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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: _____________________________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 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? Please list 4-6 steps by their protocol number. _1.1 1.2________3.1.1 3.1.2 3.1.3_________________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 3.1.1 & 2 _Only carefull testing how long and how intensive the leaves should be bleached and stained reveals good results, since every species has very different leaves.______________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this study is to relate ecophysiological to morphological properties of leaves to better understand ecosystem functioning in diverse plant communities. (Intro)
This is accomplished by first measuring stomatal conductance in daily courses and then extracting relevant parameters that describe stomatal control in the different species. (P1)
Editors, please use page 1 and 2 of “Conceptual figure.pptx” as P1 is narrated.  Start with page 1 and zoom into the left most image of the leaf.  Then transition into the image on P2 by maintaining only the leaf and bringing in the measurement apparatus.
The second step is to measure stomata size and density using a microscope. (P2)
Editors, please use page 3 of “Conceptual figure.pptx” as P2 is narrated.  Start with the image of the microscope and zoom into the sample on the stage.  Then transition to the microscopic image shown to the right.  
Next, the leaf vein traits are assessed. (P3)
Editors, please use page 4 of “Conceptual figure.pptx” as P3 is narrated.  Start with the leaf and then have the zoom box appear to come out of the leaf, showing the vein traits.  
The final step is to link the morphological and anatomical features to the ecophysiological properties of the plant species. (P4)
Editors, please use page 5 of “Conceptual figure.pptx” as P4 is narrated.  First bring in the images along the x and y axes and then sequentially bring in the data points shown as crosses on the plot and finally bring in the line.  
This allows a deeper mechanistic understanding of plant leaves, as seen here for the example of stomatal closure when air becomes drier for different species with different leaf traits. (P5)
Editors, please transition to 52738_Kroeber_Figure3 as P5 is narrated.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or PowerPoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Helge Bruelheide: The general idea of our study is to use easily measurable leaf traits as proxies for key plant functions that require a large effort if measured directly.   [1.1.1 – MED].
1.1.1. Helge speaks toward camera, interview style.
1.2. Isa Plath: The main objective of this protocol is to connect several rarely assessed leaf traits to stomatal regulation which is a key aspect in a plant’s strategy to balance water use and growth. [1.2.1 – MED].
1.2.1. Isa speaks toward camera, interview style.
1.3. Wenzel Kröber: This method can help answering key questions in the field of functional biodiversity research, as to how ecophysiological processes of different species in a diverse tree community contribute to ecosystem functioning. [1.3.1 – MED].  
1.3.1. Wenzel speaks toward camera, interview style.
Protocol (read by voice talent at JoVE):
2. Stomatal conductance
2.1. Choose leaves of different species and individuals according to a reproducible pattern [2.1.1 – MED].  For example, choose leaves that have the same height, same exposure, same position within the plant, if possible only from the same node, and only from one category, such as sun or shade leaves [2.1.2 – CU]. 
2.1.1. Talent choosing leaves.  Continue action in next shot.
2.1.2. Leaves of the same category as talent chooses them.
2.2. Only measure leaves in healthy, non-damaged, and fully developed condition [2.2.1 – MED-over the shoulder].  Mark the leaves on the individuals, to ensure that the repeated measurements are done on the same leaf [2.2.2 – CU].
2.2.1. Talent determines the leaves to measure and prepares to mark them.
2.2.2. Individual leaves as talent marks them.
2.3. Using a steady state porometer, prepare for measurements of stomatal conductance only on the leaf surface whilst avoiding the midrib and strong leaf veins [2.3.1 – MED-over the shoulder].
2.3.1. Talent uses a steady state porometer to prepare for measurements of stomatal conductance only on the leaf surface, avoiding the midrib and strong leaf veins.
2.4. Start measurements in the early morning hours before sunrise, taking five to ten repeated measurements until stomatal conductance values shows a clear decline at noon [2.4.1 – MED].  A daily course of measurements will deliver good data for analysing the relationships between vapour pressure deficit and stomatal conductance [2.4.2 – CU]. 
2.4.1. Talent sets up the porometer to start in the early morning hours and take 5-10 repeated measurements.
2.4.2. Steady state porometer as it records and displays the stomatal conductance measurements.
2.5. With each stomatal conductance measurement, record temperature and relative humidity [2.5.1 – MED CU], preferably with portable loggers to directly measure the conditions at the position of the same leaf [2.5.2 – CU MED].  
2.5.1. Talent begins to record temperature and relative humidity with a portable logger.
2.5.2. Portable logger/leaf as talent measures the conditions.
2.6. Use the August-Roche Magnus formula for calculating the vapour pressure deficit [2.6.1 – MED-over the shoulder].
2.6.1. Talent uses the August-Roche Magnus formula to calculate the vapour pressure deficit on the computer or in a lab notebook. TEXT Overlay:  see text protocol
2.7. Now plot species-wise all stomatal conductance data against vapour pressure deficit, combining all daily courses of individual leaves into one analysis per species [2.7.1 – LM].  Extract the maximum value observed from the stomatal conductance data by searching for the maximum value [2.7.2 – LM].
2.7.1. Screenshot of R-Studio N1.  Editors, please zoom into the bottom right of the screen shot where the plot is.  
2.7.2. Screenshot of R-Studio N1.  Editors, please highlight the black circle labeled “Max” as narrated.
2.8. To scale the model for species-wise comparability, divide the observed values through the maximum value observed for that species [2.8.1 – SCREEN]. 
2.8.1. *To be submitted by authors: 52738_Kroeber_SCREEN_2.8.1 – Screen capture movie as talent divides the observed values through the maximum value observed for that species in R-studio. Editors, please use a zoom bubble to highlight the action being performed in the screen capture movie.  TEXT Overlay:  gS/gSMAX
2.9. For each species, regress the logits of the stomatal conductance to vapour pressure deficit and the quadratic term of the vapour pressure deficit using a generalized linear model with a binomial error distribution [2.9.1 – LM].
2.9.1. Screenshot of R-Studio N2.  Editors, please zoom into the bottom right of the screen shot where the plot is.    
2.10. Next, extract the parameter of stomatal regulation for every species by calculating the absolute modelled maximum stomatal conductance, or gSMAX (pronounced as “g-s-max”), values [2.10.1 – MED].
2.10.1. Talent working at the computer on R-Studio software.  
2.11. To do this, calculate the vapour pressure deficit at maximum stomatal conductance by setting the first derivative of this curve to zero, which gives vpdgsMaxFit = -b/2a (pronounced as “vpd-g-s-maxfit equals minus b over 2a”) [2.11.1 – SCREEN].
2.11.1. *To be submitted by authors: 52738_Kroeber_SCREEN_2.11.1 – Screen capture movie as talent calculates the vapour pressure deficit at maximum stomatal conductance from setting the first derivative of this curve to zero in R-studio. Editors, please use a zoom bubble to highlight the action being performed in the screen capture movie.  
2.12. Insert vpdgsMaxFit into the formula of the curve and raise it to the power of e to obtain MaxFit.  Calculate the mean of all conductance measurements per species [2.12.1 – SCREEN].
2.12.1. *To be submitted by authors: 52738_Kroeber_SCREEN_2.12.1 – Screen capture movie as talent inserts vpdgsMaxFit into the formula of the curve and raises it to the power of e to obtain MaxFit.  Talent calculates the mean of all conductance measurements per species.  Editors, please use a zoom bubble to highlight the action being performed in the screen capture movie.  
2.13. To calculate relative values, from the scaled model, extract stomatal conductance and vapour pressure deficit values for the following two points - the stomatal conductance and vapour pressure deficit values at the maximum of the model and the vapour pressure deficit at the second point of inflection of the curve [2.13.1 – SCREEN].  
2.13.1. *To be submitted by authors: 52738_Kroeber_SCREEN_2.13.1 – Screen capture movie as talent extracts stomatal conductance and vapour pressure deficit values for the stomatal conductance and the vapour pressure deficit values at the maximum of the model as well as the vapour pressure deficit at the second point of inflection of the curve.  Editors, please use a zoom bubble to highlight the action being performed in the screen capture movie.  
2.14. Multiply these values by gSMAX to obtain absolute stomatal conductance values for these points [2.14.1 – SCREEN]. 
2.14.1. *To be submitted by authors: 52738_Kroeber_SCREEN_2.14.1 – Screen capture movie as talent multiplies these values by gSMAX to obtain absolute stromal stomatal conductance values for these points.  Editors, please use a zoom bubble to highlight the action being performed in the screen capture movie.  
3. Measurements of stomatal traits
3.1. Take samples preferably from exactly the same leaves that have been used for the measurements of stomatal conductance [3.1.1 – MED-over the shoulder].  If this is not possible, apply the same selection procedure that was applied to choose the leaves for the stomatal conductance measurements, preferably on the same individuals [3.1.2 – WIDE].
3.1.1. Talent takes samples from the same leaves used for measurements of stromal stomatal conductance.
3.1.2. Talent continues to take samples.
3.2. Apply a thin layer of colourless, quickly drying nail polish to a fresh sample [3.2.1 – CU].  If the samples cannot be processed immediately, store them in 70% alcohol [3.2.2 – MED-over the shoulder].  After the nail polish has dried out, gently peel the impression from the leaf and proceed for the microscopic analysis, as with a normal leaf sample [3.2.3 – CU].
3.2.1. Sample as talent applies the nail polish there.
3.2.2. Talent places the samples into 70% alcohol.
3.2.3. Sample with dried nail polish as talent gently peels the impression from the leaf. 
3.3. Connect a camera to an optical microscope capable of magnifications between 40x to 400x [3.3.1 – MED].  After the camera is connected to the microscope, match the pictures taken to the optical magnification and resolution of the picture, with the help of a scale [3.3.2 – SCREEN]. 
3.3.1. Talent connects the camera to an optical microscope.
3.3.2. *To be submitted by authors: 52738_Kroeber_SCREEN_3.3.2 – Screen capture movie of the microscope software as talent matches the pictures taken to the optical magnification and resolution of the picture, with the help of a scale.
3.4. Employing open source image processing software like ImageJ, analyse these pictures [3.4.1 – MED-over the shoulder+CU]. 
3.4.1. Talent analyses the pictures with ImageJ.
3.5. Draw a shape with the shape tool from the image analysis tool on the image in an area with no dirt, thumb prints, damaged areas, or large leaf veins.  Count the stomata in this area as well as in at least 50,000 square microns per sample [3.5.1 – SCREEN]. 
3.5.1. *To be submitted by authors: 52738_Kroeber_SCREEN_3.5.1 – Screen capture movie as talent draws a shape with the shape tool from the image analysis tool on the image in an area with no dirt, thumb prints, damaged areas, or large leaf veins.  Then talent counts the stomata in this area.
3.6. Measure the stomatal guard cell length and pore length.  Calculate the number of stomata per square millimetre [3.6.1 – SCREEN].  
3.6.1. *To be submitted by authors: 52738_Kroeber_SCREEN_3.6.1 – Screen capture movie as talent measures the stomatal guard cell length and pore length.  Then talent calculates the number of stomata per square millimetre.
4. Assessment of leaf vein traits
4.1. To bleach the leaves, leave them at least 72 hours in a 50% solution of decolouriser, heating the solution up to 30 degrees Celsius [4.1.1 – MED-over the shoulder].  Rinse the leaves several times in water afterwards.  Adapt the bleaching process for the specific species, depending on their leaf characteristics [4.1.2 – MED]. 
4.1.1. Talent places the leaves in a labelled container of 50% solution of decolouriser on a heating element.  TEXT Overlay: see text for alternative solutions
4.1.2. Talent rinses the leaves.
4.2. To colour the leaves place them in 99% ethanol [4.2.1 – MED-over the shoulder].  Colour them for 2 to 30 minutes in a 1% safranine (pronounced as “saf-ruh-neen”) solution [4.2.2 – CU].  [4.2.3 – MED-over the shoulder].
4.2.1. Talent places the leaves in 100% ethanol.
4.2.2. Talent transfers the leaves to a 1% safranine solution (or adds the safranine directly to the ethanol, however it is normally done). 
4.2.3. Talent removes the malachite (pronounced as “mal-uh-kahyt”) green solution from a labelled container and adds it to the leaves. 
4.3. After colouring, rinse the leaves several times in water [4.3.1 – CU].  If the leaves are too deeply stained, some additional time in ethanol or decolouriser may help [4.3.2 – MED-over the shoulder].
4.3.1. Leaves as talent rinses the leaves in water.
4.3.2. Talent places the leaves in ethanol or decolouriser.
4.4. To analyse the samples, scan the leaves with a backlight scanner at a resolution of approximately one-thousand-two-hundred dots per inch [4.4.1 – CU].  Match the scans taken to the resolution of the picture, with the help of a scale, to ensure that pixel length can be traced back to absolute length measures of the scanned leaf [4.4.2 – SCREEN]. 
4.4.1. Backlight scanner as talent places the leaves there.
4.4.2. *To be submitted by authors: 52738_Kroeber_SCREEN_4.4.2 – Screen capture movie as talent matches the scans taken to the resolution of the picture and uses a scale to ensure that pixel length can be traced back to absolute length measures of the scanned leaf.
4.5. Measure the area, circumference, length and width of the leaves.  Calculate several indices, such as the ratio of length to width or the ratio of circumference to area [4.5.1 – SCREEN]. 
4.5.1. *To be submitted by authors: 52738_Kroeber_SCREEN_4.5.1 – Screen capture movie as talent measures the area, circumference, length and width of the leaves.  Then talent calculates the ratio of length to width or the ratio of circumference to area.
4.6. Then, cut a 1 by 1 centimetre rectangle out of the middle of the picture.  Measure the diameter of the veins of first and second order.  Measure the length of all veins of first order in this quadrat [4.6.1 – SCREEN].
4.6.1. *To be submitted by authors: 52738_Kroeber_SCREEN_4.6.1 – Screen capture movie as talent cuts a 1 by 1 centimetre rectangle out of the middle of the picture and measures the diameter of the veins of first and second order.  Talent measures the length of all veins of first order in this quadrat.
5. Results: Analysis between patterns of stomatal conductance regulation and leaf traits
5.1. Shown here are fitted model graphs for the stomatal conductance data to vapour pressure deficit regression for all species.  The different coloured lines represent each leaf habit, with black lines representing Evergreen species and red lines representing deciduous species [5.1.1 - LM].
5.1.1. Figure 2.
5.2. Exploring the links between patterns of stomatal conductance regulation and leaf traits revealed that the vapour pressure deficit at the point of inflection decreased with stomatal density [5.2.1 - LM] and stomatal index [5.2.2 - LM] and increased with leaf carbon content [5.2.3 - LM]. 
5.2.1. 52738_Kroeber_Figure3 - Editors, please zoom into the left-most plot as “the vapour pressure deficit at the point of inflection decreased with stromal stomatal density” is narrated. 
5.2.2. 52738_Kroeber_Figure3 - Editors, staying zoomed in, slide over the middle plot. 
5.2.3. 52738_Kroeber_Figure3 - Editors, staying zoomed in, slide over the right-most plot. 

5.3. In contrast, no parameter of stomatal conductance showed a clear relationship to leaf habit.  The high variation within the two groups of leaf habit shows that different regulatory mechanisms exist both within the group of evergreen and deciduous leaf habits [5.3.1 – LM].
5.3.1. 52738_Kroeber_Figure3 - Editors, please zoom out to the full figure.  
6. Conclusion (said by authors on camera)
6.1. Isa Plath: Applying this procedure, it’s important to remember to adjust details of the treatments to the specific leaf properties since leaf traits show a large variation among species. [6.1.1 – MED].
6.1.1. Isa speaks toward the camera, interview style.
6.2. Wenzel Kröber: Following this procedure, our morphological leaf traits can also be linked to other ecophysiological characteristics such as xylem vulnerability to cavitation and specific hydraulic conductivity, which helps to understand plant responses to drought.  [6.2.1 – MED].
6.2.1. Wenzel speaks toward the camera, interview style.
6.3. Helge Bruelheide: We hope that our video inspires the use of morphological leaf traits in functional biodiversity research, with the aim to predict ecosystem functioning from easily measurable traits.  [6.3.1 – MED].

6.3.1.        Helge speaks toward the camera, interview style.
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.  

Insert your media filenames here.

Screenshot of R-Studio N1 – Authors, please upload this figure from the SW guide as a separate figure with the name shown here.
Screenshot of R-Studio N2 – Authors, please upload this figure from the SW guide as a separate figure with the name shown here.  

Figure 2
52738_Kroeber_Figure3 
SCREEN Capture Movies:
52738_Kroeber_SCREEN_2.8.1 – Screen capture movie as talent divides the observed values through the maximum value observed for that species in R-studio.

52738_Kroeber_SCREEN_2.11.1 – Screen capture movie as talent calculates the vapour pressure deficit at maximum stomatal conductance from setting the first derivative of this curve to zero in R-studio. 
52738_Kroeber_SCREEN_2.12.1 – Screen capture movie as talent inserts vpdgsMaxFit into the formula of the curve and raises it to the power of e to obtain MaxFit.  Talent calculates the mean of all conductance measurements per species.  
52738_Kroeber_SCREEN_2.13.1 – Screen capture movie as talent extracts stomatal conductance and vapour pressure deficit values for the stomatal conductance and the vapour pressure deficit values at the maximum of the model as well as the vapour pressure deficit at the second point of inflection of the curve.  
52738_Kroeber_SCREEN_2.14.1 – Screen capture movie as talent multiplies these values by gSMAX to obtain absolute stromal stomatal conductance values for these points.
52738_Kroeber_SCREEN_3.3.2 – Screen capture movie of the microscope software as talent matches the pictures taken to the optical magnification and resolution of the picture, with the help of a scale.
52738_Kroeber_SCREEN_3.5.1 – Screen capture movie as talent draws a shape with the shape tool from the image analysis tool on the image in an area with no dirt, thumb prints, damaged areas, or large leaf veins.  Then talent counts the stomata in this area.
52738_Kroeber_SCREEN_3.6.1 – Screen capture movie as talent measures the stomatal guard cell length and pore length.  Then talent calculates the number of stomata per square millimetre.
52738_Kroeber_SCREEN_4.4.2 – Screen capture movie as talent matches the scans taken to the resolution of the picture and uses a scale to ensure that pixel length can be traced back to absolute length measures of the scanned leaf.
52738_Kroeber_SCREEN_4.5.1 – Screen capture movie as talent measures the area, circumference, length and width of the leaves.  Then talent calculates the ratio of length to width or the ratio of circumference to area.
52738_Kroeber_SCREEN_4.6.1 – Screen capture movie as talent cuts a 1 by 1 centimetre rectangle out of the middle of the picture and measures the diameter of the veins of first and second order.  Talent measures the length of all veins of first order in this quadrat.
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


