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Abstract

I monitored the acoustic environment of the Salish Sea during October, 2005, I recorded the Southern Resident Orca pods J, K & L in a variety of locations and situations in an effort to characterize? the acoustic habitat
 in which they spend the majority of their time.  Supplemental recordings were made when no whales were present at various times and situations involving high levels of human / biological and / or environmental sound to gain a broader perspective on? the community of sounds that exist in the area.  

Introduction

Broad to narrow

Background

Preview of thesis

Marine animals are submerged in a medium that is highly sensitive to vibratory phenomena, allowing for the attenuation of pressure waves at five times the distance as those in air
.  For humans, and other animals with ears, these vibrations are perceived as acoustic energy, or sound.  The vast majority of sea life has a biological dependence on sound and acoustical
 energy (Stocker –soundscape article).  This acoustic energy might be perceived in these organisms as dynamic changes in pressure gradients, an oscillation of particles, or a vibration of the water. Investigations into the role sound plays in forming an individual’s relationship to their environment may assist us in understanding the acoustically heightened world of undersea life.  Conversely, the acoustic ecosystem of marine life may also provide a magnified perspective of the role sound plays in orienting biological systems that can be extrapolated to interactions of organisms in air.  

R. Murray Shafer coined the term acoustic ecology to describe the study of the effects of the acoustic environment, or soundscape, on those living within it, with special attention paid to imbalances that might be the result of some acoustic disturbance (AE HB).  Though much early work in acoustic ecology focused on the acoustic health and habits of human culture from the past up to the present, the continuous rise in anthropogenic noise over the past 100 years has brought attention to
 the need for an awareness of how the sounds we create may be interfering with the network of communication among the other species on planet earth.  In the acoustically enhanced realm of the earth’s waters there is strong evidence 
to suggest that acoustic disturbances might impact other species (Stocker 2003, Hastings, Popper 2005).  My interest
 is in discovering what ways humans participate in the oceanic acoustic ecology and exploring how that role might be adjusted (if need be) towards a more harmonious relationship.  In addition to the negative role
 noise has been shown to have, I am interested in exploring the possibility that anthropogenic noise might be useful to other species.  Can you talk a bit about how to explore and discover these things?  Is accumulating the recordings just the first step or is it the end game?  Finally, I expect the accumulated recordings to reflect the acoustic ?? and furthermore might be integrated into the larger soundscape.   This might also be a good place to discuss motivation to make a map, rather some other representation of the data.
What would you expect to find (hear) if there was a harmonious relationship or a negative role of anthropogenic noise?  Can you make reference to an example from a different ecosystem – perhaps a nice example from the work of David Dunn?  What could you measure that would help determine whether anthropogenic noise is useful vs damaging to other species?
(this was from my early draft…I’m not sure where this will go ye
t)

Human made, or anthropogenic noise covers the full frequency bandwidth that marine animals use (from 1 Hz  to-200 kHz) (Soundscape, 26).There has been an increasing awareness within the human community of the level of acoustic byproduct (or noise) created by the fruits of the industrial revolution.  In industrialized nations, the noise created by vessels
 used in the transportation of goods and people can easily be recognized as the most familiar sound in our lives.  In fact, the din of motorized traffic (whether on land, in air or on water) can be seen as one of the most significant keynote sounds 
 in the past and present century.  It should be noted that although some studies seem to suggest a general negativity associated with the autopoietic
 rumble of traffic, in as much as they are continuous they easily blend into the background
 and tend to not interfere with the transmission of communication.  Of course, this is only true as long as the sound remains within a threshold
 of acceptability.

Methods 

General procedure
Recordings of the marine environment (soundscape?) were performed during October of 2005 while traveling aboard the while aboard the 42’ catamaran Gato Verde.  My colleagues aboard included 5 other undergraduate researchers, 2 professors, our captain and a few guests from time to time.  Each of us developed our own individual research project yet we all shared the common theme of investigating some aspect of orca whale acoustics. More  specifically, our research focused on the vocalizations, environment, and habits  of ‘southern resident’ J, K & L pods that orient spend the majority of their time around the San Juan Island archipelago and south Puget Sound.

We recorded at various times throughout the day in the frequent southern resident habitat
 around the San Juan archipelago
.  To some degree our temporal focus remained within the anthropocentric daytime routine, between the hours of 0800 and 2200.  We attempted to venture out of this window and on some occasions  were able to sample the orca habitat in the late night and pre dawn
 hours.

My approach was to capture general field recordings at varying locations (both with whales and without whales in the vicinity), measuring space / time coordinates (time, latitude / longitude) with a GPS transceiver, possible sources of anthropogenic and environmental noise such as sea state, weather, and number of vessels present.   Whenever possible, attempts were made to capture recordings from those areas not yet documented.  In some cases, recordings were made in the same location at varying dates and times.

The Equipment

Recordings were made using various models of hydrophone as well as various deployment methods as appropriate for each research project. My own personal project made use of all available recordings made from the available hydrophones and recording units to get the widest scope of ??

Recording Units

Sony MZ-S1 Minidisk

Sony PC100 Digital Video Camera (connected via BeachTech attenuator)

Marantz PMD660 Compact Flash Recorder

Marantz PMD101 Cassette Recorder

Hydrophones 

ITC (International Transducer Cooperation) 4066 Omnidirectional 

Viers OVAL Instrumentation Preamplifier 

Cetacean Research Technologies Hydrophones Omnidirectional

Brüel & Kjäer Callibrated Hydrophone / Preamplifier 

Microphones

Sennheiser K6 & ME65,66 

Self-fabricated parabolic dish (dimenstions?)

Other Field Materials

Binoculars

Range-finders

Radar

Analysis Materials

Apple Powerbook G4 (OSX 10.4)

Digidesign Mbox running ProTools 6.9.2

Audacity 1.2.3 

Google Maps API

Deployment Techniques
1. The B&K hydrophone / preamp was used from 10.2.05 - 10.8.05.  It was deployed at a depth of (?)’.  Sounds traveled from the B&K into the 8” input of the Marantz PMD660.

2. A stereo array of two ITC 4066’s suspended one 1.42 meters apart at a depth of (ask Nicole or courtney?)’ was used for the first half of October, then the stereo array was expanded, dropping one hydrophone off of the bow and one off of the stern resulting in 10.5 meter stereo array.  The hydrophones were connected to the Veirs OVAL Preamplifier with an adjustable gain of x1 or x10 dB.  The signal was then fed into the Marantz PMD660 via an 8” mini jack.  Might mention that there was an input gain on the Marantz that usually was set to maximum, but sometimes was adjusted to lower levels to prevent saturation.
3. A single ITC 4066 was suspended off of the stern of the boat at a depth ranging from 30-120’.  It was connected to the OVAL Preamp and fed into the Marantz in the same method as technique #2.

4. The Cetacean Research Technologies hydrophone was deployed from the bow and connected to the Sony PC100 DV recorder via the BeachTech box.   The camera was then used to capture surface activity of the whales while recording the underwater calls.  On a few occasions the Sennheiser microphone was used to record blowhole breaths alongside the hydrophone track.

5. The Cetacean Research Technology hydrophone in the bow was, at other times, connected to the Sony MZ-S1.

Analysis, Processing and Presentation

1. All recordings were imported onto the Powerbook for analysis and processing.   Recorded tracks were analyzed and edited using ProTools LE and Audacity.  I attempted to find significant examples of the different types of acoustic phenomena common in the area being studied.  What criteria determined whether or not an example was “significant?”  Examples include recordings of orcas with vessels in the vicinity, and areas of relative
 silence upon which vessel noise crosses into, through and out of
.

2. Significant samples will then be mapped in an HTML web page using Google Maps API.   The web page will be an interactive way for people to experience the soundscape habitat the orcas experience.  The samples should reflect (along with comments) the frequency of vessel traffic and orca/vessel coexistence as is common.  Maybe discuss and cite other agents who have taken this approach?  




























Results

Methods of modeling and presenting environmental recordings through the acoustic ecology paradigm attempt to translate the soundscape of a large area (in this case the San Juan archipelago) into a form that portrays the important acoustic characteristics of the area.  These might be significant acoustic landmarks (like a church bell or lighthouse foghorn) or a contour map of the range of audibility from prominent sounds (like traffic or playground noise).  The most useful model is often a map, because of its familiarity and applicability to new types of superimposition of data.  One drawback of this method is its primarily visual orientation.  The benefit of the act of listening attentively is lost when aural information is translated into a visual medium.  While the visual modeling of acoustic data is certainly useful, especially for graphing energy aspects of sound (such as intensity, frequency & waveform), such analysis tends to reduce the complexity of the natural ecosystem to finite details.  The availability of high quality recording technology, the internet, and GPS have now made it possible to present soundscape recordings in a map format that allow the viewer access to the recordings as they were perceived at any given location.

My data is presented using the Google Maps API.  This allows for the embedding of sound files at latitude / longitude markers acquired via GPS at the time of recording.  The map is then posted on the Internet and viewable / listenable for the global community.  The great benefit of presenting my data in this way is that it allows large numbers of people to hear what is happening under water for the first time. 

“findings (results) ie. Map

Discussion


interpretation

The fact that sound attenuates drastically when passing between the medium of water and air has left the oceans outside the domain of human noise ordinance laws.  These same laws, in recent decades have begun to reflect a general a consensual dissatisfaction with increases in noise levels in human society (Truax 6). 
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� Keynote sounds: In Soundscape studies, keynote sounds are those which are heard by a particular society continuously or frequently enough to form a background against which other sounds are perceived. 


� Autopoietic:





�PAGE \# "'Page: '#'�'"  ��Does habitat include them?  If not, then maybe say “characterize their acoustic behaviors and habitat”


�PAGE \# "'Page: '#'�'"  ��I’m not sure, but you may be confusing sound speed (how fast the wave propagates through the water) with attenuation (how quickly the wave amplitude decreases, or is “damped”).  The speed of sound in water vs air is 1500 vs 330 m/s, so sound is about 5 times faster in water than in air…  Ask Val for ballpark numbers on attenuation or impedance in water vs air…


�PAGE \# "'Page: '#'�'"  ��acoustical or acoustic?  Is acoustical a word?  If not, or if they are synonymous, choose one and use consistently throughout.


�PAGE \# "'Page: '#'�'"  ��Amplified?!


�PAGE \# "'Page: '#'�'"  ��Maybe helpful to include an example or two of what constitutes “strong evidence” in other species or situations so that the reader can get a better sense of what you are after.


�PAGE \# "'Page: '#'�'"  ��Good phrase!


�PAGE \# "'Page: '#'�'"  ��Has it been shown?  If so, cite a source.  If not, maybe postulate what the negative role might be.


�PAGE \# "'Page: '#'�'"  ��I like it near here, associated with the “negative role” you mention in the previous paragraph…


�PAGE \# "'Page: '#'�'"  ��Vehicles?


�PAGE \# "'Page: '#'�'"  ��We get some I5 noise at our house and I’ve come to think of it as equivalent to a distant waterfall during the summer nights when our bedroom window is open.


�PAGE \# "'Page: '#'�'"  ��What is that threshold for traffic noise in air and humans?  Is there a dB level at which human communication is masked?  Is it around 100dB of the airplane engine that irritates me when I am trying to talk to someone on the FHL dock?


�PAGE \# "'Page: '#'�'"  ��Biologists often call the habitat frequented by a species as the “home range” or just “range.”


�PAGE \# "'Page: '#'�'"  ��I think the definition of an archipelago is “a group of islands.”


�PAGE \# "'Page: '#'�'"  ��Did we ever get any pre-dawn recordings?


�PAGE \# "'Page: '#'�'"  ��missing ending…


�PAGE \# "'Page: '#'�'"  ��The comparison or experience of relative loudness of sounds in your map may be misleading (or mis-communicative) if you do not attempt to calibrate the different recordings systems you used (correct for changed gains and differing sensitivities).  Since the audience for this paper is a scientific one (not a layperson one), you should at least discuss this issue in your analysis section.   Val and I think you could attempt it, in at least a special case – like when Rachael’s hydrophone was in the water with the small ears.  We’re not saying you have to, but that it is an opportunity for you to experience the difficulties and insights that are involved in analyzing sound quantitatively (as you proposed to do), rather than re-playing it.


�PAGE \# "'Page: '#'�'"  ��confusing – rephrase.


�PAGE \# "'Page: '#'�'"  ��This sentence ends in some confusion…  by frequency do you mean how common vessel traffic is or the frequency of sound from vessel traffic?


�PAGE \# "'Page: '#'�'"  ��I think this text might fit well in your introduction as an articulation of your motivation for mapping the soundscape in a particular way.  Placed near the end of your intro, it could segue nicely to your methods…





