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Executive Summary  
tŀǎǎƛǾŜ ŀŎƻǳǎǘƛŎ ƳƻƴƛǘƻǊƛƴƎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ǿƛǘƘƛƴ ǘƘŜ bŀǾȅΩǎ Cherry Point OPAREA during August ς 

December 2011 and July ς October 2012 for a total of 105 and 81 days respectively.  This site is located 

approximately 100 miles from the North Carolina coastline on the shelf break.  The 2011 deployment 

was at a water depth of 952 m and the 2012 deployment was at a water depth of 914 m.  Acoustic data 

collected at this site provide information on the presence of marine mammals and anthropogenic sound 

sources.  High-frequency Acoustic Recording Packages (HARPs) recorded sounds between 10 Hz and 100 

kHz with recording cycles of 5 minutes every 10 minutes.  The data were divided into three frequency 

bands and data were analyzed by scans of long-term spectral averages and spectrograms.   

Four baleen whale species were recorded: blue, fin, minke, and sei whales.  The detections of their calls 

were made between late August and early December 2011.  Blue whale calls were the only baleen whale 

call type detected in the 2012 deployment.  bƻ .ǊȅŘŜΩǎΣ ƘǳƳǇōŀŎƪΣ ƻǊ bƻǊǘƘ !ǘƭŀƴǘƛŎ ǊƛƎƘǘ ǿƘŀƭŜ Ŏŀƭƭǎ 

were detected in either deployment.   

Several different toothed whale species wŜǊŜ ǊŜŎƻǊŘŜŘΥ .ƭŀƛƴǾƛƭƭŜΩǎΣ /ǳǾƛŜǊΩǎΣ ŀƴŘ DŜǊǾŀƛǎΩ ōŜŀƪŜŘ 

whales, killer whales, pygmy or dwarf sperm whales (Kogia spp.)Σ wƛǎǎƻΩǎ ŘƻƭǇƘƛƴǎΣ ǎǇŜǊƳ ǿƘŀƭŜǎΣ ŀƴŘ 

unidentified odontocetes.  All species except killer whales were recorded in 2011 and 2012.  Killer 

whales were detected only in 2011.   

Ship noise was the most common anthropogenic sound in both deployments.  MFA was noted during 

both deployments.  A total of 391 pings were detected in 2011 with a maximum peak-to-peak received 

level of 156 dB re 1 µPa.  In 2012, a total of 492 pings were detected with a maximum peak-to-peak 

received level of 167 dB re 1 µPa.  Few echosounder pings over a variety of frequencies (4-80 kHz) were 

detected during both deployments.   Explosions were detected in both deployments, though they were 

more prevalent in 2011 than 2012.  High noise levels, possibly caused by instrument strumming and fluid 

flow at the sensor, occurred intermittently in both deployments and likely decreased the detection 

range for low-frequency sounds.   This strumming was most prevalent in 2012. 
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Project Background  
¢ƘŜ ¦{ bŀǾȅΩǎ Cherry Point OPAREA is located within the South Atlantic Bight that extends from Cape 

Hatteras, North Carolina to the Florida Straits.  The broad continental shelf varies from 40 to 140 km 

wide, with an inner zone of less than 200 m water depth, and an outer zone extending to water depths 

of 2000 m.  A diverse array of marine mammals is found in this region, including baleen and toothed 

whales, and manatees. 

In October 2007, an acoustic monitoring effort was initiated with support from the Atlantic Fleet under 

contract to Duke University.  The goal of this effort was to characterize the vocalizations of marine 

mammal species in the area, to determine their year-round seasonal presence, and to evaluate the 

potential for impact from naval operations.  This report documents the analysis of two High-frequency 

Acoustic Recording Packages (HARPs) that have been deployed at one site, designated USWTR site E, 

during the time period August ς December 2011 and July ς October 2012 at depths of 952 m and 914 m, 

respectively.   ¢ƘŜ I!wt ŘŜǇƭƻȅƳŜƴǘǎ ŦǊƻƳ ǘƘƛǎ ŀǊŜŀ ǿŜǊŜ ƴŀƳŜŘ ά¦{²¢wέ ǿƘŜƴ ǘƘŜ ¦{²¢w ŀǊŜŀ ǿŀǎ 

originally planned to be north of its current location.   The HARP location is approximately 100 miles east 

of the North Carolina coastline (Figure 1). 

 

Figure 1.  Deployment location of the High-frequency Acoustic Recording Package. 
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Methods  

High-frequency Acoustic Recording Packages  
High-frequency Acoustic Recording Packages (HARPs) were used to record marine mammal species, 

anthropogenic noise, and ambient noise in the Cherry Point OPAREA.  HARPs record underwater sounds 

from 10 Hz to 100 kHz with approximately 110 days of continuous data storage.  Recording a broad 

frequency range of 10 Hz ς 100 kHz is required to detect both baleen whale (mysticetes) and toothed 

whale (odontocetes) species.  The HARP sensor and mooring package are described in Wiggins and 

Hildebrand 2007.  For the Cherry Point OPAREA deployments, the HARP electronics package was located 

near the seafloor with the hydrophone suspended 10 m above.  Each HARP is calibrated in the 

laboratory to provide a quantitative analysis of the received sound field.  Representative data loggers 

ŀƴŘ ƘȅŘǊƻǇƘƻƴŜǎ ŀǊŜ ŎŀƭƛōǊŀǘŜŘ ŀǘ ǘƘŜ bŀǾȅΩǎ ¢w!b{59/ ŦŀŎƛƭƛǘȅ ǘƻ ǾŜǊƛŦȅ ǘƘŜ ƭŀōƻǊŀǘƻǊȅ ŎŀƭƛōǊŀǘƛƻƴǎΦ 

Data Collected to Date 
Acoustic data have been collected at five sites in the Cherry Point OPAREA since October 2007 (Table 1).  

The two deployments analyzed in this report are from Site E (33° 46.7 N, 75° 55.6 W, depth 952 m 

during deployment 06, and 33° 47.2N, 75° 55.7W, depth 914 m during deployment 07).   

Table 1.  Cherry Point OPAREA HARP deployments.  Periods of deployment analyzed in this report are 
shown in bold. 

Deployment 
Designation 

Site A 
Deployment 

Period 

Site B 
Deployment 

Period 

Site C 
Deployment 

Period 

Site D 
Deployment 

Period 

Site E 
Deployment 

Period 

USWTR 01 
10/10/2007 ς 

1/16/2008 
    

USWTR 02  
5/31/2008 ς 
9/11/2008 

   

USWTR 04 
11/8/2009 ς 
2/24/2010 

 
11/8/2009 ς 
4/20/2010 

  

USWTR 05 
7/30/2010 ς 

3/3/2011 
  

7/30/2010 ς 
2/4/2011 

 

USWTR 06     
8/19/2011 ς 
12/1/2011 

USWTR 07     
7/14/2012 ς 
10/2/2012 
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Data Analysis  
To assess the quality of the acoustic data, frequency spectra were calculated for all the data using a time 

average of 5 seconds and variable frequency bins (1, 10, and 100 Hz).  These data, called Long-Term 

Spectral Averages (LTSAs) were examined both for characteristics of ambient noise and also as a means 

to discover marine mammal and anthropogenic sounds.   

The presence of acoustic signals from multiple marine mammal species was analyzed along with the 

presence of anthropogenic noise such as sonar, explosions, and shipping.  All data were analyzed by 

visually scanning LTSAs in appropriate frequency bands.  When a sound of interest was identified in the 

LTSA, the waveform or spectrogram at the time of interest was examined to further classify particular 

sounds to species or source.  Acoustic classification was carried out either by comparison to species-

specific spectral characteristics or by analysis of the time and frequency character of individual sounds. 

To document the data analysis process, we describe the major classes of marine mammal calls and 

anthropogenic sounds in the Cherry Point OPAREA, and the procedures used to test for their presence 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 

are as follows: (1) low frequencies, between 1 ς 1000 Hz, (2) mid frequencies, between 500 ς 5000 Hz, 

and (3) high frequencies, between 1 ς 100 kHz.  Blue, .ǊȅŘŜΩǎΣ ŦƛƴΣ ƳƛƴƪŜΣ bƻǊǘƘ !ǘƭŀƴǘƛŎ ǊƛƎƘǘΣ ŀƴŘ ǎŜƛ 

whale sounds were classified as low frequency; humpback whale, shipping, explosions, and mid-

frequency active sonar sounds were classified as mid-frequency; while the remaining odontocete and 

sonar sounds were considered high-frequency.  We describe the calls and procedures separately for 

each frequency band. 
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Low-Frequency Marine Mammals  

For the low-frequency data analysis, the 200 kHz sample raw data were decimated by a factor of 100 for 

an effective bandwidth of 1 kHz.  Long-term spectral averages of these data were created using a time 

average of 5 seconds and frequency bins of 1 Hz.  The presence of each call type was determined in 

hourly bins.   

Whale calls for which low-frequency effort was expended include: blue whale A, B, and arch calls 

(Mellinger & Clark 2003)Σ .ǊȅŘŜΩǎ ǿƘŀƭŜ .Ŝт ŀƴŘ .Ŝф Ŏŀƭƭǎ (Oleson et al. 2003), fin whale 20 Hz and 40 Hz 

pulses, minke whale pulse trains, North Atlantic right whale up-calls, and sei whale calls.  The same LTSA 

and spectrogram parameters were used to detect all call types.  For spectrogram scrolling, the LTSA 

frequency was set to display up to 500 Hz.  To observe individual calls, spectrogram parameters were 

typically set to 120 seconds and 200 Hz.  The DFT was generally set between 1500 and 2000 data points 

(yielding about 1 Hz frequency resolution), and an 85-95% overlap of data in the input time series.   

Blue Whales 

Several different calls were used to detect the presence of blue whales.  Detection effort included call 

types A, B, and arch sensu Mellinger & Clark (2003) (Figure 2).  The North Atlantic A call is a constant 18-

19 Hz tone lasting approximately 8 seconds while the North Atlantic B call is an 18-15 Hz downsweep 

lasting approximately 11 seconds (Figure 3).  Individual calls are readily detected in an LTSA, owing to 

their long duration.  The third call, the arch call, on average starts at a frequency of 56 Hz, ascends to a 

peak frequency of 69 Hz, and then descends to 35 Hz over a period of 6.3 seconds (Figure 4).  Manual 

scanning of the LTSA was the primary means to search for blue whale calls.   
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Figure 2.  North Atlantic blue whale A and B calls from Mellinger and Clark (2003).  (a) Series of the most 
common blue whale phrase type in which part B follows part A without a gap. (b) Another common 
phrase type in which part A is followed by a short silent gap before part B, and the start of part A sweeps 
up slightly in frequency. (c) A sequence consisting of only part A sounds. (d) A sequence consisting of a 
mixture of A-only phrases and A-B phrases. 
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Figure 3.  Blue whale calls in the LTSA (top) and spectrogram (bottom) from the USWTR data. 
 

 

Figure 4.  Blue whale arch calls from Mellinger and Clark (2003). 
 

"ÒÙÄÅȭÓ 7ÈÁÌÅÓ 

.ǊȅŘŜΩǎ ǿƘŀƭŜǎ ƛƴƘŀōƛǘ ǘǊƻǇƛŎŀƭ ŀƴŘ ǎǳōǘǊƻǇƛŎŀƭ ǿŀǘŜǊǎ ǿƻǊƭŘǿƛŘŜ (Omura 1959, Wade and Gerrodette 

1993), and the Cherry Point OPAREA HARP site is considered their northerly range limit.  The Be7 call is 

ƻƴŜ ƻŦ ǎŜǾŜǊŀƭ Ŏŀƭƭ ǘȅǇŜǎ ƛƴ ǘƘŜ .ǊȅŘŜΩǎ ǿƘŀƭŜ ǊŜǇŜǊǘƻƛǊŜΣ ŦƛǊǎǘ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ {ƻǳǘƘŜǊƴ /aribbean 



12 
 

(Oleson et al. 2003).  The average Be7 call has a fundamental frequency of 44 Hz and ranges in duration 

between 0.8 and 2.5 seconds with an average intercall interval of 2.8 minutes (Figure 5).  The Be9 call 

type, described for the Gulf of Mexico ό~ƛǊƻǾƛŏ Ŝǘ ŀƭΦ нлмоa), is a downswept pulse ranging from 143 to 

85 Hz, with each pulse approximately 0.7 seconds long (Figure 6). 

 

Figure 5.  SǇŜŎǘǊƻƎǊŀƳ ƻŦ .ǊȅŘŜΩǎ ǿƘŀƭŜ .Ŝт Ŏŀƭƭ ǘȅǇŜ from the Southern Caribbean, from Oleson et al. 
(2003). 
 

 

Figure 6Φ  .ǊȅŘŜΩǎ ǿƘŀƭŜ .Ŝф Ŏŀƭƭ ǘȅǇŜ ŦǊƻƳ the Gulf of Mexico, from ~ƛǊƻǾƛŏ Ŝǘ ŀƭΦ όнлмоa). 
 

Fin Whales 

Fin whales produce a variety of calls.  Most have frequency lower than 100 Hz, are short in duration, and 

frequency-modulated.  The best-known fin whale call is the 20 Hz pulse, downswept from 30 ς 15 Hz 

(Figure 7).  These pulses occur at regular intervals as song (Thompson et al. 1992).  In this report we 

indicate the presence of 20 Hz pulses, but do not categorize them as either song or irregular calls. Fin 

whale 40 Hz pulses (Watkins 1981; ~ƛǊƻǾƛŏ Ŝǘ ŀƭΦ нлмоb), sweep down in frequency from 75 to 40 Hz and 

are typically produced in irregular sequences (Figure 8). 
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Figure 7.  20 Hz fin whale calls in the LTSA (top) and spectrogram (bottom) from USWTR06E. 
 

 

Figure 8.  40 Hz fin calls in the LTSA (circled, top) and spectrogram (bottom) from southern California 
HARP data. 
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Minke Whales 

Minke whales in the North Atlantic produce long pulse trains.  Mellinger et al. (2000) described minke 

whale pulse sequences near Puerto Rico as speed-up and slow-down pulse trains, with increasing and 

decreasing pulse rate respectively.  Recently, those call types were detected in the North Atlantic and 

were expanded to include pulse trains with non-varying pulse rate (Risch et al. 2012) (Figure 9). 

 

Figure 9.  Minke whale pulse train in the LTSA (top) and spectrogram (bottom) from USWTR06E. 
 

 

 

North Atlantic Right Whales  

The North Atlantic right whale is a critically endangered whale found in the Western North Atlantic.  

Several call types that have been described for the North Atlantic right whale include the scream, 

gunshot, blow, upcall, warble, and downcall (Parks and Tyack 2005).  For low-frequency analysis, we 

examined the data for upcalls, which are approximately 1 second in duration and range between 80 Hz 

and 200 Hz, sometimes with harmonics (Figure 10).  No right whale upcalls were detected. 
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Figure 10.  Right whale upcall call from Parks and Tyack (2005). 
 

Sei Whales 

Sei whales are found primarily in temperate waters and undergo annual migrations between lower 

latitude winter breeding grounds and higher latitude summer feeding grounds (Mizroch et al. 1984, 

Perry et al. 1999).   Multiple sounds have been attributed to sei whales, but we report on a low 

frequency downsweep call similar to those Baumgartner et al. (2008) reported as sei whale calls. These 

calls typically sweep from a starting frequency around 100 Hz to an ending frequency around 40 Hz 

(Figure 11). 

 

Figure 11.  Downsweep calls reported to be from sei whales in the LTSA (top) and spectrogram (bottom) 
from USWTR06E. 
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Mid -Frequency Marine Mammals  

For mid-frequency data analysis, the raw 200 kHz HARP data were decimated by a factor of 20 for an 

effective bandwidth of 5 kHz.  The LTSAs for mid-frequency data analysis are created using a time 

average of 5 seconds, and a 10 Hz frequency bin.  The presence of each call type was determined in one-

minute bins. 

Mid-frequency sounds monitored in this report include: humpback whale, unidentified odontocete 

whistles less than 5 kHz, and North Atlantic right whale gunshot calls.  LTSA search parameters used to 

search for each sound are given in Table 2. Humpback whale call detection effort was automated using a 

power-law detector (Helble et al. 2012).   

Table 2.  Mid-frequency data analysis search parameters. 

 LTSA Search Parameters 

Species Plot Length (Hr) Frequency Range (Hz) 

N Atlantic Right Whale 
(gunshot calls) 

0.75 0 ς 2000  

Unidentified Odontocete 
(whistles <5 kHz) 

0.75 0 ς 5000  

 

Humpback Whales 

Humpback whale song is categorized by the repetition of units, phrases and themes  (Payne and McVay 

1971). Non-song vocalizations such as social sounds and feeding sounds consist of individual units that 

can last from 0.15 to 2.5 seconds (Dunlop et al. 2007, Stimpert et al. 2011).  Most humpback whale 

vocalizations have acoustic energy between 100 ς 3000 Hz.  For this report, we examined the data for 

humpback calls (both song and non-song) using the generalized power-law algorithm (Helble et al. 

2012), and then a trained analyst verified the accuracy of the detected signals (Figure 12).  No humpback 

calls were detected. 

 

Figure 12.  Example of humpback whale song from southern California in analyst verification stage of 
detector. 
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Unidentified Odontocete Whistles <5 kHz 

Killer whales are a cosmopolitan species, though little is known about killer whales off the east coast of 

the United States (Gormley 2000).  Few sightings of killer whales have occurred on the shelf (Katona et 

al. 1988).  Acoustic parameters from known Western Atlantic killer whale calls were used to search for 

killer whale acoustic signals (Figure 13).  Killer whale pulsed calls are well documented with primary 

energy between 1 and 6 kHz and duration primarily between 0.5 and 1.5 seconds (Ford 1989).  While 

most of the whistles detected are likely produced by killer whales, we report these as unidentified 

odontocete whistles <5 kHz as these call types are not as easily distinguishable from other odontocete 

whistles such as those produced by pilot whales or false killer whales. 

 

Figure 13.  Unidentified odontocete whistles <5 kHz from USWTR06E. 
 

North Atlantic Right Whales  

North Atlantic right whale gunshot calls are high intensity (~196 dB re 1 µPa) and broadband (20 Hz ς 20 

kHz) (Parks et al. 2005) and were therefore included in mid-frequency analysis.  Gunshot calls consist of 

a short initial signal followed by prolonged reverberation (Figure 14).   Although these calls are capable 

of being detected at a range of several miles, no right whale gunshot calls were detected in the data. 
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Figure 14.  North Atlantic right whale gunshot call from Parks et al. (2005). 
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High-Frequency Marine Mammals  

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.  

Whale calls for which high-frequency effort was expended include: beaked whales, killer whales, pygmy 

and dwarf sperm whales (referred to as Kogia spp.)Σ wƛǎǎƻΩǎ ŘƻƭǇƘƛƴǎΣ ǎǇŜǊƳ ǿƘŀƭŜǎ, and unidentified 

odontocetes.  The same LTSA and spectrogram parameters were used to detect all call types.  For 

spectrogram scrolling, the LTSA frequency was set to display up to 100 kHz.  To observe individual calls, 

spectrogram parameters were typically set to 5 seconds and 100 kHz.  The DFT was generally set to 1000 

data points (yielding about 400 Hz frequency resolution), and a 50% overlap of data in the input time 

series.   

Beaked Whales 

Frequency modulated (FM) pulses from .ƭŀƛƴǾƛƭƭŜΩǎΣ /ǳǾƛŜǊΩǎΣ DŜǊǾŀƛǎΩ, and one other unidentified 

beaked whale were detected with an automated method.  After all echolocation signals were identified 

with a Teager Kaiser energy detector (Soldevilla et al. 2008, Roch et al. 2011), an expert system 

discriminated between delphinid clicks and beaked whale FM pulses.  A decision about presence or 

absence of beaked whale signals was based on detections within a 75 second segment.  Only segments 

with more than 7 detections were used in further analysis.  All echolocation signals with a peak and 

center frequency below 32 and 25 kHz, respectively, a duration less than 355 µs, and a sweep rate of 

less than 23 kHz/ms were removed from the analysis.  If more than 13% of all initially detected 

echolocation signals remained after applying these criteria, the segment was classified to have beaked 

whale FM pulses.  This method detected beaked whale signals that are expected to be found in the area.  

A third classification step, based on computer assisted manual decisions by a trained analyst, labeled the 

automatically detected segments to pulse type level and rejected false detections (Baumann-Pickering 

et al. 2013).  The rate of missed segments, based on Southern California HARP data tests, was 

approximately 5%, varying slightly between deployments.  The performance of the detector was spot 

checked for the USWTR data sets. 

"ÌÁÉÎÖÉÌÌÅȭÓ "ÅÁËÅÄ 7ÈÁÌÅÓ 

.ƭŀƛƴǾƛƭƭŜΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ŜŎƘƻƭƻŎŀǘƛƻƴ ǎƛƎƴŀƭǎ ŀǊŜΣ ƭƛƪŜ Ƴƻǎǘ ōŜŀƪŜŘ ǿƘŀƭŜǎΩ ǎƛƎƴŀƭǎΣ ǇƻƭȅŎȅŎƭƛŎΣ ǿƛǘƘ ŀ 

characteristic frequency-modulated upsweep, peak frequency around 34 kHz and uniform inter-pulse 

interval (IPI) of about 280 ms (Johnson et al. 2004, Baumann-Pickering et al. 2013).  .ƭŀƛƴǾƛƭƭŜΩǎ Ca 

pulses are also distinguishable in the spectral domain by their sharp energy onset around 25 kHz with 

only a small energy peak at around 22 kHz (Figure 15). 
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Figure 15Φ  .ƭŀƛƴǾƛƭƭŜΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ FM pules in the LTSA (top) and spectrogram (bottom) from 
USWTR06E. 
 

Unidentified Beaked Whale (BW38) 

A beaked whale-like FM pulse was detected and its origin classified as unidentified beaked whale.  It had 

a peak frequency around 38 kHz and is subsequently referred to as BW38.  The BW38 signal type is 

similar to the FM pulse type prodǳŎŜŘ ōȅ .ƭŀƛƴǾƛƭƭŜΩǎ ōŜŀƪŜŘ ǿƘŀƭŜΦ  ¢ƘŜ ǎǇŜŎǘǊŀƭ ŎƻƴǘŜƴǘ ƻŦ ǘƘŜ .²оу 

signal type is shifted about 5 kHz higher in comparison ǘƻ .ƭŀƛƴǾƛƭƭŜΩǎ ǎƛƎƴŀƭ.  This FM pulse type has been 

observed before on long-term recordings collected in the central Pacific (Baumann-Pickering 

unpublished data).  The BW38 inter-pulse-ƛƴǘŜǊǾŀƭ όLtLύ ƛǎ ŀōƻǳǘ омл Ƴǎ ƭƻƴƎŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ .ƭŀƛƴǾƛƭƭŜΩǎ 

ŀƴŘ ǎƘƻǊǘŜǊ ǘƘŀƴ ǘƘŀǘ ƻŦ /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜΦ  Lǘ ŀƭǎƻ Ƙŀǎ ƻƴ ŀǾŜǊŀƎŜ ǘƘŜ ǎƘƻǊǘŜǎǘ ŘǳǊŀǘƛƻƴ ƻŦ ŀƭƭ 

encountered FM pulse types (440 s˃, in comparison to 580 and 590 ˃s, respectively) (Figure 16,and  

Figure 17).  We are treating it as a new signal type, however, it is uncertain whether this is a new 

ǳƴƪƴƻǿƴ ǎƛƎƴŀƭ ƻǊƛƎƛƴŀǘƛƴƎ ŦǊƻƳ ŀ ȅŜǘ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘ ǎǇŜŎƛŜǎ ƻǊ ƛŦ .ƭŀƛƴǾƛƭƭŜΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎ Ƴŀȅ 

change their signal spectrum dependent on e.g. behavior, sex, or age. 
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Figure 16.  LTSA (top) and spectrogram (bottom) of a BW38 signal from USWTR06E. 
 

 

Figure 17Φ  aŜŀƴ ǎǇŜŎǘǊŀ ƻŦ .ƭŀƛƴǾƛƭƭŜΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ όaŘΣ ōƭǳŜύ ŀƴŘ ǘƘŜ ƴŜǿ ǎƛƎƴŀƭ ǘȅǇŜ .²оу όǊŜŘύΦ  
The signals have very similar properties; however, BW38 is shifted to higher frequencies by 
approximately 5 kHz. 
 

#ÕÖÉÅÒȭÓ "ÅÁËÅÄ 7ÈÁÌÅÓ 

/ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ŜŎƘƻƭƻŎŀǘƛƻƴ ǎƛƎƴŀƭǎ ŀǊŜ ǿŜƭƭ ŘƛŦŦŜǊŜƴǘƛŀǘŜŘ ŦǊƻƳ ƻǘƘŜǊ ǎǇŜŎƛŜǎΩ ŀŎƻǳǎǘƛŎ ǎƛƎƴŀƭǎΦ  

These signals are polycyclic, with a characteristic frequency-modulated upsweep, peak frequency 
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around 40 kHz and uniform IPI of about 340 ms (Johnson et al. 2004, Zimmer et al. 2005, Baumann-

Pickering et al. 2013). /ǳǾƛŜǊΩǎ FM pulses are also distinct in that they have two characteristic spectral 

peaks around 17 and 23 kHz (Figure 18). 

 

Figure 18Φ  /ǳǾƛŜǊΩǎ ōŜŀƪŜŘ ǿƘŀƭŜ ŜŎƘƻƭƻŎŀǘƛƻƴ FM pulses in the LTSA (top), spectrogram (middle), and 
timeseries (bottom) from USWTR06E. 
 

'ÅÒÖÁÉÓȭ "ÅÁËÅÄ 7ÈÁÌÅÓ 

DŜǊǾŀƛǎΩ ōŜŀƪŜŘ ǿƘŀƭŜ ǎƛƎƴŀƭǎ have energy concentrated in the 30 ς 50 kHz band (Gillespie et al. 2009), 

with a peak at 44 kHz (Baumann-Pickering et al 2013).  While GervaƛǎΩ ōŜŀƪŜŘ ǿƘŀƭŜ ǎƛƎƴŀƭǎ ŀǊŜ ǎƛƳƛƭŀǊ 

ǘƻ ǘƘƻǎŜ ƻŦ /ǳǾƛŜǊΩǎ ŀƴŘ .ƭŀƛƴǾƛƭƭŜΩǎ ōŜŀƪŜŘ ǿƘŀƭŜǎΣ ǘƘŜ DŜǊǾŀƛǎΩ ōŜŀƪŜŘ ǿƘŀƭŜ FM pulses are at a slightly 

higher frequency than those of the other two species.  {ƛƳƛƭŀǊƭȅΣ DŜǊǾŀƛǎΩ ōŜŀƪŜŘ ǿƘŀƭŜ FM pulses 

sweep up in frequency (Figure 19).  The IPI ŦƻǊ DŜǊǾŀƛǎΩ ōŜŀƪŜŘ ǿƘŀƭŜ ǎƛƎƴŀƭǎ ƛǎ ǘȅǇƛŎŀƭƭȅ around 275 ms 

(Baumann-Pickering et al. 2013). 
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Figure 19.  LTSA (top), spectrogram (middle), and timeseries (bottom) ƻŦ ŀ DŜǊǾŀƛǎΩ ōŜŀƪŜŘ ǿƘŀƭŜ FM 
pulse from USWTR06E. 
 

Unidentified Odontocetes 

Delphinid sounds can be categorized as either: (1) echolocation clicks, (2) burst pulses/buzzes, or (3) 

whistles.  Dolphin echolocation clicks are broadband impulses with the majority of energy between 20 

and 80 kHz.  Burst pulses and buzzes are rapidly repeated clicks that have a creak or buzz-like sound 

quality; they are in approximately the same frequency band as the echolocation clicks.  They are used in 

a communication context (Lammers et al 2003).  Dolphin whistles are tonal calls predominantly between 

5 and 25 kHz that vary in their degree of frequency modulation as well as duration.  These signals are 

easily detectable in an LTSA as well as the spectrogram (Figure 20).  Only some delphinid sounds are 

distinguishable by species based on the character of their clicks, buzz pulses, or whistles (e.g. Roch et al. 

2011). 
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Figure 20.  LTSA (top) and spectrogram (bottom) of odontocete echolocation clicks and whistles from 
USWTR06E. 
 

Killer Whales  

Killer whales are known to produce four call types: echolocation clicks, low frequency whistles, high 

frequency modulated (HFM) signals and pulsed calls (Ford 1989, Samarra et al. 2010).  While we 

primarily use pulsed calls and HFM signals for killer whale species identification, echolocation clicks 

(Figure 21) are used to a lesser extent for the classification of killer whale signals as these call types are 

not as easily distinguishable from other odontocete clicks and whistles (e.g. pilot whales). 
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Figure 21.  Killer whale echolocation clicks in the LTSA (top) and spectrogram (bottom) from USTR06E. 
 

Kogia spp. 

Dwarf and pygmy sperm whales emit echolocation signals which have peak energy at frequencies near 

130 kHz (Au 1993).  While this is above the upper frequency band recorded by the HARP, the lower 

portion of the Kogia energy spectrum is within the 100 kHz HARP bandwidth (Figure 22).  All Kogia 

detections were found by manual scanning of the HARP data.   
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Figure 22.  Kogia spp. echolocation clicks in the LTSA (top) and spectrogram (bottom) from USWTR06E. 
 

2ÉÓÓÏȭÓ $ÏÌÐÈÉÎÓ 

wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ ŜŎƘƻƭƻŎŀǘƛƻƴ ŎƭƛŎƪǎ Ŏŀƴ ōŜ ƛŘŜƴǘƛŦƛŜŘ ǘƻ ǎǇŜŎƛŜǎ ōȅ ǘƘŜƛǊ ŘƛǎǘƛƴŎǘƛǾŜ ōŀƴŘƛƴƎ ǇŀǘǘŜǊƴǎ ƛƴ 

the LTSA (Figure 23ύΦ  wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ ŜŎƘƻƭƻŎŀǘƛƻƴ ŎƭƛŎƪǎ ƛƴ ǎƻǳǘƘŜǊƴ /ŀƭƛŦƻǊƴƛŀ ŀǊŜ ƪƴƻǿƴ ǘƻ ƘŀǾŜ ŜƴŜǊƎȅ 

peaks at 22, 26, 30, and 39 kHz (Soldevilla et al. 2008).  In our analysis, we ŦƻǳƴŘ wƛǎǎƻΩǎ dolphin energy 

peaks at 21, 25, 30, and 42 kHz, only slightly different to those previously reported for the JAX area 

(Debich et al. 2013) 
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Figure 23Φ  wƛǎǎƻΩǎ ŘƻƭǇƘƛƴ ŎƭƛŎƪ ōƻǳǘ ƛƴ [¢{! όtop) and spectrogram (bottom).  A distinctive banding 
pattern is seen in the LTSA from USWTR06E. 
 

Sperm Whales 

Sperm whales produce echolocation clicks in the frequency range 5 ς 20 kHz with peak energy between 

10 ς 15 kHz (Møhl et al. 2003).  Regular clicks, observed during foraging dives, have a uniform inter-click 

interval of about one second (Goold and 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).  Multiple foraging dives and rest periods are often 

observed over a long period of time in the LTSA (Figure 24).  Care must be taken not to misclassify 

impulsive anthropogenic sounds (particularly cavitation sounds of ship propellers) that maintain a 

similar frequency to sperm whales.  
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Figure 24.  Sperm whale echolocation clicks in the LTSA (top) and spectrogram (bottom) from 
USWTR06E. 
 

Echolocation Click Types 

A manual analysis was conducted to describe echolocation clicks from unidentified odontocetes (UO).  

Click type (CT) mean spectra from HARP recordings in the Gulf of Mexico, analyzed and defined by Kait 

Frasier, and off the coast of North Carolina, analyzed and defined by Lynne Williams Hodge, were used 

as templates.  These previous analyses were combined and provided thirteen distinct mean click spectra 

(Debich et al. 2013).  All click types had dominant energy above 20 kHz.  They differed in the prominence 

of spectral peaks below 20 kHz, and in the slope and onset of the lower frequency bound in their main 

spectral energy band.  A custom software routine displayed mean click templates and overlaid novel 

mean spectra of manually detected acoustic encounters in the data.  A trained analyst determined, 

based on spectral content, whether an acoustic encounter remained UO or was classified as a CT.  Based 

on a complete analysis of all deployments reported here, four CT (Figure 25) were identified within each 

deployment and are described below.  CT were then assigned names based on the frequency at which 

their spectra reached 50% of maximum energy (e.g. CT30 = 30 kHz for the 50% energy level). 
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Figure 25.  Echolocation click types (CT) that occurred in the Cherry Point OPAREA repeatedly.  
Numerical values (e.g. CT25 = 25 kHz) refer to low end of 50% energy bandwidth.  CT 27 was not 
detected in the Cherry Point OPAREA, but was included in this figure for comparison since it occurs in a 
nearby HARP site in the Jacksonville Range Complex. 
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Click Type 25 

CT 25 (Figure 26) reaches its 50% maximum energy at approximately 25 kHz and has a peak frequency of 

about 33 kHz.  It has a smaller peak at 15 kHz with troughs at 12 and 20 kHz (Figure 27).   

 

Figure 26.  CT 25 in the LTSA (top) and spectrogram (bottom). 
 

 

Figure 27.  Mean spectra of CT25.  Example encounter (black line), template for CT (blue line; from Gulf 
of Mexico and/or North Carolina), and noise floor (dotted line).  Arrows denote spectral peaks or 
troughs. 
 



31 
 

Click Type 26 

CT 26 (Figure 28) reaches its 50% maximum energy at approximately 26 kHz and has a peak frequency of 

about 35 kHz.  It has a smaller peak at 18 kHz with troughs at 15 and 21 kHz (Figure 29). 

 

Figure 28.  CT 26 in the LTSA (top) and spectrogram (bottom). 
 

 

Figure 29.  Mean spectra of clicks for CT26.  Example (black line), template (blue line), and noise floor 
(dotted line).  Arrows denote spectral peaks or troughs. 
 

Click Type 30 

CT 30 (Figure 30) reaches its 50% maximum energy at approximately 30 kHz and has a peak frequency of 

about 37 kHz.  It has a smaller peak at 16 kHz with troughs at 12 and 22 kHz (Figure 31). 
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Figure 30.  CT30 in the LTSA (top) and spectrogram (bottom). 

 

 

Figure 31.  Mean spectra of CT30.  Example (black line), template (blue line), and noise floor (dotted 
line).  Arrows denote spectral peaks or troughs. 

 

Click Type 32 

CT32 (Figure 32) reaches its 50% maximum energy at approximately 32 kHz and has a peak frequency of 

about 39 kHz.  It has a smaller peak at 17 kHz with troughs at 15 and 22 kHz (Figure 33).  This low peak 

becomes apparent in LTSAs but a high pass filter cuts it out in the mean spectra. 


























































