Submission ID #: 56150
Editor: Steven Nilsen
Videographer: Nolan Nissle
Film Date: Aug 17
Link: https://www.jove.com/account/file-uploader?src=17125798
Authors and Affiliations: 

Steven E. Naranjo1 and Peter C. Ellsworth2
1USDA-ARS, Arid-Land Agricultural Research Center, Maricopa, AZ USA

2Department of Entomology, Maricopa Agricultural Center, University of Arizona, Maricopa, AZ USA

Title: Methodology for Developing Life Tables for Sessile Insects in the Field using the Whitefly, Bemisia tabaci, in Cotton as a Model System
Corresponding Author: 

Steven E. Naranjo: Steve.Naranjo@ars.usda.gov
Co-authors:

Peter C. Ellsworth: peterell@cals.arizona.edu
Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? It is a field technique but it might be more realistic to show the marking of insect stages on the leaf under a microscope rather than under a hand lens in the field (step 2.7 below). We have successfully taken photos through the hand lens so perhaps this is possible to do in the field.
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) __N___  
C.  Location: Will the filming need to take place in multiple locations? (Y/N) __Y___  If yes, how far apart are the locations? _0.5 miles (laboratory and field site) – just minutes of travel time.

D.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video? 
2.4, 2.7, 2.9, 3.1, 3.3, 3.5
E.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Correctly identifying newly laid eggs and settled first instar nymphs.  It is critical that the life table observations start with the very beginning of each life stage. The first instar consists of a short crawling stage that settles within a few hours of hatching from the egg. 
1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this cohort-based life table approach is to directly quantify the rate of mortality of an insect population in the field and identify the source of mortality. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Steve Naranjo: This method can help answer key questions in population dynamics, such as understanding factors contributing to mortality in populations and ultimately the rate at which a population grows or declines. 
1.2. Steve Naranjo: The main advantage of this technique is that it directly measures the sources and rates of mortality from multiple causes under realistic conditions in the field.   
C. Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Peter Ellsworth: We first had the idea for this method, when we learned the insect is immobile in its immature stages. This allows us to directly follow the fate of individual insects.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Steve Naranjo: Demonstrating the procedure will be Isadora Bordini, a graduate student, and Francisco Bojorquez, a lab technician. 

1.4.1. Interview style: Author saying the above 

1.4.2. Isadora looks up from performing a field task and smiles to camera
1.4.3. Francisco looks up from performing a field task and smiles to camera
Protocol: (read by voice talent at JoVE)
2. Establish Field Study Area and Egg Cohorts
2.1. Prepare life tables at any time during the growth of the crop once insects are present. [1.WID] The choice of when to initiate studies will depend on the goals and objectives of the research.  [2.WID]
2.1.1. Pan over field from a high vantage point, showing crops 
2.1.2. Talents walking towards camera along crop-row edge carrying equipment for field study,
2.2. Select two rows of crop near the center of the plot [1.WID] to minimize edge effects from surrounding plots or uncultivated areas. [2.WID] Mark the head of each row with a wire flag or a wooden stake. [3.MED]
2.2.1. Talent’s walking along crop row edge, different angle
2.2.2. Talents stop at a row and discuss if it is good one to sample from
2.2.3. Marking the end of row with flag/stake
2.3. Pick a sampling site 3 to 4 meters into the row. To simplify later observations, [1.WID] select one row to establish egg cohorts and the second to establish nymph cohorts. [2.WID-TXT] An egg cohort must include at least 50 eggs [1.MED].
2.3.1. Talents carrying equipment into row of crop, film from within row
2.3.2. Talents settling at a plant mid-way into row, film from row edge, TEXT: 1 row eggs, 1 row nymphs
2.3.3. Starting to examine the leaves for eggs
2.4. As a consequence of behavior and plant growth, the life stages of Bemisia tabaci (pronounced “Beh-mis-eya Ta-bass-eye”) [1.LM] are generally distributed vertically in the canopy with the eggs near the top [2.WID] and progressively older nymphal stages below.  [3.MED]
2.4.1. To be provided by author – an illustration of the lifestages of B. tabaci, or photographs of each stage in a single montage  (Author Comment: Montage PPTX uploaded)
How should we say B. tabaci?  (Author Comment: Bemisia tabaci or whitefly. Send voice recording of pronunciation.)
2.4.2. Pan from bottom of plant to the top, where the talents are looking for eggs with lenses
2.4.3. Pan back down the plant
2.5. Use an 8X hand lens to search for newly laid eggs on the underside of leaves.  [1.MED] Ideally the hand lens should have a hole in the side that the pen can fit through. [2.CU] Find one leaf with eggs for each plant in the study. [3.CU-TXT]
2.5.1. Scanning leaves with the lens in use, with pen in the hole
2.5.2. Detail of the lens with pen in hole, talent demonstrates how the lens hole fits the pen
2.5.3. Talent finds leaf with eggs and presents it to the camera, TEXT: 1 leaf / plant

2.6. Next, use a 15X lens to make a more careful examination.  [1.MED] Eggs darken to a tannish color as they mature, so fresh eggs will have a bright white coloration and stand out from the older eggs. [2.LM] [3.LM] 
2.6.1. Switching to the 15x lens to examine some od the eggs

2.6.2. Fig1A, place side by side on screen with Fig 1B, TEXT: Fresh Egg
2.6.3. Fig 1B, place side by side on screen with Fig 1A, TEXT: Maturing Egg
2.7. Steve Naranjo:   The most critical aspect of this protocol is to correctly identify the newly laid eggs and newly settled first instar nymphs.  It is vital that the life table observations start with the very beginning of each life stage for accurate results.
2.7.1. Interview with Steve in the lab
2.8. After finding an egg, use a non-toxic, ultra-fine-point black permanent marker to draw a small circle around the egg. [2.SCOPE] Keep the circle small so no other eggs will get laid within it. [2.SCOPE]
2.8.1. Film this in the lab, marking around the egg with pen 

2.8.2. As above, marking second egg on same leaf or new leaf
2.9. On the same leaf, mark up to four eggs in the four different sectors. [1.SCOPE] On a cotton leaf there are four sectors divided by the major leaf veins – only select one egg per leaf sector. [2.LM-TXT] 
2.9.1. Marking the fourth egg on a leaf with one egg marked in each sector
2.9.2. Fig 3, TEXT: 4 eggs / leaf (Author Comment: I believe we have a shot of this in the field as well)
2.10. Identify the marked leaf using a small lightweight cardboard tag around the petiole of the leaf [1.CU] with notation for the plot or treatment number depending on the experimental design.  [2.ECU] Then attach a highly visible flag near the top of the plant. [3.WID]
2.10.1. Attaching the tag to the leaf
2.10.2. Detail of writing details on the tag to identify the plant
2.10.3. Attaching flag near top of plant
2.11. Now, move onto finding eggs on the next plant, further along the row. [1.WID] Establish the cohort in a single day. [2.MED]
2.11.1. Talents start examining the next plant
2.11.2. Marking eggs on a leaf
2.12. Under normal Arizona summer conditions the leaves will be ready to collect [1.WID] in 8 to 10 days, because the eggs hatch in 5 to 7 days. Adjust the time of collection [2.MED] to ensure that all the healthy eggs should have hatched. [3.MED]
2.12.1. Examining plants for leaves to be collected, leaf marking equipment put away
2.12.2. Picking tagged leaves from plants, can be mocked if leaves aren’t truly ready
2.12.3. Placing leaf in plastic bag along with tag, sealing bag and placing bag in storage
2.13. At the laboratory, under a dissection microscope [1.WID] determine the cause of death for the eggs: dislodgement, predation or inviability. [2.MED] 
2.13.1. Placing leaf under scope and getting situated at scope

2.13.2. Focusing scope and taking notes in lab book, then switching to next leaf

2.14. Peter Ellsworth: It is critical to correctly identify the cause of death of the egg or nymph as this affects the ecological inferences that can be drawn about factors affecting population growth and regulation. [1.MED/WID]
2.14.1. Interview with Peter in the lab
2.15. If the egg is missing due to weather or chewing predation, then it has been dislodged. [1.SCOPE] If an egg has been rendered into a collapsed chorion, this is classified as predation. [2.LM/SCOPE-TXT]. 
2.15.1. Focusing on a circle that has no egg in it, TEXT: Dislodged

2.15.2. Fig 4k – replace this with scope footage if example of predation can be shown, TEXT: Predation
2.16. Hatched eggs also appear collapsed, but have a vertical slit in the chorion, which can be found using a tiny pin. [1.SCOPE-TXT] If an egg failed to hatch, then categorize it as inviable. [2.SCOPE-TXT]
2.16.1. Investigating a collapsed egg, or several collapsed eggs, with pin, TEXT: Hatched
2.16.2. Example of unhatched egg being focused on, if more than a few can be shown, even better, TEXT: Inviable
3. Establish Nymph Cohort
3.1. Use an 8X hand lens to search for newly settled 1st instar nymphs on the underside of leaves. [1.WID] Such leaves will be about 3 to 5 nodes down from the top of a cotton plant.  [2.MED] When any nymphs are found verify their stage using a 15X lens. [3.MED]
3.1.1. Talents scanning middle parts of plants for nymphs
3.1.2. Pan from top of plant down to where talents are searching, along stem of plant to show that they are looking on 3rd – 5th branch down from top
3.1.3. Talent switching to higher power lens to examine a leaf
3.2. Find at least 50 nymph for each study. [1.SCOPE] Select plants that are well distributed along the row and establish the cohort in a single day. [2.MED/CU]
3.2.1. Film in the lab, scope view of a leaf with nymphs on it

3.2.2. In field, talent marking a few nymphs on a leaf 

3.3. As before, draw a small circle around the identified nymph. [1.SCOPE] Mark up to four nymphs per leaf each in a different sector and, then proceed to the next plant. [2.MED-TXT]
3.3.1. Circling a nymph with marker
3.3.2. Completed leaf, marked nymphs in all four sectors TEXT:  1 nymph / sector; 1 leaf / plant
3.4. Be aware that freshly hatched, first instar nymphs can move several centimeters over before they settle and this can take a few hours.  [1.SCOPE] Settled nymphs can be distinguished from crawling nymphs because they are immobile, are more tightly pressed against the leaf and have a more translucent amber color.   [2.SCOPE]
3.4.1. A newly hatched nymph, turn leaf and focus on side view after top view
3.4.2. A settled nymph, turn leaf and focus on side view after top view
3.5. Older first instar nymphs appear swollen and turgid as they near molting. [1.LM]
3.5.1. 1st Instar development.mp4 – if you could please improve this video by moving the  labels to below the graphic, that would allow it to fill the screen better.
3.6. Mark a tag with notation for the plot or treatment number [1.CU] and secure it to the petiole of the leaf.  [2.CU] Then attach a highly visible flag near the top of the plant. [3.MED]
3.6.1. Making notes on tag
3.6.2. Attaching tag to leaf

3.6.3. Attaching flag to top of plant

3.7. Make detailed notes of the position of the nymph including leaf sector information. [1.CU] After an hour or two of identifying nymphs, double-check them to ensure that crawling nymphs were not circled. [2.WID] Remark the settled nymphs as needed. [3.SCOPE]
3.7.1. Writing down notes in field journal about position of marked nymph, etc.

3.7.2. Finding tag on plant, finding leaf marked and looking over the leaf

3.7.3. An example of a nymph that has moved from circle (mock this if needed) and re-circling nymph in new position
3.8. Later, determine causes of death for nymphs. [1.MED] Death is characterized as dislodgement, [1.LM-TXT] parasitism, [2.LM-TXT] predation or unknown, depending on instar. [3.LM-TXT]

3.8.1. Setting up at the microscope to examine leaves, log book ready to take notes into

3.8.2. Fig. 4B, TEXT: Dislodgement

3.8.3. Fig 4G, TEXT: Parasitism

3.8.4. Fig 4I, TEXT: Predation 
4. Results: Three Year Analysis of Insecticide Use
4.1. A typical life table of a cohort provides the marginal mortality rates for each factor within each life stage.  By converting these rates to k-values, stage-specific mortality over all factors and factor-specific mortality over all of the stages can be easily estimated, as can the total generational mortality. 
4.1.1. Table 2 – video editor: remove title on top, compress the table into shape of screen, make text slightly larger; at “K-values”, highlight rightmost column, at end of dialogue highlight bottom row
4.2. Using these techniques in a three-year study, it was found that marginal rates of predation by sucking predators declined significantly when broad-spectrum insecticides were applied. 
4.2.1. Figure 5 – video editor: First draw on data for Control, then draw on 2nd half.  At “significantly” add a 3-segment-line connecting the grey data – leave out the letters over the data bars and the dashed line in the middle, also move the right side Y-axis label to be more directly under the 2nd set of data bars
4.3. Patterns of irreplaceable mortality were similar. Normally, predation supplied the highest level of irreplaceable mortality but this declined significantly with insecticide use.  Parasitism also supplied low levels of irreplaceable mortality.
4.3.1. Figure 6 – video editor: edit this like fig 5, again use the same technique to highlight “significantly” and again remove the letters over the data and dashed line
4.4. Key factor analyses made from the data on four replicate plots were combined into a total of nine cohorts over the three-year study.  Ultimately, predation was most closely associated with changes in generational mortality.
4.4.1. Figure 7 – video editor: start with showing only the total K Total mortality graph (top), move the axis labels to surround it.  At the beginning of the second sentence, fade out this graph, adjust the positions of the axis labels and fade on the other five graphs.
5. Conclusion (said by authors on camera)

5.1. Steve Naranjo: Once mastered, this technique can be done in 30 minutes per plot, but this can vary greatly depending on insect density.

5.2. Peter Ellsworth: While attempting this procedure, it’s important to remember to minimize stress on the leaf being manipulated so that plant quality is not altered. Also, a single observer should be used per replicate to block for observer effects and all observers should meet frequently to enhance uniformity of observational criteria. 
5.3. Peter Ellsworth: After watching this video, you should have a good understanding of how to set up a life table for an immobile insect in the field, including locating, marking and observing insects to determine causes of death. 
5.4. Steve Naranjo: Don't forget that working in the field for long periods, especially during summer months, can be difficult and that proper attire and hydration are necessary to perform the work safely.
Provided Media
2.6 – Figures 1A, 1B

2.8 – Figure 3

2.13 – Figure 4K

3.4 – Figure 1C, 1st Instar Development.mp4 (video attached)

3.5 – Fig 2B

3.8 – Table 1; Figures 4B, 4G, 4I

4.1 – Table 2

4.2.1 – Figure 5

4.3.1 – Figure 6

4.4.1 – Figure 7

If the figures haven’t yet been provided in a layered format, please upload them as such.
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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