[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 59229
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18064893

Title: Assessing the Influence of Personality on Sensitivity to Magnetic Fields in Zebrafish

Authors and Affiliations: Alessandro Cresci1, Rosario De Rosa2,3, and Claudio Agnisola4

1Rosenstiel School of Marine and Atmospheric Science, Department of Ocean Sciences, University of Miami
2Department of Physics, Monte S. Angelo (MSA) Campus, University of Naples Federico II
3Istituto Nazionale di Fisica Nucleare (INFN), Section of Naples, MSA Campus
4Department of Biology, MSA Campus, University of Naples Federico II

Corresponding Author:
Alessandro Cresci	
alessandro.cresci@rsmas.miami.edu 

Email addresses for Co-authors: 
rderosa@na.infn.it 
agnisola@unina.it 




Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy? N
2. Does your protocol include software usage? Y
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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.2., 2.3., 3.1., 3.2., 3.4., 4.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.2. (the timing of this step depends on the behavior of the animals)
4.1. (we prefill the tunnel with water and rotate it in a particular way to quickly transfer the fish)
5. Will the filming need to take place in multiple locations? N


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. Claudio Agnisola: This protocol allows exploration of how the internal state, or personality, of zebrafish influences the orientation response to cues coming from the environment, such as water currents or magnetic fields [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Claudio Agnisola: This technique is used to observe how both internal factors and environmental cues impact zebrafish orientation. However, it can also be applied to a broad variety of experimental designs [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

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

1.3. Alessandro Cresci: This method could provide insight into behavioral ecology or sensorial biology research and is species-flexible, as it’s suitable for any aquatic animal that actively swims [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Alessandro Cresci: We advise that upon performing the experiments, you become familiar with the behavior of the animals you intend to use and with how to minimize the animals’ stress [1].

1.4.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

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

1.5. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee of the University of Naples Federico II, Naples, Italy. 

Section - Protocol
2. Personality Selection in Zebrafish
2.1. For personality selection in zebrafish, collect individually fish using a 250 milliliter beaker and a net to move them into a transfer-tank [1-TXT], and transfer the fish to the dark side of the personality selection tank [2].
2.1.1. WIDE: Talent selecting fish TEXT: Limit interactions w/ tanks/fish to least amount of time possible
2.1.2. MED: Talent adding fish to selection tank
2.2. After 1 hour of acclimatization, open the sliding door [1] and allow the individuals who exit from the hole to explore the bright side of the tank for 10 minutes [2].
2.2.1. MED: Talent opening door
2.2.2. CU: Fish exploring bright side of tank 
2.3. At the end of the exploration period, gently collect the fish into separated containers – collecting the proactive fish from the bright side [1], and after additional 5 minutes, the reactive fish, from the dark box [2].
2.3.1. MED: Talent adding fish to tank collecting proactive fish (Author Comment: We show that proactive and reactive are collected into separated containers. For logistic problems, we decided not to include the transfer of selected animals to the maintenance tanks)
2.3.2. CU: Reactive fish being collected
3. Magnetic Field Setup
3.1. To set up a magnetic field with one-dimensional magnetic ﬁeld manipulation, keep the tunnel open [1], and switch on power unit and magnetometer [2].
3.1.1. [bookmark: _GoBack]MED: Talent switching on unit Show the tunnel open 
3.1.2. CU: Tunnel being placed into location Talent switching on power unit and magnetometer 
3.2. Place a magnetic probe connected to a Gauss-Teslameter inside the tunnel [1] and verify the voltage necessary to obtain the chosen magnetic field value along the major axis of the tunnel [2].
3.2.1. MED: Talent placing probe into tunnel
3.2.2. CU: Probe being moved vertically and horizontally show the voltage readings on the power unit, and the readings on the magnetometer while the voltage is changed
3.3. Then disconnect the probe [1] and connect the flow tunnel to the swimming apparatus [2].
3.3.1. CU: Shot of disconnected probe/probe being disconnected
3.3.2. MED: Talent connecting tunnel to apparatus
3.4. To set up a magnetic field with three-dimensional magnetic ﬁeld manipulation, turn on the computer, digital-to-analog converter, and coil drivers [1] and set the chosen magnetic field on the, x-, y-, and z-axes [2].
3.4.1. MED: Talent turning on computer and/or other equipment
3.4.2. MED-over the shoulder: Talent setting field(s)
3.5. Then place the tunnel in the center of the Helmholtz pairs set [1].
3.5.1. MED: Talent placing tunnel in center of Helmholtz pairs set
4. Zebrafish Rheotaxis 
4.1. When the magnetic field of choice has been set up select 1-5 fish for the rheotactic test [1] [2].
4.1.1. WIDE: Talent collecting fish into 2-L tank
4.1.2. MED: Talent placing tank animals next to flow tunnel (Author Comment: Video shows the selected animals put close to the swimming apparatus in a 250 ml beaker.)
4.2. Transfer the fish in the tunnel [1], set the flow rate in the tunnel to 4.5 liters per minute [2] and turn on the pump [3-TXT].
4.2.1. MED: Talent transfers the fish to tunnel
4.2.2. MED: Talent setting flow Videographer: Can combine 4.2.2. and 4.2.3. as appropriate
4.2.3. CU: Tunnel flow rate being set Videographer: Can combine 4.2.2. and 4.2.3. as appropriate TEXT: Slow-moving water will keep water in tunnel oxygenated/facilitate animal recovery
4.3. Claudio Agnisola: Be sure to close the outlet valve before filling the tunnel with water and transferring the fish and open it before setting the flow rate [1].
4.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
4.4. After the animals have acclimated in the swimming tunnel for an hour [1], start recording the behavior of the fish within the tunnel [2] and begin the stepwise increase of the flow rate according to the chosen experimental protocol [3-TXT].
4.4.1. CU: Shot of fish swimming in tunnel
4.4.2. MED: Talent starting recording
4.4.3. CU: Flow rate being increased TEXT: See text for flow rate suggestion details 
4.5. The same swimming tunnel, with the coil removed, can be placed in the center of the Helmholtz pairs set [1].
4.5.1. CU: Fish swimming in the narrow tunnel TEXT: Magnetic field manipulated in 3 dimensions (Author Comment: We used the same tunnel (not a narrow one) in the Helmholtz pairs set, after removing the coil.)
5. Morphometric Analysis
(Author Comment: For morphometric analysis we show the procedure we currently use in our lab, i.e. taking, after any experiment on alive fish, photos of individual animals in a “morphometric chamber”)
5.1. At the end of the rheotaxis experiment, take photos of individual fish in a morphometric chamber [1] and open the photos in ImageJ [2].
5.1.1. WIDE: Talent selecting screenshot(s), with monitor visible in frame taking photos
5.1.2. SCREEN: To be provided by Authors: Screenshot being opened Photos being open in ImageJ
5.2. Note the sex of the animal. Male zebrafish are slender and tend to be yellowish [1], while females are more rounded and tend to have blue and white colorings [2].
5.2.1. SCREEN: To be provided by Authors: Shot of male zebrafish Video Editor: please emphasize fish slenderness and yellowish coloring when mentioned as necessary/appropriate
5.2.2. SCREEN: To be provided by Authors: Shot of female zebrafish Video Editor: please emphasize fish roundness and blue and white coloring as necessary/appropriate
5.3. Next, click Analyze and Set Scale to set the scale of the image in centimeters, using the camber scale as reference [1].
5.3.1. SCREEN: To be provided by Authors: Analyze and Set Scale being clicked, then scale being set in centimeters [Shots 5.3.1 and 5.4.1 combined] (Author Comment: Points 5.3 and 5.4 are saved in one SCREEN video.)
5.4. Then click Analyze and Measure and record the linear length of the animal in centimeters [1-TXT].
5.4.1. SCREEN: To be provided by Authors: Analyze and Measure being clicked, then shot of linear length measurements of zebrafish (standard length and total length) Video Editor: please emphasize linear length data as possible/necessary TEXT: See text for BW calculation details
6. Video Tracking 
6.1. To track the zebrafish activity within the tunnel, open the appropriate video analysis and modeling software program [1] and click Coordinate system to set the length units to centimeters and the time units to seconds [2].
6.1.1. WIDE: Talent at computer, opening software
6.1.2. SCREEN: To be provided by Authors: Coordinate system being clicked, then length being set to cm and time to s CU: File, Import, and Video being clicked, then video being opened 
6.2. Click File, Import, and Video and open one of the videos [1].
6.2.1. SCREEN: To be provided by Authors: File, Import, and Video being clicked, then video being opened Coordinate system being clicked, then length being set to cm and time to s 
6.3. Click Coordinate axes and set the reference system to track the position of the fish over time with the x-axis along the tunnel, setting the origin at the low corner of the wall upstream at the water inlet [1]. 
6.3.1. SCREEN: To be provided by Authors: Coordinate axes being clicked, then origin being set in low corner of wall upstream at winter inlet
6.4. Click Track, New, and Calibration to set the scale and Track, New, and Point of mass to start tracking one fish at a time [1-TXT].
6.4.1. SCREEN: To be provided by Authors: Scale being set, then Track, New, and Point of mass being clicked TEXT: Track last 5 min of each step fish spent at each flow rate
6.5. Advance the video manually at half-second, five-frame intervals and mark the time and position of the animal at each upstream-downstream turn and at each downstream-upstream turn [1].
6.5.1. SCREEN: To be provided by Authors: Video being advanced, then position at one upstream-downstream turn being marked, then position at one downstream-upstream turn being marked
6.6. At the end of each tracking session, select the x- and time values from the table, right-click on the data, and click Copy data and Full precision [1].
6.6.1. SCREEN: To be provided by Authors: X- and time-values being selected, then data being right-clicked, then Copy data and Full precision being clicked 
6.7. Then save the time values and x-values of all of the turning positions on a template spreadsheet file to calculate the total upstream and downstream time, as well as the values of the rheotactic index in percentages for each flow step [1].
6.7.1. SCREEN: To be provided by Authors: Shot of values in spreadsheet, then at least one upstream or downstream time being calculated and/or RI% being calculated


Section – Results
7. Results: Representative Zebrafish Behavior Analysis and Rheotactic Index (RI) Calculation 

7.1. In this representative experiment, after a 1-hour acclimation period in the tunnel as demonstrated [1], one shoal at a time was video recorded while swimming in the tunnel and the water current was accelerated with a stepwise increase of the flow rate for seven steps [2]. During these trials, the magnetic field was controlled in one dimension [3].

7.1.1. LAB MEDIA: Figure 4: JoVE Video Editor: please emphasize Acclimation data line
7.1.2. LAB MEDIA: Figure 4: JoVE Video Editor: please add/emphasize arrow and “stepwise increase … 10 min” text
7.1.3. LAB MEDIA: Figure 6B

7.2. During the tracked time, the turns of each fish at each flow rate were highlighted [1] and used as reference points for calculating the rheotactic index of each fish and each flow speed [2].

7.2.1. LAB MEDIA: Figure 5: JoVE Video Editor: please emphasize at least one blue and one red dot in each graph
7.2.2. LAB MEDIA: Figure 5: JoVE Video Editor: please emphasize RI (%) data line at bottom of figure

7.3. When the rheotactic index is higher than 50%, it indicates that the animal had a positive rheotactic response corresponding to a prevalence of upstream swimming [1].

7.3.1. LAB MEDIA: Figure 5: please emphasize middle and right graphs

7.4. A rheotactic index not significantly different from 50% indicates an absence of a rheotactic response [1].

7.4.1. LAB MEDIA: Figure 5: please emphasize left graph

7.5. Arcsine transformation of the averaged rheotatic index percent values of all five fish in this experiment demonstrated a sigmoidal increase in the rheotatic index value when the water speed increases [1], allowing quantification of the zebrafish rheotaxis using a simple mathematical method [2].

7.5.1. LAB MEDIA: Figure 6A: JoVE Video Editor: please emphasize purple, blue, and red data lines
7.5.2. LAB MEDIA: Figure 6A

7.6. From these curves, it is visible that under magnetic fields of different directions, the rheotactic response of proactive fish is not affected and the response of the two experimental groups is represented by the same curve [1]. On the other hand, reactive fish changed the rheotactic orientation according to the magnetic field and their response is represented by two significantly different curves [2].

7.6.1. LAB MEDIA: Figure 6A: JoVE Video Editor: please emphasize the left purple curve
7.6.2. LAB MEDIA: Figure 6A: JoVE Video Editor: please emphasize the right red and blue curves



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

8.1. Alessandro Cresci: Remember that this is a behavioral experiment and that fish behavior can be affected by stress. Handling and transferring the fish can be tricky, so train yourself before the experiments (Step: 2.1., 2.3., 4.1.) [1].
8.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
8.2. Claudio Agnisola: This rheotactic-magnetic technique has allowed us to further explore the effects of personality on magneto-sensitivity in zebrafish and in other aquatic vertebrates and invertebrates [1].
8.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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