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Abstract

The impact of stocking densities on the
growth and survival of a cyprinid fish
(G. theunensis) fry was thoroughly investigated
in a comprehensive study aimed at identifying
optimal aquaculture conditions. This research
utilized a Complete Randomized Design (CRD)
with three replicates for each of four different
Stocking densities: 50 100 150 and 200 fry m™3  Initial length (cm) 3.80+0.01° 3.79:0.02° 3.78+0.01° 3.78£0.01° 0.65/0.58

over a three.month period from October to [ e
December 2024. Fish were fed a commercial  rin weigh o 4886009 | 4084009° | 392:009° | 390:009° 1781000
fish feed Containing 28% protein twice daﬂy C(B?ﬁifﬂi'ﬁfnfy';' 0.05£0.00* 0.0420.00° 0.0420.00° 0.04£0.00°  32.26/0.00
The study found no signiﬁcant differences (:"‘(,‘}{'j‘:“';‘l‘\‘l‘“gd’f:“ 157.95432.63° | 140.7842.62° | 135.99:2.65" | 134.60:242> | 15.74/0.00
(P>005) in the survival rates across the weigiGainco 612.77+18.75° | 496.95+15.46°  471.5114.54" | 467.19£13.65°  124.78/0.00
different densities with rates ranging from & ™ ™ 2ss000  2se000 0007 31012 1836000

73.83% to 82.67%. However, the lowest density (50 fry m™) resulted in a significantly higher final
length of 5.93 cm, compared to 5.40 cm, 5.19 cm, and 5.03 cm for the 100, 150, and 200 fry m™
densities, respectively. Similarly, fish at the 50 fry m™ density achieved a significantly higher final
weight of 4.88 g, compared to 4.08 g, 3.92 g, and 3.90 g for the higher densities. The daily gain was
highest at the lowest density, measuring 0.05 g fish™' day™!, versus slightly lower gains at higher
densities. Specific growth rate: The rate at 50 fry m™ was 157.95% fish™! day~!, substantially higher
than those observed at higher densities. Weight Gain: Demonstrated a similar pattern, with the 50 fry
m density achieving a 612.77% gain, significantly outperforming the other densities. Feed Conversion
Ratio: The FCR was most efficient at the lowest density (2.34) worsening progressively at higher
densities.
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1. Introduction

Despite its crucial ecological role, there's a
notable gap in our knowledge regarding the
growth and survival rates of a cyprinid fish (G.
Theunensis) a species native of the upper Nan
river basinin Nan province, Thailand.
Understanding its distribution patterns provides
insights into its ecological and evolutionary
history, highlighting the importance of deeper
insights for conservation efforts aimed at
protecting fish populations and their habitats
[1,2]. Discovered by Shibukawa et al. [3], G.
theunensis enriches the diverse ichthyological
landscape of the Mekong River basin, renowned
for its abundant aquatic biodiversity. Thriving
in clear, swiftly flowing rivers with rocky
substrates, G. theunensis demonstrates a
preference for such environments. Within its
ecological niche, G. theunensis exhibits a
proclivity for habitats abundant in vegetation
and food sources. This species plays a pivotal
role in maintaining the ecological balance of
aquatic ecosystems by contributing to nutrient
cycling and regulating the populations of
aquatic flora and fauna [3,4]. Despite its
ecological significance, G. theunensis confronts
a plethora of threats to its survival, chief among
them being habitat destruction driven primarily
by agricultural expansion, dam construction,
and deforestation. Additionally, unsustainable
fishing practices and overfishing exacerbate the
decline of fish populations while pollution
stemming from agricultural runoff and mining
activities further jeopardizes their well-being by
compromising water quality and directly
impacting their health and reproductive success
[4,5]. The initiation of conservation endeavors
targeting G. theunensis and its habitats
represents a critical step toward ensuring the
persistence of this species for future
generations. An essential aspect of conservation
efforts involves habitat restoration projects
designed to rehabilitate degraded aquatic
environments and reinstate critical habitats for
G. theunensis [5,6]. These strategies may
include implementing stringent regulations on
industrial discharges, promoting sustainable
agricultural practices to minimize runoff, and
conducting regular monitoring of water quality
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parameters to identify and address pollution
hotspots [5]. However, the successful
cultivation of gravid broodfish and fry in ponds
hinges on maintaining an optimal stocking
density which significantly impacts fish growth
and survival of fish in captivity. Each rearing
system offers distinct advantages and poses
specific challenges. Cage cultivation and
earthen ponds capitalize ~on  natural
environments but have less control over
environmental conditions and potentially higher
ecological impacts. In contrast, concrete ponds
and Recirculating Aquaculture Systems (RAS)
offer greater control over the aquaculture
environment, improving predictability in
production but at a higher cost and with greater
energy requirements [7]. This ideal density
varies based on factors like species and fry
developmental stage. Higher stocking densities
cage cultivation into earthen ponds may boost
growth rates in cyprinid fry but can hinder their
development. To succeed in fry culture,
understanding fish nutritional needs and their
ability to adapt to environmental conditions is
crucial. While food availability generally
correlates with growth rates, the relationship
between population density and growth often
shows an inverse pattern. Thus, striking a
balance between stocking density, nutrition, and
environmental factors is essential for
maximizing growth and survival rates.
Karnatak et al. [8] reported that in their study on
the impact of stocking density on the growth,
feed utilization, and survival of cage-reared
minor carp, Labeo bata, in Maithon reservoir,
India, different stocking densities had
significant effects on these parameters. Their
research demonstrated that lower stocking
densities tended to result in better growth rates,
improved feed utilization, and higher survival
rates compared to higher densities. The
objective of this study is to determine the
optimal stocking density for rearing G.
theunensis fry, The results will offer essential
insights for establishing best practices in fish

aquaculture, thereby enhancing the
sustainability and conservation of fish
populations. This initiative aims to support
biodiversity = preservation and  promote
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ecological balance by refining stocking density
conditions and cultivation techniques. Effective
management of stocking density is crucial for

maintaining  fish  health, safeguarding
environmental sustainability, and ensuring
economic viability in aquaculture. Key

challenges include optimizing the allocation of
resources such as oxygen and feed, controlling
the spread of disease and stress due to
overcrowding, and managing waste to preserve
water quality.

2. Materials and Methods
Place and time of research

The research was conducted at the faculty of
science and agriculture technology,
Rajamangala University of Technology, Lanna
located in Nan province, Thailand. It spanned a
period of three months, from October to
December 2024. Approval for all experimental
procedures, animal care, and biosafety
measures was granted by the animal experiment
committee and the biosafety committee of
Rajamangala University of Technology Lanna,
as documented under approval number
RMUTL-IACUC 007/2024, dated June 24,
2024 , and valid until June 2 3, 2026. This
approval ensured that the research adhered to
established ethical standards and regulatory
requirements concerning animal welfare and
safety protocols.

Animal preparation

Approximately 1500 fry of G. theunensis
fish, aged around 60 days, were used for the
research. Fry were induced through semi-
artificial propagation. Female fish were
administered LH-RHa at a dosage of 25 pug kg™!
BW, along with a dopamine antagonist at a dose
of 10 mg kg~! BW. While, male fish underwent
induction with LH-RHa at a dosage of 10 pg
kg~! BW, combined with a dopamine antagonist
at a dose of 10 mg kg~! BW. The process of
inducing G. theunensis broodfish was modified
from the steps outlined by Na-Nakorn [9]. They
were then subjected to further study to
investigate the effects of stocking density on
growth or other relevant parameters (Fig.1).
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Fig.1 Morphology of G. theunensis brood-fish
with distinctions between male (b) and
female (a) was illustrated.
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Fig.2 Morphology of a cyprinid fish
(G. theunensis) fry at the initial study.
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Experimental Treatment and Design

The fry utilized in the experiment had an
average weight of 0.70 + 0.00, 0.69 + 0.00, 0.69
+ 0.00, and 0.69 £ 0.00 g for Trtl, Trt2, Trt3,
and Trt4, respectively. Meanwhile, the lengths
for Trtl, Trt2, Trt3, and Trt4 were 3.80 + 0.01,
3.79 £ 0.02, 3.78 + 0.01, and 3.78 + 0.01 cm,
respectively. A completely randomized design
(CRD) was conducted to allocate four
treatments (Trt) include Trtl (50 fry m=3), Trt2
(100 fry m=3), Trt3 (150 fry m~3), and Trt4 (200
fry m~). Each treatment was replicated three
times to ensure the reliability and robustness of
the experimental data. The fish were stocked in
cages, each measuring 1.0 m?, within an earthen
pond measuring 10 x 20 x 2.0 m and lined with
chrome pipe. The basic floating part of the cage
measured 1 X 1 m, and the bottom of the net
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with a mesh size of 10 mm was stretched with a
chrome pipe frame also measuring 1 x 1 m The
top of the cage was covered with a black mesh
to protect the fish from intense light.
Throughout the study conducted, fish were fed
a commercial fish feed containing 28% protein,
5% fat, 12% moisture, and 11% fiber. The feed
was provided to the fish at a rate of 3% of their
body weight twice a day, specifically at 8:00 am
and 5 pm. Leftover feed and waste were
removed every day in the morning. Dead fish in
each treatment were recorded and removed.

Data collection

Every month, fish were randomly sampled
and measured during the experimental period,
spanning from about 30 days up to 90 days.
They were measured (nearest millimeter of total
length) and weighed (nearest 0.01 g) after being
gently blotted with a towel. At the end of a
experimental period, final weight, final length,
feed dispensed, and mortality were recorded.
Data on the growth characteristics of the fry
were documented at thirty-day intervals, with
length being measured using a wooden scale
and weight being measured using a digital
balance (Sartorius, BSA224S-CW, Max 220 g,
d = 0.1 mg). For each treatment, the following
growth parameters were determined: average
daily gain (ADG: g/fish/day), specific growth
rate (SGR: %), feed conversion ratio (FCR), and
survival rate (%). These calculations were based
on the formulae provided in previous studies
[10,11,12].

Final weight-Initial weight
ADG =

Number of days 1
Where: Final weight is the weight of the fish at
the end of the period. Initial weight is the weight
of the fish at the beginning of the period.
Number of days is the duration of the period
over which the weight gain is measured.

ln W2 - ln Wl

SGR (%) = ( )xlOO 2)

t2_1

Where: W1 is the initial weight of the fish. 7 is
the final weight of the fish. #; and #; are the times
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at the beginning and end of the period over
which growth is measured, respectively.

FCR= Total feed consumed (g)
Total weight gain of fish

3)

Where: Total feed dispensed is the sum of feed
provided during the culture period. Total weight
gain is the difference between final and initial

weights.
Survival rate

“

Number of fish at the end of experiment )

()= (Number of fish at the beginning of experiment
Evaluation of water quality performance

Throughout the three months experimental
period, water quality parameters were
rigorously monitored at thirty-day intervals to
ensure optimal conditions for fish health and
growth. The monitoring utilized advanced
water quality meters from Horiba, Japan
(Horiba U-50 series water quality meter),
allowing for comprehensive assessment of
parameters including pH, dissolved oxygen,
conductivity, water temperature, turbidity,
salinity and total dissolved solids. Additionally,
the concentration of ammonia nitrite and nitrate
in the water was regularly measured using
LAQUA twin compact water quality meter
(Horiba, Japan).

Statistical analysis

The study employed a statistical analysis to
assess differences between treatment groups.
Data were presented as meantSE. One-way
analysis of variance (ANOVA) was used to
determine overall differences among groups.
Post-hoc analysis was conducted using
Duncan's multiple range test to identify specific
group differences. A significance level of P <
0.05 was chosen.

3. Results and Discussion
Results of growth performance of fish

The study focused on evaluating the growth
performance of G. theunensis fish fry across
different stocking densities over a duration of
three months. The findings, outlined in Table 1,
revealed notable variations in mean weight
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across the various stocking densities.
Particularly, fry stocked at a density of 50
fry/m?® exhibited the highest mean weight
recorded at 4.88 + 0.09 g, showcasing the
potential benefits of higher stocking densities.
In contrast, fry stocked at a density of 200
fry/m® displayed the lowest mean weight,
amounting to 3.90 + 0.09 g. The data also
illustrated a discernible trend wherein an
increase in stocking density corresponded to a
rise in lower mean weight. However, it's worth
noting that while no significant difference was
observed in mean weight gain between fry
stocked at 200 fry m™ and those at 150 fry m™
or 100 fry m=, a notable disparity emerged
when compared to fry stocked at 50 fry m=. In
this regard, a significant difference in mean
weight gain was noted between fry stocked at
50 fry m™ and those at 100 fry m=3, 150 fry m=3,
and 200 fry m=3. These findings underscore the
intricate relationship between stocking density
and the growth performance of fish fry,
highlighting the nuanced interplay between
population density and individual weight gain.
Moreover, the observed patterns provide
valuable insights for optimizing stocking
strategies in aquaculture practices, aiming to
enhance fry growth and overall productivity
while ensuring optimal conditions for fish
health and welfare.

The average daily gain (ADG) of fish fry
were determined across four treatments,

denoted as Trtl Trt2 Trt3 and Trt4 with
corresponding values of 0.05 + 0.00, 0.04 +
0.00, 0.04 £ 0.00, and 0.04 + 0.00 g/fish/day,
respectively (Tablel). In Trtl, where fry was
stocked at 50 fry/m?, the observed ADG was
notably higher (0. 04 + 0.00 g fish™! day™)
compared to the other treatments. Conversely,
in Trt4, where fishes were stocked at 200 fry
m~—, ADG was lower (0.036 + 0.00 g fish™!
day™') relative to the other treatments. These
findings suggest that stocking density may have
a significant impact on ADG of fish fry during
the experimental period.

The study examined the specific growth rate
(SGR) across various stocking densities,
revealing a range from 134.60 +2.42 to 157.95
+ 32.63% day~! (Tablel). Notably, fry stocked
at 200 fry m™ exhibited significantly higher
SGR compared to other stocking density
treatments (Tablel), suggesting a positive
correlation between stocking density and
growth rate in fish fry. Furthermore, the
investigation into survival rates during the
initial month of the experiment revealed no
significant differences among treatments.
However, as the study progressed, a notable
disparity emerged, with fry stocked at 200 fry
m~ demonstrating significantly higher survival
rates compared to those at lower densities of 50
fry m™> and 100 fry m=. These findings
underscore the intricate relationship between
stocking density, growth performance,

Table 1 The mean (+SE) growth of G. theunensis fry assessed in a cage cultivation environment under
different stocking densities over a three-month experimental period

Parameters Trtl Trt2 Trt3 Trt4 F/Pr>F
G0frym? (100 frym?) (150 frym?) (200 fry m?)

Initial length (cm) 3.80+0.01° 3.79+0.02% 3.78+0.01% 3.78+0.01? 0.65/0.58
Final length (cm) 5.93+0.03° 5.40+0.05° 5.1940.06° 5.03+0.06¢ 38.48/0.00
Initial weight (g) 0.70+0.00° 0.69+0.00° 0.69+0.00* 0.69+0.00° 67.60/0.35
Final weight (g) 4.88+0.09° 4.08+0.09° 3.92+0.09° 3.90+0.09° 17.81/0.00
Average Daily Gain 0.05+0.00° 0.04+0.00° 0.040.00° 0.04+0.00° 32.26/0.00
(ADG) (g/fish/day)
Specific Growth Rate 157.95+32.63*  140.78+2.62° 135.99+2.65° 134.60+£2.42°  15.74/0.00
(SGR) (%/fish/day)
Weight Gain (%) 612.77+18.75°  496.95+15.46°  471.51+14.54°>  467.19+13.65°  124.78/0.00
Feed Conversion Ratio 2.34+0.00° 2.86+0.09° 3.01+0.07° 3.14+0.12° 18.36/0.00
(FCR)

Note: Data are shown as the mean + SE, derived from three independent experiments. Means in a row superscripted with
different lowercase letters were significantly different.
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Fig.3 Morphology of G. theunensis fish at the
end of a 90-day experiment.

and survival outcomes in fish fry, providing
valuable insights for optimizing rearing
conditions and informing aquaculture practices
aimed at enhancing productivity and
sustainability. The feed conversion ratio (FCR)
demonstrated an inverse relationship with
stocking density, where higher densities led to
increased FCR values. Trtl, characterized by
the lowest stocking density of 50 fry m™,

exhibited the most favorable FCR. Fish fry
stocked at this density displayed a lower FCR of
2.34 £ 0.00, contrasting with those stocked at
200 fry m~, which showed the highest FCR of
3.14 £ 0.12. Significant differences in FCR
were evident between the fry stocked at 50 fry
m~, and the other treatments, highlighting the
impact of stocking density on feed efficiency.
However, no significant differences were noted
in FCR between fry stocked at 100 fish m~ and
150 fry m~. These findings emphasize the
crucial role of stocking density management in
optimizing feed utilization and enhancing
overall productivity within fish culture systems.
A better survival rate was observed in the fry
stocked at 50 fry m™ over a three-month
experimental period. The survival rate of fry
was found to be significantly higher in fry
stocked at 50 fry m~ compared to the rest of the
treatments. No significant difference was
observed in survival rates between the
treatments in the first month of the experiment.
However, at the end of the experiment, survival
rates were found to be not significantly different
between fry stocked at 50 fry m~ and fry
stocked of 100,150, and 200 fry m= (Table 2).

Table 2 The mean (+=SE) monthly survival rate of G. theunensis fry assessed in a cage cultivation
environment under different stocking densities over a three-month experimental period

Culture period Trtl Trt2 Trt3 Trt4
(month) (50 fry m™) (100 fry m™) (150 fry m™>) (200 fry m™) F/Pr>F
1 95.33+1.33% 93.00+1.53%® 94.44+1.56% 90.17+1.86" 2.05/0.03
2 88.00+1.15% 81.00+2.65" 86.22+1.56% 78.00+£0.58¢ 7.69/0.00
3 82.67+1.76* 76.67+2.33% 79.33+3.06° 73.83+3.42° 1.92/0.20

Note: Data are shown as the mean + SE, derived from three independent experiments. Means in a row superscripted with
different lowercase letters were significantly different.

Water quality parameters

According to Table3, there were no
significant differences among treatment groups
for certain parameters of water quality
performance, including dissolved oxygen,
conductivity, total dissolved solids, water
temperature, pH, and salinity. Trt1 exhibited the
highest pH (5.07 = 0.01) and dissolved oxygen
(5.07 £ 0.01 mg L) levels. Conversely, water
temperature (25.40 + 0.03 °C), conductivity
(0.10 £ 0.00 uS cm™), total dissolved solids
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(0.07 £ 0.00 mg L), turbidity (24.67 + 0.09
NTU), and salinity (0.01 += 0.00 ppt) were
highest in Trt4. However, these differences
were not statistically significant among
treatment groups, suggesting that stocking
density management had no significant
influence on these parameters of water quality
performance. On the other hand, significant
differences were observed among treatment
groups for certain parameters such as un-
ionized ammonia (NH3) nitrite (NO; ) and
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nitrate  (NO37). Nitrogenous compounds,
originating primarily from feeds, are of concern
due to their role in nutrient enrichment in
aquaculture systems. In this study, the levels of
un-ionized ammonia, nitrite, and nitrate in fish
fry cage cultured at different stocking densities
(Trtl: 50 fry m=3, Trt2: 100 fry m=3, Trt3: 150

fry m>3, and Trtd: 200 fry m>) were
significantly different within treatment groups
(Table3). Higher levels of gaseous nitrogen
from fish excretion were observed in Trt4 (200
fry m™), significantly differing from Trtl, Trt2,
and Trt3, respectively.

Table 3 The mean (+SE) water quality parameters assessed in a cage cultivation environment of G.
theunensis fry under different stocking densities over a three-month experimental period

Trtl Trt2 Trt3 Trt4

Parameters OPW (50 fry m™) (100 fry m) (150 fry m™) 200 frym=) /v F
Water temperature ~ 25-20  25.4040.03"  25.4840.02  25.474003'  2557:0.03°  5.64/0.56
('O
Dissolved oxygen 3-6 5.0740.01°  5.04+£0.01*°  5.04£0.01°  5.04+£0.01*  1.39/0.65
(mg/L)
pH 5565  5.07+0.01°  5.0740.01°  5.08£0.01°  5.0740.01*  15.38/0.63
Turbidity (NTU) 20-30  24.67+0.09°  24.70£0.12°  252240.10°  25.26£0.07°  198.90/0.00
Conductivity 0.05-0.15  0.10£0.00°  0.100.00°  0.100.00°  0.11£0.00°  0.55/0.66
(uS/cm)
Total dissolved 0.05-1.00  0.07+0.00°  0.07+0.00°  0.07£0.00°  0.07+0.00°  9.30/0.58
solids (mg/L)
Salinity (ppt) 0.00-0.05  0.01£0.00°  0.0240.00°  0.02£0.00°  0.0240.00°  0.25/0.85
Nitrates (mg/L) 0.00-0.50  0.24+0.00°  03140.01°  034+0.01°  03740.01*  45.00/0.00
Nitrites (mg/L) 0.00-30.0  20.5240.53¢  23.7140.55°  26.75£0.55°  29.6140.68°  45.47/0.00
Ammonia (mg/L)  0.00-0.40  0.24+0.01°  027+0.01°  030£0.01°  0.33+0.01°  45.00/0.00

Note: Data are shown as the mean + SE, derived from three independent experiments. Means in a row superscripted with
different lowercase letters are significantly different. OPW is optimal water quality of fish in the upper river

basin in Thailand.

Discussion

In aquaculture, the stocking density of fish
plays a crucial role in determining their growth,
health, and overall production outcomes. High
stocking densities often result in increased
competition among fish for food resources,
space, and oxygen, leading to stress and
compromised growth rates. Additionally, the
accumulation of waste products in the water can
degrade water quality, further exacerbating
stress and potentially leading to mortality
among the fry. Conversely, low stocking
densities may lead to underutilization of feed
resources and lower production output than
optimal [13,14]. In the present study, the result
revealed that stocking density significantly
impacted the growth performance of G.
theunensis  fry in rearing conditions.
Furthermore, it demonstrated the effects of
stocking density on fish size and how external
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stress, such as construction noise, affected
various welfare indicators in the fish.
Maintaining lower stocking densities of 50
fry/m®> were often yield better growth
performance and health outcomes for G.
theunensis fry. This is because lower stocking
densities alleviate competition for food and
space, reducing stress levels among the fish
population. As a result, fish stocked at lower
densities may exhibit higher weight gain,
improved feed utilization efficiency, and
overall better health status. In this study,
maintaining lower stocking densities of 50
fry/m? has consistently shown to yield better
growth performance and improved health
outcomes for G. theunensis fry. This positive
effect is primarily attributed to the reduction of
competition for both food and space among the
fish population. With fewer individuals
competing for resources, each fish has increased
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access to essential elements like food and space,
consequently leading to lower stress levels
within  the population. This  optimal
environment allows the fry to allocate more
energy towards growth and development, rather
than expending it on coping with high
competition levels. As a result, the fish
experience enhanced growth rates and overall
better health, highlighting the importance of
stocking density management in ensuring the
welfare and productivity of G. theunensis fry in
aquaculture settings. The study by Majhi et al.
[15] investigated the immune and stress-related
gene expression of butter catfish fry in biofloc
systems. Their findings revealed that lower
stocking densities were associated with higher
levels of antioxidant enzymes, indicating better
health for the fish. Similarly, Diaz de Otalora et
al. [14] reported that the importance of stocking
density in aquaponic systems and its impact on
water quality, crop yield, and fish growth. The
findings suggest that while daily water
consumption remains consistent regardless of
stocking density, dissolved oxygen levels vary
significantly, which can affect the overall health
of the aquatic organisms. The observed lower
specific growth rate (SGR) in this study may
have been influenced by various factors, one of
which is insufficient space for G. theunensis fry.
When stocking densities are high, individual
fish may have limited access to food and exhibit
reduced feeding rates, ultimately leading to
lower growth rates. This notion is supported by
findings from Magouz et al. [16], who
highlighted the critical balance required in
aquaculture systems between maximizing
productivity and maintaining the health and
welfare of the fish. Therefore, optimizing
stocking densities to minimize overcrowding is
essential for promoting healthy growth and
maximizing the productivity of fish farms.
Despite the challenges posed by stocking
density, G. theunensis fry showcased a
commendable growth rate compared to other
species within the same genus. This suggests
that G. theunensis has inherent qualities that
make it a promising candidate for aquaculture
endeavors. Its ability to thrive and exhibit
satisfactory growth rates even under suboptimal
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conditions underscores its potential for
commercial production. In a similar context, Li
et al. [17] findings highlight the negative
consequences of high stocking densities in
aquaculture settings, particularly concerning
fish welfare and health. The study suggests that
maintaining stocking densities that minimize
stress and promote healthy immune responses is
crucial for the long-term success and
sustainability of aquaculture enterprises.
Similarly, Li et al. [18] reported that prolonged
exposure to high stocking densities can lead to
compromised intestinal health, disrupted
microbial ecosystems, and altered metabolic
and immune functions. This study underscores
the need for careful management of stocking
densities to maintain the health and welfare of
fish in aquaculture systems, suggesting that
optimal density settings are crucial for
sustainable aquaculture practices. Conversely,
Al-Emran et al. [19] reported the highest SGR
in Thai Sharpunti when stocked at 50 fish m=,
indicating  species-specific  responses  to
stocking density variations. This suggests that
optimal stocking densities may vary depending
on the species and environmental conditions.
Contrary to the findings of this study, Roy et al.
[20] observed a lower SGR in Mystus vittatus
fry stocked at 50 fish m=. This discrepancy
underscores the importance of considering
species-specific requirements and
environmental factors when determining the
ideal stocking densities for aquaculture
operations.

The Feed Conversion Ratio (FCR) is a
crucial parameter in aquaculture, serving as a
key indicator of how efficiently fish utilize feed
to gain body mass. Our study delved into the
relationship between stocking density and FCR,
revealing intriguing insights into feed efficiency
dynamics. At its core, our findings unveiled a
direct correlation between stocking density and
FCR, elucidating that higher stocking densities
tend to lead to higher FCR values. This trend
implies that as competition for resources
increases among densely stocked fish
populations, feed conversion becomes less
efficient, potentially due to factors such as
heightened stress levels and increased energy
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requirements. This observation resonates with
prior research, as studies by Fuentes-Andraca et
al. [21] and Khanjani et al. [22] have previously
reported how elevated stocking densities can
induce stress in fish, consequently impacting
their metabolic processes and feed utilization
efficiency. Similarly, Khanjani et al. [23]
suggested that the optimization of water quality
parameters within biofloc technology systems is
crucial for maximizing the growth and health of
aquaculture species. Their findings emphasize
the importance of maintaining specific ranges
for dissolved oxygen, pH, and nitrogen
compounds to enhance the microbial processes
that are central to the efficiency of biofloc
systems. Comparing our results to existing
literature, it's noteworthy that the FCR values
observed in our study were higher than those
reported for Nile tilapia juveniles by Fuentes-
Andraca et al. [24]. This disparity underscores
the importance of considering species-specific
traits, feeding regimes, and environmental
factors when interpreting FCR data across
different studies. Ultimately, our findings
underscore the intricate interplay between
stocking density and feed efficiency in
aquaculture  systems. By  meticulously
managing stocking densities, aquaculturists can
optimize feed utilization and enhance overall
production efficiency, ultimately contributing
to the sustainability and profitability of fish
farming operations. Throughout the three-
month study period, we monitored various
water quality parameters to ensure they
remained within optimal ranges conducive to
the growth and development of G. theunensis
fry. Notably, parameters such as pH, dissolved
oxygen, conductivity, total dissolved solids,
water temperature, turbidity, salinity, ammonia,
nitrite, and nitrate were regularly assessed. Our
analysis revealed significant differences among
treatment groups regarding these water quality
parameters. For instance, pH levels ranged from
5.07 to 5.08, dissolved oxygen concentrations
from 5.04 to 5.07 mg L™, and conductivity from
0.10 to 0.11 pS cm™!, water temperature from
25.40 to 25.57 °C, turbidity from 24.67 to 25.26
NTU, and salinity from 0.01 to 0.02 ppt.
Additionally, ammonia concentrations varied
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from 0.24 to 0.33 mg L', nitrite from 20.52 to
29.61 mg L', and nitrate from 0.24 to 0.37 mg
L.

Our findings align with established
literature  guidelines, suggesting that the
observed water quality parameters fell within
acceptable limits for successful fry rearing.
Specifically, maintaining dissolved oxygen
levels above 3 mg L1, total ammonia nitrogen
between 0.5 to 1.0 mg L7, and nitrite
concentrations below 1.0 mg L™ are crucial for
optimal aquaculture conditions. Throughout a
three-month experimental period, rigorous
monitoring of water quality parameters was
carried out to ensure optimal conditions for fry
rearing. The observed parameters consistently
remained within acceptable ranges, in
accordance with the guidelines outlined by Saha
et al. [6] which emphasize the significant role
of water quality in the biology and physiology
of fish. It is well-established that water quality
can profoundly influence the health and
productivity of a culture system.

During the experiment, the water quality
was consistently maintained within the optimal
range necessary for cyprinid fish, ensuring a
controlled  environment  for  accurate
assessments. According to the findings by Saha
et al. [6], the study revealed significant spatial
variations in water quality within an urban
oxbow lake. Proximity to the parent channel
was associated with higher pollution levels,
particularly during the pre-monsoon season,
adversely impacting the diversity and
distribution of fish species. Therefore, any
variations in fish growth observed in this study
may not solely be attributed to the
characteristics of water quality parameters. The
study by Is-haak et al. [25] investigates the
effects of temperature and total ammonia
nitrogen (TAN) on the oxygen consumption
rate of Asian seabass juveniles. Significant
interactions were found, particularly at higher
temperatures and TAN levels, impacting OCR
adversely. Nonetheless, concentrations of
nitrate, nitrites, and phosphates were diligently
kept within desirable limits, as recommended
by Luo et al [26] for successful culture



E. Duangjai et al. /| CREATIVE SCIENCE 17(2) (2025) 259896

practices. This steadfast adherence to
established  standards  underscores  the
paramount importance of maintaining suitable
water quality conditions to bolster the health
and growth of G. theunensis fry throughout their
rearing period. Interestingly, none of the
cultured environments exceeded acceptable
limits, indicating prudent management practices
and suggesting that overstocking of fish was
effectively mitigated. This underscores the
importance of carefully regulating stocking
densities to maintain water quality and ensure
optimal conditions for fry development. Our
study also suggests that Trtl (50 fry m~) may
have benefited from improved water quality,
potentially attributed to enhanced water
circulation and the removal of total organic
nitrogen accumulation.

4. Conclusion

The study investigated the growth
performance, survival rates, feed conversion
ratio, and water quality parameters of G.
theunensis fry across different stocking
densities over a three-month period. Results
indicated that higher stocking densities led to
increased mean weight and specific growth
rates, with the highest values observed at 50 fry
m~. Higher survival rates were also observed at
this density. However, the feed conversion ratio
was found to be inversely related to stocking
density, with the best ratio observed at the
lowest density. Significant differences in
nitrogenous compounds among stocking
density groups were shown by water quality
parameters. These findings highlight the
complex interplay between stocking density,
growth, survival, feed efficiency, and water
quality in the G. theunensis fry in cage
cultivation environment.
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