
Cetacean 
abundance 
estimation through 
passive acoustics
JAY BARLOW, SHANNON RANKIN & JENNIFER KEATING

Presenter
Presentation Notes
Passive acoustics is the study of sounds produced by the animals themselves.



Contributions of the SWFSC
Species Recognition

Hardware

Software

Methodology

Goals
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The SWFSC has made significant contributions to many aspects of cetacean abundance estimation using passive acoustics.  The main subject areas are listed here.



Funders:

 U.S. Navy Living Marine Resources (LMR) 
Program (Frank Stone)

 U.S. Navy Office of Naval Research

 NOAA Fisheries:  Ocean Acoustics Program

 NOAA Fisheries:  Advanced Sampling 
Technology Working Group
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Funders are acknowledge up-front to emphasize that virtually all of this project has been funded outside of the SWFSC budget.



Species recognition
 “First” recordings from:  Pacific minke whales, Baird’s 

beaked whales, Pacific sei whales, Longman’s beaked 
whale, Pacific Bryde’s whales, & Fraser’s dolphins.

 Known-species recordings for all Pacific odontocetes

 Species classification algorithms:  
 ROCCA - Real-time Odontocete Call Classsification Algorithm 

(Julie Oswald)

 Random Forest Classification/Misclassification approach 
(Shannon Rankin & Eric Archer) 
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Species recognition from the calls that they produce is a critical component of passive acoustic abundance estimation.  The SWFSC team has contributed in many areas.



Hardware – Towed Hydrophone 
Arrays

NMFS Array Building Workshop
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The SWFSC obtained funding and hosted a hydrophone array building workshop for members of all the NMFS Science Centers.  Shannon’s workshop resulted in a standardized modular array design that can be shared among all science centers and an increased levels of technical competence at all Centers.



Hardware – Towed Volumetric 
Hydrophone Arrays Provide: 

Instantaneous localization of 
sound source in 3-D based on 
a single sound

Resolve left/right ambiguity

More accurately estimate 
range to beaked whales
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The SWFSC has been developing and testing a variety of designs for volumetric hydrophone arrays which allow 3-D localization of sounds.  Funding has been secured for two SBIR (Small Business Innovative Research) grants to refine these designs and produce a production-ready prototype for commercialization.



Hardware – Buoy Recorder Systems

Point-transect density estimates for hard-to-survey species like 
beaked whales.
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The SWFSC has also been developing and testing cost-effective buoy-based recording systems that can provide much more precise abundance estimates than for beaked whales than visual sighting surveys.



Software
 ISHMAEL – Initiated by SWFSC (thru Oregon State U.) to provide real-

time analysis tools for towed hydrophone surveys.

 WHALTRAK – Written by SWFSC (Barlow) to integrate with ISHMAEL 
and provide interactive bearing/tracking capability.

 ROCCA – Realtime Odontocete Call Classification Algorithm written 
by Julie Oswald (SWFSC Grad Student) & integrated into PAMGuard.

 PAMGuard modules – Click Interval Indicator & Array Orientation 
Indicator written under contract to SWFSC.

 All made publicly and freely available to entire user community.
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The SWFSC has contributed to the development of freely available software for passive acoustic studies of cetaceans.



New methodology
 Methods for estimating beaked whale abundance using 

a buoy-based recording system.
 Methods to remove bias in estimating detection 

distance for beaked whales using towed tetrahedral 
hydrophone arrays.

 Methods to combine visual & acoustic data in the same 
analysis to estimate the fraction missed by each 
method.

 Methods to use density estimated from visual surveys to 
estimate the unknown parameters needed for acoustic 
surveys.
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The SWFSC has lead efforts to develop methods for acoustic density estimation for cetaceans.



Using density estimated from aerial surveys 
to estimate acoustic detection area

Acoustic Detection Area (km2)

C-POD:  Porpoise acoustic detector
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One of our project uses porpoise density estimated from aerial surveys to estimate acoustic detection area of C-PODs.  This allows us to later use C-PODs alone to estimate density and may allow us to reduce our reliance on expensive and dangerous aerial surveys.



New Methodology

Disseminating 
methods and 
expertise to the 
worldwide 
community of 
researchers 
interested in 
using passive 
acoustic survey 
tools.

Presenter
Presentation Notes
Lessons learned at the SWFSC have been widely disseminated in government reports and Tech Memos.



Noise Impacts

 Partners in the Southern California Behavioral Response Study (SoCal 
BRS) to determine the response of beaked and other whales to 
Navy sonar.

 Ocean noise monitoring:
 Partner in the NOAA Ocean Noise Reference Station program, 

deploying a long-term recorder in the Channel Islands National Marine 
Sanctuary.

 Developed buoy recording system that can measure ocean noise 
inexpensively in the pelagic realm.
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Although not directly linked to abundance estimation, the SWFSC has also been investigation the potential effect of ocean noise on cetacean populations.



Goals:
 Calibrated ocean noise measurement capability by 

January 2016

 Acoustic-based beaked whale density estimation –
proof of concept paper by summer 2016.

 Combined visual & acoustic estimate of sperm whales 
off US West Coast by January 2017.

 Method paper for estimating fin whale calling rate 
parameters for point-transect surveys using sonobuoys
by summer 2017.
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The SWFSC team has an ambition set of goals to write papers that push the frontiers of passive acoustic abundance estimation.
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