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ABSTRACT

Chlorophyceae is a class of plankton commonly discovered in aquaculture ponds in tropical aquatic regions.
Therefore, this study aimed to analyze the abundance levels of Chlorophyceae in pen-culture ponds during the dry
season using a dynamic modeling system. The method adopted was a causal ex-post facto design, and the observed
parameters were water quality and plankton abundance. The results showed the presence of various plankton
classes such as Chrysophyceae, Chyanophyceae, Chlorophyceae, Dynophyceae, and Oligotrichea, as well as the
discovery of 17 plankton genera. Water quality parameters identified Total Dissolved Solids (TDS) concentrations,
dissolved oxygen levels, temperature, pH levels, and salinity ranging from 3.06-7.37 mg-L", 4.39-6.30 mg-L",
26.21-31.17°C, 7.7-8.1, and 10-25 ppt, respectively. The average plankton dominance index (D’) showed Chloro-
phyceae dominance at 4.55, followed by Chyanophyceae, Chrysophyceae, Dynophyceae, and Oligotrichea at 1.78,
0.08, 0.07, and 0.01, respectively, falling in the index category of 0.5 < D < 1. Furthermore, the average plankton
abundance dominance level (pi) signified Chlorophyceae dominance at 7.11E-01, followed by Chyanophyceae,
Chrysophyceae, Dynophyceae, and Oligotrichea at 4.68E-01, 1.30E-01, 8.05E-02, and 3.96-02, respectively. This
implied that in pen-culture water, Chlorophyceae significantly dominated over other classes. Dynamic modeling
results showed the abundance of Chlorophyceae in ponds A, C, and D to be relatively uniform (+ 5.00E-02 cell/
ml) compared to pond B (+ 0.10E-00 cell/ml). It was important to acknowledge that as Chlorophyceae dominance
increased (0.10E-00-5.0E-02 cell/ml), the total plankton abundance in the water decreased contradictorily (0.01E-
00—100E-04 cell/ml) due to over-dominance. On the basis of the modeling description, Chlorophyceae sustained
for 20 weeks during the culture period, with optimal growth observed from the 1st to the 5th week. In conclusion,
this plankton class experienced dynamic fluctuations during the pen-culture cultivation period, and the life cycle
stability was dependent on water quality and temperature.
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INTRODUCTION

Chlorophyceae is a class of plankton com-
monly discovered in warm waters with high fer-
tility levels (Fucikova et al., 2016). Furthermore,
it is widely used as an alternative natural feed in
aquaculture activities (Tulsankar et al., 2021).
Plankton genera, such as Chlorella sp., Scenedes-
mus sp., Tetraselmis sp., and Dicthyospaerium

sp., from Chlorophycae, are frequently used as
natural feed (Soeprapto et al., 2023a). The nutri-
tional content, such as protein at 13.75%, amino
acids at 3.11%, and chlorophyll at 20.17% in this
plankton class, is considered highly beneficial for
supporting fish growth (Meril et al., 2022).

An innovative aquaculture practice wide-
ly developed in coastal areas is the pen-culture
farming model. Pen culture includes cage farming
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methods that use natural water flow as the cultiva-
tion medium (Jiang et al., 2019). Furthermore, it
is extensively developed due to the adaptive mod-
el, ease of construction, and cost-effectiveness of
materials (Xie et al., 2022). Some commodities
cultivated in pen-culture ponds include milkfish,
saline tilapia, and snapper (Ariadi et al., 2022a).

A challenge faced in implementing pen-cul-
ture farming is the availability of natural feed sup-
port (Soares et al., 2004). In this farming method,
reliance on artificial feed availability persists
(Madusari et al., 2022), contributing to 70% of
the total operational costs (Ariadi et al., 2023a).
Therefore, efforts need to be made to develop the
use of natural feed as an alternative in pen-culture
farming activities (Linayati et al., 2024).

Chlorophyceae is one of the plankton classes
expected to thrive in the pen-culture aquaculture
ecosystem (Xie et al., 2022). This is in line with
the types of pelagic fish commodities cultivated
in the pen-culture system. The conducive con-
ditions of warm waters and fertile coastal areas
where the system is often situated promote the
optimal growth of Chlorophyceae (Soeprapto
et al., 2023a). Several genera, such as Chlorella
sp., Scenedesmus sp, Oocystis sp., Chodatela sp.,
and Gleocystis sp. are also commonly discovered
in brackish and marine aquatic ecosystems (So-
eprapto et al., 2023b).

Results suggest that Chlorophyceae tends to
be cosmopolitan, signifying the substantial pro-
liferation during the summer season (Rocha et

al., 2024). This can serve as a basis for enhanc-
ing the optimization of the pen-culture farming
cycle. As a result, this study aimed to analyze the
abundance levels of Chlorophyceae in pen-cul-
ture ponds during the dry season using a dynamic
modeling system. The objective was to predict
the growth system of plankton class in pen-cul-
ture ponds during the dry season, facilitating the
engineering of a more optimal farming cycle.

MATERIALS AND METHODS

This study was conducted in a milkfish aqua-
culture area using a pen-culture model along the
coast of Pekalongan from February to March
2024 (Figure 1). The method adopted was the
conceptual framework of causal ex-post facto
design. Plankton sampling was performed at 4
different cultivation locations, determined based
on the size and density of the stocked fish. The
study parameters included water quality indica-
tors, such as water pH were measured by using
a Eutech pH-150 pH test, dissolved oxygen and
temperature were measured by using a DO Me-
ter YSI550i, salinity was measured by using an
ATAGO Master 53 A hand refractometer, and total
dissolved solids were measured by using a Hanna
Instruments Hi98301 TDS Tester, in addition to
plankton parameters. Water quality and plankton
parameters were sampled once a week at 10:00.
Water quality were measured in situ and plankton
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parameters were analyzed ex sifu. The observed
plankton parameters included genus, abundance,
and dominance. Water quality and plankton data
were analyzed at the Biological Sciences Labo-
ratory of Pekalongan University. Subsequently,
genius identification and plankton abundance
calculation were performed using a NEUBAU-
ER©O hemocytometer and Olympus CX23 mi-
croscope, adhering to APHA method guidelines
(APHA, 2005). Plankton abundance was deter-
mined using the formula:

cell/ml=N x 10-/1 x 10* cm? (D

where: N —plankton counted in the hemocytometer;
10" — solvent factor; 1 x 10* cm?® — volume
size of the hemocytometer box.

The Plankton dominance index was calcu-
lated using the following Shannon-Wiener index
formula (Albarico et al., 2024):

D = (piy’ )

pi=ni/N 3)

where: D — plankton dominance index; pi — plank-
ton species in the i proportion; 7i — number

of individual plankton taxa [; N — number of
plankton individuals.

Water quality and plankton data were obtained
according to the time and location of sample col-
lection. The data from the research results were
then processed mathematically and analyzed us-
ing dynamic modeling system analysis with Stel-
la ver 9.02 software.

RESULTS AND DISCUSSION
Plankton profile

The Plankton profile observed at the study sites
consisted of the classes Chrysophyceae, Chyano-
phyceae, Chlorophyceae, Dynophyceae, and Oli-
gotrichea, as presented in Table 1. The abundance

of classes in the plankton community was quite
uniform, with more than 3 dominant classes pres-
ent. Furthermore, the uniformity was due to simi-
lar ecological characteristics of the water (Xu et
al., 2022). Chrysophyceae and Chyanophyceae had
higher genus diversity (Meril et al., 2022). The gen-
era discovered in Chrysophyceae include Amphora
spp., Cyclotella spp., Nitzia spp., Ampiphora spp.,
Chaetocheros spp., and Scenedesmus spp., while
Chyanophyceae comprised of genera such as Oscil-
latoria spp., Anabaena spp., Gomphosphaeria spp.,
Anabaenopsis spp., and Microcystis spp., as detailed
in Table 1. It was important to acknowledge that
plankton classes were adaptive to changes in nutrient
conditions in the water (Katayama et al., 2020).
Genus diversity levels were influenced by the
dynamic N:P ratio of water (Ou et al., 2024). Ad-
ditionally, several plankton genera from Chryso-
phyceae, Chyanophyceae, and Chlorophyceae are
cosmopolitan in nature and can proliferate mas-
sively during certain seasons (Katayama et al.,
2020). Brackish waters in estuarine areas were
also often enriched with nutrients from runoff,
fostering the dynamic existence of plankton (Ari-
adi et al., 2023b; Mardiana et al., 2023). This dy-
namic nature was quite relevant to the condition
of the study site, situated in brackish water areas.

Water quality parameters

The water quality profile in the study area tends
to be dynamically fluctuating during the fish farm-
ing period. Parameters such as total dissolved solids
(TDS), dissolved oxygen, and temperature form os-
cillatory fluctuations, signifying high waste solubil-
ity and oxygen consumption levels in pen-culture
ponds. TDS concentration, dissolved oxygen, and
temperature ranged from 3.06 to 7.37 mg-L"', 4.39 to
6.30 mg-L!, and 26.21 to 31.17 °C, respectively, as
presented in Figure 2. Increased waste load and oxy-
gen consumption rates affected the dynamic of water
quality and the productivity level of aquaculture in
the farming ponds (Ariadi, 2023).

Table 1. Plankton profile in the pen culture pond during the research period

Class Genus
Chrysophyceae Amphora spp., Cyclotella spp., Nitzia spp., Ampiphora spp., Chaetocheros spp., Scenedesmus spp.
Chyanophyceae Oscillatoria spp., Anabaena spp., Gomphosphaeria spp., Anabaenopsis spp., Microcystis spp.
Chlorophyceae Oocystis spp., Clamydomonas spp., Chlorella spp.
Dynophyceae Peridinium spp., Gymnodinium spp.
Oligotrichea Tintinopsis spp.
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Figure 2. Fluctuations of total dissolved solids, dissolved oxygen
and temperature parameters in the pen culture pond

The pH and salinity parameters were crucial fac-
tors to be considered in aquatic farming activities
(Madusari et al., 2024). The concentrations of these
parameters in pen-culture ponds showed fluctuating
stability during the study period. The pH concentra-
tion and salinity ranged from 7.7 to 8.1 and 10 to 25
ppt, respectively, as presented in Figure 3. Further-
more, the stability in the parameters was attributed
to the continuous natural circulation of the farming
water medium. The intense circulation ensured that
the water parameter conditions remained relatively
stable (Mao and Xia, 2023). Salinity and pH lev-
els influence the growth system of organisms and
the biochemical cycles in aquatic ecosystems

(Madusari et al., 2024). Classes such as Chryso-
phyceae and Chyanophyceae thrived optimally
under neutral pH conditions and stable salinity
levels (Fucikova et al., 2016). Fluctuations in pH
and salinity concentrations were also influenced
by the seasons and geographical conditions of the
water (Wang et al, 2024). Extreme fluctuations
affected the growth rate of organisms in aquacul-
ture aquatic ecosystems (Linayati et al., 2024).

Plankton dominance index

Plankton dominance index in pond waters of
the study site was described in Figure 4. It was
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Figure 3. Fluctuations of salinity and pH parameters in pen culture ponds
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Figure 4. Plankton dominance index in pen culture ponds

predominantly led by Chlorophyceae with an av-
erage dominance index value (D’) of 4.55, fol-
lowed by Chyanophyceae, Chrysophyceae, Dy-
nophyceae, and Oligotrichea at 1.78, 0.08, 0.07,
and 0.01, respectively. On the basis of these val-
ues, Chlorophyceae and Chyanophyceae strongly
dominated the waters, falling in the index catego-
ry of 0.5 <D < 1. The high dominance was due
to the location of aquaculture waters being in
estuarine areas, which served as the final ac-
cumulation site for nutrients from downstream
areas (Melki et al., 2024). Estuarine areas in
low-lying regions had high fertility compared
to other aquatic zones (Ariadi, 2023).

The high value of the plankton dominance in-
dex (D’) correlated with the dominance level of
plankton abundance (pi) described in Figure 5.
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According to the abundance values, Chlorophy-
ceae and Chyanophyceae at 7.11E-01 and 4.68E-
01, respectively, were highly dominant due to the
presence of high nutrients in the aquatic ecosys-
tem. These values were compared to Chrysophy-
ceae, Dynophyceae, and Oligotrichea, at 1.30E-
01, 8.05E-02, and 3.96-02. Some plankton gen-
era of Chyanophyceae can synthesize nutrients
intensively (Ariadi et al., 2022b). Additionally,
Chlorophyceae was also a plankton class highly
dominant in N:P > 1:20 conditions which facili-
tated vigorous growth (Lheureux et al., 2022).
Plankton in the aquatic locations was highly
unbalanced due to the dominance of specific class-
es. The location of pen-culture ponds in estuarine
areas significantly influenced the water quality
profile during the fish farming period. Estuarine
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Figure 5. Level of plankton abundance in pen culture ponds
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areas, characterized by brackish water ecology,
were significantly dynamic due to the mixing pro-
cesses of water from the sea and rivers (Ariadi et
al., 2023b). The level of aquaculture intensifica-
tion greatly affected the abundance of nutrients
and plankton dominance (Mardiana et al., 2023).
Pen-culture farming with high stocking densities
required a large amount of feed input, leading to
the water becoming eutrophic. Eutrophic waters
were favored conditions for Chlorophyceae and
Chyanophyceae to grow due to the high nutrient
output (Katayama et al., 2020).

Plankton sampling during the summer sea-
son affected the discovery of Chlorophyceae
and Chyanophyceae dominance (Albarico et al.,
2024). Chlorophyceae was a cosmopolitan plank-
ton, while Chyanophyceae was known for the
ability to absorb nutrients massively (Soeprapto
et al., 2023a). The substantial abundance of Chlo-
rophyceae prompted further investigation, neces-
sitating the use of a dynamic modeling system to
comprehend the developmental trends during the
summer period.

Chlorophyceae abundance model
and water temperature fluctuations

The relationship between Chlorophyce-
ac abundance, temperature, and water quality

parameters is described in Figure 6. On the ba-
sis of the modeling analysis results of four pen-
culture ponds, this class experienced abundance
fluctuations, forming an oscillatory graph. The
fluctuations in abundance and water quality were
contradictory. Poor water quality parameters
impede Chlorophyceae abundance, leading to
growth stagnation (Soeprapto et al., 2023a).

The abundance of Chlorophyceae in ponds A,
C, and D was uniform (+ 5.00E-02 cell/ml) com-
pared to pond B (£ 0.10E-00 cell/ml) (Figure 6).
The anomaly in B was caused by the isolated posi-
tion of the pond, leading to a lower plankton abun-
dance level (0.10E-00—0.30E-00 cell/ml). The pro-
cess of mixing and seawater intrusion significantly
affected the growth system in aquaculture ponds
(Liu et al., 2011). It is important to acknowledge
that Chlorophyceae was highly dominant due to
the dynamic influence of temperature in the pond
water column (Vivier et al., 2019).

According to the modeling results, Chlorophy-
ceac was subjected to a logarithmic growth phase
from week 1 to 5 and became stationary by the sev-
enth week. This suggested that the lifespan of plank-
ton cells in pen-culture ponds was relatively long and
affected by nutrient enrichment in the water (Meril et
al., 2022). The continuously increasing temperature
also signified the presence of intense biochemical
processes in pond water (Fan et al., 2014).
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Figure 6. Results of dynamic modeling analysis of Chlorophyceae
abundance levels and fluctuations in pond water temperature
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Figure 7. Results of dynamic modeling analysis of the relationship between the level
of Chlorophyceae dominance and plankton abundance in pen culture ponds

Chlorophyceae abundance model
for plankton in pen-culture

The results of dynamic modeling of total
plankton and Chlorophyceae abundance levels in
pen-culture ponds are described in Figure 7. From
the description of the four pen-culture ponds, the
increase in the dominance of Chlorophyceae
(0.10E-00-5.0E-02 cell/ml), led to a decrease
in the abundance of total plankton in the water
(0.01E-00—100E-04 cell/ml). This was due to the
excessive dominance of the plankton class com-
pared to others. Dynamic and nutrient-rich estua-
rine areas caused a drastic and stable increase in
dominance (Ariadi et al., 2023b).

The dynamic of the pen-culture aquatic eco-
system and the location in the estuarine area
greatly determined the system of microorganism
development. Plankton were microorganisms
highly sensitive to changes in aquatic environ-
mental conditions (Ariadi et al., 2023b). The
contradiction between Chlorophyceae abun-
dance and total plankton abundance signified
an unbalanced food chain cycle (Calbet et al.,
2012). Massive Chlorophyceae dominance led to
the scarcity of zooplankton species in the aquatic
ecosystem of the pond (Rissik et al., 2009). This
plankton class was cosmopolitan in the summer
season (Kaur et al., 2021). Additionally, the long
growth (stagnation) cycle of Chlorophyceae also
triggers massive dominance.

The obtained results showed that Chlorophy-
ceae was highly dominant in the water of pen-
culture ponds. Dominance affected the existence
of other plankton species and the total abundance
(Trino and Rodriguez, 2002). The dynamic of wa-
ter quality parameters and the increasing temper-
ature significantly influenced the level of Chlo-
rophyceae dominance (Fucikova et al., 2016).
This plankton class was also highly adaptive to
changes in nutrient abundance in aquatic ecosys-
tems (Meril et al., 2022).

In terms of the development of natural feed in
pen-culture pond waters, Chlorophyceae species
were highly recommended due to excessively
high dominance level. Milkfish had higher chanc-
es to consume Chlorophyceae because of suit-
ability in consumption size (Nasmia et al., 2022).
Chlorophyceae also offered a variety of nutrient
content superior to several other plankton classes
(Soeprapto et al., 2023a). Furthermore, the stabil-
ity of the summer season and water temperature
stagnation can be used as a reference for the pen-
culture farming cycle calendar (McEwan et al.,
2023). Stable temperatures prevented fish from
becoming easily stressed, thereby enabling opti-
mal growth (Assmy et al., 2023).

The diversity of plankton classes can also
be an option for selecting the types of fish com-
modities cultivated in pen-culture waters. Some
pelagic fish species such as tilapia, white snapper,
and mullet have similar characteristics to milkfish
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and possess strong resistance in brackish waters
(Shadrack et al., 2021). The presence of Chlorophy-
ceae dominance also provides options for develop-
ing several cultivated commodities. The dominance
level of this plankton class and the stability of water
temperature in pen-culture waters are considered
highly suitable for fish farming areas.

CONCLUSIONS

In conclusion, dynamic modeling system anal-
ysis showed that Chlorophyceae was subjected to
dynamic fluctuations during the pen-culture farm-
ing period. Over the course of 20 weeks, the plank-
ton class experienced a logarithmic growth system
from the 1st to the Sth week, followed by growth
stagnation. This implied that during the fish farm-
ing period, the presence of Chlorophyceae was
constant and dependent on the water quality condi-
tions of the pond as well as the temperature.
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