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The aim of the current study was to assess the impacts of tank color on the growth, stress, biochemical, hematological, and
immunological responses, and expression of growth-related genes in juvenile Oscar (Astronotus ocellatus). Therefore, a total of 120
fish (9.14Æ 0.34 g) were distributed into 12 aquariums (60× 50× 35 cm) and divided into four treatments (aquariums with blue,
white, yellow, and red colors) in three replicates (10 fish per aquarium). The fish were daily hand-fed ad libitum in three meals at
7:00, 12:00, and 17:00 hr for 56 days. Results showed that Oscar fish cultured in the red aquariums had higher final weight and
weight gain and lower feed conversion ratio. Plasma cortisol, glucose, and lactate values of fish were significantly higher, and the
amount of white blood cells was lower in the blue aquariums compared to other tank colors. Plasma triglyceride values were
significantly higher in the white and yellow groups than the blue aquariums. Moreover, fish cultured in yellow and red aquariums
had significantly higher melatonin levels than the blue aquariums. Plasma cholesterol, total protein, albumin, complement 3, and
total immunoglobulin values were highest in Oscar fish cultured in the red aquariums. Also, lysozyme and alternative complement
(ACH50) activities and complement 4 values of fish cultured in yellow and red aquariums were meaningfully higher compared to
blue and white groups. Growth hormone relative gene expression levels were meaningfully higher in Oscar fish cultured in white,
yellow, and red aquariums than the blue aquariums. Furthermore, insulin-like growth factor-1 (IGF-1) relative gene expression
levels were significantly higher in fish cultured in yellow and red aquariums compared to those cultured in blue and white tank
colors. Thus, the most suitable tank color for rearing juvenile A. ocellatus is red, while blue tank color is unsuitable.

1. Introduction

Fish culture in artificial environments may affect physiologi-
cal responses and behavior of farmed fish [1–4]. The tank
color is an important parameter for fish welfare and it must
be considered for enhancing performance of cultured fish
[5, 6]. Rearing tanks can be produced in a wide range of
colors. Many studies exhibit that different fish species have
better growth and feed conversion ratio (FCR) when cultured
in certain tank colors [7]. Tank color can influence the ability
of fish to identify food and consequently their feed intake,
growth, and survival [8–10]. Different tank colors also influ-
ence fish health, stress responses, and even level of aggression

[7]. Inappropriate tank colors stress fish, which is verified by the
elevation in cortisol values and accordingly affect fish welfare,
growth, and survival [11, 12]. Stress has a serious impact on
immune modulation in fish [13, 14]. As the tank color affects
stress parameters in fish, the immune system may be indirectly
influenced by different tank colors [1, 15]. Tank color also
affects the secretion of somatotropin and thyroxine hormones,
physiological condition, and expression of growth-related genes
and regulates the somatic growth of farmed fish [12, 16, 17].
Moreover, tank color impacts fish skin color and consequently
affects fish price and consumer confirmation [11].

Suitable tank colors can change depending on different
parameters, such as the fish species, the color of feed pellet,
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the fish life stage, light intensity, and visual adjustment
[1, 9, 18, 19]. For instance, white is an optimal tank color
for goldfish (Carassius auratus) in terms of growth perfor-
mance [1] and haddock (Melanogrammus aeglefinus) [20],
while red is preferred for Caspian Kutum (Rutilus frisii
kutum) [21], and yellow is optimal color for milkfish (Cha-
nos chanos) [22]. Snakeskin gourami (Trichogaster pectora-
lis) cultivates better in blue-colored tank [23], river catfish
(Pangasius hypophthalamus) prefers white and green tank
colors [24], and Asian catfish (Clarias magur) cultivates bet-
ter in black tank colors [19]. Also, red was the most beneficial
tank color for hybrid catfish (Clarias macrocephalus×
Clarias gariepinus) and fish cultured in the red tanks had a
comparable skin color to catfish sold in market [11]. These
results must be taken into attention during preparing the
physical environment of tanks or aquariums for rearing
fish in order to improve their production [16]. However,
there is no information as to which tank color is the best
for rearing Oscar fish (Astronotus ocellatus).

Some studies on the effects of tank color on the physio-
logical and growth parameters of different fish species have
been performed previously. According to Ninwichian et al.
[11], fish cultured in the red tanks had higher growth and
survival, and less stress as shown by lower values of plasma
cortisol as compared to fish cultured in other tank colors
(white, green, blue, and black). Similarly, the higher specific
growth rates were recorded in Asian seabass (Lates calcarifer)
reared in the red tanks followed by white and black tank
colors [16]. Also, lower values of cortisol were observed in
fish cultured in the red tanks as compared to the other colors
[16]. Moreover, the snakeskin gourami cultured in blue-
colored tanks had a meaningfully higher final weight and
less FCR than the fish cultured in black-colored tanks [23].
Also, fish cultured in black-colored tanks showed greater
glucose values than the other tanks [23]. The contradictory
results were also reported that red and blue backgrounds
cause chronic stress and suppress immune response in gold-
fish [1]. However, no data are available on the impacts of tank
colors on stress, physiological and immunological responses,
and growth performance in Oscar fish.

TheOscar fish (Astronotus ocellatusAgassiz, 1831) belongs
to the Cichlidae family and it is one of the most precious
species of the ornamental fish. Furthermore, this species is
one of the most popular aquarium fish and has a high market
price. Because of a worldwide increasing interest in ornamen-
tal fishes, this field is growing throughout the world [1]. There-
fore, this study was done to assess the impacts of different
aquarium colors (blue, white, yellow, and red) on the growth,
feed utilization, stress, biochemical, hematological, and immune
parameters as well as growth-related genes expression in
A. ocellatus. Our results are applied as a procedure for enhanc-
ing the efficiency of Oscar fish production.

2. Materials and Methods

2.1. Fish and Rearing Conditions. The experiment was done
in agreement with the Animal Ethics of Guilan University,
Iran. The Oscar (Astronotus ocellatus Agassiz, 1831) juveniles

were obtained from Guil Berkeh Company located in Rasht,
Guilan, Iran. Before the start of the experiment, the fish were
stocked into two 300 L glass aquariums and adapted to labo-
ratory conditions for 15 days. During the adaptation period,
fish were fed ad libitum in three meals at 7:00, 12:00, and
17:00 hr with a commercial feed (Faradaneh Co., Shahrekord,
Iran; 5%–10% moisture, 46%–50% protein, 11%–15% fat,
9%–13% ash, 1.5%–3% fiber, and 1%–1.5% phosphorus).
Approximately, 30% of water in the glass aquariums was
exchanged daily. After the adaptation phase, a total of 120
Oscar fish with an average weight of 9.14Æ 0.34 g that were
approximately the same size in terms of weight and length
were randomly distributed into 12 aquariums (60× 50×
35 cm) and divided into four treatments (aquariums with
blue, white, yellow, and red background colors) and each
treatment in three replicates (10 fish per aquarium). The
aquariums walls were covered with blue, white, yellow, or
red sheeting, and all these aquariums were placed in the
same light intensity. In this research, the fish were reared
for 56 days. During the rearing period, fish were also fed ad
libitum [25] in three meals at 7:00, 12:00, and 17:00 hr with
the aforementioned commercial feed (Faradaneh Co., Shah-
rekord, Iran). Uneaten foods were gathered 1 hr after each
meal, dried to constant at 70°C, and subsequently weighed
to estimate food conversion ratio [26]. Feces and other resid-
ual materials were siphoned from the aquariums daily. The
photoperiod was 12 hr light and 12 hr dark. The water quality
factors were measured weekly throughout the experimental
period and the ranges were for temperature= 23−24°C, oxy-
gen= 7–7.5mg/L, total dissolved solids= 250–280mg/L,
pH= 7–7.6, and NH3 lower than 0.02mg/L.

2.2. Fish Growth Performance and Sampling. At the end of
the experimental period, feeding was stopped for 24 hr and
then all fish of different treatments were weighed [25] and
growth parameters including weight gain (WG), FCR, con-
dition factor (CF), and survival calculated by the following
equations:

Weight gain WG;%ð Þ ¼ 100 ×
final weights − initial weightsð Þ

initial weights
:

ð1Þ

Feed conversion ratio FCRð Þ ¼ dry feed intake
final weights − initial weightsð Þ :

ð2Þ

Condition factor CFð Þ ¼ 100 ×
final weight gð Þ

final length cmð Þð Þ3 : ð3Þ

Survival ð%Þ ¼ 100 ×
final number of fishes
initial number of fishes

: ð4Þ

Clove powder (200mg/L) was used to anesthetize the fish
before sampling. In order to evaluate hematological factors,
six fish from each group (two from each aquarium) were
randomly captured and then blood was drawn from the
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caudal vein using 2mL heparinized syringe. Moreover, nine
fish from each group (three from each aquarium) were ran-
domly captured and then blood was drawn from the caudal
vein using 2mL heparinized syringes. The blood sample was
centrifuged at 5,000 g for 10min at 4°C. The plasma samples
were used for stress, biochemical, and immunological analy-
sis. Additionally, nine other fish from each treatment (three
from each aquarium) were captured and brain and liver tissues
were collected for gene expression studies [25]. Plasma and
tissue samples were then immediately frozen in liquid nitrogen
and kept at −80°C.

2.3. Hematological Parameters. In order to measure hemato-
crit, heparinized microhematocrit capillary tubes were filled
with whole blood samples and then their ends were closed
with a special paste, centrifuged at 650 g for 10min, and
finally the amount of the packed cell volume was measured.
Hemoglobin content was also determined using cyanmethe-
moglobin procedure [27]. Red and white blood cells (RBCs
andWBCs) counts were measured by the Neubauer counting
chamber of the hemocytometer according to the method
of [28].

2.4. Plasma Stress and Biochemical Factors.The values of plasma
cortisol were measured by radioimmunoassay (RIA), as detailed
in Ghaedi et al.’s [29] study. Plasma glucose and lactate values
were measured by commercial kits (Pars Azmoon, Karaj, Iran
and Biorex Diagnostics, Antrim, UK, respectively) following the
manufacturer’s procedures.

Plasma cholesterol, triglyceride, total protein, and albumin
values were determined by commercial kits (Pars Azmoon,
Karaj, Iran) based on the manufacturer’s instructions with
an automated biochemical analyzer (Technicon RA-1000,
USA). Melatonin levels in plasma were measured by commer-
cial enzyme-linked immunosorbent assay (ELISA) kits (IBL-
Hamburg, Germany), as described by company.

2.5. Plasma Immune Parameters. Lysozyme activity in plasma
was measured turbidimetrically following the procedure of
Demers and Bayne’s [30] study, according to the lysis of the
lysozyme-sensitive bacterium, Micrococcus luteus (Sigma).
Alternative complement (ACH50) activities were measured
using the protocol of Sunyer and Tort [31]. The volumes of
plasma complement presenting 50% hemolysis (ACH50) were
determined, and the number of ACH50U/mL was deter-
mined. In order to measure the values of complement 3 (C3)
and complement 4 (C4), the available commercial kits (Pars
Azmoon, Karaj, Iran) were used as explained by company.

Plasma total immunoglobulin (Ig) values were measured by
precipitation of Ig with polyethylene glycol solution [32]. Total
protein values of the sample before and after precipitationwere
used to calculate total Ig values [32].

2.6. Expression of Growth-Related Genes. The brain and liver
tissues of fish were sampled for total RNA extraction by a
high pure RNA extraction kit (Roche) based on the manu-
facturer’s procedures. Quantity and purity of RNA were eval-
uated by absorbance at 260 and 280 nm and sample with the
RNA ratio (A260 : A280) greater than 1.8 was selected fol-
lowing electrophoresis on the 1% agarose gels. Elongation
factor 1-α (Ef1-α) was applied as the reference gene. Reverse
transcription (RT) was performed with 1 μg of total RNA
with the random Hexamers and M-MuLV Reverse Tran-
scriptase enzyme kits (Vivantis) based on the manufacturer’s
instruction.

Real-time quantitative PCR was conducted in triplicates
to detect the impacts of the tank colors on the mRNA tran-
scription levels of growth hormone (GH) and insulin-like
growth factor-1 (IGF-1) in the brain and liver tissues of
Oscar fish, respectively. The sequences of primers (Table 1)
used in real-time PCR were designed using Primer 3 software
on the basis of the sequences deposited in Gene Bank
(NCBI). Real-time quantitative RT-PCR was conducted by
a real-time PCR (Rotor Gene-2000), containing 6.25 μL of
SYBR Green qPCR Master Mix (×2; Cinnagen), 0.5 μL of
cDNA, 1 μL of each primer (Table 1), 4.65 μL of double-
distilled and DNase free water, which added a total volume
of 13.4 μL. Real-time quantitative RT-PCR program con-
sisted of a denaturation stage at 94°C for 2min, followed
by 40 amplification cycles in 15 s, and then 30 s annealing
at 60°C, 30 s extensions at 72°C, and final extension at 72°C
for 5min. The specificity of PCR was determined using the
melt curve analysis. After PCR amplification, melt curve
analysis was done to verify that there was only one amplified
product. Data analysis of the real-time quantitative PCR
(relative gene expression) was done in triplicates with Rotor
Gene, RG-2000 (Australia) software. The relative CT proce-
dure (2−ΔΔCT ) was applied [33].

2.7. Statistical Analysis. Data analysis was done using SPSS 25
software. One-way ANOVA was applied to analyze the data
(meansÆ SE) followed by Tukey test to compare the means
among treatments. The agreed significance value was p<0:05.
Before analysis, data were evaluated for normality and
homogeneity of variance with Shapiro–Wilk and Levene
tests, respectively.

TABLE 1: Nucleotide sequences of primers applied to determine growth hormone (GH) and insulin-like growth factor-1 (IGF-1) mRNA
expression by real-time PCR.

Sequences of primers Amplification efficiency (%)

Gene name Forward Reverse
GH GCAACGTCAGCTCAACAAAA AAACTCCCAGGACTCAACCA 96
IGF-1 CACTACTGCTGTGCGTCCTC AATAAAAGCCTCGCTCTCCA 98
Ef1-α GGCTCGTTTTGAGGAAATCA ATCTTCCATCCCTTGAACCA 97

Abbreviations. Ef1-α, elongation factor 1-α; GH, growth hormone; and IGF-1, insulin-like growth factor-1.
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3. Results

3.1. Growth Performance and Food Efficiency. Growth per-
formance and feed efficiency of Oscar fish cultured in differ-
ent color aquariums for 8weeks are presented in Table 2.
Fish cultured in the red aquariums had significantly higher
final weight and WG compared to those cultured under the
other tank colors. Also, Oscar fish cultured in the red aquar-
iums had significantly lower FCR than the fish cultured in
the blue, white, and yellow color aquariums. CF and survival
of fish were not significantly different among different tank
color groups.

3.2. Plasma Stress and Biochemical Parameters. Plasma stress
and biochemical parameters of Oscar fish cultured in differ-
ent color aquariums for 8weeks are presented in Table 3.
Plasma cortisol, glucose, and lactate values of Oscar fish were
significantly higher in the blue aquariums compared to other
tank colors. Our results also showed that red color aquari-
ums presented the lowest values of plasma glucose.

In the current study, plasma cholesterol level was highest
in Oscar fish cultured in the red aquariums. Plasma triglyc-
eride values were meaningfully higher in the white and yel-
low treatments compared to the blue aquariums (Table 3).
Also, plasma total protein and albumin levels were highest in
Oscar fish cultured in the red aquariums. Moreover, Oscar
fish cultured in yellow and red aquariums had meaningfully

higher melatonin values than those cultured in the blue
aquariums (Table 3).

3.3. Hematological Parameters. Hematological parameters of
Oscar fish cultured in different color aquariums for 8weeks
are presented in Table 4. The significant increase in the amount
ofWBCs was recorded in Oscar fish cultured in white, yellow,
and red aquariums compared to the blue aquariums. Hemat-
ocrit (Hct), hemoglobin (Hb), and RBCs of fish were not
significantly different among different tank color groups.

3.4. Plasma Immune Responses. Plasma immune parameters
of Oscar fish cultured in different color aquariums for 8weeks
are presented in Table 5. Lysozyme and alternative comple-
ment (ACH50) activities and complement 4 (C4) values of
fish cultured in yellow and red aquariums were meaningfully
higher compared to blue and white groups. Also, complement
3 (C3) and total immunoglobulin (total Ig) values were high-
est in Oscar fish cultured in the red aquariums.

3.5. Gene Expression. Expression of growth-related genes in
Oscar fish cultured in different color aquariums for 8weeks
is presented in Table 6. GH relative gene expression levels
were meaningfully higher in fish cultured in white, yellow,
and red aquariums than the blue aquariums. Moreover,
insulin-like growth factor-1 (IGF-1) relative gene expression
levels were significantly higher in Oscar fish cultured in

TABLE 2: Growth performance and feed utilization of Oscar fish cultured in blue, white, yellow, and red color aquariums for 8weeks (meanÆ
SE, n= 3).

Tank color

Blue White Yellow Red

Initial weight (g) 9.15Æ 0.12 8.89Æ 0.25 9.33Æ 0.27 9.19Æ 0.11
Final weight (g) 51.90Æ 2.12a 51.06Æ 3.08a 50.69Æ 0.37a 60.38Æ 1.13b

WG (%) 466.27Æ 27.63a 475.21Æ 24.17a 443.59Æ 22.50a 556.61Æ 26.93b

FCR 2.90Æ 0.05b 2.92Æ 0.03b 2.96Æ 0.08b 2.60Æ 0.05a

CF 2.51Æ 0.09 2.33Æ 0.03 2.53Æ 0.11 2.43Æ 0.09
Survival (%) 87.00Æ 5.77 83.33Æ 4.73 90.00Æ 11.54 85.00Æ 7.32

Note. A different superscript in the same row indicates statistically significant differences ðp<0:05Þ. Abbreviations. CF, condition factor; FCR, feed conversion
ratio; WG, weight gain.

TABLE 3: Plasma stress and biochemical parameters of Oscar fish cultured in blue, white, yellow, and red color aquariums for 8weeks (meanÆ
SE, n= 3).

Tank color

Blue White Yellow Red

Cortisol (ng/mL) 52.22Æ 0.82c 38.33Æ 0.44a 42.68Æ 1.81ab 38.21Æ 0.59a

Glucose (mg/dL) 63.68Æ 0.50c 54.02Æ 0.68b 56.94Æ 0.89b 50.18Æ 0.71a

Lactate (mg/dL) 29.90Æ 0.57b 23.65Æ 1.45a 26.00Æ 0.57a 22.65Æ 1.52a

Triglyceride (mg/dL) 82.68Æ 0.83a 96.24Æ 2.11b 141.74Æ 1.88c 87.03Æ 1.96ab

Cholesterol (mg/dl) 151.26Æ 1.13ab 150.47Æ 0.94a 155.57Æ 1.43b 161.39Æ 0.85c

Total protein (g/dL) 3.30Æ 0.04ab 3.22Æ0.02a 3.40Æ 0.01b 3.58Æ 0.08c

Albumin (g/dL) 1.45Æ 0.02b 1.23Æ 0.08a 1.33Æ 0.06ab 1.68Æ 0.01c

Melatonin (ng/L) 9.80Æ 0.35a 10.68Æ 0.40ab 11.33Æ 0.12bc 12.51Æ 0.33c

Note. A different superscript in the same row indicates statistically significant differences ðp<0:05Þ.
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yellow and red aquariums compared to fish cultured in blue
and white tank colors.

4. Discussion

The impacts of tank colors on the growth performance and
feed efficiency in terms of the FCR of fish may be described
by the contrasting color between the food pellet and the
tanks [1, 5, 10]. In the current study, Oscar fish cultured in
the red aquariums had meaningfully higher final weight and
WG and significantly lower FCR than the fish cultured in the
other tank colors. Similarly, WG, SGR, and protein efficiency
ratio (PER) were meaningfully higher in Asian seabass juve-
niles cultured in the red tanks compared to the blue tanks
[16]. Furthermore, juvenile hybrid catfish cultured in the red
tanks showed higher final weight, WG, and SGR and the
lower FCR compared to fish cultured in other tanks [11].
Moreover, the FCR of juvenile common carp cultured in
red background meaningfully decreased compared to other
colors [34]. The use of red culture tank can improve the color
contrast between the food pellet and the tank, and conse-
quently, the visibility of food, supporting feed efficiency, and
growth performance. If the color of the food pellet obviously

contrasts with the tank color, fishes are capable to see the
food obviously. Also, background lighting can influence the
visual adjustment of fish, and consequently the fish capability
to see food. Several fish species presented better visual adap-
tation to low-light culture environment, while some fish spe-
cies act better in relatively clear culture environment [35, 36].
The capability to see food obviously allows fishes to use more
food and reduces the energy demands of searching for food,
which contributes to higher growth rate and feed utilization
efficiency [11, 18, 23].

Our findings reveal that red is the most suitable aquar-
ium color for rearing Oscar fish juveniles in terms of growth
and feed utilization. In contrast, Ruchin [37] indicated the
higher growth rate in guppies (Poecilia reticulata) when
reared in blue tanks. Also, Eslamloo et al. [1] exhibited
that growth performance factors of goldfish, except for the
CF, obviously improved in white backgrounds compared to
the other colors. Moreover, daily feed intake, FCR, and
plasma glucose levels were higher in fingerling grouper
(Epinephelus Coioides) cultured in the blue tanks compared
to the black and white tank colors [38]. Furthermore, some
researches have shown that tank color does not meaningfully
influence the growth performance of several fish species, for

TABLE 4: Hematological parameters of Oscar fish cultured in blue, white, yellow, and red color aquariums for 8 weeks (meanÆ SE, n= 3).

Tank color

Blue White Yellow Red

WBC (×103 cell/mm3) 4.29Æ 0.06a 5.17Æ 0.07b 5.66Æ 0.09c 5.30Æ 0.13bc

RBC (×106 cell/mm3) 1.68Æ 0.04 1.61Æ 0.01 1.66Æ 0.03 1.60Æ 0.03
Hct (%) 31.07Æ 0.47 30.66Æ 0.43 31.00 Æ 0.35 30.16Æ 0.57
Hb (g/dL) 5.70Æ 0.05 5.73Æ 0.04 5.80Æ 0.08 5.55Æ 0.07

Note. A different superscript in the same row indicates statistically significant differences ðp<0:05Þ. Abbreviations. Hb, hemoglobin; Hct, hematocrit; RBC, red
blood cells; and WBC, white blood cells.

TABLE 5: Plasma immune responses of Oscar fish cultured in blue, white, yellow, and red color aquariums for 8weeks (meanÆ SE, n= 3).

Tank color

Blue White Yellow Red

Lysozyme (U/mL) 34.66Æ 1.20a 33.33Æ 0.88a 42.33Æ 3.17b 43.66Æ 2.40b

ACH50 (U/mL) 130.01Æ 0.57a 131.01Æ 0.57a 136.66Æ 1.45b 140.01Æ 2.51b

C4 (mg/dL) 9.23Æ 0.53a 9.93Æ 0.69a 13.73Æ 0.14b 15.53Æ 1.05b

C3 (mg/dL) 43.66Æ 0.88a 46.33Æ 1.20a 49.33Æ 1.45a 56.66Æ 2.72b

Total Ig (mg/mL) 18.16Æ 0.24a 18.66Æ 0.23a 18.96Æ 0.26a 21.36Æ 1.09b

Note. A different superscript in the same row indicates statistically significant differences ðp<0:05Þ. Abbreviations. ACH50, alternative complement; C4,
complement 4; C3, complement 3; and Total Ig, total immunoglobulin.

TABLE 6: Expression of growth-related genes in Oscar fish cultured in blue, white, yellow, and red color aquariums for 8 weeks (meanÆ SE,
n= 3).

Tank color

Blue White Yellow Red

GH (relative expression) 0.29Æ 0.03a 0.59Æ 0.05b 0.85Æ 0.09b 0.59Æ 0.04b

IGF-1 (relative expression) 2.57Æ 0.27a 3.18Æ 0.14a 7.45Æ 0.65b 7.26Æ 0.97b

Note. A different superscript in the same row indicates statistically significant differences ðp<0:05Þ. Abbreviations. GH, growth hormone; IGF-1, insulin-like
growth factor-1.
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instance, scaled carp (Cyprinus carpio) [39], juvenile beluga
(Huso huso) [40], convict cichlid (Cichlasoma nigrofascia-
tum) [41], and juvenile Caspian Kutum [5]. The previous
reports and our findings indicate that tank color can be a
key parameter that affects the growth performance and feed
efficiency in cultured fish, and the level of this effect depends
on the fish species [1, 18, 42]. Besides, the fishes of different
sizes may react differently to tank color [9, 16].

Inappropriate tank colors intensified stress response in
farmed fish [6, 16]. It is shown that chronic stress leads to
lower growth in fish which is because of the energy con-
sumption to compensate stress-related elevated energy
demands and for setting of body homeostasis [43]. Ruchin
[37] also indicated that optimal light color for each fish
species plays the role of antistress factor. Our results showed
that white, yellow, and red tank colors presented lower values
of plasma cortisol and therefore seem to be less stressful to
Oscar fish. Similarly, plasma cortisol values of juvenile
hybrid catfish cultured in the red tanks were lower than
the other (white, green, blue, and black) tanks [11]. Further-
more, juvenile Asian seabass cultured in the red tanks
showed a lower values of cortisol as compared to the other
tank colors [16], indicating that red tank color is less stressful
for rearing this species. This can be one of the reasons for the
enhanced growth of fish cultured in the red tanks in their
study; because it occurred with the higher WG, SGR, and
PER [16].

Plasma cortisol values of juvenile beluga sturgeon were
lowest in the black tanks as compared to white and blue tank
colors [44]. Also, plasma glucose levels of beluga were mean-
ingfully lower in the black tanks as compared to white and
blue tanks [40]. The values of plasma cortisol considerably
increased in postsmolt Atlantic salmon (Salmo salar) cul-
tured under high blue light intensity [45]. Moreover, various
tank colors caused significant changes in plasma cortisol
values in scaled carp and goldfish [1, 39]. Thus, the tank
colors may influence differently the stress indices of fishes
in various experiments.

Glucose values have been associated with cortisol as sec-
ondary stress responses. Plasma cortisol enhances plasma
glucose because of the elevating requirements for energy in
stressful conditions [46]. Plasma glucose and lactate values of
Oscar fish were meaningfully higher in the blue aquariums
which were in line with higher cortisol values as compared to
other tank colors in our study. Thus, the current study indi-
cates that blue aquariums can cause stress in Oscar fish and
must be avoided in the culture of this species. Blue aquari-
ums may have contributed to the decline in growth caused by
the elevated plasma cortisol, glucose, and lactate values. The
decline in growth as an indirect result of the response to
inappropriate tank color has been reported in some fish
species, for instance, scaled carp [39] and African catfish
(Clarias gariepinus) fingerlings [47]. The significantly higher
plasma glucose values of Oscar fish in the blue, white, and
yellow aquariums may describe the meaningfully high FCR
in these aquariums than the red aquariums. When fishes are
cultured in inappropriate colored tanks, the energy stores
that might have contributed to growth can be consumed to

cope with stressful conditions, leading to lower fish growth
performance [48].

Monitoring physiological condition and fish health is
usually done by evaluating blood biochemical and hemato-
logical parameters [1, 16]. In fingerling grouper, plasma tri-
glyceride values were meaningfully higher in the white tanks
[38], while no significant differences had been reported in
cholesterol and triglyceride levels among scaled carp adapted
to black, green, and white backgrounds [39]. In the current
study, plasma cholesterol level was highest in Oscar fish
cultured in the red aquariums. Also, plasma triglyceride
values were meaningfully higher in fish cultured in white
and yellow aquariums and lower in the blue aquariums, sug-
gesting that blood lipid stores were decreased as a result of
stressful conditions to cope with the elevated energy
demands, as lipids are the important energy store in most
fish [49, 50]. The results coincided with the higher plasma
cortisol values in the blue color aquariums, exhibiting the
reduction of the blood lipid stores in these fish.

Blood proteins have important functions in fish physiol-
ogy and immune responses [38]. Plasma total protein and
albumin were greater in fingerling grouper cultured in the
black tanks compared to the blue and white tanks [38], while
plasma total protein, albumin, and globulin in goldfish did
not markedly alteration in different background colors [1].
Moreover, plasma albumin levels in beluga juveniles were
not influenced by tank color [40]. In the current study,
plasma total protein and albumin were highest in Oscar
fish cultured in the red aquariums, exhibiting fish immune
status was improved by rearing in the red color aquariums.

Melatonin is known to be the important light perception
hormone secreted by the pineal organ in fish with a daily
light/dark pattern [51]. Melatonin can adjust the physiology
of growth, feed intake, stress and immune responses, and
reproduction by special behavioral patterns [52]. According
to Migaud et al. [45], no significant difference was recorded
in plasma melatonin values among postsmolt Atlantic
salmon subjected to blue low, blue medium, blue high, and
white high constant light regimes. Amiya et al. [53] also
showed that melanin-concentrating hormone (MCH) values
in the brain and plasma were higher in barfin flounder (Ver-
asper moseri) cultured in the white tank compared to the
black tank. Their results indicate that production and release
of MCH are increased with the white tank color, and MCH is
associated with somatic growth and skin pigmentation. In
our study, Oscar fish cultured in the red aquariums had
higher melatonin levels and growth rates and lower values
of plasma cortisol, glucose, and lactate than those cultured in
the blue aquariums. It is also reported that intraperitoneal
injection of melatonin increased WG and growth in goldfish
[54]. Moreover, our study has argued that the value of mela-
tonin in Oscar fish is associated with the stress level. This was
also revealed in tilapia (Oreochromis mossambiques) that
plasma cortisol reduces melatonin secretion in the pineal
gland [55].

Hematological parameters are measured as reliable indi-
ces of fish health and physiological condition [1, 56]. The
elevation in Hct and Hb is a method to meet the elevated
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requirement for oxygen by enhancing the oxygen-carrying
capacity of blood in stressful conditions [57]. In the current
study, Hct, Hb, and RBC of fish were not significantly different
among different tank color groups. Some previous researches
have reported similar findings. Hematological parameters of
juvenile beluga, including RBC, WBC, Hct, and Hb, did not
significantly differ among tank color groups [40]. Similarly,
neither Hct nor Hb were influenced by tank color in rearing
of juvenile beluga sturgeon [44]. Tank colors did not influence
Hct, Hb, RBC, lymphocytes, and WBC in juvenile Asian sea-
bass at the end of the experimental period [16]. Also, no sig-
nificant impacts of background color were reported on the Hct
and Hb in Asian seabass [58]. Furthermore, WBC, RBC, Hct,
and Hb values of goldfish did not significantly alteration in the
various background colors [1].

In the present study, the significant increase in the
amount of WBC in Oscar fish cultured in white, yellow, and
red aquariums apparently stemmed from lower plasma corti-
sol values in these groups [1]. Few studies on the impacts of
tank colors on fish immune response are available. Eslamloo
et al. [1] exhibited that red and blue background colors cause
chronic stress and suppress immune system in goldfish. In
their study, plasma ACH50 and bactericidal activities of fish
among different background colors were not statistically sig-
nificant, while plasma total antiprotease and lysozyme activi-
ties in white and black background colors were meaningfully
higher compared to those cultured in blue or red background
colors [1].

In the current study, lysozyme and ACH50 activities and
C4 values of Oscar fish cultured in yellow and red aquariums
weremeaningfully higher compared to blue andwhite groups.
Also, C3 and total Ig values were higher in fish cultured in the
red aquariums. Thus, the majority of immune factors evalu-
ated in our study were suppressed in blue and white groups,
and red tank color was themost appropriate color with regard
to the fish immunity. Such immunomodulation by the tank
color might be described by the impact of tank color on the α-
melanocyte-stimulating hormone (αMSH) and MCH, which
in turn cause the changes in immunological parameters [59].
It is reported that αMSH and MCH may activate immune
factors of fish such as respiratory burst activities and leuco-
cytes proliferation [60, 61, 62]. Stress-related hormones like
cortisol are also the immunomodulators in fish [14, 59, 63].
On the other hand, continued release of cortisol is known to
be a robust immunosuppressive factor [14]. In our research,
the lower values of C4, C3, and total Ig and lower activities of
lysozyme and ACH50 in blue color aquariums were accom-
panied by the greater cortisol values, indicating the immuno-
suppressive impacts of the long-term release of this hormone
in Oscar fish.

Compared to the other vertebrates, the GH/IGF-1 axis
seemed to be strongly related to the growth performance in
fish [64]. In the current study, GH relative gene expression
levels were meaningfully higher in Oscar fish cultured in
white, yellow, and red aquariums than the blue aquariums.
Moreover, IGF-1 relative gene expression levels were mean-
ingfully higher in fish cultured in yellow and red aquariums

compared to those cultured in blue and white aquariums.
Our results also showed that fish cultured in the red color
aquariums presented the greatest growth. In addition, Oscar
fish cultured in the red aquariums had higher melatonin
levels than the blue aquariums in our study. According to
Cánepa et al. [65], higher transcript values of somatolactin α,
which belongs to the GH superfamily, in the pituitary gland
were reported in the cichlid (Cichlasoma dimerus) cultured
in the black background color compared to fish cultured in
the white backgrounds. A high number of melanophores was
also reported in fish reared in the black background com-
pared to the white backgrounds [65]. Tsalafouta et al. [17]
showed that expression levels of genes related to the GH/IGF
growth axis in greater amberjack (Seriola dumerili) larvae
cultured in the tanks with white background were increased
compared to the fish cultured in black and green background
colors. These variations coincide with the higher survival
rates in fish cultured in the tanks with white background
[17]. Tian et al. [66] also showed that long photoperiod
can increase the growth of blunt snout bream (Megalobrama
amblycephala) juveniles and relative mRNA expression levels
of GH and IGF-1 enhanced as light time raised from 8 to
16 hr daily. Furthermore, plasma IGF-1 values correlate pos-
itively with growth rate changes in olive rock fish (Sebastes
serranoides) [67].

5. Conclusions

The Oscar fish cultured in the red aquariums had higher final
weight andWG, lower FCR, and higher immune competence
when compared to those cultured in aquariums of other
colors. Also, GH and IGF-1 relative gene expression levels
were meaningfully higher in fish cultured in yellow and red
aquariums. The fish cultured in the blue aquariums had the
highest stress levels as exhibited by high values of plasma
cortisol, glucose, and lactate compared to other tank colors.
These findings reveal that the most suitable tank color for the
efficient production of juvenile A. ocellatus is red, while blue
tank color is unsuitable. It is suggested that this research
be performed in different life stages of the Oscar fish. Also,
the effects of other colors on the performance of this species
can be evaluated.

Data Availability

The data are valid from the corresponding author upon
credible requests.

Conflicts of Interest

The authors state that they have no known competing financial
interests or personal relationships that could have appeared to
affect the experiment written in the current paper.

Authors’ Contributions

Hakimeh Dopeikar contributed to fish maintenance, sample
collection, and writing the manuscript. Majidreza Khoshkholgh

Aquaculture Research 7



contributed to data interpretation, design of the experiment, and
funding acquisition. SeyedAhmadGhasemi contributed to gene
expression analysis andmethodology. VahidMorshedi contrib-
uted to analysis of the data, design of the experiment, and
methodology.

Acknowledgments

This studywas supported by theUniversity of Guilan, Sowmeh
Sara, Iran. We also appreciate the efforts of all those who
cooperated in this research.

References

[1] K. Eslamloo, S. R. Akhavan, A. Eslamifar, and M. A. Henry,
“Effects of background colour on growth performance, skin
pigmentation, physiological condition and innate immune
responses of goldfish, Carassius auratus,” Aquaculture Research,
vol. 46, no. 1, pp. 202–215, 2015.

[2] E. Y. Mohammady, M. R. Soaudy, M. M. Ali et al., “Response
of Nile tilapia under biofloc system to floating or sinking feed
and feeding rates: water quality, plankton community, growth,
intestinal enzymes, serum biochemical and antioxidant status,”
Aquaculture Reports, vol. 29, Article ID 101489, 2023.

[3] M. M. Refaey, A. I. Mehrim, O. A. Zenhom, H. A. Areda,
J. A. Ragaza, and M. S. Hassaan, “Fresh azolla, azolla pinnata as a
complementary feed for Oreochromis niloticus: growth, digestive
enzymes, intestinal morphology, physiological responses, and flesh
quality,” Aquaculture Nutrition, vol. 2023, Article ID 1403704,
13 pages, 2023.

[4] R. S. Saleh, E. Y.Mohammady, E. El-Haroun, andM. S. Hassaan,
“Dietary dried periphyton can improve growth, digestive
enzyme, serum biochemical, antioxidant response and intestinal
morphometric of Nile tilapia,” Aquaculture Research, vol. 53,
no. 18, pp. 6463–6477, 2022.

[5] M. R. Imanpoor and M. Abdollahi, “Effects of tank color on
growth, stress response and skin color of juvenile caspian
kutum Rtilus frisii kutum,” Global Veterinaria, vol. 6, no. 2,
pp. 118–125, 2011.

[6] E. McLean, P. Cotter, C. Thain, and N. King, “Tank color
impacts performance of cultured fish,” Croatian Journal of
Fisheries, vol. 66, no. 2, pp. 43–54, 2008.

[7] E. McLean, “Fish tank color: an overview,” Aquaculture,
vol. 530, Article ID 735750, 2021.

[8] N. Karakatsouli, S. E. Papoutsoglou, and G. Manolessos,
“Combined effects of rearing density and tank colour on the
growth and welfare of juvenile white sea breamDiplodus sargus
L. in a recirculating water system,” Aquaculture Research,
vol. 38, no. 11, pp. 1152–1160, 2007.

[9] S. E. Papoutsoglou, N. Karakatsouli, and G. Chiras, “Dietary
L-tryptophan and tank colour effects on growth performance
of rainbow trout (Oncorhynchus mykiss) juveniles reared in a
recirculating water system,” Aquacultural Engineering, vol. 32,
no. 2, pp. 277–284, 2005.

[10] Å. Strand, A. Alanärä, F. Staffan, and C.Magnhagen, “Effects of
tank colour and light intensity on feed intake, growth rate and
energy expenditure of juvenile eurasian perch, Perca fluviatilis
L.” Aquaculture, vol. 272, no. 1–4, pp. 312–318, 2007.

[11] P. Ninwichian, N. Phuwan, and P. Limlek, “Effects of tank color
on the growth, survival rate, stress response, and skin color of

juvenile hybrid catfish (Clarias macrocephalus × Clarias
gariepinus),” Aquaculture, vol. 554, Article ID 738129, 2022.

[12] A. B. Ruchin, “Environmental colour impact on the life of
lower aquatic vertebrates: development, growth, physiological
and biochemical processes,” Reviews in Aquaculture, vol. 12,
no. 1, pp. 310–327, 2020.

[13] G. Nardocci, C. Navarro, P. P. Cortés et al., “Neuroendocrine
mechanisms for immune system regulation during stress in
fish,” Fish& Shellfish Immunology, vol. 40, no. 2, pp. 531–538,
2014.

[14] L. Tort, “Stress and immune modulation in fish,” Developmen-
tal & Comparative Immunology, vol. 35, no. 12, pp. 1366–
1375, 2011.

[15] J. Rotllant, L. Tort, D. Montero et al., “Background colour
influence on the stress response in cultured red porgy Pagrus
pagrus,” Aquaculture, vol. 223, no. 1, pp. 129–139, 2003.

[16] V.Morshedi, K. P. Pradhoshini, N. Tangestani et al., “Effects of
rearing tank colour on growth indices, blood chemistry,
digestive enzymes, expression of stress and growth-related
genes of Asian sea bass juvenile (Lates calcarifer),” Aquaculture
Research, vol. 53, no. 10, pp. 3780–3787, 2022.

[17] A. Tsalafouta, M. Pavlidis, and N. Papandroulakis, “Effect of
background color and expression of genes related to the GH/IGF
growth axis at early development of greater amberjack (Seriola
dumerili),” October, pp. 4–6, 2017.

[18] A.-F. M. El-Sayed and A. E. El-Ghobashy, “Effects of tank
colour and feed colour on growth and feed utilization of
thinlip mullet (Liza ramada) larvae,” Aquaculture Research,
vol. 42, no. 8, pp. 1163–1169, 2011.

[19] S. Ferosekhan, S. K. Sahoo, K. Radhakrishnan et al., “Influence
of rearing tank colour on Asian catfish, magur (Clarias magur)
and pangas (Pangasius pangasius) larval growth and survival,”
Aquaculture, vol. 521, Article ID 735080, 2020.

[20] G. Downing and M. K. Litvak, “The effect of photoperiod,
tank colour and light intensity on growth of larval haddock,”
Aquaculture International, vol. 7, no. 6, pp. 369–382, 2000.

[21] E. Shahkar, H. Khara, and M. Soudagar, “An investigation
about culture tank color effect on growth and survival rate of
kutum larvae Caspian Sea (Rutilus frisii kutum,” Kamensky,
vol. 1901, pp. 37–45, 2009.

[22] A. Bera, M. Kailasam, B. Mandal et al., “Effect of tank colour
on foraging capacity, growth and survival of milkfish (Chanos
chanos) larvae,” Aquaculture, vol. 512, Article ID 734347,
2019.

[23] P. Ninwichian, N. Phuwan, K. Jakpim, and P. Sae-Lim, “Effects
of tank color on the growth, stress responses, and skin color of
snakeskin gourami (Trichogaster pectoralis),” Aquaculture
International, vol. 26, no. 2, pp. 659–672, 2018.

[24] S. U. S. Mat Nawang, F. F. Ching, and S. Senoo, “Comparison
on growth performance, body coloration changes and stress
response of juvenile river catfish, Pangasius hypophthalmus
reared in different tank background colour,” Aquaculture
Research, vol. 50, no. 9, pp. 2591–2599, 2019.

[25] S. Bakhtiari Aqmasjed, M. M. Sajjadi, B. Falahatkar, and R. Safari,
“Effects of dietary ginger (Zingiber officinale) extract and curcumin
on growth, hematology, immunity, and antioxidant status in
rainbow trout (Oncorhynchus mykiss),” Aquaculture Reports,
vol. 32, Article ID 101714, 2023.

[26] M. Naderi, S. Keyvanshokooh, A. P. Salati, and A. Ghaedi,
“Effects of chronic high stocking density on liver proteome of
rainbow trout (Oncorhynchus mykiss),” Fish Physiology and
Biochemistry, vol. 43, no. 5, pp. 1373–1385, 2017.

8 Aquaculture Research



[27] C. E. Trenzado, A. E.Morales, J. M. Palma, andM. de laHiguera,
“Blood antioxidant defenses and hematological adjustments in
crowded/uncrowded rainbow trout (Oncorhynchus mykiss) fed
on diets with different levels of antioxidant vitamins and HUFA,”
Comparative Biochemistry and Physiology Part C: Toxicology &
Pharmacology, vol. 149, no. 3, pp. 440–447, 2009.

[28] M. Zhang, L. Gu, P. Zheng et al., “Improvement of cell
counting method for Neubauer counting chamber,” Journal of
Clinical Laboratory Analysis, vol. 34, no. 1, Article ID e23024,
2020.

[29] G. Ghaedi, B. Falahatkar, V. Yavari, M. T. Sheibani, and
G. N. Broujeni, “The onset of stress response in rainbow trout
Oncorhynchus mykiss embryos subjected to density and
handling,” Fish Physiology and Biochemistry, vol. 41, no. 2,
pp. 485–493, 2015.

[30] N. E. Demers and C. J. Bayne, “The immediate effects of stress
on hormones and plasma lysozyme in rainbow trout,”
Developmental & Comparative Immunology, vol. 21, no. 4,
pp. 363–373, 1997.

[31] J. O. Sunyer and L. Tort, “Natural hemolytic and bactericidal
activities of sea bream Sparus aurata serum are effected by the
alternative complement pathway,” Veterinary Immunology
and Immunopathology, vol. 45, no. 3-4, pp. 333–345, 1995.

[32] A. K. Siwicki and D. P. Anderson, “Nonspecific defense
mechanisms assay in fish II; Potential killing activity of
neutrophils and macrophages, lysozyme activity in serum and
organs and total immunoglobulin (Ig) level in serum,” in Fish
Diseases Diagnosis and Preventions Methods, pp. 105–111,
Wydawnictwo Instytutu Rybactwa Strodladowego, Olsztyn,
Poland, 1993.

[33] K. J. Livak and T. D. Schmittgen, “Analysis of relative gene
expression data using real-time quantitative PCR and the
2−ΔΔCT method,” Methods, vol. 25, no. 4, pp. 402–408, 2001.

[34] G. Ebrahimi, “Effects of rearing tank background color on
growth performance in juvenile common carp, Cyprinus
carpio L.” Agricultural Journal, vol. 6, no. 5, pp. 213–217,
2011.

[35] M. A. Rodríguez andW. M. Lewis, “Structure of fish assemblages
along environmental gradients in floodplain lakes of the Orinoco
river,” Ecological Monographs, vol. 67, no. 1, pp. 109–128, 1997.

[36] S. Saszik and J. Bilotta, “Constant dark-rearing effects on visual
adaptation of the zebrafish ERG,” International Journal of
Developmental Neuroscience, vol. 19, no. 7, pp. 611–619, 2001.

[37] A. Ruchin, “Influence of colored light on growth rate of
juveniles of fish,” Fish Physiology and Biochemistry, vol. 30,
pp. 175–178, 2004.

[38] S. Ghavidel, P. Kochanian, and A. P. Salati, “The effects of the
tank colour on growth performance and physiological responses
in fingerling grouper, Epinephelus coioides,” Aquaculture
Research, vol. 51, no. 1, pp. 276–281, 2020.

[39] S. E. Papoutsoglou, G. Mylonakis, H. Miliou, N. P. Karakatsouli,
and S. Chadio, “Effects of background color on growth
performances and physiological responses of scaled carp
(Cyprinus carpio L.) reared in a closed circulated system,”
Aquacultural Engineering, vol. 22, no. 4, pp. 309–318, 2000.

[40] A. Banan, M. R. Kalbassi, M. Bahmani, and M. A. Y. Sadati,
“Effects of colored light and tank color on growth indices and
some physiological parameters of juvenile beluga (Huso
huso),” Journal of Applied Ichthyology, vol. 27, no. 2, pp. 565–
570, 2011.

[41] K. Eslamloo, B. Falahatkar, G. Ashouri, and V.Morshedi, “Effects
of background color on survival and growth performance in

convict cichlid (Cichlasoma nigrofasciatum),” in Proceedings of
the Aquaculture Europe, 2010.

[42] O. S. Kesbiç, M. Yiğit, and Ü. Acar, “Effects of tank color on
growth performance and nitrogen excretion of european
seabass (Dicentrarchus labrax) juveniles,” in Proceedings of the
National Academy of Sciences, India Section B: Biological
Sciences, vol. 86, pp. 205–210, 2016.

[43] A. K. Biswas, M. Seoka, K. Takii, M. Maita, and H. Kumai,
“Stress response of red sea bream pagrus major to acute
handling and chronic photoperiod manipulation,” Aquacul-
ture, vol. 252, no. 2–4, pp. 566–572, 2006.

[44] A. Banan, M. R. Kalbassi, M. Bahmani, and M. A. Y. Sadati,
“Stress response of juvenile beluga, Huso huso, to light and
tank colors,” Journal of Applied Aquaculture, vol. 25, no. 1,
pp. 71–80, 2013.

[45] H. Migaud, M. Cowan, J. Taylor, and H. W. Ferguson, “The
effect of spectral composition and light intensity on melatonin,
stress and retinal damage in post-smolt Atlantic salmon,
Salmo salar,” Aquaculture, vol. 270, no. 1, pp. 390–404, 2007.

[46] T. P. Mommsen, M. M. Vijayan, and T. W. Moon, “Cortisol
in teleosts: dynamics, mechanisms of action, and metabolic
regulation,” Reviews in Fish Biology and Fisheries, vol. 9, no. 3,
pp. 211–268, 1999.

[47] V. T. Okomoda, L. O. Tiamiyu, and G. Wase, “Effects of tank
background colour on growth performance and feed utilization
of African catfish Clarias gariepinus (Burchell, 1822) finger-
lings,” Croatian Journal of Fisheries, vol. 75, no. 1, pp. 5–11,
2017.

[48] G. K. F. Merighe, E. M. Pereira-da-Silva, J. A. Negrão, and
S. Ribeiro, “Effect of background color on the social stress of
Nile tilapia (Oreochromis niloticus),” Revista Brasileira de
Zootecnia, vol. 33, pp. 828–837, 2004.

[49] I. Lupatsch, G. A. Santos, J. W. Schrama, and J. A. J. Verreth,
“Effect of stocking density and feeding level on energy
expenditure and stress responsiveness in European sea bass
Dicentrarchus labrax,” Aquaculture, vol. 298, no. 3-4, pp. 245–
250, 2010.

[50] M. Suárez, C. Trenzado, M. García-Gallego et al., “Interaction of
dietary energy levels and culture density on growth performance
andmetabolic and oxidative status of rainbow trout (Oncorhynchus
mykiss),” Aquacultural Engineering, vol. 67, pp. 59–66, 2015.

[51] N. Bromage, M. Porter, and C. Randall, “The environmental
regulation of maturation in farmed finfish with special reference
to the role of photoperiod and melatonin,” Aquaculture,
vol. 197, no. 1–4, pp. 63–98, 2001.

[52] M. Ngasainao and I. Lukram, “A review on melatonin and its
prospects in fish aquaculture,” Research & Reviews: Journal of
Zoological Sciences, vol. 4, no. 3, pp. 34–41, 2016.

[53] N. Amiya, M. Amano, A. Takahashi, T. Yamanome, H. Kawauchi,
and K. Yamamori, “Effects of tank color onmelanin-concentrating
hormone levels in the brain, pituitary gland, and plasma of the
barfin flounder as revealed by a newly developed time-resolved
fluoroimmunoassay,” General and Comparative Endocrinology,
vol. 143, no. 3, pp. 251–256, 2005.

[54] V. De Vlaming, “Effects of pinealectomy and melatonin treatment
on growth in the goldfish, Carassius auratus,” General and
Comparative Endocrinology, vol. 40, no. 2, pp. 245–250, 1980.

[55] Y. Nikaido, N. Aluru, A. McGuire, Y.-J. Park, M. M. Vijayan,
and A. Takemura, “Effect of cortisol on melatonin production
by the pineal organ of tilapia, Oreochromis mossambicus,”
Comparative Biochemistry and Physiology Part A: Molecular&
Integrative Physiology, vol. 155, no. 1, pp. 84–90, 2010.

Aquaculture Research 9



[56] E. Fanouraki, P. Divanach, and M. Pavlidis, “Baseline values
for acute and chronic stress indicators in sexually immature
red porgy (Pagrus pagrus),” Aquaculture, vol. 265, no. 1–4,
pp. 294–304, 2007.

[57] D. Montero, M. Izquierdo, L. Tort, L. Robaina, and J. Vergara,
“High stocking density produces crowding stress altering some
physiological and biochemical parameters in gilthead seabream,
Sparus aurata, juveniles,” Fish Physiology and Biochemistry,
vol. 20, no. 1, pp. 53–60, 1999.

[58] N. Santisathitkul, K. Thongprajukaew, S. Saekhow, P. Sandos,
S. Buntomnimit, and H. Kanghae, “Optimal background
colour for rearing Asian seabass (Lates calcarifer),” Aquacul-
ture Research, vol. 51, no. 4, pp. 1743–1752, 2020.

[59] J. Harris and D. J. Bird, “Modulation of the fish immune
system by hormones,” Veterinary Immunology and Immuno-
pathology, vol. 77, no. 3-4, pp. 163–176, 2000.

[60] A. Cuesta, R. Cerezuela, M. A. Esteban, and J. Meseguer, “In
vivo actions of melatonin on the innate immune parameters in
the teleost fish gilthead seabream,” Journal of Pineal Research,
vol. 45, no. 1, pp. 70–78, 2008.

[61] J. Harris and D. Bird, “The effects of α-MSH and MCH on the
proliferation of rainbow trout (Oncorhynchus mykiss) lympho-
cytes in vitro,” in Advances in Comparative Endocrinology,
Monduzzi Editoire, Bologna, 1023, 1997.

[62] A. Cuesta, A. Rodríguez, M. V. Calderón, J. Meseguer, and
M.Á. Esteban, “Effect of the pineal hormone melatonin on
teleost fish phagocyte innate immune responses after in vitro
treatment,” Journal of Experimental Zoology Part A: Ecological
Genetics and Physiology, vol. 307A, no. 9, pp. 509–515, 2007.

[63] C. M. A. Caipang, I. Berg, M. F. Brinchmann, and V. Kiron,
“Short-term crowding stress in Atlantic cod, Gadus morhua L.
modulates the humoral immune response,” Aquaculture,
vol. 295, no. 1-2, pp. 110–115, 2009.

[64] J. Perez-Sanchez and P.-Y. Le Bail, “Growth hormone axis as
marker of nutritional status and growth performance in fish,”
Aquaculture, vol. 177, no. 1–4, pp. 117–128, 1999.

[65] M. M. Cánepa, Y. Zhu, M. Fossati, J. W. Stiller, and
P. G. Vissio, “Cloning, phylogenetic analysis and expression
of somatolactin and its receptor in Cichlasoma dimerus: their
role in long-term background color acclimation,” General and
Comparative Endocrinology, vol. 176, no. 1, pp. 52–61, 2012.

[66] H. Tian, D. Zhang, X. Li, G. Jiang, and W. Liu, “Photoperiod
affects blunt snout bream (Megalobrama amblycephala) growth,
diel rhythm of cortisol, activities of antioxidant enzymes and
mRNA expression of GH/IGF-I,” Comparative Biochemistry
and Physiology Part B: Biochemistry and Molecular Biology,
vol. 233, pp. 4–10, 2019.

[67] N. L. Hack, J. S. Strobel, M. L. Journey, B. R. Beckman, and
S. C. Lema, “Response of the insulin-like growth factor-1
(Igf1) system to nutritional status and growth rate variation in
olive rockfish (Sebastes serranoides),” Comparative Biochemis-
try and Physiology Part A: Molecular & Integrative Physiology,
vol. 224, pp. 42–52, 2018.

10 Aquaculture Research




