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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)  Y
Can you record movies/images using your own microscope camera? (Y/N) N
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.
Zeiss Standard 25 compound microscopy

2. Does your protocol include 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.

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.)
3.8, 3.11, 3.12

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.)
3.8, 4.3

5. Will the filming need to take place in multiple locations? (Y/N) 
If yes, how far apart are the locations? 
YES.  All filming will occur at the Skidaway Institute of Oceanography but will occur in a number of different locations on the campus.  All locations are within easy walking distance of each other.


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. Marc Frischer: This protocol, to our knowledge, is the only approach available for culturing doliolids. Reliable doliolid culture technology provides a unique experimental model to study organisms that are important in some of the most productive regions of the ocean and that represent the earliest evolutionary ancestors of vertebrates [1].
1.1.1. INTERVIEW

1.2. Deidre Gibson: This technique is unique as it keeps the algal food particles and the organisms suspended in the water column, without contact with the walls of the container as they experience in nature. [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. Deidre Gibson: This culturing method can be applied to the culturing of other small gelatinous and crustacean zooplankton species [1].
1.3.1. INTERVIEW

1.4. Tina Walters: Because doliolids have a complex life cycle, understanding and recognizing the needs of each life stage is critical. Learning the life cycle and how to recognize and handle them takes a lot of practice. [1].
1.4.1. INTERVIEW

1.5. Tina Walters: In our experience, the only way to learn this culturing technique is to see it and do it [1].
1.5.1. INTERVIEW

Introduction of Demonstrator: (Said by you on camera)

1.6. Marc Frischer: Several other project participants including, Erin Arneson, Nicholas Castellane, Natalia López-Figueroa, Lauren Lamboley, Brianna Pierce, Áurea Rodríuez-Santiago, and Terrell Scarboro also appear briefly in this video.  

1.6.1. Interview style: Author saying the above 
1.6.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Author comment: Three shots were taken.  Marc introduced Dr. Deidre Gibson and Tina Walters as the demonstrators.

Shots were taken of Dr. Gibson and Tina Walters to be associated with the audio of Marc’s introductions.

Marc stated (as below in 1.6) the names of other participants that appear in the videos that were taken at sea



Section - Protocol
2. Preparing Culturing Facilities and Phytoplankton Culture
2.1. Before establishing and rearing doliolid (Doe Lee Oh Lid) cultures in the laboratory, clean and sterilize 1.9- and 3.8-liter glass culture jars by immersing them in the sodium hydroxide-potassium permanganate solution. Allow the jars to soak overnight [1]. 
2.1.1. Talent (Deidre) places the jars in solution.
2.2. Then, transfer the jars into the sodium bisulfite solution. Allow the jars to soak overnight [1-TXT]. Next, rinse the jars thoroughly with deionized water [2]. Allow the jars to dry [3].
2.2.1. Talent (Deidre) places the jars in another solution. TEXT: CAUTION: Avoid inhaling and skin contact! 
2.2.2. Talent (Deidre) rinses the jars.
2.2.3. Talent (Deidre) places the jar on a surface.
2.3. To maintain stock cultures, use rigorous axenic culture techniques. Every two weeks, transfer 0.5 milliliters of old senescing culture to 25 milliliters of fresh growth media in sterile 55-milliliter glass culture tubes [1]. 
2.3.1. Talent (Tina) transfers culture into media.
2.4. To prepare larger volumes of phytoplankton for feeding doliolids, transfer 4 milliliters of the phytoplankton from axenic stocks into a 500-milliliter plastic tissue culture flasks containing 200 milliliters of growth media to inoculate at 1:50 dilution [1].
2.4.1. Talent (Tina) transfers culture into a larger flask.
2.5. Incubate the culture in an environmental incubator or walk in environmental chamber, at 20 degrees Celsius with a 12:12 hour light:dark cycle under cool white light illumination of 65-85 microeinsteins per square meter [1]. Lay culture flasks flat to maximize illumination [2]. Gently swirl culture daily [3]. 
2.5.1. Talent (Tina) places the flasks into the incubator. These 3 shots combined
2.5.2. Talent (Tina) places the flasks flat.
2.5.3. Talent (Tina) swirls the flasks.
2.6. Monitor the growth of the culture by determining the concentration of cells. The concentration of algal cultures is most easily determined using a microscope and hemocytometer [1].
2.6.1. Talent (Tina) uses a microscope and hemocytometer to determine the cell concentration. 
Author comment: There was some confusion about this shot and Tristan did not bring an ocular mount as was indicated to us.  He took several shots of Tina counting algae using a hemocytometer (special type of microscope slide) on the microscope that we routinely use for this task (Zeiss). We also took a micrograph of the hemocytometer with algae using a different microscope with an imaging system.  However, the camera we used on this scope was a bit dirty so we are not very happy with that image.  Tristan offered to come back to get this shot if necessary.  We will reserve our opinion about whether that shot is necessary based on seeing a draft of the video.  It may not be necessary.
3. Locating and Collection of Wild Doliolids and Seawater for Culture
3.1. Head out to the sea [1-LM]. To locate doliolids on continental shelf [2-LM], deploy oceanographic instrument CTD (pronounce as C T D) [3-LM] for identifying water conditions [4-LM] conducive to the presence of doliolids by profiling water temperature, salinity, and chorlophyll a fluorescence [5-LM].
3.1.1. RV Savannah leaving dock [SkIO 3.1.1]
3.1.2. RV Savannah heading out to sea [SkIO 3.1.2]
3.1.3. CTD deployment [SkIO 3.1.4]
3.1.4. Tina at CTD console [SkIO 3.1.5]
3.1.5. CTD display downcast output [SkIO 3.1.6]
3.2. Confirm the water conditions by conducting exploratory net tows with specialized plankton net [1] [2-LM]. Alternatively, use an in-situ profiling imaging system [3-LM] to detect doliolids [4-LM].
3.2.1. Talent (Marc) shows the net and cod end. Added shot: 3.2.1.1: Added an additional shot of Marc showing the net cod-end
3.2.2. Figure 4 – Video editor: show the bottom schematic only, as inset.
3.2.3. Figure of ISSIL Deep Focus 2 on RV Hugh Sharp [SkIO 3.1.9] Video editor: image credit, A. Greer
3.2.4. Video footage of ISSIL deployment in Gulf of Mexico [SkIO 3.1.10] Video editor: video credit CONCORD, Consortium for Coastal River-Dominated Ecosystems and the Gulf of Mexico Research initiative
3.3. Now operate the winch to retrieve the CTD [1-LM]. The Niskin bottles mounted on the CTD rosette collected seawater from the site where doliolids are located, and at the depth containing the highest estimates of chlorophyll [2-LM].
3.3.1. CTD retrieval [SkIO 3.2.1]
3.3.2. Filling culture jar with water collected from CTD [SkIO 3.2.2] 
3.4. To collect doliolids, use the specialized plankton net with aquarium cod end [1]. Rinse three 22-liter buckets with seawater [2-LM], and fill with seawater to a little more than half full [3-LM]. Fill the net cod end completely with seawater [4-LM], and attach the cod end to the net [5-LM].
3.4.1. Talent picks up the net and cod end. Author comment: This shot is redudant with 3.2.1.  Suggest removing it from the script.
3.4.2. Talent (Tina) rinses buckets with sea water [SkIO 3.3.1]
3.4.3. Talent (Tina) fills buckets with sea water [SkIO 3.3.2]
3.4.4. Talent (Tina) fills cod end with sea water [SkIO 3.3.3]
3.4.5. Talent (Tina) attaches cod end to net [SkIO 3.3.5]
3.5. Deploy the net [1-LM]. Lower and raise the net through the water column [2-LM] maintaining an oblique towing angle of 15 - 25° [3-LM], and vertical deployment and retrieval speed not greater than 15 meters per minute [4-LM]. 
3.5.1. Deploy net off the RV Savannah [SkIO 3.3.6]
3.5.2. Net enters the water [SkIO 3.3.7]
3.5.3. Net angle is monitored [SkIO 3.3.8]
3.5.4. Net deployment speed is monitored and adjusted [SkIO 3.3.9] 
3.6. Once the net is onboard [1-LM], gently transfer and divide the contents [2-LM] of the cod-end into the plastic buckets each containing [3-LM] surface seawater collected from the site [4-LM].
3.6.1. Recover net [SkIO 3.4.1]
3.6.2. Open cod-end filled with collected plankton into one of the ½ filled buckets [SkIO 3.4.2]
3.6.3. Gently divide contents of cod-end among the 3 buckets [SkIO 3.4.3] 
3.6.4. Finish dividing contents of cod-end among the 3 buckets [SkIO 3.4.4] 
3.7. To isolate doliolid zooids from other plankton, first transfer mixed plankton in small batches from the net tow contents to a 2-liter glass beaker [1]. 
3.7.1. Talent transfers plankon from the net to a beaker.
3.8. Using a wide-bore glass pipette [1-TXT] gently mix the contents of the beaker with the pipette using vertical and horizontal motions. Using the index finger create capillary suction to capture and transfer doliolids [1.1]. Capture the doliolids from mixed plankton in the beaker  [2]. 
3.8.1.  Talent (Tina) shows the pipette TEXT: 8 mm ID x 38 cm length and (3.8.1.1) demonstrates the technique used to handle (pick-up and transfer) doliolids using the wide bore glass pipette. . Author comment: Additional shots were taken that demonstrate the use of the wide bore pipette to handle doliolids.  This is important to include in the final video. In these shots we used faux doliolids made out of agarose. These faux doliolids are of similar size, density, and fragility as actual doliolids and are useful for practicing and developing these pipetting skills
3.8.2. CU: Talent captures the marine animal from the beaker. Videographer: Important Step Author comment:  These shots are provided by the authors and correspond to notation above for voiceover. The 3 video clips were previously uploaded and identified as SkIO 3.5.2, 3.5.3, and 3.5.4. 
3.9. After the addition of doliolids, add Rhodomonas (pronounce as Rho Doe Moan As) culture into the jar to a final concentration of about 5 x 103 to 104 cells per milliliter [1]. Check the color of the digestive tract of doliolids. The red color determines the doliolids are actively feeding [2-LM].
3.9.1. Talent adds algal culture into the jar. Shot maybe not available.
3.9.2. Close up of feeding doliolid and the digestive tract becoming red. [SkIO 3.6.1] Video editor: emphasize the digestive tract.
3.10. To prevent doliolids from being trapped at the air-water interface, completely fill the jars with unfiltered particle-rich seawater to avoid the headspace [1]. Place a piece of plastic wrap over the jar opening[2]. 
3.10.1. Talent (Deidre) fills the jars.
3.10.2. Talent (Deidre) uses a plastic wrap over the jar opening.
3.11. Avoid creating air bubbles that can also damage the animals. Carefully screw the cap onto the jar and gently invert the jar to determine if bubbles are present [1]. If bubbles are present, fill more seawater to remove them [2]. After the jars are filled reseal with lid and, wipe the excess water from the outside of the jar [3].
3.11.1. Talent (Deidre) screws on a cap, and inverts to check for bubbles and finds one Videographer: Important Step
3.11.2. Talent (Deidre) re-opens the jar, fills it completely with more seawater, and re-seals the jar.
3.11.3. Talent (Deidre) wipes excess water.
3.12. Mount each jar onto the plankton wheel by placing the jar on the vertical metal bars covered with rubber tubing, and between a stainless-steel hose clamp [1]. Ensure that the back of the jar is cushioned against the rubber tubing [2]. Adjust the screw to tighten the hose clamp around the jar [3].
3.12.1. Talent (Deidre) mounts jars. Videographer: Important Step
3.12.2. CU: Shot of the back of the jar against the tubing.
3.12.3. Talent (Deidre) adjusts the screw.
3.13. Allow the jars to rotate at 0.3 rpm to keep the doliolids in suspension [1]. 
3.13.1. Talent (Deidre) starts the rotation. Author comment: Additional close up shots were taken of the mechanics of the plantkon wheel and its rotation
4. Maintaining D. gegenbauri Cultures
4.1. After 3 days’ acclimation to the laboratory conditions, transfer 100 –to150 milliliters of culture water from the jar to a sample container [1] and measure the algae concentration using a coulter counter [2].
4.1.1. Talent (Tina) samples culture jar, and places in a sample container. 
4.1.2. CU: Talent measures algae concentration, and shows it drops below 40. Close up of the screen.  Videographer: Take multiple shots, as this will be used later.
4.2. Based on the estimation of algal concentration, add sufficient algae to bring the concentration in the culture jar to 40 – 95 micrograms of C per liter [1].
4.2.1. Talent (Tina) adds algae into the jars.
4.3. Use the particle counter to monitor algal concentrations after the doliolids have been feeding to guide the decision of how frequently and how much algae to add to the cultures [1]. Maintain phytoplankton concentrations in the culture jars between 40 - 95 micrograms of C per liter [2]. Author comment: These videos were shot out of order with respect to the script.  Also, multiple examples were shot
4.3.1. Use 4.1.2. (lower counting peak – screen shot from Coulter Counter)
4.3.2. CU: Talent (Tina) shows the concentration of algae is between 40-95. Close up of the screen. (use high count peak – screen shot from Coulter Counter)
4.4. Culturing doliolids requires supporting them through their complicated life cycle [1-LM]. Developinglarvae [2-LM] and oozooids (Oh Oh Zoe Ids)  and early nurses [3-LM]. Once a minimum of 8 trophozooids (Troph Oh Zoe Ids) are visible on the nurse’s cadophore (Cod Oh For), transfer at least 4 nurses into to a new culturing jar [4-LM].
4.4.1. Figure 1A
4.4.2. Developing Larvae [SkIO 4.3.2]  
4.4.3. [bookmark: _GoBack]Early Nurse [SkIO 4.4.3]
4.4.4. Nurse with trophos and phoros [SkIO 4.4.3] Video editor: points to the tail Author comment: It was not possible to get video of culling doliolids
4.5. Once the phorozooids (For Oh Zoe Ids) reach 3 millimeters in size, reduce the number of animals in the jar [1-LM]. When the phorozooids become larger than 5 millimeters and have developed gonozooid (Gon Oh Zoe Id) clusters, remove all but four phorozooids [2-LM]. 
4.5.1. Large and small phorozooids [SkIO 4.3.5] (10 - 20 sec) Video editor: show a ruler to show the animal is >= 3 mm.
4.5.2. Large Phorozooid [SkIO 4.4.6] (25 - 37 sec).mts Video editor: show a ruler to show the animal is >= 5 mm, and points to gonozooid clusters.





Section – Results
5. Results: Algal Clearance Rates and Growth Rates of D. gegenbauri gonozooid
5.1. This protocol provides an overview of Dolioletta gegenbauri (pronounce as Dole Lee Oh Let Ta - Geg In Bar Ee) collection and cultivation approach [1].
5.1.1. Figure 3
5.2. Algal clearance rates were similar at concentrations from 20 to 60 micrograms of carbon per liter [1] and decreased as the food concentrations increased [2]. 
5.2.1. Figure 5 – Video editor: emphasize Figure 5A, and emphasize the area from 0-70 on x axis.
5.2.2. Figure 5 – Video editor: emphasize Figure 5A, and emphasize the area from 100-405 on x axis.
5.3. Clearance rates increased proportionally over temperature ranges supportive of D. gegenbauri growth [1]. 
5.3.1. Figure 5 – Video editor: emphasize Figure 5B.
5.4. Growth rates ranging from 0.1 to 0.7 millimeters per day as a function of temperature and food availability were observed [1]. 
5.4.1. Figure 6



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

6.1. Marc Frischer: The cultivation of doliolids depends on successfully replicating oceanic conditions and accommodating the needs of the animals throughout their complicated life cycle. Consequently, gentle handling of animals during their capture, isolation, and husbandry is required. [Steps 3.3, 3.4, 3.5, and 4]. Food concentrations must be monitored frequently and adjusted. This is particularly true during the developing larvae and oozooid life stages [1].
6.1.1. INTERVIEW
6.2. Deidre Gibson: This method is specifically designed for the rearing of small zooplankton species at the base of marine food web. This method will be valuable, for example, to investigate zooplankton responses to climate change. [1]. 
6.2.1. INTERVIEW
6.3. Deidre Gibson: Since its development this technique has paved the way for zooplankton ecologists to determine the laboratory-based feeding, growth, and reproduction rates of doliolids. Additionally, this method paved the way for revolutionary molecular-based investigations of the doliolid diet in nature. [1]. 
6.3.1. INTERVIEW
6.4. Tina Walters: I would like to remind you that the glass cleaning protocol involves reagents that are respiratory irritants and should be used in well ventilated areas. Working at sea can also be hazardous so follow the ship’s safety rules. [1].
6.4.1. INTERVIEW
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