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Executive Summary  
Passive acoustic monitoring was conducted in the Gulf of Alaska Temporary Maritime Activities Area from 
May 2012 to June 2013 to detect the presence of marine mammal and anthropogenic sounds.  High-
frequency Acoustic Recording Packages (HARPs) recorded sounds between 10 Hz and 100 kHz at a shallow 
shelf site offshore Kenai Peninsula (200 m depth, site CA), a slope site in deep water as the continental shelf 
drops off (1000 m depth, site CB), and a deep offshore site at Pratt Seamount (1000 m depth, site PT).  At 
site CA, there were 259 days of recordings.  Site CB had 286 days of recordings, while site PT recorded for 
275 days.  Recordings at sites CA and CB were on a duty cycle of 10 minutes every 12 minutes while the site 
PT HARP recorded continuously. 

Data analysis consisted of detection of sounds by analyst scans of long-term spectral averages and 
spectrograms, and by automated computer algorithm detection when possible.  Representative sounds are 
presented in this report, as well as details of the computer algorithms used to detect them. 

Three baleen whale species were detected: blue whales, fin whales, and humpback whales.  Blue whale 
detections peaked in late fall 2012.  There were more blue whale detections at the deep water sites CB and 
PT than at the shallow site CA.  Fin whales were the most commonly detected; their calls were detected 
throughout the year at each site with a peak in detections between September and December 2012.  
Humpback whale acoustic encounters occurred primarily in September 2012 through March 2013.  
Humpbacks were detected at all three sites.  No North Pacific right whale up-calls were detected at either 
site during this monitoring period. 

!ǘ ƭŜŀǎǘ ǎŜǾŜƴ ǎǇŜŎƛŜǎ ƻŦ ƻŘƻƴǘƻŎŜǘŜǎ ǿŜǊŜ ŘŜǘŜŎǘŜŘΥ wƛǎǎƻΩǎ ŘƻƭǇƘƛƴs, killer whales, sperm whalesΣ .ŀƛǊŘΩǎ 
beaked whalesΣ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜsΣ {ǘŜƧƴŜƎŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜs, and unidentified porpoises (likely DaƭƭΩǎ 
porpoise).  ¢ƘŜǊŜ ǿŜǊŜ ǾŜǊȅ ŦŜǿ wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ ŘŜǘŜŎǘƛƻƴǎΣ ǿƘƛŎƘ ƻƴƭȅ ƻŎŎǳǊǊŜŘ ŀǘ ǎƛǘŜ t¢Φ  YƛƭƭŜǊ ǿƘŀƭŜ 
detections occurred sporadically throughout the deployments with a peak in detections in July and August 
2012.  Most killer whale detections occurred at site CB.  Similarly, site CB had more sperm whale detections 
than the other sites.  Sperm whales were the most frequently detected odontocete species.  Their calls 
were detected year-round, but with least detections in January and February 2013.  BŀƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ 
and {ǘŜƧƴŜƎŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ǿŜǊŜ ǘƘŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ ŜƴŎƻǳƴǘŜǊŜŘ ōŜŀƪŜŘ ǿƘŀƭŜǎΦ  .ŀƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ 
detections occurred at both deep water sites, CB and PT, with a peak in detections at CB in November 2012 
and a peak in detections at t¢ ƛƴ hŎǘƻōŜǊ нлмнΦ  {ǘŜƧƴŜƎŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ŘŜǘŜŎǘƛƻƴǎ ƻŎŎǳǊǊŜŘ ǇǊƛƳŀǊƛƭȅ ŀǘ 
ǎƛǘŜ /. ŀƴŘ ǇŜŀƪŜŘ ƛƴ hŎǘƻōŜǊ нлмнΦ  /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ŘŜǘŜŎǘƛƻƴǎ ǇŜŀƪŜŘ ƛƴ WŀƴǳŀǊȅ нлмо ŀƴŘ 
occurred primarily at site PT.  Porpoise clicks were encountered primarily at the shallow site CA, with peaks 
in detections in September 2012 and January 2013.   

Broadband ship noise was more frequently recorded at sites CB and PT than CA.  Echosounder pings, 
consisting of a variety of frequencies, were more common at sites CA and CB than site PT.  Very few 
explosions were recorded at any of the three sites throughout the monitoring period.  These explosions are 
likely related to fisheries activity rather than naval exercises.  No Mid-Frequency Active (MFA) sonar events 
were detected throughout the recordings.    
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Project Background  
¢ƘŜ bŀǾȅΩǎ DǳƭŦ ƻŦ !ƭŀǎƪŀ ¢ŜƳǇƻǊŀǊȅ aŀǊƛǘƛƳŜ !ŎǘƛǾƛǘƛŜǎ !ǊŜŀ όD!¢a!!ύ ƛǎ ŀƴ ŀǊŜŀ ŀǇǇǊƻȄƛƳŀǘŜƭȅ олл 
nautical miles (nm) long by 150 nm wide, situated south of Prince William Sound and east of Kodiak Island 
(Figure 1).  It reaches from the shallow shelf region over the shelf break into deep offshore waters.  The 
region has subarctic climate and is a highly productive marine ecosystem owing to the upwelling linked to 
the counterclockwise gyre of the Alaska Current.  A diverse array of marine mammals is found here, 
including baleen whales, beaked whales, other toothed whales, and pinnipeds.  Endangered marine 
mammals that are known to inhabit this area include blue, fin, humpback, North Pacific right, and sperm 
whales.  The North Pacific right whales are of particular consideration, as their current abundance estimate 
is only a few tens of animals, making them the most endangered marine mammal species in U.S. waters.  
Based on a recent visual sighting, a North Pacific Right Whale Critical Habitat was defined on the shelf along 
the southeastern coast of Kodiak Island, bordering the GATMAA. 

In July 2011, an acoustic monitoring effort was initiated at two sites within the boundaries of the GATMAA 
with support from the Pacific Fleet under contract to the Naval Postgraduate School.  The goal of this effort 
was to characterize the vocalizations of marine mammal species present in the area, to determine their 
year-round seasonal presence, and to evaluate the potential for impact from naval operations.  In 2012, a 
new instrument was added to this effort.  This report documents the analysis of data recorded by three 
High-frequency Acoustic Recording Packages (HARPs) that were deployed within the GATMAA, one in 
shallow water on the shelf (site CA), one in deep water on the slope (site CB), and one on Pratt Seamount 
(site PT, Figure 1) during the time period May 2012 ς April 2013 (Table 1). 

 

 

Figure 1.  Locations of High-frequency Acoustic Recording Packages (CA, CB, and PT) in the GATMAA (red 
line).  Color is bathymetric depth (scale bar at right in meters) with contour lines every 500 m. 
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Methods  

High-frequency Acoustic Recording Packages  
High-frequency Acoustic Recording Packages, HARPs (Wiggins & Hildebrand 2007) were used to detect 
marine mammal species and characterize ambient noise in the GATMAA. HARPs record underwater sounds 
from 10 Hz to 100 kHz and are capable of approximately 300 days of continuous data storage. For the 
GATMAA deployments, the HARPs were in a seafloor mooring configuration with the hydrophones 
suspended about 30 m above the seafloor.  Each HARP is calibrated in the laboratory to provide a 
quantitative analysis of the received sound field.  Representative data loggers and hydrophones have also 
ōŜŜƴ ŎŀƭƛōǊŀǘŜŘ ŀǘ ǘƘŜ bŀǾȅΩǎ ¢w!b{59/ ŦŀŎƛƭƛǘȅ ǘƻ ǾŜǊƛŦȅ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ŎŀƭƛōǊŀǘƛƻƴǎΦ 

Data Collected to Date 
Acoustic data have been collected within the GATMAA using autonomous HARPs sampling at 200 kHz since 
July 2011.  The sites are designated CA (59° 0.51N, 148° 54.50W, depth 200 m), CB (58° 38.74N, 148° 
04.13W, depth 1000 m), and PT (56° 14.61N, 142° 45.44W, depth 990m) (Table 1). 

  

Table 1.  GATMAA acoustic monitoring periods since July 2011.  Periods of deployment analyzed in this 
report are shown in bold.  Dates marked with * indicate time periods when some of the data quality was 
compromised and could have resulted in masking of biological signals. 

Designation Deployment Period Duration (days) 

CA01 
7/13/2011 ς 7/31/2011 

8/1/2011 ς 12/17/2011* 
153* 

CB01 7/13/2011 ς 2/19/2012 221 

PT01 9/9/2012 ς 6/10/2013 275 

CA02 
5/3/2012 ς 9/17/2012 

9/17/2012 ς 1/16/2013* 
259* 

CB02 
5/3/2012 ς 6/13/2012 

6/13/2012 ς 2/12/2013* 
286* 
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Data Quality  
Hardware issues that were discovered upon recovery of HARPs at sites CA and CB complicated data 
analysis.  These site-specific complications are described below.  The HARP data from site PT were in good 
condition upon recovery. 

Site CA 

Upon recovery of the HARP at the shallow site CA, HARP technicians noticed that the electrical contacts 
between the hydrophone and the cable that runs to the data logger were corroded and broken.  This 
suggests that the seal at the hydrophone and cable connection had been comprised, allowing saltwater to 
intrude and create a short circuit between the power and hydrophone signal lines.  Since site CA is in 
shallow water and because the data show large amounts of strumming (likely from strong tidal flows, see 
Figure 2), it is reasonable to assume that the strumming caused the connector seal failure and hence the 
loss of data signal.  The failure caused broadband spikes that occurred increasingly over time as the wire 
corroded.  The tidal strumming affected primarily the low- and mid-frequency data analysis.  The 
broadband spikes were affecting all frequencies.  Data from site CA were divided into quality categories: 
άƎƻƻŘέ, άƳŜŘƛƻŎǊŜέΣ ŀƴŘ άǇƻƻǊέ where good data were acceptable in quality and mediocre data contained 
high-intensity strumming as well as broadband spikes that over time increasingly affected detection 
probabilities for marine mammal vocalizations.  /ŀǘŜƎƻǊȅ άǇƻƻǊέ ǿŀǎ ǳǎŜŘ ƛƴ ƘƛƎƘ-frequency analysis where 
data was increasingly compromised by broadband spikes but some signals were still detectable. 

Strumming caused masking in large parts of low-frequency data, and thus hampered our analysis effort. 
Percent of data without strumming is reported in low frequency plots, as additional measure of overall 
possible effort.  Broadband spikes additionally compromised the overall possible effort, which increasingly 
occurred starting in mid-September as can be seen in low-frequency plots as continuously decreasing 
effort.  By November 17, strumming and hydrophone failure degraded low-frequency data quality beyond 
the point where analysis was feasible.  For mid- and high-frequency bands, data at site CA were considered 
άƎƻƻŘέ from May 3 ς September 17, 2012Φ  5ŀǘŀ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ άƳŜŘƛƻŎǊŜέ ŦƻǊ ƳƛŘ- and high- 
frequency analysis from September 17, 2012 ς January 16, 2013 (Figure 3).  Data after January 16 were 
considered too degraded for mid-frequency analysis.  Data in high-frequency analysis were considered 
άǇƻƻǊέ until April 11, 2013 with some detectability of signals (Figure 4).   
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Figure 2.  Example of low-intensity strumming (topΣ ŎŀǘŜƎƻǊȅ άƎƻƻŘέ) and high-intensity strumming 
(bottomΣ ŎŀǘŜƎƻǊȅ άƳŜŘƛƻŎǊŜέ) in the LTSA in low-frequency data at site CA. 
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Figure 3.  Example of high-intensity strumming and broadband spikes in the LTSA in mid-frequency data at 
site CA όŎŀǘŜƎƻǊȅ άƳŜŘƛƻŎǊŜέύ. 
 

 

Figure 4.  Example of high-intensity strumming and broadband spikes in the LTSA in full-frequency data at 
site CA όŎŀǘŜƎƻǊȅ άǇƻƻǊέύ. 
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Site CB 

There were no obvious physical signs of failure for the hydrophone at site CB, and deck and laboratory tests 
of this hydrophone did not show any indications of poor performance.  However, the long-term recordings 
from this deployment show data quality degradation starting about six weeks into the deployment. The 
hydrophone has since been removed from use and is currently under investigation as to its poor 
performance. 

5ŀǘŀ ŀǘ ǎƛǘŜ /. ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ άƎƻƻŘέ ŦǊƻƳ aŀȅ о ς June 20, 2012 for mid- and high-frequency analysis.  
The low-frequency data at site CB were ŎƻƴǎƛŘŜǊŜŘ άƎƻƻŘέ ŦǊƻƳ aŀȅ о ς June 13, 2013 (Figure 5 top).  Data 
between June 13, 2012 and February 12, 2013 were considered άmediocreέ for low-frequency analysis 
(Figure 5 bottom).  For mid- and high-frequency bands data were considered άpoorέ for analysis from June 
20 ς July 6, 2012 (Figure 6, Figure 7).  Data from July 6, 2012 through February 12, 2013 were considered 
άƳŜŘƛƻŎǊŜέ ŦƻǊ ŀƴŀƭȅǎƛǎ of mid- and high-frequency bands.  Data after February 12, 2013 were considered 
too degraded for any analyses. 

 

 

Figure 5.  Example of low-intensity (top) and high-intensity (bottom) electronic noise in the LTSA in low-
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frequency data. 
 

 

Figure 6.  Example of the LTSA in mid-frequency dataΣ ǎƘƻǿƛƴƎ άǇƻƻǊέ Řŀǘŀ ǉǳŀƭƛǘȅ. 
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Figure 7.  Example of the LTSA in full-frequency data, showing άǇƻƻǊέ data quality. 
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Data Analysis 
To visualize the acoustic data, frequency spectra were calculated for all data using a time average of 5 
seconds and variable size frequency bins (1, 10, and 100 Hz).  These data, called Long-Term Spectral 
Averages (LTSAs) were then examined both for characteristics of ambient noise and as a means to detect 
marine mammal and anthropogenic sounds in the data set. Recording a broad frequency range up to 100 
kHz allows detection of baleen whales (mysticetes), toothed whales (odontocetes) and seal/sea lion 
(pinniped) species. The presence of sounds from marine mammal species was analyzed, along with the 
presence of anthropogenic noise such as sonar, explosions, and shipping.  Data were analyzed by visually 
scanning LTSAs in source-specific frequency bands and, when appropriate, using automatic detection 
algorithms (described in detail below). 

During visual analysis, when a sound of interest was identified in the LTSA but its origin was unclear, the 
waveform or spectrogram of the sound was examined to further classify the sounds to species or source.  
Acoustic classification was carried out from comparison to known species-specific spectral and temporal 
characteristics.  

To document the data analysis process, we describe the marine mammal calls and anthropogenic sounds in 
the Gulf of Alaska region, and the procedures used to detect them in the HARP data. For effective analysis, 
the data were divided into three frequency bands and each band was analyzed for the sounds of an 
appropriate subset of species or sources. The three frequency bands were as follows:  

(1) low-frequency, between 10 ς 500 Hz,  

(2) mid-frequency, between 500 ς 5000 Hz, and  

(3) high-frequency, between 1 ς 100 kHz.   

Blue, fin, and grey whale sounds were classified as low-frequency; humpback, minke, pinniped, nearby 
shipping, explosions, and mid-frequency active sonar were classified as mid-frequency; while the remaining 
odontocete and sonar sounds were considered high-frequency.   

Blue whale B calls and fin whale 20 Hz calls were detected using automatic computer algorithms (described 
in detail below).  Likewise, odontocete echolocation clicks were detected using a Teager energy detector 
(Roch et al. 2011).  Beaked whale frequency-modulated pulses were detected both manually and 
automatically and the results were compared (see detailed description below). 

We describe the calls and procedures separately for each frequency band. 
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Low-Frequency Marine Mammals  
The Gulf of Alaska is inhabited at least for a portion of the year by blue whales (Balaenoptera musculus), fin 
whales (B. physalus), gray whales (Eschrichtius robustus), and North Pacific right whales (Eubalaena 
japonica) producing low frequency calls.  For the low frequency data analysis, the 200 kHz sampled raw-
data were decimated by a factor of 100 for an effective bandwidth of 1 kHz. Long-term spectral averages 
(LTSAs) of these data were created using a time average of 5 seconds and frequency bins of 1 Hz.  The 
Central Pacific tonal blue whale calls, blue whale D calls, fin whale 40 Hz calls, and gray whale M3 calls were 
detected manually by logging presence of calls in hourly bins.  Analysis effort was also kept for North Pacific 
right whale up-calls. For manual detection, the LTSA frequency was set to display up to 500 Hz.  To observe 
individual calls, spectrogram window sizes were typically set to 120 seconds by 200 Hz.  The fast Fourier 
transform (FFT) window was generally set between 1500 and 2000 data points (yielding about 1 Hz 
resolution), with an 85-95% window overlap.  At site PT, Northeast Pacific blue whale B calls and fin whale 
20 Hz calls were detected automatically (described below). At site CB, only fin whale 20 Hz calls were 
detected automatically and the Northeast Pacific blue whale B calls were detected manually. All detections 
were manual at site CA.  

Blue Whale Northeast Pacific B Call Detector  
Blue whale Northeast Pacific B calls were detected automatically using spectrogram correlation (Mellinger 
& Clark, 2000).  The kernel for automatic detection was made of four segments, first three 1.5 s and the last 
one 5.5 s long, for a total 10 s duration.  The frequency ranged over those time periods from 48.03 to 47.28; 
47.28 to 46.75; 46.75 to 46.45; and 46.45 to 45.98 Hz.  The kernel bandwidth was 2 Hz.  The performance of 
the detector was tested against 10 days of manual hourly-presence picks of blue whale B calls in November 
and 10 days in January.  We found that average hourly false alarm and missed detection rates were 4.78% 
and 5.82%, respectively, though they varied across seasons.  Automatic detections during January and 
February, when blue whales are not common in this area, were manually reviewed and false alarms were 
removed from further analysis.  Detections were binned into 1 hour bins for consistent reporting with other 
detections.  The automatic detector was only run on data from site PT; data from site CA and CB were 
analyzed manually. 

Fin Whale 20 Hz Call Detector  
Fin whale 20 Hz calls were detected automatically using an energy detector.  We used a difference in 
acoustic energy between signal and noise at different frequencies, calculated from 5 s LTSA with 1 Hz 
resolution as an indicator of the presence of 20 Hz calls.  The frequency bin at 20 Hz was used for the signal 
energy, while noise energy was calculated as the average of the acoustic energies at 8 and 32 Hz.  All energy 
calculations were performed on the logarithmic scale.  The optimal threshold was determined by 
comparing the performance of the detector against 7 days in December and March of manual hourly-
presence picks of fin whale 20 Hz calls.  The average rate of false positives and missed detections were 
10.75% and 9.55%, respectively.  Detections were binned into 1 hour bins for consistent reporting with 
other detections.  The automatic detector was run on data from sites PT and CB; data from site CA were 
analyzed manually.  
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Low-Frequency Call Types 

Blue Whale Calls 
Blue whale calls recorded in the Gulf of Alaska included the Northeast Pacific blue whale B call (Figure 8) 
and the Central Pacific tonal call (Figure 9), which are geographically distinct calls possibly associated with 
mating functions (McDonald et al. 2006, Oleson et al. 2007).  They are low-frequency (fundamental 
frequency <20 Hz), have long duration, and often are regularly repeated.  Also detected were blue whale D 
calls (Figure 10), which have been recorded across regions (Thode et al. 2000, Rankin et al. 2005).  They are 
produced by blue whale males and females and are likely associated with foraging animals (Oleson et al. 
2007).   

 

Figure 8.  Spectrogram of three Northeast Pacific blue whale B calls (6,500-point FFT, 95% overlap, Hanning 
window) recorded at site CB.  The third harmonic seen here is often the most energetic component in this 
call type.  Pure tones at 50 Hz are related to electronic (disk) noise. 
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Figure 9.  Spectrogram of two Central Pacific blue whale tonal calls (6,500-point FFT, 95% overlap, Hanning 
window) recorded at site CB. 
 

 

Figure 10.  Spectrogram of multiple blue whale D calls (3,500-point FFT, 95% overlap, Hanning window 
recorded at site CB. 
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Fin Whale Calls  
Two types of fin whale calls were recorded in the Gulf of Alaska: the 20 Hz (Figure 11) and the 40 Hz calls 
(Figure 12).  Both call types are short pulses (~1 s duration), but they cover different frequency bands 
(Watkins et al. 1987Σ ~ƛǊƻǾƛŏ Ŝǘ ŀƭΦ 2013).  20 Hz calls are usually regularly repeated, and 40 Hz calls occur 
more irregularly. When fin whale 20 Hz calls are produced by a large number of animals, they can create 
άōŀƴŘǎέ ƻŦ ƴƻƛǎŜ ƛƴ ǘƘŜ мр-34 Hz range, which is often seen in the Gulf of Alaska region (Figure 13). 

 

Figure 11.  Spectrogram of fin whale 20 Hz calls (3,800-point FFT, 99% overlap, Hanning window) recorded 
at site CB. 
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Figure 12.  Spectrogram of fin whale 40 Hz calls (4,000-point FFT, 95% overlap, Hanning window) recorded 
at site CB. 

 

Figure 13Φ  {ǇŜŎǘǊƻƎǊŀƳ ƻŦ Ŧƛƴ ǿƘŀƭŜ нл IȊ ƴŜŀǊōȅ Ŏŀƭƭǎ ǿƛǘƘ ŀŘŘƛǘƛƻƴŀƭ ŜƴŜǊƎȅ ƛƴ ǘƘŜ άнл IȊ ōŀƴŘέ ǊŜǎǳƭǘƛƴƎ 
from more distant calls (4,000-point FFT, 99% overlap, Hanning window) recorded at site CB. 
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Gray Whale  
Gray whales produce a variety of calls, which are often lower source levels than most other baleen whale 
calls and thus propagate over shorter distances.  The only call type for which there was detection effort 
during our study was the M3 call, which is a low-frequency, short moan with most energy around 50 Hz 
(Figure 14), and the most common call produced by migrating animals (Crane & Lashkari 1996).  No gray 
whale M3 calls were detected at any of the sites. 

 

Figure 14.  Spectrogram of gray whale M3 calls (3,000-point FFT, 99% overlap, Hanning window) recorded 
ŀǘ ǎƛǘŜ /.Φ  !ƭǎƻ ƴƻǘŜ ǇŜǊǎƛǎǘŜƴǘ άƴƻƛǎŜέ ƛƴ ǘƘŜ Ŧƛƴ ǿƘŀƭŜ нл IȊ ōŀƴŘΦ 
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North Pacific Right Whale 
North Pacific right whales are a highly endangered cetacean species that was plentiful in the Gulf of Alaska 
prior to intense whaling efforts (Scarff 1986, Brownell et al. 2001).  These whales make a variety of sounds, 
ƻŦ ǿƘƛŎƘ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴ ƛǎ ǘƘŜ άǳǇ-ŎŀƭƭΦέ  ¢ƘŜ άǳǇ-Ŏŀƭƭέ ǘȅǇƛŎŀƭƭȅ ǎǿŜŜǇǎ ŦǊƻƳ ŀōƻǳǘ ор ǘƻ мрл IȊΣ ŀƴŘ 
has a duration of approximately one second (McDonald & Moore 2002) (Figure 15).  No North Pacific right 
whale up-calls were detected at any of the sites. 

 

 

Figure 15Φ  9ȄŀƳǇƭŜ ƻŦ bƻǊǘƘ tŀŎƛŦƛŎ ǊƛƎƘǘ ǿƘŀƭŜ άǳǇ-Ŏŀƭƭέ ŦǊƻƳ aŎ5ƻƴŀƭŘ ϧ aƻƻǊŜ нллнΦ 
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Mid -Frequency Marine Mammals  
Marine mammal species with sounds in the mid-frequency range expected in the Gulf of Alaska are 
humpback whales (Megaptera novaeangliae), minke whales (Balaenoptera acutorostrata), killer whales 
(Orcinus orca), and a number of pinnipeds.  For mid-frequency data analysis, the 200 kHz HARP data were 
decimated by a factor of 20 for an effective bandwidth of 5 kHz.  The LTSAs for mid-frequency analysis were 
created using a time average of 5 seconds, and a frequency bin size of 10 Hz.  The presence or absence of 
each call type was determined in one-minute bins for each mid-frequency dataset. 

Effort was expended to find mid-frequency sounds including: humpback whale, minke whale, killer whale, 
pinniped, mid-frequency active sonar (MFA), explosions, and broadband ship noise.  The LTSA parameters 
used to manually search for each sound are given in Table 2.  Humpback whale sounds were detected 
automatically. 

Table 2.  Mid-frequency LTSA search parameters including plot length and frequency range 
 

Species or Anthropogenic Source 
LTSA Search Parameters 

Plot Length 
(Hr) 

Frequency Range 
(Hz) 

Minke Whale 0.50 1000 ς 2000  

Pinniped 0.75 200 ς 700  

Killer Whale 0.75 200 ς 5000  

MFA Sonar 0.75 1000 ς 5000  

Broadband Ship Noise 3.00 0 ς 5000  

Explosions 0.75 0 ς 2000  

 

Humpback Whale Detector  
Humpback whale song is categorized by the repetition of units, phrases, and themes as described by Payne 
& McVay (1971).  Non-song vocalizations such as social and feeding sounds consist of individual units 
(Dunlop et al. 2007, Stimpert et al. 2011).  All humpback whale sounds can last from 0.15 to 2.5 seconds.  
Most humpback whale vocalizations are produced between 100-3000 Hz (Figure 16).  For this report we 
detected humpback calls using a computer algorithm based on the gerealized power law detector (Helble et 
al. 2012).  The validity of the detected signals was subsequently verified by a trained analyst. 
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Figure 16.  Example of humpback whale song from site PT in analyst verification stage of detector.  
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Minke Whale 
aƛƴƪŜ ǿƘŀƭŜ άōƻƛƴƎǎέ Ŏƻƴǎƛǎǘ ƻŦ н ǇŀǊǘǎΣ ōŜƎƛƴƴƛƴƎ ǿƛǘƘ ŀ ōǳǊǎǘ ŦƻƭƭƻǿŜŘ ōȅ ŀ ƭƻƴƎ ōǳȊȊΣ ǿƛǘƘ ǘƘŜ ŘƻƳƛƴŀƴǘ 
energy band just below 1400 Hz (Figure 17).  Boings are divided geographically into an eastern and a central 
Pacific variant, with a dividing line at about 135°W.  Eastern boings have an average duration of 3.6 seconds 
and a pulse repetition rate of 92 s-1 (Rankin & Barlow 2005).  Boing sounds recently reported from the 
Chukchi Sea have measurements that match the central Pacific sounds (Delarue & Martin 2013). No minke 
whale boings were detected at any of the sites.  

 

Figure 17.  Minke whale boing in the LTSA (top) and spectrogram (bottom) from southern California. 
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Pinnipeds 
Pinnipeds known to occur in the Gulf of Alaska are Steller sea lion (Eumetopias jubatus), Northern fur seal 
(Callorhinus ursinus), harbor seal (Phoco vitulina), Northern elephant seal (Mirounga angustirostris), and 
possibly California sea lions (Zalophus californianus).  These species produce a variety of sounds with most 
of their dominant energy below 1000 Hz (e.g. Figure 18).  Pinniped vocalization bouts can continue for up to 
several hours.  No pinniped calls were detected at any of the sites. 

 

Figure 18.  California sea lion barks recorded June 2011 in California. 
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High-Frequency Marine Mammals  
Marine mammal species with sounds in the high-ŦǊŜǉǳŜƴŎȅ ǊŀƴƎŜ ŜȄǇŜŎǘŜŘ ƛƴ ǘƘŜ DǳƭŦ ƻŦ !ƭŀǎƪŀ ŀǊŜ wƛǎǎƻΩǎ 
dolphins (Grampus griseus), Pacific white-sided dolphins (Lagenorhynchus obliquidens), killer whales, sperm 
whales (Physeter macrocephalusύΣ .ŀƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎ όBerardius bairdiiύΣ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎ 
(Ziphius cavirostrisύΣ {ǘŜƧƴŜƎŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎ όMesoplodon stejnegeri), DaƭƭΩǎ ǇƻǊǇƻƛǎŜ όPhocoenoides 
dalli) and harbor porpoise (Phocoena phocoena).  For the high-frequency data analysis, spectra were 
calculated for the full effective bandwidth of 100 kHz.  The LTSAs were created using a time average of 5 
seconds and a frequency bin size of 100 Hz.  The presence of call types was determined in one-minute bins. 

High-Frequency Call Types 
Odontocete sounds can be categorized as either: echolocation clicks, burst pulses, or whistles. Echolocation 
clicks are broadband impulses with the peak energy between 5 and 150 kHz, dependent on species.  Burst 
pulses are rapidly repeated clicks that have a creak or buzz-like sound quality; they are generally lower in 
frequency than the echolocation clicks.  Dolphin whistles are tonal calls predominantly between 1 and 20 
kHz that vary in frequency content, their degree of frequency modulation, as well as duration.  These 
signals are easily detectable in an LTSA as well as the spectrogram (Figure 19). 

 

Figure 19.  LTSA (top) and spectrogram (bottom) demonstrating the odontocete signal types. 
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Unidentified Odontocete 
Several dolphin species are not yet distinguishable based on the character of their clicks, burst pulses, or 
whistles (Soldevilla et al. 2008, Roch et al. 2011).  Such detections were classified as unidentified 
odontocetes in this report. 

 

2ÉÓÓÏȭÓ Dolphin  
wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ ŜŎƘƻƭƻŎŀǘƛƻƴ ŎƭƛŎƪǎ Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘ ǘƻ ǎǇŜŎƛŜǎ ōȅ ǘƘŜƛǊ ŘƛǎǘƛƴŎǘƛǾŜ banding patterns 
observable in the LTSA (Figure 20ύΦ  wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ ŜŎƘƻƭƻŎŀǘƛƻƴ ŎƭƛŎƪǎ ƘŀǾŜ ŜƴŜǊƎȅ ǇŜŀƪǎ ŀǘ ннΣ нсΣ олΣ ŀƴŘ 
39 kHz (Soldevilla et al. 2008).  The peaks in the Gulf of Alaska have a slightly differing peak structure of 22, 
25, 29, and 32 kHz indicating possible population level differences. 

 

Figure 20Φ  wƛǎǎƻΩǎ dolphin acoustic encounter (LTSA) recorded in the Northwest Training Range Complex.  
Note a distinctive banding pattern typical for this region. 
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Pacific White -Sided Dolphin  
Pacific white-sided dolphin echolocation clicks can also be identified to species by their distinctive banding 
patterns (Figure 21).  Pacific white-sided dolphin echolocation clicks (Type A) have energy peaks at 22, 26, 
and 37 kHz (Soldevilla et al. 2011).   

 

Figure 21.  Pacific white-sided dolphin type A echolocation clicks in the LTSA. 
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Killer Whale 
Killer whales are known to produce four call types: pulsed calls, high-frequency modulated (HFM) signals, 
echolocation clicks, and low frequency whistles (Ford 1989, Samarra et al. 2010).  Killer whale pulsed calls 
are well documented and the best described of their call types.  tǳƭǎŜŘ ŎŀƭƭǎΩ ǇǊƛƳŀǊȅ ŜƴŜǊƎȅ ƛǎ ōŜǘǿŜŜƴ м 
and 6 kHz, with high frequency components occasionally >30 kHz and duration primarily between 0.5 and 
1.5 seconds (Ford, 1989).  HFM signals have only recently been attributed to killer whales in both the 
Northeast Atlantic (Samarra et al. 2010) and Northeast Pacific (Simonis et al. 2012, Filatova et al. 2012).  
These signals have fundamental frequencies between 17 and 75 kHz, the highest of any known delphinid 
tonal calls. We primarily use pulsed calls (Figure 22) and HFM signals (Figure 23) for killer whale species 
identification.  Echolocation clicks and low-frequency whistles are used to a lesser extent for the 
classification of killer whale signals as these call types are not as easily distinguishable from other 
ƻŘƻƴǘƻŎŜǘŜ ŎƭƛŎƪǎ ŀƴŘ ǿƘƛǎǘƭŜǎ όŜΦƎΦ .ŀƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎΣ Ǉƛƭƻǘ ǿƘŀƭŜǎύΦ 

 

 

Figure 22.  Killer whale echolocation clicks in the LTSA (top), whistles and pulsed calls in the spectrogram 
(bottom). 
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Figure 23.  Killer whale high-frequency modulated (HFM) signal in the LTSA (top) and spectrogram (bottom). 
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Sperm Whale 
Sperm whale clicks contain energy from 2-20 kHz, with peak energy between 10-15 kHz (Møhl et al. 2003).  
Regular clicks, observed during foraging dives, have a uniform inter-click interval of about one second 
(Goold & Jones 1995, Madsen et al. 2002, Møhl et al. 2003).  Short bursts of closely spaced clicks, called 
buzzes, are observed during foraging dives and are believed to indicate a predation attempt (Watwood et 
al. 2006).  Sperm whales emit regular clicks and buzzes during dives typically lasting about 45 minutes, 
followed by a quiet period of about 9 minutes while the whales are at the surface (Watwood et al. 2006).  
Multiple foraging dives and rest periods are often observed over a long period of time in the LTSA (Figure 
24). 

 

Figure 24.  Echolocation clicks of sperm whales in the LTSA (top) and spectrogram (bottom). 
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"ÁÉÒÄȭÓ Beaked Whale 
BaƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ƛǎ ǘƘŜ Ƴƻǎǘ ŎƻƳƳƻƴƭȅ ƻōǎŜǊǾŜŘ ōŜŀƪŜŘ ǿƘŀƭŜ ǎǇŜŎƛŜǎ ǿƛǘƘƛƴ ǘƘŜƛǊ ǊŀƴƎŜ όҔол° N, 
North Pacific Ocean and adjacent seas), probably since they are relatively large and travel in groups of up to 
several dozen individuals (Allen & Angliss 2011).  .ŀƛǊŘΩǎ ŜŎƘƻƭƻŎŀǘƛƻƴ ǎƛƎƴŀƭǎ ŀǊŜ ŘƛǎǘƛƴƎǳƛǎƘŀōƭŜ ŦǊƻƳ ƻǘƘŜǊ 
ǎǇŜŎƛŜǎΩ ŀŎƻǳǎǘƛŎ ǎƛƎƴŀƭǎΦ  They demonstrate the typical beaked whale polycyclic, frequency modulated (FM) 
upsweep but additionally use a delphinid-like echolocation click.  These FM pulses and clicks are identifiable 
due to their comparably low-frequency content.  Spectral peaks are notable around 15, 30, and 50-60 kHz 
(Baumann-Pickering et al. 2013c, Baumann-Pickering et al. 2013a) (Figure 25).  Unlike other beaked whales 
ƛƴ ǘƘŜ ŀǊŜŀΣ .ŀƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎ ƛƴŎƻǊǇƻǊŀǘŜ ǿƘƛǎǘƭŜǎ ŀƴŘ ōǳǊǎǘ ǇǳƭǎŜǎ ƛƴǘƻ ǘƘŜƛǊ ŀŎƻǳǎǘƛŎ ǊŜǇŜǊǘƻƛǊŜ 
(Dawson et al. 1998).  

 

Figure 25Φ  9ŎƘƻƭƻŎŀǘƛƻƴ ǎŜǉǳŜƴŎŜ ƻŦ .ŀƛǊŘΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ƛƴ [¢{! ǿƛǘƘ ǘȅǇƛŎŀƭ ōŀƴŘƛƴƎ ǇŀǘǘŜǊƴ ƻŦ ǎǇŜŎǘǊŀƭ 
peaks at about 15, 30, and 50-60 kHz. 
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#ÕÖÉÅÒȭÓ Beaked Whale 
/ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ƛǎ ǳƴŎƻƳƳƻƴ ƛƴ ǘƘŜ DǳƭŦ ƻŦ !ƭŀǎƪŀΦ  /ǳǾƛŜǊΩǎ ŜŎƘƻƭƻŎŀǘƛƻƴ ŎƭƛŎƪǎ ŀǊŜ well 
ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ŦǊƻƳ ƻǘƘŜǊ ǎǇŜŎƛŜǎΩ ŀŎƻǳǎǘƛŎ ǎƛƎƴŀƭǎΦ  These clicks are polycyclic, with a characteristic FM 
upsweep, peak frequency around 40 kHz (Figure 26) and uniform inter-pulse interval of about 400 ms 
(Johnson et al. 2004, Zimmer et al. 2005, Baumann-Pickering et al. 2013a). 

 

Figure 26.  Echolocation sequence of CuǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ŦǊƻƳ {ƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀ ƛƴ [¢{! όǘƻǇύ ŀƴŘ 
example FM pulse in spectrogram (bottom). 
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3ÔÅÊÎÅÇÅÒȭÓ Beaked Whale 
{ǘŜƧƴŜƎŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎ ŀǊŜ acoustically the most commonly encountered beaked whale in the Aleutian 
Islands chain; however, they have been rarely encountered at sea otherwise (Mead 1989, Walker & Hanson 
1999, Loughlin et al. 1982) and their distribution has been inferred from stranded animals (Allen & Angliss 
2011).  They produce a FM pulse (Baumann-Pickering et al. 2013a, Baumann-Pickering et al. 2013b) as their 
echolocation signal in a regularly spaced interval (Figure 27).  Their dominant energy is distributed between 
45 and 75 kHz, with a peak frequency around 50 kHz.  Their median inter-pulse interval is 80 ms (Baumann-
Pickering et al. 2013a, Baumann-Pickering et al. 2013b). 

 

Figure 27Φ  9ŎƘƻƭƻŎŀǘƛƻƴ ǎŜǉǳŜƴŎŜ ƻŦ {ǘŜƧƴŜƎŜǊΩǎ ōeaked whale in LTSA (top) and single FM pulse in 
spectrogram (bottom). 
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Unidentified Porpoise 
5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜ ŀƴŘ ƘŀǊōƻǊ ǇƻǊǇƻƛǎŜ are known to occur in the Gulf of Alaska region.  Harbor porpoises tend 
ǘƻ ƛƴƘŀōƛǘ ƳƻǊŜ Ŏƻŀǎǘŀƭ ŀǊŜŀǎ ǿƛǘƘ ǇǊŜŦŜǊǊŜŘ ǿŀǘŜǊ ŘŜǇǘƘǎ ƴƻǘ ŜȄŎŜŜŘƛƴƎ млл ƳΣ ǿƘƛƭŜ 5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜs are 
more widely distributed, using shallow as well as deep, oceanic waters (Allen & Angliss 2011).  Both harbor 
ǇƻǊǇƻƛǎŜ ŀǎ ǿŜƭƭ ŀǎ 5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜ produce a similar, narrowband, high-frequency echolocation click 
(Bassett et al. 2009, Villadsgaard et al. 2007), with dominant energy between 120 and 150 kHz.  
Acoustically, we have not yet determined a classification scheme to differentiate between these two 
species.  However, gƛǾŜƴ ǘƘŜƛǊ ŘƛǎǘǊƛōǳǘƛƻƴ ŀƴŘ ƘƛƎƘŜǊ ŀōǳƴŘŀƴŎŜ ŜǎǘƛƳŀǘŜǎ ŦƻǊ 5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜ in areas of 
the HARP deployments (Allen & Angliss 2011), we would expect most, if not all porpoise detections at all 
ǘƘǊŜŜ ǎƛǘŜǎ ǘƻ ōŜ 5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜΦ 

The HARP only records acoustic energy up to 100 kHz, so the peak energy of the porpoise clicks is above the 
upper frequency band recorded by the HARPs.  However, the HARP anti-alias filter will allow some spectral 
leakage from energy above 100 kHz, resulting in 120-140 kHz energy appearing at 60-80 kHz (Figure 28).  
Detection of porpoise clicks is therefore possible when the animals are close to the HARP (< ~1 km) and 
their received levels are high.  

 

Figure 28.  Example LTSA (top) and spectrogram (bottom), presumably produced by spectral aliasing of 
5ŀƭƭΩǎ ǇƻǊǇƻƛǎŜ ŎƭƛŎƪǎ (120 ς 150 kHz frequency content). 
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Anthropogenic Noise  

Broadband Ship Noise 
Broadband ship noise occurs when a ship passes relatively close to the hydrophone.  Ship noise can occur 
for many hours at a time, but broadband ship noise typically lasts from 10 minutes up to 3 hours.  Ship 
noise has a characteristic interference pattern in the LTSA (McKenna et al. 2012).  Combination of direct 
paths and surface reflected paths produce constructive and destructive interference (bright and dark 
bands) in the spectrogram that varies by frequency and distance between the ship and the receiver (red 
arrows in Figure 29).  Noise can extend to above 10 kHz, though it typically falls off above a few kHz. 

 

Figure 29.  Broadband ship noise (arrows) in the LTSA (top) and spectrogram (bottom). 
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Mid-frequency Active Sonar  
There are multiple types of active sonar.  These span frequencies from about 1 kHz to over 50 kHz and 
include short duration pings, frequency modulated (FM) sweeps, and short and long duration constant 
frequency (CF) tones.  One common type of sonar used during naval training is mid-frequency active (MFA) 
sonar for anti-submarine warfare (ASW) exercises.  Sounds from MFA sonar vary in frequency and duration 
and can be used in a combination of FM sweeps and CF tones; however, many of these are between 2 and 
р ƪIȊ ŀƴŘ ŀǊŜ ƳƻǊŜ ƎŜƴŜǊƛŎŀƭƭȅ ƪƴƻǿƴ ŀǎ ΨоΦр ƪIȊΩ ǎƻƴŀǊΦ  There were no MFA detections at any of the sites. 
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Echosounders 
Echosounding sonars transmit short pulses or frequency sweeps, typically in the mid-frequency (8-12 kHz) 
or high frequency (30-100 kHz) band (Figure 30).  These sonars may be used for sea bottom mapping, fish 
detection, or other ocean sensing.  Many large and small vessels are equipped with echosounding sonar for 
water depth determination; typically these echosounders are operated much of the time a ship is at sea, as 
an aid for navigation.  Echosounders were detected by analysts using the LTSA plots at both mid- and high-
frequency. 

 

Figure 30.  Example of an echosounder from site PT in the LTSA (top) and spectrogram (bottom). 
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Explosions 
Effort was directed toward finding explosive sounds in the data including military explosions, shots from 
sub-seafloor exploration, and seal bombs used by the fishing industry.  An explosion appears as a vertical 
spike in the LTSA that, when expanded in the spectrogram, has a sharp onset with a reverberant decay 
(Figure 31, Figure 32).  These sounds have peak energy as low as 10 Hz and often extend up to 2000 Hz or 
higher, lasting for a few seconds including the reverberation. 

 

Figure 31.  Two explosions are shown with rapid onset and extended reverberation. 
 

 

Figure 32.  Five explosion events are shown at lower received levels (LTSA, top) and one example explosion 
(spectrogram, bottom).  This explosion type shows a slower onset in comparison to the examples in Figure 
31, suggesting a more distant source. 
  



38 
 

Results 
We describe ambient noise, the seasonal occurrence and relative abundance of marine mammal species, 
and anthropogenic sounds. For clarity of presentation, all marine mammal and anthropogenic sound source 
occurrences will be displayed as weekly averages. 

Ambient Noise  
Underwater ambient noise at sites CA, CB, and PT has spectral shapes with higher levels at low frequencies 
(Figure 33).  For site CA, the high noise levels experienced below 20 Hz are related to the strong tidal 
currents and strumming of the hydrophone mooring.  At site PT, there is evidence of long-range ship noise 
at frequencies below 100 Hz (Hildebrand 2009). At all three sites, noise levels were generally lower in the 
summer relative to the fall and winter, probably due to decreased noise from wind and waves.  Prominent 
seasonal peaks in noise were observed at frequency band 15-30 Hz and also at 47-45 Hz, related to the 
presence of blue and fin whale calls at sites CB and PT. 
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Figure 33.  Monthly ambient noise in site CA (top), CB (middle), and PT (bottom). 
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Mysticetes  
Three baleen species were recorded between May 2012 and June 2013 at sites CA, CB, and PT: blue whales, 
fin whales, and humpback whales.  No calls were detected for gray whales (M3 calls) or North Pacific right 
whales (up-calls).  In general, fewer baleen whale vocalizations were detected at site CA than at CB or PT.  
While that is likely a reflection of the distribution of the species, it may also be confounded by a decreased 
effective effort due to strumming.  aƻǊŜ ŘŜǘŀƛƭǎ ƻŦ ŜŀŎƘ ǎǇŜŎƛŜǎΩ ǇǊŜǎŜƴŎŜ ŀǘ ǘƘŜǎŜ ǎƛǘŜǎ ŀǊŜ ƎƛǾŜƴ ōŜƭƻǿΦ 

Blue Whale 
Blue whale calls were detected in the Gulf of Alaska from May 2012 through June 2013, with a brief gap 
from late February until late March (Figure 34).  Whales from both the central Pacific, as well as the 
population found off the U.S. west coast, are found in this area. 

¶ Peaks in overall calling occurred between August and November 2012 (Figure 34), with some 
variability across sites.  This is consistent with recordings collected further south in the Gulf of 
Alaska (Watkins et al. 2000). 

¶ Northeast Pacific B calls were the most abundant blue whale call detected with the highest number 
of hours with calls in August and again October - November 2012 at site CB, and peak detections at 
site PT from September to December 2012 (Figure 35). 

¶ Central Pacific tonal calls were substantially less common than the Northeast Pacific B and D calls.  
These calls were detected at site CB in July and August 2012 and at site PT in September and early 
October 2012 (Figure 36). No Central Pacific tonal calls were detected at site CA. 

¶ Blue whale D calls peaked earlier in the year than B calls; their peak occurred May and June 2012 at 
site CB and then again in April and May 2013 at site PT (Figure 37).    

¶ There was no diel pattern in blue whale B and Central Pacific tonal calls (Figure 38, Figure 39).  D 
calls, however, generally occurred more during daylight hours with additional peaks at sunset 
(Figure 40). 
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Figure 34.  Weekly presence of all blue whale calls (black bars) at sites CA (top), CB (middle), and PT 
(bottom) between May 2012 and June 2013. Grey dots represent percent of effort per week in weeks with 
less than 100% recording effort.  Red dots represent percent of hours per week without strumming or 
broadband spikes.  Dark gray shading shows periods with no recording effort, while lighter gray is period 
with lower quality data.  Where gray or red dots or shading are absent, full recording effort occurred for the 
entire week. 
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Figure 35.  Weekly presence of Northeast Pacific blue whale B calls (black bars) at sites CA (top), CB 
(middle), and PT (bottom) between May 2012 and June 2013.  Effort as described in Figure 34. 
 

 

 

Figure 36.  Weekly presence of Central Pacific blue whale calls (black bars) at sites CB (top) and PT (bottom) 
between May 2012 and June 2013. No calls were detected at site CA.  Effort as described in Figure 34. 
 



43 
 

 

 

 

Figure 37.  Weekly presence of blue whale D calls (black bars) at sites CA (top), CB (middle), and PT 
(bottom) between May 2012 and June 2013.  Effort as described in Figure 34. 
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Figure 38.  Blue whale B calls in hourly bins at sites CA (top left), CB (top right), and PT (bottom).  Gray 
shading denotes nighttime and light purple shading denotes lower quality data and dark purple denotes 
lack of acoustic data. At site CA, dark gray shows periods of strumming causing masking. 




































































