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Abstract 

The paper is a presentation of aspects regarding the influence of light intensity on growth carp 
(Cyprinus carpio L.), breeding in a recirculating aquaculture system (RAS). The experiment covered 
a 28 day-period, was made in four pilot rearing units, 500 litres in volume/unit. Two kind of light 
intensity variants were compared, with repetition: in first variant we used 280 lx luminosity and in 
the second version 90 lux. The stocking density was about the same in all variants: 70,5 kg/m3. The 
technological indicators that showed up at the end of the experiment revealed the following: the 
biomass gain in V1 was 21,75 kg/m3 and 20,57 kg/m3 in V2; the specific growth rate (SGR), 
calculated as a mean value on the two repetitions of each variant, was  0,895 g%/day (V1) and 
0,845 g%/day (V2); the feed conversion ratio (FCR), calculated as a mean value on the two 
repetitions of each variant, was  of 1,45 g pellets/g biomass gain (V1) and  1,535 g pellets/g biomass 
gain (V2). The research showed that common carp has a very good technological plasticity in 
relation to light intensity. The growth performance parameters showed that variation of light 
intensity did not influence significantly fish growing.  
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INTRODUCTION1 

The carp is one of the most important 
species in aquaculture, known for its rapid 
growth and high tolerance to environment 
conditions. Its tolerance is of great importance 
all the more so the modern fish-farming is 
interested in recirculating aquaculture systems 
([3], [13]). In order to improve the RAS 
technologies it is important to learn more 
about the behaviour and performance of 
culture species breeding under the conditions 
of the production system. This aspect is highly 
important because the artificial habitat, 
different of the natural ones, can harm the 
organism’s process of feeding, breeding and 
state of health [14]. 

Among its numerous advantages, the 
recirculating aquaculture system allows the 
improvement of the portent capacity as related 
to the environment quality control level, leading 
to the reduction of stress conditions. The 
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intensive breeding of aquatic organisms in 
recirculating systems outlines their feasibility 
from a technological point of view as well as 
their efficiency at an economic level [9]. The 
main factors studied through the technological 
monitoring in a recirculating aquaculture 
system are as it follows: the inadequate water 
quality (chemism, temperature, transparency, 
turbidity, the amount of germs, etc.), the 
repeated manipulation of biomass culture, the 
inadequate colours of the walls and the bottom 
of the breeding units [14], big stocking densities 
of biomass culture [6], food or starving 
deficiencies, brightness degree outside the 
technological comfort [1]. 

Numerous experiments have shown that the 
physiological conditions, as well as fish 
breeding, can be influenced by the light 
spectrum and its intensity [7]. The two light 
parameters, the spectral structure and the 
intensity, can be easily manipulated from a 
technical point of view and at a small cost 
within the recirculating systems [9]. The 
literature of speciality offers complete 
information regarding the physiology of the fish 
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visual system and this piece of information 
supports the theory according to which the latter 
is sufficiently developed to answer to a variety 
of wave lengths and light intensity. Some 
authors suggest that the red light has a positive 
effect on Oncorhynchus myckiss compared with 
white light. On the other hand, it was proved 
that the blue- green light favours the breeding 
and survival of other species [9]. The 
differences between the results probably reflect 
a greater variability of fish visibility in 
accordance with their natural environment.  

The aquaculture field is familiar to 
researches oriented on photoperiodic 
influence [2, 5, and 15] and the light intensity 
on the performance of biomass culture 
growth. In this context, the main reason of 
our experiment was to determine the 
technological plasticity of juvenile carp 
(Cyprinus carpio) which grew in a 
recirculating system, as related to the light 
intensity. We have also tried to assess the 
possible impact of the light spectral structure 
on the technological plasticity, respectively 
the performance of culture biomass breeding. 
 
MATERIAL AND METHODS 

The experiment was carried out within 
the pilot recirculating system of the 
Aquaculture, Environmental Sciences and 
Cadastre Department - „Dunarea de Jos” 
University of Galaţi. The experimental 
activity lasted for 28 days, from October until 
November 2010, in four breeding units with a 
capacity of 500 l/unit.  

The configuration of the pilot 
recirculating system of the carp intensive 
breeding (Figure 1) projected and realized 
consisted of integrating some technological 
water treatment equipment (mechanical, 
biological and chemical filters) with breeding 
units, adequately shaped in relation to the 
technology followed [4]. 

The recirculating system, according to 
which the components of the recirculating 
system were shaped, is 4m3/h, ensuring the 
changing of the entire volume of water from 
a breeding tank, at every half an hour.  

In order to assess the technological 
plasticity of the juvenile carp (Cyprinus 

carpio) a different light intensity was created 
within the breeding units by obstructing them 
with the help of polycarbonate sheets of 
different colours, white and respectively 
blue. The filtration of the light while 
penetrating through the tanks’ covers 
obviously leads to a differentiation of the 
light radiation spectrum structure. The 
polycarbonate sheets used in order to make 
the caps were 0.6 mm thick. The light 
intensity was measured at the surface of the 
water with a lux meter TESTO 545  and the 
results were 280 lx for V1 (the tanks covered 
with white caps) and 90 lx for V2 (the tanks 
covered with blue caps). The light intensity 
was measured in different spots of the 
breeding units (centre of the tank, half-
distance between the centre and the margin 
of the tank and at margin of the tank) and at 
the end an average between all these was 
calculated and the result obtained represented 
the values previously mentioned. 

Both experimental variants were isolated 
from external factors (solar radiation). The 
technological spot where the experiment was 
carried out was lighted 24 hours a day by 36 
watt neon fluorescent lamps, the same light 
intensity  (400 lx) being maintained during 
the whole experiment, the only variation 
being the colour of the polycarbonate sheets. 

The biological material used during the 
experiment is represented by 16 months-old 
carp sapling provided by The Ecological, 
Aquatic and Aquaculture Development 
Research Institute from Galaţi, Brateş 
reproduction station. Two variants were 
experimented having approximately the same 
intensity: 

• Experimental variant 1: 
B1-70.54 kg/m3-251 examples with an 

average mass of 141 g/exemplary, 
B2-70.65 kg/m3-244 examples with an 

average mass of 145 g/exemplary. 
• Experimental variant 2: 
B3-70.77 kg/m3-253 examples with an 

average mass of 140 g/exemplary, 
B4-71.42 kg/m3-258 examples with an 
average mass of 138 g/exemplary. 
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Figure 1 Recirculating system layout (Cristea, 2008) 
 

At the end of the experiment, there were 
made somatic measurements on a sample of 
20 examples from each tank, thus 
determining the total length (L) and the body 
weight (W). 

The food used for the biomass culture 
was ALLER MASTER-like fodder with 4 
mm granulation and 35% protein content     
(Table 1) an adequate content for the age of 
the examples studies during the experiment 
[12]. The portion used during this experiment 
was of 1.3% of the body weight. The fodder 
was automatically distributed by a feeding 
strap of 5 kg. The food was continuously 
administered within breeding units between 
9A.M-9-P.M., thus ensuring equal 
opportunities for all the examples in the tank.  
 

Table 1 Chemical composition of ALLER 
MASTER 4mm pellets 
 

Parameter Quantity 
Crude protein 35% 
Crude fat 9.9% 
NFE 36% 
Ash 7.8% 
Fibres 4.2% 
Gross energy 4476/18 .7 Kcal/MJ 
Convertible energy 3485/14.6 Kcal/MJ 
N in dry substance 6.1% 
P in dry substance 1.3% 
Energy in dry 
substance 

4865/20.3 Kcal/MJ 

Vitamin A 2500(IE) 
Vitamin D3 500(IE) 
Vitamin E 150(mg) 
Ingredients: fish flour, soybean, pea protein, 
flour, rapeseed, wheat, fish oil, vegetable oil, 
minerals and vitamins.  
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Data statistic information 
The statistic analysis was carried out with 

the help of the parametric test T-Student 
which allowed comparing the average of the 
results. 
 
RESULTS AND DISCUSSIONS 

The water quality parameters within the 
recirculating system: temperature (19.20C-
21.40C), dissolved oxygen (4.1-5.6 mg/l), 
nitrate (between 7.9-14.4 mg/l), ammonium 
(0.3-0.4 mg/l) and pH (between 7.1-7.8) 
registered constant values during the 
experiment.  Regarding the dynamics of the 
water quality parameters, no major 
modifications or peaks during the day or after 
feeding were registered. 

Growth technological indicators for 
Cyprinus carpio juvenile are summarized in 
Table 2 and graphically represented in 

Figures 2 and 3. Both the table and figures 
indicate a better growth of crop biomass in 
version V1 (tanks B1, B2). 

In both experimental variants, V1 (tanks 
B1, B2) and V2 (tanks B3, B4), significant 
growth gains were achieved, under the 
circumstances of a 98-100% survival rate. In 
variant V1, which we used white caps, 
increased growth was higher than V2.  

The analyses of the average values of 
each variant showed an increase of fish 
biomass of 21.75kg/m3 in V1 and 20.57 
kg/m3 in V2. The daily growth rate (DGR) the 
technological indicator showing a 
theoretically linear growth of fish, ranged 
from 282.16 to 290.11 g/day in V1 and 
264.53 to 276.97 g/day in V2. In terms of 
individual variation in growth increment 
recorded 44-49 g in version V1 and 41-43 g 
in version V2. 

 
Table 2 Technological indicators for common carp growth (Cyprinus carpio) 

Experimental variant V1 V1 V2 V2 

Indicator/tank B1 B2 B3 B4 
Initial biomass (kg) 35270 35324 35384 35712 

Initial biomass (kg/m3) 70.54 70.65 70.77 71.42 

Final biomass (kg) 46294 46046 45436 46237 

Final biomass (kg/m3) 92.59 92.09 90.87 92.47 

Increase biomass growth (kg) 11024 10722 10052 10525 

Increase biomass growth (kg/m3) 22.05 21.44 20.10 21.05 

Initial number of fish 251 244 253 258 

Final number  of  fish 249 244 248 258 

Survival (%) 99 100 98 100 

Initial average weight (g/egg) 141 145 140 138 

Final average weight (g/egg) 186 189 183 179 

Growing days 30 30 30 30 

GR (daily growth rate) (g/day) 290.11 282.16 264.53 276.97 

SGR (%/day) 0.91 0.88 0.83 0.86 

Individual growth gain (g) 49 44 43 41 

Total amount of feed distributed (g) 15750 15750 15750 15750 

FCR  (g feed/g gain biomass) 1.43 1.47 1.57 1.50 

PER (g /g protein) 2.00 1.95 1.82 1.91 

Daily biomass (% biomass) 1.3 1.3 1.3 1.3 

Crude protein feed (PB %) 35.0 35.0 35.0 35.0 
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Figure 2 presents the examples growth 
rhythm in the two variants. There are close 
values among the repetitions of variant V1 
(tanks B1 and B2) the results being repeated, 
just as in the case of variant V2 (tanks B3 and 
B4). The average mass of carp examples 
(Figure 3) of the two variants registered close 
values both in V1 and in V2. 

The parametric test T-student was 
performed on the basis of somatic 
measurements at the end of the experiment 
(Table 3). The value obtained (p>0.05) 
confirms the idea that light intensity in the 
case of our experiment did not significantly 
influenced the growth of biomass culture. 

 

 
 

Figure 2 Biomass dynamics of culture 
 

  
Figure 3 Evolution of average mass 

 
 

Table 3 Somatic measurements at the end of the 
experiment (harvesting) 
 

Parameter/ 
Variant 

L (cm) (Std. 
Dev.) 

W (g) (Std 
Dev.) 

B1 23.02±2.92 195.3±86.44 
B2 24.18±3.31 212±87.68 
B3 22.89±2.85 189.6±74.47 
B4 22.74±2.2 176.4±58.31 

 
Among the most important technological 

indicators there is the specific growth rate 
(SGR) and feed conversion rate (FCR). The 
specific growth rate (SGR) represents a 
parameter which accurately indicates the 
dynamic of the individual growth and/or of 
the culture biomass. Both indicators were 
higher in the case of variant V1. Thus, in V1 
the SGR value obtained was of 0.895 g%/day 
and the FCR of 1.45 g fodder/g efficiency 
growth, whereas in the V2 the SGR obtained 
was of 0.845 g%/day and the FCR of 1.535 g 
fodder/g efficiency growth. In figure 4 we 
can notice the reverse correlation which 
logically exists in the evolution of SGR and 
FCR; a low FCR is always obtained when the 
SGR increases. Food conversion ratio (FCR) 
varied reversely proportional to the protein 
efficiency ratio (PER). Regarding the 
efficiency of protein use, PER (Figure 5), 
better results were obtained for a higher light 
intensity (1.975 g/g protein) but with 
insignificant differences between the 
experimental variants studied.  
 

 
 

Figure 4 The variation of feed conversion ratio 
(FCR) and specific growth rate (SGR) 
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Figure 5 Variation of feed conversion factor 
(FCR) and a protein efficiency ratio (PER) 

 
The initial stocking density was of 70.59 

kg/m3 for the first variant and 71.09 kg/m3 
for the second variant. At the end of the 
experiment, the stocking density obtained in 
V1 was of 92.34 kg/m3 and in V2 of 91.67 
kg/m3. This indicates a growth of the biomass 
with 30.80 % of initial biomass in version V1, 
respectively 28.94% in V2 and a growth of 
0.73 % of V1 as opposed to V2. 

 
CONCLUSIONS 

The main aim of our experiment was to 
determine the technological plasticity of the 
juvenile carp (Cyprinus carpio) in relation to 
the light intensity, brought in a recirculating 
system. We have also tried to assess the 
potential impact of the light spectrum 
structure on the technological plasticity, 
respectively the performance of the culture 
biomass growth.  

The water quality parameters for the two 
experimental variants were not influenced by 
light intensity, remaining constant for the 
entire period of the experiment. There was 
not noticed any difference in the colouring of 
the tegument for the two variants. Similar 
studies in the research field have revealed 
that in the case of other fish there is a 
correlation between luminosity and specific 
pigmentation of the tegument [11] . 

The experiment indicated a remarkable 
technological plasticity of the biological 
material for both luminosity variants (light 
intensity, radiation spectrum structure). 

Regarding the growth performance 
indicators, there were evidentiated different 
but insignificant values between the two 
variants. Thus, each of the technological 
parameters (biomass efficiency, SGR, FCR, 
PER, DGR, etc.) showed in Table 2 are higher 
with only 5-6% in the case of the variant with 
the higher intensity light (280 lx). The results 
obtained confirm the conclusions of other 
researchers who have tackled the issue of light 
influence on culture biomass within 
recirculating systems [10], [14].  

One of the conclusions obtained from the 
data statistic transformation within the 
experiment (p>0.05) is that a lower light 
intensity and, possibly a certain structure of 
the light spectrum, can influence the growth 
performance parameters but not significantly, 
aspect which was confirmed by other authors 
[8], [9]. The speciality literature recommends 
the use of a light intensity between 150-300 
lx for a carp species [10].  

Knowing the fact that a higher light 
intensity (2200 lx) [1] determines the 
increase of the swimming activity for fish, 
thing which implicitly leads to stress, we 
recommend that when the design of the 
aquaculture recirculating system is 
established, the degree of light is established 
on the basis of thorough research regarding 
the eco-physiology of the culture species.   

The influence of light on the culture 
biomass is extremely complex and this is why 
ulterior research is necessary in order to solve a 
series of aspects regarding the relationship 
between light radiations parameters (wave 
length, intensity, energy, spectrum structure, 
etc.) and the metabolic activity of aquatic 
organisms, respectively the chance to study the 
luminosity at the level of breeding units as main 
instrument of technological management. 
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