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Abstract 9 

The color discrimination can confer survival advantages by helping 10 

animals to find nutritious food and shelter and to avoid predator. 11 

Zebrafish as a social species, data on innate color preference in shoals 12 

remain controversial and there are limited data for this organism. Here we 13 

showed that, when given a choice among two color combinations (R-Y, 14 

R-G, Y-G, B-G, B-R, B-Y), shoals of zebrafish exhibited a complex 15 

pattern of color preference and the order of RYGB preference was 16 

R>Y>G, B>G. By contrast, the individual zebrafish showed marked 17 

changes, completely losing their preference for all the tested color 18 

combinations. To investigate the role of shoaling behavior in color 19 

preference, we selected a D1-receptor antagonist (SCH23390), which 20 

could disrupt social preference and decrease social interaction in 21 

zebrafish. Interestingly, the shoals that were treated by SCH23390 22 

showed no color preference for all color combinations. Our findings 23 

indicate that social interaction is involved in color-driven behavior in 24 

zebrafish, and reveal the possible mechanisms that the dopaminergic 25 

system may contribute to innate color preference in shoals of zebrafish.  26 
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1. Introduction 29 

Color preference has been studied in a wide range of species- insects 30 

[1-3], birds [4], fish [5-7], and humans [8]- affecting foraging, decision 31 

making, and reproduction. Humans are commonly the most like blue and 32 

dislike yellowy-green when individuals vary in their color preference [8]. 33 

Animals are often better able to perceive colors in their environment 34 

[9-11], and their color preference are either most represented in the 35 

environment [12] or contrast with the background [13]. For example, the 36 

parasitic wasp (Venturia canescens) prefers yellow, which is the most 37 

common color among natural flowers in their living regions [1]. 38 

Bumblebees (Bombus impatiens) prefer blue flowers, which stand out in a 39 

complex background [2]. The fruit fly Drosophila prefers green light to 40 

red light in the early morning and late afternoon, when the flies showed 41 

the higher activity, because such timed preference and the burst of 42 

activity are devoted to searching for food in or under green trees and 43 

bushes [3,14]. While tropical Asian birds prefer red and black, which are 44 

the most commonly encountered forest fruit colors [4]. 45 

Plenty of researches have proven that zebrafish (Danio rerio) have 46 

preference towards different colors [5-7, 15-17]. Surprising, the color 47 

preference of zebrafish has been extensively studied but still remains 48 

controversial. For instance, some researches show a strong preference for 49 

blue [5,15], whereas others report a clear aversion for this color 50 
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[6,7,16,17]. It is still not clear whether the shoaling behavior affect the 51 

color preference. As is well known, zebrafish are social animals and tend 52 

to travel in shoals [18]. Meanwhile, there is a vital necessity for fish to 53 

sense danger and stay away from predators, thus it is beneficial for a fish 54 

to stay tight within a shoal and to assess the social interaction efficiently. 55 

We make a hypothesis that the characteristic of background color may 56 

influence the efficiency of social contact within a shoal and consequently 57 

shoal may prefer certain background colors in order to keep the social 58 

contact, which can be called as innate color preference of shoals. 59 

Recently, Park et al. used zebrafish larvae (5 days post fertilization (dpf)) 60 

to test the innate color preference in shoals [19]. However, shoaling 61 

behavior usually starts to develop after 7 dpf, becoming progressively 62 

stronger for the mature [20-22]. As far as we know, no research has been 63 

published that investigate the innate color preference of mature shoals, 64 

although shoaling and social behavior in general has received 65 

considerable critical attentions. 66 

The cohesion of shoals has been found to be associated with the 67 

whole brain dopamine level [23]. Dopamine is one of the major 68 

neurotransmitters in the central nervous system of the vertebrate brain 69 

which plays important roles in a variety of cerebral functions, such as 70 

mood, attention, reward and memory [24-26]. Abundant evidence shows 71 

that dopamine is associated with the neurobehavioral functions in 72 
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zebrafish [27,28]. Saif et al. [27] found that strong social stimuli will 73 

increase the dopamine and its metabolite 3,4-dihydroxyphenylacetic acid 74 

(DOPAC) levels in the brain of the adult zebrafish. The short-term 75 

isolated zebrafish could reduce the level of DOPAC [28]. The social 76 

interaction of shoals in zebrafish can be affected by the dopaminergic 77 

system through influence of the dopamine level [29]. D1 dopamine 78 

receptor antagonist (SCH23390) is most abundantly expressed dopamine 79 

receptor subtypes in the brain of zebrafish [30]. And SCH23390 disrupts 80 

social preference of zebrafish by decreasing the level of dopamine in 81 

dopaminergic system [31,32].  82 

In the present study, we used two-color combinations (R-Y, R-G, 83 

Y-G, B-G, B-R, B-Y) to test the innate color preference of shoal (10 adult 84 

zebrafish) and individual fish, respectively. Moreover, we evaluated the 85 

influence of social interaction on the color preference of shoal, by 86 

implementing D1-receptor antagonist to disrupt social preference of 87 

zebrafish. 88 

2. Materials and Methods 89 

2.1. Animals 90 

Adult zebrafish of the wild type (AB strain) were obtained from 91 

breeding center at University of Science and Technology of China. 92 

Zebrafish were maintained in an environmental controlled room with a 14 93 

h light/10 h dark cycle (room fluorescent light, 08:00 am-22:00 pm) and a 94 
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temperature at 28℃. The pH and conductivity in circulating water of the 95 

aquarium were 7.0-7.4 and 1500-1600 µs/cm, respectively. Animals were 96 

fed twice per day, at 09:00 am and 14:00 pm, with frozen brine shrimps. 97 

2.2. SCH23390 exposure 98 

1.0 mg/L D1-receptor antagonist SCH23390 99 

(R-(+)-8-chloro-2,3,4,5-tetrahydro-3-methyl-5-phenyl-1H-3-benzazepine-100 

1-ol; Cat # D054; Sigma-Aldrich) were applied to treat individuals. 1.0 101 

mg/L SCH23390 which significantly reduced the amount of dopamine in 102 

the brain of zebrafish [29], so we selected this concentration to conduct 103 

our experiments. Before color preference test, fish were placed in drug 104 

exposure beaker (500 mL in volume) and remained in D1-receptor 105 

antagonist solution for 30 min. Because the 30-min exposure period is 106 

sufficiently long for the drug to reach the zebrafish brain through the 107 

vasculature of their gills and skin [29]. All the animals in the beaker were 108 

offered the same conditions (including illumination, temperature and 109 

dissolved oxygen) which were identical to the standard aquarium. 110 

2.3. Experimental apparatus 111 

The color-enriched conditional place preference (CPP) apparatus, is 112 

a commercial fish tank (35 cm length × 20 cm width × 23 cm height), 113 

colored with four color combinations (red (R), green (G), yellow (Y) and 114 

blue (B)). To create the preference for two colors, the CPP tank was 115 
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divided into two compartments which were covered with the 116 

corresponding colors on all side except the top. A video camera 117 

(NVH-589MW; Wang Shi Wu You Corporation; China) was placed above 118 

the CPP tank for vertical video tracking. The color preference apparatus 119 

was placed over the LED light panel to ensure the light source could 120 

cover the whole tank. The detailed apparatus has been described in our 121 

previous work [33]. The experimental tanks were poured into 10 L fresh 122 

fish water, there was no physical barrier between the two compartments 123 

and the experimental subjects could swim freely in the entire tank. The 124 

outside of color-enriched CPP tank was opaque to prevent external visual 125 

interference from all direction. To minimize the effect of noise, the 126 

experimental room was closed and kept quiet, and the experimenter was 127 

not visible to the fish during the recording. 128 

2.4. Color preference test 129 

To test the color preference of shoals in zebrafish, the color-enriched 130 

CPP tank is for to measurement of color preference in adults. Each two of 131 

the four colors were combined as a group to color the CPP tank (six 132 

groups in total). The 10-adult zebrafish with equal numbers of males and 133 

females (a shoal) swam freely in the color preference apparatus. After 134 

5-min adaption, the proportion of numbers stayed in each colored zone 135 

was recorded every 1 min for 30-min experiment. Unlike the color 136 

preference of shoals, the individual fish was recorded the proportion of 137 
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time spent in each colored zone during 30-min experiment. The 138 

behavioral analyses were performed with the SMART 3.0 software 139 

(SMARTSUPER, Panlab, Spain). 140 

2.5. Statistical analysis 141 

All experimental results were expressed as the means ± standard 142 

error of the mean (SEM) and analyzed by an independent t-test using the 143 

SPSS statistics program. Significance was set at p < 0.05 for all the 144 

experiments. 145 

3. Results 146 

3.1. The innate color preference of shoals in zebrafish 147 

To investigate color preference in shoals of zebrafish, a shoal was 148 

introduced and allowed to swim freely in color-enriched CPP tank. After 149 

5-min acclimation to the treatments, the location of each zebrafish in each 150 

colored zone was counted every 1 min for 30 min total of video recording. 151 

As demonstrated in Fig. 1A-1C, R (80.0% ± 16.56%) was preferred over 152 

Y (20.0% ± 16.56%) (t9 = 5.73, p<0.001), and R (77.10% ± 21.92%) was 153 

preferred over G (22.90% ± 21.92%) (t9 = 3.91, p<0.01), and Y (67.27% 154 

± 16.52%) was preferred over G (32.73% ± 16.52%) (t9 = 3.31, p<0.01), 155 

suggesting the order of color preference was R>Y>G. Between B and G 156 

colors, the adults showed a greater preference for B (79.01% ± 12.65%) 157 

over G (20.99% ± 12.65%) (t9 = 7.25, p<0.001) (Figure 1D). However, 158 

no distinct preference was observed between R, Y and B (Fig. S1, Table 159 
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S1). Thus, the order of RYGB preference was R>Y>G, B>G. 160 

3.2. The innate color preference of a single zebrafish 161 

We next set out to identify the social isolation that affected color 162 

preference in zebrafish. First, we focused on the color discrimination of 163 

an individual fish. To test the role of social contact in zebrafish, we 164 

measured color preference in an individual fish which was separated from 165 

a shoal. Individual fish could swim freely in the same CPP tank. After 166 

5-min adaptation to the environment, the percentage of time spent in 167 

different zones was recorded during a period of 30 min. Unexpectedly, 168 

from Fig. 2 and Fig. S2, the zebrafish showed marked changes, 169 

completely losing their preference for all colors (R-Y, R-G, Y-G, B-G, 170 

B-R, B-Y) (Table S1). These data raised the possibility that social 171 

interaction in shoals of zebrafish played an important role in color 172 

preference. 173 

3.3. The innate color preference of shoals depends on the social 174 

interaction 175 

To start the color preference in shoals, a group of 10 fish with equal 176 

numbers of males and females remained in the D1-receptor antagonist 177 

solution for 30 min. Then, the shoals of zebrafish could swim freely in 178 

color-enriched CPP tank. After 5-min acclimation, the location of each 179 

zebrafish in each colored zone was counted every 1 min for 30 min total 180 

of video recording. From the results in Fig. 3 and Table S1, by contrast 181 
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with the shoals without SCH23390 treatment, the shoals lost their interest 182 

in color combinations in color-enriched CPP tank (R-Y, R-G, Y-G, B-G). 183 

These results suggest that the color preference of shoals require the 184 

participation of social interaction. 185 

4. Discussion 186 

The shoaling behavior is one of the most robust and consistent 187 

behavioral features in zebrafish, which has been observed both in nature 188 

[34] and in the laboratory [35]. Fish often forms aggregations and is 189 

found mostly in lakes, puddles, ponds, rice fields, ditches and small 190 

watercourses [36]. The intricate living conditions which contain abundant 191 

colors and shoaling behavior may affect foraging, predator avoidance and 192 

reproductive success. The results show a clear innate color preference in 193 

shoals of zebrafish. The innate color preference would spur shoal on to 194 

emigrate to the environment with a favorable color background that 195 

benefits social contact. According to this studies, the order of RYGB 196 

preference was R>Y>G, B>G. Some results of color preference were 197 

consistent with the findings which were reported by Park et al. [19] and 198 

Peeters et al. [37]. They used zebrafish larvae (5 dpf) to test the innate 199 

color preference in shoals, and found that zebrafish preferred R over Y, 200 

and R over G, and B over G. However, literature has emerged that offers 201 

contradictory findings about the innate color preference in shoals.  A 202 

possible explanation for the contradictory conclusions are that the 5 dpf 203 
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larvae did not develop shoaling behavior [20-22]. Therefore, we think 204 

that it is necessary to carry out controlled study which compares 205 

difference in color preference between individual and shoal adults.   206 

So far, the color preference of individual fish has been studied by 207 

many groups, but no consensus is apparent with respect to this essential 208 

behavior in zebrafish. For example, Li et al. [38] found that zebrafish 209 

exhibited a robust preference for the green zone compared with the red 210 

zone. Soon after, an apparently contradictory result was reported by 211 

Pierog et al. [39], which demonstrated that zebrafish significantly 212 

preferred the red zone to the green zone. In addition, Kim et al. [40] 213 

claimed that there was no color preference between red and green. Since 214 

then, the color preference test has been replicated by different groups 215 

with their own experimental designs, it is difficult to control the 216 

experimental apparatus, the acclimation period and recording time. Park 217 

et al. [19] considered that vision of zebrafish can affect the color 218 

preference of fish by hypopigmentation of the retinal pigment epithelium. 219 

Herein, for the first time, we identify the effect of social interaction 220 

that affects the color preference in shoal zebrafish. Our results 221 

demonstrated that individual zebrafish hardly had any clear preference for 222 

all the tested two-color combinations, while shoals of zebrafish exhibited 223 

a complex pattern of color preference and the order of RYGB preference 224 

was R>Y>G, B>G. We deduced that the color preference of zebrafish is 225 
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an innate attribute of shoals, and therefore individual fish lack of social 226 

interaction with one another showed no color preference. As a social 227 

animal, zebrafish prefers to spend most of time to social group and 228 

develops a complex behavioral pattern depending on timely social contact 229 

with its companions [41-43]. Additionally, zebrafish exhibited a strong 230 

preference for their own phenotype, and such preference were mediated 231 

by visual signals [44]. Instead, socially deprived zebrafish failed to show 232 

social preference and social interaction [44,45]. These results suggested 233 

that social interaction could be responsible for eliciting the preference for 234 

colors. 235 

The dopaminergic system is involved in several brain functions 236 

which has been found to be associated with the shoaling tendencies [46]. 237 

The dopamine plays key roles in the neurobehavioral functions in 238 

zebrafish [27,28]. For instance, the strong social stimuli will increase the 239 

dopamine and DOPAC levels in the brain of the adult zebrafish [27], and 240 

the short-term isolated zebrafish could reduce the level of DOPAC [28]. 241 

Dopamine receptors distribute in different brain regions. Clearly, the 242 

specific areas are involved in cognition, including hippocampus, the 243 

prefrontal cortex, the amygdale, and the ventral and dorsal parts of the 244 

striatum. There are four different dopamine receptor subtypes (D1, D2, 245 

D3, and D4) in the brain of zebrafish [30,47,48]. Among the different 246 

types of dopaminergic receptors, the excitatory D1 receptor (D1-R) 247 
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subtype is the most predominately expressed in the brain regions [49]. 248 

D1-R activate the production of intracellular 3’-5’-cyclic adenosine 249 

monophosphate (cAMP) through adenylyl cyclase induction and regulate 250 

intercellular calcium signaling or protein kinase activity [50]. 251 

The social interaction in shoals can be affected by the dopaminergic 252 

system through influence of the dopamine level [29]. To investigate the 253 

role of social interaction in the innate color preference in shoals, we 254 

employed a D1 dopamine receptor antagonist (SCH23390) and analyzed 255 

its effects on behavior of color preference. The drug was chosen because 256 

D1-R antagonist, SCH23390, is most abundantly expressed dopamine 257 

receptor subtypes in the brain of zebrafish [30]. Second, SCH23390 258 

disrupts social preference of zebrafish by decreasing the level of 259 

dopamine in dopaminergic system [31,32]. Finally, the drug is water 260 

soluble, and zebrafish can be administered by simple immersion in the 261 

drug solution.  262 

The D1-R antagonist treatment which can disrupt the social 263 

interaction led to the deficits of color preference in shoals. The fish were 264 

employed by SCH23390 did not exhibit abnormal motor or posture and 265 

visual damage [29]. The article showed that SCH23390 decreased the 266 

preference of zebrafish to move toward and stay close to social stimuli 267 

[29]. Several potential mechanisms may be responsible for the decreased 268 

the level of dopamine through exposure to the D1 receptor antagonist 269 
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(SCH23390). The decreased of dopamine levels imply the reduced 270 

dopamine production and/or increased dopamine degradation in response 271 

to the employed SCH23390 [51]. Yung et al. [52] have shown that D1-R 272 

localized in the post-synaptic terminals of neurons in the basal ganglia. 273 

The blockade of post-synaptic neurotransmitter receptors may impair 274 

signaling downstream and reduce neurotransmitter release. The 275 

antagonist of D1 receptor could increase the concentration of dopamine 276 

in the synaptic cleft which lead to reuptake and leakage to extra-synaptic 277 

areas. The increased extra-synaptic dopamine could activate 278 

dopaminergic autoreceptors on the pre-synaptic neuron and inhibit the 279 

dopamine synthesis [53]. Taken together, these studies and our own 280 

suggest the role of social interaction in innate color preference of shoals, 281 

with color discrimination deficits linked to the decreased dopamine level 282 

in the brain of zebrafish. 283 
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Figure Captions 457 

Fig. 1. The shoals of zebrafish exhibit the innate color preference with 4 458 

color combinations (R-Y, R-G, Y-G, B-G). R, red; Y, yellow; G, green; B, 459 

blue. The percentage of numbers of 10-adult zebrafish spent in each 460 

colored zone was counted every 1 min for a total of 30 min (n=10). ** 461 

p<0.01, *** p<0.001. 462 

 463 

Fig. 2. The color preference of an individual fish according to 4 color 464 

combinations (R-Y, R-G, Y-G, B-G). The percentage of time of fish spent 465 

in each colored zone was recorded during 30-min experiment (n=15).  466 

 467 

Fig. 3. The color preference of shoals with SCH23390 treatment in 4 468 

color combinations (R-Y, R-G, Y-G, B-G). The percentage of numbers of 469 

10-adult zebrafish spent in each colored zone was counted every 1 min 470 

for a total of 30 min (n=10).  471 
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Figure Captions 492 

Fig. S1. The color preference of shoals in B-Y and B-R. R, red; Y, yellow; 493 

B, blue. The percentage of numbers of 10-adult zebrafish spent in each 494 

colored zone was counted every 1 min for a total of 30 min (n=10). 495 

 496 

Fig. S2. The color preference of an individual fish in B-Y and B-R. The 497 

percentage of time of fish spent in each colored zone was recorded during 498 

30-min experiment (n=15).   499 
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Table Captions 507 

Table S1. The results of color preference in zebrafish with different 508 

treatments. 509 
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Table S1. The results of color preference in zebrafish with different treatments 511 

Treatment Color % Average of time (or % Average of number) t-value, p-value 

The color preference 

of shoals 

 

R vs Y 80.00±16.56 vs 20.00±16.56 t9=5.73, p<0.001*** 

R vs G 77.10±21.92 vs 22.90±21.92 t9=3.91, p<0.01** 

Y vs G 67.27±16.52 vs 32.73±16.52 t9=3.31, p<0.01** 

B vs G 79.01±12.65 vs 20.99±12.65 t9=7.25, p<0.001*** 

B vs Y 54.20±16.10 vs 45.80±16.10 t9=0.83, p=0.431 

B vs R 49.10±35.94 vs 50.90±35.94 t9=0.08, p=0.939 

The color preference 

of the single 

zebrafish 

R vs Y 52.10±8.14 vs 47.90±8.14 t14=1.45 p=0.170 

R vs G 52.82±10.59 vs 47.18±10.59 t14=1.50, p=0.156 

Y vs G 48.61±8.80 vs 51.39±8.80 t14=0.88, p=0.393 

B vs G 48.56±13.98 vs 51.44±13.98 t14=0.57, p=0.578 

B vs Y 48.07±15.42 vs 51.93±15.42 t14=0.70, p=0.498 

B vs R 53.38±21.15 vs 46.62±21.15 t14=0.89, p=0.389 

The color preference 

of shoals with 

SCH23390 treatment 

R vs Y 45.80±9.70 vs 54.20±9.70 t9=1.37, p=0.204 

R vs G 53.97±7.99 vs 46.03±7.99 t9=1.57, p=0.151 

Y vs G 55.70±10.72 vs 44.30±10.72 t9=1.68, p=0.127 

B vs G 56.57±9.20 vs 43.43±9.20 t9=2.26, p=0.050 
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