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Interaction of fish density and background color effects on growth performance, proximate

body composition and skin color of common carp, Cyprinus carpio
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Abstract: This study was carried out to evaluate the combined effects of three stocking densities and
two tank colors on growth, body composition and skin coloration of common carp (1.41+0.05 g).
Fish with low (LD: 20 specimens/tank or 0.70 g/L), medium (MD: 40 specimens/tank or 1.41 g/L)
and high (HD: 80 specimens/tank or 2.82 g/L) densities were reared in two tank colors (black and
white) for 45 days. At the end of the experiment, density recorded 2.45 g/L and 7.00 g/L at low and
high densities treatments, respectively. The final weight and specific growth rate of the fish at LD
treatment were significantly higher than those of MD and HD treatments. The highest weight
(4.90£0.44 g) and the lowest feed conversion ratio (1.21+0.13) were obtained for the LD fish
treatment reared in the black tanks. Rearing density has a significant effect on the fish body total
protein content, but the tank color had no effects on this factor. The fish body lipid content in the
white tanks and high density was significantly higher than other treatments. Significant interactions
between tank color and rearing density were observed for the fish body protein, fiber and dry matter.
The fish skin color was considered by three factors: L*, a* and b*. The results showed that black
color had a negative effect on the fish skin color indices. Brightness (L*) and yellowness (b*) values
of the fish skin in the white tanks were higher than those of the black tanks. In the present study, tank
color and rearing density significantly affected growth and feed performance of common carp, while
no combined interaction was found between the two factors examined.
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Introduction
Common carp, Cyprinus carpio L. is one of the most
important fish species currently being cultured. It
generally  inhabits  freshwater  environments,
especially ponds, lakes and rivers, and rarely inhabits
brackish-water environments (Barus et al., 2001). In
2015, common carp accounted for the third highest
production (4328083 t) among all freshwater species
worldwide (FAO, 2017). More than 90% of this
production comes from Asia, where C. carpio is
cultured in earthen ponds, containing a variety of
naturally abundant foods supplemented through
nutrient fertilization and/or artificial feeds. It is being
considered as a potential candidate for commercial
aquaculture in Asia and some European countries as it
has a very high adaptive capability to both
environment and food (Soltani et al., 2010; Manjappa
etal., 2011).

An important factor for successful fish production

“Corresponding author: Mohammad Harsij
E-mail address: m_harsij80@yahoo.com

1s appropriate stocking density (Rahman et al., 2008).
Stocking density directly depends on environmental
conditions. It is a key factor in determining
productivity and profitability of aquaculture systems
production (North et al., 2006; Braun et al., 2010).
Environmental stress caused by stocking density can
affect digestion and absorption of food, growth rate
and nutritional efficiency (North et al., 2006; Abdel-
Tawwab, 2012; Abdel-Tawwab et al., 2014). Higher
stocking densities were reported to cause chronic
stress, which in turn reduced the growth rate due to the
reallocation of energy towards activities aimed at
restoring homeostasis such as respiration, locomotion,
hydromineral regulation, and tissue repair (Biswas et
al., 2007; Abdel-Tawwab, 2012; Abdel-Tawwab et
al., 2014). Various studies have been carried out about
the effects of stocking density on fish growth
performance in different species such as Nile tilapia,
Oreochromis niloticus (Abdel-Tawwab, 2012; Abdel-
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Tawwab et al., 2014), C. carpio(Nuwansi et al., 2017),
Rtilus frisii Kutum (Imanpoor and Abdollahi, 2011),
Oncorhynchus mykiss (Liu et al, 2016), Paralichthys
olivaceus (Kang and Kim, 2013) and Anguilla
marmorata (Tan et al., 2018).

In nature, light intensity and background color can
affect feed detection, feed conversion rate and feeding
success of cultured fish (Strand et al., 2007).
Therefore, all these factors can affect the fish growth
and mortality (Jirsa et al., 2009). The tank color may
affect fish growth and body composition
(Papoutsoglou et al., 2000; Ginés et al., 2004; Aly et
al., 2017), stress reactions (Rotllant et al., 2003) and
their skin color (Van der Salm et al., 2004). In the fish
body, the a-melanocyte-stimulating hormone and the
melanin condensing hormones are the main
components of pigmentation (Clement et al., 2005).
The pituitary gland releases the alpha-melanocyte
hormone. This hormone disperses melanin granules
into melanophores, which darkens the skin color. Skin
coloration in teleost is under multi-parametric control
and a number of external or internal factors such as
physical, nutritional, genetic, neuro-hormonal known
as influential factors on chromatic state of fish (Fujii,
1993). In addition, fish can alter their coloration in
response to environmental conditions, physiological
challenges, stressful stimuli (Szisch et al., 2002) and
rearing condition (in some fish such as red porgy)
(Rotllant et al., 2003). However, fish could adapt to
the background color by changing the skin color
(Fernandez and Bagnara, 1991; Han et al., 2005).

Although the influence of tank color and rearing
density on growth and metabolic activities of cultured
fish has been reported in the literatures, the effect of
both factors at once has not been studied. Therefore,
this study examined the combined effects of rearing
density and background color on growth performance,
feeding, body composition and skin color of common
carp under experimental conditions.

Materials and Methods

Fish and experimental design: Common Carp was
obtained from a farm in Gonbad-Kavous, Iran, and
transferred to Aquatic Engineering Laboratory of

Gonbad-Kavous University, Iran. The fish were
acclimatized with laboratory conditions for 12 days.
Eight hundred and forty fish with mean initial body
weight (£SD) of 1.41+0.05 g were randomly
distributed, in six triplicated treatments according to a
2x3 factorial design for 45 days. The fish were reared
in tanks with black and white color at three rearing
densities of 20 (low density-LD), 40 (medium
density-MD) and 80 (high density—HD) fish per tank
(the equivalent of 0.70, 1.41 and 2.82 g/L). The fish
were fed thrice daily (8:00, 13:00 and 18:00 h) at a rate
of 3% of body weight using commercial pellet (40%
crude protein, 12% crude lipid, 4.5% crude fiber with
a diameter of 1.5 mm) from animal feed and
aquaculture of Bezae company, Iran.
Sample collection and analysis: At the end of the
feeding experiment, the fish were fasted for 24 hrs,
collected, counted, and then total length and final
weights were measured in each tank. The fish were
profoundly anesthetized with 500 mg/L of clove
powder. The growth and feed utilization parameters
were calculated as following:
Percentage of weight gain (WG%) = [(Wt -
WO0)/(W0)]x100
Specific growth rate (SGR; %/day) =100x [(In Wt —In
WO)/t]
Feed conversion ratio (FCR) = dry feed intake (g))/wet
weight gain (g)
Protein retention efficiency (PER) = weight gain
(g)/protein fed (g)
Lipid efficiency ratio (LER) = weight gain (g)/lipid
fed (g)
Condition factor (CF) =Wt/L3

Where Wt (g) is fish body weight at day t and WO
at day 0, t (days) is the duration of experiment, L is
total fish length (cm).
Body composition analysis: Seven fish were randomly
captured from each tank for measuring the proximate
composition of the whole-fish body. Contents of
protein, lipid, moisture and ash were analyzed
according to the standard methods (AOAC, 1995) and
crude protein by analysis of total nitrogen (TNx 6.25)
content by the Kjeldahl method (Kjeltec 1030 Auto
Analyzer, Tector, Sweden). Crude lipid content was
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Figure 1. Values of L* in dark and white tanks at three rearing densities (bars assigned with different superscripts are significantly different; n=15;

P=0.05).

measured by petroleum ether extraction using the
Soxhlet method (model 1043 Extraction Unit;
Tecator, Sweden). Moisture content was measured by
drying in oven at 105°C to a constant weight and ash
was measured by ignition at 600 °C in a muffle furnace
(Heraeus, Germany) for 24 hrs. Fiber was analyzed
using a Fibertec System Tector 1010.

Color analysis: Fish skin color was measured in three
fish in each tank using a chromameter WSC-S (SPSIC
Inc., Shanghai, P.R. China) equipped with a D65 light
source and a 108 observing angle calibrated to black
and white standards. The value of L* represents
lightness (0 for black and 100 for white), the a* value
represents the red/green dimension with positive
values for red and negative ones for green and the
value of b* represents the yellow/blue dimension with
positive values for yellow and negative ones for blue.
Colorimetric values of skin color were performed in
two sides of each fish body (Han et al., 2005).
Statistical analysis: Normality of data was assessed
using Kolmogorov-Smirnov test. Data were analyzed
by two-way analysis of variance (ANOVA) with tank
color and rearing density as factors using SAS
(Statistical Analysis System) program. Each tank was
considered as the experimental unit. Where P values
were significant (£< 0.05) multiple comparisons were
carried out using the Duncan test (Karakatsouli et al.,

2010). All values presented in the text and tables are
MeanszSD.

Results

Comparing growth and feed indices of common carp
reared in black and white tanks with three levels of
density (low, moderate and high) are showed in Table
1. The final weight was significantly different among
the treatments (£<0.05), the highest was observed in
LD (4.90+0.4 g) and lowest in HD (3.50%0.30),
regardless of the tank color. At the end of 45 days of
experiment, the WG showed a significant difference
among the treatments from 136.55£20.88 to 252.76*
29.01. Although the CF was not different among the
treatments. The fish reared under black tank at LD had
higher SGR compared to the other treatments
(P<0.05). FCR was significantly (£<0.05) lower in the
LD treatment (1.21£0.13) compared to the HD
(2.37+0.33). Statistically, PER and LER was
significantly different (£<0.05), so that the highest
value was observed in the LD treatment in black tank
and the lowest in the HD treatment in both black and
white tanks. Growth and feed parameters reduced in
the HD treatment in both black and white tank.
Independently, tank color and rearing density
significantly affected growth and feed performance of
common carp, while no combined interaction was
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Figure 3. Values of b* in dark and white tanks at three rearing densities (bars assigned with different superscripts are significantly different; n=15;

P=0.05).

found between the two factors examined (Table 1).
Table 2 shows the effects of tank color (black and
white) and culture density on the fish body
compositions. Crude protein was significantly
different among the treatments (£<0.05). The crude
protein content ranged from 65.76x0.30 to
64.11+£0.32%. Fish under in the HD treatment and
white tank showed the highest lipid content

significantly different compared to the other
treatments (£<0.05). Experimental treatments show
significant difference in dry matter, fiber and ash
(P<0.05). Statistical analysis showed that rearing
density had significant effect on the fish body
biochemical composition (£<0.05), while the tank
color did not significantly affect the body composition
(P>0.05). Significant interaction between tank color
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Figure 4. Pictures of common carp skin reared in dark and white
tanks with different densities for 45 days.

and density was detected for carcass protein, fiber and
dry matter content (Table 2).

The tank color significantly affected all body color
parameters (Figs. 1, 2, 3). The values of L* in dark
tank were significantly (£<0.05) lower than white
tank. The values of a* in dark tanks were higher than
white tanks. The value of b* in common carp skin in
white color tanks was significantly higher than that in
dark color tanks. The images produced at the end of
the experiment indicated that the fish reared in dark
tanks were darker than those fish reared in white tanks.
Skin color was affected only by tank color (Fig. 4).

Discussion

The results of the present study showed that growth
performance was affected only by rearing density
being lower in the HD treatment. No significant
interaction was detected between tank color and
rearing density for growth and feed factors.

It is thought that fish growth is influenced by
various environmental factors (i.e. density, nutrition
and light) and behavioral (i.e. social interactions, life
stage) (Haga et al., 2002; Ashley, 2007). The growth
of some fish species is density dependent and there is
an inverse relationship between stocking density and
individual size of fish produced (Yang et al 2011;
Abdel-Tawwab, 2012, 2014). Final weight and SGR
were significantly lower in the HD treatment. In this
regard, Gang et al. (2010) and Zhu et al. (2011)
reported that growth, survival, and food utilization

decreased along with increase in rearing density in
Scortum barcoo and Acipenser schrenckii. Using
appropriate stocking densities and feeding strategies
are two key factors for successful aquaculture
management (Kohinoor and Rahman, 2014).

There was a significant difference in FCR among
different treatments. In this experiment, FCR was
ranged from 1.21%0.13 (dark tank with low density) to
2.3740.33 (dark tank with high density). In contrast to
these results, Oprea et al. (2015) reported that different
stocking densities did not negatively influence the fish
production (FCR value was 1.41 in density of 30 kg/ha
and 1.33 in density of 15 kg/ha. During the present
experiment, no significant interaction was observed
between the two factors examined for CF, WG and
FCR, revealing that when the fish were kept at low
density, growth and feed utilization enhanced. Density
effect in intensive rearing of carp in tanks has been
reported either to agree with the present results (Jha
and Barat, 2005) or to suggest even much lower
densities (Biswas et al., 2006).

Different factors like feeding components (Ali and
Al-Asgah, 2001) and environmental color (Bréinnis et
al., 2001) and stocking density (Enache et al., 2011)
may influence the growth performance of Cyprinidae.
Furthermore, under culture conditions, tank color and
light intensity can cause stress to fish (Papoutsoglou
et al., 2005), resulting in behavioral changes such as
swimming performance, activity level and habitat
utilization (Mesa and Schreck, 1989). In addition, the
tank color can affect fish body composition
(Papoutsoglou et al., 2000; Aly et al., 2017). In the
present study, black and white tanks did not have any
significant effects on the fish body biochemical
composition. Significant interaction between tank
color and rearing density was detected for carcass
protein, fiber and dry matter content. Hassan Akbarian
et al. (2012) studied the effect of tank color on growth
performance and body composition in common carp
and reported that blue tank provided a better condition
for growth factors and protein contact compered to
white and black tanks. It may be because more
physiological compatibility of fish with this color.
Contrary to the current research, Karakatsouli et al.
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(2007) investigated combined effects of rearing
density and tank color on the growth and welfare of
juvenile White Sea bream, Diplodus sargus L. in a
recirculating aquaculture system. The results of their
research proved that white and blue tanks could
increase the growth factors and protein content and
reduces lipid content, because it caused stress
reduction, increasing food intake and fish comfort in
these tanks. The effect of tank and food color on
growth and body composition of grey mullet (Liza
ramada) was tested. The highest WG and carcass
protein content were observed in light tank and the
lowest values were obtained in non-colored tank.
Therefore, it seems that the fish have different
functions based on the conditions of life and
adaptation to the specific color (El-Sayed and El-
Ghobashy, 2010).

The background color of the living media is an
important factor in determining the skin color
(Papoutsoglou et al., 2000). Body colors and patterns
are determined by the distribution, density and
aggregation state of different chromatophores in the
integument. In fish, colors are produced by light
absorption of  pigments
chromatosomes of melanophores, erythrophores and
xanthophores and cyanophores, as well as by
reflection from purine crystals, which, depending on
their spatial organisation in refractosomes or
leucosomes, produce the metallic iridescence of
iridophores or the whitish hue of leucophores (Goda
and Fujii, 1995; Leclercq et al.,, 2010). Fish can
synthesize eumelanin from tyrosine and pteridine
pigments from GTP (Maan and Sefc, 2013).

In the present study, it was found that fish in white
tank have suitable color status, and their light color
makes them marketable. Fish color changes are the
result of adaptation to the environment, which is
related to physiological changes (Van der Salm et al.,
2004).
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