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Abstract
Zebrafish have been known to show color preference. Conditions that enhance or diminish color preferences 
are largely inconclusive. In this study, we used the T-Maze with red and green arms to test the Zebrafish color 
preference. Our results indicated that the initial exposure of individually housed starved fish to the T-maze 
produced four types of swimming patterns with no indication of a clear preference for a particular colored 
arm. However, this situation changes with subsequent exposure to the T-maze, as the fish started to develop 
a clear color preference for green than red. In contrast, starved fish removed individually from their shoaling 
environment and exposed to the T-maze showed no biased color preference between green and red, and no 
food seeking activity. Starved shoaling fish exposed to the T-maze in groups, had a greater preference for green 
than red and displayed an increase in exploration of the red arm as well as increased feeding activity within 
the red arm. Well-fed shoaling fish displayed the same behavior, but had a lower tendency of exploring the 
non-preferred color arm (red). Addictive drugs modified the behavior of the well-fed shoaling fish; however 
modification decreased with increasing tolerance against the addictive drugs. Their color preference for green 
than red can be effectively used to understand the diverse mode of action of addictive drugs and cross-talk. 
For example, pre-treatment of well-fed shoaling fish with alcohol and nicotine singly, produced increased and 
decreased preferences respectively for green compared to the control without affecting their preference for 
red. In contrast, alcohol-nicotine pretreated fish, initially displayed the alcohol effect, but nicotine overtook 
the alcohol effect with increasing time after drug withdrawal from co-treatment. Overall our results clearly 
suggest that Zebrafish have a greater color preference for green than red which can be modified by different 
stimuli, but cannot be eliminated.
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Introduction 
Zebrafish (Danio rerio) is a very versatile and suitable 

vertebrate model which is widely used to study hyper-
activity and anxiety [1,2], appetite [3,4] and associative 
learning and memory [5,6]. Zebrafish possess all the sen-
sory processes such as taste, tactile, smell, balance and 
hearing. Their excellent color vision is one of the most 
widely studied sensory systems [7]. It has been reported 
that Zebrafish decision-making is highly influenced by 
their natural color preference [8-10]. However, Zebrafish 
natural color preference has been highly debated because 
of many contradictory conclusions. For example, it has 
been reported that Zebrafish have no natural bias toward 
a particular color, but instead, their color preference can 
be largely influenced by learning or after using training 

paradigms [11]. Similar studies were carried out by two 
different research groups with different outcomes. One 
reported that Zebrafish have no color bias toward red 
or green [12], while the other reported more preference 
for blue and green compared to yellow and red [7]. Both 
of these studies were contrary to previous studies which 
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suggested Zebrafish have a strong color preference to-
wards red that can be modified but note liminated by 
training [13]. Thus, whether Zebrafish have a natural 
color preference or not, is still inconclusive. The color 
preference of Zebrafish under the influence of chemical 
stimulants such as addictive drugs has not been fully ex-
plored. Therefore we have evaluated the effect of alcohol 
and nicotine, two of the most widely used stimulants, 
on Zebrafish color preference. Earlier studies carried 
out, have found that zebrafish which are exposed to al-
cohol display changes in behaviors such as aggression, 
locomotion, stress and startle responses while nicotine 
caused a reduction of stress and enhanced learning [14]. 
But, recent studies suggest that alcohol and nicotine 
might share the same neuronal nicotinic Acetylcholine 
Receptors (nAChRs) [15]. Many investigators have been 
working to develop a suitable alcohol-nicotine co abuse 
animal mode to reveal the molecular mechanism, but 
only a few have been endorsed [16]. Therefore it would 
be interesting to investigate how both alcohol and nico-
tine individually and in combination influence Zebrafish 
color preference. In this study, we have re-evaluated the 
Zebrafish color preference using a T-Maze tank consist-
ing of a red arm, green arm and white tail under various 
conditions. Our studies, unlike the others previous re-
ported, showed that Zebrafish have a strong color prefer-
ence towards green which can be modified momentarily 
by different stimulating factors but not eliminated.

Methodology
Normal healthy adult Zebrafish which were housed 

under a normal light dark (14/10 hr) cycle were selected 
for this study. The selected fish were maintained sepa-
rately in two groups for 10 days. In one group, fish were 
maintained individually [1 fish/1.5 L; tank size (L)21 
× (W)11 × (H)5.5 cm] or in a group of six (denoted as 
shoaling group) [6 fish/6 L; tank size (L)30 × (W)20 × 
(H)17 cm)] under optimum conditions of water and 
temperature. No reduction in performance was reported 
even when fish housing conducted with 12 fish/1L [17]. 
The fish were fed twice daily with blood worms obtained 
from Aqua Select, Taiwan. The study of fish swimming 
pattern were carried out within 30 minutes of their re-
lease into T-maze tank (Figure 1) having green arm, red 
arm and white tail. The images were captured with a CCD 
camera fitted above the tanks. All recording were carried 
out in a closed room to ensure no external influence and 
disturbance took place during the recording. The track-
ing and analysis of recorded images were carried out by 
NIH Image J software and statistical analysis were con-
ducted using Microsoft Excel single factor ANOVA.

Results and Discussion
Experiment set I

Screening of different types of swimming pattern of 
individually housed starved Zebrafish in the T-maze tank 
(initial exposure). Four types of swimming patterns were 
generated from the analysis of swimming pattern, for over-
night starved fish, when no food source was present in-
side the tank. Out of the 30 individual fish studied, 12 fish 
showed type 1 preferential swimming shuttle between the 
white tail and green arm (Figure 2A); 6 fish showed type 2 
between white tail and red arm (Figure 2B). 8 fish showed 
type 3 preferential shuttling between white tail, green and 
red arms (Figure 2C) and 4 fish showed type 4 i.e., shuttling 
within white tail zone with no significant movements to-
wards either green or red arms or both (Figure 2D). Type 1 
and type 2 were classified based on the fish overall retention 
time in each arm i.e., greater than 5 minutes in green arm 
(type 1) or red arm (type 2) during an entire 30 minutes of 
recording. Type 3 was classified when the fish overall re-
tention time in both the green and red arm were more than 
10 minutes (i.e., more than 5 minutes in each arm). Type 
4 was assigned when the overall retention time in both the 
green and red arm was less than 10 minutes (i.e., time spent 
in each arm was less than 5 minutes) during the entire 30 
minutes of recording.

Experiment set II
Screening of swimming pattern of individually housed 

starved Zebrafish after subsequent exposure to the T-maze. 
6 starved fish which either went to the green or red arm 

         

Coloured arm
(red)

Tail
(white)

Holding area

Coloured arm
(green)

Figure 1: Schematic model of color arms of T-maze tank 
having measurements of both green and red arm: 31.75 cm 
× 25.4 cm × 25.4 cm; holding area: 16.51 cm × 25.4 cm × 
25.4 cm; tail: 76.2 cm × 25.4 cm × 25.4 cm.
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during their first day exposure were selected. Fish were 
exposed to the T-maze for an additional five days. The 
experiments were repeated twice with a new set of fish 
selection (as carried out in experiment set one), bringing 
each type of fish population to 18. Surprisingly, type 1 re-
tained its swimming pattern while type 2 shifted to type 
1 swimming pattern (Table 1, Row 1). This shifting from 
type 2 swimming pattern to type 1 swimming pattern as 
well as their retention time in the green arm drastically 
increased when the food was introduced into the green 
arm (Table 1, Row 2). In contrast, when the food was in-

troduced into the red arm, the fish which displayed type 
1 swimming pattern did not shift to type 2 swimming 
pattern (data not shown). However, fish which displayed 
type 2 (three replicates, each with 6 fish of the type) 
swimming pattern showed only marginal improvement 
in their retention time in the red arm. Further, swim-
ming pattern completely shifted from type 2 to type 3 
(Table 1, Row 3). Since fish were not trained to choose 
either the green or red arm, based on their observed be-
havior, it can be suggested that Zebrafish have a strong 
color preference toward green compared to red color. In-

         

Top View

A B C D

Type 1 Type 2 Type 3 Type 4

G R G R G R G R

Figure 2: Representative image of different types of swimming patterns observed on the first day of exposure by the individually 
housed starved Zebrafish in the T-maze tank during 30 minutes of recording (G = Green; R = Red).

Table 1: Total percentage distribution of individually housed starved Zebrafish in each colored arm of the T-maze tank during 30 
minutes of recording. 

Condition Green arm Red arm Tail
Type 1 Type 2 Type 1 Type 2 Type 1 Type 2

Starved fish control 
(type 1, N = 18) and 
(type 2, N = 18) 
without food in T-Maze 
(Showing Type 1 
swimming pattern)

25 ± 3

[F = 5,30 = 0.833,

P = 0.53]

25 ± 5

[F = 5,30 = 0.19,

P = 0.97]

3.6 ± 2.6

[F = 5,30 = 0.63,

P = 0.68]

4 ± 3

[F = 5,30 = 0.45,

P = 0.81]

71.9 ± 5.4

[F = 5,30 = 0.86,

P = 0.82]

71 ± 4

[F = 5,30 = 0.5,

P = 0.78]
Between Type 1 and 2

[F = 1,70 = 0.24, p = 0.62]

Between Type 1 and 2

[F = 1,70 = 0.69, p = 0.41]

Between Type 1 and 2

[F = 1,70 = 0.25, p = 0.62]
Starved fish type 2 fish 
(N = 18) with food in 
the green arm

(Showing predominant 
Type 1 swimming 
pattern)

51.75 ± 3.9

[F = 5,30 = 0.29, p = 0.91]

4.4 ± 2.91

[F = 5,30 = 0.51, p = 0.76]

45.2 ± 9.3

[F = 5,30 = 0.70, p = 0.63]

Between green and red arm

[F = 1,70 = 4188.9, p < 0.001]

Between red arm and tail

[F = 1,70 = 623.1, p < 0.001]

Between green arm and tail

[F = 1,70 = 14.6, p = 0.0003]

Starved fish (type 2, N 
= 18) with food red side

(Type 2 shifting to Type 
3 swimming pattern)

32.5 ± 4.6

[F = 5,12 = 2.73, p = 0.07]

22.3 ± 7.6

[F = 5,12 = 0.71, p = 0.63]

46.9 ± 9.7

[F = 5,12 = 1.32, p = 0.32]
Between green and red arm

[F = 1,34 = 24.2, p < 0.001

Between red arm and tail

[F = 1,34 = 71.69, p < 0.001]

Between green arm and tail

[F = 1, 34 = 32.2, p < 0.001]

(Value expressed as Mean ± SD of 6 consecutive recording with 6 fish of type 1 and 2 in triplicate; Different treatment groups have 
different set of 6 fish of each type in triplicate).
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tion in their food seeking activity in that arm, in addition 
to shifting of their swimming pattern from type 2 to type 
1 (in the absence of food in the red arm); type 2 to type 3 
(in presence of food in red arm).

crease in retention time when the food was in the green 
arm, and only a marginal increase in retention time in 
the red side, directly correlated to their color preference. 
There was a clear indication that the red color induced 
some degree of anxiety in the fish, as there was a reduc-
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days produced different results. The results showed type 
4 swimming pattern (PDF in the tail 90.9 ± 0.5%, green 
arm 0.92 ± 0.8%) with slow transition to type 3 swim-
ming pattern (PDF in tail 37 ± 13%, green arm 23.6 ± 
6.7% and red arm 39.5 ± 6.8%), but not type 2 swimming 
pattern. These results clearly indicated that Zebrafish col-
or preference can be modified by three days conditioning 
training to avoid green arm but not eliminated, as there 
was a significant PDF in the green arm after withdrawal 
from stimulation.

Experiment set V
Evaluation of the effect of addictive drugs on the color 

preference of well-fed shoaling Zebrafish. Shoaling fish (6 
fish in a group) were subjected to either 1% alcohol (v/v) 
or 1mg/l nicotine or a combination of both (mix alcohol 
1% v/v and nicotine 1 mg/l) for 30 minutes. Fish were 
then transferred to the holding area of the T-maze for 5 
minutes after which the fish were released and swimming 
pattern recorded. This experiment was repeated for three 
more consecutive days with the same group of fish. Anal-
ysis of the total percentage fish distribution for the con-
trol, during the 30 minutes of recording showed that in 
the first day, fish preferentially shuttled between the tail 
(65%) and the green arm (34%). The total PDF in the red 
arm, however increased from 1% in the first day to 14% in 
the second day and 23% in the third day (F = 2,6 = 89.2, p 
< 0.001) without affecting their distribution in green arm 
(F = 2,6 = 3.9, p = 0.1). In other words, shoaling fish pro-
gressively shifted from type 1 to type 3, but not type 2. 
Pre-treatment of shoaling fish with alcohol or nicotine or 
co-treatment with both alcohol and nicotine, produced 
a drastic change in their distribution in the T-maze. The 
total PDF during the second day of recording in the green 
arm for alcohol, nicotine and alcohol nicotine co-treated 
fish were 63 ± 2.6%, 22 ± 1.6% and 49.6 ± 2.0% respec-
tively. Compared to the second day recording of control, 
the alcohol, nicotine and alcohol nicotine co-treated fish 
displayed a significant change in their green arm distribu-
tion (alcohol, F = 1,4 = 206.9, P < 0.01; Nicotine, F = 1,4 = 
56.3, P = < 0.01; alcohol plus nicotine, F = 1,4 = 57.4, p < 
0.01). However, these differences are minimal compared 
to the control on the third day with the same dosage of 
addictive drugs (p = 0.4 to 0.6). In contrast, PDF in the 
red arm remained below 20% in all the treatment groups 
throughout the three consecutive days of recording. This 
may be because of increased tolerance towards the same 
dosage of addictive drugs with increasing days of treat-
ment. This trend continued into the fourth day of record-
ing (data not included).

Since the first day of addictive drug treatment re-
sulted in distinct differences in color preference, three 
replicates of each treatment (six fish per group) were 
performed. Analysis of PDF in the T-maze with pro-

Experiment set III
Screening of T-maze swimming pattern of starved 

shoaling Zebrafish. Shoaling fish maintained in a group 
of 6 were starved overnight before the onset of the ex-
periment. Single fish were removed from the shoaling 
group and placed directly into the T-maze tank. Swim-
ming pattern was then recorded. The initial 5 minutes of 
recording produced almost consistent type 3 swimming 
activity. This swimming pattern was neither affected by 
the repetition of the same experiment up to 6 consecu-
tive days nor by placing food in either arm. Comparison 
of the total Percentage Fish Distribution (PDF) in the 
colored arms (green + red) at day 1 (18.9 ± 5.9%) and 
day 6 (15.5 ± 3.8%) showed F = 1, 10 = 1.41, p = 0.3). 
There was a lack of food seeking activity and no bias to-
wards a color. In contrast, placing all 6 starved shoaling 
fish into the T-maze, produced type 3 swimming pattern 
in day one (PDF in the green arm 21.1 ± 2.5% and red 
arm 26.1 ± 2.1%, N = 3 replicate, 6 fish in each replicate], 
which progressively shifted to type 1 swimming pattern 
after subsequent days of recording when no food source 
was present. At day 5 and 6, the swimming patterns were 
completely type 1 (PDF in green arm 53 ± 2.8%, N = 3, 
6 fish in each replicate). However, if the food was placed 
in the red arm of the T-maze, the swimming pattern 
shifted from type 3 to type 2 swimming pattern slowly 
(PDF in red arm 36.8 ± 2.4%, N = 3, 6 fish in each rep-
licate). These results, clearly indicate that the removal 
of fish from their shoaling environment tremendously 
increase their anxiety levels. Consequently, even when 
isolated fish were hungry, they displayed no food seeking 
activity or color preference. In contrast, if the fish were 
housed individually for a few days before being exposed 
to the T-maze, they are largely confined to the arm of 
their preferred color. They also showed a reduction in 
food seeking activity in the non-preferred arm. Hence, 
shoaling seems to reduce the individual anxiety level of 
each fish and helps to enhance food seeking activity in 
the non-preferred color arm.

Experiment set IV
Swimming pattern produced by well-fed shoaling fish 

in the T-Maze after application of an aversive stimulus in 
the green arm. Shoaling fish when exposed to the T-maze 
displayed predominant movement toward the green arm 
during the first 10 minutes. With increasing time, they 
started moving slowly toward the red arm (Table 2 green 
arm column 2, and red arm column 1). This indicated 
that shoaling fish have their first place of preference in 
the green arm. However, with increasing time they be-
gan to explore the other regions of the T-maze. Three 
days conditioning training of the shoaling fish by the in-
clusion of strong water vibrations in the green arm, fol-
lowed by observation of the swimming pattern for three 
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Conclusion
Initial exposure of individually housed starved Ze-

brafish to the T-maze with colored arms produced four 
types of swimming patterns, that is, preferential shut-
tling between white tail and green arm; white tail and red 
arm; non-biased shuttling in both green and red arms 
and maximum retention in the white tail. However, sub-
sequent exposure to the T-maze showed an increase in 
the occurrence of the swimming pattern which was char-
acterized by preferential shuttling between the white tail 
and green arm. This tendency could not be modified by 
starvation or by placing food in the red arm. In contrast, 
removing individually starved fish from their shoaling 
condition lead to increased anxiety levels and these fish 
showed no biased color preference between green and 
red and no food seeking activity. Shoaling starved fish on 
the other hand, have a greater preference for the green 
arm than the red arm, but they also showed an increase 
tendency of exploring the red arm and increased feeding 
activity within this arm. Well-fed shoaling fish showed 
preferential shuttling between the white tail and green 
arm with little exploration activity in the red arm. This 
preferential selection of the green colored arm by the 
well-fed shoaling fish can be modified but not eliminat-
ed by various stimuli such as aversive method sand ad-
dictive drugs. Overall our results reconfirmed previous 
observations made by [7], that Zebrafish have a greater 
preference for green than red and observations by Spen-
ce and Smith 2008, that natural color preferences can be 
modified but cannot be eliminated.
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gressive 5 minutes of recording up to 30 minutes were 
summarized in (Table 2). As can be seen from (Table 2), 
control fish showed a progressive increase of PDF in the 
green arm with each 5 minute increment of recording. 
In contrast, alcohol treated fish showed 71 ± 8% PDF in 
the green arm for the first 5 minutes and decreased slow-
ly with each 5 minute increment of recording. However, 
the alcohol treated fish showed 52 ± 5% PDF in the green 
arm during the last 5 minutes of recording (i.e., between 
25-30 minutes) which was a much higher value com-
pared to the control 39 ± 6%. The PDF in the red arm 
also increased during this period in both the control and 
alcohol treated groups, indicating that in both groups, 
the fish developed a tendency to shift from type 1 to type 
3 swimming pattern. In contrast, nicotine treated fish 
showed around 20% PDF in the green arm and main-
tained the same distribution throughout the 5 minutes 
incremental recording. There were no observable PDF 
in the red arm. Alcohol-nicotine co-treated fish on the 
other hand, produced alcohol-type PDF during the first 
5 minutes of recording but rapidly decreased with each 
5 minute increment of recording. During the last five 
minutes of recording, the swimming pattern was similar 
to the nicotine treated fish. This was interesting because 
both drugs have been reported to activate a common fi-
nal neural pathway of the dopaminergic system which 
mediates the pleasurable feelings of reward despite their 
opposite molecular mode of action [18,19]. Our re-
sults clearly indicated that both drugs produced drastic 
changes in Zebrafish color preference during the initial 
days of exposure. Therefore, during the initial exposure, 
the effect of these drugs, even though they might be short 
lived, might not act the same on the neural pathway of 
the reward system. However, it seems that repeated ex-
posure to these drugs is required for activation of the re-
ward pathway. The repeated exposure to these drugs, are 
known to modify gene expression profiles [20-22]. Since 
both drugs produced different behaviors during initial 
exposure, the understanding of the molecular pathway 
of how these two drugs converse to activate the same 
reward system is not clear. But, the results obtained for 
the combined drugs, clearly indicated that alcohol can 
block the nicotine effect but the nicotine effect is able 
to overtake. This observation is in good agreement with 
earlier observations made by [23,24]. It should be noted 
that alcohol induced in toxication and learning impair-
ments can be slashed down by nicotine intake [25,26]. 
However, our observation of complete swing from alco-
hol dependent behavior to nicotine dependent behavior 
after withdrawal from co-treatment within a short span 
of time cannot be considered as normal behavior. More 
in-depth studies are needed with different other behavior 
as well as biochemical parameters to validate co-addic-
tion impact on heath and behavior.
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