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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____no
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)_____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.

C.  Which steps of your protocol will viewers benefit most from having filmed? 

Steps 1.10-1.14, Step 2.2, Steps 3.3-3.5, Step 4

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 

Step 1.19 and 1.20:  daily observations probably take the most time when checking the exposure.  It is crucial to be consistent in the time of day when observing behaviors and it is also suggested that the same observer reads the test since examining behavior is subjective.  We strive to accurately define what abnormal behavior is and provide examples of what those are.

Steps 3.2-3.5: getting the arenas setup and fish sampled for swimming analysis requires careful handling of the organisms.  We also take the time to make sure the video quality and image is free of distortions providing a clear, crisp image for software analysis.

E.  Will the filming need to take place in multiple locations? (Y/N) ___no 

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to demonstrate how to quantify behavioral responses in white sturgeon to sub-lethal exposure to aqueous copper. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Robin Calfee: This method can help answer key questions in the ecotoxicology field, such as how sub-lethal exposure to contaminants can affect swimming behavior. 
1.2. Ed Little: This method can provide information important for white sturgeon conservation.  The method can also be readily applied to other fish species as well as amphibians and invertebrates.
1.3. Robin Calfee: The main advantage of this technique is that the response is highly sensitive, and provides an early indication of toxicity and is relevant to organism survival.   

1.4. Ed Little:  Initially this method may be challenging if the individual is unfamiliar with behavioral measurements. 
1.4.a Robin Calfee:  Demonstrating the protocol will be my co-author Holly Puglis.

The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
1.5. Robin Calfee: Demonstrating the procedure taking water samples for chemical analysis will be my co-author Bill Brumbaugh
1.5.1. Interview style: Author saying the above 

1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

E.  Ethics title card
1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at The US Geological Survey, Columbia Environmental Research Center.
Protocol (read by voice talent at JoVE):
2. Preparing the Copper-exposure Test Chambers
2.1. First prepare two Liters of aqueous reagent grade copper II sulfate pentahydrate. [WID/TEXT]

2.1.1. Establishing shot, talent mixing copper into solution, TEXT: 48.65 mg / L of copper in DI H2O.

To keep with JoVE standards and length limits, I’ve removed the extended narrative about how to make this solution.

2.2. Next, equilibrate the diluter system and exposure tanks.  [WID]
2.2.1. Introduce Talent arrives at the diluter system and and exposure tanks, talent arrives to them with copper solution.
2.3. Place the intake tube from the automated syringe dispenser into the stock solution flask.  [MED]
2.3.1. [combined with 2.2.1] Film as written
2.4. Then, set the automated pump spike volume to 1 milliliter and turn the diluter on. [MED/CU] 
2.4.1. Film as written, show spike vol at 1 mL
2.5. The system makes a 50% dilution series of five concentrations and a control. [2.5.1-MED]  Through a 4-way splitter, these solutions [2.5.2-CU] are delivered to the four replicate exposure chambers. [2.5.3-CU]
2.5.1. Show the diluter making dilutions from the stock solution, talent could be checking it over if there’s no other action to show

2.5.2. Show action of Connection to the 4-way splitter, solutions moving through it
2.5.3. Connection from the splitter to the four chambers Show the test solutions moving through the splitters. 
2.6. Next, turn on the pump for the chiller, set to maintain the water bath at 15 ºC. [CU]
2.6.1. Film as written, show circulation in bath from chiller flow
2.7. Now, using the automated timer on the diluter, set it to cycle every 30 minutes. [CU]

2.7.1. Setting cycle length on diluter

2.8. With each cycle, deliver 250 mL of test water into the test chambers, for 12 Liters per day. [CU]
2.8.1. Setting volume/cycle on diluter

2.9. The water level in the tanks is maintained by a standpipe drain.  [MED]

2.9.1. Pan over the drainage system
INSERT STEP 2.12 HERE
2.10. Be sure to select exposure chambers that hold at least one Liter of water per 10 grams of fish.  [MED]
2.10.1. Gathering jars tanks to use as test chambers

2.11. For example, an 89 day-old white sturgeon weighs about 373 milligrams and can thus be tested in a 28 cm by 13.5 cm by 25 cm square chamber. [CU]
2.11.1. One sturgeon swimming in a set up test chamber

2.12. Prepare the exposure chambers by putting a 4-cm hole in the side [2.12.1-CU] and covering the hole with 30 micron stainless steel mesh.  [2.12.2-CU]
2.12.1. Film as written, show tools to drill hole
2.12.2. Show how mesh is secured on hole

2.13. At the initiation and at the end of an experiment, take two 50-mL aliquots of each test solution [2.13.1-MED] using plastic syringes to measure water quality parameters. [2.13.2-MED]
2.13.1. Taking samples of test solution with plastic syringes

2.13.2. Placing samples in holding container

2.14. At the initiation, mid-point, and end of an experiment, collect 24-mL test solution sub-samples [2.14.1-MED] for chemical analysis.  Use sipper straws attached to plastic syringes. [2.14.2-CU]
2.14.1. Taking a sub-sample

2.14.2. Taking a sub-sample, show detail of sipper straw + syringe
2.15. Replace the sipper straw with a 0.45 micron polyesthersulfone filter [2.15.1-CU] and dispense 4 mL of test water through the filter.  Dispose of this water.  [2.15.2-MED] Then, filter the remaining 20 mL of water into an acid-cleaned polyethylene bottle. [2.15.3-MED]
2.15.1. Film as written

2.15.2. Pushing some water through filter and disposing of it

2.15.3. Pushing remaining water through filter into cleaned bottle
2.16. Acidify the sample with 16 Molar nitric acid to one percent volume-by-volume. [2.16.1-MED] These samples may then be stored for up to 3 months. [2.16.2-CU]
2.16.1. Adding nitric acid to sample

2.16.2. Labeling sample for long term storage
The highlighted steps are performed by Bill.
3. Exposing Fish to the Test Chemical 
3.1. Once the test exposures are confirmed, [3.1.1-WID] stock three sturgeon in each replicate test chamber, for about 172 mg of fish per chamber Liter.  [3.1.2-WID]
3.1.1. General activity, using test kits to take readings from samples showing chemical analysis being performed using the ICP Mass Spectrometer in Bill’s lab.
3.1.2. Going to tank containing fish for collection 



3.2. Collect the sturgeon using a non-abrasive net and transfer them to a small bucket.  [MED]

3.2.1. Netting some fish and transferring them to the bucket
3.3. In total, 144 fish are needed to collect data from six test solutions. [CU/TEXT]

3.3.1. A slew of fish collected in the bucket, more being added, TEXT: 6 test solution concentrations x (8 chambers x 3 fish per chamber) = 144 fish
3.4. During the 96-hour exposure, do not feed the fish.  [3.4.1-MED] [3.4.1-MED]
3.4.1. Loading test chamber with 3 fish

3.4.2. Setting up a video recorder to focus on test chamber
3.5. Consistent daily observations must be made to score for mortality and abnormal behavior.  The morning is the best time of day to do this and, ideally, the observer is blind to the test conditions.  [LM]
3.5.1. Table 1

3.6. Loss of equilibrium is defined as the inability of fish to maintain an upright position within the water column. [LM] [3.9.2]
3.6.1. Behavioral checklist Video1.avi  0:51 - 1:01

3.7. Immobility is defined as the inability of fish to move or swim unless prodded. [LM] [3. 9.2]

3.7.1. Behavioral checklist Video1.avi  0:40 - 0:51 

3.8. Also record any other abnormalities such as lethargy … hyperactivity … increases or decreases in respiration … color changes … tremors … spasms … bloated abdomens … [LM] [3.9.2]
3.8.1. Behavioral checklist Video1.avi  1:15 – 1:30

3.9. … position in the water column … and any other unusual swimming patterns. [3.9.1-LM] [3.9.2-ECU]
3.9.1.  Behavioral checklist Video1.avi  1:02 – 1:14

3.9.2. Any unusual fish behavior, listed above, collect as much as possible, have talent describe each behavior in audio so editor can match it up to the narrative, collect as much variety as possible
Videographer: collect footage of a wide variety of different behavioral changes and have the talent explain what is what as you go.  Collect the talent’s interpretation in the audio track.

Video editor: past footage in that matches narrative

Voice talent: pauses at each ellipsis are needed to make editing this stretch of video feasible.

3.10. Dead fish should always be removed immediately. [CU]
3.10.1. Film as written

3.11. Each day, also measure dissolved oxygen levels with a hand held meter from two water samples. [MED]
3.11.1. Film as written

4. Videotaping Swimming Behavior
4.1. At the end of the 96-hour exposure, make videos for swimming behavior analysis. [WID]
4.1.1. Setting up the test arena, assembling materials needed
4.2. To begin, prepare four test arenas.   Cut pieces of PVC pipe 13 cm in diameter and 13 cm long.  [4.2.1-MED] The area within the pipe must be large enough for the tested fish to swim in freely. [4.1.2-CU]
4.2.1. Cutting PVC length

4.2.2. Modeling a fish using a  probe and showing how it fits within the tube length, filming from opening of tube length

4.3. Position the test arena within an exposure tank. [CU] Be sure to select a test arena that is large enough for the fish to swim freely.
4.3.1. Film as written

4.4. Directly above each test arena, set up a hand-held video camera on a tripod. [MED]
4.4.1. Film as written

4.5. Now, from the treated fish, randomly select up to three survivors. [4.5.1-CU]  Transfer three into the test arena using a small mesh net. [4.5.2-CU]
4.5.1. surviving fish from a test swimming around, being scooped by small net
4.5.2. small net placing small fish in the test arena 
4.6. Allow the fish to acclimate to the arena for about 30 minutes. [ECU]
4.6.1. Fish in arena moving around

4.7. While the fish acclimates, focus the image, [4.7.2-WID] minimize the glare distortions from moving water [4.7.3-MED], and maximize the contrast of the fish against the background, adjusting the view so the fish is not obscured [4.7.2-MED].  
4.7.1. Adjusting the images
SWITCH ORDER OF 4.7.2 AND 4.7.3
4.7.2. View of talent’s screen as it looks 

4.7.3. Minimizing water distortions/glare, standard technique
4.8. Once the fish is acclimated, start the recording and collect two minutes of video data. [WID]
4.8.1. Starting video camera and getting situated while fish is recorded
4.9. After taking the video, euthanize and dispose of the fish. [MED]
4.9.1. Removing fish from test chamber to new bath, TEXT: 10 minutes in 250 mg MS22 / L
4.9.2. Show dead fish in euthanizing chamber (optional shot due to the sensitive nature of the content)

5. Analyzing the Swimming Activity Video: Part 1
5.1. After converting the video files to the format needed for the digital analysis software, open the tracking software and select “New default experiment” under the “Create a new experiment” option on the main screen.  Fill in the prompts and press “OK” [LM]
5.1.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.2. Then, go to the “Experiment Settings” option under “Setup” and choose “From video file” under “Video Source”. Set the “Number of arenas” to one. Set the “Number of subjects per arena” to five. [LM]

5.2.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.3. Next, select “Center-point detection” under “Tracked Features” and select the desired units. [LM]

5.3.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.4. Now, under “Setup”, select the “Trial list” option and click “Add Videos” at the top of the screen. Choose “Alphabetical order” from the dialog box, click “Browse”, navigate to the folder where the video files are located, highlight the pertinent files, and click “open”.  [LM]

5.4.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.5. Now that the video files are selected, proceed with defining the scope of the experiment in the software.  First, click “Add Variable” at the top of the screen and enter “Concentration” into the “Label” box. Enter “Copper concentration in micrograms per Liter” into the “Description” box. [LM]

5.5.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.6. Next, choose “Numerical” from the drop down list for “Type”. Click on the “Predefined Values” box and choose the “Define Individual values” option from the dialog box.  Enter the concentrations used for the experiment, clicking “Add” between each number addition. Then, uncheck the “Allow other values” option and click “OK”. [LM]

5.6.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.7. Choose “Trial” from the drop down menu in the “Scope” box. Enter the appropriate concentration for each trial in the boxes provided. Click “Add Variable” at the top of the screen. Enter “Replicate” into the “Label” box. Enter “Replicate number” into the “Description” box. Choose “Numerical” from the drop down list for “Type”. [LM]

5.7.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.8. Next, click on the “Predefined Values” box and choose the “Define Individual values” option from the dialog box.  Enter “1”, “2”, “3” and “4” and uncheck the “Allow other values” option.  Then, click “OK”. [LM]

5.8.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.9. Now, choose the “Trial” option from the drop down menu in the “Scope” box. Enter the appropriate replicate number for each trial.  [LM]

5.9.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.10. The next task is to set up the arena spaces.  Begin with choosing the “Arena Settings” under the “Setup” tab and name the first setting as “Trial 1”.   From the dialog box, select the “Grab Background Image” option and click “Browse”. Locate the video file for Trial 1 and click “Open”.  After the video appears, click “Grab” on the “Grab Background Image” dialog box. [LM]

5.10.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.11. Next, click the white circle icon near the top of the screen under “Arena Settings” and manipulate the circle that appears to surround the swimming area. [LM]

5.11.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.12. Then, click the “Calibration Scale” icon, under “Arena Settings”.  Use a click-hold-drag motion to select the arena space. [LM]

5.12.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.13. Now, under the “Real world distance” box in the “Calibration Distance”, enter “10.5”.  Then, click OK.
If necessary, adjust the calibration line so that it spans the entire diameter of the circular arena. [LM]

5.13.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.14. Click the “Validate Arena Settings” option on the Arena Settings box and address any issues in the settings that were not validated.  [LM]

5.14.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.15. Now, repeat this process until all the arenas are defined for each trial. [LM]

5.15.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.16. Next, set the fish detection parameters.  First choose “Detection Settings” under the “Setup” option from the “Experiment Explorer” toolbar on the left of the screen.  Then, choose “Dynamic Subtraction” from the dropdown menu under “Method” in the “Detection Settings 1” dialogue box.
Also, choose a fill color for each subject under “Subject Identification” in the dialogue box. [LM]

5.16.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.17. Next, choose “Select Video” and locate the video for Trial 1.  In the “Detection Settings  1” dialogue, fill in the “Sample rate” box under “Video” with “5.9941”.  [LM]

5.17.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.18. In the same box, click “Settings” for the “Reference image” option under “Detection”.  Then, click the “Start Learning (C)” option in the “Reference Image” dialogue box. Once the image in the “Reference Image” dialogue box appears without animals, click “use dynamic reference image” under “Acquisition settings” within the dialogue box and close this dialogue box. [LM]

5.18.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.19. Now, choose “Darker” from the drop down menu for “Subject is” under “Detection” in the “Detection Settings 1” dialogue box.  For the “Dark contrast” under “Detection”, set the smaller number to “33” and the larger number to “153”.  Then click “Save Changes” at the bottom right. [LM]

5.19.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
5.20. Now, confirm that the software is successfully tracking animals, as opposed to shadows or debris.  Click the play button on the “Playback Control” dialogue box and adjust the numbers for “Dark contrast” as needed.  Be sure to save any adjustments made. [LM]

5.20.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6. Analyzing the Swimming Activity Video: Part 2
6.1. The software is now set to collect data from the video, so the next task is to track the fish in each trial.  First choose “Acquisition” under the “Setup” option from the “Experiment Explorer” toolbar on the left of the screen. [LM]

6.1.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.2. Next, click “Track next planned trial” in the “Acquisition Settings” dialogue box and confirm that the correct trial, video and arena settings are all displayed under the “Settings” in the “Acquisition Settings” dialogue box. [LM]

6.2.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.3. Then, check the “Detection determines speed” option in the “Acquisition Control” dialogue box. Click the button with the green circle enclosed in a white square to begin the acquisition process.  Repeat this process until all the trials have been tracked. [LM]

6.3.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.4. Now, the tracked objects, being the fish, can be analyzed.  First, click “Data Profiles” under the “Analysis” option from the “Experiment Explorer” toolbar on the left of the screen.  Then, choose “Time” under the “Nesting” option in the “Components” toolbar. Under the “Select track time interval” heading in the “Time” dialogue box, adjust the “To” value to two minutes and click “OK”. [LM]

6.4.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.5. Then, drag the “Nest” box between the “Start” box and the “Result 1” box in the “Data Profiles” area on the right side of the screen.  [LM]

6.5.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.6. From the “Experiment Explorer” toolbar on the left of the screen, look under the “Analysis” option and click “Analysis Profile”. Then, in the “Dependent Variables” toolbar, under the “Distance and Time” heading, click “Velocity”.  [LM]

6.6.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.7. Click “Add” and, under the “Distance and Time” heading in the “Dependent Variables” toolbar, click “Distance moved”. Then, click “Add” on the “Distance moved” dialogue box and, under the “Individual Behavior” heading in the “Dependent Variables” toolbar, click “Movement”. [LM]

6.7.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.8. In the “Movement” dialogue box, look under the “Outlier filter” heading and adjust the “Averaging interval” to “1”. Then, under the “Threshold” heading, adjust the “Start velocity” to “2.00” and adjust the “Stop velocity” to “1.75”. [LM]

6.8.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.9. Under the “Calculate statistics for” heading, check both boxes for “Moving” and “Not moving”. Then, click “Add” and under the “Results” option in the “Experiment Explorer” toolbar on the left of the screen, click “Analysis Output”.  Now, click “Calculate”. [LM]

6.9.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.10. Once the dependent variables are calculated, click “Export” at the top of the screen.  Choose the destination folder from the “Export Analysis Output” dialogue box and select “Excel” from the “File type” dropdown menu.  Then click “OK”. [LM]

6.10.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
6.11. Finally, click “Save Experiment” under the “File” tab at the top of the screen.  Close the digital tracking software. Import the data to a spreadsheet file and analyze it using a commercial statistical analysis software package. [LM]

6.11.1. To be provided by authors, SCREEN CAPTURE of the above action(s)
7. Results: The Impact of 3-days of Aqueous Copper Exposure on Young Sturgeon 
7.1. After just 72 hours of exposure to various copper concentrations, two days-post-hatching sturgeon showed many observable abnormalities. 

7.1.1.  Figure 2 

7.2. There was an obvious impact on swimming behavior.  Video data aided in defining this behavioral impairment.
7.2.1. Video 2

7.3. In further tests, sturgeon at 30 days-post-hatching proved sensitive to 96-hour copper exposures.  Swimming speed, the time spent moving, and the distance travelled all significantly decreased with increasing copper concentrations. 

7.3.1. Figure 3

7.4.  Swimming paths were also reduced with increasing copper concentrations.

7.4.1.  Figure 4

8. Conclusion (said by authors on camera)
8.1. Robin: After watching this video, you should have a good understanding of how to quantify behavior in a toxicity test.

8.2. Ed: This technique can provide environmental managers a means of using behaviorally defined criteria to document environmental injury and guide restoration objectives. 
8.3. Ed: Once mastered, the diluter system can be set up within 48 hours, daily observations for mortality and impaired behavior can be recorded within 1-2 hours by an experienced observer.
8.4. Robin: While attempting this procedure, it’s important to remember to be consistent in the day to day observations recording behavior.
8.5. Robin: Following this procedure, other behaviors like feeding and aggression can be quantified in order to answer additional questions like what is the long term impact of contaminant exposure on survival.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

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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