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Effects of Long-term Extended Photoperiod on Somatic Growth and 

Husbandry Parameters on Cultured Gilthead Seabream (Sparus aurata, L.) 

in the Net Cages 

Introduction 
 

Among the numerous abiotic factors which 

effect fish activity, light plays a major role in 

aquaculture. Therefore, many studies have compared 

effects of supplying light continuously for very long 

periods. The influences of light on the fish concern 

primarily their growth as a function of the 

photoperiod length (Boeuf, 1999; Jonassen et al., 

2000; Konstantinov et al., 2002). Additionally, 

several researchers clearly noted that photoperiod and 

light intensity manipulation have been successfully 

used to improve the growth of larval and juvenile 

stages of a number of fish species. Also, improved 

fish growth in relation to light regime has been 

attributed to a number of factors including higher 
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Abstract 

 

In this study, the effects of the long photoperiod regime (15L:9D) on both somatic growth and husbandry parameters 

were investigated in growing gilthead seabream (Sparus aurata). Experiments were conducted in high density polyethylene 

(HDPE) floating cages which have net depths of 14 m and diameters of 20 m. They contained approximately 180,000 gilthead 

seabream with average weights of 78.91±8.54 g and 71.39±4.06 g for experimental and control groups, respectively. 

Additionally, artificial illumination was applied to experimental cages for 13 months, while it was not performed on the 

control group. At the end of the experiments, fishes of experimental groups reached to 425.19±5.06 g on average (total 

n=362,676), while this value was estimated as 305.42±25.01 g (total n=345,829) on average in control groups (P<0.05).  In 

addition, feed conversion ratio (FCR) was calculated as 2.04 and 2.37 for experimental and control groups, respectively, 

however significant differences were found between these groups (P<0.05). Moreover, gonadal weight of fish in the control 

group was significantly higher than the experimental group. Gonadosomatic index was recorded as 0.36 % in the control 

group and 0.15 % in the experimental group (P<0.05). 

 

Keywords: Gilthead seabream, S. aurata, cage culture, long-term extended photoperiod, growth parameters, gonadal 

development. 

Yapay Aydınlatma ile Gün Işığı Süresinin Uzatılmasının Ağ Kafeslerde Yetiştiriciliği Yapılan Çipuraların 

(Sparus aurata) Gelişimleri Üzerine Etkileri 

 
Özet 

 

Bu çalışmada, uzun fotoperiyot rejiminin (15L:9D) yetiştiriciliği yapılan çipura (Sparus aurata) balıklarının somatik 

gelişimleri üzerine olan etkileri araştırılmıştır. Denemeler 14 m ağ derinliğinde ve 20 m çapında, yüksek yoğunluklu polietilen 

(YYPE) ağ kafeslerde gerçekleştirilmiştir. Deneme ve kontrol grupları için her bir kafese, ortalama ağırlıkları, sırasıyla 

78,91±8,54 g ve 71,39±4,06 g olan yaklaşık 180.000 adet çipura konulmuştur. 13 ay boyunca deneme grubu kafeslerine ilave 

aydınlatma uygulanırken kontrol grubu kafesine ilave aydınlatma uygulanmamıştır. Çalışma sonunda, deneme grupları 

425,19±5,06 g ortalama canlı ağırlığa ulaşırken (toplam n=362.676), kontrol grubunun canlı ağırlığı 305,42±25,01 g (toplam 

n=345,829) olduğu saptanmıştır. Bununla birlikte, deneme gruplarında ve kontrol grubunda yem dönüşüm oranı (YDO) 

sırasıyla 2,04 ve 2,37 olarak hesaplanmış olup her iki grup arasında önemli farklılıklar tespit edilmiştir (P<0,05). Ayrıca, 

kontrol grubundaki balıkların gonad ağırlığı deneme grubundakilere göre belirgin ölçüde fazla çıkmıştır. Gonadosomatik 

indeks kontrol grubunda %0,36, deneme gruplarında ise %0,15 olarak kaydedilmiştir. 

 

Anahtar Kelimeler: Çipura, S. aurata, ağ kafeslerde yetiştiricilik, uzun fotoperiyot, büyüme parametreleri, gonad gelişimi 
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food conversion efficiency and growth parameters 

and also lower activity and lower oxygen 

consumption (Imsland et al., 1997; Appelbaum et al., 

2000).  Besides, exposure to extended photoperiods 

has been shown to lead to increased growth rates in 

salmonids, Salmo salar (Berg et al., 1992); Halibut, 

Hippoglossus hippoglossus (Simensen et al., 2000); 

Atlantic cod, Gadus morhua (Folkvord and Ottera, 

1993); Atlantic turbot, Scophthalmus maximus 

(Imsland et al., 1997); Barramundi, Lates calcarifer 

(Barlow et al., 1995) and Black Sea turbot, Psetta 

maeotica (Türker et al., 2005). Otherwise, it is 

recorded that the possible introduction of photoperiod 

manipulation on a commercial scale must first involve 

confirmation of these favorable results up to 

commercial weights >400 g (Ginés et al., 2004). 

Additionally, in young fish (from 25 g to around 200 

g) long and constant photoperiods of both 16:00 hours 

of light (16L:8D) and permanent light (24L:0D) have 

improved seabream growth (Silva-García, 1996). In 

older fish, long photoperiods increase growth 

efficiency, at least partially by delaying sexual 

maturity (Kissil et al., 2001; Ginés et al., 2003). But, 

this phenomenon contradicts the target of the culture 

of seabream which is to reach market size within the 

shortest time and the lowest cost as possible. In this 

phenomenon, second abiotic factor, water 

temperature, plays a major role in the net cages.  

Annual average sea temperatures increase 4°C and the 

average duration of day light is 15 minutes longer 

from the northern Aegean Sea to the Mediterranean 

Sea. Therefore, gilthead seabream reaches market size 

faster in the Mediterranean Sea than in the Aegean 

Sea (12-16 months) (Yıldırım, 2005). In autumn and 

winter, it is well known that depending on the 

decreased metabolic activity with decreased daylight 

and water temperatures, fish weight gain also 

decreases (Kissil et al., 2001). While environmental 

factors such as temperature and nutrients may change 

from year to year, photoperiodic changes are the same 

every year (Kissil et al., 2001; Ginés et al., 2004). It 

is not possible to change the water temperatures in the 

net cages; however it could be possible to extend the 

normal day period with artificial illumination. This 

experiment was conducted to study the effects of 

additional artificial lighting on somatic growth and 

husbandry parameters in gilthead seabream 

maintained in sea cages. Therefore, the main goal of 

the present study was to evaluate the effects of 

photoperiod regimes in the gilthead seabream which 

is one of the most valuable cultured species in 

Mediterranean countries. 

 

Materials and Methods 
 

Fish Culture Conditions 

 

Experiments were carried out for one year 

(between April 2008 and April 2009) at Çamlı Feed 

Husbandry Corp. Marine Farm Inc. (38°24'13"N, 

26°27'13"E, Ildır, İzmir, TURKEY). In total 180,000 

seabream juveniles from the same batch (initial 

weight average was 75.15±3.76 g) were randomly 

selected and stocked into 4 HDPE floating cages 

which had net depths of 14 m and diameters of 20 m 

(distance was 2 kilometers from  hatchery to cages). 

Sea water temperature had an annual range between 

14.3–23.0°C (Figure 1). Salinity of seawater was 36-

37‰. Seabream were fed 2-3 times a day with a 

commercial pellet food (Bioaqua feed, pellet 4-6 mm, 

Çamlı Feed Corp., İzmir, Turkey, 46 % crude protein, 

18 % fat according to manufacturer’s declaration) 

according to fish size (Table 1).  

 

Experimental Design 

 

All HDPE floating cages were classified into 2 

groups as experimental and control groups. Artificial 

illumination was applied to experimental HDPE 

 
Figure 1. Changes of sea water temperature during the study. 

 

 

 

 

Table 1. The feeds and the number of meals according to 

fish size 

 

The feeds 

/dimensions 

Fish  

sizes (g) 

Number of 

meals 

Extruder/4mm 70.1-150 3 times 

Extruder/5mm 150.1-250 3 times 

Extruder/6mm 250.1-450 2 times 
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floating cages for long-term extended daylight and 

control groups were exposed to the natural 

photoperiod. Distance between control and 

experimental group cages was 40 m. In order to 

provide artificial illumination, lamps (BGB Marine 

Underwater Light Pisces, 1000 W) were used in the 

experimental groups in the centre of the floating cages 

and placed at 1 and 5 m depths from the surface to 

extend the duration of daylight. Natural light ranged 

from 6 lux to a maximum of 1,300 lux at the water 

surface between sunrise and sunset (Kissil et al., 

2001). Lamps provided approximately 1,000 lux at 

the surface of water. The artificial illumination was 

adjusted as 15L:9D daily for experimental group 

cages (Table 2). The duration of illumination was 

adjusted according to the longest daylight period 

observed in the geographical location of the 

experimental facility (38°24'13"N, 26°27'13"E, Ildır, 

İzmir, Turkey) in June. The lights were routinely 

switched on before sunrise and switched off 

immediately after sunset. Electrical power required 

for the lamps was provided by a power supply (John 

Deere, 96 kw diesel engine).  

 

Sample Collection and Processing 

 

In total 60 samples were collected in different 

depths randomly from each cage by using drag in the 

third week of each month during the 13 months from 

April 2008 to April 2009 (total of 780 samples were 

taken during the study). Fish were weighted at the 

laboratory; gonads were extricated with scalpel by 

dissection. By this way, live body weights and 

gonadal developments were followed monthly. Two 

parameters, feed conversion ratio (FCR); and specific 

growth rate (SGR), characterizing growth 

performance were calculated  by the following 

formulae: 

gainbiomass

deliveredtotalofweight
FCR   

 

 dayt

fishofweightbodyinitialLnfishofweightbodyFinalLn
SGR






) (100  

 

At the end of the experiments, survival was 

calculated by counting the market size (300/400 g) 

fishes remaining in the floating net cages. The 

gonadosomatic index (GSI) which is the percent ratio 

of gonadal to somatic weight, was also calculated by 

the formula: 

 

100x
weighttotal

weightgonadal
GSI 








  

 

Statistical Analysis 

 

Results are given as mean ±SD. The variance 

homogeneity of the data was performed using 

Levene’s test. Survival datas were compared by 

Fisher’s chi-square test. Somatic growth and 

husbandry parameters were compared by one–way 

ANOVA, followed by Newman–Keul’s multiple 

range test when significant differences were found at 

a 0.05 level. All measurements in the study were 

performed in triplicates. 

 

Results 
 

Growth of S. aurata in 2 groups during the 13 

months of the study is given in Table 3. In all 

experimental groups, fish increased their weight by a 

factor of more than 5-fold, while it was more than 4-

fold for control groups after 13 months. The average 

initial live body weights were 78.91±8.54 g and 

71.39±4.06 g for experimental and control groups, 

respectively. At the end of the experiments, final body 

weights were recorded as 425.19±5.06 g and 

305.42±25.01 g for experimental and control groups, 

respectively (Table 3).  

Fish in experimental groups reached 

425.19±5.06 g at the end of the thirteen month period 

(April 2009) but in control groups this value was 

305.42±25.01 g for the same period. This suggests 

that fish in experimental groups could be harvested 2-

3 months earlier than the control group (P<0.05) 

(Figure 2). 

Specific growth rates in groups were recorded as 

57.56% for experimental group in July and 28.66% 

Table 2. Natural daylight time (in İzmir) and additional time for experimental group 

 

Experimental group Natural daylight time(h:min) Additional illumination time (h:min) 

May'08 14:05 00:55 

June'08 15:00 00:00 

July'08 14:18 00:42 

Agust'08 13:34 01:26 

September'08 12:21 02:39 

October'08 11:21 03:39 

November'08 09:59 05:01 

December'08 10:03 04:57 

January'09 09:58 05:02 

February'09 10:47 04:13 

March'09 12:09 02:51 

April'09 13:36 01:24 
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for control group in August (P<0.05). Additionally, 

when the sea water temperature was above 22 °C in 

July, August and September, significant differences 

were found between the experimental and control 

groups for SGR values (P<0.05) (Table 4), however 

there were no differences between the groups in other 

months (P>0.05).  

FCR values were recorded as 2.04 and 2.37 for 

experimental and control groups, respectively and 

there were significant differences between 

experimental and control groups at the end of the 

experiments (P<0.05). There were no significant 

differences in final survival rates between two groups 

(P>0.05). While it was 93.14% for the experimental 

group, it was 92.03% for the control group. Due to 

decreased water temperatures and daylight duration, 

natural reproduction starts in October and December 

in the İzmir coast. Therefore, gonad weights were 

different between the two groups in those months.  

Gonad weights in control groups were twice of those 

in experimental groups in December and January 

(P<0.05) (Figure 3).  

Gonadosomatic index was higher in the control 

group compared to the experimental group during the 

study (Table 5) (Figure 4).  

The maximum value of mean gonadosomatic 

index for control group was determined in December 

(0.93). However, it was 0.37 for experimental group 

in December. 

Discussion 
 

The results of the present study show that the 

somatic growth and husbandry performance such as 

FCR and SGR of gilthead seabream were significantly 

affected by long photoperiod regimes over the 13 

months of the experiment. Growth in all groups was 

satisfactory, but long-term photoperiod treatments 

demonstrated significant increases in growth 

performance of seabream. At the end of the 

experiments, final body weights were 425.19±5.06 g 

and 305.42±25.01 g for experimental and control 

groups, respectively. These findings suggest that 

long-term extended photoperiod has a growth 

promoting effect on gilthead seabream. Improved 

appetite, greater specific growth rate and higher food 

conversion ratio are factors commonly reported to be 

responsible for this species’ growth under long-term 

extended light conditions. Similar findings were 

reported both in gilthead seabream (Kadmon et al., 

1985; Kentouri et al., 1993; Kissil et al., 2001) and 

the other cultured species such as S. maximus 

(Imsland et al., 1997), O. mykiss (Pavlidis et al., 

1992), P.maeotica (Türker et al., 2005), H. 

hippoglossus (Jonassen et al., 2000). In addition long-

term extended artificial photoperiod caused 40 % 

more growth in Codfish (Gadus morhua) (Davie, 

2005), which was 30 % in our study after 13 months.  

On the other hand, in terms of FCR and SGR, 

Table 3. Initial average live body weights and final average live body weights of the two groups 

 

Cages 
The number of  

fish stocked 
Initial average live body weight (g) Final average live body weight (g) 

Experimental-I 183,084 70.37±15.49 430.25±60.34 

Experimental-II 179,592 87.45±16.43 420.13±57.78 

Control-I 174,449 75.45±19.03 330.43±84.95 

Control-II 171,380 67.33±17.02 280.41±54.53 

 

 

 

 
Figure 2. Changes in body weights of the two  groups during the study. 
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several studies suggested that long-term extended 

photoperiod regimes usually improve the husbandry 

parameters. Moreover, to ensure that the growth rate 

is not influenced by a limited food supply in fish 

reared under long photoperiods, excess feeding would 

be necessary (Purchase et al., 2000). In this study, 

long-term extended photoperiod treatments improved 

both SGR and FCR in this species. In contrast to 

Table 4. Average live body weights of experimental and control groups (P<0.05) with measured average surface 

temperatures of the sea water 

 

Months 
Experimental group 

Body weight(g) 

Monthly 

S.G.R. (%) 

Control group 

Body weight (g) 

Monthly 

S.G.R. (%) 

Sea water temp. 

(°C) 

Apr.’08 78.91±8.54 - 71.39±4.06 - 16.4 

May.’08 92.34±3.50 17.02 90.14±0.86 26.27 19.0 

June’08 102.50±2.50 11.00 106.11±1.11 17.72 22.0 

July’08 161.50±18.50 57.56 132.50±7.50 24.87 22.7 

Aug.’08 238.43±30.58 47.63 170.48±5.48 28.66 23.3 

Sep.’08 308.50±18.50 29.38 196.50±1.50 15.26 23.0 

Oct.’08 333.43±22.58 8.08 220.37±10.63 12.15 21.4 

Nov.’08 357.50±15.50 7.22 237.50±3.50 7.77 18.7 

Dec.’08 334.31±13.69 -6.49 240.18±9.82 1.12 16.8 

Jan.’09 342.50±12.50 2.45 255.19±4.82 6.25 14.3 

Feb.’09 367.50±12.50 7.30 260.20±5.20 1.96 14.5 

Mar.’09 391.41±29.41 6.50 288.50±21.50 10.87 14.0 

Apr.’09 425.19±5.06 8.63 305.42±25.01 5.86 15.6 

 

 

 

 
Figure 3. Changes in gonad weights for each group. 

 

 

 

Table 5. Gonadosomatic index (GSI) values of experimental and control groups (P<0.05) 

 

Study 

months 

Gonad weights (g) Body weights (g) GSI % 

Experimental 

group 
Control group 

Experimental 

group 
Control group 

Experimental 

group 
Control group 

04.08 0.01 0.02 78.91 71.39 0.01 0.02 

05.08 0.02 0.03 92.34 90.14 0.02 0.03 

06.08 0.02 0.03 102.50 106.11 0.02 0.02 

07.08 0.08 0.11 161.50 132.50 0.05 0.08 

08.08 0.09 0.19 238.43 170.48 0.04 0.11 

09.08 0.35 0.41 308.50 196.50 0.11 0.21 

10.08 0.48 0.67 333.43 220.37 0.14 0.30 

11.08 0.71 1.00 357.50 237.50 0.20 0.42 

12.08 1.23 2.24 334.31 240.18 0.37 0.93 

01.09 1.04 2.32 342.50 255.19 0.30 0.91 

02.09 1.09 2.00 367.50 260.20 0.30 0.77 

03.09 1.08 1.57 391.41 288.50 0.28 0.54 

04.09 0.90 1.15 425.19 305.42 0.21 0.38 
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control groups, these parameters were more than 20 % 

and 14 % in the experimental groups, respectively. It 

is clear that the positive effects of long-term 

photoperiod on fish growth rates are achieved through 

increased specific growth rate and food conversion 

ratio rather than stimulation of feeding. In previous 

studies of gilthead seabream, long and constant 

photoperiods had a positive effect on juvenile growth 

until they achieved commercially desirable weights 

(Kadmon et al., 1985; Micale et al., 1990; Kissil et 

al., 2001). Several researchers reported similar 

findings in some cultured teleosts such as S. maximus 

(Imsland et al., 1997), P.maeotica (Türker et al., 

2005), H. hippoglossus (Jonassen et al., 2000). 

Additionally feed consumption increased with 

applying long-term photoperiod on diurnal and with 

short-time photoperiod on nocturnal feeders, where 

their feed conversion rates improved (Davie, 2005). 

The use of artificial photoperiods to manipulate 

the timing of maturation is now a well-recognized 

tool within the aquaculture industry. By photoperiod 

applications, the period of gonadal development was 

brought to a halt at spawning periods causing an 

increase in the live weights of salmons (Peterson et 

al., 2005). However, in our study it is difficult to 

estimate similar effects in gilthead seabream. We 

expected a decrease in the duration of the gonadal 

development and reaching harvest size by increasing 

daylight via additional artificial illumination in winter 

months, however this hypothesis was not supported 

with our data.  As presented in results, monthly 

changes of body weight and SGR were similar for 

each group especially between October 2008 and 

March 2009 (Table 2). This phenomenon could be an 

advantage especially in immature fish for annual 

production, where additional illumination provides a 

useful commercial strategy in the recovery of 

previously mature fish. Moreover, the long day 

photoperiod mimics a subjective summer during the 

ambient winter and hence accelerates oocyte 

resorption. Similar findings were reported by several 

researchers in some cultured teleosts (Jonassen et al., 

2000; Porter et al., 2003; Ginés et al., 2004). 

Our results suggest that long-term extended 

photoperiod would not affect growth parameters when 

the reproduction period starts in autumn and winter. 

Significant differences were also detected in SGR 

values in experimental and control groups above 22°C 

in July, August and September. Moreover, the use of 

photoperiod to postpone gonadal development and 

spawning to conserve body reserves is not applied 

commercially on a wide scale (Porter et al., 2003). 

Therefore, we recommend the application of long-

term extended artificial illumination to increase 

somatic growth and husbandry parameters in gilthead 

seabream when surface sea water temperature is 

above 22°C. 
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