
Tom Norris 1, Stephen Martin 2, Len Thomas3, TinaYack1, 

Julie Oswald1, Vincent Janik + Amanda Cummings4

1. Bio-Waves Inc. , 517 Cornish Dr. Encinitas, CA. 92024 U.S.A.

2. SPAWAR Systems Center Pacific, 53366 FrontSt., San Diego, CA 92152

3. University of St Andrews, St Andrews Fife, KY16 9LZ, United Kingdom

4. Scripps Institute of Oceanography, Marine Physical Lab. La Jolla, CA. 

(correspondence: thomas.f.norris@bio-waves.net)

The Acoustic Ecology and 

Behavior of  Minke Whales in the

Tropical Pacific Islands



The Acoustic Ecology and 

Behavior of  Minke Whales in the

Tropical Pacific Islands

Localization and abundance estimation

and effects of  boat noise

characterization of  calls

population structure



Background

~ 10 m Jason Gedamke

Minke Whales ðNorth Pacific Population



Background

Minke whale biology:  

Åsmall and elusive baleen whale 

Åmax length ~10m 

Åweight of 10 tons (10,000 kg)

ÅBehavior relatively unknown



Minke Whale Distribution

Source: www.iucnredlist.org/details/2474/0



Minke Whale Distribution
(North Atlantic & Pacific)

North Atlantic
North Pacifc

Source:  www.projectminke.com/worldwide.htm

Balaenoptera acutorostrata
acutorostrata

Balaenoptera acutorostrata 
scammoni



Minke Whale Distribution

(Southern Hemisphere)

Source:  www.projectminke.com/worldwide.htm

Balaenoptera acutorostrata 
bonaerensis



Minke Whale Distribution
(dwarf form)

Source:  www.projectminke.com/worldwide.htm

Balaenoptera acutorostrata ??



Minke Whales 

Minke Whale Status:

ÅIUCN classification:                 

óLeast Concernô 

ÅNot listed as endangered or 

threatened in U.S. waters

ÅTargeted by Norwegians and 

Japanese whaling industry



Strandings& responses associated w/sonar

ÅBahamas 2000 (2)

ÅNorth Carolina 2005 (1??)

ÅPuget Sound (USS ShoupIncident)

Minke Whales 
Issues ðNorth Pacific 

Management and Conservation
ÅPopulation structure.  Uncertain

ÅWinter distribution, abundance & behavior.  

Unknown



Minke Whale Sightings
(Hawaiian Islands)

Source:  NOAA Stock Assessment Report 2004

sightings acoustic

detections



What is a ôBoingõ?

Rankin, S., and Barlow, J., (2005). òSource of the North Pacific òboingó sound

attributed to minke whales,ó J. Acoust. Soc. Am. 118 (5), 3346-3351.

Wenz, G. M. 1964. Curious noises and the sonic environment in the ocean in Marine 
Bio-Acoustics. ed.:  W. N. Tavolga.  Pergamon, New York, pp. 101ð119.

3 - 4 sec.

3 kHz

FM chirp AM ôringõ

1.5 kHz



What is a ôBoing?õ

0.1 sec

= 1/Pulse repetition Rate

Signal design feature to reduce masking??



Questions

1) Can boingsbe used as indicators of

population structure?

2) Are boingratesaffected bychanges in 

(self) vessel noise?

3) Can boingsbe used to estimate

abundanceof calling minkewhales?



Study Areas

Hawaiian

Islands

Midway

IslandMarianas

Islands

~4000 nm



Central Pacific Study Area
Hawaiian Islands

100 km

PMRF

Kauai



Fixed Seafloor Array

50 km

PMRF 

seafloor 

hydrophone 

array

hydrophones
(~100 Hz -20 kHz)



Field Methods

Concurrent real-time acoustic monitoring and 

near real-time localization using:

Google maps picture 

of  PMRF???

Åfixed sea-floor hydrophonesÅtowed hydrophone arrays



Field Methods

Towed Hydrophone Array  and 

Visual Observations



Data Processing & Analysis

MATLAB®

OSPREY



Questions

1) Can boingsbe used as an indicator of 

population structure?

2) Are boingrates affected by vessel noise? 

3) Can boingsbe used to estimate  

abundance of calling minkewhale?



Boing Analysis
Semi-automated analysis



Boing Analysis
Dominant Signal Component

DSC        



Boing Comparison

Guam Hawaii



Boing Comparison
Tree Analysis 

Guam, Kauai and Midway

CART Classification Scores

Observed

Predicted

Guam Kauai M idway n % Correct

Guam 26 5 4 35 74%

Kauai 11 23 6 40 58%

Midway 11 7 22 40 55%

Overall 105 62.30%



Boing Comparison
Tree Analysis 

Guam and Kauai

CART Classification Scores

Observed

Predicted

Guam Kauai n % Correct

Guam 27 8 35 77%

Kauai 16 24 40 60%

Overall 75 68.50%



Boing Comparison
Tree Analysis 

Guam and Kauai



Boing Comparison (DSC)

*
Dominant Signal Component
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Questions

1) Can boingsbe used as an indicator of 

population structure?

2) Are boingrates affected by vessel noise? 

3) Can boingsbe used to estimate  

abundance of calling minkewhale?



Effects of Boat Noise 
(Study Design)

Hi Noise Low Noise

Low Noise Hi Noise

Condition #1

Condition #2

# of  Boings / Period

(Low Noise ðHi Noise)

ă 10 min  Ą ă 10 min  Ą



Long Term Spectrogram

1300 RPM 600 RPM

Effects of Vessel Noise

1 hr



Effects of Vessel Noise

noise 

decreases
B

2
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2
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Effects of Vessel Noise
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Questions

1) Can boingsbe used as an indicator of 

population structure?

2) Are boingrates affected by vessel noise? 

3) Can boingsbe used to estimate  

abundance of calling minkewhale?



Distance/Spatial Sampling 
(assumptions & requirements)

¸ Sample independence

¸ need to identify, track or separate individuals

¸ Measurement errors (of perp. distances)

¸ Assess localization accuracy 

¸ Vocalization rates (for cue counting)

¸ acoustic tracking 

¸ focal animal follows 



Abundance Estimation
(line-transect sampling)

¸ Line-transect sampling methods

¸need distance of animals from transect line

¸ requires localization of animals (using acoustics)



Kauai

Line-Transect Survey

Localization Quality

2010

1500 km effort

1600 boings!

50 localizations


