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a b s t r a c t 

Coloration is often used in biological studies, for example when studying social signaling or an- 

tipredator defense. Yet, few detailed and standardized methods are available to measure col- 

oration using digital photography. Here we provide a step-by-step guide to help researchers quan- 

tify coloration from digital images. We first identify the do’s and don’ts of taking pictures for col- 

oration analysis. We then describe how to i) extract reflectance values with the software ImageJ; 

ii) fit and apply linearization equations to reflectance values; iii) scale and select the areas of in- 

terest in ImageJ; iv) standardize pictures; and v) binarize and measure the proportion of different 

colors in an area of interest. We apply our methodological protocol to digital pictures of painted 

turtles ( Chrysemys picta ), but the approach could be easily adapted to any species. More specifi- 

cally, we wished to calculate the proportion of red and yellow on the neck and head of turtles. 

With this protocol, our main aims are to make coloration analyses with digital photography: 

• More accessible to researchers without a background in photography. 

• More consistent between studies. 
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material. 

About 

Coloration is often used in biological studies, for example when studying social signaling or antipredator defense (see Cuthill et al.

[1] for a review). Yet, few detailed standardized methods are available to measure coloration using digital photography. Here we aim

to make coloration analyses: i) more accessible to researchers without a background in photography and ii) more consistent between

studies. In this tutorial, you will learn 1) the do’s and don’ts of taking pictures for coloration analysis, 2) to extract reflectance values

with ImageJ, 3) to create linearization equations, 4) to linearize your pictures with the equations created, 5) to scale and select the

areas of interest in ImageJ, 6) to rapidly classify your pictures, 7) to standardize your pictures, and 8) to binarize the colors of the

areas of interest. Make sure you thoroughly read the whole protocol before beginning your analyses. Important notes are included

throughout the different sections. 

You should first install the following software/packages: 

ImageJ: https://imagej.nih.gov/ij/download.html [2] . 

DCRaw Reader (ImageJ package to open various RAW file types): http://ij-plugins.sourceforge.net/plugins/dcraw/ and https: 

//github.com/ij- plugins/ijp- dcraw [3] . 

R software: https://cran.r-project.org/ [4] . 

RStudio: https://posit.co/download/rstudio-desktop/ [5] . 

The tutorial has been optimized for use in Windows 10. We have not verified compatibility with any other operating system or

version, but because the software and packages we used are available for multiple platforms, it should work on all major platforms

such as Mac OS and Linux. 

Basic knowledge of coloration and digital photography is needed to understand this tutorial. We suggest reading the following

papers: 

- M. Stevens, C.A. Párraga, I.C. Cuthill, J.C. Partridge, T.S. Troscianko, Using digital photography to study animal coloration, Biol.

J. Linn. Soc. 90 (2007) 211–237 [6] . 

- J.E. Paterson, G. Blouin-Demers, Distinguishing discrete polymorphism from continuous variation in throat colour of tree lizards, 

Urosaurus ornatus , Biol. J. Linn. Soc. 121 (2017) 72–81. https://doi.org/10.1093/biolinnean/blw024 [7] . 

- L.C. Teasdale, M. Stevens, D. Stuart-Fox, Discrete colour polymorphism in the tawny dragon lizard ( Ctenophorus decresii ) and

differences in signal conspicuousness among morphs, J. Evol. Biol. 26 (2013) 1035–1046. https://doi.org/10.1111/jeb.12115 

[8] . 

All files necessary to run our scripts (e.g., Excel file, pictures, R codes) are available in supplementary material. 

In the field: steps to follow 

Here are some basic guidelines to consider before taking pictures: 
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Tip #1. All pictures should include a color chart (e.g., X-Rite ColorChecker Passport) and a ruler (most color charts already include

a ruler). Color charts have standard color sections with known reflectance to compare to the pixel reflectance values in a picture of

the same color. 

Tip #2. Pictures should be stored as .RAW or an equivalent format (e.g., .NEF); avoid compressed files. Compressed file formats,

including JPEG, lower the range and variation in color an image can store. 

Tip #3. All pictures should be taken with identical camera settings. Avoid automatic settings. Importantly, make sure all your pictures

are taken with the same ISO value. 

Tip #4. It is more convenient if all picture elements have the same configuration: the object (e.g., animal) and the ruler are approx-

imately at the same place in all pictures, and they are all taken either in portrait or in landscape format. 

Tip #5. Take slightly underexposed pictures to avoid pixel saturation (see Stevens et al. [6] ). Avoid direct sunlight to avoid pixel

saturation; take your pictures in the shade or use a cover (e.g., umbrella). Pixel saturation is when the pixel color values reach the

maximum recordable value. 

Tip #6. Make sure you have access to the expected reflectance values (sRGB: Red (R), Green (G), Blue (B)) of the chart colors used.

The expected grey reflectance values are necessary to create the linearization equations and, thus, essential to linearize your pictures

correctly. 
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In our case , pictures were stored as .NEF and they all included an X-Rite ColorChecker Passport for which the grey reflectance

values in sRGB are shown in the chart below (squares 19 to 24, scale between 0 and 255: 8-bit format; see X-Rite Incorporated [ 9 ]).

Extracting reflectance values with ImageJ 

Preparing a spreadsheet file 

Camera sensors record data on three color channels (RGB: Red (R), Green (G), Blue (B)) that can vary in reflectance value format

(0–1, or another scale like 8-bit resolution varying from 0 to 255). Reflectance values in each channel should increase linearly with

light intensity (e.g., the grey color scale squares should increase in reflectance linearly). However, digital camera sensors often record

reflectance in a saturating curve. This curve should be linearized before further analyses by applying a correction with linearization

equations. To create these equations, you need to extract reflectance values from a subset of pictures that represents various ambient

lighting conditions. If you have few pictures, you should use all of them. 

In our case , we took multiple pictures for each turtle and, thus, we used the first picture taken of all individuals to cover all lighting

conditions (N = 260 pictures). 

Before you start working with ImageJ, prepare a spreadsheet file like this one: 
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For each individual (ID), you need to have three rows per grey color square from your color chart for each picture you want to

analyze. The number of grey color squares can vary between color charts. 

In our case , we had six grey color squares giving us 18 rows per individual (column Square contains the number of each row). 

You will need to extract the reflectance value for each grey scale square from the color chart (in our color chart, we had six

grey scales: Black, Neutral 3.5, Neutral 5, Neutral 6.5, Neutral 8, and White) for each color channel. Each grey scale square has

three expected reflectance value: one per color channel (Expected_sRGB). Each row has a square number (Square) that represents 

the number of the region of interest that will later be created in ImageJ to calculate the reflectance value associated with each grey

scale for each color channel. All other columns (e.g., Label, Area, Mean, Min and Max) contain information that will be generated by

ImageJ. 

Opening a .NEF picture in ImageJ 

All the steps that are performed in ImageJ are subject to slight variations due to the person performing the analyses. It is thus

important to i) have the same person conduct all the analyses in ImageJ or ii) quantify the variance between measurements that were

performed by different persons in ImageJ (calculate repeatability). 

You can see steps of the next two sections ( Opening a .NEF picture in ImageJ and Saving pictures in Tiff format ) in this video:

https://youtu.be/kbqcvgtKjmw 

In our case , all pictures were saved in .NEF format, which is the equivalent of .RAW file extension for Nikon cameras. Other

companies may use other RAW extensions, but they should be the same. 

To open a .NEF picture in ImageJ, the DCRaw package is required (it can be found here: https://github.com/ij- plugins/ijp- dcraw ;

Installation instructions are provided on the same page). To install the package on your computer, you need to unzip the file and

copy the executable document (ij-dcraw_.jar) in the plugins folder of the ImageJ folder on your computer. 
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Once the package is installed, restart ImageJ and it will now be possible to open a picture by clicking on Pluggins >> Input-Output

>> DCRaw Reader and then selecting the appropriate file. The following menu will appear, and you can see the options we used for

our analyses: 

Saving pictures in Tiff format 

Now save your pictures as .TIFF via File >> Save as >> Tiff. This will allow you to work on a picture that has the parameters

you previously specified instead of working on a projection of a .RAW file for which you do not know what kind of transformations

have been applied. The new .TIFF picture will be the one you will use as input in the following R scripts. Even if you only use a

subset of pictures to obtain the linearization equations, you must do this step for all pictures that you want to use in your final

analyses. 

The preview of the .RAW and .TIFF files may appear darker when viewed in ImageJ, it is normal. 

Extracting RGB scores in ImageJ 

You can see steps of this section in this video: https://youtu.be/8iDWLSDFgOo 
6
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Now that you have your .TIFF picture opened in ImageJ, the first step to extract RGB scores is to create selection squares (i.e.,

region of interest, ROI) over the color chart’s grey squares. To create multiple selections, open the ROI Manager by clicking on Analyze

>> Tools >> ROI Manager . Make sure you check the Show All and Labels options in the window before you begin. 

You can now draw a square over one of the chart’s grey squares (make sure that your selection tool is the square). To add it to the

ROI Manager , simply press t or click Add in the ROI Manager . Your selection should now appear in the ROI Manager as shown below:
7
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Do the same for all grey squares making sure that you only include the color of interest (no black borders) in each square, and

that all squares are approximately the same size. 

Because you need to extract the reflectance values for each of the three channels separately, you now have to convert the image

into a multi-channel stack. To do so, click on Image >> Color >> Make Composite . 
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The picture should now be split in three. You can browse through the different channels by using the arrows on your keyboard

or with the scrolling bar at the bottom of the picture. In the top left corner, you should see which channel is represented (Red, Green

or Blue). In the picture below, you can see that we are viewing the red channel (1/3 channel): 

To get the reflectance values, select all the created ROI in the ROI Manager and click on Measure in the ROI Manager window.

This will give you a mean reflectance value (named Mean in ImageJ) for all your squares for the channel that is displayed (and other

values such as the area of selection in square pixels, the min and max reflectance values in the ROI, etc.). Do the same for each of the

three color channels by moving to the channel you want to analyze and click again on Measure . Finally, input all the measurements

in your spreadsheet file. 
9
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If the labels are not displayed properly, you can go in the Results window, click on Results >> Set >> Measurements and select

Display label >> OK . You will need to measure your ROIs again to activate the labeling. 

Tip #1. If you use labels, add this column to your spreadsheet file because they give information about the picture and the color

channel from which the measurements came from. It is also possible to save a .CSV file with those results directly in ImageJ. You

can also keep the measurements of a previous picture in ImageJ and copy the results to your spreadsheet after few pictures. You just

need to keep the ROI Manager opened and calculate the reflectance values after a few pictures. 

Tip #2. To be able to quickly fill the spreadsheet file, it is best to always select the different grey color squares in the same order

(i.e., always start and finish with the same ones). Make sure that the color chart is always in the same position. 

Creating linearization equations 

As stated in Paterson and Blouin-Demers [7] , “To use photographs for the analysis of color, a digital camera’s three sensors

(corresponding to red, green, and blue wavelengths) should respond linearly and equally to increases in light intensity ”. Contrary

to Paterson and Blouin-Demers [7] , our observed reflectance values already appeared linearly related to expected reflectance values 

before any corrections because we used ImageJ’s DCRaw package [ 3 , 10 ]. The observed reflectance values, however, were always

lower than the expected reflectance values. We thus simply needed to apply a linear correction with a normal lm() function in R to

obtain a better fit. We used the following equations for each color channel (i.e., camera’s three sensors): 

𝑄𝑟 = 𝑎1 + 𝑏1 𝑟 (1) 

𝑄𝑔 = 𝑎2 + 𝑏2 𝑔 (2) 

𝑄𝑏 = 𝑎3 + 𝑏3 𝑏 (3) 

Where Q is the expected reflectance values from the grey color squares of the color chart, a and b are constants (for each color

channel), and r, g , and b are the observed reflectance values from each color channel (red, green, and blue). 

If the relationships had not been linear (as it was the case for Paterson and Blouin-Demers [7] ), we could have used the following

equations instead, using the nls() function in R: 

𝑄𝑟 = 𝑎1 ∗ 
(
𝑏𝑟 1 
)

(1a) 

𝑄𝑔 = 𝑎2 ∗ 
(
𝑏
𝑔 

2 
)

(2a) 

𝑄𝑏 = 𝑎3 ∗ 
(
𝑏𝑏 3 
)

(3a) 
10
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We used the reflectance values extracted in the previous section (Extracting reflectance values with ImageJ) and the expected 

reflectance values from the color chart to estimate a and b in each equation. Before going further, you need to check how your

observed reflectance values are related to the expected reflectance values and, thus, determine the type of correction needed. Other

equations could be used. Make sure to select the equations that are most appropriate to your data. Camera models, individual cameras,

and environmental conditions may affect the response curves. 

Loading R packages 

Note: Here we present the packages we used in R to be able to run the following script. However, they may not all be required to

conduct the analyses and some other packages may be equivalent to the ones we used. Each package needs to be installed with the

function install.packages() prior to being loaded and attached in R with the function library() as shown below. We assume that you

are starting with a clean R environment between each section. 

Setting the directory 

To be able to run these scripts, you need to set your directory by choosing the folder where your data are saved (e.g., spreadsheet

file) with the function setwd() or by following this path: Session >> Set Working Directory >> Choose Directory . You can also use the

here package ( https://here.r-lib.org/ ) which is less dependent on the way you organize your files. 

To practice with the scripts, you can use the following Excel file available in supplementary material that contains the data we

used to calculate our linearization equations: Houle-et-al_Reflectance_Values.xlsx (named Data_Example.xlsx in the following script). 

It is the same Excel file that we used in the previous section (Extracting reflectance values with ImageJ). 

Importing data 

As a reminder, the spreadsheet contains all observed reflectance values extracted in ImageJ from the color chart’s grey squares

for a subset of pictures representing various ambient lighting conditions. For each picture, the reflectance values were extracted for

each color channel (Red, Green and Blue). 
11
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Filtering out overexposed/underexposed pictures 

You should exclude all overexposed pictures (i.e., picture with a reflectance of, or near 255) to calculate your linearization

equations. 

In our case , we arbitrarily chose a threshold of 254.5 to identify potentially problematic overexposed pictures. 

You can see here that we do not have any overexposed pictures. 

You also do not want underexposed pictures with a mean reflectance value very close to zero. You should remove them if it is the

case. 

In our case , we verified if we had pictures with a mean reflectance value of 0.5 or less. 

Again, you can see here that we do not have any underexposed pictures. 

If you have over or underexposed pictures, you can use the code below to filter out those pictures from your dataset. 

Transforming the reflectance values: scaling between 0 and 1 

To create your linearization equations, you want your reflectance values to be relative to the highest value possible (i.e., 255).

After this transformation, all your values (the expected and the observed values) will be between 0 and 1. 
12
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Splitting data by color channel 

You need to create one linearization equation per color channel and, thus, you need to split your data per color channel. 
13



C. Houle, A. Turcotte, J.E. Paterson et al. MethodsX 12 (2024) 102648

 

Linearization equations 

Now, you can create a linear model for each color channel and extract the slope and the intercept of each model to build your

equations. 

In our case , we used the lm() function for our equations as mentioned earlier. 
14
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The intercept is 0.141803 and the slope is 1.213138 for the linearization equation of the red channel. 

Now, you can linearize the mean observed reflectance values for the red channel with this equation that contains the constants

that were extracted from the model. 

You can visualize the relationship between the linearized observed values and the expected reflectance values from the color

chart. If the linearization equation works well, the data are supposed to follow the black line (1:1). 
15
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Repeat the same steps for the green and blue channels. 
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You can visualize the changes made by the linearization equations to the observed reflectance values from the three channels. 

The figures depict the relationship between the expected reflectance values and the observed reflectance values (Left: uncor- 

rected; Right: corrected) for the three color channels (Red, Green and Blue: each color dot depicts the mean ± SE of their respec-

tive color channel). Each gray dot represents one unique observation. You can see that the relationship between the expected and

the corrected observed reflectance values follows better the reference line (1:1). This confirms that the linearization equations are

working. 

Equalizing the channels 

The grey scales of a color chart are designed to reflect equally across red, green, and blue. However, camera sensors sometimes

have different sensitivities and a correction to equalize color channels is necessary. In some cases, the linearization process will also

equalize the three color channels (e.g., transformed R = transformed G = transformed B). You should thus confirm that linearized

pixel scores of grey color scales from the color chart are equal in each channel using paired t -tests. If it is not the case, see Stevens

et al. [6] . 
17



C. Houle, A. Turcotte, J.E. Paterson et al. MethodsX 12 (2024) 102648

 

 

 

 

You need to correct your p value according to the number of comparisons made (three in this case). We choose the conservative

Bonferroni correction: 

𝛼 = 0 . 05 
3 

= 0 . 0167 

In our case , we only observed a significant difference between the green and blue channels. The mean difference, however, was

very small (0.001). We thus concluded that the linearized pixel scores of the grey color scales were equal in each color channel (Red,

Green and Blue). 

Linearizing pictures 

Now that the constants a and b are known, it is possible to linearize all your pictures (not just the subsample of pictures previously

used) with the equations created in the previous section (Creating linearization equations). 
18
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In our case , our final dataset included two .TIFF pictures per individual, one dorsal photo of the top of the head (usually showing

two yellow spots) and one ventral picture (showing both yellow and red on the neck). Here is an example of a set of pictures for one

turtle: 

Before running this script, make sure that all your pictures are saved in .TIFF format and have the same properties. 

Loading R packages 

See Loading R packages note in Creating linearization equations section. 

The installation of EBImage should work if you follow these steps: 

https://www.bioconductor.org/packages/devel/bioc/vignettes/EBImage/inst/doc/EBImage-introduction.html 

If you encounter difficulties for the installation, you can try installing it with RStudio in administrator mode. 

Setting the directory 

To be able to run these scripts, you need to set your directory by choosing the folder where your pictures (in .TIFF) are saved

with the function setwd() or by following this path: Session >> Set Working Directory >> Choose Directory . You can also use the here

package ( https://here.r-lib.org/ ) which is less dependent on the way you organize your files. 
19
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Creating a list of pictures 

You need to create a list of pictures to work on (put all pictures to be linearized in the appropriate directory/folder). Subfolders

are needed if there are several pictures to process or if you have limited computing power (e.g., R may run out of memory). 

In our case , we were able to process about 10 pictures at a time. 

This step allows the creation of an object containing a list of all the pictures found in the selected subfolder (path = “path to the

folder where a subset of pictures is located ”, and recursive = TRUE allows access to the subfolders inside the directory selected).

You do not need to write the entire path given that the directory is already set. The pattern argument indicates a common pattern of

names in all pictures you want to open. 

In our case , we had a folder named images in our directory. All our pictures started with DSC , which was used as the pattern

argument. This tutorial’s subfolder only includes two pictures: DSC_0022 and DSC_0023. All steps in the following sections will be

performed on these two pictures. 

Converting pictures to arrays 

Creating a function that formats pictures correctly 

When a picture is uploaded in R, the different color channels are not automatically accessible. Instead, the picture is represented

as one matrix. Since you need to apply your linearization equations to the three channels of your pictures (Red, Green and Blue), you

need to access each color channel’s array. 

This function allows you to do so: 
20



C. Houle, A. Turcotte, J.E. Paterson et al. MethodsX 12 (2024) 102648

 

 

 

 

Applying the previously created function to the pictures 

Make sure you can access the elements inside the list. 

In our case , we confirmed that the previous function worked by running the following code line, which looks at the reflectance

values of picture #1 of our list between pixel rows 5 and 10, and pixel columns 10 and 20 for the third matrix (blue). The first matrix

is the red channel, the second is the green channel and the third one is the blue channel. 

We also checked if we could see the dimensions of picture #1 in our list. 

You can see the width (6034 pixels), the height (4012 pixels), and the three matrices (3: Red, Green, Blue) of picture #1. In

addition, you can verify that the reflectance values are indeed between 0 and 1. 

You can also use the following function to see all reflectance values from all pixels of picture #1. The output is not shown here

because it is too large. 

Applying the linearization equations 

Here are the equations we obtained in the previous section (Creating linearization equations): 
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We created a function that will apply the different equations to their respective matrix. In other words, the function will allow

you to apply the linearization equation of the red channel to the red matrix, the green equation to the green matrix, and the blue

equation to the blue matrix. 

Here, the pictures from the picture list are in their original dimensions and are cropped by the change.image() function by selecting

a subset of pixels. However, cropping the pictures beforehand could reduce computing time during the linearization process, especially 

if the zone of interest is relatively small compared to the rest of the picture. 

In our case , we did not crop the pictures prior to running the script. The cropping was done via the change.image() function. Thus,

the resulting pictures are linearized and only include the area located between pixel rows 500 and 4500, and between pixel columns

500 and 4000 for the three matrices. This helps reduce computing time. If you decide to crop your pictures this way, you need to

make sure that all pictures still include the whole area of interest, as well as the ruler (or at least part of it). 

You should save all your linearized pictures in a new subfolder (e.g., subfolder named “images_linearized ”). The change.image()

function allows you to specify the folder path where you want to save your linearized pictures. 

Now, you can apply the function to the list of pictures: 

This step can take several minutes. 

In our case , the linearization of two pictures took about 5 min on a standard laptop with an Intel® CoreTM i5–5300 U

processor with 16 Go of memory. Once it is done, the newly linearized pictures (named ArrayDSC_0022.tif_linearized and Ar- 

rayDSC_0023.tif_linearized) should be saved in the folder you specified in the path. 
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Rescaling pictures and selecting the area of interest 

Rescaling pictures 

Before going further, it is necessary to scale all pictures similarly. By doing this, you are ensuring that lengths and areas (in pixels)

measured in one picture are comparable to that measured in other pictures. By using a known length item, here a ruler within the

color chart, we can estimate the relationship between a fixed length in cm with a length in pixels. 

In ImageJ, you can scale the pictures previously linearized and cropped in the previous section (Linearizing pictures). In the

following section, we used a different head picture than in the previous section. The picture is also available in supplemental material

(Picture_Section5.tiff). 

You can see the steps of this section in this video: https://youtu.be/IzjauL99_7Q . 

First, you need to measure a line of known length (i.e., a section of the ruler included in all pictures) with the straight-line tool. 

Then, in Analyze >> Set Scale , the measured distance should appear in the first box (i.e., Distance in pixels ). The Known distance

should be changed to the appropriate value. 
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In our case , we used a known distance of 1 cm. We thus changed Known distance to 1.00 and the Unit of length to cm. 

The scaling factor of the picture (i.e., Distance in pixels: 163.2680) needs to be noted in a new column of your spreadsheet file.

It is also possible to create a new spreadsheet file with all the pictures that will be analyzed if you only analyzed a subset of your

pictures to create the linearization equations. 

In our case , we added one column to enter the scaling factor (i.e., Scaling_factor_(pixels/cm)). We also added another column to

compute the number of pixels in 10 cm (i.e., Number_of_pixels_in_10_cm). This column will later be used to uniformize the background

size of all pictures (10 × 10 cm; see the sub-section Resizing pictures on a 10 cm X 10 cm background of this section). This step is necessary

because, to our knowledge, ImageJ only allows background rescaling in pixel units (and not in cm). 

Note: To determine how many pixels were needed on the background so that it would work with all pictures, we first used a

subset of 50 pictures. This step confirmed that a background of 10 × 10 cm was sufficient to avoid cropping any important portion of

our pictures. With the spreadsheet file, we then computed the number of pixels that corresponded to 10 cm (e.g., 163.268 pixels/cm
∗ 10 cm = 1632.68). Thus, the size of your background will depend on the size of your area of interest and on the size variation of

this area between pictures. 
24



C. Houle, A. Turcotte, J.E. Paterson et al. MethodsX 12 (2024) 102648

 

 

Selecting the area of interest 

You can delimit the area of interest with the freehand selection tool. The selection can then be adjusted by selecting Edit >>

Selection >> Convex Hull . You can create a new knot by pressing Shift and clicking on a knot. If you want to delete a knot, you can

do so by pressing Ctrl and clicking on a knot. 

Here is an example of the area of interest, selected with the freehand selection tool and adjusted manually afterwards: 

Then, you can erase everything outside of your selection by using Edit >> Clear Outside 
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You can then crop the picture by selecting Image >> Crop 

Resizing pictures on a 10 cm x 10 cm background 

Lastly, you can resize the black background to make it uniform between pictures by clicking on Image >> Adjust >> Canvas

size . You will need to fill the width and height values with the ones you computed in the Number_of_pixels_in_10_cm column of your

spreadsheet file for this specific picture. 

In our case , canvas width and height were changed to 1632.68 pixels: 
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Now that the picture is scaled and resized, it should look like this: 

The picture is ready to be used in the following steps. We recommend saving your modifications as a new picture with a file name

including as much information as possible. 

In our case , the following information was included in the picture’s name: 

• The individual’s ID; 

• The first letter of Head or Neck (to indicate the region of interest in the picture); 

• The mention that the picture was linearized, scaled and cropped, and that the background was uniformized to 10 cm. 

For example, AB_H_linearized_scaled_cut_10.tif, for the head picture of the turtle identified as AB. 

Classifying pictures before standardization & binarization 

By now, all your pictures are linearized, scaled, resized, and saved in the same folder on your computer. Before proceeding to the

standardization/binarization, you need to group all your cropped and linearized pictures in different folders according to the area of

interest that you want to analyze (if you have multiple areas). These folders will then be used in the following R scripts. 

In our case , all head pictures were grouped in one folder and all neck pictures in another. We suggested using the first letter

of the region of interest (H for Head or N for Neck) in the picture file names and this is where it becomes useful. It allows us to

sort all pictures automatically. This is especially useful when dealing with a lot of pictures. When choosing a letter to group picture

categories, be cautious of not using a letter or character that appears elsewhere in the filename. 
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Note: This step is performed via the Windows command processor (also known as command prompt ). An equivalent method should

work under other operating systems such as Mac OS or Linux. 

Open the command prompt by pressing the windows key (WIN) + R. Then, write cmd in the new window. 

Be careful: the command prompt is sensitive to caps lock and spaces. 

Now, specify the path of the directory where all the pictures are currently saved by using cd followed by a space and the directory

path. Press enter. 

cd Your_directory_path 

Then, to create new folders where you will send your pictures ( in our case , we needed two new folders: one for the head pictures

and one of the neck pictures), enter md followed by a space and the new folder’s name. Separate each folder by a space and press

enter. 

md Neck Head 

Finally, use the move command, followed by a space and the recurring pattern specified ( in our case , _H_ or _N_ ) between two

asterisks. Add a space and specify the name of the destination folder followed by “/ ” and press enter. 

move ∗ _N_∗ Neck/ 

move ∗ _H_∗ Head/ 

The pictures will now be sorted in their respective new folders according to the region of interest that you want to analyze. 

Standardizing pictures before binarization 

In most cases, you will need to create a new picture which is standardized. This step is required to remove absolute variation in

pixel values (i.e., variations in brightness). For more information on this step see Teasdale et al. [8] . 
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For each picture, the standardization is done on all three color channels by dividing each pixel value by the total value from all

color channels (e.g., Standardized red = R/(R + G + B)). 

In our case , standardization made it too difficult to distinguish yellow from green during binarization. Thus, we did not standardize

our pictures. If you need to standardize your pictures, you can follow the steps below. 

Loading R packages 

See Loading R packages note in Creating linearization equations section. 

Setting the directory 

To be able to run these scripts, you need to set your directory to the folder where you saved your linearized, scaled, and cropped

pictures in .TIFF format with the function setwd() or by following this path Session >> Set Working Directory >> Choose Directory . You

can also use the here package ( https://here.r-lib.org/ ) which is less dependent on the way you organize your files. 

Creating a list of pictures 

Here, again, you need to confirm that you can access the elements of the list. 

In our case , we have one picture in our list. 
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Converting pictures to arrays 

As in Linearizing pictures section, we used the format.image() function to format the pictures correctly (i.e., import, convert to an

array, and get values from 0 to 1) and list them. 

You can apply the function to your list of pictures: 

In our case , we can see that we have one picture of 1381 pixels (width) per 1381 pixels (height). 

Again, you want to ensure you can access the reflectance values from the first picture. You also need to make sure you select an

area of your picture that is not black. 

In our case , we indicated that we wanted to see the reflectance values between the pixel rows 670 and 675, and between the pixel

columns 662 and 667 of the third color channel (blue). 

In addition, you can verify that the reflectance values are, as supposed, between 0 and 1. 
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Standardizing pictures 

We created a function that standardizes all three color channels. 
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The standardized version of our head picture looks like this: 

Binarizing pictures 

The binarization is used to isolate the color of interest (yellow in this case because we are focusing on head pictures in this

example) from all other colors present in our picture. It will give a score of 0 (black) to the color of interest and a score of 1 (white) to

the rest. Then, from the binarized pictures, it will compute the number of yellow pixels (black) and the number of pixels that are not

considered yellow (white) allowing us to calculate the proportion of yellow pixels in the area of interest. The scripts can be adapted

to any color and area of interest. Throughout this section, we will modify a function named binarize.image(), step by step, mainly

to show you how to determine the color threshold that will allow you to binarize your pictures, until we arrive at its final form that

will allow you to compute the proportion of pixels from your pictures corresponding to your color of interest. 

Loading R packages 

See Loading R packages note in Creating linearization equations section. 
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Setting the directory 

To be able to run these scripts, you need to set your directory by choosing the folder where you saved your linearized, scaled,

and cropped (and possibly standardized) pictures in .TIFF format with the function setwd() or by following this path Session >> Set

Working Directory >> Choose Directory . You can also use the here package ( https://here.r-lib.org/ ) which is less dependent on the way

you organize your files. 

Creating a list of pictures 

We can see that our file only included one picture named ID_H_linearized_scaled_cut_10.tif . 

Converting pictures to arrays 

As in Linearizing pictures section, we used the format.image() function to format the pictures correctly (i.e., import, convert to an

array, and get values from 0 to 1) and list them. 

You can apply the function to your list of pictures: 

You can see that we had one picture of 1381 pixels (width) per 1381 pixels (height). 

Again, you need to ensure you can access the reflectance values from the first picture. You also need to make sure you select an

area in your picture that is not black. 
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In our case , we wanted to see the reflectance values contained between the pixel rows 670 and 675, and between the pixel columns

662 and 667 on the third color channel (blue). 

In addition, you can verify that the reflectance values are, as supposed, between 0 and 1. 

Determining the color threshold & binarizing the pictures 

We created a function that binarizes pictures according to the color of interest. The function creates a new picture where all pixels

of our color of interest are black, and all other colors are white. 

In our case , we wanted to compute the number of yellow pixels relative to the total number of pixels. We first needed to determine

which reflectance value corresponded to what we call yellow in our pictures (i.e., what our eyes see as yellow). We identified a

threshold of reflectance value that is included in our binarization function to determine which pixels are yellow. With this threshold,

the function binarizes our pictures according to our color of interest: the color of interest (i.e., yellow) will have a score of 0 (black)

and the rest will have a score of 1 (white). 

To determine the threshold, we used the first part of the final function that isolates the yellow component of the pictures by

substracting the blue channel from the green channel. The formula to use to isolate the color of interest will depend on the color

you want to isolate. For each picture, a new picture is saved in a new subfolder (e.g., subfolder named binarized_pictures ) by adding

yellow_g-b at the end of the picture name. You can modify the new name as you wish. 
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In our case , we performed this first step on 50 pictures to select the optimal threshold to binarize our pictures according to the

color of interest. 
35



C. Houle, A. Turcotte, J.E. Paterson et al. MethodsX 12 (2024) 102648

 

 

 

 

 

 

After running this function, you now have a picture that isolates the color of interest, and it should look like this (what you see

in white are the yellow areas): 

The preview of the pictures may appear darker when viewed with your computer picture viewer compared to ImageJ, it is normal.

A subset of pictures must be used to determine the threshold that will be used to binarize your pictures. This can be done by

opening the newly saved pictures with the color of interest isolated in ImageJ and putting your cursor over a region of the color of

interest (yellow here) and noting the coordinates. Then, in R, you can find the reflectance value (between 0 and 1) that corresponds

to the color of interest. You can also use the version of the picture prior to the isolation of the color of interest given that you will

see the real colors and it can be easier to select the coordinates. 
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Here, you can see our image representing the yellow component isolated from the other colors when we open it in ImageJ: 

In our case , we opened the picture in ImageJ prior to the isolation of the yellow component to select the coordinates: 
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ImageJ gives you the coordinates of the pixel where you put your cursor. Move your cursor over a region of your color of interest

to get its coordinates. 

In our case , we zoomed on a yellow spot of the head and put our cursor over it (red arrow). We then noted the coordinates of the

pixel (located in the red box) in a spreadsheet file. 

The coordinates of a yellow pixel in this picture were x = 691 and y = 828. 

You will need to do this for all your picture subset (one coordinates per color of interest). After that, you can return in R to

determine the reflectance value of these pixels. You can create a new spreadsheet file to i) keep all the coordinates obtained for each

picture of the subset and ii) enter the reflectance values that you will obtain afterward in R. 

When all the coordinates are identified, you can return in R to a modified version of the previous function that will allow you to

determine the reflectance values of the selected pixels coordinates. 

Be careful: If you apply the function to your previous picture list (instead of applying it only to the picture from which you got

the coordinates), it will determine the reflectance value of the coordinates selected for all the pictures in the list. Since yellow areas

of different pictures are not all at the same coordinates, this will lead to incorrect thresholds. 

In this example , only one picture was included in our picture list, so we do not have to worry about this. 
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Here is the modified function, make sure to change the coordinates according to what you obtained in ImageJ: 

Now, you can run the new version of the function to have the reflectance value of the coordinates selected: 

You can see that the pixel selected (coordinates in ImageJ: x = 691 and y = 828) has a reflectance value of 0.13 . 
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The function can now be modified to binarize (black/white) the pictures according to this reflectance threshold. For now, we will

only show you how the function works and how a binarized picture looks based on the reflectance value that we just computed. 
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The output gives you the following information: 

• The first row is the number of pixels that are not considered yellow according to the threshold selected (i.e., number of white

pixels in the binarized picture). 

• The second row is the number of yellow pixels according to the threshold selected (i.e., number of black pixels in the binarized

picture). 

• The third row is the proportion of yellow on the head. 

Here is the picture binarized with this threshold: 

You can notice that the threshold selected here (0.13) is too restrictive (i.e., we are losing areas of the color of interest (represented

in black) according to the original picture). In other words, there should be more black pixels in the binarized picture since the area

covered by yellow in the original picture is bigger than what we see in the binarized picture. 

By running the previous function with several pictures, you will find an optimal value allowing you to keep only the regions of

interest, without losing too much of them. Some trial and error may be required. The black areas in the binarized pictures should

only be present where your color of interest is. You can try different thresholds on several pictures and select the one that keeps most

of the areas of your color of interest without including too much noise (i.e., areas that do not appear similar visually to your color of

interest). 

In the following example, the first picture has a threshold of 0.01. This leads to most of the picture being black (not only the

yellow patches), which is not restrictive enough. On the other hand, you do not want your threshold to be too restrictive, which

would lead to losing your color of interest (i.e., yellow patches (or parts of them) would be white while they should be black). 
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In our case , we used 50 pictures to determine visually the optimal threshold value to use. We selected a threshold of 0.08 for our

shades of yellow. 

When the optimal threshold is selected, you can save the proportion of yellow pixels calculated for all your pictures in a database

and export it to a spreadsheet file. We modified the list generated by binarize.image() function by adding a new column with the

picture name alongside the proportion of yellow calculated. The number of black and white pixels used to calculate the proportion

of yellow pixels is also available in the data frame. 

You should now have your coloration data extracted and ready for further analyses. 
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Supplementary material and/or additional information [Optional] 

Houle-et-al_Reflectance_Values.xlsx : spreadsheet file containing the reflectance values that were extracted in ImageJ from the 

six grey scales of the color chart. This spreadsheet was filed following the Extracting reflectance values with ImageJ section and can

be used to practice the R scripts of the Creating linearization equations section. 

DSC_0022 and DSC_0023 : Pictures (.TIFF and .NEF) that were used to create this tutorial and can be used to follow and try this

tutorial. 

Picture_Section5.tiff: Picture already linearized and cropped by following the Linearizing pictures section of this tutorial and can 

be used to follow and try the Rescaling pictures and selecting the area of interest section of this tutorial. 

ID_H_linearized_scaled_cut_10.tiff: DSC_0023 that was already linearized, scaled and cropped by following this tutorial. This 

picture can be used to follow and try the Standardizing pictures before binarization and Binarizing pictures sections of this tutorial. 

Houle-et-al_Tutorial_RMarkDown_Rcodes.html : R Markdown document in html that only contains the sections of this tutorial 

using R codes: Creation linearization equations, Linearizing pictures, Standardizing picture before binarization, Binarizing pictures . 

Houle-et-al_Tutorial_Rcodes_Simplified.rmd : R Markdown file containing all the R codes from the sections of this tutorial using 

R: Creation linearization equations, Linearizing pictures, Standardizing picture before binarization, Binarizing pictures . This document is 

a simplified version of Houle-et-al_Tutorial_RMarkDown_Rcodes.html . 
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