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Questionnaire responses:

A.
i) Does your protocol involve microscopy, such as filming a complex dissection or a microinjection technique? (Y/N) No 

B.
Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No
C.
Which steps of your protocol will viewers benefit most from having filmed?  
2.3, 2.4, 3.7, 3.8, 3.12, 4.3, 4.4

E.
Will the filming need to take place in multiple locations? (Y/N) No
1. Introduction 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to assess spatial memory and learning in small squamate reptiles using a modified Barnes maze. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Victoria Gould: This method can help answer key questions concerning the spatial cognitive processes of non-model species, particularly in small squamate reptiles.
1.2. Victoria Gould: The main advantage of this technique is that we have modified a traditional rodent paradigm, the Barnes maze, to allow for testing of spatial learning and memory in small lizards.   It’s possible that the maze could be similarly altered to be applicable to other species as well.
1.3. Victoria Gould: Demonstrating the procedure will be Tracie Cobb Irvin, an undergraduate student from Dr. Lara LaDage’s laboratory. 

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card: 

1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Penn State University.
Protocol (read by voice talent at JoVE):
2. Barnes Maze Preparations
2.1. For this protocol it is necessary to purchase or construct the Barnes maze. [MED-TXT]
2.1.1. Pan over the maze, TEXT: Construction details are provided in the text protocol.
2.2. Make certain that the goal holes are appropriately sized for the species of interest. [1.WID] For this demonstration, fence lizards are in use, so the holes are sized to match.  [2.MED/CU]
2.2.1. Talent arrives to maze with a lizard in cage, removes lizard places on maze

2.2.2. Detail of lizard being guided into a hole to demonstrate that it fits nicely
2.3. Position the maze in a quiet room with bright overhead lighting [1.WID] and spatial cues around the maze, such as doors and cabinets, to help the animals navigate. [2.WID]
2.3.1. Pan around one half of the room from one side of the maze, 180º pan
2.3.2. Repeat the pan from the opposite side of maze to complete a full view of all walls from maze point-of-view Video Editor: Shot not filmed, use more of 2.3.1 to cover
2.4. Above the maze, mount an auto-focus, wide-angle lens webcam or other suitable camera. [MED]
2.4.1. Pan from maze up to camera overhead, talent may be adjusting position/focus of camera
2.5. The key is for the field of view to contain the entire maze. [LM]
2.5.1. To be provided by authors – video from overhead cam showing the maze being centered in the field of view
2.6. At least one meter to the side of the maze, [1.MED] position the computer used for animal tracking [2.WID].
2.6.1. Talent boots up the computer
2.6.2. Pan from the computer to the maze, show >1 meter distance
2.7. Once positioned, mark the legs of the maze on the floor with a permanent marker or tape [1.MED] so it can be adjusted back into its original position with ease. [2.MED]
2.7.1. Putting marker marks on floor where feet of table are
2.7.2. Table is out of position and is slid into position, focus on legs lining up with marks 
2.8. Regarding the maze, randomly assign one of the escape holes as number one [1.CU] and number the other holes consecutively up to number 10.  [2.MED] Mark the numbers along the outer wall of the maze so they serve as visible cues to the animals. [3.WID]
2.8.1. Talent marks one of the holes with “1”
2.8.2. Talent marks the next few holes with “2”, “3” and “4”
2.8.3. View from opposite side, talent marking holes on the opposite side
2.9. Under the maze, if needed, use a small space heater or attach heat tape [1.MED] to increase the maze surface temperature [2.MED] so that the animals will be at their optimum body temperature for metabolic activity. [3.WID]
2.9.1. Placing space heater under maze
2.9.2. Checking a thermometer’s reading of temperature on maze surface (top)
2.9.3. Pan over the scene, everything is ready for a training trial
3. Training Trials
3.1. To begin, randomly assign goal holes to each animal. [WID]
3.1.1. Talent marking cages of animals with numbers (target holes)
3.2. If the animals are housed outside of the testing room,  [1.WID] bring their home cages into the room at least 30 minutes before testing. [2.WID]  Be certain to provide them heat, if needed, so that they are at their ideal body temperature when tested. [3.MED]
3.2.1. Talent with lizard cages, outside room, bringing them toward test room door
3.2.2. Bringing the lizards into the room, shot from within test room, setting them on bench
3.2.3. Adjusting heat lamp position over the cages
3.3. On the computer, [1.MED] open the custom Matlab tracking software and webcam application to get the video feed.  Then, evaluate the field of view again and adjust the maze’s position as needed. [2.LM-TEXT]
3.3.1. Talent opening software on computer
3.3.2. To be provided by authors – screen capture of opening tracking software and getting the video feed, TEXT: Other software packages may also be used.
3.4. Next, open the worksheet to record the basic experimental parameters, which should include the date, start and end times, animal IDs, assigned goal holes, number of training trials runs, notes, and observer’s initials. [LM]
3.4.1. To be provided by authors – screen capture of inputting data on the lizards, and in this process showing all the listed fields from the narrative (Note to Video Editor from Authors: Had to capture with a different computer. The video needs to be cropped on the bottom)
3.5. Then, randomize the animal’s testing order [1.MED] and start testing them in a systematic fashion.  [2.MED]
3.5.1. Checking a testing order and getting up from computer
3.5.2. Arriving to the first animal cage to be tested and moving heat lamp aside
3.6. First, remove an animal from its home cage [1.MED] and gently place it in the middle of the maze.  Then, cover it with an opaque plastic tub [2.WID] and allow the animal to acclimate for 30 seconds to the tub. [3.WID]
3.6.1. Removing lizard from cage
3.6.2. Placing lizard on maze and covering with tub
3.6.3. Talent goes to get the animal’s cage
3.7. Meanwhile, mount the animal’s home cage under the maze, [1.WID] directly below the assigned escape hole.  Slide the top of the enclosure into the peg mounts [2.MED] and put the basking rock in the cage directly under the hole. [3.CU]
3.7.1. Walking around maze with cage to the correct location to place cage
3.7.2. Under maze, talent adjusts rock in cage and slides cage into support pegs
3.7.3. Detail of how cage is hung showing rock just below hole above
3.8. Now, gently remove the plastic tub from the top of the maze and start recording the trial on the computer.  [1.WID] Allow the animal to explore the maze for 10 minutes and if anything atypical occurs, note it in the worksheet. [2.LM]
3.8.1. Talent removes the tub and goes to the computer, wide angle needed that shows all of this, pan as needed
3.8.2. To be provided by authors – screen capture showing overhead view of lizard exploring the maze and note-taking space for trial, take notes only as needed
3.9. If the animal falls or runs off the table, [1.MED] gently return it to the middle of the maze provided it has not been out of the maze for more than 30 seconds.  [2.WID] Otherwise, abort the trial and record this result in the notes section. [3.WID]
3.9.1. Collect B-ROLL of lizard running around the maze, eventually this footage needs to lead to the lizard jumping/falling off, this is what we want to edit for
3.9.2. Talent moves quickly from computer area to near maze, picks lizard off floor and returns lizard to the maze

3.9.3. Talent trying to capture lizard that has escaped to floor, but it takes a while, when talent gets hold of lizard the lizard is not returned to the maze, but returned to its home cage, which must be removed from under maze (Note to Video Editor – Authors noted “difficult shot to obtain” so not sure what footage shows but simply showing the animal being returned to it’s cage would be fine)
3.10. If the subject descends into the escape hole unassisted, the trial ends at that time.
3.11. If the subject does not escape into the hole within 10 minutes, [1.WID] end the trial and gently guide the animal to its escape hole, by hand, moving it head first. [2.MED]
3.11.1. Talent gets up from computer and goes to maze to help coax lizard to escape hole

3.11.2. Process of leading lizard to escape hole manually
3.12. Once in its home cage, under the maze, allow the animal to rest for at least 2 minutes. [CU]
3.12.1. View of lizard in maze under cage, what would be even better is view of lizard entering cage from under maze, then a little more footage of lizard just resting in cage
3.13. Meanwhile, clean the top of the maze with a diluted soap mixture and paper towels. Some species, particularly those that make [1.WID] heavy use of chemosensory information, necessitate additional rinsing of the maze with hot water to eliminate all scent cues. [2.MED]
3.13.1. Cleaning top of maze with soap and towels

3.13.2. Rinsing the top of maze with hot water
3.14. Once the maze is cleaned, remove the enclosure from under the maze and continue testing the animals. [1.WID] Each can run the maze up to five times per day with a half hour interval between trials. [2.WID]

3.14.1. Removing tested animal in cage from under maze and placing on bench with cage lid on

3.14.2. Taking new lizard out of second cage and setting it up in maze under opaque bowel (as before)
3.15. Repeat this training procedure until the subject has descended into its goal hole unassisted, [1.WID] on three different trials.  These successes do not need occur [2.WID] consecutively and there are no limits on the number of trials needed. [3.LM]
3.15.1. Setting up the lizard’s cage under escape hole 

3.15.2. removing opaque bowel over lizard on maze and going to computer station

3.15.3. To be provided by authors – screen capture of lizard running maze and getting into escape hole (Video Editor: Note from authors: “difficult to capture since we did not have any lizards trained to do so”. We can just use footage of the lizard running in the maze if they did not find the escape hole)
3.16. Victoria Gould: The number of training trials to reach criterion can be burdensome. Alteration of the maze in an ecologically-relevant manner, taking into consideration a species’ natural history and behavior, may help to alleviate this. [WID]
3.16.1. Interview with author, at maze
3.17. Then proceed with the probe trial on the following day to further test that animal. [WID]
3.17.1. Removing lizard in cage from under escape hole
4. Probe Trials

4.1. Once the animals have learned their escape hole use the probe trial to determine [1.WID] if it is navigating using a spatial strategy or some other navigational strategy.  [2.MED]
4.1.1. Arriving to room with a test animal, setting them up with heat lamps if needed

4.1.2. Pan over the maze, showing the maze surface and then the walls of the room in alternating focus, to give us the ides of local v spatial cues 
4.2. For this trial, rotate the maze 180 degrees [1.WID] so the local cues within the maze will be in direct conflict with the spatial cues outside the maze. [2.MED]
4.2.1. Talent starts rotating the maze

4.2.2. Set camera on the maze while it is being rotated to show how the perspective changes
4.3. Then, test the animal using the same procedure as a training trial, [1.WID] however, no cage is mounted under the escape hole.  [2.WID] Thus, no olfactory cue from the cage can help guide the animal to its escape. [3.LM]
4.3.1. Setting lizard on maze and covering with bowel

4.3.2. Removing bowl from over lizard and going to the computer
4.3.3. LaDage_Probe trial2.mp4 – video of successful probe trial with other lizard species 
4.4. If the animal fails to find the escape hole, just remove it from the maze and return it to its home cage. [1.WID] Do not teach it where the hole is located. [2.CU]
4.4.1. Talent gets up from computer, lizard is on maze, talent picks it up and places it back in home cage

4.4.2. Lizard in home cage, staring off into space
4.5. As before, always clean the maze before testing the next animal. [WID-TXT]
4.5.1. Cleaning maze surface, TEXT: See the text protocol for data analysis details.

SCREEN CAPTURES:  Authors: if we are going to show how techniques are performed on computers, you will be asked to make movie files of the software in use.  Filming screens from a video camera often results in artifacts due to the screen refresh. When you receive the final script, and a shot is listed a “SCREEN CAPTURE” you will need to make a movie file of the actions required.  Make exactly one file per requested SCREEN CAPTURE containing only the requested actions.  Do not bundle several action sequences into one large file.  Name the file according to the shot number.  Then, upload each of these files to your project folder.
5. Results: Testing Uta stansburiana
5.1. Seven adult side-blotched lizards were tested, as described.  Individuals took between 17 and 81 trials to advance to the probe trial, with the average near 50.  It did take significantly less time for the group to find the escape hole in the fourth quartile of their trials than the first, which suggests learning.
5.1.1. Figure 2 – highlight the data point over 4 at “fourth quartile” and highlight the data point over 1 at “the first”
5.2. During the probe trials, individuals went to the spatially-correct goal hole at a rate well better than chance [1.LM] and spent a majority of their time in this quadrant of the maze.  Thus, spatial cues in the room were being prioritized over local cues on the maze. [2.LM]
5.2.1. Fig 3 – at “chance” highlight the dashed line
5.2.2. Authors, please provide a figure of the time in spatially-derived correct quadrant versus actual correct quadrant during probe tirals
6. Conclusion (said by authors on camera)
6.1. Victoria Gould: After watching this video, you should have a good understanding of how to modify a Barnes maze to accommodate testing of a small squamate reptile, as well as how to run animals in training and probe trials.

6.2. Victoria Gould: While attempting this procedure, it’s important to remember to take into account the natural history and behavior of the species of interest when designing a task to probe for spatial memory and learning.

6.3. Victoria Gould: Following this procedure, more detailed applications would be appropriate, such as decreasing reliability of spatial cues or making local cues more obvious. Doing so may reveal how the saliency and stability of different cues can modulate cue prioritization in memory. Video Editor: Authors note the last take has no mispronunciations
Provided Media
4.4 – LaDage_Probe trial2.mp4 – video of successful probe trial
5.1 – Fig 2

5.2 – Fig 3
General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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