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The effect of stunting by feed and space deprivation on compensatory growth
(CQG) in Silver pompano, Trachinotus blochii, was investigated. A commercial
pellet feed (45% protein and 10% fat) was fed two times a day, throughout the
entire experiment. The 270-day experiment consisted of an initial 60-day
stunting phase and a 60-day post-stunting phase carried out in 4 X 2 x 2 m>
galvanized iron (Gl) rectangular cages, and a 150-day grow-out phase carried out
in 3-m diameter circular Gl cages. During the stunting phase, the normal fish (in
triplicates) were stocked at lower stocking density (17 fish/m?®) and fed at 10% of
body weight (BW), while stunted fish (one replication) were stocked at about
three times higher stocking density (56 fish/m®) and fed at a three times lower
feeding rate (3% of BW). The stunted and normal fish were reared in triplicates
during the post-stunting phase, at uniform stocking density (15 fish/m®) with
feeding at a higher rate (10% of BW) for stunted fish and normal feeding rate (8%
of BW) was adopted for normal fish. During the grow-out stage, each replication
from the post-stunting phase was shifted to 3-m circular cages with the same
feeding rates. The lag in growth in stunted fish (5.56 g against 9.43 + 0.13 g of
normal) during the stunting phase was compensated during the post-stunting
phase (36.88 + 2.23 g against 38.13 + 1.48 g of normal) by higher feeding rate.
There were no significant (p > 0.05) differences in final harvest, biometry,
morphometry, dressing yield, carcass nutritional composition, and serum
biochemical markers at the end of grow-out stage. Because of the significant
difference (p < 0.05) in the total feed provided (5.2 kg for stunted fish against
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22.8 kg for normal fish) and the lesser unit cost for the production of stunted
fingerling (USD 0.087 for stunted fish against USD 0.106 for normal), the farming
of stunted fish brought about a higher net operational revenue and benefit:

cost ratio.
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carcass analysis, compensatory growth, economic evaluation, proximate composition,

snubnose pompano

1 Introduction

Stunted fingerlings are better stocking material for fish farming.
Several studies have reported that stunted fingerling production
ensures prolonged seed availability, especially during off seasons, and
production of healthy and hardy fingerlings with higher survival, and
also helps to maintain fish seed in transportable size (Radheysham and
Saha, 2009; Das et al,, 2016; Lingam et al., 2019; Suresh Babu et al.,
2022a). Lingam et al. (2019) reported better growth and meat quality
for stunted fish compared to normal fish in an on-farm trial for
milkfish. The practice of stunting Indian Major Carps seed by Indian
farmers is presumed to be for removing weak and sick fry and also to
produce healthy larger fish seed as a stocking material for grow-out
culture (Abraham et al., 2010).

Compensatory growth (CG) in fish is a phase of augmented
growth when favorable conditions are restored, after a period of
growth deprivation or stunting (Ali et al, 2003). The ability of
stunted fingerlings to attain CG has been demonstrated in several
commercial fishes such as Nile tilapia (Bhujel et al., 2007), rohu
(Das et al, 2016), milkfish (Lingam et al, 2019), Atlantic cod
(Jobling, 2010) and Atlantic salmon (Hvas et al., 2022). The CG
pattern varies with species farmed (Jobling et al., 1994; Foss et al.,
2009; Lingam et al,, 2019), duration of stunting (Das et al., 2016;
Anikuttan et al., 2020; Suresh Babu et al., 2022a), stunting protocol
adopted (Ali et al,, 2003), and re-feeding strategies implemented
(Llameg and Serrano, 2014; Hvas et al.,, 2022). Won and Borski
(2013) opined that endocrine regulation during the catabolic and
hyper-anabolic phases contributes immensely for CG. The degree of
CG varies from over-compensation, full compensation, partial
compensation, and no compensation based on the rate of
regaining of the growth rate (Ali et al, 2003). Furthermore, CG
depends on the duration of stunting (Lingam et al., 2019; Anikuttan
etal., 2020), which may be short-term spanning from a few weeks to
2 to 3 months (Anikuttan et al., 2020) or long-term lasting for even
more than 6 months (Das et al., 2016; Lingam et al., 2019; Suresh
Babu et al., 2021) depending on the purpose of stunting. Short-term
stunting is ideal for maintaining the fish in confined conditions
during adverse climatic conditions while long-term stunting can be
adopted for prolonging the seed availability.

Silver pompano, Trachinotus blochii (Lacepede, 1801), is a
recently introduced marine fish for aquaculture practices in the
Indian subcontinent. Ever since the standardization of its
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commercial hatchery production (Abdul Nazar et al., 2012), this
fish is considered as a good candidate for aqua-farming in ponds
(Jayakumar et al., 2014; Damodaran et al,, 2019), cages (Kalidas
et al, 2020; Suresh Babu et al., 2022a), and Recirculating
Aquaculture Systems (Suresh Babu et al., 2022b). Furthermore, it
is considered as an ideal candidate species for farming in both
marine and low-saline conditions (Kalidas et al., 2012). The fish can
be reared even in salinity up to 5 ppt (Kalidas et al.,, 2012).

Anikuttan et al. (2020) reported the potential for achieving CG
in stunted fingerlings of Silver pompano when reared under indoor
marine conditions. CG in stunted Silver pompano in low saline
indoor conditions (<15 ppt) was estimated, and its field-level
application was validated by our team (Suresh Babu et al., 2022a)
and noted that short-term (60 days) stunting is ideal for elucidating
CG in Silver pompano. In these studies, stunted fingerling
production was achieved through a combination of feed and
space deprivation following Das et al. (2016) and Lingam et al.
(2019). The present study is designed to evaluate the growth and
production performance of short-term (60 days) stunted Silver
pompano with that of normally reared fish in low saline cage
conditions with special emphasis on biometry, morphometry,
carcass nutritional composition, serum biochemical markers, and
economic benefits.

2 Materials and methods
2.1 Design of the experiment

The manuscript followed all the ethical guidelines for
conducting experiments on food fish in India as per the
guidelines of CPCSEA (Committee for the Purpose of Control
and Supervision of Experiments on Animals, Government of
India) for experimentation on fishes. The research work was
approved under the Institutional funded project (MDN/HCY/18)
of ICAR-Central Marine Fisheries Research Institute, Kochi, India.

Details of the experimental design are given in Figure 1. The
field trial was done in the coastal water area near Karwar Regional
Station of Indian Council of Agricultural Research (ICAR)-Central
Marine Fisheries Research Institute, Karwar, Karnataka, India
following Suresh Babu et al. (2022a). The experiment was carried
out in two stages, viz, with a nursery stage having two phases (a
stunting phase and a post-stunting phase) and a grow-out stage. A
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FIGURE 1

Summary of the field experiment with stocking and farming details (m3 = m?).

commercial floating pellet feed (Nutrila, Growel India Pvt. Ltd; 45%
crude protein; 10% crude fat; 2.5% crude fiber; 11% moisture) with a
pellet size of 0.8 mm and 1.2 mm for nursery rearing phase and
3 mm for grow-out phase were used for feeding the fish following
Damodaran et al. (2019).

The nursery rearing stage with stunting and post-stunting
phases (with 60 days duration each) was carried out in 4 x 2 X
2 m (16 m?) galvanized iron (GI) floating rectangular cages. During
stunting, the normal fish were reared in triplicate by stocking 280
fish (17 fish/m’) in each cage, and the fish for stunting was
maintained in one cage stocked with 900 fish (56 fish/m?) for
space deprivation. Only one replication was maintained for stunting
since the number of fish stocked is sufficient for stocking during the
post-stunting phase. The growth pattern of stunted fish has been
evaluated during our previous report (Suresh Babu et al., 2022a).
During the 60 days of stunting phase, the fish for stunting was fed
with feed only at 3% of body weight (BW) for feed deprivation and
the normal fish were fed at 10% of BW (normal feeding rate). The
methodology adopted for stunting of fish is a combination of space
and feed deprivation, which is adopted by other authors in carps
(Das et al., 2016) and milkfish (Lingam et al., 2019) and the feeding
percentage is also determined based on these reports.

During the post-stunting phase, the stunted and normal fish were
harvested from the respective cages and restocked in 6 similar cages
for making uniform stocking density for farming. During this phase,
the stunted and normal fish were reared in triplicate at a uniform
stocking density of 240 fish per cage (15 fish/m?). The stunted fish
were fed at 10% of BW (higher feeding for compensation) and the
normal fish were fed at 8% of BW during this phase.

After the post-stunting phase, the fish were harvested and
shifted to circular GI floating cages (with 3 m diameter and 3 m
depth) for grow-out culture after noting the survival. During the
grow-out phase, both the stunted and normal fish were fed at 6% of
BW during the first 2 months followed by 5% of BW in the third
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month, 4% of BW in the fourth month, and 3% of BW in the
fifth month.

2.2 Evaluation of growth

To assess the growth of the fish, a monthly sampling approach
was employed, involving the measurement of length and weight for
individual fish in the stock. To measure the total length of the fish
accurately, a 1-m wooden scale with a precision of 1 mm was used,
measuring from the tip of the snout to the tip of the caudal fin. For
smaller fish weighing less than 100 g, an electronic weighing balance
(Sartorius, Germany) with a precision of 0.001 g was utilized, while
a pan balance with a precision of 1 g was employed for larger fish
weighing 100 g or more. To calculate the specific growth rate per
day (SGR/Day %), the method described by De Silva and Anderson
(1995) was followed. The formula used was as follows: Specific
growth rate (%/day) = [In (Final weight) — In (Initial weight)]/
[Experimental days] x 100, where “In” denotes the natural
logarithmic value. The total feed provided based on the feeding
rate was noted daily for feed calculation and the actual feed
consumed by the fish was difficult to note in the experimental
cages. Growth efficiency (%) was calculated as per Yengkokpam
etal. (2014) as GE = 100 x (Final weight — Initial weight)/total feed
given in grams. Daily weight gain (DWG) was calculated as per
Damodaran et al. (2019) as DWG = Final weight (g) — Initial weight
(g)/days of culture. The food conversion ratio (FCR) was calculated
as feed given (g)/weight gain (g).

2.3 Harvest details

To determine the total biomass during different growth phases,
the average weight of individual fish was multiplied by the total
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number of fish harvested at the end of each experimental phase. The
total biomass represents the collective weight of all the fish in a
given phase. To assess the survival rate at the end of the experiment,
the number of fish in each cage was counted. The survival rate was
calculated as a percentage using the formula: Survival (%) = (Total
number of fish present x 100)/Total number of fish stocked. In the
grow-out phase, the survival rate is calculated based on the number
of stunted fish stocked during the post-stunting phase. The number
of fish surviving until the end of the grow-out phase is taken into
account when determining the survival rate. After the grow-out
phase, the total harvest weight (in kilograms) was recorded from
each cage. This information is used to calculate the total production
and productivity, which provide insights into the overall yield and
efficiency of the rearing system.

2.4 Biometric and morphometric analysis

For calculating condition factor (k), length-weight relationship
(LWR), and coefficient of variation (CV) in length and CV in
weight, data from the replicates were pooled and analyzed. The
condition factor (k) of the fish in their natural habitat was
determined following the method proposed by Gomiero and
Braga (2005). The condition factor is calculated using the
formula: k = (W x 100)/L°, where “W” represents the weight of
the fish in grams (g), and “L” represents the total length of the fish
in centimeters (cm). The length-weight relationship was established
by calculating the logarithmically transformed values of the total
body length and BW data. The equation used for this relationship is:
Log (WEIGHT) = a + (b x log (LENGTH)), where “a” represents
the intercept and “b” represents the slope of the linear regression
obtained from the log-transformed weight (g) and length (cm) data.

Morphometric measurements were taken for 10 fish from each
replicate (total 30 for each treatment) as per Lingam et al. (2019)
using a digital Vernier calliper.

2.5 Yield characteristics, carcass analysis,
and proximate composition

Dressed weight and carcass analysis of stunted and normal fish
were recorded from the final harvest as per Lingam et al. (2019) by
sampling 5 fish from each replicate (15 fish for each treatment),
which were in the weight range of 300 to 350 g. The fish were
dissected and the offal was weighed using a digital balance
(Sartorious, Germany). Dressed fish were cut into three portions
as per Lingam et al. (2019), namely, fore cut, mid cut, and hind cut,
after which the weight was recorded. The dressing percentage was
calculated as the percentage of dressed weight (removing viscera,
gills, fins, and head) to the whole wet weight.

The whole-body nutrient composition of fish was assessed
following standard methods (AOAC, 1995). For this, the pooled
wet weight of fish from each replication (cage-wise) was measured,
sliced into pieces, kept in a glass petri plate, and dried in a hot air
oven overnight at 105°C until constant dry weight. After drying, the
samples were weighed accurately and ground in a grinder to a
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homogenized form before the analyses of crude lipid, protein, crude
fiber, and total ash.

The assessment of crude protein content (N x 6.25) was
conducted using the Kjeldahl system (FOSS Kjeltec, 2300). To
determine the crude lipid content, the ether-extraction method
was employed using the Soxhlet system (FOSS Soxtec, 2043). The
ash content was determined by incinerating the samples completely
in a muftle furnace at a temperature of 550°C for a duration of 5 h.
The moisture content of the sample was calculated using the
formula [(wet weight — dry weight) x 100]/wet weight.

2.6 Water quality analysis

Water quality is important for any fish-rearing experiment.
Water quality parameters, including dissolved oxygen, pH,
temperature, salinity, and NH4+ concentration, were regularly
monitored at weekly intervals using established protocols following
the guidelines outlined in the APHA (1981). Range of water quality
parameters such as dissolved oxygen (4 to 5 ppm), pH (7.6 to 8),
temperature (26 to 31°C), salinity (12 to 21 ppt), and NH4+ (0.012 to
0.14 ppm) observed were within the optimum range for the growth
of Silver pompano under low-saline conditions (Jayakumar
et al., 2014).

2.7 Serum biochemical analysis

In each replication, five fish were anesthetized using 10 ppm
Benzocain for a duration of 3 min. Following anesthesia, blood
samples were collected by puncturing the caudal vein. The collected
blood was then allowed to clot for a period of 1 h at room
temperature and subsequently kept overnight at a temperature of
4°C. To obtain the serum, the blood samples were centrifuged at
6,000 rpm for 10 min. Serum samples from each replication were
pooled together, categorized based on their respective cages, and
stored at a temperature of —20°C for future use.

Serum biochemical parameters, including total proteins,
albumins, cholesterol, alkaline phosphatase, serum glutamic
oxaloacetic transaminase (SGOT), serum glutamic pyruvic
transaminase (SGPT), and triglycerides, were analyzed using
diagnostic kits from Tulip Diagnostics Ltd., based in Goa, India.
The analysis was conducted following the protocols provided by the
manufacturer, as described in the study by Ebeneezar et al. (2020).
To measure the absorbance of the samples, a spectrophotometer
(Multiskan Sky-High, ThermoFisher Scientific, USA) was used. The
absorbance values were recorded to quantify the levels of the
respective biochemical parameters in the serum samples.

For the determination of Total protein in serum, the biuret
method was followed. The proteins bind with cupric ions to form a
blue-violet colored complex, the intensity of which is directly
proportional to the protein in the sample. For this, absorbance
was measured at 550 nm. Total serum albumin was determined
based on the bromocresol green dye binding assay. For this,
absorbance was measured at 630 nm. Serum globulin levels were
obtained by subtracting serum albumin from total serum protein.
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Serum cholesterol was determined based on the hydrolysis of
esterified cholesterol to free cholesterol. For this, absorbance was
measured at 505 nm. Alkaline phosphatase hydrolyzes p-
nitrophenyl phosphate to p-nitrophenol and phosphate. The rate
of formation of p-nitrophenol is measured as an increase in
absorbance, measured at 405 nm. SGOT and SGPT are measured
based on the oxidation of NADH to NAD, which is measured as a
decrease in the absorbance, which is proportional to the enzyme
activity in the sample. For this, absorbance was recorded at 340 nm.
Triglycerides were determined based on the hydrolysis of
triglycerides to glycerol and free fatty acids by lipoprotein lipase.
For this, absorbance was measured at 505 nm.

2.8 Economic evaluation

An economic evaluation of farming of stunted and normal fish
was carried out by estimating and comparing the costs and earnings
associated with the production of fingerlings as well as experimental
farming of fish in both treatments. Various operational cost
components such as the cost of fingerlings, feed cost, labor
charge, and other miscellaneous expenditures were estimated
based on field data and also following the approach adopted by
Damodaran et al. (2019). Furthermore, indicative economics of
commercial cage farming of stunted fingerlings in comparison with
normal fingerlings was also determined by taking a cue from the
estimates obtained from experimental farming and also following
Aswathy et al. (2020) in the case of fixed cost parameters for scaled-

10.3389/fmars.2023.1234667

up farming in larger cages. All the values were expressed in USD (1
USD = Rs. 74 INR).

2.9 Statistical analysis

Results are given as mean * standard error. The mean values
were compared using a Student’s t-test to determine if there was a
significant difference (p < 0.05) between the stunted and normal fish
groups. The statistical analysis was performed using SPSS version
16.0. The normality of the data was tested before t-test visually using
the Shapiro-Wilk method wherever applicable.

3 Results
3.1 Growth compensation

Information on the growth, feed utilization, and survival
characteristics of stunted and normal fish at different phases of
farming and the overall performance are given in Table 1.
Additionally, Figure 2 illustrates the weight gain pattern during
the stunting and post-stunting phases, as well as the grow-out stage.
The specific growth rate per day (%) for stunted and normal fish is
separately depicted in Figure 3. Successful stunting of fish was
achieved under field conditions in low-saline cages, with stunted
fish gaining only 4.08 g compared to 7.9 g in normal fish. A
comparison of parameters such as final weight, daily weight gain,

TABLE 1 Growth, production, and biometric characteristics of stunted and normal fish at different phases of the farming.

Parameters Stunting Post-stunting Grow out Overall performance
Normal Stunted  Normal Stunted Normal Stunted Normal Stunted
Initial weight (g) 1.48 1.48 9.44 +0.13* 507 + 0.33" 38.13 + 1.48 36.88 +2.23 1.48 1.48
Final weight (g) 9.43 +£0.13 5.56 38.13 + 1.48° 36.88 + 2.23° 316.35 + 4.78% 326.67 + 4.78 316.35 + 4.78% 326.67 + 4.78%
Initial length (cm) 4.7 4.7 7.5+ 0.16" 597 +0.27° 12.95 + 0.13° 13.22 +£ 0.75* 4.7 4.7
Final length (cm) 7.5+ 0.16 6.11 12.95 +0.13* 13.22 + 0.75° 27.17 + 0.09° 26.52 + 0.29° 27.17 + 0.09° 26.52+ 0.29*
Daily weight gain (g) 0.13 + 0.002 0.068 0.47 +0.02* 0.53 + 0.04* 1.85 + 0.01% 1.93 + 0.05% 1.16 + 0.01* 1.2 £ 0.02*
SGR/day (%) 3.09 +0.02 221 2.32 +0.06* 33 +0.19° 1.41 + 0.02% 1.55 + 0.05% 1.98 + 0.001% 2.01 + 0.001°
Growth efficiency (%) 29.43 + 041 71.28 35.89 + 2.14% 46.73 + 2.6" 35.83 + 0.61% 38.79 + 1.28% 38.01 + 0.70" 424 +0.76°
Total feed provided (kg) 7.6 £0.12 52 19.2 £ 0.32% 16.6 + 0.9° 172 + 1.9° 165 + 2.3% 199 + 217 183.6 + 1.79°
Feed/fish (g) 27.04 + 0.41 572 80.1 +1° 69.2 + 47 717 + 7.4° 690 + 9.6" 828 + 8.6 766.8 + 6.6°
FCR 34 1.4 2.8 +0.16" 222 +03° 3.01 +£0.21° 2.78 +0.19° 3.07 £ 0.15° 2.68 +0.13°
Survival (%) 91.19 +2.28 80 95.55 + 1.83% 95.0 + 0.48% 89.27+ 4.75% 90.23 + 3.26"
Production (kg) 65.06 + 3.18° 68.75 + 3.49°
Condition factor (K) 1.95 1.69 1.75 1.36 1.58 1.57 1.58 1.57
CoV (length) 0.22 0.19 0.14 0.13 0.05 0.06 0.05 0.06
CoV (weight) 0.47 0.53 0.38 0.36 0.15 0.16 0.15 0.16
b value LW relationship 2.28 2.63 2.47 2.77 2.64 2.4 2.64 24
*Values with different superscripts in each major column differ significantly (p < 0.05).
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FIGURE 2

Depiction of the gain in weight in stunted fish and normal fish during the stunting and post-stunting phase (left) and grow-out phase (right). The
dotted line indicates the weight (g) during the stunting period and solid the line indicates the weight (g) during the post-stunting and grow-out
period. Values with different alphabets on the same DOC differ significantly (p < 0.05).

specific growth rate per day (%), and growth patterns revealed
reduced growth in stunted fish compared to normal fish.

During the post-stunting phase, stunted fish exhibited rapid growth
and reached an average weight of 36.88 + 2.23 g, similar to that of
normal fish (38.13 + 1.48 g). There was no significant difference (p >
0.05) in the final weight between stunted and normal fish. The weight
gain pattern and specific growth rate per day (%) (p < 0.05) indicated
significantly accelerated growth in stunted fish when the feeding rate
was restored to normal. Although not statistically significant (p > 0.05),
stunted fish showed higher daily weight gain. The final average weight
of stunted and normal fish did not significantly differ (p > 0.05),
suggesting complete compensation in growth.

During the grow-out phase, both stunted and normal fish
exhibited similar weight gain, except on the 240th day of culture
(DOC) when normal fish showed higher weight gain (p < 0.05). The
specific growth rate per day was more or less similar in both stunted
and normal fish. Evaluation of the overall performance of growth
(across all phases) revealed no significant variation in final weight,
daily weight gain, and specific growth rate per day (%). Detailed
information on length at different phases of farming in relation to

SGR/day (%)
N w £
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FIGURE 3

Specific growth rate/day (%) of stunted and normal Silver pompano
in low saline cages. The dotted line indicates the growth during the
stunting period and the solid line indicates the weight (g) during the
post-stunting period. Values with different alphabets on the same
DOC differ significantly (p < 0.05).
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total length was also recorded. Complete catch-up growth in total
length also was observed in stunted fish during this study.

3.2 Feed utilization, survival,
and production

Details on feed utilization are also given in Table 1. In this
study, the total feed provided to the fish was considered for all
calculations due to the difficulty of determining the actual feed
consumed in the cage culture system. Despite observing retarded
growth, stunted fish exhibited superior feed utilization during the
stunting phase in terms of growth efficiency (more than two times)
and feed conversion ratio (FCR) (less than two times) compared to
normal fish. The individual feed provided for stunted fish was also
minimal (one-fifth) in quantity. The feed rate given to stunted fish
during the stunting phase was only sufficient to maintain
physiological functions and not for promoting growth. Total feed
provided and growth efficiency did not significantly differ (p > 0.05)
between the two treatments during the post-stunting phase.
However, FCR was significantly lower in stunted fish (p < 0.05),
indicating better feed utilization. There was no significant difference
(p > 0.05) in feed provided and growth efficiency between the
treatments during the grow-out phase, but FCR was significantly
lower in stunted fish (p < 0.05). Considering the overall
performance, the quantity of feed provided for stunted fish was
significantly lower (p < 0.05).

During the stunting phase, the survival rate of normal fish was
higher compared to stunted fish. However, there was no significant
difference (p > 0.05) in survival rate between stunted and normal
fish during the post-stunting and grow-out phases. The final
production and productivity per unit volume also did not differ
significantly (p > 0.05) between stunted and normal fish.

3.3 Biometric analysis
Biometric characteristics of stunted and normal fish at different

phases of farming are also given in Table 1. The condition factor (k),
which serves as a wellbeing indicator, was above 1 in both
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treatments, indicating the ideal growth of the fish in the system. In
this study, the condition factor (k) decreased as the size of the fish
increased in both treatments. Specifically, the condition factor
consistently measured above 1.36 for stunted fish and above 1.57
for normal fish. The “b” value for the length (g)-weight (cm)
relationship was less than 3 in both treatments throughout all
rearing phases, and the regression values for all relationships
showed good fitness (R> above 8). The “b” value was higher in
stunted fish during the stunting and post-stunting phases but lower
during the final harvest. The coefficient of variation (CV) in weight
(ranging from 0.15 to 0.53) was more prominent than that in length
(ranging from 0.05 to 0.22) in both treatments, and the variation
decreased as the farming progressed. The CV in length was higher
in normal fish, while the CV in weight was higher in stunted fish
during the stunting phase. However, the variation was nearly equal
during the remaining part of the rearing period. Most notably, the
size variation was almost equal in both treatments at the final
harvest, indicating a uniform harvest at the end.

3.4 Morphometric characteristics,
proximate composition, and
carcass analysis

Table 2 provides the morphometric characteristics of stunted
and normal fish at the end of the farming period. The
measurements, including total length, standard length, maximum
body girth, body width, head length, and mouth length, did not
show significant differences between stunted and normal fish. This
indicates that the morphometry of fish within the same weight class
does not vary significantly (p > 0.05) between stunted and
normal fish.

The carcass analysis of stunted and normal fish during harvest
is also presented in the table. In this study, the weight of the head,
viscera, gills, fins, fore cut, head cut, and tail cut for fish within the
same weight class did not differ significantly (p > 0.05) between
stunted and normal fish at the time of harvest. The dressing
percentage, which represents the proportion of edible meat, did
not show variation (p > 0.05) between stunted and normal fish.
Table 2 also provides the proximate composition of the meat of
stunted and normal fish. The parameters, including moisture
content, total protein, crude fat, crude fiber, total ash, and acid-
insoluble ash composition, did not show significant differences (p >
0.05) between stunted and normal fish.

3.5 Serum biochemical indices

The results of serum biochemical indices of stunted and normal
pompano at the end of the grow-out period are given in Table 3.
The feeding strategies had no significant effects on indices such as
SGOT, SGPT, and alkaline phosphatase, indicating that the stress
and metabolic status of stunted fish were similar to that of normal
fish at the end of the grow-out phase.

In this study, significantly lower (p < 0.05) total albumin
content and significantly higher (p < 0.05) total globulin content
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TABLE 2 Morphometric, carcass characteristics, and proximate
composition of whole body of stunted and normal fish at the end of the
experimental farming.

Parameters Normal Stunted
Morphometric characteristics

Total length (cm) 27.7 £ 0.36% 28.12 +0.18%
Standard length (cm) 19.52 + 0.14* 19.2 + 0.15%
Maximum body girth (cm) 2.24 +0.19% 2.15 + 0.47%
Body width (cm) 11.03 + 0.14* 10.72 £ 0.12%
Head length (cm) 6.08 + 0.12° 5.76 + 0.08*
Mouth length (cm) 2.1 £2.5° 2.11 + 0.08%
Carcass characteristics

Total weight (g) 318.8 + 5.21% 3204 + 5.39*
Visceral weight 25.4 +291° 22 +1.52%
Weight of gills 10 + 0.44% 8.3 +0.58"
Weight of fins 104 + 0.51% 10 £0.71 %
Weight of head 78.2 £2.04° 82 +263°
Fore cut 78 +£1.98° 73 £2.17°
Mid cut 702 + 3.16" 754 +298°
Hind cut 458 +3.92° 46.2 +3.52°
Tail cut 3+012° 3.6+024°
Dressing percentage 63.48 £ 0.65° 62.57 £ 1.32°
Proximate composition (on dry matter basis)

Total protein 52.31 + 1.68% 4993 +0.31°
Crude fat 3149 £ 1.36 * 32.69 £ 0.81°
Crude fiber 0.026 £ 0.005 * 0.022 £ 0.003 *
Total ash 11.01 £0.21 ° 10.92 + 0.74 *
Acid insoluble ash 242+017° 1.86 £ 0.29 °

*Values with different superscripts in each major column differ significantly (p < 0.05).

were observed in stunted fish. However, the total albumin-to-
globulin ratio did not show significant differences (p > 0.05)
between the two groups. Regarding serum total protein, no
significant difference (p > 0.05) was found between stunted and
normal fish. However, the serum lipid index showed that
cholesterol levels were significantly lower (p < 0.05) while
triglyceride levels were significantly higher (p < 0.05) in the
serum of stunted fish.

3.6 Economic evaluation of farming of
stunted fish

Table 4 provides the results of the economic evaluation,
specifically the input cost for the production of stunted and
normal fingerlings. The unit cost of production for stunted
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TABLE 3 Serum biochemical indices of stunted and normal fish during
the harvest.

Parameters Normal Stunted
Total protein (g/dl) 6.82 £ 0.17 7.43 +0.23
Albumin (g/dl) 0.72 + 0.09* 0.61 + 0.07°
Globulin (g/dl) 6.11 = 0.11° 6.82 +0.22°
Albumin : Globulin 0.12 + 0.01 0.09 + 0.01

Cholesterol* (mg/dl) 111.79 + 2.91° 100.85 + 7.88"

Triglycerides* (mg/dl) 4843 +2.42° 58.48 + 3.43"
SGOT (U/L) 13.64 + 145 1243 + 1.49
SGPT (U/L) 18.49 + 1.09 19.62 121
Alkaline PO4ase (U/L) 78.87 + 4.63 81.24 + 4.81

*Values with different superscripts in each major column differ significantly (p < 0.05).

fingerlings was calculated to be USD 0.11, which was lower than the
unit cost of production for normal fingerlings, amounting to USD
0.87. Furthermore, an economic analysis of experimental farming
comparing stunted fingerlings with normal fish is presented in the

TABLE 4 Cost of production of fingerlings and economic analysis of
experimental farming (based on operational cost) of stunted fish
compared to normal fish.

Particulars Normal Stunted
Cost of production of fingerlings

Number of seeds 840 900

Cost of seed (0.068 USD/seed) 57.12 61.2

Total feed (kg) 22.8 5.2

Cost of feed (0.811 USD/kg) 18.49 4.22

Other expenses (USD) 13.5 13.5

Total expenses (USD) 89.11 78.92

Unit cost of fingerlings (USD) 0.106 0.087
Economic analysis of experimental farming

Number of fingerlings 240 240

Unit cost of fingerlings (USD) 0.106 0.087

Cost of fingerlings (USD) 254 21.1

Total feed (kg) 191.3 + 2.15° 182.3 + 1.6°
Cost of feed (0.811 USD/kg) 155.16 + 1.74* 147.78 + 1.3°
Labour charge (USD 0.33/cage/day) 91.22 91.22

Other expenses (USD) 13.5 13.5

Total variable cost (USD) 285.19 + 1.75% 2736 + 1.3°
Total production (kg) 65.06 + 3.18" 68.75 + 3.49"
Gross revenue (USD 5.14/kg fish) 334.2 + 16.63% 353.1 + 18.2%
Net operational revenue (profit) (USD) 4891 + 17.21* 79.48 + 17.55"
Benefit-cost ratio (B:C ratio) 1.17 + 0.06 1.29 + 0.063

*Values with different superscripts in each major column differ significantly (p < 0.05).
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table. Only the operational expenditure associated with
experimental farming was considered at this stage. The results
indicated higher net operational revenue (profit) and a higher
benefit-cost ratio (B:C ratio) for the farming of stunted
fingerlings compared to normal fingerlings.

Indicative economics of commercial farming for stunted
fingerlings in 6-m-diameter high-density polyethylene (HDPE)
cages, in comparison with normal fish farming, is given in
Table 5. The calculations took into account biological and
economic parameters such as survival rate, the unit price of
fingerlings, feed requirement per unit fish, final average BW, and
other factors obtained from the experimental farming. The net
revenue and benefit-cost (B: C) ratio for farming stunted fish were
observed to be higher than those for normal fish.

4 Discussion

The phenomenon of CG is an innovative concept that can be
applied in aquaculture practices using stunted fingerling as stocking
materijal (Santiago et al., 2004; Cho and Cho, 2009; Lingam et al.,
2019; Anikuttan et al., 2020). CG in fish refers to a phase of
enhanced growth that occurs when favorable conditions are
restored after a period of growth depression (Ali et al., 2003). CG
has been demonstrated in many marine candidate fishes for
aquaculture such as Sunfish (Hayward et al., 1997), Asian seabass
(Tian and Qin, 2003), Oliver flounder (Cho and Cho, 2009),
seabream (Bavcevic et al, 2010), milkfish (Lingam et al., 2019),
and Atlantic salmon (Hvas et al, 2022). The gradation of
compensation varies with the duration of fasting, fish age, the age
at sexual maturity, the pattern of re-feeding (Ali et al., 2003), and
more importantly the species used for the trial. Studies related to
CG in marine finfish in cage farming are rare.

Before the beginning of the experiment, a series of indoor and
outdoor experiments for delineating the CG pattern in Silver
pompano in both marine and low saline conditions were
conducted. Based on our previous reports (Anikuttan et al,
2020), Silver pompano exhibits CG in short-duration stunting in
indoor marine conditions. As per our indoor studies on Silver
pompano (Suresh Babu et al, 2022a) for 30-, 60-, and 90-day
stunting, a better compensation was observed in 60-day stunting
under low-saline conditions, and the results were further validated
in a field study in low-saline cages. The present work is the first
report on the evaluation of the field-level application of stunting
and growth compensation for both operational and economic
benefits. The protocol for nursery rearing stages was adopted
from Anikuttan et al. (2020), which was composed of a 60-day
stunting phase followed by a 60-day post-stunting phase, and a 150-
day grow-out stage was added for performance evaluation. Since the
work was carried out completely in outdoor conditions, a short-
term stunting protocol was adopted.

In general, stunting in fish can be achieved through various
methods such as ration restriction, density manipulation, thermal
and salinity manipulation, and other resource restrictions (Ali et al.,
2003). In the present study, a combination of feed and space
restriction was employed to induce stunting in fingerlings similar
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TABLE 5 Indicative economics of commercial cage farming of stunted
fingerlings vis-a-vis normal fish.

Particulars Code Normal @ Stunted
Annual fixed cost (USD)* A 1,127.42 1,127.42
Number of fingerlings* B 4,500 4,500
Survival rate (%)" C 89 92

Unit cost of fingerling (USD/seed)” D 0.106 0.087
Cost of fingerlings (USD) (B*D) E 474.32 395.27
Feed (kg)/fishA F 0.829 kg 0.762 kg
Total feed (kg) (B*C*F) G 3,320.15 3,154.68
Cost of feed (0.811 USD/kg) H 2,692 2,557.84
Labour charge (USD)* 1 567.57 567.57
Boat hiring charges* ] 135.14 135.14
Harvest & miscellaneous expenses* K 202.7 202.7
Total operational cost (USD) (E+H+I L 4,098.76 3,885.54
+J+K)

Total cost (L+A) M 5,226.18 5,012.96
Average body weight at maturity (g)» N 316 326
Total production(B*C*N) [e] 1,265.6 1,349.6
Gross revenue (USD 5.14/kg fish)* P 6,498.92 6,930.58
Net revenues (profit) (USD) (P-M) Q 1,272.75 1,917.62
Benefit-cost ratio (B:C ratio) 1.24 1.38

*Adopted from Aswathy et al., 2020; A calculations based on the present experiment; 1 USD =
Rs.74 INR.

to Anikuttan et al. (2020). This technique has been experimentally
demonstrated in carps (Das et al., 2016) and the same is widely
adopted by farmers in carps (Radheysham and Saha, 2009;
Abraham et al, 2010; Charan et al,, 2014). Studies conducted by
Lingam et al. (2019) on milkfish and Suresh Babu et al. (2021) on
rohu have reported that stunting can be intentionally induced in
fish culture systems by implementing a combination of increasing
stocking density and providing sub-optimal feeding conditions.

4.1 Growth compensation

Patterns of gain in weight and specific growth rate/day (%)
revealed slower growth in stunted fish. Anikuttan et al. (2020) and
Suresh Babu et al. (2022a) also have reported a retarded growth in
60 days of stunted Silver pompano following a similar protocol in
indoor conditions. Natural occurrences of stunted growth in fish
during unfavorable conditions have been documented in earlier
studies (Burrough and Kennedy, 1979). Ylikarjula et al. (1999)
identified two possible factors contributing to natural stunting:
resource limitation and size- or age-dependent survival
probabilities. Limitations of the feed and the living space in the
present study induced stunted growth in the treated fish. The
stunted fish in the present work attained complete growth
compensation during the post-stunting phase itself. In contrast,
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Anikuttan et al. (2020) and Suresh Babu et al. (2022a) have reported
only a partial compensation in 60 days for stunted Silver pompano
in indoor conditions. These results reveal that in Silver pompano,
CG can be attained faster in cages than in the indoor system, which
is advantageous for coastal cage farmers. This may be because open
cages have a more conducive environment for growth than indoor
systems. Hvas et al. (2022) have reported CG in feed-restricted
Atlantic salmon when fed sufficiently in indoor conditions and the
same fish had shown an almost similar growth rate to normal fish
when shifted to marine floating cages. Interestingly, during the
grow-out phase, the stunted fish also exhibited a similar growth rate
to that of the normal fish till the end of the present work.

Evaluation of the overall performance of growth (inclusive of all
phases) indicates no significant variation in the final weight, daily
weight gain, and SGR/day (%). These results reveal that even though
a growth lag was observed during the stunting phase, the restoration
of the feeding rate during the post-stunting phase compensated the
same. It indicates that short-term stunting (60 days) does not have
much negative impact on the growth performance of Silver
pompano and also shows that stunted fish can be used as
stocking material for farming in estuarine and coastal cages
without any growth impairment.

Based on the period of stunting, the stunting process can be
either long term (from 6 to 12 months) or short term (less than 3
months). In the present work, the short-term stunting (60 days)
could induce stunting and the fish could achieve CG in 60 days
(post-stunting) itself in Silver pompano. Das et al. (2016) also
reported complete CG in rohu stunted for less than 6 months and
only partial compensation in fish stunted for more than 6 months.
Lingam et al. (2019) reported partial compensation for 4 months
stunted milkfish in pond conditions. Since the stunting of Silver
pompano is mainly done for maintaining the fingerlings in nursery
confinement in either indoor tanks or nearshore nursery cages, a
60-day stunting is ideal to develop strategies to overcome
unfavorable climate conditions.

In the past, the study of CG in aquaculture primarily focused on
monitoring fish weight, which posed challenges in drawing general
conclusions due to the declining specific growth rate (SGR) with
increasing animal size (Jobling, 2010). However, Bavcevic et al. (2010)
observed that while the CG phase compensated for weight, it did not
necessarily compensate for length in the case of Gilthead seabream
(Sparus aurata). As a result, they suggested that studying fish length
should also be considered when characterizing CG. Interestingly, in
the present work, CG in length followed a similar trend as that of the
weight, further confirming growth compensation in all dimensions.

4.2 Feed utilization

Studies on the impact of the combination of ration restriction
and space deprivation on CG are rare in marine aquaculture. Ration
restriction is one of the most widely used methods for obtaining
retarded growth in fish (Ali et al., 2003). Higher stocking densities
will also indirectly lead to competition for feed and other resources
in confinement. Costa-Bomfim et al. (2014) reported that over-
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crowding due to higher stocking densities in Cobia in confinements
leads to competition for feed.

In our study, throughout the experiment, the FCR was higher
compared to other feed studies conducted in Silver pompano.
Several authors reported varying ranges of FCR for Silver
pompano in different farming conditions. Chavez et al. (2011)
reported FCR ranging from 1.67 to 1.85 for Silver pompano
reared in marine cages. Damodaran et al. (2019) also reported an
FCR of 1.94 for Silver pompano grown in pond conditions. The
FCR of the present work cannot be compared with these results
since the farming condition (low saline), method of farming, and
initial stocking size vary considerably from these works.

Among the treatments, in the stunting and post-stunting phase
of the experiment, higher FCR was recorded for normal fish. This
may be because more feed was provided for the normal fish
compared to stunted fish during the stunting phase. In the indoor
stunting experiment, the stunted Silver pompano exhibited higher
FCR ranging from 3.3 to 3.6 (Anikuttan et al., 2020). During the
post-stunting phase, the fish were provided adequate feed (feeding
rate more than normal fish) to attain CG. The stunted fish need to
be fed at higher feeding rates in the post-stunting phase to obtain
CG (Das et al.,, 2016; Lingam et al., 2019; Anikuttan et al., 2020;
Hvas et al., 2022). During CG, the food-restricted group shows
greater food consumption, a hyperphagic response, and lower
expenditure for metabolism and locomotion (Jobling et al., 1994;
Ali et al,, 2003). Moreover, the stunted fish showed high nutrient
intake and minimum metabolic energy strategy, adopted from the
stunting phase, leading to better feed utilization (Turano et al., 2007;
‘Won and Borski, 2013; Lingam et al,, 2019). FCR during the post-
stunting phase was significantly lower in stunted fish indicating
better feed utilization.

During the grow-out phase, stunted and normal fish were fed
with the same feeding rate and thus the feed availability and growth
efficiency were not differing much, but FCR was significantly lower
in stunted fish indicating optimum utilization of the feed by stunted
fish than normal fish, which is highly appreciable for commercial
aquaculture practices.

The total quantity of feed provided for stunted fish during the
entire experiment was found to be significantly lower than that of the
normal fish. A study conducted on barramundi, L. calcarifer,
investigated the effects of ration restriction and subsequent re-
alimented feeding on growth efficiency, revealing an improvement in
growth efficiency during the refeeding phase (Tian and Qin, 2003).
However, in a study involving channel catfish, growth efficiency did not
differ between the control group and the group that underwent a period
of starvation followed by refeeding (Kim and Lovell, 1995). These
findings suggest that with minimum feed application, the stunted fish
could be raised to marketable size with better FCR.

4.3 Survival and production

Survival was higher for normal fish during the stunting period,
which may be due to the fact that sub-optimal feeding affected survival
due to competition for food. Costa-Bomfim et al. (2014) documented
that in commercial farming operations, the presence of a high number
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of fish within a single-rearing structure can result in aggressive
interactions that ultimately affect feeding behavior and survival.
Ylikarjula et al. (1999) identified resource limitation and size- or age-
dependent survival probabilities as the two possible factors contributing
to the occurrence of natural stunting. Inadequate nutrition in the early
stage hinders the growth and survival of fish (Kiron, 2012).

In the present study, the survival rate was not differing (p >
0.05) considerably among stunted and normal fish during the post-
stunting as well as grow-out phase due to the fact that the stocking
density was made equal for both groups during this phase. Lingam
et al. (2019) reported a similar survival for stunted and normal fish
but a drastic reduction in survival in long-term stunted milkfish.

Final production also did not differ greatly (p > 0.05) among
stunted and normal fish, since there was no significant variation in
final average weight and survival. Productivity per unit volume also
did not differ significantly (p > 0.05) even though stunted fish have
yielded slightly higher productivity. Finally, the present results indicate
that the stunted fish performed on par with normal fish in terms of
survival, total production, and productivity. Similar observations were
reported in milkfish regarding total production when complete growth
compensation was observed (Lingam et al., 2019).

4.4 Biometric analysis

CG is also reported to change the body composition of the
recovering fish (Oh et al, 2008). The condition factor (k), the
“wellbeing indicator” (Gomiero and Braga, 2005; Datta et al., 2013),
was above 1 in both treatments, indicating that the fish have grown
ideally in the system (Datta et al., 2013). Stunting is having an
impact on the condition factor of the fish and the same could be
used as an indicator of growth compensation (Turano et al., 2007).
In the present work, the “k” value decreased as the size of the fish
increased in both treatments. Luo et al. (2009) and Hvas et al. (2022)
have reported a significant reduction in condition factors in starved
fish. In the present study, the condition factor in stunted fish was
consistently measured above 1.36, while for normal fish, it was
consistently above 1.57. This finding aligns with the results reported
by Damodaran et al. (2019), who conducted pond-rearing
experiments with Silver pompano and identified an ideal
condition factor value (“k” value) of above 1.5. The condition
factor obtained in the present study is closer to the recommended
“k” value reported by Damodaran et al. (2019), further supporting
the validity of the findings. The “k” value was lower for stunted fish
than for normal fish during the stunting and post-stunting phase
but was restored by the end of the grow-out phase similar to other
reports (Jobling, 2002; Caruso et al., 2012).

The “b” value for the length (g)-weight (cm) relationship was less
than 3 in both the treatments in all the rearing phases and the
regression value for all the relationships shows good fitness. The “b”
value was higher in stunted fish during the stunting and post-stunting
phase but was lower during final harvest. Cherif et al. (2008) mentioned
that a higher calculated “b” value indicates that, at a given length, fish
have more growth potential. LWR, the indicator of weight gain per unit
length, was allometric in the present study similar to the other report
on Silver pompano by Damodaran et al. (2019).
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CV is an index of size variation to assess the size uniformity of
harvested fish (Yu and Ueng, 2007; Costa-Bomfim et al., 2014). CV in
size of Silver pompano differs considerably in various rearing practices
(Suresh Babu et al,, 2022b; Suresh Babu et al., 2022¢). Contrary to the
findings reported by Anikuttan et al. (2020), the present study observed
that stunted fish exhibited a higher degree of size variation compared to
normal fish during stunting. However, the variation was nearly equal
during the remaining part of the rearing period.

Biometric analysis of stunted fish in comparison with normal
fish revealed that the fish have grown in good condition at par with
the normal fish and the increase in weight per unit length was
allometric for both groups. The size of the fish at the time of final
harvest was uniform with minimum variation in size for both
stunted and normal fish, which indicates that the marketability of
the stunted fish was not affected by stunting.

4.5 Proximate composition and
carcass analysis

To find out the impact of stunting on meat yield and
composition, the proximate composition and carcass analysis was
done along with the morphometry of the harvested fish. Initially,
the morphometric parameters were compared to find out the
external asymmetry, if any, in the stunted fish since it impacts the
market value. Total length, standard length, maximum body girth,
body width, head length, and mouth length did not differ
significantly between stunted and normal fish, indicating that the
morphometry of fish belonging to a particular weight class does not
vary much (p > 0.05) between stunted and normal fish.

Carcass characteristics were studied mainly to understand the
variation in processing yield and nutrient distribution in various parts
of the body such as the fore, mid, and hind parts (Ali et al., 2004;
Dempson et al., 2004; Ali et al., 2006; Lingam et al., 2019). In fish, the
weight of the head, visceral organs, scale, and fins affects the final
dressed output (Fauconneau et al., 1995). Previous studies on carcass
characteristics suggest that processing yield and carcass composition
vary among body parts such as fore, mid, and hind parts (Sahu et al,
2000; Ali et al., 2004; Sahu et al., 2012; Sahu et al., 2013; Sahu et al.,
2014). In the present study, the weight of the head, viscera, gills, fins, fore
cut, head cut, and tail cut for fish in the same weight class did not differ
significantly (p > 0.05) between stunted and normal fish at the time of
harvest. In contrast, Lingam et al. (2019) have reported a higher dressing
yield in long-term stunted milk fish when compared to normal fish. The
dressing percentage did not vary (p > 0.05) between stunted and normal
fish in the present work. According to Fauconneau and Laroche (1996),
it is generally reported that the final dressed output of farmed fish is
approximately 60%. In the present work, both stunted and normal fish
yielded more than 60% dressing yield, which indicates that stunting of
Silver pompano does not have any negative impact on the meat yield of
the fish. Also, the proximate composition result indicates that the
stunted fish regained body nutrients during the course of farming.
This is in line with the observation of Jobling (2010) who opined that the
alterations in the proximate composition of fish during stunting could
be regained during the post-stunting phase depending on the degree
of compensation.
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4.6 Serum biochemical indices

The feeding strategies had no effects on indices such as SGOT,
SGPT, and alkaline phosphatase, indicating that the stress and
metabolic status of stunted fish were similar to that of the normal
fish at the end of the grow-out phase. Similar results were reported
by Azodi et al. (2014) in rainbow trout (Oncorhynchus mykiss)
exposed to short-term starvation. Serum protein content especially
albumin and globulin levels are the indirect indicators of immunity
in fish (Yengkokpam et al., 2014). In the present work, significantly
lower (p < 0.05) total albumin content and significantly higher (p <
0.05) total globulin content were observed in stunted fish. However,
the total albumin-to-globulin ratio was not significantly different
(p > 0.05) among the two groups. Lingam et al. (2019) have also
reported significantly higher globulin content in stunted milkfish at
the end of the grow-out period. Serum total protein did not differ
(p > 0.05) significantly between the stunted and normal fish. Several
studies indicate that, during starvation, the serum protein level
decreases considerably (Azodi et al., 2014; Yengkokpam et al., 20165
Lingam et al., 2019). The prolonged rearing period after stunting
might have helped the stunted fish to regain a total protein level
similar to that of normal fish.

Cholesterol, the major serum lipid index, was significantly lower
(p < 0.05), but triglycerides were significantly higher (p < 0.05) in the
stunted fish. This may perhaps be due to the utilization of reserved
lipid sources for metabolism and growth in the case of stunted fish
even after the growth compensation phase. Fasting and feed
restriction have a lowering effect on the liver’s cholesterol
production (West et al., 1966; Kalpana, 1979). During the early
stages of food deprivation, triglycerides are recognized to be the
most readily available lipid reserve (Navarro and Gutierrez, 1995).
Investigations in European sea bass (Perez-Jimenez et al,, 2012),
sturgeon (Acipenser naccarii), rainbow trout (Furne et al.,, 2012), and
dentex (Dentex dentex) found constant plasma triglyceride levels
during re-feeding after starvation. In contrast, multiple studies have
shown that when fish species are deprived of food, their plasma
triglyceride levels drop (Costas et al., 2011; Falahatkar, 2012). During
CG in Nile tilapia, the hematological parameters were found to return
to normal levels after refeeding, as reported by Abdel-Tawwab et al.
(2006). A holistic approach to find out the lipid metabolism in
stunted and normal fish in the controlled condition in stunted and
post-stunted fish is planned as a follow-up work.

4.7 Economic evaluation of farming of
stunted fish

For evaluating the economic benefits of farming stunted fingerlings
vis-a-vis normal fish, the cost of production of fish during the stunting
phase was estimated and compared to that of normal fingerlings. The
unit cost of production for stunted fingerling (USD 0.11) was found to
be lower than that of the normal fingerlings (USD 0.87) mainly due to
the difference in the quantity of feed used for the fingerling production
and the resultant reduction in feed cost. Only the operational
expenditure associated with experimental farming is considered at this
stage. Results indicated higher net operational revenue (profit) and B:C
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ratio for the farming of stunted fingerlings in comparison with normal
fingerlings. This can be mainly attributed to the significantly lower (p <
0.05) cost associated with total feed used, besides the lower unit cost of
production for stunted fingerlings.

Based on the economic parameters obtained from the experiment,
indicative economics of commercial farming of stunted fingerlings for
6-m-diameter HDPE cages in comparison with normal fish farming
was calculated. Net revenue and B:C ratio for farming stunted fish were
observed to be higher than the normal fish. Moreover, the estimated B:
C ratio in the present case was higher than that reported by
Damodaran et al. (2019) for pompano farming in ponds, as well as
that for commercial cage farming reported by Aswathy et al. (2020).

5 Conclusion

Silver pompano fingerlings can be stunted in low-saline cages by
depriving feed and overcrowding. The stunted fish could completely
compensate for the growth within a short duration of post-stunting
(60 days) with lower FCR and similar survival to that of the normal
fish. Farming of the post-stunted fish in low-saline cages yielded
similar growth, survival, and production to that of normal fish with
lower FCR. Morphometric and biometric indices, carcass quality,
dressing yield, and proximate composition of the stunted fish
harvested were similar to that of normal fish, indicating that the
stunting process has less impact on the general wellbeing and meat
quality of the fish in the long run. Biochemical analysis of serum
factors indicated better immunity, protein, and lipid utilization and
a similar level of stress tolerance for the stunted fish as compared to
normal fish. Owing to better utilization of feed for growth, the
stunted fish yielded higher economic returns than that of normal
fish. These results suggest that the technology can be widely applied
for popularization of the farming of Silver pompano, and the same
technique may be adopted for other marine candidate species for
aquaculture. Stunted fingerling production has the added advantage
of maintaining the fish in smaller transportable size for a longer
duration so that the nursey-reared fish can be made available for a
longer duration with minimum input cost.
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