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Section 1. Scale bar preparation
· Materials
·  Waterproof paper (Duracopy or similar) or waterproof sticker paper
· 3x acrylic sheet sections, 3mm thick and cut to 80mm x 580mm
· Super glue or clear packing tape

1.1 Print out at least 1 sheet (6 markers) of 12-bit circular coded targets from Agisoft Metashape (Menu Bar>Tools>Markers>Print Markers…) with 10mm center diameter onto waterproof paper using a laser printer. Ensure the printed target designs are very crisp and not faded.

Note: targets 1-4 should NOT be used for scale bars, as these are reserved for corner markers. Any other target numbers can be used for scale bars, but no target number can be used twice. Target designs can also be printed onto waterproof sticker paper if available. 

1.2 Cut out each target and associated numerical label, making sure there is extra white space around the perimeter of each target design, which is critical for detectability.

1.3 Tape, glue, or stick one target onto each end of each scale bar, such that each scale bar has a unique combination of two different targets (i.e. scale bar a with targets 5 and 6, scale bar b with targets 7 and 8, scale bar c with targets 9 and 10). See Figure 1E for an example of a completed scalebar.

1.4 Measure the distance between the center dots of the targets on each scale bar with at least 0.5mm precision. 

1.5 Create a plain text file with each scale bar target combination, length in meters, and measurement precision in meters on a separate line, in the following format and without brackets or spaces between measures (see GitHub page for details):
target [],target [],[distance],[accuracy]
target [],target [],[distance],[accuracy]
target [],target [],[distance],[accuracy]




Section 2. Bluetooth GPS kickboard kit and ReefShape Survey123 setup
· Materials
·  Bluetooth GPS receiver (Garmin GLO2 or similar)
· Standard foam swim training kickboard
· Small waterproof pouch to house and protect GPS
· 1mm x 5mm x 5mm plastic card
· 0.3m (1ft) section of 1/2” PVC pipe
· ½” to 1” PVC reducer bushing 
· 1” PVC table cap fitting
· 3x small ½” to 1” screws
· E6000 or similar flexible marine epoxy
· Super glue

2.1 Use marine epoxy to fix table cap fitting at the center of kickboard, using the screws to help anchor the cap into the foam. Let set for 12-24 hours.

2.2 Gently rough one surface of waterproof pouch (for the GPS) and super glue the plastic card to it to provide support. 

2.3 Using a generous amount of epoxy, fix the card and waterproof pouch to one end of the PVC pipe and epoxy the reducer bushing to the other end. Allow to set for 12-24 hours.

2.4 For use, place the Bluetooth GPS inside the waterproof bag, and fit the pole setup into the table cap fitting on the kickboard. The completed kit should resemble the one depicted in Figure 1C.

2.5 Install the Survey123 app on smartphone. This can be obtained from the Google Play Store (Android) or the App Store (iPhone). Download the ReefShape survey (https://arcg.is/1baSKD1). An ESRI account is not required. 

2.6 Connect Bluetooth GPS to Survey123. First, pair the Bluetooth GPS device with your phone (steps to do this vary by phone and GPS unit). Once paired, tap on the satellite icon at the upper right corner of Survey123 app. Click the gear icon at top right, and select “Add location provider” at the bottom. Select Bluetooth, and then select your device from the dropdown. The Survey123 app will now utilize the location information sent by the Bluetooth GPS. 

2.7 Place smartphone in waterproof bag to prepare for in-water use. Allow GPS to sit with an open view of the sky for at least 5 minutes while powered on to allow it to obtain a location fix before data collection.
Section 3. Temporary corner marker preparation (optional, only if not using permanent corner markers)
· Materials
·  Waterproof paper (Duracopy or similar) or waterproof sticker paper
· 4x acrylic sheet pieces, 3mm thick and cut to 80mm x 100mm
· Super glue or clear packing tape
· Drill with ¼ inch bit or similar
· Zip ties
· 4x 1lb dive weights or similar ballast

Note: Permanent corner markers can be replaced by temporary versions if necessary, with the caveat that automatic time point alignment with the ReefShape scripts is not possible unless markers are placed in precisely the same locations at each time point. 

3.1 Print out sheet 1 from the Metashape coded targets PDF generated above in supplementary step 1.1, containing targets 1-6. As in supplementary step 1.2, cut out targets 1-4.

3.2 Tape or glue each marker to one of the four acrylic pieces. At the corners of these rectangular blocks, use a drill to make holes at the four corners, taking care not to create any blemishes within the target pattern or a small buffer surrounding it.

3.3 Use zip ties or another method to attach each of these target markers to a 1lb dive weight or similar ballast material to ensure that they stay in a fixed position during plot photography.

Section 4. Camera System and Settings

4.1 Camera system. We recommend using an APS-C type mirrorless camera, paired with a wide-angle rectilinear 12mm lens, and housed inside a waterproof housing with a 6” dome port that is well-matched to the lens (for specific recommendations, see Materials List). After extensive testing, we conclude that this type of camera system offers the best combination of image acquisition ability, data quality, and relatively low cost. We do not recommend the use of action cameras (GoPro, Insta360, etc.), for several reasons, including poor control over imaging parameters, image aberrations caused by their flat port design, and their use of an electronic shutter.

4.2 Basic settings. Place camera in manual exposure mode (M), set aperture to f/8, shutter speed to 1/500th, and ISO to Auto. Set record mode to JPEG (large size, fine quality) + RAW (compressed), ensure autofocus is set to AF-S, and set white balance to custom. Set camera interval mode to 1s. For a complete list of recommended camera settings, see Table 1.
Section 5. Computer system requirements and software settings

5.1 Computer requirements. Photogrammetry is a computationally intensive process, and a recent computer with a powerful processor and graphics card is highly recommended. We recommend at least an Intel i7 processor or equivalent, 16GB+ RAM, and at least an 8GB discrete graphics card. Ample hard drive space is critical, as each plot timepoint typically results in 60+ GB of photos and 10+ GB of processing files. 

5.2 Basic Metashape settings. In the preferences/settings menu, ensure the following settings:
General tab: Default view: tie-points, latitude/longitude format: decimal degrees.
GPU tab: Ensure the checkbox is checked for whatever discrete GPU you have installed in your system. If you have an integrated GPU (such as most Intel Core processors), uncheck that tick box. Also, ensure the box for “use CPU when performing GPU accelerated processing” is unchecked.
Advanced tab: Ensure the checkbox is checked for the following settings: Keep Depth Maps, Keep Key Points, Enable VBO support, Enable Rich Python Console.
Menu Bar, Model Dropdown: Navigation mode: Terrain. 

5.3 Install scripts. Visit the ReefShape GitHub page at https://github.com/Perry-Institute/ReefShape and download all files. Install according to the provided instructions in the ReadMe file and restart Metashape. A new menu tab entitled “ReefShape” will appear, which will contain the two main scripts (Full Underwater Workflow and Align Timepoints), and a “Tools” submenu with several utility scripts to automate individual functions. 


