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palavras-chave 

 
Fotoperíodo, densidade, crescimento, utilização do alimento, produtividade, 
composição corporal, sobrevivência, pregado (Scophthalmus maximus). 
 

Resumo 
 

 

Foi efectuado um estudo em condições de produção intensiva para 
avaliar o efeito do fotoperíodo e da densidade no crescimento (peso fresco, 
ganho de peso, taxa de crescimento relativo, taxa de crescimento específico, 
factor de condição de Fulton e coeficiente de variação), utilização do alimento 
(taxa da eficiência alimentar, taxa da eficiência proteica, retenção proteica e 
retenção proteica liquida aparente), composição corporal (matéria seca, 
cinzas, proteína, lípidos e energia), produtividade e sobrevivência de pregados 
juvenis. Grupos de pregados foram mantidos em cinco fotoperíodos diferentes 
(LE0:24, LE3:21; LE6:18, LE9:15 e LE12:12) e duas densidades (densidades 
iniciais: 8 e 15 kg m-2) durante 45 dias. A sobrevivência dos pregados foi de 
100% para todos os grupos experimentais. O crescimento, a utilização do 
alimento e a produtividade foram influenciados apenas pela densidade (este 
factor tem um efeito mais forte nos peixes). Os peixes criados na densidade 
mais baixa (8 kg m-2) apresentaram taxas de crescimento e ganhos de peso 
mais elevados e uma melhor utilização do alimento quando comparados com 
os peixes criados na densidade mais elevada (15 kg m-2). No entanto, a 
densidade mais elevada teve uma produtividade maior que a densidade mais 
baixa. Assim, os resultados sugerem que, das densidades estudadas, a 
densidade mais baixa (8 kg m-2) é a mais adequada para um bom crescimento 
e uma melhor utilização do alimento, no entanto em termos de produtividade a 
densidade mais elevada mostrou ser a mais favorável. Não foram observadas 
diferenças significativas na resposta do crescimento, da utilização do alimento 
e da produtividade ao fotoperíodo mas existe uma tendência para melhores 
resultados no fotoperíodo LE6:18. Os pregados criados no fotoperíodo LE6:18 
e densidade 8 kg m-2 apresentaram bons valores de crescimento, 
sobrevivência, utilização do alimento e produtividade.  Os resultados deste 
trabalho vão contribuir no futuro próximo para avaliar a possibilidade de usar 
esta espécie de uma maneira mais eficaz e rentável e também vão contribuir 
para um melhor conhecimento da biologia da espécie. 
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abstract 

 
A study was carried out in conditions of intensive production to evaluate 

the effect of photoperiod and stocking density on growth (wet weight, weight 
gain, relative growth rate, specific growth rate, Fulton’s condition factor and 
coefficient of variation), feed utilization (feed efficiency ratio, protein efficiency 
ratio, protein retention and apparent net protein retention), body composition 
(dry matter, ash, protein, lipid and energy) productivity and survival of juvenile 
turbot. Groups of fish were reared at five different photoperiod regimes 
(LD0:24, LD3:21, LD6:18, LD9:15 and LD12:12) and two different stocking 
densities (initial densities: 8 and 15 kg m-2) for 45 days. Survival was 100% for 
all the experimental groups. Growth, feed utilization and productivity were only 
influenced by stocking density (this factor has a stronger effect on the fish). 
Fish held at the lowest density (8 kg m-2) showed higher growth rates, weight 
gains and better feed utilization than fish held at the highest density (15 kg m-2). 
Nonetheless, the highest density had higher productivity than the lowest 
density. Therefore, the results suggest that, from the densities tested, the 
lowest density (8 kg m-2) is the most adequate for a good growth, feed 
utilization, although in terms of productivity the highest density (15 kg m-2) is the 
most favourable. No significant differences in growth, feed utilization and 
productivity response to photoperiod were observed though there is a tendency 
for better results in the photoperiod LD6:18. Juvenile turbot reared at LD6:18 
and 8 kg m-2 presented very good results in growth, survival, feed utilization 
and productivity. This work will contribute in the near future to evaluate the 
possibility of using this species in a way that can be more effective and more 
profitable and will also contribute to a better understanding of the species 
biology. 
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Introduction 

Aquaculture industry 

After growing steadily, particularly in the last four decades, aquaculture is for the first time 

set to contribute half of the fish consumed by the human population worldwide. This reflects not 

only the vitality of the aquaculture sector but also global economic growth and continuing 

developments in fish processing and trade (FAO, 2009). 

According to the Food and Agriculture Organization of the United Nations - FAO (FAO, 

2009), the contribution of aquaculture to global supplies of fish, crustaceans, molluscs and other 

aquatic animals has continued to grow, increasing from 3.9 % of total production by weight in 

1970 to 36.0 % in 2006. In the same period, production from aquaculture easily outpaced 

population growth, with per capita supply from aquaculture increasing from 0.7 kg in 1970 to 7.8 

kg in 2006, and an average annual growth rate of 7.0 %. Aquaculture accounted for 47 % of the 

world’s fish food supply in 2006. Excluding China (90 % of fish food production comes from 

aquaculture), aquaculture production in the rest of the world accounts for 24 % of food fish 

supply. 

World aquaculture has grown tremendously in the last 50 years from a production of less 

than 1 million tonnes in the early 1950s to 51.7 million tonnes by 2006. This means that 

aquaculture continues to grow more rapidly than other animal food-producing sectors. While 

capture fisheries production stopped growing in around mid-1980, the aquaculture sector has 

maintained an average annual growth rate of 8.7 % worldwide since 1970. Annual growth rates in 

world aquaculture production between 2004 and 2006 were 6.1 % in volume terms and 11.0 % in 

value terms (FAO, 2006; FAO, 2009). 

Portugal, due to its geographic characteristics (it’s under the influence of the 

Mediterranean Sea and the Atlantic Ocean), presents a unique potential for the aquaculture 

activity and for the culture development of new species with commercial interest. In Portugal this 

is a centenary activity although just recently it initiated with purposes clearly industrialized (Diniz, 

1998). 

Aquaculture is an important alternative to the traditional forms of fish supplies, although in 

Portugal it still plays a relatively modest role in the whole sector of fishing. It´s production in 2005 
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(6 669 tonnes) accounted for about 5.1% of the quantity and 16.0% of the value of the fresh fish 

food supplies capture and unloaded in the continent (129 691 tonnes) (DGPA, 2008). 

In addition to industrial aquaculture, exists a handmade aquaculture activity of several 

centuries, in an extensive policulture regime, carried out in traditional fish farms (re-use of 

abandoned salt ponds or small lagoons in the littoral, isolated and protected in estuaries were the 

wild juveniles enter naturally and there grow relying only on the food of the natural environment 

and on the water renewal by the tides (Diniz, 1998). 

National aquaculture production is based on culture in fresh (salmonids and eel cultures) 

and sea waters (sea bass, gilthead sea bream, turbot, oyster and clam cultures). Aquaculture 

production in fresh waters is based on the culture of rainbow trout and european eel, while 

aquaculture production in sea waters is spread out to all Portuguese seashore, with especial 

incidence in the estuaries (Mondego, Sado, Tejo, Mira, Ria de Aveiro) and all the coast of Algarve 

(Diniz, 1998).  

Marine fish culture in Portugal has suffered a strong impulse since 90’s, with the use of 

modern technologies and the improvement of the production systems, which contributed to the 

production increment. This type of culture is traditionally made in mud-bottom ponds, 

maintaining its activity on the almost exclusive production of gilthead sea bream and sea bass in 

extensive/semi-intensive regime, as occurs in other countries in the south of Europe with larger 

aquaculture production (Diniz, 1998; Oliveira et al., 2003). 

Nowadays, the market is saturated with these two species (sea bass and gilthead sea 

bream) and some countries, like Greece, set their products at highly competitive prices, 

contributing to their devaluation. Thus, the alternatives will pass by the increase of production 

units, along with the improvement of the management, expedition and commercial operations 

and the culture of new species (Duarte et al., 2004; Oliveira et al., 2003). 
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Turbot (Scophthalmus maximus) – biology and distribution 

 

Systematic Classification 

Turbot presents the following systematic classification (Carvalho e Diniz, 1998): 

Kingdom: Animalia 

Phylum: Chordata 

SubPhylum: Vertebrata 

SuperClass: Piesces 

Class: Osteichthyes 

SubClass: Actinopterygii 

Order: Pleuronectiformes 

Family: Scophthalmidae 

Genus: Scophthalmus 

Species: Scophthalmus maximus [(Rafinesque, 1810) (= Psetta maxima (Lineu 1758)] 

 

Geographic Distribution 

Turbot is naturally distributed throughout the Mediterranean and in European coasts, from 

Northeast Atlantic to the Arctic Circle. It is also found in most of the Baltic Sea (Carvalho and Diniz, 

1998). 

 

General Characteristics 

Turbot is a marine osseous demersal carnivorous and bottom feeding flatfish species that 

presents an oval flat body, almost round, with dorsal-ventral symmetry (figure 1). It presents a 

dorsal face pigmented and a ventral face usually white. The eyes are set on the dorsal face (it’s 
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the right eye that migrates during 

metamorphosis). The mouth is 

twisted and arched because 

during metamorphoses it suffers 

dislocation. The skin is scaleless 

with bony protuberances 

irregularly distributed, covered 

with mucus. The dorsal fin has its 

beginning on the level of the 

superior eye. The caudal fin has 

osseous bows covered by skin and 

close to the pectoral fin normally 

exist a spot. The natatory bladder exists in the larval phase, when the larva is pelagic. The 

opercula are located in the dorsal and ventral sides of the body and the gills are extremely 

irrigated. The average depth where turbot lives sets between 20 and 100 meters (Carvalho and 

Diniz, 1998; Gibson, 2005; Aksungur et al., 2007; FAO, 2008). 

 

Biological Cycle 

Turbot reproduction season generally occurs between April and August. Females reach 

maturity at 3 years old (around 46 cm length) and males at 2 years old (around 30 cm long). 

Adults gather in appropriate places for spawn, on the continental platform. Pelagic eggs are 

released in large quantities, usually above the 1.000.000/kg, weighting proximately 0.3 mg, and 

having an oil globule. Pelagic larvae are born after a week of incubation, weighting 0.1 to 0.3 mg. 

The duration of the pelagic phase is 60 days at 16°C. At the end of the larval phase, fish complete 

the metamorphosis, develop asymmetry and start to go to the bottom. Juvenile turbot gather in 

intertidal growth zones, remaining there until autumn (about 6 months). At the end of the 

summer, fish begin to move to higher depths, initiating a benthonic existence that is characterized 

by high growth rates. Adult stage is characterized by a slow growth of the fish, due to successive 

maturations that retard growth (Carvalho and Diniz, 1998; Danancher and Garcia-Vazquez, 2008; 

FAO, 2008). 

 

Figure 1 - Turbot (Scophthalmus maximus Rafinesque, 1810). 
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Turbot production 

To improve competitiveness and 

diversify the offer with alternative or complementary species. 

turbot, of high commercial value, is one of the most promising species to the aquaculture due to 

its good characteristics from the zoo

harsh conditions (capacity to adapt to variable salinities 

control of the production cycle

the most important epizootics

Turbot aquaculture started in the 1970’s in Scotland (UK) and it was subsequently 

introduced to France and to Spain. In the last decade

its production (see figure 2)

French production rose from an estimated 150 tonnes in 1993 to a peak of 980 tonnes in 1997; 

since then it has fluctuated, being 728 tonn

fluctuating around 350-390 tonnes/yr. By far the largest producer is Spain, whose annual 

production has nearly doubled since 1998. In 2002, Spanish turbot production was 3847 tonnes 

(75.9 percent of the global total). Besides the 3

reported production above 50 tonnes in 2002

Figure 2 - Global aquaculture production of turbot (

Spain have a highly su

turbot worldwide, however this specie is also currently farmed in Denmark, Germany, Iceland

Ireland, Italy, Norway, United Kingdom

regions (Chile and China) (FAO, 2008).

 

To improve competitiveness and profitability in the aquaculture production is essential to 

diversify the offer with alternative or complementary species. Among the possible alternatives, 

turbot, of high commercial value, is one of the most promising species to the aquaculture due to 

eristics from the zoo-technique point of view: physic robustness and resistance to 

harsh conditions (capacity to adapt to variable salinities – eurihaline specie

control of the production cycle, interesting growth rate, good conversion rate and knowledge of 

the most important epizootics and their treatments (Carvalho and Diniz, 1998).

Turbot aquaculture started in the 1970’s in Scotland (UK) and it was subsequently 

introduced to France and to Spain. In the last decade, we have assisted a significant increase o

(see figure 2), due to the optimization of the culture techniques

rench production rose from an estimated 150 tonnes in 1993 to a peak of 980 tonnes in 1997; 

since then it has fluctuated, being 728 tonnes in 2002. In Portugal productions seems to be 

390 tonnes/yr. By far the largest producer is Spain, whose annual 

production has nearly doubled since 1998. In 2002, Spanish turbot production was 3847 tonnes 

l total). Besides the 3 countries mentioned above, no other country 

duction above 50 tonnes in 2002 (Oliveira et al., 2003; FAO, 2008

Global aquaculture production of turbot (Scophthalmus maximus). In: 

highly suitable oceanographic conditions and is now the major producer of 

this specie is also currently farmed in Denmark, Germany, Iceland

Ireland, Italy, Norway, United Kingdom and Portugal, and has also been introduced to ot

China) (FAO, 2008). 
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Besides commercial investment in improved facilities or the construction of new farms, 

other decisive factors have assisted in the consolidation and development of the sector. These 

have included the production of dry feeds and the development of vaccines for the most 

important diseases affecting turbot (FAO, 2008). 

In Portugal, turbot production began in the 80’s, on the north region. According to data of 

1999, there were produced 378 tonnes, a considerable value when compared with the production 

in 1994, which ascended to just 35 tonnes. As the number of companies didn’t increase much 

since 1999, the turbot production nowadays is not substantially different from the value of that 

year (Oliveira et al., 2003).  

Turbot production has been conducted exclusively in monoculture and intensive regime, in 

tanks of rigid structure (concrete and others) and several forms (square, rectangular or circular), 

where the temperature is the principal limiting factor, since turbot prefers cooler waters (it is 

more frequent in the north Europe, although it is also common in south Europe up to Morocco 

and Mediterranean coast) (Carvalho and Diniz, 1998; Duarte et al., 2004; Labatut et al., 2004). 

 

Turbot Production Phases 

Turbot production occurs in 5 phases (see figure 3): reproduction, hatchery-nursery, on-

growing, grow-out and harvesting/processing phases. Rearing methods are extremely diversified 

from farm to farm. 

According to Iglesias et al. (1987), hatchery techniques have revealed that the main 

problem in turbot culture is poor survival from hatching to metamorphosis; mortality ranges from 

75 to 99%. Nowadays, due to important improvements in larval rearing methods, the average 

survival is about 20% from hatching to 5 g juveniles (range 10-40%). Developmental abnormalities 

have been significantly reduced during the last decade, so that 80% of the 5 g juveniles produced 

are sold. Better results have been attained in the on-growing phase, with 90 to 95% survival 

(Iglesias et al., 1987; Person-Le Ruyet, 2002). 
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Figure 3 – Turbot production phases. In: FAO, 2008. 

 

Reproduction phase 

Turbot is a gonochoric species with separate sexes. Reproducers may release eggs naturally 

in the tanks or by stripping. For the effect, reproducers are kept in square cement tanks, with 

volumes varying from 20 – 40 m
3
 in stocking densities of 3 – 6 kg m 

-2
 and fed with moisture 

pellets (Pillay, 1995; Carvalho and Diniz, 1998; FAO, 2008). 

Hatchery-nursery phase 

From the moment the eggs are fertilized, they are transferred to incubation rooms, where 

they are placed in small tanks with constant sea water supply at 12 – 15°C. After 5 days of 

incubation, the turbot larvae outbreak. They are created in stocking densities of 30 – 45 

larvae/litre, in tanks of 0.06 – 0.45 m
3
, with temperatures ranging from 18 - 20°C, and with daily 

water exchange of 90%. As they grow up, larvae are fed with different zooplankton species. Three 

weeks later, when larvae reach 1 cm of length, metamorphosis begin. As soon as metamorphosis 

ends, juvenile turbots are transferred to bigger tanks, where they are fed with dry pellets. In the 

end of the process, juveniles weighting 5 – 10 g can be transferred to the on-growing tanks 

(Carvalho and Diniz, 1998; Pillay, 1995; FAO, 2008). 
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On-growing phase 

At the end of the hatchery-nursery phase, juvenile turbot weighing about 10 g (4-5 months 

post-hatching) are ready for a 4-5 month on-growing phase in indoor facilities, usually with 

heated water (by flow-through or re-circulation systems). Turbots are reared in shallow tanks 

(concrete or fiberglass circular or square tanks or concrete raceways) with 10-20 m
2
 surface area 

and 0.25 to 0.50 m useful depth. Stocking density is relatively low on this phase, about 10 kg m
-2

 

at the start and increasing up to 30 kg m
-2

 at the end of the phase. Juvenile turbots are usually 

feed manually with dry pellets. The growth rate of the juveniles achieves its maximum between 

18-20 °C. (Carvalho and Diniz, 1998; Person-Le Ruyet, 2002). 

Grow-out phase 

Intensive rearing conditions are used for turbot grow-out. Turbot can be reared in a variety 

of tanks and raceways. Individually covered outdoors tanks are rare and floating sea cages have 

been suppressed recently in France and Spain. Tank volume increases from 25 m
3
 to 100 m

3
 as 

fish grow, but the useful depth is 0.70 m or less even with large fish. Land-based farms initially 

had flow-through rearing systems but re-circulation systems are now developing rapidly. As 

turbot can tolerate overcrowding (up to 4 layers of large fish), stocking density may be very high 

(over 100 kg m
-2

). Feeding consists in commercial dry pellets. Optimum temperature for feeding 

ranges between 14 - 18°C, while the extremes for turbot farming are between 11 - 23°C. The 

limiting factors for turbot farming are pathologies, cultural techniques and market (Person-Le 

Ruyet, 2002; FAO, 2008).   

Harvesting and Processing 

Turbot can be marketed at sizes from 0.5 kg to 4 kg, with larger fish commanding higher 

prices. Because demand is higher than supply, there is not at the moment any major competition 

between farmed and wild turbot. Farmed turbot are usually marketed whole and fresh but large 

fish can also be sold as fillets. In Portugal, almost every farmed turbot is sold whole and fresh, 

weighting normally between 1.5 – 2.5 kg (Carvalho and Diniz, 1998; Person-Le Ruyet, 2002; FAO, 

2008). 
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Density and Photoperiod 

In recent years, the culture of turbot, Scophthalmus maximus, has benefited from 

improvements in larval rearing methods as well as nutrition and husbandry practices in the on-

growing phase. Environmental factors (e.g. photoperiod, temperature, oxygen and salinity) as well 

as stocking density, ration size and diet are known as factors affecting growth in fish, but limited 

attention has been directed towards the manipulation of this factors, particularly feeding 

frequency, ration size and behavioural interactions, to improve the understanding of turbot 

culture. Such manipulations could enhance fish growth rates and, at the same time, decrease size 

variation. This would serve to improve uniformity in growth rates and shorten the time required 

by groups of farmed turbot to reach marketable size. Of prime interest in the commercial culture 

of any fish species are the factors that can be controlled under culture conditions in order to 

optimize production levels (Irwin et al., 1999; Jonassen, 2002; Stefansson et al., 2002; Imsland et 

al., 2006). 

Light includes a complex of ecological factors such as intensity, photoperiod (it undergoes 

daily cycles, which vary seasonally according to latitude), and quality (meaning the different 

wavelengths which are absorbed by water to various extents) and is extremely variable and can 

change over a tremendous range, often very rapidly. Fish move within their environment and 

often their environment moves around them, affecting the light that the fish receive (Boeuf and 

Le Bail, 1999; Person-Le Ruyet, 2002). 

Photoperiod and light intensity manipulation have been successfully used to improve the 

growth of larval and juvenile stages of several fish species. Light intensity is important for fish, 

which must be reared within a light range that depends on developmental stage and species 

(Türker et al., 2005). 

Laboratory and field data clearly showed that the appropriate light intensity must be 

provided to turbot, and the timing of feeding relative to light conditions is crucial to feeding 

process. Feeding is low but not stopped under full darkness, whereas the use of abnormally high 

light intensity can lead to cessation of feeding due to behavioural disturbances (Person-Le Ruyet, 

2002). 

The effect of light intensity on the growth of turbot as other demersal marine fish may be 

important, and different cultivation strategies may be required for different life stages (Türker et 

al., 2005). 
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Improved fish growth in relation to light regime has been attributed to a number of factors 

including higher food conversion efficiency, lower activity and lower oxygen consumption (Türker 

et al., 2005). The photoperiod is considered as the directional factor stimulating the endocrine 

system to produce growth hormone (Imsland et al., 2006).  

Positive effects of photoperiod on growth have been recorded in salmonids and different 

marine species. Exposure to extended photoperiods has been shown to lead to increased growth 

rates in salmonids (Salmo salar), halibut (Hippoglossus hippoglossus), Atlantic cod (Gadus 

morhua), which is of great aquacultural interest in Europe. By manipulating the photoperiod, 

production has gradually increased throughout recent years (Boeuf and Le Bail, 1999; Jonassen, 

2002; Türker et al., 2005). 

Studies on the effect of photoperiod on growth of flatfish under continuous or extended 

photoperiods provided contradictory results; however, extended photoperiod regimes were often 

considered as a suitable management strategy to enhance growth (Stefansson et al., 2002; 

Imsland et al., 2006). 

Some researchers studied the effect of three photoperiod regimes (LD24:0; LD16:8; natural 

photoperiod) on the growth of turbot. They found that growth of fish exposed to continuous light, 

was initially enhanced, but after about 5 months they fell behind (in terms of growth rate) the 

groups kept under natural photoperiod and LD16:8. Other researchers exposed juvenile turbot to 

four constant photoperiod regimes (LD8:16; LD12:12; LD16:8; LD24:0) and two changing regimes, 

one increasing from 12 to 16 h light per day, and the other decreasing from 12 to 8 h light per 

day. In the short-term study, the researchers could not find any difference in either growth 

performance or food utilization of turbot over a 60-day experimental period (Boeuf and Le Bail, 

1999; Person-Le Ruyet, 2002; Stefansson et al., 2002). 

Studies of Pichavant et al. (1998), could not detect any growth promoting effects of 

extended photoperiod (LD16:8 and LD24:0) in juvenile turbot over a 60-day period. 

Although extended photoperiods and continuous light may enhance growth, there are 

indications that long-term rearing on continuous light may have a negative effect on growth and 

feed conversion efficiency (FCE) in turbot on a long time basis (Imsland et al., 2006). 

Reports on the effects of photoperiod on short-term growth in flatfish species are limited 

and inconsistent (Imsland et al., 2006), and to our knowledge there are no bibliographic 
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references on the optimal photoperiod for the on-growing phase. This was the main reason for 

using photoperiod as a factor in this study. 

 

Stocking density is a major factor affecting fish growth under farmed conditions. 

Commercial culture at unnecessary low density is a waste of resources (ponds, water, etc) that 

reduces profitability. The ability to raise fish at a relatively high density, thus maximizing usage of 

the fish production infrastructure, is of importance to commercial aquaculture especially in 

recirculation systems. As fish density increases, density-dependant factors that limit fish growth 

start to operate; however, the density level at which these factors begin to affect depends on the 

species and culture conditions. Both positive and negative relationships between stocking density 

and growth have been reported and the pattern of this interaction appears to be species specific 

(Feldlite et al., 1999; Jonassen, 2002; Merino et al., 2007). 

Identifying the optimum stocking density for a species is a critical factor not only for 

designing an efficient culture system, but also for optimum husbandry practices. Controlling the 

fish size and production are the two important tasks to meet the market demands, but increase in 

stocking density to produce more fish which increases fish intensification may not be the best way 

of dealing with problem of space shortage. On the other hand, the price of fish is determined by 

the market demand (size and production), that in turn depends on their growth. In intensive 

aquaculture the stocking density is an important indicator that determines the economic viability 

of the production system (Aksungur et al., 2007). 

In many cultured fish species, one important factor that influences the growth of fish is the 

development of hierarchies, mediated by intraspecific competition for food, and this is greatly 

affected by stocking density. Thus, growth is inversely related to stocking density and this is 

mainly attributed to social interactions. Social interactions through competition for food and/or 

space can negatively affect fish growth.  Although high stocking densities of turbot have been 

achieved in culture using supplementary oxygenation, this rearing strategy ignores the possibility 

that high densities may interfere with behavioural interactions between individuals and thereby 

affect biomass gain (Irwin et al., 1999; Aksungur et al., 2007). 

Turbot (Scophthalmus maximus) in particular tolerates overlaps with others individuals, 

which allows high densities per tank. At the start of the on-growing phase the stocking density 
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usually is relatively low, about 2 to 10 kg m
-2

, increasing to 30 kg m
-2

 at the end of the phase 

(Carvalho & Diniz, 1998; Person-Le Ruyet, 2002). 

Researchers studied stocking density and photoperiod separately to measure their effects 

on growth and other parameters but, to our knowledge, no studies have been conducted to 

assess the combined effects of stocking density and photoperiod on the growth and feeding of 

juvenile turbot. 
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Objectives 

In the present study, a factorial combination of two stocking densities (8 kg m
-2

 and 15 kg 

m
-2

) and five photoperiods (LD0:24, LD3:21, LD6:18, LD9:15 and LD12:12) was used to determine 

the effect of both factors on the growth (wet weight, weight gain, relative growth rate, specific 

growth rate, Fulton’s condition factor and coefficient of variation), feed utilization (feed efficiency 

ratio, protein efficiency ratio, protein retention and apparent net protein retention), body 

composition (dry matter, ash, protein, lipid and energy), survival and productivity of juvenile 

turbot under controlled conditions. 

This study was carried out with the intention of completing the information that exists 

about the influence of density and photoperiod in the on-growing phase of turbot production. 

The photoperiods chosen for the present experiment range between shorter (L0, L3, L6 and L9) 

and intermediate regime (L12) because there are a lot of studies with extended photoperiods and 

if shorter photoperiods present good growth and feed utilization, then farmers may spend less 

money in turbot production. 

The overall evaluation of Scophthalmus maximus response under the different 

photoperiods and densities will contribute in the near future to evaluate the possibility of using 

this species in a way that can be more effective and more profitable and will also contribute to a 

better understanding of the species biology. 

 

 

 

 

 

 

 



Materials and Methods

Experimental design 

Juvenile turbot (38.2 g, SD = 5.54) used in the study were obtained from the company 

AQUACRIA Piscícolas, S. A., which also provide a place to 

acclimated to the experimental conditions for 3 weeks prior to the start of t

carried out from 12 December 2008 to 25 January 2009, a total of 45 days. 

The experimental design was based on the growth of turbot at two different stocking 

densities – 8 and 15 Kg m
-2

, and five photoperiod regimes 

3 h light: 21 h dark (LD3:21); 

and L12 = 12 h light: 12 h dark (LD12:12)

photoperiod, in a total of 20 t

were randomly distributed into rectangular polypropylene tanks with a surface area of 0.15 m

that were placed inside the shallow raceway of the company (30 

density of 8 kg m
-2

 and 49 fish

Figure 4 - Schematic diagram of the experiment (Note: R refers to the replicates and the arrow indicates the direction 

of the water flow; L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12).

Materials and Methods 

Juvenile turbot (38.2 g, SD = 5.54) used in the study were obtained from the company 

AQUACRIA Piscícolas, S. A., which also provide a place to carry out the experiment. 

acclimated to the experimental conditions for 3 weeks prior to the start of t

carried out from 12 December 2008 to 25 January 2009, a total of 45 days.  

The experimental design was based on the growth of turbot at two different stocking 

, and five photoperiod regimes – L0 = 0 h light: 24 h dark (LD0:24); 

3 h light: 21 h dark (LD3:21); L6 = 6 h light: 18 h dark (LD6:18); L9 = 9 h light: 15 h dark (LD9:15); 

= 12 h light: 12 h dark (LD12:12). Two replicates were done for each stocking density and 

photoperiod, in a total of 20 tanks (see figure 4). Seven hundred and ninety (

were randomly distributed into rectangular polypropylene tanks with a surface area of 0.15 m

that were placed inside the shallow raceway of the company (30 fish in the tanks with a stock

fish in the tanks with a stocking density of 15 kg m
-2

Schematic diagram of the experiment (Note: R refers to the replicates and the arrow indicates the direction 

of the water flow; L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12). 
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Juvenile turbot (38.2 g, SD = 5.54) used in the study were obtained from the company 

the experiment. Fish were 

acclimated to the experimental conditions for 3 weeks prior to the start of the study, which was 

The experimental design was based on the growth of turbot at two different stocking 

4 h dark (LD0:24); L3 = 

= 9 h light: 15 h dark (LD9:15); 

for each stocking density and 

Seven hundred and ninety (790) juvenile turbot 

were randomly distributed into rectangular polypropylene tanks with a surface area of 0.15 m
2
, 

in the tanks with a stocking 

2
). 

 

Schematic diagram of the experiment (Note: R refers to the replicates and the arrow indicates the direction 
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In the beginning of the experiment, half of the fishes were weighed. The number of fish in 

each tank was kept constant for 45 days, during which time the stocking densities increased as 

the fish grew (see figure 5). This resulted in final stocking densities of 14.73 (± 0.77) and 23.33 (± 

0.84) kg m
-2

 tank bottom. 

 

Figure 5 – Stocking Density evolution through the course of the study. Juvenile turbot were reared at five different 

photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) and in initial stocking densities 

of 8 and 15 Kg/m
2
. 

 

Half of the fish in the experimental groups were randomly sampled and measured 

fortnightly during the experiment. On days 15, 30 and 45, individual live fish were weighed (to the 

nearest g) and measured as total length (to the nearest mm) after gently blotting with a towel. 

Fish were not fed on the previous day to give a more realistic weight and to reduce the risks of 

stress from management. 

The flow rates through the tanks were kept at ≈ 1043 l/min throughout the experiment. 

Water temperature (was not actively regulated; range 16.03-17.25 °C), dissolved oxygen (range 

12.75-13.52 mg/l), pH (range 7.5-7.7), ammonia concentration (range 0.25-0.35 mg/l), nitrites 

concentration (range 0.2-0.4 mg/l) were recorded daily. Light was provided by overhead 2×58 

watt fluorescent daylight tubes on a 12 h light: 12 h dark cycle, using an automatic timer. The 

other photoperiod regimes were obtained using black plastics to cover the tanks. 

Fish were hand-fed to satiation twice a day at 9h and 14h, on a commercial pellet for fish 

(diameter 3 mm; crude protein 55%, lipid 16%, crude cellulose 1.5% and ash 8.7%, according to 

the label in the feed sack and conformed by diet analysis). Fish were considered satiated when 
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they began to ignore the feed. The same diet was used in both acclimation and experimental 

periods. Daily food consumption was recorded for each tank. 

 

Chemical analyses of the diet and fish body 

At each sampling moment for determination of the body composition, fish were euthanized 

by thermal shock. Thus, five fish were sampled at the beginning of the study and five fish per 

experimental group at the end of the experiment to measure whole body values of protein, lipid, 

dry matter, ash and energy. 

Fish of each experimental group was jointly treated; first cut into pieces, homogenized in a 

mixer and then oven-dried until the weight became constant. Thereafter, they were crushed in a 

grinder and stored in plastic containers until analyses.  

All analyses were performed in duplicate. Chemical analyses of the diet and fish were 

carried out as follows: dry matter after drying in an oven at 105 °C until constant weight; ash by 

incineration in a muffle furnace at 450 °C for 16 h; protein (N × 6.25) by the Kjeldahl method after 

acid digestion, using Kjeltec digestion and distillation units; lipid by petroleum ether extraction in 

a Soxtec HT System apparatus; energy by direct combustion in an adiabatic bomb calorimeter 

(PARR model 1261). Whole-fish were homogenized and dried before analysis. 

 

Studied parameters 

The parameters were grouped according to 4 categories: Growth evaluation, Feed 

utilization assessment, Body composition and Productivity evaluation. 

Growth evaluation 

• Wet weight (WW) express in g. 

• Weight gain (WG) is calculated according to the expression: 

WG (g) = (Wt – W0) 

Where: W0 = initial fish weight (g); Wt = final fish weight (g). 

• Relative growth rate (RGR) and Specific growth rate (SGR) were calculated according to the 

expressions outlined by Türker et al. (2005): 
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RGR (%) = % increase in weight = [(Wt – W0)/W0] × 100 

SGR (%/day) = % increase in body weight per day = [(ln Wt – ln W0)/ t] × 100 

Where: t = feeding days; W0 = initial fish weight (g); Wt = final fish weight (g), ln (Wt) = 

natural logarithm of the fish weight on the final day; ln (W0) = natural logarithm of the fish 

weight on the initial day. 

• Coefficient of variation for weight (CV) was used to assess size variation within 

experimental groups and was calculated for each census day using the formula outlined by 

Irwin et al. (1999) and Stefánsson et al. (2002): 

CV (%) = (SD/mean weight) × 100 

Where: SD = standard deviation of the mean. 

• Fulton’s condition factor (K) was calculated according to the expression outlined by Merino 

et al., 2007: 

K = Wt/ (Lt)
 y
 

Where: Wt = final weight (g); Lt = final length (cm); y = growth constant (= 3). 

 

Feed utilization assessment 

• Feed efficiency ratio (FER) was calculated according to the formula outlined by Peres and 

Oliva-Teles, 2002: 

FER = (Wt – W0)/FI 

Where: FI = feed intake (g); W0 = initial weight of fish (g); Wt = final weight (g). 

• Protein efficiency ratio (PER), Protein Retention (PR) and Apparent net protein retention 

(ANPR) were calculated according to the expressions outlined by Türker et al. (2006): 

PER = Weight gain/ Dry protein intake 

PR (g) = Final body protein (g) – Initial body protein (g) 
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ANPR (%) = [(final wet weight (g) × final wet body protein (%)) – (initial wet weight (g) × 

initial wet body protein (%))/ protein intake (g)] ×100 

 

Body Composition evaluation 

• Dry matter express in %. 

• Ash express in %. 

• Protein express in %. 

• Lipid express in %. 

• Energy express in KJ g
-1

. 

 

Productivity evaluation 

• Productivity, outlined by Schram et al. (2006), was expressed as the amount of fish 

produced per m
2
 as: 

P = (Wt – W0)/ (A × T) 

Where: P = Productivity (g/ m
2
/ day); Wt = Biomass at day 45 (g); W0 = Biomass at day 0 

(g); A = Tank surface area (m
2
); T = Number of days. 

 

Statistical analysis 

All statistical analyses were conducted using STATISTICA
TM

 9.0 (StatSoft 2009) and SPSS 

12.00 for windows (SPSS Inc.). RGR, SGR and CV data were arc-sine transformed prior to analysis. 

Data were tested for normality using the Kolmogorov-Smirnov test and homogeneity of variance 

among groups was tested using Levene’s and Bartlett’s test. Two-way Analyses of Variance 

(TWOANOVA) were used to compare the effect of photoperiod and stocking density on the WW, 

CV, WG, RGR, SGR, K, FER, PER, PR, ANPR and P. When significant effects were found, a posteriori 

“Tukey’s honestly significant difference” test, with a significance level computed at p<0.05, was 

carried out. 
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Results 

Survival and Growth 

Survival was 100% in all the experimental groups. The growth performances of juvenile 

turbots are presented in Figures 6 to 11 and Tables 1 to 6. 

 

Wet Weight 

The mean wet weights of juvenile turbot were significantly affected by stocking density 

(TWOANOVA, p<0.05) but not by photoperiod on day 15 (see Figure 6 and Table 1), since fish held 

at 15 kg m
-2

 were significantly (p<0.05) heavier than those held at 8 kg m
-2

. On day 30 and at the 

end of the experiment (day 45) there were no significant differences between fish wet weights in 

any experimental group (Table 1). No stocking density × photoperiod interactions were observed. 

At the end of the 45 days, turbots from the photoperiod L6 (LD6:18) exhibited the highest 

mean weight in both stocking densities (although without statistical support). Moreover, the 

photoperiods may be ordered as L6>L3≈L0>L12>L9 and L6>L9>L12>L0>L3, respectively for D8 and 

D15. Considering both factors simultaneously, the highest mean weight (65.33 g) recorded at the 

end of this experiment was for the group exposed to LD6:18 and held at a density of 8 kg m
-2

 

whereas the lowest mean weight (57.33 g) was recorded for the group exposed to LD9:15 and 

held at a density of 8 kg m
-2

. 

 

Figure 6 – Mean wet weight ± SD (g) of juvenile turbot reared at five different photoperiods (L0 = LD0:24; L3 = LD3:21; 

L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) and in stocking densities of 8 and 15 Kg/m
2
. 
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Table 1 – Summary table of two-way ANOVA carried out to compare the wet weight (WW) of juvenile turbot reared 

during 45 days at five photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) and two 

densities (8 kg m
-2

 and 15 kg m
-2

). 

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Wet weight (g) Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Day 0 ns ns ns       

Day 15 * ns ns       

Day 30 ns ns ns       

Day 45 ns ns ns       
1
 *p<0.05, **p<0.01, ***p<0.001, ns: non-significant. 

2
 Significant differences are indicated by different letters (p>0.05); the absence of letters means no 

significant differences. 

 

 

Weight Gain 

The weight gain of juvenile turbot was significantly affected by stocking density 

(TWOANOVA, p<0.05) but not by photoperiod in Period 2 and Overall time (see Figure 7 and Table 

2). In these periods, fish reared at D8 gained significantly (p<0.05) more weight than those grown 

at D15. No stocking density × photoperiod interactions were observed for weight gain. 

Overall, turbots from the photoperiod L6 (LD6:18) exhibited the highest weight gain in both 

stocking densities (although without statistical support). Moreover, the photoperiods may be 

ordered as L6>L3>L0>L12>L9 and L6>L9>L12>L0>L3, respectively for D8 and D15. Considering 

both factors simultaneously, the highest weight gain (27.97 g) recorded at the overall time was for 

the group exposed to LD6:18 and held at a density of 8 kg m
-2

 whereas the lowest weight gain 

(18.64 g) was recorded for the group exposed to LD3:21 and held at a density of 15 kg m
-2

. 
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Figure 7 – Weight Gain (g) exhibited by juvenile turbot reared at five different photoperiods (L0 = LD0:24; L3 = 

LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) in stocking densities of 8 and of 15 Kg/m
2
. Results are expressed 

as mean ± SD. 

 

Table 2 - Summary table of two-way ANOVA carried out to compare the weight gain (WG) of juvenile turbot reared 

during 45 days at five photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) and two 

densities (8 kg m
-2

 and 15 kg m
-2

). 

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Weight gain (g) Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Period 1 ns ns ns       

Period 2 * ns ns       

Period 3 ns ns ns       

Overall * ns ns       

Period 1 = day 0-15; Period 2 = day 16-30; Period 3 = day 31-45; Overall = day 0-45. 
1
 *p<0.05, **p<0.01, ***p<0.001, ns: non-significant. 

2
 Significant differences are indicated by different letters (p>0.05); the absence of letters means no 

significant differences. 

 

 

Relative Growth Rate and Specific Growth Rate 

The relative growth rate (RGR) and specific growth rate (SGR) of juvenile turbot were 

significantly affected by stocking density (TWOANOVA, p<0.01) but not by photoperiod in Period 2 

and Overall time (see Figure 8 and Table 3 for RGR, and Figure 9 and Table 3 for SGR). Hence, fish 

reared at D8 exhibited comparatively (p<0.01) larger mean RGR and SGR values than those reared 

at D15. No stocking density × photoperiod interactions were observed for RGR or SGR. 
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Overall, the photoperiod with highest RGR and SGR was different for D8 and D15 (although 

without statistical support). Therefore, the photoperiods may be ordered as L3>L6>L0>L12>L9 

and L6>L9>L12>L0>L3, respectively for D8 and D15. Considering both factors simultaneously, the 

highest RGR and SGR (74.99 % and 3.73 %/day, respectively) recorded at the overall time was for 

the group exposed to LD3:21 and held at a density of 8 kg m
-2

 whereas the lowest RGR and SGR 

(48.24 % and 2.60 %/day, respectively) was recorded for the group exposed to LD3:21 and held at 

a density of 15 kg m
-2

. 

 

Figure 8 - Relative growth rate (%) exhibited by juvenile turbot reared at five different photoperiods (L0 = LD0:24; L3 

= LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) in stocking densities of 8 and of 15 Kg/m
2
. Results are 

expressed as mean ± SD. 

 

 
Figure 9 - Specific growth rate (% /day) exhibited by juvenile turbot reared at five different photoperiods (L0 = 

LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) in stocking densities of 8 and of 15 Kg/m
2
. Results 

are expressed as mean ± SD. 
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Table 3 - Summary table of two-way ANOVA carried out to compare the relative growth rate (RGR) and the specific 

growth rate (SGR) of juvenile turbot reared during 45 days at five photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = 

LD6:18; L9 = LD9:15; and L12 = LD12:12) and two densities (8 kg m
-2

 and 15 kg m
-2

). 

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Relative growth rate (%) Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Period 1 ns ns ns       

Period 2 ** ns ns       

Period 3 ns ns ns       

Overall ** ns ns       

Two way ANOVA          

 Variation source 
1  Tukey HSD for light hours 

2 

Specific growth rate 

(%/day) 
Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Period 1 ns ns ns       

Period 2 ** ns ns       

Period 3 ns ns ns       

Overall ** ns ns       

Period 1 = day 0-15; Period 2 = day 16-30; Period 3 = day 31-45; Overall = day 0-45. 
1
 *p<0.05, **p<0.01, ***p<0.001, ns: non-significant. 

2
 Significant differences are indicated by different letters (p>0.05); the absence of letters means no 

significant differences. 

 

 

Fulton’s Condition Factor 

On Period 2, Fulton’s condition factor (K) was significantly affected by photoperiod but not 

by stocking density (see Figure 10 and Table 4) in a way that fish exposed to LD6:18 had a 

significantly (TWOANOVA, p<0.05) higher K value than those exposed to LD3:21. Differently, on 

Period 3 and Overall time K values were significantly affected by stocking density (TWOANOVA, 

p<0.01) but not by photoperiod. In these periods, juvenile turbot reared at D8 exhibited (p<0.01) 

higher values than those reared at D15. No stocking density × photoperiod interactions were 

observed for K in any experimental group. 

Considering both factors simultaneously, the highest K value (0.0185) recorded at the 

overall time was for the group exposed to LD6:18 and held at a density of 8 kg m
-2

 whereas the 

lowest K value (0.0174) was recorded for the group exposed to LD3:21 and held at a density of 15 

kg m
-2

. 
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Figure 10 - Fulton’s condition factor exhibited by juvenile turbot at five different photoperiods (L0 = LD0:24; L3 = 

LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) in stocking densities of 8 and of 15 Kg/m
2
. Results are expressed 

as mean ± SD. 

 

Table 4 – Summary table of two-way ANOVA carried out to compare the Fulton’s condition factor (K) of juvenile 

turbot reared during 45 days at five photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = 

LD12:12) and two densities (8 kg m
-2

 and 15 kg m
-2

). 

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Fulton’s condition factor Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Period 1 ns ns ns       

Period 2 ns * ns  ab b a ab ab 

Period 3 ** ns ns       

Overall ** ns ns       

Period 1 = day 0-15; Period 2 = day 16-30; Period 3 = day 31-45; Overall = day 0-45. 
1
 *p<0.05, **p<0.01, ***p<0.001, ns: non-significant. 

2
 Significant differences are indicated by different letters (p>0.05); the absence of letters means no 

significant differences. 

 

 

Coefficient of Variation 

The coefficient of variation (CV) for weight of juvenile turbot in the experimental groups 

was significantly affected by photoperiod (TWOANOVA, p<0.05) but not by stocking density on 

day 0 (see Figure 11 and Table 5), in a way that fish held at a photoperiod LD3:21 had a 

significantly (p<0.05) higher CV than fish held at photoperiods LD0:24, LD6:18 and LD9:15. In the 

intermediate periods (day 15 and day 30) and at the end of the experiment (day 45), there were 

no statistically significant photoperiod and density effects in fish CV. However, it is noticeable that 
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fish reared at D15 exhibited higher CV than those grown at D8. No stocking density × photoperiod 

interactions were observed in the experiment for CV. 

Overall, the photoperiod with highest CV value was different for D8 and D15 (although 

without statistical support). Thus, the photoperiods may be ordered as L3>L9>L6>L12>L0 and 

L6>L12>L9>L3>L0, respectively for D8 and D15. Considering both factors simultaneously, the 

highest CV value (25.59 %) recorded at the end of the experiment (day 45) was for the group 

exposed to LD6:18 and held at a density of 15 kg m
-2

 whereas the lowest CV value (16.69 %) was 

recorded for the group exposed to LD0:24 and held at a density of 8 kg m
-2

. 

 

Figure 11 – The Coefficient of variation for weight (%) on days 0, 15, 30 and 45 for each stocking density and 

photoperiod (L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) of juvenile turbot. Results are 

expressed as mean ± SD. 

 

Table 5 - Summary table of two-way ANOVA carried out to compare the coefficient of variation for weight (CV) of 

juvenile turbot reared during 45 days at five photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 

= LD12:12) and two densities (8 kg m
-2

 and 15 kg m
-2

). 

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Coefficient of variation (%) Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Day 0 ns * ns  b a b b ab 

Day 15 ns ns ns       

Day 30 ns ns ns       

Day 45 ns ns ns       
1
 *p<0.05, **p<0.01, ***p<0.001, ns: non-significant. 

2
 Significant differences are indicated by different letters (p>0.05); the absence of letters means no 

significant differences.
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Feed utilization 

 

Feed Efficiency Ratio and Protein Efficiency Ratio 

The feed efficiency ratio (FER) and protein efficiency ratio (PER) were not significantly 

affected by photoperiod and stocking density in the whole experiment (see Figure 12 and Table 6 

for FER, and Figure 13 and Table 6 for PER). In addition, no stocking density × photoperiod 

interactions were observed for FER and PER. 

During the 45 days of the experiment, FER varied highly among groups. Considering both 

factors simultaneously, though without statistical support, the highest FER value (1.89) and PER 

value (3.47) recorded at the overall time were for the group exposed to LD3:21 and held at a 

density of 8 kg m
-2

 whereas the lowest FER value (1.27) and PER value (2.34) were recorded for 

the group exposed to LD0:24 and held at a density of 15 kg m
-2

. 

 

 
Figure 12 – Feed efficiency ratio exhibited by juvenile turbot reared at five different photoperiods (L0 = LD0:24; L3 = 

LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) in stocking densities of 8 and of 15 Kg/m
2
. Results are expressed 

as mean ± SD. 
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Figure 13 - Protein efficiency ratio exhibited by juvenile turbot reared at five different photoperiods (L0 = LD0:24; L3 = 

LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) in stocking densities of 8 and of 15 Kg/m
2
. Results are expressed 

as mean ± SD. 

 

Table 6 – Summary table of two-way ANOVA carried out to compare the feed efficiency ratio (FER) and the protein 

efficiency ratio (PER) of juvenile turbot reared during 45 days at five photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = 

LD6:18; L9 = LD9:15; and L12 = LD12:12) and two densities (8 kg m
-2

 and 15 kg m
-2

). 

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Feed efficiency ratio Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Period 1 ns ns ns       

Period 2 ns ns ns       

Period 3 ns ns ns       

Overall ns ns ns       

Two way ANOVA          

 Variation source 
1  Tukey HSD for light hours 

2 

Protein efficiency ratio Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Period 1 ns ns ns       

Period 2 ns ns ns       

Period 3 ns ns ns       

Overall ns ns ns       

Period 1 = day 0-15; Period 2 = day 16-30; Period 3 = day 31-45; Overall = day 0-45. 
1
 *p<0.05, **p<0.01, ***p<0.001, ns: non-significant. 

2
 Significant differences are indicated by different letters (p>0.05); the absence of letters means no 

significant differences. 
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Protein Retention and Apparent Net Protein Retention 

In the 45 days of the study, the protein retention (PR) and the apparent net protein 

retention (ANPR) of juvenile turbot (see Figure 14 and Table 7 for PR, and Figure 15 and Table 7 

for ANPR) were significantly affected by stocking density (TWOANOVA, p<0.05) but not by 

photoperiod. Therefore, fish reared at 8 kg m
-2

 exhibited a comparatively (p<0.05) higher mean PR 

and ANPR values than those reared at 15 kg m
-2

. No stocking density × photoperiod interactions 

were observed for PR or ANPR in any experimental group. 

Overall, turbots from the photoperiod L6 (LD6:18) exhibited the highest PR value in both 

stocking densities (although without statistical support). Moreover, the photoperiods may be 

ordered as L6>L3>L0>L12>L9 and L6>L9>L12>L0>L3, respectively for D8 and D15. The photoperiod 

with highest ANPR value was different for D8 and D15 (although without statistical support). 

Moreover, the photoperiods may be ordered as L12>L3>L6>L0>L9 and L9>L6>L3>L0>L12, 

respectively for D8 and D15. Considering both factors simultaneously, the highest PR value (3.66 

g) recorded at the overall time was for the group exposed to LD6:18 and held at a density of 8 kg 

m
-2

 whereas the lowest PR value (2.15 g) was recorded for the group exposed to LD9:15 and held 

at a density of 8 kg m
-2

. The highest ANPR value (42.27 %) recorded at the overall time was for the 

group exposed to LD12:12 and held at a density of 8 kg m
-2

 whereas the lowest ANPR value (25.87 

%) was recorded for the group exposed to LD12:12 and held at a density of 15 kg m
-2

. 

 

 

Figure 14 - Protein retention (g) exhibited by juvenile turbot reared at five different photoperiods (L0 = LD0:24; L3 = 

LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) in stocking densities of 8 and of 15 Kg/m
2
. Results are expressed 

as mean ± SD. 
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Figure 15 – Apparent net protein retention (%) exhibited by juvenile turbot reared at five different photoperiods (L0 = 

LD0:24; L3 = LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) in stocking densities of 8 and of 15 Kg/m
2
. Results 

are expressed as mean ± SD. 

 

Table 7 – Summary table of two-way ANOVA carried out to compare the protein retention (PR) and the apparent net 

protein retention (ANPR) of juvenile turbot reared during 45 days at five photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = 

LD6:18; L9 = LD9:15; and L12 = LD12:12) and two densities (8 kg m
-2

 and 15 kg m
-2

). 

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Protein retention (g) Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Overall * ns ns       

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Apparent net protein 

retention (%) 
Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Overall * ns ns       

Overall = day 0-45. 
1
 *p<0.05, **p<0.01, ***p<0.001, ns: non-significant. 

2
 Significant differences are indicated by different letters (p>0.05); the absence of letters means no 

significant differences. 
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Body Composition 

 

Whole body composition data are presented in Table 8. Considering both factors, the highest dry 

matter and body protein content were recorded for the group exposed to LD6:18 and held at a 

density of 8 kg m
-2

 whereas the lowest dry matter and body protein were recorded for the group 

exposed to LD9:15 and held at a density of 8 kg m
-2

. The highest body lipid content was recorded 

for the group exposed to LD3:21 and held at a density of 8 kg m
-2

 whereas the lowest body lipid 

was recorded for the group exposed to LD0:24 and held at a density of 15 kg m
-2

. The highest 

body ash content was recorded for the group exposed to LD0:24 and held at a density of 15 kg m
-2

 

whereas the lowest body ash was recorded for the group exposed to LD12:12 and held at a 

density of 15 kg m
-2

. The highest body energy content was recorded for the group exposed to 

LD3:21 and held at a density of 8 kg m
-2

 whereas the lowest body energy was recorded for the 

group exposed to LD9:15 and held at a density of 8 kg m
-2

. 

 

Table 8 - Final whole body composition of juvenile turbot reared during 45 days at five photoperiods (L0 = LD0:24; L3 

= LD3:21; L6 = LD6:18; L9 = LD9:15; and L12 = LD12:12) and two stocking densities (D8 = 8 kg m
-2

 and D15 = 15 Kg/m
2
). 

 
Initial values Density 

Photoperiods
 

 L0 L3 L6 L9 L12 

Dry matter (%) 21.38 
D8 19.76 19.67 20.68 19.01 20.33 

D15 19.98 20.02 19.71 19.75 19.52 

Protein (%) 13.78 
D8 12.72 13.01 13.49 12.46 13.37 

D15 13.04 13.23 13.00 12.90 13.22 

Lipids (%) 4.03 
D8 4.08 4.71 4.35 4.25 4.39 

D15 4.06 4.41 4.51 4.27 4.08 

Ash (%) 3.87 
D8 3.69 3.65 3.72 3.64 3.65 

D15 3.79 3.62 3.71 3.65 3.47 

Energy (KJ g 
- 1

) 4.89 
D8 4.72 4.98 4.89 4.67 4.87 

D15 4.68 4.84 4.73 4.81 4.86 
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Productivity 

 

Figure 16 and Table 9 present the relation between the productivity achieved in this 

experiment, photoperiod and stocking density. The productivity of juvenile turbot was 

significantly affected by stocking density (TWOANOVA, p<0.01) but not by photoperiod. Thus, fish 

reared at 15 kg m
-2

 exhibited a comparatively (p<0.01) higher productivity than those reared at 8 

kg m
-2

, at the 45 days of the study. No stocking density × photoperiod interactions were observed 

for productivity. Considering both factors, a maximum productivity of 177.78 g m
-2

day
-1

 was 

recorded for the group exposed to LD6:18 and held at a density of 15 kg m
-2

 and a minimum 

productivity of 90.52 g m
-2

day
-1

 was recorded for the group exposed to LD9:15 and held at a 

density of 8 kg m
-2

. Overall, turbots from the photoperiod L6 (LD6:18) exhibited the highest 

productivity in both stocking densities (although without statistical support). Moreover, the 

photoperiods may be ordered as L6>L0>L3>L12>L9 and L6>L9>L12>L0>L3, respectively for D8 and 

D15. 

 

 

Figure 16 – Productivity (g/m
2
.d) achieved in the experiment. Photoperiods (L0 = LD0:24; L3 = LD3:21; L6 = LD6:18; L9 

= LD9:15; and L12 = LD12:12); Stocking Density (D8 = 8 kg m
-2

 and D15 = 15 Kg/m
2
). Results are expressed as mean ± 

SD. 
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Table 9 - Summary table of two-way ANOVA carried out to compare the productivity of juvenile turbot reared during 

45 days at five photoperiods (L0 = LD0:24, L3 = LD3:21, L6 = LD6:18, L9 = LD9: 15 and L12 = LD12:12) and two densities 

(8 kg m
-2

 and 15 kg m
-2

). 

Two way ANOVA          

 Variation source 
1 

 Tukey HSD for light hours 
2 

Productivity (g/m
2
.d) Density Photoperiod Interaction  L0 L3 L6 L9 L12 

Overall ** ns ns       

Overall = day 0-45. 
1
 *p<0.05, **p<0.01, ***p<0.001, ns: non-significant. 

2
 Significant differences are indicated by different letters (p>0.05); the absence of letters means no 

significant differences. 
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Discussion 

Growth 

Turbot can tolerate very high stocking densities, which may be related to its benthic nature 

and the ability of living in a low oxygen environment and low level of activity. Therefore, farmers 

often take advantage of this feature and neglect the behavioural interaction among the 

individuals which, ultimately, would affect the biomass gain (Iglesias et al., 1987; Ma et al., 2006). 

Therefore, stocking density is a very important factor from a commercial viewpoint, whose 

influence on fish growth should be thoroughly assessed in order to achieve higher productions. 

The photoperiod is an environmental factor that can be easily modified in intensive 

aquaculture systems and a simple photoperiod manipulation could be an easy way to increase the 

juvenile turbot growth parameters and feed utilization (Türker et al., 2005). 

In this study, the number of fish in each tank was kept constant during the experiment, and 

thus, biomass density was allowed to increase with time due to the fish growth. This option was 

supported by previous evidence that removing fish may disrupt hierarchies (Irwin et al., 1999). 

Wet weight was not affected by photoperiod but was affected by density only in day 15, 

with fish reared at 15 kg m
-2

 being heavier than fish reared at 8 kg m
-2

. By the end of this trial (day 

45), no significant differences were observed in any experimental group. These findings differ 

from those of Ma et al. (2006) that observed an effect of stocking density on mean final weights 

and from those of Türker et al. (2005) that observed an effect of photoperiod on mean final 

weights. Similar effect of photoperiod on the same parameter was also previously observed in this 

species by Stefánsson et al. (2002). 

Stocking density significantly affected the growth of juvenile Scophthalmus maximus. 

Turbot reared at the lower density (8 kg m
-2

) showed higher growth rates (RGR and SGR) and 

weight gains at the end of the experiment than those held at the highest density (15 kg m
-2

). The 

stocking density had such an influence on fish growth that made the photoperiod (LD3:21) with 

the highest RGR and SGR values simultaneously the photoperiod with the lowest RGR and SGR 

values, simply by shifting the density from 8 to 15 kg m
-2

. These findings differ from those of 

Fairchild and Howell (2001) for juvenile winter flounder that observed no effect of stocking 

density on growth up to 350% bottom coverage and from those of Martinez- Tapia and 

Fernandez-Pato (1991) for turbot that observed no effect of density on growth at densities 
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between 0.25 and 0.5 kg m
-2

. Our results are however in accordance to those of Irwin et al. (1999) 

that observed a negative impact of increasing densities on growth rates of turbot populations, 

which was also reported by Jonassen (2002) for Spotted wolfish, by Merino et al. (2007) for 

California halibut and by Schram et al. (2006) for Dover sole. These researchers suggested that the 

negative impact of stocking density increase may be due to a reduced feed intake under increased 

social interactions between individuals, even if feed was not limiting. Moreover, Irwin et al. (1999) 

concluded that, although high densities are a positive consideration in determining production 

costs in aquaculture, in juvenile turbot populations elevated stocking densities result in an 

increase in the duration of the on-growing phase through decreased SGR. 

Photoperiod did not have an effect in the growth of juvenile Scophthalmus maximus during 

the 45 days of the experiment, which is in line with results previously obtained in this species by 

Pichavant et al. (1998). On the contrary, in a study with the same species, Stefánsson et al. (2002) 

reported that overall growth rate of the group on the intermediate photoperiod regime (LD12:12) 

was higher than that of the groups on either the shorter (LD8:16) or the extended regime 

(LD20:4). Thus, these researchers suggested that long-term, extended, fixed photoperiod does not 

have a growth promoting effect on turbot and, in fact, may be growth suppressing. These 

researchers also reported that decreased growth rate has been observed when the photoperiod 

regime is kept shorter than the natural. According to Türker et al. (2005), LD24:0 and LD12:12 

photoperiod exposures are best for better growth in juvenile turbot. 

A direct effect of stocking density on growth variability has been reported by a number of 

authors (Irwin et al., 1999; Stefánsson et al., 2002; Schram et al., 2006; Merino et al., 2007). Irwin 

et al. (1999) and Merino et al. (2007) observed that the CV for turbot was greater in the higher 

stocking density which supports the possibility that the reduced average growth at higher 

stocking densities is caused by reduced growth of part of the fish within a treatment. This was 

also reported by Schram et al. (2006), for Dover sole. According to Irwin et al. (1999), when 

growth of subordinates is affected by dominants due to numbers, space or size of individuals, the 

relative size difference between elements of the population usually increases (this is thought to 

be an adaptive strategy to optimise survival in a restricted space). Competition for food between 

individual fish and hierarchic structures within a group of fish are thought to be the most 

important reasons for size heterogeneity within groups of fishes. Stefánsson et al. (2002) 

observed that, during hierarchy development, growth performance is relatively low and size 

variation increases but, once the hierarchy is formed, growth performance improves and size 
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variation decreases. Nonetheless, it is possible that the time required to form a stable hierarchy in 

groups of fish is related to stocking density. If so, the negative effect of stocking density on growth 

performance is possibly temporarily (Schram et al., 2006). In this trial, the coefficient of variation 

was not affected by density. Nevertheless, it was affected by photoperiod though only in day 0 

which seems to indicate that the hierarchy has reached a resolution and stabilized. 

Fulton’s condition factor (K) is an indicator of general fish well-being and is often used to 

determine differences in “condition” or “fatness” (Iglesias et al. 1987; Merino et al. 2007). In the 

present study, turbot had a K value between 0.0174 and 0.0182, which according to Fulton’s 

condition definition will be considered as a healthy fish. Overall, lower stocking density (8 kg m
-2

) 

groups presented a significantly higher condition factor than those groups reared at the higher 

stocking density (15 kg m
-2

). 

 

Feed utilization 

As observed by Stefánsson et al. (2002), a considerable body of work has been carried out 

on the effect of photoperiod and density on growth of fish; however, the influence of these 

factors on feed utilization was rarely addressed. This is important when animals are reared in a 

commercial situation especially when feed is a significant cost element. 

The turbot displays very low diurnal activity, normally resting on the bottom of the tanks; 

however, it becomes hyperactive when feeding and readily accepts commercial pelleted feed. 

No effect of photoperiod was observed on the feed utilization of juvenile Scophthalmus 

maximus; this is identical to what was previously observed by Pichavant et al. (1998) that did not 

find any difference in feed utilization by turbot over a 60-day photoperiod manipulation. These 

findings differ from those of Stefánsson et al. (2002) for turbot, which reported that the groups on 

the shorter (LD8:16) and intermediate photoperiod regimes (LD12:12) consumed less feed but 

utilized it more efficiently than the group on the extended regime (LD20:4). Türker et al. (2005) 

also reported that growth rate increased with elevating feed intake and feed efficiency ratio and 

these parameters were normally higher in the extended photoperiod groups. As noted by Boeuf 

and Le Bail (1999), growth might be influenced by light through alterations on food conversion 

efficiency and not just by stimulating food intake. 
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Current results pointed out that only the stocking density significantly affected the feed 

utilization of juvenile turbot. Overall, protein retention (PR) and apparent net protein retention 

(ANPR) were affected by stocking density. Differently, feed efficiency ratio (FER) and protein 

efficiency ratio (PER) were not affected by density. The results of this experiment indicate that 

fish reared at 8 kg m
-2

 exhibited better feed utilization than fish reared at 15 kg m
-2

. The stocking 

density had such an influence on feed utilization by turbot that made the photoperiod (LD12:12) 

with the highest ANPR values simultaneously the photoperiod with the lowest ANPR values, 

simply by shifting the density from 8 to 15 kg m
-2

. These findings differ from those of Ma et al. 

(2006) that observed an increase of feed conversion with high densities, although the growth was 

reduced. 

 

Body Composition 

Body composition is a good indicator of the physiological condition of a fish and it can vary 

considerably within and between species, size, sexual condition, feeding season and physical 

activity. Protein content, which is an important component, tends to vary little in healthy fish (Ali 

et al., 2005). 

Body protein content reported in this study was lower and the body lipid content was 

higher than previously reported values for turbot by Pichavant et al. (1998) and by Türker et al. 

(2005). 

 

Productivity 

In this study, the productivity of juvenile turbot was significantly affected by stocking 

density but not by photoperiod. The productivity of turbot in the highest density (15 kg m
-2

) was 

higher than that in the lowest density (8 kg m
-2

). Contradictorily, Ma et al. (2006) observed that 

the highest densities of turbot had lower productivity than the lowest densities, which was also 

observed by Schram et al. (2006) for Dover sole. 

Ma et al. (2006) concluded that increasing the stocking density can result in a negative 

effect on productivity of turbot. Because growth rates decreased with increasing stocking density, 

eventually at high stocking densities productivity will decrease, as observed by Schram et al. 

(2006). To make a maximum usage of water and feed in turbot culture, creating best economic 
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value in the fish farming, one must determine the optimal stocking density at which turbot grew 

fast at the lowest water and feed consumption. 

According to Ma et al. (2006), in normal conditions of intensive production, high stocking 

density is not recommend although the production may be high, but individual growth would be 

reduced resulting in longer harvest period, and the physiological condition may be weakened. 

A study of Schram et al. (2006) for Dover sole (Solea solea) showed that, both smaller 

densities (0.56 to 5 kg m
-2

) and higher densities (9 to 12 kg m
-2

) had reduced values of 

productivity, with the highest values of productivity situated in the intermediate densities (6 to 8 

kg m
-2

), best described by a parabolic trend line.  Comparing with the present study and being 

aware that turbot can tolerate very high stocking densities, it is possible that both densities (8 kg 

m
-2

 and 15 kg m
-2

) are in the ascendant part of the parabolic trend line for turbot, which means 

that maximum productivity may be above the 15 kg m
-2

. However, in this experiment only two 

densities were studied, which makes it difficult to say with certainty that both densities are at the 

ascendant part of productivity for juvenile turbot. 

 

In this experiment, turbot reared at 8 kg m
-2

 had higher growth rates and better feed 

utilization than fish reared at 15 kg m
-2

. However, turbot reared at 15 kg m
-2

 had the highest 

productivity. Even though high densities are a positive consideration in determining production 

costs in aquaculture, increasing densities may result in heterogeneous growth rates, suppression 

of growth of some individuals, less effective feed utilization, and eventually an increase in the 

duration of the on-growing phase through decreased growth rates. Ultimately, the optimal 

stocking density from the point of view of a fish farmer will depend on capital cost per unit of 

rearing area, availability and cost of juveniles, fish growth, market price and size of fish, among 

other factors, to maximize the biomass and size of fish produced for a target market. Therefore, 

the farmer final decision must result from the equilibrium between growth, feed utilization 

efficiency and vulnerability to diseases, on the one hand, and productivity, on the other. 
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Conclusion 

To achieve a higher production of turbot, it is necessary to know the influence of 

environmental and biotic factors on fish and their repercussions on growth. This work showed for 

the first time the combined effects of two important factors for the production of turbot - 

stocking density and photoperiod. 

One of the conclusions of this study is that the growth, feed utilization and productivity of 

juvenile turbot are only influenced by stocking density, which suggests that turbot are more 

influenced by this factor than by the photoperiod. In this direction, a significant negative effect of 

increasing rearing density in juvenile turbot populations was found. Therefore, the results pointed 

out that, from the densities studied, 8 kg m
-2 

is the most adequate for growth and feed utilization 

although in terms of productivity the highest density (15 kg m
-2

) showed to be the most 

favourable. 

The results indicated that there are no differences in the photoperiods studied and there is 

a tendency for better results in the photoperiod LD6:18. 

Summarizing, juvenile turbot reared at LD6:18 and 8 kg m
-2

 presented very good results in 

growth, survival, feed utilization, body composition and productivity. 

This work will contribute in the near future to evaluate the possibility of using this species 

in a way that can be more effective and more profitable and will also contribute to a better 

understanding of the species biology. 
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