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Improving the accuracy of bird counts using 
ImageJ: an open-source software program 



Setting the scene: the results of a study in 
observer variation 
• The following four images were used to 

assess the range of observer variation 
associated with bird counts in Europe 

• More than thirty experienced (many 
professional) ornithologists 
participated in the study 

• The only rule was that the observers 
were not allowed to spend more than 
30 seconds studying the image before 
making their estimate.  However, it was 
not a controlled study, so it is possible 
that some observers took more time 

Note:  30 seconds is a generous  time limit 
- given that rarely does a flock of birds take 
more than 30 seconds to fly past.  
Furthermore, the birds never stop in mid-
air waiting to be counted 



Image 1 – Greater flamingo (Phoenicopterus 
roseus) 



Image 1: range of observer variation  



Image 2 - Golden plover (Pluvialis apricaria) 



Image 2: the range of observer variation 



Image 3 – Linnet (Carduelis carduelis) 



Image 3:  the range of observer variation 



Image 4: Starlings (Sturnus vulgaris)  



Image 4: the range of observer variation  



A summary of the observer variation associated 
with these images: 

Species in image Actual total Lowest estimate Highest estimate Median 

Greater Flamingo 969 200 1700 680 (-30%) 

Golden Plover 842 100 1100 575 (-32%) 

Linnet 458 150 3258 400 (-13%) 

Starling 11,117 * 500 47800 4750 (-57%) 

*  +/- 200 birds 



How can we minimise the impact of observer 
variation on count data? 
1. Firstly, we  must accept that there is a 

problem and be prepared to change 

2. We need to take a camera out with us 
when doing a bird count: ideally a 
DSLR fitted with a wide angle lens 
(28mm or 35mm) or a bridge / 
compact with a wide angle function 
and manual control settings 

3. The ISO setting should be ISO 400 or 
less,  with an aperture of f8-f11 and a 
shutter speed  > 1/500  

4. The closer you expect the flock to be, 
the wider field of view you will need  

5. Include as much the flock as possible 

6. Images of large flocks of small birds, 
i.e. waders or starlings, are best as 
they bank to one side or the other 



When we have obtained images of birds to 
count, we can carry out counts in ImageJ 

• ImageJ is open-source software that was 
developed initially for use in hospitals, e.g. for 
counting red and white blood cells etc 

• It is equally good for counting the number of 
birds in a flock or flowers in a sward etc, using  
either an automatic counter or a manual counter 

 

 
The Fiji version of ImageJ comes complete with the necessary plug-ins: this can be 
downloaded  by doing a Google search for ImageJ Fiji.  The standard version of imageJ 
(used for this demonstration) can be downloaded by following this link: 
 
https://imagej.nih.gov/ij/download.html 
 

https://imagej.nih.gov/ij/download.html
https://imagej.nih.gov/ij/download.html


Automatic counts in ImageJ: the demonstration 



The ‘Threshold’ and ‘Analyze particles’ settings 
determine the accuracy of the count   

In the demonstration starling count I used 
the ‘Threshold’ settings shown here. As I 
chose a white background, I used the 
lower slider for the settings. If you move 
this slider too far to the left birds will start 
to break up or disappear, too far to the 
right and you will start to introduce objects 

These are the settings that I used for the 
 initial count in the ‘Analyze particles’ box. 
By setting size at ‘8 to infinity’, only objects 
larger than 8 pixels will be counted.  So if 
you introduce any speckles during the 
‘Threshold’ stage – or if wings become 
detached, these will not be counted. 



The ‘particle size’ settings used during the 
demonstration of the automatic starling count 

•    8-170    (1 bird)                       = 11542          171-340 (2 birds)     - 1338 x 2 = 2676 

• 341-510 (3 birds)     -  305 x 3 =      915               511-680 (4 birds)  - 103 x 4 =   412 

• 681-850 (5 birds)     -    43 x 5 =      215              851-1020  (6 birds) -  32 x 6 =   192 

• 1021-1190 (7 birds)  -   16 x 7 =      112              1191-1360 (8 birds)    9 x 8 =      72 

• 1361-1530 (9 birds) -      7 x 9 =        63               1531-1700 (10 birds) - 8 x 10 =  80 

• 1701-1870 (11 birds) - 5 x 11 =        55           1871-2040 (12 birds) - 4 x 12 = 48 

The first count at the ‘8-infinity’ particle area level counted 13226 objects in that area 
range, but this total included a lot of overlapping birds that had been counted as just a 
single ‘particle’.  To refine the count, you must re-run it several times for different 
particle sizes, for example, using the following particle areas:  

I then did a final count of ‘2041 to infinity’, which identified the remaining large 
clusters of birds, which amounted to an estimated 332 individuals .  On adding the 
sub-totals (in red), the total number of starlings in the image was estimated at 16714. 
The full process of an automatic count in ImageJ is described in the following Greater 
flamingo example.  



How to carry out an automatic count of this greater 

flamingo (Phoenicopterus roseus) flock 



The settings and process used for the automatic 
count of the greater flamingos in flight  
• Open ImageJ, select File    Open – and choose the image that you want to analyse 

• When the image is open select Image’ Type 8-bit 

• Then, again under the 'Image’ menu select ‘Adjust’ Threshold – this will open a box containing the 
Threshold settings 

• Then select the appropriate Threshold settings, which, in the case of the image of the Flamingos in flight 
were as follows: 

• Top slider   - 121 

• Bottom slider  - 255 

• Default   - Red.  

• Tick   - Dark background’ 

• Then click on the ‘apply’ button 

• Then go back to the main ImageJ toolbar and select ‘Analyze’ - Analyze particles – this opens another 
box and the following settings were selected: 

• Size (area)  – 60 to infinity 

• Circularity - 0.00-1.00 

• Show  - Outlines 

• Tick   - Display results 

• Click on OK 

• This will generate an Excel spreadsheet with the count details and an image labeled ‘Drawing of + file 
name’ this shows the bird outlines (numbered) that contributed to the count total. Save both. 

 



An example of the illustrations produced by 
ImageJ  
ImageJ produces these images showing the objects that were counted: these objects 
are numbered for cross-referencing to the Excel file showing the particle sizes  

inset 



Object areas (pixels)   

Object / bird number Area 

1 39 

2 39 

3 65 

4 22 

5 155 

6 46 

7 26 

8 146 

9 179 

10 171 

11 45 

12 67 

13 40 

14 49 

15 77 

16 63 

17 79 

18 54 

19 42 

ImageJ produces a record of all of  
the  objects counted in an Excel file, 
 which are numbered in the image  
(see previous slide).  The Excel table 
shows the area of each object (in  
pixels).   This allows you to check  
the sizes of objects representing one 
bird, two birds, three birds etc, which 
can guide your choices of particle  
sizes for the count/s 
 



The pros and cons of carrying out automatic 
counts in ImageJ 

• They can be very quick and far more 
accurate than counts in the field 

• For very large flocks of birds, such as 
flocks of  mumurating  starlings, it is 
probably the best chance we have of 
getting a ‘near-accurate’ estimate 

• The program produces an image 
showing numbered outlines of all the 
‘particles’ it has counted – this is 
another important validation tool 

• The program produces an Excel file 
showing the area (in pixels) of every 
object it has counted, which again can 
be used to validate  the count and to 
improve the count estimate 

• Automatic counts are only  possible 
when the birds are set against a 
plain background, e.g. sky, calm sea 

• It can take a while to find the right 
settings for an automatic count, 
though the step by step guide 
provided here can help with that 

• The accuracy of the initial count will 
also be compromised by the number 
of overlapping birds in the image: it 
is good to be aware of this when 
capturing the images.  Though this 
count can be improved through the 
various validation options 



Manual counts in ImageJ – a demonstration 

A Guillemot (Uria aalge) colony at Stack Rocks in SW Wales 



The settings and process used for a manual 
count of the Guillemots colony  

• Open ImageJ, select File, then Open – and choose the image that you want to analyse 

• When the image is open in ImageJ select Plugins, then Analyze Cell counter 

• This will open a table showing the ‘cell counter options, then click on ‘Initialize 

• Then choose your ‘Counter Type’ for the species that you want to count – some of the 
markers colours are brighter than others – so you might want to test them before deciding 
which to use.  If there is more than species in the image, select a different Counter type for 
each species that you want to count 

• After selecting the Counter Type, just left click on each individual that you want to count 
and ImageJ will leave a marker on the bird to show that it has been counted and will add 
one to the total, so you do not need to keep count and cannot lose your place in the image 

• When you have finished counting, click on ‘Results’ in the Cell counter table and an Excel 
spreadsheet will pop up showing how many species of each type you have counted, click on 
‘File’ ’Save’ to save these results in your chosen location  

• Click on ‘Export’ and your image will pop up with the markers on it 

• In the main ImageJ menu select ‘File’ ’Save as’ – then choose the image type from the drop-
down menu, e.g. Tiff or Jpeg etc.  

• Finally, choose a file name and location and click on ‘Save’ 

 



A manual count is the better option here because the amount of 
background noise in the image would rule out an accurate automatic 
count.  This image shows the markers left on counted birds 

Although it can take about 20-25 minutes to count 1000 birds in ImageJ, the accuracy 
of the count will be very high 



The pros and cons of manual counts in ImageJ 

• They are always more accurate than 
an automatic count 

• You can count 2000-3000 birds in 
the time that it takes to find the best 
automatic settings 

• It is possible to count eight species 
at the same time 

• A marker is left on every bird that 
has been counted, which removes  
a) the potential for double counting 
and b) the danger of being 
distracted and losing count.  You can 
even go for a cup of tea...... 

 

• The only disadvantage of the 
manual counter is the amount of 
time and concentration that it 
would take to count large flocks 
of birds, such as winter flocks of 
starlings and waders 



Drone survey of a Chroicocephalus genei 
breeding colony at Doñana in south-west Spain 





In summary, when using ImageJ for bird counts: 

• Only use the automatic counter if the individual birds are clearly visible against a 
plain background.  The manual counter is the only practical option for images with 
a ‘noisy’ background 

• The automatic count uses an ‘object-based image analysis’ method, so any 
overlapping birds will be counted as one ‘object’ or ‘particle’ 

• In images of complex flocks, you can improve on the accuracy of the original count 
by running a series of counts based on the approximate area of an individual  

• The counts can be validated by a) checking parts of the image manually and 
estimating the number of overlapping birds – and by cross-referencing to the Excel 
file - which gives the area sizes of each object counted, unusually large ‘objects’ are 
likely to be overlapping birds. 

• Flocks of up to c.3000 birds are probably best counted using the manual counter, 
as this will provide a highly accurate result without having to find the best 
automatic settings 

• The manual counter can keep counts of up to eight species simultaneously – and 
leave colour markers on birds that have been counted (a different colour for each 
species).  It is more difficult to count different species using the automatic counter, 
unless the birds are in one plane and there is an obvious size difference 



If you would like more information on the practical application of ImageJ and on the 
use of drones and other image segmentation methods at Doñana, there are chapters 
on this and other applications of remote sensing in this publication: 

• https://www.springer.com/gb/book/97
83319643304 

 

 

https://www.springer.com/gb/book/9783319643304
https://www.springer.com/gb/book/9783319643304

