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Executive Summary

t I A3AABS | 02dzAGA 0 Y2y Al2NR ChRRrmydbidt ORAREMRNZOUGBER A G KA Y
December 2011 and JutyOctober 2012for a total of 105 and 81 daysspectively This site is located
approximatelyl00 miles from the North Carolina coastline on the shelf bredke 2011 deployment

wasat a water depth 0B52m and the 2012 deployment was at a water dept@a#m. Acoustic data

collectedat this site provide information on the presence of marine mammals and anthropogenic sound
sources. Higlfrequency Acoustic Recording Packages (HAR&®dedsounds between 10 Hz and 100

kHz with recording cycles of 5 minutes every 10 minutes. Tlewate divided into three frequency

bands and datavere analyzedby scans of longerm spectral averages and spectrograms.

Fourbaleenwhale species were recordeblue, fin, minke, and saivhales. The detection®f their calls

were made between late Ayust andearlyDecember 2011Bluewhale calls werghe only baleen whale

call typedetected in the 2012 deploymenb 2 . NE RS Qa3 KdzyYLd Il O1 X 2NJ b2 NI K
were detected in either deployment.

Several differentoothed whalespecies 8 NS NB O2 NRSRY . f Ay @Attt SQasz [/ dzda
whales, killer whalegpygmy or dwarf sperm whaleK¢giaspp) wA 842 Qa8 R2f LKAy as &alLJsS
unidentified odontocetes. All speciegceptkiller whales weregecordedin 2011 and 2012. kil

whales were detected only in 2011.

Ship noise was the most common anthropogenic sound in both deployments. MR#tedsiuring

both deployments.A total 0f391 pings were detected in 20ivith a maximum peako-peak received

level of 156 dBe 1 pPa.ln 2012, a total of 492 pings were detected with a maximum gegbeak

received level of 167 dB re 1 uPBew ehosounder pingsvera variety of frequencie§-80 kHz) were
detected duringooth deployments. Explosions were detected in botleployments, thoughhey were

more prevalent in 2011 than 2012. High noise levels, possibly caused by instrument strumming and fluid
flow at the sensor, occurred intermittently in both deployments and likely decreased the detection

range for lowfrequencysounds. This strumming was most prevalent in 2012.



Project Background

¢ KS ! { CHetry@éirR@PARmENocated withirthe South Atlantic Bight that extends from Cape
Hatteras, North Carolina to the Florida Straits. Bteadcontinental shelfvaries from 40 to 140 km

wide, with an inner zone of less than 200 m water depth, and an outer zone extending to water depths
of 2000 m. A diverse array of marine mammisfeund in this region, includingaleen and toothed

whales, and manatees.

In October2007, an acoustic monitoring effort was initiated with support from the Atlantic Fleet under

contract to Duke University. The goal of this effort was to characterize the vocalizations of marine

mammal species in the area, to determine their yeaund seaonal presence, and to evaluate the

potential for impact frormavaloperations. This report documents the analysis of two HigQuency

Acoustic Recording Packages (HARPSs) that have been deployed at pdesajpeated USWTR site E,

during the time perd August; December 2011 and JutyOctober 2012 at depths &52m and914m,

respectively. ¢ KS |1 ! wt RSLX 28YSyida FTNRY GKAa |NBF gSNB yI°
originally planned to be north of its current locatio.he HARP locationapproximately 100 miles east

of the North Carolina coastlin€igurel).
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Figurel. Deploymentdcation of the HigHrequency Acoustic Reating Package.



Methods

High-frequency Acoustic Recording Packages

Highfrequency Acoustic Recording Packages (HARPS) were ussdtdmarine mammal species,

anthropogenic noise, and ambient noise in Bherry Point OPAREAIARPS record underwateounds

from 10 Hz to 100 kHz with approximately 110 days of continuous data storage. Recording a broad
frequency range of 10 Hz100 kHz is required to detect both baleen whale (mysticetes) and toothed

whale (odontocetes) species. The HARP sensor andmggpackage are describedWiggins and

Hildebrand 2007 For theCherry Point OPAREAployments, the HARP electronics package was located

near the seafloor with the hydrophone suspended 10 m above. Each HARP is calibrated in the

laboratory to providea quantitative analysis of the received sound field. Representative data loggers

YR Ke@RNRLK2ySa INB OFftAONIGSR G GKS bl geQa ¢w!ob

Data Collected to Date

Acoustic data have been collectatlfive sites in the&Cherry Point OPARE#Ace October 200{Tablel).
The two deployments analyzed in this report &ém@m Site £33° 46.7 N, 75° 55.6 W, dep@b2m
during deployment 0gand 33° 47.2N, 75° 55.7W, de@h4m during deployment 07).

Tablel. Cherry Point OPAREMRP deployments. Periods of deployment analyzed in this report are
shown in bold.

Deployment Site A Site B Site C Site D Site E

Designation Deplo;_/ment Deployment Deployment Deployment Deployment
Period Period Period Period Period
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Data Analysis

To assess the quality of the acoustic data, frequency spectra were calculated for all the data using a time
average of 5 seconds andriable frequency bind( 10, and 10H2. These data, called Lofigrm

Spectral Averages (LTSAS) were examined botthBmacteristics of ambient noise and also as a means

to discover marinenammal and anthropogenic sounds.

The presence of acoustic signals from multiple marine mammal species was analyzed along with the
presence of anthropogenic noise such as sonar,osigms, and shipping. All data were analyzed by
visually scanning LTSAs in appropriate frequency bands. When a sound of interest was identified in the
LTSA, the waveform or spectrogram at the time of interest was examined to further classify particular
sounds to species or source. Acoustic classification was carried out either by comparison te species
specific spectral characteristics or by analysis of the time and frequency character of individual sounds.

To document the data analysis process, we dbsdtie major classes of marine mammal catid

anthropogenic sounds in the Cherry Point OPAREA, and the procedures used to test for their presence in

the HARP data. For effective analysis, the data were divided into three frequency bands and each band

was analyzed for the sounds of an appropriate subset of species or sources. The three frequency bands

are as follows: (1) low frequencies, betweeg 1000 Hz, (2) mid frequencies, between 508000 Hz,

and (3) high frequencies, betweerg100 kHz. Blue, NE RS Q&> FAYI YAY{1SZT b2NIK !
whale sounds were classified as low frequency; humphbdeie shipping, explosions, and mid

frequency active sonaoundswere classified as miftequency; while the remaining odontocete and

sonar soundsvere considered higfrequency. We describe the calls and procedures separately for

each frequency band.



Low-Frequency Marine Mammals

For the lowfrequency data analysis, the 200 kHz sample raw data were decimated by a factor of 100 for
an effective badwidth of 1 kHz. Lontgrm spectral averages of these data were created using a time
average of 5 seconds and frequency bins of 1 Hz. The presence of each call type was determined in
hourly bins.

Whale calls for which loMrequency effort was expgededinclude: blue whale A, B, and arch calls
(Mellinger & Clark 200%) . NE RS Q& ¢ KI f (SlesonSetral. 2093Rn whafed@HZahd 40 Kz
pulses minke whale pulse traindjorth Atlantic right whalaup-calls and sei whale callsThe same LTSA
and spectrogram parameters were used to detect all call types. For spectrogram scrolling, the LTSA
frequency was set to displayp to 500 Hz. To observe individual calls, spectrogram parameters were
typically set to 120 seconds and 20Q HheDFTwas generally set between 1500 and 2000 data points
(vielding about 1 Hz frequency resolution), and arP8%c overlap of data in the input time series.

Blue Whales

Several different calls were useddetectthe presence of blue whale®etedion effort included call
types A, B, and arctensuMellinger & Clark2003) (Figure2). TheNorth AtlanticA call is a constant 18
19 Hz tone lasting approximateByseconds while thdlorth AtlanticB call is an 185 Hz downsweep
lasting approximately 11 secon{Sigure3). Individual calls are readily detected in an LTSA,@tain
their long duration. The third call, the arch calh, averagestarts at a frequency of 56 Hz, ascends to a
peak frequency of 69 Hand thendescends to 35 Hz over a period of 6.3 secdRitgure4). Manual
scanning of the LTSA was the primary means to search for blue whale calls.
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Figure2. North Atlantic tlue whale A and B calls frolhellingerand Clark (2003)(a) Seriesof the most
common blue whale phrase type in which part B follows part A without a (@@ nother common
phrase type in which part A is followed by a shodrgiap before part B, and the start of part A swee
up slighty in frequency. (c) A sequence consisting of only part A sounds. (d) A sequence consistin
mixture of Aonly phrases and-B phrases
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1993) and theCherry Point OPAREBARP site is considered their northerly range limit. The Be7 call is
2yS 2F aS@OSNrt OFff GeLlSa Ay (GKS . NeRmRb®aEn oKIfS NB
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(Oleson et al. 2003)TheaverageBe7 call has a fundamental frequency of 44 Hzrandes in duration
between 0.8 and 2.5 seconds with an average intercall interval of 2.8 mirkitpg€5). The Be9 call
type, described for the Gulf dlexicod 2XMJ6 S @), israfdetvnswepivpalse ranging from 143 to
85 Hz, with each pulse approximately 0.7 seconds IBigu(e6).

200 T e ; ==L T

Frequency (Hz)

0 o) o 4
Time (s)

Figure5. $JSOG N2 INI Y 2F . NE Réitie Sduthért Caribbedny fro@iésontet ali &
(2003)

Time [s]

Figure6® . NERS QA 6 K| the Gulf 6 dexidd, ffofr AINRLIS: 5F aBRIY | £ & ¢

Fin Whales

Fin whales produce a variety of calls. Miave frequency lowethan 100 Hzare short in duration, and
frequencymodulated. Théestknownfin whale call is the 20 Hz pulse, downswépin 30¢ 15 Hz
(Figure7). These pulses occur at regular intervalsasg(Thompson et al. 1992)n this report we
indicate the presence of 20 Hz pulses, but do not categorize them as either song or irregulBincalls.
whale 40 K pulss (Watkins 1981~ A N2 @A 0 b)Sweep dowin inHraguemcy from 75 & Hzand
are typically produced in irregular sequencEg(ire8).

12
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Figure8. 40 Hz fin calls ime LTSAdfrcled,top) and spectrogram (bottonffom southern California
HARP data
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Minke Whales

Minke whales in the North Atlantic produce long pulse trailllinger et al. (2000)escribal minke
whale pulse sequence®ar Puerto Ricas speeelip and slowdown pulse trainswith increasing and
decreasing pulse rateespectively.Recently, those call types were detected in the North Atlantic and
were expanded to include pulse trains with nearying pulse ratéRisch et al. 201ZFigure9).
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Figure9. Minke whale pulse traiim the LTSA (top) and spectrogram (bottdnom USWTRO6E

North Atlantic Right Whales

TheNorth Atlantic right whale is a critically endangered whale found in the Western North Atlantic.
Several call types that have been described for the North Atlantic right whale étblecgcream,

gunshot, blow, upcall, warble, amtbwncall(Parks and Ty&2009. For lowfrequency analysis, we
examined the data for upcalls, which are approximately 1 second in duration and range between 80 Hz
and200 Hz, sometimes with harmoniisigurel0). No right whale upcalls were detected.

14
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FigurelO. Right whale upcall cdtbm Parks and Tyack (2005)

Sei Whales

Seiwhales are found primarily in temperate waters and undergo annual migrations between lower
latitude winter breeding grounds and higher latitude summer feedjraunds(Mizroch et al1984,

Perry et al. 1999) Multiple sounds have been attributed to sehales,but we report on a low

frequency downsweep call similar to those Baumgarttesl. (2008yeported as sei vinalecalk. These
calls typically sweep from a starting frequency around 100 Hz to an ending frequency around 40 Hz
(Figurell).
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Figurell. Downsweep calleported to be from sei whaleism the LTSA (top) and spectrogram (bottor
from USWTROGE
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Mid -Frequency Marine Mammals
For midfrequency data analysis, the raw 200 kHz HARP data were decimated by a factor of 20 for an

effective bandwidth of 5 kHz. The LTSAs forin@duency data analysis are created using a time
average of 5 seconds, and.@ HzZfrequency bin. The presee of each call type was determinedoine-
minute bins.

Mid-frequency sounds monitored in this report include: humpbatiale, unidentified odontocete

whistles less than 5 kHand North Atlantic right whale gunshot calls. LTSA search parameters used to
search for each sound are givenTiable2. Humpbaclwhalecalldetectioneffort was automatedisinga
power-law detector (Helble et al. 2012)

Table2. Midfrequency data analysis search parameters.

LTSA Search Parameters

Species Plot Length (Hr) Frequency Range (Hz)
N Atlantic Right Whale 0.75 0¢ 2000
(gunshot calls)
Unidentified Odontocete 0.75 0¢ 5000

(whistles <5 kHz)

Humpback Whales

Humpback whale song is categorized by the repetition of units, phrases and th@agse and McVay
1971) Nonrsong vocalizations such as social sounds and feeding sounds consist of individual units that
can last from 0.15 to 2.8econdgDunlop et al. 2007, Stimpert et al. 201Most humpback whale
vocalizations have acoustic energy between ¢3000 Hz. Br this report, we examined the data for
humpback calls (both song and neang) using the generalized powexv algorithm(Helbleet al.

2012) and then a trained analyst verified the@uracy of the detected signaBigurel2). No humpback

callswere detected.

File Edit View Inset Tools Desktop Window Help

DEES kAW |E DB ==

Bhtion 8828k

Figurel2. Example of bmpback whale sonfjom southern Californign analyst verification stage of
detector.
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Unidentified Odontocete Whistles <5 kHz
Killer whales are a cosmopolitan species, though little is known about killer whales off the east coast of

the UnitedStates(Gormley 200Q) Few sightings of killer whales have occurred onghelf(Katona et

al. 1988) Acousic parameters from known Western Atlantic killer whale calls were used to search for
killer whaleacoustic signal@igurel3). Killer whale pulsed calls are well documented with primary
energy between 1 and 6 kHz and duration primarily between 0.5 anset&ndgFord 1989) While

most of the whistles detected are likely produced by killer whales, we repesa as unidentified
odontocete whistles <5 kHas these call types are not as easily distinguishable from other odontocete
whistles such as those produced by pilot whales or false killer whales.

0 0.1 02 — 03 04 05 06 0.7
Time [hours]
08/21/2011 11:13:59

0 5 10 15 20 25 30
Time [seconds]

08/21/2011 11:53:10

Figurel3. Unidentified odontocete whistles <5 klHam USWTROG6E

North Atlantic Right Whales

North Atlantic right whale gunshot calls are high intensity (~196 dB re 1 pPa) and broadband; @0 Hz
kH2 (Parks et al. 2008nd were therefore included in miflequency analysis. Gunshot caltmsist of
ashortinitial signal followed by prolonged reverberatidrigurel4). Although these calls are capable
of being detected at a range of several miles, no right eligainshot calls were detected in the data.

17
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Figurel4. North Atlantic right whale gunshot call indParks et al. (2005)
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High-Frequency Marine Mammals
For the highfrequency data analysis, spectra were calculated for theeftdkctive bandwidth of 100 kHz.

The LTSAs were created using a time average of 5 seconds and a frequency bin size of 100 Hz. The
presence of call types was determined in enéute bins.

Whale calls for which higliequency effort was expended includeeaked whales, killer whalegygmy

and dwarf sperm whales (referred to Kegiaspp.) WA & &2 Q& R2 f Lakdunidaniified LIS NY 6 K |
odontocetes The same LTSA and spectrogram parameters were used to detect all call types. For
spectrogram scrollinghe LTSA frequency was set to displgyto 100 kHz. To observe individual calls,
spectrogram parameters were typically set to 5 seconds and 100 KzDFT was generally set to 1000

data points (yielding about 400 Hz frequency resolution), and a %@¥tap of data in the input time

series.

Beaked Whales

Frequency modulated (FM) pulses fronf | A Yy @A £ £ S Q a,Andbdndzéhkrsimidariifed DS NI A & Q
beaked whalavere detected with an automated method. After all echolocation signals were identified

with a Teager Kaiser energy detec{®oldevilla et al. 2008, Roch et al. 2Q&h) expert system

discriminated between delphinid clicks and beaked whale FM pulsédgcigion about presence or

absence of beaked whale signals was based on detections within a 75 second segment. Only segments
with more than 7 detections were used in further analysis. All echolocation signals with a peak and

center frequency below 32 arzb kHz, respectively, a duration less than 355 ps, and a sweep rate of

less than 23 kHz/ms weremoved from the analysislf more than 13% of all initially detected

echolocation signals remained after applying these criteria, the segment was classliiee beaked

whale FM pulses. This method detedbeaked whale signals that are expected to be found in the area.

A third classification step, based on computer assisted manual decisions by a trained analyst, labeled the
automatically detected segmesito pulse type level and rejected false detectiBaumannPickering

et al. 2013) The rate of missed segmentsased on Southern California HARP data tegs,
approximately5%,varying slightly between deployment3he performance of the detector sapot

checked for the USWTR data sets.

"1 AET OET 1 A0 "AAEAA 7EAIAO

L EFPAYQOAEESQa 0SIFTSR 6KFEES SOK2t20FGA2y aAraylrfta | N
characteristic frequenceynodulated upsweep, peak frequency around 34 kHz and unifoten-pulse

interval (IP1) of about 280 si{Johnson et al. 2008aumannPickering etal. 2033. f  AY @A f £ SQ& Ca
pulses are also distinguishable in the spectral domain by their sharp energy onset around 25 kHz with

only a small energy peak at around 22zkFigurel5).

19



o
[=]

@
[=]

60

Freguency [kHz]
5

N
=]

o

N R ® O
o O © O

0

Frequency [kHz]

o

4000

2000— —

o
=
=
-3

-2000— —

Amplitude [counts]

. | | | | | | |
40000 1 2 3 4 5 6 7

Time [seconds] x10°
08/19/2011 17:40:52.481.900

Figure15d CEFAYOA T ENE s irdtiE T SAKS) ahKspdctgram (bottom) from
USWTROGE.

Unidentified Beaked Whale (BW38)

A beaked whaldike FM pulse was detected and its origin classified as unidentified beaked whale. It had

a peak frequency around 38 kHz and is subsequently referred to as BW38. The BW38 signal type is
similar to the FM pulse type pradOS R o0& . f Ay @Attt SQa o0SIF{SR éKIfSo
signal type is shifted about 5 kHz higher in comparisgh . t | A y @This EMSpIse tyfeAhdsybéeh

observed before on lonterm recordings collected in the central Pacific (BanmPickering

unpublished data) The BW38 intepulseA Y 0 SN f 6Lt L0 A& Fo2dzi omn Ya f
FYR &aK2NISNI GKFYy (GKFG 2F [/ d@ASNR&E 0SSR ¢KIfSo
encountered FM pulse types (448, in comparison to 580 and 598, respectivelyjFigurel6,and

Figurel?7). We are treating it as a new signal type, however, it is uncertain whether this is a new

dzy l{y26y aAaylrft 2NAIAYFGAYy3a FNBY | &S4 G2 0S RSGSN
change their signal spectrum dependent on e.g. behavior, sex, or age
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The signals haweery similar properties; however, BW38 is shifted to higher frequencies by
approximately 5 kHz.
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These signals are polycychdgth a characteristic frequenayodulated upsweep, peak frequency
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around 40 kHz and unifori®lof about340ms (Johnson et al. 2004, Zimmer et al. 20Baumann
Pickering et al. 2003/ dz@ AF$INdsasre also distinct in that they havevb characteristic spectral
peaks around 17 and 23 kHzdurel8).
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Figure18d /| dz@A SN a o0 S {FSMRulsgsK thd LESAStabkpactray@rh ifiiddia)yand
timeseries (bottom¥rom USWTRO6E

" AOOAEOGS " AAEAA 7EAIAO

DSNIBI A&aQ 0Sl h&éenesgi doficéntraed id ti¢ 3D kHz bandGillespieet al. 2009)

with a peak at 44 kHz (Bauma#ickering et al 2013While Gerva 3 Q o6 Sl { SR ¢KIF S aA 3yl
(2 GK24a8 2F / d@ASNRA FyR . tFAYJSAEMpoiesre asHighthR s K I ¢
higher frequency than those tlie othertwo species{ A YAf | NI 8 2 DS NMpulsésQ 06SI 1 SR
sweep up irfrequency Figurel9). ThelPIF 2 NJ DSNIF A& Q 06SI 1 SRrouwdsinS aA Iyl €
(BaumannrPickering et al. 2013)
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pulsefrom USWTROGE

Unidentified Odontocetes

Delphinid sounds can be categorized as either: (1) echolocation clicksy¢$2pulsegbuzzes or (3)
whistles. Dolphin echolocation clicks are broadband impulses with the majority of energy between 20
and 80 kHzBurstpulsesand buzzesre rapidly repeated clicks that have a creak or Hikezsound

guality; they are in approximately the sarfrequency band as the echolocation clickhey are used in

a communication contextammers et al 2003)Dolphin whistles are tonal calls predominantly between
5 and 25 kHz that vary in their degree of frequency modulation as well as duration. Tgrede are

easily detectable in an LTSA as well as the spectrodgramré20). Only some delphinisounds are
distinguishable by species based on the character of their clicks, buzz pulses, ors\gigtiRoch et al.
2011)
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Figure20. LTSA (top) and spectrogram (bottom) of odontocete echolocation clicks and whitles
USWTROGE

Killer Whales

Killer whales are known to produce four call types: echolocation clicks, low frequency whistles, high
frequency modulated (HFM) signals and pdisalls(Ford 1989, Samarra et al. 201@Yhile we

primarily use pulsed calls and HFM signals for killer whale species identifieatimigcation clicks
(Figure21) are used to a lesser extent for the cléissition of killer whale signals as these call types are
not as easily distinguishable from other odontocete clicks and whistles (e.g. pilot whales).

24



Frequency [kHz]

0 04 02 03 04 05 06 0.7 08 09 ] K
Time [hours]

Frequency [kHz]

QA (] RSt e P e e B e s e e S e P
Time [seconds]
11/25/2011 23:13:27.500.000

Figure2l. Killer whale echolocation clicks in the LTSA (top) and spectrqgmtom) from USTROG6E.

Kogia spp.

Dwarf and pygmy sperm whales emit echolocation signals which have peak energy at frequencies near
130kHz(Au 1993) While this is above the upper frequency band recorded by the HARP, the lower
portion of theKogiaenemy spectrum is within the 100 kHz HARP bandw(@ifpure22). AllKogia

detections were found by manual scanning of the HARP data.
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Figure22. Kogiaspp. echolocation clicks in the LTSA (top) and spectrogram (boftom) USWTRO6E
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Figure23® WA &daz2Qa R2f Lisphayid spettrogbembptiotndzih distintive banding o
pattern is seen in the LTSA from USWTROGE.

Sperm Whales

Sperm whales produce echolocation clicks in the frequency ragg®XHawith peak energy between
10¢ 15kHz(Mghl et al. 2003) Regular clicks, observed during foraging dives, have a uniformaint&r
interval of about onesecond(Goold and Jones 1995, Madsen et al. 2002, Mghl, et al. 2@bi)t

bursts of closely spaced clicks called buzzes are observed during foragingndizes believed to
indicate a predatiorattempt (Watwood et al. 2006)Multiple foraging dives and rest periods are often
observed over a long period of time in the LTE§uWre24). Care must be taken not to misclassify
impulsive anthropogenic soundparticularly cavitation sounds of ship propellettsat maintain a

similar frequency to sperm whales.
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Figure24. Sperm whale echolocatiaicks in the LTS£0f) and spectrogram (itom) from
USWTROGE

Echolocation Click Types

Amanualanalysis was conducted to describe echolocation clicks from unidentified odontocetes (UO).
Click type (CT) mean spectra from HARP recordings in thef®4#ixico, analyzed and defined by Kait
Frasier, and off the coast of North Carolina, analyzed and defined by Lynne Williams Hodge, were used
as templates. These previous analyses were combined and provided thirteen distinct mean click spectra
(Debich etal. 2013) Al click types had dominant energy above 20 kHz. They differed in the prominence
of spectral peaks below 20 kHz, and in the slope and onset of the lower frequency bound in their main
spectral energy band. A custom software routine displaypedn click templates and overlaid novel
meanspectra of manually detected acoustic encounters in the data. A trained analyst determined,

based on spectral content, whether an acoustic encounter remained UO or was classified as a CT. Based
on a complete malysis of all deployments reported hefeur CT(Figure25) were identified within each
deployment and are described below. CT were then assigned names based on the frequency at which
their spectra reached 50% of maximum energy (e.g. CT30 = 30rkiHe 650% energy level).
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Figure25. Echolocation click types (CT) that occurred in the Cherry Point OPAREA repeatedly.

Numerical values (e.g. CT25 = 25 kHz) refer to low end of 50% energy bandwidth. CT 27 was no

detected inthe CherryPoint OPAREA, but was included in this figure for comparison since it occurs

nearby HARP site in the Jacksonville Range Complex.
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Click Type 25
CT 25Kigure26) reaches its 50% maximum energy at approximately 25 kHz and has a peak frequency of
about 33 kHz. It has a smaller peak at 15 kHz with troughs at 12 and ZeiduieZ7).
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Figure26. CT 25 in the LTSA (top) and spectrogram (bottom)
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Figure27. Mean spectra of CT25. Example encounter (black line), template for CT (blue line; fron
of Mexico and/or North Carolina), and noise floor (dotted line). Arrdarsote spectral peaks or
troughs.
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Click Type 26
CT 24qFigure28) reaches its 50% maximum energy at approximately 26 kHz and has a peak frequency of
about 35 kHz. It has a smaller peak at 18 kHz with troughs at 15 and ZHiduiezZ9).
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Figure28. CT 26 in the LTSA) and spectrogrambttom).
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Figure29. Mean spectra of clicks for CT26. Example (black line), template (blue line), and noise f
(dotted line). Arrowslenote spectral peaks or troughs.

Click Type 30
CT 30Kigure30) reaches its 50% maximum energy at approximately 30 kHz and has a peak frequency of
about 37 kHz. It has a smaller peak at 16 kHz with troughs at 12 and 22iduie31).
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Figure30. CT30 in the LTStf) and spectrogrambpttom).
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30
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Figure31l. Mean spectra of CT30. Example (black line), template (blue line), and noise floor (dotte
line). Arrowsdenotespectral peaks or troughs.

Click Type 32

CT32Figure32) reaches its 50% maximum energy at approximately 32 kHz and has a peak frequency of
about 39 kHz. It has a smaller peak at 17 kHz with troughs at 15 and Zdwie33). This low peak
becomes apparent in LTSAs but a high pass filter cuts it out in the mean spectra.
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