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Author Questionnaire:

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  We use a dissecting scope 
Can you record movies/images using your own microscope camera? (Y/N) No
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope. Leica S6D

2. Does your protocol include software usage? (Y/N) No
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
2.1-2.2, and 2.4-2.7 are the most important for viewers to see
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.)
Authors, please answer this question with the steps listed here in the Protocol section below for use by the videographer.
2.6. Ensuring that we have larval exuvia with head capsules attached. To ensure success, we have a large breeding program in my lab with hundreds of larvae available. Thus, we can identify and hold sample exuvia for filming. 
5. Will the filming need to take place in multiple locations? (Y/N) No
If yes, how far apart are the locations? 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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


1.1. Jaret Daniels: This method represents a portion of a larger ex situ conservation breeding protocol used for laboratory mass production of at-risk butterflies. It illustrates how basic husbandry methods can be adapted for scientific research to help address key behavioral, life history, or ecological data gaps. The specific methods presented for assessing larval development time and the number of larval stadia have broad applicability to other butterfly conservation breeding or research programs [1].
1.1.1. INTERVIEW


1.2. Geena Hill: This technique is an effective approach for documenting the life history metrics of an endangered butterfly, such as number of larval instars, duration of developmental stages, and size of all life stages. We have streamlined our protocol so that productivity and efficiency may be increased in the laboratory, which is especially important when collecting data in a short timeframe [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. Jaret Daniels: This method requires dexterity and attention to detail to avoid organism harm as the butterfly larvae are very small, especially as neonates [1].
1.3.1. INTERVIEW


Introduction of Demonstrator: (Said by you on camera)

1.4. Author Name: Geena Hill: Demonstrating the procedure will be _ Jacob Hornfeldt, an undergraduate from our laboratory [1] [2].
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Section - Protocol
2. Assessing Development Time of Immature Stages and the Number of Stadia
2.1. [bookmark: _GoBack]To begin, use a small camel hair watercolor paint brush to carefully move and isolate a single larva [1] and place it under a dissecting microscope in a petri dish [2]. Dip a single hair of the insect pin in nontoxic luminous paint of contrasting color to that of the larva [3], and carefully put one small drop of paint on the back of the larva [4].
2.1.1. ECU: Talent isolates a larva. Important Step
2.1.2. Talent places the larva in a dish under a microscope.
2.1.3. ECU: Talent dips a hair in paint. Important Step
2.1.4. SCOPE: Talent drops one drop of paint on the back of the larva. Important Step
2.2. After 30 seconds, the paint dries [1]. With the help of a small camel hair watercolor paint brush, place each individual larva in its own 2-ounce clear plastic portion cup containing approximately 1–3 small leaves of fresh terminal host material [2] and write a unique identifier on the cup and lid [3]. Firmly secure the lid [4].
2.2.1. SCOPE: Talent shows the larva with dry paint. Important Step
2.2.2. CU: Talent transfers the larva into a cup. Important Step
2.2.3. Talent writes on the cup. Videographer comment: 2.2.3 & 2.2.4 are combined
2.2.4. Talent closes the lid.
2.3. Carefully check each larva daily [1]. With forceps, remove the leaves and set them onto white surface [2]. Inspect the cup, and the clear lid [3]. Examine leaves under a dissecting microscope for the presence of larval exuviae and head capsules [4]. 
2.3.1. Talent approaches the cup.
2.3.2. Talent transfers the leaves onto white surface. Videographer comment: 2.3.2 & 2.3.3 are combined
2.3.3. Talent shows the cup and the lid.
2.3.4. SCOPE: Talent checks the leaves.
2.4. When a larval exuvia is observed [1], remove it from the cup and place it in a vial filled with 0.2 microliters of glycerin [2]. Label the top of the lid and the side with the larva number, date of molt, and head capsule [3]. 
2.4.1. SCOPE: Talent shows the cast skin.
2.4.2. CU: Talent places the skin into a vial. Important Step
2.4.3. CU: Talent labels the lid and side.
2.5. Place the larval exuvia and the associated head capsule in a clear plastic portion cup lid [1] and put a couple of drops of ethanol in it [2].
2.5.1. Talent places the samples in a cup lid.
2.5.2. Talent drops ethanol in the lid.
2.6. Observe the larval exuvia under a dissecting microscope [1]. If the larval head capsule is already separated from the exuvia, place a drop of glycerin on the tip of pointed entomological forceps and gently touch the head capsule to the glycerin [2]. Place the head capsule in the associated microcentrifuge tube [3].
2.6.1. Talent operates on the microscope.
2.6.2. SCOPE: Talent shows the head separated, and with forceps having glycerin on the tip, touch the head. Important Step
2.6.3. CU: Talent places the head in a vial.
2.7. If the head capsule is still attached to the larval exuvia [1], use pointed forceps and an insect pin to separate the head capsule from the larval exuvia. [2]. Once it is separated, use the glycerin technique to pick up the head capsule [3]. After each molt, repaint larvae [4] and record the molt dates [5].
2.7.1. SCOPE: Talent shows the head attached to the exuvia.
2.7.2. SCOPE: Talent uses pointed forceps to remove the head.
2.7.3. SCOPE: Talent uses forceps with glycerin to pick up the head.
2.7.4. SCOPE: Talent drops one drop of paint on the back of the larva (bigger one than in 2.1.4). Important Step
2.7.5. Talent records date.
2.8. Each day, use digital calipers to measure the total body length, from the head to the last abdominal segment of each larva [1]. Take three measurements and record the average of the three, along with the date and time [2].
2.8.1. SCOPE: Talent measures the body length. Important Step
2.8.2. Talent calculates the average of three measurements, and records date and time on a paper.
2.9. Check the corresponding plastic cup to make sure no mold is in it. Remove all frass and old host debris, and add fresh host material as needed [1]. Return the larva to the cup [2].
2.9.1. CU: Talent shows the cup with no mold, removes debris and adds material.
2.9.2. CU: Talent places the larva in the cup, 
2.10. Maintain cups under laboratory temperature between 27 and 32 degrees Celcius for optimal larval activity and development. [1]. Maintain the condition until all larvae reach their final instar and begin the prepupal stage [3].
2.10.1. Shot of the temperature between 27-32 degrees Celsius.
2.10.2. Talent uses a pump to mist the cup.
2.10.3. CU: Talent shows the larvae in final instar stage.
2.11. When larvae cease feeding, turn a uniform dull greenish-brown color, lose their chevrons, and often wander off the host [1], place a small piece of corrugated paper in the cup [2].
2.11.1. CU: Talent shows the larvae at the stage with a dull greenish-brown color.
2.11.2. CU: Talent places a piece of corrugated paper in the cup.
2.12. Once each larva has fully pupated [1], measure its total length [2] and record the date of pupation. This is the final molt of each individual [3].
2.12.1. Shot of a larva pupated.
2.12.2. Talent records on the paper.
2.13. Check on the pupae daily [1]. When they have grown up into butterflies, use forceps to hold the adult butterfly, and gently blow on the wings to reveal the upper wing surface color [2]. Males appear to have blue all over the wings [3], and females have reduced blue and an orange-caped eyespot on the hindwing [4].
2.13.1. CU: Shot of the pupae.
2.13.2. Talent picks up one butterfly, and blows on the wings. Videographer comment: 2.13.2 & 2.13.4 are of the wings flapping to see the inside. They have multiple files. There is a take in 24p, 120p, and a file already converted to slow motion.
2.13.3. 
2.13.4. ECU: Talent shows a female butterfly wing.
2.14. Record the eclosion date, and sex of each resulting adult butterfly [1].
2.14.1. Talent records on the paper.
2.15. To measure the wing chord length of each butterfly, gently hold the butterfly with forceps and use digital calipers [1]. In the case the butterfly is too active to be measured, place it in a refrigerator for 30 seconds or less and try again [2].
2.15.1. CU: Talent measures the wing chord length.
2.15.2. Talent places the butterfly in a refrigerator.




Section – Results
3. Results: Head Capsules and Development Time 
3.1. This protocol has enabled directed research and extensive data collection on numerous key data gaps important to improve best laboratory breeding and husbandry practices [1].
3.1.1. Figure 1
3.2. Here are the four head capsules collected for one individual [1]. The majority of larvae had four molts [2], with each immature life stage less than 5 days [3]. Females typically developed quicker in all immature stages [4] compared to males [5], although this was not a significant effect with p value at 0.625 [6].
3.2.1. Figure 3
3.2.2. Figure 2
3.2.3. Figure 2 – Video editor: emphasize the first four groups of bars.
3.2.4. Figure 2 – Video editor: emphasize the dark blue bars.
3.2.5. Figure 2 – Video editor: emphasize the light blue bars.
3.2.6. Figure 2



Section - Conclusion
4. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
4.1. Geena Hill: This step is very meticulous, especially when larvae are freshly-hatched neonates. It’s important to remember to use a microscope during this step to make sure the paint is applied on the appropriate place (on the back of the caterpillar) [1]. 
4.1.1. INTERVIEW – Video editor: B-roll suggestion: Shot 2.1.4.
4.2. Jaret Daniels: These methods can be expanded to help evaluate developmental stage survival rates, differential performance on multiple larval hosts, as well as help researchers to better interpret data from the field [1].
4.2.1. INTERVIEW
4.3. Jaret Daniels: This straightforward method illustrates how with a little planning, basic organism husbandry practices can be readily adapted for scientific research. The results can then be used to help inform and potentially adapt ex situ methods to enhance success [1].
4.3.1. INTERVIEW
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