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Abstract: In order to improve the light welfare of Nile tilapia in aquaculture, the influence of hunger level on light spectrum 
preference of Nile tilapia was explored in this study.  The whole experiment was based on the emptying of the gastrointestinal 
contents, and carried out under the controlled laboratory conditions.  The light spectrum preference was assessed by counting 
the head location of fish in each experimental tank, which containing seven compartments (i.e., red, blue, white, yellow, black, 
green and public area).  t-Distributed Stochastic Neighbor Embedding (t-SNE) was adopted to visualize the hunger level-based 
dynamic preference on light spectrum in two-dimensional space.  According to the clustering results, significant differences in 
light spectrum preferences of Nile tilapia, under the different hunger levels, were indicated.  In addition, the average visit 
frequency in green compartment was significantly lower than that in other color compartments throughout the whole 
experiment, and the total visit frequency in red compartment was relatively higher during the whole experiment. 
Keywords: light welfare, Nile tilapia, hunger level, light spectrum preference, t-Distributed Stochastic Neighbor Embedding 
DOI: 10.25165/j.ijabe.20191205.4170 
 
Citation: Jin G, Zhao J, Zhang Y D, Liu G, Liu D Z, Zhu S M, et al.  Light spectrum preference of Nile Tilapia (Oreochromis 
niloticus) under different hunger levels.  Int J Agric & Biol Eng, 2019; 12(5): 51–57. 

 

1  Introduction  

Tilapia is an irreplaceable part in Chinese agricultural 
economy, making it the largest producer of tilapia worldwide[1].  
With the increasing scarcity of water resource and the aggravation 
of the environmental pollution, industrial recirculating aquaculture 
systems (RAS) are becoming the trend in tilapia farming.  As a 
consequence, controllable environmental parameters-based welfare 
farming of tilapia is feasible in RAS.  Furthermore, the 
environmental parameters, a successful welfare farming requires, 
should can be regulated effectively to provide optimal conditions 
for the survival and growth of the cultured species[2].   

Light is one of the most important environmental factors in 
aquaculture, it has the non-negligible effects on ingestion, growth, 
development, and the survival of the aquatic organisms[3].  Many 
studies have been made to explore the lighting technique in tilapia 
farming.  In earlier studies, photoperiod was the focus, such as the 
effects of photoperiod on growth patterns[4] and seed 
reproduction[5,6].  Then, with the popularization of the concept of 
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welfare aquaculture, light spectrum and intensity were gradually 
paid attention to in tilapia culture.  Light spectrum has been 
proven to be critical to the growth of Nile tilapia[7].  What’s more, 
Volpato and Barreto[8] found that blue light can prevent the stress 
of Nile tilapia compared to green and white lights, and this effect is 
not necessarily related to the light intensity.  Furthermore, they 
also showed that red light can stimulate the feeding motivation of 
Nile tilapia, but would not improve growth[9].  As to light intensity, 
Carvalho et al.[10] found that the aggressive behavior of Nile tilapia 
is affected by the light intensity.  However, this effect would not 
change the dominance ranks of tilapia.  In addition, similar to 
photoperiod, light intensity as well as the light spectrum is also 
closely related to the reproduction of Nile tilapia[5,11].  The above 
works are regarding the effect of the light on fish internal states, 
however, in terms of fish welfare, making clear whether the 
effective lights are what the fish prefer is the critical problem that 
needs to be solved first[12].  Although some researches have been 
done to explore the light preference of Nile tilapia[12,13], the fish 
internal physiological changes were not considered.  Thus, 
distangling whether the internal physiological status would affect 
the light preference of Nile tilapia is of great significance to fish 
welfare. 

Hunger level is an important factor affecting the fish welfare in 
aquaculture[14,15], many works have been done to protect the 
feeding welfare of fish in aquaculture, especially in RAS[16,17].  
Nevertheless, in consideration of the feeding cost and feeding 
rhythm, generally, the cultured species were only fed at the 
predetermined times in aquaculture[18,19].  Sometimes, the cultured 
species even have to be fasted for a long time because of the 
sickness[20] or long-distance transport[21].  As a consequence, 
hunger stress is inevitable in real aquaculture, and the hunger level 
of fish varies with the emptying of the gastrointestinal contents[22].  
Now, few works on the interaction between the lighting and the 
hunger level of fish (not only for tilapia) have been reported.  
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Therefore, to better guarantee the light welfare of fish, the light 
spectrum preference of Nile tilapia under the different hunger 
levels will be explored in this research.  It is hypothesized that the 
light spectrum preference of Nile tilapia would be dynamic with the 
change of the hunger level. 

In this study, light-emitting diode (LED) was adopted as the light 
source because of its great prospect in the development of RAS[23].  
In addition, in view of the fact that tilapia is territorial and 
aggressive[24], thus, in order to avoid the disturbance caused by the 
interaction between individuals, only one fish was kept in each 
tank[25]. 

2  Materials and methods 

All experimental protocols in this study were approved by the 
Committee of the Care and Use of Animals of Zhejiang University.  
The methods in this study were carried out in strict accordance with 
the guidelines of the Association for the Study of Animal Behavior 
Use of Zhejiang University. 
2.1  Fish 

Nile tilapia (33.67±2.49) g used in this study were selected 
from the same tank, and having higher growth rates than the other 
individuals (24.14±3.72) g.  They were provided by Xiong Feng 
Fry Co.  Ltd., Guangdong, China, and first held in RAS (light blue 
tanks, but, with the white lighting environment) for one and half 
months.  Before the experiment, fish were kept in experimental 
tanks for 3 d (one fish per tank) to make them accustomed to the 
new environment.  During the acclimation phase, fish were fed 3 
times per day (at 09:55, 15:55, and 21:55, respectively).  During 
each feeding, food was delivered to the fish manually.  In addition, 
floating pellet (Tong Wei Co., Ltd., Hainan, China) was used 
during the whole experiment. 
2.2  Experimental setup 

Each experimental system (three sets in total) was made up of 
a tank, a lighting system and a monitoring system.  For the former, 
each tank (50 cm radius and 60 cm depth; Figure 1a) was divided 
into seven compartments, these compartments (signed as color 
compartments) have the same area except the middle one (signed as 
public compartment).  The aerating apparatus was put in the 
middle of the public compartment.  Each color compartment was 
connected to the public compartment through a 10 cm×10 cm 
passageway on the bottom.  The size of the passageway between 
every two adjacent color compartments is 15 cm×10 cm.  The 
whole experiment was executed under the controllable laboratory 
conditions where the temperature and humidity were constant: 
dissolved oxygen (DO) at (8.67±0.31) mg/L, total ammonia 
nitrogen (TAN)<0.25 mg/L, chemical oxygen demand (COD) 
<1.50 mg/L, water temperature at (27.41±0.22)°C, pH at 7.82±0.35 
and water depth at (11.57±0.33) cm. 

To the lighting system (Figure 1b), five different LED lights 
(Model OG-SX-90-CL-CJ, Zhejiang, China), involving red, yellow, 
green, blue and white, were hung inside the tank and above the 
water surface.  Besides the white light (peak wavelengths: 455 nm 
and 560 nm), the peak wavelengths of the other four light sources 
are 620 nm, 595 nm, 520 nm and 450 nm, respectively.  There 
was no light in the black compartment.  To ensure the better light 
environment, each compartment was covered with the 
corresponding reflective transfer film.  Furthermore, to avoid the 
light interference from the adjacent tanks, the out wall of each tank 
was covered with the black wallpaper.  During the whole 
experiment, the average light intensity (1.91±0.38) μmol/m2 of 
each LED was maintained the same as much as possible by 

adjusting the distance between LED and the water surface.   
As for the monitoring system, to guarantee the full view-angle 

coverage of the focal tank, each tank was equipped with two 
cameras (2CD1221-I3, Hikvision, Zhejiang, China) which were 
mounted above the tank.  
 

 
a. 3D structural map of the tank b. Experimental picture 

 

Figure 1  Experimental setup: 3D structural map of the tank and 
experimental pictures (with no wallpaper covering the out wall of 

the tanks) 
 

2.3  Experimental design 
Experiment in this study was done in August, 2016.  The 

whole experiment was based on the emptying of the 
gastrointestinal contents[22].  Generally speaking, the longer the 
emptying of the gastrointestinal contents, the higher the hunger 
level of the fish.  Each fish was first put in the pubic compartment 
when it was transferred to the experimental tank.  Before the 
experiment, fish in all tanks (from the same group) were restricted 
from feeding for 36 h to guarantee that minimal food remained in 
the stomach and intestine.  At the beginning of the experiment, 
fish from the same group were fed to over-satiation simultaneously, 
and then fish were deprived of food for 36 h once again.  To better 
visualize the hunger level-based dynamic preference on LED lights, 
three experimental groups (three repetitions each group) were 
carried out at 09:55, 15:55, and 21:55, respectively.  The reason 
for starting the different groups at the different time is to avoid the 
interference from fish circadian rhythm as much as possible.  And 
as shown in Figure 1b, to eliminate the influence of the 
magnetic-field perception-based location-choosing of the fish[26] as 
much as possible, the same color compartments in three repetitions 
were put in different directions (at intervals of 60°).  In addition, 
another three repetitions (with the same LED inside each tank, but 
the lights were off) were carried out at 09:55 as the control group. 

In this experiment, cameras were triggered to record 
automatically after each over-satiation feeding (5 min delay).  
And it’s worth noting that we set the public compartment of the 
tank as the delivering area of the pellet feed.  The pellet feed 
would not transfer to the color compartments because of the fact 
that the water depth (11.57±0.33) cm was higher than the height of 
the passageway (10 cm).  As a consequence, in terms of feeding, 
the disturbance from the color compartments would be avoided 
owing to the fact that fish would not feed in color compartments.  
2.4  Data analysis 

In this study, preference on light spectrum was assessed by 
counting the head location of the fish, and the location was 
recorded per second manually.  The sampling was implemented at 
intervals of 2 h, and each sampling lasted 2 h.  Data were 
represented as mean±standard error (SE).  Hunger level-based 
selection differences on light spectrum were analyzed by 
t-Distributed Stochastic Neighbor Embedding (t-SNE)[27] and 
one-way ANOVA, with p<0.05 indicating a significant difference.  
All statistical analysis was performed using Python 2.7 and Matlab 
R2013a.  Charts were drawn using Matlab R2013a. 
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3  Results and discussion 

Figure 2 shows the description of the response time of Nile 
tilapia in different compartments (including the public 
compartment).  Each data point was calculated as follows. 

( / ( )) 100%,
{ , , , , , , }

i iP N sum N
i red blue white yellow black green public

= ×

∈       
(1) 

where, Ni denotes the response time (in seconds) of the fish staying 
in compartment i, and sum(N) is a constant representing the total 
time of each sampling time, i.e., 7200 s.  

 
Figure 2  Description of the response time of Nile tilapia in different compartments (including the public compartment) at intervals of 2 h 

 

As illustrated in Figure 2, with the increase of the evacuation 
of the gastrointestinal contents of the fish, Ppublic has a significant 
increase in the early stages of the whole experiment.  This 
phenomenon conforms to the intensification of the hunger level of 
the fish[28].  Accordingly, the light spectrum preference of the 
focal fish also changes with the increase of the hunger level.  
Nevertheless, Ppublic trends down over the last few stages of the 
experiment.  This may be an energy-conserving mechanism to the 
fasted Nile tilapia[29], namely, to save the energy, fish would prefer 
to stay in a fixed and comfortable place than swim around for food.  
Furthermore, although these three experimental groups were 
triggered at different times, taking the description in Figure 2 and 
the significance analysis in Table 1 (pre-processed by equation (2); 
Tn represents the different sampling time after being fed to 

over-satiation, 1 ≤ n ≤10) together, the changing trends of the light 
spectrum preference in three groups have certain similarities.  To 
some extent, this can be explained that, in contrast to the circadian 
rhythm of Nile tilapia, the hunger level has a greater impact on the 
selection of the light spectrum.   

1 ( / ( ( ) )) 100%,

{ , , , , , }
i i publicP N sum N N

i red blue white yellow black green

= − ×

∈
    

    
(2) 

As demonstrated in Figure 3, the preference difference on 
different compartments between three experimental groups (the 
average value of three groups) and the control group (no LED 
inside) is significant.  It reinforces the fact that light spectrum has 
an obvious impact on the selection of the compartments for Nile 
tilapia.  

 

Table 1  Significance analysis of the response time in different color compartments between three experimental groups (%) 

Time Experimental group 
Color compartment 

Red Blue White Yellow Black Green 

T1 

Group1 21.80±3.02a 19.60±1.44a 15.29±1.82a 15.67±0.85a 15.87±1.15a 11.78±4.41a 

Group2 20.66±0.71b 22.40±2.12a 12.45±1.57a 16.18±1.34a 16.21±1.15a 12.08±2.70a 

Group3 23.88±0.87a 20.39±1.93a 14.49±2.35a 15.99±1.00a 16.46±0.94a 8.80±1.30a 

T2 

Group1 22.77±0.57a 20.20±0.16a 15.15±0.58a 17.16±1.29a 14.13±0.27a 10.59±2.17a 

Group2 21.01±0.98a 22.19±1.46a 14.88±1.66a 16.49±0.90a 13.19±3.81a 12.24±1.13a 

Group3 21.34±0.99a 19.99±0.09a 13.39±1.31a 14.05±3.80a 18.68±4.93a 12.56±1.34a 

T3 

Group1 17.69±4.45a 18.39±2.08a 14.69±2.01a 19.82±0.65a 17.23±0.58a 12.18±0.83a 

Group2 19.45±5.12a 16.90±9.26a 12.57±1.07a 19.85±2.50a 18.75±5.44a 12.49±5.36a 

Group3 15.07±5.50a 8.49±6.56a 14.40±0.96a 23.03±4.77a 22.46±2.77a 16.55±4.62a 
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Time Experimental group 
Color compartment 

Red Blue White Yellow Black Green 

T4 
Group1 17.06±0.82a 14.55±0.90a 14.71±2.03a 19.70±2.96b 19.60±0.73a 14.38±1.06a 
Group2 18.10±2.08a 15.05±2.03a 13.32±1.69a 22.86±0.81a 18.30±0.44a 12.38±2.44a 
Group3 17.44±0.99a 12.11±1.83a 12.57±0.54a 20.59±0.72b 19.53±0.38a 17.76±3.08a 

T5 
Group1 17.88±1.46a 11.91±2.27a 17.74±2.82a 21.23±5.09a 18.29±2.69a 12.97±1.60a 
Group2 18.84±0.15a 12.09±1.80a 16.22±6.45a 19.36±0.79a 20.11±3.40a 13.38±0.81a 
Group3 18.61±0.45a 15.91±4.59a 9.97±6.39a 18.20±2.60a 22.43±2.61a 14.89±1.79a 

T6 
Group1 18.45±2.00a 14.98±1.99a 16.17±6.04a 18.45±4.67a 19.43±2.31a 12.52±0.84a 
Group2 19.25±1.58a 14.83±3.14a 20.02±3.87a 16.20±6.40a 17.53±0.19a 12.18±2.15a 
Group3 21.38±2.83a 15.58±1.99a 23.39±4.27a 10.22±4.78a 17.98±1.81a 11.46±0.84a 

T7 
Group1 19.34±1.42a 14.67±1.35a 22.31±2.90a 12.85±0.41a 19.42±0.74a 11.41±0.84a 
Group2 19.92±1.01a 12.35±4.97a 23.42±3.81a 13.99±1.97a 19.60±0.32a 10.73±2.22a 
Group3 18.03±2.17a 19.13±4.34a 20.74±2.70a 12.37±0.04a 20.32±0.98a 9.41±1.15a 

T8 
Group1 19.67±1.34a 17.72±2.15a 19.49±1.05a 12.76±1.22a 20.05±0.46a 10.31±2.65a 
Group2 19.22±0.64a 16.53±2.46a 19.46±1.16a 12.44±0.72a 20.07±1.62a 12.28±1.13a 
Group3 21.36±2.08a 14.34±2.40a 19.42±1.07a 12.28±1.18a 21.60±0.98a 11.00±1.92a 

T9 
Group1 21.69±3.13a 17.10±2.77a 19.44±0.91a 14.03±0.82a 16.93±2.09a 10.81±0.20a 
Group2 21.10±4.31a 18.79±1.49a 18.76±0.34a 12.48±0.72a 18.40±2.60a 10.47±0.28a 
Group3 13.49±7.91a 20.22±2.47a 18.81±0.30a 16.10±4.13a 18.68±1.52a 12.70±2.94a 

T10 
Group1 21.16±6.23a 22.68±5.40a 15.12±0.99a 13.22±0.32a 16.84±0.21a 10.99±0.30a 
Group2 26.03±2.12a 17.77±0.85a 15.90±2.79a 13.81±0.48a 16.88±0.63a 9.63±1.39a 
Group3 26.21±2.64a 19.78±0.80a 12.33±2.87a 12.96±0.32a 16.52±0.22a 12.21±1.17a 

Note: Means with the different letters are significantly different at p<0.05 level. 

 
a. Red  b. Blue 

 
c. White  d. Yellow 

 
e. Black  f. Green 

 

Figure 3  Description of the response time of Nile tilapia in red, blue, white, yellow, black and green color compartments.  Means with * 
are significantly different at p<0.05 level between the experimental group and the control group during the same sampling time 
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Analysis above is based on multidimensional data, it is hard to 
visualize the hunger level-based light spectrum preference of the 
fish.  Thus, t-SNE based analysis was implemented in this section.  
t-SNE, an effective nonlinear measure in visualizing the high 
dimensional data, is becoming more and more popular in data 
analysis[30].  It has been proven that t-SNE has better performance 
than Principal Component Analysis (PCA)[31] in visualization of 
the high dimensional data[32].  Nevertheless, in consideration of 
the characteristic of t-SNE (local structure-based analysis), to make 
the analysis more comprehensive, data in this study were initialized 
with PCA (global structure-based analysis) before being processed 
by t-SNE. 

As shown in Figure 4, the hunger level-based light spectrum 
preference can be roughly divided into four clusters (marked in 
different colors): T1 and T2 (cluster 1), T3, T4 and T5 (cluster 2), 
T6, T7, T8 and T9 (cluster 3), T10 (cluster 4).  Then, according to 

the clustering result, the analysis of the hunger level-based light 
spectrum preference was detailed below. 

 
Figure 4  t-SNE based two-dimensional clustering analysis of the 

hunger level-based light spectrum preference (learning rate and 
iterations were set to 3 and 1000, respectively) 

 
a. T1 and T2  b. T3, T4 and T5 

 
c. T6, T7, T8 and T9  d. T10 

 

Note: Different letters mean significantly different at p<0.05 level between the different light spectrums during the same sampling time.  * means 
significantly different at p<0.05 level between the different sampling times for the same light spectrum. 

Figure 5  Light spectrum preference analysis under different hunger levels (i.e., different sampling times) 
 

During T1 and T2, the average visit frequencies in red and blue 
compartments are significantly higher than that in other color 
compartments (Figure 5a).  However, for T3, T4 and T5, fish 
prefer to stay in yellow and black compartments (Figure 5b).  As 
to T6, T7, T8 and T9, the average visit frequencies in white and 
black (except the black compartment in T7) are significantly higher 
than that in other color compartments (Figure 5c).  In the last 
sampling time T10, only the average visit frequency in red 
compartment is significantly higher (Figure 5d).  

Note that, the total visit frequency in red compartment is 
relatively higher during the whole experiment.  The positive effect 
of the red light spectrum, acting on the feeding motivation of Nile 
tilapia, may be the reason[9].  Actually, the social hierarchy of the 
fish used in this study may also contribute to this phenomenon.  

As stated in Materials and Methods, fish used in this experiment 
were chosen from the same batch, and having higher growth rates 
than other individuals.  As a consequence, the experimental tilapia 
may have the higher hierarchy in fish school[33].  As found in 
Luchiari and Freire[7], red light spectrum could promote Nile tilapia 
to have higher heterogeneity in growth.  In other words, red light 
spectrum may be more suitable for the growth of Nile tilapia with 
higher hierarchy than the ones with lower hierarchy.  However, in 
general, red light spectrum was not recommended in aquaculture 
(not only for tilapia, but for many other species) due to the lower 
feed conversion rate and average growth of fish[9,25]. 

In addition, short wavelengths, such as blue and green, have 
been reported to have the ability to promote the growth of the most 
studied species[3].  However, in this study, the average visit 
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frequency in green compartment is significantly lower than that in 
other color compartments throughout the whole experiment.  
Increase of the cortisol under green light may be one of the main 
reasons for this phenomenon[34].  And this conjecture is also 
supported by Volpato et al.[9] to some extent: the growth rate as 
well as the feed consumption efficiency of Nile tilapia was 
relatively lower under the green light.     

In this study, the synergistic effect between the preferences of 
light intensity and spectrum under different hunger levels was not 
studied, it is a limitation to this experiment.  In fact, the 
three-dimensional position of the fish can be a good indicator for 
fish preference on light intensity (deeper the fish, less the 
preference for light intensity).  Whereas, this operation was hard 
to apply to our experiment due to the limits of our experimental 
setup.   

As to the applicability of this study in aquaculture, though Nile 
tilapia shows an obvious dynamic preference on light spectrum 
under different hunger levels, challenges still exist in practical use.  
First, there are many other factors affecting fish preference on light 
spectrum in aquaculture, such as tank color[35,36], water 
temperature[37], aquaculture density[35,38], substrate[39] and so on.  
As a consequence, comprehensive consideration of the 
environment parameters should be done when the hunger 
level-based light spectrum preference of the cultured species is 
applied to real aquaculture.  In the second place, for Nile tipalia, 
whether the preferred light spectrums (in conditions of different 
hunger levels) are good for fish growth hasn’t been verified, as 
such, validation based on the long-term aquaculture should be done 
before applying the results obtained in this study to the actual 
production.  

4  Conclusions 

In order to improve the light welfare of Nile tilapia in 
aquaculture, the light spectrum preference of Nile tilapia, in 
conditions of the different hunger levels, was studied in this paper.  
By means of the emptying of the gastrointestinal contents-based 
experiment, the conspicuous dynamic preference of Nile tilapia for 
light spectrum was revealed with the help of t-SNE and PCA.  In 
addition to this, Nile tilapia shows the significantly lower average 
visit frequency in green compartment than that in other color 
compartments throughout the whole experiment, and the total visit 
frequency of Nile tilapia in red compartment is relatively higher 
during the whole experiment.  In this study, although lacking the 
validation of the long-term aquaculture, results obtained here 
provide a theoretical reference for the light welfare of the cultured 
species in aquaculture, especially for the hunger level-based light 
welfare. 
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