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A.  Will you require JoVE to record video microscopy through a microscope? 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 individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.1., 3.2., 4.1., 4.6.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Section 3: get a wild bird into the trap in a limited period of time. But we have thermal video sequences of the capturing process that could possibly replace the act of actually trapping a bird on that day.
E. Will the filming need to take place in multiple locations? Y: Field site for trapping and possibly indoors for data processing, 3 miles apart.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:
The overall goal of the following method is to assess whether a free-living animal responds to an immediate, acute stressor using thermal imaging without having to handle the animal. (Intro) 
This is achieved by luring a wild bird in front of a thermal camera. (P1) 
As a second step, the bird enters a box feeder on its own accord, (P2) whereupon the baseline temperature of the skin around the bird’s eye is recorded by a thermal video. (P3) 
Next, the box feeder is closed behind the bird, acting as a stressor (P4), and the skin temperature around the bird’s eye is recorded again. (P5) 
Ultimately, the changes in skin temperature between the baseline and the box feeder closing can be compared to determine if the animal exhibits a stress response to the external stressor. (P6)
Trap Schematic v1.pdf

(P1) from 1., show cage and then have bird appear
(P2) from 2., have bird enter/appear in cage
(P3) keep showing bird in cage from (P2) and have bird head schematic appear to right of cage as in graphic
(P4) from 3., door closes on cage
(P5) keep showing bird in closed cage from (P3) and change bird head schematic to one showing blue cornea
(P6) Figure 4 (Eye Temp Response).pdf
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Paul Jerem: The main advantages of this technique over existing methods, like the measurement of stress hormones, are that it is non-invasive, can be carried out in unrestrained animals, and can even demonstrate the dynamics of the physiological response to stress.   

1.2. Ruedi Nager: This method can help answer key questions in the fields of ecology, conservation biology and animal welfare, such as do animals experience stress?  
Protocol (read by voice talent at JoVE):
2. Set-up for filming
2.1. Begin by creating a filming setup where the birds are encouraged to position themselves in front of the camera [2.1.1.-WIDE].
2.1.1. *Last few seconds Talent putting feeder box in place or similar 
2.2. The bird enters the set-up through a hole in one of the end walls [2.2.1.-CU] and has access to food near the opposite end wall [2.2.2.-CU].
2.2.1. Angled shot of feeder box, with hole in end visible (Video Editor: if possible/appropriate, indicate/outline hole when mentioned)
2.2.2. Shot through hole in feeder box, with food near opposite wall visible (Video Editor: if possible/appropriate, indicate/outline food when mentioned)

2.3. To habituate the birds to the setup, provide a suitable food to the feeder for several weeks prior to the recording [2.3.1.-MED-TXT].
2.3.1. Talent adding food to feeder (TEXT: Leave set up otherwise undisturbed) 

2.4. During this period, position a dummy tripod in front of the feeder to allow the birds to become used to the camera as well [2.4.1.-MED/WIDE].
2.4.1. Few seconds Talent setting up tripod (Videographer: Use shot depending how far apart tripod is from feeder box)
2.5. On the day of the recording, fill a transparent container bearing a small hole in the centre of the top with the same food that was in the feeder [2.5.1.-CU].
2.5.1. Shot of container with small hole, then few seconds food being added to container 
2.6. Then place the container in the box feeder [2.6.1.-CU] and attach a small square of black insulation tape of known emissivity to one of the corners of the box so that it will appear in all of the recorded images [2.6.2.-CU].
2.6.1. Food container being placed into box feeder

2.6.2. Tape being placed into corner of box feeder
2.7. Next, attach a thermocouple connected to a temperature logger [2.7.1.-CU] for recording the temperature of the black tape with a resolution of 0.1°C every second to the laptop [2.7.2.-MED].

(2.7.1 and 2.7.2 switched)
2.7.1. Few seconds Talent attaching thermocouple to laptop 

2.7.2. Shot of thermocouple connected to temperature logger

2.8. Then place the thermal imaging camera 50 cm from the centre of the feeding box [2.8.1.-CU-TXT] and connect the camera to the laptop [2.8.2.-CU]. 
2.8.1. Few seconds camera being placed (TEXT: Fit entire box w/in field of view/bird feeding in zone of focus)

2.8.2. *Film as written

2.9. Set the camera to record the images for an average of 7.5 frames per second with a time stamp and to save the images to the computer’s hard drive [2.9.1.-MED CU]. 
2.9.1. Few seconds Talent setting camera
2.10. Then attach a fishing line to the rotating door of the set-up [2.10.1.-MED] and roll the setup about 20 meters from where the experimenter will be hidden from the view of the birds but with the setup still in sight [2.10.2.-WIDE].
2.10.1. Few seconds Talent attaching fishing line

2.10.2. Last few seconds Talent rolling setup into place (Video Editor: if possible, please indicate space where experimenter will be hidden from view)
3. Filming the birds’ response to mild acute stresses 
3.1. Once a bird enters the feeding box [3.1.1.-WIDE/LM], leave the animal undisturbed in the box for approximately 5 seconds [3.1.2.-CU/LM].
3.1.1. If possible, few seconds bird entering box OR *To be submitted by Authors The bird will come in, then this could be cut when the box closes, Show 3.2, Then get back to the thermal video and show the birds response to that, Then go to 3.3
3.1.2. Few seconds birds in box OR *To be submitted by Authors
3.2. Then pull the fishing line to close the feeding box [3.2.1.-MED], taking care that the bird is still at the far end of the box to minimize the risk of injury to the bird [3.2.2.-CU].
3.2.1. Talent pulling fishing line

3.2.2. Box closing with bird at far end of box (Videographer/Video Editor: Can skip this shot if only 3.2.1. is possible/available)
3.3. As soon as the feeding box is closed, approach the setup [3.3.1.-MED] and stand motionless behind the camera for approximately 3 minutes [3.3.2.-MED].
3.3.1. Few seconds Talent approaching box
3.3.2. [combined with 3.3.1] Few seconds Talent standing motionless 
3.4. Then retrieve the bird from the box [3.4.1.-MED] and let it go [3.4.2.-MED].
3.4.1. Few seconds bird being retrieved

3.4.2. *Film as written
4. Eye-region temperature extraction and ambient temperature measurement 
4.1. To extract the maximum eye region temperature from each frame, open the thermal imaging analysis software [4.1.1.-WIDE MED o.s.] and right click on the image of interest [4.1.2.-SCREEN].

4.1.1. Few seconds Talent opening software

4.1.2. *To be provided by Authors

4.2. Next, ‘add’ a new plot for the image maximum [4.2.1.-SCREEN] and right click on the plot that exports the eye-region temperature [4.2.2.-SCREEN] and time the frame to a CSV file [4.2.3.-SCREEN].
4.2.1. *To be provided by Authors

4.2.2. *To be provided by Authors

4.2.3. *To be provided by Authors
4.3. Delete all of the lines from the frames where the eye-region of the bird was not visible from the CSV file [4.3.1.-SCREEN] and plot the maximum temperature against the time in R [4.3.2.-SCREEN].
4.3.1. *To be provided by Authors

4.3.2. *To be provided by Authors
4.4. These data will allow the manual identification of the temperature spikes >0.2ºC between two successive readings during which the nictitating membrane was pulled over the eye, [4.4.1.-SCREEN] and the points with low values outside of the normal range of the body temperature for the bird [4.4.2.-SCREEN].
4.4.1. *To be provided by Authors (Video Editor: please indicate temperature spikes >0.2°C between two successive readings during which the nictating membrane was pulled over the eye)
4.4.2. *To be provided by Authors (Video Editor: please indicate points with low values outside of normal range of temperature)
4.5. To measure the ambient temperature, download the time and logger temperature data from the temperature logger [4.5.1.-MED-over the shoulder] and export it into a spreadsheet [4.5.2-SCREEN].
4.5.1. Few seconds Talent downloading data

4.5.2. *To be provided by Authors 

4.6. Then, in the thermal image analysis software, draw a square over the black insulation tape covering the temperature logger probe [4.6.1.-SCREEN], right click on the square [4.6.2.-SCREEN] and select ‘add new plot' to obtain the average temperature of the square [4.6.3.-SCREEN].

4.6.1. *To be provided by Authors 

4.6.2. *To be provided by Authors 

4.6.3. *To be provided by Authors  

4.7. Right click the plot to export the data as a CSV file [4.7.1.-SCREEN] and merge the two resulting temperature time series for temperature logger and thermal image matching for time data files into one spreadsheet [4.7.2.-SCREEN].
4.7.1. *To be provided by Authors 

4.7.2. *To be provided by Authors 
4.8. Correct the eye-region temperature against the ambient temperature [4.8.1.-SCREEN] and export the spreadsheet into the CSV file, matching for time [4.8.2.-SCREEN].
4.8.1. *To be provided by Authors 

4.8.2. *To be provided by Authors  
4.9. Next, to each retained eye-region temperature, add the difference between the temperature logger and the thermal imaging-derived temperature values measured at the same time [4.9.1.-SCREEN].
4.9.1. *To be provided by Authors 
4.10. Then, using the peak search algorithm to extract the highest and most accurate points in the data automatically, carry out an automated filtering to remove any of the less accurate low eye-region temperature values [4.10.1.-SCREEN-TXT].
4.10.1. *To be provided by Authors (TEXT: See supplemental code file) 
4.11. Using linear interpolation, close the gaps left by the sequences where no peak was extracted and where the eye-region wasn't visible [4.11.1.-SCREEN].
4.11.1. *To be provided by Authors  
4.12. Then use the existing R command to give a single temperature value per second for each individual [4.12.1.-SCREEN].
4.12.1. *To be provided by Authors (Video Editor: please indicate/highlight na.approx command if possible/necessary)
4.13. In the CSV data file, add a value of 0.2 to each eye-region temperature to correct for the effect of taking the images through a mesh [4.13.1.-SCREEN].
4.13.1. *To be provided by Authors
4.14. Now select the highest value from before the box was closed from the maximum eye-region temperatures to establish the baseline eye-region temperature of the undisturbed bird [4.14.1.-SCREEN].
4.14.1. *To be provided by Authors 
4.15. Add this baseline eye-region temperature as a new column to the CSV file [4.15.1.-SCREEN] and subtract the baseline value from each retained maximum eye-region temperature value [4.15.2.-SCREEN]. Enter this data into a new column in the CSV data file [4.15.3.-SCREEN-TXT]. 

4.15.1. *To be provided by Authors

4.15.2. *To be provided by Authors

4.15.3. *To be provided by Authors (TEXT: Data = birds’ response to mild acute stress)

4.16. Finally, use the existing R command to plot the deviations in the maximum eye-region temperature from the baseline eye-region temperature of all of the individuals from after the trap was closed [4.16.1.-SCREEN].
4.16.1. *To be provided by Authors (Video Editor: please highlight/indicate ggplot command if possible/necessary)
4.17. Then use the existing R option to generate bootstrapped 95% confidence intervals for each animal [4.17.1.-SCREEN-TXT].
4.17.1. *To be provided by Authors (Video Editor: please highlight/indicate mean_cl_boot option if possible/necessary) (TEXT: See supplemental code file)
5. Results: Representative thermal imaging analyses
5.1. The exposed skin around a passerine’s eye exhibits a yellow colour in the thermal image [5.1.1.-LM], indicating the highest body area temperature [5.1.2.-LM]. The orange [5.1.3.-LM], red [5.1.4.-LM], purple [5.1.5.-LM] and blue colours [5.1.6.-LM] observed over the rest of the body area signify progressive degrees of cooler temperatures [5.1.7.-LM]. 

5.1.1. Figure 2 (Blue Tit Thermal Image).psd: please outline/indicate yellow around bird’s eye
5.1.2. Figure 2 (Blue Tit Thermal Image).psd: please outline/indicate yellow near top of color bar/near warm end

5.1.3. Figure 2 (Blue Tit Thermal Image).pdf: please outline/indicate orange around bird’s eye
5.1.4. Figure 2 (Blue Tit Thermal Image).pdf: please outline/indicate red around bird’s eye

5.1.5. Figure 2 (Blue Tit Thermal Image).pdf: please outline/indicate pink/purple around bird’s body

5.1.6. Figure 2 (Blue Tit Thermal Image).pdf: please outline/indicate blue around bird’s body

5.1.7. Figure 2 (Blue Tit Thermal Image).pdf: please outline/indicate orange down to blue range of color bar

5.2. In tests conducted on 20 second thermal video clips of undisturbed free-living blue tits arriving and feeding within the feeder set up as just demonstrated, correlations of r > 0.7 [5.2.1.-LM] were found to exist between the maximum eye-region temperature recorded during the first 5 seconds [5.2.2.-LM].
5.2.1. Figure 3 (Baseline Repeatabilities).pdf: please circle/indicate 0.7, 0.8, and 0.9 data points on y-axis
5.2.2. Figure 3 (Baseline Repeatabilities).pdf: please trace/indicate sections of data lines from 1-5 seconds

5.3. In this experiment, upon closure of the feeder, the eye-region temperature dropped within the first 10 seconds [5.3.1.-LM], reaching a minimum eye-region temperature of approximately 1.3˚C below the baseline temperature [5.3.2.-LM].
5.3.1. Figure 4 (Eye Temp Response).pdf: please trace/indicate the data line from 0-10 seconds
5.3.2. Figure 4 (Eye Temp Response).pdf: please draw a horizontal line from the bottom of the reverse peak at 10 seconds to the y-axis and add “-1.3” where the line crosses the y-axis
5.4. The mean temperature drop calculated for each individual separately was 2.0 ± 0.2˚C [5.4.1.-LM], with the lowest point being reached after 9.4±2.8 seconds [5.4.2.-LM]. 
5.4.1. Figure 4 (Eye Temp Response).pdf: maybe add an error bar on one peak with an accompanying “2.0 ± 0.2˚C” label?
5.4.2. Figure 4 (Eye Temp Response).pdf: circle/indicate lower point of reverse peak at ~10 seconds
5.5. Over the next 2-3 minutes, the eye-region temperature gradually increased back toward the baseline eye-region temperature without having reached the baseline value by the end of the trial.
5.5.1. Figure 4 (Eye Temp Response).pdf: please trace/indicate data line from 10-160 seconds
5.5.2. Figure 4 (Eye Temp Response).pdf: please flash/indicate dotted Baseline Eye Temperature line

6. Conclusion (said by authors on camera)
6.1. Paul Jerem: While attempting this procedure, it’s important to remember that it only can be used to determine whether the animal is under stress or not. Further work will be needed to assess whether this method can also measure how stressed the animal is.

6.2. Ruedi Nager: At present, we can demonstrate that the method captures acute stress, as an immediate response to a stressor. Future work from our lab will focus on the eye-region temperature response to persistent, chronic stressors.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  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.  

Trap Schematic v1.pdf
Figure 2 (Blue Tit Thermal Image).psd
Figure 3 (Baseline Repeatabilities).pdf

Figure 4 (Eye Temp Response).pdf
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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


