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ABSTRACT

he study was conducted from August—September, 2024 at the Fish Seed Production Center and Fish Farm of the College

of Fisheries Science, Nagpur, Maharashtra, India to systematically evaluate metabolic and stress-related responses of
Labeo catla fingerlings under varying stocking densities to determine and standardize the optimal conditioning density that
minimizes stress, reduces mortality, and enhances post-transport efficiency. In this study, Catla fingerlings (90.82+5.91 mm) were
conditioned in a flow-through system with a water exchange rate of 6.5 1 min™ for the period of 24 h, during this, fingerlings
were stocked at four densities: 1 fingerling 1!, 2 fingerlings 1"}, 3 fingerlings 1"}, and 4 fingerlings I"". During conditioning, blood
samples were collected for glucose, lactate, hemoglobin, and hematocrit estimation, while muscle samples were used for glycogen
analysis following anesthesia with clove oil and humane euthanasia. Water quality parameters such as dissolved oxygen and total
ammonia nitrogen were monitored to assess metabolic load under varying densities. The results showed density-dependent
stress responses. 4 fingerlings 17 exhibited significantly higher blood glucose and lactate, lower glycogen levels, and greater
mortality (p<0.05), indicating elevated stress. While water quality remained stable overall, 4 fingerlings 1" showed more DO
depletion and total ammonia buildup. 3 fingerlings 1" showed the best balance between stocking pressure and physiological
stability, indicating it was the optimal conditioning density for Catla fingerlings in flow-through systems.
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1. INTRODUCTION
Catla (Labeo catla), known for its rapid growth and
economic value, recorded a production of over 4
mt in 2022 and is the only Indian fish species to rank 8
among the world’s top 10 aquaculture species (Anonymous,
2024), highlighting its vital role in both national and global
freshwater aquaculture. Fish fingerling transportation is
a vital yet often overlooked component of aquaculture,
influencing disease control and overall productivity (Husen
et al., 2021). Efficient movement of fish seed, particularly
fingerlings, from hatcheries to grow-out systems is essential
for sustaining aquaculture, linking seed production to
farming operations (Putri et al., 2020; Shah, 2021). Despite
advancements in aquaculture technology, pre-transport
stress management remains a critical challenge for ensuring
fish survival and quality post-transport (Bais, 2018).
Handling, stocking density, and environmental conditions
play crucial roles during conditioning and transportation
processes (Nair et al., 2023; Sutphin and Hueth, 2015).
Stocking density is a major determinant of stress in
aquaculture systems as it directly affects oxygen availability,
metabolic rates, and fish health (Dediu et al., 2021; Swain et
al., 2022; Klug et al., 2021; Suguna, 2020). High stocking
densities increase fish-to-fish interactions, reduce space
availability, intensify competition for oxygen and feed
resources, and trigger physiological stress responses (Tan
et al., 2018; Swain et al., 2022; Nair et al., 2023). Elevated
stress induces cortisol secretion, which subsequently leads
to hyperglycemia, increased lactate levels, and depletion
of glycogen reserves, resulting in impaired immune
function, reduced growth, and higher mortality rates (Bi
et al., 2023; Schreck et al., 2001). Although the beneficial
effects of maintaining optimal stocking densities are well
established for many fish species, limited information is
available on the influence of stocking density during the
conditioning phase of Labeo catla fingerlings. Pre-transport
conditioning refers to the acclimation process in which fish
are held under controlled conditions prior to transportation
to reduce metabolic activity, evacuate gut contents, and
enhance resilience to handling and transport stress. It is an
essential strategy aimed at minimizing stress and mortality
during transport (Schreck et al., 1995; Lim et al., 2003;
Nair et al., 2023; Conte, 2004). This process, known as
pre-transport conditioning, involves acclimating fish to
specific environmental conditions such as water quality,
temperature, and reduced feeding, thereby decreasing
their sensitivity to subsequent handling and transportation
(Kamalam et al., 2017). During conditioning, variations
in stocking density influence stress indicators like blood
glucose, lactate, hemoglobin, and hematocrit, revealing
the physiological adaptability of fish. Understanding these

responses in Labeo catla fingerlings supports the development
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of strategies to reduce stress and improve post-transport
survival (Husen and Sharma, 2014; Zhang et al., 2023;
Minahal et al., 2024). Glucose and lactate levels increase
in response to acute stress, indicating increased energy
mobilization and anaerobic metabolism (Thomas and
Robertson, 1991). Similarly, hemoglobin and hematocrit
values fluctuate in response to oxygen transport demands,
reflecting metabolic adaptation under varying stocking
densities (Davison et al., 2023). Gut evacuation is a critical
physiological process during pre-transport conditioning,
as incomplete gut clearance can elevate metabolic waste
production and ammonia accumulation, leading to reduced
water quality and survival during transport (Nair et al., 2023;
Conte, 2004). Monitoring gut evacuation time indicates
fish readiness for transport and tolerance to stress. This
study examined how stocking density affects the physiology
of Labeo catla fingerlings during a 24 h conditioning
period by analyzing metabolic indicators (blood glucose,
lactate, muscle glycogen) and haematological responses
(hemoglobin, hematocrit). The findings aimed to guide
optimal conditioning density, minimize stress-related
mortality, and enhance transport efficiency.

2. MATERIALS AND METHODS

2.1. Study site and source of fish fingerlings

The study was conducted from August-September, 2024
at the Fish Seed Production Center and Fish Farm of
the College of Fisheries Science, Nagpur (21°09'11.6”N,
79°02’57.1”E), Maharashtra, India. The fry of Catla
(measuring 40-60 mm) were procured from a commercial
hatchery and seed rearing farm, Mandhare Seed Production
and Rearing Farm, Kuhi-Mandal, Nagpur, India. Upon
arrival, the fry were stocked in an earthen nursery pond
at a density of 20-30 fry m (Ayyappan et al., 2011) and
reared under semi-intensive conditions. Fish were fed a diet
containing 35% crude protein. These fry attained an average
size of 80~100 mm (fingerling stage) after approximately 30
days of rearing. Following 30 days of rearing, the fingerlings
were netted and collected for the pre-transport conditioning
experiment

2.2. Experimental setup

The experiment was conducted using 20 circular tanks (1000
1 capacity each) operated under a flow-through system with
a water exchange rate of 6.5 1 min™ Each tank maintained
an effective water volume of 500 1. Fish were conditioned
at four stocking densities 1, 2, 3, and 4 fingerlings I'' (T,
T,, T,, and T,) with five replicate tanks per treatment.
Accordingly, each tank contained 500, 1000, 1500, and
2000 fingerlings, respectively. The conditioning period
lasted for 24 h, during which water quality parameters were
continuously monitored.
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2.3. Data collection

Physiological stress indicators, including blood glucose,
lactate, glycogen levels, hemoglobin (Hb), and hematocrit
(HcT), were measured at 1 h, 4 h, 8 h, 12 h, 16 h, 20 h,

and 24 h of conditioning.

2.4. Gut emptying time and assessment of weak, isolated, and
dead fingerlings

Fish behavior and mortality were observed every 4 h
by trained personnel working in shifts. Weak fish were
identified based on lethargy (reduced activity), diminished
response to gentle tactile stimuli, and irregular swimming
patterns. Gut evacuation time was assessed from the
presence or absence of fecal matter in the water. Mortality
was recorded at each interval, and dead fish were promptly
removed to maintain water quality.

2.5. Physico-chemistry of water

Prior to initiating the experiment, baseline water quality
parameters including temperature, pH, dissolved oxygen
(DO), total alkalinity, total hardness, total ammonia
nitrogen (TAN), and free carbon dioxide (CO,) were
measured to confirm uniform water quality across all tanks.
Throughout the conditioning period, these parameters
were continuously monitored at 4 h intervals to ensure
they remained within optimal ranges. These involved
measuring water temperature (Multi-Stem Thermometer);
pH (Thermo Scientific digital pH meter); dissolved oxygen
(DO) (Aquasol-AM-DO-01); total alkalinity (Hanna
Instrument-HI775); total ammonia nitrogen (TAN)
(analyzed spectrophotometrically); free carbon dioxide
(CO,) and total hardness were analysed titrimetrically
following Anonymous (2005).

2.6. Collection, preparation, and estimation of samples

Prior to blood collection, fish were anesthetized using
clove oil (50 plI'"). Blood samples were obtained via caudal
venipuncture using heparinized 1 ml syringes and transferred
into EDTA-coated microtubes. Approximately 100-120 pl
of blood was collected from fingerling, which was sufficient
for the estimation of glucose, lactate, hemoglobin, and
hematocrit levels.

Blood glucose levels were measured using a OneTouch
Ultra-Glucose Meter (Bartonkova et al., 2016). The
hemoglobin concentration was determined using the
cyanomethemoglobin method with Drabkin’s reagent
(Qualigen). In this method, 20 pl of blood was mixed
with Drabkin’s working solution in a test tube, and the
absorbance was recorded at 540 nm using a UV-VIS
spectrophotometer. The final hemoglobin concentration
was calculated by comparing the absorbance values with
those of a standard cyanomethemoglobin solution (Qualigen
Diagnostic).

Glycogen estimation was done from fish muscles. For this,
the fish were anesthetized with clove oil and euthanized
by decapitation. Muscle tissue samples were dissolved in
30% potassium hydroxide (KOH) and further treated with
95% ethanol. Glycogen content was estimated using an
enzymatic colorimetric method (Hassid and Abraham,
1957) with anthrone reagent.

Hematocrit was determined by centrifugation of heparinized
capillary tubes containing approximately 6570 ul of blood
collected from fingerling. Blood lactate levels were measured
using a commercially available portable lactate meter
(Lacto-spark) following standard methodologies (Wells and
Pankhurst, 1999; Brown et al., 2008; Vaage et al., 2023).

2.7. Statistical analysis

Percentage data for survival, weak, isolated, and cumulative
mortality were obtained and arcsine transformed to stabilize
variance and normalize distribution. Transformed data were
analyzed using one-way ANOVA followed by Tukey’s HSD
post-hoc test to identify significant differences (p<0.05).
Statistical analyses were conducted using SPSS software
(version 16.0).

3. RESULTS AND DISCUSSION

3.1. Gut evacuation time and survival during conditioning

As the stocking density increased from 1 to 4 fish 17, the gut
evacuation time declined logarithmically (Figure 1), with
a strong relationship (R?=0.9848) indicating that 98.48%
of the variation in gut evacuation time was explained by
changes in stocking density. This suggested that at higher
densities, intensified competition and limited individual
space accelerate food passage, potentially reducing the
digestion efficiency (Jia et al., 2021). This outcome might
be attributed to the crowding stress experienced by fish
under higher stocking densities, which likely triggered
physiological responses such as elevated metabolic activity

and enhanced gut motility (Dediu et al., 2021; Alvarez et al.,
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Figure 1: The gut evacuation time recorded in Labeo catla
fingerlings stocked at different densities during conditioning
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2022). In our observations, fish appeared more restless and
active in high-density treatments, indicating stress-induced
behavioral changes, leading to faster gut clearance as fish
diverted energy from digestion toward immediate survival
mechanisms (Paredes et al., 2020). This physiological shift
under stress conditions aligned with the pattern observed
in our study.

Survival recorded at the time of gut evacuation and 24 h
post-conditioning (Figure 2) indicated that T,, T, and
T, had comparable survival rates, whereas T, showed
significantly lower survival at both time points. This
reduction in survival might be attributed to increased
crowding stress at higher stocking densities, which could
elevate metabolic activity, raise oxygen demand, and lead to
greater waste accumulation (Dawood et al., 2022; Carbonara
et al., 2023). This suggested that higher densities imposed
physiological stress, leading to increased mortality. The
decline in survival in T, at 24 h highlighted the prolonged
stress effects, emphasizing the necessity of optimized
stocking densities in pre-transportation conditioning

practice to balance production efficiency and fish welfare
(Portz et al., 2006).
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Figure 3: The blood glucose levels during a 24 h conditioning
period in Labeo catla fingerlings, stocked at different densities:
T,=1fish1?,T,=2fish1",T =3 fishI"',and T ,=4 fish I'". Values
are expressed as mean+S.D. Values with different superscripts
indicate significant differences among treatments (p<0.05),
while means sharing the same letter, do not differ significantly

(P>0.05)

blood glucose (Pickering et al., 1989; Barton et al., 1991;
Mommsen et al., 1999). The higher the density, the
more intense the stress response, resulting in prolonged
hyperglycemia. This aligned with the findings on Labeo
rohita and Oreochromis niloticus (Barcellos et al., 2001;
Ruane et al., 2002), in which higher stocking densities led
to prolonged stress-induced hyperglycemia.

Blood lactate levels followed a similar trend (Figure 4),
initially spiking at 1 h across all treatments, likely due
to acute stress from handling and stocking (Hoseini et
al., 2024). This rise probably resulted from a shift to
anaerobic metabolism triggered by crowding-induced
oxygen limitation, leading to increased glycolysis and
lactate accumulation (Barton et al., 1991; Ruane et al.,
2002; Sousa et al., 2021). Although lactate levels declined
after 4and 8 h, T, remained significantly higher, indicating

Figure 2: Survival of Labeo catla fingerlings after gut evacuation
and 24 hours conditioning at different densities: T =1 fish I},
T,=2 fish I'', T,=3 fish 1", and T ;=4 fish I'. Values expressed

as mean+S.D

3.2. Secondary stress responses during conditioning
3.2.1. Blood glucose and lactate dynamics

The stocking density significantly influenced the blood
glucose levels during conditioning (Figure 3). T, exhibited
the highest glucose levels, indicating elevated stress, whereas
T, maintained the lowest levels, suggesting minimal stress.
Over time, glucose levels declined across all the treatments,
but T, remained significantly higher at 24 h, suggesting
incomplete recovery. This response could be attributed to
the physiological activation of the hypothalamic-pituitary-
interrenal (HPI) axis under crowding stress, leading to
cortisol release that stimulates gluconeogenesis and raises

04

ETI OT2 BT3 @T4

o

i *
»
.
0 4 ‘ ‘
1H

4H 8H 12H 16 H 20H 24 H
Conditioning hours

th

S

- . —_—
[+3 @

w

Lactate (mmol L")

%

Figure 4: The blood lactate levels during a 24 h conditioning
period in Labeo catla fingerlings, stocked at different densities:
T =1 fish 1", T =2 fish I'", T,=3 fish 1"}, and T, =4 fish 1.
Values were mean+S.D. o denoted non-significance (p>0.05)
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delayed recovery. Sustained elevations at 20 and 24 hin T,
confirm prolonged metabolic stress. Similar behavior has
been observed in Cyprinus carpio and Pagrus pagrus, where
higher stocking densities necessitated greater reliance on
anaerobic metabolism (Hematyar et al., 2024; Dobsikova
et al., 2009).

3.2.2. Glycogen utilization and energy metabolism

Initially glycogen levels declined across all the treatments,
reflecting stress-induced energy depletion, before increasing
over the 24 h period (Figure 5). However, T, exhibited
significantly lower glycogen levels during 4-20 h, indicating
higher energy expenditure to counteract the stress ((Liu
et al., 2016; Faudzi et al., 2021). Studies on Indian major
carps and Pagrus pagrus have yielded similar outcome (Laiz-
Carrion et al., 2012; Chatterjee et al., 2006). High stocking
densities were seen to accelerated glycogen depletion owing
to increased metabolic demands.
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Figure 5: The glycogen levels during a 24 h conditioning
period in Labeo catla fingerlings, stocked at different densities:
T,: 1 fingerling 1", T,: 2 fingerlings 1", T: 3 fingerlings 17,
and T,: 4 fingerlings I"". Values were mean+S.D. a denotes
non-significance (p>0.05) among treatments; groups not
sharing o differ significantly (p<0.05). Absence of symbol
indicated no difference; *Denoted significant variation from
other treatments

In this case, metabolic stress has been reported to causes
rapid energy expenditure, leading to glycogen breakdown
as fish attempt to sustain homeostasis (Polakof et al., 2012).
Fish exposed to high stocking densities exhibit increased
reliance on glycolysis, depleting glycogen stores at a faster
rate (Dai et al., 2024). The depletion of glycogen reserves
in T, suggested a prolonged stress response, in which fish
were forced to mobilize more of the stored energy to meet
metabolic demands.

3.2.3. Haematological responses

Haematological parameters remained relatively stable at
the four stocking densities (Table 1). Hemoglobin (Hb)
and hematocrit (HcT) levels exhibited a gradual decline
over 24 h with no significant differences among treatments
(p>0.05). This stability might be attributed to the ability

of Labeo catla fingerlings to manage acute stress during

Table 1: Effect of stocking density on hemoglobin (Hb) and
hematocrit (HcT) levels in Labeo catla fingerlings during a
24 h conditioning period

Param- Period after Stocking density
king (h
eter stocking (h) T, T, T, T,
Hb (g 1 9.56x 9.60+ 9.72+ 9.76=
dr) 0.30 0.29 0.25 0.27
4 9.32+ 9.44+ 958+ 9.70+
0.52 0.65 0.44 0.39
8 9.26x 9.36+ 9.54+ 9.60=
0.46 0.69 0.40 0.57
12 9.10+ 9.32+ 942+ 9.54%
0.25 0.30 0.39 0.38
16 9.02+ 9.10+ 9.18+ 9.32%
0.42 0.26 0.56 0.41
20 8.84+ 894+ 9.06x 9.24=
0.43 0.22 0.51 0.23
24 8.40+ 8.58+ 8.66x 9.00=
0.41 0.19 0.21 0.46
HcT 1 28.60+x 28.80+ 29.00+ 29.80+
(%) 0.89 1.79 1.41 2.39
4 28.00+ 28.40+ 28.80+ 29.40+
2.24 0.55 1.92 1.14
8 27.20+ 27.60+ 28.40+ 29.00+
2.28 1.14 1.82 0.71
12 27.00+ 27.20+ 28.20+ 28.60+
1.58 1.64 0.84 1.67
16 26.80+ 27.00+ 28.00+ 28.20+
1.10 1.00 1.22 1.92
20 25.40+ 26.80+ 27.40+ 27.80+
2.19 0.84 2.07 1.64
24 24.40+ 25.00+ 25.40+ 26.40+
0.89 1.58 0.89 1.67

05

Values were expressed as the mean+S.D.; Stocking densities:
T: 1 fingerling I''; T.: 2 fingerlings I''; T': 3 fingerlings I';
T,: 4 fingerlings 1"

short-term (<24 h) exposure without substantial disruption
of their oxygen transport capacity; however, significant
haematological disruption was generally observed under
prolonged or chronic stress beyond 4872 h (Pakhira et al.,
2015; Li et al., 2024; Barton and Iwama, 1991). Despite the
crowding-induced stress, the physiological resilience of the
fish appeared sufficient to maintain stable haematological
parameters over the conditioning period. This suggested
that Labeo catla has special adaptive mechanisms to
maintain oxygen capacity under varying densities. Studies
on Labeo rohita and Cyprinus carpio have reported similar
trends, where stocking density did not significantly alter
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haematological parameters, likely because of species-specific
physiological adaptations (Pakhira et al., 2015; Dobsikova
et al., 2009).

3.3. Survival and stress-induced mortality

Stocking density during conditioning strongly influenced
mortality, with higher densities correlating with increased
mortality (Table 2). While no mortality was recorded at
1 h, T, and T, showed a significantly higher % of weak,
isolated, and dead fish from 4 to 12 h, indicating stress

effects under overcrowded conditions. The cumulative
mortality remained highest in T, at 24 h, likely due to
increased competition for oxygen and space (Habib et al.,
2022; Swain et al., 2022), resulting in metabolic exhaustion
and reduced recovery ability. Comparable outcomes have
been reported in Labeo rohita and Colossoma macropomum,
where elevated stocking densities intensified stress-induced
mortality through oxygen depletion and metabolic overload
(Islam and Hossain, 2013; Gomes et al., 2003).

Table 2: Proportion of weak, isolated, and cumulatively dead Labeo catla fingerlings at different stocking densities over a 24

h conditioning period

Period Weak fish (%) Isolated fish (%) Cumulatively dead fish (%)
ft

:to:dng T, T, T, T, T, T, T, T, T, T, T, T,

(h)

1 0.24= 024+ 0.25+ 043z 024+ 024+ 025+ 0.28+ NIL NIL NIL  NIL
0.09* 0.05 0.06*  0.06*  0.09 0.05 0.06 0.07

4 1.92+ 1.96+ 197+ 229+ 092+ 096+ 099+ 1.03+ 1.16x 188+ 1.60+ 2.02+
0.23¢ 0.17* 0.12*  0.14> 0.30 0.11 0.10 0.04 0.17 0.44>  0.11>  0.12°

8 1.38+ 1.51+ 194+ 2.06+ 0.89+ 090+ 093+ 095+ 280+ 3.82+ 335+ 4.67«
0.33¢ 0.22¢ 0.09° 0.14> 0.23 0.08 0.09 0.10 0.32¢ 0.33*  0.14c 0.15¢

12 1.48+ 1.52+ 1.59+ 243+ 058+ 058+ 0.58+ 0.61x 4.60+ 500+ 524+ 732«
0.18 0.122 0.11*  0.09*> 0.17 0.12 0.08 0.06 047+ 031® 0.18 0.23¢

16 1.22+ 1.28+ 142+ 158+ 038+ 0.38+ 038+ 041x 636 6.36+ 6.85+ 9.59+
0.18 0.20+  0.11%  0.09¢  0.09 0.06 0.04 0.10 0.71° 0.22*  0.32* 0.18

20 0.60+ 0.62+ 0.66+ 1.01x 0.26+ 0.26+ 021+ 0.29+ 732+ 750+ 8.09+ 11.32+
0.18 0.09 0.100  0.06* 0.18 0.16 0.07 0.07 0.76 0.164 0.41* 0.16

24 0.39+ 039+ 0.41+ 042+ 026 0.22+ 022+ 0.23+ 7.84+ 796x 8.40+ 1223+
0.10 0.06 0.04 0.06 0.18 0.08 0.07 0.06 0.83¢ 0.170  0.44* 0.19°

Values were expressed as the mean+S.D. Values in a row with different superscripts for each factor indicate significant differences

among treatments (p<0.05); Stocking densities: T,: 1 fingerling I'; T : 2 fingerlings I''; T.: 3 fingerlings I''; T : 4 fingerlings I'*

3.4. Water quality and its influence on stress physiology

Water quality parameters remained stable across all
treatments, likely due to the flow-through system
minimizing fluctuations (Fiordelmondo et al., 2020), except
for dissolved oxygen (DO) and total ammonia nitrogen
(TAN), which showed significant variations (Figure 6). In
T, thelowest DO (5.78+0.10 mg17) and the highest TAN
concentration (0.04+0.01 mg ') were recorded at 24 h. The
decline in DO could be attributed to the higher cumulative
oxygen demand from increased biomass, while elevated
TAN levels reflected greater metabolic waste production at
higher stocking densities (Al-Harbi et al., 2000). Previous
studies on Labeo rohita have also shown that intensified
stocking densities could aggravate oxygen depletion and
ammonia accumulation, intensifying physiological stress

(Pakhira et al., 2015).

Stocking density was seen to increase lactate levels indicating
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higher stress, while dissolved oxygen declined slightly due
to increased consumption (Figure 7). This outcome could
be explained by the fact that higher stocking densities
lead to increased metabolic activity and crowding stress
among fish, resulting in greater oxygen demand. As oxygen
availability became relatively limited under such conditions,
fish shift more towards anaerobic metabolism, causing
an accumulation of lactate in the blood (Ardiansyah and
Fotedar, 2016). Thus, elevated lactate levels reflected the
physiological adjustment to hypoxic stress induced by
higher biomass density in the system. Similar trends have
been reported by Jia et al. (2022) and Chen et al. (2023),
who studied the effects of rearing density on Micropterus
salmoides and Carassius auratus, respectively.

Regression analysis (Figure 8) revealed a strong negative
correlation (R?=0.9606) between DO and lactate levels,
indicating that reduced oxygen availability triggers anaerobic
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metabolism, leading to lactate accumulation. This shift
towards anaerobic respiration under hypoxia has been well
documented in fish (Cox, 1974; Ruiz et al., 2024). These
results reinforced the importance of maintaining adequate
DO levels to minimize stress and optimize fish health during
pre-transport conditioning.

4. CONCLUSION
S tocking density strongly influenced stress physiology and
survival of Labeo catla fingerlings during pre-transport
conditioning in a flow-through system. Higher densities
caused greater metabolic stress and mortality, while lower
densities underutilized system capacity. T (3 fishI'") proved
optimal, showing stable glucose, lactate, glycogen, and
haematological values with minimal DO depletion and
TAN accumulation. Thus, T, ensured efficient conditioning
and readiness for transport, supporting sustainable
aquaculture practices.
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