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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?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Yes
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=20385638


3. Filming location: Will the filming need to take place in multiple locations?   No

Current Protocol Length

Number of Steps:  24
Number of Shots:  55 

Interviews 
1. Video 1: Author Spotlight: Leaf Trait Analysis for Climate and Ecology Reconstruction in Modern and Ancient Plant Communities


Videographer: Obtain headshots for all authors. 


REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Dan Peppe: Our research is focused on understanding the relationship between leaf traits and climate and ecology in modern plants. Using these relationships, we can then develop models for reconstructing climate and ecology that can be applied to ancient plant communities.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 


What are the most recent developments in your field of research?
1.2. Aly Baumgartner: Recent research has focused on understanding the evolutionary, physiological, and biological underpinnings behind the relationships between plant traits and climate and ecology today and in the past. This research indicates that plant traits respond to climate and ecology both within the lifetime of a single plant and on evolutionary timescales.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera Suggested B roll: Figure 7


What significant findings have you established in your field?
1.3. Dan Peppe: Our research has demonstrated that despite the complex factors that influence plant traits, there are strong empirical relationships between traits and climate and ecology. We’ve used these relationships to develop robust methods for reconstructing ancient climate and ecology that have been applied in a variety of settings throughout Earth's history. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 


What research gap are you addressing with your protocol?
1.4. Alexander Lowe: These methods refine the reconstruction of paleoclimate and paleoecology to provide a more comprehensive understanding of terrestrial climates and ecosystems than is available by studying only our modern Earth.  Such a perspective is critical in understanding what our future Earth holds as climates and ecosystems respond to anthropogenic impacts.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 


What advantage does your protocol offer compared to other techniques?
1.5. Aly Baumgartner: This is a leaf physiognomy-based approach that doesn’t require accurate taxonomic identification. In addition, DiLP uses digital measurements of continuous leaf characters instead of qualitative and categorical characters, which increases reproducibility, and these leaf characters have a functional relationship to climate.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 


Videographer: Obtain headshots for all authors.

Protocol Videos 
2. Video 2: Digital Preparation of Fossil Leaves for the Measurement of Leaf Physiognomic Traits
Demonstrator: Aly Baumgarter
Protocol
2.1. To begin, position the leaf fossil under the camera and ensure it is lying as flat as possible [1]. Photograph the fossil leaf and label the image file appropriately [2].
2.1.1. WIDE: Talent positions the leaf flat under the camera. Videographer: Please take a still image of talent performing this action. Make sure that it is at least a half-body shot with the talent's face visible and zoom out so we have room for cropping. 
2.1.2. SCREEN: The fossil leaf is being photographed and labeled.
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=20385638

2.2. Then, open the image of a toothed leaf whose area is preserved or can be reconstructed in the image processing software and crop the image if necessary [1]. Select Image and then Canvas to increase the width of the working area. Add a new canvas to either the right or left of the current canvas [2].
2.2.1. SCREEN: The image is being opened in the image processing software, and the image is being cropped. 
2.2.2. SCREEN: The image is being clicked, and the Canvas is being clicked. A new canvas is being added to the current canvas.

2.3. Now, decide on the leaf's preparation method, determining whether to use a whole leaf or half leaf for area and shape measurements [1-TXT].
2.3.1. SCREEN: The decision-making process is shown on the software with the leaf image displayed, preparing for measurements. TXT: Ensure tooth measurements cover all preserved margins In this example it was decided a half leaf was most reliable for leaf area.
	Comment by Alex L: As worded, this step is specific to deciding for what to do for the area/shape copy, so not pertinent. We modified this note as appropriate.
2.4. Using a lasso tool, trace the margin of the leaf, including the petiole, if present., while avoiding damaged portions of the margin [1]. Copy and paste the selected portion of the leaf onto an open area of the canvas, making two copies: one original and one as a backup to revert to if necessary [2].
2.4.1. SCREEN:  The margin of the leaf, including the petiole, is being traced.	Comment by Alex L: This is a long shot. We suggest showing part of it at 1x speed to start, but then playing the rest of this clip at a speed up rate.
2.4.2. SCREEN: The selected leaf portion is copied, pasted, and arranged on the canvas, showing both copies.

2.5. Visually follow the leaf margin to the point it contacts the petiole, often darker and without distinctive veins. Place a lasso point there and repeat for the other half [1]. Encircle the entire petiole to finish the selection [1]. Then, cut and paste the petiole [2]. 
2.5.1. SCREEN: The leaf margin is being followed, and the lasso point is being placed at the contact with the petiole on both halves. The entire petiole is being encircled.
2.5.2. SCREEN: The entire petiole is being encircled. The petiole is being cut and pasted.,

2.6. Copy and paste the isolated leaf with the petiole removed and place it in an open area of the canvas [2].
2.6.1. SCREEN: The isolated leaf without petiole is being copied and pasted in an open area.

2.7. Using the lasso tool, trim excess leaf material to ensure a complete half leaf remains for preparations or leave the complete leaf intact if preparing a full leaf [1].
2.7.1. SCREEN: The lasso tool is being used to trim the leaf as required, or the intact leaf is being shown TXT: As in this example, a half leaf provides a more reliable reconstruction of shape and size than reconstructing the full leafa repaired fragment

2.8. Using a line or paintbrush tool, repair any damaged areas along the leaf margin with a line of appropriate color and thickness [1].
2.8.1. SCREEN: The line or paintbrush tool being used to repair damaged margins with an appropriate color. TXT: In this example, repair was likely not required but is shown for instructive purposes

2.9. For tooth measurements of the leaf, copy the leaf and place it in an open area on the canvas. The using a  lasso tool will be used to , remove the area adjacent to damaged portions of the margin [1].
2.9.1. SCREEN: The leaf is being copied, the lasso tool is being selected. The selected leaf is being copied, pasted, and arranged. The lasso tool is being used to remove areas next to damaged margins.

2.10. Begin selection at a point along the margin that bounds the damaged portion and draw a straight line to the major vein perpendicular to it. [1].  Start the selection at the preserved primary tooth sinus closest to the damage.  [2].Continue the selection along the major vein until level with the other bound of the damaged margin, then draw a straight line perpendicular to the major vein to the margin [1]. Delete the damaged portion of the leaf and repeat the process for all damaged portions [2]. 
2.10.1. SCREEN: The selection is being started at the damaged margin and a straight line is being drawn to the major vein perpendicular to it.
2.10.2.  SCREEN: The selection is being started at the preserved primary tooth sinus closest to the damage. The selection process is being conducted along the major vein, and the perpendicular line is being drawn to the margin.

Continue the selection along the major vein until level with the other bound of the damaged margin, then draw a straight line perpendicular to the major vein to the margin [1]. Delete the damaged portion of the leaf and repeat the process for all damaged portions [2].
SCREEN: The selection process is being conducted along the major vein, and the perpendicular line is being drawn to the margin.
2.10.3. SCREEN: The damaged portions of the leaf are being deleted.

2.11. Copy and paste the version of the leaf prepared for tooth measurements and place it in an open area of the canvas [1-TXT].
2.11.1. SCREEN: The prepared leaf version is being copied and pasted on the canvas for further processing. TXT: Ensure all damaged portions are removed

2.12. Use a lasso tool to remove the teeth from the leaf. Start at the leaf apex, one of the lobe tips, or the tip of a leaf fragment, and select each primary tooth sinus notch along the leaf, lobe, or fragment [1-TXT].
2.12.1. SCREEN: The primary tooth sinuses along the leaf apex, lobe, or fragment are being selected while starting at the leaf apex/one of the lobe apices, or the most apical tooth of a leaf fragment. TXT: Ensure adherence to specified rules for tooth removal

2.13. After selecting the apical sinus of the most basal tooth, apply the extension rule to cut the last tooth of the sequence out [1]. Remove the teeth by cutting and pasting them next to the leaf blade, ensuring that the removed teeth do not touch the original blade [2-TXT].
2.13.1. SCREEN: The extension rule is being applied to the basal tooth sinus for cutting.
2.13.2. SCREEN: The teeth are being cut and pasted next to the blade without touching the original blade. TXT: Repeat the steps until all teeth are removed
3. Video 3: Digital Measurement and Analysis of Continuous Leaf Physiognomic Traits on Fossil Leaves
Demonstrator: Alexander Lowe

Protocol
3.1. To begin, open ImageJ (Image -J) software [1] and set the parameters for automatic measurements [2]. Navigate to Analyze and select Set Measurements. Then, select the options for Area, Perimeter, and Feret’s diameter [32-TXT].
3.1.1. WIDE: Talent in front of the computer launching ImageJ software.
3.1.2. 3.1.2 SCREEN:  The automatic measurement options are being selected. 
3.1.3. SCREEN: Analyze is being clicked, and set measurements are being clicked. The options for area, perimeter, and feret diameter are being selected. TXT: Ensure the decimal places are set to 3

3.2. Now, open the prepared fossil leaf image by selecting File and Open [1]. Use the Straight line tool to zoom in on the scale bar and draw the longest straight line possible across it [2].
3.2.1. SCREEN: file is being selected followed byand opened.
3.2.2. SCREEN: The straight line tool is being selected. The scale bar is being zoomed, and the longest straight line is being drawn across it. 

3.3. To set the scale of the image, click Analyze and Set Scale, enter the measured length of the scale bar in centimeters, and click OK (O-K) [1]. In the data entry spreadsheet, mark the leaf as (0) (zero) for toothed or (1) (One) for entire [2]. Also, measure the petiole width, if present, and record the data in the data entry spreadsheet [3].
3.3.1. SCREEN: Analyse is being clicked, set scale is being clicked. The measured length is being entered in cm and Ok is being clicked. 
3.3.2. SCREEN: Data entry for the toothed and or entire leaf is being done.
3.3.3. SCREEN: The petiole width is being measured and data is being recorded. TXT: Ensure accurate and precise measurement, adhering to specified rules

3.4. Then, select Image, Type, and 8-bit to convert the leaf image to black-and-white [1]. Navigate to Image, Adjust, and Threshold to begin thresholding the image [2].
3.4.1. SCREEN: Image is being clicked, type is being clicked, followed by 8-bit.
3.4.2. SCREEN: Image, Adjust, and Threshold is being selected.

3.5. Using the slider bar, adjust the threshold until the interior of the leaf turns red and is distinctly separate from the background. Zoom in on sections of the margin to ensure accuracy [1].
3.5.1. SCREEN: The threshold is being adjusted until the interior of the leaf turns red and distinct, using the slider and zoom tools.

3.6. To measure the leaf prepared for leaf area and shape measurements with the petiole removed [1], use the Wand tool and click on the interior of the leaf to outline it in yellow, ensuring the outline correctly represents the leaf shape [21]. Make measurements using Analyze and Measure or using the designated keyboard shortcut [23]. 
3.6.1. SCREEN: The leaf with the petiole removed is being selected. 
SCREEN:  The Wand tool is being selected, the interior of the leaf is being clicked, and the leaf is being outlined in yellow.
3.6.2. SCREEN: The Analyze tab is being selected, followed by measure/the shortcut for measurements is being used.  Data entry from the leaf is being done.

3.7.  For a half-leaf analysis, select the segmented line tool in the Line tool and trace the entire length of the artificial middle perimeter  [1].	Comment by Pallavi  Sharma: Authors: In the narration I have already added “”for half leaf analysis”, so there is no need to keep it as an onscreen text.
Since we are not showing whole leaf measurement I have added that information as an onscreen text.	Comment by Peppe, Dan: This note is not pertinent to the step. I suggest deleting it. I added what I think are two more helpful notes below.
3.7.1. SCREEN: The segmented line tool is being selected and the entire length of the artificial middle perimeter is being traced. TXT:  For whole leaf analysis, record area, perimeter, Feret, and min Feret TXT: For whole leaves, there is no artificial middle perimeter to measure.

3.8. Then, click Analyze and Measure or use the shortcut to measure the length of the artificial middle perimeter . Record area, perimeter, ferret, minimum ferret, and the length of the artificial middle perimeter. [1].
3.8.1. SCREEN: Analyse and Measure is being clicked/ a shortcut is being used to measure the artificial middle perimeter and measurements are being recorded. TXT For whole leaves, record area, perimeter, Feret ,and min Feret.


3.9. To adjust the measurements for a half leaf in the data entry spreadsheet, multiply the area and minimum Feret by 2 [1] and calculate the blade perimeter using the given formula [2]. Enter the Feret length without modification [3].
3.9.1. SCREEN: The area and minimum ferret is being multiplied by 2
3.9.2. [bookmark: _Hlk163280815][bookmark: _Hlk163811827]Text on a plain background
Blade perimeter = ( perimeter - artificial middle perimeter) x 2 TXT: These modifications are only required for half leaves.
3.9.3. SCREEN: The ferret length is being added.

3.10. Measure the area of the cut-out petiole, if present, and record its area [1].
3.10.1. SCREEN: The area of the cut-out petiole is being measured and data is being entered.

3.11. To measure the raw blade, use the wand tool to select the interior of the blade, outlined in yellow [1]. Proceed with measurements by clicking Analyze and Measure or using the keyboard shortcut [2].
3.11.1. SCREEN: The interior of the raw blade is being selected with the wand tool.
3.11.2. SCREEN: Analyse and Measure is being clicked, or a shortcut is being used

3.12. In the data entry spreadsheet, record the raw blade's area and perimeter in the designated fields [1].
3.12.1. SCREEN: The raw blade area and perimeter values are being entered into the data entry spreadsheet.

3.13. To measure the internal raw blade, select the interior of the blade and outline the entire leaf in yellow. Make measurements by clicking Analyze and Measure or using the shortcut [1].
3.13.1. SCREEN: The interior of the blade is selected and outlined in yellow. Analyze and Measure are clicked, and a shortcut is used.

3.14. Record the area and perimeter of the internal raw blade in the data entry spreadsheet under the respective fields [1].
3.14.1. SCREEN: The internal raw blade area and perimeter values are being entered into the data entry spreadsheet.

3.15. Then, measure the length of the cut perimeter [1]. Clear the threshold to see the leaf clearly by clicking Reset in the threshold box or using Edit and Undo to remove modifications like the black-and-white conversion [2]. Then, use the segmented line tool to trace the full length of the cut perimeter. on the raw blade [3].
3.15.1. SCREEN: The length of the cut perimeter is being measured.
3.15.2. SCREEN: Reset is being clicked in the threshold box, or edit and undo is being clicked.
3.15.3. SCREEN: The segmented line is used to trace the full length of the cut perimeter on the raw blade.

3.16. Measure the traced perimeter by clicking Analyze and Measure or using the shortcut. [1]. 
3.16.1. SCREEN: Analyse and Measure is being clicked, or a shortcut is being used. TXT: Measure all portions, record the total under length of the cut perimeter


3.17. To count the number of primary teeth, right-click the Point Tool first to select the Multi-Point Tool. Click on each primary tooth to number it [1].
3.17.1. SCREEN: The point tool is selected, followed by the Multi-Point Tool. Primary teeth are clicked and numbered.

3.18. To remove a point selected by mistake, press the Alt (Alt) key or Command/cmd (Command-or-C-M-D) or Option while clicking the point [1]. Record the final number under primary teeth in the data entry spreadsheet [2].
3.18.1. SCREEN: The Alt key or Command/cmd key is being pressed.
3.18.2. SCREEN: The final number of primary teeth is being recorded in the data entry spreadsheet.

3.19. Click Edit, Selection, and Select None to clear the multi-point tool counts and annotations [1].
3.19.1. SCREEN: Edit, Selection, and Select None is being clicked.

3.20. Then, to count the total number of teeth, right-click the Point Tool and select the Multi-Point Tool. Click on each tooth, including primary and subsidiary, to number it [1]. 
3.20.1. SCREEN: The point tool is being selected, followed by the Multi-Point Tool. Both primary and subsidiary teeth are clicked and numbered. TXT. This step is only necessary if there are primary and subsidiary teeth. In this example, there are only primary teeth, but the step is shown for instructive purposes.


Representative Results
3.21. Both McAbee (Mac-A-Bee) H1 and H2 sites showed leaf physiognomy that fits well within the calibration dataset's range, indicating reliability in the derived paleoclimate estimates [1]. The reconstructed mean annual temperature and mean annual precipitation for McAbee H1 and H2 suggested a temperate seasonal biome [2].
3.21.1. LAB MEDIA: Figure 7 Video editor: Please highlight 7A
3.21.2. LAB MEDIA: Figure 7 Video editor: Please highlight 7B and 7C
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