I. Counting Organisms Growing on a Disc Using ImageJ (Manual)
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In this tutorial, we will count the number of organisms in randomly selected squares on
a disc and extrapolate from this the total number of organisms on the disc.
1. Download the version of Fiji ImageJ which is compatible with the operating system
of your computer from this website: https://imagej.net/Fiji/Downloads
(The following description refers to Version 2.0.0 of ImageJ as of 2018-12-04 (check in Menu Fiji About ImageJ). If a different version is used, some modifications may have to be made, but in
principle the procedure should still be applicable.)

2. Open the program Fiji and you will see the tool selection bar under the menu bar.
(Figures in this tutorial are from the Mac version. Under Windows or Linux, details
may look different.)

(If you are working with a freshly installed version of Fiji, no adjustments need to be made. If you
have used this version of Fiji before and changed some settings in Edit - Options, you should go to
Edit - Options - Reset, confirm the reset and restart Fiji to make sure you are using the default
settings required in this tutorial.)

3. Open an image by clicking on File – Open. Alternatively, you can also drag the file
directly onto the tool selection bar. (Note that ImageJ will operate on your original
picture. To avoid overwriting it by accident, use a copy and keep the original save!)
As an example, we have an image of a disc covered with barnacles, which are patchily
distributed (file Practice_Image.jpg). We want to count the individual barnacles on
the disc.
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4. In order to extrapolate to the area of the
whole disc later on, we first need to set
the scale. Click on “Straight” in the tool
selection bar (black arrow) and draw a
straight line on a reference scale on your
image. This may be a ruler or a coin set
beside the disc in the photo. In this
example, a straight line (yellow arrow) is
drawn across the diameter of the disc
because in our example this is a known
distance equal to 8.5 cm.

5. Click on Analyze – Set Scale on the menu bar. A small window will appear. Fill in the
information on “Known distance” (here: 8.5) and “Unit of length” (cm).

(Select Global if several images of discs will be analysed and all of them are of the
same size and magnification. Global will use the same scale for all images and there
is no need to reset it for the following images.)
Confirm with OK.
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6. Prepare the image for analysis. Select “Oval” (black arrow) from the tool selection
bar and draw a circle (yellow arrow) around the disc.

7. Eliminate unnecessary background. (This reduces the size of the counting grid in the
next step.) Select Image – Crop to reduce the dimensions of the image. Click into the
image again to make the circle disappear.

Cropped image

8. Draw a grid over your disc and set the grid scale: select Analyze – Tools – Grid.
Overlay the image with a grid of type “Lines”. Since you already set a scale, you can
now adjust the size of the squares by entering a convenient value in units of cm2 in
the dialogue box. Here, two examples of different grid scales are shown. The upper
diagram has a scale of 1.0 cm2 and the lower one 0.5 cm2.
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The size of the squares will depend on the size and the distribution of the organisms
growing on the disc. If the organisms are large and the distribution is patchy, the
larger squares should be chosen. In our example we will use the finer scale as there
are also tiny barnacles on the disc.
9. Save the resulting picture for reference and later use in a different program (see
below). One option to do this is to use Image - Overlay - Flatten, which will create a
copy of the image (including the grid) which you can then save to a format of your
choice. However, this does not seem to work very reliably, so it may be better to take
a screenshot of the image with the grid instead.
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10. To be able to determine random squares for sampling, you have to assign numbers
or coordinates to the squares on your reference image. (Details are described in the
document “Determining How Many Squares to Count on Your Grid”, file
7_Determining_the_sample size.) In our example we have 82 valid squares in the
grid; each square measures 0.5 cm2.

11. Determine which and how many squares should be counted by random sampling.
(Again, see tutorial on “Determining How Many Squares to Count on Your Grid” for
reference). Count at least 10% of the total number of squares. In our example we
should count at least 8-9 squares.
12. Click on Plugins – Analyze - Cell Counter – Cell Counter. A cell counter window
will be shown.

Use Add to increase the number of Types of counters to the number of squares you
are going to count. (Example: Here, we use 14 Types).
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13. Before starting to count, click on Initialize. Then, click on Type 1 and start counting
the first randomly determined square by clicking on each organism. Each click will
be counted as one organism and the number of your type counter will mark each
organism counted (if “Show Numbers” is activated).

After finishing the first square, click on Type 2 and proceed as above. Each type
counter assigns a different coloured number to the counted objects. Continue
counting until you have counted a representative number of squares.
(Note that after 8 Types the colours of the counters seem to get a little confused,
maybe because only a maximum of 8 was provided for in the program. This does not
affect the results, however.)
14. Add up the numbers counted for each type (shown in the Cell Counter panel and also
in the Results panel accessible from the Cell Counter panel) to give the total for all
squares counted. (Determine if you have counted enough squares to represent your
disc. Counting more is better than counting too little). In our example, the total is 64
barnacles.
15. For later reference, it might be useful to take screenshots of the image with the final
distribution of counters as well as the Cell Counter Window. With this, you can
record in a protocol which individuals were counted.
16. Calculate the total area of the squares you counted. In our example we counted 14
squares, each with an area of 0.5 cm2. So, in total we counted an area of 7.0 cm2. Our
disc has a total area of π*r2 = 3.1416 * (8.5/2)2 = 56.75 cm2.
To calculate the total number of barnacles on the disc we take the average number of
barnacles counted per cm2 and multiply by the total disc area:
(64 individuals / 7.0 cm2) x 56.75 cm2 = 519 individuals
17. Repeat the procedure if you want to count a different species.
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Troubleshooting:
1. If the organisms on the disc are too small you can increase the size of the frame by
tapping “+” (once or repeatedly) on your keyboard. The size of the grid will be
maintained. To go back to the original size use “-“.

2. If you counted a wrong square, click on the corresponding type counter and click on
“Delete” until all unwanted points are deleted. If you added too many type counters,
just “Remove” the excess.
3. Organisms that are on a grid line can either be counted or not counted. Just be
consistent for all squares and all species.
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