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25 SUMMARY:
26  This protocol details the methodology for quantifying locomotor behavior and sleep in the
27  Mexican cavefish. Previous analyses are extended to measure these behaviors in socially-housed
28 fish. This system can be widely applied to study sleep and activity in other fish species.
29
30 ABSTRACT:
31  Across phyla, sleep is characterized by highly conserved behavioral characteristics that include
32  elevated arousal threshold, rebound following sleep deprivation, and consolidated periods of
33  behavioral immobility. The Mexican cavefish, Astyanax mexicanus (A. mexicanus), is a model for
34  studying trait evolution in response to environmental perturbation. A. mexicanus exist as in eyed
35 surface-dwelling forms and multiple blind cave-dwelling populations that have robust
36 morphological and behavioral differences. Sleep loss has occurred in multiple, independently-
37 evolved cavefish populations. This protocol describes a methodology for quantifying sleep and
38 locomotor activity in A. mexicanus cave and surface fish. A cost-effective video monitoring
39 system allows for behavioral imaging of individually-housed larval or adult fish for periods of a
40 week or longer. The system can be applied to fish aged 4 days post fertilization through
41  adulthood. The approach can also be adapted for measuring the effects of social interactions on
42  sleep by recording multiple fish in a single arena. Following behavioral recordings, data is
43  analyzed using automated tracking software and sleep analysis is processed using customized
44  scripts that quantify multiple sleep variables including duration, bout length, and bout number.
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This system can be applied to measure sleep, circadian behavior, and locomotor activity in almost
any fish species including zebrafish and sticklebacks.

INTRODUCTION

Sleep is highly conserved throughout the animal kingdom at the physiological, functional, and
behavioral levels™. While sleep in mammalian laboratory animals is typically assessed using
electroencephalograms, electrophysiological recordings are less practical in small genetically
amenable model systems and thus sleep is typically measured based on behavior®*. Behavioral
characteristics associated with sleep are highly conserved throughout the animal kingdom and
include increased arousal threshold, reversibility with stimulation, and prolonged behavioral
quiescence®. These measures can be used to characterize sleep in animals ranging from the
nematode worm, C. elegans, through humans®.

The use of behavioral quiescence to characterize sleep requires automated tracking software.
With tracking software, periods of activity and immobility are determined over a number of days,
and long periods of inactivity are classified as sleep”®. In recent years, multiple tracking systems
have been developed for acquiring activity data among a diversity of small genetically-amenable
model systems; including worms, fruit flies and fish®>=!1. These programs are accompanied by
software that allows for automated tracking of animal behavior, including both open source
freeware and commercially available software”1>714, These systems differ in their flexibility and
allow for efficient screening and characterization of sleep phenotypes in numerous genetically
amendable models.

Genetic investigation of sleep in the zebrafish, Danio rerio, has led to the identification of
numerous genes and neural circuits that regulate sleep>®. While this has provided a powerful
system for investigating the neural basis of sleep in a vertebrate laboratory animal, much less is
known about how sleep evolves and how natural variation contributes to sleep regulation. The
Mexican cavefish, Astyanax mexicanus (A. mexicanus), have evolved dramatic differences in
sleep, locomotor activity and circadian rhythms’*8 These fish exist as eyed surface fish that
inhabit the rivers of Mexico and Southern Texas and at least 29 cave populations around the
Sierra Del Abra region of Northeast Mexico'®?!. Remarkably, many behavioral differences,
including sleep loss, appear to have emerged independently in multiple cavefish populations422,
Therefore, cavefish provide a model for investigating the convergent evolution of sleep,
circadian, and social behaviors.

This protocol describes a system for measuring sleep and locomotor behavior in A. mexicanus
larvae and adults. A custom-built infrared-based recording system allows for video recording of
animals under light and dark conditions. Commercially available software can be used to measure
activity and custom macros are used to quantify several aspects of inactivity and determine
periods of sleep. This protocol also describes experimental modifications for tracking the activity
of multiple animals within a tank, providing the ability to examine interactions between sleep
and social behaviors. These systems can be applied to measure sleep, circadian behavior, and
locomotor activity in additional fish species including zebrafish and sticklebacks.
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PROTOCOL:
NOTE: Set up systems for behavioral tracking in larvae and adults.
1. Constructing a sleep system for larvae

NOTE: The monitoring system for tracking larval through juvenile fish aged 4 days post
fertilization (dpf) through 30 dpf A. mexicanus requires multiple pieces of equipment including
infrared (IR) lighting, acrylic IR light diffusers, automated light controls (timers), computers,
cameras, and secondary materials such as wiring and power controllers (Figure 1A). The following
instructions will inform how to build a system to accurately track locomotor behavior to study
sleep and circadian rhythms in larval A. mexicanus.

1.1 Construct a lighting system consisting of IR and white light emitting diodes (LED): Place
three IR lights in a triangle approximately 7.62 cm from each other on a 30.5 cm x 30.5 cm thin
metal platform heatsink. Wire lights in series with electrical wire and connect to a power source.

1.2 Place a single white light LED in the center of the three IR lights and attach them to the
power source.

1.3 Connect the power source for the LED to a light timer set to a standard circadian time.

1.4 Construct a platform for larval tracking system. Use 0.33 cm thick white sign acrylic for all
of the components of the platform.

1.5 Place the recording platform on top of the lighted square heatsink on which arenas
containing fish will reside during behavioral tracking.

1.6 Place a second acrylic inside the box between the lights and the animals to diffuse the IR
for optimal lighting and contrast.

NOTE: The dimensions for the larval light box is as follows: Two 18 cm x 8.5 cm and two 17 cm x
8.5 cm LEDs that are chemically bonded together to form an 18 cm x 18 cm square that is 8.5 cm
tall. Additionally, acrylic may be easily cut or drilled using the proper tools for customized sizing.

1.6.1. Place the entire larval tracking stage and lighting setup within an enclosed plastic tube,
and then position the camera on top of the tube.

NOTE: It is important to keep lighting reflections from appearing on the tracking video, as this
will impair tracking accuracy. The placement of cameras on top of a tube that surrounds platform
improves lighting and sharpness for the cameras that are used for these experiments.

1.7 Manipulate a webcam (see Table of Materials) for IR-based recording. Remove the
manufacturer lens using a rotary tool (see Table of Materials).
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1.8 Remove the small silver screws on the back sides of the camera to remove the inner
housing.

1.9 Remove the small black screws inside the body of the camera to loosen the remainder of
the lens. Use a small screwdriver to remove any portions of the lens housing that is left after
cutting the lens.

1.10 Remove the blue LED on the top part of the charged coupled device (CCD) housing.

1.11  Put the camera back together by placing the inner housing back to its original orientation
and screwing the two silver screws back to their original position.

1.12  Route the inside of the camera using a small saw to fit with a rounded plastic routing bit.
Smooth down the extra plastic until it can fit a lens adapter.

1.13 Install an IR-pass filter inside the camera as close to the CCD as possible without making
direct contact with the camera.

NOTE: Take care not to damage the CCD chip within the housing of the camera. Be sure to keep
the cut as level as possible. Seal any open space between the outside of the IR filter and the body

of the camera to keep light from reaching the CCD without being filtered.

1.14  Attach the camerato a 35 mm fixed lens (see Table of Materials) by screwing the adaptor
in the front of the camera into the back of the lens.

1.15 Place the camera and lens in the hole drilled into the lid on top of the tube that houses
the stage and lights and attach the USB to the computer the animals will be recorded from.

NOTE: Place fish in a behavior room that is separate from where stock fish are housed to ensure
minimal disruptions during behavioral recordings. Take care to minimize fluctuations in
temperature and ventilation which can confound behavioral experiments.

2. Sleep system for adults

2.1 Construct an IR lighting system for tracking adult fish by cutting IR strips to approximately
46 cm intervals. One 46 cm strip is sufficient for each 10 L behavior tank.

2.2 Wire each strip together in a series, soldering each strip to DC electrical wire and attach
to a9V power source.

2.3 Attach each IR strip to a 51 cm x 5.1 cm piece of aluminum that will act as a heat sink.
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2.4 Place a 46 cm x 5 cm, 0.32 cm thick 9% light-pass white sign acrylic sheet directly in front
of each IR light strip to diffuse the IR light.

2.5 Place all tanks on a rack that supports rear-mounted IR lighting.
2.6 Use opaque plastic dividers in 10 L glass tanks to create individual arenas.

NOTE: The arena size can be varied based on the number of dividers used and the size of the
tank. Arena size impacts locomotor activity and sleep in both cave and surface fish?3.

2.7 Mount cameras approximately 4-6 m away from tanks. Each camera can typically record
from 3 tanks at a time to provide sufficient resolution for tracking.

NOTE: Adult behavioral recordings generally do not require a separate white lighting system to
control day-night changes. Simply utilizing standard overhead lights in a behavioral room
connected to a timer is likely to be sufficient.

3 Recording locomotor activity

NOTE: All behavioral recordings are made using a standard laptop computer or desktop with a
backup battery source. Due to the large file size of a 24 h recording (60-100 GB), save all
recordings on external hard drives.

3.1 Acclimate fish ages 4-30 dpf for 18-24 h prior to initiating recordings. Feed larval fish with
live brine shrimp when first placed in the recording chamber, and 1 h prior to beginning the
recording. Acclimate adult fish 4-5 days before recording behavior and feed once daily with flake
food or with live blackworms.

NOTE: Be sure to place larval fish in fresh water prior to recording, as leftover brine shrimp will
cause tracking issues during later analysis. Co-culturing with rotifers provides an alternative
option, as their small size does not interfere with tracking.

3.2 Place fish aged 4-6 dpf in 24-well tissue culture plates. House fish aged 20-30 dpf in 12-
well tissue culture plates for recording.

33 Record adults in 10 L tanks fit with dividers to accommodate five individually housed fish,
or without dividers to record sleep and activity in a social setting.

NOTE: Take care to focus the camera prior to initiating the recording in order to maximize
tracking accuracy. Do not open the iris of the camera lens too far, as this will drastically reduce
sharpness of the image. There is a balance, however; if the iris is closed too far, the frame rate of
the video will fall below 15.00 fps. It is essential for later analysis that the frame rate remains
15.00 frames per s for use with some custom-written sleep script?324,
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3.4 Set lighting/brightness background illuminations.

3.5 Optimize lighting prior to the start of recording. Always keep the contrast at the highest
level possible and use the Brightness and Background Illumination to adjust the brightness till
the animals are most clear.

3.6 Record fish for 24 or 48 h.

NOTE: Emergency backup battery packs that power all the lighting, computers, and cameras
should be purchased in case of power outages. All battery packs should also be plugged into
emergency power outlets, if possible. Battery packs will generally not power the equipment for
more than a few minutes to an hour at most and serve to bridge between losing main power and
transferring to the emergency power system.

4. Analysis of locomotor activity in individually housed fish using automated tracking
software

4.1 To begin analysis of behavior, open tracking software, select New Experiment from
Template, then select Apply a Pre-Defined Template.

4.2 As the program will now ask what species to track, select Fish. Use the dropdown box to
select either Zebrafish Larvae of Zebrafish Adult depending the experimental paradigm.

4.3 Set up the arenas in which each animal will be tracked. For larvae, select Well Plate,
Round Well and No Zone Template. For adults, use Open Field, Square with No Zone Template.
Then determine the proper number of arenas, one for each animal being tracked in the video.

4.4 Select the model for optimal tracking, click on track Center-point, and be sure that the
animal color is selected to be darker than the background. Apply the frame rate at which the
video was acquired. The tracking software should automatically detect this.

4.5 Draw a scale to calibrate the real-world distance of an object to accurately determine the
locomotor behavior of the fish using Arena Settings.

4.6 Edit the arenas to make sure that the entire area that the fish are in will be tracked;
otherwise samples will be lost during acquisition.

NOTE: Use care when setting up areas. Larval fish especially are sensitive to tracking errors if the
arenas are either too big or small. Bad lighting in the experiment can also create shadows on the
walls of well plates, which the program may think is an animal, creating a false positive.

4.6 Click on Advanced. Under Method in Detection Setting, select Dynamic Subtraction, then
click on Background and select Start Learning. Adjust the dark contrast signal/noise ratio till the
animals are being tracked well, and the background is not causing the tracking to jump.
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NOTE: Video quality can vary between experiments, so each trial may need to use different
settings, accordingly. Using the Subject Contour and Subject Size features can significantly
improve tracking results.

4.7 Select Trial list and load the proper parameters before starting to record the data into the
program.

4.8 Click into the Acquisition tab, select Track All Planned Trials and click on the record
button.

4.9 Under Analysis Profile, make sure Distance and Time & Movement are selected.

NOTE: In order for later sleep analysis, it is critical that these settings are correct, as the .perl file
must read these data in the correct order to calculate sleep.

4,10 Under Export, select Raw Data, export the data as Unicode text.
5. Tracking socially housed fish

5.1 Follow steps 4.1-4.4 to set up the experiment in the tracking software.

5.2 In the dropdown menu, select how many animals to track for the experiment.

5.3 In Arena settings, draw the correct scale to calibrate the real-world distance.

5.4 In Detection settings, use Dynamic Subtraction, and adjust the dark contrast to best track
the animal.

5.5 Adjust the subject size under the detection settings, so that only a very small portion of
the animal is tracked.

NOTE: By tracking only a small part of the animal, this will reduce the amount of switching
between animals when they cross paths during acquisition.

5.6 Once the tracks are acquired, use the Track Editor to manually fix times where fish may cross
paths.

6 Extraction of sleep data from locomotor activity

NOTE: The behavioral definition of sleep in both larval and adult A. mexicanus is 1 min or more
of quiescence. This definition was determined using arousal threshold experiments, where a
greater sensory stimulus is required to initiate a behavioral response in a sleeping state (>60 s)
compared to waking!#’. To account for small movements and drifting common to fish species,
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there are velocity thresholds applied to segregate real movement from noise or drift. These
thresholds are computationally-derived by comparing correlations between distance and sleep
duration to find the highest R-squared values; thereby determining the most accurate velocity
for movement and sleep. For larval fish, the upper and lower limits are both 12 mm/s as there is
little to no drift. For adult fish the lower limit is 2 cm/s with an upper limit of 4 cm/s to account
for drift.

6.1 Install Cygwin to the analysis computer to carry out the execution of the custom-written
scripts to extract locomotor and sleep behavior.

6.2 Create a new experiment folder within the Cygwin home directory.

6.3 Import the raw Unicode data from tracking software and execute the .sh file in Cygwin to
convert the encoding from UTF-16 to UTF-8.

6.4 Execute the .perl file in Cygwin to extract the sleep data.

6.5 Open the macro file and follow the instructions within the spreadsheet to finalize the data
analysis as desired.

NOTE: A basic level of command-line coding will be necessary to carry out this portion of analysis.
General Linux commands will suffice. If there are issues with the programs reading the data
properly, check the data from tracking software in any freely available text editor to be sure the
encoding and order is correct for the executables to write properly.

REPRESENTATIVE RESULTS

Larvae ages 4-30 dpf can be reliably recorded in the custom-build closed system described in
Figure 1. The system includes both IR and visible lighting to allow for recordings under light and
dark conditions, under various visible light conditions (Figure 1A). The videos are then analyzed
using tracking software (Figure 1B,C) and post-processed using a custom sleep macro (See
Supplemental Download). Larval fish from three independent cavefish populations display a
significant reduction in sleep compared to surface fish (Figure 1D) and 20 dpf, and this sleep loss
is consistent across developmental stages. The age of fish analyzed for sleep is often dependent
on the experimental manipulation. For example, A. mexicanus do not consume food at 4 days, so
experiments examining interactions between sleep and feeding would typically occur in older
larvae?®. Conversely, morpholinos are only effective in early fry (typically younger than 4 dpf) so
this age is used to asses sleep?426:27,

A. mexicanus can live for up to 30 years in the laboratory, but experiments using adults are
typically performed in fish aged 6 months to 3 years. Fish can be recorded in a variety of tank
sizes depending on the experiment and IR lighting allows for recordings during light and dark
periods (Figure 2A). Individual arenas are labeled in tracking to allow for tracking of fish, and
post-processing using a custom macro provides a readout of sleep (Figure 2B,C). Sleep is
significantly reduced in Pachén, Molino, and Tinaja cavefish, compared to surface fish (Figure
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2D). In addition, this system allows for recording multiple fish in a single arena (typically 10 gallon
tanks), allowing for analysis of how social interactions affect sleep (Figure 2E,F). Social housing
robustly reduces sleep in surface fish, without affecting sleep in Pachén cavefish (Figure 2G). The
lack of effect in cavefish is likely due to a basement effect, where cavefish sleep little, particularly
in the larger arenas used to examine social behavior.

FIGURE LEGENDS

Figure 1: Recording sleep behavior in larval and juvenile A. mexicanus. (A) Schematic of larval
sleep behavior setup: Larva are placed on a platform within a light-controlled tube. Infrared and
white lighting systems sit below the fish at the bottom of the tube. An IR-pass camera sits at the
top of the tube and is connected to a laptop on which the video is recorded. All powered systems
(lighting and laptop) are plugged in to backup power. (B) Arena settings in tracking software.
Individual larvae are kept in wells in a tissue culture plate, and arenas (cyan) are made for each
animal. (C) Locomotor traces of fish locomotor behavior after acquiring the data in tracking
software. Red traces represent 10 s of activity in 20-day old fish. (D) Resulting sleep data from
tracking software. Juvenile cavefish converge upon reduced sleep behavior compared to surface
fish morphs (One-way ANOVA F(3, 116) = 76.12; Dunnett post-hoc analysis was applied to
compare each cavefish population with surface fish, P < 0.001).

Figure 2: Adult A. mexicanus system for sleep and circadian behavior. (A) Diagram of sleep-
recording system: Fish are held in tanks on a rack opposite of tracking cameras. An infrared
lighting system is placed behind the fish tanks, while IR-pass cameras are attached to a laptop for
recording behavior. All powered systems are plugged in to a backup battery system in case of
power fluctuations. (B) Arena setup in tracking software. Individual fish are marked by creating
separate arenas (cyan) to track locomotor behavior. (C) Representative locomotor tracks (red
lines) of individual fish after acquiring a behavioral recording on tracking software. Traces
represent 20 s of activity. (D) Total sleep duration over 24 h is significantly reduced in three
distinct populations of cavefish compared to surface fish (One-way ANOVA F(3, 106) = 52.66;
Dunnett post-hoc tests were applied between surface fish and each cave population, P < 0.001).
(E) A single tank containing multiple fish in which one arena (orange) is made to track social
interactions and sleep. (F) Locomotor traces of multiple fish after data acquisition in tracking
software (each line color represents an individual fish). (G) Representative data of surface and
Pachdén cavefish in social sleep tracking. Surface fish significantly reduce sleep in 10 L tanks
compared to 2 L arenas; Surface fish sleep is further reduced when fish are socially housed.
Cavefish sleep is not significantly altered in any condition (Two-way ANOVA F(2,46) = 4.545; post
hoc analysis was performed within each population to test the effect of the tank size and social
state on total sleep 10 L single, P = 0.013; 10 L Social, P = 0.0003).

DISCUSSION:

This protocol describes a custom system for quantifying sleep and locomotor activity in larval and
adult cavefish. Cavefish have emerged as a leading model for studying the evolution of sleep that
can be used to investigate the genetic and neural basis of sleep regulation®. The critical steps in
this protocol include optimization of lighting and video quality in order to assure accurate
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tracking that is necessary to quantify sleep. The system for acquisition and analysis described
here are fully functional, as are many other systems, both commercial and custom-built, to
quantify locomotion and behavior?®-3°, The previous assay examining sleep in single fish can be
extended to allow for analysis of group-housed fish. A significant consideration when trouble-
shooting or designing assays is the confounds social behavior may have on the sleep of an
individual. For example, aggression is common in Astyanax, and aggression levels differ between
surface fish and cavefish3!. Optimizing the number of fish, size of the arena, and sex ratio, in order
to minimize aggression will allow for reproducible measurements of sleep regulation.

A limitation of the technique, as described, is a lack of reliability following individual fish
throughout the assay. Automated animal tracking will often switch animals when they come into
close contact. This can be addressed by careful optimization of thresholds, or by manually
correcting any switches. In addition, the system described is not a flow-through system, and
therefore, water quality can become an issue after recordings lasting more than a few days. Other
flow through systems have been described in zebrafish®® and these could be readily applied to
the sty of Mexican cavefish.

The methodology described is significant because of its broad applicability to measure behavior
in diverse fish species. Sleep has yet to be characterized in almost any marine or fresh water fish
including Sticklebacks, Cichlids, and swordtails3?-34. The versatility of this system to measure
sleep in A. mexicanus and other fish models may address diverse questions about the evolution
and genetic underpinnings of sleep. The hardware associated with this system is highly cost-
effective, making it highly accessible and providing potential for high throughput analysis of
pharmacological and ecotoxilogical analysis of sleep and locomotor activity.
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Name of material/Equipment
12V power adaptor
Acrylic dividers (adults)
Adult infrared light power source
Battery pack
Camera lens (adult)
Camera lens (larval)
Camera lens adapter

Camera mount

Fish tank

Heat sink (adult)

Heat sink (larval)
Infrared lights (adults)
Infrared lights (larval)
IR-diffusing acrylic
Laptop/computer

LED light

light timer

Plastic wall mount for IR
Power cable

Power source

Tissue culture plates
Tripod Ball head

USB Hardrive

USB Webcam

Wall mount for camera
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Company
Environmental Lights
TAP Plastic
Environmnental Lights 24 Watt 12 VDC Power Supply
CyberPower
Navitar Zoom 7000
Fujian 35mm /1.7
d

CowboyStudio Super Clamp

Deep Blue Professional

M-D Building products

M-D Building products

Environmental Lights Infrared 850 nm 5050 LED strip
LED World

TAP Plastic

N/A

Chanzon 10 High Power Led Chip 3W White (6000K-6500K/600mA-700mA/DC 3V-3.4V/3 Watt)
Century 24 Hour Plug-in Mechanical Timer Grounded
Everbilt Plastic pegboard

BNTECHGO 22 Gauge Silicone Wire

Rapid LED

Fisherbrand

Demon DB-44

Seagate 3TB backup

Microsoft LifeCam

LDR Industries 1/2" Steel pipe



Catolouge #
24 Watt 12 VDC Power Supply

CP850PFCLCD
Zoom 7000
BO1CHX7668

BOO2LV7X1K
ADB11006

SKU: 61085

SKU: 57000
irrf850-5050-60-reel
BOOMOSH7H4

N/A
BO6XKTRSP7

Model # 17961
BO1K4RPEOY

MOONLIGHT DRIVER (350MA)

1524219

12-well (FB012928) 24-well (FB012929)

BOOTQ54CZ0
STDT3000100
Q2F-00014
307 12X36



Comments/Description

Order sheets in sizes as needed

Purchase on Amazon

Purchase on Amazon

Cut to fit

Cut to fit

Cut to fit

Purchase on Amazon

Order sheets in sizes as needed

Any laptop will work.

Use with Chanzon 25pcs 1W 3W 5W LED Heat Sink (2 pin Black) Aluminum Base Plate Panel

Purchase on Amazon

Purchase on Amazon
Mounted on wall with Flange and 90 degree pipe elbow. Could also use a tripod to hold camera.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Author(s):

Iltem 1 (check one box): The Author elects to have the Materials be made available (as described at '

http://www.jove.com/author) via: M Standard Access D Open Access

Item 2 (check one box):

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

D The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JOVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public ail such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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;
4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JOVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JOVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Llikeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have



1 Alewife Center #200
Cambridge, MA 02140
ol 817.945.0061
wWww jove.pom

iOve

) JULIRNAL F
VIGUALIZED EXPERIMENTS

full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s

expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing taw. This Agreement may be
assigned by JOVE and shali inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Click here to access/download;Rebuttal
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Response to reviewers

We thank both reviewers and Dr. Wu for careful reading and thoughtful critiques of our
manuscript. We agree with all suggestions and have made modified our revised manuscript
accordingly. In addition to the editorial reviews, which we hope to have fully addressed, we
provide a point-by-point response to both reviewers below.

Reviewer #1:

Manuscript Summary:

Authors described a video monitoring system to investigate sleep and locomotor activity in A.
mexicanus cave and surface fish. The system can be applied to fish aged four days post
fertilization through adulthood in almost any fish species to measure different behaviors as
sleep and locomotor activity in different lighting conditions.

| found the paper well-written and | haven't major concerns. Only some minor concerns:

1) | suggest to report all measures also in centimeters and not only in inches. It will avoid to
convert every times the measures.
Thank you for this suggestion. We have made these changes.

2) in the abstract and in the introduction authors wrote "This system can be applied to measure
sleep, circadian behavior, and locomotor activity in almost any fish species including zebrafish
and sticklebacks." | suggest to change this sentence to "..in almost any marine and freshwater
fish species.” to cover all possibilities.

We have now added that it can be used in any fish species. However, we chose to leave in
discussion of specific species like sticklebacks (and other fish models of evolution) because we
think the study of sleep in this system is a wide-open area, and we hope to gain the attention of
these fields.

3) Are zebrafish and A.mexicanus the only two fish species in which sleep has been
investigated? If not | suggest to report this(these) reference(s) in the introduction.

Surprisingly, to our knowledge this is the case. ‘Rest’ has been studied in other species, but a
full characterization of sleep processes has yet to be completed. We are very eager to see
sleep studied in additional sleep models, and hope this protocol contributes to this.

4) In the discussion | suggest to mention that this system can be used also for pharmacological
and ecotoxicological tests.

Thank you for this suggestion. We have rewritted the discussion (based on editorial
suggestions) and incorporated this commentary.

Reviewer #2:

Manuscript Summary:

This is an important manuscript that will enable many researchers to conduct such experiments
on many species because the commercial apparatuses are very expensive and not every lab
can afford them.

Major Concerns:

1. I might have missed it, but how is sleep defined? Usually it is the duration of immobility and
threshold to a stimuli. If so, does each strain of cavefish has its own criteria? This information
has to be added.
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We now include discussion defining sleep as 60-seconds of immobility in larval and adult fish, in
accordance with our previously published work.

2. For a biologist to build the apparatus according to the textual description would be
impossible. The video is really required and | would be willing to review again with the video.
We agree and will do everything we can to clearly demonstrate the system by video. We have
received many requests about our system, and we think video (and this JOVE article) provides
the perfect format to share this protocol.

Minor Concerns:

1. dimensions should be given in metric measures. inch and feet and also be given in
parenthesis. 2. the last 3 pages of the pdf file should be, i guess, one table?

Thank you for this suggestion. We have made the changes accordingly.



