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Abstract. In aquaculture, photoperiod acts as a key environmental signal. It synchronizes fish
endogenous rhythms and boosts growth hormone secretion, feeding activity, metabolism, and survival.
This study assessed the effects of different photoperiod regimes on growth performance and feed
utilization efficiency of Nile tilapia (Oreochromis niloticus L.) fry reared in outdoor nursery hapa systems.
One-month-old fry (0.12-0.13 g) were subjected to 12 hours of light: 12 hours of dark (natural
daylight), 18 hours of light: 6 hours of dark (natural daylight + 1,600-lux LED), or 24 hours of light: 0
hours of dark (natural daylight + 1,600-lux LED) for 14 days. Fish were fed a commercial diet at 20%
body weight twice daily. Water quality parameters were monitored bi-weekly and remained within
optimal ranges throughout the study with dissolved oxygen range from 5.47 to 7.76 mg L!, temperature
between 30.11 and 31.61°C, and pH between 8.72 and 9.15. Extended (18 hours of light: 6 hours of
dark) and continuous (24 hours of light: 0 hours of dark) photoperiods significantly improved growth
performance and utilization efficiency of O. niloticus fry, determining the highest final weight, weight
gain, final length, length gain, specific growth rate and absolute growth rate, and feed conversion ratio,
while the survival rate was not significantly affected. The study findings indicated that 18 hours of light:
6 hours of dark and 24 hours of light: 0 hours of dark photoperiod enhanced growth performance and
feed utilization efficiency in outdoor O. niloticus nursery, by decreasing the standard metabolic rate, and
increasing the feeding activity and hormonal stimulation, suggesting 18 hours of light: 6 hours of dark
for cost-effective production. Future research should assess stress response, optimize stocking density of
O. niloticus, plankton dynamics under different photoperiod regimes and effect of different light intensity.
Key Words: fry production, light regime, aquaculture management, feed conversion ratio, fish nursery.

Introduction. Photoperiod is the duration of light exposure within a 24 hour cycle. In
aquaculture, it is an important factor influencing fish growth, development, feeding
behavior, survival, pigmentation and reproductive activities. The manipulation of
environmental factors such as day length or photoperiod to enhance production output
and reduce production cost has become a common trend in recent years (Villamizar et al
2011). Photoperiod acts as an external regulator of the endogenous daily rhythms of fish,
thereby influencing growth and development across all life stages (Ayson & Takemura
2006; Falcon et al 2007; Biswas et al 2008; Villamizar et al 2011).

Nile tilapia (Oreochromis niloticus L.) are diurnal fish, exhibiting activity primarily
during daylight hour. Several studies have reported that extended photoperiod improved
growth and development in fish species that are typically active during the day (Fielder et
al 2002; Stuart & Drawbridge 2011; Arambam et al 2020; Ma et al 2021). Fish under
continuous 24 hour light exhibited increase locomotor activity, feed intake, and
conversion efficiency, which ultimately lead to improved growth performance (Blanco-
Vives et al 2010; Veras et al 2013; Imsland et al 2018). This regime promotes lipid
accumulation, enzymatic activity, swim bladder health, and improved visual recognition
of food which contribute to enhanced growth performance, metabolism, nutrient
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utilization, and somatic growth, primarily through the stimulated of growth hormone
(GH) and insulin-like growth factor-I (IGF-1) secretion (Fielder et al 2002; Puvanendran
& Brown 2002; Taylor et al 2006; Imsland et al 2008; Vera Cruz & Brown 2009;
Martinez-Chavez et al 2014; Ramzanzadeh et al 2016; Kurata et al 2017).

In the Philippines, O. niloticus aquaculture, particularly nursery operations, is well
established. Increasing demand for O. niloticus fingerlings for grow-out production needs
innovative solutions such as extending the daylight in O. niloticus nursery, which have
emerged as potential strategies to sustain and further support the industry (BFAR 2022).
Photoperiod has been extensively studied in aquaculture, demonstrating a positive effect
on growth and development in many fish species (Al-Emran et al 2024). Previous
photoperiod studies on O. niloticus have focused on nursery, grow-out and broodstock
phases using a conventional artificial lighting in an indoor facility. However, information
on the effects of extended and continuous photoperiod in outdoor culture systems, such
as combination of natural daylight and artificial lighting in a hapa-based nursery rearing
in earthen ponds, particularly on growth performance and feed utilization of Nile tilapia
fry is limited. Therefore, this study was conducted to evaluate the effect of extended and
continuous photoperiod on the nursery rearing of O. niloticus. Specifically, the study
assessed the effect of different photoperiod regimes on the growth performance and feed
utilization efficiency of O. niloticus fry reared in an outdoor hapa-based system.

Material and Method

Fish and culture facilities. The study used one month old O. niloticus fry of the
Freshwater Aquaculture Center Selected Tilapia (FaST) strain (0.12-0.13 g). A 500 m™
earthen pond located at the Freshwater Aquaculture Center (FAC) of Central Luzon State
University (CLSU) in Science City of Mufioz, Nueva Ecija, Philippines, served as
experimental site. Water quality parameters such as dissolved oxygen (DO),
temperature, and pH were monitored bi-weekly between 9:00 AM and 3:00 PM. Mean
values recorded during the experiment were 5.47+0.05 to 7.76+0.06 mg L' (DO),
30.11£0.03 to 31.61£0.05°C (temperature), and 8.72%+0.03 to 9.15+0.00 (pH).

Experimental unit and design. Three treatments with three replicates each were used
in the study. Each treatment- replicate was assigned to one of the nine units of 1x1 m?
nursery hapa installed in a 500 m? earthen pond, following a randomized complete block
design. Six of the nursery hapas were equipped with 1,600-lux LED light bulb to provide
artificial photoperiod for Treatment II (18 hours Light: 6 hours Dark) and Treatment III
(24 h L: 0 h D) during night time, while Treatment I (12 h L: 12 h D) solely relied on
natural day light (Figure 1). To concentrate lighting during the night, black-colored
polyethylene plastics were installed around the sides of nursery hapas. Photoperiod for
artificial light was powered by electricity and regulated using a digital timer.

Natural : 1,600-lux LED

Figure 1. Experimental units and design of the study.

Fish stocking, feeding and sampling. Stocking of fry was conducted early morning,
followed by acclimation. Initial weight and length of fry were recorded before stocking.
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Each hapa (1 m? capacity) was stocked with 500 fry m2 and were subjected to three
photoperiod regimes (Table 1). The fry specimens were fed commercial feed containing
40% protein twice daily at 20% of their total body weight (equivalent to 12 g per
replicate per day) throughout the 14 day nursing period. Sampling was conducted at
start and end of the experiment to assess length and weight increments and to reduce
handing stress. The following parameters and formulas were used to evaluate the growth
performance of and feed conversion ratio:

Specific growth rate (%) = {(In Final weight (g) - In Initial weight (g) / Culture days)} x
100

Absolute growth rate = (Final weight — Initial weight) / number of days
Length gain = Final length - Initial length
Weight gain = Final weight - Initial weight
Survival rate (%) = (No. of stocks harvested / Initial no. of stocks) x 100
FCR = Total feed given (g) / Total weight gain (g)

Table 1
Description of photoperiod treatments (light: dark cycle) used in the study

Treatment  Light to dark cycle Light source

I 12 h light - 12 h dark Natural daylight (12)
II 18 h light - 6 h dark Natural daylight (12 h) + 1,600-lux LED lighting (6 h)
IT1 24 h light - 0 h dark Natural daylight (12 h) + 1,600-lux LED lighting (12 h)

Photoperiod treatments were expressed as L:D, where L represents hours of light and D represents hours of
dark, within a 24 h cycle.

Statistical analysis. One-way Analysis of variance (ANOVA) was used to evaluate the
effect of photoperiod on the growth performance and feed utilization efficiency of Nile
tilapia fry using the Statistical Tool for Agricultural Research (STAR), version 2.0.1 2014
software. Post-hoc Least Significant Difference (LSD) test was used to compare the mean
at a significance level of 5%.

Results. The growth performance of O. niloticus fry was evaluated under three
photoperiod regimes, namely 12 hL: 12h D, 18 hL: 6 h D, and 24 h L: 0 h D (Table 2).

Table 2
Growth performance of Oreochromis niloticus fry under different photoperiod regimes
during the experiment

Light to dark cycle

Parameters Treatment I Treatment I Treatment III
12hlL:12h D 18hL:6hD 24hL:0hD
Initial weight (g) 0.13+0.01° 0.12+0.01° 0.13+0.012
Final weight (g) 0.89+0.34° 1.39+0.642 1.43+0.522
Weight gain (g) 0.76+0.34° 1.27+£0.63° 1.32+0.52°
Initial length (mm) 19.44+1.30° 19.39+£1.30° 19.43+£1.332
Final length (mm) 36.75+4.93P 42.83+£5.91° 43.41+£5.50°
Length gain (mm) 17.31+5.36° 23.43+5.902 23.98+5.35¢2
AGR (g day™) 0.03+0.01P 0.04+0.012 0.04+0.012
SGR (%) 6.28+1.53¢ 7.73+1.45b 8.17+1.17°2
Survival rate (%) 50.33+5.512 49.60+3.12° 50.73+4.432

Mean+SD values with the same superscript letter within a row are not significantly different (P>0.05).
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Extended and continuous photoperiod significantly influence the growth performance of
O. niloticus fry. Fry reared under extended and continuous photoperiod photoperiods (18
h L: 6 hD, and 24 h L: 0 h D) exhibited significantly higher final weight, weight gain,
final length, and length gain compared with those fry maintained under the natural
photoperiod (12 h L: 12 h D) (p<0.05). The average growth rate (AGR) was significantly
higher in 18 h L: 6 h D and 24 h L: 0 h D treatments, while the specific growth rate
(SGR) significantly and progressively increased from 12 hL: 12 h Dto24 hL: 0hD
(p<0.05). In contrast, the survival rate did not differ significantly among treatments
(p>0.05).

The feed conversion ratio was significantly affected by the photoperiod regimes
(Table 3). O. niloticus fry reared under extended photoperiod 18 h L: 6 h D (0.57%£0.14)
and continuous photoperiod 24 h L: 0 h D (0.61+0.15) obtained significantly lower FCR
compared with those maintained under natural photoperiod 12 h L: 12 h D (1.09+0.15)
(p<0.05), indicating improved feed utilization under prolonged photoperiod. There is no
significant difference observed between 18 h L: 6 h D and 24 h L: 0 h D photoperiod
treatments (p>0.05).

Table 3
Feed conversion ratio of Oreochromis niloticus fry under different photoperiod regimes
during the experiment

Light to dark cycle

Parameter Treatment I Treatment II Treatment II1
12hL:12h D 18hlL:6hD 24 hL: 0hD
Feed conversion ratio 1.09+0.152 0.57+0.14b 0.61+0.15P

Mean=£SD values with the same superscript letter within a row are not significantly different (P>0.05).

Discussion. The present study revealed that extended and continuous photoperiod
significantly influences growth performance and feed utilization in O. niloticus fry reared
in @ nursery hapa-based system. The final weight (1.43+0.52 g), weight gain (1.32+0.52
g), final length (43.41+£5.50 mm), length gain (23.98+5.35 mm), AGR (0.04+0.01 g
day), and SGR (8.17+1.17%) were highest under continuous photoperiod (24 h L: 0 h
D) followed by extended photoperiod (12 h L: 0 h D), while natural photoperiod (12 h L:
12 h D) obtained lowest value (p<0.05). This growth performance trend aligned with
previous studies reporting that extended and continuous photoperiod exposure can
stimulate growth in O. niloticus fry and fingerlings likely through decrease of standard
metabolic rate (El-Sayed & Kawanna 2004; Elsbaay 2013). The natural photoperiod may
weaken O. niloticus fry growth by limiting the time available to develop stable
endogenous rhythms (Biswas et al 2002). Synchronization of these internal rhythms with
external light cues could also impose higher energy demands during short or natural
photoperiod, thereby reducing energy allocation to somatic growth (El-Sayed & Kawanna
2004).

Feed conversion ratio was significantly improved under the extended 18 hL: 6 h D
(0.57£0.14) and continuous 24 h L: 0 h D (0.61+0.15) photoperiod, signifying that
extended and continuous photoperiod improve feed utilization efficiency. These results
are consistent with the previous finding of El-Sayed & Kawanna (2004), Biswas et al
(2005), and Cinense et al (2018) that prolonged photoperiod enhance feeding activity
and metabolic efficiency without causing excessive stress to fish. Extended and
continuous photoperiod most probably increased feeding opportunities, in turn allowing
the fish to consume more food during daylight, which contributed to improve FCR (Biswas
et al 2005). In the context of the present study, which was conducted in a hapa-based
systems under uncontrolled environmental condition, the improvement in FCR agreed
with previously mentioned findings and may also be influenced by increased natural food
availability during prolonged photoperiod, further aiding FCR. Additionally, the presence
of insects attracted to artificial lighting under extended and continuous photoperiod
treatments was observed during the study. Insects may have served as an additional
food source and thereby may also contributed to the improved FCR. However, in the
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succeeding studies, it is suggested to conduct assessment on plankton community
dynamics under different photoperiod regimes in order to further evaluate the
improvement in growth performance and feed utilization efficiency of O. niloticus fry.

Photoperiod may also affect fish growth through endocrine activity and key
growth-related hormones, which are affected by light-dark cycles and subsequently
influence metabolic processes and growth performance. Vera Cruz & Brown (2009),
reported that O. niloticus subjected to extended photoperiod obtained the highest hepatic
insulin-like growth factor-I (IGF-I), which showed a positive correlation with the growth
performance. The improved feed conversion ratio under the extended and continuous
photoperiod (18 h L: 6 h D and 24 h L: 0 h D) of this study, can also be associated with
elevated IGF-I levels in O. niloticus fry, denoting that photoperiod can enhance somatic
growth through endocrine mechanisms.

The result of O. niloticus fry survival rate was generally unaffected by the
photoperiod, suggesting that all regimes (12 hL: 12h D, 18 hL: 6 h D,and24 hL: 0h
D) are suitable for its culture. The O. niloticus fry was reared in hapa systems, the
survival rates recorded are consistently low among the treatments, with values such as
50.33+£5.51% (12 h L: 12 h D), 49.60+3.12% (18 h L: 6 h D), and 50.73+4.43% (24 h
L: 0 h D), respectively. These findings contrast the results of the studies of El-Sayed &
Kawanna (2004) and Elsbaay (2013), who reported significant effects of prolonged
photoperiod on survival of Nile tilapia. According to Biswas et al (2005), environmental
factors such as water quality and stocking density can influence survival performance. In
the present study, a stocking density of 500 fry m-2 was considered slightly high, while
water quality recorded was within acceptable limits, except for pH, which was slightly
alkaline but remained within the tolerable range for O. niloticus culture. Dissolved oxygen
ranged from 5.47+0.05 to 7.76+0.06 mg L, temperature from 30.11+£0.03 to
31.61+0.05°C, and pH from 8.72+0.03 to 9.15+0.00. Although the stocking density was
relatively high, these water quality parameters showed minimal difference among
treatments, indicating that they did not influence the survival rate.

Additionally, photoperiod changes the hematological parameters in many cases, it
disrupts the physiological homeostasis in fish, eventually results in an increased in blood
glucose as a result of chronic stress, providing energy for the “fight or flight” reaction.
Moreover, glucocorticoids are a class of steroid hormones, such as cortisol, that are
synthesized by internal tissues including brain, adrenal gland and sympathetic nerve
fibers in fish. It also plays an important role in stress response, behavior,
osmoregulation, metabolism, growth, reproduction and immune function (Ruane et al
2000; Okomoda et al 2013; Zahangir et al 2015; Shahjahan et al 2018; Shahjahan et al
2019; Shahjahan et al 2020; Islam et al 2020; Islam et al 2021; Shahjahan et al 2021;
Shahjahan et al 2022). Nonetheless, since survival rate were consistent low across the
treatment, even though stress response indicators such as cortisol and glucose were not
measured in this study, it is assumed that these factors are not considered to have an
effect on survival performance of the O. niloticus fry.

Photoperiod also varies depending on life stage of fish and species such as
freshwater or marine species. According to studies, fry and early juvenile stage are more
responsive to extended photoperiod compared to fingerlings, while marine species is
more sensitive to photoperiod than freshwater species (El-Sayed & Kawanna 2004;
Biswas et al 2005). Likewise, environmental factors including light intensity, feeding
frequency, water quality, and stocking density may be associated with photoperiod to
influence growth, survival, and feed utilization, particularly in outdoor systems.
Photoperiod extension in uncontrolled environmental conditions can increase energy
allocation toward somatic growth in O. niloticus fry, increase locomotor activity, and
promote more frequent feeding, thereby improving growth performance and feed
utilization (Biswas et al 2005; Vera Cruz & Brown 2009).

Conclusions. The study showed that extended and continuous photoperiod enhanced
growth performance and feed utilization. Weight and length gain, specific growth rate,
and absolute growth rate obtained the highest value under 18 hL: 6 h Dand 24 hL: 0 h
D, while survival remained stable in all treatments. Significantly lower FCRs were
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obtained under 18 h L: 6 h D and 24 h L: 0 h D, while 12 h L: 12 h D recorded
significantly higher value. This study recommended 18 h L: 6 h D light-dark cycle for O.
niloticus nursery production, as it enhances growth and feed efficiency while being more
economically practical than continuous lightning. Future research may explore
relationship of fry growth performance and plankton community dynamics, as well as the
effect different light intensities. In addition, further evaluation of stress responses and
effect of reduced stocking densities (200 to 300 fry m-2) of O. niloticus under varying
photoperiod regimes is recommended to better understand their influence on survival
performance. This study supports the use of photoperiod manipulation as a strategy to
improve nursery performance of O. niloticus in a hapa-based system.
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