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Abstract This study tested the reverence of back-
ground color with growth, movement behavior, and
some body physiological factors in Nile tilapia. Fish
were first acclimatized for two weeks in 80 L glass
aquaria. In the experimental design, three groups were
maintained separately. In 1st group, glass aquaria were
covered with black, 2nd with green charts, and 3rd
remained uncovered and maintained as a control group.
All groups were in three replicates and fed on a 30% pro-
tein diet. All fishes were closely observed for movement
behavior and growth-related parameters. On the 28th
day, fish were anesthetized and blood was drawn from
the caudal fin to determine some hematological parame-
ters, cortisol, and glucose level. The highest weight gain
and the greatest number of movements throughout the
aquarium were observed in the control group. Further-
more, aquarium color determined the body pigmentation
color. Black aquarium had the lowest weight gain, glu-
cose level, FCR, DFI, FCE, and CF, while green aquar-
ium had the highest cortisol level. Histological changes
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observed in black aquaria fish included reduced lamellar
size, deformed blood vessels, and cardiac muscle fasci-
cle in the gills, liver, and heart, respectively, while green
aquaria fish showed fused lamellae, necrosis, fibrosis,
endomiocardiac hyperplasia, and cardiac muscle fasci-
cle. It was concluded that background coloration has a
significant effect on the growth performance, behavior,
hematology, body color, histology, cortisol, and glucose
levels of Oreochromis niloticus, with green background
inducing significant stress while black background
causes black pigmentation with less growth.

Keywords Background colorations - Behavior -
Body color - Histology - Hematology - Oreochromis
niloticus

Introduction

Nile tilapia, Oreochromis niloticus, is a freshwater fish
that belongs to genus Oreochromis, family Cichlidae,
order Cichliformes, and class Actinopterygii. It is native
to Africa, Lebanon, and Palestine (Hadiuzzaman et al.
2018; Snoeks et al. 2018). Nile tilapia can reach a maxi-
mum length and weight of 24 inches (60 cm) (Volstorf
and Maia 2022) and 5 kg (Rakocy 2023), respectively.
A higher growth rate is observed in male tilapia than in
females. Individuals of both genders can tolerate tem-
peratures between 8 and 42 °C. However, 27-30 °C is
optimum for the growth of Nile tilapia in a controlled
environment (Azaza et al. 2008). It faces temperature

@ Springer


http://orcid.org/0000-0001-5810-3369
http://orcid.org/0000-0003-0503-398X
http://orcid.org/0000-0002-2742-9662
http://orcid.org/0000-0003-2653-402X
http://crossmark.crossref.org/dialog/?doi=10.1007/s10695-023-01180-x&domain=pdf

276

Fish Physiol Biochem (2023) 49:275-287

fluctuations at different places, but breeding only hap-
pens at 24 °C (Linnaeus 1758). Mostly, Nile tilapia is
herbivorous, but at a young age, it may adapt as omnivo-
rous (Hadiuzzaman et al. 2018). Tilapia feeds on hydro-
phytes, algae, and phytoplankton (Dina et al. 2020). Tila-
pia feeds in the daytime because light is the main factor
affecting the feeding rate (Khanjani and Sharifinia 2021).

Tank coloration is the basic environmental factor
that influences the behavior of fish in the aquarium
(Barton 2002). Various studies have been conducted
in which fishes were separated by the particular color
of the tank to study the physiological and behavioral
changes for a number of days, and it was observed that
stress response, growth rate, survival, and skin color
are all affected by the tank color (Ferosekhan et al.
2020; Ghavidel et al. 2020; Hur et al. 2018; Nawang
et al. 2019; Saekhow et al. 2019; Santisathitkul et al.
2020; Sebesta et al. 2019; Sotoudeh et al. 2019).

The response of the fish toward the tank color
changes according to age and species of fish (Papout-
soglou et al. 2005). The various tank colors including
black may be troublesome for the growth performance
of the model fish (Sumner and Doudoroff 1938).
The coloration patterns affect the feeding of the fish
because most fish are visual feeders, such as larval fish
(Duray et al. 1996; Ostrowski 1989; Salze et al. 2008).
Due to these color changes, stress is promoted that
alters the behavior, feeding, and locomotion of the fish
(Dverli et al. 2005).

The behavioral study is carried out for a bet-
ter understanding of the nature of the organisms via
observation of its behavior and the environmental fac-
tors that influence the behavior. The catchability of
fish is a reflection of its efficiency, which is measured
by the relationship between biomass abundance and
fishing mortality (Arreguin-Sanchez 1996). The cur-
rent study was designed to investigate the effects of
background coloration on various aspects of tilapia,
including feeding, movement behavior, hematology,
body pigmentation, and hormonal changes.

Materials and methods
Experimental animal
Nile tilapia was obtained from Manga Fish Hatchery. The

initial weight of the experimental fish was 24.91+8.17 g,
as determined by electronic balance (with a minimum
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range of 0.001 g). The animals were kept in plastic bags
with fresh water in which oxygen had permeated, ensur-
ing that no deaths occurred during transportation.

Acclimatization of fish

Fishes were acclimatized for seven days in glass
aquariums before the trial. The specimens were kept
in water—glass aquariums with aerators and aquarium
heaters to maintain oxygen (at 6-6.5 mg/L) and tem-
perature levels. Each aquarium was set to a tempera-
ture of 27 to 28 °C for the best fish survival. The light

intensity was kept constant at 40 watts m~>.

Experimental design

The animals were kept in semi-stable condition
for 14 days after stabilization in nine experimental
water—glass aquariums (10 fish in each tank) with rec-
tangular dimensions (three replicates for each control,
green- and black-colored group). Commercial food
(30% protein diet) was provided to the fish twice a
day. (Food was the same for all the treated and control
groups.) The water was changed daily twice a day. The
suction pump was used to remove the animal waste
present in the water. After that, fresh water was intro-
duced into the glass-water aquariums. The animals
were taken one by one to a small water container at the
end of a 14-day trial. Blood samples were obtained in
EDTA vials by the use of BD syringes (Shahzad et al.
2021).

Analysis of hematological profile

A complete blood count (CBC) was determined for
blood profile analysis using an automated hematology
analyzer (Mindray, BC-6200). The CBC report was
received from the laboratory to get the numbers of
red blood cells, white blood cells, and platelets. The
samples of blood were used to study hemoglobin, red
blood cells, white blood cells, mean cell hemoglobin,
platelets count, and cell hemoglobin concentration.

Mean corpuscular volume

The conventional formula, which is given below, was
used to calculate mean corpuscular volume (MCV).
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Taple 1 Cqmparison of Group Mean weight Range SEM F value P value
weight gain in control and :
gain (g)

color-treated groups

Control 5.256 0.8545 3.780 to 5.980 0.3821 75.08 <0.0001**

Black 0.6020 0.4937 —0.090 to 1.250 0.2208
**Highly significant Green 1102 0.5747  0.3200101.890  0.2570

(P-value= <0.01)

Hematocrit (%) X 10
RBC count (million /pl)

MCV(fempto liters) =

Mean cell hemoglobin
MCH was calculated using the formula

hemoglobin (%) x 10
RBC count (millions/pL)

MCH(pico grams) =

Mean cell hemoglobin concentration

Mean cell hemoglobin concentration (MCHC) was cal-
culated using the following formula

hemoglobin <a) % 100

M 11 h lobi trati dl) =
ean cell hemoglobin concentration(g/dl) POV

Assessment of coloration effect

The aquariums were covered with colored charts
on all sides of the aquariums. Two colors were
studied (green and black). One tank was covered
with green charts all around and the other tank
with black charts to give artificial shade to the fish
in the tank. Ten fish in each tank were reared for
14 days, and observations were taken in seconds at
each side of the aquarium every day with the help
of cameras that were adjusted on the top of each
aquarium. On the 15th day, the fish from each
aquarium were extracted to check the body weight,
body color, and hematology.

FCR, FBW, TFI, DFI, and survival rate calculation

The weight of the fish was calculated at the beginning
and end of the experiment. Food intake was calculated

per day during the trial. Growth parameters, e.g.,
weight gain (WG), final body weight (FBW), daily feed
intake (DFI), survival rate, feed conversion efficiency
(FCE), and feed conversion ratio (FCR), were calcu-
lated by using the standard formula in each tank or of
each fish (Li et al. 2009).

total feed intake (g)

FCR = _ .
weight gain (g)
bod ight
cp = body weight ®© g,
total length(cm)
total feed intake
DFI =
number of days of trial
SR (%) = number of fish at the start oftrial

number of fish at the end of trial

Cortisol level and blood glucose level

Ten blood samples from each group were collected to
check cortisol and blood glucose level. After blood
collection, blood was subjected to centrifugation at
a temperature of 4 °C and at a speed of 3000 rpm
for a time duration of 15 min. A Cortisol ELISA
Kit (M-1850 made by Alpha Diagnostic Interna-
tional, USA) was used to measure the plasma corti-
sol level. All of the assayed samples were in dupli-
cate. A microplate reader was used to read the plates
at 415 nm. A standard curve was used to interpolate
cortisol levels; 1.5 pg/ml was the minimum detect-
able level of the assay.

The blood glucose levels (mg/dL) in control
and treated groups were measured using the Accu
Check Performa (a hand-held one-touch glucose
meter) and test strips (Roche USA).
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Histological studies

The liver, heart, and gills were sampled after the
14th day and preserved in a 10% formalin solution.
Dehydration steps were used for fixation. In the first
step, 80% ethanol was used to place tissues, then
90%, and finally, 100% ethanol was used for the
2-h period in each dilution. For making the tissues
clearer, they were placed in cedar wood oil. In the
incubator, paraplast was used for placing the tissues
at 60 °C for 30 min. After 30 min, the paraplast was
changed and placed tissues again at 60 °C for 12 h.
At the same conditions, the paraplast was the third
time changed. Box blocks of each tissue were gen-
erated, and plastic casters were used to mount the
tissues. The rotatory microtone was used to fix the
embedded tissue, and 3-5 pm thick portions were
slit for each tissue. After transferring each section
to a clean slide, sections were straightened out on
Fisher slides, heated, and kept on the slide for 24 h.

Hematoxyline-eosin staining

Xylene was used for de-parafinization, and 50 to
100% dilution of ethanol was used for rehydration.
Tap water was used to wash the slides, stained with
hematoxyline, bright coloration was ensured by
again dipping in water, and eosin staining was done.
Complete dehydration was done by placing the slides
in absolute alcohol. Two drops of DPX (histology
mountant) were placed on each slide and covered
with a cover slip for ensuring complete spreading.

Statistical analysis

Fish were observed in the aquarium under certain
conditions, and the number of observations was
noted according to the movement of fish at par-
ticular points. The average value of each side per
day was considered, and the data was analyzed
via Microsoft Excel. The data was presented as
mean + SD of both test and control groups. The
range was also included in the final description’s
table. F-value and p-value were calculated to com-
pare both test and control groups with the help of
GraphPad Prism (Version 9.0.0).

Results
Growth performance

A highly significant difference was observed in
weight gain between the control and treated groups
(Table 1). The control group has the highest weight
gain when compared with the green and black groups.

Movement behavior

Highly significant differences in movements were
observed by the comparison of the control group
and treated groups, i.e., black and green colorations.
When comparing the treated and control groups, the
maximum movement was observed on the left side
of the control group, while the least movement was

Table 2 Comparison of movement behavior between control and color-treated groups

Observation Control Experimental

F value P value

Black coloration

Green coloration

0-44 4.942+6.392 0-24 12.13 0.0001**
0-44 2.885+2.798 0-9.2 15.79 0.0001**
0-25 2407+2523 0-7.1 5.968 0.0055%*

0-36 2.628+2.715 0-6.8 6.593 0.0034%*

Movement (s) Movement (s) Movement (s)
Mean +SD Range Mean +SD Range = Mean+SD Range
Left side 54.98 +46.44 5-191.5 13.892+16.330
Right side 40.14 +28.655 0-101.6 9.207+15.100
Column 16.34+18.188 0-51.25 4.378+7.945
Base 2.532+2.7665 0-8 5.035+7.530 0-23 2.707+3.224  0-9.1 1.097 0.3438
Surface 6.046+9.836 0-34.25 2.714+3.212 0-10 4.285+3.216 0-89 0.9939  0.3793
Center 3.665+5.5584 0-14.33 12.464 +12.156
Feeding 0.8571+1.2314 0-3 0.785+0.578 0-2 0.857+1.027 0-3 0.02457 0.9757

**Highly significant (P-value= <0.01)
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Table 3 Comparist?n Parameters Groups Mean +STD SEM F value P value
between hematological
parameters of control and WBCs (x 10%/L) Control 8.73+1.72 0.99 126.9 <0.0001**
;(‘)’j‘;gf?ﬁiﬁ;"“ps (n=10 Black 51.70+1.88 1.09
Green 4432 +4.30 2.48
LYM (x 10%L) Control 16.30+1.69 0.97 5.574 0.0428%*
Black 18.70+1.24 0.71
Green 13.34+1.84 1.06
MID (x 10%/L) Control 1.83+0.42 0.24 1600 <0.0001**
Black 8.50+0.37 0.22
Green 73.13+2.35 1.35
GRA (x 10°/L) Control 4.50+0.54 0.31 397.5 <0.0001**
Black 26.80+1.18 0.68
Green 3245+1.27 0.74
RBCs (x 10%/L) Control 0.49+0.46 0.26 1.569 0.2831
Black 0.14+0.13 0.07
Green 0.03+0.02 0.01
HGB (g/dL) Control 1.70+0.22 0.12 41.67 0.0003**
Black 5.47+0.62 0.36
Green 5.33+0.48 0.28
HCT (%) Control 0.53+0.21 0.12 0.8769 0.4633
Black 0.77+0.21 0.12
Green 0.50+0.24 0.14
MCYV (fL) Control 128.30+5.08 2.94 13.88 0.0056%*
Black 46.55+26.18 15.12
Green 72.22+6.66 3.85
MCH (%) Control 56.00+3.56 2.05 2.337 0.1776
Black 826.99+614.48 354.77
Green 265.57+174.58 100.79
MCHC (g/dL) Control 41.67+1.76 1.02 5.369 0.0461*
Black 4.75+2.76 1.59
Green 347.33+198.76 114.76
PLT (x 10°/L) Control 191.67 +14.34 8.28 121.1 <0.0001**
Black 169.67 +6.34 3.66
Green 58.00+2.94 1.70
PCT (%) Control 0.29+0.26 0.15 1.863 0.2348
Black 0.12+0.01 0.00
Green 0.73+0.50 0.29
**Highly significant MPV (fL) Control 8.00+1.02 0.59 2.363 0.1751
(P-value= <0.01) Black 5.97+0.63 0.37
*Significant Green 7.77+1.30 0.75

(P-value= <0.05)

observed in the column of the green group. The
maximum movements were detected in the con-
trol group in comparison with the treated groups
on the right side and column. The movement of
the black group was the highest at the center

when compared to the control and green groups.
Non-significant differences in movements were
noticed by the comparison of control and treated
groups at the base, surface, and feeding rate

(Table 2).
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Control

Green

Fig. 1 Changes in body pigmentation due to background coloration accordingly

Hematology

Highly significant differences were observed in
some hematological parameters when compar-
ing the control and color-treated groups (Table 3).
A highly significant difference (P<0.01) was

%k %k
8 i 1
% %k
1
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&
O 44
=
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0_

Control Black Green

Fig. 2 FCR of Nile tilapia in control, black, and green color
aquaria
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observed in WBCs, MID, GRA, HGB, MCV,
and PLT. A significant difference (P <0.05) was
noticed in LYM and MCHC, while no significant
differences were observed in RBCs, HCT, MCH,
PCT, and MPV.

Assessment of alteration in body pigmentation due to
background coloration

The aquariums were covered with charts to give
the artificial coloration. One aquarium was cov-
ered with black and one with green charts that
were compared with the control group with the
natural reflection of light. Fish in the black aquar-
ium attained the darkness of the aquarium’s col-
oration. On the other hand, fish in the green aquar-
ium got green pigmentation due to the background
coloration of the aquarium. Fish in the control
group have the light or natural skin color of Nile
tilapia (Fig. 1).

Assessment of FCR, DFI, FCE, CF, and survival rate
due to background coloration

Highly significant differences were observed in the
FCR of control and treated groups as FCR in con-
trol, green, and black aquarium was 1.72+0.34,
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Table 4 Comparison of Parameters Groups Mean +STD SEM F value P value
DFI, FCE, CF, and survival
rate between control and DFI (g/day) Control 0.65+0.05 0.02887 60.95 0.0001%%*
color-treated groups Black 0.33+0.02 0.01155
Green 0.51+0.03 0.01732
FCE (%) Control 120.50+1.50 0.8660 189.10 <0.0001**
Black 100.49+1.07 0.6178
Green 110.51+1.17 0.6755
CF (g/Cms) Control 1.05+0.02 0.01299 16.64 0.0036%*
DFI, daily food intake; Black 1.017+0.02 0.01148
FCE, food conversion Green 1.127+0.03 0.01658
efficiency; CF, condition Survival (%) Control 96.67 £5.77 3.3300 2.33 0.1780
factor Black 93.33+5.77 3.3300
**Highly significant Green 86.67+5.77 3.3300
(P-value= <0.01)
Fig. 3 Level of cortisol
and glucose of Nile tilapia ns
reared under different color 25+ *x
aquaria I I | %% I
40-  —
2 20 ns
g ' ' = 30
ST -
215 S
= £
—
=] ~ -
2 10 w 20
) w
1 =}
o S
O 54 5 104
0_

Control Black Green

3.630+0.190,
(Fig. 2).

Highly significant differences in DFI, FCE, and
CF were also observed among the three groups, while
survival rates did not differ significantly among the
control, black, and green groups (Table 4).

and 5.987+0.1629, respectively

Assessment of cortisol and glucose level due to
background coloration

Cortisol levels differed significantly between the
green and control groups, with the green group
having the highest level of cortisol, whereas blood

Control Black Green

glucose levels differed significantly between the
black and control group (Fig. 3).

Histology consequences due to green coloration

The comparison of gills, heart, and liver section
of the control and green group showed fused and
deformed lamella (Fig. 4), fibrosis, necrosis, and
endomiocardiac hyperplasia with a proliferation of
spindle shape cells (Fig. 5), and damaged hepatic
tissue and necrosis of hepatic parenchyma tissue
(Fig. 6), respectively.
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Fig. 4 Comparison
between gills of control (a)
and green group (b) show-
ing fused and deformed
lamella in the green group

Fig. 5 Comparison
between heart of control
and green group show-
ing fibrosis, necrosis, and
endomiocardiac hyperpla-
sia with a proliferation of
spindle shape cells in the
green group

Histology consequences due to black coloration

The comparison of gills, heart, and liver section
of the control and black group showed a reduction
in lamellar size and deformed cartilage (Fig. 7),
deformation and cardiac muscle fascicle (Fig. 8),
and deformed blood vessel (Fig. 9), respectively.

@ Springer

&

o

e
o

e e

o
5.8,
e 2355 N

YNGR

She

\
E

et
]
P} b.

Bl BND AT T oV B D

. g

Discussion

The present study was conducted to investigate the
effect of background coloration, i.e., black and green,
on growth performance, behavior, blood hematol-
ogy, cortisol level, glucose level, and feeding of Nile
tilapia, purchased from Manga fish hatchery, District
Lahore, Punjab, Pakistan.

One of the critical abiotic factors for the devel-
opment and growth of Oreochromis niloticus is
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Fig. 6 Comparison
between the liver of control
(a) and green group (b)
showing damaged hepatic
tissue and necrosis of
hepatic parenchyma tissue
in the green group

Fig. 7 Comparison
between gills of control (a)
and black group (b) show-
ing a reduction in lamellar
size and deformed cartilage
in the black group

light. In order for sustainable Nile tilapia culture
in an indoor environment, reasonable light inten-
sity is required (Khanjani and Sharifinia 2021;
Wang et al. 2020). A similar case was observed
in our study as the order of weight gain was con-
trol > green > black, which was also supported by
other studies (Jentoft et al. 2006; Mat Nawang
et al. 2019; Okomoda et al. 2017). Moreover, FCR
in different groups of our study was in the order
black > green > control. The reason for the lowest
growth in a black-colored aquarium is that light is
unable to penetrate the aquarium due to the dark

'-.; N s »l

1y :

coloration, and the fish is unable to see and uti-
lize the feed efficiently. Therefore, the lowest
weight gain and the highest FCR were observed in
the black group. This was similar to the report of
Khanjani and Sharifinia (2021), who observed that
a decrease in light intensity caused less weight
gain and a higher FCR in Nile tilapia.

The growth performance of the fishes in the
green aquarium was higher than in the black
aquarium, which shows similar results to the stud-
ies conducted by Pedreira et al. (2012). However,
there were some contradictory results reported
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Fig. 8 Comparison
between the heart of control
(a) and black group (b)
showing deformation and
cardiac muscle fascicle in
the black group

Fig. 9 Comparison
between the liver of control
(a) and black group (b)
showing deformed blood
vessels in the black group

as increased body weight in the black aquarium
in the study of Batzina and Karakatsouli (2014);
no impact of coloration on growth performance
reported by Ebrahimi (2011); and no significant
difference in weight and length of fish in the
green aquarium observed by Ekokotu and Nwachi
(2014). Moreover, no effect on growth perfor-
mance after changing the background coloration
was also observed by Costa et al. (2017) and Mar-
tinez-Cardenas and Purser (2007).

@ Springer

The behavior study in this research reported the
maximum movement in control, green, and black
aquariums, respectively, which was supported by
the results of Sabri et al. (2012) who reported that
the fishes in the green aquarium showed maximum
movement while the fishes in the black aquarium
were slower in movement and behavior at each side
of the aquarium to respond. The possible reason
for less movement of fish in a black-colored aquar-
ium might be due to less light penetration in the
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aquarium because the fish is unable to see the feed
and move to intake it.

The FCR of the control group was calculated as
1.72 +0.34, which was supported by the results of
Forsatkar et al. (2017), who found an FCR value of
1.38 +0.24. The FCR of fish in the green aquarium
in this study was 3.630+0.190, which was contra-
dictory to the results of Ustiindag and Rad (2015)
who found an FCR value of 0.95+0.06 for the
green aquarium. The calculated FCR of fishes in the
black aquarium was 5.987 +0.1629, which was dif-
ferent from the outcomes of Eslamloo et al. (2015)
who found a value of 2.97 +0.09.

If the value of the condition factor (CF) is
higher than 1, this means the fish under obser-
vation is in good health condition and will show
isometric growth, which is the most important
target of fish farming (Ayoade 2011). The values
of CF in all the studied groups of our research
were as green (1.127+0.03 g/cm?)> control
(1.05+0.02 g/cm®)>black (1.017+0.02 g/cm?).
Our hypothesis that fish in dark coloration (black
group) will be less healthy as compared to green
or control groups was also supported by Khanjani
and Sharifinia (2021), who reported the lowest
CF in Nile tilapia reared in darkness. Moreover,
other factors such as DFI and FCE were also low-
est in the black-colored aquarium in our investiga-
tion. The order of survival rate from high to low
was as follows: control (96.67 +5.77%) > black
(93.33+5.77%) > green (86.67 +5.77%).

No existing literature was found for the hema-
tology of fish due to background coloration.
So, the changes in hematological variables due
to background coloration (green and black) are
reported for the first time in this research. Moreo-
ver, these values can be used as reference values
for further studies in the future. The histological
changes due to background coloration were not
available in the existing literature and were also
reported for the first time in this study.

The background color has a significant effect on
the body color of fish, and body color is impor-
tant in the commercial market as fish are sold on
the basis of their body color apart from their size
and price (McLean 2021). We found that back-
ground coloration had a significant effect on the
body color of fish, as fish in the black aquarium
were darker as compared to the green and control

groups. This was also found to be true by Ngugi
et al. (2014), who found fish in the black-colored
aquarium were darker as compared to other colors
(clear and blue). Moreover, at the end of the
experiment in our study, fish in the green-colored
aquarium had green-colored body pigmentation
while the control group was in a lighter color (sim-
ilar to the start of the trial).

Cortisol helps organisms adapt to changes in
their environment or environmental conditions.
An increase in cortisol has been linked to stressful
situations in several fish studies (Schreck and Tort
2016). The cortisol level in the present study, from
high to low, was in the order green > black > con-
trol. This means that background coloration
induces stress in the fish, which was also reported
by McLean et al. (2008) and Merighe et al.
(2004). Cortisol stimulates gluconeogenesis,
which becomes active at the time when energy is
required by the body. This leads to the use of high
blood glucose levels to detect stress in fish (Sop-
inka et al. 2016). However, season, age, diet, and,
most importantly, feed are the main factors due to
which the concentration of glucose varies. More-
over, the blood glucose levels in our study were
as control > green > black, which indicates that
hyperglycemia might not be dependent on the level
of cortisol, as reported by Herrera et al. (2019).

It is concluded that there is a significant effect of
background coloration on the growth performance,
movement behavior, hematology, histology, and body
physiology of Nile tilapia. Moreover, body pigmenta-
tions changed according to the background coloration
of the aquarium. Further studies should be carried out
to check the influence of background coloration on
the genetic makeup of Nile tilapia in the future.
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