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Abstract

Effective management to reduce human impacts on the critically endangered North Atlantic right whale requires improved 
surveillance data to maximize the protection given to the whales while minimizing the costs to the shipping and fishing industries. 
A workshop was held in March 2001 to discuss the potential of passive acoustics to contribute to right whale surveillance and the 
research and development required to develop suitable systems. This paper summarizes the conclusions of the workshop. Progress 
on addressing research needs following the workshop is also described. 

In order for a surveillance / management system to be effective, data must be collected,  analyzed and transmitted within an 
appropriate time frame. Passive acoustic systems fall into two main categories: archival or real-time. The former has applications 
in collecting long-term data on the distribution of right whales, enabling management solutions such as optimal positioning of 
shipping lanes or seasonal restrictions on fisheries. Real-time detection systems allow for short term, dynamic management such as 
triggered fisheries closures or fine scale routing of vessels. 

Right whales make a variety of vocalizations which have been detected at ranges of up to 13 miles. Although individual animals 
have been known to remain silent for periods of several hours, studies in which both visual and acoustic data have been recorded
simultaneously indicate that passive acoustic systems can provide reliable indicators of the presence of right whales. However, 
further work is needed to better understand the probability of detecting a whale acoustically, and the relationship between acoustic 
detections and the number of whales present. Much useful data can be collected using available technologies, such as sonobuoys or 
bottom mounted recording devices. However, to obtain real-time information from locations far from shore, several advanced
technologies will need to be combined. 

http://www.birds.edu/
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Background

The critically endangered status of the North Atlantic right whale has prompted 
considerable concern in the USA, Canada and internationally. Collisions with ships 
and entanglement in fishing gear have been identified as major sources of mortality 
and serious injury (Knowlton and Kraus, 2001). Possible measures to reduce 
mortality include the re-routing of ships, mandatory shipping lanes, speed restrictions 
and fisheries closures. These measures could be either permanent, seasonal, or 
dynamic, i.e. adapted according to reliable up to date knowledge of right whale 
presence in particular areas.

The purpose of the workshop was to discuss how passive acoustics can provide 
reliable information on the distribution of right whales both over the long term and 
also for dynamic management systems. To this end, a group of 24 experts, including 
engineers and acousticians as well as members of the right whale research 
community, met for two days in Woods Hole, MA.

Right Whale Vocal Behaviour

Right whales make a variety of vocalizations (Clark, 1982; Matthews et. al. in press). 
Calling rates vary considerably and are correlated with group size and social 
behaviour. The vocal behaviour of North Atlantic right whales is similar to that of 
other right whales. Certain call types have been associated with surface active groups 
but the behavioural significance of most call types is not known. Spectrograms of 
some typical sounds are shown in the table. 

SAG Call

Commonly associated with 
surface active groups. 

Gunshot

Brief, impulsive, broadband 
sounds. Often associated with, 
but not caused by, flipper slaps. 

Low frequency call

Duration 0.2 to 5 seconds. 
Frequency 60-70Hz. Little or no 
modulation. 

FM upsweep or ‘Contact Call’

Has been recorded from right 
whales in both the North and 
South Atlantic and in the North 
Pacific. 

Spectrograms of Typical Right Whale Calls

Dynamic ManagementStatic Management

Data collection and analysis must be in 
near-real time

Data collection and analysis is over 
weeks or years

Requires a synthesis of many advanced 
technologies

Can use existing technologies such as 
pop-up recording devices.

Management decisions need to be 
taken quickly, i.e. before the whales 
have moved significantly

Management decision is permanent (or 
at least seasonal)

Data transmission ashore needs to be 
near-real time

Data may be collected using 
autonomous systems which need to be 
recovered to access the data

Mitigation Strategies
For a strategy to be effective, data must be collected and analyzed and a management 
action implemented within the time frame for which the data is valid. Even with real 
time data analysis and transmission, right whales’ low vocalization rate means that 
the finest practical management time scale would be several hours. To allow for 
whale movement, management actions would therefore have to be over a spatial 
scale of several miles.

Practical Applications

Detecting presence in previously un-surveyed areas

The whereabouts of a large proportion of the North Atlantic right whale population is 
not known for much of the time.  There are many areas of historical or potential right 
whale habitat where no data are available on right whale presence.

Assessing predictability of distribution patterns in known high use areas.

Data requirements on variability in North Atlantic right whale numbers in high use 
areas fall into three temporal categories: intra-seasonal variability (for example, 
where an area is known to be of high use for a three month season each year), intra-
annual variability (seasonal changes in use of an area), and inter-annual variability 
(for example, some previously known high use areas appear to have been abandoned 
for periods of several years).

Verifying and supplementing data from aerial survey programs

Acoustic detections could be used to help estimate the probability of detecting 
whales during aerial surveys.  This type of cross-platform comparison is commonly 
used in surveys to estimate whale abundance.  

Triggering management options in identified high risk areas

Right whales frequently form aggregations in predictable areas that may persist for 
several weeks.  Such events may require management action such as ship routing,  
speed restrictions or fisheries closures.  A passive acoustic system based on an 
autonomous sensor capable of on-board detection of right whale calls could indicate 
that right whale numbers had reached a certain threshold.  

Call Detection and Detection Range

Right whale calls have been detected at ranges of up to 13 miles where propagation 
conditions are good. Five miles may be a more realistic range for areas such as the 
Great South Channel off the coast of Massachusetts.

Simple energy threshold triggers or matched filters perform poorly for detecting right 
whales due to call variability as well as to high levels of background noise from other 
marine mammal species. Multi-stage detectors are under development which include 
parameterisation and statistical classification of sounds. 

Current and Future Research Projects

•Right whales were successfully detected on autonomous acoustic buoys in the Great 
South Channel in 2000 (see poster #247 for details).

•Over 40,000 right whale calls were detected on pop-ups deployed in Cape Cod Bay 
and the Great South Channel in the spring of 2001. Analysis of this data will yield 
accurate source level measurement and estimates of detection range.

•The workshop noted that the necessary technologies for long term monitoring of 
right whales already exist. 

•Technologies for real time monitoring are under development. Both archival data 
storage and real time detectors will be installed on GOMOOS buoys in the Gulf of 
Maine in 2002. The buoys are designed to transmit oceanographic data ashore via 
satellite link. Summaries of right whale detections will be added to this data stream.

•Further work is needed to relate the numbers of calls detected to the numbers of 
whales present.

•Further risk analysis is required to study the potential risk reduction of different 
management options.

The female pictured here was struck and killed by a vessel in Cape Cod Bay in 1999. 

Download the full workshop report from 
http://www.rightwhales.org/acoustics/

Ship strikes are having an serious impact on right whale recovery.

Workshop participants at Carriage House, WHOI


