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North Sea herring abundance estimation 

Spawning stock biomass 



Introduction 

acoustic surveys 

Fish School 

Sea bed 

display 



Introduction 

acoustic surveys 
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bsσ = mean acoustic backscatter of one fish  = TARGET STRENGTH Δ 



Fish Target Strength 

herring Target Strength (early measurements) 

Nakken and Olsen (1977) Edwards and Armstrong (1984) 



Fish Target Strength 

Target Strength (TS) 

• TS is very variable! 
 dependent on:  - sounder frequency 

   - fish size 
   - fish orientation 
   - depth 
   - fat content 
   - maturity 
   - stomach content 
   … swimbladder size! 
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Target Strength 
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• Models to approximate TS 
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Backscatter modelling 
TS model: high resolution representation of shapes 



Backscatter modelling 
importance of swimbladder 

“the swimbladder contribution to backscatter  
is approximately 90% to 95%” Foote (1980) 

physostome swimbladder 

Depth (=pressure) 
dependent!!! 



Backscatter modelling 



Backscatter modelling 

Depth effect – pressure chamber 

+ MRI scanner! 
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Backscatter modelling 
Pressure chamber 









1 bar (= sea surface) 7 bar (= 60m depth) 

Results 
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Kirchhoff-ray mode (KRM) approximation 

• swimbladder approximated by series of  
1 mm long cylinders 

• backscatter from each element is added 
coherently to estimate total backscatter as 
function of length, incidence angle and 
frequency 

Clay & Horne (1994) 
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...and for boarfish (Capros aper) 

X-ray & MRI... 

3-D... 



Future... 

Broadband acoustics 
 Species identification 

 Size/density inference 



Future... 

Broadband acoustics 



Thanks! 
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