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ABSTRACT 39 

 40 

Studies regarding the animals’ innate preferences help elucidate and 41 

avoid probable sources of bias and serve as a reference to improve and 42 

develop new behavioral tasks. In zebrafish research, the results of innate 43 

directional and color preferences are often not replicated between research 44 

groups or even inside the same laboratory raising huge concerns on the 45 

replicability and reproducibility. Thus, this study aimed to investigate the male 46 

and female zebrafish innate directional and color preferences in the plus-maze 47 

and T-maze behavioral tasks. As revealed by the percentage of time spent in 48 

each zone of the maze, our results showed that males and females zebrafish 49 

demonstrated no difference in directional preference in the plus-maze task. 50 

Surprisingly, male and female zebrafish showed color preference differences in 51 

the plus-maze task; males did not show any color preference, while female 52 

zebrafish demonstrated a red preference compared to white, blue, and yellow 53 

colors. Moreover, both male and female zebrafish demonstrated a strong black 54 

color preference compared to the white color in the T-maze task. Thus, our 55 

results demonstrate the importance of innate preference assays involved with 56 

the directionality of the apparatus or the application of colors as a screening 57 

process conducting behavioral tests (e.g., anxiety, learning and memory 58 

assessment, locomotion, and preference) and highlight the need to analyze sex 59 

differences. 60 

 61 
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1 INTRODUCTION 73 

 74 

Behavioral neuroscience research is fundamental and provides essential 75 

findings to help understand and interpret human behavioral phenotypes. Also, it 76 

provides researchers knowledge regarding the neural bases of behaviors, 77 

including those subjacent to neuropsychiatric disorders and drug effects on the 78 

central nervous system [1–3]. In pre-clinical research, experimental models 79 

have been used to develop, model, and monitor diseases' progress, favoring 80 

progress in understanding the neurobiology of human diseases [4,5]. Many 81 

behavioral tests are employed to assess animal behavior. They range from 82 

tests that evaluate less complex behaviors (locomotor assessment) to those 83 

that evaluate more complex behaviors (learning and memory assessment) [6–84 

8]. 85 

Mazes are experimental tools often implemented in behavioral tests, 86 

once they are applicable across species and, with small changes to its 87 

configuration, allow to evaluate different sets of behavioral paradigms (e.g., 88 

anxiety, learning and memory assessment, locomotion, and preference) [9–13]. 89 

Most of the data generated using these apparatus come from studies with 90 

rodent models, generally seeking to assess anxiety or cognition [13,14]. 91 

Along with the vast number of tasks designed for rodents, researchers 92 

also explored the versatility of the mazes adapting these apparatus to assess 93 

behavioral data from many other model organisms such as fruit flies [15], frogs 94 

[16], and fish [17]. For example, in zebrafish, mazes have been used to study 95 

anxiety [12,18,19], learning and memory [20–22], locomotion [23–25], and 96 

preference [26–29]. Recently, a review article featuring an overview of maze 97 

apparatuses and protocols to assess zebrafish behavior was published by our 98 

research group and now is available in the literature [30]. 99 

Zebrafish is a model organism increasingly being used in behavioral 100 

neuroscience research, enabling the study of a vast range of behavioral 101 

paradigms [5,31], such as anxiety [32], learning and memory [33], and seizure 102 

[34]. Furthermore, the zebrafish is a successful model for translational research 103 

on human neurological disorders [35] and high-throughput screening of 104 

potential treatments [36]. These animals provide rational, quick, and low-cost 105 

tools to research due to their genetic tractability, conserved neurobiology, as 106 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 23, 2021. ; https://doi.org/10.1101/2021.12.22.473814doi: bioRxiv preprint 

https://doi.org/10.1101/2021.12.22.473814
http://creativecommons.org/licenses/by-nc-nd/4.0/


4 

 

well as evident behavioral responses essential to model neuropsychiatric-like 107 

disease phenotypes [37]. 108 

The zebrafish innate directional and color preferences also are frequent 109 

subjects of scientific scrutiny [26,38–41], but results are often not replicated 110 

between laboratories or even in the same research group [42]. For example, 111 

results show several inconsistencies in the color preference studies regarding 112 

the fish preference or aversion by the same color [38,39,43]. It can be related to 113 

methodological problems such as the lack of standardized protocols, raising 114 

huge concerns on several studies' replicability and reproducibility [44]. 115 

Studies about the animals’ innate preference not only help to elucidate 116 

and avoid probable sources of bias (e.g., zebrafish directional preference can 117 

be the reason for the fish to spend more time in one of the arms of the maze 118 

blunting the analysis of any intervention), but also serve as a reference to 119 

improve and/or develop new behavioral tasks. Learning and memory protocols, 120 

for example, often implement the technique of pairing rewards stimulus (e.g., 121 

food or conspecifics) with colorful visual cues [39,45], while anxiety protocols 122 

mostly using the black and white colors to determine anxiety-like phenotypes 123 

based on scototaxis [46–48], pointing once again to the importance of detecting 124 

zebrafish preference or avoidance for different colors. Several behavioral 125 

studies showed male and female differences for aggressiveness [49], stress 126 

[50], and drug response [51], highlighting the relevance to consider all behavior 127 

analyzes of manner sex-dependent. 128 

 In this context, this study aimed to investigate the male and female 129 

zebrafish innate directional and color preferences in the T-maze and plus-maze 130 

behavioral tasks to identify possible sources of bias and provide insights that 131 

may contribute to the standardization of future protocols. 132 

 133 

2 MATERIAL AND METHODS 134 

 135 

2.1 Animals 136 

 137 

All experiments were performed using 60 adult short-fin wild-type 138 

zebrafish (Danio rerio, 6-month-old, 3–4 cm long, weighing 400-500 g) in a 139 

50:50 male/female ratio. The fish were obtained from a local commercial 140 
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supplier (Delphis, RS, Brazil) and maintained for at least 15 days in an animal 141 

facility (Altamar, SP, Brazil) before being assigned to the experimental tanks. 142 

The density of animals was maintained at a maximum of 2 animals per L. The 143 

water of the recirculation system was kept in the conditions required for the 144 

species (27 ± 1°C; dissolved oxygen at 7.0 ± 0.4 mg/L; pH 7.0 ± 0.3; total 145 

ammonia at <0.01 mg/L; alkalinity at 22 mg/L CaCO3; total hardness at 5.8 146 

mg/L; and conductivity of 1500–1600 μS/cm) being constantly filtered by 147 

mechanical, biological and chemical filters. Animals were fed twice a day (09:00 148 

a.m./05:00 p.m.) with commercial flake food (PoytaraⓇ, Brazil) plus the brine 149 

shrimp Artemia salina. All tests performed in this study followed ARRIVE 150 

guidelines [52]. Lighting conditions consisted of a light/dark cycle of 14/10 151 

hours. At the end of the experiments, zebrafish were euthanized by immersion 152 

in cold water (0 to 4 ºC) until cessation of the any movements, followed by 153 

decapitation to ensure death according to the AVMA Guidelines for the 154 

Euthanasia of Animals [53]. All procedures were approved by the institutional 155 

animal welfare and ethical review committee (approval nº 36248/2019).  156 

 157 

2.2 Experiment design 158 

 159 

This study consisted of 3 independent experiments with maze tasks. All 160 

our results were replicated and confirmed by two independent experiments for 161 

each of the 3 experiments. In each experiment, one different set of animals was 162 

used after the 15 days of the acclimation period to laboratory conditions. One 163 

single experimental group (n=20) was allocated in two independent 164 

experimental tanks (A and B) of 16-L (40 × 20 × 24 cm) where stayed for 7 days 165 

before the start of the experiments and throughout the experimental period. In 166 

the experimental tanks, the animals were fed twice a day (in the morning after 167 

the experiments and at 05:00 p.m.). Block randomization procedures were used 168 

to counterbalance the sex of the animals and the two independent experimental 169 

tanks, the order of the animals tested, and the maze and color positions during 170 

the tests. The sample size used in the present study was defined a priori based 171 

on previous literature and pilot studies. 20 fish (10 males and 10 females) were 172 

used in each experiment. One exclusion criterion was established prior, in 173 

which subjects that frequently stopped (more than 50% of the test time) or 174 
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never swam would be excluded from the data analysis. Thus, at the end of all 175 

experiments, the number of animals was not the same for all experiments. 176 

Specifically, in experiment 1, the number of animals was reduced to two males 177 

(one male died during the habituation phase, and one male was excluded from 178 

the data analysis) and two females (excluded from the data analysis). In 179 

experiment 2, the number of animals was bigger for females than for male sex 180 

(at the end of all experiments, when sex was confirmed by dissection, we 181 

observed more females than males in the experimental tanks). In experiment 3, 182 

the number of animals was reduced to one male (one male died on the test 183 

day) and one female (excluded from the data analysis). The tanks were filled 184 

with water from the animal facility. The determination of the sex of the animals 185 

was performed by dissection, followed by the analysis of the gonads. 186 

 187 

2.3 Maze design 188 

 189 

We have used the same apparatus for all experiments. The complete 190 

maze design utilized in this study is represented in figure 1. The apparatus 191 

consisted of transparent plexiglass (1 cm thick) cross-shaped maze with a start 192 

zone (10 × 10 × 15 cm) into the stem arm (40 × 10 × 15 cm) and 3 short arms 193 

(20 × 10 × 15 cm) connected to the final stem arm. This apparatus is easily 194 

adaptable to different maze shapes such as plus or T-mazes (implemented in 195 

these experiments) by closing sliding doors present along the entire maze every 196 

10 cm. The apparatus was placed inside a white plastic box (93 × 55 × 58) that 197 

contained support of white plexiglass attached to the two sides of the box and 198 

served to suspend a camera on top of the apparatus, which allowed filming the 199 

behavior during the test from above. The camera distance from the floor of the 200 

box was 89 cm. The box was covered with a white fabric to avoid interference 201 

by environmental cues. A source of light (LED strip light) was fixed 5 cm above 202 

the box floor around all inside walls to ensure that lighting conditions were the 203 

same in each of the arms apparatus (275 lux was measured across the entire 204 

maze with the aid of the Lux Light Meter Pro application version 2.0). The water 205 

level was set at 5 cm inside the maze, and the water temperature was 206 

maintained at 27ºC (± 1ºC) throughout the entire experiment. The heater wire 207 

was covered with white adhesive tape (same color as the box and white fabric) 208 
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to avoid environmental clues. The maze was emptied and cleaned between the 209 

test of each animal. 210 

 211 

 212 

Figure 1: 3D Illustrative representation of the maze apparatus and the 213 

experimental configuration used in behavior tests performed in this study. 214 

 215 

2.4 Habituation and task protocol 216 

 217 

All tasks were performed between 08:00 and 12:00 a.m. in a room used 218 

exclusively for experiments with mazes, which was a different room than the 219 

one where the animals were housed. To avoid novelty stress induced by the 220 

environment, all animals were transported to the behavior room 1 hour before 221 

the tests. The maze tasks consisted of 5 days. In the first 4 days, the fish were 222 

placed in the apparatus in groups for habituation. The number of animals 223 

gradually decreased over the days, helping to minimize social and novelty 224 

stress (Sison and Gerlai 2010). On the fifth day (last day), the fish were tested 225 

individually in the maze task. Briefly, on the first day of habituation, all animals 226 

of the same group were placed in the apparatus's start zone. For the plus-maze 227 

task, the start zone was the center zone, and for the T-maze task, the start zone 228 

was at the beginning of the stem arm. After the start zone doors were opened, 229 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 23, 2021. ; https://doi.org/10.1101/2021.12.22.473814doi: bioRxiv preprint 

https://doi.org/10.1101/2021.12.22.473814
http://creativecommons.org/licenses/by-nc-nd/4.0/


8 

 

the fish freely explored the apparatus for 20 minutes. On the second day, the 230 

number of animals was reduced by half, and the fish could explore the maze for 231 

10 min. By the third day of habituation, the number of animals was again 232 

reduced by half, and fish could swim for only 5 min. On the fourth day (last day 233 

for habituation), fish were individually placed on the maze and explored freely 234 

for 5 min. On the fifth day (test day), the fish were individually placed on the 235 

apparatus's starting zone remaining there for 2 min to habituate. Posteriorly, the 236 

doors of the starting zone were opened the fish explored the maze for 5 min.  237 

 238 

2.5 Behavioral analyses 239 

 240 

On the fifth day (behavior assessment), the animals were not fed. 241 

Following a protocol previously elaborated with randomization procedures using 242 

random.org software (computerized random numbers) to avoid potential 243 

confounders, the animals were transported from the experimental tank (A or B) 244 

to the test. Animal behavior was recorded with a webcam (Logitech® C920 HD 245 

pro) from above. The behavior analyses were performed from the recorded 246 

videos dividing the tank into virtual zones with ANY-Maze® automated tracking 247 

software 4.99 version (Stoelting Co., Wood Dale, IL, USA) for Windows system 248 

10 version. For the behavioral and statistical analyses, blinding was achieved 249 

by assigning to each animal a code that was revealed only after data analyses 250 

(the coding was performed by a researcher who did not participate in the 251 

experiments). 252 

 253 

2.6 Directional preference 254 

 255 

In experiment 1, to assess directional preference, our maze has been 256 

configured to take the shape of a plus-maze. For this, the labyrinth stem arm 257 

(40 cm) was blocked by closing a sliding door at half the length of the arm. 258 

Thus, the maze stayed with four equal arms (each 20 cm long). We positioned 259 

the maze with the help of a compass (available on the iOS version 13.5.1) so 260 

that each arm was pointed in one of the cardinal directions (north, south, east, 261 

and west). Briefly, the features of the plus-maze consisted of one center zone 262 

(10 × 10 × 15 cm) and four identical arms (20 × 10 × 15 cm). The maze position 263 
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was counterbalanced (turning the maze by 90°) between animals to avoid 264 

possible biases. Afterward, behavioral analyses were performed based on the 265 

recorded videos' analysis by virtually dividing the maze into four zones (north 266 

zone, south zone, east zone, and west zone). The time spent in each zone was 267 

used as the exploratory parameter and expressed in percentage (%). 268 

 269 

2.7 Color preference 270 

 271 

 In experiment 2, the same plus-maze used for experiment 1 was 272 

implemented to assess zebrafish' innate color preference. For this purpose, 273 

each arm was covered with a colored sleeve (white, red, blue, or yellow). The 274 

position of each sleeve was counterbalanced between animals to avoid 275 

possible biases. Afterward, behavioral analyses were performed based on the 276 

recorded videos' analysis by virtually dividing the maze into four zones (white 277 

zone, red zone, blue zone, and yellow zone). The time spent in each zone was 278 

used as the exploratory parameter and expressed in percentage (%). 279 

 280 

2.8 Black or white color preference 281 

 282 

 In experiment 3, to assess innate zebrafish preference between the color 283 

black or white, our maze has been configured to take the shape of a T-maze. 284 

One of the three short arms of the maze was blocked by closing a sliding door. 285 

Thus, the maze stayed with two short arms (20 cm length) and the stem arm 286 

(40 cm length). We covered one of the short arms with a black color sleeve and 287 

the other with a white color sleeve. The position of each sleeve was 288 

counterbalanced between animals. Briefly, the maze consisted of one start 289 

zone (10 × 10 × 15 cm) into the stem arm (40 × 10 × 15 cm) and two identical 290 

short arms (20 × 10 × 15 cm) connected to the final stem arm. Afterward, 291 

behavioral analyses were performed out based on the recorded videos' analysis 292 

by virtually dividing the maze into four zones (start arm, neutral zone, white 293 

zone, and black zone). The time spent in each zone was used as the 294 

exploratory parameter and expressed in percentage (%). 295 

 296 

 297 
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2.9 Statistical analysis  298 

  299 

 Results were analyzed by generalized estimating equation (GEE) 300 

followed by Bonferroni post hoc test when appropriate. Subjects from the same 301 

experimental group but different experimental tanks did not differ in any 302 

behavioral measures, so they were combined into a male and female group for 303 

statistical analysis and results presentation. The evaluation of the data 304 

distribution for each variable was performed through the residual analysis. 305 

When the normal distribution was not adequate, other 306 

distributions/transformations were considered (Gamma and Log-normal 307 

distribution). The differences were considered significant at p<0.05. The data 308 

were expressed as the mean ± standard error of the mean (S.E.M). Data were 309 

analyzed using IBM SPSS Statistics 18.0 for Windows 10 version, and the 310 

graphics were assembled with the GraphPad Prism version 8 for macOS Big 311 

Sur 11.0.1 version. 312 

 313 

3 RESULTS 314 

  315 

 316 

Figure 2 The zebrafish innate directional preference in the plus-maze task was 317 

positioned with each arm pointing to one of the cardinal directions (north, south, 318 
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east, and west). (A) Representative plus-maze design; (B) Male and (C) female 319 

% of time spent in each zone of the maze; (D) Male and (E) female 320 

representative track plot of the one animal behavior from the group for 5 min. 321 

Male n = 8; Female n = 8. Data are expressed as a mean ± S.E.M. Generalized 322 

estimating equation (GEE). 323 

 324 

Figure 2 shows the zebrafish innate directional preference in the plus-325 

maze task positioned with each arm pointing to one of the cardinal directions 326 

(north, south, east, and west). The GEE found no significant interaction 327 

between sex and direction (2=3.467; 3; p=0.325). There were no statistical 328 

differences in time spent by the male zebrafish (2=6.419; 3; p=0.093) and 329 

female zebrafish (2=2.282; 3; p=0.516) between each of the zones. Therefore, 330 

both sexes of zebrafish did not show a directional preference in this task. 331 

 332 

  333 

 334 

Figure 3: The zebrafish innate color preference in the plus-maze task with each 335 

arm of the maze covered with a colored sleeve (white, red, blue, or yellow). (A) 336 

Representative plus-maze design; (B) Male and (C) Female % of time spent in 337 

each zone of the maze; (D) Male and (E) Female representative track plot of the 338 

one animal behavior from the group for 5 min. Male n = 8; Female n = 11. Data 339 
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are expressed as a mean ± S.E.M. Generalized estimating equation (GEE) 340 

followed by Bonferroni post hoc test. *p<0.05; ***p<0.001. 341 

 342 

Figure 3 shows the zebrafish innate color preference in the plus-maze task 343 

with each arm of the maze covered with a colored sleeve (white, red, blue, or 344 

yellow). The GEE revealed an interaction between sex and colors (2=9.774; 3; 345 

p=0.021). Thus, male and female zebrafish showed differences in preferences 346 

for primary colors. There were no statistical differences (2=7.203; 3; p=0.066) 347 

in the time spent in each of the zones in the male zebrafish. However, it was 348 

revealed that the female zebrafish spend more time in the red zone than the 349 

white, blue, and yellow zones (2=18.730; 3; p<0.001). 350 

 351 

 352 

 353 

Figure 4: The innate zebrafish preference between the color black or white in 354 

the T-maze task with each short arm of the maze covered with the black or 355 

white color sleeves. (A) Representative T-maze design; (B) Male and (C) 356 

Female % of time spent in each zone of the maze; (D) Male and (E) Female 357 

Representative track plot of the behavior of one animal from the group for 5 358 

min. Male n = 9. Female n = 9. Data are expressed as a mean ± S.E.M. 359 

.CC-BY-NC-ND 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted December 23, 2021. ; https://doi.org/10.1101/2021.12.22.473814doi: bioRxiv preprint 

https://doi.org/10.1101/2021.12.22.473814
http://creativecommons.org/licenses/by-nc-nd/4.0/


13 

 

Generalized estimating equation (GEE) followed by Bonferroni post hoc test. 360 

****p<0.0001. 361 

 362 

Figure 4 shows the innate zebrafish preference between the color black or 363 

white in the T-maze task with each short arm of the maze covered with sleeves 364 

of the black or white color. The GEE revealed no significant interaction between 365 

sex and colors (2=1.745; 2; p=0.418). Male (2=896.319; 2; p<0.0001) and 366 

female (2=462.796; 2; p<0.0001) zebrafish showed a strong preference for the 367 

black color when compared to the white color. Therefore, both sexes spent 368 

more time in the black zone when compared to the white zone. 369 

 370 

4 DISCUSSION 371 

 372 

In this study, we have investigated the zebrafish innate directional and 373 

color preferences in the maze's tasks to identify possible biases and provide 374 

results that contribute to the standardization of future protocols. Our results 375 

revealed that male and female zebrafish had no directional preference, and 376 

both sexes showed a similar preference in the plus-maze task. Still, male and 377 

female zebrafish showed color preference differences in the plus-maze task; 378 

males did not show any color preference, while females preferred the red color 379 

compared to the white color, blue color, and yellow color. Moreover, male and 380 

female zebrafish showed no differences in black and white color preference; 381 

both sexes showed a preference for the black color when compared to the 382 

white color in the T-maze task. 383 

 384 

4.1 Directional preference 385 

 386 

 The analysis of directional preference contributes as a screening process 387 

when it is desired to carry out behavioral tests (for example, other preferences 388 

or learning and memory), mainly in maze tasks. In experiment 1, the plus-maze 389 

task, with each arm of the maze pointing to the cardinal directions (north, south, 390 

east, and west), was used to assess the zebrafish's directional preference. The 391 

plus-maze task is ideal for assessing directional preference because the maze 392 
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with four equal arms allows researchers to point the apparatus to each of the 393 

main directions.  394 

Our result showed that zebrafish of both sexes had no directional 395 

preference; both sexes similarly had directional behavior, as demonstrated by 396 

the % of time spent in each zone of the maze. Our result is different from 397 

another literature study that showed bimodal directional preference (east-west) 398 

when the plus-maze was positioned pointed to the same directions (cardinal 399 

points) [40]. However, agreeing with the authors of this study's conclusion, we 400 

hypothesized that these differences could be explained by the differences in the 401 

protocols (for example, habituation to maze), mainly related to the labyrinth's 402 

dimensions. In our study, the dimension of plus-maze was the same type used 403 

in the behavior analysis (20 × 10 cm) (see for example [18,45], while in the 404 

study of Osipova et al., (2016) the plus-maze dimension was smaller (6 × 3 cm). 405 

When the zebrafish directional preference was tested in the T-maze task 406 

with the two short arms pointing northeast/southwest or north/south, males 407 

zebrafish showed a directional preference to southwest and south directions, 408 

respectively, but females had no directional preference [54]. Therefore, 409 

biological differences between the sexes can contribute as a relevant factor in 410 

the behavioral analysis, but this was not observed in our results [55]. Although 411 

the T-maze task is not ideal for analyzing directional preference, it can be useful 412 

as screening before other behavior tests in this maze to avoid direction bias. 413 

 414 

4.2 Color preference 415 

 416 

Several behavioral protocols that assess zebrafish learning and memory 417 

use colored clues as a conditioned stimulus. Despite this, there is no consensus 418 

in the scientific literature regarding the zebrafish' innate color preference. For 419 

example, two studies found that zebrafish showed a greater preference for red 420 

over yellow [38,39], while another study found that zebrafish had a preference 421 

for blue and green and avoided yellow and red [56,57]. A lack of standardization 422 

in the protocols used to assess color preference could explain why there is 423 

inconsistency in the scientific literature results. Furthermore, most studies did 424 

not evaluate differences between males and females. 425 
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For this reason, in experiment 2, we investigated if the zebrafish has an 426 

innate color preference, aiming to add relevant information for this research 427 

field. For this reason, in experiment 2, we investigated if the zebrafish has an 428 

innate color preference, aiming to add relevant information for this research 429 

field. Surprisingly, male and female zebrafish showed color preference 430 

differences; even though we did not observe innate color preference in males, 431 

the females showed a preference for the red color compared to the white color, 432 

blue color, and yellow color, as demonstrated by % of time spent in each zone 433 

of the maze. It is already known that there are behavioral differences between 434 

males and females in terms of aggressiveness [49], stress [50], and drug 435 

response [51]. Our study shows a sex difference in innate color preference for 436 

the first time, emphasizing the importance of assessing differences between 437 

males and females in studies that use colors as clues. 438 

 439 

4.3 Black or white color preference 440 

 441 

In experiment 3, the T-maze task with each short arm of the maze 442 

covered with sleeves of the black or white color was used to investigate if the 443 

zebrafish has an innate black or white color preference. It is important to 444 

differentiate the task implemented in this study from other protocols of light vs. 445 

dark preference of zebrafish once some researchers utilize “light” as 446 

interchangeable with “white” and “dark” as interchangeable with “black” when 447 

these represent two different variables (color of the walls vs. level of illumination 448 

of the apparatus) [46]. Another key factor of this test is the habituation period, 449 

which reduces the animals’ anxiety as we exclude the novelty factor. In this 450 

context, our test focus on zebrafish' preference rather than anxiety-like 451 

behaviors assessed in similar protocols using these colors [32,47,58–60].  452 

Our data showed that male and female zebrafish had the same 453 

preference when it was compared between black and white colors; both sexes 454 

had a strong preference for the black color over the white color, as shown by % 455 

of time spent in each zone of the maze, which replicated findings shown in 456 

other studies. The first reports on the strong zebrafish preference for the black 457 

color chamber were described by Serra et al. (1999), whose results were also 458 

replicated by several researchers [46,61], leading to the development of 459 
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protocols to assess anxiety-like behaviors based on the animals’ scototaxis 460 

[47,62]. 461 

 On the other hand, juvenile zebrafish display a strong avoidance of the 462 

black color chamber when facing the same task, possibly due to endogenous 463 

avoidance for the dark color at that stage of life [63]. Other researchers also put 464 

the black or white paradigm to the test, pointing out some inconsistencies in the 465 

methodology implemented, like the background shades, illumination in the 466 

testing facility, the settings of the apparatus, and other interferents that may 467 

lead researchers to improper interpretation of the results [46,64,65] By 468 

manipulating the light level, for example, researchers reported that under 469 

different light conditions, zebrafish exhibits a preference for different chambers, 470 

either the white or the dark one [66]. 471 

 Although most of the studies point to a preference for the black color 472 

chamber by the zebrafish, it was important to characterize the normal behavior 473 

of the zebrafish in the black and white color preference test under the 474 

experimental conditions and the maze implemented in our laboratory, 475 

improving, by these means, the execution of future experiments through 476 

standardization and the avoidance of biases that may interfere in the obtention 477 

of behavioral data (e.g., implementing zebrafish models of anxiety). 478 

 479 

5 CONCLUSIONS 480 

 481 

Overall, we have shown in this study that zebrafish had some innate 482 

preferences. Male and female zebrafish showed no directional preference in the 483 

plus-maze task. However, male and female zebrafish showed a different color 484 

preference in the plus-maze task; male zebrafish did not show any color 485 

preference, while female zebrafish preferred the red color compared to the 486 

white color, blue color, and yellow color.  Both sexes showed a strong 487 

preference for the black color when compared to the white color in the T-maze 488 

task. Our results show the importance of innate preference analysis involved 489 

with the directionality of the apparatus or the application of colors as a 490 

screening process conducting behavioral tests (e.g., anxiety, learning and 491 

memory assessment, locomotion, and preference) and highlight the need to 492 

analyze differences between the sexes. This study was confirmatory to 493 
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characterize the innate directional and color preference of zebrafish, identifying 494 

possible biases, and providing insights that contribute to the standardization of 495 

future protocols. 496 
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