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Author Questionnaire:
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? NO
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.)
2.2.1 How to place the plastic mesh
2.3.1 How to identify eggs in the tank
3.3.2 How to identify and remove dead eggs
4.2.1 how to sort the fish 
5.2.2 How to add rotifers and the appropriate density 
6.1.1 How to remove the fish from the containers 
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.)
4.2.1 Moving the fish to the nursery cups. The fish are difficult to see. A headlamp can be useful and agitating the water is also helpful. It is important to be at a comfortable work surface as it can take a long time.

5. Will the filming need to take place in multiple locations? YES
If yes, how far apart are the locations? On the same floor, different rooms


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. Misty Riddle: Here we demonstrate how to breed the Mexican tetra, Astyanax mexicanus, raise the larvae, and perform whole mount immunohistochemistry on post-larval fish to compare the phenotypes of river- and cave-adapted fish [1]. 

1.1.1. INTERVIEW: Named author states the above, looking slightly off to the side. 


1.2. Megan Peavey: We raise the fish at the same density on a nutrient rich diet of rotifers [1].  

1.2.1. INTERVIEW: Named author states the above, looking slightly off to the side

1.3. Brian Martineu: This technique ensures consistent growth and provides advantages in cost, biosecurity, and water quality [1]. 

1.3.1. INTERVIEW: Named author states the above, looking slightly off to the side.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

The procedures described throughout this protocol have been approved by the Institutional Animal Care and Use Committee (IACUC) at Harvard Medical School. 


Section - Protocol
2. Breeding
2.1. To begin, fill a 5-gallon tank with fish-ready water [1-TXT] [2]. Then, place plastic mesh at the bottom of the tank [2] [1-TXT]. Affix a water heater to the side of the tank [3].
2.1.1. MED: Talent adds water to the fish tank. TEXT: See text for water conditions (Move below 2.1.2)
2.1.2. CU: Talent positions plastic mesh at the bottom of the fish tank. 
2.1.1.   MED: Talent adds water to the fish tank. TEXT: See text for water conditions
2.1.3. CU: Talent fixes a water heater to the side of the tank. 
2.2. Add one female and two male A. mexicanus fish that are more than one year old to the tank [1-TXT]. Set the temperature of the water heater to 24 degrees Celsius [2]. After 24 hours, increase the temperature by 1 degree Celsius [3-TXT].
2.2.1. MED: Talent adds the three fish to the tank. TEXT: Acclimate fish for 30 min Videographer: Obtain extra footage of the fish swimming in the tank. We will use it for the results section. 
2.2.2. CU: Talent sets the temperature of the water heater to 24 °C (which is 1 degree higher than the starting temp). 
2.2.3. CU: Talent increases the temperature of the water heater by 1 degree. TEXT: Repeat temperature increase every 24h for 3 days
2.3. Shine a flashlight into the bottom of the tank [1] every day to check for eggs [2]. 
2.3.1. MED: Talent shines a light into the bottom of the tank. 
2.3.2. CU: Show detail of eggs, if they are present. Videographer: An ECU shot may be more appropriate to capture sufficient detail of the eggs. 

3. Hatching Fertilized Eggs 
3.1. Once the eggs are identified in the breeding tank, remove the adult fish and the plastic mesh [1]. Use a beaker to reduce the water depth to 10 centimeters [2]. 
3.1.1. MED: Talent removes the three adult fish from the tank and removes the plastic mesh from the bottom of the tank. 
3.1.2. MED: Talent uses a beaker to reduce the water depth. 
3.2. To estimate the time of fertilization, use a transfer pipette to place several eggs into a Petri dish [1]… and view them with a stereomicroscope to determine their stage [2]. 
3.2.1. CU: Talent uses a transfer pipette to move some of the eggs from the tank to a Petri dish. 
3.2.2. SCOPE: Talent views the eggs under the microscope. 
3.3. Move the tank to an appropriate work surface [1] and remove opaque eggs or feces [2]. Then, fill the tank with fish-ready water and add 7 drops of methylene blue to the water [3].
3.3.1. WIDE: Talent carried the tank to another table. 
3.3.2. CU: Talent removes opaque, bad eggs and feces from the tank. 
3.3.3. MED: Talent fills the tank with water and simultaneously adds blue dye. 
3.4. After this, add a heater and aquarium bubbler to the tank [1]. Set the heater to 24 degrees Celsius [2]… and adjust the airstream regulator to produce a gentle stream of bubbles [3]. Then, cover the tank to maintain water temperature [4].
3.4.1. MED: Talent adds a water heater and a bubbler to the tank. 
3.4.2. CU: Talent adjusts the water heater settings. 
3.4.3. CU: Talent adjusts the bubbler to produce a gentle stream of bubbles. 
3.4.4. MED: Talent puts the cover on the fish tank. 
4. Transfer of Hatched Larvae to Nursery Containers 
4.1. Add 20 grams of salt to 8 liters of fish-ready water and stir until it is dissolved [1]. Then, add 1 liter of the prepared water to each nursery container [2]. 
4.1.1. MED: Talent adds salt to some fish-ready water and stirs. (Author Comment: We had to put almost 60 fish in the cup before the camera picked them up, so the final shot is of a grossly overpopulated nursery cup.  However, since this is a close-up shot, it won't be showing the overall density of the tank, and since it's meant to show what fry look like, I think it makes sense.)
4.1.2. MED: Talent adds the salt water to some small nursery containers. (Author Comment: For some of these shots, I had to mime processes (or in this case condense a process for the sake of film length), which would take MUCH longer in practice.)
4.2. Next, use a transfer pipette to move twenty of the hatched larvae into each nursery container [1-TXT]. Agitate the water in the larger tank to ensure that all larvae have been removed [2].
4.2.1. CU: Talent transfers some larvae to one of the nursery containers. TEXT: 20 larvae / nursery container  Videographer: Obtain extra footage of larvae swimming around in the nursery containers. We will use this in the results section. 
4.2.2. MED: Talent stirs the water in the larger tank to check for any larvae that were missed on the first pass. 
5. Preparation of Rotifer-based Fish Food and Feeding of Post-Larval Fish 
5.1. To prepare the fish food, add 3 milliliters of algae mixture to 1 liter of harvested rotifers [1].
5.1.1. MED: Talent adds algae mix to a liter of water containing rotifers. 
5.2. Five days post fertilization, add 3 milliliters of the fish food to each nursery container [1]. The rotifers should be visible in dense groups at the corners of the containers and less visible near the center [2-TXT]. 
5.2.1. MED: Talent adds the rotifer based fish food to one of the nursery containers. 
5.2.2. CU: Show detail of the rotifers in one of the nursery containers. The concentration should be the desired concentration TEXT: Desired rotifer concentration
5.3. Check the containers for rotifers every day and add more food if the concentration is depleted [1-TXT]. Remove any dead larvae [2].
5.3.1. CU: Show detail of a nursery container with an insufficient concentration of rotifers TEXT: Insufficient rotifer concentration; Typical rotifer length: 160 µm (Author Comment: In both of these shots we had to add more than 3ml of the rotifer mixture before anything showed up on camera, so it might make sense to somehow remind the audience that rotifers are typically only about 160µm in length, which is really small, and some people might describe the appropriate density as looking more like mist, or dust, rather than an accumulation of individual animals, since that doesn't show up well on camera.)
5.3.2. CU: Talent removes a dead larva. If there are no dead larvae present, the talent can mock this action. 
6. Whole-Mount Immunohistochemistry of Post-Larval Fish
6.1. First, to clear the gastrointestinal tract of food contents, pour the nursery container with the fish of the desired age through a nylon mesh strainer [1]. Place the strainer into a container with clean, fish-ready water and withhold food for 24 hours [2]. 
6.1.1. MED: Talent transfers the strainer to a container of clean water. 
6.2. After euthanizing the fish according to institutional guidelines, use a transfer pipette to transfer the fish to a conical tube [1]. Replace the euthanasia solution used for euthanasia with fixative [2]… and incubate the tube with rocking overnight at 4 degrees Celsius [3].
6.2.1. CU: Talent transfers the euthanized fish to a conical tube. 
6.2.2. CU: Talent removes the tricaine euthanasia solution from the conical tube and replaces it with fixative solution. 
6.2.3. MED: Talent places the tube on a rocker to incubate. 
6.3. After this, remove the fixative and replace it with PBST [1]. Incubate the tube for another 15 minutes with rocking [2]…and repeat the wash process one more time [3]. 
6.3.1. CU: Talent removes the fixative solution from the tube and replaces it with PBST. Videographer: Obtain multiple takes, this is repeated. 
6.3.2. MED: Talent places the tube back onto the rocker. 
6.3.3. Reuse 6.3.1.
6.4. Next, use a transfer pipette to move the fish to a 4-milliliter glass vial with a screw top cap [1]. Remove the PBST from the vial and add 3 milliliters of blocking solution [2]. Incubate the vial at room temperature for 1 hour with rocking [3].
6.4.1. CU: Talent transfers the fish to a screw top vial. 
6.4.2. CU: Talent adds PBST blocking solution to the vial (the fixative has already been removed off camera). 
6.4.3. MED: Talent places the vial on the rocker to incubate. 
6.5. After this, use a transfer pipette to remove the blocking solution [1]… and replace it with primary antibody diluted in blocking solution [2]. Incubate the vial overnight at room temperature with agitation [3]. 
6.5.1. CU: Talent removes the blocking solution with a pipette. 
6.5.2. CU: Talent adds antibody-blocking primary antibody solution mixture to the vial. 
6.5.3. MED: Talent places the vial on a rocker to incubate overnight. Videographer: Obtain multiple takes, this is repeated. 
6.6. Next, wash the fish with PBST three times, as described previously [1]. Replace the PBST with secondary antibody diluted in blocking solution [2]… and incubate the vial overnight at room temperature with agitation [3]. Finally, wash the fish three times for 15 minutes with PBST [4].
6.6.1. Reuse 6.4.1. CU: Talent adds PBST to the vial 
6.6.2. CU: Talent removes the PBST from the vial and adds secondary antibody diluted in blocking solution. 
6.6.3. Reuse 6.5.3.
6.6.4. CU: Talent removes the secondary antibody diluted in blocking solution from the vial and adds PBST. 



Section – Results
7. Results: Surface Fish Produce Greatest Number of Larvae per Spawn
7.1. Using this protocol, surface fish and Tinaja (teen-ah-ha), Molino, and Pachón (Pach-ohn) cavefish were bred in static breeding tanks [1]. The surface and Pachón spawns with fertilized embryos always produced hatched larvae, while the Molino and Tinaja were unsuccessful some of the time [2].
7.1.1. Video editor: Use requested extra footage of adult fish swimming in the large breeding tank. 
7.1.2. LM: Table 1 Video editor: Simultaneously show requested extra footage from 4.2.1.
7.2. In general, surface fish produced the greatest number of larvae per spawn [1]… followed by Pachón, Tinaja, and Molino, respectively [2]. 
7.2.1. LM: Table 2 Video editor: Emphasize the results referring to the surface fish in this table. 
7.2.2. LM: Table 2 Video editor: Show the table and the requested extra footage from 4.2.1 simultaneously. 
7.3. The whole-mount immunostaining technique was successfully used to label neurons and pancreatic cells at stages up to 12.5 days-post-fertilization [1]. 
7.3.1. LM: Figure 1 




Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Brian Martineu: It is important to remove any dead fish as you raise the larvae and record the number of surviving fish. If many fish die, it may be due to bacterial or fungal contamination. Tanks should be sterilized with 70% ethanol prior to use [1]. 
8.1.1. INTERVIEW: Named author states the above, looking slightly off to the side. Video editor: Use representative clips from 5.3.2.
8.2. Misty Riddle: The immunostaining technique we describe has been successfully used for the antibodies listed in the materials table. After immunostaining, fish can be whole-mounted or sectioned to view any tissue of interest [1]. 
8.2.1. INTERVIEW: Named author states the above, looking slightly off to the side.
8.3. Misty Riddle: In combination, the breeding, hatching, and immunostaining procedure provide a robust method for assessing gene activity in situ in a comparable manner between laboratories [1].
8.3.1. INTERVIEW: Named author states the above, looking slightly off to the side.
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