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a b s t r a c t
Zebraﬁsh are becoming increasingly popular in behavioral neuroscience as investigators have started to
realize the beneﬁts of sophisticated genetic tools speciﬁcally developed for this species along with the
pharmacological tools already available for other laboratory model organisms. The zebraﬁsh has been
proposed as an in vivo tool for the analysis of vertebrate fear responses as well as human psychopathological conditions such as anxiety. We have been developing behavioral tasks for zebraﬁsh that could be
utilized for screening mutation or drug induced changes in fear responses. In this paper we present a
modiﬁed version of a previously developed predator avoidance paradigm that now allows the induction
and quantiﬁcation of avoidance reactions that we previously could not elicit. Most importantly, in the
current paradigm zebraﬁsh are now shown to respond to the appearance of a moving image of a sympatric predator, the Indian leaf ﬁsh, by increasing their distance from the image, a robust reaction that
is easy to quantify in an automated manner. Unexpectedly, however, another fear response, the “diving”
response, was seen robustly only at the beginning of the test but not in response to the predator stimulus. We discuss the implications of these results and conclude that although zebraﬁsh fear responses
are complex and context dependent, the current paradigm is a signiﬁcant step towards high throughput
screening for alterations in fear responses of zebraﬁsh.
© 2010 Elsevier B.V. All rights reserved.

1. Introduction
The zebraﬁsh is gaining popularity in a number of disciplines
that can utilize the sophisticated genetic methods already available for this species, the pharmacological tools originally developed
for other laboratory model organisms, and also numerous practical advantages of zebraﬁsh, e.g. its small size and proliﬁc nature.
Behavioral brain research is one of these disciplines. However,
zebraﬁsh in this research area suffers from a signiﬁcant bottle neck,
the paucity of appropriate behavioral paradigms [20]. Behavioral
tests, in principle, should have the ability to detect a broad spectrum
of functional alterations induced in the brain by numerous manipulations, including genetic or pharmacological [6,8] and zebraﬁsh
seems to be an ideal subject of large scale screens that could detect
a range of such alterations [8,9]. Therefore, development of high
throughput behavioral test paradigms is an important goal. Indeed
recently there has been an upsurge of publications that focus on
the characterization of the behavior of zebraﬁsh and the development of novel behavioral tasks [8]. A subset of these publications
concerns the induction and quantiﬁcation of fear responses (for
review see Ref. [9]; also see Refs. [5,15]).
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Fear responses are important behavioral reactions that may
have a signiﬁcant ﬁtness component. Properly responding to stimuli that represent or signal the presence of danger may allow the
animal (and human) to avoid predation or other forms of danger
in nature. Thus analysis of these responses may shed light onto the
evolution and ecology of the studied species [18]. In addition, analysis of such fear responses may also have clinical relevance. We, and
others, have argued that pathologically exaggerated or misdirected
forms of fear are likely the result of dysfunction of neurobiological mechanisms that have evolved to serve adaptive behavioral
responses associated with danger avoidance [11,2]. Thus analysis
of the mechanisms of these natural behavioral responses should
help us understand the mechanisms of their abnormalities as well.
Human anxiety is a psychopathological condition known to
occur without any obvious external threat, i.e. in the absence of
aversive or pain-inducing stimuli, a disease that still represents a
large unmet medical need [3,22]. Clearly human anxiety cannot
be induced or analyzed in animals, but many believe that animal
models will play a pivotal role in the unraveling of its mechanisms
[2,13,16]. In animal research studies including in the latter cited
ones, an operational deﬁnition is used that more resembles what
we call fear. Fear in this case is deﬁned as a behavioral response
to aversive or painful stimuli. Some have argued that fear, anxiety, and phobias are related phenomena at least at the mechanistic
level. The former is an evolutionarily adaptive response while the
latter two are pathologically distorted, exaggerated, temporally
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prolonged and/or misdirected responses (or behavioral states) that
are due to the dysfunction of biological mechanisms that originally
evolved to subserve fear responses.
Due to the numerous biological similarities between zebraﬁsh
and humans (e.g. neuroanatomy, neurophysiology, protein function, nucleotide sequence homology, etc.), the zebraﬁsh is
regarded as a translationally highly relevant laboratory organism [12,10,8,14]. Appropriate behavioral paradigms capable of the
induction and quantiﬁcation of particular behaviors in zebraﬁsh
are believed to represent an important step in this research as such
paradigms could aid the discovery of novel genes, or compounds,
that affect the behavior in question [5,15,8,6].
Previously, we have developed a behavioral paradigm [11] in
which certain fear responses (e.g. erratic movement and jumping) could be induced in zebraﬁsh by presenting a visual cue, an
animated (moving) image of a sympatric predator of zebraﬁsh,
the Indian leaf ﬁsh (Nandus nandus). Although presentation of the
image did elicit signiﬁcant fear related responses, one expected
behavioral reaction was conspicuously absent form the repertoire:
zebraﬁsh did not move away from the predator image upon its presentation. Furthermore, others have reported that under aversive
conditions zebraﬁsh exhibited a typical “diving” reaction ([5,15,21],
also see Ref. [9] for most recent review), i.e. swam to and stayed on
the bottom of their tank. This response was also absent in our previous paradigm [11] (also see Ref. [1]). The absence of these responses
was a potentially crucial drawback of the previous paradigm for
two main reasons. One, erratic movement and jumping do not
occur frequently even under aversive conditions, and this induces
stochasticity (increased error variation) in the data. Two, erratic
movement and jumping could thus far only be measured using
time consuming observation-based methods [11]. Although we
have shown that sophisticated video-tracking parameters such as
temporal (within individual) variability of velocity and temporal
variability of absolute turn angle do correlate with these motor
patterns [11], these latter video-tracking measures do not precisely
quantify erratic movement and jumping as they are inﬂuenced by
many other motor responses too. The location of the ﬁsh (swimming away from the predator stimulus or staying on the bottom)
is much simpler to quantify and, if affected by the fear inducing
stimulation, should represent a more reliable way of measuring
antipredatory responses. The goal of the current paper is to test
if a simple modiﬁcation of the test environment will allow better induction of these easy to quantify location-based avoidance
reactions in zebraﬁsh.
It is well documented in the literature that fear may manifest
in several ways in ﬁsh (for most recent review see Ref. [4]). Fish
may freeze, hide or, alternatively, choose active escape depending
on environmental circumstances. There may be several successful
strategies with which the prey may avoid or minimize predation. Thus we proposed [11] that perhaps certain features of the
test environment biased zebraﬁsh’s antipredatory reactions toward
a strategy that did not include active swimming away from the
predator or diving to the bottom of the tank. We proposed that the
physical constraints of the small test environment made it impossible for us to elicit such responses in zebraﬁsh. This is the question
we are addressing in the current study. In preliminary pilot experiments we have observed (personal observations) that zebraﬁsh
tended to stay away from live Indian leaf ﬁsh and that the leaf ﬁsh’s
striking distance (the distance between the leaf ﬁsh and the potential zebraﬁsh prey within which the leaf ﬁsh responds with a quick
ambush reaction) is on average 35–45 cm (also see Refs. [1,21]). We
hypothesize that by offering a larger (longer) test tank that allows
zebraﬁsh to stay outside of this striking distance, zebraﬁsh will be
able to show avoidance reactions including moving away from the
stimulus (active avoidance) and spending more time on the bottom
of the tank (passive avoidance).
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2. Methods
2.1. Animals and housing
Experimental subjects (n = 60) were adult (on average 8 months old) sexually
mature male and female (50–50%) zebraﬁsh of the AB strain bred in-house in our
vivarium. The ﬁsh were of the third ﬁlial generation from progenitors obtained
from the Zebraﬁsh International Resource Center (ZIRC, Eugene, OR). The procedural details of our study, including housing, maintenance, and general experimental
methods were identical to those described previously [11]. Brieﬂy, the fry were
raised in 1.3 l nursery tanks and fed Artemia salina (brine shrimp) nauplii until
their age of 3 weeks post-fertilization, after which the ﬁsh were transferred to a
high density multi-stage ﬁltration zebraﬁsh rack (Aquaneering Inc., San Diego, CA,
USA) where they remained in 2.8 l tanks (15–20 ﬁsh per tank) and fed a mixture of
Tetramin and spirulina ﬂakes.
2.2. Test apparatus and procedure
As opposed to the previously employed [11] 50 cm × 25 cm × 30 cm
(length × width × height) tank, now we used a 100 cm × 25 cm × 30 cm
(length × width × height) tank, i.e. one which was twice as long as before. A
ﬂat LCD computer monitor (17 in. Samsung SyncMaster 732N) was placed on the
left and right side of the tank adjacent and parallel to the short side wall of the
tank. Each monitor was connected to a Dell Vostro 1000 laptop running a custom
made software application that allowed the presentation of the animated predator,
a 15 cm long color photograph (side view) of the Indian leaf ﬁsh moving with
0.3 cm/s speed as described before [11]. The experimental tank was illuminated by
a 15 W ﬂuorescent light-tube from above. The back side and the bottom of the test
tank were coated with dark green plastic sheets to increase the contrast and reduce
glare and reﬂections for video-tracking analysis. The rationale for the elongated
tank was that an experimental zebraﬁsh swimming in the new experimental tank
was, on average, 50 cm away from the stimulus screen placed next to each end of
this tank, a distance that is just outside of the previously observed striking distance
of the Indian leaf ﬁsh.
Each zebraﬁsh was tested singly and only once, and the stimulus (the moving
image of the Indian leaf ﬁsh) was presented three times (for 1 min each) at the 11th,
15th, and 19th minute of the 19 min behavioral recording session (here our recording
session was longer than what we reported on before [11] as we here include the
analysis of the habituation period). Some ﬁsh were shown the stimulus on only
one of the sides of the tank while others received different alternating sequences,
and the order of these different stimulus presentation protocols was randomized.
The behavioral sessions were recorded and later quantiﬁed using EthoVision Color
Pro (Noldus Info Tech., Wageningen, The Netherlands) as described before [11]. The
tracking system identiﬁed the position of the subject and recorded it once every 0.1 s
(10 Hz recording frequency) thus each ﬁsh received 600 position coordinate pairs
(two dimensional tracking) per minute. Behavioral measures analyzed based upon
these coordinates included distance from stimulus screen, distance from bottom,
velocity and turn angle, which were expressed as a mean of the values quantiﬁed
within 1 min intervals. In addition, the temporal (within individual) variability of
these measures was also calculated and is expressed as the variance of values per
individual subject obtained for each 1-min interval.
2.3. Statistical analysis
Data were analyzed using repeated measure Variance Analyses (ANOVAs) to
investigate whether there were any differences between intervals. Post hoc multiple comparison tests are not appropriate for repeated measure designs and thus
to avoid type-1 error, instead of comparing all intervals with each other, we calculated scores (1 , 2 , 3 and B) reﬂecting the numerical differences between
certain intervals or between the averages of certain intervals as explained below.
The difference scores were compared to the value ‘zero’ using one sample t-tests
as explained below. Because two difference scores were calculated for the ‘distance
from stimulus screen’ and the ‘temporal variability of distance from stimulus screen’
and three difference scores were calculated for the ‘temporal variability of distance
from bottom’ and the ‘distance from bottom’ variables respectively, we employed a
Bonferroni correction and set the threshold value for rejecting the null hypothesis
at p < 0.05/2 (i.e. p < 0.025) for the former two variables and p < 0.05/3 (i.e. p < 0.017)
for the latter two variables.

3. Results
The analyses showed that the side of stimulus presentation or
the sex of the ﬁsh had no signiﬁcant effect and thus data were
pooled across these factors. The results conﬁrmed what we found
before and showed signiﬁcantly reduced velocity, increased temporal variability of velocity, increased turn angle, and increased
temporal variability of turn angle in response to the presentation of
the stimulus (data not shown). Importantly, however, our results
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Fig. 1. The distance from the stimulus screen signiﬁcantly increases in zebraﬁsh in
response to the presentation of a moving image of the Indian leaf ﬁsh. Mean ± SEM
are shown. Sample size n = 60. Empty circles represent 1-min intervals during which
the predator image was not shown (blank stimulus screen). Black ﬁlled circles represent the 1-min intervals during which the predator image was presented.

now also showed signiﬁcant stimulus effects for distance from the
stimulus screen (Fig. 1; ANOVA interval effect F(18, 1062) = 3.604,
p < 0.0001). We calculated the average difference between the distance from stimulus screen obtained for the 1 min interval of
stimulus presentation and for the 1 min interval immediately preceding it: 1 = (Pi − Ci−1 )/3 (where P is the interval of predator
stimulus presentation, C is the control (no stimulus) interval and
i represents the interval number equaling either 11, 15, or 19).
The mean and SEM for this difference score was 5.34 ± 2.16, and
the one sample t-test showed this score to be signiﬁcantly above
zero (t = 2.47, df = 59, p = 0.016). Thus we conclude that the distance from the stimulus screen signiﬁcantly increased in response
to the predator image presentation as compared to the prior no
stimulus interval. From Fig. 1 it is also apparent that the stimulus presentation increased the distance from the stimulus screen
not only while the stimulus was being presented but also it had a
carryover effect. That is, during the intervals that followed the stimulus presentation the distance from the stimulus screen appeared
higher compared to the distance during the intervals before the ﬁrst
stimulus was shown. We tested the validity of this observation by
calculating the average of distance values before the ﬁrst stimulus
presentation interval and subtracted this value from the average
of distance values after the ﬁrst stimulus presentation interval
(including only those intervals during which the predator was not
shown) as follows: 2 = aPi /6 − bPj /10 (where aP represents the
1-min intervals after the ﬁrst predator stimulus excluding all subsequent predator presentation intervals, i.e. i = 12, 13, 14, 16, 17,
18; and bP represents all 1-min intervals before the ﬁrst predator
stimulus, i.e. j = from 1 to 10, the habituation period). One sample ttest comparing the distance increase (7.65 ± 2.40) to zero revealed
a signiﬁcant effect (t = 3.18, df = 59, p < 0.01). This result implies the
development of signiﬁcant short term memory, avoidance of the
side of the tank where the stimulus used to be shown even during
intervals when the stimulus was not being presented.
Fig. 2 shows the temporal variability of distance from the
stimulus screen. Importantly, this variability does not reﬂect
between individual variability but rather refers to within individual variability, i.e. it is the measure of the temporal consistency
of the behavioral response with which each individual ﬁsh

Fig. 2. The within individual (temporal) variability of the distance from the stimulus screen signiﬁcantly decreases in zebraﬁsh in response to the presentation of
a moving image of the Indian leaf ﬁsh. Mean ± SEM are shown. Sample size n = 60.
Empty circles represent 1-min intervals during which the predator image was not
shown (blank stimulus screen). Black ﬁlled circles represent the 1-min intervals
during which the predator image was presented.

reacted. ANOVA demonstrated a signiﬁcant interval effect (F(18,
1062) = 2.850, p < 0.0001). It appears that while the actual distance
from stimulus screen increased (Fig. 1), the temporal variability
of this response diminished (Fig. 2). Analysis of the effect of the
stimulus presentation compared to the prior interval (the 1 difference score, see above) showed that its value, although apparently
in the negative range (mean = −30.2, SEM = 23.9) did not signiﬁcantly differ from zero (t = −1.264, df = 59, p > 0.05). Nevertheless,
the difference between the average of the intervals before the ﬁrst
stimulus presentation and after it (the 2 difference score, see
above) did show a signiﬁcant decrease (mean = −49.2, SEM = 20.3;
t = −2.421, df = 59, p = 0.019) suggesting that zebraﬁsh that has seen
the predator image decreased the temporal variability of their distance from the stimulus screen, i.e. stayed consistently farther away
from the screen that used to show the predator even when the
predator was not being shown.
The analysis of distance from bottom also revealed some interesting behavioral changes (Fig. 3). ANOVA found a signiﬁcant
interval effect (F(18, 1062) = 3.766, p < 0.0001). Fig. 3 suggests that
there was an initial and gradual increase in the distance from bottom during the habituation period, i.e. before the ﬁrst stimulus
presentation interval, but in response to the stimulus the distance
from bottom decreased again. In order to minimize type-1 error,
instead of comparing every interval to each other during the habituation period (ﬁrst 10 intervals), we averaged the ﬁrst half (1–5 min)
and the second half (6–10 min) of the habituation period and calculated the difference between them as follows: B = Hi+5 /5 − Hi /5
where Hi is the distance from bottom value corresponding to the ‘i’
1 min interval of the habituation period with ‘i’ running from 1 to 5.
We then tested whether this difference score is signiﬁcantly different from zero. The difference score (mean = 9.13, SEM = 3.51) was
found to be signiﬁcantly above zero (one sample t-test, t = 2.605,
df = 59, p = 0.012) demonstrating that the distance from the bottom
increased in the second half of the habituation session compared
to the ﬁrst. This result conﬁrms what others have found [5,15]:
novelty itself has fear inducing properties and zebraﬁsh in a novel
environment exhibit elevated dwell time on the bottom of their
test tank, a response that habituates (the distance increases) with

O. Ahmed et al. / Behavioural Brain Research 216 (2011) 166–171

Fig. 3. The distance from the bottom does not signiﬁcantly decrease in zebraﬁsh in
response to the presentation of a moving image of the Indian leaf ﬁsh. Mean ± SEM
are shown. Sample size n = 60. Empty circles represent 1-min intervals during which
the predator image was not shown (blank stimulus screen). Black ﬁlled circles represent the 1-min intervals during which the predator image was presented.

time. Next, we asked the question whether presentation of the
predator stimulus could lead to dishabituation, i.e. whether the
distance from bottom is decreased in response to the stimulus.
We calculated the difference between the value of the second
half of the habituation period and the average of intervals 12, 13,
14, 16, 17, 18 (3 = aPi /6 – bPj /5, where aP represents the 1min intervals after the ﬁrst predator stimulus excluding predator
presentation intervals, i.e. i = 12, 13, 14, 16, 17, 18; and bP represents the ﬁve 1-min intervals before the ﬁrst predator stimulus, i.e.
j = from 6 to 10). The mean of the difference score (3 ) was −0.923
(SEM = 0.619) indicating an apparent reduction of distance from
bottom in response to the stimulus presentation, but this reduction turned out to be non-signiﬁcant (one sample t-test to compare
the difference score to zero, i.e. no change, t = 1.49, df = 59, p > 0.05).
These results indicate that the stimulus presentation had no carryover effect for intervals that followed the stimulus presentation.
We also examined whether the presentation of the predator stimulus changed the distance from bottom as compared to the distance
from bottom value obtained for the 1 min intervals immediately
preceding the stimulus presentation. We calculated the difference
score as described above (1 ) and compared its value to zero using
a one sample t-test. The result again showed that the stimulus had
no signiﬁcant effect (t = 0.696, df = 59, p > 0.05).
Last, we analyzed the temporal variability of distance from bottom (Fig. 4). ANOVA indicated a signiﬁcant interval effect (F(18,
1062) = 7.150, p < 0.0001) and Fig. 4 again shows an apparent
increase of temporal variability during the habituation period. Thus,
ﬁrst we tested whether there was a signiﬁcant change from the
ﬁrst half to the second half of the habituation period and calculated the difference score (B) and compared it to zero as described
above. The results (mean = 37.91, SEM = 10.13) indicated a significant increase of within individual temporal variability (t = 3.74,
df = 59, p < 0.0001). Subsequently, we calculated the difference
score (3 ) and compared it to zero. The results (mean = −9.07,
SEM = 2.12) showed a signiﬁcant reduction of within individual
temporal variability (t = −4.29, df = 59, p < 0.0001). Similarly, the
difference between the stimulus presentation interval and the
interval preceding it (difference score 1 ) was also found to be sig-
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Fig. 4. The within individual (temporal) variability of distance from the bottom signiﬁcantly decreases in zebraﬁsh in response to the presentation of a moving image
of the Indian leaf ﬁsh. Mean ± SEM are shown. Sample size n = 60. Empty circles
represent 1-min intervals during which the predator image was not shown (blank
stimulus screen). Black ﬁlled circles represent the 1-min intervals during which the
predator image was presented.

niﬁcant (mean = −10.52, SEM = 1.82; t = −581, df = 59, p < 0.0001).
These results suggests that although on average zebraﬁsh did not
change their vertical position in the water column in response to
the predator image, they did reduce the variability of their vertical positioning, i.e. moved less up and down both during predator
image presentation and during the intervals that followed the presentation.
4. Discussion
Previously, we have shown that the computer animated image
of the Indian leaf ﬁsh is sufﬁcient to induce behavioral reactions
that are indistinguishable from those elicited by the living predator
whether it was presented in a separate tank (visual cues only) or in
the same tank (visual, olfactory and auditory and lateral line cues)
with the zebraﬁsh [11,1]. Our results thus showed that this computerized image, which one can precisely control in every respect
(including the timing and location of its presentation), is practically
equivalent to the live predator. In addition, we also showed that
the video-tracking quantiﬁed parameters including velocity, turn
angle and the temporal variability of these parameters correlated
well with the manually quantiﬁed motor patterns, erratic movement and jumping (leaping), that typify fear in zebraﬁsh. Brieﬂy, in
this previous publication [11] we have shown that both automated
stimulus delivery and computerized quantiﬁcation of the behavioral responses are possible, and thus argued that the paradigm we
developed is scaleable and will be appropriate for high throughput screening. However, one drawback of our system concerned
the relatively sophisticated tracking method needed to quantify
the behavioral responses. Tracking systems are widely available of
course but these systems are quite sensitive, for instance, to illumination levels (reﬂections, shades, etc.) as well as small errors
including even the slightest change in the camera angle, or air bubbles forming in the water, etc. While many of the tracking systems
have numerous ways to compensate for such errors, ultimately,
they may not be the ideal way to quantify behavior in screening
applications especially if the behavior to be quantiﬁed is a complex motor pattern such as erratic movement. The second problem
we faced was that although we did ﬁnd signiﬁcant predator and
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predator image induced increases in erratic movement and jumping (leaping), these behaviors are exhibited by zebraﬁsh only in a
sporadic manner, i.e. quite infrequently even under aversive conditions including aversive visual or olfactory stimuli [1,11,17,21].
The infrequent appearance of these behaviors can potentially lead
to stochasticity, and thus increased error variation, in the data and
thus these behavioral measures may not be the most reliable way to
quantify fear responses and mutation or drug induced alterations
in such responses.
Our original goal was to show that simple and easy to measure behavioral parameters may be used for the quantiﬁcation of
antipredatory responses. We were hoping to ﬁnd zebraﬁsh to move
away from the predator presentation screen and/or stay closer
to the tank bottom in response to the stimulus. These responses
would have been less prone to tracking errors and would have
been easier to measure even with simple open ﬁeld-type photocell
arrays employed in rodent research. Our current results suggest
that now this is possible. In the longer test tank zebraﬁsh exhibited a robust avoidance reaction and moved signiﬁcantly farther
away from the stimulus screen when it was showing the image of
the predator. Why could not we ﬁnd this reaction previously? We
hypothesized that in the previous set up the experimental subject
was conﬁned and was too close to the stimulus screen even if it
moved to the side of the tank opposite to the stimulus presentation screen. Brieﬂy, we argued that perhaps in this smaller tank
zebraﬁsh remained within striking distance from the “predator”
and thus simply moving away from the stimulus would not have
been an adaptive strategy [11]. In numerous ﬁsh species, including
the paradise ﬁsh (Macropodus opercularis), antipredatory behavior
was found to be context dependent (e.g. Ref. [7] and references
therein). When paradise ﬁsh was in close physical proximity to
its sympatric predator, instead of an escape reaction the ﬁsh performed elaborate ﬁn erection displays whose function may have
been to advertise good health status and make them look bigger
for the approaching predator [7]. Furthermore, whether and with
what behavioral response the prey ﬁsh react to their predator was
found to depend upon many factors related to perceived risk and
cost of escaping, such as the attack speed and size of the predators,
the proximity to refuges, and engagement in other activities (for
review see Ref. [4]).
A similar argument may be made with regard to ﬁnding no
decreases in the distance from the bottom in response to the predator image in our current study. Previously others [5,15] have shown
that in novel environments zebraﬁsh tended to stay close to the
bottom of their test tank, a response that habituated (diminished)
as the ﬁsh became acclimatized to the novel environment. We also
found that under aversive conditions (due to the delivery of natural but not the chemically synthesized alarm substance) zebraﬁsh
increased their bottom dwell time [17,21]. This response, termed
“diving”, was regarded as a measure of fear [5,15]. Our current study
also nicely demonstrated this phenomenon, i.e. the decreased distance from bottom in the novel tank, a response that was prominent
at the beginning of the behavioral recording session in the novel
tank and one which habituated over time (presumably because
the ﬁsh became more accustomed to and less afraid of the test
tank). However, our results also showed (conﬁrming our previous
results) that the predator image presentation did not elicit the diving response. It is possible that the lack of hiding places (empty
tank) on the bottom or the physical dimensions of the tank (large
and long tank) facilitated active escape and avoidance reactions,
and the diving response, which is often followed by immobility (freezing), a passive avoidance reaction, was not the optimal
strategy zebraﬁsh would chose in this set up. Brieﬂy, it appears
that antipredatory or fear paradigms may need to be “tweaked” in
several ways to achieve optimal characteristics, i.e. increase their
ability to induce robust and easy to quantify behavioral reactions,

and what reaction is induced depends on a number of factors that
one will have to systematically analyze. Such systematic analysis will lead to further optimization of fear inducing behavioral
paradigms for zebraﬁsh. Nevertheless, we propose that our current
paradigm is a signiﬁcant step towards optimality and may already
be appropriate for high throughput screening applications as it provides automated stimulus delivery and automated quantiﬁcation of
a simple and robust behavioral response (distance from stimulus
screen). However, an important set of questions must be addressed
before the actual screening use of this paradigm: its validity as a
fear/anxiety test.
Investigators [2,16,19] including us [9,11] have argued that
tasks utilizing natural fear inducing stimuli have face validity.
Zebraﬁsh are known to perform certain motor and posture patterns, responses typical under fear inducing or painful stimulation
[1,21,11,15]. From this standpoint, the current paradigm also
appears to have face validity: it induced a spectrum of behaviors
(increased turn angle and speed, increased variability of turn angle
and speed, as well as increased distance from the predator stimulus) that has been shown to be associated with fear in zebraﬁsh.
However, the relevance of the current paradigm may also have to
be determined in terms of construct as well as predictive validity.
The former will need to be established by disentangling the mechanisms of zebraﬁsh fear responses and by ﬁnding genes and/or
biochemical pathways whose homology can be tested against other
vertebrate, including human, counterparts. The latter, i.e. predictive validity, will be tested by utilizing classical anxiogenic and
anxiolytic drugs, a research that is currently under way in multiple
laboratories including ours.
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