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Abstract

This study aims to evaluate the impact of different circulation systems on water
quality parameters in tilapia rearing. Good water quality is very important in tilapia
rearing so that fish can grow healthily and optimally. This study compared three
different circulation systems: one without a pump, one with one pump, and one with
two pumps, all aimed at increasing the dissolved oxygen concentration in the pond.
The results of this study showed that CS Il was able to maintain an efficient and
stable DO concentration of around 7.5 to 8 ppm, which also resulted in a stable pH
value. In contrast, CS | had a low DO concentration of approximately 3 ppm, which
had an inefficient impact on the pH value. Additionally, CS Il demonstrated stable
DO concentrations, despite a decrease in pH values. This shows that CS Il can
create more optimal environmental conditions for tilapia growth compared to other
circulation systems. Furthermore, the consistent DO concentration influences other
water quality parameters, such as pH, which is also consistent and stable, thereby
promoting fish health.
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1. Introduction

Tilapia is one of the types of fresh fish that is
widely popular with the Indonesian market. Tilapia
has a good performance in making high protein with L o
the ability to grow and high tolerance to its ~ The optimization of productivity is important to
environment (Yunarty et al. 2021). Tilapia is mostly achieve high performance in the treatment process.
rearing by the community because it can live in The dynamics and treatment of water quality in the
maintenance media such as soill fiber, and concrete rearing media influence the productivity of the Tllapla
ponds (Dewi et al. 2022). Tilapia rearing has the (Yuliana et al. 202_3). Water quality indicators are
potential to be developed intensively to meet the temperature, pH, dissolved oxygen (DO), and total
needs of the community both for seed and dissolved solid (TDS) (Pratama et al. 2021).
consumption needs because of the relatively According to Direktorat Jenderal Perikanan Budidaya
economical rearing method (Pratama et al. 2021). (2020), tilapia can survive at a pH ranging from 6.5 to
8.5 with dissolved oxygen levels ranging >5 ppm. In
addition to pH and dissolved oxygen concentration,

living media to provide nutrients such as soluble
minerals and plankton organisms (Barqi et al. 2019).

The successful cultivation of tilapia is

determined by several factors including seed quality,
water quality, and the treatment technique
(Puspitasari et al. 2022). The quality of tilapia can be
observed by the length and weight of the tilapia
seeds, the agility of the tilapia, its immunity to
diseases and parasites (Dewi et al. 2022). Besides
seed quality, water quality is important to the growth
and success of tilapia farming, because water is a
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ammonia and temperature are also a common factor
in tilapia aquaculture. Ammonia production is directly
related to feeding, feed quality, and temperature
(Idam et al. 2020).

Water quality can be as a reference in
determining appropriate actions in tilapia cultivation.
By paying attention to water quality, fish production
can be increased meets standards during cultivation.
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Therefore, this research was conducted to determine
the impact of different circulation systems on tilapia

production levels through measuring water quality
parameters.

99°

Figure 1. The location of research study in Medan city, Sumatra Utara.

2. Reasearch Methodology

This research was implemented at Pelajar
Street and University of North Sumatra, Medan,
North Sumatra. The aim of the research being to
compare water quality parameters with the usage of
water pump in tilapia rearing in concrete ponds for 21
days. The water pump was used to increase
dissolved oxygen concentration with  other
parameters such as temperature, pH and TDS
concentration. Changes and variables were
measured to achieve an optimized result. A total of
150 tilapia seeds were used in this research. Tilapia
seeds used were 3-5 cm sized, to complete the
research on dissolved oxygen concentration with
three different treatments. The feeding twice a day as
much as 1gram which has 30% protein are given in
the morning and evening. The research was
implemented in a pond measuring 200 cm long, 85
cm wide and 65 cm high which was covered by nets
as high as 2 meters from the bottom of the pond,
using groundwater that had been stored in a water
reservoir. The research used three circulation
systems, which were the circulation system | (CS 1)
was maintenance without a pump, circulation system
Il (CS II) was maintenance with one pump with a
maximum water flow rate of 1800 liters/hour and the
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pump turned on every day, and circulation system Il
(CS 1ll) was maintenance with two pumps with a
maximum water flow rate of 1800 liters/hour and the
pump turned on every day, The circulation system
implemented for 1 week.

The research is to compare the value of water
quality parameters of the three treatments. Analysis
of water quality parameter values in tilapia cultivation
in concrete ponds is according to the Standard
Operating Procedure for Tilapia Enlargement
according to the Direktorat Jenderal Perikanan
Budidaya (2020). Comparing tilapia production from
each treatment based on the measured water quality
parameter values.The research was implemented by
measuring water quality based on parameters using
standard tools with water sampling using manual
sampling method. Water temperature was measured
using HTC-2 Digital dipped in water, then the number
shown on the Thermometer scale was recorded as
data. Dissolved oxygen concentration was measured
using a digital DO meter, total dissolved solids were
measured using a digital TDS meter, water acidity
was measured using a digital pH meter, by dipping it
into the water and waiting for the value to appear on
the screen. The collected data on water quality
parameters with three circulation systems were
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processed statistically using Ms.Word Office and
ANOVA Test. The data were presented descriptively
in table and graphical form, and then the data were
interpreted to explain the relationship of measured
water quality parameters to fish production.

3. Results and Discussion

In this research, temperature, pH, TDS and
dissolved oxygen concentration were analyzed in
tilapia cultivation in concrete ponds with in situ
measurements. The results of each measured water
quality parameter can be seen in Table. 1.

Table. 1 Parameters of water quality in tilapia
cultivation (mean and deviation standar)

Parameter CS | CSii csii
Themperature 30.7£0.8 31.2+1.4 30.4+0.8
(°C)
pH 74104 7.0£0.3 7.5+0.2

DO (ppm) 29104 4.7:04 7.2¢08
TDS (ppm)  0.9+0.1 1.0£0.04 1.120.1

As shown in table 1, the DO concentration
of the three treatments continued to increase with a
significant increase. In CS | and CS II, the mean of
DO concentration was below the standard value by
the Directorate General of Aquaculture (2020), tilapia
can survive dissolved oxygen levels ranging > 5 ppm.
However, with the use of additional pumps, the
average DO concentration increased to the standard
value of 7.2. However, the oxygen concentration
increased, the average TDS concentration also
increased in each treatment with an increase in the
mean of TDS value of 0.1 ppm during maintenance
with temperature and pH values.

The Concentration of Dissolved Oxygen
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Figure 2. The concentration of dissolved oxygen at
various circulation system

According to standard values based on the
Kementerian Kelautan dan Perikanan Direktorat
Jenderal Perikanan Budidaya (2020), tilapia can
survive at pH ranging from 6.5 to 8.5. The mean of
temperature value in CS Il has increased from CS |,
but for CS Ill the mean of temperature decreased
which can be seen in Table 1. In this study, dissolved
oxygen concentration was analyzed in tilapia
cultivation in concrete ponds with in situ
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measurements. Based on the measurement of DO
concentration in each circulation system, the
difference can be seen in Fig. 2.

Based on the Fig.2, it shows that the DO
concentration in CS | was very low at around 3 ppm
and was stable for six days. The DO concentration
indicates that the CS | system is not efficient in
maintaining the oxygen levels required for fish
farming. CS | experienced a significant decrease
from day one to day two, after which the dissolved
oxygen concentration stabilized at a lower level. CS
Il maintained a higher DO concentration of about 6
ppm and stabilized, indicating that this system is
more efficient compared to CS I. CS |l started from a
lower dissolved oxygen concentration than CS | and
CS 1lI, but the dissolved oxygen concentration tended
to increase slowly over time. CS Il showed the
highest DO concentration, around 7.5 to 8 ppm and
was relatively stable, indicating that this system was
most efficient in maintaining optimal oxygen levels for
the fish. CS Il showed the most consistent and high
dissolved oxygen concentrations throughout the
observation period, indicating that this system is
more effective in maintaining optimal dissolved
oxygen levels for fish farming. CS Il appears to do a
good job in maintaining the optimal dissolved oxygen
concentration for fish farming.

The pH Level of Cultivation System
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Figure 3. The pH level at various circulation
system.

Based on the value of the standard
operating procedure for tilapia enlargement by the
Ministry of Maritime Affairs and Fisheries, Directorate
General of Aquaculture (2020), the optimum DO
concentration for tilapia growth is >5 ppm. Sri
Andayani (2022) states, dissolved oxygen is needed
by living organisms for breathing, metabolic
processes, decomposition of organic matter and
growth. According to Tatangidatu (2013), that in
cultivation with concrete ponds oxygen production is
produced through the process of photosynthesis
during the day and at night it is formed by algae for
the metabolic process because there is no light.
According to Nabila et al (2023) states that dissolved
oxygen in fish farming is useful for burning fuel (food)
to produce activities, such as swimming, growth and
reproduction as well as to support metabolic
processes, respiration and fish survival. In fish
farming, the concentration of dissolved oxygen also
affects the pH value. water pH is one of the important
parameters that affect the health and growth of
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farmed fish. water pH that is too acidic or too basic
can cause the death of farmed fish, either directly or
indirectly. To prevent this, the pH value is measured
to maintain water quality. Based on the pH parameter
test, it can be seen as a treatment the pH value has
a variation as shown in the Fig.3.

The Fig. 3 the difference in pH levels across
the three different circulation systems in the six-day
fish culture. This graph gives an idea of how each
circulation system affects the pH of the water in the
pond or culture container. In CS |, it can be seen that
the pH started at around 7.6 on the first day and
decreased slightly until day 4. On day 5, the pH
experienced a sudden increase, then decreased
again on day 6. The visible fluctuations indicate that
CS |l is not stable in maintaining the pH of the water,
which could be due to circulation efficiency or
external conditions. CD Il showed a significant
decrease in pH from day 1 to day 2, and this
decrease continued until day 6. The steady decrease
in pH suggests that Circulation System Il may have
weaknesses in maintaining water pH stability, which
could have a negative impact on fish healthy.

The graph in CS Il shows that the pH was
fairly stable from day 1 to day 3, with a slight
decrease occurring until day 4. There was a sudden
increase on day 5, followed by a decrease again on
day 6. Although there are fluctuations, Circulation
System 11l tends to be more stable compared to CS |
and CS II. pH stability is very important for fish health
in aquaculture. CS Il seems to provide the most
consistent and stable results, while CS Il shows
issues that need to be corrected. CS | is in between
but also require some adjustments to ensure better
stability. More frequent monitoring and adjustments
to the circulation system can help in achieving an
optimal and stable pH for fish farming. According to
Muhammad Alfian, et al (2021), the pH value of fish
farming waters is influenced by dissolved oxygen, the
tendency of pH will be alkaline and the opposite
condition when dissolved oxygen is in large
quantities. Unbalanced dissolved oxygen
concentrations will cause stress in fish because they
do not get enough oxygen supply and cause death
due to lack of oxygen because the body cannot bind
dissolved oxygen in the blood. Wahyuni T, et al
(2018) stated that pH conditions that are too low can
increase the solubility of metals in water and cause
the death of aquatic organisms. Conversely, a high
pH can increase the concentration of ammonia in
water.

Rosemary Mramba, et al (2023) said
Oxygen is essential for fish survival and the survival
of healthy bacteria that decompose waste. Fish
production increases at optimal oxygen levels
through increased feeding and growth rates.
However, fish production had a unimodal relationship
with DO in this study, probably due to interactions
with other variables such as water temperature.
Since measurements were taken during the day, it is
possible that aquatic plants with high photosynthetic
rates increase DO during the day and decrease it
through respiration at night. Low pH alters the
structure and function of the gills, thus impairing the
ability to maintain internal ion balance. As a result,
fish expend extra metabolic energy on gill function at
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the expense of growth. The pH values of most ponds
in this study were within the acceptable range
between 6.5 and 7.3, and fish catch increased as pH
increased. This finding is in line with previous studies
that found a positive correlation between pH and fish
harvest, fish weight and growth.

4. Conclusion

From the results of the research, it can be
concluded that water quality parameters in tilapia
rearing are very important, especially DO
concentration. Fish farming with different circulation
systems will have an impact on water quality. From
the results, it can be seen that the DO concentration
in CS lis very low at around 3 ppm, this concentration
indicates an ineffective value in fish rearing. The DO
concentration also affects the pH value, which shows
that the pH value in CS | experiences unstable
fluctuations. In contrast, CS Il is able to maintain a
DO concentration of around 6 ppm and is efficiently
stable. Stable concentrations in CS Il are seen to be
unable to maintain the pH value which is seen to
experience a significant decrease which will have a
negative impact on fish health. In contrast, CS IlI
shows a consistent DO concentration and effectively
maintains the optimal DO concentration in fish
farming around 7.5 to 8 ppm than CS | and CS Il. The
consistent of DO concentration has an impact on
other water quality parameters, namely pH, which is
also consistent and stable, which is good for fish

health.

References

Adi, S. P., Simanjuntak, A. V., Supendi, P., Wei, S.,
Muksin, U., Daryono, D., ... & Sinambela, M.
(2024). Different Faulting of the 2023 (Mw 5.7
and 5.9) South-Central Java Earthquakes in
the Backthrust Fault System. Geotechnical
and Geological Engineering, 1-13.

Ansari, K., Walo, J., Simanjuntak, A. V., & Wezka, K.
(2024). Crustal deformation from GNSS
measurement and earthquake mechanism
along Pieniny Klippen Belt, Southern
Poland. Arabian Journal of
Geosciences, 17(6), 180.

Ansari, K., Walo, J., Simanjuntak, A. V., & Wezka, K.
(2024). Crustal deformation from GNSS
measurement and earthquake mechanism
along Pieniny Klippen Belt, Southern
Poland. Arabian Journal of
Geosciences, 17(6), 180.

Arifullah, A., Muksin, U., Simanjuntak, A., & Muzli, M.
(2024, March). A preliminary result of
automatic earthquakes localization from
seismic temporary network in Northern

Sumatra. In AIP Conference
Proceedings (Vol. 3082, No. 1). AIP
Publishing.

Asnawi, Y., Muksin, U., Tarniati, Y. P., Simanjuntak,
A. V., Rizal, S., & Syukri, M. (2023,
January). Seismic vulnerability based on

R = g
o Appled Geospatal noration




microtremor data and HVSR method in
Krueng Raya, Aceh Besar. In AIP
Conference Proceedings (Vol. 2613, No. 1).
AIP Publishing.

Asnawi, Y., Simanjuntak, A. V. H., Muksin, U.,
Okubo, M., Putri, S. I, Rizal, S., & Syukri, M.
(2022). Soil classification in a seismically
active environment based on join analysis of
seismic  parameters. Global Journal of
Environmental Science and
Management, 8(3), 297-314.

Asnawi, Y., Simanjuntak, A., Muksin, U., Rizal, S.,
Syukri, M. S. M., Maisura, M., & Rahmati, R.
(2022). Analysis of Microtremor H/V Spectral
Ratio and Public Perception for Disaster
Mitigation. GEOMATE Journal, 23(97), 123-
130.

Frits Tatangindatu, Ockstan Kalesaran, Robert
Rompas. (2013). Studi Parameter Fisika
Kimia Air pada Areal Budidaya lkan di
Danau Tondano, Desa Paleloan,
Kabupaten Minahasa. Budidaya Perairan.
1(2): 8-19

Hududillah, T. H., Simanjuntak, A. V., & Husni, M.
(2017, July). Identification of active fault using
analysis of derivatives with vertical second
based on gravity anomaly data (Case study:
Seulimeum fault in Sumatera fault system).
In AIP Conference Proceedings (Vol. 1857,
No. 1). AIP Publishing.

Idha, R., Sari, E. P., Asnawi, Y., Simanjuntak, A. V.,
Humaidi, S., & Muksin, U. (2023). 1-
Dimensional Model of Seismic Velocity after
Tarutung Earthquake 1 October 2022 Mw
5.8. Journal of Applied Geospatial
Information, 7(1), 825-831.

Idha, R., Sari, E. P., Humaidi, S., Simanjuntak, A. V.,
& Muksin, U. (2023, December). Response of
Geologic Units to The Ground Parameters of
Tarutung Earthquake 2022 Mw 5.8: A
Preliminary Study. In IOP Conference Series:
Earth and Environmental Science (Vol. 1288,
No. 1, p. 012032). IOP Publishing.

Irwandi, 1., Muksin, U., & Simanjuntak, A. V. (2021).
Probabilistic seismic hazard map analysis for
Aceh Tenggara district and microzonation for
Kutacane city. InIOP Conference Series:
Earth and Environmental Science (Vol. 630,
No. 1, p. 012001). IOP Publishing.

Kementerian Kelautan dan Perikanan Direktorat
Jenderal Perikanan Budidaya. (2020).

Standar Operasional Prosedur
Pembesaran Ikan Nila (Oreochromis
Niloticus). Jakarta: DIREKTORAT

JENDERAL PERIKANAN BUDIDAYA

Mramba, Rosemary P, Emmanuel J. K. (2023).
Pond water quality and its relation to fish
yield and disease occurrence in small-scale
aquaculture in arid areas. Heliyon. 9: 1-10.

Muhammad Alfian Pratama, | Wayan A, G Raka A.
K. (2021). Fluktuasi Kualitas Air Budidaya

Yohana et al.,/ JAGI Vol 8 No 1/2024

Ikan Nila (Oreochromis niloticus) dengan
Beberapa Variasi Sistem Resirkulasi.
Current Trends in Aquatic Science. IV (1),
102-107

Muhammad Alfian Pratama, | Wayan Arthana, Gde
Raka Angga Kartika. (2021). Fluktuasi
Kualitas  Air Budidaya lkan Nila
(Oreochromis niloticus) dengan Beberapa
variasi Sistem Resirkulasi. Current Trends
in Aquatic Science. 1V(1):102-107.

Muksin, U., Arifullah, A., Simanjuntak, A. V., Asra, N.,
Muzli, M., Wei, S., ... & Okubo, M. (2023).
Secondary fault system in Northern Sumatra,
evidenced by recent seismicity and
geomorphic structure. Journal of Asian Earth
Sciences, 105557.

Ni Putu A. K. Dewi, | Wayan A, G. Raka A. K. (2022).
Patterns of Tilapia Mortality in Nurserry
Process with A Closed Recirculation
System in Sebatu, Bali. Journal Perikanan.
12 (3), 323-332

Nurana, I., Simanjuntak, A. V. H., Umar, M., Kuncoro,
D. C., Syamsidik, S., & Asnawi, Y. (2021).
Spatial Temporal Condition of Recent
Seismicity In The Northern Part of Sumatra.
Elkawnie: Journal of Islamic Science and
Technology, 7(1), 131-145.

Omer A Idam, Sara G. E. (2022). Impact of Some
Water Quality Parameters of Nile Tilapia
(Oreochromis Niloticus) Farm Cultured in
Different Pond Systems, Gezira State,
Sudan. International Journal of
Multidisciplinary Research and Growth
Evaluation. 06: 618-622

Pasari, S., Simanjuntak, A. V., Mehta, A., Neha, &
Sharma, Y. (2021). A synoptic view of the
natural time distribution and contemporary
earthquake hazards in Sumatra, Indonesia.
Natural Hazards, 108, 309-321.

Pasari, S., Simanjuntak, A. V., Mehta, A., Neha, &
Sharma, Y. (2021). The current state of
earthquake potential on Java Island,
Indonesia. Pure and Applied
Geophysics, 178, 2789-2806.

Pasari, S., Simanjuntak, A. V., Neha, & Sharma, Y.
(2021). Nowcasting earthquakes in Sulawesi
island, Indonesia. Geoscience Letters, 8, 1-
13.

Poppy Puspitasari, Avita A. P, Sukarni, Ahmad T,
Galy D. S. (2022). Implementasi Teknologi
Nano Microbubble Aerator pada Kolam Lele
untuk Meningkatkan Kadar Oksigen Air dan
Mempercepat Pertumbuhan Benih lkan
Lele. JP2T. 3(1)

Qadariah, Q., Simanjuntak, A. V., & Umar, M. (2018).
Analysis of Focal Mechanisms Using
Waveform Inversion; Case Study of Pidie Jaya
Earthquake December 7, 2016. Journal of
Aceh Physics Society, 7(3), 127-132.

Rizki Qorin Nabila, Hamdani Dwi Prasetyo, Husain
Latuconsina. (2023). Pengaruh Kualitas Air

< e 75
=
of Amplid Geospatial Infoiation




Hasil Pengolahan Limbah pada Kolam
Fakultif terhadap Daya Tetas Telur Ikan Nila
(Oreochromis niloticus). Jurnal Riset
Perikanan dan Kelautan. 5(2): 98-108

Sari, E. P., Idha, R., Asnawi, Y., Simanjuntak, A.,

Humaidi, S., & Muksin, U. (2023). Faulting
Mechanism of Tarutung Earthquake 2022 Mw
5.8 Using Moment Tensor Inversion. Journal
of Applied Geospatial Information, 7(1), 840-
846.

Sari, E. P., Idha, R., Nugroho, H., Humaidi, S.,

Simanjuntak, A. V., & Muksin, U. (2023).
Model Mekanisme Patahan Gempa Bumi
Tarutung 2022 Mw 5.8. Kesatria: Jurnal
Penerapan Sistem Informasi (Komputer dan
Manajemen), 4(2), 478-486.

Siegers, Willem H. Yudi P dan Annita S. (2019).

Pengaruh Kualitas Air Terhadap
Pertumbuhan lkan Nila Nirwana
(Oreochromis Sp.) pada Tambak Payau.
The Journal of Fisheries Development. Vol.
3:95-104

Sihotang, B., Humaidi, S., & Simanjuntak, A. V.

(2024). An updated 1-dimensional seismic
velocity model has been developed for the Mw
6.1 Pasaman earthquake that occurred on
February 25, 2022.Journal of Applied
Geospatial Information, 8(1), 12-18.

Simanjuntak, A. V. H., Muksin, U., Arifullah, A.,

Lythgoe, K., Asnawi, Y., Sinambela, M., ...
& Wei, S. (2023). Environmental
vulnerability characteristics in an active
swarm  region. Global journal of
environmental science and management,
9(2), 211-226.

Simanjuntak, A. V., & Ansari, K. (2022). Seismicity

clustering of sequence phenomena in the
active tectonic system of backthrust Lombok
preceding the sequence 2018
earthquakes. Arabian Journal of
Geosciences, 15(23), 1730.

Simanjuntak, A. V., & Ansari, K. (2024). Multivariate

Hypocenter Clustering and Source
Mechanism of 2017 Mw 6.2 and 2019 Mw 6.5
in the South Seram Subduction System.
Geotechnical and Geological Engineering, 1-
14.

Simanjuntak, A. V., & Muksin, U. (2022). A

preliminary result of microtremor study to
identify the subsurface condition in the Aceh
Tenggara region. In E3S Web of
Conferences (Vol. 340, p. 01018). EDP
Sciences.

Simanjuntak, A. V., & Olymphia, O. (2017).

Perbandingan Energi Gempa Bumi Utama
dan Susulan (Studi Kasus: Gempa Subduksi
Pulau Sumatera dan Jawa). Jurnal Fisika
Flux: Jurnal lImiah Fisika FMIPA Universitas
Lambung Mangkurat, 14(1), 19-26.

Simanjuntak, A. V., Kuncoro, D. C., lIrwandi, I., &

76

Muksin, U. (2022). Understanding swarm
earthquakes in Southeast Aceh, Sumatra. In

Yohana et al.,/ JAGI Vol 8 No 1/2024

E3S Web of Conferences (Vol. 339, p. 02011).
EDP Sciences.

Simanjuntak, A. V., Muksin, U., & Rahmayani, F.

(2018, May). Microtremor survey to
investigate seismic vulnerability around the
Seulimum Fault, Aceh Besar-Indonesia. In
IOP Conference Series: Materials Science
and Engineering (Vol. 352, No. 1, p.
012046). IOP Publishing.

Simanjuntak, A. V., Palgunadi, K. H., Supendi, P.,

Daryono, D., Prakoso, T. A., & Muksin, U.
(2023). New insight on the active fault
system in the halmahera volcanic arc,
Indonesia, derived from the 2022 tobelo
earthquakes. Seismological Research
Letters, 94(6), 2586-2594.

Simanjuntak, A., Muksin, U., Asnawi, Y., Rizal, S., &

Wei, S. (2022). Recent Seismicity and Slab
Gap Beneath Toba Caldera (Sumatra)
Revealed Using Hypocenter Relocation
Methodology. Geomate Journal, 23(99), 82-
89.

Sri Andayani, Heny Suprastyani, feni tri Sa’adati,

Chandra Dewi Agustina. (2022). Analysis of
Fish Health Based on Water Quality on Koi
Fish (Cyprinus sp.) Cultivation Recirculation
System. Journal of Fisheries and Marine
Research. 6(3): 20-26

Supendi, P., Rawlinson, N., Prayitno, B. S,

Widiyantoro, S, Simanjuntak, A.,
Palgunadi, K. H., ... & Arimuko, A. (2022).
The Kalaotoa Fault: A Newly Identified Fault
that Generated the M w 7.3 Flores Sea
Earthquake. The Seismic Record, 2(3), 176-
185.

Supendi, P., Winder, T., Rawlinson, N., Bacon, C.

A., Palgunadi, K. H., Simanjuntak, A., ... &
Jatnika, J. (2023). A conjugate fault
revealed by the destructive Mw 5.6
(November 21, 2022) Cianjur earthquake,
West Java, Indonesia. Journal of Asian
Earth Sciences, 257, 105830.

Titik Tri Wahyuni dan Agus Zakaria. (2018).

Keanekaragaman lkan di Sungai Luk Ulo
Kabupaten Kebumen. Biosfera. Vol 35, No
1. (23-28).

Urwah Al Bargi, Gede S. S, | Gede M. D. (2019).

Sistem Monitoring Online Pada Budidaya
Udang Menggunakan Wireless Sensor
Network dan Internet of  Things.
KARMAPATI. 8(2)

Yuliani, yeni. Euis Dasipah, Karyana KS, Dety

Sukamawati, Tuti Gantini. (2023). Input
Produksi Terhadap Pendapatan Usaha
Pembesaran lkan Nila (Oreochromis
Niloticus) Kolam Air Tenang di Kota
Sukabumi (Suatu Kasus Pembudidaya di
Pokdakan  Kota  Sukabumi).  Jurnal
Pemikiran Masyarakat limiah Berwawasan
Agribisnis. 9(1): 944-954

10 o

of Applod Geospatial Infariiation




Yunarty, A. Kurniaji, Anton, Z. Usman, E. Wahid, K.
Rama. (2021). Pertumbuhan dan Konsumsi
Pakan lkan Nila (Oreochromis Niloticus)
yang Dipelihara pada Kepadatan Berbeda
dengan Sistem Bioflok. Jurnal Sains
Akuakultul Tropis. 5(2): 197-203

Yohana et al.,/ JAGI Vol 8 No 1/2024

T

=S
of Amplid Geospatial Infoiation

77



