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Executive Summary

A High-frequency Aoustic Reording PackagéHARP) wasdeployed fromJuly 2015 to April

2016 with recordings made betweduly 2015 andNovember2015,to detect marine mammal and
anthropogenic soundsn t h eJadksmwilldRamnge CompleXThe HARPwaslocated83 nm

off the Florida coastline on the continergkdpe

The HARP recorded sound in tirequency band 10 Hz100 kHz, however the low frequency
recording stage failed, resultingam effective recording band ofi 1100 kHz with decreased
sensitivity below 2’kHz. Data analysis consisted analyst scans dbng-term spectral averages
(LTSASs) and spectrograms, and automated computerthigodetection when possibl&he high
frequency bantbetweenl i 100 kHzwasanalyzed for marine mammal vocalizations and
anthropogenic sounds

Several known odontocete signals were detected, along with odontocete signals that cannot yet be
distinguistedtospeciesCuvi er 6 s and Ger v ai sgermwhatekweerk whal es
detected intermittently throughout the moningrperiod.Kogia spp. echolocation clicks were also
foundthroughout the recording period, with highest numbers of detections ocadurtaig

September through November 200He acoustically identifiableelphinid speciewasRi s s 0 6 s
dolphins, whoseecholocation clicks were identifieid high numbersetweenJuly andAugust

2015. Detectiondecreaseth late SeptembethroughNovember2015 Odontocete signals that

could not be distinguished to gpes were common throughout the recordifgswvever,two

distinct click typegCT) of unknownspecies origin werglentifiedand designated &T J1andJ3
Unidentified odontocete whistles were detected and categorized as either above or below 5 kHz.

Anthropogenic sounds, namealghosounders were detecteldFA sonarwasnot detected in these
recordingsEchosounders were detected intermittently in low numbers.

Project Background

The US Navybdés Jacksonville Range Complex (JAX)
extenddrom Cape Hatteras, Northa@blina to the Florida Strait$he sea floor is relatively smooth

and featurea broad continental shelf, with an inner zone of less tham2@@ter depth, and an

outer zoneextending to water depths of 2000 A diverse array of marine mammals are foumd

this regionjncludingbaleenwhales, toothed whales, and manatees.

In April 2009, an acoustic monitoring effort was initiated within the boundaries of JAX with

support fromthe Atlantic Fleet underontract to Duke Universitylhe goal of this effortvas to

characterize the vocalizations of marine mammal species present in the area, to determine their seasonal
presence patterns, and to evaluate the potentiahfmact from naval operationghis report documents

the analysis of data recorded dkligh-frequency Acoustic Recording Package (HARP) i

deployedoff Jacksonville, Floridddesignateaite D), within the Jacksonville Range Complex and

collected data fronduly throughNovember2015(Figurel).
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Figure 1. Location of High-frequency Acoustic Recording Package (HARP) at sitB (30° 09.036 N
79° 46.203 W depth 800m) deployed in theJacksonville Range Complestudy areafrom July to

November2015.



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 approxirB@@lgays of continuous

data storageThe HARP wagleployedn asmall mooringconfiguration with the hydrophone
suspendedpproximately22 m above the seaflodEach HARP is calibrated in the laboratory to

provide a quantitative analgsof the received smd field.Representate data loggers and
hydrophones were alsbal i br at ed at the Navyds TRANSDEC f a
calibrationgWiggins and Hildebrand, 2007)

Data Collected

One HARPrecordedrom July toNovember 201%tsite D (30° 09.036 N, 7946.203W, depth
800m) andsampled continuously at 200 Kkl#z providel00kHz of effective bandwidthThe
instrument recordeti24.8daysfrom July 39 to Novemberd™ 2015 for a total 0f2,995hoursof
data analyzecEarlier data collectiom theJacksonville Range Compléxdocumented iprevious
detailedreports(Debichet al, 2013; Johnsoat al, 2014 Frasieret al, 2016.

Data Quality

Approximately three days after deployment (approximately on 07/05/2015 23:58:50), the low
frequency stage of the hydrophdaded. The majority of the remaining data Hée to no
sensitivity in the low stage-<27 kHz), and occasional broadband masking from electronic noise.
Despite thdailure, the hydrophoneemained sensitivid acoustic signals between approximately
and100kHz.

Data Analysis

To visualize the amustic data, frequency spectra were calculated for all data using a time average of
5 seconds anti0OHz frequency binsThese data, called Loxierm Spectral Averages (LTSAS)

were then examined as a means to detect marimemaband anthropogenic soun8sata were

analyzed by visually scanning LTSAs in souspecific frequency bands and, when appropriate,

using automatic detectiongalrithms (described belowpuring visual analysis, when a sound of
interest was identified in the LTSA but its origin wagclear, the waveform or spectrogram was
examined to further classifydhsounds to species or sourS@gnal classification was carried out by
comparison to known specispecific spectral and temporal characteristics.

Recording over a broad frequencygarofl1i 100 kHz allows detection of toothed whales
(odontocées) and anthropogenic souniiBe presence of acoustic signals from multiple marine
mammalspecies and anthropogenic noisas evaluated in the dafeo document the data analysis
process, weakcribe the major classes of marine mammal calls and anthropogenic sthugad in
band inthe JAX region, and the procedures used&tectthem.

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

frequency band frort to 100 kHzwasanalyzedThis band containsdontocete and high frequency
sonar sounds, which were analyzed. Acoustic signals that do not fall in that band are not discussed
in this reportDespite attenuated received levels, effort was made to detect sperm whales and
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dolphin whistles, which are most easily detected in thefreguency bandDue to the decreased
sensitivity in the lowto mid-frequency ranges, MFA sonar sounds were not aadlgnd lower
frequency dolphin whistles were most likely missed.

We summarize acoustic data collected betwkay and November 2018Ve 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 Higlguency rangand possibly foundh the

Jacksonville Range Compléxcludebottlenose dolphinsTirsiops truncatus shortfinnedpilot

whales Globicephala macrorhynchiyidong-finned pilot whalegG. mela$, shortbeaked common

dolphins Pelphinus delphis Atlantic spotted dolphinsStenella frontaliy pantropical spotted

dolphins Gtenella frontaliy spinner dolphinsStenellaongirostris), striped dolphins$tenella

coeruleoalbd, Clymene dolphinsStenella clymeneroughtoothed dolphins§teno bredanengis

Ri s s 00 s GompupdniseysB r & s elphidssCagermdelphis hosgikiller whales

(Orcinus orcg, pygmy killer whales Feresa attenuada melonheaded whalePgponocephala

electrg, sperm whalesRhyseter macrocephalysiwarf sperm whale(gia simg, pygmy sperm
whales(Kogia breviceps C u v i beakédsvhaleZ{phius cavirostriy, Ger vai s beaked v
(Mesoplodon europaels, Bl ai nvi | | éMéspplotoa dekseadthishnha e és beaked
whales Mesoplodon mirysandSower by és b Mestpmdbnbidbizs | e s (

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
uponthespeciesBuzz or burst pulses are rapidly repeated clicks that hasreak or buzlike

sound quality; they are generally lower in fuegcy than echolocation click3olphin whistles are

tonal callspredominantly between 1 and 20 kHz that vary in frequency content, their degree of
frequency mdulation, as well as duiah. These signals are easily detectable in an LTSA as well as
the spectrogranHgure?2).
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Figure 2. LTSA (top) and spectrogram (bottom) demonstrating odontocete signal types.

BeakedWhales

Beaked whales can be identified acoustically by their echolocation s{@aalsianAPickeringet

al., 2014) These ginals are frequenemodulated (FM) upsweep pulses, which appear to be species
specific and distinguishable by their spectral and temporal features. Identifiable signals are known
for Gervai so, Bl ainvill eds, NCSowerthg s 0 becataed Bbwawe
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 foundheJacksonville Range Comple&fter all

echolocation signals were identified with a Teager Kaiser energy deiBotdevillaet al, 2008;

Rochet 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 basetarsdet

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 | ehars23kHa/mawerd eleteckls , and
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 manuaaisions by a trained analyst, was used to label the automatically
detected segments pulse type level and rejefetise detectionfBaumannrPickeringet al, 2013)

The rate of missed segments is approximately 5%, varying slightly atgpks/ments.



Bl ainvill eds Beaked Whal es

Bl ainvillebébs beaked whale echolocation signal s
with a characteristic frequenagyodulated upsweep, peak frequency around 34 kHz and uniform
inter-pulse interval (IP1pf about 280 mg§Johnsoret al, 2004; BaumannPickeringet al, 2013)

Bl ainvill ebds FM phablesnghe spaatra domdinsby thett sharp anergy onset

around 25 kHz with only a small energy peak at around 22 kldaie3).
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Figure3.Bl ai nvi |l 1l eds beaked whale echolocation clicks

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



Cuvierdos Beaked Whal es

Cuvi er 6 s ec holpolgcyliciwithna clraiagenisiid F81 pudse @psweep, peak

frequency around 40 kHEigure4), and uniform intejpulse interval of about 0.5(3ohnsoret al,

2004; Zimmeretal, 2005) An additi onal feature that helps
pulses is that they have two characteristic spectral peaks aroamnd 23 kHz.
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Figure4.Cuvi er 6 s b e ak e dTS# (iop)lard sgedtrggram (bsttonm) from HARP
recording within the Jacksonville Range Complex, October 2015.
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Gervais0 Beaked Whal es

Ger vai s0 beak e denesgy eohcentrated o thaBG6 kHh lBandéillespieet al,

2009) with a peak at 44 kH@BaumannrPickeringet al., 2013) Whi | e Ger vai sd bealk
signals are similar to those of Cuvierdos and B
FM pul ses are at a slightly higher frequency t
beaked whig FM pulses sweep up frequency Figure5). The | PlI f or Gervaisodo b
signals is typically around 275 nlBaumannrPickeringet al, 2013)

Figure5.Ger vai s 6 beake dTS# (iop)lard sgedtrggram (bstton) from HARP
recording within the Jacksonville Range Complex, October 2015.
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