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In the following procedure, we will use Image Processing to reduce the objects we want
to count to white areas in the frame, which ImageJ will then count for us.
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. Even then, it might be a good idea to check under Process - Binary Options if the box “Black background” is really activated.)

3. Open an image by clicking on File – Open. Alternatively, you can also open an image
by dragging 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. To do this, we make use of the fact that they are comparatively bright in the
picture and we will enhance this in the next few steps.
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Before going any further, however, a brief warning: ImageJ is not very happy with
undoing commands! If you make a mistake and try to use Edit - Undo, you may end up
having to go through the whole procedure again from the start.
4. First, set the scale. Click on
“Straight” in the tool selection
bar (black arrow) and draw a
straight line on a reference scale
in 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.
(Strictly speaking, setting the scale is
not required for simple counting, but
you may want to use the same
procedure later for calculating areas.)
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5. Click on Analyze – Set Scale in the menu bar. A small window will appear. Fill in the
information on “Known distance” (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.
6. Prepare the image for analysis. Select “Oval” (black arrow) from the tool selection
bar and draw a circle (yellow arrow) around the disc.
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7. Eliminate unnecessary background that would confuse the analysis:
First, select Image – Crop to reduce the dimensions of the image.

Cropped image

Then, select Edit – Clear Outside to blank out the remaining background.

Now we are left only with our disc area to analyse.
8. Select Image – duplicate to produce a reference image while processing your disc.
Place the reference image at the back / to the side and focus on the first image again.
(If in the following you mess something up, you can close the copy you worked on
and use this copy to generate a new work copy to restart from this point.)
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9. Convert the image to 8-bit. Select Image – Type – 8 bit. This will convert the image
to greyscales to simplify analysis.

10. Improve the image by enhancing the brightness and contrast. Select Image – Adjust
– Brightness/Contrast. Move the slide bars in the window to optimise your image.
Compare with the copy to see how unwanted darker features disappear. Make sure
that the barnacles you want to count remain as brighter features, because in the next
step you will no longer be able to go back to adjusting the contrast without getting
ImageJ confused! (At this point you do not need to press “Apply”. Pressing it will
mainly change the look of the “B&C” display in the next steps.)
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11. Threshold the image. (This is necessary because the next operations will only work
on binary images.)
Select Image – Adjust – Threshold. Select “Red” (if not already preset) to visualize
which areas will be affected. Adjust the upper slide bar (arrow) until the organisms
you want to count are red. Now confirm with Apply.

Image during thresholding

The image is now left in a binary mode with black and white as only remaining
colours. The barnacles are white against a black background. (The program “knows”
that your barnacles are white, because in Process - Binary - Options, black is
defined as the background colour.)
12. In our example the barnacles have different sizes and many may overlap. This will
lead to an underestimation of the count because the program will only count “white
patches” and so several barnacles would be counted as one. To compensate for this,
select Process – Binary – Watershed. You will notice that the program has tried to
separate individual barnacles with a fine 1-pixel line. Compare this with your
reference image and check if the partitions are more or less accurate. (If they are not,
undoing will not help, because the image is still thresholded. You will then have to
repeat the procedure from your duplicate in Step 8.)
Note that this algorithm is not very accurate: complete separation of the organisms
cannot be attained and sometimes one barnacle may be interpreted as several
disjoint organisms.
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Image with separation lines between overlapping
barnacles

13. Define the area in which to count. Again select “Oval” from the tool selection bar and
draw a new circle around the perimeter of the disc (see Step 6). This is necessary to
be able to eliminate artefacts at the edge of the disc (if necessary) from the count
later on.
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14. Select Analyze – Set Measurements.
For our purposes, we only want to choose
Limit to threshold (although - strictly speaking - this
does not seem to be necessary since we already
thresholded the image anyway). Click on OK.

15. Select Analyze - Analyze particles. A window will appear. Adjust the parameters:
Set size: This depends on how big your barnacles are. If
you want to count only the big organisms set the size
from a bigger number to infinity. Reduce the size-range
if you want to count only the small barnacles. Note: You
have the option of activating the tick box Pixel units,
which gives you the size in pixels instead of cm2. This is
easier to handle and compare with the screen image
than the actual size in cm2, so we use this in our
example. Set the size from 400 – Infinity. This setting
will not count the smallest particles in the image
(20*20 pixels or less in area).
Set the Circularity: 0.0 is an elongated rectangle and 1.0 is a perfect circle. Check the
shape of your barnacles on the window. A circularity of 0.3 or 0.4 -1.0 works fine.
Show: Masks. This enables you to see which particles were counted. (If you want to
identify individual counted objects, chose Outlines instead to display index
numbers.)
Choose:
• Exclude on edges: The program will not count particles on the edges of the
circle.
• Display results and
• Summarize.
Click OK.
(Nice examples of the effects of some of these settings may be found on
https://imagej.nih.gov/ij/docs/menus/analyze.html)
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16. A table with the results and a window with an image of the outlines of the counted
objects will appear. Compare this with the reference image and check if the count is
more or less accurate. If you are not satisfied with the count go back to Analyze
Particles and adjust the pixel size.

In this example the count is 583 individuals. This is not too different from the count
obtained in the manual counting (see tutorial on manual counting), but there are still
some artefacts that we will address below (section “Troubleshooting”).
17. With this method, you can do differentiated counting of big barnacles and small
barnacles by adjusting the pixel size in Step 15.
18. To get a better idea how the different settings of the program interact, play around
with some of them after the tutorial and observe the results. For some images for
example, the option “Exclude on edges” when analysing particles may not the best
choice.

Troubleshooting:
1. In our example, there is a colony of bryozoans (yellow circle top right), which
remains as an area of white spots after converting the image to 8-bit and adjusting
the contrast. Similarly, there are brown “patches” (yellow circle near the centre)
which did not get eliminated. If you look closely, traces of both remained in the count
above (see mask) and were counted as barnacles. On the other hand, some of the real
barnacles (red circle) did not have sufficient contrast in the image and disappeared
before the count.
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You can remove some of the “noise” by marking the perimeter of the colony with the
“Freehand” selection tool and then pressing delete:

Colony of bryozoans marked with the “Freehand“ tool

The colony deleted

2. This type of “noise” can also be accounted for to a certain degree by adjusting the
“size” and/or “circularity” in the Analyze Particles window.
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