
concentration along with the age of the
shrimp rearing will benefit the
Cyanophyta.

Boyd (2019) stated that the
blooming of the Cyanophyta plankton
group or blue-green algae (BGA) is most
strongly avoided by shrimp farmers
because BGA will form foam that will
cover the water surface, disrupting
sunlight  penetration and  oxygen
assimilation. This will affect the growth of
other types of plankton and cause crashes
or shifts in the plankton population
growing in the ponds. When there is a shift
in the composition of the plankton
community, dissolved oxygen (DO) will
decrease to 0 mg.L'! and this will continue
until a new plankton community is
formed. According to standard operating
procedures (SOP) applied to ponds based
on experience and existing conditions, the
standard proportion of plankton classes in
shrimp cultivation should consist of >
80% Chlorophyta and Diatom groups, <
20%  Cyanophyta, and < 5%
Dinoflagellates. In this study, the
proportion of planktonic Chlorophyta and
diatoms tended to always dominate
during the rearing period, and although
the number of harmful plankton species
composition exceeded the recommended
SOP, the abundance was low with the
proportion ranging from 1-2% of the total
plankton abundance for Dinoflagellates,
Euglenophyta, and Ciliates, so it did not
have a direct effect on water quality.
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Figure 3. The dynamics of composition plankton community in 6 units observed shrimp

ponds during 98 days of culture (A2= shrimp pond number 2; A4= shrimp pond
number 4; A6= shrimp pond number 6; A7= shrimp pond number 7; A8=

shrimp pond number 8; A9= shrimp pond number 9). Note: Chloro
Cyanophyta; Dino

Chlorophyta; Cyano

Dinoflagellata; Proto = Protozoa;

Cilia = Ciliata; Eugle = Euglenophyta.

Total Organic Matter

The concentration of total organic
matter (TOM) in the observation pond
was quite stable during the rearing period.
The pattern of total organic matter
concentration in the observation pond

tended to increase with increasing shrimp
rearing age in the ponds but was still
within the tolerable range for Pacific
whiteleg shrimp with an average
concentration ranging from 97-105 mg.L"*
KMnO; (Figure 4).
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Figure 4. Total organic matter concentration based on days of culture in 6 unit observed
ponds (A2= shrimp pond number 2; A4= shrimp pond number 4; A6= shrimp

pond number 6; A7= shrimp pond number 7; A8= shrimp pond number 8; A9=

shrimp pond number 9).

The regular sediment removal
through the central drain at every feeding
time and a fairly high percentage of water
input (8-10% per week) contributed to the
reduced concentration of organic matter
in the water. The application of a
cultivation pattern with an efficient use
feed is also one of the factors that cause
the controllable concentration of TOM
during the rearing period. Artificial feed
used during rearing is the main source of
organic matter in intensive shrimp ponds,
accounting for 78% of total N and 51% of
total P (Briggs and Fvnge-Smith, 1994).
The increase in TOM at the end of the
rearing period was thought to be related
to the amount of leftover feed and shrimp
metabolic products which also increased
with the age of rearing.

Salinity (2/L)

Salinity

The salinity in the rearing medium
tended to decrease in the middle of the
rearing period (DOC 33-68) and increased
slowly at the end of the rearing period
(DOC 78-96). This was due to the high
level of rainfall in the middle of the
maintenance period which tended to
decrease at the end of the maintenance
period. The salinity range during the
rearing period was between 13 and 28 g.I
! with the highest average in pond A9. The
dynamics of the water salinity in each
observation pond during the maintenance
period can be seen in Figure 5.

~
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Figure 5. The dynamics of water salinity of 6 unit ponds during 98 days of culture (A2=
shrimp pond number 2; A4= shrimp pond number 4; A6= shrimp pond number
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6; A7= shrimp pond number 7; A8= shrimp pond number 8; A9= shrimp pond

number 9).

The salinity  level shifting
demonstrated a pattern related to the
dominant plankton groups. Diatoms
dominated at the beginning of the rearing
period with the highest salinity levels
during the observation period (24-28 g.I.
1). This follows what has been reported by
Chakraborty et al. (2011) that waters with
low to high salinity are more dominated
by plankton from the Diatom and
Dinoflagellate groups. After 2 weeks of
rearing, salinity levels  decreased
significantly = due to the heavy
rainfall which was followed by a shift of
dominance in the plankton group.

The abundance of Chlorella sp. from
the Chlorophyta group in the observation
pond began to dominate after the salinity
of the waters fell within the range of 14-
17 g.L' as Boyd’s (2019) statement that
Chlorophyta will dominate in waters with
low salinity levels up to 0 g.L"'. In this
study, the water salinity tended to be in
the moderate range with the highest level
at 28 g.L''. The higher the salinity level in
the waters, the lower the diversity of
plankton species that grow (Chakraborty
et al., 2011). This is caused by osmotic
stress at the cellular level, ion uptake and
reduction, and the plankton’s cellular ion
ratio at salinity level variations.

Relationship between Plankton and
Water Conditions

Based on the test results, the
correlation between plankton community
composition, total organic matter, and
salinity was not significant (P > 0.05), so
it could be concluded that the observed
factors were not interrelated; or, in other
words, they are independent. To see the
magnitude of the influence of plankton
community composition, total organic
matter, and salinity on the abundance of
plankton, a regression test was carried
out. The test results showed that the three
variables were able to explain 93% of the

factors (R* = 0.93) that significantly
affected the abundance of plankton in the
shrimp cultivation system in the pond with
a p-value of 0.041 (sig p<0.05), while the
remaining 7% was influenced by other
factors. The equation formed from the
regression test was Y (abundance) = 188
+ 2.34a (composition) - 0.875b (TOM) -
6.38c¢ (salinity).

The results of the regression analysis
showed a positive correlation between the
diversity of the composition of the
plankton community and the abundance
of the plankton that grew. This was the
opinion of Smith (1985) who stated that
the potential for population shifts which
resulted in a decrease in plankton density
would decrease with the high level of
diversity in the composition of the algal
community. On the other hand, the total
organic matter concentration and salinity
were negatively correlated with the
abundance of plankton. The negative
correlation that appeared in the equation
obtained in this study is contrary to the
results of several previous studies that
stated that high concentrations of organic
matter would stimulate the growth of
plankton in the water (Case et al., 2008;
Shaari et al., 2011). This is thought to be
related to the cultivation pattern and
system applied such as regular mud
removal, the entry of rainwater, and a
fairly high percentage of water
replacement. According to Funge-Smith
and Briggs (1998), the removal of
sediments accumulated at the bottom of
the pond during the cultivation period
shows great potential to reduce the load of
organic matter in the cultivation system;
therefore, in this study, the concentration
of organic matter and abundance of
plankton was kept under control. The
negative correlation with salinity is
thought to be related to the tolerance limit
of each species to osmotic stress due to
differences in ionic pressure in waters with
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different salinities (Chakraborty et al.,
2011; Shaari et al., 2011).

CONCLUSION

The composition of plankton species
had a greater influence than the
concentration of organic matter and
salinity on the abundance of plankton in
the waters. The composition of plankton,
the concentration of total organic matter,
and the salinity of the water affected the
abundance of plankton in the pond.
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