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— ABSTRACT

Milkfish larvae (Chanos chanos) are an omnivorous species. Consequently, this study aimed to
identify the types of plankton found in the stomachs of milkfish larvae and to determine suitable natural feed.
The research was carried out in the coastal area of Slamaran, Pekalongan City, using three sampling sites with
different substrate structures. The main data collected included the diversity of plankton species in the stomachs
of milkfish larvae and the plankton present in their natural habitat. The results showed that various plankton
genera, such as Tintinnopsis sp., Peridinium sp., Coscinodiscus sp., Brachionus sp., Chlorella sp., Cryptomonas
sp., Skeletonema sp., Navicula sp., and Rhizosolenia sp., were in the stomachs of the milkfish seeds. In the
natural waters, several plankton genera were identified, including Nitzchia sp., Amphora sp., Cyclotella sp.,
Chlamydomonas sp., Microcystis sp., Alexandrium sp., Tintinnopsis sp., Oocystis sp., Skeletonema sp., Brachionus
sp., Coscinodiscus sp., and Peridinium sp. The water quality parameters were relatively stable across the three
sampling locations. The types of plankton in the stomachs of milkfish seeds caught from natural waters included
green algae, blue-green algae, diatoms, dinoflagellates, and several zooplankton species. Some of the plankton
genera in the milkfish seeds' stomachs had similarities with the plankton genera present in the waters where the
seeds were caught, specifically Peridinium sp., Coscinodiscus sp., Brachionus sp., Skeletonema sp., Tintinnopsis
sp., and Microcystis sp. This finding was in line with the known omnivorous nature of milkfish, which targeted
several phytoplankton species as part of their feeding behavior.
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1. INTRODUCTION

ilkfish (Chanos chanos) is a highly sought-
Mafter commodity within the fishing
community (Hussain etal. 2021). Its farming
is practiced extensively along the coast of Indonesia,
where the production of this fish has consistently

increased over time (Prihatiningsih et al. 2016).
For instance, in 2013, Central Java produced 64,305

content from 12.26% to 14.42%, and ash content from
16.12% to 21.67% (Akhmadi et al. 2019). This fish
production is expected to continue growing in line
with the rising per capita fish consumption globally.
Such growth allows fish farmers to expand their
aquaculture activities on a larger scale (Nasmia et al.
2022). Due to the Indonesian warm, stable climate,
the country holds substantial potential for developing
milkfish farming businesses (Prihatiningsih et al.

tons of milkfish (Andriyanto 2013). Furthermore,
milkfish can be processed into various products,
including meatballs, presto milkfish, and pepes
milkfish (Hsu et al. 2009). The milkfish has a highly
beneficial nutritional profile for human consumption,
with varying levels of nutrients, specifically proteins
ranging from 0.626% to 7.304%, fat from 4.0% to
4.8%, carbohydrates from 37.64% to 41.88%, moisture

2016).

An essential aspect of milkfish cultivation is
fish seed nursery activities, which involve enlarging
seeds from larvae to a size suitable for cultivation
(Estante-Superio et al. 2021). This process involves
obtaining larval seeds from parent fish on a continual
basis (Shadrack et al. 2021). In some cases, milkfish
larvae seeds for nursery cultivation are sourced
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directly from nature (Hanke et al. 2019). This natural
sourcing is conducted to potentially improve fish
performance during growth (Shadrack et al. 2021).
Utilizing a seed nursery process makes the fish more
resistant to environmental changes and boosts survival
rates (Ariadi et al. 2020). Furthermore, milkfish, being
euryhaline, can adapt to a wide range of salinity levels,
usually between 2-30% in nursery settings (Ariadi
2023; Hussain et al. 2021). These factors underscore
milkfish suitability for cultivation in coastal regions.
Proper nutrition is essential for milkfish in
nursery systems, as the quality of their diet affects
their growth and metabolic performance, similar
to the metabolic physiology of aquatic organisms
(Hanke et al. 2019). Food for milkfish seedlings
typically consists of live plankton and powdered
feed, given the small size of the fish's mouth opening
during the larval phase (Ariadi et al. 2020; Gorospe et
al. 2021). As a plankton feeder, milkfish often receive
live plankton during nursery cultivation (Hussain et
al. 2021). Common plankton used for milkfish seeds
feed include Rotifera, Skeletonema sp., Chaetoceros sp.
Chlorella sp., Spirulina sp., and Brachionus sp. (Bera et
al. 2019). The choice of plankton species depends on

the origin and characteristics of the milkfish larvae.
Utilizing natural feed is both effective and economical
in comparison to artificial feed (Madusari et al. 2022).

To optimize milkfish seed cultivation
activities, it is necessary to identify the types of natural
feed originating from the milkfish seeds. Milkfish in
natural waters have diverse feed types due to differing
habitats and environmental dynamics (Nasmia et al.
2022). Therefore, this research aims to identify the
types of plankton present in the stomachs of naturally
obtained milkfish seeds. This will facilitate the
selection of appropriate natural feed types, aiming to
develop effective feeding strategies for milkfish seed-
rearing systems, drawing on the fish's natural feeding
behaviors in their aquatic habitats.

The locations for sampling were in the
coastal waters of Slamaran, Pekalongan City, Central
Java (6°50°427-6°55'44" S 109°37°55”-109°42’19” E)
(Figure 1). Local farmers often use these areas to collect
milkfish larvae before starting nursery activities in
mini hatcheries. Sampling took place at three points,
identified as stations with sand substrates (station 1),
rock substrates (station 2), and mud substrates (station
3). The profile of the milkfish seed samples studied
based on the data obtained can be seen in Table 1.
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Figure 1. Station of location sampling.



Identification of Plankton in the Stomach of Milkfish (Chanos chanos) Seeds Obtained from Natural Waters

Table 1. Milkfish seed sample research profile.

Location Total length (cm) Standard length (cm) Height length (cm) Total weight (g)
Station 1 2.8+0.24 2.6+0.12 0.9+0.22 0.02+0.09
Station 2 2.9+0.19 2.7£0.15 0.9+0.25 0.02+0.11
Station 3 3.3+0.23 3.0+0.17 1.0+0.19 0.05+0.09

Sample collection and water sampling

Milkfish seeds sampling took place during
the peak fishing season in December 2022. During this
time, milkfish larvae commonly appear around the
coast, influenced by current distributions associated
with the transitional season. The number of milkfish
larvae sampled was 75 at each station, with details
of 75 fry at station 1, 75 fry at station 2, and 75 fry
at station 3, consistently. Sampling of milkfish seeds
occurred randomly in the morning, with collected
seed samples maintained alive in plastic containers.
Concurrently, water samples were collected to identify
both the type and abundance of plankton at each
location. Water quality parameters were also tested as
part of this research. All collected samples were then
analyzed and observed at the Integrated Laboratory of
Pekalongan University.

The stomach contents of milkfish seeds were
examined for plankton by extracting them with a
sectional set. The stomach liquid was then collected
using a pipette and placed in a Haemocytometer. This
sample was covered with a cover glass and observed
using an Olympus CX23 microscope. Identification
and calculation of plankton species abundance in the
stomachs of milkfish seeds were conducted using the
following formula:

cell numbers/individual

Abundance (%) = x 100%

total cell numbers/total individual

Identification comparisons were used based
on the taxonomic structure of plankton to identify the
types of plankton found in fish stomach contents.

Physical and chemical parameters

The water quality parameters observed
at the research station include temperature, pH,

Table 2. Water quality parameters in research location sampling.

dissolved oxygen, salinity, and turbidity (Table 2).
Water temperature levels at each sampling station
exhibit no significant differences. Station 1, featuring
a sand substrate, shows a slightly higher pH value at
8.0. This station also has the highest dissolved oxygen
level (6.49 mg.L'") compared to the other stations. The
elevated pH and oxygen solubility can be attributed to
the location’s more active agitation pattern. Regular
agitation fosters homogeneity and water fluctuation
(Wezel et al. 2013). Salinity levels are identical at
all three stations (15%). Turbidity concentration is
highest at station 3 (41.25 mg.L"), likely due to the
mud substrate. Higher concentrations of silt in the
water result in increased turbidity and solubility of
organic matter (Erbanova et al. 2012).

The uniformity of water quality parameters
can be attributed to the proximity of the sampling
points within the same coastal water region. Coastal
water regions generally show homogeneity due to
seawater's mixing and flushing effects (Shaha et
al. 2022). The dissolved oxygen level in the coastal
area is relatively high (4.63-6.49 mg.L"') due to the
intense flushing rate and relatively low-temperature
distribution (Febiyanto 2020). The water quality
conditions in Slamaran coastal waters are suitable for
milkfish, which favor warm water areas with moderate
salinity levels (Hanke et al. 2019).

The turbidity level at each research location
station is also relatively stable, with minimal variation
in extreme water parameters. The process of current
movement and the presence of wind flow have an
impact on the agitation process in the water column
(Ariadi and Mujtahidah 2022). The stirring process in
the water column allows homogenization of the water
quality parameters at that location. The intense stirring
process is also likely to make the waters more fertile
(Wafi and Ariadi 2022). The fertility of these waters
is due to a stirring process that occurs naturally and
takes place continuously (Ariadi 2019). Aquatic biota

Location Temperature (°C) pH Dissolved Oxygen (mg.L") Salinity (%o) Turbidity (mg.L")
Station 1 26-29 8.0 6.49 15 33.01
Station 2 27-29 7.8 5.82 15 31.21
Station 3 26-29 7.8 4.63 15 41.25
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such as fish and shrimp tend to like water conditions
that are homogeneous and rich in various plankton
abundances.

Identification of plankton in milkfish seeds
stomachs

Figure 2 shows the results of plankton
identification in the stomachs of captured milkfish
larvae. At station 1, Peridinium sp. is the dominant
plankton species, accounting for 26.1% of the
population. For station 2, Navicula sp. is dominant at
24.7%, while Station 3 is dominated by Tintinnopsis sp.
at 25.3% (Figure 2). Variations in plankton dominance
at each station relate to differences in substrate
characteristics and water ecosystems. The presence
of nutrients and the aquatic ecosystem's dynamics
influence the plankton dominance level (Ariadi et al.
2019b).

Several types of plankton were identified
at each station. Station 1 revealed a diverse range,
including Tintinnopsis sp., (17.3%), Peridinium sp.,
(26.1%), Coscinodiscus sp., (40%), Brachionus sp.,
(9.3%), and Chlorella sp., (7.3%) (Figure 2). Plankton
diversity significantly influences aquatic ecosystem
dynamics (Ibarbalz et al. 2019).

Station 2 housed several plankton types,
including Tintinnopsis sp. (10.2%), Cryptomonas
sp. (4.6%), Coscinodiscus sp. (23.6%), Chlorella sp.
(15.2%), Skeletonema sp. (21.7%), and Navicula sp.
(24.7%). This station featured numerous diatom
species, which are beneficial as natural fish food
and tend to thrive in waters with balanced nutrients
(Sprecher et al. 2023).

At station 3, Brachionus sp., (11.5%),
Rhizosolenia sp., (8.6%), Peridinium sp., (9.9%),
Tintinnopsis sp., (25.3%), Cryptomonas sp., (20.4%),
and Microcystis sp., (24.3%) were found. A variety
of plankton genera were present at this location. The
ecological structure had a major impact on both the
diversity and dominance of plankton in the waters
(Ariadi et al. 2019b). Coscinodiscus sp., Navicula sp.,
and Brachionus sp. are microorganisms resistant to
water quality dynamics in brackish water ecosystems
(Figure 3).

The various types of plankton at sample
locations are due to the water quality dynamics
conditions (Duan et al. 2022). At several sampling
points, the same plankton genus was found to be very
dominant, meaning that the dominant characteristics
and distribution of plankton in the research waters
tend to be similar. These conditions are quite good

Station 1 Station 2 Station 3
= Tintinnopsis (17.3%) = Peridinium (26.1%) - Coscinodiscus (40%) = Tintinnopsis (10.2%) = Cryptomonas (4.6%) * Coscinodiscus (23.6%) (11.5%) * Rhiz ia (8.6%) = Peridinium (9.9%)
= Brachionus (9.3%) = Chlorella (7.3%) Chlorella (15.2%) = Skeletonema (21.7%) = Navicula (24.7%) Tinti is (25.3%) = Ci (20.4%) = Mic is (24.3%)

Figure 2. Plankton identified in the stomach of milkfish seeds.

Figure 3. Plankton identification: A.) Coscinodiscus sp., B.) Navicula sp., C.) Brachionus sp.

12 | The Philippine Journal of Fisheries



Identification of Plankton in the Stomach of Milkfish (Chanos chanos) Seeds Obtained from Natural Waters

because the characterization of natural food types for
milkfish seeds is easy to do (Vasava et al. 2018). The
process of characterizing natural food types should
refer to the types of microorganisms consumed by fish
while living in the wild (Rong et al. 2022).

Milkfish, being omnivorous, consume
various aquatic microorganisms (Hsu et al. 2009).
Plankton is widely consumed by milkfish in their
natural habitat (Ariadi et al. 2022d). Plankton species
such as Nannochloropsis sp. and Brachionus sp. are
commonly found in milkfish larvae diets (Nasukha and
dan Aslianti 2019). Milkfish also exhibit opportunistic
behavior in the predation cycle, as observed from the
variety of abundant plankton species found in their
stomachs (Figure 2). This behavior can facilitate using
milkfish as a superior commodity for brackish fishery
cultivation (Vasava et al. 2018).

Several types of plankton found in the
stomach of milkfish seed, such as Coscinodiscus sp.,
Brachionus sp., Chlorella sp., Skeletonema sp., and
Navicula sp. are good types of plankton used as natural
food for fish. Plankton of the diatom genus such as
Skeletonema sp. and Navicula sp. is a genus suitable
for use as natural feed for aquaculture commodities
(Soeprapto et al. 2023). The existence of Rhizosolenia
sp., Tintinnopsis sp., and several dinoflagellates is
possible due to the turbid and nutrient-poor water
conditions. Nutrients are a critical factor limiting
plankton growth in natural waters (Yang and Zhao
2024).

Milkfish, which are fast-swimming fish,
tend to have a much more active metabolic rate.
Compensation for active metabolic activity leads
to increased levels of predation (Wang et al. 2023).
In addition to being caused by the condition of the
body's activities, the intensity of active metabolism is
also influenced by the conditions of the surrounding
environment. An unstable environment will cause
aquatic biota to become more easily stressed and
susceptible to disease (Zhang et al. 2023). Stressors
in waters are caused by cultivation conditions, poor
environment, and the presence of disease (Gozdowska
et al. 2022).

Plankton in the aquatic habitat of milkfish seeds

The water locations sampled for milkfish
seeds collection commonly contain plankton genera
such as Peridinium sp., Coscinodiscus sp., and
Brachionus sp. (Figure 4 and Figure 5). Comparison
with the plankton genera found in fish stomachs in
Figure 2 reveals several matches, including Peridinium
sp., Coscinodiscus sp., Brachionus sp., Skeletonema sp.,
Tintinnopsis sp., and Microcystis sp. These findings
suggest that milkfish seeds consume about 50% of
the plankton in the water through predation. This
correlation between water environment plankton and
fish gut content stems from the predation process, a
part of the grazing cycle within the aquatic ecosystem’s
food chain (Nakajima et al. 2017).

Nitzchia sp
Amphora sp
Cyclotella sp
Clamydomonas sp

Microcystis sp

Alexandrium sp

Tintinnopsis sp
Oocystis sp
Skeletonema sp

Plankton Genus

Brachionus sp
Coscinodisciis sp

Peridinium sp

0% 5%

10%

Station 3 = Station 2 = Station 1

15% 20% 25% 30% 35%

% Dominance

Figure 4. Plankton genus at the location where milkfish seeds were collected.
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Figure 5. Plankton dominance collected: A.) Coscinodiscus sp., B.) Brachionus sp., C.) Peridinium sp.

In the coastal waters of the research area,
plankton diversity is abundant, and their presence is
moderate. The term 'moderate plankton status' refers
to a condition where no particular plankton species
is highly dominant in the water (Ariadi et al. 2022b).
The dominance of plankton and the fertility of water
are closely linked to the quality of water conditions
(Ariadi et al. 2022c¢). The operational cycle of shrimp
aquaculture, through its intensive treatments, can lead
to an excessive abundance of nutrients. This abundance
significantly influences the pond ecosystem’s plankton
profile (Ariadi et al. 2019a). As a biological indicator,
plankton dominance warrants careful consideration
when supporting aquaculture operations.

Certain zooplankton species, such as
Tintinnopsis sp. and Brachionus sp., thrive in the pond
ecosystem due to the high organic waste content.
Zooplankton favor aquatic ecosystems with a high
organic content (Winans et al. 2023). The balanced
presence of zooplankton is essential for maintaining
the sustainability of the plankton grazing cycle.
Grazing optimally occurs when the predation rate
remains normal (Pilati et al. 2018). This means grazing
can function best when species at each trophic level
are balanced in numbers (Chowdhury et al. 2018).

The existence of plankton genera such as
Amphora sp., Cyclotella sp., Coscinodiscus sp., and
Skeletonema sp. is considered good enough to fill
the composition of plankton diversity in aquaculture
ecosystems. The existence of diatomae genera such
as Amphora sp., Coscinodiscus sp., and Skeletonema
sp. are very good for use as natural food by fish
in aquaculture ecosystems (Bera et al. 2019). The
abundance of nutrient balanced in the waters is the
key factor determining the level of diatom dominances
(Scobe and Cavalier-Smith 2014).

Overall, the plankton dominance level in
coastal waters is quite balanced and correlates with
the water quality profile. This condition aligns with
various case studies demonstrating a relationship

between physical, chemical, and biological parameters
in cultivation ecosystems (Ariadi et al. 2022a). Several
plankton genera, such as Amphora sp., Cyclotella sp.,
Oocystis sp., Peridinium sp., and Cyclotella sp. are found
in many pond ecosystems (Ariadi and Mujtahidah
2022). The plankton profile in aquaculture activities
in tropical waters tends to be stable throughout its
aquaculture cycle (Ariadi et al. 2022d). The conditions
in tropical waters feature relatively stable temperatures
throughout the year (Wang et al. 2023).

Coastal waters are prone to fluctuating
water quality dynamics due to their location at the
intersection of freshwater and saltwater ecosystems
(Ariadi 2023). These dynamic water conditions benefit
aquaculture activities (Ibarbalz et al. 2019). Adapting
to surrounding aquatic environment conditions,
aquaculture has become a productive activity that
has often developed in such areas—iconic coastal
areas with aquatic resource utilization activities for
aquaculture and fishing capture activities.

Data identifying plankton species greatly
assists farmers in determining suitable natural feed
types for fish in their habitat. Natural feeds widely used
by cultivators, such as Brachionus sp., Skeletonema sp.,
and Chaetocheros sp., are essential for fish during the
larval phase (Hussain et al. 2021). Milkfish also prey
on various algae or wild microorganisms in the water.
However, they prioritize natural food types derived
from plankton due to continuous propagation and
nursery opportunities. Milkfish also prefer water
conditions that are stable and rich in various plankton
(Sumagaysay-Chavoso and Diego-McGlone 2023).

In conclusion, the research findings showed
that milkfish seeds caught from natural waters
consumed various types of plankton, including green
algae, blue-green algae, diatomite, dinoflagellates, and
zooplankton species. The specific plankton genera
found in the stomachs of these milkfish seeds, such
as Peridinium sp., Coscinodiscus sp., Brachionus sp.,
Skeletonema sp., Tintinnopsis sp., and Microcystis sp.,
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exhibited similarities to the plankton present in the
surrounding waters where the fry was caught. This
correspondence strongly suggests the omnivorous
nature of milkfish, demonstrating their preference
for feeding on multiple species of phytoplankton.
For future research, field studies on the dominance
of plankton in the stomach of milkfish fry and their
environment can be further developed across different
seasons. This can be done with more varied research
variables, such as different sampling site conditions,
plankton preferences in the stomachs of similar fish
species, and spatio-temporal analyses related to the
distribution of milkfish fry and plankton in the aquatic
ecosystem of Pekalongan.

ACKNOWLEDGMENTS

The authors wish to acknowledge Mercy
Corp Indonesia, Aquaculturist in Pekalongan coastal,
and student of Pekalongan University.

AUTHOR CONTRIBUTIONS

Ariadi H: Conceptualization, Investigation,
Data  analysis, Supervision. ~Mardiana TY:
Conceptualization, Writing -  Original draft
preparation, Data analysis. Linayati L: Writing -
Reviewing and Editing, Writing - Original draft
preparation. Syakirin MB: Investigation, Data analysis,
Writing - Original draft preparation. Madusari BD:
Writing - Reviewing and Editing, Supervision.

CONFLICTS OF INTEREST

We declare no conflict of interest in doing
this work.

ETHICS STATEMENT

This study did not deal with live animals nor
humans as subjects.

REFERENCES

Akhmadi ME Imra, Maulianawati D. 2019.
Fortification of Calcium and Phosphorus
in Crackers with the Addition of Milkfish
Bone Meal (Chanos chanos). Jurnal Ilmiah
Perikanan dan Kelautan. 11(1):49-54. https://
doi.org/10.20473/jipk.v11i1.11911

Andriyanto S. 2013. Current Conditions of Milkfish
Cultivation in Pati Regency, Central Java.

Media Akuakultur. 8(2): 139-144. https://doi.
org/10.15578/ma.8.2.2013.139-144
Ariadi H. 2019. Management Concept of Vannamei
Shrimp (Litopenaeus vannamei) Intensive
Pattern Based on Dissolved Oxygen
Consumption Level. Master Thesis, Brawijaya
University. Malang, Indonesia. 128 pp.

Ariadi H. 2023. Coastal Zone Dynamics. Universitas
Brawijaya Press. Malang, Indonesia. 158 pp.

Ariadi H, Mujtahidah T. 2022. Dynamic Modeling
Analysis of Vibrio sp. On Vaname Shrimp
Cultivation, Litopenaeus vannamei. Jurnal
Riset Akuakultur. 16(4):255-262. https://doi.
org/10.15578/jra.16.4.2021.255-262

Ariadi H, Fadjar M, Mahmudi M, Supriatna. 2019a.
The relationships between water quality
parameters and the growth rate of white
shrimp (Litopenaeus vannamei) in intensive
ponds. Aquaculture, Aquarium, Conservation
& Legislation. 12(6):2103-2116. https://
bioflux.com.ro/docs/2019.2103-2116.pdf

Ariadi H, Mahmudi M, Fadjar M. 2019b. Correlation
between density of vibrio bacteria with
Oscillatoria sp. abundance on intensive
Litopenaeus vannamei shrimp ponds. Research
Journal of Life Science. 6(2):114-129. https://
doi.org/10.21776/ub.rjls.2019.006.02.5

Ariadi H, Pandaingan IAH, Soeprijanto A, Maemunah
Y, Wafi A. 2020. Effectiveness of using Pakcoy
(Brassica rapa L.) and Kailan (Brassica oleracea)
plants as vegetable media for aquaponic
culture of tilapia (Oreochromis sp.). Journal of
Aquaculture Development and Environment.
3(2):156-162.  https://doi.org/10.31002/jade.
v3i2.3320

Ariadi H, Madusari BD, Mardhiyana D. 2022b.

Analysis of the Effect of the Carrying Capacity

of the Cultivation Environment on the Growth

Rate of Vaname Shrimp (L. vannamei).

EnviroScienteae. 18(1):29-37. http://dx.doi.

0rg/10.20527/es.v18i1.12976

Ariadi H, Syakirin MB, Hidayati S, Madusari BD,
Soeprapto H. 2022c. Fluctuation Effect
of Dissolved of TAN (Total Ammonia
Nitrogen) on Diatom Abundance in Intensive


https://bioflux.com.ro/docs/2019.2103-2116.pdf
https://bioflux.com.ro/docs/2019.2103-2116.pdf
https://doi.org/10.21776/ub.rjls.2019.006.02.5
https://doi.org/10.21776/ub.rjls.2019.006.02.5
https://doi.org/10.31002/jade.v3i2.3320
https://doi.org/10.31002/jade.v3i2.3320
https://dx.doi.org/10.20527/es.v18i1.12976
https://dx.doi.org/10.20527/es.v18i1.12976

Ariadi et al. / The Philippine Journal of Fisheries 32(1): 9-18

Shrimp Culture Ponds. IOP Conference
Series: Earth and Environmental Science.
1118(1):012001. https://doi.org/10.1088/1755-
1315/1118/1/012001

Ariadi H, Khristanto A, Soeprapto H, Kumalasari
D, Sihombing JL. 2022d. Plankton and its
potential utilization for climate resilient fish
culture. AACL Bioflux. 15(4):2041-2051.
https://bioflux.com.ro/docs/2022.2041-2051.
pdf

Bera A, Kailasam M, Mandal B, Sukumaran K, Makesh
M, Hussain T, Sivaramakrishnan T, Subburaj
R, Thiagarajan G, Vijayan KK. 2019. Effect
of tank colour on foraging capacity, growth
and survival of milkfish (Chanos chanos)
larvae. Aquaculture. 512:734347. https://doi.
org/10.1016/j.aquaculture.2019.734347

Chowdhury T, Roy S, Chattopadhyay J]. 2018.
Modeling migratory grazing of zooplankton
on toxic and non-toxic phytoplankton. Applied
Mathematics and Computation. 197(2):659-
671. https://doi.org/10.1016/j.amc.2007.08.004

Duan T, Feng J, Chang X, Li Y. 2022. Evaluation of
the effectiveness and effects of long-term
ecological restoration on watershed water
quality dynamics in two eutrophic river
catchments in Lake Chaohu Basin, China.
Ecological Indicators. 145:109592. https://doi.
org/10.1016/j.ecolind.2022.109592

Erbanova E, Palrcik J, Slezak M, Mikulasek P. 2012.
Removing of Nitrates from Waste Water by
Using Pond Culture. Procedia Engineering.
42:1552-1560. https://doi.org/10.1016/j.
proeng.2012.07.548

Estante-Superio EG, Pakingking RV, Corre VL, Cruz-
Lacierda ER. 2021. Vibrio harveyi-like bacteria
associated with fin rot in farmed milkfish
Chanos chanos (Forsskal) fingerlings in the
Philippines. Aquaculture. 534:736259. https://
doi.org/10.1016/j.aquaculture.2020.736259

Febiyanto. 2020. Effect of temperature and aeration
on the Dissolved Oxygen (DO) values in
freshwater using simple water bath reactor: A
brief report. Walisongo Journal of Chemistry.
3(1):25-30. https://doi.org/10.21580/wjc.
v3i1.6108

Gorospe JRC, Juinio-Menez MA, Southgate PC. 2021.
Is culture performance of juvenile sandfish,
Holothuria scabra, in ocean-based nursery
systems influenced by proximity to milkfish
(Chanos chanos) farms and hapa net mesh
size?. Aquaculture. 531:735812. https://doi.
org/10.1016/j.aquaculture.2020.735812

Gozdowska M, Sokolowska E, Pomianowski K,
Kulczykowska E. 2022. Melatonin and cortisol
as components of the cutaneous stress response
system in fish: Response to oxidative stress.
Comparative Biochemistry and Physiology
Part A: Molecular & Integrative Physiology.
268:111207. https://doi.org/10.1016/j.
cbpa.2022.111207

Hanke I, Ampe B, Kunzmann A, Gardes A, Aerts J.
2019. Thermal stress response of juvenile
milkfish (Chanos chanos) quantified by
ontogenetic and regenerated scale cortisol.
Aquaculture. 500:24-30. https://doi.
org/10.1016/j.aquaculture.2018.09.016

Hsu HH, Chuang TC, Lin HC, Huang YR, Lin
CM, Kung HE Tsai YH. 2009. Histamine
content and histamine-forming bacteria in
dried milkfish (Chanos chanos) products.
Food Chemistry. 114:933-938. https://doi.
0rg/10.1016/j.foodchem.2008.10.040

Hussain M, Hassan HU, Siddique MAM, Mahmood
K, Abdel-Aziz MFA, Laghari MY, Abro NA,
Gabol K, Nisar, Rizwan S, Halima. 2021. Effect
of varying dietary protein levels on growth
performance and survival of milkfish Chanos
chanos fingerlings reared in brackish water
pond ecosystem. The Egyptian Journal of
Aquatic Research. 47(3):329-334. https://doi.
org/10.1016/j.ejar.2021.05.001

Ibarbalz FM, Henry N, Brandao MC, Lombard E
Bowler C, Zinger L. 2019. Global Trends in
Marine Plankton Diversity across Kingdoms
of Life. Cell. 179(5):1084-1097. https://doi.
0rg/10.1016/j.cell.2019.10.008

Madusari BD, Ariadi H, Mardhiyana D. 2022. Effect of
the feeding rate practice on the white shrimp
(Litopenaeus vannamei) cultivation activities.
Aquaculture, Aquarium, Conservation &
Legislation-International Journal of the Bioflux


https://bioflux.com.ro/docs/2022.2041-2051.pdf
https://bioflux.com.ro/docs/2022.2041-2051.pdf
https://doi.org/10.1016/j.aquaculture.2019.734347
https://doi.org/10.1016/j.aquaculture.2019.734347
https://doi.org/10.1016/j.amc.2007.08.004
https://doi.org/10.1016/j.ecolind.2022.109592
https://doi.org/10.1016/j.ecolind.2022.109592
https://doi.org/10.1016/j.proeng.2012.07.548
https://doi.org/10.1016/j.proeng.2012.07.548
https://doi.org/10.1016/j.aquaculture.2020.736259
https://doi.org/10.1016/j.aquaculture.2020.736259
https://doi.org/10.21580/wjc.v3i1.6108
https://doi.org/10.21580/wjc.v3i1.6108
https://doi.org/10.1016/j.aquaculture.2020.735812
https://doi.org/10.1016/j.aquaculture.2020.735812
https://doi.org/10.1016/j.cbpa.2022.111207
https://doi.org/10.1016/j.cbpa.2022.111207
https://doi.org/10.1016/j.aquaculture.2018.09.016
https://doi.org/10.1016/j.aquaculture.2018.09.016
http://dx.doi.org/10.1016/j.foodchem.2008.10.040
https://doi.org/10.1016/j.ejar.2021.05.001
https://doi.org/10.1016/j.ejar.2021.05.001
https://doi.org/10.1016/j.cell.2019.10.008
https://doi.org/10.1016/j.cell.2019.10.008

Identification of Plankton in the Stomach of Milkfish (Chanos chanos) Seeds Obtained from Natural Waters

Society. 15(1):473-479. https://bioflux.com.ro/
docs/2022.473-479.pdf

Nakajima R, Yamazaki H, Lewis LS, Khen A, Smith
JE, Nakatomi N, Kurihara H. 2017. Planktonic
trophic structure in a coral reef ecosystem -
Grazing versus microbial food webs and the
production of mesozooplankton. Progress
in Oceanography. 156:104-120. https://doi.
org/10.1016/j.pocean.2017.06.007

Nasmia, Natsir S, Rusaini, Tahya AM, Nilawati ], Ismail
SN. 2022. Utilization of Caulerpa sp. as a feed
ingredient for growth and survival of whiteleg
shrimp and Chanos chanos in polyculture.
The Egyptian Journal of Aquatic Research.
48(2):175-180. https://doi.org/10.1016/j.
€jar.2022.01.005

Nasukha A, dan Aslianti T. 2019. Plankton Distribution
In Controlled Water Of Milkfish Larva Culture
System. Berita Biologi. 18(3):255-264.

Pilati A, Echaniz SA, Faguaga CG, Vignatti AM,
Cabrera GC. 2018. An experimental salt
reduction in a lake with long-term hypersaline
conditions does not increase zooplankton
diversity but affects the grazing of Artemia
persimilis on algae. Limnologic. 70:26-32.
https://doi.org/10.1016/j.1imno.2018.04.003

Prihatiningsih WR, Suseno H, Zamani NP,
Soedharma D. 2016. Bioaccumulation and
retention kinetics of cesium in the Milkfish
Chanos chanos from Jakarta Bay. Marine
Pollution Bulletin. 110(2):647-653. https://doi.
org/10.1016/j.marpolbul.2016.04.058

Rong RL, Gagnat MR, Attramadal Y, Vadstein O.
2022. Microbial water quality of the copepod
Acartia tonsa in cultures for use as live
feed. Aquaculture. 560:738439. https://doi.
org/10.1016/j.aquaculture.2022.738439

Scobe JM, Cavalier-Smith T. 2014. Scale evolution
in  Paraphysomonadida  (Chrysophyceae):
Sequence phylogeny and revised taxonomy of
Paraphysomonas, new genus Clathromonas,
and 25 new species. European Journal
of Protistology. 50:551-592. https://doi.
0rg/10.1016/j.ejop.2014.08.001

Shadrack RS, Gereva S, Pickering T, Ferreira M.
2021. Seasonality, abundance and spawning
season of milkfish Chanos chanos (Forsskal,
1775) at Teouma Bay, Vanuatu. Marine
Policy. 130:104587. https://doi.org/10.1016/j.
marpol.2021.104587

Shaha DC, Cho YK, Kundu SR, Hasan J, Haque E, Salam
MA. 2022. The calculation of flushing time for
the upper Pasur River Estuary, Bangladesh.
Terrestrial, Atmospheric and Oceanic Sciences.
33:1-15. https://doi.org/10.1007/s44195-022-
00015-1

Soeprapto H, Ariadi H, Badrudin U, Soedibya PHT.
2023. The abundance of Microcystis sp. on
intensive shrimp ponds. Depik 12(1):105-110.
https://doi.org/10.13170/depik.12.1.30433

Sprecher BN, Buck JM, Ropella LL, Ramsperger
A, Kroth PG, Yamada N. 2023. Genetic
transformation methods for diatom Nitzschia
captiva: New tools to better understand
dinotom endosymbiosis. Alga Research.
72:103136. https://doi.org/10.1016/j.
algal 2023.103136

Sumagaysay-Chavoso NS, Diego-McGlone MLS. 2003.
Water quality and holding capacity of intensive
and semi-intensive milkfish (Chanos chanos)
ponds. Aquaculture. 219:413-429. https://doi.
org/10.1016/50044-8486(02)00576-8

Vasava R, Shrivastava V, Mahavadiya D, Sapra D,
Vadher D. 2018. Nutritional and Feeding
Reuirement of Milk Fish (Chanos chanos).
International Journal of Pure and Applied
Bioscience.  6(2):1210-1215.  https://doi.
org/10.18782/2320-7051.6463

Wafi A, Ariadi H. 2022. Seaweed Cultivation in
Coastal Areas. ADAB Publishing. Indramayu,
Indonesia. 102 pp. https://penerbitadab.id/
budidaya-rumput-laut-di-wilayah-pesisir/

Wang Q, Chen J, Qi W, wang D, Lin H, Wu X, Wang
D, Bai Y, Qu J. 2023. Dam construction
alters planktonic microbial predator-prey
communities in the urban reaches of the
Yangtze River. Water Research. 230:119575.
https://doi.org/10.1016/j.watres.2023.119575


https://bioflux.com.ro/docs/2022.473-479.pdf
https://bioflux.com.ro/docs/2022.473-479.pdf
https://doi.org/10.1016/j.pocean.2017.06.007
https://doi.org/10.1016/j.pocean.2017.06.007
https://doi.org/10.1016/j.ejar.2022.01.005
https://doi.org/10.1016/j.ejar.2022.01.005
https://doi.org/10.1016/j.limno.2018.04.003
https://doi.org/10.1016/j.marpolbul.2016.04.058
https://doi.org/10.1016/j.marpolbul.2016.04.058
https://doi.org/10.1016/j.aquaculture.2022.738439
https://doi.org/10.1016/j.aquaculture.2022.738439
https://doi.org/10.1016/j.ejop.2014.08.001
https://doi.org/10.1016/j.ejop.2014.08.001
https://doi.org/10.1016/j.marpol.2021.104587
https://doi.org/10.1016/j.marpol.2021.104587
https://doi.org/10.1007/s44195-022-00015-1
https://doi.org/10.1007/s44195-022-00015-1
https://doi.org/10.13170/depik.12.1.30433
https://doi.org/10.1016/j.algal.2023.103136
https://doi.org/10.1016/j.algal.2023.103136
https://doi.org/10.1016/S0044-8486(02)00576-8
https://doi.org/10.1016/S0044-8486(02)00576-8
http://dx.doi.org/10.18782/2320-7051.6463
https://penerbitadab.id/budidaya-rumput-laut-di-wilayah-pesisir/
https://penerbitadab.id/budidaya-rumput-laut-di-wilayah-pesisir/
https://doi.org/10.1016/j.watres.2023.119575

Ariadi et al. / The Philippine Journal of Fisheries 32(1): 9-18

2013. Management effects on water quality,
sediments and fish production in extensive
fish ponds in the Dombes region, France.
Limnologica.  43(3):210-218.  https://doi.
org/10.1016/j.Jimno.2012.11.003

Winans AK, Herrmann B, Keister JE. 2023. Spatio-

temporal variation in zooplankton community
composition in the southern Salish Sea:
Changes during the 2015-2016 Pacific
marine heatwave. Progress in Oceanography.
214:103022. https://doi.org/10.1016/j.

Wezel A, Robin J, Guerin M, Arthaud E Vallod D. Yang Y, Zhao R. 2024. Precipitation input increases

biodiversity of planktonic communities in
the Qinghai-Tibet Plateau. Science of The
Total Environment. 947:174666. https://doi.
org/10.1016/j.scitotenv.2024.174666

Zhang T, Wang S, Jiang Y, Zhou H, Sun M, Ning Z, Mu

W. 2023. Identification, characterization, and
function of GRP94 and HSP90p in cold stress
response in cold water fish Phoxinus lagowskii.
Aquaculture Reports. 28:101443. https://doi.
org/10.1016/j.aqrep.2022.101443

pocean.2023.103022

© 2025 The authors. Published by the National
Fisheries Research and Development Institute.
This is an open access article distributed under
the CC BY-NC 4.0 license.

N0


https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1016/j.limno.2012.11.003
https://doi.org/10.1016/j.limno.2012.11.003
https://doi.org/10.1016/j.pocean.2023.103022
https://doi.org/10.1016/j.pocean.2023.103022
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://www.sciencedirect.com/journal/science-of-the-total-environment
https://doi.org/10.1016/j.scitotenv.2024.174666
https://doi.org/10.1016/j.scitotenv.2024.174666
https://doi.org/10.1016/j.aqrep.2022.101443
https://doi.org/10.1016/j.aqrep.2022.101443

