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ABSTRACT

Catfish (Clarias gariepinus) is one of  the leading aquaculture commodities in Indonesia, with a production volume 
reaching 1.01 million tons, accounting for approximately 15% of  the national aquaculture output in 2020. The 
availability of  high-quality fry is crucial for the sustainability of  catfish farming. This study aims to evaluate the effect 
of  high stocking densities on survival rate, condition factor, and size variation of  catfish fry reared in UFBs-RAS. 
This research was conducted at PUI-PT Nano Powder Functional Universitas Padjadjaran (Jatinangor) from October 
to November 2023. The study tested catfish fry with lengths of  3–4 cm and weights of  1.2–1.4 g with four densities 
(10 fish/L, 15 fish/L, 20 fish/L, 25 fish/L). The results indicated that stocking density did not significantly affect 
the survival rate (P>0.05), but it did have a significant effect on length and weight variation (P<0.05). The condition 
factor did not show significant differences (P>0.05) between stocking density treatments. Overall, a density of  25 
fish/L yielded the best performance within the UFBs-RAS. Therefore, this density is recommended as the optimal 
stocking rate for catfish fry rearing in this system. These findings suggest that the application of  the UFBs-RAS 
system provides a strategic solution for the aquaculture industry to enhance the efficiency of  catfish fry rearing at high 
stocking densities while maintaining optimal water quality and growth performance, thereby supporting productivity 
and sustainability in intensive aquaculture systems.
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ABSTRAK

Ikan lele (Clarias gariepinus) merupakan salah satu komoditas unggulan dalam sektor akuakultur di Indonesia, dengan 
produksi mencapai 1,01 juta ton atau sekitar 15% dari total produksi akuakultur nasional pada tahun 2020. Ketersediaan 
benih berkualitas menjadi faktor kunci dalam menjaga kesinambungan budidaya lele. Penelitian ini bertujuan untuk 
mengkaji pengaruh padat tebar tinggi terhadap tingkat kelangsungan hidup, faktor kondisi dan keragaman ukuran 
benih ikan lele dalam sistem UFBs-RAS. Penelitian ini dilakukan di PUI-PT Nano Powder Fungsional Unviersitas 
Padjadjaran (Jatinangor), selama Oktober–November 2023. Benih ikan lele yang diuji memiliki ukuran panjang 3–4 
cm dan berat 1,2–1,4 g dengan empat tingkat kepadatan (10 ekor/L, 15 ekor/L, 20 ekor/L, 25 ekor/L). Hasil dari 
penelitian menunjukkan bahwa antar perlakuan padat tebar pada sistem UFBs-RAS tidak terdapat perbedaan nyata 
(P>0,05) terhadap tingkat kelangsungan hidup, hasil analisis sidik ragam menunjukkan bahwa perbedaan padat tebar 
berbeda nyata (P<0,05) terhadap keragaman ukuran panjang dan bobot, sedangkan pengaruh padat tebar tidak berbeda 
nyata (P>0,05) terhadap faktor kondisi. Secara keseluruhan, kepadatan 25 ekor/L memberikan hasil terbaik dalam 
sistem UFBs-RAS. Maka dari itu, padat tebar ini direkomendasikan sebagai kepadatan optimal dalam fase pemeliharan 
benih ikan lele pada sistem UFBs-RAS. Temuan ini menunjukkan bahwa penerapan UFBs-RAS dapat menjadi solusi 
strategis bagi industri akuakultur untuk meningkatkan efisiensi budidaya benih ikan lele pada padat tebar tinggi dengan 
tetap mempertahankan kualitas air dan performa pertumbuhan yang optimal, sehingga mendukung produktivitas dan 
keberlanjutan sistem budidaya intensif.

Kata kunci: akuakultur super intensif, ikan lele, kualitas air, padat tebar, UFBs-RAS
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INTRODUCTION

	 Catfish (Clairas gariepinus) is one of 
the most important aquaculture products in 
Indonesia, with a total production of 1.01 
million tons in 2020. This figure accounts 
for 15% of the national aquaculture 
production, placing catfish as the second 
largest aquaculture commodity in Indonesia 
after Nile tilapia (KKP 2020). Therefore, it is 
necessary to increase the production of the 
catfish fry to ensure the availability of high-
quality stock (Sundari and Priyanto 2017), 
which is essential to support the success and 
sustainability of the aquaculture industry 
(Barasa and Ouma 2024). 
	 One of the strategies to enhance 
catfish fry productivity is by optimizing 
stocking density, which allows for more 
intensive production (Silva et al. 2020). 
Stocking density exerts a significant 
influence on growth performance variables 
while also reducing aquaculture production 
costs (Li et al. 2021). However, high stocking 
densities may lead to spatial limitations 
and potentially cause deterioration in 
water quality, resulting in stress (Aidos et 
al. 2020), growth impairment (Jewel et al. 
2023), reduced feed efficiency (Espinoza-
Ramos et al. 2022), and increased disease 
susceptibility (Diao et al. 2023). Thus, it 
is crucial to develop a catfish fry rearing 
system capable of addressing the challenges 
associated with high stocking densities.
	 Recirculating aquaculture system 
(RAS) represents a modern intensive 
aquaculture approach that can sustain 
high stocking densities. This system is 
considered the aquaculture model of 
the future, as it maximizes production 
output and profitability while maintaining 
environmental quality in line with the 
requirements of sustainable development 
(Ahmed et al. 2019; Xiao et al. 2019). In 
addition, RAS ensures the production of 
high-quality, safe, and healthy fry (Xiao 
et al. 2019). The integration of ultrafine 
bubbles (UFBs) technology into RAS further 
enhances its performance. According to 
Subhan et al. (2021), UFBs-RAS provides 
several advantages, including increasing 
dissolved oxygen levels, supplying oxygen in 
the form of reserve oxygen potential (ROP), 
generating reactive oxygen species (ROS), 
reducing ammonia concentrations, and 
stimulating nitrifying bacteria.
	 Previous studies have demonstrated 
the potential of RAS to improve catfish 
fry growth performance. For instance, 

Indriastuti et al. (2022) reported that rearing 
catfish fry at a density of 4 fish/L in RAS 
yielded better production performance 
compared to an aeration system, with SR 
91.03±0.90%, SGR 7.71±0.19%, and feed 
efficiency 88.45±2.03%. However, further 
increases in stocking density have been 
shown to reduce production performance 
significantly. Baßmann et al. (2023) observed 
that catfish cultured under semi-intensive 
systems (low density) achieved better growth 
performance than those raised in intensive 
or super-intensive systems. Similarly, the 
application of a microbubble generator 
in RAS demonstrated improved growth 
performance in catfish fry reared at 1 fish/2 L 
compared to conventional aeration and non-
aeration systems, with SR 85%, SGR 3.74%, 
and FCR 1.85 (Setyono et al. 2023). Despite 
these efforts, the application of UFBs in RAS 
specifically for catfish fry rearing under high 
stocking densities remains insufficiently 
explored in scientific literature. This study 
aimed to evaluate the effects of high stocking 
densities on survival rate, condition factor, 
and size variation of catfish fry reared in 
UFBs-RAS. 

METHODS

Time and location

	 This study was conducted at the 
Center of Excellence for Science and 
Technology in Higher Education (PUI-
PT) Nano Powder Functional, Universitas 
Padjadjaran, from October to November 
2023. The research activities included 
equipment and material preparation, 
rearing, and data analysis.

UFBs-RAS installation setup

	 The UFBs-RAS system used in this 
study for catfish fry consisted of three 
main units: an ultrafine bubble tank (20 L 
capacity), 16 cylindrical tanks (20 L capacity 
each), and one water reservoir tank (80 L 
capacity), designed to accommodate fry and 
water treatment. The inflow to each rearing 
tank was maintained at 0.5 L/min with 
a constant water volume of 15 L per tank. 
Water exiting the tanks was directed through 
PVC pipes into a filtration unit. The filter was 
equipped with Japmat, filter cotton, bioballs, 
and zeolite. Additionally, 3 thermostats (150 
W capacity) were installed in the filter unit 
and set at 26°C to maintain uniform water 
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temperature across all rearing tanks.

Fry preparation

	 The catfish fry used in this experiment 
measured 3–4 cm in length and were obtained 
from a catfish farmer group in Cileunyi, West 
Java Province. The experiment employed 
a Completely Randomized Design (CRD) 
with 4 stocking density treatments and 3 
replications: A (10 fish individuals/L), B (15 
fish individuals/L), C (20 fish individuals/L), 
and D (25 fish individuals/L). Stocking 
density levels were adapted from Baßmann 
et al. (2023), who reared catfish fry in RAS 
at different densities: 8 fish individuals/L 
(semi-intensive), 17 fish individuals/L 
(intensive), and 33 fish individuals/L (super-
intensive), resulting in a specific growth rate 
ranging between 2.9 and 3.0%.

Feed preparation

	 Commercial feed (0.5–0.7 mm pellet 
size) was used, containing a minimum of 39% 
crude protein, 5% crude fat, 4% crude fiber, 
a maximum of 11% ash, and a maximum 
of 10% moisture. The feed was suitable for 
fry until they reached 5–7 cm in size over a 
one-month rearing period. The feeding rate 
was determined based on feeding intake 
and gastric emptying rate. UFBs’ treatments 
were fed at 7% of biomass weight. Feeding 
was carried out three times daily at 08:00, 
14:00, and 20:00. 

Water quality monitoring

	 Water quality was monitored weekly, 
including dissolved oxygen (DO) and 
temperature. DO was measured using a DO 
meter (Luton DO-5511), temperature using 
a thermometer, and nitrate/nitrite using a 
freshwater test kit (API Freshwater Test Kit).

Survival rate, size variation, and condition 
factor

	 The survival rate of fish fry was 
calculated as the ratio between the number 
of fry at the end of the experiment and the 
initial stocking number (Goddard 1996): 

where:
SR	 = Survival rate (%)
Nt–n	 = Number of fry surviving at the end of 

the experiment 
Nt–0	 = Initial number of stocked fry
	 Size variation was calculated using 
the coefficient of variation (CV) following 
Warwick et al. (1995):

where:
CV	 = Size variation (%)
SD	 = Standard deviation
X	 = Mean size
	 The condition factor was determined 
using Fulton’s Formula (1911):

where:
K	 = Condition factor
W	 = Body weight (g)
L	 = Body length (cm)

Data analysis

	 Data were analyzed using OriginLab 
2019 software with one-way ANOVA followed 
by Tukey’s post hoc test at a 95% confidence 
level. Results were presented in graphs and 
tables, while water quality parameters were 
analyzed descriptively and exploratively.

RESULTS AND DISCUSSION

Water quality

	 Water quality parameters are 
critical environmental factors influencing 
production performance. The observed 
water quality parameters during the study 
included dissolved oxygen (DO: 8.98–12.1 
mg/L), temperature (26°C), pH (7–7.6), 
ammonia (NH3-N) (0.002–0.01 mg/L), nitrite 
(NO2- aeration system 0.25–2 mg/L; UFBs-
RAS 0.5–2 mg/L), and nitrate NO3- (aeration 
system 5–10 mg/L; UFBs-RAS 0–10 mg/L) 
(Table 1).
	 The elevated DO levels observed in 
UFBs-RAS were attributed to the ability 
of UFBs to create oxygen-rich conditions 
through nano-sized bubbles. Subhan et 
al. (2021) reported that the UFBs system 
increases dissolved oxygen concentrations 
due to the prolonged stability of nano-
bubbles in the water column. DO levels in 
UFBs-RAS during this study were within 
the optimal range for fish growth, as Kelana 
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et al. (2021) suggested a minimum DO 
requirement of 3 mg/L for catfish culture. 
According to Kusumawati et al. (2018), 
aquatic organisms require sufficient oxygen 
for swimming, growth, and reproduction. 
Furthermore, Rosariawari et al. (2016) and 
Tanjung et al. (2019) emphasized that higher 
DO concentrations stimulate fish growth by 
enhancing metabolic activity.
	 Water temperature was consistently 
maintained at 26°C across treatments due 
to the installation of thermostats, ensuring 
optimal thermal conditions for catfish fry 
growth. This temperature falls within the 
SNI 6484.4-2014 standard (25°C–30°C) for 
catfish fry rearing. Suboptimal temperatures 
below this range reduce feeding activity and 
growth (Kesuma et al. 2019). Temperature 
directly affects metabolism, feeding rate, 
swimming activity, and neural responses 
(Stickney 2000; Burggren et al. 2019). Kordi 
and Ghufron (2000) further stated that 
abrupt temperature shifts of 5°C can induce 
stress, leading to decreased appetite.
	 Ammonia levels in UFBs-RAS 
remained below the permissible limit set by 
SNI 6484.4-2014 (≤ 0.1 mg/L) and Kelana et 
al. (2021) (<0.01 mg/L). Conversely, stagnant 
aeration water without filtration showed 
higher ammonia concentrations (0.077–0.17 
mg/L), likely due to the accumulation of 
metabolic waste (Li et al. 2020). Elevated 
ammonia is toxic to fish, impairing 
osmoregulation, increasing blood pH and 
tissue oxygen consumption, and reducing 
oxygen transport in the blood, which can 
ultimately cause mortality (Sherif 2016). 
The consistently lower ammonia in UFBs-
RAS was due to oxygen interactions within 
the system as well as the role of nitrifying 
bacteria acting as biofilters (Subhan et al. 
2021).

Survival rate

	 Survival rates of catfish fry ranged 
between 94.0±1.21% and 98.1±0.591%. 
Analysis of variance revealed no significant 
differences (P>0.05) among stocking 
density treatments. The highest survival 
rate (98.07%) was recorded in treatment E 
(Figure 1), supported by consistently high 
DO (>80%) throughout the rearing period 
in UFBs-RAS. Elevated DO reduces stress, 
indicated by lower glucose levels, red blood 
cell counts, and hepatic lactate (Li et al. 
2020). Low ammonia concentrations (≤0.1 
mg/L) also contributed to higher survival by 
minimizing gill damage. Bernardi et al. (2018) 

stated that ammonia levels above 0.02–0.5 
mg/L cause gill damage and mortality. These 
findings confirm that UFBs-RAS effectively 
support maximum survival even under very 
high stocking densities.

Condition factor

	 The condition factor, which describes 
the length-weight relationship as an indicator 
of growth performance, health, and welfare, 
showed no significant differences (P>0.05) 
among treatments. The recorded ranged 
from 0.70±0.01 and 0.73±0.03 (Figure 2).
	 An ideal condition factor approaches 
or equals one (Olufeagba et al. 2016), 
indicating adequate feeding and suitable 
rearing conditions (Ujjania et al. 2013). Perry 
et al. (1996) noted that low condition factors 
often reflect poor environmental conditions 
or nutritional deficiencies. Stress due to low 
oxygen availability can also compromise 
health and immunity (Schäfer et al. 2021). 
Stress responses in fish lead to increase 
leukocyte counts (Barcellos et al. 2011), 
triggered by sympathetic nervous system 
activity and catecholamine release (Nardocci 
et al. 2014). According to Niklasson et al. 
(2011), prolonged stress suppresses immune 
function, increasing disease susceptibility.
	 In this study, condition factors 
were consistently <1 across treatments, 
despite optimal water quality. This could 
be attributed to social hierarchy among fry, 
where subordinate individuals experienced 
reduced feed access and higher social 
stress, diverting energy allocation from 
growth to stress response (Martins et al. 
2012). Carbonara et al. (2019) observed 
that social hierarchies in Dicentrarchus 
labrax induced significant physiological 
differences, including cortisol levels, muscle 
activity, and immune responses. Similarly, 
Roy et al. (2021) highlighted that stocking 
density remains a key factor influencing fish 
welfare, even under good water quality.

Size variation

	 Length variation ranged from 
10.1±1.04 to 13.08±1.89%, while weight 
variation ranged from 19.97±2.69 to 
25.70±2.76% (Figure 3). Analysis of variance 
indicated that stocking density significantly 
affected both length and weight variation 
(P<0.05).
	 Both parameters exhibited a similar 
trend, with higher stocking densities 
leading to greater variability. The highest 
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Table 1. Average water quality parameters during catfish fry rearing in stagnant aeration and UFBs-RAS 
system.

Water Quality 
Parameters

Rearing System
References

Stagnant Aeration System UFBs-RAS
DO (mg/L) 4.2–5.6 6.8–12.3 >4 (Kelana et al. 2021)

Temperature (°C) 26 26 25–30 (Kelana et al. 2021)

pH 7–7.6 7–7.6 6.5–8.5 (Kesuma et al. 2019)

NH3-N (mg/L) 0.077–0.170 0.002–0.010 <0.01 (Kelana et al. 2021)

NO2-N (mg/L) 1–2 0–2 <1 (Kusumawati et al. 2018)

NO3-N (mg/L) 5–10 0–10 <20 (Adharani et al. 2016)

Figure 1. Survival rate of catfish fry reared at different stocking densities in the UFBs-RAS system.

Figure 2. Condition factor of catfish fry reared at different stocking densities in the UFBs-RAS system.

variation occurred at 25 fry/L, with 
length variation 13.08±1.89% and weight 
variation 25.70±2.76%. These values 
remain acceptable, as variations below 
30% are generally market-acceptable for fry 
distribution. Notably, the weight variation 
observed was lower than that reported in 

other high-density studies, such as catfish 
at 30% (Almazán-Rueda et al. 2004), 
hybrid sunfish (Lepomis cynellus x Lepomis 
macrochirus) at 40.2% (Wang et al. 1998), 
Chinese sturgeon (Acipenser sinensis) at 
31.7% (Qian et al. 2002), and European eel 
(Anguilla anguilla) at 28.99–53.88.
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                                         (a)                                                                        (b)

Figure 3.	 (a) Length variation and (b) weight variation of catfish fry reared at different stocking densities 
in the UFBs-RAS system.

	 Factors influencing size variation 
include fry quality (Marciano et al. 2018), 
feed intake (Qian et al. 2002), culture 
duration (Wang et al. 1998), behavioral 
traits of the species, and stocking densities 
(Tibile et al. 2016). Barbosa et al. (2006) 
further emphasized that heterogeneity in 
growth is often due to competition for feed, 
which becomes more pronounced as density 
increases.
	 Based on these findings, UFBs-
RAS demonstrates potential as a promising 
solution to improve size uniformity during 
the early nursery phase of catfish fry rearing. 
Enhanced uniformity is expected to increase 
product quality and market value.

CONCLUSION

	 The present study demonstrated that 
stocking density significantly influenced 
the size variation of catfish fry reared in 
the UFBs-RAS system, while survival rate 
and condition factor were not significantly 
affected. Among the treatments, a density 
of 25 fish individuals/L provided the best 
outcomes, with a survival rate of 98.1%, 
length variation of 13.08±1.89%, weight 
variation of 25.70±2.76%, and a condition 
factor of 0.73±0.03. These results indicate 
that the UFBs-RAS system can serve as a 
strategic approach to maintain optimal 
water quality and improve the efficiency 
of intensive catfish fry rearing under high 
stocking densities.
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