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Abstract

Various novelty-based assays used to quantify zebrafish (Danio rerio) behavior show a striking similarity
to behavioral responses in rodents. Exposed to the open field test, zebrafish establish overt homebases
demonstrating clear preference for a particular area of the tank. This behavior aims to establish a “safe
zone” that zebrafish can familiarize themselves with and feel secure in, and is similar to homebase behav-
iors of various laboratory rodent species. Here we outline a simple protocol for homebase phenotyping
in zebrafish.
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1. Introduction

Animal exploratory behavior provides a robust source of quantifi-
able endpoints used in neuroscience and behavioral research (1,
2). Traditional exploration-based paradigms include the elevated
plus maze (3), light–dark box (4), and the open field test (OFT)
(5–7), which have been extensively studied in rodents (6, 8–10).

The OFT paradigm has also provided important insights into
animal motor and affective phenotypes (13, 14). Although the
OFT has recently been applied to zebrafish (15–17), this research
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has primarily utilized larvae (18). While larval zebrafish represent
a popular and useful model in neuroscience research (19–21),
they are not without some limitations. For example, larvae do
not exhibit the rich behavior of their adult counterparts (21), and
their behavior and cognitive abilities cannot be fully translated
to adult subjects’ behavior. Additionally, they lack fully devel-
oped neuromediatory and endocrine systems (22), as well as some
neural circuits and projections (23). Our method, therefore, will
focus on using adult zebrafish to characterize their neuropheno-
types.

Homebase behavior is a naturally occurring phenomenon, as
animals often select a home site to which they repeatedly return
after exploring the surrounding territory (24). Perhaps even more
importantly, laboratory rodents use these homebases as strate-
gic “reference points” to orient and organize their exploration
(24–26). For example, mice and rodents visit many places in a
novel environment, but typically choose one or two zones to
spend most of their time, also displaying the highest grooming
and rearing activity (26).

Taken together, this emphasizes the fact that homebase for-
mation represents an important aspect of animal exploration. Our
observations suggest that homebase behavior exists in zebrafish,
and may therefore play a role in the spatial organization of
zebrafish locomotor behavior. Here we present the methodology
to analyze and quantify this interesting behavioral phenotype in
zebrafish (also see (27) for details).

2. Methods
and Materials

2.1. Animals
and Housing

Adult wild-type short-fin zebrafish (6–8 month-old; ≈50:50
male:female ratio) can be obtained from a local commercial dis-
tributor, and should be given at least 10 days to acclimate to the
animal facility. Animals can be housed in groups of approximately
20–30 fish per 40-L tank. Tanks should be filled with deionized
water, with room and water temperatures maintained at ≈25◦C
and water pH at 7.0–8.0. Illumination can be provided by ceiling-
mounted fluorescent light tubes on a 12–12 or 10–14 h cycle,
consistent with the zebrafish standard of care (29).

2.2. Apparatus The zebrafish homebase paradigm can be established using sev-
eral different novel OFT tanks. For example, in our experiments,
OFT1 represented a large rectangular plastic opaque tank (12.3
height × 38.7 width × 47.3 cm length) divided into nine zones.
OFT2 was a white plastic cylinder (23.6 height × 22.8 cm diam-
eter) divided into nine zones, and OFT3 was a white square
tank (14.0 height × 29.0 width × 37.0 cm length) with tex-
tured surface and rounded corners divided into eight sections
(see Figs. 12.1 and 12.2 for details). These three apparatuses
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Fig. 12.1. Experimental setup and representative homebase behavior demonstrated in three different 30-min open field
tests (OFT1-3). OFT1 was the large rectangular arena, OFT2 was the circular arena, and OFT3 was the small square
arena. a. A typical experimental setup to record zebrafish homebase behavior in the open field test. b. Traces generated
by Noldus Ethovision XT7 software for three different zebrafish. Note clear spatial preferences of zebrafish OFT behaviors.
c. Density maps generated for the same fish by Noldus Ethovision XT7 (see Section 3.3d for details). D. Summary of
homebase topography for all fish (n = 20 per OFT) tested here. Each homebase is shown as a black dot. Note that each
fish was able to establish a clear homebase, typically encompassing one or, less frequently, two sectors (two-sector
homebases are shown as dots on the border between the two respective sectors).
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Fig. 12.2. Methodology of homebase identification in three representative zebrafish observed in three different open
field test (OFT) tanks for 30 min (see details of the OFT tanks in legend to Fig. 12.1). a – Summary of the algorithm used
in this study to identify zebrafish homebases. Briefly, the traces were generated by Noldus Ethovision XT7 and scored
manually by two experienced observers, using a 0–3 scoring system. Time spent, distance traveled, and number of visits
(frequency in zone) were calculated using the video-tracking software for each zone of OFT arenas, and expressed as
percent of total. Potential homebases were identified and mapped based on top three percentages. These maps were then
compiled to establish the overlap of all four levels of analysis. Density maps were generated by video-tracking software
(for time spent data) and used as an additional tool to visualize and reconfirm zebrafish homebase behaviors (indicated
by white arrows). Note a good correlation between different homebase-related behaviors and their spatial patterning
(that enables a precise identification of zebrafish homebases). b – Confirmation of zebrafish homebases (identified using
the method described above) based on calculation of average time spent, distance traveled, and the number of visits
per a homebase sector vs. a nonhomebase sector of the OFT arena. Note striking and highly significant differences in
zebrafish behavioral activity between homebase and nonhomebase OFT zones.

differed in size, color, shape, and texture and were selected to
reveal differences in zebrafish homebase activity that may be
potentially associated with distinct OFT environments. Note,
however, that these OFT designs may vary according to the exper-
imenter’s preference.
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2.3. Experimental
Setup

The OFT should be filled with aquarium water to the level of
about 12 cm. Apparatuses should rest on level ground with the
same distance (e.g., 114 cm, as in our experiments) from the
camera (Fig. 12.1a). Based on our experience, the standardized
12-cm water level allows enough room for the fish to move freely
in the OFT apparatus, yet shallow enough to minimize extensive
vertical movements (which may be misdetected by video tracking
systems). OFTs should be positioned for optimal lighting while
avoiding all glare from the room’s light source. Use a light meter
(e.g., 840006 by Sper Scientific, AZ) to ensure that all areas of the
OFT apparatus are illuminated with the same intensity. Optimal
and homogeneous lighting conditions are important for this pro-
tocol as shadows could influence zebrafish locomotion and spa-
tial preference. In our experiments, the OFT lighting level was
500–700 lux, as detected by lightmeter applied to each
zone/sector of the novel arena.

2.4. Computer-Aided
Analysis

Analysis of recorded trials can be done on- or off-line using com-
mercially available video-tracking software – for example, Etho-
vision XT7 (Noldus Information Technology, Netherlands); refer
to Chapter 1 by Cachat et al. for more details.

3. Procedure

3.1. Acclimation
and Pre-treatment

Transport animals from their holding room to the experimental
room for acclimation 1 h prior to testing. The water used in the
OFT must be the same temperature as the holding room. If using
filtered water drawn from a tap, note that temperature differences
can evoke unwanted stress in animals. Therefore, filtered tap water
may be drawn the night before, to acclimate to room temperature
prior to testing. Alternatively, adjust temperature using hot water.

3.2. OFT Testing Fill the tank with 12 cm of room-temperature filtered water.
Begin video recording and promptly place the fish in the cen-
ter of the OFT to begin the trial. Video-record for 30 min after
placement of the fish. The trial duration may be modified (e.g.,
increased to several hours) according to researchers’ needs and
experimental goals. The experimenters should not be present in
the room during the time of recording, to prevent disturbances
to the fish. After recording, return fish to holding room. When
changing water in between trials, make sure to place OFT back in
the same place to avoid distorting its position relative to the cam-
era (movement could interfere with proper zone alignment when
computer-aided analysis is applied). Also ensure that the OFT
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and its environment are as homogeneous as possible. For exam-
ple, remove from the vicinity of the tank any furniture items or
other objects that zebrafish can perceive as additional visual cues.
The role of external cues in zebrasfish homebase behavior is cur-
rently unclear, and merits further evaluation. For example, estab-
lishing homebases as “reference points” in homogenous OFT are-
nas may be a useful adaptive behavioral strategy used by zebrafish
and other species. However, rodent homebase studies also indi-
cate that rats and mice establish their homebases in relation to
distal cues – often very subtle cues in the experimental room,
such as a light switch on the wall (I. Whishaw, personal commu-
nication). Therefore, further research is needed on whether (and
how) zebrafish rely on external cues in their homebase formation.
For details on troubleshooting, refer to Notes 1–6.

3.3. Homebase
Analysis

1. Transfer the videos to a computer for subsequent analy-
sis using video-tracking software. Divide the OFT arenas
into desired zones (Figs. 12.1d, 12.2a) and set event rules
to precisely and consistently register behavioral endpoints
including time spent (s), distance traveled (m), and the num-
ber of visits to pre-defined zones. Fish tracks and density
maps can also be generated to visualize zebrafish homebase
behaviors based on swimming activity, location, and time
spent (Figs. 12.1b–c, 12.2a). For details on troubleshoot-
ing, refer to Note 7.

2. Identify zebrafish homebases using the following protocol
(also see Fig. 12.2 for details):
a. Examine traces assigning a score of 0–3 for each zone. A

score of 0 denotes no traceable activity within that zone,
and 3 corresponding to very high activity. With scoring
relative to each individual fish (see Figs. 12.2a and 12.3
for an example), consider each zone as a potential home-
base based on tracing scores of 2 or higher. Note, how-
ever, that the score used here can be modified by the
investigators. For example, more (or less) elaborate scor-
ing system can be used, if necessary.

b. Calculate the endpoints of distance traveled, number of
visits, and time spent for each individual fish for each
zone/sector of the OFT arenas. Express the total 30-min
activity score for each individual fish for the entire OFT
arena as 100%. From this, calculate the percent of activity
(of total) for each zone of the OFT. Consider a zone a
potential homebase based on three maximal percentages
of the total distance traveled, time spent, and number of
visits within that zone, as shown in Fig. 12.2a.

c. Superimpose these four criteria for each tank in order
to identify overlapping zones. In turn, overlap of all
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Fig. 12.3. Examples of traces recorded in three different open field tests. Note the individual differences in homebase
formation.

homebase-specific loci defines that area as the final home-
base for the particular trial.

d. For additional confirmation, generate density maps using
Noldus Ethovision XT7, using the EthoVision Heatmap
Generator, an add-on downloadable through the com-
pany’s website (http://www.noldus.com/restricted/
ethovision-heatmap-generator). Set the time interval
equal to that of the recording, to generate a color
gradient ranging from yellow to red based on the
time spent in location (Figs. 12.1c and 12.2a). This
option will usually provide a good method to visualize
zebrafish homebase behavior and will strongly correlate
with homebase areas detected using either criteria
(Fig. 12.2a).

For details on troubleshooting, refer to Notes 8–9.

3.4. Statistical
Analyses

1. Homebase data can be analyzed using the chi-square (χ2)
or Wilcoxon-Mann-Whitney U-test. The t-test can also be
used for normally distributed data. The U-test is useful
when comparing the behavior exhibited in the homebase
vs. the nonhomebase area. The χ2 test can be performed to
analyze the spatial distribution of homebase-related behav-
iors, comparing actual percentages of time spent, number
of visits and distance traveled in each zone (of total 30-min
scores) with theoretical random (by-chance) distribution of
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these. First, calculate χ2 data for each endpoint, each OFT
tank, and each individual fish. Once all homebases are iden-
tified (as described above), generate three combined home-
base topographic maps for all three OFT tanks, with dots
representing each individual homebase (Fig. 12.1d).

Additionally, the χ2 test can be applied to compare actual
spatial distribution of all homebases (established in the
respective OFT) with random by-chance distribution. In all
our experiments, significance was set at p<0.05. Further-
more, n-way Analysis of Variance (ANOVA) can also be
utilized. For example, one-way ANOVA is appropriate for
comparing homebase behaviors in more than two different
OFT types or more than two experimental groups, while
one-way ANOVA with repeated measures would be suit-
able for comparing OFT types across test minutes. N-way
ANOVA can be applied, for example, for the comparison
of OFT type, time, drug, dose, sex, etc. Additionally, these
analyses must be followed by a post-hoc test (e.g., Tukey
or Dunnett tests).

2. To further reconfirm the homebase behavior, assess the
average per zone activity for homebase-specific (vs. non-
homebase) areas, based on percentages of time spent, dis-
tance traveled and number of visits, calculated as described
above. Use U-test or ANOVA to analyze this data. For
details on troubleshooting, refer to Note 10.

4. Notes

1. Zebrafish homebase formation and/or exploration centered in
middle of OFT, or focused nonrandomly on one area of OFT.
Verify that lighting conditions are optimal. For example,
use a light meter (e.g., 840006 by Sper Scientific, AZ) to
ensure the standard lighting conditions. Record 6–8 points
(corner, near walls, center) ten times. If necessary, relocate
the OFT to obtain homogeneous lighting data. Glare from
ceiling lights can cause a glare that may be aversive, forcing
the fish to one particular area. Shadows cast by the posi-
tioning in the room or overhanging camera can also attract
the fish, and affect their homebase responses. When using
opaque arenas, uneven or additional objects near or under
the tank can provide cues for the fish. Therefore, visual cues
must be kept to a minimum, ensuring homogenous condi-
tions of testing environments.

2. Zebrafish display aberrant behavioral phenotypes
Several factors due to strain variation may nonspecifi-
cally affect animal behavior. For example, low- and high-
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anxiety zebrafish strains may display higher or lower base-
line anxiety levels. Some of these phenotypes could there-
fore result in a modulation or ablation of homebase behav-
ior. To rule out such nonspecific factors, a careful exami-
nation of zebrafish neurological and sensory phenotypes is
recommended.

3. Fish display excessive freezing or little locomotion
The presence of the experimenter in the room during test-
ing may startle the fish, causing a heightened anxiety-like
behavior. Also, differences in water temperature or exces-
sive net stress prior to testing can also induce a state
of decreased locomotion. Higher anxiety strains, such as
the leopard strain (12), may also demonstrate decreased
exploratory behavior.

4. High variability of observed responses
Despite animals’ inherent tendency to form homebases,
high variability in observed responses is common in behav-
ioral research. This may be explained by genetic influences
or animal stress in the animal facility (improved husbandry
could normalize zebrafish behavior). It is also important
that the testing room conditions (temperature, sound-
proofing, lighting, etc.) be carefully controlled in the exper-
iments. Additionally, an increase in the sample size could
normalize aberrant results (based on our experience, signif-
icant zebrafish data can be obtained for n = 20 per group).
Since many studies currently involve a battery of tests, this
could also influence OFT performance. Use less stressful
challenges before subjecting the fish to the OFT. Accli-
mate fish for at least 7 days before the tests as well. Exces-
sive stress may create potential confounds. For instance,
increased freezing may increase the duration of time spent
in a particular area, but will not be indicative of a home-
base.

5. Role of memory and conditioned responses
Zebrafish show good learning and memory capacities, can
recall training for up to 10 days (30), and display robust
intra- and inter-session habituation (11). Because of this,
re-testing zebrafish in a novelty-based paradigm such as
the OFT should be avoided (refer to Chapter 1 by Cachat
et al. for more details). However, since the OFT invokes a
robust behavioral phenotype in zebrafish, this test may be
utilized to further dissect the effects of various experimen-
tal manipulations on anxiety and spatial memory.

6. Fish leap out of OFT during trial
Some fish have the tendency to slowly meander up to the
edge of the tank and subsequently “catapult” themselves
out of the OFT. Some experiments may necessitate that the
water level be filled to the top of the OFT, in which case
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the loss of fish is unavoidable. Precautions to deter the fish
(e.g., mesh wire over the OFT) may provide confounding
cues. However, keeping a water level several centimeters
below the OFT edge will generally prevent this problem.

7. Software not detecting fish
This lack of object detection can be resolved by alter-
ing one or several setting as well as ensuring adequate
lighting (see Chapter 1 by Cachat et al. in this book for
details).

8. The endpoint of duration in zone does not correspond to the
traces
Traces are representative of the path taken by the zebrafish.
Therefore, a significant duration within a zone may not
necessarily correspond to movement, but rather a pro-
longed bout of immobility (freezing), which would appear
as a single, unnoticeable point on the trace map.

9. Zebrafish appear to be forming homebases (through track
analysis), but the behavior is not significant when endpoints
are evaluated on a per zone basis
The zone sizes may be too large. For example, the OFT
may be better divided into nine smaller zones instead of
four large quadrants. Even more zones may be needed as
the size of the OFT increases (due to the fact that zebrafish
homebase size may remain the same despite an enlargement
of the arena).

5. Anticipated
Results

Using this protocol, the fish are expected to establish distinct
homebases – particular areas where they spent most of the time,
traveled more, and visited most frequently (Figs. 12.1b–c, 12.2
and 12.3). These homebases will most likely be located near
the walls of the tanks, and usually consist of one or, less fre-
quently, several zones (Fig. 12.1d). While this protocol describes
robust homebase behavior after 30-min OFT trials (27), we have
also observed overt spatial preference in zebrafish OFT swim-
ming activity after shorter 6-min trials (own unpublished observa-
tions), suggesting that zebrafish homebase formation may begin
to emerge within several minutes of novelty exposure. Spatial dis-
tribution of the time spent, distance traveled, and number of vis-
its are expected to show significant differences in the homebase
relative to the area outside the homebase. The “combined” anal-
yses of topographical maps of zebrafish homebases in each of the
three OFT tanks (Fig. 12.1d) will show that the different OFT
zones are chosen at random by different zebrafish for their home-
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bases, without spatial preference of homebase location in relation
to a particular OFT (Fig. 12.3). Furthermore, comparison of the
distance traveled, frequency of visits, and time spent within the
homebase zones would reveal similar temporal dynamics of home-
base behavior across different OFT arenas. Essentially, zebrafish
will generally maintain constant levels of activity in their home-
bases (Fig. 12.4), frequently visiting these strategic loci.

Fig. 12.4. Temporal dynamics of zebrafish homebase behaviors in three different open field tests for 30 min (distance
traveled, time spent, and frequency of visits). Homebases were identified using our protocol (Fig. 12.2a) and reconfirmed,
as shown in Fig. 12.2b. Note that zebrafish maintain active presence in their homebases throughout the test.

6. Summary

Here we described a simple method to identify and phenotype
homebase behavior in zebrafish. Zebrafish homebase behavior
(Fig. 12.1–12.4) is not determined by innate features of the
OFT novelty, but rather actively established by animals explor-
ing their environment, strikingly resembling homebase behavior
in rodents (24, 31, 32). This new paradigm may also have a vari-
ety of important potential applications in biomedical research. For
example, homebase analyses may be useful for screening phar-
macological agents in zebrafish, since this behavior has already
been demonstrated to be affected by different drugs in rodents
(e.g., (28)). Furthermore, such analyses can be suitable for test-
ing various inbred and mutant zebrafish strains, which may dis-
play aberrant behaviors including altered homebase phenotypes.
Homebase behaviors are also highly relevant to exploration and
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cognition, and zebrafish models with abnormalities in either
domain are likely to have impaired homebase behavior.

Acknowledgments

The study was supported by Tulane University Intramural funds,
the Gordon and the G. Lurcy Fellowships, Provost’s Schol-
arly Enrichment Fund, Newcomb Fellows Grant, LA Board of
Regents Pfund, Zebrafish Neuroscience Research Consortium
(ZNRC) and NARSAD YI awards.

References

1. Kalueff, A.V. et al. Temporal stability of nov-
elty exploration in mice exposed to differ-
ent open field tests. Behav. Processes 72(1),
104–112 (2006).

2. Kalueff, A.V. & Zimbardo, P.G. Behavioral
neuroscience, exploration and K.C. Mont-
gomery’s legacy. Brain Res. Rev. 53(2),
328–331 (2007).

3. Walf, A.A. & Frye, C.A. The use of the ele-
vated plus maze as an assay of anxiety-related
behavior in rodents. Nat. Protoc. 2(2),
322–328 (2007).

4. Bourin, M. & Hascoet, M. The mouse
light/dark box test. Eur. J. Pharmacol.
463(1–3), 55–65 (2003).

5. Prut, L. & Belzung, C. The open field as a
paradigm to measure the effects of drugs on
anxiety-like behaviors: a review. Eur. J. Phar-
macol. 463(1–3), 3–33 (2003).

6. Choleris, E. et al. A detailed ethologi-
cal analysis of the mouse open field test:
effects of diazepam, chlordiazepoxide and
an extremely low frequency pulsed mag-
netic field. Neurosci. Biobehav. Rev. 25(3),
235–260 (2001).

7. Kulikov, A.V., Tikhonova, M.A., & Kulikov,
V.A. Automated measurement of spatial pref-
erence in the open field test with transmit-
ted lighting. J. Neurosci. Methods 170(2),
345–351 (2008).

8. Walsh, R.N. & Cummins, R.A. The open-
field test: a critical review. Psychol. Bull.
83(3), 482–504 (1976).

9. Carola, V. et al. Evaluation of the elevated
plus-maze and open-field tests for the assess-
ment of anxiety-related behaviour in inbred
mice. Behav. Brain Res. 134(1–2), 49–57
(2002).

10. Koplik, E.V., Salieva, R.M., & Gorbunova,
A.V. The open-field test as a prognos-

tic criterion of resistance to emotional
stress in Wistar rats. Zh. Vyssh. Nerv.
Deiat. Im. I. P. Pavlova.. 45(4), 775–781
(1995).

11. Wong, K. et al. Analyzing habituation
responses to novelty in zebrafish (Danio
rerio). Behav. Brain Res. 208(2), 450–457
(2009).

12. Egan, R.J. et al. Understanding behav-
ioral and physiological phenotypes of stress
and anxiety in zebrafish. Behav. Brain Res.
205(1), 38–44 (2009).

13. Levin, E.D., Bencan, Z., & Cerutti,
D.T. Anxiolytic effects of nicotine in
zebrafish. Physiol. Behav. 90(1), 54–58
(2007).

14. Guo, S. Using zebrafish to assess the
impact of drugs on neural development and
function. Expert. Opin. Drug Discov. 4(7),
715–726 (2009).

15. Echevarria, D.J. et al. A novel behavioral test
battery to assess global drug effects using the
zebrafish. Int. J. Comp. Psychol. 21(1), 19–34
(2008).

16. Blaser, R. & Gerlai, R. Behavioral phenotyp-
ing in zebrafish: comparison of three behav-
ioral quantification methods. Behav. Res.
Methods 38(3), 456–469 (2006).

17. Grossman, L. et al. Characterization of
behavioral and endocrine effects of LSD on
zebrafish. Behav. Brain Res. 214, 277–284
(2010).

18. Lockwood, B. et al. Acute effects of alcohol
on larval zebrafish: a genetic system for large-
scale screening. Pharmacol. Biochem. Behav.
77(3), 647–654 (2004).

19. Best, J.D. & Alderton, W.K. Zebrafish: an
in vivo model for the study of neurologi-
cal diseases. Neuropsychiatr. Dis. Treat. 4(3),
567–576 (2008).



Phenotyping of Zebrafish Homebase Behaviors in Novelty-Based Tests 155

20. Best, J.D. et al. Non-associative learning
in larval zebrafish. Neuropsychopharmacology
33(5), 1206–1215 (2008).

21. Creton, R. Automated analysis of behavior
in zebrafish larvae. Behav. Brain Res. 203(1),
127–136 (2009).

22. Kimmel, C.B. et al. Stages of embryonic
development of the zebrafish. Dev. Dyn.
203(3), 253–310 (1995).

23. Kastenhuber, E. et al. Genetic dissection of
dopaminergic and noradrenergic contribu-
tions to catecholaminergic tracts in early lar-
val zebrafish. J. Comp. Neurol. 518, 439–458
(2010).

24. Eilam, D. & Golani, I. Home base behav-
ior of rats (Rattus norvegicus) exploring a
novel environment. Behav. Brain Res. 34(3),
199–211 (1989).

25. Golani, I., Benjamini, Y., & Eilam, D. Stop-
ping behavior: constraints on exploration in
rats (Rattus norvegicus). Behav. Brain Res.
53(1–2), 21–33 (1993).

26. Tchernichovski, O., Benjamini, Y., & Golani,
I. Constraints and the emergence of ‘free’

exploratory behavior in rat ontogeny.
Behaviour 133(7–8), 519–539 (1996).

27. Stewart, A. et al. Homebase behavior of
zebrafish in novelty-based paradigms. Behav.
Processes. 85(2), 198–203 (2010).

28. Eilam, D. & Golani, I. Home base behavior
in amphetamine-treated tame wild rats (Rat-
tus norvegicus). Behav. Brain Res. 36(1–2),
161–170 (1990).

29. Westerfield, M. The Zebrafish Book. A Guide
for the Laboratory Use of Zebrafish (Danio
rerio) 5th ed. (University of Oregon Press,
Eugene, 2007)

30. Spence, R. et al. The behaviour and ecol-
ogy of the zebrafish, Danio rerio. Biol.
Rev. Camb. Philos. Soc. 83(1), 13–34
(2008).

31. Eilam, D. Open-field behavior withstands
drastic changes in arena size. Behav. Brain
Res. 142(1–2), 53–62 (2003).

32. Horev, G. et al. Estimating wall guidance
and attraction in mouse free locomotor
behavior. Genes Brain Behav. 6(1), 30–41
(2007).


	12 Phenotyping of Zebrafish Homebase Behaviors in Novelty-Based Tests
	1 Introduction
	2 Methods and Materials
	2.1 Animals and Housing
	2.2 Apparatus
	2.3 Experimental Setup
	2.4 Computer-Aided Analysis

	3 Procedure
	3.1 Acclimation and Pre-treatment
	3.2 OFT Testing
	3.3 Homebase Analysis
	3.4 Statistical Analyses

	4 Notes
	5 Anticipated Results
	6 Summary
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




