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SUMMARY:  25 
This protocol details the methodology for quantifying locomotor behavior and sleep in the 26 
Mexican cavefish. Previous analyses are extended to measure these behaviors in socially-housed 27 
fish. This system can be widely applied to study sleep and activity in other fish species.  28 
 29 
ABSTRACT:  30 
Across phyla, sleep is characterized by highly conserved behavioral characteristics that include 31 
elevated arousal threshold, rebound following sleep deprivation, and consolidated periods of 32 
behavioral immobility. The Mexican cavefish, Astyanax mexicanus (A. mexicanus), is a model for 33 
studying trait evolution in response to environmental perturbation. A. mexicanus exist as in eyed 34 
surface-dwelling forms and multiple blind cave-dwelling populations that have robust 35 
morphological and behavioral differences. Sleep loss has occurred in multiple, independently-36 
evolved cavefish populations. This protocol describes a methodology for quantifying sleep and 37 
locomotor activity in A. mexicanus cave and surface fish. A cost-effective video monitoring 38 
system allows for behavioral imaging of individually-housed larval or adult fish for periods of a 39 
week or longer. The system can be applied to fish aged 4 days post fertilization through 40 
adulthood. The approach can also be adapted for measuring the effects of social interactions on 41 
sleep by recording multiple fish in a single arena. Following behavioral recordings, data is 42 
analyzed using automated tracking software and sleep analysis is processed using customized 43 
scripts that quantify multiple sleep variables including duration, bout length, and bout number. 44 
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This system can be applied to measure sleep, circadian behavior, and locomotor activity in almost 45 
any fish species including zebrafish and sticklebacks. 46 
 47 
INTRODUCTION 48 
Sleep is highly conserved throughout the animal kingdom at the physiological, functional, and 49 
behavioral levels1–3. While sleep in mammalian laboratory animals is typically assessed using 50 
electroencephalograms, electrophysiological recordings are less practical in small genetically 51 
amenable model systems and thus sleep is typically measured based on behavior3,4. Behavioral 52 
characteristics associated with sleep are highly conserved throughout the animal kingdom and 53 
include increased arousal threshold, reversibility with stimulation, and prolonged behavioral 54 
quiescence5. These measures can be used to characterize sleep in animals ranging from the 55 
nematode worm, C. elegans, through humans6.  56 
 57 
The use of behavioral quiescence to characterize sleep requires automated tracking software. 58 
With tracking software, periods of activity and immobility are determined over a number of days, 59 
and long periods of inactivity are classified as sleep7,8. In recent years, multiple tracking systems 60 
have been developed for acquiring activity data among a diversity of small genetically-amenable 61 
model systems; including worms, fruit flies and fish9–11. These programs are accompanied by 62 
software that allows for automated tracking of animal behavior, including both open source 63 
freeware and commercially available software7,12–14. These systems differ in their flexibility and 64 
allow for efficient screening and characterization of sleep phenotypes in numerous genetically 65 
amendable models. 66 
 67 
Genetic investigation of sleep in the zebrafish, Danio rerio, has led to the identification of 68 
numerous genes and neural circuits that regulate sleep15,16. While this has provided a powerful 69 
system for investigating the neural basis of sleep in a vertebrate laboratory animal, much less is 70 
known about how sleep evolves and how natural variation contributes to sleep regulation. The 71 
Mexican cavefish, Astyanax mexicanus (A. mexicanus), have evolved dramatic differences in 72 
sleep, locomotor activity and circadian rhythms17,18. These fish exist as eyed surface fish that 73 
inhabit the rivers of Mexico and Southern Texas and at least 29 cave populations around the 74 
Sierra Del Abra region of Northeast Mexico19–21. Remarkably, many behavioral differences, 75 
including sleep loss, appear to have emerged independently in multiple cavefish populations14,22. 76 
Therefore, cavefish provide a model for investigating the convergent evolution of sleep, 77 
circadian, and social behaviors.  78 
 79 
This protocol describes a system for measuring sleep and locomotor behavior in A. mexicanus 80 
larvae and adults. A custom-built infrared-based recording system allows for video recording of 81 
animals under light and dark conditions. Commercially available software can be used to measure 82 
activity and custom macros are used to quantify several aspects of inactivity and determine 83 
periods of sleep. This protocol also describes experimental modifications for tracking the activity 84 
of multiple animals within a tank, providing the ability to examine interactions between sleep 85 
and social behaviors. These systems can be applied to measure sleep, circadian behavior, and 86 
locomotor activity in additional fish species including zebrafish and sticklebacks. 87 
 88 



PROTOCOL: 89 
 90 
NOTE: Set up systems for behavioral tracking in larvae and adults. 91 
 92 
1. Constructing a sleep system for larvae 93 
 94 
NOTE: The monitoring system for tracking larval through juvenile fish aged 4 days post 95 
fertilization (dpf) through 30 dpf A. mexicanus requires multiple pieces of equipment including 96 
infrared (IR) lighting, acrylic IR light diffusers, automated light controls (timers), computers, 97 
cameras, and secondary materials such as wiring and power controllers (Figure 1A). The following 98 
instructions will inform how to build a system to accurately track locomotor behavior to study 99 
sleep and circadian rhythms in larval A. mexicanus.  100 
 101 
1.1 Construct a lighting system consisting of IR and white light emitting diodes (LED): Place 102 
three IR lights in a triangle approximately 7.62 cm from each other on a 30.5 cm x 30.5 cm thin 103 
metal platform heatsink. Wire lights in series with electrical wire and connect to a power source.  104 
 105 
1.2 Place a single white light LED in the center of the three IR lights and attach them to the 106 
power source.  107 
 108 
1.3 Connect the power source for the LED to a light timer set to a standard circadian time.  109 
 110 
1.4 Construct a platform for larval tracking system. Use 0.33 cm thick white sign acrylic for all 111 
of the components of the platform.  112 
 113 
1.5 Place the recording platform on top of the lighted square heatsink on which arenas 114 
containing fish will reside during behavioral tracking.  115 
 116 
1.6 Place a second acrylic inside the box between the lights and the animals to diffuse the IR 117 
for optimal lighting and contrast. 118 
 119 
NOTE: The dimensions for the larval light box is as follows: Two 18 cm x 8.5 cm and two 17 cm x 120 
8.5 cm LEDs that are chemically bonded together to form an 18 cm x 18 cm square that is 8.5 cm 121 
tall. Additionally, acrylic may be easily cut or drilled using the proper tools for customized sizing.  122 
 123 
1.6.1. Place the entire larval tracking stage and lighting setup within an enclosed plastic tube, 124 
and then position the camera on top of the tube. 125 
 126 
NOTE: It is important to keep lighting reflections from appearing on the tracking video, as this 127 
will impair tracking accuracy. The placement of cameras on top of a tube that surrounds platform 128 
improves lighting and sharpness for the cameras that are used for these experiments.  129 
 130 
1.7 Manipulate a webcam (see Table of Materials) for IR-based recording. Remove the 131 
manufacturer lens using a rotary tool (see Table of Materials). 132 



 133 
1.8 Remove the small silver screws on the back sides of the camera to remove the inner 134 
housing. 135 
 136 
1.9 Remove the small black screws inside the body of the camera to loosen the remainder of 137 
the lens. Use a small screwdriver to remove any portions of the lens housing that is left after 138 
cutting the lens.  139 
 140 
1.10  Remove the blue LED on the top part of the charged coupled device (CCD) housing. 141 
 142 
1.11  Put the camera back together by placing the inner housing back to its original orientation 143 
and screwing the two silver screws back to their original position.  144 
 145 
1.12  Route the inside of the camera using a small saw to fit with a rounded plastic routing bit. 146 
Smooth down the extra plastic until it can fit a lens adapter. 147 
 148 
1.13 Install an IR-pass filter inside the camera as close to the CCD as possible without making 149 
direct contact with the camera.  150 
 151 
NOTE: Take care not to damage the CCD chip within the housing of the camera. Be sure to keep 152 
the cut as level as possible. Seal any open space between the outside of the IR filter and the body 153 
of the camera to keep light from reaching the CCD without being filtered.  154 
 155 
1.14  Attach the camera to a 35 mm fixed lens (see Table of Materials) by screwing the adaptor 156 
in the front of the camera into the back of the lens.  157 
 158 
1.15 Place the camera and lens in the hole drilled into the lid on top of the tube that houses 159 
the stage and lights and attach the USB to the computer the animals will be recorded from.  160 
 161 
NOTE: Place fish in a behavior room that is separate from where stock fish are housed to ensure 162 
minimal disruptions during behavioral recordings. Take care to minimize fluctuations in 163 
temperature and ventilation which can confound behavioral experiments.  164 
 165 
2. Sleep system for adults 166 
 167 
2.1 Construct an IR lighting system for tracking adult fish by cutting IR strips to approximately 168 
46 cm intervals. One 46 cm strip is sufficient for each 10 L behavior tank.  169 
 170 
2.2 Wire each strip together in a series, soldering each strip to DC electrical wire and attach 171 
to a 9 V power source. 172 
 173 
2.3 Attach each IR strip to a 51 cm x 5.1 cm piece of aluminum that will act as a heat sink. 174 
  175 



2.4 Place a 46 cm x 5 cm, 0.32 cm thick 9% light-pass white sign acrylic sheet directly in front 176 
of each IR light strip to diffuse the IR light.  177 
 178 
2.5 Place all tanks on a rack that supports rear-mounted IR lighting.  179 
 180 
2.6 Use opaque plastic dividers in 10 L glass tanks to create individual arenas.  181 
  182 
NOTE: The arena size can be varied based on the number of dividers used and the size of the 183 
tank. Arena size impacts locomotor activity and sleep in both cave and surface fish23. 184 
 185 
2.7 Mount cameras approximately 4-6 m away from tanks. Each camera can typically record 186 
from 3 tanks at a time to provide sufficient resolution for tracking. 187 
 188 
NOTE: Adult behavioral recordings generally do not require a separate white lighting system to 189 
control day-night changes. Simply utilizing standard overhead lights in a behavioral room 190 
connected to a timer is likely to be sufficient.  191 
 192 
3 Recording locomotor activity 193 
 194 
NOTE: All behavioral recordings are made using a standard laptop computer or desktop with a 195 
backup battery source. Due to the large file size of a 24 h recording (60-100 GB), save all 196 
recordings on external hard drives.  197 
 198 
3.1 Acclimate fish ages 4-30 dpf for 18-24 h prior to initiating recordings. Feed larval fish with 199 
live brine shrimp when first placed in the recording chamber, and 1 h prior to beginning the 200 
recording. Acclimate adult fish 4-5 days before recording behavior and feed once daily with flake 201 
food or with live blackworms.  202 
 203 
NOTE: Be sure to place larval fish in fresh water prior to recording, as leftover brine shrimp will 204 
cause tracking issues during later analysis. Co-culturing with rotifers provides an alternative 205 
option, as their small size does not interfere with tracking. 206 
 207 
3.2 Place fish aged 4-6 dpf in 24-well tissue culture plates. House fish aged 20-30 dpf in 12-208 
well tissue culture plates for recording. 209 
 210 
3.3 Record adults in 10 L tanks fit with dividers to accommodate five individually housed fish, 211 
or without dividers to record sleep and activity in a social setting. 212 
 213 
NOTE: Take care to focus the camera prior to initiating the recording in order to maximize 214 
tracking accuracy. Do not open the iris of the camera lens too far, as this will drastically reduce 215 
sharpness of the image. There is a balance, however; if the iris is closed too far, the frame rate of 216 
the video will fall below 15.00 fps. It is essential for later analysis that the frame rate remains 217 
15.00 frames per s for use with some custom-written sleep script23,24.  218 
 219 



3.4 Set lighting/brightness background illuminations. 220 
 221 
3.5 Optimize lighting prior to the start of recording. Always keep the contrast at the highest 222 
level possible and use the Brightness and Background Illumination to adjust the brightness till 223 
the animals are most clear.  224 
 225 
3.6 Record fish for 24 or 48 h.  226 
 227 
NOTE: Emergency backup battery packs that power all the lighting, computers, and cameras 228 
should be purchased in case of power outages. All battery packs should also be plugged into 229 
emergency power outlets, if possible. Battery packs will generally not power the equipment for 230 
more than a few minutes to an hour at most and serve to bridge between losing main power and 231 
transferring to the emergency power system.  232 
 233 
4. Analysis of locomotor activity in individually housed fish using automated tracking 234 
software  235 
 236 
4.1 To begin analysis of behavior, open tracking software, select New Experiment from 237 
Template, then select Apply a Pre-Defined Template. 238 
  239 
4.2 As the program will now ask what species to track, select Fish. Use the dropdown box to 240 
select either Zebrafish Larvae of Zebrafish Adult depending the experimental paradigm.  241 
 242 
4.3 Set up the arenas in which each animal will be tracked. For larvae, select Well Plate, 243 
Round Well and No Zone Template. For adults, use Open Field, Square with No Zone Template. 244 
Then determine the proper number of arenas, one for each animal being tracked in the video.  245 
 246 
4.4 Select the model for optimal tracking, click on track Center-point, and be sure that the 247 
animal color is selected to be darker than the background. Apply the frame rate at which the 248 
video was acquired. The tracking software should automatically detect this.  249 
 250 
4.5 Draw a scale to calibrate the real-world distance of an object to accurately determine the 251 
locomotor behavior of the fish using Arena Settings.  252 
 253 
4.6 Edit the arenas to make sure that the entire area that the fish are in will be tracked; 254 
otherwise samples will be lost during acquisition.  255 
 256 
NOTE: Use care when setting up areas. Larval fish especially are sensitive to tracking errors if the 257 
arenas are either too big or small. Bad lighting in the experiment can also create shadows on the 258 
walls of well plates, which the program may think is an animal, creating a false positive.  259 
 260 
4.6 Click on Advanced. Under Method in Detection Setting, select Dynamic Subtraction, then 261 
click on Background and select Start Learning. Adjust the dark contrast signal/noise ratio till the 262 
animals are being tracked well, and the background is not causing the tracking to jump.  263 



 264 
NOTE: Video quality can vary between experiments, so each trial may need to use different 265 
settings, accordingly. Using the Subject Contour and Subject Size features can significantly 266 
improve tracking results.  267 
 268 
4.7 Select Trial list and load the proper parameters before starting to record the data into the 269 
program. 270 
 271 
4.8 Click into the Acquisition tab, select Track All Planned Trials and click on the record 272 
button.  273 
 274 
4.9 Under Analysis Profile, make sure Distance and Time & Movement are selected.  275 
  276 
NOTE: In order for later sleep analysis, it is critical that these settings are correct, as the .perl file 277 
must read these data in the correct order to calculate sleep.  278 
 279 
4.10 Under Export, select Raw Data, export the data as Unicode text.  280 
 281 
5. Tracking socially housed fish 282 
 283 
5.1 Follow steps 4.1-4.4 to set up the experiment in the tracking software. 284 
 285 
5.2 In the dropdown menu, select how many animals to track for the experiment.  286 
 287 
5.3 In Arena settings, draw the correct scale to calibrate the real-world distance. 288 
 289 
5.4 In Detection settings, use Dynamic Subtraction, and adjust the dark contrast to best track 290 
the animal.  291 
 292 
5.5 Adjust the subject size under the detection settings, so that only a very small portion of 293 
the animal is tracked. 294 
 295 
NOTE: By tracking only a small part of the animal, this will reduce the amount of switching 296 
between animals when they cross paths during acquisition.  297 
 298 
5.6 Once the tracks are acquired, use the Track Editor to manually fix times where fish may cross 299 
paths.  300 
 301 
6 Extraction of sleep data from locomotor activity 302 
 303 
NOTE: The behavioral definition of sleep in both larval and adult A. mexicanus is 1 min or more 304 
of quiescence. This definition was determined using arousal threshold experiments, where a 305 
greater sensory stimulus is required to initiate a behavioral response in a sleeping state (>60 s) 306 
compared to waking14,17. To account for small movements and drifting common to fish species, 307 



there are velocity thresholds applied to segregate real movement from noise or drift. These 308 
thresholds are computationally-derived by comparing correlations between distance and sleep 309 
duration to find the highest R-squared values; thereby determining the most accurate velocity 310 
for movement and sleep. For larval fish, the upper and lower limits are both 12 mm/s as there is 311 
little to no drift. For adult fish the lower limit is 2 cm/s with an upper limit of 4 cm/s to account 312 
for drift. 313 
 314 
6.1 Install Cygwin to the analysis computer to carry out the execution of the custom-written 315 
scripts to extract locomotor and sleep behavior. 316 
 317 
6.2 Create a new experiment folder within the Cygwin home directory. 318 
 319 
6.3 Import the raw Unicode data from tracking software and execute the .sh file in Cygwin to 320 
convert the encoding from UTF-16 to UTF-8. 321 
 322 
6.4 Execute the .perl file in Cygwin to extract the sleep data. 323 
 324 
6.5 Open the macro file and follow the instructions within the spreadsheet to finalize the data 325 
analysis as desired.  326 
 327 
NOTE: A basic level of command-line coding will be necessary to carry out this portion of analysis. 328 
General Linux commands will suffice. If there are issues with the programs reading the data 329 
properly, check the data from tracking software in any freely available text editor to be sure the 330 
encoding and order is correct for the executables to write properly. 331 
 332 
REPRESENTATIVE RESULTS 333 
Larvae ages 4-30 dpf can be reliably recorded in the custom-build closed system described in 334 
Figure 1. The system includes both IR and visible lighting to allow for recordings under light and 335 
dark conditions, under various visible light conditions (Figure 1A). The videos are then analyzed 336 
using tracking software (Figure 1B,C) and post-processed using a custom sleep macro (See 337 
Supplemental Download). Larval fish from three independent cavefish populations display a 338 
significant reduction in sleep compared to surface fish (Figure 1D) and 20 dpf, and this sleep loss 339 
is consistent across developmental stages. The age of fish analyzed for sleep is often dependent 340 
on the experimental manipulation. For example, A. mexicanus do not consume food at 4 days, so 341 
experiments examining interactions between sleep and feeding would typically occur in older 342 
larvae25. Conversely, morpholinos are only effective in early fry (typically younger than 4 dpf) so 343 
this age is used to asses sleep24,26,27.  344 
 345 
A. mexicanus can live for up to 30 years in the laboratory, but experiments using adults are 346 
typically performed in fish aged 6 months to 3 years. Fish can be recorded in a variety of tank 347 
sizes depending on the experiment and IR lighting allows for recordings during light and dark 348 
periods (Figure 2A). Individual arenas are labeled in tracking to allow for tracking of fish, and 349 
post-processing using a custom macro provides a readout of sleep (Figure 2B,C). Sleep is 350 
significantly reduced in Pachón, Molino, and Tinaja cavefish, compared to surface fish (Figure 351 



2D). In addition, this system allows for recording multiple fish in a single arena (typically 10 gallon 352 
tanks), allowing for analysis of how social interactions affect sleep (Figure 2E,F). Social housing 353 
robustly reduces sleep in surface fish, without affecting sleep in Pachón cavefish (Figure 2G). The 354 
lack of effect in cavefish is likely due to a basement effect, where cavefish sleep little, particularly 355 
in the larger arenas used to examine social behavior. 356 
 357 
FIGURE LEGENDS 358 
 359 
Figure 1: Recording sleep behavior in larval and juvenile A. mexicanus. (A) Schematic of larval 360 
sleep behavior setup: Larva are placed on a platform within a light-controlled tube. Infrared and 361 
white lighting systems sit below the fish at the bottom of the tube. An IR-pass camera sits at the 362 
top of the tube and is connected to a laptop on which the video is recorded. All powered systems 363 
(lighting and laptop) are plugged in to backup power. (B) Arena settings in tracking software. 364 
Individual larvae are kept in wells in a tissue culture plate, and arenas (cyan) are made for each 365 
animal. (C) Locomotor traces of fish locomotor behavior after acquiring the data in tracking 366 
software. Red traces represent 10 s of activity in 20-day old fish. (D) Resulting sleep data from 367 
tracking software. Juvenile cavefish converge upon reduced sleep behavior compared to surface 368 
fish morphs (One-way ANOVA F(3, 116) = 76.12; Dunnett post-hoc analysis was applied to 369 
compare each cavefish population with surface fish, P < 0.001).  370 
 371 
 Figure 2: Adult A. mexicanus system for sleep and circadian behavior. (A) Diagram of sleep-372 
recording system: Fish are held in tanks on a rack opposite of tracking cameras. An infrared 373 
lighting system is placed behind the fish tanks, while IR-pass cameras are attached to a laptop for 374 
recording behavior. All powered systems are plugged in to a backup battery system in case of 375 
power fluctuations. (B) Arena setup in tracking software. Individual fish are marked by creating 376 
separate arenas (cyan) to track locomotor behavior. (C) Representative locomotor tracks (red 377 
lines) of individual fish after acquiring a behavioral recording on tracking software. Traces 378 
represent 20 s of activity. (D) Total sleep duration over 24 h is significantly reduced in three 379 
distinct populations of cavefish compared to surface fish (One-way ANOVA F(3, 106) = 52.66; 380 
Dunnett post-hoc tests were applied between surface fish and each cave population, P < 0.001). 381 
(E) A single tank containing multiple fish in which one arena (orange) is made to track social 382 
interactions and sleep. (F) Locomotor traces of multiple fish after data acquisition in tracking 383 
software (each line color represents an individual fish). (G) Representative data of surface and 384 
Pachón cavefish in social sleep tracking. Surface fish significantly reduce sleep in 10 L tanks 385 
compared to 2 L arenas; Surface fish sleep is further reduced when fish are socially housed. 386 
Cavefish sleep is not significantly altered in any condition (Two-way ANOVA F(2,46) = 4.545; post 387 
hoc analysis was performed within each population to test the effect of the tank size and social 388 
state on total sleep 10 L single, P = 0.013; 10 L Social, P = 0.0003).  389 
 390 
DISCUSSION: 391 
This protocol describes a custom system for quantifying sleep and locomotor activity in larval and 392 
adult cavefish. Cavefish have emerged as a leading model for studying the evolution of sleep that 393 
can be used to investigate the genetic and neural basis of sleep regulation1. The critical steps in 394 
this protocol include optimization of lighting and video quality in order to assure accurate 395 



tracking that is necessary to quantify sleep. The system for acquisition and analysis described 396 
here are fully functional, as are many other systems, both commercial and custom-built, to 397 
quantify locomotion and behavior28–30. The previous assay examining sleep in single fish can be 398 
extended to allow for analysis of group-housed fish. A significant consideration when trouble-399 
shooting or designing assays is the confounds social behavior may have on the sleep of an 400 
individual. For example, aggression is common in Astyanax, and aggression levels differ between 401 
surface fish and cavefish31. Optimizing the number of fish, size of the arena, and sex ratio, in order 402 
to minimize aggression will allow for reproducible measurements of sleep regulation.  403 
 404 
A limitation of the technique, as described, is a lack of reliability following individual fish 405 
throughout the assay. Automated animal tracking will often switch animals when they come into 406 
close contact. This can be addressed by careful optimization of thresholds, or by manually 407 
correcting any switches. In addition, the system described is not a flow-through system, and 408 
therefore, water quality can become an issue after recordings lasting more than a few days. Other 409 
flow through systems have been described in zebrafish13 and these could be readily applied to 410 
the sty of Mexican cavefish. 411 
 412 
The methodology described is significant because of its broad applicability to measure behavior 413 
in diverse fish species. Sleep has yet to be characterized in almost any marine or fresh water fish 414 
including Sticklebacks, Cichlids, and swordtails32–34. The versatility of this system to measure 415 
sleep in A. mexicanus and other fish models may address diverse questions about the evolution 416 
and genetic underpinnings of sleep. The hardware associated with this system is highly cost-417 
effective, making it highly accessible and providing potential for high throughput analysis of 418 
pharmacological and ecotoxilogical analysis of sleep and locomotor activity. 419 
 420 
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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 f/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

B01CHX7668

1524219

B002LV7X1K

ADB11006

SKU: 61085

SKU: 57000

irrf850-5050-60-reel

B00MO9H7H4

N/A

B06XKTRSP7

Model # 17961

B01K4RPE0Y

MOONLIGHT DRIVER (350MA)

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

B00TQ54CZO

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.



Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);DOC100318 (1).pdf

http://www.editorialmanager.com/jove/download.aspx?id=934413&guid=7e073928-b300-4ea1-9d52-6897c3a0e13f&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=934413&guid=7e073928-b300-4ea1-9d52-6897c3a0e13f&scheme=1






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.  
 
I found the paper well-written and I haven't major concerns. Only some minor concerns:  
 
1) I 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." I 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 I 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 I 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 I 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. 

 


