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Welcome to the Watkins Memorial Marine Mammal Bioacoustics Symposium, 
hosted by the Woods Hole Oceanographic Institution and the New Bedford Whaling 
Museum, and co-sponsored by the Acoustical Society of America.  
 
One of the founding fathers of marine mammal bioacoustics, William Watkins, 
carried out pioneering work in marine mammal bioacoustics for more than four 
decades, laying the groundwork for the present day field. Ten years after his passing, 
this field has become increasingly important for both basic and applied research on 
marine mammals, and thus the time is right to hold a symposium that focuses on the 
role of marine mammal bioacoustics in various aspects of marine mammal biology 
and conservation.  The symposium is being held at the New Bedford Whaling 
Museum, the future home for the William A. Watkins Collection of Marine Mammal 
Sound Recordings and Data. 
 
This symposium is divided into topical sessions, each beginning with invited talks by 
experts in the field who worked with Watkins, all of whom are testaments to his 
continued legacy. Session topics include Effects of Noise on Marine Mammals, 
Methods in Marine Mammal Bioacoustics Research, Marine Mammal 
Communication, and Bioacoustics as a Tool for Marine Mammal Conservation. An 
additional session on “Current Bioacoustics Research at the Woods Hole 
Oceanographic Institution (WHOI)” speaks to Watkins’ continuing legacy at WHOI. 
Finally, a tribute session will commemorate and celebrate Watkins’ pioneering 
contributions to the field. 
  



Friday, March 27 

830-1000 Registration/Coffee 

1000-1010 Welcome 

  Session #1 
 

Effects of Noise on Marine Mammals  
Chair: Peter Tyack 

1010-1040 *Peter Tyack 

 

Controlled exposure experiments to measure acoustic dosage 
required to elicit behavioral response 

1040-1110 *Douglas Nowacek 

 

Ocean Noise: Time for coordinated management 

1110-1140 *Susan Parks 

 
The impacts of noise on the calling behavior of right whales 

1140-1155 Annamaria Izzi 

 

Understanding the effects of echosounders on detection rates of 
beaked whales from shipboard surveys 

1155-1210 Marc Lammers 

 

Investigating the response of coastal dolphins to mine exercise 
(MINEX) training activities 

1210-1330 Lunch 

  Session #2 
 

Current Bioacoustics Research at WHOI  
Chair: Laela Sayigh 

1330-1335 Laela Sayigh 

 
Introduction 

1335-1355 *Mark Baumgartner 

 

Real-time passive acoustic monitoring of marine mammals from 
autonomous vehicles and moored platforms: development and 
applications 

1355-1415 *Arthur Newhall 

 

Sei whale localization and tracking using a moored horizontal and 
vertical line array near the continental shelf 

1415-1435 *Ying-Tsong Lin 

 

Prediction of probability of passive acoustic detection in 
Stellwagen Bank 

1435-1455 *Frants Jensen 

 
Quantifying movement coordination in bottlenose dolphin dyads 

1455-1515 *Aran Mooney 

 

Hearing in wild beluga whales: variability and trends in consistently 
good ears 



1515-1600 Coffee break 

 
Poster setup 

1600-1900 Poster viewing/reception 

  Saturday, March 28 

Session #3 
 

Methods in Marine Mammal Bioacoustics  
Chair: Kurt Fristrup 

0830-0900  *Kurt Fristrup 

 

Measuring, predicting, and interpreting noise exposures on 
continental scales 

0900-0915 Matteo Bernasconi 

 

Advances in the use of active acoustics for detection and 
conservation of cetaceans 

0915-0930 Katherine Heise 

 
Acoustic data collection on the BC coast: an ocean of opportunity 

0930-0945 Bruce Martin 

 
Differentiating marine mammal clicks using time-series properties 

0945-1000 Julie Oswald 

 

Who’s calling? Automated detection and classification of whistles 
produced by delphinids 

1000-1015 Jeanne Shearer 

 

Echograms provide a unique window into the predator-prey 
interactions of most echolocating toothed whales 

1015-1030 James Theriault 

 

Odontocete tracking using cross-correlation of click train 
detections on multiple independent autonomous acoustic sensors 

1030-1100 Coffee break 
 
 

 Session #4 
 

Marine Mammal Communication  
Chair: Vincent Janik 

1100-1130 *Vincent Janik 

 

Form and function in marine mammal communication 

1130-1145 Caroline Casey 

 

The acoustic signature of the male northern elephant seal: 
evidence of social learning during male-male contests 

1145-1200 Brittany Jones 

 

Whistle production, quality, and parameter development in infant 
Atlantic bottlenose dolphins (Tursiops truncatus) 

1200-1330 Lunch 



1330-1345 Braulio Leon-Lopez 

 

Bottlenose dolphin signature whistles: do sex, age and size 
matter? 

1345-1400 Edda Magnúsdóttir 

 
Humpback whale songs during winter in subarctic waters 

1400-1415 Tadamichi Morisaka 

 

Source level variations on the whistles of free-ranging Indo-Pacific 
bottlenose dolphins (Tursiops aduncus) 

1415-1430 Christina Perazio 

 

Humpback whale, Megaptera novaeangliae, song during the 
breeding season in Tribugá’s Gulf, Colombian Pacific 

1430-1445 Tammy Silva 

 

Whistle characteristics and daytime dive behavior in Hawaiian 
pantropical spotted dolphins (Stenella attenuata) 

1445-1500 Claire Stuhlmann 

 

The M Whistle: A Stereotyped Non-Signature Whistle in Free-
Ranging Bottlenose Dolphins, T. truncatus 

1500-1530 Coffee break 

1530-1545 Jack Terhune 

 

Weddell seals do not lengthen calls in response to conspecific 
masking 

1545-1600 Christopher Tremblay 

 

Acoustically tracking sei whales in the Stellwagen Bank National 
Marine Sanctuary: Insights into new vocal behavior 

1600-1615 Elizabeth Zwamborn 

 

Vocalizations and social structure in the Cape Breton population of 
long-finned pilot whales (Globicephala melas) 

1615-1630 Charlotte Dunn 

 

Double click production in three species of deep diving 
odontocetes 

1630-1900 Dinner on your own 

  Session #5 Watkins Tribute Session 
1900-1910 Michael Moore and Laela Sayigh 
1910-1930 Karen Moore Dourdeville 
1930-1950 G. Carleton Ray 
1950-2010 Douglas Wartzok 
2010-2020 Break 
2020-2040 Robert Gisiner 
2040-2100 Peter Tyack 
2100-2130 Panel discussion  



Sunday, March 29 

Session #6 
 

Marine Mammal Bioacoustics as a Tool for Conservation     
Chair: Andrew Read 

0915-0945 *Andrew Read 

 

Passive acoustics comes of age in the conservation of marine 
mammals 

0945-1000 Juan Bacigalupi 

 

A failure to communicate: How the words we use impact marine 
mammal conservation 

1000-1015 Hilary Moors-Murphy 

 

Assessing year-round occurrence of baleen whales in the Gully 
MPA and nearby areas using autonomous acoustic recorders 

1015-1030 Joy Stanistreet 

 

Passive acoustic monitoring of beaked whales off North Carolina, 
USA 

1030-1100 Coffee Break 

1100-1115 Sofie Van Parijs 

 

NEPAN - A US NorthEast Passive Acoustic sensing Network for 
monitoring and conservation of marine animals 

1115-1130 Salvatore Cerchio 

 

First field observations and ecological description of Omura’s 
whale (Balaenoptera omurai) including song-like vocalizations 

1130-1145 Kane Cunningham 

 

High-frequency hearing in seals and sea lions 

1145-1200 Heather Heenehan 

 

Quiet time for spinner dolphins: Diel variation in the soundscape 
of resting bays in Hawaii 

1200-1330 Lunch  

1330 Departure 

  *Invited               
Speaker 

 



Poster Session Friday 1600-1900 
 
Audra Ames Acoustic reactions during the introduction of a new 

dolphin to an established population 
Alexandra Carroll Development of an acoustic mass stranding alert system in 

Wellfleet Harbor 
Francesco Caruso Preliminary results on the detection and tracking of fin 

whales using data from seismic exploration in the Gulf of 
California 

Wouter Colpaert Anthropogenic noise and blue whales in the Chiloé-
Corcovado region, Chile 

Julianne Gurnee Passive acoustic monitoring of North Atlantic right whales 
along the New York Bight 

Becca Hamilton Determining site fidelity of bottlenose dolphins using PAM 
data in the Newport River area, NC 

Hansen Johnson Song sharing and diversity in the Bering-Chukchi Beaufort 
population of bowhead whales (Balaena mysticetus), 
spring 2011 

Maxwell Kaplan Spatiotemporal variability in coral reef soundscapes: 
associations with biota and vessel activity 

Stephen Lockhart Detecting blue whale calls By extending a speech 
processing algorithm: A proof-of-concept 

Laura May-Collado The effect of changing ambient noise levels on the whistle 
acoustic structure of dolphins in Bocas del Toro, Panama 

Thea Pisani Grey seal (Halichoerus grypus) vocalizations in Nantucket 
Sound 

Gaëtan Richard Do Icelandic killer whales forage at night? 

Laela Sayigh The Watkins Marine Mammal Sound Database: 
implementing the creation of an online, freely accessible 
resource 

Sabena Siddiqui Humpback whale social sounds on feeding grounds: 
characterizing sounds for acoustic monitoring in 
Stellwagen Bank NMS 

Megan Wood Utilizing passive acoustic monitoring to study baleen whale 
diversity, distribution, and seasonality off the coast of Chile 

  
 

  



TALK ABSTRACTS 

 

A failure to communicate: How the words we use impact marine 
mammal conservation  

Juan Bacigalupi  

juan.j.bacigalupi@gmail.com  

As human activity on the ocean has increased, the impact of anthropogenic 
noise on marine wildlife has garnered considerable attention. This has led to a 
growing body of scientific research, academic debate, and legal action to 
better understand the complexities of the problem. When the scientific studies 
are compared with the legal analysis, we see definite differences in the choice 
of language relied upon by each group. The scientific studies have tended to 
be conservative in their choice of language, leaving room for possible future 
scientific exploration. This can clearly be contrasted with environmental 
advocates who tend to use more definitive language while attempting to 
connect established science with specific legal standards. This difference in 
syntax between acousticians and advocates has created a considerable 
communication gap.  

Because of the reliance placed by environmental law on the best available 
science standard, policy solutions are hindered by this communication gap. 
This study looks at the incorporation of science in the environmental analysis 
required for naval training in the Hawaiian Training Range, Southern 
Californian Training Range, and Atlantic Geological and Geophysical 
Activities. It will use these examples to show how scientific language can be 
too ambiguous for the specific standards sought by U.S. law, which creates a 
risk to marine mammal populations. Finally, this study examines possible 
avenues for better communication.  

  



Real-time passive acoustic monitoring of marine mammals from 
autonomous vehicles and moored platforms: development and 
applications 
 
Mark F. Baumgartner 
 
Woods Hole Oceanographic Institution 
 
mbaumgartner@whoi.edu 
 
Passive acoustic monitoring has come a long way since Bill Watkins’ early 
days using reel-to-reel tapes to record the sounds of marine mammals.  
Advances in microprocessors, storage media, and battery technology have 
enabled a revolution in acoustic instrument development.  The use of self-
contained moored passive acoustic recorders has increased dramatically over 
the past two decades, providing new insights into the seasonal occurrence, 
distribution, behavior, and ecology of marine mammals.  Since these 
instruments are archival, the audio is inaccessible until the recorder is 
recovered, making real-time response to the presence of vocalizing animals 
impossible.  Building on the pioneering work of Dr. Watkins, new 
instrumentation and methods have been developed at the Woods Hole 
Oceanographic Institution to detect, classify, and report in near real time the 
sounds of marine mammals from both mobile autonomous vehicles and 
moored platforms.  With the NOAA Northeast Fisheries Science Center and 
other collaborators, these technologies are being used to conduct surveys in 
difficult-to-access areas and seasons, direct ship- and aircraft-based 
monitoring and research activities, mitigate harmful interactions between 
human activities and whales, and to facilitate early response to mass 
stranding events.  The development of this technology, current and planned 
applications, and the influence of Dr. Watkins’ work on my own research will 
be discussed. 
 
  

mailto:mbaumgartner@whoi.edu


Advances in the use of active acoustics for detection and conservation 
of cetaceans  

M. Bernasconi1, G. Pedersen2, R. Patel3, L. Nøttestad1 and A. S. Brierley4
  

1Institute of Marine Research, Bergen, Norway
 

2Christian Michelsen Research AS, Bergen, Norway  
3Codelab Bergen, Bergen, Norway 
4Scottish Oceans Institute, University of St Andrews, St Andrews, United 
Kingdom 

 

matteo@imr.no 

With the advent of modern CPU processors and the development of 
multibeam transducers, implementation of fisheries sonar’s was particularly 
successful in single target detection and tracking. Active acoustic target 
detection of cetaceans is now of interest for the management of various 
human activities which are requested by law to monitor the presence of 
marine mammals in their vicinity. We have used multibeam sonars to study 
cetaceans with the focus on prey-predator interactions and feeding behavior 
since 2002. At that stage the nature of the observations were mostly 
qualitative and not linked directly to the actual quantitative acoustic signals. 
Notwithstanding that, the post-processing of the sonar videos allowed us to 
measure dynamics in shape, structure and behavior of fish schools and 
cetaceans swimming movements in space and time.  Scientific echosounders 
were also tested for cetacean’s detection abilities. Nonetheless, their 
quantitative capabilities such class of instruments showed great limitations 
related to acoustic detection of cetaceans. Indeed, the sample volume was 
simply not sufficient enough to monitor species which swam fast in and out of 
a narrow acoustic beam.  Lately, the increase of seismic exploration activities 
in the Norwegian Sea moved our attention also towards the mitigation issue. A 
quantitative approach, more related to the acoustic nature of the 
measurements, became possible with the release on the market of a new 
series of omni-directional sonar units. These sonars can be calibrated for 
more accurate quantitative analyses and have the potential of providing a 
digital data output and an inbuilt target tracking system. When performing in-
situ calibrated target strength measurements of large baleen whales, such as 
humpback and fin whales, it was possible to observe a clear link between 
diving physiology/swimming behavior and acoustic signal variation. By 
keeping under control the observable variables, during the experiments it was 
possible to recognize repetitive and predictable patterns which could be used 
as starting point to define detection algorithms for a range of cetaceans.  

 
  



The acoustic signature of the male northern elephant seal: evidence of 
social learning during male-male contests  

C. Casey1, I. Charrier2, N. Mathevon3, C. Reichmuth4 

1Department of Ecology and Evolutionary Biology, University of California 
Santa Cruz, Santa Cruz, California, 95060, USA.  
2Equipe Communications Acoustiques, Neuro-PSI, CNRS UMR9197, 
Université Paris Sud, 91405 Orsay, France.  
3Equipe Neuro-Ethologie Sensorielle, ENES-Neuro-PSI, CNRS UMR9197, 
Université de Lyon/Saint-Etienne, 23 rue Michelon, 42023 Saint-Etienne 
cedex 2, France.  
4Institute of Marine Sciences, Long Marine Laboratory, University of California 
Santa Cruz, Santa Cruz, California, 95060, USA  

cbcasey@ucsc.edu  
 
Northern elephant seals (Mirounga angustirostris) are colonial breeders 
operating in one of the most competitive social systems known among 
mammals. Males establish dominance hierarchies that determine access to 
harems during the breeding season. While hierarchies are established 
through physical fights, they are maintained through stereotypic displays that 
elicit predictable responses from individuals. To determine whether reliable 
differences exist in the acoustic displays of individuals and whether these 
differences convey identity, we acoustically sampled male seals over two 
consecutive seasons. A cross-validated discriminant function analysis 
revealed small differences within—and significant differences between—the 
calls produced by 17 adult males. To test whether these displays serve as 
signatures that males learn to recognize, we conducted two field playback 
experiments. We first exposed 10 individuals to the calls of familiar 
subordinate/dominant rivals, and found significant and predictable differential 
behavioral responses consistent with relative hierarchical status. To determine 
whether these reactions were based on prior experience, we exposed 10 
foreign males to the same playback treatments and saw no differential 
responses. The results show that these acoustic signals serve as vocal 
signatures, and males remember the identity of their rivals based on call 
features that have been associated with the outcome of previous competitive 
interactions.  



First field observations and ecological description of Omura’s whale 
(Balaenoptera omurai) including song-like vocalizations  
 
S. Cerchio1, B. Andrianantenaina1,2, A. Lindsay3, and T. Rasoloarijao1,2

  

1Ocean Giants Program, Wildlife Conservation Society, Bronx, NY, USA.  
2Madagascar Country Program, Wildlife Conservation Society, Antananarivo, 
Madagascar.   
3Biology Department, Northern Michigan University, Marquette, MI, USA  

scerchio@wcs.org  

The Omura’s whale (Balaenoptera omurai) was recently described as a 
distinct species and an ancient lineage basal to a B.edeni/B.borealis clade. 
Currently, it is known only from a handful of historic whaling and stranding 
specimens initially classified as B.edeni from the Pacific and east Indian 
Oceans, with no confirmed field observations to date. Extensive observations 
of a small rorqual in northwest Madagascar indicated an external appearance 
matching B.omurai, and species identification was confirmed through 
phylogenetic analyses of mtDNA control region sequence using genetic 
samples from 23 animals. Between 2011 and 2014 there were 45 sightings, 
including 5 mother-calf pairs, at least one recapture between years (a single 
adult in 2012, re- sighted in 2013 with a young calf), and documentation of 
lunge feeding and defecation. On several occasions acoustic recordings were 
made of a stereotyped and repetitive call in presence of the species, on days 
when no other baleen whales were sighted. The call was amplitude modulated 
in a frequency band of 20-40 Hz, approximately 8-9 sec in duration, repeated 
every 2.5 to 3 min, and at times appeared to occur in choruses of multiple 
individuals. The repetitive stereotyped nature and occurrence of choruses are 
similar to song displays in other Balaenopterid species, suggesting it is a 
breeding display. Therefore, it appears this site may represent both breeding 
and feeding habitat for a potentially small population.  

  



High-frequency hearing in seals and sea lions 
 
K. A. Cunningham1 and C. Reichmuth2 

 
1Department of Ocean Sciences, Long Marine Laboratory, University of 
California, Santa Cruz, 100 Shaffer Road, Santa Cruz, California 95060 
2Institute of Marine Sciences, Long Marine Laboratory, University of 
California, Santa Cruz, Santa Cruz, California 95060 
 
kaacunni@ucsc.edu 
 
Pinniped underwater hearing abilities at frequencies near the high-frequency 
hearing limit are poorly understood.  This is problematic given the rapid 
proliferation of high-frequency, high-energy acoustic marine technologies, 
such as commercial sonars and recreational fish finders.  Misunderstandings 
as to which high-frequency technologies are audible to different species can 
lead to miscalculations of potential auditory effects.  In this study, underwater 
detection thresholds were measured in quiet conditions in the 50-180 kHz 
range for one California sea lion, one spotted seal, and one harbor seal.  
Sensitivity curves from all three subjects exhibited two distinct slope-regions 
at frequencies near the high-frequency hearing limit.  The first region is 
characterized by an initial rapid decrease in sensitivity with increasing 
frequency—i.e. a steep slope—and the second by a much less rapid 
sensitivity decrease—i.e. a shallower slope.  This finding leads to the ability to 
detect sounds at surprisingly high-frequencies and complicates the idea of a 
traditional high-frequency hearing limit for these amphibious mammals.  An 
additional masking study suggests that the initial, rapid sensitivity decrease is 
not due to cochlear constraints, as has been previously proposed, but may be 
due to constraints on the underlying bone-conduction mechanism. 
  



Double click production in three species of deep diving odontocetes  

C. Dunn1,2, P. Tyack2, P. Miller2 and L. Rendell2 

1Bahamas Marine Mammal Research Organisation, Abaco, Bahamas   
2Biology Department, University of St. Andrews, St. Andrews, UK  

cdunn@bahamaswhales.org 

Recordings were obtained from DTAGs deployed on four Blainville’s beaked 
whales in the Bahamas, four Cuvier’s beaked whales in Italy, and five sperm 
whales in Italy and the Gulf of Mexico. Tag data were analysed specifically to 
investigate inter-click-intervals (ICIs) at the start of click trains compared to 
ICIs throughout the remainder of click trains. If the ICI of the first two clicks of 
a click train had an ICI < 0.5 of the mean of all ICIs in the click train, these two 
clicks were deemed a ‘double click’. Tag data reveal a possible window into 
the evolutionary history of odontocete echolocation. Blainville’s beaked 
whales produced more double clicks at the start of the majority of their click 
trains compared to the other species in all age and sex classes analysed. 
Comparatively only subadult Cuvier’s beaked whales produced double clicks, 
and only occasionally, whereas only sperm whale adult females produced 
double clicks, and only on the first train of every dive, but not otherwise. We 
would like to use this opportunity to ask for additional datasets to include in a 
synthesis article comparing double click production across multiple species.  

  



Measuring, predicting, and interpreting noise exposures on continental 
scales 
 
Kurt M. Fristrup 
 
Natural Sounds and Night Skies Division, National Park Service, Fort Collins, 
CO 80525 
 
kurt_fristrup@nps.gov 
 
The Grand Canyon Enlargement Act of 1975 declared that "natural quiet" was 
a resource and value to be conserved, and acoustic resources are accorded 
the same protection in National Park Service management policies as every 
other physical resource. Over the past ten years, NPS has collected more 
than 600 sets of long-term sound level measurements, usually more than 25 
days each. This substantial effort spans a wide range of park units and 
environments, yet it represents a relatively sparse and decidedly non-random 
sampling of all possible locations. To generalize these measurements, a 
geospatial machine learning model was created that predicts sound levels 
based on spatial summaries of environmental conditions in concentric rings 
centered on each monitoring site. The resulting model has been used to 
predict sound levels for the entire U. S. on a 270m grid. In parallel with this 
effort, NPS has invested in research to document the effects of chronic 
elevation of background sound levels, the degradation of the "natural quiet" 
against which sounds are perceived. Broadcast experiments have shown that 
noise alone has substantial effects on habitat utilization and energy budgets. 
An exhaustive literature review has revealed both the generality of noise 
impacts, and highlighted the importance of standards for characterizing noise 
exposure measurement and reporting. Multiple social science studies have 
shown that National Park visitors are far more sensitive to noise than urban 
residents, with sensitivity increasing as the study sites become more remote 
or difficult to reach. 
  

mailto:kurt_fristrup@nps.gov


Quiet time for spinner dolphins: Diel variation in the soundscape of 
resting bays in Hawaii   

H.L. Heenehan1, J.A. Tyne2, B.L. Southall3,4, H. Southall4, L. Bejder2,1, D.W. 
Johnston1,2  

1Division of Marine Science and Conservation, Nicholas School of the 
Environment, Duke University Marine Laboratory, 135 Duke Marine Lab Rd., 
Beaufort, NC 28516, USA 
2Murdoch University Cetacean Research Unit, School of Veterinary and Life 
Sciences, Murdoch University, 90 South Street, Murdoch, WA 6150, Australia 
3Institute of Marine Sciences, Long Marine Laboratory, University of California 
at Santa Cruz, Santa Cruz, CA 95060 
4SEA, Inc., 9099 Soquel Drive, Suite 8, Aptos, CA 95003, USA 

hlh18@duke.edu 

Spinner dolphins (Stenella longirostris) have a predictable daily schedule, 
foraging at night and resting in shallow bays during daytime hours. Between 
January 8, 2011 and August 30, 2012 we assessed the soundscape of four 
known spinner dolphin resting bays in Hawaii using bottom-mounted, 
calibrated DSG-Ocean Loggers. We processed over 159,000 recordings per 
bay to calculate ambient noise levels. We measured the equivalent, 
unweighted sound pressure level (Lzeq) within 1/3rd-octave bands (dB 
re:1μPa) and determined variance using a percentile statistical approach. We 
found that the dolphins utilize the bays at a time when they are on average 4.8 
to 9 dB quieter within the 14 1/3rd-octave bands between 891 Hz and 22.39 
kHz than nighttime noise levels. Previous research in coastal regions of 
Hawaii suggests that noise levels can vary significantly throughout the day. 
We suggest that the dolphins may have evolved to use these quiet places to 
maximize rest and optimize passive detection of predators and/or intraspecific 
acoustic communication.  

  



Acoustic data collection on the BC coast: an ocean of opportunity 

K. Heise1, H. Alidina2, D. Chan3, H. Meuter4, L. Peck5, P. Spong6, H. 
Symonds6, J. Wrey4 

1Independent researcher and Research Associate, Vancouver Aquarium, Box 
3232, Vancouver, BC, Canada 
2WWF Canada, 409 Granville Street, Suite 1588, Vancouver, BC, Canada 
3Pacific Wild, Box 26, Denny Island, BC, Canada 
4North Coast Cetacean Society, 446 Hayimiisaxaa Way, Hartley Bay, BC, 
Canada 
5Saturna Island Marine Research and Education Society, Box 19, Saturna 
Island, BC, Canada 
6Orcalab, Box 510 Alert Bay, BC, Canada 

kathyaheise@gmail.com/ kathy.heise@vanaqua.org 

Underwater acoustic monitoring in a number of areas on the British Columbia 
(BC), Canada coast has been underway for over 40 years, and presently 
there are over 50 hydrophones deployed in various remote locations. The 
initial focus of these efforts was to acoustically detect killer whales (both fish 
eating and mammal eating). Since then, the geographical area and the 
species focus has broadened, and there are initiatives by a number of 
governmental and non-governmental organizations to collect acoustic data 
ranging from the southern Salish Sea to the Alaskan border, on species 
ranging from harbour porpoise to fin and blue whales. Many of these areas 
are relatively pristine. The acoustic data they provide can reveal a baseline for 
characterizing ambient noise levels and information on habitat use by 
cetaceans, which is critically important given the large number of industrial 
development projects proposed for the BC coast (over 20). The individuals 
and citizen science groups maintaining a number of these sites have proven 
track records in year-round monitoring and data collection on relatively low 
budgets. The amount of data they collect is substantial, and they are seeking 
academic collaborators to help with data analysis and synthesis. In this 
presentation we will provide information on the nature of the data being 
collected, and welcome opportunities to discuss potential collaborations.  

  



Understanding the effects of echosounders on detection rates of beaked 
whales from shipboard surveys  
 
Annamaria Izzi, Sofie M. VanParijs, Danielle Cholewiak  

Northeast Fisheries Science Center, National Marine Fisheries Service, 
National Oceanic and Atmospheric Administration, 166 Water Street, Woods 
Hole, MA 02543, USA  

annamaria.izzi@noaa.gov  

Beaked whales (Family Ziphiidae) are a cryptic group of deep-diving 
odontocetes found in offshore waters. Due to their visual inconspicuousness, 
in recent years there has been an increase in effort to detect these species 
acoustically. From 4 July – 17 August 2013, the NEFSC conducted a 
cetacean abundance shipboard survey in the western North Atlantic Ocean, 
combining visual and acoustic data. Passive acoustic data were collected 
using a 6-element towed hydrophone array, sampling at 192 kHz. Multiple 
echosounders were used to collect data on prey fields in the study area. 
Echosounder use was alternated on/off on a daily basis, specifically to test for 
an effect on cetacean detection rates. For this study, 316.25 hours of acoustic 
data were analyzed, using the software Pamguard to detect, classify, and 
localize individual beaked whales. A total of 122 beaked whale click trains 
were detected, 102 of which were localizable. Data were collected on the start 
time, duration, slant distance, and species classification for each acoustic 
event. Click trains were classified into two species categories (Cuvier’s 
(Ziphius cavirostris), and Mesoplodon (Mesoplodon spp.). The occurrence of 
click trains was compared to when echosounders were on versus off, 
including additional covariates such as water depth and SST. Results from 
these analyses will be used to evaluate whether there is an availability bias in 
line-transect data for beaked whales if echosounders are used during surveys.  

  



Form and function in marine mammal communication 
 
Vincent M. Janik 
 
SMRU, School of Biology, University of St Andrews, Fife KY16 8LB, UK 
 
vj@st-and.ac.uk 
 
The first studies on marine mammal acoustics were largely of a descriptive 
nature, cataloguing sounds from a variety of species. While carrying out this 
work, Watkins and Schevill also thought ahead trying new methods that would 
allow us to answer novel questions. They pioneered the application of passive 
acoustic localization in marine mammal acoustics and were among the first to 
conduct playback experiments on these animals. These methods are now at 
the core of many communication studies. Recent work in this field has 
concentrated on vocal interactions between animals and marine mammal 
song. In bottlenose dolphins, the discovery of signature whistles has led to a 
heightened interest in the cognitive mechanisms underlying individual 
recognition and addressing. Acoustic localization allowed us to observe vocal 
interactions in the field and document how animals use these whistles. 
Playback experiments helped to investigate how identity is encoded and test 
the addressing function of signature whistles. A key question in marine 
mammal communication is how the animals achieve change and maintain 
individuality or convergence. The degree of signal diversity in signature 
whistles and in marine mammal song is often achieved through vocal 
production learning. As was the case for functional studies, new results on this 
skill in pinnipeds and cetaceans also rely on accurate playback and 
localization. Thus, early tests of these methods kept their relevance over 
many years.  
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Social animals need to coordinate movement and activities over time to 
maintain a cohesive social group. Recent studies have emphasized the role of 
influential individuals in shaping collective decisions, but also emphasized the 
dynamic nature of such influence and how it may change with the motivational 
state of individuals. I investigate spatial coordination and leadership dynamics 
of bottlenose dolphin (Tursiops truncatus) dyads in Sarasota Bay, Florida. We 
use tags attached to pairs of bottlenose dolphins to measure movement and 
sound production of individuals. Biosonar signals of tagged animals can then 
be used to estimate the separation distance and instantaneous clock offset 
between independently sampling tags. Using a 4d optimization procedure, we 
can then reconstruct the relative movement of tagged animals over time. To 
get a functional metric for movement influence, I use a lag-based conditional 
mutual information measure combined with reshuffling techniques. These 
methods reveal tight but dynamic coupling of movement with lag times often 
less than a few seconds, interspersed with occasional separations during 
biosonar-based foraging. For female-calf pairs, movement decisions are 
primarily dominated by the female but to some degree influenced by the 
foraging effort of the calf. In male alliances, leadership seems to be transient 
and information transfer switches direction often. These findings suggest 
possibilities for evaluating pair-wise leadership interactions in wild 
odontocetes ranging from fission-fusion societies of bottlenose dolphins to 
stable, multi-generational groups of pilot or killer whales, and may allow us to 
understand the mechanisms mediating collective decisions in such species. 
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The manner in which dolphin calves acquire their whistle repertoire is largely 
unknown. This paper focuses on whistle development in four bottlenose 
dolphin calves during the first thirty days of life in order to increase our 
understanding of the early emergence of whistle-like vocalizations. The 
acoustic parameters of whistle-type vocalizations (i.e., whistles and whistle-
squawks) that coincide with a bubblestream emission from the focal calf 
and/or its mother are investigated. Mother and calf whistle rates are inversely 
related, with the mother whistling significantly more often in the first ten days 
of the calf’s life, and the calf whistling significantly more often in the third ten 
days. A calf is able to produce a predominantly stereotyped whistle contour in 
the first thirty days, a whistle that still retains the “tremulous and quavery” 
quality commonly characteristic of young calf whistles [Caldwell & Caldwell, 
1979; Gnone et al., 2001]. Whistle-squawks are significantly more common 
than adult-like, clear narrowband whistles throughout this developmental 
period. The maximum frequency, frequency range, and duration of calf 
whistle-type vocalizations increase with age, suggesting that the acoustic 
prowess of dolphin calves develops over the first month of life.  

  



Investigating the response of coastal dolphins to mine exercise (MINEX) 
training activities  

Marc Lammers1,2, Marian Howe1, Amy Engelhaupt3 & Joel Bell4 

1Oceanwide Science Institute, Honolulu, HI, USA. 
2Hawaii Institute of Marine Biology, University of Hawaii, Kaneohe, HI, USA 
3HDR, Inc., Virginia Beach, VA, USA 
4NAVFAC, Norfolk, VA, USA  

lammers@hawaii.edu 

Mine detonation exercises in coastal waters have the potential to disturb, 
injure or even kill marine mammals occurring in the same area. To address 
concerns about this possibility at the U.S. Navy’s Virginia Capes (VACAPES) 
Range Complex, an effort was begun in August 2012 to monitor odontocete 
activity at the mine exercise (MINEX) training range using passive acoustic 
methods. The objectives of the project were to establish the daily and 
seasonal patterns of occurrence of dolphins in the VACAPES MINEX training 
area, to detect explosions related to MINEX activities, and to determine 
whether dolphins in the area show evidence of a response to MINEX events. 
Data from moored recorders were analyzed for the daily presence/absence of 
dolphins and their acoustic activity was quantified in detail for the period prior, 
during and after MINEX activities, as well as at various distances from the 
training site. The results reveal that dolphins exhibit a short-term acoustic 
response immediately following an explosion event. Acoustic activity 
increases briefly and then declines substantially. There is also evidence of a 
decrease in overall acoustic activity lasting several hours following the 
exercise. Current analyses aim to establish whether the observed response 
represents a shift in acoustic behavior or a spatial redistribution of the 
animals.  
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Studying variation of acoustic signals is important to understanding the 
structure of social networks in species highly dependent on acoustic 
communication. Sexual maturity and growth might affect the development of 
acoustic signals. Therefore, acoustic differences related to sexual dimorphism 
and aging might be expected for some species. Bottlenose dolphins are long-
living mammals, and are dimorphic in size, with males larger than females. 
Within the acoustic repertoire of the bottlenose dolphin, signature whistles are 
learned, apparently arbitrary signals that convey information on identity. We 
looked for possible variation by sex, age and size (length and weight) in these 
whistles. Measurements of 12 parameters from the fundamental frequency 
contour of 20 signature whistles per individual were obtained using a 
database of 39 male and 39 female long- term resident dolphins recorded in 
Sarasota Bay, Florida during capture-release sessions from 2000- 2013. We 
performed a Multivariate Multiple Regression and a Cluster Hierarchical 
Analysis on the acoustic parameters. In addition, we conducted an ARTWARP 
analysis of contour modulation patterns. Results showed that there were no 
significant differences between sexes, ages or sizes in any parameter 
measured from the fundamental frequency. These results suggest that the 
modulation pattern of the signature whistle is indeed arbitrary.  
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Stellwagen Bank National Marine Sanctuary is a critical habitat for different 
species of whales. Monitoring the whales in this area can be done with a 
passive acoustic system, and the system design requires performance 
predictions to determine the probability of detection of a target. This talk 
presents a probabilistic model of sonar performance incorporating realistic 
environmental variability on sound speed profiles (SSP’s), bathymetry and 
geoacoustic parameters for a mobile listening device. The three main 
elements of a passive sonar equation are source level, noise level, and 
transmission loss (TL), and this study is aimed to capture realistic TL 
variability with simple models of source level and noise level. The 
conductivity-temperature-depth (CTD) data from the National Geophysical 
Data Center (NGDC) database is used to compute SSP’s, and the Empirical 
Orthogonal Functions of the SSP’s are calculated and used to generate 
random realizations for computing the TL distributions. A realistic bathymetry 
model is also created using the NGDC database. The bottom geoacoustic 
properties, including density, sound speed, and attenuation, are assumed to 
be Gaussian distributions and inferred from the sediment type reported in the 
Deck41 Seafloor Surficial Sediment Descriptions Database. For each random 
realization of sound propagation, the Range Dependent Acoustic Model 
(RAM) program is employed to calculate TL, and a vast number of realizations 
are taken to compute the probability distribution functions. The calculations 
reveal that the probability of detection changes with receiver depth, and the 
dominant source of the considered environmental variability in the probability 
of detection is the variable bathymetry. 
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Humpback whale songs during winter in subarctic waters 
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The songs of the male humpback whales (Megaptera novaeangliae) have 
traditionally been associated with mating at tropical and subtropical mating 
grounds during winter. This study provides the first report of humpback whale 
singing behavior in the subarctic waters of Northeast Iceland using long-term 
bottom-moored acoustic recorders. Recordings were collected during 1) 
Sept. ́08–Feb. ́09, 2) Nov. ́09–Apr. ́10 and 3) Jan.– Mar. ́11. Continual singing 
was detected during all winter seasons with peak song occurrence during 
January–February in all years. The songs from 2011 were used to 
demonstrate a level of structure and pattern characteristics of songs 
described from traditional mating grounds. The results had 19 phrase type 
classifications and displayed a predictable sequence from the cyclic patterns 
in the song recordings from January to March. A total of 2939 song units from 
all years were measured and objectively divided into 19 groups with 
increasing number of different song units being produced per day in February. 
That timing coincides with the timing of peak seasonal hormonal activity in 
sexually active humpback whales in the Northern hemisphere. The song unit 
repertoires included stable song unit types occurring frequently in songs in all 
years while other song unit types were replaced more rapidly. This study 
indicates the importance of a subarctic feeding ground for song exchange and 
possibly as an opportunistic mating ground for migrating or overwintering 
humpback whales.  
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Automatic detection of marine animal vocalizations is increasingly used to 
analyse the extensive acoustic datasets collected from autonomous passive 
acoustic recorders, resulting in a constant effort to improve detector accuracy 
and develop new and more efficient detection methods. Differentiating 
between the clicks produced by various cetacean species can be especially 
problematic due to overlapping time and frequency characteristics. There has 
been some limited success using high time-resolution frequency analysis 
techniques (e.g. short-time Fourier transforms (STFT) and Wigner-Ville 
transforms) to differentiate between odontocete clicks. These methods tend to 
work well for general click detection but often do not reliably distinguish 
between clicks produced by different species. Instead the inter-click-interval is 
often used to distinguish species. Furthermore, these types of detectors are 
often computationally expensive. We propose a computationally efficient 
method of detecting and differentiating between clicks produced by various 
odontocete species. This method was tested on recordings obtained from 
offshore Nova Scotia that included clicks produced by  small dolphins, killer, 
pilot and sperm whales, and at least two species of beaked whales. The 
performance of our detector is evaluated through extensive manual analysis 
and preliminary results will be presented. This new approach increases the 
efficiency of analysis and provides reliable species differentiation. 
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Beluga whales (Delphinapterus leucas) are often found in turbid waters in 
northern latitudes where darkness extends over many months.  Although 
hearing is likely the primary modality for vital biological activities, there are few 
data evaluating the hearing ability of a healthy, wild beluga population; or that 
of any cetacean. The goal of this project was to conduct and evaluate 
audiograms of temporarily captured wild belugas, substantially increasing the 
knowledge of how this odontocete detects and uses sound. Auditory evoked 
potentials (AEP) were used to measure the hearing of 16 wild belugas (11 
males and 6 females) from 4-150 kHz during capture-release operations as 
part of a population health assessment project in Bristol Bay, Alaska. Overall, 
these wild belugas heard well in mid and upper frequencies (45-150 kHz) and 
had relatively sensitive hearing, comparable to belugas from laboratory and 
public facilities. Hearing was slightly more sensitive compared to captive 
populations of bottlenose dolphins and wild, stranded odontocetes. Little 
sensorineural high-frequency hearing loss associated was apparent. Using 
AEPs to measure odontocete hearing during a capture-and-release health 
assessment project was successful and Bristol Bay was a good location with a 
healthy and growing beluga population in an area of moderate seasonal 
anthropogenic noise.  These data are important for understanding the 
potential sound sensitivity of this Arctic species, but also provides a unique 
assessment of population hearing for wild odontocetes.  
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The Gully Marine Protected Area (MPA) is a large submarine canyon located 
south of Nova Scotia, Canada, known for attracting an abundance and 
diversity of cetaceans including rare and at-risk species. Investigating the 
year-round occurrence of cetaceans has been identified as a research priority 
for the MPA. To address this important knowledge gap, two years of near-
continuous acoustic data were collected between October 2012 and 
September 2014 from the Gully and two nearby slope areas using bottom-
mounted Autonomous Multichannel Acoustic Recorders (AMARs, © JASCO 
Applied Sciences) deployed at 1400-1900 m depth. Recordings were duty-
cycled between sampling rates of 16 kHz for 13 or 18 min, and 128 or 250 
kHz for 2 min. Initial analysis indicates the presence of a variety of baleen and 
toothed whales throughout the year. Baleen whale vocalization detectors 
developed by JASCO resulted in more than 1.3 million blue, fin, sei and 
humpback whale detections on more than 74,000 of the 16 kHz recordings. 
While validation of these detections is ongoing, this presentation will review 
some of the preliminary trends in baleen whale occurrence observed. The 
value of this long-term passive acoustic monitoring study and implications for 
future research and monitoring efforts off Nova Scotia will be discussed.  
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We developed mobile underwater sound source measurement system with 4 
hydrophones and a video camera to know the variations on the whistles of 
wild free-ranging Indo-Pacific bottlenose dolphins (Tursiops aduncus). We 
successfully calculated sound source levels of 33 whistles from 5 Identified 
dolphins ranging 117 - 170 dB re 1 μPa. We considered four factors as effects 
on sound source level variations: bubble emission (dolphins often emit 
bubbles with whistles), individual difference, recording location toward body 
(dorsal, lateral, and ventral), and breath (just after breath or not). Individual 
difference and recording location toward body, and breath are the significant 
effect, but not bubble emission. Results suggest that sound source levels of 
whistles influenced not only by behavioral and/or individuality but al physical 
factors such as air volume and body posture etc. This research funded by 
JSPS KAKEN 23310166 and 23220006.  
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In 2006, a multidisciplinary experiment was conducted near the Mid-Atlantic 
continental shelf off the New Jersey coast. During a two day period in mid-
September 2006, more than 200, unconfirmed but identifiable, sei whale 
(Balaenoptera borealis) vocalizations were collected as incidental data on a 
moored, combined horizontal and vertical line hydrophone array. Sei whale 
movements were tracked over long distances (up to tens of kilometers) using 
a normal mode back propagation technique. This approach uses low-
frequency, broadband passive sei whale call receptions from a single-station, 
two-dimensional hydrophone array to perform long distance localization and 
tracking by exploiting the dispersive nature of propagating normal modes in a 
shallow water environment. Source depth information and the source signal 
can also be determined from the localization application.  The normal mode 
back propagation approach is examined for application to tracking the sei 
whale vocalizations identified in the vertical and horizontal array signals. This 
passive whale tracking, combined with the intensive oceanography 
measurements performed during the experiment, was also used to examine 
sei whale movements in relation to oceanographic features observed in this 
region. 
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Efforts to monitor the undersea acoustic environment and manage the 
impacts of human activities have reached a critical juncture.  The European 
Union has recognized ocean noise as an indicator of environmental quality 
under its Marine Strategy Framework Directive and is in the process of 
developing targets for achieving good environmental status for ocean noise 
and acute noise-producing activities; additionally, in 2014, the EU identified 
seismic survey noise as a factor in the preparation of environmental impact 
assessments (EIA).  Similarly, the United States recognizes underwater noise 
in the preparation of U.S. EIAs for oil and gas development in the regions 
under its jurisdiction, particularly the Gulf of Mexico, Atlantic Ocean, and Arctic 
Ocean.  These efforts, which are still in development, are indicative of the 
stage and scale of efforts needed to address these critical issues.  Managing 
the exposure of marine animals to these sounds requires attention and data 
collection as the current exposure threshold criteria are outdated.  
Additionally, they fail to account for the aggregate effects of simultaneous 
exposure, e.g., multiple seismic surveys, as well as the cumulative effects of 
prolonged and repeated exposures; important to measure and/or estimate are 
effects such as communication masking and physiological stress.  Global 
transfer of any and all knowledge gained in this regard is imperative.  Given 
the international and transboundary nature of noise from marine seismic 
surveys as well as other commercial sources (e.g., shipping), options for 
addressing the issue should be pursued through existing regional 
arrangements, and either revision of the existing MARPOL Convention or 
negotiation of a new convention that, in combination with local and national 
regulations, more comprehensively evaluates the risks, benefits and 
procedures of ocean noise management.   
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Increased use of passive acoustic methods for marine mammal research and 
monitoring has generated huge volumes of data. To analyze and interpret 
these data efficiently, it is becoming essential to automate the detection, 
extraction and classification of sounds. We evaluated the performance of 
three automated whistle detection and contour extraction algorithms: Silbido, 
Ishmael’s tonal detector, and PAMGuard’s whistle and moan detector. Five 
metrics (precision, recall, frequency deviation, percent coverage and 
fragmentation) were compared. Precision and frequency deviation were 
similar among all detectors. Silbido had the highest percent coverage and the 
lowest fragmentation. PAMGuard had the highest recall. To assess how 
automated detection methods affect classifier performance, we compared the 
accuracy of a classifier trained using whistles detected and extracted with 
PAMGuard’s whistle and moan detector to a classifier trained using whistles 
manually detected and extracted. Recordings of five delphinid species from 
the western Atlantic Ocean were used to train and test the classifiers. The 
‘manual’ classifier correctly identified 78% of whistles and the ‘automated’ 
classifier correctly identified 80% of whistles, suggesting that it is possible to 
create robust automated detection/classification systems. These systems will 
allow large acoustic datasets to be used more efficiently and effectively to 
answer questions about the presence, behavior and ecology of marine 
mammals.  

  



The impacts of noise on the calling behavior of right whales 
 
S. E. Parks1, C.W. Clark2, M. A. Johnson3, D.P. Nowacek4, P. L. Tyack3 
 
1Department of Biology, Syracuse University, Syracuse, NY USA 
2Bioacoustics Research Program, Cornell University, Ithaca, NY 
3Biology Department, University of St. Andrews, St. Andrews, UK 
4Nicholas School of the Environment, Duke Univ. Marine Lab, Beaufort, NC 

 
sparks@syr.edu 
 
There have been increasing concerns about the impacts of anthropogenic 
noise on the communication systems of baleen whales. The North Atlantic 
right whale, a coastal baleen whale species, is particularly vulnerable to low-
frequency noise exposure. Here we summarize work investigating the effects 
of increasing background noise on the vocal behavior of right whales. This line 
of research started with comparisons of recordings of right whale vocalizations 
made by Bill Schevill and Bill Watkins in the 1950’s in Vineyard Sound with 
more recent recordings of the same species in a high noise environment in 
the Bay of Fundy, Canada.  Right whale vocalizations from the 1950’s were 
significantly lower in frequency, and more similar to recordings of right whales 
in quieter, pristine habitat areas. Since that first study, further insights into the 
behavioral plasticity of signal generation by right whales have come from 
several levels of analysis, ranging from population level studies of changes in 
call features in North Atlantic and Southern right whales to individual short-
term changes from acoustic data collected from individual whales. The 
broader evolutionary insights into acoustic communication of baleen whales 
provided by these studies will be discussed. 
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Humpback whale song is made up of single units combined together into 
phrases, which are repeated to make up themes. A song consists of several 
themes sung in succession. Song is performed primarily by males on breeding 
grounds. The current study investigates the presence and structure of 
humpback whale song recorded in Tribugá’s Gulf, Colombian Pacific. Data 
was collected between June and September of 2013 using an SQ26-08 
hydrophone. Boat trips were carried out 3 times per week, weather permitting, 
north and south from the town of Coquí. Approximately 4 hours and 30 
minutes of song were analyzed, and researchers identified 3 distinct themes. 
Theme 1, the dominant theme in all recordings, consisted of repeated slight 
variations of phrase ‘AB AB AB ... AA’. Theme 2 consisted of repetitions of a 
pulsed sound ‘Bl’ alternating with a lower sound ‘F’. Theme 3 was made up of 
repeated phrases of harmonic, tonal sounds and single high-pitched units. 
Transitions between themes were gradual, and themes were always sung in 
the same order. The longest recording of a song session consisted of 7 
complete songs. Comparisons to published song spectrograms from other 
studies show both similarities and differences, dependent upon the study 
location. Song recordings are used as a part of the overall efforts of 
Macuáticos Colombia Foundation to educate the communities about the 
importance of conservation, and to advocate for stricter guidelines for safe 
whale watching and fishing practices.  
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During a long and productive career, Bill Watkins worked tirelessly to obtain 
voucher recordings of the acoustic repertoire of wild marine mammals.  His 
groundbreaking research underpins much of the work we conduct today.  In 
many areas, it is not practical to monitor the distribution, occurrence or 
behavior of marine mammals using visual techniques.  However, because 
most marine mammals use sound to communicate, navigate or find prey, we 
can use passive acoustic techniques to monitor their populations. In this 
presentation, I highlight the use of passive acoustics to monitor the distribution 
and abundance of the most endangered marine mammal, the vaquita 
Phocoena sinus.  The vaquita is in imminent danger of extinction as a result of 
entanglement in gill nets.  Vaquitas are small, inconspicuous, shy and, as a 
result, difficult to sight during visual surveys.  To monitor this population we 
use an array of echolocation click detectors placed in a refuge in the Upper 
Gulf of California.  Analysis of the data obtained from this array from 2011-
2013 indicates that the vaquita population is declining at 18.5% per year and 
that the best estimate of current abundance is 97 animals. The vaquita will be 
extinct very soon if by-catch is not eliminated immediately.  The Government 
of Mexico recently announced a closure of most (but not all) gill net fisheries 
in the Upper Gulf of California, which is a necessary first step to ensuring the 
survival of this species. 
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The foraging interactions of marine predators are difficult to observe via 
traditional means. On-animal tags on top predators have increased our 
knowledge of these interactions, but provide information only about the 
predator's behaviour, leaving prey behaviour to be inferred. In echolocating 
marine mammals, however, acoustic recording tags provide a unique way to 
measure both the behaviour of the predator and the targeted prey item. 
Previously, echoes from prey have been recorded on tags deployed on two 
species of beaked whales, allowing time-distance echograms to be 
constructed and providing new insights into prey behaviour. Here, we analyze 
data from six species of toothed whales and show that echoes can be 
recorded on species other than ziphiids. The ability to record echoes is largely 
dictated by cranial anatomy, and we predict that rostrate species such as 
bottlenose dolphins have biosonar characteristics, including an upward 
directed beam and rapidly decaying clicks, which facilitate tag echo reception. 
In contrast, we predict that bulbous-headed species such as sperm whales 
have downward directed, highly resonant echolocation clicks that make 
echoes difficult to detect on a dorsal tag. However, unusual tag placements 
may still allow for the detection of some echoes in these species. These 
results indicate many possibilities for future foraging studies while providing a 
means of identifying ideal candidate species for research on odontocete 
predator-prey interactions.  
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Pantropical spotted dolphins (Stenella attenuata) are globally distributed 
tropical small odontocetes that overlap with fisheries and Naval activity near 
Hawaii, yet little acoustic or behavioral data exist for this species. The goal of 
this study was to begin to characterize the whistle repertoire, whistle 
characteristics and daytime dive behavior of pantropical spotted dolphins in 
Hawaiian waters using digital acoustic recording tags (DTAGs). Daytime dive 
profiles and dive statistics for 5 tagged animals were similar to those found in 
other studies. Loud and clear whistles were extracted and visually categorized 
based on contour similarity. Ten whistle categories emerged, with five 
encompassing 83% of categorized whistles. Nine spectral and temporal 
characteristics were measured from the fundamental frequency of each 
whistle. Categories differed significantly in duration and start, end, minimum 
and maximum frequencies. We were able to attribute one whistle category to 
a particular tagged animal, suggesting that this species may produce 
signature whistles. This work represents one of the first successful DTAG 
studies of small, wild odontocetes and shows promise for similar future work 
addressing individual bioacoustic behavior of smaller odontocete species.  
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Little is known about the ecology, habitat preferences, or seasonal 
distributions of beaked whale species (family Ziphiidae) in the western North 
Atlantic. Here we present an analysis of passive acoustic monitoring data 
which provides a multi-year record of beaked whale acoustic activity at two 
sites along the shelf break off North Carolina: Cape Hatteras (HAT) and 
Onslow Bay (OB). The two sites were located approximately 200 km apart 
along the same depth contour. We collected 10 Hz – 100 kHz bandwidth 
recordings at each site using an autonomous High-frequency Acoustic 
Recording Package deployed at approximately 900 m. Data were collected 
from 2011 to 2014, resulting in 524 and 436 recording days at HAT and OB, 
respectively. We analyzed recordings for echolocation signals with spectral 
and temporal characteristics that matched known beaked whale signal types. 
We detected signals produced by Cuvier’s (Ziphius cavirostris), Gervais’ 
(Mesoplodon europaeus), and Blainville’s (M. densirostris) beaked whales at 
each site, and found significant differences in the occurrence of signal types 
between sites. Detections at HAT were predominantly of Cuvier’s beaked 
whales (present on >95% of days), while detections at OB were 
predominantly of Gervais’ beaked whales (present on 97% of days). 
Blainville’s beaked whales were detected infrequently (5% of days or less) at 
both sites. No distinct temporal patterns were apparent for the predominant 
species at each site, indicating that they utilize the two sites in a consistent 
manner across days, months, and seasons. Our data collection at HAT is 
ongoing and future analyses will include additional monitoring sites, allowing 
for broader geographic comparisons in the western North Atlantic.  
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Unlike the individually distinctive signature whistles of bottlenose dolphins, 
little is known about non-signature whistles. We carried out experiments in 
which non-signature whistles were played back to dolphins in the resident 
community of Sarasota Bay, Florida, during brief capture-release events. In 
response to these playbacks, five male dolphins produced a stereotyped non-
signature whistle, named the “M whistle.” Looking for occurrences of M 
whistles in other contexts, we found that they were produced by both males 
and females, but more often by males (Fisher’s exact p = 0.0152). In total, we 
found 67 occurrences of M whistles, of which 75% were made by a male 
associating with a female. In an analysis of whistles occurring within 1 sec of 
another whistle, 66% of M whistles were in response to another non-signature 
whistle, whereas 70% of signature whistles were in response to another 
signature whistle. To further investigate which stimuli prompt M whistle 
vocalization, we are analyzing audio from over 180 playback experiments 
conducted in Sarasota from 1989 to 2014. The stimuli used in these 
experiments include Sarasota signature and non-signature whistles, signature 
whistles from another community of T. truncatus, and synthetically produced 
whistles. While dolphins have been found to produce context-specific pulsed 
sounds, this is the first evidence for a context-specific whistle vocalization. 
These data provide some of the first insights into the role of non-signature 
whistles in the dolphin communication system. 
 
 
 
  



Weddell seals do not lengthen calls in response to conspecific masking 
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Some mammalian and avian species alter their vocal communication signals 
to reduce masking by background noises and conspecific calls. A preliminary 
study suggested that Weddell seals (Leptonychotes weddellii) increase the 
durations of some underwater call types when overlapped by another calling 
seal. This study examined the durations, pitches, and overlapping sequences 
of Weddell seal calls recorded near Davis and Mawson Stations, Eastern 
Antarctica. A real time spectrum analyzer was used to measure the calling 
rate, call type (reduced to 13 major categories), total duration, numbers of 
elements per call, starting and ending pitches and overlapping order of 100-
200 consecutive calls per recording location. At 2-3 calls/min, one fifth of the 
calls were overlapped in time and this increased to half at slightly higher 
calling rates. In response to increased conspecific calling rates, the call 
durations and numbers of elements (within repeated element call types) did 
not change.  Calls that were not overlapped were 3.8 ± 6.1 s long, the first 
call in a series of overlapped calls was 14.4 ± 15.7 s and subsequent calls in 
an overlapping series were 6.5 ± 10.3 s. At different calling rates, the 
proportions of overlapped calls matched random distributions. At calling rates 
above 43/min, descending frequency whistles had fewer elements per call 
than at lower calling rates while the number of elements in the chug calls did 
not change. The starting and ending pitches of trills and descending frequency 
whistles (first element only) increased by 0.4 – 0.9 octaves when the calls 
were overlapped. The start frequency of chugs decreased in pitch by 0.2 
octaves when overlapped. Aside from these pitch differences, Weddell seals 
do not appear to be adjusting the durations or timing of their calls to 
purposefully avoid masking each others' calls. The longer a call is, the more 
likely it is to be overlapped by chance by another call. An implication of these 
findings is that Weddell seals may not have the behavioral ability to reduce 
masking as background noises (natural and from shipping) increase.  
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Observing odontocete behavior during dives is difficult without instrumenting 
individual animals.  However, one method of studying submerged behavior is 
to acoustically track clicking animals using Time Difference of Arrival (TDOA) 
techniques.  In principle, multiple animals can be studied while clicking by 
cross-correlating the acoustic detections from multiple seabed sensors.  
However, for odontocetes, discrete clicks are almost indistinguishable 
between individuals, yielding ambiguous click associates.  By using multiple 
clicks within a train, this ambiguity is resolvable. Using recordings from 
multiple closely spaced (≈200 m) GuardBuoy sensors deployed on the 
Canadian Scotian Shelf, cross-sensor correlograms were produced to 
estimate the TDOA tracks of individual sperm whales, and, as a more 
challenging case, of individual delphinids. The raw time series were reduced 
to a synthetic time series of binary click detections including a feature-based 
multipath reflection discrimination.  The synthesized click-detection time series 
were used for the cross-sensor correlograms to generate improved TDOA 
tracks from a number of vocalizing animals as compared with using the raw 
time series.  
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Data from ten passive acoustic recorders deployed in the Stellwagen Bank 
National Marine Sanctuary in the fall of 2008 were manually reviewed to 
determine presence and calling rates of acoustically active sei whales 
(Balaenoptera borealis). Data from all recorders were time-aligned to allow for 
localization of individual sounds. 76 days of data were reviewed; sei whale 
vocalizations were detected on 68 days (89%). Anecdotal evidence suggested 
an association between known sei whale call types (single and double 
downsweeps) and a previously undescribed rapid “triplet” downsweep. 
Localization of these sounds revealed that these call types were collocated 
throughout the deployment and appear to be originating from tracks of the 
same individuals. These findings suggest the novel call type is produced by 
sei whales. Additionally, these call types appear to be produced in repetitive, 
patterned sequences. The discovery of a new call type and presence of semi-
structured call patterns will enhance efforts to monitor sei movements, 
distribution, and behavior using passive acoustic methods in the western 
North Atlantic.  
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One element of managing the risks of noise to marine life involves studies that 
relate exposure to response. Experiments are often required to demonstrate 
that a particular exposure causes a response. A new kind of playback 
experiment has been designed to study the relationship between acoustic 
exposure and behavioral response. These studies typically escalate acoustic 
exposure in a controlled way to find the lowest exposure to elicit a specific 
response or to disrupt a specific behavior. I review some of the earliest of 
these studies, then cover how dose:response functions have been estimated 
in recent studies.  New statistical methods have been developed to maximize 
the power of limited sample sizes, to test whether stimuli differ in the 
responses they elicit, and to test whether different species have different 
sensitivities. As with all experiments, these controlled exposures trade off 
some realism in order to achieve experimental controls. Several methods 
attempt to link results from experiments to results from more realistic 
exposures. Once experiments define specific responses to exposure, 
methods have been developed to monitor these responses in realistic settings 
for monitoring the activities of concern. While all of these methods support the 
management of risk of noise to marine life, it is not easy to extrapolate them to 
managing effects on whole populations and ecosystems. There has also been 
concern that if a population or ecosystem is already affected by ambient 
noise, the addition of more noise may not identify all of the effects of concern. 
The International Quiet Ocean Experiment seeks to address these issues with 
innovative new studies that will push the envelope of existing work.  
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NEPAN - The United States Northeast Passive Acoustic Sensing Network is 
composed of numerous passive acoustic instruments that provide archived 
and near real-time data on acoustically active marine mammals and fish 
species. It currently stretches from the northern Gulf of Maine into the New 
York Bight within the western North Atlantic Ocean. The instruments include 
moored units that are entirely subsurface and archive audio, to units with real-
time reporting capabilities via surface buoys and autonomous vehicles. Data 
derived from NEPAN will provide long-term year-round information on the 
presence and spatial distribution of baleen whales and odontocetes, as well 
as Atlantic cod. These data will address critical conservation and 
management needs as well as reduce threats from anthropogenic activities. 
Currently, NEPAN will operate from 2014 until late 2017. This listening 
network is a great example of how collaborative scientific efforts and financial 
investment across many federal agencies can produce a novel, far-reaching 
solution to current scientific information gaps.  
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While vocalizations of long-finned pilot whales have been described, little 
research takes into account what we know of their social structure when 
studying these calls. Since 1998, recordings have been collected from a 
population found off Cape Breton, Nova Scotia. These include repeat 
encounters for 26 of the 27 known long-term social units, spanning 10 
separate years. The units, which contain 2 to 23 whales, are composed of key 
individuals seen together at least 4 times spaced 30 or more days apart, as 
well as constant companions seen with key individuals on 3 or more 
occasions over the same time frame. The study used whale-watching vessels 
and omnidirectional hydrophones to record whales during all behavioral states 
and at a range of group sizes. Photo-ID enabled the matching of individuals to 
recordings. The 95 h of recordings show a high frequency of repeated call 
types similar to those heard from short-finned pilot whales. These 
stereotypical calls are made more then once during a recording, often in 
sequence. Some of the calls were conserved over multiple years. Individual 
units may have unique call characteristics that allow for identification and 
group cohesion. If so, these socio-acoustic features may delineate the 
population in a manner comparable to killer whales, where these 
characteristics have been incorporated into conservation initiatives. This study 
will reveal more about the intricate vocal structure of the pilot whale in relation 
to their social context.  
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Bottlenose dolphin (Tursiops truncatus) societies are characterized as 
fission/fusion because group membership can change quickly. In captivity, 
group structure is often determined by humans, with dolphins sometimes 
being added or removed from an existing group. The acoustic consequences 
of an introduction of a new dolphin to an existing group were the subject of the 
present study. An adult male dolphin at Six Flags Discovery Kingdom in 
Vallejo, California was first introduced to a group of dolphins by placing him in 
an adjacent pen, which allowed acoustic but not physical interactions. After a 
brief period, the male was then allowed to physically interact with members of 
the existing population. Sounds were recorded during four conditions: pre- 
introduction, acoustic introduction, physical introduction, and post introduction. 
Analyses focused on three commonly studied acoustic signals: whistles, burst 
pulses, and whistle squawks. Whistle and whistle squawk production rates 
increased during the acoustic introduction, but burst pulses decreased during 
this same period. During the physical introduction, the animals increased their 
vocalization rates for all three call types compared to those of the pre- 
introduction condition, Call rates decreased during the post introduction 
condition, suggesting that the excitement caused by integration of the new 
animal had decreased. These findings suggest that the acoustic behavior of 
dolphins in captivity may reflect various forms of social interactions and group 
cohesion, information that could be useful in assessing sociality in wild 
dolphins as well as monitoring and managing the introduction of animals into 
existing captive populations.  
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Cetacean mass stranding events (MSEs) are a poorly understood reality, 
particularly along the shores of Cape Cod. We are exploring the potential for 
acoustic cues to provide advance warning of individuals about to strand. We 
analyzed data from acoustic monitors outside Wellfleet Harbor to determine if 
whistle detections are correlated with MSEs. In these preliminary findings, an 
acoustic detection was defined solely as the presence of odontocete whistles; 
click trains and buzzing were noted, but not included in the analysis. No 
acoustic detections were made on days when single or mass stranding events 
occurred.  However, of 15 confirmed acoustic detections so far, approximately 
half occurred within 1-3 days of a documented stranding, with 60% of these 
occurring before the stranding event. If this trend holds during further testing, 
this acoustic behavior could notably improve the capability of rescue 
organizations to successfully intervene before animals strand.  
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The endangered fin whale (Balaenoptera physalus) commonly produces low-
frequency and high-intensity sounds that extend across 20 Hz, named “20 Hz 
pulses”. These calls can occur in a variety of patterns that change in different 
seasons and geographic areas. The frequency bandwidth associated with 
seismic exploration (using airgun instruments) overlaps with these biological 
communication signals. The data analyzed in this work came from a 
geophysics project conducted in the Gulf of California in October 2002. In 
several locations across the Gulf, a series of Ocean Bottom Seismometers 
(OBS) were deployed on the seafloor. This study focused on 60 OBS 
deployed in Guaymas Basin. The instruments used had two data channels, a 
hydrophone and a vertical geophone, recording at 125 samples per second. 
This array continuously recorded data over a period of ~11 days, during which 
airgun surveys were conducted over 6 days during daylight hours only. The 
OBS were spaced ~12 km apart from each other, allowing the individual 
localization and tracking of whales. Specific algorithms were developed to 
automatically detect whale calls and to use these calls to track the whales’ 
direction of movement. For each whale, the Inter Call Interval (ICI) was highly 
stable and this facilitated the identification of specific individuals. Individual 
whale calls were identifiable on multiple instruments, enabling tracking by 
means of arrival time differences. In this preliminary analysis, some whales 
were tracked during the first day of the survey, before and after airgun 
shooting. Applying this analysis to more of the data could provide insights into 
the responses of fin whales to seismic exploration. 
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Blue whales (Balaenoptera musculus spp.) are currently listed as endangered 
on the IUCN Red List of Threatened Species. The Chiloé-Corcovado region in 
Chile is one of the most important areas in the Southern Hemisphere for blue 
whales since it functions as a feeding and nursing ground. Ship traffic has 
increased considerably in the area during the last decade and noise pollution 
is a major concern. Between January 2012 and April 2013, six Marine 
Autonomous Recording Units (MARUs) were deployed at four different 
locations: Northwest Chiloé, Guafo North, Tic Toc Bay and Locos Islet. Data 
were analyzed using the Triton software package to produce Long-Term 
Spectral Average (LTSA) plots. LTSA plots and spectrograms were used to 
manually count the number of phrases produced by blue whales and to note 
the duration of anthropogenic noise events. In a preliminary analysis of data 
from January and February 2012 from Northwest Chiloé, respective daily 
averages of 98 and 360 Chilean blue whale phrases were detected. Calls of 
Antarctic blue whales were more prevalent in January (averaging 130 
calls/day), but were no longer detected in February, suggesting that these 
whales were migrating through the area. The next step for this study will be to 
quantify anthropogenic noise and its influence on Chilean blue whales in this 
region. 
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In an effort to gain a better understanding of large-scale baleen whale 
movements and distributions, passive acoustic recordings from many data 
contributors were collected with the aim of completing a wide scale Western 
Atlantic analysis of existing Passive Acoustic data for baleen Whales 
(WAPAW).  With a goal of identifying the seasonal distribution of baleen 
whales, the first target of the analysis is determining the North Atlantic right 
whale (NARW) migratory corridor in the Western North Atlantic.  Acoustic data 
are being processed by a low-frequency detection and classification system 
(the LFDCS; Baumgartner & Mussoline 2011) to quantify species’ acoustic 
presence.  Ten Marine Autonomous Recording Units (MARUs), stationed 
along the New York Bight region, were deployed from late February to early 
December 2008 by Cornell University’s Bioacoustics Research Program.  
LFDCS was run through the subsequent data and acoustic detections were 
analyzed by hand to identify characteristic right whale ‘up-calls’ and establish 
daily presence estimates of NARWs in the area.  The preliminary results from 
these data provide a first look at the WAPAW analysis and provide insight for 
determining future acoustic recorder locations aimed at monitoring and 
reducing threats of ship strike within the New York Bight. 
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A short-term passive acoustic monitoring project was carried out in the 
Newport River area between February and April, 2014. The goal of this study 
is to establish baseline data about the movement and habitat preferences of 
the resident T. truncatus of the Northern and Southern North Carolina 
Estuarine System stocks (Waring et al. 2013). These stocks overlap in range 
within the study area and both are deemed insufficiently studied to determine 
population trends (Waring et al., 2014). Data was collected using 2 DSG-
Ocean Data Loggers, which were deployed in the Newport River ICW and 
Core Creek. These loggers recorded subsamples for a total of approximately 
50 days. A preliminary data analysis confirmed that these locations and 
methodology provide recordings of sufficient quality and frequency of dolphin 
detection to allow for achievement of the study objective. The data from these 
recordings is currently being processed using RavenPro1.5. Spectrograms 
are visually inspected to detect dolphin vocalizations including echolocation, 
burst-pulse sounds, and whistles. The frequency of dolphin detection will be 
analyzed to describe population-level movement and habitat preference. 
Signature whistles will be identified using the SIGID model (Janik et al., 2013) 
and visually matched to track individuals through multiple recordings, 
characterizing movement on an individual scale. Anthropogenic noise on the 
recordings will also be identified and quantified to determine potential 
disturbance levels. These data allow for a holistic understanding of the 
dolphins in this area, providing a baseline of knowledge from which to conduct 
future studies to adequately monitor and protect these stocks. 
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Bowhead whales (Balaena mysticetus) of the Bering-Chukchi-Beaufort 
population migrate in nearshore leads through the Chukchi Sea each spring to 
summering grounds in the Beaufort Sea. As part of a population abundance 
study, hydrophones were deployed in the Chukchi Sea off Point Barrow, (12 
April to 27 May 2011) and in the Beaufort Sea (12 April to 30 June 2011). 
Data from these sites were analyzed for the presence of bowhead whale 
song. We identified 12 unique song types sung by at least 32 individuals 
during ~95 h of recordings off Point Barrow. Six of these songs were detected 
at the Beaufort MARU site as well as six additional song types that were not 
analyzed. These results suggest a shared song repertoire among some 
individuals. This report represents the greatest number of songs to date 
during the spring migration for this population. We attribute this greater variety 
to population growth over the 30 yr since acoustic monitoring began in the 
early 1980s. Singing during early to mid-spring is consistent with the 
hypothesis that song is a reproductive display, but further research is 
necessary to understand the exact function of this complex vocal behavior.  
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Coral reef soundscapes are diverse, containing both biological sounds and 
noise from nearby vessels. These sounds may provide a way to track coral 
reef animal and human activity. However, there is a limited understanding of 
noise levels on reefs, and the relationship between reef soundscapes and the 
taxa present remains largely unknown. This study presents a comparative 
evaluation of the soundscapes of three reefs in the U.S. Virgin Islands 
National Park. Using multiple recorders per reef, we characterized spatial and 
temporal variation in biological sound production within and among reefs that 
varied in benthic cover and fish diversity. Analyses of sounds recorded over 
~4 months indicated diel trends in fish and snapping shrimp, but only the 
strength of the diel trend in a low-frequency fish band (100-1000 Hz) was 
correlated with the biota present, suggesting that low-frequency recordings 
may be of greatest biological relevance. Boats were detected at all three reefs 
throughout the deployment period. The reef with greatest fish and coral 
diversity also had the highest boat traffic. Boat presence increased during the 
daylight and crepuscular hours on all reefs. Recordings with vessels present 
had lower peak frequencies and higher sound pressure values, reflecting a 
change in soundscape and overlap with the sounds and hearing abilities of 
many fish. These findings indicate that diel trends in low-frequency sound 
production correlate with reef species assemblages and that vessel noise 
stands out as a way to monitor human activity on these reefs. 
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In many bioacoustic signals, we see a "fundamental" component and its 
harmonics. For example, for the blue whale B-call, each component is a slow 
frequency glide, lasting up to 20 seconds. The fundamental may be centered 
around 15 Hz. I had an idea that the different harmonic components may be 
correlated in time with the fundamental component. If so, a detector could 
take advantage of that correlation. As a first step, I divide the signal into 
separate frequency bands. One soon discovers that a sinusoid of one 
frequency is not correlated with, for example, a sinusoid of twice that 
frequency. However, what if we consider each component as a "base-band" 
signal that gets into its band by being multiplied by a carrier? This is amplitude 
modulation (AM). So, to extract the underlying "base-band" component, all we 
have to do is band-pass filter followed by AM-demodulation. The novel 
extension to this speech processing approach is to look for correlation 
between the demodulated components. In other words, the detection 
algorithm takes advantage of an inherent attribute of the bioacoustic signal--
the fact that its "base-band" components are correlated in time. As a proof-of-
concept, this algorithm is used to detect blue whale B-calls.  
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The resident population of bottlenose dolphins in Bocas del Toro sustains the 
largest dolphin watching industry in Panama. Our previous work shows that 
these dolphins respond to boat presence by increasing whistle duration and 
lowering their minimum frequency. The usual assumption is that the noise 
associated with dolphin-watching boats is responsible for the change in 
whistle parameters. Here we evaluate the effect of noise levels on whistles 
acoustic structure by measuring ambient noise levels and whistle standard 
parameters from multiple years and under various boat interactions. We. 
Overall, noise levels were higher during interactions with dolphin watching 
boats than when only the research boat was present, however, there is 
significant variation among years. Our results indicate that 8% of the variation 
in whistles minimum frequency is explained by the interaction between noise 
levels and year and 11% of the variation in whistle duration was explained by 
year. These results indicate that while annual variations in noise levels can 
significantly affect dolphin communication, dolphins show great plasticity in 
coping with these changes. Furthermore, it is important to highlight that 
annual changes in noise levels explained a small percent of the variation 
observed in dolphin whistle structure suggesting that other cues and other 
sensory modalities associated with these boat-dolphin interactions may be 
more important contributors to changing dolphin acoustic behavior.  
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Underwater acoustic recordings have been collected since 2012 in the vicinity 
of the first offshore wind farm planned for US waters, Cape Wind, which is 
located within a 25-square mile area between Nantucket and Cape Cod. The 
aim of this project is to record and identify all underwater sounds at the site 
before, during and after construction in order to assess the impacts that 
windfarm construction and operation may have on the natural soundscape. 
Although cusk eel (Family Ophidiidae) calls are the dominant signals within 
the dataset, these recordings also contain vocalizations of grey seals 
(Halichoerus grypus). Little is known about the occurrence of grey seals in 
Nantucket Sound, although their numbers are thought to be increasing. We 
sought to classify their call types and to examine seasonal and temporal 
trends in call production. Data were collected using autonomous underwater 
acoustic recorders (DSGs) with a sampling rate of 80 kHz and 10% dutycycle 
(1 min/10 min). In preliminary analyses, at least two different grey seal call 
types were found. Calls were more prevalent during the winter months, 
especially in January, and they occurred regularly throughout the day and 
night. These data may provide insights into grey seal occurrence patterns in 
Nantucket Sound. 
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Previous studies have described that Icelandic herring-feeding killer whales 
debilitate herring with tail slaps and likely herd herring into tighter schools 
using a specific low- frequency pulsed call: ‘herding call’. However, to our 
knowledge, no studies have investigated whether these whales feed at night, 
and how day-night differences might affect feeding behaviour patterns. We 
assessed acoustic behaviour of killer whales between day and night, using an 
autonomous acoustic recorder deployed in an Icelandic fjord during a month 
in winter. Using tail slaps as acoustic markers of feeding activity, we revealed 
that killer whales feed both at night and day, 'with tail slaps detected during 
17/24 and 12/22 events when bouts of sounds were recorded during day and 
night, respectively. Herding calls were significantly associated with tail slap 
rate and were recorded significantly more often at night. Monophonic calls, 
two- voice calls and whistles significantly increased with tail slap rate but only 
during either day or night, while ultrasonic whistles significantly decreased 
with tail slap rate but only during the night. Our results indicate that feeding 
occurs at night too, but that day-night differences likely influence predator-
prey interactions. In addition, we identified that killer whales produced 
previously undescribed non-linear herding calls, which were also recorded 
more often at night and were not as closely associated with tail-slaps as linear 
herding calls.  
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One of the founding fathers of marine mammal bioacoustics, William Watkins, 
carried out pioneering work at the Woods Hole Oceanographic Institution for 
more than four decades, laying the groundwork for our field today. One of the 
lasting achievements of his career was the Watkins Marine Mammal Sound 
Database, a resource that contains approximately 2000 unique recordings of 
76 species of marine mammals, with more than 20,000 annotated digital 
sound clips. These recordings have enormous historical and scientific value. 
They provide sounds professionally identified as produced by particular 
marine mammal species in defined geographic regions during specific 
seasons, which can be used as reference datasets for marine mammal 
detections from the growing amounts of passive acoustic monitoring (PAM) 
data that are being collected worldwide. In addition, the archive contains 
recordings that span 7 decades, from the 1940’s to the 2000’s, and includes 
the very first recordings of 51 species of marine mammals. These data 
provide a rich resource to efforts aimed at examining long-term changes in 
vocal production that may be related to changes in ambient noise levels, as 
well as serve as a voucher collection for many species. We are working to 
make this resource fully accessible online, as was Watkins’ goal. The final 
product will be enable investigators, educators, students, and the public 
worldwide to freely and easily access acoustic samples from identified species 
of marine mammals, and place these samples in a geographic and temporal 
context.  
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The songs of male humpback whales (Megaptera novaeangliae) on breeding 
grounds account for a large portion of humpback whale vocal behavior 
research, while non-song social sounds produced by both males and females 
are understudied. Developing the ability to accurately classify their diverse 
non-song repertoire is necessary for integrating acoustic data to monitor this 
species in times and regions when they are not singing. This study 
characterizes the social sounds of humpback whales in their feeding grounds 
located in the Stellwagen Bank National Marine Sanctuary (SBNMS). Data 
were collected from an array of 10 Marine Autonomous Recording Units 
(MARUs, Cornell University), deployed during July 2009.  Calls recorded on 
these units were compared to calls recorded from digital acoustic tags 
(DTAGs) from individual humpback whales tagged within SBNMS.  The sound 
analysis programs Raven Pro and Osprey were used to describe the social 
sounds, and Random Forest analyses were used for classifying call types.  
This study will provide information on which sound types are most commonly 
detected, which will facilitate the long term monitoring of seasonal occurrence 
and distribution of this species.  It will also improve our understanding of 
humpback whale vocal communication, and provide information for 
determining the impacts of anthropogenic noise pollution on their 
communication. 
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Long-term passive acoustic monitoring devices were deployed off the coast of 
Chile in and near Corcovado Bay.  Six devices, recording continuously, were 
deployed for five-month stretches in various locations between January 2012 
and April 2013.  Preliminary results demonstrate a strong preference for open-
ocean locations; biotic sound production is eight times greater at these 
locations compared to coastal areas. Strong seasonality is also evident: whale 
sounds peak in the austral fall and drop by 96% in the spring.  The diversity of 
recorded sounds suggests that the area is frequented by several different 
species of baleen whales, including at least two different blue whale 
subspecies, humpback whales, and possibly sei, minke, and fin whales.  As 
these sounds are attributed to specific species we can build better libraries of 
their acoustic repertoires, as well as fill in knowledge gaps of seasonal 
occurrence patterns, habitat usage, and migration routes.   
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