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1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No

2. Does your protocol include software usage? Yes
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
The tethering process is a crucial series of steps in our protocol. The most important steps are 2.4 through 2.7.

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
The most difficult aspect of this procedure is attaching the tether to the insect, steps 2.4 and 2.5. There is very little room on the insect's thorax to place the wire tether. If done improperly the tether may not adhere to the beetle, the wax may cover the beetle’s head, and/or the beetle will be unable to fly directly forward due to mis-positioning of the wire at an angle from the body axis. 

5. Will the filming need to take place in multiple locations? No. But we may film in two different rooms.
If yes, how far apart are the locations? Down the hall from each other in the same building.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Thomas W. Sappington: Insects of different ages, mating staus, rearing conditions, etc., often differ in flight propensity or performance. Flight mill experiments can reveal the relative effects of such factors on flight behavior [1].
1.1.1. INTERVIEW

1.2. Thomas W. Sappington: Though difficult to study in the field, flight mills allow extensive probing of flight under controlled conditions [1].
1.2.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Thomas W. Sappington: Managing a pest's resistance to insecticides, including transgenic crops, requires understanding its flight behavior. Western corn rootworm dispersal is complex, and flight mill studies are helping clarify it. With adaptation, this method can be applied to almost any insect species, whether small or large, pest or non-pest [1].
1.3.1. INTERVIEW

1.4. Eric Yu Yu: Tethering any insect is the most difficult technique to master. Beetles with a small pronotum like rootworms are especially challenging. Practice tethering individuals unimportant to your actual experiments, because many will be discarded. A long learning curve is expected, so be patient with yourself [1].
1.4.1. INTERVIEW

1.5. Eric Yu Yu: There are many nuances to tethering – watching someone is worth 1,000 words [1].
1.5.1. INTERVIEW






Section - Protocol
2. Tether Western Corn Rootworm to Flight Mill
2.1. To begin, bend a 40-millimeter length 28-gauge steel wire 90 degrees at the center [1-TXT].
2.1.1. ECU: Talent bends a wire. TEXT: Either steel or copper wire can be used.
2.2. Wash hands to remove any debris, dirt, or oil [1]. Take a small amount of dental wax, slightly larger than a pinhead [2], and roll it between the fingertips until a ball is formed [3].
2.2.1. MED: Talent washes hands.
2.2.2. ECU: Talent shows the wax.
2.2.3. ECU: Talent rolls the wax between fingertips and then shows the ball.
2.2.4. ECU: Talent pushes wire into wax. 
2.3. Place an adult beetle on a flat surface and position its dorsal side up [1-TXT]. Reposition the legs if necessary so that the beetle lies completely flat on the surface [2].
2.3.1. CU: Talent places a beetle on a surface. Close up of the beetle. TEXT: See manuscript for details on anesthesia procedures.
2.3.2.  CU: Talent repositions the legs of the beetle.
2.4. Use a butane lighter to briefly heat the dental wax on the wire for 1 to 2 seconds [1]. Do not reuse the wax if it has been heated too long and fallen off the wire, as it will not effectively adhere to the insect cuticle [2].
2.4.1. MED: Talent heats the wax on the wire.
2.4.2. CU: Talent picks up the wax to reuse. Video editor: Put a cross on the screen.
2.5. After anesthetization of the beetle, carefully place the end of the steel wire with the melted dental wax on the dorsal surface of the pronotum [1], while pointing the other end of the wire without dental wax along the midline of the abdomen. To avoid hindering flight, make sure that the melted wax [2] does not get on the elytra [3] or its sutures [4].
2.5.1. ECU: Talent places wire on insect. Close up of the end of the wire with wax. Videographer: Take multiple shots, as this will be used later.
2.5.2. CU: shot of the wire and the insect.
2.5.3. CU: shot of the wire and the insect. Video editor: Use an arrow to point to elytra.
2.5.4. CU: shot of the wire and the insect. Video editor: Use an arrow to point to sutures.
2.6. Eric Yu Yu: There is only a short time window available between heating the wax on the tether and affixing it to the anesthetized beetle. But with enough practice, tethering will become second nature [1].
2.6.1. INTERVIEW
2.7. Place the free end of the wire into the opening of the hollow metal tube of the flight mill arm [1]. Ensure that the wire fits tight enough to hold in place without slipping caused by friction [2].
2.7.1. CU: Talent puts the wire into flight mill arm.
2.7.2. CU: Talent gently pulls the wire to show it fits tight.
2.8. Immediately after mounting a beetle, tear a small piece of tissue paper from a larger tissue [1-TXT]. Offer the tissue piece to the tethered beetle hanging from the flight mill for tarsal contact. This will greatly reduce initial escape or landing flight behavior [2].
2.8.1. MED: Talent tears tissue. TEXT: ~ 1- cm diameter
2.8.2. CU: Talent offers the tissue to the beetle. Close up of the beetle grasping the tissue.
2.9. Tether additional beetles for flight testing [1]. Eliminate human presence in the flight room at least 30 minutes before the test begins [2].
2.9.1. MED: Talent prepares 5 other beetles.
2.9.2. WIDE: Talent leaves the room.
3. Operate the Flight Mill Software Program for Flight Testing
3.1. Prior to flight testing, start the flight mill software program [1]. Enter the information under the Initialization tab [2]. Set the Start Time and End Time for the desired duration of the flight test [3]. 
3.1.1. SCREEN: Talent opens the software.
3.1.2. SCREEN: Talent points to Initialization Tab.
3.1.3. SCREEN: Talent sets time.
3.2. Set the Minimum Threshold to 0 minute [1]. This ensures that any detection of the flight arm passing the sensor will be recorded [2]. Set the Maximum Threshold to 1 minute [3] which ensures that 1 minute must elapse between sensor detections of the flight arm before declaring an end to a flight [4].
3.2.1. SCREEN: Talent sets minimum to 0 minute.
3.2.2. CU: Shot of the flight arm passing.
3.2.3. SCREEN: Talent sets maximum to 1 minute.
3.2.4. MED: Shot of the beetle and the flight arm not-moving.
3.3. Enter a name for the file [1]. Set Raw Data Log Interval to 1 minute [2] to control the output of revolutions logged every minute [32]. Under the Subject Information tab, fill in the columns labeled ID, species, agediet, sex, speciesdiet, and comments as desired [43].
3.3.1. SCREEN: Talent enters name for the file.
3.3.2. SCREEN: Talent sets log interval.  	Comment by T Sappington: Old 3.3.3. has been deleted, because it is not possible to show this being collected in a spreadsheet in real-time. If desired, the RAW DATA tab in the Excel file "Test females 9-10" (uploaded for use with 4.1.2.) could be used for a static screen shot, which shows the data log per minute for a 22 hour test.
Instead, however, we suggest a new screenshot video inserted below at 3.4.3. This shows opening the Status and Debug Tab where incoming data is seen in real time being registered for each flight mill.
3.3.3. SCREEN: Talent shows the spreadsheet for logging every minute.
3.3.4. SCREEN: Talent points to the subject information tab and fills in the columns.
3.4. After that, return to the Initialization Tab and slide the button in the upper left of the screen display to AUTO [1]. Then click on the START button located on the left side of the screen display [12]. Once the Current Time matches the Start Time, tThe program will begin collecting raw data, once the Current Time matches the Start Timewhich can be seen in the Status and Debug Tab [3] for any flying beetles [2]. 
3.4.1. SCREEN: Talent returns (from Subject Information Tab) to Initialization Tab and slides button to AUTO
3.4.2. SCREEN: Talent clicks START.
3.4.3. SCREEN: Talent opens Status and Debug Tab, and shows data being collected in real time.
3.4.4. MED: Shot of the beetles in flight activity. Videographer: take multiple shots, as this will be used later. 
3.5. [bookmark: _GoBack]End the program by clicking the START button if the program is set to manual [1]. If the program is set to AUTO [21], then the program will stop collecting raw data once the Current Time matches the End Time [32]. Alternatively, the program can be stoped manually before the scheduled End Time simply by clicking the STOP button [3].
3.5.1. Talent points to the End Time setting, then to the Current Time.SCREEN: Talent clicks START to end the program.
3.5.2. SCREEN: Talent points to the manual/auto setting.
3.5.3. SCREEN: Screenshot of the program running where until it is stopped when the current time matches the end time. 
3.5.4. SCREEN: Talent clicks STOP to end the program manually.
3.6. Click EXIT after the flight-testing period has ended [1]. Ensure that a TDMS (pronounce as T-D-M-S) file is saved under the file name entered during program initialization [2]. Click on the TDMS file and save the document as a spreadsheet [3].
3.6.1. SCREEN: Talent clicks Exit.
3.6.2. SCREEN: Talent checks the TDMS file.
3.6.3. SCREEN: Talent saves the file as spreadsheet.
3.7. After completion of a flight mill test, remove all flight-tested beetles [1]. Remove the wax bead connecting the tether to the pronotum, and gently peel the wire away from the pronotum [2]. The insect is available for further experimentation if desired [3]. 
3.7.1. WIDE: Talent enters the test room.
3.7.2. ECU: Talent peels the wire away and removes the wax. Videographer: take multiple shots, as this will be used later.
3.7.3. CU: Shot of the insect with wax removed.

3.7.4. 

Section – Results
4. Results: Flight Testing Records
4.1. The six-day-old, mated female western corn rootworm adults were left on the flight mills for 22 consecutive hours beginning 30 minutes before initiation of simulated dawn [1], and their flight activity was recorded [2]. 
4.1.1. Use 3.4.2. 
4.1.2. Figure 4B- Video editor: Please use the excel file (Test females 9-10.xlsx), the tab labeled “FM# 2” is where Fig. 4B came from.
4.2. The first tab in the resulting spreadsheet summarizes the individual adults that were tested [1]. For the female beetle tethered to flight mill number 2, the spreadsheet displays the number of flights [2], total revolutions per flight [3], start and end time of each flight [4], and the duration of each flight [5].
4.2.1. Figure 4A- Video editor: Please use the excel file (Test females 9-10.xlsx), tab labeled “Test Females 9-10 (root)”.
4.2.2. Figure 4B- Video editor: emphasize column A.
4.2.3. Figure 4B- Video editor: emphasize column B.
4.2.4. Figure 4B- Video editor: emphasize column C&D.
4.2.5. Figure 4B- Video editor: emphasize column E.
4.3. This female engaged in several independent flights, most of which were very short [1]. However, in flight number 5, the female traveled 1,258 meters over a 38-minute period of uninterrupted flight [2]. The female beetle tethered to flight mill number 1 did not engage in flight during the test period, so a blank spreadsheet is displayed [3].
4.3.1. Figure 4B
4.3.2. Figure 4B- Video editor: emphasize row 6 TEXT: distance per revolution = 1 m
4.3.3. Figure 4C- Video editor: Please use the excel file (Test females 9-10.xlsx), tab labeled “FM# 1”.
4.4. A summary of the flight parameters from the raw data was retrieved from the flight mill software [1]. Total flight parameters refer to the sum of all flights of an individual during the 22-hour test period [2], whereas the longest flight parameters refer to the longest uninterrupted flight during the test [3].
4.4.1. Table 1
4.4.2. Table 1- Video editor: emphasize rows 5&6&7
4.4.3. Table 1- Video editor: emphasize rows 8&9&10


Section - Conclusion
5. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
5.1. Eric Yu Yu: It is very important to handle the beetle with care while tethering. During this process the beetle is easily damaged or tethered improperly, which will result in erroneous flight data [1].
5.1.1. INTERVIEW – Video editor: B-roll suggestion: Shot 2.5.1
5.2. Eric Yu Yu: Easy removal of the tether's wax from the cuticle allows testing the effects of flight and treatment groups on subsequent traits of interest, such as fecundity and longevity [1].
5.2.1. INTERVIEW – Video editor: B-roll suggestion: Shot 3.7.2
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