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ARTICLE INFO ABSTRACT

Keywords: The light-dark preference task has been commonly used in rodents to screen for anxiogenic and anxiolytic drugs.
Light-dark task However, recent adaptations of the light-dark preference test for zebrafish have produced inconsistent results.
AﬂXiet}’ Several studies have reported that zebrafish exhibit a preference for light, while others have found a preference
Zebrafish for black. We suggest the inconsistencies may be the result of confusing certain parameters of the test leading to
Background shade . . . 1 h i “light” i h bl ith “white” and “dark”
Iumination improper interpretation. For example, researchers often use “light” interchangeably with “white” an ar

with “black” when these are two distinct factors: level of illumination vs. background shade. In the current study,
we use specifically designed preference tanks to investigate the influence of background shade (i.e. white vs.
black) and level of illumination (i.e. light vs. dark) on preference and anxiety-like behaviour. Furthermore, we
pharmacologically validate our results by quantifying the effects of ethanol, a drug with known anxiety-altering
properties, on anxiety-like behaviours. Here we report that zebrafish's preference varies depending upon
background shade and level of illumination. We also found that ethanol administration altered behavioural
responses in an illumination- and background shade-dependent manner. Our findings reinforce the need to
correctly differentiate between these factors when interpreting results obtained with this behavioural paradigm.
Lastly, our results show that simple modifications to the experimental tank in which anxiety-related responses
are measured can significantly alter behaviour of zebrafish, supporting the need for standardized testing pro-
cedures and/or for detailed description of experimental procedures and the apparatus.

1. Introduction

The use of animal models in behavioural pharmacology has become
important for understanding the mechanisms underlying a number of
different human disorders. With the increasing prevalence of anxiety-
related disorders, there is an ever-growing need for high throughput
drug-screens to identify efficacious anxiolytics that can be used as
treatment options (Gelfuso et al., 2014; Schwartz et al., 2005). A
commonly used behavioural task to quantify anxiety-related behaviours
in rodents is the light-dark preference task (Bourin and Hascoett, 2003).
Studies that employ the light-dark task have found that rodents exhibit
a strong preference for the dark compared to the light compartment,
likely due to rodents' nocturnal nature (Bourin and Hascoett, 2003;
Hascoet et al., 2001). Higher levels of anxiety-like behaviours are as-
sociated with more time spent in the dark compartment, a natural anti-
predatory response that is found both in and out of the lab (Sousa et al.,

2006). Using this simple and robust behavioural paradigm, researchers
could quickly and effectively screen anxiolytic and anxiogenic drugs
that alter this anxiety-like behavioural response (Anisman and
Matheson, 2005; Belzung and Griebel, 2001).

Although the light-dark preference task was originally developed for
rodents, this behavioural paradigm has recently been adapted for zeb-
rafish (Danio rerio) due to their increasing popularity in behavioural
pharmacology (Blaser and Penalosa, 2011; Gerlai et al., 2000;
Lieschkem and Currie, 2007; Maximino et al., 2007; Serra et al., 1999).
Zebrafish are effective for high throughout drug screens due to their
small size, high fecundity, and the non-invasive drug administration
techniques (i.e. immersion method) developed for this species
(Champagne et al., 2010; Clark et al., 2011; Gerlai et al., 2000; Howe
et al., 2013; Klee et al., 2012; Vacaru et al., 2014). However, unlike
rodents, the zebrafish is diurnal, a species-specific idiosyncrasy that
may complicate interpretation of results obtained using the light-dark
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Fig. 1. Behavioural testing tanks illustrating our 2 X 2 (illumination level x background shade) experimental design (tank dimensions are also indicated). (A) All-
white tank and (B) all-black tank with high vs. low illumination sides. (C) Low illumination and (D) high illumination tanks with black vs. white sides. All tanks had
clear glass lids. Note that the side of high vs low illumination or black vs. white was varied randomly across experimental subjects.

preference task (Champagne et al., 2010; Gerlai et al., 2000). Recent
studies that have employed the light-dark preference task in zebrafish
have found conflicting results: some researchers report a preference for
black (Blaser and Penalosa, 2011; Facciol et al., 2017; Maximino et al.,
2007; Maximino et al., 2010; Serra et al., 1999) while others report a
preference for light (Blaser and Penalosa, 2011; Champagne et al.,
2010; Gerlai et al., 2000).

In the current study, we investigate several factors that may un-
derlie these behavioural inconsistencies. One potential issue is the lack
of distinction between level of illumination (i.e. light vs. dark) and
background shade (i.e. white vs. black). It has become increasingly
common for researchers to use these two terms interchangeably even
within the same study, using white interchangeably with light and
black with dark (Blaser and Penalosa, 2011; Maximino et al., 2007;
Serra et al., 1999). Another limitation in the current literature is the
lack of consistency between testing apparati, making it difficult to
compare results between studies. Some methods employ overhead
lighting in a dark room (Blaser and Penalosa, 2011; Facciol et al., 2017;
Gerlai et al., 2000) some use only ambient light (Blaser and Penalosa,
2011). Some studies use no floor substrate (Champagne et al., 2010;
Facciol et al., 2017; Gerlai et al., 1999; Maximino et al., 2007; Serra
et al., 1999), while others use grey gravel (Blaser and Penalosa, 2011;
Blaser and Rosemberg, 2012). Lastly, some studies use a divider to
separate the testing chambers (Blaser and Penalosa, 2011; Facciol et al.,
2017; Maximino et al., 2007) while others do not (Champagne et al.,
2010; Gerlai et al., 2000; Serra et al., 1999). Specific to the light-dark
preference task (i.e. illumination preference), researchers commonly
cover one entire side of the testing apparatus with cardboard or paper
to create the “dark” compartment (Blaser and Penalosa, 2011;
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Champagne et al., 2010; Gerlai et al., 2000), a manipulation that may
further complicate interpretation of results because it introduces the
potential confound of a choice between a cave-like vs. open environ-
ment rather than illumination level.

In a previous study, we showed that zebrafish exhibited a significant
preference for black over white background shade, which was distinctly
different from preference for illumination level (i.e. light vs. dark).
However, we were unable to show that zebrafish exhibit a preference
for light vs. dark, possibly due to the introduction of a divider to se-
parate the compartments (Facciol et al., 2017). In the current study, we
employed modified behavioural testing tanks to further investigate
preference for background shade and/or illumination level, as well as
the possible interaction between these two factors. In addition, in the
current study we also investigate whether preference for background
shade and/or illumination level is altered by the administration of
ethanol, a commonly used pharmacological compound with anxiogenic
and anxiolytic properties depending on dose, duration, and context of
exposure (Tran and Gerlai, 2013).

2. Methods
2.1. Animals and housing

132 adult wildtype zebrafish (Danio rerio) of mixed sexes were used
in this experiment. Zebrafish were purchased from Petsmart (Oakville,
ON, Canada), and housed in 100 L tanks in groups of 50-60 per tank.
The rationale for using such a genetically undefined population of fish
is that these fish likely do not exhibit strain-specific idiosyncrasies. The
rationale for using pet-store purchased fish acclimatized to our facility,
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instead of breeding these fish and using their offspring, is that nu-
merous zebrafish investigators do not have the capacity to maintain
large stocks of zebrafish and often use pet-store bought animals. Fish
were fed daily with a mixture of dry flake food (2:1 Tetramin:Spirulina)
twice a day. Water quality was maintained at optimal levels and
checked daily (salinity: 150-500uS; pH: 6.5-7.5; temperature:
27-29°C). A 14:10 light dark cycle was maintained with lights on at
7:00 h. Behavioural testing occurred between 9:00 to 18:00 h.

2.2. Tank design

Four 37 L behavioural testing tanks as described in Facciol et al.
(2017) were used with minor modifications (Fig. 1). Behavioural testing
was conducted in a completely dark room with one overhead light per
tank (15 W bulb). Tanks 1 and 2 were used to investigate illumination
preference while controlling for background shade. Tank 1 was all-
white (with the front side left uncovered for video recording) with a
white divider down the center separating the light and dark chambers.
Fish were able to cross between chambers by either swimming below
(4 cm gap) or through 4 holes in the divider (each hole was 4 X 4 cm,
two positioned closer to the surface and two closer to the bottom,
spaced approximately 5 cm apart). Tank 2 was all black (with the front
side left uncovered for video recording) with a black divider designed
similar to the all-white divider. A dark chamber for both Tanks 1 and 2
was created by covering half of the overhead tank light with 4 layers of
printer paper instead of the tank itself, avoiding the confound of
creating a cave-like environment. The paper allowed for enough light to
enter for video-tracking purposes yet still created a strong contrast
between the dark and the light side. Light intensity inside and outside
each tank was measured using a REED ST-1301 Precision Lux Meter
(REED Instruments; Toronto, Canada). Light intensity outside the all-
white tank ranged from 1017 (light side) to 265 Lux (dark side), and
light intensity inside the all-white tank ranged from 1650 (light side) to
266 Lux (dark side). Light intensity outside the all black tank ranged
from 355 (light side) to 21 Lux (dark side), and light intensity inside the
all black tank ranged from 750 (light side) to 52 Lux (dark side).

Tanks 3 and 4 were used to investigate white-black preference while
controlling for illumination level by using two half white half black
tanks. Tank 3 had low illumination throughout, achieved by covering
the entire overhead tank light with 4 layers of printer paper, allowing
only enough light for video-tracking to work. Tank 4 had high illumi-
nation as the overhead tank light was left uncovered. Tanks 3 and 4 also
had dividers down the center identical in physical measures to those
described for Tanks 1 and 2 to maintain methodological consistency.
However, the divider for Tanks 3 and 4 had a black side and a white
side to match the background shade of their respective compartments.
Light intensity outside the low illumination tank ranged from 39 (white
side) to 14Lux (black side), and light intensity inside the low illumi-
nation tank ranged from 65 (white side) to 45 Lux (black side). Light
intensity outside the high illumination tank ranged from 867 (white
side) to 335 Lux (black side), and light intensity inside the high illu-
mination tank ranged from 1201 (white side) to 550 Lux (black side).

2.3. Behavioural testing procedure

Zebrafish were netted from their 100 L home tanks and placed into a
1.5L pre-exposure tank containing either 0 or 1% vol/vol ethanol so-
lution for 30 min. After this 30-min exposure period, zebrafish were
placed into a 500 mL transportation tank briefly (containing the same
concentration of ethanol) before being placed into the 37 L testing tanks
with the same concentration of ethanol (0 or 1%) for 30 min, a total of
60 min alcohol exposure length. Sample sizes were as follows: All-white
tank control (n = 20), all-white tank ethanol (n = 19), all-black tank
control (n = 18), all-black tank ethanol (n = 12), low illumination
control (n = 15), low illumination ethanol (n = 17), high illumination
control (n = 15), high illumination ethanol (n = 16). Note the low
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sample size for the all-black ethanol group was due to the high levels of
freezing and dark preference following ethanol administration, making
video-tracking difficult. The alcohol dose and exposure period were
chosen based upon prior studies that investigated the temporal trajec-
tory of changes of the behaviour and of neurochemicals induced by
alcohol exposure correlating with the concentration of alcohol in the
brain (Tran and Gerlai, 2013; Tran et al., 2015). The compartment in
which the fish was placed (i.e. white or black compartment; light or
dark compartment) was randomized to control for potential side bias.
For tanks 1 and 2 (constant background shade), the “light” side was
randomized in between trials by rotating the overhead light. For tanks 3
and 4 (constant illumination), side bias (i.e. whether the black com-
partment was on the right or left side of the tank) was controlled for by
randomizing black on left vs. black on right tanks between Tanks 3 and
4 (i.e. tanks were randomized between low illumination with black on
left, low illumination with black on right, high illumination with black
on left, and high illumination with black on right; Fig. 1C/D). Each 30-
min behavioural testing session was recorded from the front view using
a JVC video recorder.

2.4. Quantification of behaviour

Behavioural responses were quantified using Ethovision XT 8.5, an
automated video tracking software. For Tanks 1 and 2, we analyzed the
time spent in the dark compartment and for Tanks 3 and 4, we analyzed
time spend in the black compartment (Champagne et al., 2010). In
addition to preference for a given compartment, we also quantified a
number of behavioural parameters that have been associated with an-
xiety-like responses in zebrafish, including freezing (a measure of im-
mobility), distance to bottom (a measure of bottom dwelling), absolute
turn angle (a measure that correlates with erratic movement), and ve-
locity (a measure of locomotion) (Ahmed and Richardson, 2013; Blaser
and Rosemberg, 2012; Wong et al., 2010). These 4 behaviours were
analyzed across the entire 30-min trial and averaged during the first
and last 3 min of the session. During the first 3 min, fish are expected to
exhibit maximal fear/anxiety responses due to handling and novelty
induced stress (Facciol et al., 2017; Tran and Gerlai, 2013). While
during the last 3 min of the session, fish should show the least amount
of fear/anxiety as a result of habituation to the environment and the
time that elapsed between the handling episode and the behavioural
recording. Lastly, the above behaviours were also compared between
compartments (i.e. in the light vs. dark compartments and in the white
vs. black compartments).

2.5. Statistical analysis

The time-course of behavioural responses was analyzed using a two-
way repeated measures ANOVA with ethanol (two levels: 0 and 1%
ethanol) and illumination (two levels: light vs. dark — For Experiment 1)
or background shade (two levels: white vs. black — For Experiment 2) as
between-subject factors, and “time” (30 levels: 30 1-min intervals) as
the repeated measures factor. In the case of a significant main effect or
interaction, and since Tukey Post-hoc analyses are not appropriate for
repeated measures ANOVA, behavioural responses were averaged in the
first and last 3min of recording to compare treatment groups across
these periods. Tukey Post-hoc analyses were subsequently conducted to
compare all four groups (2 alcohol treatment groups x 2 periods) to
each other with significance reported at p < 0.05 (Group 1 = first 3
control, Group 2 = first 3 ethanol, Group 3 = last 3 control, Group
4 = last 3 ethanol). The rationale for focussing on the first 3 and last
3 min of the session is given in detail by Facciol et al., 2017 and Tran
and Gerlai, 2013. Briefly, these periods are expected to represent
maximal fear and maximal habituation-related responses. To compare
behavioural changes between the different compartments (i.e. between
the light vs. dark and white vs. black), behavioural responses were
averaged over the entire duration that zebrafish were in those
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Table 1
Results summary of Experiment 1: effects of background shade on light vs. dark preference.
Behaviour Tank First 3 vs. last 3min Compartment
Duration in dark 1 (All-white) No significant differences N/A
(sec) 2 (All-black) Ethanol increased time in dark in first 3 but not last 3 N/A
Distance to bottom 1 (All-white) Ethanol increased bottom dwelling in first 3 but not last 3 No significant differences
(cm) 2 (All-black) Ethanol increased bottom dwelling in first 3 but not last 3 No significant differences
Freezing 1 (All-white) No significant differences Ethanol increased freezing in the dark compartment
(sec) 2 (All-black) Ethanol increased freezing in first 3 but not last 3 Ethanol increased freezing in the dark compartment
Absolute turn angle 1 (All-white) Ethanol increased turn angle in the first 3 but not last 3 Ethanol increased turn angle in the dark compartment

(deg) 2 (All-black) Ethanol reduced turn angle in the first 3 but not last 3
Velocity 1 (All-white) No significant differences
(cm/s) 2 (All-black) No significant differences

Controls decreased turn angle in the dark compartment
No significant differences
Controls decreased velocity in the dark compartment

respective compartments. Tukey Post-hoc tests were conducted to
compare the 4 groups to each other (i.e. Group 1 = dark or black
compartment control, Group 2 = dark or black compartment ethanol,
Group 3 = light or white compartment control, Group 4 = light or
white compartment ethanol). To examine preference for dark (Group 1
and 2) and black (Group 3 and 4), the total duration of time spent in
each compartment during the first and last 3 min were compared to
random chance. A one-sample t-test (Test value = 90) was used to
compare each of the 4 groups to random chance using a Bonferroni-
Holm correction to reduce type 1 error.

3. Results
3.1. Experiment 1: effect of background shade on light vs. dark preference

Table 1 summarizes the results of Experiment 1. Fig. 2 panels A and
B show the time zebrafish spent in the dark compartment of the all-
white or of the all-black tank over the entire 30-min testing trial. Re-
peated measures ANOVA revealed a significant main effect of time (F
(29,1885) = 2.745, p < 0.001) and ethanol (F(1,65) = 7.574,
p = 0.008) but no significant main effect of background shade

White tank
A B

60—

=}
=]
1

(2
T

50—

Black tank

(p = 0.201). There was a significant two-way interaction between time
and ethanol (F(29,1885) = 2.050, p = 0.001) and a three-way inter-
action between time, background shade and ethanol (F
(29,1885) = 1.759, p = 0.008) but no significant interaction between
time and background shade (p = 0.598) or background shade and
ethanol (p = 0.150). Time-course analysis revealed ethanol exposed
zebrafish in the all-black tank (Fig. 2D) spent significantly more time in
the dark compartment compared to controls in the first 3 min
(p < 0.001), a behavioural response that was also significant when
compared to random chance (control group significantly below chance
p = 0.024; ethanol group significantly above chance p = 0.004). Ad-
ditionally, in the all-black tank, the difference between first and last
3 min ethanol exposed zebrafish spent in the dark compartment was
found only to approach but not to reach significance (p = 0.068).

Fig. 3 panels A and B show the distance to bottom during the entire
30-min trial. Repeated measures ANOVA found a significant time-de-
pendent change in zebrafish bottom dwelling behaviour (F
(29,1885) = 13.273, p < 0.001), as well as a main effect of ethanol (F
(1,64) = 6.291, p = 0.015) and background shade (F(1,64) = 5.547,
p = 0.022). There was also significant interaction between time and
ethanol (F(29, 1885) =5.525, p < 0.001) but no significant

Fig. 2. Mean + S.E.M. time zebrafish spent on the
dark side of the illumination preference in the all-
white tank. (A) during the entire 30-min testing
session and (C) during the first and last 3 min.
Mean * S.E.M. time zebrafish spent on the dark
side of the illumination preference in the all-black
tank (B) during the entire 30-min testing session and
(D) during the first and last 3 min. Letters that differ
from each other indicate significance at p < 0.05. #
indicates significant (p < 0.05) departure from
chance level performance (indicated by solid line).
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Fig. 3. Mean + S.E.M. distance to bottom in the all-white tank (A) during the entire 30-min testing session, (C) during the first and last 3 min, and (E) in the light vs.
dark compartment. Mean + S.E.M. distance to bottom in the all-black tank (B) during the entire 30-min testing session, (D) during the first and last 3 min, and (F) in
the light vs. dark compartment. Letters that differ from each other indicate significance at p < 0.05.

interactions between time, background shade and ethanol (p = 0.343)
or background shade and ethanol (p = 0.778) or time and tank
(p = 0.871). Tukey Post-hoc analysis revealed that in the all-white tank
(Fig. 3C), both control (p = 0.041) and ethanol (p < 0.001) treated
zebrafish stayed closer to the bottom in the first 3 min compared to the
last 3 min. However, in the first 3 min ethanol exposed zebrafish were
significantly closer to the bottom compared to controls (p = 0.009)
(Fig. 3C). In the all-black tank (Fig. 3D), only ethanol exposed zebrafish
showed greater bottom dwelling in the first 3 compared to the last
3min (p < 0.001). Similar to the all-white tank, ethanol exposed
zebrafish had higher levels of bottom dwelling in the first 3 min com-
pared to controls (p = 0.001) (Fig. 3D). There were no significant dif-
ferences detected in bottom dwelling when comparing the light vs. dark
compartments (Fig. 3E/F).

Fig. 4, panels A and B show the average duration of freezing during
the entire 30-min trial. Repeated measures ANOVA revealed significant
main effects of time (F(29,1885) = 5.493, p < 0.001) and ethanol (F
(1,65) = 4.392, p = 0.040), a significant interaction between time and
ethanol (F(29,1885) = 2.624, p < 0.001), and a three-way interaction
between time, background shade and ethanol (F(29,1885) = 1.644,
p = 0.017). There was no significant main effect of background shade
(p = 0.426) and no significant interaction between background shade
and ethanol (p = 0.525) or time and background shade (p = 0.841). In
the all-white tank (Fig. 4C), there was no significant difference between
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the first and last 3 min for either ethanol or untreated control zebrafish.
However, in the all-black tank (Fig. 4D), ethanol exposed zebrafish had
significantly higher levels of freezing in the first 3 compared to the last
3min (p = 0.001), and ethanol exposed zebrafish had higher levels of
freezing in the first 3 min compared to controls (p < 0.001). In both
the all-white (p = 0.053) and all-black tanks (0.011) (Fig. 4E/F),
ethanol exposed zebrafish had higher levels of freezing in the dark
compartment compared to the light compartment, although the former
did not reach significance.

Fig. 5, panels A and B show mean absolute turn angle during the
entire 30-min trial. Repeated measures AVONA found a significant
main effect of background shade (F(1,65) = 368.710, p < 0.001) and
time (F(29, 1885) = 2.245, p < 0.001) but no significant main effect
of ethanol (p = 0.963). There were significant interactions between
time and background shade (F(29,1885) = 4.860, p < 0.001), time
and ethanol (F(29,1885) = 1.494, p = 0.044) and a three-way inter-
action between time, background shade and ethanol (F(29,
1885) = 3.456, p < 0.001), however, no significant interaction be-
tween background shade and ethanol (p = 0.282). Over the entire 30-
min trial, control (p < 0.001) and ethanol treated zebrafish
(p < 0.001) in the all-black tank exhibited higher average absolute
turn angle when compared to control and ethanol zebrafish in the all-
white tank (Fig. 5A/B). In the all-white tank (Fig. 5C), Tukey Post-hoc
analysis revealed that ethanol exposed zebrafish had significantly
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Fig. 4. Mean + S.E.M. freezing in the all-white tank (A) during the entire 30-min testing session, (C) during the first and last 3 min, and (E) in the light vs. dark
compartment. Mean + S.E.M. freezing in the all-black tank (B) during the entire 30-min testing session, (D) during the first and last 3 min, and (F) in the light vs. dark
compartment. Letters that differ from each other indicate significance at p < 0.05.

higher levels of erratic movement in the first 3 compared to the last
3min (p = 0.033). However, in the all-black tank (Fig. 5D), ethanol
exposed zebrafish had significantly lower levels of erratic movement in
the first 3 compared to the last 3min (p = 0.041). Also, in the all-black
tank, control zebrafish had significantly higher levels of erratic move-
ment compared to ethanol only in the first 3min (p < 0.001). In the
all-white tank (Fig. 5E), ethanol exposed zebrafish had significantly
higher levels of erratic movement in the dark compartment compared
to the light compartment (p = 0.008), while in the all-black tank
(Fig. 5F), control zebrafish had significantly higher levels of erratic
movement in the light compared to the dark compartment
(p < 0.001).

Fig. 6 panels A and B show the velocity of zebrafish during the
entire 30-min testing trial. Repeated measures ANOVA revealed a sig-
nificant effect of time (F(29,1885) = 4.708, p < 0.001) and back-
ground shade (F(1,65) = 11.632, p = 0.001) but no main effect of
ethanol (p = 0.608). There were also no significant 2-way or 3-way
interactions. Post-hoc analyses revealed no significant differences be-
tween the first and last 3 min of testing for either tank for both control
and ethanol treated zebrafish (Fig. 6C/D). In the all-black tank
(Fig. 6F), control zebrafish had a higher average velocity in the light
compartment compared to the dark compartment (p = 0.005), how-
ever, there was no significant difference in the all-white tank (Fig. 6E).

3.2. Experiment 2: effect of illumination level on white vs. black preference

Table 2 summarizes the results of Experiment 2. Fig. 7 panels A and
B show the amount of time zebrafish spent in the black compartment of
the white-black preference tank under low and high illumination over
the entire 30-min testing trial. Repeated measures ANOVA revealed a
significant main effect of ethanol (F(1,59) = 18.118, p < 0.001) but
no main effect of time (p = 0.215) or tank (p = 0.106). There was a
significant  interaction between time and illumination (F
(29,1711) = 1.543, p = 0.033) but no significant interaction between
time and ethanol (p = 0.605) or illumination and ethanol (p = 0.477),
however the interaction between time, illumination and ethanol ap-
proached significance (p = 0.069). Under low illumination (Fig. 7C),
ethanol exposed zebrafish spent more time in the black compartment
compared to controls in the last 3 min of the trial (p = 0.048). Under
high illumination, only ethanol exposed zebrafish exhibited a sig-
nificant preference for the black compartment compared to random
chance (p = 0.016). However, there were no significant differences
between groups in the high illumination condition (Fig. 7D).

Fig. 8 panels A and B show the mean distance to bottom of zebrafish
under low and high illumination in the white-black preference task over
the entire 30-min trial. Repeated measures ANOVA revealed a sig-
nificant main effect of illumination (F(1,59) = 5.946, p = 0.018), time
(F(29,1711) = 9.962, p < 0.001) and of ethanol (F(1,59) = 13.632,
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Fig. 5. Mean + S.E.M. absolute turn angle in the all-white tank (A) during the entire 30-min testing session, (C) during the first and last 3 min, and (E) in the light vs.
dark compartment. Mean + S.E.M. absolute turn angle in the all-black tank (B) during the entire 30-min testing session, (D) during the first and last 3 min, and (F) in
the light vs. dark compartment. Letters that differ from each other indicate significance at p < 0.05.

p < 0.001). There was a significant interaction between illumination
and ethanol (F(1,59) = 9.684, p = 0.003) but no significant interac-
tions between time and illumination (p = 0.473), time and ethanol
(p = 0.795), time, illumination and ethanol (p = 0.416). Under low
illumination (Fig. 8C), ethanol exposed zebrafish stayed closer to the
bottom on the tank in the first 3 compared to the last 3 min (p = 0.004).
Under high illumination (Fig. 8D), both control (p = 0.005) and
ethanol (p = 0.002) treated fish stayed closer to the bottom in the first
compared to the last 3 min of the session. Additionally, ethanol exposed
zebrafish remained closer to the bottom of the tank compared to con-
trols in both the first (p = 0.024) and last 3min (p = 0.038). Lastly,
under high illumination (Fig. 8F), ethanol exposed zebrafish stayed
closer to the bottom compared to controls in both the black (p = 0.001)
and white (p < 0.001) compartments.

Fig. 9 panels A and B show the duration of freezing of zebrafish
under low and high illumination over the entire 30-min in the white-
black preference task. Repeated measures ANOVA revealed a significant
main effect of time (F(29,1711) = 4.752, p < 0.001) and ethanol (F
(1,59) = 8.296, p = 0.006), however no main effect of illumination
(p = 0.835). There was significant interactions between time and illu-
mination (F(29,1711) = 3.365, p < 0.001) but no significant interac-
tion between time and ethanol (p = 0.922), illumination and ethanol
(p = 0.362) or time, illumination and ethanol (p = 0.215). Post-hoc
analysis revealed that ethanol exposed zebrafish had significantly
higher levels of freezing in the first 3 compared to the last 3 min under
high illumination (Fig. 9D) (p = 0.034), but no significant differences
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under low illumination (Fig. 9C). In the low illumination tank, ethanol
exposed zebrafish had higher levels of freezing compared to controls in
the black side of the tank (p = 0.012) (Fig. 9E).

Fig. 10 panels A and B show absolute turn angle during the entire
30-min white-black preference test in the high and the low illumination
tanks. Repeated measures ANOVA showed a significant main effect of
time (F(29,1711) = 4.782, p < 0.001) and illumination (F
(1,59) = 176.156, p < 0.001), but no main effect of ethanol
(p = 0.150). There was a significant interaction between time and il-
lumination (F(29,1711) = 6.365, p < 0.001) and time and ethanol (F
(29,1711) = 1.639, p = 0.018) but no significant interactions between
time, illumination and ethanol (p = 0.720). The interaction between
illumination and ethanol approached significance (p = 0.054). Post-hoc
analysis found that ethanol exposed zebrafish have significantly higher
absolute turn angle in the first 3 compared to the last 3 min (p = 0.006)
under low illumination (Fig. 10C), but no significant differences under
high illumination (Fig. 10C). Under low illumination tank (Fig. 10E),
ethanol exposed zebrafish had significantly lower levels of absolute
turn angle compared to controls, however, this effect was only sig-
nificant when fish were in the white compartment of the tank
(p = 0.040).

Fig. 11 panels A and B show the mean velocity of zebrafish during
the entire 30-min testing session in the high and low illumination tanks
during the white-black preference test. Repeated measures ANOVA
revealed a significant effect of time (F(29,1711) = 10.551, p < 0.001)
but no main effect of ethanol (p = 0.699) or illumination (p = 0.121).
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Table 2

Results summary of Experiment 2: effect of illumination level on white vs. black preference.

Experiment 2: Effect of illumination level on white vs. black preference

Behaviour Tank First 3 vs. last 3 min Compartment
Duration in black 3 (Low) Ethanol increases time in black in the last 3 N/A
(sec) 4 (High) No significant differences N/A
Distance to bottom 3 (Low) Ethanol increases bottom dwelling in first 3 but not last 3 No significant differences
(cm) 4 (High) Ethanol increases bottom dwelling in the first and last 3 Ethanol increased bottom dwelling in both compartments
Freezing 3 (Low) No significant difference between groups Ethanol increased freezing in the black compartment
(sec) 4 (High) Ethanol increased freezing in the first 3 but not last 3 No significant differences
Absolute turn angle 3 (Low) No significant differences Ethanol increased turn angle in black compartment
(deg) 4 (High) Ethanol increased turn angle in the first 3 but not last 3 No significant difference between groups
Velocity 3 (Low) No significant difference between groups Ethanol decreased velocity in the white compartment
(cm/s) 4 (High) No significant differences No significant differences

There was a significant interaction between time, illumination and
ethanol (F(29,1711) = 2.330, p < 0.001), but no significant interac-
tions between time and illumination (p = 0.059), time and ethanol
(p = 0.467), or illumination and ethanol (p = 0.180). There were no
significant differences between control and ethanol treated zebrafish in
the first 3 compared to the last 3 min under either high or low illumi-
nation (Fig. 11C/D). Under low illumination (Fig. 11E), control zeb-
rafish had a greater velocity on the white side of the tank compared to
the black side (p = 0.009).However, ethanol exposed zebrafish had
significantly lower velocity compared to controls when inside the white
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compartment (p = 0.011), but not the black compartment (p > 0.05).

4. Discussion

Numerous factors may influence choice zebrafish make in the light-
dark task. For example, the number of fish tested together has been
shown to have an effect (Mansur et al., 2014). In the current study we
decided to test a single subject at a time in the light-dark task. The
primary goal of this task is to measure fear and/or anxiety responses.
Given that the zebrafish is a shoaling species, and for this species being
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Fig. 7. Mean + S.E.M. time zebrafish spent on the
black side of the illumination preference in the low
illumination tank (A) during the entire 30-min
testing session and (C) during the first and last
3min. Mean *= S.E.M. time zebrafish spent on the
black side of the illumination preference in the high
illumination tank (B) during the entire 30-min
testing session and (D) during the first and last
3min. Letters that differ from each other indicate
significance at p < 0.05.# indicates significant
(p < 0.05) departure from chance level perfor-
mance (indicated by solid line).

using the light-dark task (e.g. Magno et al., 2015), the results obtained
with the paradigm were often controversial as some found “light” (e.g.
Blaser and Penalosa, 2011; Champagne et al., 2010; Gerlai et al., 2000)

“dark” preference depending on specific

Fig. 8. Mean + S.E.M. distance to bottom in the low
illumination tank (A) during the entire 30-min
testing session, (C) during the first and last 3 min,
and (E) in the white vs. black compartment.
Mean + S.E.M. distance to bottom in the high illu-
mination tank (B) during the entire 30-min testing
session, (D) during the first and last 3 min, and (F) in
the white vs. black compartment. Letters that differ
from each other indicate significance at p < 0.05.
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experimental parameters (Blaser and Penalosa, 2011; Facciol et al.,
2017; Maximino et al., 2007; Maximino et al., 2010; Serra et al., 1999).
In the current study, we attempted to disentangle the effects of two
potentially distinct factors: the effect of background shade vs. the effect
of the level of illumination using a 2 X 2 experimental design. We also
studied how performance of zebrafish in the light-dark task changed in
response to acute ethanol administration. We found that the effect of
background shade and of the level of illumination influenced the choice
zebrafish made as well as other behaviours zebrafish exhibited in a non-
additive manner, i.e., we found a significant interaction between these
factors. We also found that these effects were modified by acute alcohol
administration.

In the all-black tank, control zebrafish initially preferred the well
illuminated compartment compared to the dark compartment, a finding
not replicated in the all-white tank. This high illumination preference in
the black tank was reversed by acute ethanol treatment (Fig. 2B). These
findings suggest that fear and/or anxiety manifests in control fish as
dark (low illumination level) avoidance as found previously by Blaser
and Penalosa (2011), Champagne et al. (2010) and Gerlai et al. (2000).
This dark avoidance, i.e. light preference, was found to diminish with
time, a result likely due to habituation of fear/anxiety. Interestingly,
when the tank's background was white, we could not detect a sig-
nificant ethanol induced change in response. In fact, we also could not
detect a preference by control fish for high illumination. Conceivably,
the all-white background was too aversive for the experimental fish,
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leading to no preference for any side, a hypothesis supported by pre-
vious studies showing a tank with a white background to be more
aversive, eliciting elevated anxiety-like behaviours compared to tanks
with transparent or black backgrounds (Blaser and Rosemberg, 2012;
Blaser et al., 2010).

In addition to tank side preference, we also recorded other beha-
viours that helped us further interpret our findings. As mentioned
above, in the tank with the black background we found ethanol treated
zebrafish to spend significantly more time in the dark compartment
compared to control zebrafish during the first 3 min of the preference
test, a response which habituated over time (Fig. 2D). We also found the
ethanol exposed zebrafish to show reduced distance to bottom (Fig. 3D)
and higher levels of freezing (Fig. 4D) compared to controls, responses
which also habituated by the end of the testing session. Ethanol exposed
zebrafish also had significantly higher levels of freezing in the dark
compared to the light compartment (Fig. 4F). Notably, control zebrafish
exhibited greater turn angle (Fig. 5F) and velocity (Fig. 6F) in the light
compared to the dark compartment. Our results with ethanol are also in
line with previous studies that have demonstrated anxiogenic effects of
ethanol at high concentrations (i.e. 1% vol/vol) (Tran and Gerlai,
2013). Although greater bottom dwelling and freezing among ethanol
treated zebrafish could be interpreted as a sedative effect, this is un-
likely the case because there was no significant reduction in average
velocity between ethanol exposed and control zebrafish in the all-white
tank (Fig. 6A), and also elevated freezing and decreased distance to
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Fig. 10. Mean + S.E.M. absolute turn angle in the low illumination tank (A) during the entire 30-min testing session, (C) during the first and last 3 min, and (E) in the
white vs. black compartment. Mean + S.E.M. absolute turn angle in the high illumination tank (B) during the entire 30-min testing session, (D) during the first and
last 3min, and (F) in the white vs. black compartment. Letters that differ from each other indicate significance at p < 0.05.

bottom habituated with time. Thus, taken together, our results suggest
that ethanol, as administered here, was anxiogenic and enhanced sco-
totaxis by increasing preference for the dark compartment in the all
black tank, a conclusion that has been supported by a number of studies
(Blaser and Penalosa, 2011; Facciol et al., 2017; Maximino et al., 2010).

An important question, however, remains unresolved. If elevated
anxiety induced by handling and being exposed to a novel test tank, as
we argued, led to dark avoidance in control fish, why did anxiety fur-
ther elevated by ethanol lead to the opposite choice, i.e., dark pre-
ference in the ethanol treated fish (Fig. 2B)? The two, but somewhat
related, working hypotheses we propose to answer this question are as
follows. One, light vs dark preference is not absolute but depends upon
the level of anxiety. When lower level of anxiety is induced, zebrafish
may prefer well illuminated places, but when higher level of anxiety is
induced, low illumination level is preferred. Related to this hypothesis
is the second possibility that under low anxiety active avoidance re-
sponse (escape) is preferred, for which zebrafish need to use their vision
(hence the high illumination preference). Under high anxiety level, on
the other hand, passive avoidance (hiding) may be preferred, hence the
low illumination preference, working hypotheses whose validity will be
ascertained empirically in the future.

In Experiment 2, we investigated preference for white vs. black
(background shade) in a well illuminated and in a dimly illuminated
experimental tank. Unlike previously reported in Facciol et al. (2017),
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in the current study we did not find a preference for black vs. white
under either low or high illumination conditions among control zeb-
rafish. However, we report a significant effect of ethanol on white-black
preference and anxiety-related behaviours under high illumination.
Under low illumination, ethanol exposed zebrafish appeared to show an
initial preference for the black compartment, demonstrated by sig-
nificantly more time spent in the black compartment, a response which
habituated over time (Fig. 7C). This initial preference for black was also
accompanied by higher levels of anxiety-related behaviours, such as
freezing (Fig. 9A). However, this is not believed to be a sedative effect
as we found similar levels of turn angle (Fig. 10A) and velocity
(Fig. 11A) between ethanol and control zebrafish in the low illumina-
tion condition. Ethanol exposed zebrafish also had higher levels of
freezing in the black compared to the white compartment (Fig. 9E),
again suggesting that preference for black is driven by anxiety similar to
what has been found in previous studies (Blaser and Penalosa, 2011;
Facciol et al., 2017; Maximino et al., 2010).

Under high illumination, only ethanol exposed zebrafish exhibited a
significant preference for the black compartment compared to random
chance (Fig. 7B). Ethanol treated zebrafish also exhibited a significant
preference for the black compartment in the first 3 min of the recording
session, but not in the last 3min (Fig. 7D). This initial preference for
black is also accompanied by reduced distance to bottom (Fig. 8D).
Although this anxiety-like behavioural response habituated over time,
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Fig. 11. Mean + S.E.M. velocity in the low illumination tank (A) during the entire 30-min testing session, (C) during the first and last 3 min, and (E) in the white vs.
black compartment. Mean + S.E.M. velocity in the high illumination tank (B) during the entire 30-min testing session, (D) during the first and last 3 min, and (F) in
the white vs. black compartment. Letters that differ from each other indicate significance at p < 0.05.

ethanol exposed zebrafish remained closer to the bottom compared to
controls (Fig. 8B), suggesting ethanol's anxiogenic effect attenuated
habituation to the aversive environment. Higher levels of freezing
(Fig. 9D) and erratic movement (Fig. 10D) were also observed to ha-
bituate over time in ethanol exposed zebrafish. Together, these beha-
vioural results suggest that under high illumination, ethanol treated
zebrafish exhibit an initial preference for black over white, a response
likely resulting from ethanol-induced anxiety.

Our results show that factors background shade and level of illu-
mination significantly alter how zebrafish respond in the “light-dark”
preference task. Furthermore, using ethanol as an anxiogenic agent,
along with behavioural measures of anxiety in zebrafish, we could
pharmacologically validate the light-dark paradigm and attribute pre-
ference behaviour as being driven by anxiety. In Experiment 1, the
combination of a forced exposure to a white background and high il-
lumination appeared to produce a highly aversive environment, so
much so that it overcame the expected influence of ethanol. It is
common practice, especially in zebrafish research, to perform beha-
vioural testing using a white background, as it is easier for video-
tracking software to track zebrafish. Our findings suggest that although
this makes behavioural tracking easier, the combination of a white
background and high illumination may also lead to elevated anxiety
altering expected baseline behaviours to which responses of zebrafish
treatment groups are compared.

In Experiment 2, ethanol was found to produce an initial anxiety-

20

like response only in the high illumination condition, a response that
habituated over time. In the low illumination condition, only bottom
dwelling of ethanol exposed zebrafish showed a habituation response
(Fig. 8C). While in the high illumination tank, all behaviours except
velocity (Fig. 11D) showed a significant habituation response over time.
Similar to Experiment 1, the high illumination condition may be
aversive. However, in the absence of a forced exposure to a white
background, we were able to see more robust effects of ethanol. The
aversive high illumination condition may compound with the anxiety-
producing effects of ethanol, however, only for a short time, as evi-
denced by habituation of the anxiety-like behavioural responses.

Interestingly, we did not observe significant black or white pre-
ference in this experiment, contradicting previous studies that found a
significant preference for black to white (Blaser and Penalosa, 2011;
Facciol et al., 2017). The reason for this discrepancy may lie in the
testing tank design. In the above cited previous studies, there was no
divider separating the black and white compartments. In our current
experiment, both the high and low illumination tanks had a divider
with the black and white sides facing the respectively coloured com-
partments.

In summary, although the terms “white” is often used inter-
changeably with “light” and “black” with “dark” our current results
demonstrate that background shade (black vs. white) and level of il-
lumination (dark vs. light) represent separate factors that influence the
effects of ethanol in a non-additive, interacting, manner. It is thus
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important to separate these factors when one uses the so-called “light-
dark” test. We also note that the terms “light” vs. “dark” or “white” vs
“black” should not be used in absolute sense, i.e., zebrafish likely ex-
hibit their preference dependent upon illumination or background
shade levels. What the most and least preferred illumination levels or
background shades may be for zebrafish will have to be established
using experimental procedures in which these levels are systematically
and continuously varied. Last, we emphasize that in addition to the
complications arising from not distinguishing illumination level vs
background shade as separate factors, seemingly unimportant variation
in methodology, e.g. the use of tank dividers in our case, may also lead
to inconsistent results, a notion that must be considered in the context
of standardization of methods and the often-discussed reproducibility
crisis in science (Gerlai, 2018).
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