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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? Y 
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 
3.1.-3.6., 4.6.-4.9.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The accurate and consistent placing of landmark points in 3.6 is critical to the accurate measurement of the footprint by the software

Knowledge of how to extract the training-set algorithm in 4.9. is critical to the resulting robustness and application of the algorithm to free-ranging populations
E.  Will the filming need to take place in multiple locations? N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this technique is to develop a footprint identification algorithm to provide conservation biologists with a non-invasive and cost-effective tool for identifying individual cheetah from digital images of their footprints. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Sky Alibhai: This method can help address key challenges in wildlife conservation, for example by providing reliable data on the number and distribution of individual animals, thus helping to mitigate human:wildlife conflict and to prevent illegal poaching of endangered species.
1.2. Zoe Jewell: The main advantage of this technique is that it provides a robust, accurate, cost-effective and non-invasive approach for drawing on the tracking skills of indigenous communities, consequently helping to revitalize their traditional ecological knowledge.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Author Name: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  

1.4. Author Name: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author Name: Generally, individuals new to this method will struggle because ______________.

1.6.  Author Name: I/We first had the idea for this method, when I/we ___________.

1.7. Author Name: Visual demonstration of this method is critical as the ______________ steps 

are difficult to learn, because _______________.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.8. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC).
Protocol (read by voice talent at JoVE):

2. Footprint collection
2.1. In the early morning or later afternoon for maximum light contrast [2.1.1.-LM-TXT], lay an approximately 1 cm deep path of builders’ sand, taking care that there is a 2-3 m wide run, between 3-15 m along a habitual movement path [2.1.2.-LM].
2.1.1. 1b. cheetah 2.MOV: 00:00-as needed (TEXT: Use umbrella shade for heel/toe pad definition in overhead sun conditions)
2.1.2. 2. raking sand.MOV: 00:00-as needed
2.2. Using standard gardening tools, wet and smooth the substrate to improve the print quality and definition of the path [2.2.1.-LM], manually removing any leaves and pebbles [2.2.2.-LM].
2.2.1. 6. sprinkling sand trail.MOV: 00:08-as needed
2.2.2. 4. removing leaves.MOV: 00:00-as needed
2.3. When the path is ready, lure the cheetah across the path with a food reward [2.3.1.-LM], leading the animal away from the path once the footprints have been made [2.3.2.-LM].
2.3.1. 7. cheetah walking over dampened path.MOV: 00:10-as needed
2.3.2. 8. cheetah getting food reward.MOV: 00:02-as needed
2.4. Next, draw a circle around each left hind footprint to highlight the position of the individual prints along the trail [2.4.1.-LM].
2.4.1. 9. explaining and marking left hind.MOV: 00:56-as needed (TEXT: Left hind foot has leading toe/left sloping toes 4 and 5)
2.5. Then, without touching the print, place a metric scale about 1 cm below and to the left of the footprint [2.5.1.-LM] with a photo ID slip on which the animal ID, the date, the footprint series, and the photographer name are written [2.5.2.-LM].
2.5.1. 12. close-up placing ruler.MOV: 00:00-as needed
2.5.2. 14. close-up ruler and photo ID slip.MOV 00:00 (Video Editor: please indicate animal ID, date, footprint series, and photographer name as mentioned)
2.6. Then make sure the camera is level and point the lens directly overhead to avoid any parallax error in the image with relation to the scale or photo ID slip [2.6.1.-LM-TXT], taking care that the footprint, scale and photo ID slip completely fill the frame [2.6.1.-LM].
2.6.1. 15. taking the footprint image.MOV: 00:49-00:56 (Video Editor: use footage approx. between indicate time points as needed) (TEXT: Use tripod/assistant as necessary)
2.6.2. 15. taking the footprint image.MOV: 01:55-as needed (TEXT: Image 20 good quality left hind prints per animal)
2.7. After imaging each footprint trail, brush the tracks away and prepare the surface for recording the next trail [2.7.1.-LM].

2.7.1. raking and resmoothing sand path 2.MOV

3. Image feature extraction
3.1. To extract the image features, open the footprint identification technique add-in in the data visualization software [3.1.1.-WIDE].
3.1.1. Talent opening add-in in software, with computer monitor screen visible in frame  
3.2. Next, select ‘Image Feature Extraction’ in the footprint identification technique application window [3.2.1.-SCREEN] and use the mouse to drag and drop the first footprint image into the image feature extraction window [3.2.2.-SCREEN].
3.2.1. *Authors: please provide media demonstrating image feature extraction being selected 
3.2.2. *Authors: please provide media demonstrating mouse dragging and dropping footprint image into image feature extraction window
3.3. Using the ‘resize’ button, adjust the footprint image so that it fits inside the graphics window [3.3.1.-SCREEN].
3.3.1. *Authors: please provide media demonstrating image being resized  
3.4. Then click to place markers on the lowest points of toes 2 and 5 [3.4.1.-LM] and select ‘rotate’ [3.4.2.-LM].
3.4.1. *Authors: please provide media demonstrating toes 2 and 5 being marked
3.4.2. *Authors: please provide media demonstrating ‘rotate’ being selected  
3.5. Rotate the image horizontally on the line joining the points to standardize the orientation [3.5.1.-SCREEN]; a set of crosshairs will automatically appear [3.5.2.-SCREEN-TXT].

3.6. [not VO – misformatted] *Authors: please provide media demonstrating image being rotate horizontally on line
3.7. [not VO – misformatted] *Authors: please provide media demonstrating crosshairs appearing (TEXT: Correct substrate depth if >1 cm deep). 3.6 and 3.7 both appear in the same clip because the cross-hairs automatically appear when the rotate function is selected.
3.8. Click to place two scale points at 10 cm on the scale factor box [3.8.1.-SCREEN].
3.8.1. *Authors: please provide media demonstrating at least one scale point being placed at 10 cm
3.9. Then use the template to place 25 sequential, defined anatomical landmark points on the print [3.9.1.- SCREEN]; a prompt will appear to guide and track the sequence of the points [3.9.2.-LM/SCREEN-TXT].

3.9.1. *Authors: please provide media demonstrating at least some points being placed two versions have been created, one with and one without the use of cross-hairs. The use of the cross-hairs directly ties in with 3.9.2 which provides a demo of point placement with and without cross-hairs in one clip.
3.9.2. *Authors: please provide media demonstrating prompt appearing (TEXT: Use crosshairs to improve landmark placement accuracy)
3.10. Zoe Jewell “The accurate and consistent placement of the landmark points is critical to the resulting robustness of the classifier algorithm. Users must be familiar with the anatomy, orientation and laterality of the footprint to be able to distinguish it from any noise in the image.” [3.10.1.-MED-interview style]
3.10.1. Zoe Jewell, speaking the above, interview style (looking just off-camera)
3.11. When all of the landmarks have been placed [3.11.1.-SCREEN], select “derived points” to generate an additional fifteen landmark points [3.11.2.-SCREEN] and complete all of the data fields for the footprint image [3.11.3.-SCREEN].
3.11.1. *Authors: please provide media demonstrating footprint image with all landmarks placed
3.11.2. *Authors: please provide media demonstrating “derived points” being selected 
3.11.3. *Authors: please provide media demonstrating at least one data field being entered (Video Editor: please highlight/indicate cheetah, track, trail, date, time and location point data files as necessary/appropriate)
3.12. Then click “append row” to send the 136 scripted distance, angle and area variables to a row in the database [3.12.1.-SCREEN-TXT].

3.12.1. *Authors: please provide media demonstrating append row being clicked/variable being sent to database (TEXT: Repeat for each footprint)
3.13. When all of the footprint features have been catalogued, copy all of the rows in the database [3.13.1.-SCREEN] and paste them below the database to generate the Reference Centroid Value [3.13.2.-SCREEN-TXT].
3.13.1. *Authors: please provide media demonstrating rows being copied
3.13.2. *Authors: please provide media demonstrating rows being pasted (TEXT: RCV for footprint identification technique model stabilization)
4. Cheetah footprint identification technique algorithm development
4.1. For pairwise robust cross-validated discriminant analysis, from the main menu of the image analysis software [4.1.1.-WIDE], select and open the robust cross-validated pairwise analysis window [4.1.2.-SCREEN].

4.1.1. Talent at computer, opening main menu

4.1.2. *Authors: please provide media demonstrating cross-validated pairwise analysis window being opened 

4.2. Next, for the ‘input x, model category’, select “Cheetah” [4.2.1.-SCREEN] and for the ‘input trails’ select “trails” [4.2.2.-SCREEN]; the y column footprint measurements, as continuous variables, are automatically populated [4.2.3.-SCREEN].
4.2.1. *Authors: please provide media demonstrating Cheetah being selected

4.2.2. *Authors: please provide media demonstrating trails being selected

4.2.3. *Authors: please provide media demonstrating y column populated/being populated
4.2.4. [added] demonstrates the selection of trails being compared 

4.3. Click “run.” A progress bar illustrating the analysis progress will appear, as well as a data table displaying the pairwise comparisons of the trails [4.3.1.-SCREEN].
4.3.1. *Authors: please provide media demonstrating run being clicked and analysis being started (Video Editor: please indicate progress bar and data table as necessary/appropriate)  
4.4. As the footprint features from the database are analyzed, two outputs - an assigned self-non-self table to describe the classification distance between each validation pair and the classification matrices of the different trails selected for comparison [4.4.1.-SCREEN] and the contour probability - will be shown [4.4.2.-SCREEN].

4.4.1. *Authors: please provide media demonstrating self-non-self table appearance

4.4.2. *Authors: please provide media demonstrating contour probability appearance

4.5. Confirm that the show model button giving the variables used for each comparison [4.5.1.-SCREEN] and the distance threshold box giving the distance between centroids are also shown [4.5.2.-SCREEN].
4.5.1. *Authors: please provide media demonstrating appearance of show model button

4.5.2. *Authors: please provide media demonstrating distance threshold box  
4.6. Then select the ‘clusters’ button at the base of the assigned self-non-self table to display the two tables [4.6.1.-SCREEN].

4.6.1. *Authors: please provide media demonstrating clusters button being selected/two tables being displayed

4.7. The first table displays the distances between any two trails [4.7.1.-SCREEN]; the second table is used to generate a ‘cluster’ dendrogram [4.7.2.-SCREEN-TXT].

4.7.1. *Authors: please provide media displaying two tables (Video Editor: please indicate table showing distance between any two trails)

4.7.2. *Authors: please provide media displaying two tables (Video Editor: please indicate table for generating cluster dendrogram) (TEXT: i.e. final output for chosen variable classification).

4.8. To visualize the classification clusters, click on any branch of the dendrogram to color-code it [4.8.1.-SCREEN].
4.8.1. *Authors: please provide media demonstrating one branch being color-coded

4.8.2. [added] importantly shows the predicted number of cheetahs

4.9. Finally, select the algorithm that consistently gives the highest accuracy [4.9.1.-SCREEN], adjusting the threshold value to set the algorithm to produce the outcome that best approximates to the known number of animals in the training database [4.9.2.-SCREEN].
4.9.1. *Authors: please provide media demonstrating the appropriate algorithm being selected

4.9.2. *Authors: please provide media demonstrating threshold value being adjusted

4.10. Sky Alibhai “The accuracy of the algorithm is determined by the identity and number of the variables, the contour probability, and the threshold value that determines the number of clusters.” [4.10.1.-MED-interview style]
4.10.1. Sky Alibhai, speaking the above, interview style (looking just off-camera)
5. Results: Individual animal identification
5.1. In these graphs, the outcomes of a pair-wise comparison of trails from the same individual [5.1.1.-LM] and two different individuals [5.1.2.-LM] based on the footprint identification technique customized model are shown [5.1.3.-LM].
5.1.1. Fig 4 rev.jpg: please indicate left graph

5.1.2. Fig 4 rev.jpg: please indicate right graph

5.1.3. Fig 4 rev.jpg: no animation

5.2. The classifier incorporated into the model is based on the presence [5.2.1.-LM] or absence of overlap between the ellipses [5.2.2.-LM].
5.2.1. Fig 4 rev.jpg: please indicate circles/circle overlap in left graph
5.2.2. Fig 4 rev.jpg: please indicate circles/lack of overlap between circles in right graph
5.3. This same algorithm can then be used to identify unknown cheetahs [5.3.1.-LM]. For example, these dendrograms of a sample of trails from several cheetahs illustrate the correct prediction when the algorithm is optimized [5.3.2.-LM] and when the algorithm is suboptimal [5.3.3.-LM].
5.3.1. Fig 5A.jpg: no animation
5.3.2. Fig 5A.jpg: please highlight/indicate dendrogram

5.3.3. Fig 5B.jpg: please highlight/indicate dendrogram
5.4. Holdback trials validate the algorithm derived from the training set of ‘known’ individuals. The varying test size is plotted against itself [5.4.1.-LM], the predicted value for each test size iteration [5.4.2.-LM] and the mean predicted value for each test size [5.4.3.-LM].
5.4.1. Fig. 6 Full holdback trial.jpg: please highlight/indicate red data line
5.4.2. Fig. 6 Full holdback trial.jpg: please highlight/indicate green data line

5.4.3. Fig. 6 Full holdback trial.jpg: please highlight/indicate blue data line

5.5. Indeed, even when the test set size is increased considerably compared with the training set size [5.5.1.-LM], the mean predicted value [5.5.2.-LM] is similar to the expected value [5.5.3.-LM].
5.5.1. Fig. 6 Full holdback trial.jpg: please indicate red 28(10) data circle 

5.5.2. Fig. 6 Full holdback trial.jpg: please indicate blue 28(10) data square

5.5.3. Fig. 6 Full holdback trial.jpg: please indicate green 28(10) asterisks
5.6. The accuracy of the individual identification is consistently >90% for both the predicted number of individuals and the trails from the same individual vs those from different individuals that were classified correctly [5.6.1.-LM], as illustrated by this cluster dendrogram representing all 38 individual cheetahs analyzed [5.6.2.-LM].
5.6.1. Fig 7a.jpg: please indicate “Chance of 38 cheetahs: 100%” text OR Authors: should this be Fig 7b.jpg: please indicate 93% data cell?
5.6.2. Fig 7a.jpg” please indicate dendrogram

5.7. From 110 trails and 5,886 pairwise comparisons [5.7.1.-LM], there were 46 misclassifications, giving an accuracy of 99% [5.7.2.-LM].
5.7.1. Table 2.docx: please highlight/indicate 5886 data cell
5.7.2. Table 2.docx: please highlight/indicate 46 data cell
6. Conclusion (said by authors on camera)
6.1.1. Author Name: Once the basic tracking skills are mastered, a single footprint image can be captured using this technique in just a few seconds.
6.1.2. Author Name:  The equipment needed to replicate this technique is relatively inexpensive and commonly available. 
6.1.3. Author Name:  This technique can be stand-alone, or can be a complement to other non-invasive monitoring techniques, such as camera-trapping and DNA sampling, and can also be used to identify the age-class and sex of the individual animals.
6.1.4. Author Name: Since it’s development, this technique has paved the way for researchers in the fields of law-enforcement and medical and scientific imaging to explore reliable, objective and accurate methods for classifying objects in images.
6.1.5. Author Name: After watching this video, you should have a good understanding of how to capture, manipulate, analyze and visualize footprint images for the classification of individual cheetah.
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. The step in the script/video where these images will be inserted should be specified. For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

1b. cheetah 2.MOV

2. raking sand.MOV

6. sprinkling sand trail.MOV

4. removing leaves.MOV

7. cheetah walking over dampened path.MOV

8. cheetah getting food reward.MOV

9. explaining and marking left hind.MOV

12. close-up placing ruler.MOV

14. close-up ruler and photo ID slip.MOV

15. taking the footprint image.MOV
raking and resmoothing sand path 2.MOV

Fig 4 rev.jpg
Fig 5A.jpg
Fig 5B.jpg

Fig 7a.jpg

Table 2.docx

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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