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Interrelationship of Photoperiod with Growth Performance and Feeding of 
Seawater Farmed Rainbow Trout, (Oncorhynchus mykiss) 

Introduction 
 

Photoperiod manipulation has been used 
successfully to improve the growth of some juvenile 
fish species (Simensen et al., 2000; Biswas and 
Takeuchi, 2003; Valenzuela et al., 2006; Turker, 
2009). Continuous additional light has also been used 
on the Atlantic salmon reared in the sea cages, 
especially during the spring and winter to enhance 
growth and delay sexual maturation rate (Taranger et 
al., 1995; Oppedal et al., 1997; Porter et al., 1999). 
Photoperiod manipulation applied in fish farming 
intends to increase the farming efficiency and get the 
fish to the commercial weight as soon as possible 

(Hansen et al., 1999). The effect of photoperiod on 
the growth performance of fish even varies depending 
on the developmental stages. On some occasions, on 
the photoperiod manipulation applied to give 
preference to rainbow trout spawning, the 
deterioration of egg quality, lower rate of survival and 
yolk-sac resoption besides higher rate of 
malformation percentage can appear (Bonnet et al., 
2007). Leonardi and Klempau (2003) explained that 
artificial photoperiod significantly caused the effect of 
stress on rainbow trout. Boeuf and Le Bail (1999) 
clarified in their detailed gathering studies that the 
light has effects on the growth of fish. Oppedeal et al., 
(1997) suggested that Atlantic salmon post-smolts in 

Ali Türker1,*, Önder Yıldırım1 

 
1 Mugla University, Fisheries Faculty, Department of Aquaculture, 48000 Kötekli, Mugla, Turkey. 
 
 
 
* Corresponding Author: Tel.: +90.506 7519538; Fax: ; 
E-mail: aliturker@mu.edu.tr 

 Received 5 May 2010 
Accepted 15 February 2011 

 Abstract 
 

Juvenile of rainbow trout (Oncorhynchus mykiss, weight 27.39±0.16 g) were reared under four photoperiods 
(Light/Dark hour) (11L:13D control group; 24L:0D continuous light group; 18L:6D extended light group and 6L:18D short 
light group) to examine their growth performance and some feeding parameters in sea water conditions. Fish were fed on a 
commercial diet until satiation for 8 weeks of the trial. Fish exposed to 24L:0D (continuous light group)  had a significantly 
higher daily growth rate, relative growth rate and specific growth rates followed by 18L:6D, 11L:13D and 6L:18D 
photoperiods (P<0.05). The results demonstrated that the growth performance and feed utilization of rainbow trout can be 
stimulated clearly by using a continuous (24L:0D) or extended light (18L:6D) photoperiods in sea water.  
 
Keywords: Rainbow Trout, Oncorhynchus mykiss, Juvenile, Photoperiod, Growth, Feeding, Sea Water. 
Deniz Suyu Ortamında Yetiştirilen Yavru Gökkuşağı Alabalığının (Oncorhynchus mykiss) Büyüme 
Performansı ve Yem Değerlendirimi ile Fotoperiyod Ilişkisi 
 
Özet 
 

Bu çalışmada, deniz suyu koşullarında yavru gökkuşağı alabalığına (Oncorhynchus mykiss, ortalama ağırlık 27,39±0,16 
g) uygulanan 4 farklı fotoperiyotun (Aydınlık/Karanlık saat) (11 saat aydınlık: 13 saat karanlık; Kontrol grubu; 24 saat 
aydınlık: 0 karanlık sürekli ışık grubu; 18 saat aydınlık: 6 saat karanlık; uzatılmış aydınlık grubu ve 6 saat aydınlık: 18 saat 
karanlık; kısaltılmış aydınlık grubu) balıkların büyüme performansı ve yem değerlendirmesi üzerine etkisi araştırılmıştır. 
Sekiz hafta süren denemede, balıklar ticari bir yemle doyuncaya kadar beslenmişlerdir. Sürekli ışığa tabi tutulan grupta 
günlük büyüme oranı, oransal büyüme oranı, spesifik büyüme oranı ve yem etkinliği daha iyi bulunmuştur (P<0,05). Bu grubu 
sırasıyla 18A:6K, 11A:13K ve 6A:18K grupları izlemiştir. Bu araştırmanın sonuçları, deniz suyu koşullarında yetiştirilecek 
olan gökkuşağı alabalığı yavrularına sürekli (24A:0K) yada uzatılmış (18A:6K) ışıklandırmanın, balıkların büyüme oranını ve 
yem değerlendirmesini olumlu yönde etkileyebileceğini göstermiştir. 
 
Anahtar Kelimeler: Gökkuşağı alabalığı, Oncorhynchus mykiss, yavru, fotoperiyot, büyüme, yemleme, deniz suyu. 
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Norway sea cages, grew significantly better under a 
high light intensity regime. Continuous additional 
light has a super imposing on salmons farmed in sea 
during winter and spring season (Endal et al., 2000). 
The aim of this paper is to determine the effects of 
different photoperiod regimes on the husbandry 
parameters of juvenile rainbow trout reared in sea 
water. 

 
Materials and Methods 
 
Samples and Rearing Conditions 
 

This study investigated the effects of different 
photoperiod regimes 180 juvenile trout mean weight 
27.31±0.16 g, obtained from a private commercial 
farm. Fish were stocked in 12 (filled with 60 L sea 
water) plastic tanks with 15 fish each. Three replicate 
tanks were randomly assigned for four photoperiod 
regimes.  
 
Experimental Design 
 

Fish were fed with commercial extruded pellets 
(Ecobio Industry Co. Turkey, 0.3 mm diameter; 47% 
protein, 20% fat, 11% ash and 8.5% moisture)  and 
twice daily (at 09:00 and 16:00) until satiation for 60 
days and  similar diets. But since the fish were not fed 
on weighing days there were only 56 effective feeding 
days. The fish were exposed to four photoperiod 
regimes (light:dark, L:D) cycles 11L:13D control 
group; 24L:0D continuous light group; 18L:6D 
extended light group and 6L:18D short light group, 
with the use of 24 W fluorescent lamps. Photoperiods 
were controlled by a 24-h timer.  
 
Environmental Conditions 
 

During the experiment, water temperature 
fluctuated between 13-18°C, dissolved oxygen 9-10 
mg L-1, pH 7.8-8.4 and salinity 17-18 ppt. Dissolved 
oxygen (DO) concentrations and temperature were 
measured by using WTW multi DO meter. The water 
flow through each tank was approximately 18 L h-1 

for the duration of the experiment.  
 
Grow-Out Performance Analysis 
 

All fish from each tank sampled every 2 weeks 
to measure their weight. All fish were harvested at the 
end of culture period, counted, and measured 
individually for weight. Growth parameters such as 
specific growth rate [(ln WF-ln WI) x 100/days], feed 
efficiency (wet weight gain x 100/dry weight feed 
offered), weight gain (wet weight gain x 100/initial 
weight), total protein intake (feed intake × protein in 
feed) (100)-1, apparent net protein retention; 100 
[(final BW × final protein in fish) – (initial BW x 
initial protein in fish) (total feed intake  n-1) × (protein 

in feed)-1] and survival were calculated (Yıldırım et 
al., 2009). 
 
Diet Analysis 
 

Ingredients and feed samples were analyzed by 
Standard methods for moisture (oven drying at 105°C 
for 24 h), crude protein (N-Kjeldahl x 6.25), Lipid 
content was determined by 40-60°C petroleum ether 
extraction in a Soxhlet apparatus. 
 
Body Composition Analysis 
 

Before the onset of the experiment, samples of 
12 fish were taken randomly for analysis of initial 
whole body composition. At the end of the 
experiments, 3 fish were taken from each tank for 
final whole body composition analysis. 
 
Statistical Analysis  
 

One-way ANOVA and the Tukey Honest 
Significant Difference test (Winer, 1962) were used to 
compare differences among photoperiod groups. The 
statistically difference were indicated at P<0.05. 
Results were indicated as means±SD. All statistical 
analyses were carried out by using the statistical 
software package, MINITAB, version 13. 
 
Results 
 
Water Quality 
 

During the experiment, water temperature, pH 
and dissolved oxygen (DO) and salinity were within 
13-18°C; 8-8.4; 9-10 mg L-1, 17-18 ppt. These values 
were suitable for tolerances of trout culture (Molony, 
2001).  
 
Growth, Feed Utilization and Biochemical 
Composition 
 

The results of photoperiod trial applied to the 
juvenile rainbow trout reared in sea water indicated 
were significantly affected by the different 
photoperiod regimes (Table 1, Table 2). Survival in 
all tanks was 100%. Final body weight, daily growth 
rate, relative growth rate (RGR%) and specific growth 
rate (SGR%) were significantly greater in group 
24L:0D than group exposed to 18L:6D, 11L:13D and 
6L:18D photoperiod regimes (P<0.05) (Figure 1). The 
24 and 18 light hours produced the best daily growth 
rate, 2.16% and 1.96% respectively as well as relative 
growth rate (306.4% and 244%), specific growth rate 
(2.5% and 2.21%). The feed efficiency of juvenile 
trout were significantly retarded by reducing light 
phase to 6L:18D (P<0.05). 

There were significant differences in body 
moisture, crude protein, crude fat and ash contents 
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among fish exposed to different photoperiod regimes 
(Table 3). Fish exposed to 24L:0D photoperiod 
regime had significantly lower moisture and ash than 
those of the other. Fish exposed to 6L:18D 
photoperiod regime had higher body ash but lower 
body protein and body fat compared to fish exposed 
to the 24L:0D and 6L:18D. According to the results, 
the levels of crude protein and fat were experienced as 
18.2% and 8.8% in group 24L:0D while in other 
groups sequentially the results were obtained as 
17.6% and 7.9% in group 18L: 6D, 17.1% and 7.24% 
in control group, and 16.4% and 7.3% in group 
6L:18D (P<0.05).  

The feed intake increased with extended of 
duration of light regime and significant differences 

(P<0.05) were found among groups. Final body 
weight, daily growth rate and relative growth rate of 
trout exposed different photoperiod regimes were 
presented in Table 1. Feed performance of rainbow 
trout exposed to different photoperiod regimes in the 
sea water were presented in Table 2. The total protein 
intake, protein retention and daily dry energy intake 
were the highest for trout exposed to 24:0D group 
than followed by 18L:6D group, control group and the 
lowest for trout exposed the 6L:18D. 
 
Discussion 
 

Juvenile rainbow trout subjected to the long light 
periods (24 and 18 h) had significantly better growth 

Table 1. Effect of different light regimes on growth performance of Rainbow trout for 8 weeks* 
 
 Initial BW 

(g fish-1) 
Final BW 
(g fish-1) 

Daily growth rate 
(%) 

Relative growth 
rate (%) 

Specific growth 
rate (%) 

13L:11D 27.50±0.17 88.13±0.67a 1.87±0.18a 220.48±2.76a 2.08±0.1a 

24L:0D 27.21±0.36 110.60±1.45b 2.16±0.3b 306.4±4.83b 2.5±0.2b 

18L:6D 27.31±0.24 93.94±0.82c 1.96±0.2c 244.43±3.8c 2.21±0.2c 

6L:18D 27.57±0.41 69.8±1.04d 1.55±0.13d 153.16±4.13d 1.66±0.1d 

*Values are mean of three groups of trout with 15 trout per group. 
Within a column, values with different superscripts are significantly different (P<0.05)  
 
 
 
Table 2. Effect of the different photoperiod regimes on feed intake, total protein intake, protein retention, total N intake, 
ANPR and daily dry energy intake during the experiment 
 

Groups Feed/tank 
(g) 

Feed 
Efficiency 

(%) 

Total protein 
intake 

(g) 

Protein 
retention/tank 

(%) 

Total N intake 
(mg g-1) 

N content in 
fish (%) 

ANPR 
(%) 

Daily dry 
energy intake 
(Kcal fish-1) 

11L:13D 1033.33±28.87a 0.88±0.02a 485.67±6.78a 31.5±0.99a 80.71±2.6a 2.82±0.04a 32.89±1.58a 24.14±0.65a 

24L:0D 1268.33±2.89b 0.99±0.01b 596.12±8.36b 39.33±0.53b 69.78±0.95b 2.91±0.02b 39.37±0.24b 28.70±0.06b 

18L:6D 1066±14.43c 0.94±0.03c 501.33±13.57c 37.12±0,59c 71.14±1.13b 2.74±0.02c 35.72±0.47c 23.39±0.33c 

6L:18D 766.67±2.89d 0.83±0.01d 360.33±7.36d 28.68±0.39d 83.29±1.15a 2.63±0.16d 28.75±0.24d 17.35±0.06d 

Values are means±S.D. of three group of trout with 15 trout per group. Within a column, values with different superscripts are significantly 
different (P<0.05). 
 
 
 

 
 

Figure 1. Specific growth rate (SGR) of juvenile rainbow trout exposed to Body weight of juvenile rainbow trout exposed to 
natural light (Control; 11L:13D), continuous light (24L:0D), extended light (18L:6D) and short light (6L:18D) during the 
experiment. Error bars represents SE. Different letters indicate groups that are significantly different within a sampling 
period.  
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and feed utilization efficiency than those exposed to 
intermediate or short light periods (11 or 6 h). Similar 
results have been reported with several teleost fish, 
where the growth rates were improved with increasing 
light periods (Boeuf and Bail, 1999). The growth of 
seabream Sparus aurata (Tandler and Helps, 1985), 
salmonids (Endal et al., 2000; Porter et al., 1998) and 
rabbitfish Siganus guttatus (Duray and Kohno, 1988) 
were best under continuous light, while the growth of 
barramundi Lates calcarifer (Barlow et al., 1995) was 
better at 18 and 24 h light periods than at 12:12 h or 
shorter light periods. 

It has been suggested that the continuous 
photoperiod improves growth only during the first 
three months after hatching on juvenile turbot, 
Scophthalmus maximus (Imsland et al., 1995). In 
another experiment took 18 months, it has been 
determined that turbot practiced extended photoperiod 
during the first winter pointed a more extended 
growth (Imsland et al., 1997). In another study 
produced for the purpose of encourage the growth of 
rainbow trout in sea water with extended photoperiod, 
it has been demonstrated that the trout 20L:4D 
showed a better growth performance and feed 
conversion rate (Turker, 2009). Our results showed a 
significant growth enhancing effect of exposure to 
24L:0D and 18L:6D regimes in rainbow trout, 
Oncorhynchus mykiss. The data obtained from this 
experiment is consistent with that from other 
experiments on juvenile and adult salmons (Endal et 
al., 2000; Oppedal et al., 1997; Porter et al., 1999; 
Sigholt et al., 1997; Taranger et al., 1999). 

It is presented that, significantly greater weight 
gains were observed for approximately 8 weeks after 
the onset of the experiment. These results suggest that 
growth is controlled by endogenous hormones (Taylor 
et al., 2005, 2006; Krakenes et al., 1991; Saunders 
and Harmon, 1988). As a result of photoperiod, the 
variable metabolic hormone activity of fish is one of 
the most important factors affect the growth 
performance of fish and feed intake (Taylor et al., 
2001). Practices of short photoperiod on 
synchronizing an internal rhythm to the external 
environment for needing more energy, may lead to a 
drop of somatic fish growth (Biswas et al., 2002). If 
the fish is exposed to long photoperiod than short 
photoperiod cycles may provide higher energy 
conservation (Biswas et al., 2001) 

In our results in the body weight of 24L:0D 

group being are significantly higher than other 
experimental groups. A similar overall increase in 
somatic growth has been seen in Atlantic salmon, 
Salmo salar (Porter et al., 1999). Exposure to long 
time photoperiods from the summer onwards has also 
been shown to enhance growth in salmon, Salmo 
salar (Saunders and Harmon, 1990). Continuous light 
treatment since the transfer to the seawater increases 
the growth rate of the underyearling salmons (Duncan 
et al., 1999; Oppedal et al., 1999). It has been found 
that 24L:0D light regime practiced during 8 weeks, 
encourage the growth rate on a sufficient level. In a 
similar way it has been seen that six week experiment 
of continuous light for delay rainbow trout spawning 
and mature time is adequate (Dustin and Bromage, 
1998). Continuous light treatments for short terms are 
extremely important for energy productivity, both 
economic and practice (Endal et al., 2000). 

Photoperiod cycles play in fish growth and 
metabolism. The present results revealed that 
photoperiods significantly affect the growth and feed 
intake of rainbow trout. In conclusion, a 24L:0D or 
18L:6D regime is suggested for optimal growth 
performance and better feed efficiency of juvenile 
rainbow trout in sea water conditions.  
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