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or …… 

Man Hears the Sea’s Voice: 
Changes in the scientific understanding of sound and 

marine life from 1993-2013 



Before 1993: 
Marine Life as Noise and Clutter 



After 1993: 
Growing awareness and concern about 

anthropogenic noise 
• 1972 – Payne & McVay 

• 1989 – Simmonds and Lopez-Jurado 

• 1989 – ATOC and Heard Island 

• 1991 -  John Paul Jones ship shock trial 

• 1995 – SURTASS LFA  

• 2000 – Bahamas stranding event 

(Exponential human population growth) x  

(Exponential growth of technology, std-of-living)  

=  

noisier ocean. 
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Pelagic Longline Effort Composite (2000) 
 

Source: Freeman (Duke Marine Lab) 
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A contoured exposure model 
showing seconds of sonar exposure 
for a ship transit through the 
Bahamas, based on archived and 
on-site data (Fromm, NRL) 
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Med strandings, 1990-2004 



Understanding Sound in the Ocean and It’s 
Effects is Complicated 

• For all but the simplest 
scenarios, models of 
sound exposure are 
absolutely necessary 
– Check your math: the 

dangers of forgotten 
variables 

– Track your uncertainty: 
understand the 
consequences of choices 
based on average 
outcomes, precautionary 
values, and extrapolation 

• Why I like individual-
based models 

– Easier to capture the 
complexities of 
biological systems 

– Clearer for the non-
scientist who needs to 
understand model 
processes and outcomes 
in ‘real world’ 
representations. 



Effects of Sound on the Marine Environment (ESME): 
Noise Risk Model 

Haw-jye Shyu, Roger Hillson – 

NRL Advanced Information 

Technology 

Jim Lynch, Glen Gawarkiewicz, John 

Colosi , Darlene Ketten– Woods Hole 

Oceanographic Institution 

Martin Siderius, Mike Porter – 

SAIC (now HLS Research) 
Jim Miller, Gopu Potty – 

University of Rhode Island 

Jim Finneran, Dorian Houser – 

SPAWARSYSCEN San Diego 

David Mountain, Allyn 

Hubbard – Boston University 

Management Team: ONR 32 OA (Simmen, Livingston),  ONR 

32 PO (Willis, Harper), ONR 34 MM (Gisiner) 

A team approach to capturing the “best available science” in a complex, 
interdisciplinary problem  
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• esme.bu.edu 

• AIM (Marine Acoustics Inc.) 

• Navy NAEMO 

• And others 



What You Need to Account For 

• Source – do you really know ALL the 
potentially salient source characteristics? 

– Does your 780 Hz source have harmonics? 

– Does your beamformed source have sidelobes? 

• Transmission – the received signal is NOT the 
same as the signal at the source! 

– Broadband/impulse sounds spread in time, 
differential frequency propagation 

– The environment can filter high or low frequencies 
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Technical Approach: Experimental 
Sounds Simulated Mid-Frequency 

Active Sonar (MFA) 

Pseudorandom Noise  
Control (PRN) 

(A) Calibrated signal 
measured near source 

(monitoring hydrophone) 

(B) Calibrated signal 
measured on animal 
during CEE (DTAG) 



The Receiver 
• Biological receivers perform better than 

expected by simple physics-based models 

– The binaural receiver has more gain and directivity 
than expected for a two-element array 

– Different species have different filter shapes and 
frequency weighting functions 

– The biological signal processor gets more 
information from signals than the best manmade 
processor (massively parallel time domain 
processing, adaptive frequency filter bands, and, 
yes, cheating (guessing). 
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Asian Elephant False Killer Whale 
Harbour Porpoise 

Land and Sea Leviathan Audiograms and Models  

Blue Whale model 
Grey whale model 

Manatee Behavioural 
Dugong ABR 

(Au 2000, Fay 1988, Gerstein et al 1999,Heffner and Heffner 1982, Kettern et al 2005,Yost 1994)  

African Elephant 



Deep Hear 
• Ridgway et al. (2001) J. Exp. Biol. 204, 3829-3841 

• Effect of depth on white whale hearing ability 

• Two white whales Delphinapterus leucas made dives to a 
platform at a depth of 5, 100, 200 or 300 m in the Pacific 
Ocean 

• During dives the whales whistled in response to 500 ms 
tones projected at random intervals to assess their 
hearing threshold at each depth 



Deep Hear (cont.) 

• Increased hydrostatic pressure at 
depth changed each whale’s whistle 
response at depth, but did not 
attenuate hearing overall 

• The finding that whale hearing is not 
attenuated at depth suggests that 
sound is conducted through the 
head tissues of the whale to the ear 
without requiring the usual ear 
drum/ossicular chain amplification of 
the aerial middle ear 

• These data demonstrate that zones 
of audibility for human-made sounds 
are just as great throughout the 
depths to which these whales dive, 
or at least down to 300 m 



Frequency of sound stimulus (kHz)  Threshold (dB)  

5.6 79.2 

11.2 70.2 

22.5 71.3 

40 49.7 

50 48.9 

64 71.7 

80 102.9 

100 106.4 

128 110.6 

150 116.0 

160 114.3 

• Thresholds plotted by 

Frequency = Audiogram 

Of the Blainville’s Beaked 

Whale M. densirostris 

 

• Note threshold at 5.6 kHz 

Is 79.2 kHz which is of 

interest when thinking of  

Mid frequency sonar  
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   How well does the animal hear its outgoing echolocation pulse? 

 

   How well does the animal hear its echo return? 

 

   How does the hearing of the outgoing echolocation pulse compare 

      to the hearing of the echo return? 

AEP responses to targets from 1 to 8 m distance 

outgoing Return echoes 



Behavior:  
Large Brained Mammals are Hard to Love 

• Marine mammals find food, avoid predators, and engage in 
complex social relationships in an environment that is very 
alien to our own subjective experience. 

• Marine mammals live long lives, build rich individual 
histories of experience, and pass on experience through 
strong social relationships. 

• Like us, marine mammals guess in the face of uncertainty, 
are highly curious predators, while also being highly risk 
averse to the dangers in their environment. 

• Models of behavioral response to sound must 
accommodate high individual variability, responsiveness to 
other variables (depth, water temperature, social cohesion, 
as well as effects over time from avoidance of the source. 



Tyack/Stein CCC 11 Dec 02 22 

185 dB LFA Inshore 185 dB LFA Inshore 

Playback Control 

Avoidance Reaction for Inshore Source 



1. Natural sound 

Right whales respond to alarm sound 
but not vessel noise. 

2. Ship noise 

3. Alarm 



The importance of behavioral data 

• I mentioned gender 
differences in calling 
behavior earlier, in 
discussing fin whale call 
rates as population 
estimators 

• Two more examples (of 
many possible) 
– (above) Beaked whales do not 

call much, if at all, above 
200m depth, and produce a 
highly directional signal 

– (below) Mediterranean blue-
and-white dolphins (Stenella 
caeruloalba) exhibit strong 
diurnal changes in calling 
behavior 
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Top graphic courtesy of Tyack, Johnson et al, Woods Hole O.I.; lower graphic courtesy of G. Pavan, U Pavia 



Biological Significance:  
When does an effect become a problem? 

• More and better data about sound and its 
consequences tell us how many animals may 
be affected and how often, …. 

• But what does this mean to the animals and 
the ecosystems of which they are a part? 

– Is the human activity just one of many minor 
passing events in a day or a life; 

– Or are there significant and lasting consequences 
for health, survival, and reproduction? 
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ESME or similar 

response model 
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Allostasis 
• The idea that animals can be stressed within certain limits (homeostasis), but 

•When stressors (low food, high temperature, disease, noise) exceed the 
organism’s ability to compensate, survival and reproduction are compromised 
(allostasis).  

•Wingfield, JC and M Ramenofsky. 1999. Hormones and the behavioral ecology of stress. In 
Stress Physiology in Animals, PHM Balm, ed. Sheffield Academic Press, Sheffield UK. 

EE = energy needed for 
homeostasis 
EI = extra energy needed 
for growth and 
reproduction 
EG = energy available in 
the environment. 



Finding a Common Metric 

 Not only for sound, but all stressors, natural and manmade 
 Climate change, or multi-year fluctuations (e.g. El Niño/Southern Oscillation) 
 Prey fluctuations 
 Disease 
 Acoustic or other disturbances 
 Predation 

 Current top candidates for metrics 
 Measures of physiological stress-  

 glucocortacoid hormones, immune system function 
 du Dot, TJ, DAS Rosen, JP Richmond, AS Kataysky, SA Zinn, AW Trites. 2009. Changes in glucocorticoids, IGF-1 and thyroid 

hormones as indicators of nutritional stress and subsequent refeeding in Steller sea lions (Eumetopias jubatus). 
Comparative Biochem and Physiol, Part A, 152 (2009): 524-534. 

 Energy –  
 caloric intake versus caloric cost of response alternatives 
 Boyd, I. 2002. Energetics: consequences for fitness. Pp 247-277 in Marine Mammal Biology: an evolutionary approach, 

AR Hoezell, ed. Blackwell Science Ltd., Oxford, UK. 
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Recommended Reading:  National Research Council. 2005.  Marine Mammal Populations and 
Ocean Noise: Determining When Noise Causes Biologically Significant Effects.  National 
Academies Press, Washington DC.  www.nap.edu 



Enabling 
Tagging and Sensing 

Technologies 

(right) NOPP Tagging of Pacific 
Pelagics aims to collect biological and 
physical oceanographic data from 
thousands of tag deployments 
between 2003 and 2006 (Costa, UC 
Santa Cruz; Block, Stanford U.) 

 

(left) An acoustic datalogger tag being 
placed on a blue whale to assess 
response to shipping noise in Monterey 
Bay 

(Burgess, Greeneridge Sciences, CA; 
Calambokidis, Cascadia Research 
Collective, WA) 



Photo: Mike Fedak 



ECHOES FROM CLOSING TARGETS 



Visual/tagging/M3R Jan(cont) 
Tag data from two Gm M3R validation 

Sioux visual 
sightings and 
sonobuoys 
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Technical Approach: movement models 

Continuous-time correlated random 

walk model for movements. 

 

Accounts for location errors. 

 

Estimates displacement velocities. 

 

Johnson et al. 2008 Ecology 89(5): 

1208-1215. 



Passive Acoustic Monitoring:  
A Powerful Tool for 21st Century 

Conservation 

• “All Nature is so full, that that district 
produces the most variety which is the most 
examined.” [Rev. Gilbert White. 1768. The Natural History of Selborne.] 

 

 

• Of the more than 1 million named species, 
fewer than 1% have been studied beyond 
naming them. [Wilson, EO. 2000.  On the future of conservation biology. 

Conservation Biology, 14: 1-3.] 
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Site Description: AUTEC 

AUTEC weapons range outlined in the TOT) with ship 

movement from 2000 stranding  indicated by the white arrow.  

The dots along the N.W. Providence Channel indicate 

location of stranded animals ( red=Zc, yellow=Md. Dot size 

proportionate to the number of animals (1,2,3) 

AUTEC weapons range with hydrophones 

indicated by the black triangles.   

Hydrophones: 91 

Area of Coverage: ~500 nmi2  

Depth: ~1,200 – 2,000m 

Bandwidth: ~50Hz – 48 kHz  68 hydrophones 

~8kHz – 48 kHz 23 hydrophones 
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Vocal changes show behavioral responses 

Beaked whale vocalizations per hour across AUTEC hydrophone network, 2007 SCC 

McCarthy et al. 2011. Marine Mammal Science 

 

Need to characterize these responses to assess population-

level affects 

 



Fin whale track on the SCOR range 



Unmanned Platforms 



Deployable Moored Systems 



Be careful what you wish for: 
What happens when your science becomes socially relevant? 

• Data collection for non-research purposes generates orders-of-magnitude 
more data 
• Will it be useful for science? 
• How do you process the data when you have more data than your graduate 

students can be coerced into analyzing for you? 

• Profitability and industrialization of technology 
• What do you do when the navy asks you for 100 copies of your prototype? 

• Managing massive amounts of data 
– Data quality and standards 
– Hardware and staffing for data management and services 
– Automated processing of standardized data 

• The downsides for the scientific community 
– Quality control issues, the need for standards of practice 
– Industry practices don’t change as fast as scientific innovation 

– And not all innovations are winners. 

– Letting go: scientists are human and have the same issues of ego, 
competitiveness and fear of change that other people experience. 



ARP and HARP Data 
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Monitoring Obligations at Pacific Islands 
Navy Range Complexes 

Based On Current NMFS Agreements 

Range Complex 
Annual Monitoring Requirements 

 [Promised Metrics to NMFS ] 

HRC 
Year 3 of 5 
02 Aug 2010 to 01 Aug 2011 

-PAM devices deployed (long-term or exercise specific)   [4 deployed] 
- Pacific Missile Range Facility instrumented range baseline acoustic 
monitoring  

- Visual survey\event monitoring [120-160 hours] 
-Tagging [15 individuals] 
-MMO [2 ASW and 6 explosive events] 

MIRC 
Year 2 of 5 
15  Feb 2011 to 14 Feb 2012 

-PAM devices deployed (long-term) [4 deployed] 
-Visual surveys (small boat\airplane surveys around Guam, Tinian, and 

Saipan) [ 45 days, total] 
- Analyze existing MISTCS acoustics data set 

PAM= passive acoustic monitoring;    MMO = marine mammal observer  



Notional Federal Marine Biological Data 
Architecture 

Collection Storage/Service Access Products 

OBIS 
Seamap 

(development 
site) 

Federal Marine 
Bio Data 

• NOAA Fisheries 
• USGS 
• USWFS 
• BOEM 
• Navy 
• NSF 
• NOAA ATN? 

Other  
Data 

•State 
•Local 
•Industries 
•Academia 

OBIS  
USA  

(data services) 

NODC 
(archive) 

International 
OBIS 

NOC Data 
Portal 

------------- 
Ocean 

Data.gov 

Marine Bio  
Data Products 

Tools Data 



What do people do with OBIS-USA? 

Participants Put Data In 
Includes Automation 

Users Get Data Out 
Enable Applications 

Discovery and Referral 
OBIS – NODC – Related Data 

Build Community 
Data – Standards - Applications 

NODC 

iOBIS and 
OBIS-SEAMAP 

Data 
Originators 

Collaborators Public 

Other Agencies 
& Communities 



OBIS-USA and NODC 

NODC OBIS-USA 
Archive 

Biogeography 

New 
Data In 

New 
Data In 

Metadata 

Users 

Existing 
Archive 

Complementary roles in data 
stewardship and data mobilization. 



OBIS-USA, OBIS-SEAMAP, iOBIS 

OBIS-USA iOBIS 

OBIS-SEAMAP 

protected species 

OBIS-SEAMAP Niche:  

Protected species data / tools 

Telemetry / tracking data 

Photo-ID 

Passive acoustics 

Spatial Decision Support 
Mapping & Analysis R&D* 

International marine 
biodiversity data archive 

National marine 
biodiversity data archive 



Colonies & sites 

Models 

OBIS-SEAMAP supports multiple data types 

Ship & aerial surveys 

Telemetry tracking 

Acoustic  

PhotoID 



With special thanks to the organizers, 

Prof. Stefano Parmigiana 

Prof. Gianni Pavan 


