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Executive Summary

A High-Frequency Acoustic Recording Package (HARP) was deployed from April 2016 to June

2007b detect marine mammal and anthropogenic so
Complex. The HARP was located 83 nm off the Florida coastline on the continental slope.

The HARP recorded sound in the frequency band 10 Hi0 kHz. Data analysis consistefd

analyst scans of longgrm spectral averages (LTSAs) and spectrograms, and automated computer
algorithm detection when possible. Three frequency bands were analyzed for marine mammal
vocalizations and anthropogenic sounds: (1) #fmguency, between 1800 Hz, (2) Mid

frequency, between 568000 Hz, and (3) Higifrequency, between-500 kHz.

Two baleen whale species were detected: fin whales and minke whales. Fin whales were detected
intermittently throughout the monitoring period. Minke whales weteated continuously from
November 2016 to April 2017

Several known odontocete species were detected, along with odontocete signals that cannot yet be
distinguished to speciekogia spp. echolocation clicks were found throughout the recording

period, with highest numbers of detections occurring in March 2017 and June 2017. Sperm whale
echolocation clicks were detectiedermittently throughout the detection period with highest

numbers in September 2016 and October 2@6e acoustically identifiable gdinid species was

Ri ssob6s dol phi ns, wh deieetedeligh oumloers aetween dulyandi c ks we
September 2016. Detections decreased in late September through November 2016. Odontocete
signals that could not be distinguished to species wemenon throughout the recordingdiree

distinct click types (CT) of unknown species origin were identified and designated as CT J1, J2, and
J3. Unidentified odontocete whistles were detected and categorized as either above or below 5 kHz.

Anthropogenic sundsfrom broadband ships were detected throughout the recording period.
Echosounders greater than 5 kHz were detected intermittently. LFA sonar greater than 500 Hz was
detected only in February 2017, whereas other LFA sonar was detected only 20ApriIHFA

sonar was detected onlyJdane 2016MFA sonar less than 5 kHz was detected intermittently,
primarily between May 2016 and March 20The hghest number dIFA sonarpackets (>600)

and Cumulative Sound Exposure Levels (CSEL) (> 160 dB re kuRare detected in March

2017. The maximum pealo-peak sound received level for MFA somas 164 dBExplosions

were detected from May 2016 to August 2016 and during October 2016



Project Background

The US Navyos Jacks onv iotatecewitinahe $auth StlantipBigkt that ( J A X)
extends from Cape Hatteras, North Carolina to the Florida Straits. The seafloor is relatively smooth
and features a broad continental shelf, with an inner zone of less than 200 m water depth, and an
outer zone ending to 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 thétlantic Fleet under contract to Duke Universitye 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 fromapevations. This report documents

the analysis of data recorded by a Hflequency Acoustic Recording Package (HARP) that was

deployed off Jacksonville, Florida (designated Site D), within the Jacksonville Range Complex and
collected data from April 201%® June 2017Figurel).
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Figure 1. Location of High-Frequency AcousticRecording Package (HARP) at Site D (30°
09.110 N, 79° 46.213 W, depth 736 m) deployed in the Jacksonville Range Complex study area
from April 2016 to June 2017



Methods

High-Frequency Acoustic Recording Package (HARP)

HARPs are autonomous underwater adoustcording packages that can record sounds over a

bandwidth from 10 Hz to 16kHz 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
providea quantitative analysis of the received sound field. Representative data loggers and
hydrophones were also calibrated at the Navyos
calibrations (Wiggins and Hildebrand, 2007).

Data Collected

The HARP recorded édm April 26,2016 to Jun&5,2017 at Site D (30° 09.110 N, 79° 46.213 W,
depth 736 m) and sampled continuously at 200 kHz to provide 100 kHz of effective bandwidth. The
instrument recorded 425.1 days for a total of 10,202.4 hours of data analyzed.datal@vllection

in the Jacksonville Range Complex is documented in previous detailed reports @elich013;
Johnsoret al, 2014; Frasieet al, 2016).

Data Quality

During the initial 4 days of the deployment, from 04/26/2016 18:0002330/201614:08:30, a
data logger malfunction reducegcordeddata quality. The data logger reset successfully and
producechigh qualitydata fortheremainng 421 day®f deployment.

Data Analysis

To visualize the acoustic data, frequency spectra were calctoat@tidata using a time average of

5 seconds and 100 Hz frequency bins for Hrglquency, 10 Hz for mifrequency, and 1 Hz for
low-frequency. These data, called Lehgrm Spectral Averages (LTSASs), were then examined as a
means to detect marine mamraald anthropogenic sounds. Data were analyzed by visually

scanning LTSAs in souregpecific frequency bands and, when appropriate, using automatic
detection algorithms (described below). During visual analysis, when a sound of interest was
identified in tre 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 speciespecific spectral and temporal characteristics.

Recordingover a broad frequency range of 10iH¥00 kHz allows detection of baleen whales
(mysticetes), toothed whales (odontocetes), and anthropogenic sounds. The presence of acoustic
signals from multiple marine mammal species and anthropogenic noise waseslvadubese data.

To document the data analysis process, we describe the major classes of marine mammal calls and
anthropogenic sound in this band in the Jacksonville region, and the procedures used to detect them.
For effective analysis, the data wereided into three frequency bands: (1) Lénequency, 16600

Hz, (2) Mid-frequency, 506,000 Hz, and (3) Higifrequency, 5100 kHz.



Each band was analyzed for the sounds of an appropriate subset of species or sources. Blue, fin,
Brydeos, s Barth Atlamticmighewhaleassoudds, as well as low frequency astiwver
lessthan 500 Hz, were classified as kkgquency. Humpback, nearby shipping, explosions,
airguns, underwater anthropogenic communications, low frequency active sonar greate® than 50
Hz, and midfrequency active sonar sounds were classified agnagiency. The remaining
odontocete and sonar sounds were consideredfifagbency. Analysis of lovirequency

recordings required decimation by a factor of 100. For the analysis of theemickncy recordings,

the data were decimated by a factor of 20.

We summarize acoustic data collected at the JAX site between April 2016 and Jun&2017
discuss seasonal occurrence and relative abundance of calls for different speargbrapdgenic
sounds that were consistently identified in the acoustic data.

Low-Frequency Marine Mammals

The Jacksonville Range Complex is inhabited, at least for a portion of the year, by blue whales
(Balaenoptera musculusiin whales(B. physalus)Bryd e 6 s  (Bheddnigssi whale¢B.

borealis) minke whale¢B. acutorostrata)and North Atlantic right whalg&ubalaena glacialis)

For the lowfrequency data analysis, the 200 kHz sampled raw data were decimated by a factor of
100 for an effective éandwidth of 1 kHz. Longerm spectral averages (LTSAs) were created using

a time average of 5 seconds and frequency bins of 1 Hz. The same LTSA and spectrogram
parameters were used for manual detection of all call types using the custom software program
Triton. During manual scrutiny of the data, the LTSA frequency was set to display betwa&ih 1

Hz with a hour plot length. To observe individual calls, the spectrogram window was typically set
to display 1250 Hz with a 60 second plot length. The FFT gaserally set between 1500 and

2000 data points, yielding about 1 Hz frequency resolution, with &@585overlap. When a call of
interest was identified in the LTSA or spectrogram, its presence during that hour was logged.

The hourly presence of Nortktlantic blue whale A calls and arch calls, fin whale 40 Hz calls,
Brydeds whale Be7 and Be9 calls, sei whale dow
Atlantic right whale ugcalls was determined by manual scrutiny of ffvequency LTSAs and

spectrgrams. Detections were logged in hourly bins. Fin whale 20 Hz calls were detected

automatically using an energy detection method and are reported as fin whale acoustic index.



Blue Whales

Blue whales produce a variety of calls worldwide (McDonald e2@06). Blue whale calls

recorded in the western North Atlantic include the North Atlantic A call and the arch call (Mellinger
and Clark, 2003).

Blue Whale North Atlantic A Calls
The blue whale tonal call is an-18 Hz tone lasting approximately 8 s,esftfollowed by an 185
Hz downsweep lasting approximately 11 sets(Figure 2)
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Figure 2. North Atlantic blue whale tonal calls in the LTSA (top) and spectrogram (bottom) at
JAX Site D, June2016.



Blue Whale Arch Calls
The blue whale arch call starts around 60 Hz, can ascend up to 70 Hz, then descends to

approximately 35 Hz over a period of about 6 sec@hiigire 3) There were no detections for blue
whale arch calls during the recording period.
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Figure 3. Blue whale arch calls from Mellinger and Clark (2003).

Brydeds Whal es
Brydeds whales inhabit tropical and subtropica

Gerrodette, 1993), and the JAX HARP site is considered to be near their northerly range limit.

Be7 Calls
The Be7 call I's one of s enremnoad, firstdedcribedtinghge s i n t

Southern Caribbean (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 s with an average intercall interval of 2.8 minutes
(Figure4. There were no detections for Brydeods wha
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Figure4. Brydeds whal e Bey20@8all from Ol eson et al
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Be9 Calls
The Be9 call type, described for Brydeds whal e

downswept pulse ranging from 143 to 85 Hz, with each pulse approximately 0.7(Bigung 5)
Ther e were no detections for Brydebés whale Be?9

Figure5. Brydeds whale Be9 call from the Gulf of
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Fin Whales

Fin whales produce two types of short (approximatelylaration), lowfrequency calls:
downsweeps in frequency from-38 Hz, called 20 Hz calls (Watkins, 198E)dure § and
downsweeps from 780 Hz, called 40 Hz cali@-igure 3. The 20 Hz calls can occur at regular
intervals as song (Thompson et al., 1992), or irregularly as call cezaiteamong multiple,
traveling animals (MDonald et al., 1995). The 40 Hz calls most often occur in irregular patterns.

Fin Whale 20 Hz Calls

Fin whale 20 Hz callgFigure § were detected automatically using an energy detection method
(Girovil et al., 2014). The method used a diff
calculated from a 5 second LTSA with 1 Hz resolution. The frequency at 22 Hz was used as the

signal frequency, while noise was calculated as the average energy between 10 and 34 Hz. The
resulting ratio is termed fin whale acoustic index and is reported as a daily average. All calculations
were performed on a dB scale.
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Figure 6. Fin whale 20 Hz call in LTSA (top) and spectrogram (bottom) at JAX Site D,
January 2015.
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Fin Whale 40 Hz Calls

The presence of fin whale 40 Hz cdlsgure 7} was examined via manual scanning of the LTSA

and subsequent verification (from a spectrogram) of the frequency and temporal characteristics of
the calls.
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Figure 7. Fin whale 40 Hz call in LTSA (bp) and spectrogram (bottom) at JAX Site D, May
2016.
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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-spestd slondown pulse trains, with

increasing and decreasing pulse rates respectively. Recently, these call types were detected in the
North Atlantic and they were expanded to also include pulse trains witliangimg pulse rates

(Risch et al., 2013)Higure §. The presence of pulse trains was marked but effort was not expended
to denote whether they were sla@own, speedip, or constant types.
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Figure 8. Minke whale pulse train in the LTSA (top) and spectrogram (bottom) recorded at
JAX Site D, November 2014.
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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 attributeei twlsales, including a loirequency
downsweep (Baumgartner and Fratantoni, 2008; Baumgartner et al., 2008). These calls typically
sweep from a starting frequency around 100 Hz to an ending frequency aroundF@uirz9).

Figure 9. Downsweep calls from sei whales in the LTSA (top) and spectrogram (bottom) from
JAX Site D, November 2016.
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