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ABSTRACT

Background and Objective: Photoperiod can influence the growth and welfare of Clarias gariepinus. This
study aims to investigate the response of African catfish to different photoperiodic regimes with regard
to growth performance. Materials and Methods: Clarias gariepinus was reared in triplicate under three
photoperiods: 24 hrs total light (24L:0D); 12 hrs of light and 12 hrs of darkness (12L:12D) and 24 hrs of
total darkness (24D:0L) fed at 5% body weight. The experiment lasted for 18 weeks. Statistically, data was
analyzed using Analysis of Variance and Duncan’s Multiple Range Test was used to separate means.
Results: From the statistical analysis, significant differences (p<0.05) were observed in some parameters
while others were not significantly different. The 12D:12L photoperiod group showed the highest values
for growth, net production value (NPV), gross profit (GP), profit index (Pl) and benefit cost ratio (BCR),
while those under 24L:0D showed the least values. Levels of cortisol were highest and least in 0D:24L and
12D:12L, respectively. As the number of hours of light exposure increased, glucose level increased. This
is shown in 00D:24L having the highest glucose level. Conclusion: The study revealed that the simple, low-
cost technique of a 12D:12L photoperiod could be applied by farmers to achieve faster growth in less time
in view of maximizing profit.
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INTRODUCTION

Considering the economic importance, growth and scale of the aquaculture industry particularly, it is
necessary to properly evaluate the effect of rhythmicity and alternation of photoperiod regimes on fish
health and welfare’. The concept of fish welfare is complex and hinges on an individual animal’s
perception of its quality of life. This can vary from the degree of being very good to very poor depending
on the environmental challenges it faces”. Kendra and Josh® refer to welfare as the status of a good life
for animals. This quality cuts across several aspects of life, such as health, happiness and longevity.
According to Bano and Serajuddin®, fish welfare comprises the fish's health, stability, adequate
nourishment, safety and ability to exhibit natural tendencies, while avoiding negative states that would
inflict pain and discomfort. In recent years the importance of welfare in fish aquaculture has increased
dramatically and most intensive farming operations operate under welfare standards”.
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Fish growth is influenced by several biotic and abiotic factors®. The physical factor such as photoperiod
is known to increase the growth and survival rate of juvenile fish, particularly in temperate regions through
processes such as photostimulation and feed intake which improves the feed conversion efficiency’. For
some species, long photoperiod regimes might indirectly modify growth by eliciting an increased feed
intake, developing muscle mass through increased locomotor activity?, enhancing nutrient use efficiency’
and/or redirecting energy from gonadal development into somatic growth®.

Aquatic organisms’ growth and survival can also be impacted by environmental factors. Different levels
of light intensity can offer significant benefits to catfish'. The photoperiod, being an external factor, can
directly impact fish growth by altering hormone secretion and endocrine function®'". Photoperiod
regulates growth by affecting internal rhythms and the levels of growth hormone in circulation'. The
photoperiod refers to the daily alteration of light and darkness and significantly influences the hatchability
of eggs, as well as the growth and survival of fish®. The variation between light and darkness is a crucial
factor that governs numerous biological processes in fish'. According to Puvanendran and Brown™
photoperiod has been found to exert a significant effect on the survival of fish larvae and also exert a
definite influence on fish metabolism, maturation, behaviour and even coloration. Recent studies have
shown that continuous photoperiod is extensively used in fish farming, to regulate the reproductive
cycle™. Following Simensen et al.”® report, photoperiod acts as a guiding factor, controlling growth as a
zeitgeber (cue or synchronizer), by affecting internal rhythms and the circulating levels of growth hormone
and Hisar et al."” linked the production of melatonin to periods of illumination.

Photoperiod requirements by fish are species-specific and thus vary for each developmental stage. Light
and dark alternation is generally thought to be the main synchronizer of feeding activity'®. Photoperiod
does not only affect the feeding pattern of fish, but also plays a decisive role in growth, survival and social
behaviour™. Such influences can be caused by physiological mechanisms; such as altered hormone
production, which may improve feed conversion efficiency®. In addition, application of artificial light
induces stress that eventually leads to immunosuppression and leaves salmonids and Nile tilapia prone
to diseases'®?'. However, other studies in rainbow trout Oncorhynchus mykiss under a constant light
regime show an increase in plasma cortisol concentration® other studies in trout and red sea bream
(Pagrus major) show unchanged cortisol levels with no evidence of a stress response®.

Catfish have different luminous preferences and this directly influences their growth, survival, skin
pigmentation, behavior and seed quality***. Previous studies performed on the effect of photoperiod on
growth performance of C. gariepinus concluded that growth can be affected by day length with fish
performing better under short-day photoperiods®. Appelbaum and Kamler?’ report indicated that
C. gariepinus raised in darkness grew larger compared to those raised in the light whereas Almazan-
Rueda et al.*® demonstrated that the absence of light led to increased growth of this species Davie et al.”’
also noted significant growth rates of C. gariepinus fingerlings when cultured continuously in darkness.

Clarias gariepinus is one of the most commonly cultured, indigenous species of fish in Africa. This species
is selected for its resilience, omnivorous diet, capability to consume various natural and man-made feeds,
toughness against disease outbreaks and tolerance to low oxygen and pH levels®*. Photoperiod
adjustment is one of the simple, low-cost techniques that can be used to obtain faster growth during the
intense production of C. gariepinus fingerlings. Adebayo®', portrays photoperiodism as one of the physical
factors which act in favour of the growth and survival of fish larvae. The body pigmentation and gonadal
activity in most species are equally affected by photoperiodism*. Very dark body coloration of fish species
such as C. gariepinus coupled with high body mass results in better market value and higher prices.

This study, therefore, aims to extend the bounds of knowledge on the effects of varying photoperiod
regimes on juveniles of C. gariepinus in terms of growth and welfare and how these can be harnessed in
aquaculture for improved fish production.
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MATERIALS AND METHODS

Study area: The experiment was carried out in the Department of Fisheries and Aquaculture Research
Farm University of Uyo, Uyo Metropolis, Akwa Ibom State, Nigeria and lasted for 18 weeks (November
2021 to February 2022).

Experimental fish: A total number of one hundred and eighty fingerlings of Clarias gariepinus with an
average weight of 1.12 g were used. Coppens was the only commercial feed used throughout the 18
weeks of the feeding trial. The fishes were fed different pellet sizes with respect to their sizes ranging from
0.8-4 mm.

Experimental procedures and design: The fish groups were allocated to nine rearing tanks linked to the
water circulation system. The nine tanks were assigned to three photoperiods namely 24 hrs of light (00D:
24L), twelve hours of light 12 hrs of darkness (12D: 12L) and 24 hrs of darkness (24D: 00L). The light phase
utilized a (60 W) energy bulb emitting a light intensity of 150 lux measured at the water’s surface, while
the dark phase involved completely covering the designated rearing house with tarpaulin material to
reduce light intensity to 5 lux at the water's surface.

Growth performance parameters
Survival rate: The survival rate and other parameters of the fish were determined at the end of the
experiment according to Ofor and Afia® as follows:

Survival rate (SR) = Total f|§h number harvested «100
Total fish number stocked

100

Mortality rate (MR) = % x

1

Where:
Nt, = Number of fingerlings stocked
Nt, = Number of fingerlings remaining

The fish weight gain (WG) was calculated as the difference between the final weight of the fish at the end
of the experiment and the initial weight gain in grams thus:

Final body weight - Initial body weight "
Initial body weight

100

Weight gain (%) =

Specific growth rate (SGR): The specific growth rate (SGR) was calculated using the formula in Ofor and
Afia®:

InW, -InW, N

Specific growth rate (SGR) = 100

2 1

Where:
W, = Initial weight
W, = Final weight

T,-T, = Number of days
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Metabolic growth rate (MGR) = Live body mass gainx[(initial mass (g)+final mass (g))x2000~"]~%%x
(duration of the experimental period in days)™

Daily growth rate (DGR): Daily growth rate was calculated using the formula in Ofor and Afia®:

Daily growth rate (DGR) = FV\:E:W x|W
Where:
FW = Final weight
IW = Initial weight
EP = Experimental period
Weight gain

Relative growth rate (RGR) = T body vl
nitial body weig

Mean weight = Mean final weight-Mean initial weight
Feed utilization indices:

Feed intake (g)

Feed conversion ratio (FCR) = Fish weight gain (@)
ish weight gain (g

Voluntary feed intake (VFI) = WMOO
[+

Where:

W, = Initial mean weight
W; = Final mean weight
t = Period of rearing

Performance/production index (PI)**3* = SRxMFW-MIW

Rearing period in days
Where:

SR = Survival rate

MFW = Mean final weight
MIW = Mean initial weight

Wet weight gain by fish (g)
Protein intake (g)

Protein efficiency rate (PER) =

Protein in feed (%) x Total weight (g) of diet consumed
100

Protein intake =

Economic indices: A simple economic analysis was developed to estimate the profitability in each
treatment using the formula in Sebastian et al.**:

Economic conversion ratio (ECR) = Cost of dietxFeed conversion ratio
Investment cost analysis (ICA) = Cost of feeding (i¥)+Cost of fingerlings stocked (i¥)
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Net production value (NPV): This was taken as the cost of all the fish harvested at the end of the
experiment as follows:

Net production value (NPV) = Total weight gain (g)xCost per kg (}/kg)

Gross profit (GP): This was taken as the difference between the net profit value and investment cost
analysis in terms of the projected cost of the fish raised:

Gross profit (GP) = Net profit value (f¢)-Investment cost analysis (i¥)
Profit index (PI) = Net profit value (i¢)+Cost of feeding (i¥)

Benefit cost ratio (BCR) = Net profit value (i¥)+Investment cost analysis (i)

Statistical analysis: Data obtained from this experiment were subjected to a one way Analysis of Variance
(ANOVA). Duncan’s Multiple Range Test (DMRT) was used to determine the difference between the means
(p<0.05) where significant.

RESULTS

Growth performance and nutrient utilization parameters of C. gariepinus under three photoperiod
regimes: The parameters for growth and nutrients utilization, IMW, FMW, MWG, RGR, RWG, FCR, SR, SGR
and PER of catfish C. gariepinus were not significantly different (p>0.05) for the different phototropic
regimes (Table 1) except for metabolic growth rate.

The IMW, WFW and MWG values were all highest in 12D:12L photoperiod regime while the lowest values
were recorded in 24D: L for IMW, 0D:24L for FMW and MWG respectively (Fig. 1).

Mean weight gain: The growth response of Clarias gariepinus subjected to three photoperiods is
presented in Table 1. The mean weight gain varied from 164.46+9.72 to 174.80+1.43 to 167.63+8.02 for
L, LD and D, respectively, with no significant (p>0.05) difference in the mean weight gain across the three
photoperiod regimes. The highest mean weight gain was recorded in 12L: 12D with a value of 174.80+1.43
and the lowest 164.46+9.72 in 12L:0D photoperiod regime.

Food conversion ratio: The highest feed conversion ratio of 3.06+0.180 was recorded in 0D:24L. and the
lowest (2.457+0.04) was obtained in 12D:12L. The result showed that 12D:12L photoperiod had the best
feed conversion ability with the lowest value of FCR. There was no significant (p>0.05) difference between
the feed conversion ratio in the three photoperiod regimes.

Specific growth rate: The results of the specific growth rate of the experimental fish are presented in
Table 1. The highest SGR value 5.47+0.02 was recorded in 12D:12L photoperiod, while the lowest was in
0D: 24L photoperiod with 5.28+0.06. There was no significant (p>0.05) difference between the different
photoperiod regimes in the experimental fish.

Protein efficiency ratio: The highest protein levels were observed in 12D: 12L (Table 1) and lowest
0.56+0.03 in 0D:24L group with no significant difference at p>0.05 between the various photoperiod
regimes.

Survival rate: The highest level of survival was recorded in 12D:12L (63.33+£1.66) while photoperiod
regime of 0D:24L and 24D:0L had the least survival rate (Table 1).
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Fig. 1: Effect of the different photoperiod regimes on the growth of Clarias gariepinus

Table 1: Growth performance and nutrient utilization of C. gariepinus under different photoperiod regimes

Parameter L LD D

W 1.12+0.01° 1.12+0.01° 1.12+0.01°

FW 165.58+9.72° 175.93+1.43° 168.76+8.02°
MWG 164.46+9.72° 174.80+1.43° 167.63+8.02°
Relative growth rate 8409.21+498.47° 9814.79+175.72° 8670.25+912.78°
Metabolic growth rate 4.13+3.03° 4.29+1.21° 5.23+0.84°

SGR 5.28+0.06° 5.47+0.02° 5.31+0.13°
RWG 616.53+169.12° 530.76+£52.79° 445.46+117.05°
Survival rate 58.33+4.40° 63.33+£1.67° 58.33+4.41°
FCR 3.06+0.18° 2.45+0.05° 2.53+0.24°

PER 0.56+0.03° 0.70+0.01° 0.69+0.06°

Means with different superscripts along the same row are significantly different (p<0.05), SGR: Specific growth rate, RWG: Relative
weight gain, FCR: Feed conversion ratio, PER: Protein efficiency ratio, IW: Initial weight, WF: Final weight and MWG: Mean weight gain

Table 2: Economic production indices of C. gariepinus exposure to three different photoperiod regimes

Parameter L LD D

Cost of feed 7243.36+179.63° 6797.52+244.23° 6082.09+125.86°

ECR 22184.70+1348.83° 16724.27+918.84° 15353.86+1176.74°

ICA 7843.36+179.63° 7397.52+244.23° 6682.09+125.86°

NPV 2468830.00+161879.02° 2866673.33+56062.28° 2539030.00+264994.76°
GP 2460986.63+161783.75° 2859275.80+55838.83° 2532347.90+264881.55°
Pl 340.69+19.06% 422.25+8.07° 416.16+36.78°

BCR 314.61£17.70° 387.89+6.42° 378.88+34.02°

*Means with different superscripts along the same row are significantly different (p<0.05), ICA: Investment cost analysis,
ECR: Economic conversion ratio, NPV: Production value, GP: Gross profit, Pl: Profit index and BCR: Benefit cost ratio

Relative mean rate: There were no significance difference (p>0.05) across the different photoperiod
regimes. However, the highest value was recorded in 12D:12L (9814.79+175.72), while the least value
(8409.20+£498.47) was recorded in 0D:24L.

Metabolic growth rate: The highest MGR of 5.226+0.84312 was recorded in 24D:0L while the lowest
(-4.13£3.03) was obtained in 0D:24L and was significantly difference at p<0.05 between the various
photoperiod regimes.

Relative weight gain: From the result in Table 1 and Fig. 1, the highest RGW of (616.53+169.12) was
recorded in 0D:24L while the lowest (445.46+117.05) was obtained in 24D:0L photoperiod regime.
However, there was no significant difference in the means (p>0.05) on RGW across the different
photoperiods in the experimental fish.
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Table 3: Stress indicators of the experimental fish under the three photo period regimes

Parameter L LD D

FBS (glucose) 4.03+0.49° 3.16+0.53° 3.70+£0.66"
Protein (total) 35.66+1.20° 30.33+0.88° 38.00+1.52°
Cortisol (ug/dL) 15.0 12.7 13.5

*Means with different superscripts along the same row are significantly different (p<0.05)

Economic performance of C. gariepinus under different photoperiod regimes: The result of the
aspect of economicindices of C. gariepinus fed at 5% body weight exposed to three different photoperiod
regimes is presented in Table 2. The result showed significant differences (p<0.05) in the economic
conversion ratio (ECR), ICA and cost of feed. However, there were no significant differences (p>0.05) in
net production value (NPV), gross profit (GP), profit index (PI) and benefit cost ratio (BC). The
maximum cost of feeding (7243.36+179.63), ECR (22184.70+1348.83) and ICA (7843.36+£179.63) were
recorded in the 0D:24L photoperiod groups, respectively. However, the highest Pl (422.25+8.07),
GP (2859275.80+55838.83), NPV (2866673.33+56062.28) and BCR (387.89+6.42) were observed in the
12D:12L group, while the highest ICA (7843.36+£179.63) was recorded in the 0D:24L group.

From Table 3, there was no significant difference (p>0.05) in FBS (Glucose) across the three photoperiod
regimes in this study with the highest value (4.03+0.49) and lowest value (3.16+0.53) observed in (0D:24L)
and (12D:12L) of the photoperiod regimes, respectively. Cortisol was highest (15.0 ug/dL) in 0D:24L and
lowest (12.7 ug/dL) in 12D:12L photoperiod regimes. There was a significant difference in total protein
(p<0.05) across the different photoperiod regimes. The maximum protein (38.00+1.52) was recorded in
24D:0L, while the 12D:12L had the least protein of 30.33+0.88.

DISCUSSION

The findings of the present study showed that the parameters for growth and nutrient utilization: FCR, SR,
PER, SGR, IMW, FMW, MWG, RGR and RWG of C. gariepinus juvenile were not influenced (p>0.05) by the
different photoperiod regimes except for metabolic growth rate. Photoperiod effects on growth in fish
are clearly species-specific and are contingent on the daily activity rhythms (diurnal/nocturnal) and
probably the light sensitivity which has been shown to differ greatly between species. The influence of
photoperiod on fish growth varies significantly between species, depending on their daily activity patterns
and likely differences in light sensitivity, as demonstrated by Migaud et al.**. Fish exposed to 12D:12L had
the highest maximum weight gain (2205.13+43.12) at the end of the experiment compared to 24D:0L
(1953.10+203.84) and 0D:24L (1899.10+124.52) photoperiod regimes (Table 1). There were striking
differences in the initial and final growth of the fish under experiment when they were assessed based on
different photoperiod regimes. Similar results were recorded in the case of MGR weight gain (WG) which
suggested that the C. gariepinus required several weeks to acclimatize to new rearing conditions. Similar
results were reported by Kashyap et al’*’ for Catla catla, Bano and Serajuddin® for Giant Gourami,
Trichogaster fasciata.

The FCR (2.45%0.04) value was recorded in the 12D:12L which was exposed to a short interval of
photoperiod which was discordant with the finding of Rad et al.*® who highlighted that the length of time
spent feeding is inversely related to feed conversion rates, leading to improved growth. The 12D:12L
duration of photoperiod was found to be appropriate for the growth of C. gariepinus in the present study.
However, this was a divergence with (16 L:8 D) photoperiod reported by Gines et al.® for maximum growth
in Gilthead sea bream. The reason for this increased growth performance and weight derivatives observed
in this present study could be attributed to adaptation to the 12D:12L photoperiod over 0D:24L and 24D:L.
Better feed conversion efficiency in this photoperiod regime also contributed to the increased growth
recorded over other exposures. Hossain et al.** rightly stated that light and dark alternation generally are
the main synchronizer of feeding activity, this is justified in this present study.
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The 12L:12D photoperiod schedule has an impact on the general outcome of C. gariepinus. Fish exhibited
enhanced growth and a higher specific growth rate when compared to those kept under constant
illumination. Kazemi et al.** similarly discovered that larvae of Persian sturgeon exhibited maximum weight
and length when subjected to 12L:12D, 300 lux treatment. The better growth performance under a
12L:12D photoperiod is also related to the feed consumptionability of the fish. This was in contrast to the
findings of Boujard et al.*', who reported that Hoplosternum littorale (also a nocturnal fish) showed no
differences in feed intake when the light period was artificially increased. The rise in feed conversion ratio
observed in the catfish raised under alternating light conditions 12D:12L, compared to those raised under
constant light 0D:24L and complete light restriction 24D:0L can potentially be attributed to the feeding
behavior of bottom dwelling species. These species tend to forage more efficiently in dark environments,
resembling their natural habitats*. Pedreira et al** confirmed this when they confirmed that dark
environments are favourable for larval rearing of L. alexandri species with a benthic habit, also observed
in other catfish**.

Growth performance and nutrient utilization of fish are determined by gross composition of the feed
ingredients, processing and storage of the feed products®. The ability of an organism to utilize nutrients,
especially protein will positively influence its growth rate®. This is justified by the highest PER (0.70+0.01)
and low FCR in the 12D:12L photoperiod group in this study. This suggested that fish in the 12D:12L
photoperiod group must have efficiently converted feed consumed to growth. The high specific growth
rate observed in this study under 12D:12L light exposure was a result of the complete feeding and
utilization of the feeding alternations in the light and dark phases, more so because these fishes are
nocturnal feeders. Similar results were reported for nocturnal behavioral species, such as the African
catfish and the Anguilla anguilla (Linnaeus, 1758), which had better feed conversion in dark
environments**. The higher survival rate in the 12D:12L photoperiod regimes observed in the present
study corroborated the reports of Ataguba et al.* for LD (10.49+0.28), L (8.39+2.45) D (9.16+1.62); SGR
for LD (10.49+0.28), L (8.39+2.45, D (9.16£1.62) and MFW for LD (22.5+1.5), L (21.5+1.5) and D (21.5£0.5)
respectively.

On the economic parameters investigated, the result from Table 2 showed significant differences (p<0.05)
for C. gariepinus exposed to different photoperiod regimes. Economic conversion ratio (ECR), ICA and cost
of feed varied significantly (p<0.05). However, there were no significant differences (p>0.05) in net
production value (NPV), gross profit (GP), profit index (Pl) and benefit cost ratio (BC) across the different
photoperiod regimes. The PI, BCR, GP, NPV were all highest in 12D:12L photoperiod regimes, while ICA
and ECR were maximum in 0D:24L photoperiod group. The three different photoperiod schedules exerted
separate influences on economic factors observed in this study for C. gariepinus. They interacted to affect
parameters such as there was an interacting effect on profit index, net production value, investment cost
analysis and benefit- cost ratio. However, 12D:12L photoperiod regime had the highest value of profit
index, gross profit, net production value and benefit- cost ratio, indicating that this alternation regime is
more efficient for the production of C. gariepinus than 0D:24L and 24D:0L. This result was in consonance
with the submission by Ajani et al.*® on growth and economic performance of Clarias gariepinus. Feeding
at 5% body weight have been found to be sufficient for maximum growth of a number of different fish
species®'. This generally agreed with the result of this study as depicted by the net and gross profit value
obtained together with parameters already mentioned.

As 12.7 to 15.0 ug/dL was the range of cortisol levels in this present study. The highest value was observed
in 0D:24L, while the least was observed in the 12D:12L photoperiod exposures. Costa et al.*> noticed an
increase in observed the elevation of cortisol in L. alexandri juvenile when they were raised in low-light
environments which contradicts the result of this present study. This difference may be explained by the
argument that the baseline cortisol levels vary significantly among other species of catfish. Thus, the
plasma cortisol concentrations observed in the present study were at basal levels for the species and after
a long experimental period, the fish were adapted to daily management.
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Research on blood glucose as a stress indicator in fish showed significant variability in observations,
particularly during stressful conditions. Blood glucose levels either remained the same or required alonger
period of stress to exhibit any alteration®. Srivastava and Choudhary* reported that exposure of Clarias
batrachus to artificial photoperiod (24L:0D and 0L:24D) for a short duration of 24 hrs did not show any
significant change in blood glucose concentrations. However, in the present study, FBS (Glucose) increased
as the number of light hours increases, fish exposed to 00D:24L photoperiod had the highest FBS
(Glucose), while those in 24D:00L had the least. The present study therefore revealed a correlation
between the three photoperiod regimes and the glucose level. The FBS (Glucose) was inversely
proportional to the increased light phases, while total light regime influenced plasma cortisol levels. This
present study corroborated the finding of Solomon and Okomoda® on African catfish exposed to the
same photoperiod regimes. However, low light environments improve protein (total) in this current study.

Protein (total) was highest in the 24D:0L (38.00+1.52753) and the lowest value (30.333+0.88192) was
obtained in the 12D:12L photoperiod regime. The study revealed that the best protein value was obtained
in the total darkness phase followed by total light phase while the alternation phase ranked least.

CONCLUSION

This study demonstrated that the growth of juvenile catfish was influenced by various photoperiod
schedules, with the highest growth observed in groups exposed to12 hrs of darkness and 12 hrs of light
photoperiod regimen. The 12 hrs darkness and 12 hrs light schedule of light, was deemed optimal for the
healthy growth and survival of catfish due to enhanced feed intake and improved feed conversion
efficiency. The current study also suggests that African catfish need a short light period during a 24 hrs
cycle. This was indicated by the highest growth rate at the 12D:12L photoperiod regime. The study further
revealed that glucose was inversely proportional to the increased light phases, while total light regime
influenced plasma cortisol levels. The profitability of fish production on both the final weight gain and fish
survival, which are influenced by the farmer's understanding of fish production and the implementation
of appropriate technical management practices. For successful and profitable catfish farming, the 12 hrs
of darkness and 12 hrs of light photoperiod regimen is considered the most advantageous and ideal for
achieving optimal yields.

SIGNIFICANCE STATEMENT

The growth and welfare of catfish can be affected by many factors. This experiment aimed to investigate
the effects of different photoperiod regimes on the growth performance, nutrient utilization, welfare and
economic indices of the fish under culture. Results obtained showed favorable growth and economic
indices in the 12D:12L photoperiod group. From these results, further research can be carried out. The
statistics here will encourage farmers on best practices to achieve optimal harvest.
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