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Abstract 34 

 Background: Zebrafish have been widely used to study anxiety-related phenotypes 35 

using the novel tank test (NTT). Although the NTT is well-characterized and commonly 36 

used by researchers, there is still a lack of information regarding how different experimental 37 

variables such as water quality can influence NTT performance. Zebrafish use different 38 

chemical cues and olfactory stimuli to communicate in water, so we predicted that water 39 

change frequency would affect cortisol, locomotion and anxiety-related parameters in the 40 

NTT. New Methods: After extensive literature research, we found that only about 18% of 41 

papers using NTT report partial or complete water changes between subjects. Here, we tested 42 

multiple zebrafish in the NTT using the same water up to 9 consecutive times (with no water 43 

change) and analyzed cortisol levels, as a stress-related marker. Results: We found that 44 

when using the same water for more than 4 trials, data variability is increased and a higher 45 

number of extreme values is observed for the time spent in the top zone and immobility. 46 

Moreover, after 4 trials with no water change, increased cortisol levels are observed, 47 

indicating that animals show increased stress-related responses with the lack of water 48 

changes. Conclusions: This study shows that lack of water change can significantly 49 

influence zebrafish stress-responses in the NTT.  Altogether, behavioral experiments should 50 

avoid using the same water when testing multiple fish in the task, especially when looking 51 

at anxiety in the NTT. 52 
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1. Introduction 58 

  Zebrafish (Danio rerio) are widely used to understand the mechanism underlying 59 

anxiety (Cassar et al., 2020; Fontana et al., 2018), with >400 papers published with the 60 

keywords “anxiety” and “zebrafish” between 2015-2020 (data from PubMed.gov). One of 61 

the most common tasks used to evaluate this behavioral domain is the novel tank test (NTT; 62 

also known as ‘tank diving’) (Cachat et al., 2010; Maximino et al., 2010; Stewart et al., 63 

2012): ~44 % of the 400 papers above also contained “novel tank” as keywords. The NTT 64 

is designed to study zebrafish’s exploratory activity and locomotion when exposed to a new 65 

environment (Levin et al., 2007).  Typically, when exposed, the fish will ‘dive’ to the bottom, 66 

and gradually explore the rest of the tank over the course of a 5-6 min trial. Although several 67 

drug compounds, and functional genetic mutations, have been characterized for their 68 

putative anxiolytic and anxiogenic properties using the NTT (Egan et al., 2009; Parker et al., 69 

2012; Rosemberg et al., 2012), experimental conditions such as tank size have been recently 70 

shown to significantly impair zebrafish behavioral phenotypes in this task (Anwer et al., 71 

2021).  72 

 Several environmental factors are known to affect behavior when working with 73 

animal models. In rodents, for example, the behavioral apparatus needs to be cleaned 74 

between subjects to avoid (or at least, reduce) odor cues from previous individuals (Hershey 75 

et al., 2018). Although, cleaning the behavioral apparatus is a common procedure when using 76 

rodent species, in zebrafish research, there is no clear evidence about how cleaning the 77 

behavioral apparatus and ensuring water changes between subjects can affect behavior or 78 

stress-related markers such as cortisol. Previous work has shown that both water source and 79 

housing conditions are important factors influencing behavior in the NTT. Parker et al (2012) 80 

showed that using fresh water can increase the time in spent in the bottom zone when 81 

compared to the fish’s home tank water. Despite the importance of housing conditions 82 



(Parker et al, 2012) and experimental conditions (e.g., water change) in terms of how they 83 

affect zebrafish behavior, only 18% of the papers mentioned above (using NTT in adult 84 

zebrafish) describe full or partial water changes; this includes changes between subjects, 85 

between groups or once every 5 fish (see Supplementary Table 1 for details).  86 

Zebrafish are chemosensitive to water-borne emissions from conspecifics, including 87 

amino acids, polyamines, steroids, bile salts, prostaglandins, and nucleotides (Yoshihara, 88 

2009), and the absence of water changes between subjects in a novelty task could therefore 89 

be an important factor influencing behavior. However, the cumulative effect of chemical 90 

cues released in water during exposure to the tasks remains unknown. Furthermore, whether 91 

this could lead to abnormal behavioral responses, which could affect data analysis and thus 92 

be a confounding variable, is also not yet established. Here, we analyzed how water changes 93 

affect zebrafish behavior in the NTT by examining the cumulative impact of testing animals 94 

in the same water up to 10 times. In addition, we examined water-related variables, such as 95 

temperature and water quality (i.e., levels of ammonia, nitrite, nitrate, carbonate, general 96 

hardness and pH) to characterize the factors that are impacting on any performance 97 

differences observed.   98 

 99 

2. Material and Methods 100 

2.1. Animals and experimental design 101 

Adult zebrafish (AB wild-type; ~ 50:50 male:female ratio at 6- month post-102 

fertilization) were bred in-house and reared in standard laboratory conditions on a re-103 

circulating system (Aquaneering, USA). Animals were kept in groups of 10 per 2.8 L 104 

(~28.5°C (±1 °C); pH 8.4; 14/10-hour light/dark cycle) and fed three times a day with a 105 

mixture of live brine shrimp and flake flood. All behavioral tests were performed between 106 

10:00 and 14:00 h (lights on at 9:00 h) using two independent batches (n = 10 – 11 per 107 



day/per group). To assess the impact of changing water between behavioral testing, 108 

individual animals were tested consecutively in the NTT in the same water. This procedure 109 

was repeated 9 times, and then the tanks were cleaned by rinsing the empty tanks 3 times 110 

with home tank water, and a new batch of fish was tested. The entire procedure was repeated 111 

21 times, leaving a total of n = 21 fish per group (i.e., Group 1 (fresh water); Group 2 (1 112 

prior fish tested); Group 3 (2 prior fish tested); … Group 10 (9 prior fish tested)) (Fig. 1). 113 

The behavioral testing was carried out in a fully randomized order, choosing fish at random 114 

from one of five housing tanks for testing. Data analysis consisted of 10 different groups 115 

(Group 1 to Group 10 based on the number of fish tested previously in the water). Each 116 

individual was only introduced a single time in the novel tank task and following completion 117 

of the experiment, animals were euthanized using 2-phenoxyethanol (Aqua-Sed™, 118 

Vetark,Winchester, UK) except for animals used for cortisol (n = 6 per group) that were 119 

transferred to a new tank (15 min) after the NTT assessment, and then euthanized by cold-120 

water immersion (2ºC). Between each fish, levels of ammonia, nitrite, nitrate, carbonate, 121 

general hardness and pH were evaluated using 5-in-1 aquarium test strips (API® Brand) and 122 

ammonia fish strips (British King LDT) for the assessment of water quality. No animals 123 

were excluded from data analysis. All experiments were carried out following approval from 124 

the University of Portsmouth Animal Welfare and Ethical Review Board, and under license 125 

from the UK Home Office (Animals (Scientific Procedures) Act, 1986) [PPL: P9D87106F]. 126 

 127 

2.2. Novel tank diving task 128 

Animals (n = 210) were individually placed in a novel tank (20 cm x 17.5 cm x 5 129 

cm; L x H x W) containing 1 L of aquarium water (10 cm water depth). Behavioral activity 130 

was recorded and analyzed using the Zantiks automatic system (Zantiks Ltd., Cambridge, 131 

UK) for 6 minutes (Egan et al., 2009; Parker et al., 2012; Rosemberg et al., 2012). For further 132 



analysis, the tank was virtually divided to three areas (bottom, middle and top) and time 133 

spent in the bottom zone, time spent in the top zone, number of entries to the bottom zone 134 

and number of entries to the top zone were used to measure anxiety-related phenotypes. For 135 

locomotion analysis, distance traveled, and time spent immobile were calculated. The 136 

required sample size was calculated a priori (effect size (d) = 0.25, power = 0.9, alpha = 137 

0.05) based on several published papers using zebrafish in the NTT and extensive experience 138 

with this protocol in our laboratory. 139 

 140 

2.3. Whole-body cortisol 141 

To assess if water change between behavioral testing in the novel tank affects stress 142 

levels, animals of Group 1, 2, 5 and 10 were transferred to a new tank for 15 min (cortisol 143 

peak) (Ramsay et al., 2009), euthanized by cold-water immersion (2ºC) and whole-bodies 144 

were snap-frozen using liquid nitrogen and kept in −80ºC until the assay. An additional n = 145 

6 was used to compare animals not handled to animals behaviorally tested (ctrl group).  146 

Cortisol levels were evaluated using a human salivary cortisol ELISA kit (Salimetrics 147 

Salivary Cortisol ELISA, Stratech, Cambridge, UK) (Cachat et al., 2010; Parker et al., 2012). 148 

Each individual zebrafish whole-body was weighed, and then homogenized in 1ml of ice-149 

cold PBS. 5 ml of diethyl ether were added to each sample, which was thoroughly vortexed 150 

(1-min) and centrifuged (7000 x g) for 15 minutes, after which the organic layer (top layer) 151 

was extracted and placed in glass test tubes. The diethyl ether was evaporated over the next 152 

24-48hrs in a fume hood (until completely evaporated). The resulting cortisol was 153 

reconstituted in 1 ml of ice-cold PBS, and then ELISA was performed in 96-well plates as 154 

manufacturer's instructions. Cortisol concentrations (ng. g-1) were determined from optical 155 

density (OD) readings and compared against manufacturer’s standards. All samples were 156 

run in duplicates and the inter- and intra-assay coefficients of variation were determined. 157 



 158 

2.4. Statistics 159 

Normality and homogeneity of variance of the data were analyzed by Kolmogorov–160 

Smirnov and Bartlett's tests, respectively. One-way ANOVA was used to analyze the effects 161 

of the water change in the novel tank diving task (ten levels – Group 1 to 10) for parameters 162 

such as distance traveled, time spent in the top and in the bottom zone, and number of entries 163 

to the top and to the bottom zone. Similarly, one-way ANOVA was used to analyze the 164 

effects of water change on cortisol levels, comparing Group 1, 2, 5 and 10. Tukey’s test was 165 

used as post-hoc analysis. Data that did not conform to normality (immobility data) were 166 

analyzed using Kruskal-Wallis test. All graphs represent untransformed (raw) mean ± 167 

standard error unless otherwise noted. All results were considered significant when p ≤ 0.05.  168 

 169 

3. Results 170 

3.1. Lack of water changes increases data variability and affects time spent immobile 171 

 Table 1 summarizes the behavioral effects of consecutive water changes on zebrafish 172 

behavior in the NTT. A significant effect was observed for the time spent immobile (n = 173 

210; KWT = 21.23; p* = 0.0117) characterized by fish from Group 10 showing increased 174 

immobility compared to Group 1 (p* = 0.0382). Fig. 2 depicts the distribution of time spent 175 

in the top zone and immobility for each group. No animals from Groups 1–5 spent over 200 176 

seconds in the top zone. However, this was at odds with animals from the groups where 177 

water was unchanged for over 5 trials (Groups 6–10), which did spend >200 seconds in the 178 

top zone. The presence of extreme values (e.g., increased number of animals spending zero 179 

or over 300 seconds) for the time spent in top was also observed for animals from Group 10. 180 

Following KS analysis, the animals from Groups 5–10 showed a non-normal distribution for 181 

the time spent in top (p = 0.0194, 0.0203, 0.0038, 0.0310, 0.0039 and < 0.0001 for Group 5, 182 



6, 7, 8, 9 and 10, respectively) (Fig. 2A). Regarding immobility, lack of water changes tend 183 

to increase the number of animals spending more time immobile during the NTT, with fewer 184 

animals spending zero seconds immobile in Group 10 as compared to Groups 1–9 (Fig. 2B). 185 

Heatmaps showing individual values of each group’s locomotion and anxiety-like behaviors 186 

in the novel tank diving test are shown in Fig. 3. When looking at the time spent in top and 187 

immobility, a high number of animals with extreme scores can be observed in the heatmaps 188 

(dark blue for immobility and dark red for time spent in top for extremely high values and 189 

white color for extremely low values). 190 

 191 

3.2. Cortisol levels are increased in fish that take part in NTT as a function of prior trials 192 

with no water change 193 

 To understand how stress-related markers were affected by the multiple testing and 194 

lack of water change, cortisol levels were evaluated (Fig. 4). One-way ANOVA yielded a 195 

significant difference for animals for cortisol response after multiple use of the same water 196 

in the novel tank diving task (F (4, 25) = 8.963; p*** = 0.0001). Tukey’s post-hoc analysis 197 

showed that both Group 5 (p** = 0.0015) and 10 (p*** = 0.0007) showed increased cortisol 198 

levels compared to animals tested in fresh water (Group 1). A significant increase in cortisol 199 

levels was also found for Group 5 (p** = 0.0082) and 10 (p** = 0.0041) compared to fish 200 

not behaviorally tested (handling control group). Moreover, no differences were observed 201 

for handling controls, and fish tested in the novel tank in fresh water (Group 1; p = 0.9596). 202 

 203 

3.3. No significant changes in water quality were observed across the 10 trials 204 

We have analyzed water quality to ensure that parameters such as ammonia, nitrite, 205 

nitrate, carbonate, general hardness and pH were kept similar after multiple behavioral 206 

testing. No variations in water quality were observed across multiple novel tank testing (0 207 



NH3/NH4+, NO3
- 0 ppm, NO2

- 0 ppm, pH 8, KH 120 ppm, GH 180 ppm). Moreover, fish 208 

were tested in a room with controlled temperature, and the temperature was kept around 209 

28.5°C ±1 °C during all behavioral testing. 210 

 211 

4. Discussion 212 

 Here, we have found, for the first time, that water change between individual testing 213 

plays an important role in affecting zebrafish behavior in the NTT. Specifically, a lack of 214 

water changes can lead to increased stress-related responses by increasing cortisol levels 215 

after 4 trials and increasing immobility after 9 trials. Sample distribution is also altered for 216 

the time spent in the top zone, where animals tested after 5 previous fish showed a non-217 

normal distribution, at odds with animals tested in fresh water or those tested in the same 218 

water after 3 previous fish, which showed a typical stochastic distribution.  219 

 The relevance of NTT using zebrafish for translational research is widely known in 220 

literature, being one of the most used behavioral tasks when working with this species. This 221 

behavioral task is a simple method to understand locomotion, exploratory activity, anxiety-222 

like behavior and boldness (Egan et al., 2009; Kalueff et al., 2013; Levin et al., 2007; Wong 223 

et al., 2010). Naturally, fish tend to spend more time in the bottom and then gradually explore 224 

the top zone of the tank when they ‘feel safe’ enough to explore; this is often thought to be 225 

similar to the responses of rodents in the open field test (Gerlai et al., 2000; Sackerman et 226 

al., 2010). Here, we observed an increase in data variability for the ‘time spent in top’ and 227 

for ‘immobility’, when animals were tested in water that had been used multiple times 228 

previously. Moreover, the group of animals which were tested in the same water after 9 trials 229 

showed increased immobility, and this group had the largest number of animals that 230 

completely avoided the top zone. Both decreased time spent in the top zone and increased 231 

immobility are not only found as a behavioral response to anxiogenic drugs but also observed 232 



after acute stress exposure (e.g., alarm pheromone exposure, spatial restraint, and net 233 

chasing)(Canavello et al., 2011; Ghisleni et al., 2012; Mezzomo et al., 2019; Quadros et al., 234 

2016; Ramsay et al., 2009) suggesting here that the fish exposed to water with the fewest 235 

water changes could experience anxiogenic-like effects. Although immobility can be a 236 

marker of increased anxiety, this single altered behavioral marker may not be enough to 237 

associate lack of water change with increased anxiety behavior. Therefore, further studies 238 

looking at other behavioral tasks, such as the light-dark test, could help to clarify if the 239 

behavioral phenotypes associated with the lack of water change are purely linked to 240 

increased stress-responses or if anxiety also plays a role in the increased data variability. 241 

 Cortisol is used as the main biomarker of physiological stress in fish (Canavello et 242 

al., 2011; Kysil et al., 2017; Pavlidis et al., 2013; Ramsay et al., 2009), and anxiety-related 243 

tasks, such as NTT, cause increased levels of cortisol in zebrafish (Kysil et al., 2017). 244 

Therefore, because the abnormal behavioral phenotypes observed here could be associated 245 

with increased stress-related levels, we have investigated whether cortisol levels can be 246 

affected by the lack of water changes.  Animals from Group 5 and 10 had a significant 247 

increase in cortisol levels 15 min after the behavioral testing, further supporting the 248 

hypothesis that testing multiple fish in the same tank water can increase stress-related 249 

responses, behaviorally and physiologically. In zebrafish, cortisol is released into the fish 250 

holding water through the gills by passive diffusion and researchers have found that water 251 

samples can be reliably used as a method to evaluate cortisol levels, being comparable with 252 

cortisol plasma levels (Félix et al., 2013). One hypothesis underlying the increase in stress-253 

related responses could be that when using the same water multiple times after each 254 

behavioral testing, animals may release cortisol into water in response to the novelty stress, 255 

which then consequently affects further individuals tested in the same environment.  256 



It is well known that fish communicate with conspecifics using chemical cues (Hinz 257 

et al., 2013; Mann et al., 2003), but the nature of these cues is still not well understood. 258 

Whether, for example, fish are able to detect increased cortisol in the water is not currently 259 

known. This would be useful to know from a welfare and practical perspective, as it may be 260 

that fish exposed to stressors as part of experimental protocols may impact on the behavior 261 

of others in the colony, thus affecting both reliability and validity of results. Zebrafish 262 

husbandry may also affect individuals’ stress levels; for example, variations in cortisol levels 263 

of fish after behavioral testing may vary depending on human handling and environmental 264 

conditions (e.g., presence of enrichment, shoal size, etc). Physiologically, cortisol tends to 265 

activate glucocorticoid receptors (GR) leading to downstream transcriptional and protein 266 

responses associated with the hypothalamic–pituitary–adrenal (HPA) axis in humans and 267 

hypothalamus-pituitary-interrenal (HPI) in fish (Mommsen et al., 1999). Thus, it could be 268 

that altered behavioral and physiological responses of zebrafish tested in the same water are 269 

a result of the increased presence of cortisol leading to the activation of HPI axis. However, 270 

further studies aiming to understand if the cortisol released in water is metabolized leading 271 

to physiological and behavioral effects would help researchers to better understand the 272 

mechanisms underlying the increase in stress-related responses due to the lack of water 273 

change.  274 

Controversially, compared to previous findings (Kysil et al., 2017), a lack of cortisol 275 

responses after testing fish in fresh water vs. control no handling was observed in this study. 276 

Because here we ensured to minimize handling and oxygen exposure when transferring the 277 

zebrafish to the NTT with controlled water conditions (e.g., pH, temperature, etc.), the lack 278 

of cortisol responses after testing in fresh water vs. control no handling may indicate that 279 

behavioral testing may not increase cortisol by itself but can be affected by other 280 

experimental conditions. However, it is not discarded that our fish could had lower stress-281 



reactivity response and therefore, the NTT is not sufficient to elicit cortisol release by itself. 282 

Further collaborative research investigating factors that may affect cortisol release before 283 

and during behavioral testing may also help to better understand the variables leading to data 284 

variability across labs. 285 

   286 

5. Conclusions 287 

In summary, here we showed, for the first time, that the lack of water changes in the 288 

NTT can increase data variability and stress-related responses, affecting cortisol levels after 289 

4 to 9 times using the same testing water. No changes between fish not handled vs. fish tested 290 

in fresh water were observed for cortisol levels suggesting that increased cortisol response 291 

after behavioral testing may also vary depending on experimental conditions such as human 292 

handling, zebrafish husbandry and stress-reactivity levels. Our findings may be particularly 293 

important for further behavioral research, emphasizing the importance of water changes 294 

when working with zebrafish behavior. Altogether, this supports the use of NTT and cortisol 295 

levels as main parameters to assess stress-related responses, however, researchers must have 296 

special attention when performing experiments aiming to avoid lack of water changes 297 

between individuals. 298 
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Table 1. The time spent in top and immobility data variability increase in the absence of water 389 

changes. Data are expressed as means ± S.E.M. and analyzed by one-way ANOVA followed by 390 

Tukey’s test for parametric data or Kruskal-Wallis test (KWT) for non-parametric data followed by 391 

Dunn's test. Asterisk means statistical differences compared to Group 1 (p* < 0.05; n = 21 per group). 392 

Degrees of freedom (DF) and F values are shown. 393 

Group Distance Traveled (m) Statistics 
DF (n,d) F p value 

1 9.505 ± 1.236 

9, 200 0.6055 0.7916 

2 6.727 ± 0.622 
3 9.169 ± 1.297 
4 8.360 ± 0.953 
5 7.435 ± 1.227 
6 9.087 ± 1.301 
7 7.498 ± 1.223 
8 8.992 ± 1.049 
9 8.997 ± 1.619 

10 7.899 ± 1.163 
 Immobility (s) n KWT p value 

1 10.48 ± 5.022 

210 21.23 0.0117 

2 21.71 ± 14.01 

3 43.36 ± 20.96 

4 27.23 ± 15.48 

5 64.08 ± 24.88 

6 41.14 ± 17.41 

7 20.86 ± 12.63 

8 45.03 ± 13.54 
9 43.81 ± 21.22 

10 95.31 ± 23.30* 

 Time spent in the top zone (s) DF (n,d) F p value 
1 50.93 ± 12.07 

9, 200 1.022 0.4239 

2 67.74 ± 12.11 
3 82.38 ± 14.25 
4 75.96 ± 15.08 
5 58.83 ± 12.75 
6 80.65 ± 21.45 
7 105.2 ± 27.02 
8 73.98 ± 26.49 
9 63.45 ± 29.09 

10 112.3 ± 30.92    
 Number of entries into the top zone DF (n,d) F p value 

1 20.38 ± 5.203    
2 19.33 ± 2.928    
3 22.86 ± 4.984    
4 24.1 ± 4.416    
5 16.62 ± 3.811 9, 200 1.014 0.4298 
6 19.29 ± 3.380    
7 11.14 ± 2.092    
8 21.86 ± 3.888    



 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 20.81 ± 4.657    
10 13.87 ± 3.891    

 Time spent in the bottom zone (s) DF (n,d) F p value 
1 210.9 ± 22.86 

9, 200 0.7709 0.6434 

2 148.8 ± 22.05 
3 163.5 ± 21.48 
4 179.9 ± 24.61 
5 224.8 ± 20.97 
6 183.2 ± 23.54 
7 183.6 ± 29.51 
8 194.4 ± 21.71 
9 187.4 ± 25.2 

10 190.3 ± 30.59 
 Number of entries into the bottom zone DF (n,d) F p value 

1 30.81 ± 4.678 

9, 200 1.567 0.1274 

2 23.33 ± 3.035 
3 31.14 ± 5.000 
4 26.52 ± 4.004 
5 27.71 ± 4.533 
6 29.05 ± 4.585 
7 13.43 ± 3.157 
8 23.43 ± 4.181 
9 31.76 ± 7.073 

10 20.1 ± 4.738 



Figure Legends 394 

 395 

Fig. 1. Experimental design illustration. Briefly, fish were individually transferred to the 396 

novel tank diving task (6 min, n = 21 per group) containing fresh home-tank water and 397 

either: 1) transferred to a new tank for 15 min (* = fresh home-tank water) then euthanized 398 

using cold-water immersion (2ºC) method where samples were snap-frozen and stored at -399 

80ºC for further cortisol analysis (n = 6 per group); or 2) euthanized using 2-400 

phenoxyethanol. The same procedure was repeated for the remaining groups, except that 401 

from Group 2 to 10, the tank was not cleaned, and the water was reused as indicated in the 402 

table.  Apparatuses were cleaned by rising the tanks 3 times with new fresh home-tank water 403 

with no addition of chemical substances that could affect zebrafish behavior.  404 

 405 



 406 

Fig. 2. (A) Frequency of distribution for the time spent in top and (B) time spent immobile 407 

of fish tested in the novel tank test and the importance of water changes (n = 21 per group).  408 

 409 



 410 

Fig. 3. Representative heatmaps showing the main locomotor and anxiety-related parameters 411 

for each individual fish tested in fresh water (Group 1) vs. lack of water change (Group 2 to 412 

10). 413 

 414 



 415 

Fig. 4. Cortisol levels of animals tested in the same water multiple times vs. fresh (Group 1) 416 

or non-behaviorally tested. Data are represented as mean ± S.E.M and analyzed using one-417 

way ANOVA followed by Tukey’s post-hoc test. Asterisk indicates statistical differences 418 

compared to Ctrl group (p* < 0.05; p** < 0.005) and octothorp indicates statistical 419 

differences compared to Group 1 (p* < 0.05; p** < 0.005; n = 5 – 6 per group). 420 


