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Ümit Acar

Received: 28 March 2014 / Revised: 21 July 2014 /Accepted: 16 September 2014 / Published online: 21 October 2014

� The National Academy of Sciences, India 2014

Abstract The present study investigated feed efficiency

and growth performance of juvenile Seabass (Dicentrar-

chus labrax) cultured in tanks with different colors. Trip-

licate groups of experimental fish were distributed into 12

tanks, which showed four different tank colors, i.e. red,

blue, green, and yellow. All the fish in the trial received the

same diet for a period of 60 days. Forty fish with an

average weight of 44 g were stocked in the tank. All

experimental tanks were supplied with seawater of 22 ppt

salinity with temperature ranging between 17–20 �C during

the course of the experiment. Tank water volume in the

experimental facility of the recirculating aquaculture sys-

tem (RAS) was set to 40 L. The RAS system consisted of

bio-filtration, UV filtration and gravel-mechanic filtration

units. Results in the present study demonstrated that growth

performance and feed utilization were affected by the tank

colors tested in the trial. It is concluded that the selection of

appropriate tank color might affect economic benefits in

aquaculture facilities.
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Introduction

Various designs and shapes of tanks are being used in

aquaculture facilities and the main attention is paid to the

hydrodynamic designs of the rearing systems. However

tank color, which may affect growth performance and feed

intake in fish, is mostly disregarded when setting-up an

aquaculture facility. Since different fish species require

diverse environmental characteristics during their life

stages, selection of the right tank color may offer the fish a

less stressful culture environment, which is different from

the natural habitats of the animal. Feeding activity, growth

performance and welfare of the fish may be negatively

affected under stressful conditions [1, 2]. Several efforts

have been made to investigate environmental effects such

as tank color or lighting conditions on visual detection of

prey in fish larvae, especially pelagic diurnal predators

such as gilthead seabream-Sparua aurata L. [3], Eurasian

perch-Perca fluviatilis L. [4], tambaqui larvae-Colossoma

macropomum Curier [5], or flatfish species such as turbot-

Scophthalmus maximus L. [6], and stone founder-Kareius

bicoloratus Basil. [7]. Generally, a good contrast between

the prey and the background is suggested for best growth

and welfare of fish larvae [8, 9]. As compared to larval fish,

relatively few studies have been conducted on the effects of

rearing tank color on growth performance and metabolism

of juvenile or on-growing fish.

It has been reported that tank color can affect fish stress

[10–12], influencing metabolism of fish, and so the growth

performance and feed utilization. Portz et al. [13] reported

that temperature, dissolved oxygen, ammonia, nitrite,

nitrate, salinity, pH, carbon dioxide, alkalinity and hard-

ness are the most common water quality parameters

affecting physiological stress, and any adverse conditions

in these water parameters may contribute to fish health and
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Turkey
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stress levels. Strand et al. [14] reported that behavioral and

physiological stress responses are energy draining pro-

cesses that may increase energy expenditure of fish, which

leads to reduced growth rate and feeding efficiency in fish

under culture conditions. Success in aquaculture strongly

depends on the close similarity of both natural and culture

conditions. As in the nature, light intensity and background

color affects vision of fish for food detection and the suc-

cess in feeding, that may influence fish growth performance

and survival rate. In these perspectives, the present study

aimed to investigate the effects of different tank colors on

growth performance and feed utilization of Seabass juve-

niles maintained in a recirculating aquaculture system.

Material and Methods

Experimental Setup and Rearing Conditions

European Seabass juveniles obtained from a commercial

marine fish hatchery (Ida Gıda, Canakkale-Turkey) were

brought to the Marine Aquaculture Research and Devel-

opment facility of Faculty of Marine Science and Tech-

nology at Canakkale Onsekiz Mart University in April

2010. The juveniles were initially placed in green indoor

tanks (1.0 m3) with a continuous seawater flow through

system. After acclimatization of the fish to the new water

conditions, a total of 480 juveniles (mean initial weight of

0.9 ± 0.08 g) out of the main stock were randomly dis-

tributed in 12 identical plastic tanks (40 fish per tank) with

a water volume of 40 L. Four different tank colors (red,

green, blue and light yellow) with triplicate treatments

according to a 4 9 3 factorial design were used. Fish were

fed on commercial seabass diet (Camli Yem Feed Com-

pany, Pinar Holding, Izmir-Turkey) (Table 1) and accli-

mated to the experimental conditions for 1 week prior to

the start of the experiment. Chemical composition of the

diet used in the experiment is given in Table 2.

The experimental unit was a recirculation aquaculture

system (RAS), run with mechanical and biological filtra-

tion, continuous air supply and water heaters. Water flow

rate was 2.5 L/min (complete water turnover was about 3

times per hour). During the entire experimental period,

temperature was maintained at 18.44 ± 2.08 �C, dissolved
oxygen at 8.00 ± 1.0 mg L-1, pH at 7.50 ± 0.5, and

Ammonia-N (NH3-N) at 0.27 ± 0.08 mg L-1. The pho-

toperiod followed the natural course (N40�04029.9800,
E26�21035.6000—Canakkale, Turkey), and no additional

light was applied. Hand feeding was performed three times

a day for 6 days a week until satiation. Feeding was with-

held on Sunday. Satiation level was considered when fish

no longer attacked food particles and refused feeding. The

food consumption was recorded daily.

Experimental fish were counted and bulk weighed (8

weighing for one tank; 5 fish at each time 9 8 weighing,

totally 40 fish per tank) at the start and the end of the

experiment to estimate total biomass in each tank. For the

growth trend estimations, fish were bulk weighed at every

15 days intervals during the course of the study. Prior to

weighing, fish were fasted for 24 h and no anesthesia was

used during measurements.

Fish growth performance data were calculated using equa-

tions of Yigit et al. [15] and bio-economic evaluations were

made based on the methods of Okumus and Mazlum [16].

Ammonia-N Excretion

After termination of the growth experiment, water was

sampled from all experimental tanks for the evaluation of

ammonia-N excretion in fish cultured in differently col-

oured tanks. Un-ionized ammonia concentrations (NH3-

N mg/L seawater) were determined by the Nessler method

using a HANNA C200 portable spectrophotometer

(HANNA Instruments, Co., Italy) as described by Yigit

et al. [17]. Before the ammonia-N measurements, the

experimental tanks were cleaned to minimize nitrification.

Fish in different tank color groups were fed once a day in

the morning at 9:00 h, and feeding was carried on for

25 min, then uneaten feed were carefully removed by

siphoning. Water samples were taken from the tank at the

time interval of 0, 2, 4, 6, 7, 8 and 9 h and postprandial

ammonia concentrations were analyzed. All measurements

at each time intervals were performed in triplicate. The

ammonia-N rate was calculated by determining the

ammonia produced in each vessel after each sampling

period using the following formula for a static system [18]:

A ¼ ðN2 � N1Þ � V2

W� T2�1

Table 1 Proximate composition of diets used in the experiment

Proximate composition

(g/100 g air dry basis)

Moisture 12

Crude lipid 10

Crude protein 55

Crude ash 13

Crude fiber 3

Nitrogen free extractsa 7

Gross energy (kJ/g diet)b 17.10

P:E (mg/kJ) 32.16

PE:GE 0.76

a Calculated by difference
b Calculated according to 23.6 kJ g-1 protein, 39.5 kJ g-1 lipid,

17 kJ g-1 nitrogen free extract
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where A = ammonia excretion rate (lg total NH-N per g

wet weight per hour), N1 = ammonia concentration at time

1 (lg total NH3-N ml-1), N2 = ammonia concentration at

time 2 (lg total NH3-N ml = volume of the medium at

time 2 (ml), W = wet weight of the fish (g) and T2-1 =

time interval between samplings 1 and 2 (hours).

Statistical Analysis

Results were analyzed by analysis of variance (ANOVA)

using the PASW Statistical Analysis Software Program for

Windows, Version 18.0.0, 2009, for significant differences

among treatment means. Duncan test was used to detect

significant differences (P\ 0.05) in growth performance

data, feed intake, protein intake, energy intake, feed con-

version rate, protein efficiency rate, and bio-economic data.

Results and Discussion

No mortality was observed in all experimental groups with

a survival rate of 100 %. The greatest weight gain was

shown by fish grown in the experimental tank with red

color, while the lowest growth of fish was recorded in the

yellow colored tanks (Fig. 1). RGR of fish in the red and

green tanks were significantly higher (P\ 0.05) than those

grown in the experimental tanks with yellow color. Even

though there were no significant differences (P[ 0.05)

between the red and blue tank color groups or the green and

blue tank color groups, RGRs of fish in the red and green

tanks were about 10 % and 9 % higher than those cultured

in the experimental tanks with blue color. No significant

difference was recorded for the blue and yellow tank

groups in terms of fish growth performance. SGRs fol-

lowed the same trend. Daily feed intake (DFI) was similar

in all groups. FCRs and PERs were best in the red color

tanks however no significant differences (P[ 0.05) were

recorded among experimental groups (Table 2).

Nitrogen excretion of fish in both red and green color

tanks were significantly lower (P\ 0.05) than those in the

blue and yellow tanks. Nitrogen excretion as a percent of

nitrogen intake (NE/NI) was also lowest in the red and

green tanks and highest in the blue and yellow tanks,

however the only significant difference (P\ 0.05) was

recorded between the red and yellow tank groups. The

significant similarity between the green and yellow tank

groups seems to be due to the high standard deviation in the

data recorded in the blue and yellow tank groups (Table 3).

Table 2 Growth, feed efficiency and survival of seabass juveniles reared in tanks with different colors

Tank colors

Red Green Blue Yellow

IBW (g) 1.13 ± 0.07a 1.12 ± 0.03a 1.12 ± 0.07a 1.14 ± 0.04a

FBW (g) 5.91 ± 0.24b 5.77 ± 0.05ab 5.33 ± 0.22a 5.25 ± 0.46a

RGR (%) 423.7 ± 39.4b 415.1 ± 11.6b 378.8 ± 13.1ab 359.8 ± 33.8a

SGR (%/day) 2.90 ± 0.13b 2.88 ± 0.04b 2.75 ± 0.05ab 2.67 ± 0.13a

FI (%bw/day) 1.67 ± 0.04a 1.75 ± 0.06a 1.75 ± 0.03a 1.64 ± 0.18a

DFI (g/fish) 0.059 ± 0.003b 0.060 ± 0.002b 0.056 ± 0.002b 0.052 ± 0.002a

DPI (g) 0.032 ± 0.002b 0.033 ± 0.001b 0.031 ± 0.001ab 0.029 ± 0.001a

DEI (g) 1.01 ± 0.05b 1.03 ± 0.03b 0.96 ± 0.03ab 0.89 ± 0.04a

PIMG (g) 31.23 ± 0.45a 32.80 ± 1.06a 33.08 ± 0.45a 31.33 ± 3.82a

FCR 0.70 ± 0.06a 0.74 ± 0.02a 0.76 ± 0.06a 0.73 ± 0.06a

PER 2.59 ± 0.02a 2.46 ± 0.07a 2.39 ± 0.02a 2.52 ± 0.34a

Survival (%) 100 100 100 100

Values (mean ± standard deviation of data for triplicate groups) with different superscript letters (a, b) in the same row are significantly different

(P\ 0.05)

IBW initial body weight, FBW final body weight, RGR relative growth rate (percent increase in weight) = (final wet weight-initial wet weight/

initial wet weight) 9 100

SGR specific growth rate (% growth/day) = [(lnW2-lnW1)/(t2-t1)] 9 100

FI feed intake (percent body weight per day) = (total feed distributed/[(initial weight ? final weight)/2]/days) 9 100

DFI daily feed intake (g/fish) = (wet feed intake (g)/number of fish)/day

DPI daily protein intake (g/fish) = ([(feed intake 9 protein in diet)/100]/number of fish)/day

DEI daily energy intake (g/fish) = ([(feed intake 9 energy in diet)/100]/number of fish)/day

FCR feed conversion ratio = feed intake (g)/weight gain (g)

PER protein efficiency rate = (wet weight gain/protein intake)
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Postprandial ammonia-N excretion rates during the

course of 9 h are shown in Fig. 2. A peak of ammonia-N

excretion was recorded 6–7 h after feeding and a decline

was observed thereafter. Postprandial ammonia-N excre-

tion rates of fish in both red and green tanks were lower

than those of the blue and yellow tanks, for all time

intervals during the course of 9 h sampling.

Based on the economical evaluation, the overall profit in

the red tank color group was similar (P\ 0.05) to the

green tank color group, but significantly higher (P\ 0.05)

than those recorded in the blue and yellow tank groups,

with a difference of 13 and 15 %, respectively (Table 4).

The effects of the background or color of the culture

tanks on rearing success have been investigated in some

fish species, namely turbot, Scophthalmus maximus L. [19],

gilthead seabream, Sparus aurata L. [3], red porgy, Pagrus

pagrus L. [12], and grouper, Epinephelus suillus Val. [20].

However, the tank color effects on fish growth or feed

intake have not been reported earlier in European Seabass,

Dicentharchus labrax L. juveniles. This study showed a

clear effect of tank color on growth performance of

European Seabass. Among the four tank colors tested in the

present study, growth performance of the seabass juveniles

was found as highest in the red tanks. This growth result is

in agreement with the findings of McLean et al. [21] who

reported maximum growth in red tanks for Nile tilapia.

Adversely, Imanpoor and Abdollahi [22] reported the best

growth performance in yellow tanks for Rutilus frisii Ku-

tum. The different results in previous studies show that the

color of the culture environment might be species specific.

Various fish species showed different response in terms of

growth performance under different conditions. For

example, Diplodus sargus Val. showed the best growth

performance in a light blue or white tank [23]. Strand et al.

[14] suggested using white tanks for the best growth per-

formance in Perca fluviatilis L. juveniles. In contrast, Ar-

ends et al. [24] and Hoglund et al. [25] reported that lighter

or white tank color tends to increase the stress level in fish.

In the present study, the lower rates of ammonia-N

excretion in fish cultured in red or green tanks may indicate

that the protein utilization in these tank color groups are

much better than in those grown in blue or yellow tanks.

The significantly lower excretion rates (P\ 0.05) observed

in fish reared in the red or green tank, might be attributed to

a less stressful condition in these tank colors, as compared

to those cultured in blue or yellow tanks, which seems to be

in agreement with the previous reports of Arends et al. [24]

and Hoglund et al. [25], in terms of the effect of tank color

on stress level and condition of fish.

Considering the economic evaluation, fish grown in the

red and green tanks demonstrated a significantly higher

Fig. 1 Body weight of juvenile seabass reared in tanks of different

colors. Means with same letters are not significantly different within

groups (P[ 0.05)

Table 3 Nitrogen intake, ammonia-N excretion ratio and ratio of ammonia-N excretion to nitrogen intake in tanks where seabass juveniles were

fed until satiation

Tank colour Fish wt (g) Ration level (%) N intake (mg N/100 g fish) N excretion (mg N/100 g fish/9 h) NE/NI* (%)

Red 105.08 ± 7.02 1.28 ± 0.18 106.83 ± 14.82b 8.06 ± 1.51a 7.74 ± 2.31a

Green 105.99 ± 2.38 1.18 ± 0.23 100.76 ± 13.33ab 8.78 ± 0.68a 8.93 ± 1.97ab

Blue 99.46 ± 3.22 1.29 ± 0.39 107.67 ± 32.60ab 10.86 ± 0.54b 10.88 ± 3.96ab

Yellow 103.38 ± 3.92 0.90 ± 0.19 75.10 ± 15.99a 11.22 ± 0.94b 15.65 ± 5.02b

Values (mean ± standard deviation of data for triplicate groups) with different superscript letters (a, b, c) in the same column are significantly

different (P\ 0.05)

* NE/NI = (ammonia-N excretion for 9 h/nitrogen intake) 9 100

Fig. 2 Postprandial ammonia-N excretion rates for 9 h of juvenile

seabass in culture tanks with different colors. Data are means with

standard deviations (n = 3 replicates)
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gain in terms of an economical profit as compared to those

cultured in blue or yellow tanks. The difference of an

overall profit of 13 and 15 % in fish cultured in red and

green tanks, respectively, over the blue and yellow tanks, is

an important indicator for a positive effect on the fish farm’

net profit in terms of sales and expenditures in a long term

mass production of Seabass at a land based on-growing

facility.

Conclusion

Based on the results of the present study, the color of the

culture tanks affects feed utilization and growth perfor-

mance in fish hence it is advisable to consider the tank

colors when setting-up an aquaculture facility.
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