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Authors: please fill out the brief questionnaire below.   There are two additional questions to answer beyond the initial questionnaire using the numbering from this document.  THANKS!
Questionnaire:
A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___N______  
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y – on handheld device not a computer____ 
C.  Location: Will the filming need to take place in multiple locations? (Y/N) ___N____ 
E.  Which specific actions during your protocol will viewers benefit most from seeing performed in the video? __2.1.3_, _2.13__, _2.15.2__, _3.1.3__, _3.4__
F,  What is the single most difficult aspect of this procedure and what do you do to ensure success?
Creating paint mixtures that approximate natural colors as birds would perceive them. We achieve this through careful measurements and avian visual modelling (see 4. Results: Describing egg color in avian color space) 
1. Introduction  

A. Experimental Goal: (read by voice talent at JoVE)

Avian brood parasites lay their eggs in other birds’ nests and host parents must identify and respond to these eggs. The goal of this research is to establish a reproducible protocol for studying how hosts respond to these parasitic eggs. (Intro)

B.  Introduction Interview (said by you on camera – don’t forget to smile!)
1.1. Daniel Hanley: This method can help answer key questions in the field of evolutionary ecology, such as how hosts recognize their own eggs and discriminate the eggs of their brood parasites. 
1.2. Lindsay Canniff: The main advantage of this technique is that it provides a reproducible technique for conducting egg rejection experiments.

Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or equivalent body at Long Island University - Post.


Protocol: (read by voice talent at JoVE)
2. Painting Egg Models and Quantifying the Color 
2.1. To begin, paint an even coat of titanium white over a 3D-printed, or otherwise sculpted, model egg. [1.MED] Use a hair dryer on the cool setting to expedite drying. [2.MED] Once dry, apply high quality acrylic paints to the egg to give it a unique look. [3.CU]
2.1.1. Painting a model egg white
2.1.2. Drying the white egg with hair dryer – show how set up works
2.1.3. Painting the white egg a blue-green to brown color
2.3 After the painted eggs has dried, use sandpaper to rub off any bumps on the surface [1.CU]. Then, repaint those areas as needed [2.MED].
2.3.1 Feeling for smoothness and sanding egg in a few locations. 
2.3.2 Touching up paint in sanded locations. 
2.2. Spots can be added by splattering paint with a toothbrush. [1.ECU]
2.2.1. Applying spots the eggs with a toothbrush
2.3. After the painted egg has dried, use sandpaper to rub off any bumps on the surface.  [1.CU] Then, repaint those areas as needed.  [2.MED]
2.3.1. Feeling for smoothness and sanding egg in a few locations
2.3.2. Touching up paint in sanded locations
2.4. To quantify the color, use a spectrometer. [1.MED] First, insert an SD card into the spectrometer.  [2.CU] To link the SD card into the system, from the controls, select File System and, then, Find SD Cards. Complete this by pressing the red cancel button twice.  [3.ECU]
2.4.1. Establishing shot of the spectrometer set up
2.4.2. Inserting SD card into spectrometers
2.4.3. Navigating to Find SD Cards and pressing the red cancel button 2x
2.5. Next, attach the fiber optic cables to the spectrometer and light source. [1.MED] Follow the labels to secure the correct ends to the correct connector.  [2.CU] Then, insert a customized probe tip into the end of the fiber optic probe.  [3.ECU-TXT]
2.5.1. Attaching first fiber optic cable
2.5.2. Attaching second cable, show labels at cable ends and at ports
2.5.3. Attaching the probe tip to cable, TEXT: The probe tip printing code is provided with this publication.
2.6. Before proceeding, wash the probe tip with 95% ethanol. [1.CU]
2.6.1. Washing the probe tip
2.7. Next, turn on the light source by pressing the down button three times.  First, select PX-Lamp, then select Setup and, lastly select Timing Controls.  [1.ECU] Then, wait at least 15 minutes before taking any measurements to let the instrument warm up. [2.MED-TXT]
2.7.1. Navigating controls to turn on light source
2.7.2. Show light is on, talent can start preparing to set up standards and eggs, TEXT: ≥ 15 min warm up
2.8. While the machine warms up, take note to measure color using a standardized distance between the egg and the probe [1.MED] that has the best signal to noise ratio.  Begin at about 5 mm and adjust from there. [2.CU]
2.8.1. Setting up an egg to be measured by spectrometer
2.8.2. Adjusting the distance between egg and probe using a ruler/standard  
2.9. Also, if the egg’s surface is matte, measure at a 90-degee angle but if the egg is glossy, [1.CU] use a 45-degree coincident, oblique angle. Be consistent with this choice [2.CU] between all eggs in the study. [3.MED]
2.9.1. View of a matte egg from probe point of view, probe at 90º - talent then changes egg to a glossy one and we see reflection in the egg. 
2.9.2. Adjusting the probe to view glossy egg at 45º
2.9.3. Talent checking watch/clock and then moving aside the glossy egg
2.10. Once the machine is warmed up, calibrate it. Begin with pressing the home button, to select Tools.  Then, from the menu, select Manual Control and, then, select Acquire Parameters. [1.CU]
2.10.1. Navigating the spectrometers’s controls as described – be sure to film this so we can see the button pressing and the screen display
2.11. Now, set the boxcar smoothing. Move the cursor right twice and, then, increase the boxcar setting to five using the up button. Save the change using the green Accept button. [1.CU-TXT]
2.11.1. Navigating the spectrometers’s controls as described, TEXT: Boxcar Smoothing = 5
2.12. Next, navigate by pressing down-right-right to set the averages to 10.  Scroll through the “tens” digits using the up button. Then right one position and set the position of the “ones” digit.  Press the green accept button once complete. [1.CU-TXT]
2.12.1. Navigating the spectrometers’s controls as described, TEXT: Averages = 10
2.13. Next, press the home button and select the Reflectance option.  [1.CU] Then, place the probe firmly on white standard [2.MED] and store the saved value by pressing the up button.  [3.CU]
2.13.1. Navigating the spectrometers’s controls as described
2.13.2. Set the probe against the white standard
2.13.3. Using controls to save the data from standard
2.14. Now, place the probe in a dark area away from light. [1.CU] Then, store a dark standard by pressing the scroll right button and view the reflectance by pressing the menu down button. [2.CU]
2.14.1. Placing probe in the dark
2.14.2. Using controls to save the data from dark standard.
2.15. Now, measure each eggshell’s reflectance six times: twice near the blunt pole, [1.CU] twice at the equator, [2.MED] and twice at the sharp pole. [3.CU] 
2.15.1. Setting up probe to view blunt end pole of test egg
2.15.2. Setting up probe to view equator of test egg
2.15.3. Setting up probe to view sharp end pole of test egg
2.16. Be sure to report if the spots are avoided or not. [1.ECU] Perform these measures on both the experimental eggs and the natural host’s eggs, [2.MED] which the experimental eggs are intended to replicate.  [3.CU-TXT]
2.16.1. Detailed view of probe’s view of egg, use an example egg with spots where there are no spots under the probe’s view
2.16.2. Setting up the next egg, maybe a natural egg, to be analyzed by the probe
2.16.3. Navigating the spectrometers to collect data from probe, TEXT:  See the text protocol for data analysis.
3. Field Work
3.1. Approach the monitored nest with the usual caution. [1.WID] Then, gently add an experimental egg to a host’s nest by sliding it into the side of the nest’s cup. [2.MED] Do not drop in the experimental models as it can damage the host’s eggs. [3.CU]
3.1.1. Approaching a monitored nest
3.1.2. At nest, removing egg from carrying container and preparing to add it to cutch in nest, show if gloves in use and/or other handling precautions
3.1.3. Gently adding experimental egg to the clutch 
3.2. Daniel Hanley: It is very important that the birds do not watch the egg introduction, or, if unavoidable, their presence at the time of the experiment controlled for statistically. We have found evidence that this can explain rejection behavior in several species. [1.MED/WID]
3.2.1. Interview in the field
3.3. Always remain at each nest for the same amount of time spent before retreating. [1.WID]
3.3.1. Retreating from the monitored nest
3.4. Within a few hours, and periodically, thereafter, [1.MED] revisit all the nests to determine the response of the host bird to the experimental egg. [2.WID] 
3.4.1. Talent, from distant nest monitoring position, taking a look at watch and making a note in logbook
3.4.2. Talent approaches nest, camera stationed at distance Author note: Matt shot some clups that will work for this, but I provided a video clip of this procedure and the bird “immediately” rejected the eggs (i.e. within 3 mins). So there wasn’t an opportunity to recheck the nest. Therefor this shot doesn’t make sense to me. 
3.5. When checking on the nests, use a telescopic mirror [1.MED] to avoid the direct contact with either the nest or the clutch. [2.CU]
3.5.1. Extending up a telescopic mirror to spy on nest
3.5.2. View of mirror from below showing reflection of nest and contents
3.6. Daniel Hanley: In some species, rejections may occur on the same day as experimental parasitism. Therefore, it is important to check the nest within a few hours of the experimental manipulation. [1.MED/WID] [2.CU]
3.6.1. Interview in the field
3.6.2. It is likely that we could capture a female rejecting the egg almost immediately. So it would be worth staying with the camera (and a good lens) for 15 minutes after the egg is added to see if you can get a closeup of her looking in, grabbing it with her bill, and flying away.
4. Results: Describing Egg Color in an Avian Color Space 
4.1. Paint mixtures used in brood parasitism studies should closely correspond [1.LM] with natural reflectance measurements in terms of their spectral shape and magnitude. [2.LM] If that is achieved, the color of an experimental egg should be perceived by the host [3.LM] as a natural egg color. Avian color perception is accomplished using four photoreceptors. [4.LM]
4.1.1. Fig1a-2.tiff
4.1.2. Fig1b-2.tiff
4.1.3. Fig1c-2.tif
4.1.4. Fig1d-2.tif
4.2. The quantum catch from these four photoreceptors can be transformed into a tetrahedral color space, [1.LM] where each vertex represents the relative stimulation of a specific photoreceptor. [2.LM]  Into this color space the reflectance data of the painted eggs can be plotted – the color of the dot is the color of the egg, as humans see it. [3.LM]
4.2.1. Fig 1E Layered.pptx – begin with drawing the tetrahedron (the outer triangle and  the lines the meet in the middle (the vertex))
4.2.2. Fig 1E Layered.pptx – add the 4 large letters (corners and center cross) to the corners of the tetrahedron and the central vertex 
4.2.3. Fig 1E Layered.pptx – add the colored dots at the center (but not the a – e labels with arrows), then zoom into the dots a so they can be seen better (the outer points of the triangle can leave the screen)
4.3. Most studies have assumed that hosts respond to trait dissimilarity, such as the difference between a parasitic egg and their own, in an absolute or symmetrical fashion.
4.3.1. Fig 2–dashed.pptx
4.4. However, most traits vary along multiple dimensions and there is no a priori reason to assume their responses should be similar across the phenotypic space. 
4.4.1. Fig 2–solid.pptx
4.5. Research that manipulates traits across their full phenotypic range can test this assumption.  When robins are presented with eggs that were increasingly dissimilar from the bright blue color of their own eggs, they rejected them more frequently.
4.5.1. Fig 2–complete.pptx
4.6. American robins were also found to more likely to reject spotted experimental eggs when they perceive those spots as browner than the blue-green color of the eggshell.  Robins lay unspotted eggs, but their parasite, the Cowbird, lays eggs with brown spots.  Thus, the response seems adaptive. [1.LM] [2.LM]
4.6.1. Fig3.pptx 
4.6.2. Fig3egg.pptx –show the row of eggs below the Y axis, as they correspond to the range of colors described by the Y axis.
5. Conclusion (said by authors on camera)
5.1. Lindsay Canniff: After watching this video, you should have a good understanding of how to run an egg rejection experiment.  Once mastered, this technique can produce comparable results.
5.2. Daniel Hanley: While attempting this procedure, it is important to remember to collect data from control nests, so that you can determine if hosts respond to your experimental treatment by abandoning their nests.
5.3. Daniel Hanley: After its development, this technique paved the way for researchers in the field of avian brood parasitism to explore host cognition across a range of host-parasite pairings, which will deepen our understanding of coevolutionary interactions.  I want to stay away from militant metaphors, like “arms race”, as we have an international audience – feel free to alter “adaptations” to more specific language.
5.4. Daniel Hanley: Don't forget to exercise caution while working with wild animals, it is important to observe precautions such as visiting nests infrequently, not marking nests, approaching and leaving the nest from a different location whenever performing this procedure.   



Provided Media

4.1.1. 57512_Hanley_ Figure1eggs.pptx – four eggs analyzed in Figure 1A-D 
4.1.2. 57512  Hanley_ Figure1A-D.pptx – Figure 1A-D 
4.2.1. 57512  Hanley_ Figure1E Layered.pptx– Figure 1E layered
4.3.1. 57512  Hanley_ Figure2-dashed – Figure 2 dashed line
4.4.1. 57512  Hanley_ Figure2-solid – Figure 2 solid line
4.5.1. 57512  Hanley_ Figure2-complete – Figure 2 complete
4.6.1. 57512  Hanley_ Figure3 – Figure 3 complete
4.6.2. 57512  Hanley_ Figure3eggs – illustration showing variation in spot coloration



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.
 2018, Journal of Visualized Experiments

