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A b s t r a c t

The colour of light is a very important environmental factor that affects fish physiology. The aim
of the present study was to evaluate the effects of different colours of light on weight gain, length,
condition factor and specific growth rates of the juvenile rainbow trout Oncorhynchus mykiss. The
study employed fertilized eggs that were exposed separately to seven colour lamps including white
(573 nm, control), azure (397 nm), blue (459 nm), green (524 nm), yellow (586 nm), orange (611 nm)
and red (742 nm). The experiment was conducted for 5 months (from fertilization until the fish
reached 2 g wet weight) at the Sheshpir fish farm (west of Fars province), Iran. After yolk sac
absorption, the weight and length of randomly sampled fish were measured monthly. The results
showed that weight parameters of fish exposed to yellow (0.562 ± 0.13) and white (0.547 ± 0.13)
coloured light were higher (p ≤ 0.05) than fish subjected to the other colours. The highest length
growth was observed in fish exposed to yellow (3.91 ± 0.16) and white (3.61 ± 0.10) light, respectively.
The highest growth rate (4.641 ± 0.29) and condition factor (2.00 ± 0.03) were observed in fish
maintained under yellow light.
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A b s t r a c t

Barwa światła stanowi istotny czynnik, który wpływa na pewne procesy fizjologiczne u ryb.
Badano wpływ wybranych barw światła na wzrost, długość i specyficzny wskaźnik wzrostu SGR oraz
współczynnik kondycji młodocianych stadiów pstrąga tęczowego Oncorhynchus mykiss. Eksperyment
prowadzono przez pięć miesięcy, od momentu zapłodnienia do uzyskania ryb o masie 2 g w Gospodar-
stwie Rybackim Sheshpir (zachodnia część prowincji Fars) w Iranie. Poszczególne grupy badawcze
podchowywano z zastosowaniem siedmiu różnych barw światła: białej (573 nm), błękitnej (397 nm),
niebieskiej (459 nm), zielonej (524 nm), żółtej (586 nm), pomarańczowej (611 nm) i czerwonej
(742 nm). Po resorbcji woreczka żółtkowego losowo odłowione osobniki ważono i mierzono na koniec
każdego miesiąca. Wykazano, iż najwyższe wskaźniki masy ciała uzyskały ryby eksponowane na żółte
(0.562 ± 0.13) i białe światło (0.547 ± 0.13) w porównaniu z rybami podchowywanych w innych
barwach światła (p ≤ 0.05). Najwyższe wskaźniki długości ciała odnotowano również u ryb pod-
chowywanych z zastosowaniem światła o barwie żółtej (3.91 ± 0.16) i białej (3.61 ± 0.10). Ryby
eksponowane na żółtą barwę ciała charakteryzowały się najwyższymi wskaźnikami współczynnika
wzrostu SGR (4.64 ± 0.29) oraz współczynnika kondycji (2.00 ± 0.03).

Introduction

The rainbow trout Oncorhynchus mykiss naturally inhabits the eastern
part of the Pacific Ocean, from the Kuskokwim River in Alaska to the Rio
Santa Domingo, Baja California, Mexico. It is traditionally cultured all over the
world, including Iran (HEYDARNEJAD et al. 2013), and is one of the most
important cold water fish species for commercial fisheries and aquaculture.

The three characteristics of light: wavelength (spectral) composition, inten-
sity and duration are very important to fish life, not only in a natural
environment, but also in aquaculture facilities. Most species of fish have
well-developed light colour sensors, and are very sensitive to specific colours
(IMANPOOR et al. 2011). Some light spectra may modulate several physiological
and behavioural responses, such as feeding and growth performance (DURAY et
al., 1996, DOWING and LITVAK 2000, HEAD and MALISON 2000, OSALDE et al.
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2005, KARAKATSOULI et al. 2007, 2008a), reproduction (VOLPATO et al. 2004),
sex determination (TURNER 2008), aggression (HOGLUND et al. 2002), larval
jaw malformation (COBCROFT and BATTAGLENE 2009), the stress response
(VOLPATO and BARRETO 2001), pigmentation, survival, locomotion and early
maturation (OSALDE et al. 2005) and behaviour (MARCHESAN et al. 2005,
VOLPATO et al. 2004) in fish.

Fish vision and spectra perception are strongly adapted to each species
natural habitat and living ethology (CHINEN et al. 2005, KUSMIC and GUALTIERI

2003, POINTER et al. 2005). In natural fish habitats, the wavelength of light
penetrating water varies greatly and depends on various physical, biological
and chemical factors. For example, the highest survival rate of haddock
Melanogrammus aeglefinus larvae and common carp Cyprinus carpio was
observed during rearing with application of green light (RADENKO and ALIMOV

1991, RUCHIN et al. 2002, RUCHIN 2004). Moreover, GIRI et al. (2002) have
reported that exposure of the Wallago, Wallago attu, to certain visual
wavelengths, for example red, reduced fish growth.

In the natural environment, light intensity and background colour affect
the ability of fish to detect food and thence, feeding success. Therefore, colour
can affect both fish growth and mortality. The impact of light and background
colours should, therefore, be considered during fish culture; especially in
economically important species. In general, the highest growth rate of fish
larvae has been achieved when light conditions and background colour are
optimized to contrast feed from the background (HENNE and WATANABE 2003,
JENTOFT et al. 2006, STRAND et al. 2007a).

In aquaculture, the positive influence of rearing light colour is economically
important because it may affect fish growth and development and therby lead
to enhanced efficiency of production. However, the influence of light spectra on
growth of embryos and fry of rainbow trout is surprisingly limited. According-
ly, the purpose of the present study was to evaluate the effects of different light
spectra on rainbow trout growth and development, from embryo until 2 grams
wet weight.

Material and Methods

Experimental details

The experiment was conducted at the Sheshpir fish farm in Iran (west of
Fars province). Sixty-four mature specimens of rainbow trout from the stock
population, that were exposed to natural light conditions, were randomly
caught. The spawners were of 2–5 years, with a weight of 744–3961 g (mean
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± S.E.: 1667.78 ± 86.77) and length of 39–65 cm (mean ± S.E.: 50.38 ± 0.74).
The fish were maintained for 2 days in water temperature of 8oC until
spawning. Feeding was interrupted 24 hours before spawning. During artifi-
cial reproduction, collected eggs were fertilized, mixed and distributed ran-
domly into seven separate fiberglass tanks (length, height, width: 60 cm,
30 cm, and 50 cm, respectively). In each fiberglass tank 1000 eggs were
incubated under different light colours: white (573 nm, control), azure (397 nm),
blue (459 nm), green (524 nm), yellow (586 nm), orange (611 nm) and red
(742 nm). All experimental groups were maintained in a water recirculation
system (RAS). The water temperature of each tank was kept at 10oC with pH
7.66, while salinity and dissolved oxygen was kept around 2 ppt and 8.99 mg/l,
respectively. The nitrite and ammonium nitrate concentration was lower than
0.05 and 0.5 mg/l, respectively. At 24 hours post – fertilization, physically
damaged and dead eggs were removed by using a wide pipette. The tanks were
connected to outer sleeve pipes to facilitate self-cleaning and waste removal
that were cleaned twice a week. According to the methodology of LARSON et al.
(2004), a 60 W red lamp was used during all experimental steps (feeding,
biometrics and cleaning the tanks) for illumination of the external environ-
ment of the laboratory (IMANPOOR et al. 2011). During experiments, time of the
lightening was controlled with an automatic timer system with a 14/10
photoperiod.

Light exposure method

The eggs were incubated in seven separated experimental tanks that were
exposed to 5 watt fluorescent colour lamps of: white (control), yellow, green,
azure, blue, orange and red. The lamps were suspended 25 cm above the water
surface of each tank and the photophased automatically as described above.
The experiment was conducted over five months (two months as eggs/yolk sac
larvae and three months of rearing) from fertilized egg to 2 g wet weight for
each light colour. The photoperiod was provided from 06:00 to 20:00 hours and
all groups were kept in isolation throughout the experiment. After absorption
of the yolk sac, fish were fed with commercial extruded SFT-00 feed (55% crude
protein, 12% fat; Chineh, Iran) twenty-four times per day, during the first 20
days of rearing. Thereafter, fish were fed with the SFT-1 pellets (48% crude
protein, 12,5% fat; Chineh, Iran) 15 times a day for 30 days. Finally, feeding
was conducted using SFT-2 pellets (45% crude protein, 14% fat; Chineh, Iran)
ten times per day until the end of the experiment. Feeds were presented to
excess with uneaten food being removed thirty minutes after feeding.
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Sampling method

To evaluate the growth of fish in the experimental groups 45 specimens
were randomly collected from each tank (after 12 hours feed deprivation) for
weight measurement using a digital balance (Mitutoyo, Japan). The total
length of the fish was recorded by vernier caliper and was analyzed by using
a Canon Power shoot SX530 HS digital camera linked to Image Tool Software
version 3 (Japan). Then parameters of weight gain, Specific growth rate and
Fulton’s condition factor of fish were calculated monthly until study end by the
following formulas:

Weight gain (WG)

WG =
100 (FW – IW)

IW

where:
WG – weight gain [%]
FW – final weight [g]
IW – initial weight [g].

Specific growth rate (SRG)

SGR =
100 (ln Wt – ln Wi)

Δt

where:
Wt – the weight in grams at time t
Wi – is the initial weight
ln – stands for natural log
Δt – the duration of exposure of fish to light colour in days.

Fulton’s condition factor (K):

K =
W · 100

L3

where:
W – weight of fish [g]
L – length of fish [cm].

Data analysis was performed using the statistical program SPSS version
11.5 using one way ANOVA. Differences (p < 0.05) between means were
compared by Duncan’s multiple range test at p ≤ 0.05 as the significant level.
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Results

Weight gain of fish exposed to different colours of light for a period of
5 months is presented in Table 1. Differences in mean body weights between
groups were only detected for experimental groups exposed to white (control)
and yellow light for each month throughout the experiment (p ≤ 0.05). However,
no differences in mean body weights of fish subjected to white and yellow light
were observed (p > 0.05). Lowest weight gain was observed in fish maintained
under green light < blue < azure < orange < red (Table 1). Nonetheless there were
no differences in overall weight gain between the latter groups.

The mean changes in group length during three month period of observation
is presented in Table 2. A similar pattern to that discerned for weight gain was
observed, with fish reared under yellow and white light being longer than all
other treatment groups (p ≤ 0.05). Rainbow trout bred using green light were
characterized by poorest length gain < blue ≤ azure < orange ≤ red (Table 2).
Similar to weight gain, there were however, no diffrerences between the latter
groups in length gain.

Table 1
The effect of light colour on weight gain in breeding of juvenile rainbow trout Oncorhynchus mykiss

Month
Light

M1 M2 M3

White 3.84 ± 0.10* 1.62 ± 0.08* 0.56 ± 0.13*
Azure 1.95 ± 0.10 0.89 ± 0.09 0.35 ± 0.06
Blue 1.85 ± 0.21 0.85 ± 0.04 0.34 ± 0.06
Green 1.40 ± 0.35 0.68 ± 0.10 0.29 ± 0.10
Yellow 4.14 ± 0.28* 1.60 ± 0.25* 0.55 ± 0.13*
Orange 2.51 ± 0.24 1.10 ± 0.10 0.39 ± 0.08
Red 2.77 ± 0.24 1.21 ± 0.13 043 ± 0.10

M1 – first month, M2 – second month, M3 – third month
* Significant difference with other light (p < 0.05)

Table 2
The effect of light colour on length of juvenile rainbow trout Oncorhynchus mykiss

Month
Light

M1 M2 M3

White 3.61 ± 0.10* 4.35 ± 0.13* 6.38 ± 0.25*
Azure 2.84 ± 0.06 3.84 ± 0.12 5.75 ± 0.32
Blue 2.78 ± 0.12 3.84 ± 0.17 5.56 ± 0.22
Green 2.65 ± 0.09 2.78 ± 0.13 4.71 ± 0.19
Yellow 3.91 ± 0.16* 4.58 ± 0.19* 6.55 ± 0.38*
Orange 3.22 ± 0.17 4.20 ± 0.15 6.16 ± 0.34
Red 3.23 ± 0.14 4.18 ± 0.12 6.28 ± 0.28

M1 – first month, M2 – second month, M3 – third month
* Significant difference with other light (p < 0.05)
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The specific growth rate of the fish was characterized by a declining gradient
of yellow > white > red > orange > azure > blue > green lights (Table 3). The
highest SGR was observed in fish subjected by yellow light, while the lowest
SGR was recorded in the experimental group of fish maintained under green
light. The SGR parameters in experimental groups showed significant differen-
ces in group of fish exposed to the azure, blue and green light in comparison to
fish breed under the white and yellow (Table 3), during the first month of
breeding (p ≤ 0.05). In the next month there were no significant differences
between treatments (p > 0.05) while, by month three post-hatch, fish reared
under yellow light were characterized by higher SGRs when compared to the
other experimental groups (p ≤ 0.05). The highest rate of condition factor was
observed in fish breed under yellow light, during all experimental period, while
the lowest condition factor was identified in fish exposed to the green light of
colour, but differences were not significant (Table 4).

Table 3
Effect of light colour on specific growth rate (mean ± S.E.M) of juvenile rainbow trout

Oncorhynchus mykiss

Month
Light

M1 M2 M3

Green 3.29 ± 0.14* 2.85 ± 0.27 2.38 ± 0.09
Blue 3.45 ± 0.25* 3.10 ± 0.19 2.58 ± 0.14
Azure 3.43 ± 0.26* 3.12 ± 0.15 2.63 ± 0.12
Orange 3.88 ± 0.27 3.46 ± 0.22 2.75 ± 0.14
Red 4.07 ± 0.09 3.47 ± 0.20 2.76 ± 0.156
White 4.52 ± 0.15 3.54 ± 0.17 2.88 ± 0.07
Yellow 4.64 ± 0.29 3.60 ± 0.35 3.17 ± 0.16**

M1 – first month, M2 – second month, M3 – third month
* Significant difference with white and yellow lights
** Significant difference with other lights; (p <0.05)

Table 4
Effect of light colour on condition factor (mean ± S.E.M) of juvenile rainbow trout

Oncorhynchus mykiss

Month
Light

M1 M2 M3

Green 0.70 ± 0.02 0.92 ± 0.02 1.41 ± 0.05
Blue 0.78 ± 0.033 0.98 ± 0.04 1.48 ± 0.04
Azure 0.79 ± 0.032 0.98 ± 0.05 1.51 ± 0.02
Orange 0.78 ± 0.02 1.04 ± 0.03 1.60 ± 0.05
Red 0.83 ± 0.03 1.07 ± 0.02 1.61 ± 0.03
White 0.88 ± 0.02 1.17 ± 0.03 1.76 ± 0.04
Yellow 0.92 ± 0.04 1.19 ± 0.04 2.00 ± 0.03

M1 – first month, M2 – second month, M3 – third month
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Discussion

In aquaculture, light spectra affect fish physiology, stress response, behav-
iour and consequently growth performace (KARAKATSOULI et al. 2010). The
effect of some light colour on growth of rainbow trout could be due to colour
preference (LUCHINARI and Pirhonen 2008) and to the proportion of visual
pigments in the retina (TSIN and BEATTY 1977). Optimum assimilation effi-
ciency in fish exposed to the yellow light was described by HOANG et al. (2003)
and the low feed consumption together with faster growth were observed
because of low activity and energy saving for growth (HEYDARNEJAD et al 2013).

Different colours of light have been applied in an attempt to stimulate the
growth rate of several fish species (RUCHIN 2004, MARCHESAN et al. 2005,
STRAND et al. 2007a, LUCHIARI and FREIRE 2009, LUCHIARI and PIRHONEN

2008). The present study demonstrated that the growth rate of rainbow trout
(from fertilization to the fry of 2 g) was significantly affected by light. The
weight and length of fish reared under yellow light were highest in the third
month of the experiment. Such results were probably connected to the
rainbow trout preference to the yellow colour that does not induce the stress
in fish and saves the energy required for growth. Similar results on the
influence of yellow light on growth and stress response have been reported
previously for juvenile rainbow trout but the experimental animals were
older and hence larger (15 cm and 32 g wet weight) than used herein
(HEYDARNEJAD et al. 2013). As observed herein, the results of HEYDARNEJAD

et al. (2013) indicated best growth and also lowest stress in rainbow trout
maintained under yellow light.

PAPOUTSOGLOU et al. (2000) described that the body weight of common carp
maintained under yellow light was higher than fish held under black and green
light. TAMAZOUZT et al. (2000) reported superior growth in weight and length of
European perch Perca fluviatilis larvae under grey and white light. In con-
trast, big-belly seahorses (Hippocampus abdominalis), expressed no differen-
ces in growth or survival when maintained in white, yellow, orange or green
tanks (MARTINEZ-CARDENAS and PURSER 2007). Interestingly, red light stimu-
lates feeding of Nile tilapia (Oreochromis niloticus), but this does not translate
into extra growth (VOLPATO et al. 2013). Nevertheless, mean body weight of
Nile tilapia fingerlings bred in blue light was significantly higher than for fish
maintained under white or red light (ELSBAAY 2013). Sensitive to yellow and
green light, Atlantic herring, Clupea harengus, were recorded as feeding most
actively under a wavelength of 560 nm which borders both colours (BLAXTER

1999). Larvae of whitefish Coregonus pollan, too, were found to be sensitive to
green light but insensitive to the longer wavelength red light (DABROWSKI and
JEWSON 2001).
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The specific growth rate of fish exposed to different colours of light in this
study reveals that the growth of fry of rainbow trout is enhanced under yellow
light in comparison to other colours. The SGR of fish subjected during the first
month to azure, blue and green lights was significantly lower to other experi-
mental groups, but there were no differences in SGR between treatments in
second and third months. Yellow light had significant impact on rainbow trout
SGRs during present experiment. Significant increases in SGR were also
observed for silver perch Bidyanus bidyanus and golden perch Macquaria
ambigua larvae held under yellow and orange lights (GEHRKE 1994).

The present study demonstrated that green light had a negative effect on
growth, probably inducing stress, resulting in decreased appetite and, or feed
intake. Lower growth rates observed for fish held under darker colours may
reflect a negative impact on the visibility of feed in tanks, resulting in lower
consumption (STRAND et al. 2007a, STRAND et al. 2007b).

In conclusion, this study shows that yellow light appears to offer advantage
during the rearing of embryonic and fry stage rainbow trout up to 2 g. In older
fish, colour preference may however, change as suggested by the findings of
KARAKATSOULI et al. (2008b). Before supporting the application of yellow light
to the commercial setting however, more studies are warranted to determine
optimal colour and light intensity (lux).
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