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Executive Summary

A High-frequency Aoustic Recording PackageARP) wasdeployed fromAugust 2014 tduly
2015 with recordings made between August 2014 and May 20 dgtect marine mammal and
anthropogenic soundsn t h eJadisorwilldRasige ComplexThe HARPwaslocated83 nm
off the Florida coastline on the continergkdpe

The HARP recorded sound in the frequency band 10 H30 kHz.Data analysis consisted o

analyst scans dbng-term spectral averages (LTSAs) and spectrograms, and automated computer
algorithm detection when possible. Three frequency bardsanalyzed for marine mammal
vocalizations and anthropogenic sound$ Low-frequency, between 1B0O0Hz, (2) Mid

frequency, between 19,000 Hz, and (3) Higifrequency, between-100 kHz.

Threebaleernwhale species wemetectedfin whalesminke whalesaindseiwhales. Fin whales
were detected Januarylarch 2015 Minke whalepulse trainsvere detecte@®ctober 2014 April
2015.Sei whales were detected November 20Jdnuary 2015.

Several knowrmdontocete signals were detected, along with odontocete signals that cannot yet be
distinguisted by speciesSperm whales were detected intermittently throughout the monitoring
period.Kogia spp. echolocation clicks were alsmundthroughout the recordingeriod, with

highest numbers of detections occurring October 2@4gil 2015. Oneacoustically identifiable
delphinid speciewasR i s s 0 0 s, wHose:cholocation clicks were identified low numbers
betweenAugust 2014andApril 2015. Detectionsnicreased in late April through May 2015
Odontocete signals that could not be distinguished twiepaere common throughout the

recordings However threedistinct click typegCT) of unknownspecies origin werigentifiedand
designated a€T J1, J2andJ3 Beaked whale click analysis was performed by Joy Stanistreet
(Duke University) and is not included in this report.

The following athropogenic sounds were detected: broadband ship Midé;requency Active
(MFA) and HighFrequency Active (HFA¥mar, echosoundersind explosionsBroadband ships
were commorthroughout the recordingsMFA sonarwas detected intermittently with peaks in
September and October 2014, as well as Febaradyarch 2015HFA was detected on a single
day in April 2015. Echosounders were detected intermittently in low numbExglosions were
detected on a single day in January 2015.

Project Background

The US Navyodos Jacksonvill e Range Complex (JAX)
extenddrom Cape Hattras, North Carolina to the Florida Straifshe sea floor is relatively

smooth and featuresbroad continental shelf, with an inner zone of less tham2@@ter depth,

and an outer zonextending to water depths of 2000 A diverse array of marinmammals are

found in this regionincludingbaleerwhales, 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 UniversityThe 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 operatisn®port documents

the analysis of datrecorded by High-frequency Acoustic Recording Package (HARP) s



deployedat a site designatedite D), within the Jacksonville Range Complex and collected data from
August 2014hroughMay 2015(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 Complexstudy areaAugust 2014
through July 2015



Methods

High-frequency Acoustic Recording Package (HARP)

HARPs recordunderwater sounds from 10 Itz 100 kHz and are capable of approximately 300

days of continuous datéosage. The HARP was a seafloopackageconfiguration with the

hydrophone suspendegproximately22 m above the seaflooiEach HARP is calibrated in the

laboratory to provide a quantitative analysis of the received sound field. Represetati

loggers and hydrophoneswereatsa | i br at ed at the Navyodés TRANSDI
laboratory calibrationéWiggins and Hildebrand, 2007)

Data Collected

One HARPwasdeployed fromAugust2014to July 2015at site D (30° 09.036 N, 79246.203W,
depth800m) andsampled continuouglat 200 kHzo providel00kHz of effective bandwidth

The instrument recorded 279 ddgem August 23, 2015 to May 22, 201f6r a total of 6,697 hours
of data analyzedEarlier data collectiom theJacksonville Range Compléxdocumented in
previows annual report§Debichet al, 2013; Johnsoat al, 2014)

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). Thesaltkdd,ongTerm

Spectral Averages (LTSAsykere then examined as a means to detect marine mammal and
anthropogenic sounds. Data were analyzed by visually scanning LTSAs in-specdte

frequency bands and, when appropriate, using automatic detdgohans (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 waarded out by comparison to known speesggcific spectral and
temporal characteristics.

Recording over a broad frequency range of 10 HB0 kHz allows detection of baleen whales
(mysticetes), toothed whales (odontocetes), and anthropogenic soungsesdree 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 tlAX region, andhe procedures used detectthem. For effective

analysis, the data were divided into three frequency b&bhdsow-frequency, between 1800 Hz

(2) Mid-frequency, between 19,000 Hz and (3)High-frequency, between-100 kHz

Each band was analyzéat the sounds of an appropriate subset of species or sources. Blue, fin,
B r y dseipnsinke, North Atlantic right whaknd 5pulsesounds were classified as low
frequency. Humpback, killer whale tonal and pulsed calls, nearby shipping, explosiarsyaiad
communications, and mifilequency active sonar sounds were classified agmeigiency. The
remaining odontocete and sonar sounds were considerefréagtency. Analysis of low

frequency recordings required decimation by a factor of Ha.the analysis of the miffequency
recordingsthedata were decimated by a factor of 20. The LTSAs were created ussmgrae
average withL Hz resolution for lowfrequency analysis, 10 Hz resolution for Aidquency
analysis, and 00 Hz frequency resdion for highfrequency analysis



We summarize acoustic data collected betwaagust2014andMay 2015 at site D We discuss
seasonal occurrence and relative abundance of calls for different species and anthropogenic sounds
that were consistently idengfl in the acoustic data.

Low-Frequency Marine Mammals

TheJacksonville Range Compléxinhabited, at least for a portion of the year, by blue whales
(Balaenoptera musculysfin whales(B. physalus)Br y d e 6 s B. edery, seevwsaleGR.

borealig, minke whalesB. acutorostrat® and North Atlantic right whale&(balaena glacialis

For the lowfrequency data analysis, the 200 kHz sampled raw data were decimated by a factor of
100 for an effective bandwidth of 1 kHz. Loteym spectral averagelsT(SAS) 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, th€SA frequency was set to display between 1

300Hz with a thour plot length. To observe individual calls, the spectrogram window was
typically set to display-RP50 Hz with a 60 second plot length. The FFT was generally set between
1500 and 2000 data pus, yielding about 1 Hz frequency resolution, with ar88% overlap.

When a call of interest was identified in the LTSA or spectrogram, its presence during that hour was
logged.

The hourly presence dforth Atlanticbluewhalecalls,blue whale arch souls,fin whale20 and

40 HzcallsBr yd e 6 s wh a |calls,Biek& whale pdilseBrair®, North Atlantic right whale
up-calls and 5pulse soundwas determined by manual scrutiny of nequency LTSAs and
spectrograms.



Blue Whales

Blue whales prduce a variety of calls worldwid&cDonaldet al, 2006) Blue whale calls recorded in
the western North Atlantic include the North AtlanN¢B call and the arch calMellinger and Clark,
2003)

Blue Whale North Atlantic Calls

The AB call is a 1819 Hz tone lasting approximately &4), often followed by an 185 Hz
downsweefB) lasting approximately 11 §igure2). There were no detections$ blue whale
North AtlanticA-B callsduring the recording period

T 19+ \ q .
& 187 \ \ G \
=
817_ \ \
>
I T T T T

O 16
o a
15 @) T

19+ ' '

18 A\ ﬁ\ ~ \ ~\\ Aq‘
& 17 \
g 67 (b)

=15 T T T T T T T

N » . . N

T 184

2 ~ ~ -
18- \‘ - -

3 17
3
316
‘-15 T I T I T T T

T 19 s . . - A

;18— N * \ \\ ~Y o &
@ 17 ’ ‘ \
g 167 (d) -y . ;W

= v & . - . - . r 2 @
15 " T ‘llv T T - r— T

0 50 100 150 200 250 300 350
time, s

Figure 2. North Atlantic blue whale calls from Mellinger and Clark (2003).

Blue Whale ArchCalls

Theblue whalearch call starts around 60 Hz, can ascend up to 70 Hz, then descends to
approximately 35 Hz over a period of about &igre3). There were no detectiongblue whale
arch callsduringthis deployment periad
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Figure 3. Blue whale arch calls from Mellinger and Clark (2003)



Fin Whales

Fin whales produce two types of short (approximately 1 s durationfrémuency calls:
downsweeps ifrequency from 3€5 Hz, called 20 Hz calVatkins, 1981)Figure4), and
downsweeps from 780 Hz, called 40 Hz call$~{gure5). The 20 Hz calls can occur at regular
intervals as son@@hompsoret al, 1992) or irregularly as call countealls among multiple,
traveling animalgMcDonaldet al, 1995) The 40 Hz calls most often occur in irregular patterns.

Fin whale 20 Hz calls

Fin whale 20 Hz callgFigure4) were detecteslia manual scanning of the LTS#d subsequent
verification from a spectrogram of the frequency and temporal characteristics of thArcalls.
automatedietection algorithm was uséar previous datasets (Hatteras 02A, 03A, 04A and Norfolk
Canyon 01AY)o calculate an acoustic index fon fivhale20 Hz calls. The automated detector was
not used in this JAX datasatie to the presence of high amounts of fequency noise in the

LTSA observed in thewhich may have masked calls and made them difficult to detect
automatically
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Figure 4. Fin whale 20 Hz calls inLTSA (top) and spectrogram (bottom)at JAX site D.



Fin whale 40 Hz calls

The potential presence i whale 40 Hz callsKigure5) was examinedia manual scanning of the

LTSA and subsequent verification from a spectrogram of the frequency and temporal characteristics
of the calls. There were no detections$ fin whale 40 Hz calls during this recording period

150 e RO R T

btk

? . ; } '
50 b 5] ., Wl e, I e e @ o e teily
# . i 5 F i

Frequency [Hz]

05
11/03/2013 19:00:00 Time [hours]

Frequency [Hz]

11/03/2013 19:38:03.5 Time [seconds]

Figure 5. Fin whale 40 Hz calls inLTSA (top) and spectrogram (bottom)from southern California
HARP data.
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Brydeds Whal es
Brydeds whales inhabit tr op©Omuall9®Whdeandbt r opi c a
Gerrodette, 199), and the JAX HARP site is considetedbeneartheir northerly range limit.

Be 7 Calls

The Be7 call is one of several call types in t
Southern Caribbea®lesonet al, 2003) The average Be7 cdilhs a fundamental frequency of 44

Hz and ranges in duration between 0.8 and 2.5 s with an averagesihiaterval of 2.8 minutes

(Figure6). There were no deteshsof Br y d e 6 s w h durirg thiB ecordinggéribds

Frequeancy (Hz)
&

0 7 4
Time (s)

Figure6. Br ydeds whal e Beetal,2t®3.1 from OI ¢

Be9 Calls

The Be9 call type, described for the Gulf of Mexisoa downsweppulse ranging from 143 to 85

Hz, with each pulse approximately 0.7 s loRgy(ire7). There were no detectionst he Br yde 6 s
whale Be9 caltluring this recording griod

Figure 7. Brydeds whale Be9 cGilrlovirionett heel
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Sei Whales

Seiwhales are found primarily in temperate waters and undergo annual migrations between lower
latitude winter breeding grounds and higher latitude summer feeding gr@dizdsch et al., 1984;
Perryet al,, 1999) Multiple sounds have been attributed tovgeales,includinga lowfrequency
downsweegBaumgartner and Fratantoni, 2008; Baumgartteil., 2008). These calls typically

sweep from a starting frequency around 100 Hz to an ending frequency aroundH@uirzs).
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Figure 8. Downsweep callsimilar to thosereported to be from sei whales in the LTSA (top) and
spectrogram (bottom) from JAX site D in November, 2014
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Minke Whales

Minke whales in the North Atlantic produce long pulse tréfingure 9) Mellingeret al (2000)

describe minkevhale pulse sequences near Puerto Rico as-4geadd slowdown 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 tramaevivarying pulse rates
(Rischet al, 2013.
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Figure 9. Minke whale pulse train in the LTSA (top) and spectrogram (bottomyecorded in
November 2014 atIAX site D.
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North Atlantic Right Whales

Thecritically endangeredliorth Atlantic right whale is found in the Western North Atlapnaad the

JAX region is included in their calving grounds, although typically in the shallow waters of the
continental shelf Several call types that have been described for the North Atlagtiticwhale

include the screangunshot, blow, upcall, warble, and downd¢&larks and Tyack, 2005)or low
frequency analysisye examined the data for upcalls, which are approximately 1 second in duration
and range between 80 Hz and 200 Hz, sometiméshaitmonicgFigure10). There were no North
Atlantic right whale ugcall detectiongluring this recording period.
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Figure 10. Right whale up-callsfrom Trygonis et al., 2013
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5-pulse signal

The 5pulse signal consists aifultiple (usuallyfive) pulses over approximately two secondishas
a starting frequency around 162 with a very slightncrease in frequency from the first to
subsequent pulseslowever, Soulses can vary ifundamental frequency frod207 200Hz
(Figurell). Because of iteharacter, prevalence, and intenditys sounds classifiedas thecall of
a baleen whalébut of unknown specieblo 5-pulse signals were detected in this deployment.
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Figure 11. 5pulse signal in the LTSA (top) and spectrogram (bottom) alAX site C.
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Mid -Frequency Marine Mammals

Marine mammal species with sounds in the-fnédjuency range expected in thecksonville

Range Compleincludehumpback whale@Megaptera novaeanglidend killer whalegOrcinus
orca). For midfrequencydata analysis, the 100 kHdata were decimated by a factor of 20 for an
effective bandwidth of 5 kHz. The LTSAs for miicequency analysis were created using a time
average of 5 seconds, and a frequency bin si2@Blfz. The presence of each call type was
determined using an emgntergranularity, to oneminute precision, for each midequency dataset.
Humpback whales were detected automatically as described b&lgawmaticdetections were
subsequently verified for accuracy by a trained anald#tistles resembling those killer whales
were logged as unidentified odontocete whistles <5 kHz due to overlapping distributions with other
large delphinids in the area.

Humpback Whales

Humpback whales produ@®thsong and nosong call{Payne andicVay 1971, Dunloget al

2007, Stimpertet al, 2011) The song is categorized by the repetition of units, phrases, and themes
of a variey of calls as defined by Payne avdVay (1971) Most humpback whale vocalizations

are produced between 108,000 Hz. We used an automatic mpback whale detecttwased on

the generalized power lafiMelbleet al, 2013. No humpback whale calls were detected in this
deployment.
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JAXIOC_DLE9_140318_183230 420 x wa =
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]
19-Mar-20

Figure 12. Humpback whale song fromJAX site Cin the analyst verification stage of the detector.
Green in the bottom evaluation line indicates true detections.
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High-Frequency Marine Mammals

Marine mammal species with sounds in the Higlguency rangand possibly founch the

Jacksonville Rang€omplexincludebottlenose 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 dolphinstenella longirostriy striped dolphins$tenella

coeruleoalbg, Clymene dolphinsStenella clymeneroughtoothed dolphins§teno bredanengis

Ri s s 00 s GompupdnseysBras( r 0Iphing (cagenodelphis hosgikiller whales

(Orcinus orcg, pygmy killer whalesEeresa attenuaja melonheaded whale$eponocephala

electrg, sperm whalesRhyseter macrocephalysiwarf sperm whale(gia simg, pygmy sperm
whales(Kogia breviepg, C u v i beakédshale<Z{phius cavirostri Ger vai s 6 beaked v
(Mesoplodon europaels, Bl ai nvi | | éMéspplotoa dekseastishnha e és beaked
whales Mesoplodon mirysandSower by és b Mestpmdbnbidbizs | e s (

High-FrequencyCall 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 repeateckslithat have a creak or bulize

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, agell as duration. These signals are easily detectable in an LTSA as well
as the spectrogranfigure13).
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Figure 13. LTSA (top) and spectrgram (bottom) demonstrating odontocete signal types.
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Echolocation clicks

Delphinid echolocation clicks were detected automatically using an energy detector with a
minimum received level threshold of 120gBe: 1 pPa. (Rockt al.,2011, Frasier 2015). False
positives were identified and removed manually by an analyst, who reviewed LTSAs and me
spectra for each detected bout. A bout was defined as a period of clicking separated before
by at least 15 minutes without clioky.

Dominant click types at this site were identified automatically by dividing detections into
successive fiveninute windows and determining the dominant click {gpm each window. An
automated clusteringigorithmwas then used to identify recuntaypes across all windows (Frasi
et al in prep). Recurrent types were used as templates. Templates were attributed to a speci
species i f known (e.g. Ri ssobs dol phin) o
were compared with the ck types in each five minute window for matches. Click types that
matched a template were classified by the matched template. Click types that did not match
template were labeled as unknown.

Whistles

Many species of delphinids produce tonal calls knag/mhistles. These frequenoydulated
signals are predominantly found between 1 and 20 kHz. Whistles were detected manually ir
LTSAs and spectrograms, and characterized based on their frequency content as unidentifie
odontocete whistles either abovebetow 5 kHz.

18



Unidentified Odontocetes

Many Atlanticdelphinid sounds are not yet distinguishable to species based on the character of their
clicks, buzz or burst pulses, or whist{@ochet al, 2011; Gillespieet al, 2013) For instance,

common dolphin species (shdreaked and loreaked) and bottlenose dolphins make clicks and
whistles that are thus far indistinguishable from each ¢8wdevillaet al, 2008) Ri s slapbis

clicks are distinguishable, and were identified based owkrcharacteristic€Soldevillaet al,

2008)
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Figure 14. LTSA (top) and spectrogram (bottom) of unidentified odontocete signafsom HARP
recording within the Jacksonville Range ComplexSeptember, 2010
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Ri ssob6s Dol phins

Ri ssob6s dol phin echolocation clicks catternbe i de
observable in the LTSAHgure 15) Studies show that spectral pr
echolocation clicks vary based on geographic region (Silldepersonal communicationRi s s 0 0 s
dolphin clicks that were detected in this recording period had peaks at 23, 26, and(B&jkikz

16). Modal interclick interval (ICI) was 170 ms, with broad variability between 106 200 ms

across allencounte®i ssods dol phin detections in previou
Range complex had peaks at 23, 26, 35, and 44Relzichet al, 2013),while clicks recorded in

the Cherry Point OPAREA had peaks at 21, 25, 30, and 4ZBeétzchet al, 2014)
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Figure 15. Ri ssobd6s dol phin acoustic encount
recording within the Jacksonville Range Complex, October 2010.
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Other Echolocation Click Types

An aubmated clustering procedure was used to identify recuidphinidclick types (CT) in the
datasetThree click types were identifig@Figures15-20). These click types are not currently
identified to type, but have consistent spectral shapes arist@butions, making them candidates
for future identification.
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Figure 15. Click type CT J1 detected at JAX site D from August 2014 to May 2015
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Figure 16. Click type CT J1 acoustic encounter inLTSA (top) and spectrogram (bottom) from
JAX site D in November 2014.
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Figure 17. Click type CT J2 detected atJAX site D from August 2014 to May 2015.
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CT J1 had a simple spectral shape with peak frequencies between 26 and 29 kHz, and a
modal ICI of 85 msKigurel5). An example encounter is shownHigure16.

CT J2 had a low spectral peak at 16 kidddlominant peak between 40 and 42 kHz, and a
modal ICI of 100ms (Figurel?). An example encounter is shownFigurel8. A similar

click type has been identified at a site near Desoto Canyon in the Gulf of Mexico (site depth
= 260 m) with no seasonal trend (Frasier, 2015). It has not been identified atrdahtine

slope sites in the Gulf of Mexico. CTJ2 may be associated with one of the more coastal
species such as bottlenose or Atlantic spotted dolphins.

CT J3 had a lower frequency distribution with a single peak near 22 kHz, and a modal ICI of
170 ms Figure19). An example encounter is shownHigure20. This click type may be
associated with shofinned pilot whales. A similar type has been identified at continental
slope sites in the northeastern Gulf of Mexico during spring and summer nilergbier,

2015)
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Figure 19. Click type CT J3 detected atJAX site D from August 2014 to May 2015
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Sperm Whales
Sperm whalelicks contain energy from-20 kHz, with the majority of energy between-18 kHz

(Mghl et al, 2003)(Figure21). Regular clicks, observed during foraging divesndastrate aCl

from 0.251 s(Goold and Jones, 1995; Madssral, 2002a) Short bursts of closely spaced clicks
calledcreaksare observed during foraging dives and are believed to indicate a predation attempt
(Watwoodet al, 2006) Slow clicks(> 1 sec ICl)are used only by males and are more intense than
regular clicks with long inteclick intervals(Madsenet al, 2002b) Codas arstereotyped

sequences of clicks which are less intense and contain lower peak frequencies than rdgular clic
(Watkins and Schevill, 1977)There was no effort to divide sperm whale clicks by type.
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Figure 21. Sperm whale echalcation clicks in LTSA (top) and spectrogram (bottom) atJAX site D in
August 2014
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Kogia spp.

Dwarf and pygmy sperm whalesnit echolocation signals thiadve peak energy at frequencies

near 130 kHZAu, 1993) While this is above the frequency band recorded by the HARP, the lower
portion of theKogia energy spectrum is within the 100 kHz HARP bandwiéfilgyre22). The

observed signal may result both from the {fraquency tail of thé&Kogia echolocation click spectra,
and from aliasing of energy from above the Nyquist frequency of 100karé23). Kogia
echolocation clicks were analyzed using a rratiéip detector. The first step was to identify clicks
with energy in the 7@00 kHz band that simultaneously lacked energy in lowegu&acy bands.

An expert system then classified these clicks based on spectral charactandtiosally an analyst
verified all ectolocation click bouts manually.
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Figure 22. Kogiaspp. echolocation clicks in the LTSA (top)and spectrogram (bottom) fromsite D.
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Figure 23. Left: Kogiaspp. mean spectra computed froma HARP deployed off of Cape Hatteragsolid
line) with 25" and 75" percentiles (dashed lines); Center: Distribution of click peafrequencieswith
peak near the Nyquist frequency (100kHz)Right: Distribution of inter -click-intervals with modal
peak at 0.07 seconds.
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Anthropogenic Sounds

Several anthropogenic sounds were monitored for this report: broadband shihowiseequenyg

Active (LFA) sonarMid-FrequencyActive (MFA) sonar,High Frequency Active (HA) sonar
echosoundergsndexplosions. The LTSA search parameters used to detect each sound are given in
Tablel. The start and end of each sound or session was logged and their durations were added to
estimate cumulative hourly presence.

Table 1. Anthropogenic sound data analysis parameters.

Sound Type LTSA Search Parameters
Plot Length (hr) Frequency Range (Hz)
Broadband Ship Noise 3.0 107 5,000
LFA Sonar >500 Hz 0.75 500- 1000
MFA Sonar 0.75 1,0007 10,000
HFA Sonar 1 10,0001 100,000
Echosounder 1 5,000 100,000
Explosions 0.75 107 5,000

Broadband Ship Noise

Broadband ship noise occurbhien a vessglassesvithin a few km ofthe hydrophone. Ship noise
can occur for many hours at a time, but broadbandrshge typically lasts from 10 minutes up to 3
hours. Ship noise has a charactaristterference pattern in the LT§McKenna et al., 2012)
Combinationof direct paths and surface reflected paths produce constructive and destructive
interference (bright and dark bands) in the spectrogram that varies by frequency and distance
betweenhe ship and the receivedfigure24). Noise can extend above 10 kHz, though it typically
falls off above a few kHz.
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Figure 24. Broadband ship noise inLTSA (top) and spectrogram (bottom) atJAX site D.
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Low-Frequency Active Sonar

Low-frequency active sonar includes military sonar between 100 and 500 Hz and other sonar
systems up to 1 kHz. Effort was expended for LFA sonar between 500 Hz and Hidulitz Z5).
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Figure 25. LFA at 950 Hz in the LTSA (top) and spectrogram (bottom) at a North Atlantic HARP site,
recorded in December 2014.

Mid -Frequency Active Sonar

Sounds from MFA sonar vary in frequendyi 10 kHz)andare composedf pulses of both

frequency modulated (FM) sweeps and continuous wave (CW) gooeged in packets with

duratiors ranging from less than 1 s to greater thanPaskets can be composafdsingle or

multiple pulses and are transmitted repetitively as wave trains withpatdetintervals typically

greater than 20 $-{gure26). In the Jacksonvil Range Complex, the most common MFA sonar

packet signalare betwee and 5kHz and are knowmore generallas 6 3. 5 .AndElyst8S s on a
manually scanned LTSAs and logged sonar wave train event start and end times

A custom software routine was useditiect sonar pings within the anabgsfined bouts and to

calculate peako-peak (PP) received sound pressure levels (Wiggins, 2015). For this detector, a
sonar ping is defined as the presence of sonar within a 5 s window and may contain multiple
individual pings. The detector calculates the average spectrum level across the frequency band from
2.4 to 4.5 kHz for each 5 s time bin. This provides a time series of the average received levels in
that frequency band. Minimum values were noted for each Seshilm and used as a measure of
background noise level over the sonar event period. Spectral bins that contained system noise (disk
writing) were eliminated to prevent contaminating the results. Each of the remaining average
spectral bins was comparedth® background minimum levels. If levels were more than 3 dB

above the background, then a detection time was noted. These detection times were then used to
index to the original time series to calculate PP levels. Received PP levels were calculated by

differencing the maximum and minimum amplitude of the time series in the 5 s window. The raw
27



time series amplitudes are in units of anaiegligital converter (ADC) counts. These units were
corrected to pPa by using the calibrated transfer functiomi®frequency band. Since the

instrument response is not flat over thei2#45 kHz band, a middle value at 3.3 kHz was used. For
sonar pings less than this middle frequency, their levels are overestimated by up to about 5 dB and
for those at higher fregency their levels are underestimated by up to about 4 dB. While all sonar
was manually detected, lgrthe sonars between 2.4 and 4.5 kHz were further analyzed in the
received levels analysis.
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Figure 26. MFA in LTSA (top) and spectrogram(bottom) at JAX site D.

High-Frequency Active Sonar

HFA sonar is used for specialtyilitary and commerciahpplicationancludinghigh-resolution
seafloor mapping, sherangecommunicatios, such as witlhutonomous Underwaté/ehicles
(AUVs), multi-beam fathometers, and submarine naviggii@ox, 2004. HFA sonar upsweeps
between 10 and 100 kHz werenuallydetected by analysts in LTS#ots (Figure27).
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Figure 27. HFA sonarin LTSA (top) and spectrogram (bottom) atJAX site D.

Echosounders

Echosounding sonars transmit short pulses or frequency sweeps, typically in thedughcy

(above 10 kHz) band-{gure28), though echosounders are occasionally found in thefneigiency

range (25 kHz). Many large and small vessels are equipped with echosounding sonar for wate

depth determination; typically these echosounders are operated much of the time a ship is at sea, as

an aid for navigation. In addition, sonars may be used for sea bottom mapping, fish detection, or

other ocean sensing. Higfequency echosounders weramally detected by analystsviewing
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Figure 28. Echosoundersn LTSA (top) and spectrogram (bottom) atJAX site D.
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Explosions

Effort was directed toward finding explosive sounds in the data including militargseaps$, shots

from subseafloor 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{gure29). Explosions were detected automatically using a matched filter
detectoron data decimated to 10 kHz sampling rafae timeseries was filtered with a T®rder
Butterworth bandpadgter between 200 and,@00 Hz. Cross correlation was computed between

75 seconds of the envelope of the filtered tiseeies and the envelope of a filtered example
explosion (0.7 s, Hann windowed) as the matched filter sigrta. cross correlatiowas squared to
060sharpené peaks oAfloating thleshad wascaldilatéddytakingtme snedian
cross correlation value over the current 75 seconds of data to account for detecting explosions
within noise, such as shippiné cross corrkation threshold above the median was $&hen the
correlation coefficient reached above threshold, the sienies was inspected more closely.
Consecutive explosions were required to have a minimum time distance of 0.5 seconds to be
detected.A 300-paint (0.03 s) floating average energy across the detection was comptied.

start and end above threshold was determined when the energy rose by more than 2 dB above the
median energy across the detecti®eakto-peak (pp) and rms received levels (Rlrey

computed over the potentiekplosionperiod and a timseries of the length of the explosion

template before and after tegplosion The potentiabxplosionwas classified as false detection

and deleted if 1) the dB difference pp and rms betweemlsaqnd time AFTER the detection was

less than 4 dB or 1.5 dB, respectively; 2) the dB difference pp and rms between signal and time
BEFORE signal was less than 3 dB or 1 dB, respectively; and 3) the detectishosaghan 0.03
andlongerthan 0.55 saands of duration.The thresholds were evaluated based on the distribution
of histograms of manually verified true and false detectigngained analyst subsequently

verified the remainingotential explosionfor accuracy.Explosions have energy asM@as 10 Hz

and often extend up to 2,000 Hz or higher, lasting for a few seconds including the reverberation.
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Figure 29. Explosions in the LTSA (top) and spectrogram (bottom, event indicated by red arrow) at
JAX site D, recordedin January 2015.
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Results

The results of acoustic data analysisitg Dfrom August 20140 May 2015are summarized
includingambientnoise,andthe seasonal occurrence and relative abundance of marine mammal
acoustic signals and anthropogenic sounds.

Ambient Noise

To provide a means favaluating seasonal spectral variability, dalseraged spectra were
processed into monthigverages and plotted so that months could be compared. It is important to
note that while incomplete days have been remongad the analyss, incomplete months were not.
Partial months include an asterisk (*) in the color legend andedaded inTable2.

1 Atvery lowfrequencieq10-15 Hz) high noiséevelsmay be due to ocean currents.
1 Energy from Minke pulse train signals is visible in the ambient noise spectra between 100
200Hz from December to MarcFkigure30).

Table 2. Incomplete months included in ambient noise analysis during this recording period.

Deployment Month/Year Days of Data / Days in Month
JAX11D 8/2014 8/31
JAX11D 5/2015 20/31
) Aug 2014 *
Sep 2014

_ 100F . Oct 2014 L
E = N OV 2014
N; Dec 2014

Di 90 Jan 2015 ||
— = Feb 2015

o — Mar 2015

S gol ——Apr 2015 ||
T —— May 2015 *
>
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Figure 30. Monthly averages of ambient noise at site D from August 2014 to May 2015. Legend give
color-coding by month. Months with an asterisk (*) are partial recording periods.
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Mysticetes
Threeknownbaleen whale species weatetectebetweenAugust 2014andMay 2015 fin whales,
seiwhales, and minke whalebet ai | s of each speciesd presence

Fin Whales
1 Fin whale 2(Hz calls, associated with singing and -@lntercall among animalsyere
detectedntermittentlybetweenJanuary anélarch2015(Figure31).
1 There was ndliscerniblediel patternfor fin whale20Hz calls Figure32).
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Figure 31. Weekly presence of fin whale 20 Hz calléblack bars) between August 2014nd May 2015
at site D. Gray dots represent percent of effort per week in weeks with less than 100% recording
effort, and gray shading represents periods before andfter the recording period. Where gray dots or
shading are absent, full recording effot occurred for the entire week.
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Figure 32. Fin whale 20 Hz calls in hourly bingblue bars)at site D. Gray vertical shading denotes
nighttime. Light purple horizontal shading denotes absence of acoustiata.



SeiWhales

1 Seiwhaledownsweep callsiere detectetlovember2014- January2015(Figure33).
1 No diel pattern in detections was s€Eigure34).
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Figure 33. Weekly presence ofei whale downsweep®etween August 2014nd May 2015at site D.
Effort markings are described inFigure 31.
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Figure 34. Sei whale dowsweeps in onéhour bins at site D. Effort markings as inFigure 32
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Minke Whales
1 Minke pulse traingverefirst detectedn October2014(Figure35). Detections ramped up to
be nearly continuous (16&urs per weekin December, and remained elevated through
March2015. Incidence of pulse trains decreased throughout early Aprilirease calls
were not detected aftearly May2015.
1 There was ndliscerniblediel pattern for minkg@ulse traingFigure36).
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Figure 35. Weekly presence of minke whalpulse trains betweenAugust 2014 and May 201%t site D.
Effort markings are describedin Figure 31.
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Figure 36. Minke whale pulse trainsin hourly bins at siteD. Effort markings asin Figure 32.
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Odontocetes

Clicks from ,Rogaspp., szermdvbdiegndthreeslick typesthat are not yet

assigned t@ species were detectededD ai | s of each s pitescailegiged pr esen
below.

Ri ssobs Dol phins
1T Ri ssods dol phin echolocation clicks were de
April 2015. Detections increased in late April throiday 2015 EFigure37).
1 Clicks were primarily detected durimyghtiime (Figure38).
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Figure 37. Weekly presence of Ri ss o0 auguti@0lpdndmMay 20¢5
at site D. Effort markings are described in Figure 31.
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Figure 38. Ri ssob6s dol phi five-reirute bins betwednAugust 2014 andcMayg 20151
at siteD. Effort markings as in Figure 32.
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Unidentified Odontocetes
Signals that had characteristicsoofontocetesoundgboth whistles and clicksput could not be
classified to species wela&beledas unidentified dontocetes

1 Clicks were left unidentified if too few clicks were detected imeetbin, or if detected
clicks were of poor quality (e.g. low amplitude or masked).

1 Unidentified odontocete clicks were detectiedughout the recording periaal low
numbers Unidentified detections increased in March 2015, and remained elevated through
May 2015(Figure39).

1 Unidentified clicks were detected primarily during nighe (Figure40).
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Figure 39. Weekly presence otinidentified odontocete clicks betweeAugust 2014 and May 2015 at
site D. Effort markings are described inFigure 31
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Figure 40. Unidentified odontocete clicks in fiveminute bins between August 2014 and May 2014t
site D. Effort asin Figure 32



Click Type J1
1 CT Jlwas detected between August 2014 and May 2@itbpresence increasing steadily
throughout the monitoring perid&igure4l).
1 CTJlwasmore ofterdetectedduringnighttime (Figure42).
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Figure 41. Weekly presence of CT1 betweenAugust 2014 and May 201%t siteD. Effort markings
are described inFigure 31.
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Figure 42. CT J1in oneminute bins betweenAugust 2014 and May 201%t siteD. Effort markings
asin Figure 32
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Click Type J2
1 CTJ2was detected in low numbdrstween August 2014 and May 201%6th detections
increasing toward the end of the monitoring pe(ieidure43).

1 This click type wasnore ofterdetected duringighttime with a peak before sunrigEigure

44).
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Figure 43. Weekly presence of CT2 betweenAugust 2014 and May 201%t site D. Effort markings
are described inFigure 31.
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Figure 44. CT J2in five-minute bins betweenAugust 2014 and May 201%t site D. Effort markings as

in Figure 32
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Click Type J3

1 CT J3was detectetrom September 2014 to May 2QMsith cumulative detection durations
increasingapidly in March 2015 and remaining elevated for the remainder of the
deploymen(Figure45).

1 This click type may be associated with sHorhed pilot whales. In@ases in CTJ3
detections occurred at the same time as increases in the detection of whistles below 5kHz,
which are also linked to pilot whales.

1 CT J3was detected predominantly durinighttime (Figure46).
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Figure 45. Weekly presence of CT3 betweenAugust 2014 and May 201%t siteD. Effort markings
are described inFigure 31.
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Figure 46. CT J3in five-minute bins betweenAugust 2014 and May 201%t site D. Effort markings
asin Figure 32



Unidentified OdontoceteWhistles
1 Unidentified whistles were detected between August 2014 and May Réfextions
increased in the latter months of the recording period, between Mardhana015 Figure

47).
1 These detections were slightly more likely to occur in the hanangndsunrise(Figure48).
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Figure 47. Unidentified odontocete whistledbetween August 2014 and May 2014t site D. Effort
markings as inFigure 31
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Figure 48. Unidentified odontocete whistlesn oneminute bins between August 2014 and May 201at
site D. Effort markings as in Figure 32
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Whistles Less Than 5 kHz

1 Unidentified whistles less than 5 kHz were detected intermittently in low numbers between
August 2014 and February 2015. Detections increased in the latter mbtithgecording
period, between March and May 20Fgure49).

1 These detections were slightly more likely to occur in the hours before and afise sun
(Figure50).

1 Pilot whales most likely produced these whistles, though it is possible they are from other
blackfish that have overlapping distribmirts.

Figure 49. Weekly presence ofinidentified odontocete whistles less than 5 kHzetweenAugust 2014
and May 2015at siteD. Effort markings are described inFigure 31
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