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Otoliths are calcium carbonate structures found in the inner ear of fish. 
Otoliths have been found to create daily growth rings and can therefore be 
used to establish fish age.  In this study over 500 fish otoliths were 
counted by microscope and then Julian age was determined by back 
calculation.  

• Growth rate and survivorship is often affected by birth date, physical 
environment, predation, and competition.  
 

• Early Birth Day -  advantage of securing space  
     and experiencing a longer growing season.  

 
• Late Birth Day – advantage more fish present,  
     lower predation risk.  

 
• Our expectation in this study was that differences in the physical and 

biological conditions of the two study streams would manifest in different 
patterns of growth and survival for stream rearing coho salmon.  
 

• One challenge of the project is generating accurate age and growth data 
on large numbers of samples without bias.   

http://www.calmissions.com/article89161.htm 
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Results and Discussion 
Computer imaging is a way to analyze and extract data from images. This 
expedites these processes by increasing speed and accuracy of manual 
image processing. With automated computer imaging, human error and 
bias can be minimized by having the computer apply algorithms that will 
always produce replicable data. 

Often in computer imaging we need data that we have not observed. 
However, we can estimate this data from surrounding data. One way of 
doing this through bilinear interpolation, which obtains unknown image data 
by applying a weighted average to known data points around the unknown 
data’s location.  

We applied computer imaging techniques to the process of analyzing fish otoliths. In doing so it was 
our goal to increase the speed at which otoliths can be analyzed from start to finish and decreased 
the amount of human bias in age and growth rate estimation. We have also added more statistical 
data to the process for a more refined interpretation.  

The image below is an example of bilinear interpolation. The black dots 
represent the specific location of a known value and the white dot 
represents the specific location of an unknown value. In this example the 
values are represented by colors. 

A user draws a line over the desired 
area of computation. 

This is a visual representation of what the 
computer “sees” and how it interprets the data. 

1. This trough is ignored because 
of its proximity to another 
trough. 
 

2. A valid trough that represents 
a growth ring. 
 

3. Gaps between two troughs 
represent the distance 
between two neighboring 
growth rings. 
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Frequency distribution of ages 
for coho salmon from Wisconsin 
coho salmon based on manual 
count (average age = 72.5 
days), and computer counts 
(average age = 67.5 days) 

Interpretations and Future Directions 
 
From our results we have found an overall concordance between the 
counts and increment widths of otolith growth rings between the computer 
and manual results. There is an extremely high level of precision in the 
computer science methodology leading to repeatable data on an image.  
 
There is still one concern that has not been solved yet in this project. This 
concern is that the computer method has several outliers in the data that 
the manual method does not. This appears to be related to several factors 
that include image magnification and quality. If an image is much too bright 
then the rings will not be far off from the spaces between rings in 
brightness. This can lead to high and low counts of growth rings.  
 
In the future we plan to add several methods and modify existing methods 
to avoid these outlier situations. For example: We plan to add the ability to 
start drawing a line on the image in one high quality section, but then stop 
and continue the line elsewhere on an image. This would help to avoid 
“noise” in the images cause by the preparation of an otolith. 

Precision of replicate age estimates and 
increment width measurements for a otoliths 
from Washington and Wisconsin coho salmon. 
At least three replicate measurements were 
made on each fish. 

Although computer estimates  of 
increment widths were lower 
than manual estimates, the two 
methods were comparable in 
their ability to resolve regional  
differences in salmon growth. 
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