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Executive Summary

To monitor for the presence of marine mammidigh-frequency Acoustic Recording Packages
(HARPs) were deployed at two sites wtherdi n t he
were three deployments at@site Jocatedoffshore from Cape Hatter@dAT), betweerOctober
2012andDecembeR014. There was one deploymegiithe othersite,located offshore from

Norfolk Canyon(NFC), betweenJune2014andApril 2015. Both sites were located approximately

75 nmi offshore irmbout1000 m of water.

The HARPs recordednderwater acoustic dabetween 10 Hz and 10(Hz. Data analysis

consisted banalyst scans of lorgerm spectral averages (LTSAs) and spectrograms, and automated
computer algorithm detection when possible. eehirequency bandgereanalyzed for marine

mammal vocalizations and anthropogenic sou(isLow-frequency, between 1B00Hz, (2) Mid
frequency, between 19,000 Hz, and (3) Higifrequency, between-100 kHz.

Six baleen whale species were detected: blue whales, fin whales, sei whales, minke whales, North
Atlantic right whales, and humpback whales. Blue whale calls were more common at the HAT site
and peaked Octob&rNovember 2012. Fin whale calls were preskraughouthe monitoring

period atboth sitesvith peaks in detections during winter montt&ei whale calls peaked January

T February at the HAT site while detections at the NFC site peaked in December 2014 and again in
April 2015. Humpback whale call&were detected in low numbers sporadically at both sites with a
peak in detections at the HAT site in March 2013. Minke pulse trains were common December
through March at the HAT site and were detected in low numbers at the NFC site. North Atlantic
right whaleup-calls were detected in low numbers at the HAT site. There were no North Atlantic
right whaleup-calls detected at the NFC site.

Echolocation clicks from three known odontocet
whales, andKogia spp Six different click types that are not yet assigned to a species were also
detectedRi ssob6s dol phins were detected sporadicall
whale detections peakéu February 2012nd 2014 with smaller peaks in detectionsiruy

summer monthsKogia spp echolocation clicksveredetected throughout both deployments

Beaked whale detection effastdescribed in a separate report.

Airgunsand broadband ships were the most commonly detected anthropogenic sounds. Other
anthiopogenic sounds detected include Nficcquency Active (MFA) sonar, Lowrequency

Active (LFA) sonar greater than 500 Hz, and explosid@r®adband ship noise peaked in summer
months at both sitesAirgunswere detected throughout the recording periddAst with pealsin
detections in June 2013 and Juin@ctober 2014. Airgun detections at NFC peaked in October
2014. MFA sonar was more comma@tthe NFC site, with a peak in detections in March 2015.
LFA sonar greater than 500 Hz was detected in lowhbmimat the NFC site. There were no LFA
detections at the HAT site.



Project Background

TheUS N aVirgimlasCapes Range Complex is located in the coastal and offshore waters of the
western North Atlantic Ocean adjacent to Delaware, Maryland, Virginia, and North Carolina. The
seafloorfeaturesa broad continental shelf, with an inner zone of less tham?@@te depth, and

an outer zonextending to water depths of 2000 A diverse array of marine mammaégound in

this regionjncluding baleen and tooth&chales

In March 2012, an acoustic monitoring effort was initiated within the boundaries of thei&irgin
Capes Range Complex with support fro¥@ Fleet Forceander contract téiDR andDuke

University. The goal of this effort was to characterize the vocalizations of marine mammal species
present in the area, to determine their seasonal presence patidrttsevaluate the potential for
impact from naval operations. This report documents the analysis of data recorded-by High
frequency Acoustic Recording Packages (HARPS) that were deploiwed sites (designated site

HAT and site NF(, within theVirginia Capes Range Complardthatcollected data from

October 2012 December 2014 at site HAT, and J@@4.4- April 2015 at site NFGFigurel).
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Figure 1. Location of High-frequency Acoustic Recording Packages (HARPS) at site HAT
(35° 2081N, 74° 50.88N, depth 840 m deployed October 2012 December 2014and site NFC
(37° 09.97 N, 74° 28.08V, depth 980 nm) deployed June 2014 April 2015.



Methods

High-frequency Acoustic Recording Package (HARP)

HARPsare autonomous underwater acoustic recording packagesthegcord soundsver a

bandwidthfrom 10 Hz up to 160 kHz artiatare capable of approximately 300 days of continuous

data storag. The HARPst HAT were in a large mooring configuration with the hydrophones

suspended approximately 10 m above the seafloor. The HARP at NFC was a compact small

mooring with the hydrophone suspended approximately 20 m above the seBdcbrHARPwas

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

Representate data loggers and hydrophones werealsol i br at ed at the Navy?©o:
facility to verify the laboratory calibratior(8Viggins and Hildebrand, 200.7)

Data Collected

During this study period, three HARIeployments occurred at the HAT site, while one HARP
deployment occurred at the NFC sifablel). A total of 1,009 daysf recordingsvere analyzed.
All HARPs analyzed in this report sampled continuously at 200 kHz.

Table 1. Acoustic monitoring in the Virginia Capes Range Complex since 2012. Periods of instrument
deployment analyzed in this report are shown in bold.

Deployment Recordin Recordin
Kla%e Start Date End Date Duration (da?ys) Duration (ho%rs)
HATO1A 3/15/2012 4/11/2012 26 636
HATO2A 10/9/2012 5/9/2013 212 5093
HATO3A 5/29/2013 3/15/2014 290 6965
HATO4A 5/9/2014 12/11/2014 217 5207
NFCO1A 6/19/2014 4/5/2015 290 6951
Data Quality

The vast majority of the data collected were found to be error Heghly stereotyped broadband
digital errors @litcheg were found in three of the deployments included in this reporting period:
HATO2A, HATO3A, and NFCO1A. These glitches are very short in duration (between 100
microseconds and 10 milliseconds) and in all instanceg ayeear gradually aund 2/3 of the

way into the data set and increaseaaurrencehrougloutthe end of the data sethese digital
glitches are present in less thamepercent of the impactedvav formatdata.To repairthese

glitches the datavereoverwritten using detector that is calibrated to the observed amplitude and
duration of the glitches. Thjgrocedure watested so that it does not overwrite any real broadband
signals in the dataData repaimwas done on HATO02A and HATO3A, but has not yet been appmied t
the NFCO1A dataWe do not believe either the glitches or their repair have a significant impact on
the resulting data analysis.

The end of the HATO4A recording was cut short, likely because of disk error issues.



Data Analysis

To visualize the acotis 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). These data, caliédrbrong

Spectral Averages (LTSAs) were then examined as a means to detect marine ntrainmal a
anthropogenic sounds. Data were analyzed by visually scanning LTSAs in-spectfe

frequency bands and, when appropriate, using automatic detection algorithms (described below).
During visual analysis, when a sound of interest was identifieceib TI®SA 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 sppe®ic 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 wadedaiLthe data.

To document the data analysis process, we describe the major classes of marine mammal calls and
anthropogenic sound in the HAT and NFC regions, and the procedures used to detect them. For
effective analysis, the data were divided iritee frequency bands: (1) Leinequency, 16300 Hz,

(2) Mid-frequency300-5,000 Hz, and (3) Higifrequency5,006100 kHz.

Each band was analyzed for the sounds of an appropriate subset of species or sources. Blue, fin,
Brydeds, sei, tlaniicmdhtewhaleswoudds \Weeerclaskifiedhas-foeguency.

Humpback, nearby shipping, explosioasguns underwateanthropogenicommunicationslow-
frequency active sonar greater than 500atz] midfrequency active sonar sounds were classified

as midfrequency. The remaining odontocated sonasounds were considered hifflequency.
Analysis of lowfrequency recordings required decimation by a factor of 100. For the analysis of
the midfrequency recordings, the data were decimated by a factor of 20.

We summarize acoustic data collechetweenOctober 2012 December 2014 d@he HAT siteand

June 2014 April 2015 attheNFC site  We discuss seasonal occurrence and relative abundance of
calls for different species and anthropogenic sounds that were consistently identified in the acoustic
data.



Low-Frequency Marine Mammals

The Virginia Capes Range Complex is inhabited, at least for a portion of the year, by blue whales
(Balaenoptera muilug, fin whales B. physalus) B r y d e @sedenjjsai WralesE.(

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

For the lowfrequency data analysis, the 200 kHz sampled raw data were decbyatddctor of

100 for an effective bandwidth of 1 kHz. 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 softwaogramTriton. During manual scrutiny of the
data, the LTSA frequency was set to display betwe8dQHz with a Xhour plot length. To

observe individual calls, the spectrogram window was typically set to dis{1&9 Hz with a 60
second plot lengthThe FFT was generally set between 1500 and 2000 data points, yielding about 1
Hz frequency resolution, with an &5% overlap.When a call of interest was identified in the

LTSA or spectrogram, its presence during that hour was logged.

The hourly preserecofNorth Atlanticbluewhale calls, blue whale arch sounds, fin whale 40 Hz

cal |l s, Brydeds whale Be7 and Be9 calls, sei wh
North Atlantic right whale wgalls was determined by manual scrutiny of fisaquencyL TSAs

and spectrogramdetections were logged in hourly binsin whale 20 Hz calls were detected
automatically using an energy detection method and are reported as fin whale acoustiChinlex.

is the first time the fin whale acoustic index has besstfor east coast HARP analysis.

Blue Whales

Blue whales produce a variety of calls worldw{tcDonaldet al, 2006) Blue whale calls recorded in
the western North Atlantic include the North Atlarttmal call and the arch ca(Mellinger and Clark,
2003)

Blue Whale North Atlantic Calls
Theblue whaletonalcall is an 18-19 Hztone lasting approximately 8 aften followed by an 145
Hz downsweep lasting approxately 11 s Figure?2).
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Figure 2. North Atlantic blue whale calls in the LTSA (top) and spectrogram (bottom) at HAT.
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Blue Whale ArchCalls
The blue whale arch calare variable frequency modulated calisually covering frequencies
betweerapproximately70 and35 Hz over a period of about 6 dure?2).

Hz
70 -

0

Figure 3. Blue whale arch calls from Mellinger and Clark (2003).
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Fin Whales

Fin whales produce two types of short (approximately 1 s durationfrémuency calls:
downsweeps in frequency from-38 Hz, called 2z calls(Watkins, 1981)Figure4) and
downsweeps from 780 Hz, called 40 Hz call$-{gure5). The 20 Hz calls can occur at regular
intervals as songfhompsoret al, 1992) or irregularly as caltountercalls among multiple,
traveling animalgMcDonaldet al, 1995) The 40 Hz calls most often occur in irreguatterns.

Fin Whale 20 Hz Calls

Fin whale 20 Hz callsHigure4) were detected automatically using an energy detection method

( Gi rebaV, R045) The method used a difference in acoustic energy between signal and noise,
calculated frona5 s 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 aflyaalerage. All calculations were
performed on aB scale.
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Figure 4. Fin whale 20 Hz calls in the LTSA (top) and spectrogram (bottom) &XIFC.
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Fin Whale 40 Hz Calls

The presence of fin whale 40 Hz calsgure5) 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 5. Fin whale 40 Hz calls in the LTSA (top) and spectrogram (bottom) adAT.
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Brydeds Whal es
Brydeds whales inhabit tr op(©muall9s® Whdeandbt r opi c a
Gerrodette, 1993)

Be 7 Calls

The Be7 call i's one of several call types in t
Southern Caribbeai®lesonet al, 2003) The averge 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
(Figure6). Thereweremo det ecti ons f or inBesgrdcerdim whal e Be7
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Time (s)

Figure 6. Brydeds whal e e®ae(2Z003c al |l from Ol eson
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Be 9 Calls
The Be9 call type, described for the Gulf of Mex{c@ i reba¥, R014) is a downswept pulse

ranging from 143 to 85 Hz, with ela pulse approximately 0.7 s lorgigure7). There were no
detections for Brydebs whale Be7 calls in thes

Time [s]

Figure 7. Brydeo6s wdmahe ulfBfdMexice(®&1 t svi | )t al ., 20
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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 feedingdg@Mizroch et al, 1984;

Perryet al, 1999) Multiple sounds have been attributedsei whales, including a lefvequency
downsweegBaumgartner and Fratantoni, 2008; Baumgarthed, 2008) These calls typically

sweep from a starting frequency around 100 Hz to an ending frequency aroundr@urz8).

These downswept calls can occur as single calls, doublets, and triplets, but no effort was expended
to differentiate how they occurred as they were logged on an hourly basis.
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Figure 8. Sei whale downsweep calls in the LTSA (top) and spectrogram (bottymmt HAT.
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Minke Whales

Minke whales in the North Atlantic produce long pulse trains. Melliegat. (2000)describe

minke whale plse sequences near Puerto Rico as sppezhd 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 trains witlianging pulse rates

(Rischet al, 2013)(Figure9). Effort was not expended to denetbether the pulse trains were
slow-down speedup, or constantypes.
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Figure 9. Minke whale pulse train in the LTSA (top) andspectrogram (bottom) at HAT.
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North Atlantic Right Whales

The critically endangered North Atlantic right whale is found in the Western North Atlantic.
Several call types that have been described for the North Atlantic right whale include the scream,
gunshot, blow, ugall, warble, and dowwall (Parks and Tyack, 2005For lowfrequency

analysiswe examined the dataanuallyfor up-calls, which are approximately 1 second in duration
andrange between 80 Hz and 200 Hz, sometimes with harm@igiere10). Up-calls were

logged as detectiormly whenhumpback song was not present in the same frequency band.

Frequency [Hz]

Frequency [Hz]

0 5 i 10 15 20
Time [seconds]

02/27/201310:24135

Figure 10. North Atlantic right whale up-calls in the LTSA (top) and spectrogram (bottom) at HAT.
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Mid -Frequency Marine Mammals

Marine mammal species with sounds in the-fnédjuency range expected in teginia Capes

Range Complex include humpback whalgiegaptera novaeangliaqe For midfrequency data
analysis, the 100 kHz data were decimated by a factor of 20 for an effective bandwidth of 5 kHz.
The LTSAs for midfrequency analysis were created using a time average of 5 seconds, and a
frequency bin size of 18z. The presese of each call type was determined using an enceunter
granularity, to oneminute precision, for each mfdequency dataset. Humpback whales were
detected automatically as described below.

Humpback Whales

Humpback whales produce both song andsamgcalls (Payne and McVay, 1971; Dunlep al,
2007; Stimperet al, 2011) Most humpback whale vocalizations are et between 100

3,000 Hz. We detected humpback calls using an automatic detection algorithm based on the
generalized power lagHelbleet al, 2012) The detections were subsequently verified for
accuracy by a trained analygidurel11). There was no effort to separate song andsomg calls.

0 375 5 1875 25 2625 30 37 s 4925 45 4875 525 5625 60 6375 675 7125 75
10-Mar-2013 22:04.00 10-Mar-2013 22.07-34

Figure 11. Humpback whale song fromthe HAT sitein the analyst verffication 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 Higlouency rangand possibly founeh theVirginia
Capes Range Complaxclude bottlenose dolphin3rsiops truncatus shortfinned pilot whales
(Globicephala macrorhynchidong-finned pilot whales@. mela3, shortbeaked common
dolphins Delphinus delphis Atlantic spotted dolphinsStenella frontaliy pantropical sptted
dolphins Gtenella frontaliy spinner dolphinsStenella longirostris striped dolphinsStenella
coeruleoalbg, Clymene dolphinsStenella clymeneroughtoothed dolphins§teno bredanengis
Ri s s 0 6 s Gohmpupdniseus killer(whales Qrcinus orcg, pygmy killer whalesKeresa
attenuatg, melorrheaded whales?eponocephala electyasperm whalesRhyseter
macrocephalus dwarf sperm whaleKpgia simg, andpygmy sperm whale@ogia breviceps
Several beaked whales are also found irMinginia Capes Range Complelxeaked whale
detection effort is described in a separate report.

High-Frequency Call Types

Odontocete sounds can be categorized as echolocation clicks, burst pulses, or whistles.
Echolocation clicks are broadband impulsedwitak energy between 5 and 150 kHz, dependent
upon the species. Buzz or burst pulses are rapidly repeated clicks that have a creaklk® buzz
sound quality; they are generally lower in frequency than echolocation clicks. Dolphin whistles are
tonal cals predominantly between 1 and 20 kHz that vary in frequency content, their degree of
frequency modulation, as well as duration. These signals are easily detectalld $Aaas well

as the spectrograrfigurel?).
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Figure 12. LTSA (top) and spectrogram (bottom) demonstrating odontocete signal types.
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Ri ssobs Dol phins

Ri sso006s d odFigyudlsandFigureilld Have fr§quency peaks at 20,&6d 2 kHz. These

clicks have a modal intaglick interval of 0.16 second@-igurel4). Past studieBaveshown that
spectr al propert i emaveslighv&iatisnsvwotld geogpmhic edionn c | i c ks
(Soldevillaet al, In prep) althoughthe multiple sharp frequency peaks and avenaige click

interval (ICI)found at these NortlVestern Atlantic sites are similar to what has been found

elsewhere
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Figure13. Ri s s o006 s d anthehTSA (top)land sgedrogram (bottom) at NFC.
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Sperm Whales

Sperm whale clicksantain energy from-20kHz, with the majority of energy between-18 kHz

(Mghl et al, 2003)(Figure15). Regular clicks, observed during foraging dives, demonstrei€la

from 0.252 s(Goold and Jones, 1995; Madsstral, 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 are used only by males and are more intense than regular
clicks with long intefclick intervals(Madsenret al, 2002b) Codas are stereotyped sequences of
clicks which are less intense and contain lower peak freesetian regular clis (Watkins and
Scheuvill, 1977) Effort was not expended to denote whether sperm whale detections were codas or
regular or slow clicks.
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Figure 15. Sperm whale echolocation clicks in LTSA (top) and spectrogram (bottom) at HAT.
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Kogia Spp.

Dwarf and pygmy sperm whales emit echolocation signals which have peak energy at frequencies
near 130 kHZAu, 1993. While this is above the upper frequency band recorded by the HARP
during these deploymenthe lower portion of th&ogia energy spectrum is within the 100 kHz

HARP bandwidth Figure16). The observed signal may result both from the-foaguency tail of
theKogia echolocation click spectra, and from aliasing of energy from above the Nyquist frequency
of 100 kHz Figurel8). Kogiaecholocation click were analyzed usingn@wmulti-step detector.

The first step was to identify clicks with energy in thell® kHz band that simultaneously lacked
energy in lower frequency hds. An expert system then classified these clicks based on spectral
characteristics and finally an analyst verified all echolocation click oatsially.
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Figure 16. Kogiaspp echolocation clicks in the LTSA (top)and spectrogram (bottom) fromsite
HAT.
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Figure 17. Left: Kogia mean spectra computed frondeployment HATO3 (solid line) with 25" and 75"
percentiles (dashed lines); Center: Distribution of click peak frequenciesith peak near the Nyquist
frequency (100kHz); Right: Distribution of inter -click-intervals with modal peak at 0.07 seconds.
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EcholocationClick Types

An analysis was conducted to describe echolocation clicks frofartiily Delphinidaeand classify
acoustic encounters to a certain click type (&Enholocation clicks were detected using a modified
version ofa Teager energy detect(Boldevilla et al. 2008, Roch et al. 201This uses an energy
threshold to identify clicks, reducingeghmpact of changing noise conditions on detectabilitye
automatic click detector identified clicks with received levels greater than or equal to,120dB
Click events were reviewed manually to remove instances where a false positive source had
triggeral the detector andT SAs werethenmanually examined to identify reoccurring

echolocation clickypes When a click of interest was found in the LTSA, the specéiaew

examined to further classify the souick signals were band pass filtered fra@to 90 kHz for
further analysisClicks weremanuallyclassified into separate types based on characteristics such as
inter-click-interval, spectral peaks/troughs and peak frequency. Classification was carried out by
comparison tepeciesspecific spectratharacteristics frorlARP recordings in the Gulf of Mexico
(Frasier, 2015) Based on a complete analysis of all deployments reportedtéisjnct click

types were identifiedAll click types had dominant energy above 15 kHhey differed in the
prominence of spectral peaks betweer68&Hz, and interclick interval peaks beteen 0.080.16
secondsDescriptions of thelifferent click typesaredescribed below.

Click Type 1

Click type 1 Figurel8 andFigurel9, left) has two small frequency peaks at 13 and18 kHz and
then reaches maximum amplituae40 kHz with a final peak at 58 kHz. It has a modal ICI at 0.07
secondsKigure19, right). ThemodallCl of this echolocation click is similar to what is found in
species belonging to tt&tenellagenus Figure19).
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Figure 18. CT 1 in the LTSA (top) and spectrogram (bottom) at HAT. Pink arrow points to area
where LTSA was expanded to spectrogram.
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Figure 19. Left: Click type 1 mean spectra computed from a random susample of 1075 clicks
(solid line) with 25" and 73" percentiles (dashed lines)Center: Distribution of click peak
frequencies; Right: Distribution of inter-click-intervals with modal peak at 0.07 seconds.
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Click Type2

Click type 2 Figure20) was only recorded at the end of the Norfolk Canyon deployment. It has a
variable peak frequency distributioRigure21, center) with an average peak frequency oki48
(Figure21, left) and a modal inteelick interval at 0.15 secondBiQure?21, right).
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Figure 21. Left: Click type 2 mean spectra (solidine) with 25" and 75" percentiles (dashed lines);
Center: Distribution of click peak frequencies; Right: Distribution of inter -click-intervals with
modal peak at 0.15 seconds.
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Click Type3

Click type 3 Figure22 andFigure23, left) has spectral peaks at 18 and 46 kHz. A trough occurs in
the mean spectrum at 22 kHz. Thedal ICI is 0.16 second§&igure23right). Clicks similar to this
type have been seen in the Gulf of Mexico (Frasier 2015), where this type was associated with
shortfinned pilot whale based on geographical location and rates of occurrence.
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Figure 22. CT 3in the LTSA (top) and spectrogram (bottom) at NFC. Pink arrow points to area
where LTSA was expanded to spectrogram.
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Figure 23. Left: Click type 3 mean spectra (solid line ) with 2% and 75" percentiles (dashed lines);
Center: Distribution of click peak frequencies; Right: Distribution of inter -click-intervals with
modal peak at 0.16 seconds .
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Click Type4

Click type 4 Figure24 andFigure25, left) has characteristgpectral peaks at 21 and 27 kHz and
has a mean peak frequency at 57 kHz. The ICI is very short with a modal value of 0.06 seconds
(Figure25, right). Clicks similar ¢ this type have been seen in the Gulf of Mexico (Frasier 2015),
where they were associated with pelagic dolphins of the g&tengllabased on geographic

location and rates of occurrence.
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Figure 24. CT 4 in the LTSA (top) and spectrogram (bottom) at HAT. Pink arrow points to area
where LTSA was expanded to spectrogram.
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Figure 25. Left: Click type 4 mean spectra (solid line) with 2% and 75" percentiles (dashed lines);
Center: Distribution of click peak frequencies; Right: Distribution of inter -click-intervals with
modal peak at 0.06 seconds.
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Click Typeb5

Click type 5 Figure26 andFigure27, left) has spectral peaks at 12, 17, 46 and 57 kHz. This click
type has a very low ICI with most clicks occurring between 0.01 and 0.05 seconds from each other
(Figure27, right). This click type was only encountered in the spring of 2013 at site HAT. The

clicks were recorded in high numbers and right on top of each other suggesting these animals were
in alarge group. It is known that shdseaked common dolphins venture south in the spring

towards Cape Hatteras and travel in large group sizes. This makes them the prime candidate species
for this click type.
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Figure 26. CT 5in the LTSA (top) and spectrogram (bottom) at HAT. Pink arrow points to area
where LTSA was expanded to spectrogram.

5 S
195 2)(10 x 10

18

(o]
(=}

16F

1.4

12

\ Tl
)
/

N\ 0.8

0.6

counts

=t
w

amplitude (dB)
3
>
[ !
counts

0.4

=y}
(=]

0.2

165

0
20 40 60 80 20 40 60 80 0 0.1 0.2 03

frequency (kHz) peak frequency (kHz) ICI (s)

Figure 27. Left: Click type 5 mean spectra (solid line ) with 2% and 75" percentiles (dashed lines);
Center: Distribution of click peak frequencies; Right: Distribution of inter -click-intervals.
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Click Type6

Click type 6 Figure28 andFigure29, left) has spectral peaks at 19 and 32 kHz. It has modal inter
click interval peaks at 0.07 and 0.13 secoriidgure29, right). The average ICI of this click type is
longer than what is commonly found in echolocation clicks of smaller dolphins, suggesting that this
click might belong to one of the blackfish spediBaumannPickeringet al, 2015)
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Figure 28. CT 12in the LTSA (top) and spectrogram (botbm) at NFC. Pink arrow points to area
where LTSA was expanded to spectrogram.
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Figure 29. Left: Click type 6 mean spectra (solid line) with 2% and 75" percentiles (dashed lines);
Center: Distribution of click peak frequencies; Right: Distribution of inter -click-intervals with
modal peaks at 0.07 and 0.13 seconds.
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Anthropogenic Sounds

Several anthropogenic sounds were monitored for this report:Haoddhip noiseirguns MFA

sonar, LFA sonar greater than 500 Hz, and explosions. The start and end of each sound or session
was logged and their durations were added to estimate cumulative hourly presence. Manual effort
was expended for broadband shgse,airguns MFA, and LFA greater than 500 HZgble2).

The start and end of each session was logged and their durations were added to estimate cumulative
hourly presence A detector was used f@xplosion analysis, described b&lo

Table 2. Anthropogenic sound data analysis parameters.

Sound Type LTSA Search Parameters
Plot Length (hr) Frequency Range (Hz)

HFA Sonar 1 5,0001 100,000

Echosounders 1 1,0001 100,000
Broadband Ship Noise 3 107 5,000
Airguns 0.75 107 2,000

MFA Sonar 0.75 1,0001 5,000

LFA Sonar >500 Hz 0.75 107 1,000
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Broadband Ship Noise

Broadband ship noise occurs when a ship passes within a few km of the hydrophone. Ship noise
can occur for many hours at a time, but broadbandrsige typically lasts from 10 minutes up to 3
hours. Ship noise has a characteristic interference pattdra LTSA(McKennaet al, 2012)
Combinationof direct palhs and surface reflected paths produce constructive and destructive
interference (bright and dark bands) in the spectrogram that varies by frequency and distance
between the ship and the receivieigre30). Noise can extend above 10 kHz, though it typically
falls off above a few kHzBroadband ship analysis effort consisted of manual scans of the LTSA
set at 3 hours with a frequency range of H)000 Hz.
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Figure 30. Broadband ship noise in the LTSA (top) and spectrogram (bottom) at NFC.
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Explosions

Effort was directed toward finding explosive sounds in the data including military explosions, shots
from subseafloor exploration, and dd@mbs 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{gure31). Explosions were detected automatically using a matched filter
detectoron data decimated to 10 kHz sampling ratee timeseries was filtered with a6rder
Butterworth bandpass filter between 200 and 2,000 Hz. Cross correlation was computed between
75 seconds of the envelope of the filtered timeseries and the envelope of a filtered example
explosion (0.7 s, Hann windowed) as the matched filter siihalcross correlation was squared to
06sharpené peaks of explosion detections. A f
cross correlation value over the current 75 seconds of data to account for detecting explosions
within noise, such as gping. A cross correlation threshold of 3*48bove the median was set.
When the correlation coefficient reached above threshold, the timeseries was inspected more
closely. Consecutive explosions were required to have a minimum time distance of Ods secon

be detected. A 30foint (0.03 s) floating average energy across the detection was computed. The
start and entimesabovethethreshold veredetermined when the energy rose by more than 2 dB
above the median energy across the detection-tegatak(pp) and rms received levels (RL) were
computed over the potential explosion persdvell asa timeseries of the length of the explosion
template before and after the explosion. The potential explosion was classdifadsasdetection

and deleted if) the dB difference pp and rms between signal and 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
BEFOREthesignal was less than 3 dB or 1 dB, respectively; and 3) the detegshorter than
0.03or longer than 0.55 seconds of duration. The thresholds were evaluated based on the
distribution of histograms of manually verified true and false detections. A trained analyst
subsequently verified the remaining potential explosfonaccuracy. Explosions have energy as

low 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 31. Explosions in the LTSA (top) and spectrogram (bottom) at NFC.
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Airguns

Airgunsareregularlyused in seismic exploration ilavestigatehe ocean floor and what lies
beneath it. A container of higbressure air is momentarily vented to the surrounding water,
producing an aifilled cavity which expands and contragislently several time¢Barger and
Hamblen, 1980) While most of the energy produced by an air gun array falls below 250 Hz,
Airgunscan produce significant energy at frequencies up to at least (Bk&tkmanet al, 2004)
Source levels tend to be over 200 dB g”Bm (Amundsen and Landro, 2010)hese blasts
typically have an intepulseinterval of approximately 10 seconds and can last from several hours
to days Figure32).

Figure 32. Airgun pulsesin the LTSA (top) and spectrogram (bottom) at NFC.
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