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Abstract

Interactions between orcas and vessels are common along the west coast of San Juan Island in Haro Strait.  Because underwater noise from vessels may interfere with orca communication and echolocation, it is important to measure vessel sound source levels.  I tested a method of finding source levels in the field by measuring the sound of a typical privately-owned vessel called the Cat’s Cradle.  Using an array of hydrophones that are fixed to the sea floor in Haro Strait, I measured the received level with the vessel engine going at a speed of 3500 rotations per minute (rpm).  I monitored the distance between the vessel and hydrophone with a laser range finder as the vessel moved toward and away from shore along a fixed transect. After measuring RMS received levels from three hydrophones (110 to 137 dB with background noise subtracted) with a sonogram computer program, I used the measured distances to each hydrophone and a spreading model to calculate source levels. I then averaged the source levels from all three hydrophones and found that the average source level of the Cat’s Cradle is 148.5 dB re 1µPa @ 1 meter. I then addressed whether Cat’s Cradle is an asymmetrical sound source by graphing source level versus distance  and looking for a pattern change as the boat was facing toward and away from the hydrophone. To supplement these graphss
, I averaged the source levels from when the engine was facing the hydrophone and when the bow was facing the hydrophone. This analysis did not show any forward or backward asymmetry in the way the sound was propagating from the engine. 

Introduction

Orca background

. The Southern Resident orca is endangered in Canada and is being considered for listing as threatened under the U.S. Endangered Species Act.  A potential risk factor for the Southern Resident population is disturbance by anthropogenic sources of underwater noise (NOAA, 2004).  
Such noise may interfere when orcas use echolocation and pulse calls to forage for food, orient themselves in their environment, or communicate with other orcas.  The main habitat for the Southern Resident orcas during the summer months (May to September) is Haro Strait between sp se the southern part of Vancouver Island and San Juan Island.
Vessel history

Interactions between orcas and boats are frequent in Haro Strait. Vancouver is the largest port in Canada, while the Seattle/Tacoma ports are the third largest in the U.S. (Fred Felleman pers. comm).  This makes Haro Strait an extremely busy area for boat traffic in the form of tankers, cargo ships and other commercial vessels. Additionally, the local whale watching industry has grown exponentially since the 1980s. The orcas currently have an average of 100 vessels with them on every summer day, whereas just 15 years ago (in 1990) there were on average only four boats observing them per day.
Are whale watching vessels?
While it is unknown which vessels are the most disturbing to orcas, private (sail and power) boats and commercial whale watch boats are usually cosest
 to the orcas.  Their proximity raises the concern t    hat I am focusing on: are nearby whale watch vessels the dominant contributor to the level of sound received by orcas? My experiment was designed to measure the source level of the type of vessel that frequently observes the orcas at a close range and thereby get an idea of what the orcas are experiencing in their habitat. The recommended “Be Whale Wise Guidelines” have a 100 meter parameter that boats cannot enter into when observing the whales. Noise levels
 at this distance may debilitate
 the orcas’ ability to communicate and forage for food by masking their acoustics or damaging their hearing. 

Evidence that noise can affect cetacean behavior

Behavioral changes in response to vessel noise have been documented in studies conducted on other cetaceans. For example, in the barrier islands off the western Florida coastline cetaceans exhibited altered behavior when watercraft are present (Buckstaff, 2004). Some of these behaviors include increased speed, longer dive times, closer proximity between whales and increased breathing synchrony. Buckstaff gives the frequency range of recreational watercraft as between 0.1 and 10 kHz and the range of dolphin whistles between 4 and 20 kHz.  This study and other similar studies documenting the frequency overlap of cetacean acoustics and watercraft suggest that orcas may have to change their acoustic range in order to communicate and echolocate over the boat noise. 

An extreme example of the disturbance that vessels can induce in orcas occurred in May of 2003 when the navy ship USS Shoup passed through the Haro Strait while operating an active sonar. The J pod orcas near Lime Kiln Lighthouse stayed very close to the surface, where sound is known to be attenuated. They also formed a tight group and changed directions many times in what appeared to be very agitated behavior (Ken Balcomb, pers. comm.). This was an abrupt change of behavior from their previous diving and foraging activities.
Finally, analysis of common calls made by the Southern Residents over the last XX years revealed that the duration of (some?) calls increased significantly during the growth of the whale watching industry in Haro Strait ().  While it is unclear whether the cause in this case is whale watching vessel noise (rather than physical interference or noise from other sources), such lengthening of sounds has been associated with increases in ambient noise in other species.

Motivation for investigating source asymmetry

Anna Hall, who leads Whale Watch tours from Victoria has observed situations where boats were so quiet near the bow that they were running over grey whales before the animals actually heard the vessel. This lead me to a curiosity about the directionality of source noise and how sound propagates from the engine. Boats with outboard motors are especially known to emit more sound backward, from the stern of the boat. (Anna Hall pers. comm.). Jet boats may also create asymmetrical sound. If asymmetry is common in whale watching vessels, boats that are turning away from the orcas after observing them may inadvertently direct the loudest part of the boat at the orcas. Verifying asymmetry might lead to restrictions on how the vessels leave the orcas, such as backing away from them to a certain distance before turning around.

Methods

General procedure
I chose to study a typical diesel-powered private vessel called “Cat’s Cradle.”  This was convenient because it is owned by Val and Leslie Veirs.  Cat’s Cradle is a sailing catamaran (Gemini 105) that is 10.5 meters (34.5 feet) long.  Its diesel engine
 is mounted within an insulated engine compartment aft of the cockpit between the hulls.  A 2 meter-long “leg” transfers power (and probably much of the sound energy) from the engine to the propeller which is located about 0.5 meters below the water surface. 
I measured the source level of the Cat’s Cradle by using an array of four hydrophones that are fixed on the sea floor just offshore of the west side of San Juan Island, in Haro Strait (see figure 3) . My first step was to find a position from shore where I could measure the range of the Cat’s Cradle as it drove toward or away from me. Using a hand held laser range finder
,(See figure 4) I situated myself in line with hydrophone 0, 1 and 2. I then used a compass to find the bearing of the course over these hydrophones that the boat would follow. This line had a bearing of 223 degrees going away from shore and 43 degrees coming toward the shore.  I talked to the boat captain via VHF
 radio to make sure the boat was lined up where I wanted it to be. 
I then had the boat come in toward me and then go out away from me two times each. The first two times (in and then out?), the captain went to full speed immediately and the third 
time he revved up his engine more slowly. The data  from the first two runs (recorded after he went to full speed immediately) offer a more accurate depiction of typical engine noise because there are no variables such as an increase in boat speed over time (revving). 
The full speed for all trips was approximately
 3500 rpm
. There was most likely a degree of human error in keeping the boat speed at 3500 rpm. The captain may have sped up at different rates on different runs or been a little above or below 3500 rpm. This might skew the results because the different runs might have resulted in slightly different source levels. This error margin is not accounted for in the results because we are assuming that it was fairly low. In the future it might be more accurate to measure the speed in knots instead of the engine speed because it is easier to see the exact speed on the knotmeter.

Each time I measured the distance from myself to Cat’s Cradle, I called the numbers up to Scott Veirs, who was using a computer to record the sound from the hydrophones. He noted the time of my ranges and recorded a sound file for each of the Cat’s Cradle’s runs. Between runs, the Cat’s Cradle cut its engine so that we could record the background noise (a tanker went through the study area during the experiment). Our background recordings were somehow mislabeled in the files of the sound recordings. We only found the background noise at the beginning and end of the experiment.  These two numbers were only different by .49 of a dB so I used the first one for the first half of the recordings and the end background level for the second half of the data. 

Data analysis and computation of source levels

Once all the data were collected, I used the computer sonogram program that recorded the hydrophones to find the RMS (root mean squared) sound level received at each hydrophone during the experiment. The sonogram displays the decibel level (y-axis) over a period of time  (x-axis).
  (See figure 5) I entered the times and ranges into a spreadsheet. For each time I found the RMS value in dB by taking the average RMS for that time (the averaging window extended 0.2 second before and after the actual time of the range measurement). I did all of this for hydrophone 0, then recorded the background level. 

To subtract the background level (bk, in dB) from the received level (RL, in dB) I used the equation:

10 log (10^
(RL/10)-10^(bk/10))
This equation gave me the actual received level of the boat without the background noise. For hydrophone 0, I labeled this “true” received level (RL-bk0
 for received level minus the background noise.

After finding the true received level, I found the actual distance from the Cat’s Cradle to the hydrophone.  To do this I used a map of the shoreline and hydrophone placement (see figure 1) to measure from myself (“L” stands for Lindsay) to each hydrophone and named the distances D0L, D1L, and D2L.  From the laser range finder, I knew the distance from myself to the Cat’s Cradle (RF). With these two distances, I subtracted the distance between myself and a hydrophone from the distance between myself and the Cat’s Cradle to find the distance from the Cat’s Cradle to the hydrophone, e.g.: D2=RF-D2L.  I called the vessel-to-hydrophone distances D0, D1, and D2 respectively, for each hydrophone.

To examine how sound spread from the engine to hydrophone 0, I graphed the log of the D0 (y-axis) versus the true received level, RL-bk0 (x-axis).. The line best fitting the data is y = -13.121x +152.17. Under the assumption that the engine source level was constant throughout the run, the graph shows how the sound spread out in the local environment. The slope defined the spreading model for the area so that I could translate received level into source level using the equation:

Source level= true received level + transmission loss. 


where the transmission loss term was taken to be 13.121*Log (vessel-to-hydrophone distance). I used these same methods to collect the data from hydrophones 1 and 2 and used the same spreading factor
 of 13.121 for all of them.

Averaging source levels

Once I had computed these source level data, I began to analyze them to find the average source level. The first method I used to find the average source level was to graph  received level relative versus log distance for each of the four runs. While the slope of the resulting best fit line characterized how the sound was spreading, the y-intercept  defined the average source level (defines as the sound level when the vessel-to-hydrophone distance is one meter). 
This method worked well for hydrophone 0 and gave me an average source level of 152 dB re 1µPa @ 1 meter. The other two hydrophones yielded widely scattered data points  and the line did not fit the data well.Therefore the y-intercept did not give an accurate representation of the source level.  Because of this, I simply averaged the source levels from each of the hydrophones.

Assessing asymmetry

To investigate the asymmetry of the sound emanating from the Cat’s Cradle, I graphed the received level versus the log distance for two different runs: one when the vessel was approaching and one when it was departing. I did this for hydrophone 0, which the vessel never passed over because it is right next to shore. I expected the graph would show me both how the sound was spreading when the engine was facing toward and away from the hydrophone and whether  the orientation of the vessel relative to the hydropone affected the source level. This method was vulnerable to the possibility thata slight variation in engine speed (due to human error) could make the comparison less meaningful.

To really address the asymmetry I had to use data from hydrophones 1 and 2, because the vessel passed over these two hydrophones in one run that had a consistent engine speed (the throttle was not adjusted during runs). The position of these hydrophones made it possible to have the boat faced toward and away from the hydrophone during a single run. Because of the way I calculated distance(see figure 2), the distances closer to shore from the hydrophones were negative numbers, and those on the west side of the hydrophones were positive numbers. Depending on whether the vessel was on a departing or approaching trip, the relative orientation of the engine to the hydrophone changed (and distances changed sign) as the boat passed over the hydrophones. I added a column to my data to show whether the engine was facing away or toward the hydrophone. With this information, I took the average of the source levels when the boat engine was pointed towards and away from the hydrophone. I compared these averages within one run so that there was less likelihood of different engine speeds causing any difference in the toward and away averages.

The next method I used to analyze asymmetry was to graph the source levels versus distance. Because source level is defined at 1 meter from the boat, the “toward” and “away” source levels should all be the same unless there is asymmetry in the environment or the vessel’s engine noise. I graphed every hydrophone this way to see how their position might affect the source level. The results of first the source levels, and then the asymmetry are presented in the next section. 
Results

Average source levels

From my simple averaging of every source level, I found the average source level from hydrophone 0, 1 and 2 to be 152, 147.4 and 146 dB re 1µPa @ 1 meter respectively.  
The overall average source level of the Cat’s Cradle engine (from every hydrophone) is 148.5 dB re 1µPa @ 1 meter. 

Asymmetry

The first graphs from hydrophone 0 (see graphs 2 & 3) and their best fit equations indicate almost no difference in source levels in front of Cat's Cradle versus behind it. The approaching source level at 154 dB re 1µPa @ 1 meter and the departing source level is 156 dB re 1µPa @ 1 meter. The 2 dB difference is not enough for the human ear to perceive, and given the range of intensity in a killer whale vocalization, it is highly unlikely that they could perceive this difference. The spreading model for the approaching and departing received levels is also very similar. This shows us that the sound was lost at similar rates when the vessel was departing and approaching. 

Discussion

One of the interesting characteristics of the source levels was the difference between the averages from each hydrophone.  Hydrophones 1 and 2 had very similar source levels, while hydrophone 0 had an average source level that was five to six decibels higher than the other two. There are many possible explanations for this difference.
One explanation hinges on the fact that Cat’s Cradle did not run exactly over hydrophones 1 and 2 as planned (ref. figure 1).  My calculations of distance counted on the fact that a straight line extended from me to Cat’s Cradle and went directly over the three hydrophones. A minor misalignment could cause an error of approximately five meters; if Cat’s Cradle was actually 5 meters further away from hydrophone 1 or 2 than I assumed it was, then the computed source levels would underestimate the true source level.  My analysis shows however, that with a 1 meter difference, there is a .5 decibel difference and with 10 meters there is only a 4 decibel difference. Since the error margin is so slight, it is unlikely that the distance was the only factor causing the different results between hydrophones. 
A more likely possibility is that the underwater environment is different around hydrophone 0, and this changes the way sound spreads. As can be seen, hydrophones 1 and 2 are very close to each other and separated from the shore, while hydrophone 0 is right next to shore.  With the rocks right behind hydrophone 0, there could be some sound bouncing off the rocks that is making the received levels higher.  Without using a different spreading model, these received levels translate to higher calculated source levels
.  Theoretically, an echo doubles the sound intensity, increasing the number of decibels by six.  This explanation seems to make sense, when looking at the 6 decibel increase in the source levels from hydrophone 0. 

The results from hydrophone 0 also look different than the other two when source level is plotted against hydrophone-boat distance  (see graphs 4 and 5). . These two graphs show that the source levels computed using hydrophone 0 were highest and lowest (depending on whether the boat was approaching or departing) at a distance of around 100 meters whereas the other two hydrophones had the lowest source levels around 0 meters distance for both the departing and the approaching runs.  This difference also may be due to the distinct position of  hydrophone 0.  The boat was never directly over hydrophone 0, so there could be no observation of a increase or de
crease in source level at 0 distance. The other hydrophones recorded a decrease in source level at 0 distance, which could be explained if sound propagates out from the boat in such a way that it is quietest directly below the boat
. These low source levels make the overall average of source levels lower.  
Asymmetry

In the method with which I first tried to detect vessel noise asymmetry with log distance and received level, I expected the graphs to be very linear with the assumption that the sound would spread evenly and thus the different distances would correspond to a uniform line of received levels.  When I graphed a departing and approaching run in this way, I found very little asymmetry. As I described in the results section, there was only a two decibel difference between the y-intercepts in graphs 2 and 3. Graphing the log distance and received levels did not seem to be the best method for finding asymmetry because the source level is extrapolated from the received levels and does not represent all of  the real source levels found. 

The other method I used to calculate asymmetry was to graph the source levels versus the distance from the hydrophones to the vessel. Hypothetically, all the source levels should be the same since they are all referring to the sound from 1 meter away, but if there is asymmetry this would not be true.
The graphs of all the source levels and distances (see graphs 4 & 5) clearly indicate that the softest source levels for both hydrophones 1 and 2 occur when the vessel is directly over the hydrophone.  This implies that the noise is emitted at an angle; it does not project directly downward as powerfully as it projects forward or backward (and possibly to the side).  The negative distances on the “out” run (graph 4) correspond to the vessel going toward the hydrophone and the positive distances correspond to the vessel going away and facing its engine at the hydrophone.  The higher source levels are seen when the vessel is going toward the hydrophone, which does not support the idea that the engine noise is loudest behind the vessel. 

In the graph of the same variables for a run where the boat was going in toward shore (graph 5), the negative distances correspond to the boat when it is departing and the positive distances correspond to the vessel approaching the hydrophone.  If the boat was in fact louder in the front as graph 4 suggests, then this graph would show higher source levels at the positive distances. Instead it indicates that the vessel is 15-20 dB louder when heading away from the hydrophones. This graph implies asymmetry, but coupled with graph 4, it implies the same as the first method of assessing asymmetry
, which is that there is no front-versus-back asymmetry in the Cat’s Cradle’s engine. Further studies are needed to characterize a/symmetry in Cat’s Cradle engine noise because some graphs, such as graph 5, suggest that source levels are louder in the back of the boat, while graphs indicate no asymmetry.  It remains clear, however, that the engine projects reduced levels of sound immediately downward.
Comparison to other sounds in the orca environment

I compared the Cat’s Cradle data to other sounds that make up the Orcas’ acoustic environment.  Three Colorado College students, whom I worked with, found the source levels of both the Washington State Ferry (as it passed from Friday Harbor to Sidney) and a whale herding device.  The whale herding device – a metal pole – was manufactured for NOAA to use as a deterrent to keep whales out of oil spills.  It has been successfully used in the past by protesters who wanted to alter  orcas’ movements when they were being captured for aquariums. It is being tested for its effectiveness.  The Washington State Ferry seemed extremely loud at our hydrophone site although it was almost 10 km away. These source levels were also compared to an average orca pulse call, which is quieter than an echolocation call, and is used when the orcas are communicating with each other. 

The comparison of source levels shows that Cat’s Cradle is actually the quietest noise out of the four and is even quieter than an orca pulse call.  The Washington State Ferry was by far the loudest sound at 215 dB re 1µPa @ 1 meter. (See table 1).  

While comparing the source levels of many things in the orcas’ environment is important, it is not as explicit at showing the level of sounds that the orcas actually perceive.  Here the received level is more important because all of these sounds are typically generated at different distances from the orca in normal circumstances.  For instance, the ferry source level is much louder than the orca call, but orcas typically are about10,000 meters away from the ferry.  In contrast, orcas are usually only 10 meters away from each other when they emit the relatively quiet calls.  

To estimate characteristic receive levels for each source, I assumed different distances away from the orca for each of the sounds.  I used 100 meters for the catamaran because that is the recommended viewing distance in the “be whale wise guidelines.” I chose 1000 meters for the pipe because that is likely to be the distance that pipes are banged to keep orcas out of oil spills. I chose 10,000 meters for the ferry because the orcas typically stay very far away from the ferry as it runs from Friday Harbor to Sydney. When the orcas are communicating with each other they are often observed about10 meters apart, so that is the distance I chose for them.  
I assumed a cylindrical spreading model to compute comparable receive levels (table 1).  Gauged by receive level, the catamaran at 100 meters away is still not as loud as the orcas talking to each other, and is not even as loud as the much more distant ferry and pipe.  
While these numbers illustrate a rough estimate for comparison, they cannot be used statistically because a cylindrical spreading model cannot be assumed for all of them. For instance, measured received level of the Washington State Ferry from our fixed array show that it is not as loud as 175 dB re 1µPa @ 1 meter. This gets into another problem of how and why the sound is spreading differently than expected in different environments.  Thus, the cylindrical spreading is assumed to make this general comparison, but it may, for a more statistically-significant set of data, yield distinct results.

In the end, the source level of the Cat’s Cradle suggests that this is not the kind of vessel that is a huge disturbance to orcas, nor is it the kind of boat that can show the kind of evidence needed to change policies
 and get more protection for the orcas. It may be that cargo ships and other tankers are the disturbances, and whale watch vessels aren’t greatly affecting the orcas. In this case, it would not be the whale watching policies that would need to be changed. As stated earlier, this experiment did, however, demonstrate an accurate method for measuring source levels that can be applied to larger boats with more powerful engines to figure out which underwater noises are in fact a concern for the orcas and should be the concentration for conservationists and scientists.  

The Cat’s Cradle did not show the kind of asymmetry that might change policy either.  The experiment was important for finding a method to measure asymmetry.  Future experiments should consider that asymmetry is best measured when a vessel runs directly over a hydrophone or at a consistent distance on each side of it, so that the relative positions may be accurately measured from one run.  It may be helpful in future work to use hydrophones that are not so close to shore.  Using mobile hydrophones that are deployed in a deep area where less echoing and refraction occur could result in more accurate measurements of source levels without the difficulty of the complex sound propagation that seems to occur when hydrophones are right next to rock walls.  Another easy way to measure asymmetry would be to physically go around an idling vessel and measure the sound at the front, back and sides with a mobile hydrophone. 

Future studies
Experiments such as this one are just the first step in changing policy to protect orcas against possibly damaging boat noise.  Andrew Trites, professor at University of British Columbia believes another important step is to observe the sound accumulated from all of the vessels at once.  Finding the source level of one vessel may lead to a wider parameter under the “Be Whale Wise guidelines,” but knowing what all those boats sound like together is more important in understanding what the orcas are actually hearing and how much it is disturbing them.  My experiment gives a clear method for finding one source level which can be applied in further studies of more vessels.  
One University of British Columbia student 
who studied humpback whales in Hawaii found that the animals were less affected by the actual loudness of the sound and more by the change in engine speeds.  A much different experiment with the same motivation might include studying how orcas react to boats when they change their speed. 

The pipe experiment shows another variable that may be used in future studies. As shown in the table, the pipe source level was barely louder than the orca pulse call and at a typical distance sounds quieter than an orca call.  Yet, past tests have shown that it effectively deters the orcas in situations such as one where protesters banged pipes to keep the animals from being captured.  The pipe has a very high
 frequency (mostly at1.04 kHz with harmonics up to 6.4 kHz), so it may very well be the tone of the sound and not the loudness that bothers the orcas.  Given this, it might be important to include frequency as well as source levels in future experiments of underwater vessel noise.  As can be seen, there are many directions for future study to find how engine noise affects orcas.
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This graph shows the distribution of Source Levels from hydrophone 0, with an average source level of 152 dB re 1µPa @ 1 meter. 

Graph 2

[image: image2.emf]
Log distance  versus received level when the vessel is approaching hydrophone 0. The line of best fit extrapolates to a source level (y-intercept) of 154.32. The slope of the equation represents
 the way the sound spread out from the vessel.

Graph 3

[image: image3.emf]
This graph shows the variables (R Values = Log Distance) as in Graph 2, but for when the boat was heading away from shore, or “departing”.

Graph 4

[image: image4.emf]
Source levels as a function of distance for a run “out” (away from shore) for all three hydrophones.  In this case, negative distances indicate the vessel was heading toward the hydrophone, while positive distances mean the vessel was heading away from the hydrophone.

Graph 5

[image: image5.emf]
Source levels for a run “in” where the vessel is heading toward shorePositive distances indicate that the vessel was heading toward the hydrophones and negative distances indicate that the vessel was heading away from the hydrophones.

Table 1
	 
	Cat’s

Cradle
	Pipe
	WA State Ferry
	Orca

	Source

Level

(dB)
	148.5
	164
	215
	160

	Distance

(m)
	100
	1,000
	10,000
	10

	Receive

Level

(dB)
	132
	134
	175
	150


This figure shows the average decibel level found for each underwater sound. Assuming a cylindrical spreading and taking the usual distance from the orca of each sound, the received level was calculated from the average source level. 

Figures

Figure 1
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Map of the study site.  The black line represents the coastline, with Haro Strait on the left and San Juan Island on the right.  The blue line is the generalized path of Cat’s Cradle during its runs in towards and out from shore.  Red dots indicate hydrophone locations.

Figure 2 
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 This is a schematic diagram of measured and calculated distances.  Vessel position is indicated by red oval hull and sail.  Blue dots are hydrophone locations and “M” in “Myself” indicates position from which laser range finder measurements (of distance RF) were made.  Distance D2L was known from hydrophone surveys and GPS location of “M.”  Distance D2 was calculated as described in the methods section.  The vessel-to-hydrophone distances are negative when the vessel is inshore of the relevant hydrophone and positive when the vessel is further offshore than the hydrophone.

Figure 3

[image: image8]
Map of the orca habitat with the US, Canadian border represented by the blue dotted line, the south eastern tip of Vancouver Island to the west, and San Juan Island in  the east. The blue dot on the upper west side of San Juan Island shows the study site.

Figure 4
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[image: image11]
A picture of the computer sonogram program used to measure decibels. The bottom plot shows the sound in decibels with time in seconds on the x-axis. The red lines in the upper right hand corner show the frequency distribution over time, with the upper red lines showing the upper harmonics as high as 5 kHz. Finally, the average power spectrum (the small, square black plot) shows that the frequency
 of the Cat’s Cradle was mainly at 0.8 kHz with a powerful harmonic at 1.6 kHz.
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 Environment: Whale-call response to masking boat noise


ANDREW D. FOOTE*, RICHARD W. OSBORNE† & A. RUS HOELZEL*
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Background noise can interfere with the detection and discrimination of crucial signals among members of a species. Here we investigate the vocal behaviour in the presence and absence of whale-watcher boat traffic of three social groups (pods) of killer whales (Orcinus orca) living in the nearshore waters of Washington state. We find longer call durations in the presence of boats for all three pods, but only in recent recordings made following a period of increasing boat traffic. This result indicates that these whales adjust their behaviour to compensate for anthropogenic noise once it reaches a threshold level.


�PAGE \# "'Page: '#'�'"  ��Hmmm.  I wonder how many horse power the engine is?  And what type of propeller it has?  Maybe worth our dropping Val an email or quick phone call about this...


�PAGE \# "'Page: '#'�'"  ��Logical place for a picture of the range finder?


�PAGE \# "'Page: '#'�'"  ��VHF stands for Very High Frequency (radio waves)


�PAGE \# "'Page: '#'�'"  ��what were the engine actions on the fourth “run?”


�PAGE \# "'Page: '#'�'"  ��This is a good place to talk about uncertainty.  How well do you think you were able to measure the range?  And how close to 3500 do you think the captain could get each time the throttle was set?  (These are tough questions relating to experimental “error” or “uncertainty.”  What I’m really interested in is getting you to think about how you would answer them, not necessarily what the answers are...)


�PAGE \# "'Page: '#'�'"  ��since rpm stands for “rotations per minute” you don’t need to add the “s” at the end.


�PAGE \# "'Page: '#'�'"  ��I didn’t use any intermediate background levels, just the beginning and the end.


�PAGE \# "'Page: '#'�'"  ��Might be a good place for a screen shot of your yellow/red lines...


�PAGE \# "'Page: '#'�'"  ��Don’t forget this important symbol which means “taken to the power of"


�PAGE \# "'Page: '#'�'"  ��I’m a tiny bit confused about your notation.  Does the 0 subscript mean that received level AND background were measured using hydrophone 0?  And when you compute the true RL for other hydrophones (say 1), do you subtract the background measured at hydrophone 0, or at the same hydrophone (1)?  In the first case, I’d call the result RL1-bk0 while in the second case RL1-bk1 is clearest.  You might consider an even simpler notation, like calling the true received level at hydrophone 0 “TRL” rathera than “RL0-bk0” or “RL-bk0”)


�PAGE \# "'Page: '#'�'"  ��You should explain here why you didn’t use a different spreading factor for each hydrophone, especially if they differed...  Also, if you didn’t use the background from each hydrophone, you should explain why you chose to use the background from hydrophone 0...


�PAGE \# "'Page: '#'�'"  ��Didn’t you also try computing source levels using the old 13.91 slope (or whatever it was)? Nope I didn’t


�PAGE \# "'Page: '#'�'"  ��Ok are you saying that you went ahead and used this method you’ve described, but rather than reporting each y-intercept here you just averaged all 4 numbers to give a general average source level?  Or does this last sentence mean that you used a DIFFERENT averaging method – specifically, you just grouped all the individual measurements of source level  (tens of values) from each of the four runs and averaged the values to get an average source level from each of the for runs?  If the latter is the case, then I’d make this sentence into a final paragraph and clarfiy what you did a bit more.


�PAGE \# "'Page: '#'�'"  ��Well written!  I like the way you smoothly called out the figure and then articulated a main point it is to help clarify.


�PAGE \# "'Page: '#'�'"  ��This section is a good place to call out graph 1!


�PAGE \# "'Page: '#'�'"  ��This sentence --and really the whole paragraph-- is very nicely worded and reasoned.  Bravo!


� I forget why we can justify that the source levels would be different at different distances because the source levels are all referring to 100 meters away. Does this explain it clearly?


�PAGE \# "'Page: '#'�'"  ��A remaining puzzle is why the source level reported by hydrophone zero seems to 


�PAGE \# "'Page: '#'�'"  ��I might shift the emphasis in the critique of this method by replacing this sentence with something like: "“Testing for asymmetry by comparing data from approaching and departing runs is problematic because inadvertent differences in engine rpm between runs may cause a much larger shift in dB than would engine noise asymmetry might cause.


�PAGE \# "'Page: '#'�'"  ��A couple thoughts here: 1) I’m not sure you should rule out asymmetry yet, unless you want to argue that 10-20dB differences can be accounted for in some way other than an asymmetrical source...  Maybe there is no simple explanation for your asymmetry results?  2) I’m not sure you made it clear in discussing the first method that it indicated no asymmetry.  Maybe clarify this in the first paragraph of this section if you haven’t already?


�PAGE \# "'Page: '#'�'"  ��A Beam Reach note: this phrase indicates that you believe that vessel noise has an impact on orcas and that policies should be put in place to mitigate the impact.  Should a scientist advocate a policy shift without knowing how loud vessels are relative to other sounds in the orcas experience?  How many data  should a scientist process before advocating a particular position?  Is that a different amount of data than a whale watch operator or conservationist should process before advocating a particular position?  What if it turns out that cargo ships are the only “huge” disturbance from the whales’ perspective?


�PAGE \# "'Page: '#'�'"  ��Hey, that'’s very diplomatic of you... and elegantly written as well!  Nice job!


�This person didn’t even give me her name she just commented and then someone else started talking to me and she walked away before I could catch her.


�PAGE \# "'Page: '#'�'"  ��Can you site what it is in Hz?  Holler if you need a copy of Mike’s paper...


�PAGE \# "'Page: '#'�'"  ��Generally, it would be good to get a couple more references in here.  Maybe include Mike’s paper as well as Erin’s for the pipe and WSF source levels in the table.  You could also cite Val’s estimate of the average call source level for Southern Residents (164dB)...  Other ideas or desires?  Maybe cite David Bain conversation and mention in your final paragraphs something about the number of pipes being used and the need to understand how loud they are when used together in a line of boats (this is nicesly analogous to Trite’s question regarding total receive level at the orca from many watching vessels...)


�PAGE \# "'Page: '#'�'"  ��Maybe should mention here or in main text that spherical spreading has slope -–20 and cylindrical spreading has slope -–10, so this is inbetween...


�Do you want me to take out the numbers, i.e. Figure 1 etc. I thought it helped for referencing in the paper.


�PAGE \# "'Page: '#'�'"  ��Note that frequency is on the x (horizontal) axis while the amount of energy (actually “power density”) in that frequency is what you were reporting (from the y axis).


�Is this correct? I put this here instead of where you  commented in the paper because it isn’t an average it is just from this one piece of data.
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