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Zebrafish is a popular experimental model in several research areas but little is known about the effects of using
different strains or housing conditions. Poor control of genetic background and housing conditions could affect
experimental results and data reproducibility. Here we investigated the effects of two possible sources of vari-
ation on zebrafish behaviour: fish origin and environmental parameters (light intensity, water temperature and
noise). Zebrafish behaviour was then examined using the ‘novel tank test’, one of the most common paradigms
used to assess anxiety-like behaviours in zebrafish. Our results show that an increase in light intensity alters fish
behaviour, particularly freezing duration and distance from the bottom of the tank, indicating increased anxiety.
Swimming activity increased at the lowest temperature (25 °C). However, different levels of background noise
did not cause any significant changes in behaviour. Differences were also found between zebrafish strains and
populations: while the AB strain from laboratory 1 was minimally influenced by variation in holding conditions,
the AB strain from laboratory 2 was highly affected by changes in temperature, light, and background noise. Our
study shows that variation in strains and holding conditions can significantly influence the results of behavioural
testing and should be carefully considered in the experimental design and properly reported to improve data

interpretation and reproducibility.

1. Introduction

Zebrafish is one of the most popular animal models in scientific
research. It is a valuable tool in behavioural neuroscience (Stewart et al.,
2014; Abreu et al., 2021), drug discovery (Trigueiro et al., 2020), toxi-
cology (MacRae et al., 2023), human pathologies (Adhish and Man-
jubala, 2023), genetics (Rafferty and Quinn, 2018), and ecology (Li
et al., 2023). Recently, much debate exists on the causes for the low
reproducibility and replicability in scientific research, including zebra-
fish research. One potential source of variation that may lead to low
reproducibility is insufficient knowledge on the influence of environ-
mental factors and variation in genetic background (Gerlai, 2019).

Many environmental factors can affect zebrafish physiology and
behaviour. Some of these are tightly controlled in zebrafish facilities, as
their control is essential for maintaining good health and high welfare,
such as dissolved oxygen, osmolarity or pH (Lawrence, 2007). However,
other parameters are rarely measured or controlled, but may still
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represent sources of variation, such as light intensity and background
noise. Zebrafish are usually maintained in large-scale facilities that
accommodate several multi-shelved rack systems. This design can result
in light intensity variation depending on the racks’ position and height
(Gerlai, 2019). Evidence shows that light conditions can affect zebrafish
growth and development (Villamizar et al., 2014), reproductive per-
formance (Adatto et al., 2016; Abdollahpour et al., 2020), circadian
rhythms (Di Rosa et al., 2015), learning and memory (You et al., 2020).
However, to what extent variation in lighting conditions can affect other
aspects of zebrafish behaviour is not known. Background noise is
another common feature of fish facilities caused by the operation of
water pumps, aerator, chillers and other equipment. The negative effects
of noise have been demonstrated in many fish species (Celi et al., 2016;
Vazzana et al., 2017), including zebrafish (Lara and Vasconcelos, 2019,
2021). Nevertheless, there are no recommendations regarding noise
conditions for zebrafish husbandry.

Water temperature is one of the most important parameters
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influencing behaviour and physiology of poikilothermic fish, such as
zebrafish (Haesemeyer, 2020). In their natural environment, zebrafish
can face a wide temperature variation (Spence et al., 2008). For
instance, critical thermal minima and maxima of 6.2-41.7 °C respec-
tively have been reported for zebrafish (Cortemeglia and Beitinger,
2005). However, while the effects of extreme temperatures on behaviour
(Toni et al., 2019; Angiulli et al., 2020) are well studied, much less is
known about the consequences of small and short-term temperature
changes on zebrafish behaviour, common in laboratory practices.

Most zebrafish behavioural research does not report noise and light
intensity conditions. At the same time, temperature is usually described
for the holding facility but much less frequently for the experimental
conditions.

Most studies report the strain used, frequently the AB strain (also
referred to as wild-type AB) and the outbred wild-type (WT) zebrafish
(Audira et al., 2020). The AB strain was the first established zebrafish
strain, developed from two lineages, A and B, acquired from pet shops.
The AB is bred worldwide and is now the strain most frequently used in
research (Crim and Lawrence, 2021).

The WT refers to outbred fish acquired from pet shops, fish farms, or
collected from their natural environment. These fish are also used as
experimental subjects or to establish a local population in the labora-
tory. WT zebrafish are expected to present higher genetic variation and
differ more between laboratories than inbred strains (Gerlai, 2019; Crim
and Lawrence, 2021).

Behavioural differences between zebrafish strains have been repor-
ted—for instance, wild-caught zebrafish tend to display higher anxiety
levels than laboratory-inbred zebrafish (Kalueff et al., 2015). Never-
theless, due to their independent origins, zebrafish strains are expected
to differ from wild populations and also between each other.

The notion that variation in genetic background and in housing
conditions may affect behavioural outcomes is perhaps intuitive, and
many studies with zebrafish corroborate this idea. However, fully inbred
zebrafish strains do not exist (Gerlai, 2019), and the use of different wild
or laboratory-derived subpopulations, whose genetic make-up is typi-
cally unknown, may increase unwanted variation and contribute to low
reproducibility. Likewise, because the effects of some environmental
parameters are still poorly understood, they may not be controlled (or
measured), adding confounding factors to the experimental design. For
example, whether zebrafish are visually isolated or can see their
neighbours may affect their behaviour (Fernandes et al., 2019).

To address these issues, we evaluated the effects of fish origin and
environmental parameters. AB zebrafish from two different origins and
one population of wild-type were exposed to different light intensity
conditions, background noise, and temperature. After seven days, fish
behaviour was evaluated using the novel tank test. We observed marked
differences in behaviour depending on zebrafish origin, environmental
parameters, and their interaction.

2. Material and methods
2.1. Fish housing

Adult zebrafish from two AB populations and one farmed population
(+6 months-old, mixed sex, 3.5 + 0.2 cm) were used in this study. One
AB population originated from the breeding stock (first generation) at
the Centre of Sustainable Aquaculture Research (CSAR) — Swansea
University (Wales-UK - Laboratory 1). The second AB population was
acquired from the breeding stock at the Pontificia Universidade do Rio
Grande do Sul (PUCRS) (Porto Alegre - Brazil). Fish eggs were obtained
from a fifth generation of zebrafish kept and bred in the laboratory. The
eggs were transferred to the Fish Lab at Federal University of Rio Grande
do Norte (UFRN, Natal - Brazil — Laboratory 2), and reared until
maturation.

The farmed population used in this study was acquired from a fish
farm (Natal-Brazil) at three months old and named FR (farm-reared). All
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populations were housed in standard 2 L (4 fish/L) tanks housed in
zebrafish racks in closed water recirculating systems with mechanical,
biological and chemical filtration and a controlled photoperiod of 12 h
light/12 h dark, light intensity of 222lux (fluorescent tubes), water
temperature of 28 °C and lab noise of 39 dB. Fish were fed twice a day
with commercial feed (Sparos or Alcon Basic, 44% protein, 5% total fat).

Data from the AB population from Location 1 were collected at CSAR
(Swansea University) from April to May 2019. This was also used to
establish baseline values for tested parameters (light intensity, temper-
ature and noise) at the zebrafish facility. Data from Location 2 for AB
and FR were sampled in Brazil from October to November 2019 at the
Fish Lab (UFRN), where we replicated the environmental conditions
defined at location 1.

All the experiments in this study were approved by the Animal Ethics
Committees of Swansea university (permit number 060318/54) and
UFRN (CEUA, permit number 226.009).

2.2. Experimental conditions

From the stock tanks, fish were transferred to 8 L acrylic tanks in
groups of 5 fish, 3 tank replicas per treatment, and maintained at
different conditions of light intensity, temperature, and background
noise during seven days (Fig. 1).

To evaluate the effect of different light intensities, we measured the
light intensity in the tanks at the water surface and at the stock rack’s
intermediate shelf (222 Lx) (HighMed digital Luxmeter HM-832). We
established values for low intensity (74 Lx) and high intensity (445 Lx)
treatments. Two fluorescent lamps (Led tube light, power: 25 W
(4000 K)) above and in front of the rack were used as light sources. Light
intensity differed depending on the rack shelves’ tank position (height
and depth). For these tanks, the sound level was kept at 39 dB and water
temperature at 28 °C.

To evaluate the effects of background noise, we measured the noise
level using the Moto G9 smartphone app (https://play.google.com/
store/apps/details?id=com.gamebasic.decibel) at different points in-
side the zebrafish room and established a low (39 dB) and high values
(62 dB) of ambient noise. The highest level of background noise was
found close to the aeration system. Experimental tanks were distributed
in the room according to the level of noise present: 3 tanks were located
in the rack near the aeration system and 3 tanks were located in the most
distant rack. Water temperature was maintained at 28 °C and light in-
tensity at 222 Lux.

To test the effects of water temperature, tanks were maintained at
25 °C or 28 °C by means of thermostats, and were monitored with in-
dividual digital thermometers in each tank. The noise level was kept at
39 dB and light at 222 Lux.

After seven days, the zebrafish locomotor activity and anxiety-like
behaviour were assessed using the Novel tank test (NTT) (Egan et al.,
2009). Fish were individually transferred to a 2 L test tank in which
conditions were fixed at 26 °C water, 222 Lux of light intensity and
39 dB of ambient noise. Fish behaviour was recorded during 15 min
with a camera placed in front of the tank and videos were analysed using
the Zebtrack software (Pinheiro-da-Silva et al., 2017). The behavioural
parameters evaluated were average and maximum swimming speed,
total distance travelled, distance from the bottom of the tank and time
spent freezing. An increase in time spent freezing and a decrease in
activity and in the distance to the bottom of the tank characterize
anxiety-like behaviour in zebrafish (Kalueff et al., 2013; Silva et al.,
2019).

2.3. Statistical analysis

Initially, data were evaluated for the presence of outliers (Cleveland
dotplot) and collinearity (VIF) (Zuur et al., 2010). Multidimensional
scaling is a multivariate statistical method that presents the variables in
a spatially (graphically) matrix, facilitating the understanding of the
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Fig. 1. Experimental design. Zebrafish from 3 different populations (AB Swansea, AB Natal and Farmed fish (FR)) were exposed during 7 days to different treatments
regarding light intensity (74 1x, 222 1x, 445 1x), background noise (39 dB and 62 dB), and temperature (25 °C and 28 °C). Each treatment had 3 tank replicas (five fish
per tank), totalizing 15 fish tested per treatment level. After exposure, fish were recorded for 15 min in the Novel Tank Test. Videos were analysed for locomotor and

anxiety-like behaviours.

data (Ding, 2018). A pair of objects in a data set is presented as distances
between points in a multidimensional space (2 or 3 dimensions) (Borg
and Groenen, 2005). However, this procedure presents some problems
related to the choice of the best method for normalization and distance
measurements of multidimensional scaling (Walesiak and Dudek, 2017).
To solve this problem, we used the optSmacofSym_NMDS function from
the mdsOpt R package (Walesiak and Dudek, 2018). A selection of the
best data normalization process and distance measurement was based on
two criteria defined by Walesiak and Dudek (2017): Kruskal Stress-1
adjustment measure and the Hirschman-Herfindahl HHI index, time
based on Stress values by point. We chose the normalization methods n1,
n2, n3, n5, and n5a and distance measurements Manhattan, Euclidean,
Squared Euclidean, Maximum, GDM1, in the selection function. The
procedure was performed for the Light, Temperature and Noise data. We
determine the best normalization methods and distance measurements.
The following types of normalization and distance definition for the data
set were selected: Temperature (norm. N2 and d. M. Manhattan), Noise
(norm. N2 and d. M. GDM1), and Light (norm. N5 and d. M. Euclidean),
environmental variables together (norm. N2 and d. M. Maximum), and
fish strain (norm. N2 and d. M. Maximum).

Then, we applied the smacofSim function to perform multidimen-
sional scaling in a symmetric dissimilarity matrix using SMACOF - Stress
Minimization using Majorization (de Leeuw & Mair, 2009; De Leeuw &
Mair, 2011). A permutation procedure was used to obtain the signifi-
cance value of the SMACOF model, using the Permtest function. The
jackmds (De Leeuw and Meulman, 1986) function was used to verify a
measure of stability of the mds. Then, we produced a graph of the VMU
(Vector Model of Unfolding) of the smacof package. According to Tucker
(1960), VMU is a biplot graph, similar to Principal Component Analysis
(PCA), obtained from the decomposition of the singular values of a
transposed similarity matrix. The biplot relates the sampling units with
the variables investigated. Initially, each sampling unit could be a
studied individual. The individual is represented by a vector that starts
from the centre of a two-dimensional (orthogonal) plane. The vector has
a direction in space, explaining the relationship of each individual to the

variables investigated (Borg, 2020). In our case, these vectors are
replaced by points. From these points (that are the fish), we create
centroids that represent the averages of the coordinates of the points.
Thus, we created centroids for each studied group (environmental var-
iables). In addition, we insert vectors that represent the studied behav-
ioural variables. The graph aided to verify the relationship between the
centroid of the environmental variables and the behavioural variables.
Graphics were created using the ggplot2 package (Wickham, 2016). We
tested the difference between the response variable matrix (behavioural
parameters) and the explanatory factor: fish population at each treat-
ment and respective levels that were temperature (25 ° and 28 °C), light
intensity (222 Ix, 445 Ix, 74 1x) and background noise (39 and 62 dB)
using permutational multivariate analysis of variance (1000 permuta-
tions). We applied the test for each environmental variable. The function
adonis.pairwise, from the EcolUtils package (Salazar, 2015), was used to
compare fish populations at each treatment level. We chose this function
because the data entry argument, “dist.mat” accepts any dissimilarity
matrix. After that, all the data were included in a single matrix. Then, we
performed the same analyses to verify the dissimilarity between fish
populations and between environmental variables.

3. Results

For light intensity, the stress value of NMDS analysis between pop-
ulations was 0.116, with p < 0.001 (permutation from the permtest
function of the smacof package). The stability of the NMDS solution,
based on the jacknife resampling calculation, was 0.913, with a
dispersion rate of 0.14 (from the jackmds command in the smacof
package). First, we will present the VMU figures that represents a
descriptive analysis. In this graph we compared vectors and centroids
position in relation to the axis, centroids that are in same position and
direction of the vectors are positively correlated to them, whilst when
they are in opposite directions it represents a negative correlation.
Vectors length depicts its explanatory power. Following the descriptive
analysis, we presented the bar plot and respective permanova test that
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indicates statistical significance between groups. In this graph, each bar
represents the behavioural responses for each treatment level and pop-
ulation. The bars above zero indicate that the mean value of the group is
higher than the general mean value of all groups, and bars below zero
show lower mean values than the general mean value of all groups. Line
thickness is proportional to mean values.

Fig. 2a presents the graph of the vector model of unfolding (VMU) for
light intensity treatments (445 1x, 222 1x and 74 1x). The percentage of
explained variance of VMU was 74%. Swansea fish centroids are nega-
tively related to the locomotor parameters (maximum speed, average
speed and distance travelled) and freezing, while they are positively
related to distance from the bottom. FR groups (222 Ix and 74 Ix) are
negatively related to the locomotor parameters and distance from the
bottom, but positively related to freezing. FR 445 Ix centroid are posi-
tively related to locomotor and freezing response but negatively related
to distance from the tank bottom. The AB Natal population showed a
positive relationship with locomotor parameters and distance from the
tank bottom, and negatively related to freezing. The permanova test
showed that populations differed in their response to light intensity
(Permanova: F8, 105 = 14.191; p < 0.001) (Fig. 2b). Post hoc tests
showed that for the AB Natal population, the swimming parameters
differed between high (445 1x) and intermediate (222 Ix) light intensity
but that 445 Ix and 222 Ix did not differ from 74 1x. For FR Natal pop-
ulation, post hoc tests showed that 74 1x differed from 445 lx, but it did
not differ from 222 1x. There was no effect of light intensity on swim-
ming behaviour for the AB Swansea.

Considering the effects of background noise, the stress value of the
NMDS analysis was 0.099, with a value of p < 0.001. The jacknife sta-
bility of the NMDS solution was 1.043, with a dispersion rate of 0.14.
The percentage of explained variance of VMU was 88.3%. Fig. 3a shows
that the centroids of the AB. AB Swansea centroids are negatively related
to locomotor parameters (maximum speed, average speed and total
distance travelled) and freezing, and positively related to distance from
the bottom. AB Natal population, the 62 dB group showed a positive
relation with distance travelled, average speed and maximum speed,
while the 39 dB group had a weaker relationship. The FR group showed
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a positive relationship for freezing and a negative relationship for dis-
tance from bottom. The 62 dB group still showed a positive relation to
maximum speed, average speed and distance travelled, while for the
39 dB group, the relation was practically null. The permanova analysis
showed statistical differences between the populations (Permanova: F5,
66 = 13.28; p < 0.001), but not between treatments (Fig. 3b). Post hoc
test shows that AB Natal presents the higher mean values while the main
difference between AB Swansea and FR are related to the anxiety in-
dicators: freezing and distance from the tank bottom.

The analysis of temperature showed that the stress value of the
NMDS analysis was 0.085 (p < 0.001). The jacknife stability of the
NMDS solution was 0.918, with a dispersion rate of 0.13. The percentage
of explained variance of VMU was 93%. The VMU plot (Fig. 4a) evi-
denced that the AB Swansea centroids show low relation to all the pa-
rameters as they are close to zero. For the AB Natal, the 28 °C group was
positively related to distance from bottom and negatively related to
average speed, distance travelled and maximum speed. The opposite
was observed for AB Natal 25 °C. The FR Natal followed a positive
relation to freezing and negative for distance from bottom. The per-
manova test showed that temperature effects differ between pop-
ulations, (Permanova: F5, 72 = 17.35; p < 0.001) (Fig. 4b). In the AB
Swansea treatments did not affect the behavioural responses. For AB
Natal, 25 °C increased the mean values of the locomotor parameters
compared to 28 °C. For the FR, 28 °C decreased locomotor parameters.

The NMDS analysis of environmental variables x behavioural vari-
ables presented a stress value of 0.1 (p < 0.001). The jacknife stability of
the NMDS solution was 0.948, with a dispersion rate of 0.15. The VMU
(Fig. Sla) demonstrates the centroids of light and background noise
show null relation to locomotor parameters, a negative relation to dis-
tance from the bottom and a positive relation to freezing. Temperature
had a positive relation to freezing and locomotor parameters and a
negative relation to distance to the bottom. The bar plot (Fig. S1b)
corroborates the VMU showing that the effects of light and noise were
similar on fish behaviour and different from the temperature effects. The
permanova test showed statistical significance between the experi-
mental groups (Permanova: F2, 261 = 52.15; p < 0.001). Light and
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Fig. 2. Graphical representation of light treatments’ effects on behaviour per population evaluated. (a) Vector model of unfolding (VMU) of light intensity. Coloured
circles represent the centroids (mean values) for each combination of treatment and population. Centroids that are in the same position and direction of the vectors
are positively correlated to them, while opposite directions indicate a negative correlation. Vector’s length indicates the explanatory power of each variable analysed.
(b) Bar plot represents the results of the Permanova test between treatment levels and populations. The bars above zero indicate that the mean value of the group is
higher than the general mean value of all groups, and bars below zero show lower mean values than the general mean value of all groups. Thick bars represent higher
mean values whilst thinner bars represent lower mean values. Different letters indicate significant statistical differences.
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noise had lower mean values for distance travelled, average speed and
maximum speed. Freezing and distance from bottom presented different
responses (higher and lower mean values for light and noise, respec-
tively). The temperature treatment showed effects on average and
maximum speed, distance travelled and distance from the bottom,
which were all increased in the higher temperature.

For the three population comparisons (Fig. S2a) the position of the
centroids shows that the AB Swansea population was the least affected
by the variables (the centroid is close to zero). AB Natal centroid is
positively related to locomotor parameters, the anxiety indicator
(freezing and distance from the bottom) show null relation. For FR Natal
the centroid is positively related to freezing and negatively related to
distance from bottom and the relation to locomotor parameters is null.
Statistically, populations were different from each other (Permanova:
F2, 261 = 10.09; p < 0.001) (Fig. S2b). For AB Swansea, freezing, dis-
tance travelled, maximum speed and average speed presented lower
mean values, while distance from the bottom presented higher mean
values. AB Natal presented higher mean values for distance from bot-
tom, distance travelled, average speed and maximum speed, freezing
presented lower mean values. For FR Natal, the mean values were higher
for freezing and average speed and lower for distance from bottom
distance travelled and maximum speed.

4. Discussion

We evaluated the effects of three environmental variables (light in-
tensity, background noise, and water temperature) on the behavioural
response of different zebrafish strain populations in a novel tank test. We
found that increased light intensity altered FR and AB Natal populations’
behaviour, increasing freezing duration and reducing locomotion in AB
natal, indicating increased anxiety-like behaviour. Reducing the water
temperature impacted AB Natal and FR populations, increasing all lo-
comotor parameters. Increased noise intensity induced increased loco-
motion in AB Natal and FR fish. Thus, we observed that zebrafish strain
populations presented different responses: while AB fish from Swansea
was the least altered by holding conditions, FR fish was highly affected
by temperature, light, and noise variation.

The controlled and stable conditions in the laboratory reduce the
range of sensory stimuli fish are exposed to, decreasing behavioural
flexibility (Salvanes et al., 2013). The behavioural responses result from
complex interactions between genes and the environment (Charney,
2017; Anreiter et al., 2017), and inbred populations with limited genetic
diversity reared in highly controlled conditions may be expected to show
less behavioural variation than outbreed populations (Schluter, 2000).
Although AB strains are not fully inbred and differ genetically (Gerlai,
2019), they are expected to vary less than farmed (FR) zebrafish.

In the novel tank test, locomotor and anxiety-like responses in
zebrafish are characterized by an initial decrease in locomotion, increase
in freezing and movement towards the bottom of the tank (Kalueff et al.,
2013). This behaviour gradually eases as fish become acclimatized to the
new environment (Egan et al., 2009; Cachat et al., 2010; Maximino
et al., 2010), and begin to be more explorative behaviour (Cachat et al.,
2010). The anxiety-like behaviour caused by the novel tank procedure
was not the same in all populations and holding conditions. The 12%
increase in temperature (from 25° to 28°C) affected fish behaviour much
more than the 500% increase in light intensity or the 59% increase in
background noise (see centroids far from zero in VMU graphs).

The temperatures used in this study were not extreme and were in-
side the recommended range for zebrafish (Alestrom et al., 2020).
Temperature is one of the main abiotic factors influencing the physi-
ology and behaviour of ectothermic species, such as zebrafish (Haese-
meyer, 2020). Typically, basal metabolic rate and swimming activity are
affected by water temperature (Lopez-Olmeda and Sanchez-Vazquez,
2011; Abozaid et al., 2020), depending on acclimatization temperature
and duration of exposure (Angiulli et al., 2020; Nonnis et al., 2021).
Abrupt changes in water temperature were shown to decrease
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swimming speed in zebrafish larvae (Abozaid et al., 2020) and affect
gene expression in the brain, which interfere with cognition, synaptic
function, and neurotransmitter release (Nonnis et al., 2021). The
behaviour differences we observed in this study may have resulted from
changes in brain function and basal metabolic rate. While in natural
conditions water temperature changes gradually, in laboratory situa-
tions fish are moved from tanks and may face hasty differences in
temperature that affect their responses. Moreover, it seems that fish
from hatchery (as the FR fish tested here) are more sensitive to tem-
perature variation (Fig. 4) than AB populations. Similar results were
obtained by Salvanes et al. (2007), who observed that wild cod present
more variation in behavioural responses when placed in a novel envi-
ronment than cod from a hatchery.

Light variations mainly affected FR and AB Natal locomotor response
(Fig. 2). Zebrafish is a diurnal species (Moura et al., 2017) adapted to a
wide range of light intensities presenting a duplex retina with rod and
cone photoreceptors (Fleisch and Neuhauss, 2006). For diurnal species,
increased light intensity during daytime increases arousal and activity
levels (Deep et al., 2012; Soler et al., 2019), consistent with what we
found for zebrafish. Brighter illumination was also shown to reduce
anxiety-like and depressive-like behaviour and improve spatial memory
in diurnal animals (Marcus et al., 2001; Ikeno and Yan, 2018; Yan et al.,
2019). Given the importance of zebrafish as a translational model for
affective disorders, our study indicates that more attention should be
paid to report light intensity in experimental work involving zebrafish.
Although we tested light intensity variation, other parameters of light
such as duration of the light phase and wavelength composition of light
are shown to affect behaviour and cognition in rodents (Steinman et al.,
2011; Itzhacki et al., 2018) and should be considered in future studies
with zebrafish. It is known that wavelength composition and properties
of the visible light affect zebrafish behaviour (Thornberri et al., 2008;
Guggiana-Nilo and Engert 2016).

Regarding noise, there is a lack of studies that attained to understand
background noise effects on behaviour. In this study, the increase in
background noise caused changes in locomotor parameters in AB natal
population and affected both locomotion and freezing in FR population
(Fig. 3). Noise, both anthropogenic and natural, are usually considered
in wild areas and treated as sound pollution, which was shown to cause
damage to the auditory epithelium (McCauley et al., 2003; Dahl et al.,
2020), increase cortisol levels (Wysocki et al., 2006) and affect intra-
specific communication patterns (Andrew et al., 2014, Zhao et al.,
2021). On the contrary, low intensity classical music was shown to
reduce cortisol and anxiety-like behaviour in zebrafish (Barcellos et al.,
2018). Here, we tested noise generated by aeration pumps used in fish
laboratories to supply air to the tank. This type of noise is ignored by
researchers, as it is not acoustic pollution and is usually overlooked in
fish studies. However, as we observed here, background noise affects
behaviour and should be considered an interfering variable in behaviour
studies.

Detailed protocols exist for the use of behavioural tests in zebrafish
research (Bencan et al., 2009; Cachat et al., 2010), including guidance
on acclimatization (Egan et al., 2009; Cachat et al., 2010; Parker et al.,
2012), methods for breeding zebrafish (Tsang et al., 2017) and a long
review on experimental issues and solutions regarding zebrafish
research reproducibility and replicability (Gerlai 2018). Regarding the
effects of housing conditions, our study adds information to avoid un-
wanted variation that affect the reproducibility of results. Our results
demonstrated that the behavioural response of the tested populations
differed from each other (Fig S2), probably reflecting differences in their
history of domestication. The AB Swansea population presented similar
behavioural responses in all holding conditions, suggesting that this
population is less phenotypically flexible than the others in terms of
behavioural response. Bhat et al. (2015) also found low levels of
behavioural variation in a lab-reared zebrafish population and more
variable behaviours in two wild populations.
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5. Conclusion

Our study adds to the growing literature on the roles of rearing
environment and genetic background on fish behaviour. More impor-
tantly, we showed how changes from holding to testing conditions might
influence the results of behavioural tests and recommend that these are
carefully considered and detailed in experimental design to increase
reproducibility and facilitate data interpretation. The zebrafish strains
used should be reported. Whenever possible these should come from a
single origin, as even within the AB strain, different origins can generate
significant differences in behavioural response.
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