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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
As these files are necessary for finalizing your script, please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. Enter Yes or No.

If Yes, please provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author willing to participate.
Enter full author name, Enter author position

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  25
Number of Shots:  46 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Introduction: Answer the 1st REQUIRED prompt and 1 additional question; Conclusion: Answer any 3 questions. No more than 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· Speak naturally and avoid reading the lines.
· Limit the length of each statement to 20 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
Describe the research contexts or systems in which this protocol can be applied.
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Describe the most important consideration or challenge when performing this protocol.
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

Are there any additional methods or analyses that can be performed following this procedure?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 20 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the Institutional Animal Care and Use Committee (IACUC) at University of Delaware 



Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.
2. Social Interaction Recordings
Demonstrator: Click here to enter name of demonstrator(s) 

If the same person is the demonstrator throughout, mention them once here and remove the "Demonstrator" field from the other sections; if the demonstrator changes, retain the field in the respective sections.

2.1. To begin, add white paper-based bedding to the arena floor to a uniform depth of approximately 1.25 centimeters [1]. Ensure that the bedding covers all corners evenly [2]. Verify that all microphones are aligned, unobstructed, and oriented toward the arena [3].
2.1.1. WIDE: Talent adding white paper-based bedding to the arena floor.
2.1.2. Talent checking that bedding covers all corners evenly.
2.1.3. Talent verifying that microphones are oriented toward the arena.
2.2. Before experimental recordings, place a ruler and a high-contrast object in the center of the arena to verify camera focus and establish spatial scaling [1]. Remove the calibration objects before behavioral recordings begin [2].
2.2.1. Talent placing a ruler and a high-contrast object in the center of the arena.
2.2.2. Talent removing the calibration objects from the arena.
2.3. Immediately before behavioral recordings, record 15 seconds of background noise with infrared lights on [1]. Then, record 15 seconds of a microphone localization test with infrared lights off and microphone indicator lights on [2] and save all pre-behavior recordings for later verification of system performance [3].
2.3.1. Talent recording background noise with infrared lights on.
2.3.2. Talent recording a microphone localization test with infrared lights off and microphone indicator lights on.
2.3.3. SCREEN: Show the pre-behavior recordings being saved for later verification of system performance.
Authors: Please create screen capture videos of the shots labeled as SCREEN, create a screenshot summary, and upload the files to your project page as soon as possible: https://review.jove.com/account/file-uploader?src=21691953
2.4. To record group social behavior, prepare all recording settings in advance to minimize animal interaction before data collection [1]. Place the female mice into the arena [2].
2.4.1. Shot of the arranged recording set up in advance.
2.4.2. Talent placing the female mice into the arena.
2.5. Then, place the male mice into the arena, close the enclosure [1] and begin recording [2]. Record group social behavior continuously for 10 minutes [3].
2.5.1. Talent placing the male mice into the arena and closing the enclosure
2.5.2. SCREEN: Show the recording being started on the system interface.
2.5.3. Shot of mice interacting within the arena during recording.
2.6. At the conclusion of the recording, remove all animals except one [1].
2.6.1. Talent removing all animals except one from the arena.
2.7. To record individual animals, record the remaining mouse alone in the arena for 10 minutes. Repeat individual recordings for each of the remaining mice [1].
2.7.1. Shot of a single mouse in the arena during recording.

3. Multi-animal Tracking
Demonstrator: Click here to enter name of demonstrator(s) 
3.1.  After installing a multi-animal tracking software and verifying the preprocessed video files of single- and multi-animal recording, select single-animal recordings corresponding to each experimental subject [1].
3.1.1. SCREEN: Show selection of single-animal recordings for each experimental subject.
3.2. Train a separate identity classifier for each animal using features extracted from that animal’s single-animal recording [1]. During group recordings, combine these classifier outputs with trajectory information across frames to maintain animal identity [2].
3.2.1. SCREEN: Show initiation of identity classifier training for each animal.
3.2.2. SCREEN: Show classifier outputs being combined with trajectory information across frames.
3.3. Verify that training completes successfully before proceeding [1].
3.3.1. SCREEN: Show confirmation of successful training completion on the system interface.
3.4. Once the training completes, apply the trained tracking model to multi-animal social interaction recordings [1]. Generate frame-by-frame estimates of animal position, orientation, and body shape for each subject and save tracking outputs [2].
3.4.1. SCREEN: Show the trained tracking model being applied to multi-animal recordings.
3.4.2. SCREEN: Show frame-by-frame position, orientation, body shape estimates   for each animal. The tracking outputs are being saved
4. Acoustic Segmentation
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. After verifying all audio recordings from individual microphone channels, run the acoustic segmentation software Ax (A-X) on each recording to detect ultrasonic vocalizations [1]. Configure time-frequency parameters in the input file by setting the microphone sampling frequency to 250000 hertz [2].
4.1.1. SCREEN: Show the Ax software interface running segmentation on a recording.
4.1.2. SCREEN: Show the input file with the microphone sampling frequency set to 250000 hertz.
4.2. Extract candidate ultrasonic vocalizations based on the defined time-frequency features [1]. Save segmentation outputs as a spreadsheet for each recording [2].
4.2.1. SCREEN: Show candidate ultrasonic vocalizations being identified in the software.
4.2.2. SCREEN: Show segmentation outputs being saved as a spreadsheet.
4.3. Then, generate a consolidated list of detected vocalization events containing onset times, offset times, and frequency bounds [1]. Save the consolidated vocalization files for downstream localization analyses [2].
4.3.1. SCREEN: Show compilation of onset times, offset times and frequency bounds  for detected vocalizations.
4.3.2. SCREEN: Show consolidated vocalization files being saved for downstream analysis.

5. Sound Source Localization
Demonstrator: Click here to enter name of demonstrator(s) 
5.1. Confirm that acoustic segmentation outputs and multi-animal tracking results are available for each recording [1]. Organize localization inputs so that audio data, tracking data, and arena geometry information are accessible to the localization software [2].
5.1.1. SCREEN: Show verification of acoustic segmentation outputs and tracking results for each recording.
5.1.2. SCREEN: Show audio data, tracking data and arena geometry information being organized for localization input.
5.2. Apply the sound source localization algorithm MUSE (Muse) to each detected vocalization [1]. Estimate the spatial origin of each vocalization within the arena using microphone array recordings [2].
5.2.1. SCREEN: Show the MUSE algorithm being applied to detected vocalizations.
5.2.2. SCREEN: The spatial origin of each vocalization within the arena is being estimated
5.3. For each vocalization, calculate a covariance matrix [1] and use this matrix and the average jackknife point estimates to compute a probability density across the arena floor [2].
5.3.1. SCREEN: Show calculation of a covariance matrix for each vocalization.
5.3.2. SCREEN: Show computation of probability density across the arena floor using the covariance matrix and average jackknife point estimates.
5.4. Extract tracked head or nose positions for all animals at the time of each vocalization [1]. For each vocalization, evaluate the localization probability density at the location of each animal’s nose [2].
5.4.1. SCREEN: Show tracked head or nose positions extracted for all animals at the time of each vocalization.
5.4.2. SCREEN: Show localization probability density evaluated at each animal’s nose location.
5.5. For each vocalization, compute an assignment confidence metric for each animal based on the probability values [1]. 
5.5.1. SCREEN: Show assignment confidence metrics computed for each animal based on probability values.

5.6. If the assignment confidence metric for a single mouse exceeds 0.95, assign the signal to that mouse [1].
5.6.1. SCREEN: Show assignment confidence metric exceeding 0.95 and signal being assigned to a mouse.
5.7. Label vocalizations that do not meet assignment criteria as unassigned [1]. Save localization and assignment-support outputs for downstream validation and analysis [2].
5.7.1. SCREEN: Show vocalizations being labeled as unassigned.
5.7.2. SCREEN: Show localization and assignment-support outputs being saved.

6. Validation of Results
Demonstrator: Click here to enter name of demonstrator(s) 
6.1. Load finalized tracking outputs for each recording [1]. Overlay tracked animal positions and body shape onto corresponding video frames [2]. Visually inspect tracking results to confirm accurate mouse position and consistent identity assignment across frames [3].
6.1.1. SCREEN: Show finalized tracking outputs being loaded for each recording.
6.1.2. SCREEN: Show tracked animal positions and body shape overlaid onto corresponding video frames.
6.1.3. SCREEN: Show visual inspection of tracking results across frames.
6.2. Identify and correct tracking errors. Save corrected tracking outputs for downstream analyses [1].
6.2.1. SCREEN: Show tracking errors being identified and corrected. Show corrected tracking outputs being saved.
6.3. Next, load acoustic segmentation outputs for each recording [1]. Generate spectrograms from raw audio data for representative time windows [2]. Overlay detected vocalization events, including individual vocalization time and frequency ranges, onto spectrograms [3].
6.3.1. SCREEN: Show acoustic segmentation outputs being loaded for each recording.
6.3.2. SCREEN: Show spectrograms generated from raw audio data for representative time windows.
6.3.3. SCREEN: Show detected vocalization events overlaid onto spectrograms with individual vocalization time and frequency ranges.
6.4. Visually confirm correspondence between detected events and vocalizations observed in the spectrogram [1].
6.4.1. SCREEN: Show visual confirmation of detected events corresponding to vocalizations in the spectrogram.

6.4.2. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 205.
· Please note that the video cannot include voiceover without an accompanying visual.

7. Results 
7.1. Raster plots illustrated the temporal distribution of detected ultrasonic vocalizations and their assignment to individual mice during social [1] and solo sessions [2].
7.1.1. LAB MEDIA: Figure 3A,B
7.1.2.  LAB MEDIA: Figure 3C,D
7.2. Spectrograms displayed the time-frequency structure of representative ultrasonic vocalization bouts during social [1] and solo sessions [2].
7.2.1. LAB MEDIA: Figure 3E 
7.2.2.  LAB MEDIA: Figure 3F 
7.3. On recording day 1, male ID number 1116 produced 584 vocalizations [1], while male ID number 1372 produced 137 vocalizations [2]. Female ID number 0731 produced 92 vocalizations [3], while female ID number 0937 produced 63 vocalizations [4].
7.3.1. LAB MEDIA: Figure 4A. Video editor: Highlight the bar labeled 1116 with value 584
7.3.2. LAB MEDIA: Figure 4A. Video editor: Highlight the bar labeled 1372 with value 137 
7.3.3. LAB MEDIA: Figure 4A. Video editor: Highlight the bar labeled 0731 with value 92
7.3.4. LAB MEDIA: Figure 4A. Video editor: Highlight the bar labeled 0937 with value 63
7.4. On recording day 2, male ID number 1116 produced 369 vocalizations [1], while male ID number 0651 produced 183 vocalizations [2]. Female ID number 0731 produced 69 vocalizations [3], while female ID number 1468 produced 58 vocalizations [4].
7.4.1. LAB MEDIA: Figure 4B. Video editor: Highlight the bar labeled 1116 with value 369
7.4.2. LAB MEDIA: Figure 4B. Video editor: Highlight the bar labeled 0651 with value 183
7.4.3. LAB MEDIA: Figure 4B. Video editor: Highlight the bar labeled 0731 with value 69
7.4.4. LAB MEDIA: Figure 4B. Video editor: Highlight the bar labeled 1468 with value 58
7.5. During individual recording sessions on day 1, male ID number 1116 produced 130 vocalizations [1], while male ID number 1372 produced 22 vocalizations [2].
7.5.1. LAB MEDIA: Figure 4C. Video editor: Highlight the bar labeled 1116 with value 130
7.5.2. LAB MEDIA: Figure 4C. Video editor: Highlight the bar labeled 1372 with value 22
7.6. On day 2, male ID number 1116 produced 227 vocalizations [1], while male ID number 0651 produced 133 vocalizations [2].
7.6.1. LAB MEDIA: Figure 4D. Video editor: Highlight the bar labeled 1116 with value 227
7.6.2. LAB MEDIA: Figure 4D. Video editor: Highlight the bar labeled 0651 with value 133
7.7. Across both recording days, males emitted 1273 vocalizations [1], whereas females emitted 282 vocalizations during social sessions [2].
7.7.1. LAB MEDIA: Figure 4E. Video editor: Highlight the bar labeled Male with value 1273
7.7.2. LAB MEDIA: Figure 4E. Video editor: Highlight the bar labeled Female with value 282
7.8. Male mice emitted vocalizations with higher maximum frequencies than females [1]. Relative to females, males produced vocalizations with lower minimum frequencies [2]
7.8.1. LAB MEDIA: Figure 5A. 
7.8.2. LAB MEDIA: Figure 5B. 
7.9. Mean frequency was comparable between males and females [1].
7.9.1. LAB MEDIA: Figure 5C. 
7.10. Bandwidth was broader in males relative to females [1]. The duration of vocalizations was longer in males than in females [2].
7.10.1. LAB MEDIA: Figure 5D. 
7.10.2. LAB MEDIA: Figure 5E. 
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