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Requirements for Ecosystem 
approach to management 

• Understanding of ecosystem 
composition and dynamics 

• Capabilities to assess status 
• Abilities to adequately predict 

development of system and 
components (particularly 
harvested stocks) 

• Abilities to handle risks 



Marine Ecosystem Acoustics 
concept 

• Acoustics is the only method that support 
observations at spatial and temporal scales 
relevant to the processes to be observed 

• Detection, identification and quantifications 
Demand development of the following: 
• Technology: Tailor acoustic sensors to the task –

utilize beam and bandwidths 
• Operation: Establish operational capabilities to 

put sensors where processes occur 
• Modelling: Tailor modelling to the 

opportunities offered by acoustics 
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Ecosystem approach 

• Conventional sampling aggregates in 
time and space 

• Can not observe details and 
processes 

•  Acoustics can! And this talk focuses 
on demonstrating the possibilities 

Presenter
Presentation Notes
Aggregation of samples over time an space is a sensible way of minimizing the impact of inherent variability of the information. When running routine surveys, therefore, this has proven an approach giving quality information for fish stock assessment. In some cases such estimates are used as stand alone data for management (capelin). When basic productivity measures of the ecosystem are concerned and understanding of processes that drives development in ocean is required, we need methodology that goes beyond what support stock assessment of harvested stocks.  
Conventional methods like net sampling aggregate information in time and space and can not resolve processes. Acoustics can!

The talk is technology driven as proposed by the organizing committee



Time – space resolution  



Time – space resolution 
from copepods to whales 

mm            cm                          m                                  km 

Spatial resolved information from  
individual to population 

http://upload.wikimedia.org/wikipedia/commons/f/f8/Ultrasound_range_diagram.png


Krill behaviour at cm scale 
Klevjer & Kaartvedt, University 
of Oslo.  

Herring behaviour at sub 
population scale 

Makris et al. 2009 

Exploiting bandwidth -detection  
From individual to population 



How can we do it?  
Operational challenges 

• Acoustic technology – utilize beam 
and bandwidth 

• Platform development – put sensor 
where processes occur and combine 
sensors 

• Operational skills 
• Modelling – coordinate and integrate 

data with variable time – space 
resolution 



Vessel acoustics 

• Geographical coverage 
• Multiple freq/Broadband 

acoustics 
• Multibeam acoustics 
• Probing systems  
• Towed systems 
• Vessels are operators of 

alternative platforms 

•Mobile acoustics 
•Vessel 
•UV vehicles 

•Stationary acoustics 
 



Exploiting bandwidth – 
Identification 
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The multiple frequency approach to identification is coming widely used in fisheries acoustics. It has demonstrated a powerful tool to distinguish between groups of organisms and sometimes event to species. The method still needs development to become a powerful tool for ecosystem acoustics. Particularly, we know that behavioural characteristics my affect backscattering just as much as corporal properties. 

We try to imitate the whale approach though using a number of discreet acoustic frequencies. The frequency response appear when pixel values from the exact same volume of water is compared over a number of frequencies. As various sorts of marine life respond differently to the frequency, we obtain a ”frequency response” that can be used to characterize that particular pixel. When summarizing pixels the distribution and density of various types of marine life is obtained.



NEW SYNTHETIC ECHOGRAM 
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Multiple frequency acoustics has a potential also for commercial applications, but there are still uncertainties in the approach that prevent diagnostic characterization.



Quantitative multibeam echo sounder/sonar 
Simrad ME70/MS70 

Expanding beam width 
45 stabilized split beams 
2D-3D 
Near bottom detection 

•3D image of a school of  
•Sand eel using ME70 
•Reduce uncertainty of 
behaviour and density 
estimates 
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This is an example of ME70 recordings of sand eel.
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Quantitative multibeam echosounders increase the studied volume and reduce uncertainty of assessment du to vessel effects, school aggregation etc.  



Multibeam system 

• MS70 – Homin 

Expanding beam width 
•Sonars that include whole school in one ping 
•Study behaviour by comparing dynamics by voxl   
•Record fish in the surface blind zone 
 

Courtesy Arne Holmin 
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This demonstrate a type of information given by multibeam sonars. Four successive pings in five seconds gives four different pictures of the school and its abundance due to the swimming behaviour of the fish within the school. 



The broad band acoustic probe 
38, 70, 120, 200, 333 kHz 

•Continuous band 50-500 kHz  
•Collecting data from surface to 
1500m 
•Fundamentally enhance resolution 
•Full utilization of acoustic properties 
•A step towards reduced need for net 
sampling 

Presenter
Presentation Notes
We have now an ongoing activity to extend multiple frequency acoustics to broadband acoustics using standard vessel mounted transducer. By mounting these on a probing platform we can estend vessel acoustics to any depth. The broadband development already have demonstrated a large potential for progress in ecosystem acoustics. We think this will becom one of the most important development to fulfill the Marine Ecosystem Acoustic concept because of its unique possibilities for characterization of organisms at all sizes and chategories. 



Real targets 



Camera setup 
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Kubilius et al. 2011 



Measurement - fish 
Length Tilt 



Volume density - Antarctic krill  
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R/V G.O.Sars (2008) 
Antarctic ocean (~30m depth) Kubila et al. 2011 
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At 2 to 3m distance in from of the cameras.



Lowering the 
transducer* 
into the 
school 

Within school echogram 

With courtesy from N. O. Handegard, IMR  

Probing a 
herring school 

to observe 
individuals 
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Presentation Notes
When observing within the school, the single individuals are resolved. The split beam transducer receives the signal on four quadrants, and is capable of calculating the angle to the targets within the beam, given that it is only a single target at a given range. It is thus possible to track these individuals in 4D (space and time). See animation.



Stationary systems 

• Correct temporal scale from seconds to 
seasons 

• Observe processes as they occur 
– Species interactions 
– Biological - physical interactions 
– Migrations and movements 

Presenter
Presentation Notes
Vessel systems, as described above, have till now been the fundament in fisheries acoustics. Vessel acoustics also lead the development of sensors. However, be 



Echosounder at 900m looking upward. 
Location: Mid Atlantic Ridge 

Interactions 
Stationary acoustics Whale feeding 

behaviour 

Bottom 
900m 

Surface 

Mesopelagic layer 

Internal wave pictured by marine life  

Godø et al in prep 
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Overview of the whole water column with vertical distribution  of biomass
Amplified upper 200 m. Individual fish moving 100 m up and down in minutes, probably some kind of feeding behaviour at night. 
Internal vaves moving plankton and a whale diving to 200 m depth for feeding
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1. Biomass concentration 
along density gradients 

2. Extending to surface 
3. Blue whiting feeding at 

surface  
 
 
 
 
 

Biophysical 
interactions 

eddies 

Godø et al. 2012. Plos One 



• Modelling 
– Modelling tailored to the acoustic data 

stream 
– Tools for seamless two ways’ 

communication between acoustic 
observations and modelling results 

 
 

• Model design 
• Model parameters 

The key role of modelling 

•Sensor design 
•Platform development 
•Survey/sampling design 



Acoustics support ecosystem 
based management 

• Observation – acoustics collect data at 
spatio-temporal scales at which 
processes occur 

• Understanding – cross scale data 
support and is mandatory for 
understanding 

• Prediction – depends on realistic 
modelling. MEA support coordinated 
and integrated development of 
technology and modelling 



Observatory plan 

 



Are we the first ones? 
• Whales have 

developed 
acoustics  on an 
evolutionary scale 

• Our vision is to 
get at least as 
good as the 
whales 



Presenter
Presentation Notes
Seeing the see with sound is a concept that succeed and conform with the vision of the pioneers and a scientific approach to fulfilment of their visions
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