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Executive Summary 

A High-frequency Acoustic Recording Package (HARP) was deployed from July 2015 to April  

2016, with recordings made between July 2015 and November 2015, to detect marine mammal and 

anthropogenic sounds in the Navyôs Jacksonville Range Complex. The HARP was located 83 nm 

off the Florida coastline on the continental slope.  

The HARP recorded sound in the frequency band 10 Hz ï 100 kHz, however the low frequency 

recording stage failed, resulting in an effective recording band of 1 ï 100 kHz, with decreased 

sensitivity below 27 kHz. Data analysis consisted of analyst scans of long-term spectral averages 

(LTSAs) and spectrograms, and automated computer algorithm detection when possible. The high 

frequency band between 1 ï 100 kHz was analyzed for marine mammal vocalizations and 

anthropogenic sounds. 

Several known odontocete signals were detected, along with odontocete signals that cannot yet be 

distinguished to species. Cuvierôs and Gervaisô beaked whales as well as sperm whales were 

detected intermittently throughout the monitoring period. Kogia spp. echolocation clicks were also 

found throughout the recording period, with highest numbers of detections occurring in late 

September through November 2015. One acoustically identifiable delphinid species was Rissoôs 

dolphins, whose echolocation clicks were identified in high numbers between July and August 

2015. Detections decreased in late September through November 2015. Odontocete signals that 

could not be distinguished to species were common throughout the recordings. However, two 

distinct click types (CT) of unknown species origin were identified and designated as CT J1 and J3. 

Unidentified odontocete whistles were detected and categorized as either above or below 5 kHz. 

Anthropogenic sounds, namely echosounders were detected. HFA sonar was not detected in these 

recordings. Echosounders were detected intermittently in low numbers.   

  

Project Background 

The US Navyôs Jacksonville Range Complex (JAX) is located within the South Atlantic Bight that 

extends from Cape Hatteras, North Carolina to the Florida Straits. The sea floor is relatively smooth 

and features a broad continental shelf, 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 are found in 

this region, including baleen whales, toothed whales, and manatees. 

 

In April 2009, an acoustic monitoring effort was initiated within the boundaries of JAX 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 present in the area, to determine their seasonal 

presence patterns, and to evaluate the potential for impact from naval operations. This report documents 

the analysis of data recorded by a High-frequency Acoustic Recording Package (HARP) that was 

deployed off Jacksonville, Florida (designated site D), within the Jacksonville Range Complex and 

collected data from July through November 2015 (Figure 1). 

 

 



  5 

 
Figure 1.  Location of High-frequency Acoustic Recording Package (HARP) at site D (30° 09.036 N, 

79° 46.203 W, depth 800 m) deployed in the Jacksonville Range Complex study area from July to 

November 2015.   

 

 

  



  6 

Methods 

High-frequency Acoustic Recording Package (HARP) 

HARPs are autonomous underwater acoustic recording packages that can record sounds over a 

bandwidth from 10 Hz up to 160 kHz and that are capable of approximately 300 days of continuous 

data storage. The HARP was deployed in a small mooring configuration with the hydrophone 

suspended approximately 22 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 were also calibrated at the Navyôs TRANSDEC facility to verify the laboratory 

calibrations (Wiggins and Hildebrand, 2007). 

Data Collected 

One HARP recorded from July to November 2015 at site D (30° 09.036 N, 79° 46.203 W, depth 

800 m) and sampled continuously at 200 kHz to provide 100 kHz of effective bandwidth.  The 

instrument recorded 124.8 days from July 3rd to November 4th 2015, for a total of 2,995 hours of 

data analyzed. Earlier data collection in the Jacksonville Range Complex is documented in previous 

detailed reports (Debich et al., 2013; Johnson et al., 2014; Frasier et al., 2016). 

Data Quality 

Approximately three days after deployment (approximately on 07/05/2015 23:58:50), the low 

frequency stage of the hydrophone failed. The majority of the remaining data has little to no 

sensitivity in the low stage (~<27 kHz), and occasional broadband masking from electronic noise. 

Despite the failure, the hydrophone remained sensitive to acoustic signals between approximately 1 

and 100 kHz. 

Data Analysis 

To visualize the acoustic data, frequency spectra were calculated for all data using a time average of 

5 seconds and 100 Hz frequency bins. These data, called Long-Term Spectral Averages (LTSAs), 

were then examined as a means to detect marine mammal and anthropogenic sounds. Data were 

analyzed by visually scanning LTSAs in source-specific frequency bands and, when appropriate, 

using automatic detection algorithms (described below). During visual analysis, when a sound of 

interest was identified in the LTSA but its origin was unclear, the waveform or spectrogram was 

examined to further classify the sounds to species or source. Signal classification was carried out by 

comparison to known species-specific spectral and temporal characteristics. 

Recording over a broad frequency range of 1 ï 100 kHz allows detection of toothed whales 

(odontocetes) and anthropogenic sounds. The presence of acoustic signals from multiple marine 

mammal species and anthropogenic noise was evaluated in the data. To document the data analysis 

process, we describe the major classes of marine mammal calls and anthropogenic sound in this 

band in the JAX region, and the procedures used to detect them.   

Due to a malfunction in the low frequency stage of the hydrophone, only the high- to mid- 

frequency band from 1 to 100 kHz was analyzed. This band contains odontocete and high frequency 

sonar sounds, which were analyzed. Acoustic signals that do not fall in that band are not discussed 

in this report. Despite attenuated received levels, effort was made to detect sperm whales and 
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dolphin whistles, which are most easily detected in the mid-frequency band. Due to the decreased 

sensitivity in the low- to mid-frequency ranges, MFA sonar sounds were not analyzed and lower 

frequency dolphin whistles were most likely missed. 

We summarize acoustic data collected between July and November 2015. We discuss seasonal 

occurrence and relative abundance of calls for different species and anthropogenic sounds that were 

consistently identified in the acoustic data. 

High-Frequency Marine Mammals 

Marine mammal species with sounds in the high-frequency range and possibly found in the 

Jacksonville Range Complex include bottlenose dolphins (Tursiops truncatus), short-finned pilot 

whales (Globicephala macrorhynchus), long-finned pilot whales (G. melas), short-beaked common 

dolphins (Delphinus delphis), Atlantic spotted dolphins (Stenella frontalis), pantropical spotted 

dolphins (Stenella frontalis), spinner dolphins (Stenella longirostris), striped dolphins (Stenella 

coeruleoalba), Clymene dolphins (Stenella clymene), rough-toothed dolphins (Steno bredanensis), 

Rissoôs dolphins (Grampus griseus), Fraserôs dolphins (Lagenodelphis hosei), killer whales 

(Orcinus orca), pygmy killer whales (Feresa attenuata), melon-headed whales (Peponocephala 

electra), sperm whales (Physeter macrocephalus), dwarf sperm whales (Kogia sima), pygmy sperm 

whales (Kogia breviceps), Cuvierôs beaked whales (Ziphius cavirostris), Gervaisô beaked whales 

(Mesoplodon europaeus), Blainvilleôs beaked whales (Mesoplodon densirostris), Trueôs beaked 

whales (Mesoplodon mirus) and Sowerbyôs beaked whales (Mesoplodon bidens). 

High-Frequency Call Types 

Odontocete sounds can be categorized as echolocation clicks, burst pulses, or whistles. 

Echolocation clicks are broadband impulses with peak energy between 5 and 150 kHz, dependent 

upon the species. Buzz or burst pulses are rapidly repeated clicks that have a creak or buzz-like 

sound quality; they are generally lower in frequency than 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 2). 
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Figure 2. LTSA (top) and spectrogram (bottom) demonstrating odontocete signal types. 

 

Beaked Whales 

 

Beaked whales can be identified acoustically by their echolocation signals (Baumann-Pickering et 

al., 2014). These signals are frequency-modulated (FM) upsweep pulses, which appear to be species 

specific and distinguishable by their spectral and temporal features. Identifiable signals are known 

for Gervaisô, Blainvilleôs, Cuvierôs, and Sowerbyôs beaked whales. No Sowerbyôs beaked whales 

were detected in these data or in previous JAX recordings and they are not further described below. 

 

Beaked whale FM pulses were detected with an automated method. This automated effort was for 

all identifiable beaked whale signals found in the Jacksonville Range Complex. 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 ɛs, and a sweep rate of less than 23 kHz/ms were deleted. 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. A third classification step, based on 

computer assisted manual decisions by a trained analyst, was used to label the automatically 

detected segments to pulse type level and reject false detections (Baumann-Pickering et al., 2013). 

The rate of missed segments is approximately 5%, varying slightly across deployments. 
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Blainvilleôs Beaked Whales 

Blainvilleôs beaked whale echolocation signals are, like most beaked whalesô signals, polycyclic, 

with a 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). 

Blainvilleôs FM 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 3). 

 

Figure 3. Blainvilleôs beaked whale echolocation clicks in LTSA (top) and spectrogram (bottom) from 

the Virginia Capes range. Red arrow indicates location of LTSA expanded in the spectrogram. 
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Cuvierôs Beaked Whales 

Cuvierôs echolocation signals are polycyclic, with a characteristic FM pulse upsweep, peak 

frequency around 40 kHz (Figure 4), and uniform inter-pulse interval of about 0.5 s (Johnson et al., 

2004; Zimmer et al., 2005). An additional feature that helps with the identification of Cuvierôs FM 

pulses is that they have two characteristic spectral peaks around 17 and 23 kHz. 

 

 
Figure 4. Cuvierôs beaked whale signals in LTSA (top) and spectrogram (bottom) from HARP 

recording within the Jacksonville Range Complex, October 2015. 
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Gervaisô Beaked Whales 

Gervaisô beaked whale signals have energy concentrated in the 30 ï 50 kHz band (Gillespie et al., 

2009), with a peak at 44 kHz (Baumann-Pickering et al., 2013). While Gervaisô beaked whale 

signals are similar to those of Cuvierôs and Blainvilleôs beaked whales, the Gervaisô beaked whale 

FM pulses are at a slightly higher frequency than those of the other two species. Similarly, Gervaisô 

beaked whale FM pulses sweep up in frequency (Figure 5). The IPI for Gervaisô beaked whale 

signals is typically around 275 ms (Baumann-Pickering et al., 2013). 

 

 
Figure 5. Gervaisô beaked whale signals in LTSA (top) and spectrogram (bottom) from HARP 

recording within the Jacksonville Range Complex, October 2015. 

 

 

 

 

  


















































