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LONG-TERM GOALS 

To substantially improve knowledge of the impact of ambient and manmade noise on humpback whales and the way they use sound and interact with their acoustic environment.
OBJECTIVES 

In collaboration with researchers from Scripps Institution of Oceanography (SIO) and Woods Hole Oceanographic Institution (WHOI), the objectives are to develop a complete set of physical and biological oceanographic monitoring capabilities to accurately assess the effects of controlled sound exposure on humpback whales migrating along the east coast of Australia.  Further objectives are to study the behavior and acoustic signals of whales in the presence and absence of anthropogenic and natural ambient noise, to improve understanding of function of the song and social sounds and how these are affected by noise. 
APPROACH 

An underlying hypothesis is that the influence of sounds on the whales' behavior can be assessed by detailed observations in the presence and absence of the sound. This requires detailed studies of whale behavior, their use of sound, and an accurate assessment of the noise field at the whales’ locations, which requires an understanding of the acoustic and physical oceanographic environment. The field site is at Peregian Beach, 130 km north of Brisbane, Queensland, on the east coast of Australia where previous experiments have been carried out by Noad and Cato (Noad et al 2000, Noad and Cato 2001).  All passing whales are tracked by theodolite and all vocal whales tracked by acoustic localization using five acoustic buoys with radio link to shore.  A further two acoustic buoys are used to record the near surf noise field.  Propagation and ambient noise modeling and measurement are being used to characterize the acoustic surroundings.  DTAGs are used to record the sounds received by individuals and their movements in three dimensions (Johnson et al, 1999). Play back of sounds include old song, western Australian song, social sounds, surf noise, tones and blank tape (control). Close behavioural observations, additional acoustic recordings, biopsies and photo IDs are collected from a small boat.

Principal Investigators collaborating: 

Dr M. Dale Stokes and Dr Grant B. Deane, Marine Physical Laboratory, Scripps Institution of Oceanography, UCSD: responsible for managing the overall aspects of the collaborative project, as well as detailed aspects of characterization of the acoustic environment.

Dr Mark Johnson, Dr Peter Tyack,  Dr Nicoletta Biassoni, Dr Patrick Miller,: Woods Hole Oceanographic Institution, Woods Hole MA 02543.  Responsible for DTAG preparation, deployment and recovery.

Other participants:

Kenneth Alex Shorter, Kira Barton: Woods Hole Oceanographic Institution, Woods Hole MA 02543, DTAG operation. 

David Paton, Southern Cross University Centre for Whale Research,  Lismore, Australia: contracted to provide and operate a large boat for the duration of the experiments and participate in behavior observations, photo IDs and biopsy sampling.

Dr Eric Kniest, University of Newcastle, Australia: development and operation the CYCLOPES theodolite tracking software which also incorporates acoustic positioning.

John Noad: development and maintenance of “PeregiNET” computer network linking all data (volunteer). 

Josh Smith, PhD student at the University of Queensland.

Up to 14 volunteers (at any time) with scientific qualifications, most with specialization in marine mammals.

WORK COMPLETED 

A Pilot study experiment was conducted by the Australian and SIO teams in September and October 2002 during the humpback southbound migration.  This involved trials of refurbished and additional acoustic tracking buoys, new data acquisition system, electronic theodolite, and new tracking and networking software for both acoustic and visual observations and collection of substantial baseline data.  

A visual survey was conducted in June, July 2003 during the northbound migration to assess the feasibility of conducting experiments in both migrations.  The humpback whale distribution was found to be significantly further seaward at Peregian Beach during this migration, making it less suitable for study than the southbound migration.  As a consequence, the experiments will be confined to the southbound migration.

The first of the two main experiments commenced at the start of September 2003 and will be completed in early November 2003 (southbound migration).   This involves all aspects of the experimental work described in the section “Approach.” 

PERSONNEL EXCHANGES AND TRAVEL COMPLETED 

Table 1. Summary of personnel exchanges and travel conducted under this NICOP.
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	Home Institution
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	Scientific / Technical Purpose of visit
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RESULTS 

The first of two main experiments is half way through at the time of this report.  A complete set of physical and biological oceanographic monitoring capabilities has been developed and used to obtain data. An integrated system for visual and acoustic tracking of whales in almost real time has been developed and proven, providing a digital map display of positions of whales, singers and vessels within one minute of observation. The display and data entry from the hill-based theodolite are linked by wireless network to a base station where acoustic tracking using the hydrophone buoy inputs occurs.  This allows almost real time integration of visual and acoustic tracking of whales and the efficient direction of boats to detected whales (for behavioral observations, biopsy, tagging), and characterization of behavior. 

A substantial number of whales have been studied and a large amount of data collected at time of this report. Most singing whales passing through the area have been tracked acoustically and most pods of whales tracked visually during daylight hours.  Some analysis of data is being done as the experiment proceeds but most will be done after completion of the experiment in early November 2003.  Biopsies, photo IDs has been collected.  WHOI participants have successfully placed and recovered DTAGs on migrating humpback whales and continued this into October. 

Plan of future action and milestones:

November 2003: complete first main experiment.

November 2003 to August 2004: Analyze data from first main experiment and prepare for second main experiment.

September October 2004: conduct second and final main experiment using a similar approach to the current experiment.  The results of the analysis may suggest some modifications or new approaches which will be incorporated. 

November 2004 to September 2005: analysis and synthesis of data to determine thresholds of response of whales to various received sound levels and the relation to environmental sound fields.  

December 2005: manuscripts for publication in journals. 

Note: the second main experiment was originally planned for the northbound migration in June, July 2004.  A survey conducted in June, July 2003 to check the suitability of the northbound migration found that this migration was significantly further from shore than for the southbound migration.  It is therefore proposed to conduct the second experiment during the southern migration in September, October 2004 thus increasing sample sizes of observations during the behaviorally more interesting southward migration. 

IMPACT/APPLICATIONS 

The project is expected to significantly improve our understanding of how and why humpback whales use sound and the effect that a range of natural and anthropogenic noise has on this.  This will provide information necessary for environmental management in maritime operations. The methodology developed will serve as a model for future projects with a wider range of applications.  International collaboration will continue in the second experiment and in the analysis and interpretation phase, and is expected to lead to new collaborative projects.  

TRANSITIONS 

Scientific results will be published in scientific journals and presented at a range of conferences.  System software will be freely available to others.  Published results will be available for planning environmental management and mitigation of maritime operations. 

RELATED PROJECTS 

Associate Professor John Buck (University of Massachusetts) is currently working with the Australian team on a Fulbright Fellowship examining the information content in humpback whale song.

Dr Aaron Thode, Scripps Institution of Oceanography, is conducting recordings of humpback whales  using a vertical line array in the current experiment.  He will use matched field processing to test the effectiveness of localizing sources by this method against the results from the experiment.  

Carolyn Hogg, PhD student, Australian Marine Mammal Research Centre, University of Sydney, is developing methods of analyzing hormones  analysis from blow samples collected during the experiment. 
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Figure 1.  Humpback whale surfacing as it passes an acoustic buoy off Peregian Beach, east Australia.  
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Figure 2.  CYCLOPES display incorporating theodolite tracked pods of humpback whales and singing whales tracked using ISHMAEL (circles).  The area is approximately 20 km across. Peregian Beach is at the bottom of the map. 

