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Figure 21. Examples of weighting function amplitude (left) described by Eq. (1) and exposure
function (right) described by Eq. (2) above. The paramétensdf, specify the extent of the

filter pass-band, while the exponenta andb control the rate of amplitude change beldwand
abovef,, respectively. As the frequency decreases bdloov abovef,, the amplitude

approaches linealog behavior with a slope magnitude of&6r 20b dB/decade, respctively.
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Figure 22. Influence of parameter values on the resulting shapes of the weighting functions
(left) and exposure functions (right). The arrows indicate tmeation of change when the
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Figure 23. (left panel) Navy Phase Il weighting function for thie-frequency cetacean group.
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narrowband signals, the effective, weighted TTS threshold at a particular frequency is calculated

by adding the weighting functiomaplitude at that frequency to the weighted TTS threshold

OMTY R.2)NB vismalize thé frequendgpendent nature of the TTS threshold, the

weighting function is inverted and the minimum value set equal to the weighted TTS threshold.

This is illustated in the right panel, which shows the SEL required for TTS onset as a function of

frequency. The advantage of this representation is that it may be directly compared to TTS onset

data at different eXposure freQUENCIES.........uuuieiiiiiiiiiiiiciee e, 7

Figure 24. Comparison of Otariid, Mustelid, Odobenid, and Ursid psychophysical hearing
thresholds measured underwater (left) andair (right). The thick, sia line is the composite
audiogram based on data for all species. The thick, dashed line is the composite audiogram
based on the otariidS ONIY..........cooiiiiiii e 11

Figure 25. Thresholds and composite audiograms for the nine species groups. Thin lines

represent the threshold data from individual animals. Thick lines represent either the median

threshold at each frequency (sea turtlepjedicted threshold curve (LF cetaceans), or the best
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cetacea curve is described in Appendlx A. The minimum threshold for the LF cetaceans was
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mammal groups in water (groups MF, HF, SI, OW, PW).......ccccoiiiiiimiimiiieiieeeeee e 18

Figure 26. Normalized thresholds and composite audiograms for the nine species groups. Thin

lines represent the threshold data from individual animalscKRtines represent either the

median threshold at each frequency (sea turtles), predicted threshold curve (LF cetaceans), or

the best fit of Eq. (9) to experimental data (all other groups). Thresholds were normalized by

subtracting the lowest value for eadndividual data set (i.e., withisubject). Composite

audiograms were then derived from the individually normalized thresholds (i.e., the composite
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cetacean curve isascribed i APPENIX A.. ..o 19

Figure 27. Composite audiograms for the various species groups underwater (left) aid in

(right), derived with the original data (upper) and normalized data (lower). Thresholds in upper
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gray lines in the upper left panel represent ambient noise spectral delesiels (referenced to
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Figure 28. Marine mammal equal latency contours are availablefbocoena phocoena
(Wensveen et al., 2014)ursiops truncatu@Mulsow et al., 2015Rhoca vitulingReichmuth et
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loudness can break down at higheensation levels, and (3) for many data sets the slopes
increase at higher SPLs rather than decrease as expected. The resulting slopes areTlitd in

Figure 29. TTS measured using behavioral and AEP methods do not necessarily agree, with
marine mammal studies reporting larger TTS obtained using AEP methods. For the data above,
thresholds were determined using bothdeniques before and after the same noise exposure.
Hearing thresholds were measured at 30 kHz. Behavioral thresholds utilized FM tones with 10%
bandwidth. AEP thresholds were based on AM tones with a modulation frequency of 1.05 kHz.
Noise exposures congsl of (a) a single, 2RHz tone with duration of 64 s and SPL of 185 dB re

M >tk 6{9[ TI%)and ) tHRee 1:8NIBes mt 20-kH#, with mean SPL =193 dBre 1
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Figure 210.TTS growth data for mifitequency cetaceans obtained using behavioral methods.
Growth curves were obtained by fitting E@0) to the TTS data as a function of SEL. Onset TTS
was defined as the SEL value from the fitted curve at a TTS = 6 dB, for only those datasets that
bracketed 6 dB of TTS. Onset PTS was defined as the SEL value from the fitted curve ata TTS =
40 dB, foronly those datasets with maximum TTS > 20 dB. Frequency values within the panels
indicate the exposure frequencies. Solid lines are fit to the filled symbols; dashed lines are fit to
the open symbols. Seékable 26 for explanation of the datasets in eaphnel. Frequencies

listed in each panel denote the exposure freqUENCY.-...........cooeeiieiiccccciinivieeree e 27

Figure 211. TTS growth data for milequency cetaceans obtained using AEP methods. Growth
curves were obtained by fitting Eq. (10) to the TTS data as &idaraf SEL. Onset TTS was

defined as the SEL value from the fitted curve at a TTS = 6 dB, for only those datasets that
bracketed 6 dB of TTS. Onset PTS was defined as the SEL value from the fitted curve ata TTS =
40 dB, for only those datasets with maxim TTS > 20 dB. Frequency values within the panels
indicate the exposure frequencies. Solid lines are fit to the filled symbols; dashed lines are fit to
the open symbols. Sekable 26 for explanation of the datasets in each panel.................. 28

Figure 212. TTS growth data for highequency cetaceans obtained using behavioral and AEP
methods. Growth curves were obtained by fitting Eq. (t0fhie TTS data as a function of SEL.
Onset TTS was defined as the SEL value from the fitted curve at a TTS = 6 dB, for only those
datasets that bracketed 6 dB of TTS. Onset PTS was defined as the SEL value from the fitted
curve at a TTS = 40 dB, for orfigde datasets with maximum TTS > 20 dB. The exposure
frequency is specified in normal font; italics indicate the hearing test frequency. Percentages in
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Fogure 213. TTS growth data for pinnipeds obtained using behavioral methods. Growth curves
were obtained by fitting Eqg. (10) to the TTS data as a function of SEL. Onset TTS was defined as
the SEL value from the fitted curve at a TTS = 6 dB, for only thtssets that bracketed 6 dB

of TTS. Onset PTS was defined as the SEL value from the fitted curve ata TTS = 40 dB, for only
those datasets with maximum TTS > 20 dB. Frequency values within the panels indicate the
exposure frequencies. Numeric values in @laie) indicate subjects 01 and 02. Solid lines are fit

to the filled symbols; dashed lines are fit to the open symbols. Sekatule 26 explanation of

the datasets iN €aCh PANEL............uiiiiii e ————— 30

Figure 214. The cutoff frequencief andf, were defined as the frequencies below and abéyve
Fd 6KAOK (GKS 02 YLJR aAa idB abodeRnk thrasNdids (tReloivesS & 6 SNB n
11010211 0] o ) TR 35

Figure 215. Effect ofp dadjustment on the TTS exposure functions for the-fnédjuency

cetaceans (left) and higlequency etaceans (right). To calculate the exposure functierand

b were defined as =s/20 andb = 2.n d&vas then varied from 0 to 20. At each valugiofK

was adjusted to minimize the squared error between the exposure function and the onset TTS

data (syniols). Aqr Gncreasesf; decreases anth increases, causing the pasand of the

Fdzy OliA2y G2 AYONBIFAS . . LyR.4KS. .Tdz/.Q0A2Y.. .82 GF€ G0Q°¢

Figure 216.w S f I (i A 2 v & KThahd the @suléng Bieasquared error (MSE) between the

exposure functions and onset TTS data. The MSE was calculated by adding the squared errors

between the exposure functions and TTSadfr the MF and HF cetacean groups, then dividing

by the total number of TTS data points. This process was performed using the composite

' dzZRA23ANI Ya oF &SR 2y 2NAIAYI fTvalugs Rom020RThe AT SR i K NX
lowest MSE value was obt&irR  dza Ay 3 GKS I dzZRA23INI YA oFASR 2y y 2N
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Figure 217. Exposure functions (solid lines)rggated from Eq. (2) with the parameters

specified inTable 27. Dashed lines (normalized) composite audiograms used for definition of
parametersa, f1, andf.. A constant value was added to each audiogram to equate the minimum
audiogram value with thex@osure function minimum. Short dashed ImeNavy Phase |l
exposure functions for TTS onset for each group. Filled symbolsset TTS exposure data (in

dB SEL) used to define exposure function shape and vertical position. Open symbols
estimated TTS oms for species for which no TTS data eXiSt.........ceeevveeiieiiiiiiiiiiiee. 39

Figure 218.Mid-frequency cetacean exposure function, (normalized) compe@aitéogram,

and Phase Il exposure functions compared to-freduency cetacean TTS data. Large symbols
with no numeric values indicate onset TTS exposures. Smaller symbols represent specific
amounts of TTS observed, with numeric values giving the amourdrige) or measured TTS.
Filled and halfilled symbols behavioral data. Open symbals AEP data......................... 40

Figure 219. Highfrequeng cetacean TTS exposure function, (normalized) composite

audiogram, and Phase Il exposure functions compared tofhégluency cetacean TTS data.

Large symbols with no numeric values indicate onset TTS exposures. Smaller symbols represent
specific amountef TTS observed, with numeric values giving the amount (or range) or

measured TTS. Filled and Héled symbols behavioral data. Open symbals AEP data...41

Figure 220.Phocid (underwater) exposure function, (normalized) composite audiogram, and
Phase Il exposure functions compared to phocid TTS data. Large symbols with no numeric values
indicate onset TTS exposures. Smallentsyls represent specific amounts of TTS observed, with
numeric values giving the amount (or range) or measured. TTS.........ccccceeiiiiiiniieeeennnns 42



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) June 2017

Figure 31. Fhase Il Navy Behavioral Response Functians.............cccccccvviiiiveecininnnnn . 48

Figure 32. Conceptual framework for dividing behavioral responses due to acoustic disturbance
into context based and levebased responses (Ellison ef, @&011)........ccccceevviiiviieieeernnnnne. 63

Figure 33. Received levels at the time of Odontocete responses (in circles) or maximum
received levels when thereas no response (in squares). 3S killer whales are shown in blue, 3S
pilot whales are shown in orange, 3S sperm whales are shown in green, and CES bottlenose
dolphins are ShOWN INYEIIOW...........cooiiiiii e e e e e e e e e e e e e 68

Figure 34. The Bayesian biphasic dassponse BRF for Odontocetes. The blue solid line

represents the Bayesian Posterior median values, the green dashed line represents the biphasic

fit, and thegray represents the variance-[XEA &Y wSOSA 3SR -AxB:@RbabiilyR. NB ™
(o) R =T 010 ] 11 PP 69

Figure 35. Received lals at the time of Pinniped responses (in circles) or maximum received
levels when there was no response (in squares). CES California sea lions are shown in yellow,
CESa gray seals are shown in blue, CESb gray seals are shown in green, and CES haogled seals
C] [0V T T = o PP EPPR TP 71

Figure 36. The Bayesian biphasic dassponse BRF for Pinnipeds. The blue solid line

represents theBayesian Posterior median values, the green dashed line represents the biphasic

fit, and the gray represents the variance-!DEA &Y wSOSA ISR -AxB:@GbabiilyR. NB ™
OF RESPONSE]. ..ttt e e e e e e e e s et e e e e e e e e e e e annnees 72

Figure 37. Received levels at the time of Mysticete responses (in circles) or maximum received
levels when there was no response (in squares). 3S humpbacks are shown in dark blue, the 3S
minke whale is shown in red, BRS blue whales are shown in brown, North Atlantic right whales
are shown in gray, LFA fin whales are shown in yellow, the LFA blue whale is shown in light blue,
and LFA humpback whales are ShOwn in green............evvvvie i 75

Figure 38. The Bayesian biphasic dassponse BRF for Mysticetes. The blue solid line

represents the Bayesian Posterior median values, the grashatl line represents the biphasic

fit, and the gray represents the variance-IDEA &Y wSOSA O3S R -AxB:@RbabiliilyR. NBE ™
(o)l R =T 010 411 PSSP 76

Figure 39. Received levels of Beaked Whale responses (in circles) or maximum received levels

GKSY GKSNB ¢l a y2 NBaALRYyaS oAy aldz NBaoe . w{ [/ dz
3S bottlenose whale is in light blue, AUTEC Ay @At £ SQ&a oS|I {.SR..oMIt S& | NB
Figure 310. The Bayesian biphasic dessponse BRF for Beaked Whales. The blue solid line

represents the Bayesian Posterior median values, the green ddisieepresents the biphasic

fit, and the gray represents the variance:!DEA &Y wSOSA OSSR -AxB:@dabiliiyR. NBE m
(o)l R =T 0o 411 PSPPI 80

Figure 41. Relationships between impulse threshold for effect and body mass as derived in

Yelverton & Richmond (1981) based on the Lovelace Foundation test results for terrestrial
animals exposed to underwater detONAtIONS.........uuureririiiiiiiiieeee e 90



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) June 2017

List of Tables
Table 21. Species group designations for Navy Phase Il auditory weighting functians....12

Table 22. References, species, and individual subjects used to derive the composite

Table 23. Composite audiogram parameters values for use in Eq. (9). For all groups except LF
cetaceans, values represent the béistparameters from fitthg Eq. (9) to experimental

threshold data. For the loMrequency cetaceans, parameter values for Eq. (9) were estimated as
described in Appendix A. Fits to the sea turtle data were unsuccessful.......................... 17

Table 24. Normalized composite audiogram parameters values for use in Eqg. (9). For all groups
except LF cetaceans, values represent thefieprameters after fitting Eq. (9) toormalized
threshold data. For the loMrequency cetaceans, parameter values for Eq. (9) were estimated as
described in Appendix A. Fits to the sea turtle data were unsuccessful.......................... 17

Table 25. Frequency of best hearinfp) and the magnitude of the lorequency slopes)

derived from composite audiograms and equal latency contdtmsthe species with composite
audiograms based oexperimental data (i.e., all except LF cetaceaasiljogram slopes were
calculated across a frequency range of one octave (sea turtles) or one decade (all others)
beginning with the lowest frequency present for each group. Theftequency slope for LF
cetaceans was not based on a cufitdout explicitly defined during audiogram derivation (see
Appendix A). Equal latency slopes were calculated from the available equal latency contours
(o OIS 21

Table 26. Summary of marine mammal TTS growth data and onset exposure levels. Only those
data from which growth curves could be generated are included. TTS onset values are ekpresse
Ay {9[ = Ay dzy RNEY Imi S NI PsyhRir (BroupsNiB. andl RAtonly).tTests
featured continuous exposure to steadyate noise and behavioral threshold measurements
unless otherwise INAICATEM...........cooi i e e e e e e e e e e e e e e e s s e e eaa e enanns 31

Table 27. Differences between composite threshold valuEg(ire 25) and TTS onset values at
the frequency of best hearindo) for the inwater marine mamral species groups. The values
for the lowfrequency cetaceans and sirenians were estimated using the median difference
(126) from the MF, HF, OW, and PW grOUPS.........ccuuriiiiiiiiiiiieiee et e e 37

Table 28. Weighting function and TTS exposure function parameters for use in Egs. (1) and (2)
for steadystate exposures® values represent goodness of fit between exposure function and
TTS 0NSEt dAta ADIE 26).........uuuiiiiiiiiiiiiiiiii e e e e e e e e e aaaneanees 38

Table 29. TTS and PTS thresholds for explosives and other impulsive sources. SEL thresholds in
R. NXB2% undemwatér and dB ré H n 2ssirt air (groups OA and PA only). Peak SPL
OKNB&A&K2fRa Ay R. NBE ™M >t dzy RSNBI 4§ SNLLYR R. NB

Table 31. Description of experimental conditions used in behavioral response field studies
included in the derivation of Phase Il behavioral response thresholds........................... 51

Table 32: Description of experimental conditions used in captive animal behavioral studés.
Table 33. Odontocete data relied upon for quantitative assessment of behavioral respofige.
Table 34: Pinniped data relied upon for quantitative assessment of behavioral respons&9

Table 35: Mysticete data relied upon for quantitative assessment of behavioral respansg4



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) June 2017

Table 36: Beaked whale data relied upon for quantitative assessment of behavioral respénse.

Table 37: Individual beaked whale exposure data and associated received levels (RL) and
L0 1S3 7= g o] SRR 78

Table 38. Pile Driving Level B Thh®lds Used in this Analysis to Predict Behavioral Responses
from Marine MamMMAIS.........ccociiiiei et e e e e e e e e e e e e e e e e e e e s e e s s s e e s s e nennnennennees 85

Table 41. Lowest test impulse exposure for injurious effects (Richmond et al., 1973).....93

Table 42. ENVironmental CONSTANTS...........uuiiiiiiiiiiiiiie e 93
Table 43. Human diver blast exposure for 1-Bbcharge at 18t. depth, diver on bottom in 20
ft. water depth Wright et al. 1950 (as cited in Cudahy & Pag001).....................eeeeeeiennns 96
Table 44. Human diver blast exposure foHd charge at 15t. depth, diver on bottom in 20 ft.
water depth Wrightet al. 1950 (as cited in Cudahy & Parvin, 2001)...........cccccccvvvvvvvnnnnnnne. 96
Table 45: Criteria to Quantitatively Predict Ne&uditory Injuries due td&Jnderwater Explosions
.......................................................................................................................................... 97



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) June 2017

ASW
AUTEC
BRF
CDF
CES
dB

dBre 1 pPa

dB re 1 pPaz-s

EIS
GAM
GLM
Gl
HF
Hz
kHz
LF
MF
NAEMO
PRN
psi
PTS
SEL

SLI

ACRONYMS AND ABBREVIATIONS

anti-submarine warfare

Atlantic Underwater Test and Evaluation Center
behavioral response function

cumulative truncatechormal distribution function
controlled exposure study

decibel

decibels referenced to 1 microPascal

decibels referenced to 1 microPascalquared seconds
environmental impact statement

Generdized Additive Model

Generalized Linear Model

gastrointestinal

highfrequency

hertz

kilohertz

low-frequency

mid-frequency

Navy Acoustic Effects Model

pseudorandom noise

poundsper square inch

permanent threshold shift

sound exposure level

slight lung injury



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill)

June 2017

SOCAL

SPL

™

TTS

Southern California

sound pressure level

tympanic membrane

temporary threshold shift



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) June 2017

1 INTRODUCTION

The Navy is required to assess the potentrapacts onmarinemammals and sea turtldsom
training and testing activities tmaintaincompliance with a suite of Federal environnriaws
and regulations. These regulations include, butrastlimited to, theMarine Mammal
Protection Act MMPA), Endangered Species AEiSA, and theNational Environmental Policy
Act(NEPA In cases where these activities introdusmund or explosie energy into the marine
environment, amacousticeffects analysis must be conducted.

The effects analysisegins withmathematical modeling to predict the sound transmission
patterns fran Navy sourcedNavy activitieshat involvesonar and otheitransducersair guns

pile driving andexplosivesare modeled These data are then coupled with marine species
distribution and abundance data to determine the sound levels likely to be received by various
marine species. Finally, criteria and threshads applied to estimate specific effects that
animals exposed to Naygenerated sound may experience

This technical reporsupersedeshe 2012Phase Iteport Criteria and Thresholds for U.S. Navy
Acoustic and Explosives Effects Analyasisl iscomprised of three distinct sectionthat describe
the derivation of criteria and thresholds used to predict specific effects to animals exposed to
Navygenerated sounds. Specifically, these effects include potential auditory effectSéstion

2, Auditory Weighting Functions and TTS/PTS Exposure Functehsvioral responses to
underwater anthropogenic sounds (see Sectpiavy Phase Il Behavioral Response Criteria
for Marine Specie} and norauditory physiological impactéee Sectiod, Navy Phase I
Explosive Nowuditory Injury Criteria

Appendix A describes the methods for estimating a-f@gquency cetacean audiogram. A
description of data used to develop the Phase Ill Navy behavioral response functions can be
found in Appendix BA summary othesecriteria for determining acoustic and explosive effects
to marinemammals and sea turtlfsom Navysound sourcess located in Appendix C.

Research on the impacts of anthropogenic sound on maeeieshas increased dramatically

in the past decadeSince the methodology for deriving composite audiograms and associated
marine mammal auditory weighting functions, as well as TTS thresholds is data driven, any new
information that becomes available has thetential to cause some amount of change &r
specific hearing grouut also other hearing groups, if they rely on surrogate dagsuch, the
reported criteria and thresholds for marine mammals and sea turdlesanticipated to change
over time; howeer, t isnot feasible to make changegth the publication of each new data
point. Instead, SSC Pacifwdl periodically examinée best available scien@d consider the
impacts of those studies on its repdwith an anticipated revision cycle ofrée to five years);
however, there may be special circumstances that merit evaluation of data on a more
accelerated timeline (e.gthe measurement of mysticete hearing thresholds).
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2 AUDITORY WEIGHTING FUNCTIONS AND TTS/PTS EXPOSURE FUNCTIONS

2.1 Introduction

Thischapterdescribes the rationale and steps used to define proposed numeric thresholds for
predicting auditory effects on marinmammals and sea turtlesxposed to sonaandother
transducers explosives, pile driving, and air gulbie weighted threshold values and auditory
weighting function shapes amemmarized inAppendix C

2.1.1 Impulsive vs. non-impulsive noise

When analyzing the auditory effects of noise exposure, it is often helpful to broadly categorize
noise as either impuige noiset noise with high peak sound pressure, short duration, fast rise
time, and broad frequency contemt or norrimpulsive (i.e., steadgtate) noise. When

consdering auditory effects, sonaother coherent active sources, and vibratory pile driving are
considered to be nofimpulsive sources, while explosives, impact pile driving, and air guns are
treated as impulsive sources. Note that the terms fimpulsive or steadystate do not

necessarily imply long duration signals, only that the acoustic sigeaufficient duration to
overcome starting transients and reach a steathte condition. For harmonic signals, sounds
with duration greater than approximately 5 to 10 cycles are generally considered to be steady
state.

2.1.2 Noise-induced threshold shifts

Exposire to sound with sufficient duration argbund pressure levéEPL) may result in an
elevated hearing threshold (i.e., a loss of hearing sensitivity), called aindiseed threshold

shift (NITS). If the hearing threshold eventually returns to normalNITS is calledtamporary
threshold shift(TTS); otherwise, if thresholds remain elevated after some extended period of
time, the remaining NITS is callepermanent threshold shiftPTS). TTS and PTS data have
been used to guide the development of safxposure guidelines for people working in noisy
environments. Similarly, TTS and PTS criteria and thresholds form the cornerstone of Navy
analyses to predict auditory effects in marine mammals and sea turtles incidentally exposed to
intense sound duringaval activities.

2.1.3 Auditory weighting functions

Animals are not equally sensitive to noise at all frequencies. To capture the frequency

dependent nature of the effects of noisayditory weighting functionare used. Auditory

weighting functions are mathmatical functions used to emphasize frequencies where animals

are more susceptible to noise exposure andamephasize frequencies where animals are less

susceptible. The functions may be thought of as frequedegyendent filters that are applied to

a noiseexposure before a single, weighted SPeaund exposure levéSEL) is calculated. The

FAEGSNI aKIF LIS -LI N ¢y AN Iyl fl&dzNBor ARPS @ (1 KS Fdzy O A 2
AYOSNISR !¢ 6KSyYy LI 23G0SR @S N& dzae istapidoljidagly Oe & ¢ KS
FELG 6AGKAY | £ AYAGSR NI-o/I3SR 24F TN RIBFIOMSEE 00 &
below and above the pagsand.

Auditory weighting functions for humans were basedegual loudness contours curves that

show the combindbns of SPL and frequency that result in a sensation of equal loudness in a
human listener. Equal loudness contours are in turn created from data collected during loudness
comparison tasks. Analogous tasks are difficult to perform withverbal animalsas a result,
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equal loudness contours are available for only a single marine mammal (a dolphin) across a
limited range of frequencies (2.5 to 113 kKfzhneran & Schlundt, 20)1n lieu of performing
loudness comparison tests, reaction times to tones can be measured, under the assumption that
reaction ime is correlated with subjective loudne@¥ingst et al., 1975tebbins, 1966. From

the reaction time vs. SPL data, curves of equal response latency can be created and used as
proxies for equal loudness contours.

Just as human damage risk criteria use auditory weighting functions to capture the frequency
dependent aspects of noist.S.Navy acoustic impact analyses use weighting functions to
capture the frequencylependency of TTS and PTS in marine mammalsemturtles.

2.1.4 Phase lll weighting functions and TTS/PTS thresholds

Navy weighting functions fd?hase I(Finneran & Jenkins, 20lpaSNBE ol aSR 2y GKS da
gSAIAKAGAYIE O@EbhdRtaR 0GYwighBdlitianal higHrequency emphasis for

cetaceans based on equal loudnessitours for a bottlenose dolphi@Finneran & Schiut,

2011). Phase ITTS/PTS thresholds also relied heavily @ré&tommendations dbouthall et al.

(2007, with modifications based on preliminary data for the effects of exposure frequency on

dolphin TTSFinneran, 2010Finneran & Schlundt, 20)8nd limited TTS data for harbor

porpoisesKastelein et al., 2012k ucke et al., 2009

Since the derivation d?hase lhcoustic criteria and thresholds, new data have been obtained
regarding marine mammal and sea turtle hear{Bgw Piniak et al., 201%houl & Reichmuth,
2014 Martin et al., 2012Sills et al., 20142015, marine mammal equal latency contours
(Mulsow et al., 2015Reichmuth et al., 20t3Vensveen et al., 20)4and the effects of noise on
marine mammal hearin{fFinneran & Schlundt, 201Binneran et al., 201Kastelein et al.,
20123 Kastelein et al., 2012lKastelein et al., 2013&astelein et al., 2013lKastelein et al.,
2014k Kastelein et al., 2014&astelein et al., 2015&astelein et al., 2015Popov et al., 2013
Popov et al., 20L4Popov et al., 2015bAs a reslt, new weighting functions and TTS/PTS
thresholds have been developed fBhase IlIThe new criteria and thresholds are based on all
relevant data and feature a consistent approach for all species of interest.

Marine mammals and sea tugswere divided into nine groups for analysis. For each group, a
frequencydependent weighting function and numeric thresholds for the onset of TTS and PTS
were derived from available data describing hearing abilities and effects of noise on marine
mammals ad sea turtles. Masured or predicted auditory threshold data, as well as measured
equal latency contours, were used to influence the weighting function shape for each group. For
species groups for which TTS data are available, the weighting functiongtararwere

adjusted to provide the best fit to the experimental data. The same methods were then applied
to other groups for which TTS data did not exist.

2.2 Weighting functions and exposure functions

The shapes of thBhase ll&uditory weighting functionare based on a generic baipass filter
described by
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(/1)
g*“’ﬁfﬁg*“’tfﬁy

whereW( f) is the weighting function amplitude (in dB) at the frequeh@in kHz). The shape of
the filter is defined by the paramete® fi, f, a, andb (Figure2-1 and Figure2-2 left panels):

W(f)=C+10log,,i : (1)

—— = =
il el e

C weighting function gairfdB). Thesalue ofCdefines the vertical position of the
curve. Changing the value Gthifts the function up/down. The value Gfis often
chosen to set the maximum amplitude \&fto O dB (i.e., the value @does not
necessarily equal the peak amplitude of thave).

f1  low-frequency cutoftkHz). The value &f defines the lower limit of the filter pass
band; i.e., the lower frequency at which the weighting function amplitude begins to
RSOt Ay @ FANI FNNERIYT 6 KS FEl G OSificNI £ LR NIA2Y
amplitude atf; depends on the value @& Decreasind: will enlarge the pasband
of the function (the flat, central portion of the curve).

f, highfrequency cutoftkHz). The value & defines the upper limit of the filter pass
band; i.e., the upper frequency at which the weighting function amplitude begins to
roll-off from the flat, central portion of the curve. The amplitudefatlepends on
the value ofb. Increasind. will enlargethe passband of the function.

a low-frequency exponer{limensionless). The value aflefines the rate at which
the weighting function amplitude declines with frequency at the lower frequencies.
As frequency decreases, the change in weighting functioplitude becomes linear
with the logarithm of frequency, with a slope of@@B/decade. Larger values af
result in lower amplitudes &t and steeper rolloffs at frequencies beldw

b highfrequency exponer(dimensionless). The value lotiefines therate at which
the weighting function amplitude declines with frequency at the upper frequencies.
As frequency increases, the change in weighting function amplitude becomes linear
with the logarithm of frequency, with a slope @0b dB/decade. Larger valsefb
result in lower amplitudes &b and steeper rolloffs at frequencies abofse

Ifa=2andb= 2, Eq. (1) is equivalent to the functions used to define Réase IType | and

EQL weighting functions, Meighting functions, and the humanv&ighting functionl/American
National Standards Institute, 200&inneran & Jenkins, 2012aouthall et al., 2007 The change

from fixed to variable exponents féthase IWas done to allow the lowand highfrequency

rolloffs to match available expenental data. During implementation, the weighting function
defined by Eq. (1) is used in conjunction with a weighted threshold for TTS or PTS expressed in
units of SEL.

For developing and visualizing the effects of the various weighting functionseipfsiito
invert Eq. (1), yielding

—> :

a
]
E(f)=K- 10log,i - ( 5 U, )
I
y

/
g+ﬁ/qf§g+ﬁlgf8

—_——) —
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whereH f) is the acoustic exposure as a function of frequehtlye parameters;, f,, a, andb

are identical to those in Eq. (1), akd & | O2yadlyide® ¢KS FdzyGliAzy RSao
AKILISe AaAYAEFNI G2 Fy | dzRA 2 3 Negwe2-2andFigure®z, t f 2 dzRy S a 2
right panels). IKis adjusted to set the minimum value Eff ) to match the weighted threshold

for the onset of TTS or PTS, Eq. (2) reveals tmmaran which the exposure necessary to cause

TTS or PTS varies with frequency. Equation (2) therefore allows the fregqueigtyed

threshold values to be directly compared to TTS data. The function defined by Eq. (2) is referred

to as anexposure functio, since the curve defines the acoustic exposure that equates to TTS or

PTS as a function of frequency. To illustrate the relationship between weighting and exposure
functions,Figure2-3shows the Nav{Phase IWweighting function [EqQ. (1), left panel] and TTS

exposure function [Eq. (2), right panel] for rifdquency cetaceans exposed to sonar

_ Eq. (1) - weighting function _ Eq. (2) - exposure function

amplitude (dB)

frequency

Figure 2-1. Examples of weighting function amplitude (left) described by Eq. (1) and
exposure function (right) described by Eq. (2) above. The parameters f; and f2 specify
the extent of the filter pass-band, while the exponents a and b control the rate of
amplitude change below f; and above f,, respectively. As the frequency decreases
below f; or above f;, the amplitude approaches linear-log behavior with a slope
magnitude of 20a or 20b dB/decade, respectively. The constants Cand Kdetermine
the vertical positions of the curves.
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Eq. (1) - weighting function Eq. (2) - exposure function

amplitude (dB)

frequency

Figure 2-2. Influence of parameter values on the resulting shapes of the weighting
functions (left) and exposure functions (right). The arrows indicate the direction of
change when the designated parameter is increased.
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Figure 2-3. (left panel) Navy Phase Il weighting function for the mid-frequency
cetacean group. This function was used in conjunction with a weighted TTS threshold
of 178 dB re 1 uPa%s. For narrowband signals, the effective, weighted TTS threshold at
a particular frequency is calculated by adding the weighting function amplitude at that

frequency to the weighted TTS threshold (178 dB re 1 uPa?s). To visualize the
frequency-dependent nature of the TTS threshold, the weighting function is inverted
and the minimum value set equal to the weighted TTS threshold. This is illustrated in
the right panel, which shows the SEL required for TTS onset as a function of frequency.
The advantage of this representation is that it may be directly compared to TTS onset

data at different exposure frequencies.

The relationships between Egs. (1) and (2) may be highlighted by defining the fuX(dtjcas
e
1

2a
flf
X(f)=10log,,i ( - 1) -
s 5 8. )
I 2 7]
Tgu(f )8 as(f/1,) 1)
The peak value of( f) depends on the specific valuesfgff,, a, andb and will not necessarily

equal zero. Substituting Eqg. (3) into Egs. (1) and (2) results in
W(f)=C+X(f) (4)

®3)

—_— c: —_— ()

and
E(f)=K- X(f), (5)

respectively. The maximum of the weighting function and the minimum of the exposure
function occur at the same frequency, denotigdThe constanCis defined so the weighting
function maximum value is 0 dB; i.@V(f,) =0, so

W(f)=0=C+X(f ). (6)
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The constanKis defined so that the minimum of the exposure function [i.e., the valug by
whenf =f,] equals the weighted TTS or PTS threshhld, so

E(f) =T, =K- X(f). @)
Adding Egs. (6) and (7) results in
ngt =C+K. (8)

The constant€ K and the weighted threshold are therefore not independent and any one of
these parameters can be calculated if the other two are known.

2.3 Methodology to Derive Function Parameters

Weighting and exposure functions are defined by selecting appropriate values for the
parametersC K, fi, f2, @, andb in Eqgs. (1) and (2). Ideally, these parameters would be based on
experimental data describing the manner in which the onset of TTS ordfi€8 as a function

of exposure frequency. In other words, a weighting function for TTS should ideally be based on
TTS data obtained using a range of exposure frequencies, species, and individual subjects within
each species group. However, at presehgere are only limited data for the frequency

dependency of TTS in marine mammals and no TTS or PTS data for sea turtles. Therefore,
weighting and exposure function derivations relied upon auditory threshold measurements
(audiograms), equal latency contoyenatomical data, and TTS data when available.

Although the weighting function shapes are heavily influenced by the shape of the auditory
sensitivity curve, the two are not identical. Essentially, the auditory sensitivity curves are

adjusted to match thexisting TTS data in the frequency region near best sensitivity (step 4
0St260d ¢CKAA NBadzZ G6a Ay aO2YLINBaaiAzyé 2F GKS
sensitivity to allow the weighting function shape to match the TTS data, which she®ehasge

with frequency compared to hearing sensitivity curves in the frequency region near best

sensitivity.

Weighting and exposure function derivation consisted of the following steps:

1. Marine species were divided into nine groups based on auditoojpgical,
and phylogenetic relationships among species and the medium (air or water) in
which they could be exposed.

2. For each species group, a representative, composite audiogram (a graph of
hearing threshold vs. frequency) was estimated.

3. The expoant awas defined using the smaller of the ldvequency slope
from the composite audiogram or the lefsrequency slope of equal latency
contours. The exponeriiwas set equal to two.

4. The frequencief andf, were defined as the frequencies at whicteth
composite threshold values ayel-dB above the lowest threshold value. The
value ofnTwas chosen to minimize the meaguared error between Eq. (2)
and the nonimpulsive TTS data for the mignd highfrequency cetacean
groups.

5. For species groupsrfahich TTS onset data exikiwas adjusted to minimize
the squared error between Eqg. (2) and the steatite (norimpulsive) TTS

| dzf
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onset data. For other specidswas defined to provide the best estimate for
TTS onset at a representative frequency. Theimum value of the TTS
exposure function (which is not necessarily equaktavas then defined as the
weighted TTS threshold.

6. The constanCwas defined to set the peak amplitude of the function defined
by Eq. (1) to zero. This is mathematically gglgint to setting C equal to the
difference between the weighted threshold akdsee Eqg. (8)].

7. The weighted threshold for PTS was derived for each group by adding a
constant value (20 dB) to the weighted TTS threshdills.constant was based

on estimdes of the difference in exposure levels between TTS onset and PTS
onset (i.e., 40 dB of TTS) obtained from the marine mammal TTS growth curves.

8. For the midand highfrequency cetaceans, weighted TTS and PTS thresholds
for explosives and other impulgisources were obtained from the available
impuldve TTS data. For other groups, the weighted SEL thresholds were
estimated using the relationship between the steastgte TTS weighted

threshold and the impulge TTS weighted threshold for the miand hidn-

frequency cetaceans. Peak SPL thresholds were estimated using the relationship
between hearing thresholds and the impws TTS peak SPL thresholds for the
mid- and highfrequency cetaceans.

The remainder of this document addresses these steps in detail.

2.4 Marine Animal Species Groups

Marine mammal and sea turtles wedivided into nine groupsl@ble2-1), with the same
weighting function and TTS/PTS thresholds used for all species within a group. Species were
grouped by considering their known or suspected audible frequency range, audkwifigity,

ear anatomy, and acoustic ecology (i.e., how they use sound), as has been done previously
(Finneran & Jenkins, 20126etten, 2000Southall et al., 2007

2.4.1 Low-frequency (LF) cetaceans

The LF cetacean group contains all of the mysticetes (baleen whales). Alttheug have been

no direct measurements of hearing sensitivity in any mysticete, an audible frequency range of
approximately 10 Hz to 30 kHz has been estimated from observed vocalization frequencies,
observed reactions to playback of sounds, and anatohaicalyses of the auditory system. A
natural division may exist within the mysticetes, with some speeigs,blue, fin) having better
low-frequency sensitivity and others.@.,humpback, minke) having better sensitivity to higher
frequencies; howeveit present there is insufficient knowledge to justify separating species
into multiple groups. Therefore, a single species group is used for all mysticetes.

2.4.2 Mid-frequency (MF) cetaceans

The MF cetacean group contains most delphinid speeigs,bottlenose dolphin, common
dolphin, killer whale, pilot whale), beaked whales, and sperm whales (but not pygmy and dwarf



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) June 2017

sperm whales of the genus Kogia, which are treated asfhégjuency species). Hearing
sensitivity has been directly measured for a numberpafcses within this group using
psychophysical (behavioral) or auditory evoked potential (AEP) measurements.

2.4.3 High-frequency (HF) cetaceans

The HF cetacean group contains the porpoises, river dolphins, pygmy/dwarf sperm whales,
Cephalorhynchuspecies, andomelLagenorhynchuspecies. Hearing sensitivity has been
measured for several species within this group using behavioral or AEP measurements. High
frequency cetaceans generally possess a higher ufppguency limit and better sensitivity at
high frequen&és compared to the miffequency cetacean species.

2.4.4 Sirenians

The sirenian group contains manatees and dugongs. Behavioral and AEP threshold
measurements for manatees have revealed lower upper cutoff frequencies and sensitivities
compared to the midrequency cetaceans.

2.4.5 Phocids

¢KA& 3IANRdzL) O2y il Aya Ftf SIENXSaa aSkta 2NJ aidNHS
harbor or common seals, @& seals and inland seals, elephant seals, and monk seals. Since these

animals are amphibious, weightifignctions and TTS/PTS thresholds are included for both

airborne and underwater exposure. Aerial and underwater hearing thresholds exist for some

Northern Hemisphere species in this group.

2.4.6 Otariids and other non-phocid marine carnivores

This group containall eared seals (fur seals and sea lions), walruses, sea otters, and polar bears.
The division of marine carnivores by placing phocids in one group and all others into a second
group was made after considering auditory anatomy and measured audiograntefeatious
species and noting the similarities between the Aavocid audiogramsHigure2-4). Aerial and
underwater hearing thresholds exist for some Northern Hemisphere species in this group.
Separate weighting functions and TTS/PTS thresholds are included for airborne and uaderwat
exposure.

2.4.7 Sea turtles

This group contains all sea turtles (families Cheloniidae and Dermochelyidae). Most audiometric
information has been obtained via AEP measurements, though some behavioral data exist. Sea
turtle functional hearing is restricted t@latively low frequencieselow approximately2 kHz

and they have relatively poor auditory sensitivity.

10
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Figure 2-4. Comparison of Otariid, Mustelid, Odobenid, and Ursid psychophysical
hearing thresholds measured underwater (left) and in-air (right). The thick, solid line is
the composite audiogram based on data for all species. The thick, dashed line is the
composite audiogram based on the otariids only.
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Table 2-1. Species group designations for Navy Phase Il auditory weighting functions.

Code Name Members
LF | Lowfrequency Family Balaenidae (right and bowhead whales)
cetaceans

Family Balaenopteridae (rorquals)
Family Eschrichtiidagay whale)
Family Neobalaenidae (pygmy right whale)

MF | Mid-frequency Family Ziphiidae (beaked whales)

cetaceans Family Physeteridae (Sperm whale)

Family Monodontidae (Irrawaddy dolphin, beluga, narwhal)

Subfamily Delphininae ,(W,himeAaked/WhiAtesided/ o A
wAaazQako2uuf Sy2aSkall2uuUSRkaLIAYYSN
Subfamily Orcininae (melemeaded whales, false/pygmy killer whale, killer
whale, pilot whales)

Subfamily Stenoninae (roughothed/humpback dolphins)
GenudLissodelphigright whale dolphins)

Lagenorhynchus albirostrigvhite-beaked dolphin)

Lagenorhynchus acutétlantic whitesided dolphin)

Lagenorhynchus obliquide(Racific whitesided dolphin)

Lagenorhynchus obscur(dusky dolphin)

HF | Highfrequency Family Phocoenidae (porpoises)

cetaceans Family Platanistidae (Indus/Ganges river dolphins)

Family Iniidae (Amazon river dolphins)

Family Pontoporiidae (Baiji/ La Plata river dolphins)

Family Kogiidae (Pygmy/dwarf sperm whales)

GenusCephalorhynchus / 2 YYSNR 2y Qas [/ KAt SIys |
Lagenorhynchus australist S I £ S Qéhineddolphin} O |
Lagenorhynchus crucigérourglass dolphin)

OW | Otariids and other Family Otariidae (eared seals aseh lions)
non-phocid marine

" Family Odobenidae (walrus)
carnivores (water)

Enhydra lutrigsea otter)
Ursus maritimugpolar bear)

PW | Phocids (water) Family Phocidae (true seals)

Sl Sirenians Family Trichechidae (manatees)
Family Dugongidae (dugongs)

TU | Seaturtles Family Cheloniida@oggerhead, green, hawksbill, Kemp's ridley, olive ridley,
flatback sea turtle)

Family Dermochelyidae (leatherback sea turtle)

OA | Otariids and other Family Otariidae (eared seals and sea lions)
”OWPhOC'd marineé | Family Odobenidagvalrus)
carmivores (air) Enhydra lutrigsea otter)

Ursus maritimugpolar bear)

PA | Phocids (air) Family Phocidae (true seals)

12
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2.5 Composite Audiograms

Composite audiograms for each species group were determined by first searching the available
literature for thresholddata for the species of interest. For each group, all available AEP and
psychophysical (behavioral) threshold data were initially examined. To derive the composite
audiograms, the following rules were applied:

1. For marine mammal species groups with thoeenore behavioral

audiograms (all groups except LF cetaceans), only behavioral (no AEP) data were
used. Mammalian AEP thresholds are typically elevated from behavioral
thresholds in a frequenegiependent manner, with increasing discrepancy
between AEP ahbehavioral thresholds at the lower frequencies where there is
a loss of phase synchrony in the neurological responses and a concomitant
increase in measured AEP thresholds. The frequdrpgndent relationship
between the AEP and behavioral data is peottic for defining the audiogram
slope at low frequencies, since the AEP data will systematicallyestienate
thresholds and therefore ovegstimate the lowfrequency slope of the

audiogram. As a result of this rule, behavioral data were used for ailhena
mammal groups. For sea turtles, the relationships between AEP and behavioral
threshold data are less clear and there were insufficient data to rely on
behavioral thresholds alone, therefore both behavioral and AEP data were used
for sea turtles. Note¢hat for all species groups, AEP threshold data were still
used for interpreting the hearing ability of various species and determining the
group to which they should belong.

For the lowfrequency cetaceans, for which no behavioral or AEP threshold data
exist, hearing thresholds were estimated by synthesizing information from
anatomical measurements, mathematical models of hearing, and animal
vocalization frequencies (see Apix A).

2. Data from an individual animal were included only once at a particular
frequency. If data from the same individual were available from multiple
studies, data at overlapping frequencies were averaged.

3. Individuals with obvious higlhequencyhearing loss for their species or
aberrant audiogramse(g.,obvious notches or thresholds known to be elevated
for that species due to masking or hearing loss) were excluded.

4. Linear interpolation was performed within the threshold data for each
individual to estimate a threshold value at each unique frequency present in any
of the data for that species group. This was necessary to calculate descriptive
statistics at each frequency without excluding data from any individual subject.

5. Composite audiogms were determined using both the original threshold
@t dzSa FNRBY SIOK AYRAGARdAZ t o6Ay R. NBE m >t}
thresholds obtained by subtracting the lowest threshold value for that subject.

Table2-2 lists the individual references for the data ultimately used to construct the composite

audiograms (for all species groups except the LF cetaceans). From these data, the median (50th
percentile) threshold value was calculated at each frequency and fit by the function
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B
& Fo6 afo
T(f):TO+A|Ogloé+TlQ+a?Q ) 9)
: =

whereT(f) is the threshold at frequendy andTo, F, i, A, andB are fitting parameters. The
median value was used to reduce the influence of outliers. Tiicpéar form of Eq. (9) was

chosen to provide lineaog rolloff with variable slope at low frequencies and a steep rise at

high frequencies. The form is similar to that used by Popov €@07) to describe dolphin
audiograms; the primary difference between the two is thelusion of two frequency

parameters in Eqg. (9), which allows a more shallow slope in the region of best sensitivity.
Equation (9) was fit to the median threshold data using nonlinear regression (National
Instruments LabVMZ, 2015). The fit of Eq. (9) the sea turtle data was unsuccessful, therefore
the median values were used rather than the fitted curve. The resulting fitting parameters and
goodness of fit valuesX) are provided infable2-3 and Table2-4 for the original and

normalized data, respectively. Equation (9) was also used to describe the shape of the estimated
audogram for the LF cetaceans, with the parameter values chosen to provide reasonable
thresholds based on the limited available data regarding mysticete hearing (see Appendix A for
details).

Figure2-5 and Figure2-6 show the original and normalized threshold data, respectively, as well

as the composite audiograms based on the fitted curve (or median values for sea turtles). The
composite audiograms for each species group are comparBtyure2-7 . To allow

comparison with other audiograms based on the original threshold data, the lowest threshold
forthe lowF NB Ij dz=Sy 0& OSiGlF OSlkya ¢l a SadAYFGSR G2 06S pn
the thresholds for the other iwater species groups (MF, HF, @W, PW). From the composite
audiograms, the frequency of lowest threshdlg,and the slope at the lower frequencies,

were calculatedTable2-5). For the species with composite audiograms based on experimental
data (i.e., all except LF cetaceans), audiogram slopes were calculated across a frequency range
of one octave (sea turtlesy@ne decade (all others) beginning with the lowest frequency

present for each group. The lefrequency slope for LF cetaceans was not based on a-fitirve

but explicitly defined during audiogram derivation (s&gpendix AFigure2-7).

14



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill)

June 2017

Table 2-2. References, species, and individual subjects used to derive the composite

(Gerstein et al., 1999

Trichechus manatus

audiograms.
Group Reference Species Subjects

MF (Finneran et al., 2005b Delphinapterus leucas Beethoven
(Szymanski et al., 1999 Orcinus orca Yaka, Vigga
(Nachigall et al., 1995 Grampus griseus N/a
(Kastelein et al., 2003 Stenella coeruleoalba Meyen
(Lemonds, 1999 Tursiopgruncatus Itsi Bitsy
(Brill et al., 2001 Tursiops truncatus CAS
(Ljungblad et al., 1992 Tursiops truncatus 12-y male
(Johnson, 1967 Tursiops truncatus Salty
(Sauerland & Dehnhardt, 1998 | Sotalia fluviatilis Paco
(Johnson et al., 1999 Delphinapterus leucas 2-y female
(White et al., 197y Delphinapterus leucas Edwina, Kojak
(Awbrey et al., 1988 Delphinapterus leucas Kojak, female, male
(Thomas et al., 1988 Pseudorca crassidens I'a nui hahai
(Fnneran et al., 2010a Tursiops truncatus TYH
(Schlundt et al., 2008 Tursiops truncatus WEN
(Ridgway et al., 2001 Delphinapterus leucas MUK, NOC
(Tremel et al., 1998 Lagenorhynchus obliciéns | female

HF (Jacobs & Hall, 1972 Inia geoffrensis male
(Kastelein et al., 2002& Phocoena phocoena PpSH047
(Kastelein et al., 2020 Phocoena phocoena Jerry
(Kastelein et al., 2015d Phocoena phocoena ID No. 04

ow (Moore & Schusterman, 1987 Callorhinus ursinus Lori, Tobe
(Babushina et al., 1991 Callorhinus ursinus N/a
(Kastelein et al., 2002b Odobenus rosmarus Igor
(Mulsow et al., 201p Zalophus californianus JFEN
(Reichmuth & Southall, 20}2 Zalophus californianus Rio, Sam
(Reichmuth et al., 2093 Zalophus californianus Ronan
(Kastelein et al., 2005b Eumetopias jubatus EjzH021, EjZH022
(Ghoul & Reichmuth, 20}4 Enhydra lutris nereis Charlie

PW (Kastak & Schusterman, 1999 | Mirounga angustirostris Burnyce
(Terhune, 198) Phoca vitulina N/a
(Reichmuth et al., 2093 Phoca vitulina Sprouts
(Kastelein et al., 2009 Phoca vitulina 01, 02
(Sills et al., 2014 Phoca largha Amak, Tunu
(Sills et al., 2015 Pusa hispida Nayak

Sl (Mann et al., 2009 Trichechus manatus Buffet, Hugh

Stormy, Dundee
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Group Reference Species Subjects
TU (Bartol & Ketten, 2006 Chelonia mydas 1,2,D,C,X,6
(Bartol & Ketten, 2006 Lepidochelys kempii 1
(Martin et al., 2012 Caretta caretta female 31
(Dow Piniak et al., 20)2 Chelonia mydas R1,L2,R3,L3A,L4,L4A
(Dow Piniak et al., 20}2 Dermochelys coriacea 11,12,13,14,15,16,17,18,19,20,2
(Dow Piniak et al., 20)2 Eretmochelys imbricata 3,4,6,7,10
OA (Moore & Schusterman, 1987 Callorhinus ursinus Lori, Tobe, Rocky
(Babushina et al., 1991 Callorhinus ursinus N/a
(Mulsow & Reichmuth, 2030 Euméopias jubatus Astro
(Mulsow et al., 2011 Zalophus californianus JFN
(Reichmuth et al., 2023 Zalophus californianus Rio
(Owen & Bowles, 2031 Ursus maritimus N/a
(Ghoul & Reichmuth, 20}4 Enhydra lutris nereis Charlie
PA (Reichmuth et al., 2033 Phoca vitulina Sprouts
(Sills et al., 2014 Phoca largha Amak, Tunu
(Sills et al., 2015 Pusa hispida Nayak

** Corrected thresholds from Kastelein et 2010 were used.
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Table 2-3. Composite audiogram parameters values for use in Eq. (9). For all groups
except LF cetaceans, values represent the best-fit parameters from fitting Eq. (9) to
experimental threshold data. For the low-frequency cetaceans, parameter values for
Eqg. (9) were estimated as described in Appendix A. Fits to the sea turtle data were
unsuccessful.

Group | To (dB) | R (kHz) R (kHz) A B R

LF 53.19 0.412 9.4 20 3.2 G

MF 46.2 25.9 47.8 35.5 3.56 0.977
HF 46.4 7.57 126 42.3 17.1 0.968
| -40.4 3990 3.8 37.3 1.7 0.982
ow 63.1 3.06 11.8 30.1 3.23 0.939
PW 43.7 10.2 3.97 20.1 1.41 0.907
TU C C q q C C

OA 6.24 1.54 8.24 55.6 2.76 0.978
PA -110 5.56 1.02x10°8 69.1 0.289 0.973

Table 2-4. Normalized composite audiogram parameters values for use in Eq. (9). For
all groups except LF cetaceans, values represent the best-fit parameters after fitting
Eq. (9) to normalized threshold data. For the low-frequency cetaceans, parameter
values for Eq. (9) were estimated as described in Appendix A. Fits to the sea turtle

data were unsuccessful.

Group| To(dB) | FR(kHz) | R (kH2) A B R

LF -0.81 0.412 9.4 20 3.2 C

MF 3.61 12.7 64.4 31.8 4.5 0.960
HF 2.48 9.68 126 40.1 17 0.969
S| -109 5590 2.62 38.1 1.53 0.963
ow 2.36 0.366 12.8 73.5 3.4 0.958
PW -39.6 368 2.21 20.5 1.23 0.907
TU C C C G C C

OA -1.55 1.6 8.66 54.9 2.91 0.968
PA 713 4.8 6.3310° | 63 0.364 0.975
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Figure 2-5. Thresholds and composite audiograms for the nine species groups. Thin
lines represent the threshold data from individual animals. Thick lines represent either
the median threshold at each frequency (sea turtles), predicted threshold curve (LF
cetaceans), or the best fit of Eq. (9) to experimental data (all other groups). Thresholds
are expressed in dB re 1 pPa for underwater data and dB re 20 pPa for in-air data
(groups OA and PA only). Derivation of the LF cetacean curve is described in Appendix
A. The minimum threshold for the LF cetaceans was estimated to be 54 dB re 1 uPa,
based on the median of the lowest thresholds for the marine mammal groups in water
(groups MF, HF, SI, OW, PW).
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Figure 2-6. Normalized thresholds and composite audiograms for the nine species
groups. Thin lines represent the threshold data from individual animals. Thick lines
represent either the median threshold at each frequency (sea turtles), predicted
threshold curve (LF cetaceans), or the best fit of Eq. (9) to experimental data (all other
groups). Thresholds were normalized by subtracting the lowest value for each
individual data set (i.e., within-subject). Composite audiograms were then derived
from the individually normalized thresholds (i.e., the composite audiograms were not
normalized and may have a minimum value # 0). Derivation of the LF cetacean curve is
described in Appendix A.
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Figure 2-7. Composite audiograms for the various species groups underwater (left) and
in-air (right), derived with the original data (upper) and normalized data (lower).
Thresholds in upper panels are expressed in dB re 1 pPa for underwater data and dB
re 20 pPa for in-air data. The gray lines in the upper left panel represent ambient noise

spectral density levels (referenced to the left ordinate, in dB re 1 puPa%/Hz)
corresponding to the limits of prevailing noise and various sea-state conditions, from

0.5 to 6 (National Research Council, 2003).
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Table 2-5. Frequency of best hearing (fo) and the magnitude of the low-frequency
slope (So) derived from composite audiograms and equal latency contours. For the
species with composite audiograms based on experimental data (i.e., all except LF
cetaceans), audiogram slopes were calculated across a frequency range of one octave
(sea turtles) or one decade (all others) beginning with the lowest frequency present
for each group. The low-frequency slope for LF cetaceans was not based on a curve-fit
but explicitly defined during audiogram derivation (see Appendix A). Equal latency
slopes were calculated from the available equal latency contours (Figure 2-8).

Original data Normalized data Equal latency
composite audiogram composite audiogram curves
Group
fo So fo So So
(kHz) | (dB/decade) (kHz) (dB/decade)| (dB/decade)
LF 5.6 20 5.6 20 T
MF 55 35 58 31 31
HF 105 37 105 36 50
Sl 16 36 12 37 T
ow 12 27 10 39 T
PW 8.6 19 13 20 T
TU 0.30 35 0.30 28 T
OA 10 45 10 45 27
PA 2.3 41 2.3 42 41

2.6 Equal Loudness Data

Finneran and Schlun@2011) conducted a subjectivieudness comparison task with a

bottlenose dolphin and used the resulting data to derive equal loudness contours and auditory
weighting functions. The weighting functions agreed closely with dolphin TTS data over the
frequency range 3 to 56 kHEinneran & Schlundt, 20} however, the loudness data only exist
for frequencies between 2.5 kHz and 113 kHz and aabhe used to estimate the shapes of
loudness contours and weighting functions at lower frequencies.

2.7 Equal Latency Data

Reaction times to acoustic tones have been measured in several marine mammal species and
used to derive equal latencywotours and weigting functions(Mulsow et al., 2015Reichmuth

et al., 2013Wensveen et al., 2034Unlike the dolphin equal loudness data, the latency data
extend to frequencies below 1 kHz and may be used to estimate the slopes of auditory
weighting functions at lower frequees(Figure2-8Figure2-1).
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Figure 2-8. Marine mammal equal latency contours are available for Phocoena
phocoena(Wensveen et al., 2014), Tursiops truncatugMulsow et al., 2015), Phoca
vitulina (Reichmuth et al., 2013), and Zalophus clfornianus (Mulsow et al., 2015). The
slopes for the contours at low frequencies were obtained from the literature
(Phocoena phocoenar calculated from the best linear-log fits to the lower frequency
data. The slope of the contour passing through an SPL approximately 40 dB above the
threshold at fo was selected as the most appropriate based on: (1) human A-weighting,
(2) observations that the relationship between equal latency and loudness can break
down at higher sensation levels, and (3) for many data sets the slopes increase at
higher SPLs rather than decrease as expected. The resulting slopes are listed in Table
2-5.
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2.8 TTS Data

2.8.1 Non-impulsive (steady-state) exposures - TTS

For weighting function derivation, the most critical data required are TTS onset exposure levels
as a function of exposure frequency. These values can baatst from published literature by
examining TTS as a function of SEL for various frequencies.

To estimate TTS onset values, only TTS data from psychophysical (behavioral) hearing tests were
used. Studies have shown differences between the amount ofrdhS$ehavioral threshold
measurements and that determined using AEP threshéldgi(e2-9). TTS determined from AEP
thresholds is typically larger than that determined behaviorally, andm&isured TTS of up to ~

10 dB has been observed with no corresponding change in behabi@stholds(Finneran et al.,

2007). Although these data suggest that AERphimdes and thresholds provide more sensitive
indicators (than behavioral thresholds) of the auditory effects of noise, Navy acoustic impact
analyses use TTS both as an indicator of the disruption of behavioral patterns that are mediated by
the sense of @aring and to predict when the onset of PTS is likely to occur. Navy analyses assume
that exposures resulting in a NITS > 40 dB measured a few minutes after exposure will result in
some amount of residual PTS. This is based on relationships observelg luezan TTS studies
utilizing psychophysical threshold measurements. To date, there have been no reports of PTS in a
marine mammal whose initial behavioral threshold shift was 40 dB or less; however, behavioral
shifts of 35 to 40 dB have required multiplays to recover, suggesting that these exposures are

near those capable of resulting in PTS. In contrast, studies utilizing AEP measurements in marine
mammals have reported TTSs of 45 dB that recovered in 40 min and 60 dB that recovered in < 24 h,
suggeshg that these exposures were not near those capable of resulting i(PBP&Vv et al.,

2013.
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Figure 2-9. TTS measured using behavioral and AEP methods do not necessarily agree,
with marine mammal studies reporting larger TTS obtained using AEP methods. For
the data above, thresholds were determined using both techniques before and after
the same noise exposure. Hearing thresholds were measured at 30 kHz. Behavioral

thresholds utilized FM tones with 10% bandwidth. AEP thresholds were based on AM
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tones with a modulation frequency of 1.05 kHz. Noise exposures consisted of (a) a
single, 20-kHz tone with duration of 64 s and SPL of 185 dB re 1 pPa (SEL=203 dBre 1
uPa%s) and (b) three 16-s tones at 20 kHz, with mean SPL = 193 dB re 1 pPa (cumulative

SEL =210 dB re 1 pPa2s). Data from Finneran et al. (2007).

To determine TTS onset for each subject, the amount of TTS observed after exposures with
different SPLs and durations were combined to create a single TTS growth curve as a function of
SEL. The use of (cumulative) SEL is a simplifying assumption to accommodate sounds of various
{t[&aX Rdz2N} GA2yaz |yR Rdzié Oe& Ofafpbodeh, sificdSELiE A NBFSNJ
related to the energy of the sound and this approach assumes exposures with equal SEL result in
equal effects, regardless of the duration or duty cycle of the sound. It isnalin that the

equal energy rule will ovegstimate theeffects of intermittent noise, since the quiet periods

between noise exposures will allow some recovery of hearing compared to noise that is
continuouslypresent with the same total SEWard, 1997. For continuous exposures with the

same SEL but different durations, the exposure with the longer duration wilteaisiao

produce more TT@inneran et al., 2010&astak et al., 200 Mooney et al., 200p Despite

these limitations, howevethe equal energy rule is still a useful concept, since it includes the
effects of both noise amplitude and duration when predicting auditory effects. SEL is a simple
metric, allows the effects of multiple noise sources to be combined in a meaningfuhasy,

physical significance, and is correlated with most TTS growth data reasonahly wedbme

cases even across relativelyga ranges of exposure durati@ee(Finneran, 201p The use of
cumulative SEL for Navy sources will always-es@émate the effects of intermittent or

interrupted sources, and the majority of Navy sources feature durations shorter than the
exposure durations typically utilized in marine mammal TTS studies, therefore the use of
(cumulative) SEL will tend to ovestimate the effects of many Navy sound sources.

Marine mammal studies have shown that the amount of TTS increases with SEL in an
accelerating fashion: At low exposure SELSs, the amount of TTS is small and the growth curves
have shallow slopes. At higher SELSs, the growth curves become steeper and approach linear
relationships with the noise SEL. Accordingly, TTS growth data weréftheifunction

t(L)=m log,, gl+10" ™"g, (10)

wheret is the amount of TT&,is the SEL, and; andm; are fitting parameters. This particular
function has an increasing slope whies m; and approaches a linear relationship for m;

(Maslen, 1981 The linear portion of the curve has a slopamafl0 and anx-intercept ofm..

After fitting Eqg. (10) to the TTS growth data, interpolation was used to estimate the SEL
necessary to induce @dof TT$S RSFAY SR I & ( foNawy acguatiSimpa@ ¥ ¢ ¢ { £
analyses. The value of 6 dB has been historically used to distinguitimedramounts of TTS from
fluctuations in threshold measurements that typically occur across test sessions.diattcapwas

not performed when estimating TTS onset; this means only data sets with exposures producing TTS
both above and below 6 dB were used.

Figure2-10through Figure2-13 show all behavioral and AEP TTS data to which growth curves
defined by Eq. (10)ald be fit. The TTS onset exposure values, growth rates, and references to
these data are provided ihable2-6.
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2.8.2 Non-impulsive (steady-state) exposures - PTS

Sinceno studies have been designed to intentionally induce PTS in marine maonadee
Kastak et al., 2008onsetPTS levels for marine mammals must be estimated. Differences in
auditory structures and sound propagation and interaction with tissues prevent direct
application of numerical tlesholds for PTS in terrestrial mammals to marine mammals;
however, the inner ears of marine and terrestrial mammals are analogous and certain
relationships are expected to hold for both groups. Experiments with marine mammals have
revealed similarities eveen marine and terrestrial mammals with respect to features such as
TTS, ageelated hearing loss, ototoxic driigduced hearing loss, masking, and frequency
selectivity(Finneran et al., 2009&achtigall et al. 20Q0orthis reason, relationships between
TTS and PTS from marine and terrebtriammals can be used, along with TTS onset values for
marine mammals, to estimate exposures likely to produce PTS in marine ma(Gwoatkall et

al., 2007.

A variety of terrestrial and marine mammal data sour@€@yter et al., 1965Miller et al., 1963
Ward, 1960Ward et al., 19581959 indicate that threshold shifts up to 40 50 dB may be
induced without PTS, and that 40 dB is a conservative upper limit for threshold shift to prevent
PTS; i.e., for impact analysis, 40 dB of NITS is an upper limit for reversibility and that any
additional exposure will result in some PTSsTheans that 40 dB of TTS, measured a few
minutes after exposure, can be used as a conservative estimate for the onset of PTS. An
exposure causing 40 dB of TTS is therefore considered equivalent to PTS onset.

To estimate PTS onset, TTS growth curves baisedore than 20 dB of measured TTS were
extrapolated to determine the SEL required for a TTS of 40 dB. The SEL difference between TTS
onset and PTS onset was then calculated. The requirement that the maximum amount of TTS
must be at least 20 dB was madedvoid ovefestimating PTS onset by using growth curves

based on small amounts of TTS, where the growth rates are shallower than at higher amounts of
TTS.

2.8.3 Impulsive exposures

Marine mammal TTS data from impulsive sources are limited to two studies wibured TTS
of 6 dB or more: Finneran et 42002 reported behaviorallymeasured TTSs of 6 and 7 dB in a
beluga exposed to single imlses from a seismic water gun (unweighted SEL =186 dB re 1

>t LISEF1 {t[ ' HHn R009Bported AEfieasurdd TS o 7da®Q S S i

dB in a harbor porpoise exposed togle impulses from a seismic air giilgure2-12(g), TTS
2yasSi I' dzy6SA3IKGESRE {DON) BF mc{nt [R. eh@tBalopgporBd| NIB
amounts of TTS and/or the limited distribution of exposures prevent these data from being used
to estimate PTS onset.

In addition to these data, Kastelein et @0159 reported behaviorallymeasured mean TTS of 4

dB at 8 kHz and 2 dB at 4 kHz after a harbor porpoise was ekpmaeseries of impulsive

sounds produced by broadcasting underwater recordings of impact pile driving strikes through
underwater sound projectors. The exposure contained 2760 individual impulses presented at an
interval of 1.3 s (total exposure time wad). The average singitrike, unweighted SEL was

I LILINE EA Y ( St &s amditiee cufulatineBunweighted)ISEL was approximately 180

R. NJ?s. Wihe préssure waveforms for the simulated pile strikes exhibited significant

G NRA y 3 Ay 3¢ nicotiginalNBediBgé and ost of the energy in the broadcasts was
between 500 and 800 Hz, near the resonance of the underwater sound projector used to
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broadcast the signal. As a result, some questions exist regarding whether the fatiguing signals
wererepresentative of underwater pressure signatures from impact pile driving.

Several impulsive noise exposure studies have also been conducted without measurable

(behavioral) TTS. Finneran et(@000 exposed dolphins and belugas to single impulses from an

GSELX 2a8A2Y &A Yo 4 SIRNE (I DR | {ER[YIPamSPh=R7dBMB M >t |

>t 0 | YR CROLY&pdsey thréetolghiisto sequencesléfimpulses from a

seismic aigun (maximum unweighted cumulative SBuepo (G 2 ™ pps, pRak SMBE19M >t |

G2 wmn R. NB ™M >t 0 ¢AilKAMWIBY ekHsed waNdeadlibnSto ¢ ¢ { & CA Yy
single impulses from an agap transducer with no measurable TTS (maximum unweighted SEL

' Mco RZ3INBISM {>t{lt [ T'Reishmoth eRal(20MNgexpased:ivio lspotted

seals Phoca larghpand two ringed seal®(sa hispidato single impulses from a 10isleeve

arddzy 6AGK y2 YSI&adaNIo6tS ¢¢{ oOVYIl BApradSPLeR0B SAIKGSR
R. NBE m >tl 0o
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Figure 2-10. TTS growth data for mid-frequency cetaceans obtained using behavioral
methods. Growth curves were obtained by fitting Eq. (10) to the TTS data as a function
of SEL. Onset TTS was defined as the SEL value from the fitted curve at a TTS = 6 dB,
for only those datasets that bracketed 6 dB of TTS. Onset PTS was defined as the SEL
value from the fitted curve at a TTS = 40 dB, for only those datasets with maximum
TTS > 20 dB. Frequency values within the panels indicate the exposure frequencies.
Solid lines are fit to the filled symbols; dashed lines are fit to the open symbols. See
Table 2-6 for explanation of the datasets in each panel. Frequencies listed in each
panel denote the exposure frequency.
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Figure 2-11. TTS growth data for mid-frequency cetaceans obtained using AEP
methods. Growth curves were obtained by fitting Eq. (10) to the TTS data as a function
of SEL. Onset TTS was defined as the SEL value from the fitted curve at a TTS = 6 dB,
for only those datasets that bracketed 6 dB of TTS. Onset PTS was defined as the SEL
value from the fitted curve at a TTS = 40 dB, for only those datasets with maximum
TTS > 20 dB. Frequency values within the panels indicate the exposure frequencies.
Solid lines are fit to the filled symbols; dashed lines are fit to the open symbols. See
Table 2-6 for explanation of the datasets in each panel.
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Figure 2-12. TTS growth data for high-frequency cetaceans obtained using behavioral
and AEP methods. Growth curves were obtained by fitting Eq. (10) to the TTS dataas a
function of SEL. Onset TTS was defined as the SEL value from the fitted curve at a TTS =
6 dB, for only those datasets that bracketed 6 dB of TTS. Onset PTS was defined as the

SEL value from the fitted curve at a TTS = 40 dB, for only those datasets with
maximum TTS > 20 dB. The exposure frequency is specified in normal font; italics
indicate the hearing test frequency. Percentages in panels (b), (d) indicate exposure
duty cycle (duty cycle was 100% for all others). Solid lines are fit to the filled symbols;
dashed lines are fit to the open symbols. See Table 2-6 for explanation of the datasets
in each panel.
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Figure 2-13. TTS growth data for pinnipeds obtained using behavioral methods.
Growth curves were obtained by fitting Eq. (10) to the TTS data as a function of SEL.
Onset TTS was defined as the SEL value from the fitted curve at a TTS = 6 dB, for only

those datasets that bracketed 6 dB of TTS. Onset PTS was defined as the SEL value
from the fitted curve at a TTS = 40 dB, for only those datasets with maximum TTS > 20
dB. Frequency values within the panels indicate the exposure frequencies. Numeric
values in panel (c) indicate subjects 01 and 02. Solid lines are fit to the filled symbols;
dashed lines are fit to the open symbols. See for Table 2-6 explanation of the datasets
in each panel.
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Table 2-6. Summary of marine mammal TTS growth data and onset exposure levels. Only those data from which growth curves
could be generated are included. TTS onset values are expressed in SEL, in dB re 1 uPa?s underwater and dB re (20 uPa)s in air
(groups OA and PA only). Tests featured continuous exposure to steady-state noise and behavioral threshold measurements
unless otherwise indicated.

Min | Max TTS TTS PTS | TTS
Group Species Subject Freg. TTS| TTS Qs @iein || Qe 21 Notes Reference Figure
(kHz) (dB) | (dB) (dB rate (dB | offset
SEL) | (dB/dB) | SEL) | (dB)
Tursiops TTS onset higher
MF P BEN 3 0 7 211* 0.21 T T than subsequent| (Finneran et al., 2003b| 2-10(a)
truncatus
test
MF Tursiops NAY 3 0] 5 | 1t 013 | Tt T (Finneran et al., 2005b| 2-10(b)
truncatus
MF Tursiops BLU 3 4 | 11 | 207* | 15 T T intermittent | (Finneran et al., @10b) | 2-10(c)
truncatus
Tursiops TTS onset higher
MF P BLU 3 0 23 | 206* 1.0 240 34 | than subsequent| (Finneran et al., 2010a| 2-10(d)
truncatus
tests
ME | Tursiops TYH 3 o | o | 104 | 03 | 1 T (Finneraret al., 20103 | 2-10(e)
truncatus
3 0 13 190 0.28 T T 2-10(f)
7.1 0 7 184 0.21 T T 2-10(f)
ME Tursiops BLU 10 1 13 179 0.48 T T (Finneran & Schlundt,| 2-10(g)
truncatus 14.1 0 22 176 0.95 213 37 2013 2-10(g)
20 0 25 181 1.2 212 31 2-10(h)
28.3 0 30 177 4.5 190 13 2-10(h)
ME Tursiops TYH 40 0 11 182 0.46 T T (Finneran & Schlundt,| 2-10(i)
truncatus 56.6 0 12 181 1.1 T T 2013 2-10(i)
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vin | Max | TTS| TTS | PTS | TTS
Group Species Subject ) TTS| TTS et gren | Qe Ps Notes Reference Figure
(kHz) (@B) | (dB) (dB rate (dB | offset
SEL) | (dB/dB) | SEL)| (dB)
MF Delﬂzg‘;p;erus N/a 32 20 | 40 | 1 14 | 195 | 1 AEP (Popov et al., 201%a | 2-11(a)
112 | 25 | 50 | 28 | 190 | 1 2-11(b)
Delphinapterus 22.5 38 63 T 2.5 183 T 2-11(b)
MF leucas female 45 9 51 1 3.0 193 T AEP (Popovetal., 2013 2-11(c)
90 21 | 31 | 1 08 | 208 | 1 2-11(c)
112 | 15 | 48 | 25 | 195 | 1 2-11(d)
Delphinapterus 225 28 55 1 1.7 188 T 2-11(d)
MF leucas male 45 13| 42| 1 27 | 198 | 1 AEP (Popoveetal., 2018 | 5 1)
90 8 | 24 | 1 15 | 210 | 2-11(e)
MF De"’lgg‘;pstems female | 225 | O | 40 | 184* | 17 | 206 | 22 AEP (Popov et al., 204 | 2-11(f)
MF De'plgg‘;pstems male 225 | 12| 40 | 1 12 | 197 | 1t AEP (Popov et al., 2004 | 2-11(f)
np | Phocoena 02 4 2 | 15| 165 | 03 T T (Kastelein et al., 2013b| 2-12(a)
phocoena
Phocoena ~1.5 0 32 191 2.8 207 16 100% duty cycle . 2-12(b)
HF phocoena 02 ~1.5 0 7 197* 0.4 T T 10% duty cycle (Kastelein etal., 2014b 2-12(b)
Phocoena 6.5 1 13 161 0.3 T T 6.5 kHz test freq, . 2-12(c)
HF 1 bhocoena 02 6.5 0 | 22 | 176* | 1.3 | 204 | 28 |9.2kHztestfreq (KBStEleinetal, 2013q 15
Phocoena ~6.5 2 | 21| 180* | 27 | 197 | 17 | 100% duty cycle . 2-12(d)
HF | phocoena 02 65 | 2 | 13| 182¢ | 13 T T 10% duty cycle | (Kastelein etal,, 2018b} 5 45 )
Neophocaena 22 28 35 T 0.7 186 T
HF phocaenoides male 32 o5 45 T 10 177 T AEP (Popov et al., 2010b | 2-12(e)
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Min | Max TTS TTS PTS | TTS
Group Species Subject ) TTS| TTS et gren | Qe Ps Notes Reference Figure
(kHz) (@B) | (dB) (dB rate (dB | offset
SEL) | (dB/dB) | SEL) | (dB)
Neophocaena 45 23 30 T 0.36 213 T
HF phocaenoides female 90 18 o5 T 0.48 213 T AEP (Popov et al., 2010b | 2-12(f)
Phocoena - . -
HF phocoena Eigil impulse 0 20 162 T T AEP (Lucke et al., 2009 2-12(9)
ow | Zalophus Rio 25 5 | 9 | 199 | 017 | 1 T (Kastak et al., 2005 | 2-13(a)
californianus
PW | Phoca vitulina| Sprouts 2.5 3 12 183 6.4 T T (Kastak et al., 2005 | 2-13(b)
pw | Mrounga g el 25 3] 5 | 1 T T T (Kastak et al., 2005 | 2-13(b)
angustirostris
PW | Phoca vitulina 01 4 0 10 180 0.33 T T (Kastelein et al., 2012al 2-13(c)
PW | Phoca vitulina 02 4 0 11 183* 0.68 T T TTSs (Kastelein et al., 2012al 2-13(c)
oa | Zalophus Rio 25 | 0 | 24| 159 | 24 | 176 | 17 (Kastak et al., 200 | 2-13(d)
californianus
_— (Kastak et al., 2004 i
PA Phoca vitulina| Sprouts 2.5 0 16 134 0.24 T T (Kastak et al.. 28) 2-13(e)
PA Mirounga | g ool 25 0 | 12 | 160 | 037 | T (Kastak et b, 2009 | 2-13(f)
angustirostris

* SELs not used in subsequent analyses to optipiizer define K for TTS or PTS exposure functions. Reasons for exclusion include: (i) another data set resulted in a lower
onset TTS at the same frequency, (ii) the data set featured a duty cycle less than 100%, (iii)) TTS values were measargid@tCantly larger than 4 min, (iv) data
were obtained from AEP testing, or (v) a lower TTS onset was found at a different hearing test frequency (also see Notes).

** Distribution of data did not support an accurate estimate for growth rate (the standard eves four orders of magnitude larger than the slope estimate)
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2.9 TTS Exposure Functions for Sonar

Derivation of the weighting function parameters utilized the exposure function form described by Eq.
(2), so that the shapes of the functis could be directly compared to the TTS onset da&b{e2-6)

when available. The function shapes were first determined via the paramatbr$;, andf,, then the

gain constanKwas determined for each group to provide the best fit to the TTS data or estimated TTS
onset value at a particular frequency.

2.9.1 Low- and high-frequency exponents (a, b)

The highfrequency exponenth, was fixed ab = 2. This was done to match the previous value used in
the Phase Ifunctions, since no new TTS data are available at the higher frequencies and the equal
latency data are highly variable at the higher frequencies.

The lowfrequency exponenta, was defned asa =s/20, wheres, is the lower of the slope of the
audiogram or equal latency curves (in dB/decade) at low frequentasl€2-5). This causes the
weighting function slope to match the shallower slope of the audiogram or equal latency contours at
low frequencies. In practice, the audiogram slopes were lower than the equal latency slopes for all
groups except the phocids, otariidaid other marine carnivores in air (groups OA and PA), and the mid
frequency cetaceans (group MF).

2.9.2 Frequency cutoffs (f, f2)

The frequency cutofff andf, were defined as the frequencies below and above the frequency of best
hearing {o, Table2-5) where the composite audiogram thresholds values wer&lB above the

threshold atf, (Figure2-14). IfnT= 0, the weighting function shape would match the shape of the
inverse audiogram. ValuespTh n LINPINBdaA@Ste aO02YLINBaaeg (KS
audiogram, near thérequency region of best sensitivity. This compression process is included to match
the marine mammal TTS data, which show less change in TTS onset with frequency than would be
predicted by the audiogram in the region near best sensitivity.

To determinenT, the exposure function amplitude defined by Eq. (2) was calculated for theamdd
high-frequency cetaceans usimg values that varied from 0 to 20 dB. For egdhvalue, the constank

was adjusted to minimize the meaguared error between the funath amplitude and the TTS data
(Figure2-15). This process was performed using composite audiograms based on both the original and
normalized thresholdlata. Fits were performed using only TTS data resulting from continuous exposures
(100% duty cycle). If hearing was tested at multiple frequencies after exposure, the lowest TTS onset value
was used.
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Figure 2-14. The cutoff frequencies f; and f. were defined as the frequencies below and above
fo at which the composite audiogram values were AT-dB above the threshold at fo (the lowest
threshold).
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Figure 2-15. Effect of T adjustment on the TTS exposure functions for the mid-frequency
cetaceans (left) and high-frequency cetaceans (right). To calculate the exposure functions, a
and b were defined as a = $/20 and b = 2. n'T was then varied from 0 to 20. At each value of

NT, Kwas adjusted to minimize the squared error between the exposure function and the

onset TTS data (symbols). As nTincreases, f1 decreases and f increases, causing the pass-

band of the function to increase and the function to “flatten”.

For the original and normalized data, the errors between the-fieskposure functions and the TTS data
for the MF and HF cetaceans were squared, summed, and divided by the total number of TTS data points
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(12). This preided an overall meanquared error (MSE) for the original and normalized data as a function
of nT (Figure2-16). The conditiong (T value and original/normalized threshold audiograms) resulting in the
lowest MSHEndicated the best fit of the exposure functions to the TTS data. For the MF and HFacetace
data, the lowest MSE occurred with the normalized threshold data with 9 dBTherefore, fand &

for the remaining species groups were defined using composite audiograms based on normalized
thresholds witmT = 9 dB.
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Figure 2-16. Relationship between AT and the resulting mean-squared error (MSE) between
the exposure functions and onset TTS data. The MSE was calculated by adding the squared
errors between the exposure functions and TTS data for the MF and HF cetacean groups, then
dividing by the total number of TTS data points. This process was performed using the
composite audiograms based on original and normalized threshold data and AT values from 0
to 20. The lowest MSE value was obtained using the audiograms based on normalized
thresholds with AT =9 dB (arrow).

2.9.3 Gain parameters Kand C

The gain parametewas defined to minimize the squared error between the exposure function and
the TTS data for each species group. Note Kiatnot necessasilequal to the minimum value of the
exposure function.

Becausao TTS data exikiw-frequency cetaceans and sireniaii§ S onset at the frequency of best
hearing {o) was estimatd by assuming thahe numeric difference between the auditory threshold (in
dB SPLat the frequency of best hearingnd the onset of TTS (in dB SEL) would be similar to that
observed in the other species grougsable2-7 summarizes the onsd TS and composite threshold

data for the MF, HF, OW, and PW groups. For these groups, the median difference between the TTS
onset and composite audiogram thresholdf@tvas 126 dB. In the absence of data, the hearing
threshold atf, for the LF group waset equal to the median threshold &tfor the inwater marine

YIEYYlFf 3ANRdzZLJA d6acCX I CX {LX h23 t23 YiSsRHetefgie  pn

My n  R. 2@ thedowfrdqliency cetaceand @ble2-7). For the sirenians, the lowest threshold
gl a c
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Table 2-7. Differences between composite threshold values (Figure 2-5) and TTS onset values
at the frequency of best hearing (fo) for the in-water marine mammal species groups. The
values for the low-frequency cetaceans and sirenians were estimated using the median
difference (126) from the MF, HF, OW, and PW groups.

fo Threshold TTS onset ' Estimated Estimated
Group (kH2) , _at fo A . at fo Difference difference TT§ onset abf
OR. NB OR. NB) O0R. NB)
LF 5.6 54 126 180
MF 55 54 179 125
HF 105 48 156 108
Sl 16 61 126 187
ow 12 67 199 132
PW 8.6 53 181 128

In contrast to the lowfrequency cetaceans and sirenians, which are mammals and possess inner ears
that are functionally analogous to those of the other marine mammals, sea turtle ears are anatomically
different. Even within their best hearing range, sedles havdow sensitivity, with lowest thresholds
about 40 dB higher than those for micequency cetaceans and audiograms more similar to those of
fishes without specialized auditory adaptations for higher frequency hearing than to marine mammals.
Consilering these relationships, a working group (WG) established to determine sound exposure
guidelines for fishes and sea turtles conclugedpper et al., 2014

Though there has been some discussion of using data from marine mammals to pugtiicesponses,

it is the view of the WG that, while still unsatisfactory, data from fishes provide a better analogy at this
time. The rationale is that the hearing range for turtles much more approximates that of fishes than of
any marine mammal, and ¢hfunctioning of the basilar papilla in the turtle ear is dissimilar to the
functioning of the cochlea in mammals.

For these reasons, the gain factdfor sea turtles was estimated using TTS data for fish rather than
marine mammals. Using acoustic sigmalsresentative of lowand midfrequency active sonar,

Halvorsen et al2012 2013 reported TTS in some, but not all egjies of fish exposed to cumulative

{9[ & 2F | LIINRPEAYR (585@688yi R.| WB wm Pl iPsbetweBn 1d0m n
and 320 Hz, respectively. Based on these data, Rhage IIt y I f @ 3Sa4 dzaASR | y3{ 9]
as an estimate for TTS onset in sea turtles at an exposure frequency of 200 Hz. Accordingly, the gain
factor Kwas adjusted to set the minimum value of the TTS exposure function for sea turtles to 200 dB re
M S3st |

OnceKwas determined, the weightechteshold for onset TTS was determined from the minimum value
of the exposure function. Finally, the const&@was determined by substituting parameteasb, f;, and
fointo Eq. (1), then adjustingso the maximum amplitude of the weighting function wadB; this is
equivalent to the difference between the weighted TTS thresholdiajsge Egs. (8)8)].

Table2-8 summarizes the various function parameters, theghteéd TTS thresholds, and the goodness
of fit values between the TTS exposure functions and the onset TTS data. The various TTS exposure
functions are presented iRigure2-17Figure2-20.
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Table 2-8. Weighting function and TTS exposure function parameters for use in Egs. (1) and
(2) for steady-state exposures. R values represent goodness of fit between exposure function
and TTS onset data (Table 2-6).

Group a b (kf:|z) (kflf|z) ( dKB) ( dCB) Wﬁ:?:stEgIdTTS R
(dB SEL)
LF 1 2 0.20 19 179 0.13 179 T
MF 1.6 2 8.8 110 177 1.20 178 0.825
HF 1.8 2 12 140 152 1.36 153 0.864
Sl 1.8 2 4.3 25 183 2.62 186 T
ow 2 2 0.94 25 198 0.64 199 T
PW 1 2 1.9 30 180 0.75 181 0.557
TU 14 2 0.077 0.44 198 2.35 200 T
OA 14 2 2 20 156 1.39 157 T
PA 2 2 0.75 8.3 132 1.50 134 T
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Figure 2-17. Exposure functions (solid lines) generated from Eq. (2) with the parameters
specified in Table 2-7. Dashed lines — (normalized) composite audiograms used for definition
of parameters a, f1, and f2. A constant value was added to each audiogram to equate the
minimum audiogram value with the exposure function minimum. Short dashed line — Navy
Phase Il exposure functions for TTS onset for each group. Filled symbols — onset TTS
exposure data (in dB SEL) used to define exposure function shape and vertical position. Open
symbols — estimated TTS onset for species for which no TTS data exist.
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Figure 2-18. Mid-frequency cetacean exposure function, (normalized) composite audiogram,
and Phase Il exposure functions compared to mid-frequency cetacean TTS data. Large
symbols with no numeric values indicate onset TTS exposures. Smaller symbols represent
specific amounts of TTS observed, with numeric values giving the amount (or range) or
measured TTS. Filled and half-filled symbols — behavioral data. Open symbols — AEP data.
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Figure 2-19. High-frequency cetacean TTS exposure function, (normalized) composite
audiogram, and Phase Il exposure functions compared to high-frequency cetacean TTS data.
Large symbols with no numeric values indicate onset TTS exposures. Smaller symbols
represent specific amounts of TTS observed, with numeric values giving the amount (or
range) or measured TTS. Filled and half-filled symbols — behavioral data. Open symbols —
AEP data.
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Figure 2-20. Phocid (underwater) exposure function, (normalized) composite audiogram, and
Phase Il exposure functions compared to phocid TTS data. Large symbols with no numeric
values indicate onset TTS exposures. Smaller symbols represent specific amounts of TTS
observed, with numeric values giving the amount (or range) or measured TTS.

2.10 PTS Exposure Functions for Sonar

As in previous acoustic effacanalysegFinneran & Jenkins, 20128outhall et al., 2007 the shapeof

the PTS exposure function for each species group is assumed to be identical to the TTS exposure
function for that group. Thus, definition of the PTS function only requires the value for the coKs$tant
be determined. This equates to identifying theliease in noise exposure between the onset of TTS and
the onset of PTS.

ForPhase |INavy used a 20B difference between TTS onset and PTS onset for cetaceans and sea
turtles and a 14dB difference for phocids, otariids, odobenids, mustelids, ursidssaadiansFinneran
& Jenkins, 2019aThe 2@dBvalue was based on human dgi&ard et d., 1958 and the available
marine mammal data, essentially following the extrapolation psscproposed by Southall et &007).
The 14dB value was based on a 2.5 dB/dB growth rate reported by Kastak20@) for a California
sea lion tested in air.

ForPhase l]la difference of 20 dB between TTS onset and PTS onset is used for all species groups. This
is based on estimates of exposure levels actually required for PTS (i.e., 40 dB of TTS) from the marine
mammal TTS growth curvekgble2-6), which show differences of 13 to 37 dB (mean = 24, median =
22,n=9) between TTS onset and PTS onset in marine mammals. These data show most differences
between TTS onset and PTS onsetlanger than 20 dB and all but one value are larger than 14 dB.
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The value oKfor each PTS exposure function and the weighted PTS threshold are therefore determined
by adding 20 dB to thiK-value for the TTS exposure function or the TTS weighted threéstespectively
(seeTable @Qin Appendix L

2.11 TTS/PTS Exposure Functions for Explosives

The shapes of the TTS and PTS exposure functions for egplasid other impulsive sources are
identical to those used for sonand othertransducerg(i.e., steadystate or norimpulsive noise
sources). Thus, defining the TTS and PTS functions only requires the values for the gdndtant
determined.

Phasell analyses for TTS and PTS from underwater detonations and other impulsive sources follow the
approach proposed by Southall et @007 and used irPhase lanalysegFinneran & Jenkins, 201Ra

where a weighted SEL threshold is used in conjunction with an unweighted peak &PblthrThe

threshold producing the greater range for effect is used for estimating the effects of the noise exposure.

Peak SPL and SEL thresholds for TTS were based on TTS data from impulsive sound exposures that
produced 6 dB or more TTS for the radd highfrequency cetaceans (the only groups for which data

FNBE F@FAflFof S0 ¢KS LIS, {t[] GKNBaK2ftRa ¢gSNB (I 1S
for the mid- and highfrequency cetaceans, respectivelyable2-9). The SEbhased thresholds were

determined by applying th€hase IlWweighting functions for the appropriate species groups to the

exposure waveforms that produced TTS, then calculatingabelting weighted SELs. When this method

is applied to the exposure data from Finneran e{(2002 and Lucke et 009, the SEdbased

GSAIKGSR ¢¢{ (KNBaK?2ft Raforthdliidand highfreqlieRcy metacean?,. NB m >
respectively Table2-9). Note that the data from Lucke et §009 are based on AEP measurements

and may thus undeestimate TTS onset; however, thase used here because of the very limited nature

of theimpulse TTS data for marine mammals and the likelihood that the-figtpuency cetaceans are

more susceptible than the miftequency cetaceans (i.e., use of the Aidquency cetacean value is not
appropriate). Based on the limited available data, it is reasonable to assume that the exposures

described by Lucke et @009, which produced AEReasured TTS of up to 20 dB, would have resulted

in a behavioral TTS of at least 6 dB.

The harbor porpoise data from Kastelein et(20153 were not used to derive the higlequency

cetacean TTS threshold, since the largest observed TTS was only 4 dB. However, these data provide an
opportunity to check the TTS onset proposed for the Higlguency cetacean group. Kastelein et al.

(201549 provide a representative frequency spectrum for a single, simulated pile driving strike at a

specific measurement location. When the hilgaquencycetacean weighting function is applied to this

spectrum and the 1/3ctave SELs conmaid across frequency, the total weighted SEL for a single strike

Ad FT2dzyR (2 B8sSFom2®60 impulses,Nd® cumulativte lweighted SEL would then be 148 dB

NB Ms. The dverage SEL in the pool was reported to be 9 dB lower than the SEmaaturement
L2aAlGA2y > (GKdzA GKS F@SNF 3IST OdzvydzZ I GADS%,evlichkaIKGSR {
compares favorably to the higihequencyOS G I OSFy ¢ ¢{ ( KNB &Kaife®Rfrodthe mnn R.
Lucke et al(2009 airgun data.

For species groups for which mopulse TTS data exist, the weighted SEL thresholds were estimated
using the relationship between the steadtate TTS weighted threshold and tingpulse TTS weighted
threshold for the groups for which data exist (the radd highfrequency cetaceans):

G,-G=C,-C, (11)
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where Gindicates thresholds for a species group for whinpulse TTS data are not availablg
indicates the median threshold for the groups for which data exist, the subsgrigicates a steady
state threshold, and the subscripindicates an impulse threshold (note that since data are only
available for the midand highfrequency cetaceandie median and mean are identical). Equation (11)
is equivalent to the relationship used by Southall e{2007), who expressed the relationship as

CS- Gs :CI - G-, For the midand highfrequency cetaceans, the steadyate TTS thresholds are 178
YR wmpo R(TabkEs), respectively, and the impulse TTS thresholds are 170 and 140 dB re 1

> t 2§(Table2-9), respectively, makiné:S - Ci =11 dB. Therefore, for each of the remaining groups
the SEtbased impulse TTS threshold is 11 dB below the stetadg TTS threshold @ble2-9).

To estimate peak SRlased thresholds, Southall et £007) used Eq. (11) with pea®PL values for the
impulse thresholds and SBhsed values for the steadyate thresholds. For the miénd high
frequency cetaceans, tteteadya G I S o6 { 9[ 0 ¢ ¢{ (KNBaK BfrédgectiveN B mTy |

FYR GKS LISHT {t[= AvLdzZ ad ¢¢{ GKNBakKz2t®RaC +NB wHwn
44 dB. Based on this relationship, the peak-B&led impid S ¢ ¢{ UGKNBaK2f R 0AYy R. N
44 dB abovethesteady G I 1S ¢ ¢ { { KNB &)KrRakirig) thé pesk SRL threNiIsldswary>frorh

HHH (2 Hno R. NB ™M >tl® DAGSY GKS tAYAGSR yI (dzNB
for some of these predictions, fd?hase llanalyses impulsive peak SPL thresholds are estimated using a
GRe&YFYAO NIYy3Sé¢ SadAayYlLdS oFlasSR 2y GKS RAFFSNByOS
2yaSi o0Ay R. NB ™M >tlfpAYYyR. iKSE HMSPrNARYITEHNNSRE K28 RE
available (the midand highfrequency cetaceans). For the rfiddquency cetaceans, the hearing

thresholdatioAda pn R. NBX ™M >t FyR GKS LISI] {t[ ¢¢{ GKNB
range of 170 dB. For the higtequency cetaceans, the hearing thresholdg@t @ ny R. NB m >t |
peakSPH I aSR ¢¢{ GKNBakz2f R ikadymnamic rarge of IMBdBMhentediah NXB & dzf
dynamic range for the midand highfrequency cetaceans is therefore 159 dB (since there are only two

values, the mean and median are equal). For the remaining species groups, the impulsive peak SPL

based TTS thréslds are estimated by adding 159 dB to the hearing threshdigi(@able2-9). ).

There are no published data regarding TTS in sea turtles expmsedierwater explosions or other
impulsive noise sources. As a conservative approach, Poppel(20) recommended applying

impact thresholds developed for fishes without swim bladders to sea turtles. For fish without swim
bladders, Poppeet al.(2014 recommended SEL I & SR KNB & K2 f R% for§ TS aftey c
exposure to impct pile driving or seismic gun impulses. For marine mammals, andBLdifference

was found béwveen the SEbased noAmpuldgve TTS thesholdand the SEbased impulsive TS
threshold If this same rule is applied to sea turtles, the-B&ded, impulse TTS threshold would be 189
R. NXB2%(nonimpulsive TTS threshold of 260. NB%sless 14 tiB) slightly higher than the
fishthreshd R 2 T wmy . Popperefa(2014) make no recommendations for peak Siised
TTS thresholds for sea turtles. Given the high hearing thresholds measured for sea turtles and the
relatively high SEbased TTS thresholds, it seems likkbt the peak SRhased threshold for sea turtles
would be higher than that for marine mammals. Based on thisPin@se lisea turtle peak SHhased
¢¢{ OGKNBaK2fR F2NJ AYLJz aS y2AasS Aa asSd 2 HHc R.

Sine marine mammal and sea turtle PTS data from impulsive noise exposures do not exisEDAset
levels for these animals were estimated by adding 15 dB to thd&dd TTS threshold and adding 6 dB
to the peak pressure based thresholds. These relationshgre derived by Southall et g2007) from
impulse noise TTS growth rates in chinchillas. The appropriate frequency weighting function for each
functional hearing group is applied only when using thel&tskd thresholds to predict PTS.

Py
p
o)
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Table 2-9. TTS and PTS thresholds for explosives and other impulsive sources. SEL thresholds
in dB re 1 pPa?s underwater and dB re (20 pPa)?s in air (groups OA and PA only). Peak SPL
thresholds in dB re 1 pPa underwater and dB re 20 pPa in air (groups OA and PA only).

Group Hearing TTS PTS
threshold at b threshold threshold

SPL SEL (weighted)| peak SPL | SEL (weighted)| peak SPL

(dB SPL) (dB SEL) (dB SPL) (dB SEL) (dB SPL)
LF 54 168 213 183 219
MF 54 170 224 185 230
HF 48 140 196 155 202
SI 61 175 220 190 226
ow 67 188 226 203 232
PW 53 170 212 185 218
TU 95 189 226 204 232
OA 11 146 170 161 176
PA -4 123 155 138 161
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3 NAVY PHASE Il BEHAVIORAL RESPONSE CRITERIA FOR MARINE SPECIES
3.1 Sonar and Other Transducers

3.1.1 Introduction

Thissectionoutlines the criteria used in Navy Phase Il analyses to predict behavioral effects to marine
mammalsfrom sonarand othertransducersRecentbehavioral studies ha provided new data ohow
some species of marine mammals reactttivities utilizingsonar and similar sound sourcédulti-year
researchefforts in the United States and Norway have conducted sonar exposure studies in thenfield o
wild odontocetes ananysticetesDeRuiter et al., 203350ldbogen et al., 201 3/iller et al., 2012Sivle

et al., 2012. Sveral studiesvith captive animalfiave provided data under controlled circumstanées
odontocetesand pinnipedgHouser et al., 201320131. Finally,Moretti et al. (2014) publisheda

beaked whalaloseresponse curve based omgsive acoustic monitoringf beaked whalesluringU.S

Navy training activity aftlantic Underwater Test and Evaluation Center (AUTE@)g actual Anti
Submarine WarfarexercisesThis new information has necessitated e JRI §S 2F (KS bl @& Q:
behavioral response criteria.

Sea turtle behavioral criteria was developedth the Naional Marine Fisheries ServiG@MFS)and is
briefly discussed in Section 3.1.8%e@ Turtlesinder Behavioral Response Functiamsl Thresholdfor
Sonar and Othefransducers) an8ection3.1.9.7 Gea Turtlesinder the Application of Contextual
Factors; Distance Cuto$).

3.1.2 Significant Behavioral Responses

Ly GKAAa NBLEZ2NISZ GKS (SN SUKE ACRY2ANT Ar©kdelbicdeseiiagl 320/ 4 S Q
behavioral observatiosfrom field or captive animal research thaiayrise tothe § @St 2 F WKI NI a4 &)
under the MMPAor military readiness activitie®ue to the nature of behavioral response research to

date, it is not currentlyossible to ascertain the number of these observed sicant reactions that

wouldlead to an abandonment or significant alteration of a natural behavior patisra result of naval

activities

Behavioral responssgeverityis descibed herein as
low, moderate, or highThese are derived from the

_ Under theMarine Mammal Protection Act
Southall et al(2007) severity scale.

for military realiness activities, such as

[ 26 &aSOSNAGe NBa&aLRyas s Navytraining and testing, behavioral F f Q&
range of typical (baseline) behavsoand are WKIFNaayYSyuQ Aay
unlikely todisruptanindividual toa point where Gbye FOG GKI G Ristarh g

natural behavior patterns arsignificantly alteed
or abandonedLow severity responses include:

a marine mammal or marine mammal
stock in the wild by causing disruption of

{ Orientation response natural behavioral patterns, including, but
| Startle response not limited to, migration, surfacing,

f Change in respiration nursing, breeding, feeding, or shelterijrtg
1 Change in heart rate a point where such behavioral patterns ar
1 Change in group spacing or abandoned or significantly altergué

(Section 315(f) of Public Law 1314, 16

synchron
Y Y U.S.C. 703 note)

Moderate severity responses coutécome
significantif sustained ovea longer duration.
What constitutes a longluration response is different for each situation and species, although it is likely
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dependent upon the magnitude of the response and species characteristics such as body size, feeding
strategy, and behavioral ate at the time of the exposure. In generakesponse would be considered

Wi RWAANDT ifl ikldstgddbr a fewtens of minutes to a fevinours or enough time to significantly
RAANHzZLIG +y FYyAYlLIfQa RIFEIAf&@ NRdAziAySo

Moderate severity responses include:

Alter migration path

Alter locomotion (speed, heading)

Alter dive profiles

Stop/alter nursing

Stop/alter breeding

Stop/alter feeding/foraging

Stop/alter sheltering/resting

Stop/alter vocal behavior

Avoidance of area near sound source

Displays of aggressiam annoyanced.g, tail slapping)

=4 =4 = = = =8 -8 -8 o8 f

Moderate severity responses would not be considered significant behavioral responses if they lasted for
a short duration and the animal immediately returned to their pesponse behavior. Moderate

severity responses watllbe considered significant behavioral responses if they were sustained for a
longduration. Forthe derivation of behavioral criteria in this reportlangduration was defined as a
response that lasted for the duration of exposure or longer, regaraiebsw long that may have been.

This assumption was made becags@mination of behavioral response data suggests liaat the
exposurecontinued the behavioralresponsesvould have continuecs well

High severity responses are those with possible imiatecconsequences to growth, survivability, or
reproduction:

1 Longterm or permanent abandonment of area

1 Prolonged separation of females and dependent offspring
1 Panic, flight, or stampede

1 Stranding

High severity respomes include those witimmediateconsajuences €.g, stranding) and those
affecting animals in vulnerable life stages (icalf, pup, or cub), and are therefore always considered to
be a significant behaviorataction

A number of behavioral experiments have been conducted with animals under human care to estimate
received sound levels that lead to disturbance of either normal or trained behaviors. Equating
behavioral responses of animals under human care to those iwilldeis inherently difficult as the

context of the experiment, history of behavioral conditioning, and the nature of the environment cannot
be easily equated to natural settings, nor can it be easily determined if these conditions make animals
more or les sensitive to the disturbance imposed. Nevertheless, studiesoajgtiveanimals provide
greater control over the sound exposure context and greater opportunity for observation. Thus,
alignments between the severity of reaction between wild animals &iodd¢ under human care have
beenproposed(Southall et al., 2007 The proposed alignment of reaction severities has been modified
for this analysisGeneral examples of low severity behavioral responses in captive animals include:

9 Brief changes in swim direction or orientation relativestund source
9 Small changes in respiration rates
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General examples of moderate to high severity behavioral responses in captive animals include:

1 Annoyance behavioe(g, tail slapping, breaching, japopping, chuffing)
1 Refusal to participate

1 Aggressive beavior

1 Moderate to prolonged avoidance of the sound source

1 Loss of behavioral control

3.1.3 Review of Phase Il Behavioral Criteria

In Navy acoustic impact analyses during Phase Il, the likelihood of behavioral effeatsr and other
transducersvas based ol probabilistic function (termed a behavioral response functi@RF), that

related the likelihood (i.e., probability) of a behavioral response to the recédr(EP). The BRF was

used to estimate the percentage of an exposed population that is likely to exhibit altered behaviors or
behavioral disturbance at a given received SPL. This BRF relied on the assumption that sound poses a
negligible risk to marine mammalsifK S& | N8 SELR &SR G2 {t[ o0St2g I OS
the basement exposure SPL, the probability of a response increased with increasing SPL.

Two BRFs were used in Navy acoustic impact analysesoBRIlysticetesand BREfor other species

(Figure 3-1). The BRFs were based on three sources of data: behavioral observations during TTS
experiments conducted at the.H Navy Marine Mammal Progra(finneran & Schlundt, 20p4
reconstruction of sound fields produced by the USS Shoup associated with the behavioral responses of
killer whales observed in Haro &tr(Fromm, 2009U.S. Department of the Navy, 200and

observations of the behavioral response of North Atlantic right whales exposed to alert stimuli
containingmid-frequency component@Nowacek et al., 2004a

1.00 . T . , . : —_—

—— BRF (mysticetes) /

—— BRF, (odontocetes, pinnipeds, .-"r
- ) ) /
075 mustelids, ursids, sirenians) I; -

0.50 - -

probability of response

0.00 i i =3 L i 1
120 140 160 180 200

(Type |) weighted SPL (dB re 1 pPa)

Figure 3-1. Phase Il Navy Behavioral Response Functions.

BRFs were not used foatbor porpoises and beaked whaldgring Phase Il analysdsstead, atep

function at an SPL of 120 dB re 1 yPa was used for harbor porpoises as a threshold to predict behavioral
disturbance. Threshold levels at which both cap{iastelein et al., 20QKastelein et al., 2003and

wild harbor porpoisegJohnston, 200Rresponded to sounde(g.,acoustic harassment devices, acoustic
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deterrent devices, or other neimpulsive sound sources) was very loanging between 100 and 145
dBre 1 pPa.

wSadzZ Ga FTNRY . fFAYy@AfttSQa o6SIF1SR gKIES Y2yAG2NRyYy3
instrumented Atlantic Undersea Test and Evaluation Center range in the Bafido@arthy et al.,

2011 Tyack et al., 20)uggested that beaked whales tesutito avoid both actual naval mifitequency

sonar in real antsubmarine training scenarios as well as sdiiar signals and other sigisaused during

controlled sound exposure studies in the same area. During an exercise usifrgauiehcy sonar,

beaked whales avoided the area at a distance from the sonar where the @R  S@St o4l a al N
R. ¢ wR. andBncettheiexelcige ded, beaked whaleeturned tothe center d exercise area

within 2-3 dayg(Tyack et al., 200)1The Navy therefore adopted a 148 re 1 uP&PLlthreshold for

behavioral effects for all beaked whales (family: Ziphiidae) for the Phase Il analysis.

3.1.4 Overview of the approach for Phase lll

¢ KS b I-g8@&eRwdroningntal compliance program assesses training and testing activities over multi
year period for each Fleet Area @Qiperationg/AO), which can cover several hundred thousand square
miles of ocean. Training and testing activities are numerous, with thousands of events per year for the
Navy Study Area hese events are analyzed over multiple araad seasons to predict tiptential

impact of Navy testing and training activities on the marine environment. Criteria are developed to
provide an estimate ofpotentially significantbehavioral impacts using available data.

Developing the new behavioratiteria for Phase Il involved multiple steps:

1 All available behavioral response studies conducted both in the field and on captive animals
were examined in order to understand the breadth of behavioral responses of marine mammals
to sonar and othetransducers An overview of the literature considered for analysis is given in
Section3.1.5 along with details on the various sound sources used in each study.

1 Marine mammal species were placed into behavioral criteria groups based on their known or
suspected behavioral sensitiis to sound. In most cases these divisions are driven by
taxonomic classificationg(g.,mysticetes, pinnipeds), as described in SecBdn6

1 Section3.1.7describes the differences between lex®ised and contexbased behavioral
responses to anthropogenic noise.

1 The data from the behavioral studies were analyzed byifapfor significant responses, or lack
thereof, for each experimental sessi@ilowing definitions in SectioB.1.2 For groups that did
not have adequate behavial response datd.g., sireniang a surrogate BRF based on
behavioral characteristics and taxonomy was assigned. Details 8exiion3.1.8

91 Distancedeyond which significant behavioral responses to sonar and athesducersare
dzyt A1 St& (G2 200dz2NE RSy2GSR a aOdzi2FF RA&GlIyOS
Section3.1.8.9.

i Section3.2presents ssummary of the behavioral criteriaxamples of the effect afsingcutoff
distances and a comparison of Rke Il and Phase IIl behavioral criteria.

3.1.5 Review of Data Considered

A number of papers on behavioral responses of marine mammals to sonar orlg@nsound sources
have been published over the last few yedrsese recent studies, along with sevgyedviously
published reports with behavioral response observatifr®mm, 2009were considered when deriving
0KS Dbl @edQa o0SKI@GA2NIf NBaLRyaS ONARIGSNRI o
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3.1.5.1 Behavioral Response Field Studies

Behavioral response field studies seek data under more realistic scenarios (as compared to a controlled
laboratory setting); howear, field experiments are unable to control all variables that are likely

mediating behavioral responseBhese othewariablesare often referred toas contextual factor¢ésee
Section3.1.7for more details) A moderate to lower received levethe correlation between probability

of reaction and received level is very poor and it appears that othgablesare mediating behavioral
reactiors. Contextual &ctors that are likely to have mediated respondesingthe behavioral response
studiesdiscussed belownclude: close proximity of theesselandsound source, physical contact (i.e.,
tagging), repeated close approach@sthin a few hundred metersnultiple vesselsand confined areas

(i.e., fiords).Table3-1describeghe experimental conditions for each study in which data were used for
0§KS RSNAGI {d9Bhase I8 Fehatiidtabrespdngd ériteria.
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Table 3-1. Description of experimental conditions used in behavioral response field studies included in the
derivation of Phase Ill behavioral response thresholds.

Various 100 Approachin
SURTASS LFA Sona 500 Hz <50 sec 6_( 10 | 160 g and Variable 2-3
LFA tones/sweep min 210 . hours
S stationary
500/800 Hz
tones, 500
RW Alarrd | Alarm 4500 sweep, | 1-2sec | 72 sec (1;2)() I\sﬂlg\\;\lement NA 18 min
1500/2000
Hz AM tones
g . Variable
38 Sonar ﬁy7p:§|r-k|azolic 1sec 20 sec 158 Approachin t708<k£n
199 g ~3060
upsweep km min
Sonar - g Variable
1-2 kHz . 152 Approachin 7-8 km
3s hyperbolic 1 sec 20 sec 214 to<1 ~30:60
upsweep g km min
Sonar R 8 Variable
1-2 kHz . 152- Approachin 7-8 km
3s hyperbolic 1sec 20sec | 51, to<l | -3060
downsweep g km min
AUTEC BRg| Smulate | 3.28.75kHz | 4 oo | o5 sec | 192 | stationary [ 1km | ~ 15 min
d Sonar | sweep/tone 212
Pseude
AUTEC BRS| Random | >23:75KHZ 11 4 cec | 25sec | 192 Stationary | 1 km ~ 15 min
. band 212
noise
SOCALSOC/ Simulate | 3.54.05 kHz 160 . .
LBRS d Sonar | sweep/tone 1.6 sec | 25sec 210 Stationary | 1 km 30 min
SOCALSOC] PS8U%e | 3 54 05 kHz 160-
LBRS E;Zgom band 1.4sec | 25sec 206 Stationary | 1 km 30 min

YTyack et al., 2011); >(Nowacek et al., 2004a); 3(Miller et al., 2011); 4(Tyack et al., 2011); 3(Southall et al., 2012)
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3.1.5.1.1 SURTASS LFA SRP

Studies of behavioral responses to low frequency sonar were undertaken itd®8@g part of the

b I @& QRBreqiieAcy Sound Scientific Research Progiama.SURTASS LFA exposure studies on blue
(Balaenoptera muscullisfin Balaenoptera physalyisgray Eschrichtius robustiisand humpback

whales Megaptera novaeangliggCroll et al., 2001Tyack,1999 were conducted in three phases.

These studies found only shegrm responses to lovirequency sound by these mysticetes, including
changes in vocal activity and avoidance of the source v@8kak & Fristrup, 20QLroll et al., 2001

Fristrup et al., 2003Miller et al., 2000Nowacek et al., 200.

ThefirsttJKF &S 2F GKS &aiddzRe -D2dea@ %4 SRy B KER KRG aNBE2 ¢ F
sonar on blue and fin whales in tis©©CABIght. Focal follows on six fin whales and one blue whale

were conductedduring LFA exposures, and none showed a discerrékf@nse owariation in foraging
activity (Croll et al., 2001 Croll etal. (2001) also reported on results looking at changes in distributmn

look for largescale avoidance effects. They concluded that changes in distribution were due to changes
in food distribution not the occurrence of the LFA source.

During the second phase of the studystationaryship transmitting LFA sonar was pasied in the

path of migrating gray whales along the coast of California; the ship was positioned either 2 km from
shore (directly in the path of the migrating whales) or 4 km offshore. Many animals were observed
avoiding the sound source by altering thesute 500¢ 2000 m around thesound sourceressel when

the vessel was directly in the path at the 2 km position, but far fewer avoidance responses were
observed when the vessel was 4 km offshore. Responses were relativehteshortow impact

avoidance esponses, whictvere not significant behavioral respongsge Sectio.1.2for more

details). This exemplifies a contextually driven response that appears to be mediated by the location of
0KS &a2dz2NOS Ay (GKS YARRES 2N SR3Stherdceiviedevel.l yA Y Qa
Researcheralsonoted that the whales showed a very strong and obvious avoidance response to the
small boat attempting to tag the animals, including some animals that turned and swam away at high
speed, thwarting all attempts at tagyj this species during the study.

During the third part of the SURTASS LFA study, the LFA sonar was played in the vicinity of humpback
whales on their breeding grounds in Hawaii. Singing males were the primary target, but all whales in the
vicinity of thesonar were observed from shipnd landbased platforms to monitor neacoustic

responses. No responses were observed visually; of the 17 singing humpbacks that were exposed to the
sonar, seven did not respond at all while ten ceased their vocalizatitmvgever, only six of the ten
cessations of song were attributable as responses to the LFA sonar; the other four singers stopped
singing but then joined another singer or group of whales, which is a common behavior by singers in
Hawaiian waters. Even thegponses by the six whales that may have responded to LFA were
considered to be within the standard deviation of all behavior, and were therefore not confidently
scored as actual responséesearchers also noted that some humpbacks singers that were aphyaa

with a small boat as possible fodallow subjects avoided the vessel, or stopped singing.

Data from the first and third phases of the LFA study were used in the quantitative derivation of new
behavioral response criteria. There was no received leata paired with individual behavioral

observations available for the second phase of the LFA study; therefore, these data were not used in the
guantitative derivation of new behavioral response criteria.

3.1.5.1.2 Reactions of right whales to alarm sounds

Nowaceket al.(20043 devdoped an alarnsignalto be deployed from ships in order to alert north
Atlantic right whalesEubalaena glacialjgo their presence and help avoid ship strikEse alarm signal
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was 18 minute long with a 60% duty cycle @@ a A 3y SR G2 GLA I dzS GKS YIYYlFfA
RAAKEINXY2YAO aAdaylfta aLl yyAy INoivdcé et@mlk 200Jamial Sa G A YL (S
acoustic recording tags (DTAGS) were first attached to animals to record received sounds ahd anima
movement. Whales were allowed a recovery period of two ditdsyback commenced on the third

F2NI I3AYy3 RAGS FNRY GKS FyAYlIf{Qa f1F1aGd RAGS €20 (A2
their last known headingSix whales werexposed to tre alert stimulus, fve whales were exposed to a

silent control, seven whales were exposed to playbacks of right whale social vocalizations, and five

whales were exposed to a vessel approach stimiiive of the six whales exposed to therakignal

responded, while ane of the whales exposed to other scenarios respondaiinals that reacted

prematurely ended foraging dives, swam at a shallow angle to the surface, and remained there

exhibiting abnormal diving behavior for the duration of the expesilihe authors point out that this

was a response to the signal itself and not to varying received levels; the levels from the vessel approach
playbacks were similar with no observed reactifidewacek et al., 2003a

Thisshows that the qualities & sound besides received leveld, disharmonidrequency content) can
mediate behavioral reactions. Prior encroachment and tagging, as well as the proximity of the sound
source located presumably almost directly above the animal upon initial exposuie @lschave

causel animals to react at lower received levels than in the absence of these additional stimuli.

These data were included in thaerivation of the behavioral criteria.

3.1.5.1.3 Haro Strait killer whales

In May 2003, killer whales in Haro Stréitashington exhibited behavioral reactions while the USS

Shoupwas in the vicinity and engaged in MRAgning. Sound fields modeled for the USBoup
transmissiongFromm, 2009National Maine Fisheries Service, 2005.S. Department of the Navy,

2003 estimated a brief maximum mean received SPL of approximately 169 dB re 1 pPa (modeled

maximum values ranged from 150 to 180 dB re 1 pyPa) at the location of the killer whales during the

closest point of approach between the animals and the vessel (2.5Tkra)mean received level in the

minutes prior to the closest point of approach was 144 dB re 1 pyPa. The killer whales had been traveling
north, parallel to the path of the USShoupbut ahead of the vessel. As the vessel approached, the

whales first turnedsouth and began heading towards the ship, then moved closer to shore and began

milling. After the USShouppassed and the sonar was turned off, the killer whales resumed their

northward travel. During this exposure there were up to six whale watchinglgessrrounding the

whales; at the time they turned south, most of the vessels were ahead of the group and possibly

blocked their path. In addition, the estimated source levels of the surrounding whale watching vessels

were between 145 and 169 dBre 1uReskK S NB OSAOBSR t S@Sta 2F GKS gKIfS
have been high enough to mask the initial sound of the sonar as th&hi&papproached the group of

whales. Additionally, other research has shown that resident killer whales behaviosgtynekto whale

watching vessels at close rand&sbe, 2002Williams et al., 2014 Finally, observers at the time of the
SELIR&adNBE FStid GKFG GKS 1AftfSNI ¢6KIfSaQ 06SKIGA2NI 61
the video of the animals determined that their behavior during the exposure was within theiraio

behavioral range.

Data from this incidental exposure of resident killer whales were used in the development of the Phase
Il BRFs. However, due to a laclpaifreddata on observed reactions at specific received sound levels,
these data were not used in the quantitative derivations of tleev behavioral response criteria
Additionally, the 3S behavioral response study recorded detailed observatidiier whalesreactions

to sonar and therefore provides a better data settioe derivation of behavioral response criteria.
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3.1.5.1.4 3S study

Miller et al.(2011) reported on behavioral responses of pilot whal&dbicephala mek, killer whales
(Orcinus orcg and sperm whale$fiyseter macrocephalusff Norway to a Norwegian Navy sonar (Sea
Mammals, Sonar, and Safety Project [{8Htunes et al., 2014 uningas et al2013 Miller et al., 2014
Miller et al., 2012Sivle et al., 2002 The sonar outputs included-2 kHz upand downsweeps and 6

7 kHz upsweeps; source levels were ramped from 152- 158 dB re 1uPa @ 1m to a maximum of 198
214 dB re 1pPa @ 1m.

After an initial observation period, but prior to sound exposure, researchers attdofhédsso one or

two of the animals in a selected group. Researchers spent up to one hoahiatjarecording tags to the
animal(s), and multiple attempts at tag attachmewmtre made during that period. Agitated behaviors

from some animals were observed during the taggprocesgMiller et al., 201). After a period of

twenty minutes to several hours following tag attachment, during which an observation vessel remained
with the tagged animal(s), researchers began playbacks of sonar sigaglsmgis of sounds made by
feeding killer whales, atonductedd A f Sy G aO2y G NRf ¢ LI aasSa 2F GKS azyl
exposure session, the vessel with the active sonar source began approaching the group &dm 6

and continued to vector towards the group until within approximately 1 km. The source vessiel

then continue upon a straight course until it passed the animal group, often to within a few hundred
meters. Many of the observed behavioral responses were of a prolonged duration, as the animals
continued moving to avoid the oncoming vessel asitected course toward the animals. At the onset

of each sonar exposure session, the signal amplitude was rammpeder several pings while the vessel
approached the animals. This rapid increase in received levels of subsequent sonar pings durag ramp
couldhavebeen perceived by the animals as a rapidly approaching source.

Three of the fouexposedkiller whale groups were foraging prior to the initial sonar exposure; they all
ceased to feed and began avoiding the vessel during the first exposuiersd®eceived SPLs
corresponding to observesignificantbehavioral reactions varied from approximately 94 dB re 1 pPa at
8.9 kmto 164 dB re 1 yPa at 3.2 Krhe killer whale group that was nfitragingwas in a shallow part

of the fjord and coulanly be approachedo within about 2 km by the vessel towing the sonar source.
ReceivedPk in that casevere as high ad66 dB re 1uPa with no observed reactions. This group did
not respond to any of the exposures until the final approach, when the group hadaaut of the
shallow part of the fjorcand a young calf became separated from the rest of the group.

Pilot whale behavioral responses occurred at received SPLs between approximately 152 to 175 dB re 1
pUPa corresponding to distances of 3.1 km to 90 repeetively; although during exposures as high a
approximately 172 dB re 1 plearresponding to a distance 860 m no more than minor and brief

reactions were observed.

Sperm whales responded at received levels between 116 to 156 dB re 1 yPa, coriegportistances

of around 9.(o 1.8 km, respectively. However, sperm whales exposed to higher levels (up to 166 dB re
1 pPa at 0.9 km) showed no response, or no more than a brief and minor response. These
counterintuitive results with respect to receiv&@PL demonstrate some of the issues that must be
addressed when interpreting behavioral response data for marine mammals in different contextual
conditions

The 3S study included some control passes of ships with the sonar off to discern the behavioral
responses of the animals to vessel presence alone versus active sonar. A single control pass was
conducted on killer whales, which was insufficient to rule out vessel presence as a factor in behavioral
response. During four control passes on pilot whalediehét al.(2011) described similar responses for

two of the groups to those observed when the vessels approached with active sonar. In some cases, it is
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difficult to ascertain if the received SPL alone caused the reactions, or whether the repeated passes of
the research vesel contributed to the observed behavioral reactions.

These data were included in the derivation of the behavioral criteria.

3.1.5.1.5 3S2 study

A followon Norwegian 3S study (3S2) studied behavioral reactions to sonar sources from humpback
whales Megaptera noaeangliag, minke whalesRalaenoptera acutorostrajaand bottlenose whales
(Hyperoodon ampullatysSimilar methods were used as in the first 3S study, including the use of the
Norwegian Navy sound source, additional smaller vessels for tagging anddrsahakiservations, a
posttagging baseline observation period, and the approach of the focal animal by the source vessel
during the exposure period€@nedifference was that while the initial course of the source vessel was
set to approach the animals dag the exposures, the vessel would only make small course corrections
during the approach and would not change heading to continue vectoring directly at the animals.

During the minke and bottlenose whale exposures, of which there was only one eacbutioe gessel
approached from a distance of 8 and 5 km respectively. However, during the bottlenose whale exposure
the source vessel drove in a 2x2 km box around the last known position of the whale, rather than
making a continuous approach, in order to astcally track the whale as it could not be visually tracked
during its long duration foraging dives. Both the minke whale and bottlenose whale showed very strong,
prolonged responses to the sonar exposures, including avoidance and cessation of featliagtéul

well beyond the period of exposure. These responses began at 138 amtBI221 puPa, respectively.

Since both of these whales only had a single exposure pass, it is unknown what additional contextual
cues may have caused them to respond at loveeeived levels. However, in the case of the bottlenose
whale, the number of other bottlenose whales foraging in the area during and after the exposure also
decreased, indicating that these whales may be highly sensitive to imailsis regionMiller et al.,

2015 Sivle et al., 2015

One confounding factor in assessing behavioral responses fawuine studiesvasthe use of the

ramp-up protocol; therefore, in thi8S2study they approached humpback whales both with and

without the use of rampup, to determine if thaesponse differedDuring the humpback whale

exposures, the source vessel began its approach from a closer distance of approximately 1.3 km. In this
case, the source vessel tried to approach each humpback whale five times: first, ugimg aabnp up
protocol; second, as a controlled silent pass with no sonar; third, using sonar but with naummp

fourth, playingback killer whale vocalizationand fifth, playing broadband noise.

The responses of the humpback whales were far more varied, and were similar to the responses by the

blue whales in th6OCABRSdiscussed below) y G KI &G (G KS@ 2FGSy RARY QiU NBal
reachedSPEkof up to 182 dB re 1 uPa, but those that didpond oftenresponded at lower received

levelsby avoiding the sound source, changing their dive profile, and ceasing to forage. There was no

apparent difference in response during the ramp vs. neramp-up trials. Of the four animals with
significantbehavioralresponses, two animals responded to the raoqptrials (at 125 and 132 dBre 1

pMPa) but noto the no-ramp-up trials, and one animal responded to bdttals (at 127 and 165 dB re 1

pPa, respectively).

These data were included in the derivatiohthe behavioral criteria.

3.1.5.1.6 AUTEC BRS

Tyack et al(2011) used the suite of 82 seafloanounted hydrophones at the Atlantic Undersea Test
and Evaluation Center in the Bahamas to acoustically detdctr A y @A f S Q &Mesv@oldnS R g K I £ &
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densirostri foraging dives before, during and after Navy +inefjuency active sonar activities. The

authors found a significant reduction in foraging dives during periods of sonar operation, and found that
whales hat continued to dive concurrently with sonar were 2.28.9 km away from the source, with

SPLs of 101 to 157 dB r@Ra. Moretti et al(2014) also used the seafloenounted hydrophones to
estimate foraging dives before, during, and after Navy sonar exercises. They developed a generalized
additive model othe probability of a beaked whale dive occurring anywhere on the range, and then
determined the probability of a dive occurring in the presence of sonar. The enumeration of foraging
dives that occur in the presence or absence of sonar only capturesla sipg of response a decrease

in dives when sonar is preseqgtind does not provide any additional information about how animals

may otherwise be responding, or if they leave the range or stay on range without vocalizing.

To determine whether animals mgain on the range or leave the area during sonar activities, an
individual beaked whale was also tagged with a satellite tracking tag préor éxercis€Tyack et al.,
20117). During sonar, the animal moved ~#m further from the center of the range than it was before
the sonar period, and received a maximum SPL ofdBté 1uPa. The animal returned to the range
within 2 to 3 daysfter the cessation of sonar operations. This indicates movement off the rdmgeg
sonar activity, but not a lonterm abandonment of the area.

Two other beaked whales were tagged with DTAGs and exposed to playbacksfigfguéahcy active
sonar, pseudorandom noise (PRN), and killeale call{Tyack et al., 20)1A simulated sonar signal of
~3.5 kHz was used that had similar frequency characteristics to U.S. Navy tactical sonar (see
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Table3-1), but at lower source levels (up to 212 dB re 1 pPa @ 1 m). AdtRNwas also used to
determine whether animals would respond to any sound in the-fréadquency band or if they were
specifically responding to a sorpe signal. These sources weleployed from a stationary vessel
positioned about 1 km from where a beaked whale had begun a foragingTdieesignals were ramped

up, from source levels of 15860 dB re iPa and increasing 3 dB every 25 seconds. The first exposed
whale was exposed to MFAS in the middle of a foraging dive; it stopped clicking at an SPL of 138 dB re 1
HPa, and began a slow ascent while moving away from the sound source. A second beakedashale
tagged and exposed to pseudandom noise during a foraging dive. This animal stopped clicking just
after the last ping, with an SPL of 142 dB A, and also made a slow ascent to 600 m where it
appeared to stopBeaked whales have shown an inceésensitivity to sound exposure when

compared to most other marine mammals, however, other factors sugitiastagging, repeated
exposures, and proximity of the sound source vessel to the animal could play a strong role in mediating
the observed behavial responses.

These data were included in the derivation of the behavioral criteria.

3.1.5.1.7 SOCAL BRS

A behavioral response studgrducted on and around the Navgnge inSOCA[SOCABRS) observed

reactions to sonar and similar sound sources on a number®Gp SayY / dzOA S NAphiuso S| { SR«
cavisrostrud = I . I A NR QBerardi&Ibdirdi RluegvkdieE STHY 6 KI £ SaX | yR wAaz:
(Grampus griseygDeRuiter et al., 20135oldbogen et al., 201Fouthall et al., 202;1Southall et al.,

2012 Southall et al., 201Southall et al., 2014 During most of th6eOCABRS experimentbpth

simulated midfrequency sonar and PRN were used, with the same frequency bands and source levels as

in AUTEGCsee
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Table3-1). The source was deployed from either ar@2ecreational dive vessel or a-8bresearch
vesselthis vessel was accompanied by two smaller rigid hulled inflatable boats that operated
independently of the source vessel. In 2013, a few animals were also exposed using actual mid
frequercy active sonar (MFABPm U.S Navy vessels. Tagging efowereconducted from theigid
hulled inflatable boatsas well as photadentification and tracking of the whales before, during, and
after the exposures. One or two animals were tagged with datarding tags, and then an observation
period from 45 minutesfér mysticetes) up to 2 hours (for odontocetes) was conducted to obtain
baseline behavioral data. The source vessel then positioned itself about 1 km from the tagged focal
animal and deployed the sound source. Similarly to the 3S studieSQ@ABRS imlgmented a ramp
up protocol in which they started the exposusdéth a source level af60 dB re 1 yP& 1 mand
increased rapidly over aB0 minute period, up to 210 dB re 1 pPa @ 1 m for the simulated sonar signal
and 206 dB re 1puPa @ 1 m for the PRNvéler, unlike the 3S study, the source vessel did not
approach the focal animal; once it was positionsghall adjustments were made to keep the sound
source vertical in the water column, but otherwise it remained stationary.

Behavioral responses duringg SOCABRS varied widely both within and across species. Many of the

blue whales did not respond, even at received SPLs up to 165 dB re 1 pPa. However, those that did
NBalLR2yR 2FGSy NBaLRYyRSR |G f26SN) NSOSa@Same {t[ & oY
behavioral context associated with whether or not animals responded; for example, deep feeding blue

whales were more likely to respond than shallow feeding or traveirimmals(Goldbogen et al., 2033

All beaked whales exposed to the simulated sonar respondeddigiag the source, ceasing their

foraging dives, and otherwise changing their dive behai@eRuiter et al., 201 Btimpert et al., 2014

However, none of the beaked whales exposed to real Navy sonar at greater distahetiser

intentionally or incidentdy) responded, even when the received lewetxe similar to the levels from

0KS aAYdzZ FGSR a2y I N LYy LINSBEAYAYINE lFylfteaSaz yz2y
simulated or reamid-frequency sonademonstrated any overt or obvious responsé€Southall etal.,

2012 Southall et al., 2013In general, although the responses to the simulatedbsavere varied

across individuals and specie®ne ofthe animals exposed teal Navy sonaresponded; these

exposures occurred at distances beyond 10 km, and wpr® 60 ¢ 100+ km awayDeRuiter et &,

2013; B. Southall pers. comm.

These data were included in the derivation of the behavioral criteria.

3.1.5.2 Captive Animal Behavioral Studies

Captive animal studiesxaminebehavioral responsasndercontrolled @nditions. These studies give
researchers the ability to vary the factor of interest while holding other factors stalie received level
of sound is the primary factor of interest in most of the experiments conducted to Wétain captive
animal studies, the probability of behavéd response seems to veell correlatedwith received level
indicating a primarily levddased response

Table3-2 describes the experimental conditions for eachdst in which data were used for the
RSNAGIGA2Yy 2F (KS bl geQa tKFEAS LLL o0SKIFI@A2NIf NBa
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Table 3-2: Description of experimental conditions used in captive animal behavioral studies.

_ _ _ Source Level | Exposure

Stud Signal Sh] Sl Sl] Session

y 9 Frequency Duration | Interval | (dBre luPa @ .

1m) Duration

Bottle.nose Simulated Sonar 325 3.45 kHz 1 sec 30 sec ~132202 5 min
dolphin CES sweep/tone
C.ahfornla Sea Simulated Sonar 3.25 3.45kHz 1 sec 30 sec ~142202 5 min
Lion CES sweep/tone
Hooded seal | Simulated Sonar| 1.3-1.7 kHz 1 sec 10 sec 134194 6 min
CES upsweep
Hooded seal | Simulated Sonar| 3.7-4.3 kHz 1 sec 10 sec 134194 6 min
CES upsweep
Hooded seal | Simulated Sonar| 6-7 kHz 1 sec 10 sec 134194 6 min
CES upsweep
Gray seal CES| Tone 1 kHz 200 ms 1 min 170;140-180 | 10min
Striped Alarm tone 9¢ 15 kHz 0.3sec 4 sec 133-163 15 min
dolphin CES G '
Harbor Seal High frequency 25 kHz 50¢ 900 2¢10 sec | 125¢ 158 30 min
CES sonar ms

}(Houser et al., 2013b); >(Houser et al., 2013a); 3(Kvadsheim et al., 2010a); 4(Gétz & Janik, 2011); 3(Kastelein et
al., 2006b); é(Kastelein et al., 2015c)

3.1.5.2.1 Behavioral Observations during TTS Experiments

Researchers at the Navy's Marine Mammal Paog{MMP) facility in San Diego, California conducted a
number of controlled experiments to study noiselucedTTSn bottlenose dolphingTursiops

truncatug and belugavhales(Delphinapterus leucagFinneran et a).200% Finneran et al., 2003a
Finneran & Schlundt, 200&inneran et al., 2005t5chlundt et al., 2000Ancillary to the TTS studies,
scientists evaluated whether the marine mammals performed their trained tasks when prompted,
during and after exposure to milequency tones. Altered behavior during experimental trials usually
involved refusal of animate return to the site of the noise exposure. This refusal included what
appeared to be deliberate attempts to avoid a sound exposure or to avoid the location of the exposure
site during subsequent testEinneran et al., 2005chlundtet al., 2000. Bottlenose dolphins exposed

to 1-second intense tones exhibited shdaerm changes in behavior above receiv@dLs of 178 to 193
dB re InPa, and belugas did so at received SPLs of 180 to 196 dBPeedhnd above. In some instances,
animals exhibited aggressive behavior toward the test appar@idgway et al., 199Bchlundt et al.,
2000.

Although thesedata wereused to derive the Phase I/ll BRFs, they wareused in the quantitative
derivation of the new behavioral criteria since this study was a hearing stbdye animals were
conditioned and reinforced to tolerate high noise levéldditionally, the controlled exposure study
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discussed below observed reactions of 30 bottlenose dolphins to simulateftegidency sonar signals
and is therefore a more appropriate data set from which to derive behavioral criteria.

3.1.5.2.2 Dolphin and Sea Lion Controlled Exposure Studies

Gontrolled-exposure studies (CESs) héeen conducted with U.S. Navy bottlenose dolptind

California sea lionZélophus californianyst the Navy MMP facility specifically to study behavioral
reactions (Houser et al. 2013dpuser et al. 2013b). These studies were designed to expose animals at a
wide variety of received levels with the specific intent of building behavioral-desmonse functions

with the data.Researchers noted that the sea lions and dolphins used indtotties had probably not

been exposed to intense sounds such as nearby tactical sonar in the past; however, due to their training
and food reinforcementNavy animals are potentially less sensitive to noise exposure than wild animals.
In both studies, animals were trained to swim across a pen, todalgat paddleand return to the

starting location. During transit, a simulated riidquency sonar signal was played at an SPL previously
assigned to each animdDolphins received sixftérent exposure levels rangirigppom 115185 dB re 1
pPa(rms) and sea lions received five different exposure levels ranging frori82%IB re 1 pPa (rms)

The transducer was located 1 m behind theget paddle so that the subject animal would havectose

their distanceto within 1 m of the transducer that emitted the simulatednar signal a few seconds

before. Video and audio were recorded of the session and observers that subsequently scored the
sessions for behavioral responses were made blind éoetkposure conditions.

Behavioral reactions included increased respiration rates, fluke or pectoral fin slapping (dolphins),
prolonged submergence (sea lions), and refusal to participate, among offhveesty dolphins that
received exposures of 1X5160dB re 1 uPa (rms)ad significant behavioral reactions on only 5 out of
200 trials. t was determined that bottlenose dolphins were more likely to respond to the initial trials,
but habituated to the sound over the course of 10 trials except at the higleesived level§¢l75and
185dBre 1 pPa [rmg] One out of threeCalifornia sea lionexposed tahe 125dB re 1 pPa (rms)
treatmentandone out of three exposed to the55dB re 1 pPa (rmdjeatment showedsignificant
reactions on all ten exposure trialshile the otherfour individuals at the same levels did raftow a
significant responsen any trial. Sea lions showed consistent significant responses on almost all trials at
the 170 and 185 dB re 1 pRa§)levels Unlike dolphins, sea liomld not habituateover the course of
ten exposure trialsandyounger animals were more likely to respond than older aninfdis indicates
that age or life experience may play a large role in mediating responsesg®e exposurén sea lionsin
both the sea liorand dolphincontrolled exposuretudies the probability of behavioral reactions was
well correlated with received level indicatingpemarily levelbased response.

These data were included in the deriiat of the behavioral criterial hey are also usdddicatethe
sound levelsit whichlevelbased responses are more likely to occur.

3.1.5.2.3 Hooded Seal Controlled Exposure Study

Captive hooded seal€ystophora cristafawere exposed to tonal signals in the 1 to 7 kHz band to

determine the receive@Plat which these animals would respo(@6tz & Janik, 201&vadsheim et al.,

2010bh. Hooded seals were exposed to three different fingjuency upsweeps (1@1.7 kHz, 3.¢ 4.3

kHz, and & 7 kHz) that started at a source level of 134rdB pPa @ 1 m and increased to 194réBL

uPa @ 1 m;received levelswa@cH T R. f2¢6SNJ RSLISYRAYy3I 2y GKS | yA
SyOf2adaNBE® ¢KS | yAYlIfaQ RAGS FNBIdz§SyOé FyR GAYS
and changes to these were used as metrics of response. The seals showed no respataigdd SPLs

below about 160 diBe 1pPa; once SPLs were between t8lr0 dBre 1 uPa, the seals began actively
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avoiding the sound source (at 5 m depth) by reducing their dive activity, rapidly swimming at the
surface, and floating with their heads outthe water(Kvadsieim et al., 2010p

These data were included were included in the quantitative derivation of the behavioral criteria.

3.1.5.2.4 Gray Seal Controlled Exposure Studies

Gotz and Janif2011) exposed wilecaught gay sealsifalichoerusgrypgsi 2 I m 11T aadl NIt S
investigate the signal characteristics associated with the triggering of the startle response. Animals were

kept for a short time at the Sea MamnmRésearch Unit (SMRU) of St. Andrews, Scotland before being

released. The seals wefiest exposed to received SPLsIF0 dBre 1uPa, then to increasing SPLs from

140to 180dBre 1pPain 5 dB incrementsHve out of the seven exposed animals respondetially at

170 dBre 1pPa, therwith a mean of 159 dBe 1 uPa while two did notrespond at allDuring the

course of the study, the animals that responded began sensitizing to the sound and their responses

included cessation of feeding and avoidancéhef sound source.

GOtz (2008 also conducted boabased playbacks of a variety of signals, including the startle stimuli
used for the captive sidy. While he did observe that the number of animals close to the lwogt,
within ~ 80 m) decreased and the number of animals further from the boat{680m) increased from
the pre-exposure period to the duringxposure period, there was no way of kviag if the same
animals were observeduring each period.

Due to the types of responses obtained, some of the resul@aiz and Janii011) were included in
the quantitative derivation of the behavioral criteria.Hilé the resultdrom Gitz (2008) likely
demonstrate avoidance of the sound source, the data could not be used for the quantitativataban
of the behavioral criteria because observed responses of individuals could not be correlated with
specific received levels.

3.1.5.2.5 Striped Dolphin and Harbor Porpoise Alarm Study

Kastelein et al(20069 exposed a stripedolphin Stenella coeruleoaljand a harbor porpoise to an
experimental acoustic alarm with a set of tohies withfundamental frequencies between 9 and 15 kHz.
SPLs in the perangngfrom 116 dBre 1pPa (for the fundamental 11 kHz tone) to 138rdB pPa (for

the third harmonic of the 11 kHz tone). While the harbor porpoise responded by increasing its distance
from the source€.g.,remaining on the opposite side of the pen) and increasing its respiration rate, the
striped dolphin did not significantishange its distance to the source or respiration rate.

{AyOS GKSNB Aa y2 RIFIGF F@FAfFrofS GKFG LIANR GKS |
data were not used in the quantitative derivation of the behavioral criteria.

3.1.5.2.6 Harbor Seal High Frequency Sonar Study

Kastelein et al(2015¢) exposed two harbor sealPlioca vitulinato three different sonar signals around
25 kHz, with three averaged received levels across the poolg(135, 137¢ 147, and 156158 dBre 1

pPa, depending on the sonar type). For two of the three sighalsavior did not change even at the
highest average received levelor the third, frequency modulated sonar signal, the seals swam faster,
swam with their heads out of the water4% more, and hauled out2% more frequenthat the
intermediate and highst average received levels than during baseline periods. However, these
responses were not tested statistically for significance, and at such low increments of increase were
deemed not to rise to the level of a significant behavioral response under mpiteadiness and were
therefore not used in the derivation of the behavioral criteria.
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3.1.6 Marine Mammal Species Groups

Data on behavioral responses to sonar and otin@nsducersexist for relatively few species, which
necessitates that species be dividedoiggroups of related animals, either phylogenetically or by known
species sensitivities and responses. $h@rimary groups for application of the Phase Il criteria are
Odontocetes (not including beaked whales or harbor porpoise), Pinnipeds, MystiBetdsdWVhales
andHarborPorpoises Little to no behavioral respongtata exists for manatees; as such, theare
assigned t@ surrogatebehavioral criteria group.

The Odontocete group includes all oceanic toothed whales, with the exclusion of beakes whell

harbor porpoises. Behaviorally, odontocetes tend to have strong and complex social bonds, forming
groups that range from a fewntthousands of animalfkeeves et al., 2002n many odontocete species
these groups are comprised of related animals, and these join with other groups for mating and
breeding. In other odontocetes, particularly the smatletphinids, their social structure is more fission
fusion, with groups forming and reforming on timelines ranging from hours to. @ys gregariousness
often leads dolphins and porpoises to approach and swim within the pressure wave generated by
moving $ips and boats, a behavior known as biaging. Not all species join in this behavior, and some
appear to actively avoid vessels rather theggproach(Henderson et al., 2034AIl odontocetes use
echolocation to navigate and hunt for prey, and in some cases for communication as well. Many
odontocetes also vocalize using whes and burst pulses, and these can range from simple flat whistles
to complex, multipart vocalizations that may be pedr even individuallspecific(Ford & Fisher, 1982
Lammers et al., 20QRichardson et al., 199D ue to similarities in behavioral traits anbbse
taxonomiclinks, odontocetes (excluding beaked whales and harbor porpoises) are assigned to a single
behavioral criteria group.

The Pinniped group is comprised of all phocids, otariids, and odobenids. Animals within this group spend
their time bothon land and at sea, although in varying degrees for diffespeciegReeves et al.,

2002). While some specieme found in remote locations, the dependence on land causes many

pinniped species to be in close association with humans. Pinnipeds produce vocalizations in air and
under water; these include calls between mothers and pups, alarm calls, mating displhggjgressive
exchanges between males, among othé@shusterman et al200). Due to similarities in behavioral

traits and close taxonomic links, pinnipeds are assigned to a single behavioral criteria group.

The Mysticete group contains all the baleen whales. Mysticetes are unigue among marine mammals in
that they havedeveloped the use of baleen plates to filter fish, krill, zooplankton, and amphipods out of
the water, although each family of mysticete has developed a different foragiraadigation(Reeves

et al., 2002. Baleen whales are the largest mammals, ranging from 20 to over 100 feet in length, and
they produce lowand midfrequency vocalizatins, from 20 Hz up to 280 kHZARichardson et al.,

1995). These calls range from simple sweeps and moans to complex songs, and due to their lower
frequency and high amplitude (12000 dBre 1pPa @ 1 m) they can be detected for hundreds of
kilometers in the ocean. There is some evidence that baleen whale calls are increasing in amplitude
(Parks et al., 2007#&arks et al., 20)Dr changing frequenc§McDonald et al., 208) in order to

O2YLISGS 4AiGK GKS AYONBI &Ay3 ®ueddsiBtiesffoehiiorall S Ay

traits and close taxonomic links, mysticetes are assigned to a single behavioral criteria group.

Beakedwhales(family Ziphiidae) are a generally cryptic group, difficult to observe at the surface and
tending to avoid vessels and underwater ngjBarlow & Gisiner, 20Q06Beaked whales are deep divers,
diving to depths of over-2 km to forage on squid and mesopelagic {RRbeves et al., 2003chorr et

al., 2014. Due to several mass strandingeats of beaked whales in proximity to Navy training events
(D'Amico et al., 2009this group has been deemed highly sensitive to sonar and other active acoustics
and they are considered separately from the other otmetes.
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Simibrly, Harbor Porpoisenave beershown to be highly sensitive to underwater noise, including
acoustic pingergKastelein et al., 2000 eilmann et al., 2006 pile driving(Kastelein et al., 2013d
Tougaard et al., 2009and impulsive sauds(Kastelein et al., 2013cThe harboporpoise is one of the
smallest marine mammal species, and has a history of being huntedidentally caught by fisheries
(Reeves et al., 200ZThey are coastally distributed, further bringing them into contact with human
activity. Due to these noted sensitivitieharbor porpoises are considered separately from the other
odontocetes.

Manatees are another coastally distributed species that have a history of negative interaction with
people; however, unlike harbor porpoise they may not be sensitive to noise. Rdtleeto their slow
swimming speeds and low profile at the surface, their main issue has been with vessel strikes,
particularly by small watercraftlett et al., 2013Nowacek et al., 2004bVessel noise may also be a
concern(MiksisOlds et al., 200)7 but there is little other information available about manatee
responses to other noise sources, including active sdvigsticetes, although distant, are the most
closely related group of manmammals taxonomically and share important behavioral traitg, (
grazing); therefore, maaiees are assigned to the mysticetes behavioral criteria group.

No data can be found on polar bear or sea otter reactions to underwater sounds, especially dmose fr
sonar or othettransducersPolar bears spend a good deal of their time on land or ice and little time with
their heads submerged below the surface when they are swimming or hunting. Sea otters live in shallow
coastal areas and spend a great deal oktifloating at the surface, or conducting short foraging dives.
Navy atsea training and testing activities have little to no overlap with the range of these spanus
therefore will not be analyzed further

3.1.7 Dose and Contextual responses

The received heel of sound mayot alwaysbet KS 06Said LINBRAOG2NI 2F | YIFNAYyS
reactionto a sound exposue ¢ KS O2y (iSEGZ Ay OftdzRAYy3I GKS FyAaAYlf Qa
experience with the sound, sound source speed and heading (either tawarday), and sound source

RAaGlI yOSs OFy | fft (Bouthal & al., 200/ attzgkietal., CADEEIiddisdt ad (1 A 2 Y

(2017 proposed dividing behavioral reactions idaveltbased responseand contextbased responses
(seeFigure3-2). At higheramplitudes a levetbasedresponseelates the receivedoundlevel to the

probability of a behavioral response which is probably caused by auditory masking@mrancegEllison

et al., 201). At loweramplitudes sound can cue the presence, proity and approach of a sound

source and stimulate eontextbasedresponséased on factors other than received sound leegd(

GKS I yAYLFf Q& LINBJA 2 daaimdddepddiah disiaes bBehavigralzsfaeg),d 2 dzZND S
feeding, traveling]). It is highly probable based on evolutionary pressures for sound source localization in
marine mammalsg.g.,for mate localization, predator avoidance) that animals can distinguish the

proximity of a sound source based on other cledesistics of the received signal besides amplitude
(e.g.,multipath characteristicsfrequency contentsignal distortion).
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Figure 3-2. Conceptual framework for dividing behavioral responses due to acoustic
disturbance into context- based and level-based responses (Ellison et al., 2011).

The currently availabléield-based behavioral response studies (discussed alivadt portray a clear
relationship between theeceived level of sound and the probability of a behavioral reactam

example, in the case of the bludales studied in the SOCAL BRS, higher received levels were
sometimesassociated with a lower probability of reaction (pers. comm. B. Southall, December 2014).
This indicates that the received sound level ismatessarilynediating theprobability of a lehavioral
reactionper se but perhaps only indicating the presence and movement of the vessel and sound source.
In the case of the blue whales studied in the SOCALKBRS&Yyioral reactions were more closely

correlated with feeding state than received sound level.

Other studies discussed aboved, 3S) also share similar results: the received level of sound does not
correlate well with the probability of a significabeéhavioral responsdn these cases number of other

factors likely contributed to the responses, such as repeated encroachment to within a few hundred
meters,close proximityov dzf G A LX S @SaasStaz yR OdzidAy3a Ay FNRyYyI
@SaasSt 02F0iSy NBFSNNBR (G2 Fa WiSFLFNRIIAYIQ GKS |
absence of sonar withespect to vessel traffic anelhale watching. Killer whales also show behavioral

changes in the close proximity of multiple vesg@/illiams et al., 2014and when being encroached

upon by small boats including kaydkgilliams et al., 201)1 Bottlenosedolphins have been shown to

reduce foraging in the presence of boats, independent of sound (Puelita et al., 201pand to avoid

intrusive vessel@_usseau, 2006Christiansen et a(2013 showed that minke whales decrease foraging

in the presence of whale watching vess@lhis research provides insight into other factors that may be
mediating behavioral responses at low to neodte sound levels during some fidddsed behavioral

response studies discussed in SecBdh5.1
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In relation to the conceptual model shownkigure3-2, many of the responses from fielhsed

behavioral studies occur at moderate to low sound |syvel several cases close to the ambient noise

level(Miller et al., 2012 As mentioned previously, these reactions do not show an increased probability

with increasing received sound level; therefore, it is likely that these reactions are primarily nukoyate

O2y (SElGdzr £ FFO02NE | YR 62338 Rw HiedityheBSmRgined-AIKS &/ 2y
contrast, results from the controlled exposure sessi usingNavy dolphins and sdens represent

reactions hat are primarilyy SRA I 6 SR 068 GKS a2dzyR f S@SBasédy R GKSNBT
wSalLlRyaSé oRgures. Thididlah Snportanydistinction because within the region of

contextbased responsdactorsother than sound levekuch as proximitgnd motionof the sound

source are likely to be morémportant factorsin predictinga significant behavioral response.

Asdiscussed below in th8ection3.1.8 a biphasicurveprovided the best fit to the existingehavioral
response dt when received level aloneused as the independent variable dictating the probability of

a significant responsdhe biphasic curve is actually a series of two sigmoidal curves that approximates
the shape of the illustration iffigure3-2. As discussed abowignificant reactions at lower to moderate
received levels are medied by factors other tharsoundlevel; bu nevertheless, data thaelates

received level to behavioral reaction is what is currently avhilabhe Navy will take into consideration
other factors besides received lewehen availablet low to moderate sound levels whestimating
significant behavioral respons& sona and othertransducergduring training and testing activities.

3.1.8 Behavioral Response Functions and Thresholds for Sonar and Other Transducers

Behavioral response studies that were designed to record behavioral observations and contained
detailed data on reactions at specific received sound levels were used quantitatively in the derivation of
the Phase Il behavioral criteria. Specifically, detaded to meet both of the following criteria to be

used in the quantitative derivation:

1 Observations of individual/group animal behavior were related to known or estimable
received levels.

1 The study was primarily designed to observe behavioral changégydtontrolled
exposures or actual Navy activities (i.e., monitoring).

Data from the applicable studies (s&éable3-3 through Table3-7 below) were obtained from

published materials. Exposure and behavioral response data for the 3S and BRS studies were also
directly discussed with the researchers (P. MilleiM@nsveen, P. Kvalsim, F.P. Lam, B. Southall, J.
Goldbogen, and J. Calambokidis). In addition, D. Houser (Dolphin and Sea Lion CES) is a contributor to
this report.Finally,L. Thomas and P. Wensvemmtributed significantly tahe Bayesian methodology

from which the Navylerived response functions.

Limited dataexistfor behaviorakesponses of harbor porpoises, sirenians, and sea tuidlesnar and
other transducersFor harbor porpoises, the information currently available suggests a very low
threshold level ofesponse fo both captive and wild animals, amide mysticete BRF will be used as a
proxyfor sireniansExisting behavioral data to air gun exposu(8ge McCauley et al., 2000as applied
for sea turtles

3.1.8.1 Bayesian Biphasic Model

A Bayesian biphasic dose response function was developed that was algetiem of the monophasic
function previously deeloped and applied to BRS dé&fantuneset al., 2014 Miller et al., 2014. As
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discussed in Sectidhl.5 individual animals in these data may have undergone multiple controlled
exposure sessions (one or necconsecutive, replicate trials); for each session the animal had some
threshold, t, at which it did or did not respon@here were generally two types of data used for this
analysis. The first was received levels taken from tagged animals during bahesgmonse studies on
wild animals exposed to an escalating level of sonar (Se8tiob.]). In that case either the received
level at the time of the first significant response (as described in Se&tiod) or the maximum received
level of that exposte if no response occurred was us@dultiple exposures could have occurred per
animal butonly one received level per session was used in the model. The second type of data was
from controlled exposure studies on captive animals (Se@&iarb.2. In some of thesean animal was
only exposed to a single received level, which was the level input into the model, whereas in others an
animal may haveden exposed to an escalating received level, for which the level at the time of the
response or the maximum level exposed was used in the model.

In the monophasic approach previously ugktller et al., 2014, this threshold was sampled from a
truncated normal distributionthis normal distribution had an overall mean, a betweghale standard
deviation and a betweetrial within-whale standard deviatiorBecause each threshold was sampled

from a truncated normal distribution, the overall dose response function can be thaight
(approximately) as coming from a cumulative truncated normal distribution function (CDF), giving the
OK I NI Ol Shapealtistagprokiniage because each trial has its own CDF and the overall function is
a mixture of these CDFs.

Here, we generaled by allowing the threshold to come from one of two truncated normal distributions,

one with lower exposure values than the othEnllowing the logic cEllison et al(2011), the lower

distribution is referred to as contexdtependent, while the upper is dosiependent (although note that

both distributions are, in facjosedependent). The upper function could also be thought to be driven

by uncomfortable loudness, or perhaps, annoya(teléson et al., 20)10ne may expect the standard

deviation of the contextlependent function to be larger than the desesponse function, leading to a
GFEFAGGSNE / 5CX I yR IrfeaciRanihd an& triaPob thelttiteShold begdshndpled A (& T
from the lower function being dependentoncontedtB f | 1 SR O2 I NR$ IISER DB RE @ O2 y i
(Figure3-2Figure3-2).

The generalized marine mammal Bayesian biphasic dose response function is made up of two truncated
cumulative normal distribution functits (CDF) with separate mean {lamnd ny) and standard

deviation (tay and tauy) values, as well as upper (U) and lower (L) bounds. The upper bound of the
lower CDF, or theontextdependentresponse portion, has the same value as the lower bound of the
upper CDF, or thdoseresponseresponse portiond.g.,U; = Lo). This value is another parameter
determined by the model, with the bounds falling between 120 and 160 dB. The model assumes all
animals have the same mean and standard deviation parametersh@mzck the sameontext

dependent response function and dedependent response functions), but that they differ in how likely
they are to display the contexdependent function as opposed to the dedependent function in a

given exposure sessiomnhe prdoability of whalei displaying the contextiependent response in a
particular exposure session is given in the model by the valpe ©for example, if pi= 0.7 then there

is a 70% chance that the contedépendent function will be used in determining whether there is a
response and a 30% chance that the ddspendent function will be usedhe value for pi for each
whale is determined by two paramete¢sa mean, mu, and a standard deviation, pks.is common

when modelling probabilities (in this case, the probability of having a coulepéndent as opposed to
dosedependent function), pi is modeled on the probit scali@ other words pi comes from a noal

CDF with mean (mu) arstandard deviatior{phi). Mu should, realistically, stay in the rangeto 2 if the
biphasic pattern is present in the data: when meZisthe expected value of piis 0.Q2.e., we expect
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only 2% of animals to display conted@épendent response functions; when mu is 2 the expected value
of pi is 0.98, i.e., we expect 98% of animals to have comntegendent responses. Similarly, phi (which
indexes the betweetnwhale variability in pi) is unlikely to be more than 2.

After discission with subject matter experts, the following priors were used on model parameters for all
taxa The curve was fit between 90 and 185 dB, with the bound between the curves falling between 120
and 160 dB (as discussed above). The variance, or tau, wsancto be narrow in order to have the
biphasic equation fit the underlying data

1  Ui=L~uniform(120,160)

1 nui~uniform(90,4); taw~uniform(0,10)
1 nuy~uniform(lz,185); tau~uniform(0,10)
T  mu~normal(0,10)phi~uniform(0,10)

The controlled exposure experimenata could have been left or right censored. Left censoring

occurred when the animal responded at the lowest exposure level, or when the experimental protocol
did not involve dose escalation but instead application of a single exposure level per expelitmiainta

In the latter case, if the animal responded at the given dose, the data were alwagefsfired because

we do not know if the animal would have responded at a lower dose. Right censoring occurred when the
animal did not respond to any exposuiiesan experimental trial; in that case, we only know that the
response threshold for that animal was somewhere between the maximum exposure level of that trial
and some high value where all animals are assumed always to respond (in this case, we u&d 185 d

As with the monophasic modelg,measurement precision was implemented to account for uncertainty
in received level measurements because of variations in the sound field of test pools, and, for field
studies, variation in tag hydrophone sensitivitydgmotential influences of body shielding. In this case
we used atandard deviatiorof 2.5 dB, the same as was usedAntunes et al., 201;Miller et al.,

2014) but the exact value was found to have little influence oa thodel outcomes.

The model was fitted to data using the Markov Chain Monte Carlo (MCMC) algorithm, implemented in
the software JAG@Ilummer, 2012 Convergence diagnostiesid other postprocessing was

implemented in the software FR Core Team, 20L& onvergence was assessed by examining trace
plots and the BGR statistiBrooks & Gelman, 199&r each parameter, using three MCMC chains run
from random start points for 20,000 iterationd/e determined convergence was achieve after <10,000
iterations in all casesnd so inference was based on a bimrof 10,000 iterations followed by 50,000
samples thinned by a factor of 10he resulting Monte Carlo error in estimates was negligible.

3.1.8.2 Biphasic Equation Fit

In order to generate equations that could be used in avy Acoustic Effects Model (NAEMO), the

Navy fit a standard Biphasic dose response function to the posterior median dose response values
generated using the Bayesian model for each taxonomic group. Fitting was done using Graphpad Prism
(Graphpad, 200)and was achieved by minimizing the sum of squared deviations between the posterior
median evaluated at integer dose levels from 90 to 185 dB and the estimated value from the standard
function. The standard function used was:

Eq. (1) 00 ] ]

where P(k) is the probability of responsegis the received SPL (dB r@Ra), p is the proportion of the
curve comprising theontextdependent portion of the curvey is the SPL at the midpoint proportion of
the first phase(the contextdependent portion) L, is the SPL at the midpoint proportion of the second
phase(the doseresponse portionand h and h are the hill slopes of the two phas@Sraphpad, 200y
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The final vales for each curve are given(fBection3.2); the following sections contain detailed
discussions of how these parameters were derived for each of the behavioral response functions.

3.1.8.3 Odontocetes
Overall exposurdevels are given for each species/study group

Table3-3). Responses occurred at received levels ranging from 94 to 188 dRPa, the means of the
response data were between 126 and 169 dB pPa(Figure3-3). This wide variation in received

levels at which responses oceed indicates the contextualgiependent nature of behavioral responses

in the field studies. These data were fit using the methods described above, however tumttnelled
exposure studyGE¥data all ten exposure sessions per individual animal wenebined into one

response, such that an overall response was assumed to have occurred if the animal responded in any
single trial. This was done to give equal weighting to the data from the field studies and the CES. The
resulting response function is shavin Figure3-4, with a 50% probability of response at 157réBL

pPa

Table 3-3. Odontocete data relied upon for quantitative assessment of behavioral response.

# Exposure Range of Exposure

Species Study # Individuals Sessions Received Levels
(dBre 1puPa)
3s
Killer Whale (Miller et al., 2011 4 8 71-174

Miller et al., 2014
Miller et al., 2012

3S

Pilot Whale (Antunes et al., 2014 5 11 70- 180
Miller et al., 2011

Miller et al., 2012

3S
Sperm Whale (Miller et al., 2011 4 10 73-170
Miller et al., 2012
. CES
Bottlenose Dolphin 30 30 115-185

(Houser et al., 2013a
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Figure 3-3. Received levels at the time of Odontocete responses (in circles) or maximum
received levels when there was no response (in squares). 3S killer whales are shown in blue,
3S pilot whales are shown in orange, 3S sperm whales are shown in green, and CES
bottlenose dolphins are shown in yellow.
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Figure 3-4. The Bayesian biphasic dose-response BRF for Odontocetes. The blue solid line
represents the Bayesian Posterior median values, the green dashed line represents the
biphasic fit, and the gray represents the variance. [X-Axis: Received Level (dB re 1 pPa), Y-
Axis: Probability of Response]
3.1.8.4 Pinnipeds (In-Water)

All inwater pinniped data were derived from controlled exposure experiments on captive animals; there
are no data available on respassof wild pinnipeds to sonar or othe#ansducers

Table 3-4: Pinniped data relied upon for quantitative assessment of behavioral response.
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# Exposure Range of Exposure
Species Study # Individuals Sespsions Received Levels
(dBre 1uPa)
CES
Hooded Seal . 4 4 110-170
(Kvadsheim et al., 201Da
CESa
Gray Seal . 7 7 170
(Gotz & Janik, 2031
CESb
Gray Seal . 7 7 140- 180
(Gotz & Janik, 2031
CES
California Sea Lion 15 15 125-185
(Houser et al., 2013b

Overall exposure levele given for each species/study grodmble3-4); responses occurred at

received levels ranging from 125 to 185mBL uPa(Figure3-5). However, the means of the response

data were between 159 and 170 dB reRa Hooded seals were exposed to increasing levels of sonar

until an avoidance response was observed, while tlag geals were exposed first to a singbeeived

level multiple times, then an increasing received level. Each individual California sea lion was exposed to
the same received level ten times, and as above for the bottlenose dolphin CES these exposure sessions
were combined into a single responsalue, with an overall response assumed if an animal responded

in any single session. Because these data represent ardepense type relationship between received

level and a response, and because the means were all tightly clustered, the Bayes#sickBiRF for
pinnipeds most closely resembles a traditional sigmoidal @esponse function at the upper received

levels Figure3-6Error! Reference source not found.), andhas a 50% probability of response at 166 dB

re 1uPa
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Figure 3-5. Received levels at the time of Pinniped responses (in circles) or maximum received

levels when there was no response (in squares). CES California sea lions are shown in yellow,

CESa gray seals are shown in blue, CESb gray seals are shown in green, and CES hooded seals
are shown in red.
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Figure 3-6. The Bayesian biphasic dose-response BRF for Pinnipeds. The blue solid line
represents the Bayesian Posterior median values, the green dashed line represents the
biphasic fit, and the gray represents the variance. [X-Axis: Received Level (dB re 1 pPa), Y-
Axis: Probability of Response]
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3.1.8.5 Mysticetes

During theSOCABRS two signal types were presented to the whglasonarlike signal (similar to the

3S and CES studies), and a broadband noise signal in the same bandwidth. Final response curves used all
available noise sources to be more robust against all steady sbise types. Mysticetes in these

behavioral response studies were observed to generally either respond at lower received levels (< 160

R. NBE m >tlF0 2N G2 vy 2 Fighe)Ls hiticetelexdoslies obBreS A SR S
fINBSte G t26SNI NSBOSAQGSR tS@Stazx 6AGK I+ YIFEAYdzy
probability of response increased steeply between this level and the level of 1851dB?eeat which all

animals vere assumed to respondrigure3-8). The resulting curve had a 50% probability of response at

177 dBre 1pPa.

Overall exposure levels weestimated for each species/study gmp@able3-5); responses occurred at

received levels ranging from 107 to 165m@BlLuPa Figure3-7), but the meas of the response data

were between 123 and 139 dB rquPa The high variability in responses at low received levels is

indicative of the contextuallependent nature of behavioral responses. Most mysticetes did not

respond at all, and those that did weeat relatively low to moderate received levels. This was likely due

to the number of contexbased variables inherent in these studies; there was often more than one

vessel present, the vessel(s) were often very close (wittdirki) to the focal whalesnd those whales

that did respond€.g.,the blue whales fromth&OCAL w{ 0 ¢ SNB Ge LA Ol fft& Sy3l 3SF
behaviorsg deep foraging dives in the case of the blue wh#esldbogen et al., 2033
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Table 3-5: Mysticete data relied upon for quantitative assessment of behavioral response.

Range of Exposure

Species Study # Individuals # Exposures | Received Levels
(dBre 1pPa)
SOCAL BRS
Blue Whale (Goldbogen et al,, 16 30 94- 165
2013; Southall pers.
Comm)
3S
Humpback Whale ) 10 20 85-182
(Sivle et al., 2015
3S
Minke Whale ) 1 1 83-158
(Sivle et al., 2015
Ship Alarm
North Atlantic Right Whalg (Nowacek et al., 6 6 133-148
20043
LFA Playbacks
Fin Whale 6 6 115-148
(Clark et al.1999
LFA Playbacks
Blue Whale 1 1 95-150
(Clark et al.1999)
Humpback Whale | -FA Playbacks (Clark 17 17 121-150

al, 1999)

75



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill) June 2017

T 180 -
=1 'ﬁ:-tf -
—
¥ 150 ndl LR B
ol Hg
z & . n ﬁ- H -
- 140 > ® - . =
> ™ - . % ™ d
o= 120 | ® . LR
4] ]
=
@ [ ]
S 100
o

80

0 10 20 30 a0 50 &0 70

individual/exposure

Figure 3-7. Received levels at the time of Mysticete responses (in circles) or maximum
received levels when there was no response (in squares). 3S humpbacks are shown in dark
blue, the 3S minke whale is shown in red, BRS blue whales are shown in brown, North
Atlantic right whales are shown in gray, LFA fin whales are shown in yellow, the LFA blue
whale is shown in light blue, and LFA humpback whales are shown in green.
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Figure 3-8. The Bayesian biphasic dose-response BRF for Mysticetes. The blue solid line
represents the Bayesian Posterior median values, the green dashed line represents the
biphasic fit, and the gray represents the variance. [X-Axis: Received Level (dB re 1 pPa), Y-
Axis: Probability of Response]

3.1.8.6 Beaked Whales

The behavioral response data from the BRS and 3S studies were limited, and some responses occurred
at relatively low received SPIEE@ure3-9). However, these are again likely tied to the context of the
exposures. In the 3S study the vessel was directed at the bottlenose whale and continued vectoring
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around the animal, while in thEOCABRS there were multiple vessels with#3 km of the animals. It
should be pointed out that the thir6 OCABRS beaked whale that did not respond (
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Table3-1) was eposed to MFA sonar from an actual Navy vessel located over 65 km away from the
animal. Although not included in this dataset, another beaked whale iIS®EABRS was incidentally
exposed to real Navy sonar during a simulated sonar experiment. It digspond to the real sonar,
even though it occurred aeceived levelsimilar to those received during the simulated sonar playback
when it did respondDeRuiter et al., 2093 This may provide some evidence that the proximity of the
source rather than the received leh@&one contributes to the response of the animal, since these
exposures occurred at similar received levels but with different outcomes.

In addition to the data shown ihable3-7, the Moretti et al. (2014 data was also used in the derivation

of the beaked whale BRF. Theretti et al. (2014 data (Table3-6) is from actual multiplatform,

multiday anti-submarine warfaré ASW training. The data from the Generalized Additive Model (GAM)
was used rather than the Generalized Linear Model (GLM) bietmost consistent with the other data
sources use herein to derive BRFs; the GAM data represents the response that was actually measured,
whereas the GLM line fit was a smoothed function derived to fit between 0 and 100% probability of
response. The GAMinction extends from 120 to 180 dB re 1 pPa and has a 50% probability of response
at aSPlof 150 dB re 1 pP@oretti et al., 2014.

Table 3-6: Beaked whale data relied upon for quantitative assessment of behavioral
response.

Range of Exposure
Species Study # Individuals | #Exposures| Received Levels
(dBre 1pPa)

3S
Bottlenose Whale . 1 1 72-151
(Sivle et al., 2015
| dz&A S NI BRS
- P ANRQA& | (DeRuiter et al., 201Btimpert et 4 S 91-143
Whales al., 2014; Southall pers comm. 201]
LAY DA (Moretti et al., 20H4) unknown >106 120-180

Beaked Whales

CEEAY A

Beaked Whales (Tyack et al., 2011 2 2 <100- 142
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Table 3-7: Individual beaked whale exposure data and associated received levels (RL) and

distances.
. : RL at | Max RL | Distance

Individual/Exposure | Study Source Year Species Resp | No Resp (km)

#1-hal3_176 3S2 Simulated 2013 | Bottlenose 122 NA <5
MFA whale

#2-bb12_214a BRS Simulated 2012 |. F ANRQa | NA 138 3-5
MFA whale

#3-zcll_267a BRS Simulated 2011 |/ dz@A SNX & 95 NA 3-5
MFA whale

#4-zc13_210a BRS Real MFA | 2013 |/ dz@A S NI & NA 124 > 60

whale

#4-zc13_210a BRS Incidental 2013 |/ dz@A SN & NA 115 > 60
MFA whale

#5-2c10_272a BRS | Simulated | 2010 |/ dz@A SNX & 98 NA 3-5
MFA whale

#6¢no ID AUTEC| Simulated | 2007 |. f I Ay @A f| 138 NA >1
MFA beaked whale

#7¢no ID AUTEC| Pseude 2008 |. f I Ay @A f| 142 NA >1
random beaked whale
noise
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Received level (dB re 1 uPa)

individual/exposure

Figure 3-9. Received levels of Beaked Whale responses (in circles) or maximum received levels
when there was no response (in squares). BRS Cuvier’s and Baird’s beaked whales are in
orange, 3S bottlenose whale is in light blue, AUTEC Blainville’s beaked whales are in yellow.

In order to equally weight the contributions from the eight exposures in the BRS and 3S field studies and
the Moretti et al. (2014 GAM data, the GAM was sampled eight times equally across the augvghe

curve was subsampled at eight equally spaced probabilities to get the corresponding received levels).
Since theMoretti et al. (2014 data only extends to 180 dB re 1 pPa with a 95% probability of response,
the beaked whale curve was rigbénsored with a probability of 100% response at 185 dB re 1 pPa

based on the bottlenose dolphin and California sea lion Controlled Exposure Stddieser et al.,

20133 2013, similarly to what was done for the Mysticete BRF derived above. The risk function
resulting in the combination of these data sets and preseittect had a 50% probability of response at

144 dBre 1pPa Figure3-10).

Although theMoretti et al. (2014 data is different than other data used here in the derivation of the

other behavioral response functions, without its use to fill in responses at higher received levels, the

dose functions will be fit based solely on low to moderate level exposures from proximal sources such as

most of those from the BRS/3S2 datasets. This waioldte standard dose response methodology,

YEAytezr GKFG | adzZFFAOASYd NIXy3aS 2F aR2ED®a@EGratl NB  LIN.
least most of the range). Thdoretti et al. (2019 O dzNIBS LINRP GARSAE G20 aSNIIF GA2yaé
responding at higher received levels. Additionally, asused above, these observations were during

actual multiship, multiday ASW events on AUTEC.
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Figure 3-10. The Bayesian biphasic dose-response BRF for Beaked Whales. The blue solid line
represents the Bayesian Posterior median values, the green dashed line represents the
biphasic fit, and the gray represents the variance. [X-Axis: Received Level (dB re 1 pPa), Y-
Axis: Probability of Response]

3.1.8.7 Harbor Porpoise

For harbor porpoises, the information curriynavailable suggests a very low threshold level of response
for both captive and wild animals. Received SPLs at which both cégéstelein et al., 200&Kastelein

et al., 2005aand wild harbor porpoise§lohnston, 2002responded to sounde(g.,acoustic harassment
devices acoustic deterrent devices, or other nanpulsive sound sources) are véoyv, ranging
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between 100 and 148B re 1 uP#Cox et al., 20Q1Culik et al., 2001Kastelein et al., 199K astelein et

al., 2000 Kastelein et al., 2006lKastelein et al., 200&astelein et al., 2012&astelein eal., 2014a
Kastelein et al., 2014lKastelein et al., 2015Kastelein et al., 2@k; Kastelein et al., 20150lesiuk et

al., 2002 Teilmann et al., 2006Kastelein et al20139 investigated harbor porpoise behavioral
responses to &élicopter dipping sonafl.33¢ 1.43 kHz) with a 1.25 second pulse duration. They noted
brief behavioral responses with a 50% point between 124 and 140 dB re 1 pPa. From the study, it is
difficult to ascertain if these sound levels would elicit significasponses in wild harbor porpoises;
although it is an indication that these animals are likely sensitive to lower levels of sound.

Thus, as in prior Navy analysis, a step function at an SPL of 120 dB re 1 puPa is used for harbor porpoises
as a thresholdo predict potentialsignificant behavioral responses. This would be coupled with the
cutoff distances for harbor porpoises discussed below in Se@tion

3.1.8.8 Sirenians (Manatees and Dugongs)

Due to a lack of specific data regarding sirenian reactions to sonar andt@hsducersthe mysticete

BRF will be used as a proxy. Both mysticetes and manatees have demonstrated similar reactions to
vessel nois and although distant, mysticetes are the most closely related marine mammal group. The
Navy believes that the mysticetes behavioral response function is likely to capture the vast majority of
potential significant behavioral responses in sirenians.

3.1.8.9 Sea Turtles

Sea turtle behavioral criteridor sonar and other transducergas developedvith NMFSbhasedon
exposureto air gungSee McCauley et al., 200t addition, he working group that prepared the ANSI
Sound Exposure Guidelin@2opper et al., 2004orovide parametric descriptors of sdartle behavioral
responsego sonar and other transducers.

Per discussions witNMFSthe received sound level at which sea turtles are expected to actively avoid
air gun exposured,75 dB re 1 pPa SRhs(McCauley et al., 200Q0is also expected to be the received
sound level at which sea turtles would actively avoid exposusat@r and other transduceduring

Navy trainingand testingactivities This behavioral threshold will be applied to sources up to 2 kHz.

3.1.9 Application of Contextual Factors - Distance Cutoffs

During the Phase | aritlanalysis, propagation loss estimates to the BRFs basement level o8 120 d
pPasometimes extended to over 19@n from the most powerful sonar sourcésg., AN/SQSH3). At
thesedistances, it is likely that the context of the exposure is more important than the amdelito
other words, the contexbasedresponsedominatesthe levetbasedresponseAs discussed abovan
important contextual factor is the distance between theraal and the sound source.

In the Phase Il analysgthe Navywill use distance cutoffs beyond which thetential of significant
behavioral responses is considered tourdikely. For animals located beyond the distance cutoff, no
significant behavioralesponses will be predicted. For animals within the distance cutoff, a behavioral
response function based on a receiveBlas presented in Sectidh10is used to predict the
probability of a potential significant behavioral responser training and testing events that contain
multiple plaforms or tactical sonar sources that exceed 2Bore 1 pPa @ 1 m, this cutoff distance is
substantiallyincreased (i.e., doubled)om values derived from the literaturd he use of multiple
platforms and intese sound sources afactors that probably increase responsivengsmarine
mammals overallThere are currently few behavioral observatounder tlese circumstances;
therefore, the Navywill conservativelpredict significant behavioral responses at further ranipes
these more intense events
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3.1.9.1 Odontocetes (excluding beaked whales and harbor porpoises)

When reviewing sonar and seismic survey mant@nmal monitoring literature, no significant

behavioral reactions have been observed beyond a few kilometées. (2008 reports on a large scale
seismic survey (5,085 cu. in. and 3,147 cu. in. arrays) conducted over a 10 month period off the African
coast in whichspotted dolphins $tenella frontalisavoided the source by 0.5 to 1 kdaring firingsin
contrast, wherthe air guns were not firing, dolphins were seen near vessels often to bo®imdiarly

Stone and TaskdR006) reported the median siging distance increased for all species except sperm
whales from about 0.&L.0 km without shooting to about 1.§2.0 km with shootingsperm whales

tended to decrease their median distance from about 2 km with no shooting to under 1.5 km with
shooting un@rway.These data covered observations for over 200 surveys (over 45,000 hours of survey
effort) with seismic airgun arrays ranging from 188,000 cu. in.

The 3S and BRS sonar playback studies were largely conducted within about 8 km, so it isadifficult
extrapolateto the distance at which odontocetes are not likely to respond. However, during the most
recent BRS field seasons, researchers were able to coordinate with Navy ships to exposw/taghyed2 Q a
dolphirs (Grampus griseggo actualmid-frequencysonar. These distances were on the order of tens of
kilometers, and no responses were obsery8duthall et al., 2014; Southall pers. comm. 2014

These datasuggesthat most odontocetes (not includingeaked whalesind harbor porpoisedjkely do
not exhibit significant behavioral reactionsgonar and othetransducerseyondapproximately 10 km
therefore, the distance cutoff for odontocet®dll be 10 km fomoderate source level, single platform
training and testing eventsnd 20 km for all other events with multigenarplatforms orsonar with
source level at orexceeding 215dBrel pPa@ 1 m

3.1.9.2 Mysticetes

During 3S exposures to humpback whales (pers. comm. P. Miller, Dec 2014) animals that reacted were
within about 1 km, although most of the sonar exposures began2akr from the whaleSimilarly,

during BRS exgsures to blue whales, responses occurred when the source was within 2 km (pers.
Comm. B. Southall, Dec 201Buring Phase | of LFA playbacks, no responses by either blue or fin whales
were observed; in one case a whale swam past the transmitting vesthe direct path of the playback

at a range of 200300 m.DuringPhase Il oELFA playbacks, migrating gray whales avoided the sdoyrce
500- 2000 mwhenit wasplaced near the center of their migratory path; however, when the source was
moved approximeely 2 km further offshore, the animals no longer altered their pgBisck & Tyack,

2000 Clark et al., 199%llison et al., 2011

Preliminary results from passive acoustic monitoring on the Pacific Missile Range feacitityhree
interactions between Navy ships and minke whalé® first minke whale was 15 km away when a ship
began transmitting sonar, and was about 9 km away when it stopped vocalizing (~15 min later). The ship
was heading directly towards the minke'sgition in that case. A second whale was about 17 km away
FNRBY | aKALZ yR NIYGKSNI GKFY o0SAy3a Ay GKS aKALIQA
away from the whale and the whale kept vocalizing. Finally, a third whale was about 9 kmdghim a

that was not transmitting sonar but was approaching the whale, and the whale stopped ¢slliértin

et al., 2015. It should be noted that a change in vocalization is not necessarily a significant behavioral
response by itself, although it could be indicative of moderate severity responses such as interrupting
feeding or mating behavior. In this case it is an indic#ttat reactions beyond 10 km have not been
acoustically detected in these very limited results.

It is important to note that these are the distances within which behavioral responses have been
observed, which is decoupled from the acoustic habitat or mmmication space that these large whales
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likely utilize. While their low frequency vocalizations may be detected across tens to hundreds of
kilometers, their behavioral responses to leand midfrequency active sonar seem to be limited to
within 10 km.

The available data suggest thatysticetedikely donot exhibit significant behavioral reactionsgonar

and othertransducerseyondabout 10 kmtherefore,the distance cutoff for mysticetes will be 10 km
for moderate source level, single platform training and testing events; and 20 km for all other events
with multiplesonarplatforms or sonar with source levels at or exceeding 215dBre 1 yPa @ 1 m.

3.1.9.3 Pinnipeds

Southall et al(2007) report that pinnipeds do not exhibit strong reactions to SPLs up to 140 dB re 1 pPa
from steadystate (norimpulsive) sources. In some casegnipeds tolerate impulsive exposures up to
180 dB re 1 pPa with limited avoidance no{@duthall et al., 2007 and no avoidance noted at

distances as che as 42 nfJacobs & Terhune, 20D’ hereare still limited data on pinnipetbehavioral
responses beyond about 3 km in the water.

The available data suggest that most pinnipbkisly donot exhibit significant behavioral reactions to
sonar and othetransducerdeyond a few kilometers, independent of received levels of sound;
therefore,the distance cutoff for pinnipeds will be 5 kon moderate source level, single platform
training and testing events; and 10 km for all other events with mulsipierplatforms or sonar with
source levels at or exceeding 215dBre 1 pPa @ 1 m.

3.1.9.4 Beaked Whales

During an actual Navy trainingeventdt& 9/ Ay ! yYRNRBA . FKFEYlFas .t AyOAftf
average of 16 km from the sonar transmissi¢fgack et al., 20)1During sonar and pseudorandom
y2A4S LXFeolOla &G ! ¢®dpanded by bredkingyidaféedit Qive amS | { SR ¢

ascending slowl This animal received SPLapproximately 140 dB re 1 pPa from a projector located

about 1 km from its dive locatiofBoyd et al., 2009Tyack et al., 20)1During playback experiments of

simulated sonar and pseudorandorise off the coast BBOCAL / dz&@A SNRa o6SI 1SR gKIf S
SPLs between 89 and 127 dB re 1 pPa by swimming rapidly and sitegglyrom the source. The sound

projector was located within 3 km of the whales diving location. In contrast, actual speanises at a

distance of approximately 118 km wiBPLst the whales of 78 to 106 dB re 1 pPa did not elicit the

same reactiongDeRuiter et al., 20J3Likewisejn recent observations during the SOCAL behavioral

response studyheaked whales showed no observablepesse to actual hulinounted ASW sonar at

distancesf 60 to 75 km (pers. comm. B. Southall 205 OSy i FyIFfeasSa 2F Ll2aaAirof
whale behavioral responses to Navy sonar at the Pacific Missile Range Facility found cessation of clicks

to occur when ships were between 10 to 35 km and typically approaching the location of the group.

Groups continued to click when ships were between 25 and 40 km and typically heading away from the
location of the grouggHenderson et al., 2036

These datasuggesthat most beaked whalelikely donot exhibit significant behavioral reactions to
sonar and othetransducerdeyond approximatel20 km; thereforethe distance cutoff for beaked
whales will be25km for moderate source level, single platform training and testing event@kich

for all other events with multiplsonarplatforms or sonar with source levels at or exceeding 215 dB re
pPa @ 1 m.

3.1.9.5 Harbor Porpoises

There are no data available on the reaction distances of harbor porpoises to sastheotransducers
however, novement patterns of harbor porpoises have been studied during pile driving to install wind
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turbines inEuropean watergDahne et al., 203 4rougaard et al., 2009These studies have shown that
harbor porpoises are displaced within about 20 km of the activity area.

These datasuggesthat most harbor porpoises likely dwt exhibit significant behavioral reaats to

sonar and othetransducerdeyond approximately 20 km; thereforthe distance cutoff for harbor
porpoises will be 20 km for moderate source level, single platform training and testing evers; kand

for all other events with multiple platfornts sonar with source levels at or exceeding 215 dB re 1 yPa @
1m.

3.1.9.6 Sirenians

No applicable data on reaction distances for manatees or dugongssioir or othettransducerss
available Manatees responded to boat approaches at-Z® m(Nowacek et al., 2004landduring
playback oWessel approaches, showed a higher probability of reaction with increased speed of
approach(MiksisOlds et al., 200)7 There is limited overlap between sirenian habitat and areasreh
the Navy would train and tesMany of these areas are confined inland waterwayg.(Naval Station
Mayport)where cutoff distances would exceed the size of the ensonified. arearefore, cutoff
distances for manatees would be difficult to ascertand are not really applicable in smaller inland
areas Therefore asthere were no data availablieom which to develop cutoff distancesysticete
distances will be used in place.

As with mysticeteghe distance cutoff for sirenians will be 10 km fordaxate source level, single
platform training and testing events; and 20 km for all other events with multiple platforms or sonar
with source levels at or exceeding 215dBre 1 yPa @ 1 m.

3.2 Behavioral Response Thresholds for Air Guns

3.2.1 Marine Mammals

ExistingNational Marine Fisheries Servigsk criteria are applied to the unique sounds generated by air
gunsat 160 dB re 1 yPa (rms)he root mean square calculation for air guns driving is based on the
duration defined by 90 percent of the cumulative enengyhe impulse.

3.2.2 Sea Turtles

Sea turtle behavioral criteria was developeih NMFS based on exposuieair gungSee McCauley et
al., 2000. In addition, the working group that prepared the ANSI Sound Exposure Guid@opmser et
al., 2014 provide parametric descriptors of séartle behavioral responses to air guns.

During two air gun exposure studi@gicCauley et al., 200@'Hara & Wilcox, 1990sea turtles were
exposed to air gun shots over long durations (approximately 30 minutes of a traveling air gun and
greater than 20 hours of aationary air gun, respectively). From these stud{pk;Cauley et al., 2000
hypothesized that sea turtles would actively avoid repeated air gun shots at received levelslafal75
dB rel pPa rms.

Per discussions withMFSa thresholdof 175 dB re 1 pPa SPL()rssapplied to estimate sea turtle
behavioral reactions to repeated air gun firing during Nigfingactivities.The root mean square
calculation for air guns is based on ttheration defined by 90 percent of the cumulative energy in the
impulse.
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3.3 Behavioral Response Thresholds for Pile Driving

3.3.1 Marine Mammals

ExistingNMFSisk criteria are applied to estimate behavioral effects from impact and vibratory pile
driving (Table3-8). The root mean square calculation for impact pile driving is based on the duration
defined by 90 percent of the cumulative energy in the impulse.

Table 3-8. Pile Driving Level B Thresholds Used in this Analysis to Predict Behavioral
Responses from Marine Mammals.

Underwater Vibratory Pile Driving Criteria Underwater Impact Pile Driving Criteria
(Sound Pressure Level , |(SoundPressurelLevel,dBrele Pa)
Level B Disturbance Threshold Level B Disturbance Threshold

120 dB rms 160 dB rms

dB: decibel; dB re 1 pPa: decibel referenced to 1 micro pascal; rms: root mean square

Note: Root mean square calculation for impact pile driving is based on the duration defined by 90 pe
of the cumulative energy in the impulse. Root mean squareifmatory pile driving is calculated based o
a representative time series long enough to capture the variation in lewgdsially on the order of a few
seconds.

3.3.2 Sea Turtles

Sea turtle behavioral criteria for impact and vibratory pile driving was developed with NMFS based on
exposure to air gungSee McCauley et al., 2000mpact pile driving produces repetitive, impulsive
sounds potentially over multiple minutes, similar to repeated air gun sho@ddition, the working

group that prepared the ANSI Sound Exposure Guide{lPegper et al., 2014orovide parametric
descriptors of sea turtle behavioral responses to pile driving.

Per discussions with NMRBe received sound level at which sea turtles are expeabeaktively avoid

air gun exposured,75 dB re 1 uPa SEs) based orstudies of sedurtles exposed to air guns
(McCauley et al., 200@'Hara & Wilcox, 1990is also expected to be the received sound level at which
sea turtles would actively avoid exposure to impact pile driving riising Navy trainingcivities.
Additionally, 175 dB re 1 yPa SRIns) is expected to be the received sound level at which sea turtles
would actively avoid exposure tdbratory pile driving noisduring Navy training activitie§he root

mean square calculation for impact pile driving is based on the duration defined by 90 percent of the
cumulative energy in the impulse.

3.4 Behavioral Response Thresholds of Explosives

3.4.1 Marine Mammals

If more than one explosiver explosive clusteis detonatedwithin any given 24our periodduringa
training or testing activity, criteria are applied to predict the number of animals that may have a
behavioral reaction. For events with multiple explosions, the behavioral threshold used in thyisisiumel
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5 dB less than the TTS onset thresh&dg Table Ci Appendix ¢ This value is derived from observed
onsets of behavioral response by test subjects (bottlenose dolphins) durinrgnmmnse TTS testing
(Schlundt et al., 2000

Some multipleexplosive events, such as certain naval gunnery exercises, may be treated as a single
event because a few explosions occur closely spaced within a very short time (a few seconds). For single
explosions at received sound levels below hearing loss threshbkelsnost likely behavioral response is

a brief alerting or orienting response. Since no further sounds follow the initial brief impulses, significant
behavioral reactions would not be expected to occur. This reasoning was applied to previous shock trials
(63 FR 230; 66 FR 87; 73 FR 143) and is extended to the criteria used in this analysis.

3.4.2 Sea Turtles

Sea turtle behavioral criteria for explosives was developed with NMFS based on exposure to air guns
(See McCauley et al., 2000n addition, the working group that prepared the ANSI Sound Exposure
Guidelnes(Popper et al., 2004provide parametric descriptors of sea turtle behavioral responses to
explosives.

Sea turtles are assumed to exhibit no more than a brief startle response to any individual explosive or
explosive cluster. If an event has longer duration use of explosives, such as some gunfire events with
multiple clusters of explosive shells, a sealtid mayexhibit a response beyond an initial startle, such

as actively avoiding tharea. Unlike long duration air gun exposures describegection 3.2.2 (Air guns

- Sea Turtlesin which sedurtles were exposed to many regular, repeated firings (nemdf firings

equal to about 100 or much greater), most explosive events do not consist of a high number of regular,
repeated shots. Rather, they consist of irregularly spaced detonations (in space and time) that, on their
own, may only result in startleesponses.

Per discussions withMFSthe received sound level at which sea turtles are expected to actively avoid
air gun exposured,75 dB re 1 yPa SHhsbased on studies of sea turtles exposed to air guns
(McCauley et al., 2000is also expected to be the received sound level at which sea turtles would
actively avoidceventswith multiple explosions during Navy training and testing activities.
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4 EXPLOSIVE NON-AUDITORY INJURY CRITERIA

4.1 Introduction

Thissectiondescribes the criterifor estimating non-auditory physiologicampacts onrmarine mammals

and sea turtles due to naval underwater explosions. These criteria follow a similar methodology as past
Navy explosive impact analyg@snneran & Jenkins, 20120.S. Departmeirof the Navy, 20012008,

while refining the approach to take advantage of current modeling capabilitrggct thresholds are

defined for both the estimate of quantitative effects for impact analyses (i.e., 50 % effect) and the
estimate of onset of effect for analysis of mitiiga zones €.g, 1% effect).

The effects of underwater explosions on marine mammals and sea turtles depend on a variety of factors
including animal size and depttharge size and deptldepth of the water column; and distance

between the animal anthe charge. The gasontaining organs (lungs and gastrointestinal tract) are

most vulnerable to primary blast injury. Severe injuries to these organs are presumed to result in
mortality (e.g, severe lung damage may introduce air into the cardiopulmonasgwiar system,

resulting in lethal air emboli).

Because gasontaining organs are more vulnerable to primary blast injury, adaptations for diving that
allow for collapse of lung tissues with depth may make animals less vulnerable to lung injury with depth
Adaptations for diving include a flexible thoracic cavity, distensible veins that can fill space as air
compresses, elastic lung tissue, and resilient tracheas with interlocking cartilaginous ringotide pr
strength and flexibilit{Ridgway, 197R Older literature suggested complete lung collapse depths
approximately 70 mdr dolphins(Ridgway & Howard, 1978nd 2050 m for phocid seal§-alkeet al.,

1985 Kooyman et al., 19732Followon work by(Kooyman & Sinnett, 1982in which pulmonary

shunting was studied in harbor &le and sea lions, suggested that complete lung collapse for these
species would babout 170 m anabout 180 m, respectively. More recently, evidence in sea lions
suggests that complete collapse might not occur until depths as great as 225 m; althoudgptheof
collapse and depth of the dive are related, sea lions can affect the depth of lung collapse by varying the
amount of air inhaled on dive (McDonald & Ponganis, 20l Phis is an important consideration for all
divers which can modulate lung volume and gas exchange prior to diving via the degree of inhalation
and during diving viaxhalation(Fahlman et al., 20Q9Indeed, there are noted differences in pdive
respiratory behavior with some marine mammals exhibiting-giree exhalation to reduce the lung

volume p.g, phocidseals(Kooyman et al., 1978

4.2 Data on underwater blast injury to marine mammals and sea turtles

Data on blast injury to marine mammals and sea turtles is limRéchardson et a(1995 summarized

past exposures and evidence of mortality or injury to wild marine mammals; animal proximity to
explosions was generally not available, and the amount of data was overall insufficient to define injury
criteria.

SinceRichaR & 2 Y §1895 sutnba@yathere has been one documented incident of mortalities to
marine mammals after exposure to an explosion during Navy training. In 2011, threbdakgd

common dolphins were immediately killed by exposure to a-&@net explosive weight chargéaped

on the seafloor in 48 feet (15 m) of water during an underwater detonation training activity at the Silver
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Strand Training Complex near San Diego, CA [for additional informatioDasdek St. Ledg€R011)]. A

fourth longbeaked common dolphin was found-shore dead three days after the detonation with

injuries consistent with blast exposure. The dolphins were in a pod of d#®t50 dolphins that swam

into the mitigation zone preceding the detonation. The explosive device was set on-déimefuse,

FYR FdGSyLlia 42 RSGSNI GKS yAYFfaQ G0N @St G261 NR
animals were seen approhing the blast area, the actual locationstié injuredanimals relative to the

charge at the time of detonation are unknowdpon necropsy, all four animals were found to have

sustained typicamammalian primary blast injuries (Danil & St. Ledger, 2011).

Incidentalimpacts onsea turtles were documented for exposure to a single #P0®40 kg) underwater

charge off Panama City, FL in 1981. The charge was detonated-déeptidin water 120 feet (37 m)

deep. Although details are limited, the following reeecorded: at a distance of 5a®0 ft. (156200

m), a 400 Ib. (180 kg) sea turtle was killed; at 1200 ft. (370 m), 8@0(. (96140 kg) sea turtle
SELISNASYOSR aYAYy2NE Ay 2d3NEIN (99140 Rg) dediturtie svasmot gl ® 6 ¢ n N
(O'Keeffe & Young, 1984

4.3 Data on underwater blast injury to terrestrial mammals

Due to the scarcity of marine mammal data, development of explosive impact criteria relies on data

from exposures of terrestrial animals to controlled underwater blasts. In the early 1970s, the Lovelace
Foundation for Mdical Education and Research conducted a series of tests in an artificial pond at
Kirtland Air Force Base, NM to determine the effects of underwater explosions on mammals, with the
goal of determining safe ranges for human divers. During the tests, stlegp, and monkeys were
positioned at or near the water surface at 1, 2, and 10 ft. (0.3, 0.6, and 3 m) depths and at varying
distance from charges in a large pool. Animals at 10 ft. depth were attached to a pressurized underwater
breathing apparatus. Chges ranged from 0.5 to 8 Ib. (0.23 to 6.3 kg) of pentolite and/or TNT placed at

10 ft. (3 m) depth. No deaths were observed from blast injuries. Mammals were sacrificed two hours
after exposure, and damage to the lungs and gastrointestinal (Gl) tractaxarained. Acoustic impulse

gl a F2dzyR G2 0S GKS YSGNRO Y2aid NBf hcorfaiingi 2 RSINBS
cavities was thought to play a role in blast injury susceptil{ifighmond et al., 197¥elverton et al.,

1973. The subjecanimals were exposed near the water surface; therefore, depth effects were not
discernible in this data set. The resulting data were summarized in two refftidismond et al., 1973
Yelverton et al., 1993 For these shallow exposures of dogs, sheep,;randkeys (masses ranging from

3.4 to 50 kg) to underwater detonationRjchmond et al., 197@973 reported that:

1 Animpulse of 34 psihs (230 Pa) resulted in about 50% incidence of slight lung
hemorrhage Below 20 psins (140 Pa) there were no instances of slight lung
hemorrhage.

I Some exposures at higher levels (up to 40mpsi[280 Pas]) resulted in no observable
lung damage.

1 About half of the animals had gastrointestinal tract contusions (with slitsfgration,

i.e., some perforation of the mucosal layer) at exposures e22psims (170190 Pas).
Lung injuries were found to be slightly more prevalent than Gl tract injuries for the same
exposure level.
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Specific physiological observations for eées$t animal are documented iRichmond et al(1973.Some
limitations of this dataset aréRichardson et al., 1995

1 Subects were held at shallow depths or at the surface.
1 Test animals were small compared to the range of marine mammal sizes.
1 Only injuries evident at sacrifice/necropaitwo hours after exposurerere considered
(i.e., longer term survival rates were nairssidered).
1 Lungs were expanded at depth because the animals were actively breathing air (unlike
breath-hold divers).
Additionally, some control animals connected to the underwater breathing apparatus but not exposed
to detonations exhibited lung damage died. It is reasonable to assume that in some instances lung
damage observed in animals exposed to detonations may have been exacerbated by animal handling
procedures or the underwater life support system.

While the above study was conducted to asse$s sanges for human swimmers, it is the best available
data set for assessing nauditory physiologicampacts onmarine mammals and sea turtles from
explosives. The lungs of marine mammals are grossly similar in proportion to overall body size as those
of terrestrial mammals, so the magnitude of lung damage in the tests may approximate the magnitude
of injury to marine mammals when scaled for body size. However, within the marine ralamm

(Piscitelli et al., 20)®bserved that mysticetes and deepaivers €.g, Kogiidae, Physeteridae,

Ziphiidae) tend to have lung to body size ratios that are smaller and more similar to terrestrial animal
ratios than shallow diving odontocetes.§, Phocoenidae, Delphinidae). Measurements of some
shallower divingea turtles(Hochscheid et al., 200@nd pinnipedgFahliman et al2014) showlung to

body size ratioshat are similar to shallow diving odontocetes, whereas the lung to body mass ratio of
the deeper diving leatherback sea turtle is smallartcavage et al., 1992The use of test data with

smaller lung to body ratios results in a more conservative estimate of potential for damaging effects
(i.e., lower thresholds).

Yelverton & Richmad (1981) conductedprobit analyses of the Lovelace Foundation ingayaand
mortality data(i.e., extensivéunginjury discovered after animals were sacrificed and necropsied, as no
mortalities were observed in twhour observation period post exposyr@&ichmond et al., 1973
Yelverton et al., 1973relating likelihood oijury to impulse. The probit analyses were used to develop
regression equations for 50% mortality and 1% mortality relating impulse to body mass for shallow
water exposuresseeFigured-1):

50% mortality: In (I) = 4.938 + 0.386 In (M) (2)
1% mortality: In (1) = 4.507 + 0.386 In (M) 2)
where: | = impulse threshold for effect (R

M = animal mass (kQ)

A paralél No Injury equation was developed based on the highest impulse below which no injuries were
observed:
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No Injury: In (I) = 3.888 + In (M) 3)

Impulse versus Body Mass
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Figure 4-1. Relationships between impulse threshold for effect and body mass as derived in Yelverton &
Richmond (1981) based on the Lovelace Foundation test results for terrestrial animals exposed to underwater
detonations.

4.4 Goertner Lung injury model

The above regression equations do not account for how an animal could be affected with increasing
depth. Goertrer (1982 examined how lung cavity size would affect susceptibility to blast injury by
considering both animal size and animal degthimal depth relates to injury susceptibility in two ways:
injury is relaed to the relative increase in explosive pressure over hydrostatic pressure, and lung
collapse with depth reduces the potential for air cavity oscillatory dam@gertner(1982 estimated

the oscillation period of the lung air cavity based on animal size and depth (i.e., hydrostatic pressure).

4.4.1 Impulse Duration for Injury

Goertner(1982 assumed that the impulse necesgdo cause lung damage is related to the amplitude

of lung oscillations and must be delivered over a specified time period. To account for long duration

positive pressures, such as could occur with broadening of the initial positive pressure pulse with sho

61 08 RSOIes (KS O2yOSLI 2F & (Bowed ot &l.f 196Y thadzhpal$es A a |
occurring over the time duration leading to maximum gas cavity compression. This dusatienlesser

of the duration of the initial positive pressure or 20% of the estimated lung resonance perida (T).

determine the lung resonance period, the lung is modeled as a spherical gas bubble. As such, the

oscillation period of the lung shortenstivincreasing hydrostatic pressure as the bubble (lung)
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collapses. Ultimately, a depth is reached where sufficient impulse cannot be delivered during the
shortened period to result in an injurious effect. Because this model does not account for damping of
lung response by the surrounding tissues, it considers a maximum lung compressive response.

The derivation of the equation to estimate lung resonance period is descri®dertner(1982. When
all substitutions are made, the reduced equation is:

Y ¢c®d — (4)

where: M = animal mass (kg)
prya = hydrostatic pressure (psi)zpb wD/144)
Patm = atmospheric pressure (psi)
1 = specific weight of water (IbA}
D = depth of animal (ft)

The steegfront, high-amplitude shock wave is the initial positive pressure amplitude used to calculate
impulse exposure for damaging effect. The shock wave caused by an explosiondnwdatgw may be
followed by several bubble pulses with lower peak pressures (aboufifthehe initial peak pressure

for the first followon pulse) and lacking the steep pressure front of the initial explosive futsek,

1983. These bubble pulses are not considered when anajyinjary potential due to peak pressure or
impulse, as these values are inherently lower for bubble pulse exposure than for initial exposure.

The impulse exposure would be affected by the depth of the charge and the depth of the receiving
animal. If a chage is detonated closer to the surface or if an animal is closer to the surface, the time
between the initial direct path arrival and the surfaeflected tension wave arrival is reduced, resulting
in a steep negative pressure eoff of the initial dire¢ path impulse exposure. Two animals at similar
distance from a charge, therefore, may experience the same peak pressure but different impulse at
different depths.

4.4.2 Impulse Scaling for Animal Size and Depth

Goertner(1982 also developed a scaling parameter for imptieesed lung damage that relates impulse
associated with an observed effect to animal size and ambient pressure (hydrostatic and atmospheric).
Equatian 2.9 inGoertner(1982) shows this relationship as follows (note that water density in the
denominator is later dropped as a constant, so it is not shown here):

— Q)

where: | = impulse for onset of injury effect
Ao = lung (bubble) radius at depth, D
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Air bubble size (as proxy for lung size) decreases with increasing hydrostatic pressure at depth per
28ftSQa [layY
6 o6 — (6)

where: Aum = lung radius at the surface

Substituting Equation 6 into Equation 5 and assuming that lung radius is proportional to the cube root of
body mass, the complete impulse scaling parameter is obtained:

(Egn. 7)

This scaling parameter is used to develop impblased thresholds by substituting appropriate known
values from test data (designated by subsct)alocumented irRichmond et al(1973, as follows:

(Eqn. 8)

Solving for impulse (1) and substituting4>= pum b wD results in the generalized Goertner lung injury
scaling equation:

‘O 00 p — (Eqgn. 9)

where:6 O (Egn. 10)

4.4.3 Impulse-based Injury Threshold Equations

Injury data from the animal exposures to underwater detonations document&thmond et al.

(1973 are substituted into equations 9 and 10 to develop specific threshold equations for onset of slight
lung injury and onset of mortality. The reference test data sets are for the animals that exhibited an
effect (i.e., slight lungnjury and extensive lung injury) at the lowest received impulse in the Lovelace
experiments (sedable4-1). There were numerous exposures in which animals received significantly
higher impulses without either slight lung hemorrhage or extensive lung hemorrhage. In all cases,
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impulses at the tesanimals were received over a duration that was less than 20% of the lung resonance
period.

Although no test animals died within two hours of blast exposure, lotgyen survival rates were not
studied. It is reasonable to assume for impact analysisakegnsive lung hemorrhage is a level of injury
that would result in wild animal mortality. Slight lung injuries, such as slight hemorrhage, are injuries
from which an animal would be expected to survive.

The values for other environmental constants for thet and analysis conditions are shownTable
4-2.

Table 4-1. Lowest test impulse exposure for injurious effects (Richmond et al., 1973).

ObservedHfect extensive lung hemorrhage slight lung hemorrhage
(representative of onset mortality (i.e., onset slight lung injury)

Impulse, { 44.4 psims (306 Pas) 22.8 psims (157 P=)

Animal Depth, D 2 ft. 10 ft.

Animal Mass, M 34 kg 42 kg

Table 4-2. Environmental constants.

Constant Value
Atmospheric pressure at test st@am. 12 psi
Atmospheric pressure at sea levgdim 14.7 psi
Specific weight of fresh watlr|u, 62.4 |b/ft3
Specific weight of sea Wateﬂw 64 Ib/ft3

! Tests were conducted in a freshwater manade
pond. Richmond et al(1973 reported the
atmospheric pressure at the test site to be 12 psi.

Use of the above values results in threshold equations for onset mortality and onset slight lung injury
(SLIpgs follows:

O T B0 p — Pas (Egn. 11)
0 prilc p —  Pas (Egn. 12)
where | = Impulse threshold (Pg

D = depth of animal (m)
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M = animal mass (kg)

Equation 1is used as a starting point for developing a 50% mortality threshold equation that accounts
for animaldepth using the Goertner lung injury model. Using Equation 1, the-sidace threshold for
50% mortality would be 544 Pafor 34 kg animals.

A compaison between the test exposure with the lowest impulse associated with onset severe lung
injury (i.e., onset mortality) shown ifiable4-1(M = 34 kg| = 306 P&) and the 1% mortality impulse
threshold predicted by Equation 2 (the 1% mortality regression equation for the Lovelace shallow water
explosive exposures) for a-&4 animal (I = 354 Ps) shows that the test value is 14% lower than the

value pedicted using the regression equation. The 50% mortality threshold value predicted fetga 34
animal using Equation 1, the 50% mortality regression equation for the Lovelace shallow water explosive
exposures, is 544 Pa To develop an impulse refereneglue to estimate a lower bound for 50%

mortality consistent with the value for onset mortality, this prediction is lowered by 14% to 488 Pa

Using these reference values=£1468 P&, M = 34 kg) and the environmental valuesTiable4-2, the

Goertner lung injury threshold equation for 50% mortality is:

0 » pTlr p — Pas (Eqgn. 13)

Where:| = Impulsahreshold (Pas)
D= depth of animal (m)
M = animal mass (kQ)

To estimate the 50% slight lung injury impulse threshold using the Lovelace Foundation test data, a
probit analysis was conducted using the sheep lung injury data €M1 kg). The 50%sponse for lung
injury corresponded to an exposure of 2518 dollowing the procedure to conservatively estimate the
50% mortality reference point above, the 50% slight lung injury impulse threshold is reduced by 14% to
estimate a lower bound of 216 Pa Using these reference valuas(R16 P&, M = 41 kg) and the
environmental constants iflable4-2, the Goertner lung injury threshold equatidor 50% slight lung

injury is:

O » @ & P — Pas (Eqgn. 14)

4.5 Peak Pressure criterion

t SF{ LINB&aadz2NBE O2y (i NROodziSa G2 GKS aONIO1¢ 2NJ aadiy
GlOKdzYLXE | aaz2OAl (S RHigh pedkipredsiiad Sah €a8sk damaginipiistarSadeous

tissue distortionOlder military reports documenting exposuséhuman divers to blast exposure

generally describe peak pressure exposures around 100 psi (237 dB re 1 pPa peak) to feel like slight

pressure or stinging sensation on skin, with no enduring eff@sistian & @spin, 1974
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Goertner(1982) suggested a peak overpressure Gl tract injury criterion because the size of gas bubbles
in the Gl tract are variable, and their oscillation period could be gletative to primary blast wave
exposure. The potential for Gl tract injury, therefore, may not be adequately modeled by the single
oscillation bubble methodology used to estimate lung injury due to impulse. Like impulse, however, high
instantaneous pressas may damage many parts of the body, but damage to the Gl tract is used as an
indicator of any peak pressuiaduced injury due to its vulnerability.

In previous analyses, the peak pressure criterion was called the Gl tract injury criterion because it is
based on injury data for the vulnerable gasntaining organs of the gastrointestinal trabata from the
Lovelace Foundation experiments show instances of Gl tract contusions after exposurdsl 4 fusi

peak pressurewhile exposures of up to 588 gmak pressure resulted in many instances of no
observed Gl tract effects. As a vulnerable-gastaining organ, the Gl tract is vulnerable to both high
peak pressure and high impulse, which may vary to differing extents due to blast exposure conditions
(i.e., animal depth, distance from the charge). This likely explains the range of effects seen at similar
peak pressure exposure levels and shows the utility of dual injury criteria for explosives.

Examination of the Gl tract contusion data versus peaksumesyields a 50% risk at 296 psi peak
pressure (dose response fit2 £0.56). To reasonably estimate the number of animals that could be
injured due to exposure to high peak pressures, and taking into account human diver exposures (see
below), a peak presure injury threshold of 200 psi (243 dB re 1 puPa peak) is used to quantify potential
injuries. To account for injuries seen at some lower level exposures in the Lovelace data set, a peak
pressure threshold of 104 psi (237 dB re 1 pPa peak) is used tminfitigation.

4.6 Comparison to Human Diver Exposure Data

Data from human divers are informative as they provide subjective descriptions of sensations
experienced during blast exposurétuman divers were voluntarily exposed to underwater detonations

in orderto develop safety standards for human divers. For a 165 Ib. (75kg) human at 20 ft. (6 m) depth,
the impulse thresholds for quantitatively assessing mortality and injury are 7-28Rd 333 Ps,
respectively, using the impulse criteria described in tbort. The peak pressure threshold for

qguantifying injury is 243 dB re 1 pPa peak (200 psi). The human diver exposures and impacts are
described in
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Table4-3 and Table4-4 below. The exposures that exceed the thresholds for quantifying injury are
italicized. The exposures that exceed the threshold for quantifying mortality are bold. In these examples,
the explasive injury criteria in no instance underestimate the potential for effect.
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Table 4-3. Human diver blast exposure for 1.25-Ib charge at 15-ft. depth, diver on bottom in
20 ft. water depth Wright et al. 1950 (as cited in Cudahy & Parvin, 2001).

Range Described Sensation EstimatedPeak Estimated
(ft) Pressure Impulse
(psi) [psi-ms (Pas)]
120 | Loud bang. Slight pressure on torso but no discomfa 85 29 (200)
90-75 | Bang on head but ndiscomfort to ears or torso. 120150 3545 (240¢ 310)
50 Intense bang. Blow on head and chest. 240 65 (450)
40 Severe blow on heaql and torso. Body violently shak 300 76 (520)
but no substernal pain.
35 Strong blow on head and torso. Brief paralywigrms 350 88 (610)

and legs. Dull ache in chest. Brief stbrnal pain.

Violent blow on head. Brief paralysis of limbs. Sub
32 | sternal pain lasting several hours. Shattering sensat 450 110 (760)
but no permanent injury.

Table 4-4. Human diver blast exposure for 5-lb charge at 15-ft. depth, diver on bottom in 20
ft. water depth Wright et al. 1950 (as cited in Cudahy & Parvin, 2001).

Range Described Sensation Estimated Peak Pressure | Estimated Impulse
(ft) (psi) [psi-ms (Pa-s)]
110 | Sound of intense bang. 160 75 (520)
100 | Intense bang. Mild blow on chest. 175 85 (590)

90 Severe blow on chest. 195 95 (660)

Blow on head and torso. Body shaken. Brief
paralysis of arms and legs.

Violent blow. Brief paralysis of limbs. Ssternal
pain for 0.51 hour.

Violent blow. Temporary paralysis of limbs. Sub
70 | sternal pain lasting several hours. Aural damage. 260 115 (790)
Tongue lacerated. Mask blown off. Médncussion.

80 220 105 (720)

75 240 110 (760)

4,7 Summary

Two sets of thresholds are provided for use in anlitory injury assessment. The first set provides
thresholds to be used to estimate the number of animals that may be affectedli@ae4-5). The

second set provides thresholds to estimate farthest range for potential occurrence of an effect and are
for consideration in developingpitigation (se€Table4-6).
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Table 4-5: Criteria to Quantitatively Predict Non-Auditory Injuries due to Underwater

Explosions
Impact Assessment Criterion Threshold
Mortality - Impulse .
pTU P —3 Pas
Injury - Impulse .
¢ @u P 3 Pas
Injury ¢ Peak Pressure 243dB re 1 pPa peak

Table 4-6: Onset of Effect Threshold for Estimating Ranges to Potential Effect

Onset effect for mitigation consideration Threshold
Onset Mortality- Impulse .
piwo p — Pas
Onset Injury (Norauditory)- Impulse .
T ®U P —3 Pas
Onset Injury(Non-auditory)¢ Peak Pressure 237dB re 1 pPa peak
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APPENDIX A. ESTIMATING A LOW-FREQUENCY CETACEAN AUDIOGRAM

A.1. Background

Psychophysical and/or electrophysiological auditory threshold data exist for at least one species
within each hearing group, except for the ldvequency (LF) cetacean (i.e., mysticete) group,

for which no direct measures of auditory threshold have beeml@en&or this reason, an

alternative approach was necessary to estimate the composite audiogram for the LF cetacean
group.

The published data sources available for use in estimating mysticete hearing thresholds consist
of: cochlear frequencplace maps crated from anatomical measurements of basilar membrane
dimensionge.g.,Ketten, 1994 Parks et al., 2007#&arks et al., 200jbscaling relationships

between interaural time differences and uppdrequeng limits of hearindsee Ketten, 2000

finite element models of heatklated and middlesar transfer functiongCranford & Krysl,

2015 Tubelli et al., 201 a relative hearing sensitivity curve derived by integrating cat and
human threshold data with a frequengjace map for the humpack whalgHouser et al.,

2001); and measurements of the source levels and frequency content of mysticete vocalizations
(see review by Tyack & Clark, 2D0Dhese available data sources are applied here to estimate a
mysticete composite audiogram. Given that these data are limited in several regards and are
quite different from the type of data supporting composite audiograms in other species,
additional sources of information, such as audiograms from other marine nasn@re also
considered and applied to make conservative extrapolations at certain decision points.

Mathematical models based on anatomical dateve been used to predict hearing curves for
several mysticete speciés.g.Cranford & Krysl, 201Ketten & Mountain, 200p Howeve,

these predictions are not directly used to derive the composite audiogram for LF cetaceans for
two primary reasons:

(1) There are no peaeviewed publications that provide a complete description of the
mathematical process by which frequerghace mapdased on anatomical
measurements were integrated with models of middlar transfer functions and/or
other information to derive the predicted audiograms presented iresalsettings by
Ketten/Mountain(e.g. Ketten & Mountain, 2009As a result, the validity of the
resulting predicted audiograms cannot be independently evaluated, and these data
cannot be used in the present effort.

(2) Exclusion of the Ketten/Mountain predicted audiograms leaves only the
Cranford/Krysl predictedrfiwhale hearing curvéCranford & Krysl, 20)5However, this
curve cannot be used by itself to predict hearing thresholds for all mysticetes because:

(a) The Cranford/Krysl model is based oargbtransmission through the head to the
ear of the fin whale, but does not include the sensory receptors of the cochlea.
There is therefore no way to properly predict the upper cutoff of hearing and the
shape of the audiogram at frequencies above theargif best predicted
sensitivity.

(b) The audiogram does not possess the typical shape one would expect for an
individual with normal hearing based on measurements from other mammals.
{ LISOATAOIt &3 drégBendy fegipy hidl the sfiallawkasf atthighs
frequencies do not match patterns typically seen in audiometric data from other
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mammals with normal hearing. Given these considerations, the proposed
audiogram cannot be considered representative of all mysticetes without other
supporting eidence. Although the specific numeric thresholds from Cranford and
Krysl(2015 are not directly used in the revised approach explained here, the
predicted thresholds are still used to inform the LEacean composite audiogram
derivation.

Vocalization data also cannot be used to directly estimate auditory sensitivity and audible range,
since there are many examples of mammals that vocalize below the frequency range where they
have best hearing sensitly, and well below their upper hearing limit. However, it is generally
expected that animals have at least some degree of overlap between the auditory sensitivity
curve and the predominant frequencies present in conspecific communication signals.

Therefae, vocalization data can be used to evaluate, at least at a general level, whether the
composite audiogram is reasonable; i.e., to ensure that the predicted thresholds make sense
given what we know about animal vocalization frequencies, source levelgoamtiunication

range.

The realities of the currently available data leave only a limited amount of anatomical data and
finite element modeling results to guide the derivation of the LF cetacean composite audiogram,
supplemented with extrapolations from ¢hother marine mammal species groups where
necessary and a broad evaluation of the resulting audiogram in the context of whale
bioacoustics.

A.2. Audiogram functional form and required parameters
NavyPhase lltcomposite audiograms are defined by the equation

o

a Fo
T(f):T0+AIogloaé+
G

fQ &S
whereT(f) is the threshold at frequendy andTo, F, R, A, andBare constants. To understand
the physical significance and influence of the paramelerk:, F, A, andB, Eq. (A.1) may be
viewed as the sum of threieadividual terms:

B
y

(A1)

1O Ot

T(F)=T,+L(f)+H(f), (A.2)
where
()= A|ogm§el+%g, (A3)
and
cH*

The first term,To, controls the vertical position of the curve; i.& shifts the audiogram up and
down.
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The second termi(f ), controls the lowfrequency behavior of the audiogram. At low
frequencies, wheri<F, Eq. (A.3) approaches

aF. 0
L(f)= AloglogeTQ, (A.5)

which can also be written as
L(f)= AIoglOFl- Aloglof . (A.6)

Equation (A.6) has the forof y(X) =b - Ax wherex=logdf; i.e., EqQ. (A.6) describes a linear
function of the logarithm of frequency. This means that, as frequency gets smaller and smaller,
Eq. (A.3Y the lowfrequency portion of the audiogram functian approaches a linear

function with the logarithm of frequency, and has a slop@ofiB/decade. As frequency

increases towardg,, L(f ) asymptotically approaches zero.

The third term H(f ), controls the higHrequency behavior of the audiogram. At low

frequencies, wheifi<<F, Eq. (A.4) has a value of zerofA&xreasesH(f ) exponentially grows.

The parametei defines the frequency at which the thresholds begin to exponentially increase,
while the factorB controls the rate at which thresholds increase. Increaspwill move the

upper cutoff frequency to the right (to higher frequencies). IncreaBingll increase the

G aKIl NLY S & afiequerEy incréeSe. K A 3 K

0 —
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threshold (dB)
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0
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frequency (kHz) Figure A.1. Relationship between
estimated threshold, T(f), (thick, gray line), low-frequency term, L(f), (solid line), and
high-frequency term, H(f), (dashed line).
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A.3. Estimating audiogram parameters

To derive a composite mysticete audiogram using Eg. (A.1), the vallig$oF,, A, andB must

be defined The value fofly is determined by either adjustint to place the lowest threshold

value to zero (to obtain a normalized audiogram), or to place the lowest expected threshold at a
ALISOATAO {t[ 0RA yhaRe llandlfBespthe towdstl Rcet@caN thiedrieh &

defined to match the median threshold of thewater marine mammal species groups (MF

cetaceans, HF cetaceans, sirenians, otariids and other marine carnivores in water, and phocids in

g1 GSNI YSRAILY T' pn R. NB ™ setshréidformeByth@ K2 A O0Sa F21
published information regarding mysticete hearing.

The constaniis defined by assuming a value for the Hrequency slope of the audiogram, in
dB/decade. Most mammals for which thresholds have been measured haviedquency

slopes ~30 to 40 dB/decade. However, finite element models of middle ear function in fin
whales(Cranford & Krysl, 20)%and minke whale¢Tubelliet al., 2012 suggest lower slopes, of
~25 or 20 dB/decade, respectiveWye therefore conservatively assume that A = 20 dB/decade.

To defineF, we first define the variablé as the maximum threshold tolerance within the

frequency region of best sensitivity (i.e., within the frequency range of best sensitivity,

thresholds are withir¢ dB of the lowest threshold). Further,let 6 S G KS f 26 SNJ ¥ NS dzS
bound of the region obest sensitivity. Wheh=f L&) =¢, and Eqg. (A.3) can then be solved for

F as a function of ¢, and A:

F=fq10- 1). (A7)

Anatomicallybased models of mysticete hearing have resulted in various estimates for audible
frequency anges and frequencies of best sensitivityauser et al(2001) estimated best

sensitivity in humpback whales to occur in the rang@ & 6 kHz, with thresholds within 3 dB of
best sensitivity from ~1.4 to 7.8 kHz. For right whalarls et al., 2007pestimated the audible
frequency range to be 10 Hz to 22 kHz. For minke whalgselli et al(2012 estimated the

most sensitive hearing range, defined as the region with threshaeittén 40 dB of best
sensitivity, to extend from 30 to 100 Hz up to 7.5 to 25 kHz, depending on the specific model
used. Cranford and Kry&015) predicted best sensitivity in fin whales to occurla? kHz, with
thresholds within 3dB of best sensitivity from ~1 to 1.5 kHz. Together, these model results
broadly suggest best sensitivity (thresholds within ~3 dB of the lowest threshold) from ~1 to 8
kHz, and thresholds within ~40 dB of best sensitagtyow as ~30 Hz and up to ~25 kHz.

Based on this information, we assume LF cetacean thresholds are within 3 dB of the lowest

threshold over a frequency range of 1 to 8 kHz, therefore3dBand I' wm 11 1 3R NBadz Ay
= 0.41 kHEq. (A.7)]. In other words, we defifgd 2 G KF G GKNXakKz2f Ra FFNBE X o
lowest threshold when the frequency is within the region of best sensitivity (1 to 8 kHz).

To define the higHrequency portion of the audiogram, the valuesBénd F, must be

estimated. To estimat8for LF cetaceans, we take the median of Byalues from the

composite audiograms for the other-imater marine mammal species groups (MF cetaceans, HF

cetaceans, sirenians, otariids and other marine carnivores in watek phocids in water)his

results in B = 3.2 for the LF cetace#@sceBis defined F is adjusted to achieve a threshold

value at 30 kHz of 40 dB relative to the lowest threshdhds results inJF= 9.4 kHz. Finallyy 16
adjusted to setthe lowes G KNBAK2f R @l tdzS (42 n R. F2N 0KS y2NJ
the nonnormalized curve; this results in-0.81 and 53.19 for the normalized and ron

normalized curves, respectively.
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The resulting composite audiogram is showikigure A.2. For comparison, predicted

audiograms for the fin whal@Cranford & Krysl, 2035and humpback whal@Houser et al.,

2007 are included. The LF cetacean composite audiogram has lowest threshold at 5.6 kHz, but
the audiogram is fairly shallow in the region of best sensitivity, and thresholds are within 1 dB of
the lowest theshold from ~1.8 to 11 kHz, and within 3 dB of the lowest threshold from ~0.75 to
14 kHz. Lowfrequency (< ~500 Hz) thresholds are considerably lower than those predicted by
Cranford and Kry¢2015. Highfrequency thresholds are also substantially lower than those
predicted for the fin whale, with thresholds at 30 kHz only 40 dB above best hearing thresholds,
and those at 40 kHz approximately 90 dB above best threshibklresulting LF composite
audiogram appears reasonable in a general sense relative the predominant frequencies present
in mysticete conspecific vocal communication signals. While some spegjebl(ie whales)

produce some extremely love(g, 10 Hz) frequency call components, thejordy of mysticete

social calls occur in the few tens of Hz to few kHz range, overlapping reasonably well with the
predicted auditory sensitivity shown in the composite audiogram (within ~0 to 30 dB of
predicted best sensitivity). A general pattern of sosocial calls containing energy shifted

below the region of best hearing sensitivity is walcumented in other lowrequency species
including many phocid sealé¢/artzok & Ketten, 199%nd some terrestrialnammals, notably

the Indian elephan{Heffner & Heffner, 1982
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Figure A.2. Comparison of proposed LF cetacean thresholds to those predicted by
anatomical and finite-element models.
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APPENDIX B. DESCRIPTIONS OF BEHAVIORAL RESPONSES, RECEIVED LEVELS, DISTANCES, AND SEVERITY SCORING FOR DATA
USED IN THE DEVELOPMENT OF THE PHASE IIl NAVY BRFS.

Responses that are scoreditwan NDAA severity score of 1 were either of moderate severity and lasted as long as or longer than the duration of
the exposure, or were of high severity; in either case they were determined to be significant behavioral reBpemstance from thanimal

to the source is given in km (when known); if the animal did not respond the closest point of approach (CPA) is reposece Expreviations

are as follows: MFAS = Miequency active sonar; LFAS = Hoyquency active sonar; Sonarl = LFAS waithp-up; Sonar2 = LFAS without

ramp-up; PRN = pseud@ndom noise.

Max RL Distance at

RL at Without R C
_ - Response| Withouta | Responseor | Signifcant
Animal Exposure Description of Response Response | CPA for No Severity | Behavioral
HP&) 1 upa) (km)

Killer whales - 3S

Significant response was moderate

0006_317s LFAS avoidance and lasted the duration of 145 4.5 6 1
upsweep
the exposure.
Significant response was a change if
behavioral state fronforaging to
MEAS travel, which lasted longer than the

0006_327s/t duration of the exposure. Additional 129 2.27 7 1

Wi . .

upsweep responses included a change in grou
distribution and an increase in travel
speed.

MEAS A brief/minor increase in call rate anc

0008 149a change irspeed were observed, did 142 15 3 0
upsweep :
not rise to the level of a response.
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Animal

Exposure

Description of Response

RL at
Response

(dBrel
uPa)

Max RL
Without a
Response

(dBrel
HPa)

Distance at
Response or
CPA for No

Response

(km)

Southall
Severity

Significant
Behavioral
Response

0008 149a

LFAS
upsweep

A brief/minor modification in vocal
response was observed, did not rise
the level of a response.

166

1.2

0008 149a

MFAS
upsweep

The significantesponse was the
separation of a mother/calf pair,
which lasted the duration of the
exposure. Multiple additional
responses were observed, including
change in direction of travel, a brief
increase in travel speed, and an
increase in vocalizations; all thiese
were likely subsequent to or
concurrent with the mother/calf
separation.

133

0.7

00_09144alb

LFAS
upsweep

The significant response was an
avoidance response that lasted longg
than the duration of the exposure.
This response included a charige
behavioral state from foraging to
travel, as well as a change in group
distribution, an increase in
vocalizations, and an increase in tray
speed.

94.5

7.8
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Animal

Exposure

Description of Response

RL at
Response

(dBrel
uPa)

Max RL
Without a
Response

(dBrel
HPa)

Distance at

Response or
CPA for No
Response

(km)

Southall
Severity

Significant
Behavioral
Response

00_09144alb

MFAS
upsweep

The significant response was an
avoidance of the source whidasted
the duration of or longer than the
exposure period. Additional responsg
included a change in direction of
travel, an increase in travel speed, al
a change in group spacing/synchrony

94

8.9

00_09144a/b

LFAS
downsweep

The significant responsgas an
avoidance of the sound source that
lasted the duration of the exposure.
Additional responses included a
change in direction of travel, an
increase in travel speed, and a chan
in group spacing/synchrony.

161

3.2

Pilot whales - 3S

gmO08_150c

MFAS
upsweep

The significant response included
moderate avoidance, which lasted
eqgual to the duration of the exposure
Additional responses included a
cessation of vocalizations and
mimicry.

114

6.2
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a response.

Max RL | Distance at
RL at Without R L
: _ Response oute cepanss o Southall Slgnlfr_,ant
Animal Exposure Description of Response Response | CPA for No Severity | Behavioral
(dBPI’e 1 (dB re 1 Response y Response
HPa) 1 T upa) (km)
There was an increase wocalizations,
increased travel speed, and a minor
LFAS change in the direction of travel, thes
gmo08_150c upsweep lasted less than the duration of the 170 2.2 3 0
exposure and did not rise to the leve
of a response.
There was a brief cessation of
gmo8_154d MFAS vocahzaﬂonsl and a b_rlefly mpreased 152 0.23 1 0
upsweep travel speed; these did not rise to the
level of a response.
There was a brief change in directior|
LEAS of travel, and a reduced travel speed
gm08_159a that lasted less than the duration of 175 1.2 3/4 0
upsweep ) .
exposure, and therefore did not rise
to the level of a response.
gm08_159a MFAS No response was observed. 159 0.27 1 0
upsweep
There was a brief decrease in travel
LFAS speed and change in direction of
gm09_138a upsweep travel which didhot rise to the level of 172 0.35 ! 0
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duration of the exposure.

Max RL | Distance at
RL at :
Response Without a | Response of Soriall Significant
Animal Exposure Description of Response Response | CPA for No Sgtj/':arﬁ Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
MEAS There was a minor change in directid
gm09_138a of travel which did not rise to the leve 167 0.19 1 0
upsweep
of a response.
The significant response included a
gm09_138a LFAS chan_ge in behavioral state from 145 0.09 6 1
downsweep | feeding to travel, and the response
lasted the duration of the exposure.
The significant response included the
cessation of feeding (cessation of
LEAS deep dives) which lasted the duratior
gm09_156b of the exposure. Additional response 152 3.11 5/7 1
upsweep . : :
included a change in group spacing,
change in direction of travel, and an
increase in vocalizations
There was a brief change in directior|
of travel and a moderate change in
MFAS dive behavior that did not last the
gm09_156b upsweep duration of the exposure and 156 0.32 4 0
therefore did not rise to the level of &
response.
LEAS The significant response was
gmO09_156b moderate avoidance that lasted the 152 3.37 6 1
downsweep
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Max RL | Distance at
RL at :
Response Without a | Response o] Soriall Significant
Animal Exposure Description of Response Response | CPA for No | Southall | o ioral
dBre 1 Response | Severity
( ) (dBre 1 Response
HPa) (km)
Sperm whales - 3S
MEAS The significant response was
sw08 _152a upsweep moderate avoidance that lasted the 116 8.96 6 1
duration of the exposure.
The significant response was a
LEAS moderatecessation of feeding that
sw08_152a upsweep lasted the duration of the exposure. | 156 NA 6 1
addition, there was a moderate
change in vocal behavior.
The significant response was
moderate avoidance of sound source
LEAS that lasted the duration of the
sw09_141a upsweep exposure. Additional responses 151 3.3 6 1
included briefto-moderate changes ir
vocal behavior, and a brief change in
dive profile.
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responses included a moderate
change in vocal behavior, and a min(
change in direction of travel.

Max RL | Distance at
RL at :
Without a | Response or Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
There was moderate avoidance
observed, as well as an increase in
social sounds that represented a
sw09_141a MFAS moderate changg in vocalizations; 150 43 6 0
upsweep however these did not last the
duration of the exposure and
therefore did not rise to the level of &
response.
The significant response was an
avoidance response that lasted the
sw09_142a LFAS duration of the exposure. This 120 6.8 6 1
upsweep response included a moderate chang
in dive behavior, and moderate
change in direction of travel.
sw09 142a MFAS No response was observed. 146 1.8 0 0
upsweep
The significant responsgas change
in behavioral state from foraging to
travel to rest and a moderate change
sw09_142a LFAS in dlv_e behavior; these lasted the 139 8.2 6 1
downsweep | duration of the exposure. Other
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Max RL | Distance at
RL at :
Without a | Response or Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
sw09_160a MFAS No response was observed. 151 15 0 0
upsweep
The significant response included a
moderate change in dive behavior,
and a change in behavioral state fror,
sw09_160a LFAS forag!ng to travel; these lasted the 156 18 6 1
upsweep duration of theexposure. Other
responses included brief avoidance,
and a moderate change in vocal
behavior.
LEAS There was a brief avoidance at the
sw09 160a closest point of approach, but this di 166 0.9 4 0
downsweep .
not rise to the level of a response.
Humpback whales - 3S
There was a brief avoidance when tH
animal turned away from the source,
mnll 157 Sonarl but was back again at the next 164 0.96 4 0
sighting and therefore did not rise to
the level of a response.
mnll_157 Sonar2 No response wasbserved. 177 0.06 0 0
mnll_ 160 Sonarl No response was observed. 174 0.21 0 0
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Max RL | Distance at
RL at :
Without a | Response o Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
mnll_ 160 Sonar2 No response was observed. 168 0.42 0 0
mnll_ 165 Sonarl No response was observed. 174 0.24 0 0
A minor change locomotion was
observedwhen the animal made a
sharp turn, but since it was not away
mnll 165 Sonar2 from source, was not considered 175 0.2 3 0
avoidance, and did not last the
duration of the response, it did not
rise to the level of a response.
Response included a moderathange
in dive profile and moderate
mn12 161 Sonarl avoidance that mcludgd an increase NA 6 1
speed and a change in direction awg 133
from the source that lasted the
duration of the exposure.
There was a brief change in dive
profile that only lastd for one dive
mnl2 161 Sonar2 then returned to normal during the 167 0.44 2 0
exposure, and therefore did not rise
to the level of a response.
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and therefore did not rise to the level
of a response.

Max RL | Distance at
RL at :
Without a | Response or Significant
: _ Response Southall gnifc
Animal Exposure Description of Response Response | CPA for No Severity | Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
Response included moderate
cessation of feeding just after the
mnl2_164 | Sonarl onset of sonar, and an extended 125 0.83 6.5 1
change in diverofile from deep to
shallow dives; these lasted longer
than the duration of the exposure.
There was a minor change in
locomotion and a cessation of lungin
mnl2_ 164 Sonar2 coincided during the first dive of the 170 0.02 3,4 0
exposure, but these didot rise to the
level of a response.
Researchers thought there was a
prolonged cessation of feeding, whel
one animal fed for little time before
mnl2 170 Sonarl the sonar, then stopped, while the 164 0.82 7 1
other animal did not feed at all. The
feeding animals go back to feeding
some time before the next sonar.
There was a minor avoidance that dif
mn12_170 Sonar? not last the duration of the exposure, 172 0.43 5 0
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Max RL | Distance at
RL at :
Without a | Response o] Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
There was a minor change in dive
profile from deep feeding dives to
shallow dives and a minor cessation
mnl2_171 Sonarl feeding concurrent with that change, 179 0.19 3,5 0
but these did not last the duration of
the exposure and therefore did not
rise to the level of a response.
There was moderateessation of
Sonar2 (no feeding observed, but it did not last
mnl2 171 ramp up) the duration of the exposure and 182 0.06 6 0
pup therefore did not rise to the level of
the response.
There a brief avoidance away from t
source, but it was difficult to
mn12 178 Sonarl determine whethetthis tur.n was in 174 0.48 4 0
response to sonar, and did not last tt
duration of the exposure, and so did
not rise to the level of a response.
Sonar2 (no
mnl2_178 No response was observed. 174 0.25 0 0
ramp up)
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exposure.

Max RL | Distance at
RL at :
Without a | Response or Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
There was a brief change dive
mn12_179 Sonarl profllc_a, but this lasted less than_ the 173 033 5 0
duration of the exposure and did not
rise to the level of a response.
There was a minor change in dive
profile and a minor change in
Sonar2 (no | locomotion, with changes idirection
mniz_179 ramp up) and speed, but these did not last the 176 0.11 3.3 0
duration of the exposure and did not
rise to the level of a response.
The significant response included a
moderate change in dive profile and
mnl1l2 180 Sonarl moderate cessation of feedirthat 165 0.81 4,6 1
lasted longer than the duration of the
exposure.
The significant response included
mn12_ 180 Sonar2 (no | moderate avoidance .that lasted 127 0.98 6 1
ramp up) longer than the duration of the

Minke whale - 3S
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Animal

Exposure

Description of Response

RL at
Response

(dBrel
uPa)

Max RL
Without a
Response

(dBrel
HPa)

Distance at
Response or
CPA for No

Response

(km)

Southall
Severity

Significant
Behavioral
Response

ball 180

Sonarl

The significant response included
prolonged avoidance that lasted
greater than the duration of the
exposure; this response might also
have involved a cessation of feeding
There was also obvious aversion an(
sensitization, as shown by a further
change in dre pattern and increase ir]
travel speed away from the source
during the avoidance.

138

<8

Bottlenose whale - 3S

hal3_176

Sonarl

The significant response included an
extended change in dive profile, with
an unusually deep dive during the
exposuredeeper than any dive
recorded in this species. The respon
also included a prolonged avoidance
and prolonged cessation of feeding,
both of which which continued for >
hours, until the tag detachedn
addition, a larger scale acoustic and
visual surveyf the larger exposed
area showed that other animals in thi
area also evacuated for at least 6 hrg
after the exposure.

122

<5
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Max RL | Distance at
RL at :
Without a | Response o] Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
Blue whales - BRS
There was a decrease in body
bwl0_235a MEAS acceleration, l_)ut thls_was_not outsple 165 11 3 0
normal behavior fothis animal so did
not rise to the level of a response.
bw10_235b MFAS No response was observed. 143 1.7 0 0
bwl1l0_238a MFAS No response was observed. 143 4.5 0 0
There was a change in feeding
behavior, a minor cessation of
feeding, and an increase in speed by
bwl10 239b MFAS not avoidance, and none of these 159 2.8 6/5 0
responses lasted the duration of the
exposure so this did not rise to the
level of a response for this analysis.
bwl10_240a MFAS No response was observed. 163 0.5 0 0
bwl10 240b MFAS No response was observed. 154 3.7 0 0
bwl0_243a PRN No response was observed. 148 4.6 0 0
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Max RL | Distance at
RL at :
Without a | Response or Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
There was a general heading changg
bwl0_243b PRN before start of exposure, but no 153 08 0/2 0
response to the exposure was
observed.
bw10_244b PRN No response was observed. 160 1.2 0 0
The significant response included a
prolonged cessation of feeding whick
bw10_244c PRN lasted longer than the duration of the 107 1.6 ! 1
exposure.
bwl0 245a PRN No response was observed. 145 7.7 0 0
bwl0_ 246a MFAS No response was observed. 159 15 0 0
bw10_246b MFAS No response was observed. 161 1.3 0 0
There was a minor change in dive
profile and MSA and a heading
bwl0 25l1a PRN change, these did not last the duratiq 154 0.9 3/7 0
of the exposure and did naise to the
level of a response.
bwl0_265a MFAS No response was observed. 155 1.9 0 0
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Max RL | Distance at
RL at :
Without a | Response o] Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
The significant response was cessati
of feeding; this lasted longer than the
bwl0_266a MEAS duration of _the exposure. Additional 146 13 7 1
responses included axtended
change in dive profile, and a modera]
change in locomotion.
bwll 210a MFAS No response was observed. 161 1.2 0 0
The significant response included
cessation of feeding, an increase in
bwll 210b MFAS speed leading to avoidancend a 117 0.8 6/7 1
change in dive behavior; these laste(
the duration of the exposure.
bwll 21la PRN No response was observed. 154 1.1 0 0
bwll 213b MFAS No response was observed. 160 1.0 0 0
Researchers scored this as a moder;
cessation of feeding, a decrease in
lunges, a moderate change in
bwll 214b PRN orientation, and a slight increase in 149 04 6 0

speed; these did not last the duratior|
of the exposure and so did not rise t¢
the level of a response for this
analysis.
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Max RL | Distance at
RL at :
Without a | Response o Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
There was a shallow dive but it starte
bwill 218a PRN befo!re exposure, the animal began 130 56 0 0
feeding after and therefore there wag
no response.
bwill 218b PRN No response was observed. 161 1.2 0 0
There was a decrease in MSA, a
change irheading, and a change in
bwll 219b MEAS feeding behaylor prior to start of 155 13 3/4 0
exposure, during the exposure there
was a change in dive behavior that d
not last the duration of the exposure.
There was a moderate cessation of
feeding, with donger surface series,
along with minor avoidance and a
bwll 220b MEAS minor change in dive behavior; 136 12 5/6 0

however, the animal returned to
feeding during the exposure and
therefore this did not rise to the level
of a response for this analysis.
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Max RL | Distance at
RL at :
Without a | Response or Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
There was a minor/moderate
cessation of foraging, but no clear
bwill 221a PRN av0|d.ance, gnd the animal resume_d 151 06 5 0
foraging during the exposure so this
did not rise to the level of a response
for this analysis.
There was a brief heading changed
a minor orientation away from source
bw1l_221b PRN but this did not rise to the level of a 152 0.6 ! 0
response.
bwl2 292a PRN No response was observed. 149 1.2 0 0
There was an increase in foraging
bwl3 19l1a Real MFAS | behavior, no other response was 146 19.5 0 0
observed.
bwl3 259a MFAS No response was observed. 127 5.2 0 0

Beaked whales - BRS
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Animal

Exposure

Description of Response

RL at
Response

(dBrel
uPa)

Max RL
Without a
Response

(dBrel
HPa)

Distance at
Response or
CPA for No

Response

(km)

Southall
Severity

Significant
Behavioral
Response

zcl0 _272a

MFAS

The significant response included
moderate/prolonged cessation of
clicking (indicative of foraging),
moderate/ sustained avoidance and
an increase ispeed and body
acceleration as well as a change in
direction, these lasted longer than th
duration of the exposure

98

35

6/7

bb12_214a

MFAS

There was an increase in speed, a
change in heading, and possible
moderate avoidance, and a change i
depth/dive behavior at start of
exposure, but the animal resumed
foraging during the exposure
therefore this did not rise to the level
of a response.

138

35

4/6

zcll 267a

MFAS

The significant response was a
prolonged cessation of feeding and
sustainedavoidance which lasted
longer than the duration of the
response. Additional responses
included an unusual dive profile, and
decrease in speed/body acceleration

95

3-5

6/7

zcl3 210a

Real MFAS

No response was observed.

124

>60
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Max RL | Distance at
RL at :
Without a | Response o] Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBP:'S 1| @Bre1 | Response Y| Response
a uPa) (km)
North Atlantic right whale - Alarm signal
Response included cessation of dive . )
rapid ascent, an abnormally lon Estimated:
NARW 1 Alarm pid ascent, yong 148 within one 5 1
surface interval, and more time spen :
kilometer
at subsurface depths.
Response included cessatiohdive, . )
rapid ascent, an abnormally lon Estimated:
NARW_2 Alarm P S ylong 143 within one 5 1
surface interval, and more time spen .
kilometer
at subsurface depths.
Response included cessation of dive . )
rapid ascent, an abnormally lon Estimated:
NARW_3 Alarm P S ylong 137 within one 5 1
surface interval, and morime spent .
kilometer
at subsurface depths.
Response included cessation of dive . )
rapid ascent, an abnormally lon Estimated:
NARW_4 Alarm P S yiong 135 within one 5 1
surface interval, and more time spen .
kilometer
at subsurface depths.
Response included cessation of dive . )
rapid ascent, an abnormally lon Estimated:
NARW 5 Alarm pid ascent, yong 133 within one 5 1
surface interval, and more time spen .
kilometer
at subsurface depths.
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Max RL | Distance at
RL at :
Without a | Response o] Significant
. . .. Response Re n CPA for N Southall .
Animal Exposure Description of Response sponse or No S . Behavioral
(dB rel Response everity Response
Pa) (dBrel p
a uPa) (km)
Estimated:
NARW_6 Alarm 134 within one 0 0
No response was observed. kilometer
Fin whales - SURTASS LFA
Fin whale 1 LFAS No response was observed. 148 NA 0 0
Fin whale 2 LFAS No response was observed. 148 NA 0 0
Fin whale 3 LFAS No response was observed. 148 NA 0 0
Fin whale 4 LFAS No response was observed. 148 NA 0 0
Fin whale 5 LFAS No response was observed. 148 NA 0 0
Blue whale - SURTASS LFA
Blue whale 1 | LFAS No response was observed. 150 NA 0 0
Humpback whales - SURTASS LFA
Response was cessation of song
: vocalizations; this lasted &ng as or
Singer 1 LFAS longer than the duration of the 132 43 ° 0
exposure.
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longer than the duration of the
exposure.

Max RL | Distance at
RL at :
Without a | Response or Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
Response was cessation of song
. vocalizations; this lasted as long as (¢
Singer2 LFAS longer than the duration of the 142 0.5 5 0
exposure.
Response was cessation of song
. vocalizations; this lasted as long as ¢
Singer3 LFAS longer than the duration of the 121 <113 5 0
exposure.
Response was cessation of song
. vocalizations; this lasted as long as ¢
Singerd LFAS longer than the duration of the 126 <6.7 5 0
exposure.
Response was cessation of song
. vocalizations; this lasted as long as ¢
Singers LFAS longer than the duration of the 122 45 5 0
exposure.
Response was cessation of song
Singers LEAS vocalizations; this lasted as long as ¢ 138 05 5 0
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Animal

Exposure

Description of Response

RL at
Response

(dBrel
uPa)

Max RL
Without a
Response

(dBrel
HPa)

Distance at

Response or
CPA for No
Response

(km)

Southall
Severity

Significant
Behavioral
Response

Singer7

LFAS

The singer stopped vocalizing during
the sonar playback, however they
joined with other animals and
therefore the change was not in
response to sonar.

124

5.2

Singer8

LFAS

The singer stopped vocalizing during
the sonarplayback, however they
joined with other animals and
therefore the change was not in
response to sonar.

133

Singerd

LFAS

The singer stopped vocalizing during
the sonar playback, however they
joined with other animals and
therefore the change wasot in
response to sonar.

137

1.2

Singerl0

LFAS

The singer stopped vocalizing during
the sonar playback, however they
joined with other animals and
therefore the change was not in
response to sonar.

122

8.0

Singerll

LFAS

The singer did nagtop vocalizing
during the sonar playback, therefore
no response was observed.

124

6.7
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Max RL | Distance at
RL at :
Response Without a | Response of Soriall Significant
Animal Exposure Description of Response Response | CPA for No Sgtj/;rﬁ Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
The singer did not stop vocalizing
Singerl2 LFAS during the sonar playback, therefore 150 13 0 0
no response was observed.
The singer did nagtop vocalizing
Singerl3 LFAS during the sonar playback, therefore 150 0.4 0 0
no response was observed.
The singer did not stop vocalizing
Singerl4 LFAS during the sonar playback, therefore 140 7.4 0 0
no response was observed.
The singer did nadtop vocalizing
Singerl5 LFAS during the sonar playback, therefore 129 3.8 0 0
no response was observed.
The singer did not stop vocalizing
Singerl6 LFAS during the sonar playback, therefore 132 16.6 0 0
no response was observed.
The singer did nadtop vocalizing
Singerl? LFAS during the sonar playback, therefore 133 7.3 0 0
no response was observed.
Bottlenose dolphins - CES
Dolphin 1 MFAS No response. 115 0.01 0 0
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one trial.

Max RL | Distance at
RL at :
Response Without a | Response o] Soriall Significant
Animal Exposure Description of Response Response | CPA for No Sgtj/':arﬁ Behavioral
(dB rel (dB re 1 Response Yy Response
HPR) | pa) (km)
Dolphin 2 MEAS Mlnor'change in respiration rate on 115 001 3 0
one trial.
Dolphin 3 MEAS Mlnor'change in respiration rate on 115 001 3 0
one trial.
Dolphin 4 MFAS No response. 115 0.01 0 0
Dolphin 5 MFAS No response. 115 0.01 0 0
Dolphin 6 MFAS No response. 130 0.01 0 0
Dolphin 7 MEAS Mlnor_ change in respiration rate on 130 001 3 0
two trials.
Significant response was refusal to
Dolphin 8 MFAS participate on tenth trial. Minor 130 0.01 7 1
change in respiration on one trial.
Dolphin 9 MEAS Mlnor f:hange in respiration rate on 130 001 3 0
nine trials.
Dolphin 10 MFAS Noresponse. 130 0.01 0 0
Dolphin 11 MEAS Minor change in respiration rate on 145 0.01 3 0
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one trial.

Max RL | Distance at
RL at :
Response Without a | Response o] Soriall Significant
Animal Exposure Description of Response Response | CPA for No Sgtj/':arﬁ Behavioral
(dBPI:) 1 (dB re 1 Response Yy Response
a 1Pa) (km)
: Significant response was fluke slaps
Dolphin 12 MFAS . 145 0.01 6 1
two trials.
: Significant response was refusal to
Dolphin 13 MFAS participate ontenth trial. 145 0.01 ! 1
Dolphin 14 MFAS No response. 145 0.01 0 0
Dolphin 15 MEAS Mlnor_ change in respiration rate on 145 0.01 3 0
two trials.
Dolphin 16 | MFAS ('\)"Agi';ig:’ange In respiration rate on 160 0.01 3 0
Dolphin 17 | MFAS ('\)"Agot';i‘;?a”ge Inrespirationrate on | 44 0.01 3 0
Dolphin 18 MFAS No response. 160 0.01 0 0
: Significant response was refusal to
Dolphin 19 MFAS participate on first trial. 160 0.01 ! 1
Dolphin 20 MEAS Ic\)/lr:r;?:iglhange in respiration rate on 160 001 3 0
Dolphin 21 MEAS Minor change in respiration rate on 175 001 3 0
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participate all trials.

Max RL | Distance at
RL at :
Without a | Response o] Significant
: L Response Southall gnifc
Animal Exposure Description of Response Response | CPA for No Severity | Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
Significant response was refusal to 175
Dolphin 22 MEAS part|C|pate_ on 'three t_rlals and quke_ 001 7 1
slaps on six trials. Minor changes in
respiration.
Dolphin 23 MEAS Slgn_lf_lcant response was refusal to 175 0.01 7 1
participate on all trials.
Significant response was refusal to 175
Dolphin 24 MFAS participate on seven trials. Minor 0.01 7 1
change in respiration on nine trials.
Dolphin 25 MEAS Mmor_change in respiration rate on 175 001 3 0
one trial.
Dolphin 26 MEAS Slgnlf!cant response was refusal to 185 0.01 7 1
participate all trials.
Dolphin 27 MEAS Slgnlf!cant response was refusal to 185 0.01 7 1
participate all trials.
Dolphin 28 MEAS Slgnlf!cant response was refusal to 185 0.01 7 1
participate all trials.
Dolphin 29 MEAS Significant response was refusal to 185 0.01 7 1
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on remaining five trials.

Max RL | Distance at
RL at :
Without a | Response o] Significant
. .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI:) 1 (dB re 1 Response Yy Response
a uPa) (km)
Dolphin 30 MEAS Slgqlf!cant response was refusal to 185 001 7 1
participate all trials.
California sea lions - CES
Significant response was refusal to
Sea Lion 1 MEAS part|C|pat_e on fou_r trials. Minor 125 001 7 1
changes in duration of submergence
and respiration rate throughout trials,
Sea Lion 2 MEAS m;}gr change in respiration othree 195 0.01 3 0
Sea Lion 3 MEAS L\/Iri:lgr change in respiration on three 125 0.01 3 0
Sea Lion 4 MEAS Slgn_lf_lcant response was refusal to 140 0.01 7 1
participate on two trials.
Sea Lion 5 MFAS No response. 140 0.01 0 0
Sea Lion 6 MFAS No response. 140 0.01 0 0
Significant response was to haul out
Sea Lion 7 MFAS on five trials and refusal to participats 155 0.01 9 1

155




Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill)

June 2017

on five trials.

Max RL | Distance at
RL at :
Without a | Response or Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
H LPa) (km)
Sea Lion 8 MEAS Mlnor_change in respiration rate on 155 001 3 0
four trials.
Sealion 9 MEAS Minor c_hange in respiration rate on 155 0.01 3 0
three trials.
Significant response was to haul out
Sea Lion 10 MFAS on eight trials and refusal to 170 0.01 9 1
participate on remaining two trials.
Significant response was refusal to
participate on seven trials. Minor
Sea Lion 11 MFAS change in respiration rate on nine 170 0.01 7 1
trials. Increase in submergence time
throughout.
Significant response was to haul out
on one trial and refuse to pddipate
Sea Lion 12 MFAS on remaining eight trials. Minor 170 0.01 9 1
change in respiration rate on nine
trials.
Significant response was to haul out
Sea Lion 13 MFAS on five trials and refusal to participatt 185 0.01 9 1
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feeding, and animal sensitized to the
sound.

Max RL | Distance at
RL at :
Without a | Response or Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBPI’ae) 1 (dB re 1 Response y Response
a uPa) (km)
: Significanresponse was refusal to
Sea Lion 14 MFAS participate on all trials. 185 0.01 7 1
Significant response was refusal to
: participate on two trials. Minor
SeaLion 15 MFAS increase in respiration rate on two 185 0.01 ! !
trials.
Gray seals - CES
Significant response was a flight
response and abandonment of
Gy Seal 1 MFAS feeding, and animal sensitized to the 170
sound. 0.001 6 1
Significant response was a flight
response and abandonment of
Gray Seal 2 MFAS feeding, and animal sensitized to the 170 0.001 6 1
sound.
Significant response was a flight
Gray Seal 3 MEAS response and abandonment of 170 0.001 6 1
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feeding.

Max RL | Distance at
RL at :
Response Without a | Response of Soriall Significant
Animal Exposure Description of Response Response | CPA for No Sgtj/':arﬁ Behavioral
(dBPI’e 1 (dB re 1 Response y Response
HPa) 1 T upa) (km)
Significant response was a flight
response and abandonment of
Gray Seal 4 MFAS feeding, and animaensitized to the 170 0.001 6 !
sound.
Significant response was a flight
response and abandonment of
Gy Seal 5 MFAS feeding, and animal sensitized to the 170 0.001 6 1
sound.
No response occurred, and animal
Gray Seal 6 MFAS habituated to the sound. 170 0.001 0 0
No response occurred, and animal
Gray Seal 7 MFAS habituated to the sound. 170 0.001 0 0
Significant response was a flight
Gray Seal 1 MFAS response and abandonment of 160
feeding. 0.001 6 1
Significant response wadlaght
Gray Seal 2 MFAS response and abandonment of 155 0.001 6 1
feeding.
Significant response was a flight
Gray Seal 3 MFAS response and abandonment of 160 0.001 6 1
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dive activity, andloating with head
out of water.

Max RL | Distance at
RL at :
Response Without a | Response of Soriall Significant
Animal Exposure Description of Response Response | CPA for No Sgtj/':arﬁ Behavioral
(dBP:'S 1 (dBre 1 Response Y| Response
a uPa) (km)
Significant response was a flight
Gray Seal 4 MFAS response and abandonment of 160 0.001 6 1
feeding.
Significant response was a flight
Gray Seal 5 MFAS response and abandonment of 159 0.001 6 1
feeding.
Gray Seal 6 MFAS No response occurred. 180 0.001 0 0
Gray Seal 7 MFAS No response occurred. 180 0.001 0 0
Hooded seals - CES
Significant response was active
avoidance of sound source, reduced
Hoodedseal 1 | MFAS dive activity, and floating with head 165 NA 6 1
out of water.
Significant response was active
i NA
Hooded seal 2| MEAS avoidance of sound source, reduced 167 6 1
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Max RL | Distance at
RL at .
Without a | Response o] Significant
. . .. Response Re CPA for N Southall .
Animal Exposure Description of Response sponse or No Severit Behavioral
(dBP:'S 1| @Bre1 | Response Y| Response
a uPa) (km)
Significant response was active
Hooded seal 3| MFAS avoidance of sound source, reduced) ;¢4 NA 6 1
dive activity, and floating with head
out of water.
Significant response was active
Hooded seal 4| MFAS avoidance of sound source, reduced) 4, NA 6 1
dive activity, and floating with head
out of water.
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APPENDIX C. PHASE Illl SUMMARY OF CRITERIA FOR DETERMINING ACOUSTIC AND
EXPLOSIVE EFFECTS TO MARINE SPECIES FROM NAVY SOUND SOURCES

C.1. Introduction

¢tKS F2ft26Ay3 A& | ONRARST adzYYINER 2F GKS bl geQa
Criteria and Thresholds for predicting acoustic and explosive effects to marine species. It is

primarily meant to guide the NAEMO analysts in order to begirPtmese Il acoustic and

explosive modeling.

C.2. General

The highest order effect predicted is the one that is reported: mortality >anaitory injury >
PTS > TTS > behavioral response.

Sound exposure leve{SEL) and roaneansquare (rmsyound pressurdevels(SPL) will be

calculated based on the actual signal duration. For impulsive sounds, SEL at the receiver shall be
calculated based on 90% of the weighted received energy over the duration of an individual
pulse. (Note that this differs from Phas&EL calculation for explosives, which consisted of
calculating SEL using the rms received level over an assumestooid duration rather than

the actual pulse duration.)
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C.3. Marine Species Hearing Groups

Table C.1. Species group designations for Navy Phase lll auditory weighting functions.

Code Name Members
LF Low-frequency Family Balaenidae (right and bowhead whales)
cetaceans

Family Balaenopteridae (rorquals)
Family Eschrichtiidae (gray whale)
Family Neobalaenidae (pygmy right whale)

MF Mid-frequency Family Ziphiidae (beaked whales)
cetaceans Family Physeteridae (Sperm whale)
Family Monodontidae (Irrawaddy dolphin, beluga, narwhal)

Subfamily Delphininae (white-beaked/white-sided/
Ri ssobs/ bottlenose/ spontolhins)spi nner

Subfamily Orcininae (melon-headed whales, false/pygmy killer whale, killer
whale, pilot whales)

Subfamily Stenoninae (rough-toothed/humpback dolphins)
Genus Lissodelphis (right whale dolphins)
Lagenorhynchus albirostris (white-beaked dolphin)
Lagenorhynchus acutus (Atlantic white-sided dolphin)
Lagenorhynchus obliquidens (Pacific white-sided dolphin)
Lagenorhynchus obscurus (dusky dolphin)

HF High-frequency Family Phocoenidae (porpoises)

cetaceans Family Platanistidae (Indus/Ganges river dolphins)
Family Iniidae (Amazon river dolphins)

Family Pontoporiidae (Baiji/ La Plata river dolphins)
Family Kogiidae (Pygmy/dwarf sperm whales)

Genus Cephalorhynchus ( Commer sonds, Chil ean,
dolphins)

Lagenorhynchus australis ( P e & or black-chinned dolphin)
Lagenorhynchus cruciger (hourglass dolphin)

OW | Otariids and other | Family Otariidae (eared seals and sea lions)
non-phocid marine | Eamily Odobenidae (walrus)

carnivores (water) Enhydra lutris (sea otter)

Ursus maritimus (polar bear)

PW | Phocids (water) Family Phocidae (true seals)

Sl Sirenians Family Trichechidae (manatees)
Family Dugongidae (dugongs)

TU Sea turtles Family Cheloniidae (loggerhead, green, hawksbill, Kemp's ridley, olive
ridley, flatback sea turtle)

Family Dermochelyidae (leatherback sea turtle)

OA | Otariids and other | Family Otariidae (eared seals and sea lions)
non-phocid marine | Eamily Odobenidae (walrus)

camivores (ai) Enhydra lutris (sea otter)

Ursus maritimus (polar bear)

PA Phaocids (air) Family Phocidae (true seals)
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C.4. Auditory Weighting Functions and Temporary & PTS For all Analyzed Navy Sound
Sources

In Phase lll, auditory weighting functions will be used to adjust the received SEL before
comparing that level to thresholds for TTS and PTS fibr ibgpulsive and nommpulsive sounds
(SeeTable @ andFigure C1). Auditory weighting functions will not be applied when calculating
SPL in any instance. TTS and PTS use the weighted SEL for Hotpulsive and impulsive
sound types.

For sonar and other transducers, pings and active transmissions are summed to a cumulative
SELcSEL) during an event or over 24 hours for multiday events. The cSEL is then weighted using
the appropriate weighting function for that hearing group, beforéngecompared to the

threshold for determining TTS or P(BgeFigure ). Similarly, for broadband sources (i.e.,
explosives, airguns, impact pilendng, and vibratory pile driving), cumulative SEL is summed
across the full frequency range and then weighted using the appropriate weighting function for
that hearing group before being compared to the threshold for determining TTS or PTS (See
Figure ).

Although frequency weighting is applied, upper and lower frequency cutoffs will be considered
as to what sources and events should be assessedlliearing group.
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Table C.2. Summary of Navy Phase Ill weighting function parameters and TTS/PTS thresholds at that hearing group’s most
sensitive frequency. SEL thresholds in dB re 1 pPa%s underwater and dB re (20 uPa)?s in air. Peak SPL thresholds in dB re 1 uPa
underwater and dB re 20 pPa in air (groups OA and PA only).

w10 Ie (f ; fl)za :J Non-impulsive Impulse
gm%g“(f I (e fz)2§§ thrl;rhsold thr:sThSold thr;rhsold thr:;—hsold
Group| a b f1 f2 C SEL SEL SEL peak SPL _SEL peak_ SPL
(kHz) (kHz) | (dB) (weighted) (weighted) (weighted) |(unweighted)| (weighted) | (unweighted)
LF 1 2 0.20 19 0.13 179 199 168 213 183 219
MF 1.6 2 8.8 110 1.20 178 198 170 224 185 230
HF 1.8 2 12 140 1.36 153 173 140 196 155 202
Sl 1.8 2 4.3 25 2.62 186 206 175 220 190 226
ow 2 2 0.94 25 0.64 199 219 188 226 203 232
PW 1 2 1.9 30 0.75 181 201 170 212 185 218
TU 14 2 0.077 0.44 2.35 200 220 189 226 204 232
OA 14 2 2.0 20 1.39 157 177 146 170 161 176
PA 2 2 0.75 8.3 1.50 134 154 123 155 138 161
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To properly compare the TTS/PTS criteria and thresholds used by Navy for Phase Il and Phase I, both
the weighting function shape and weighted threshold values must be taken into account; the weighted
thresholds by themselves only indicate the TTS/PT&Stimid at the most susceptible frequency (based

on the relevant weighting function). Since the exposure functions incorporate both the shape of the
weighting function and the weighted threshold value, they provide the best means of comparing the
frequencydependent TTS/PTS thresholds for Phase lllafigire C2 andC3).

The most significant differences between the Phase Il and Phase Il functions include the following:

(1) Thresholds at low frequencies are generally higher for Phase Ill compdridde II. This is because

GKS tKIF&aS LL ¢SA3IKG M Fdiy\QliSpufal stdlii2payiaBer (0 KS aa
frequencies, where no TTS existed at that time. Since derivation of the Phase Il thresholds, additional

data have been collecteKastelen et al., 2012bKastelein et al., 2013lKastelein et al., 20140

support the use of exposure functions that continue to increase at frequencies below the region of best
sensitivity, similar to the behavior of mammalian audiograms and human auditory weighting functions.

(2) The sea turtle thresholds are higher dtfe@dquencies compared to those used in Phase Il. In Phase II,
turtles were assumed to have TTS thresholds at their most susceptible frequency equal to those of MF
cetaceans at their most susceptible frequency. However, sea turtles have best sensitiwitgat
frequencies than MF cetaceans. Turtles are known to have poor auditory sengBitgl & Ketten,

2006 Dow Piniak et al., 201 Martin et al., 2012and TTS thresholds for turtles are likely more similar

to those of fishes than to marine mamméRopper et al., 2014 Therefore, the TTS/PTS thresholds for
turtles were increased relative to those used in Phase II.

(3) The Phase Il underwater thresholds for otariids and other marine carnivores (group OW) are lower
than those used in Phase II. In Phase Il, the TT$ fondke otariids was taken directly from the

published literaturgKastak et al., 20Q5for Phase Ill, the actual TTS data from Kastak G5 were

fit by a TTS growth curve using identical methods as those used with the other species groups.
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Figure C.1. Navy Phase lll weighting functions for all species groups. Parameters required to
generate the functions are provided in Table C.2 above.
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Figure C.2. TTS and PTS exposure functions for sonar and other (non-impulsive) active
acoustic sources. Heavy solid lines — Navy Phase Il TTS exposure functions (Table C.2). Light
gray solid lines — Navy Phase Il PTS exposure functions (Table C.2). Dashed lines — Navy
Phase Il TTS exposure functions. Short dashed lines — Navy Phase Il PTS exposure functions.
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Figure C.3. TTS and PTS exposure functions for explosives, impact pile driving, air guns, and
other impulsive sources. Heavy solid lines — Navy Phase Ill TTS exposure functions (Table
C.2). Light gray solid lines — Navy Phase Ill PTS exposure functions (Table C.2). Dashed lines
— Navy Phase Il TTS exposure functions. Short dashed lines — Navy Phase Il PTS exposure
functions.
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C.5. Behavioral Response for Sonar & Other Transducers

The Phase IIl behavioral criteria will be defined for specific groups based on bebawioral dataThe

Behavioral Response Functions (BRFs) are used to estimate the percentage of an exposed population
likely to exhibit a significant behavioral response at a given received B&1L20 dBe 1uPa step
function will continue to be usedf harbor porpoises. All functions will be used in conjunction with a
distance cuoff (see below).

The biphasic doseesponse function:

The BRFs use unweighted SPL {@hfor sonarand othertransducers (se@able G, Figure Ci, Figure

00

C5, Figure @&, andFigure 7).

Upper and lower frequency cutoffs will be considered when assessing potential acoustic impacts.
G§KSANI SySNBe@

{ 2dzNDSa

gAUOK Y2al

27

for potential behavioral responses within NAEMO.

Sound propagation for sonar and other active acoustic sources should be modeled to are0DudHz
received level or 100 km, whichever is closer to the source. Below 1891 a no responses will be

(C.1)

GAGKAY

calcuated because the risk of a significant behavioral response is assumed to be negligible.

Table C.3. BRF biphasic dose response function equation values, and overall maximum and

50% probability received SPLs. SPLs are given in dB re 1 pPa (rms). P(Lg) is the probability of

response, Lr is the received SPL, p is the proportion of the curve comprising the second
(stronger) phase, L; is the SPL at the midpoint proportion of the first phase, L, is the SPL at
the midpoint proportion of the second phase, and h1 and h; are the hill slopes of the two
phases. Also, step function for harbor porpoises.

Biphasic Dose Response Function: 0 0

]

Criteria Group Max RL | 50% RL L1 L hy h» p
Odontocetes 185 157 118 161 0.07 0.08 0.23
Pinnipeds 185 166 110 168 0.09 .10 0.15
Mysticetes (and 185 177 136 178 0.07 0.13 0.18
Manatees)
Beaked Whales 185 144 98 145 0.16 0.07 0.11
Harbor porpoises step function of 120 dB re 1 yuPa
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Figure C.4. The Bayesian biphasic dose-response BRF for Odontocetes. This curve has a 50%
probability of response at 157 dB re 1 pPa. The blue solid line represents the Bayesian
Posterior median values, the green dashed line represents the biphasic fit, and the gray
represents the variance. [X-Axis: Received Level (dB re 1 uPa), Y-Axis: Probability of
Response]
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Figure C.5. The Bayesian biphasic dose-response BRF for Pinnipeds. This curve has a 50%
probability of response at 166 dB re 1 uPa. The blue solid line represents the Bayesian
Posterior median values, the green dashed line represents the biphasic fit, and the gray
represents the variance. [X-Axis: Received Level (dB re 1 uPa), Y-Axis: Probability of
Response]
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Figure C.6. The Bayesian biphasic dose-response BRF for Mysticetes. This curve has a 50%
probability of response at 177 dB re 1 puPa. The blue solid line represents the Bayesian
Posterior median values, the green dashed line represents the biphasic fit, and the gray
represents the variance. [X-Axis: Received Level (dB re 1 uPa), Y-Axis: Probability of
Response]
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Figure C.7. The Bayesian biphasic dose-response BRF for Beaked Whales. This curve has a 50%
probability of response at 144 dB re 1 pPa. The blue solid line represents the Bayesian
Posterior median values, the green dashed line represents the biphasic fit, and the gray
represents the variance. [X-Axis: Received Level (dB re 1 uPa), Y-Axis: Probability of
Response]
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Distance cubffs will be designated for species group, beyond which the criteria for that group will not

apply (se€Table G1).

Table C.4. Cutoff distances for (a) moderate source level, single sound source platform
training and testing events and for (b) all other events with multiple sound source platforms
or sonar with source levels at or exceeding 215dBre1 pPa @ 1 m.

Cutoff Distances
o Moderate SL / High SL /
Criteria Group Single Platform Multig-;PIatform
Low-Frequency Cetaceans (Mysticetes) LF 10 km 20 km
Mid-Frequency Cetaceans MF 10 km 20 km
Beaked Whales 25 km 50 km
High-Frequency Cetaceans HF 10 km 20 km
Harbor porpoises 20 km 40 km
Sirenians SI 10 km 20 km
Phocid Pinnipeds (In-Water) PW 5 km 10 km
Otariid Pinnipeds, Walruses, Sea Otters,
Polar Bears F()In-Water) ow 5 km 10 km

Sea turtle behavioral criteria for sonar and other transducers was developed with NMFS based on
exposure to air gun@icCauley et al., 2000In addition, the working group that prepared the ANSI
Sound Exposure Guidelin@opper et al., 2004orovide paranetric descriptors of sea turtle behavioral
responses to sonar and other transducers.

Per discussions with NMFS, the received sound level at which sea turtles are expected to actively avoid
air gun exposured,75 dB re 1 yPa SRhsbased on studies of sgurtles exposed to air guns

(McCauley et al., 2000is also expected tbe the received sound level at which sea turtles would

actively avoid exposure to sonar and other transducers during Navy training and testing aclihiges.
behavioral threshold will be applied to sources up to 2 kHz.

Theworking group that prepared thANSI Sound Exposure Guideliffespper et al., 201¢provide a
parametric description that sea turtles would have a low behavioral response toréopwency sonar
and other transducers at near (tens of meters), intermediate (hundreds of megd)ar (thousands
of meters) distances. A response would likely decrease over increasing distance.
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C.6. Behavioral Response for Multiple Impulses from Explosives

Phasdll explosive criterifor marine mammalsvill be the hearing groups TTS threshold minus 5 dB (see
Table &) for eventsthat contain multiple impulses from explosivesderwater. Note, this$ the same
approach taken in Phase Il explosive analysis.

Table C.5. Phase lll behavioral thresholds for explosives for marine mammals. The received
signal is weighted using the appropriate weighting functions (shown above in Figure C.2 for
Phase lll functions) before comparing to the numerical thresholds listed in this table.
Weighted SEL thresholds in dB re 1 uPa2s underwater, and unweighted SEL thresholds in-air is
dB re 20 pPaZs.

Medium Group SEL
163
Underwater LF
(WFLF)
Underwater ME 165
(WFwF)
Underwater HE 135
(WFHF)
Underwater S| 170
(WFsi)
1
Underwater OW 83
(WFow)
Underwater PW 165
(WFpw)
In-Air OA 100dB re %0
(Unweighted)
In-Air PA 100d B re %0
(Unweighted)

Sea turtle behavioral criteria for explosives was developed with NMFS based on exposure to air guns
(See McCauley et al., 2000n addition, the working group that prepared the ANSI Sound Exposure
GuidelineqPopper et al., 20D4rovide parametric descriptors of sea turtle behavioral responses to
explosives.

Per discussions with NMRSBe received sound level at which sea turtles are expected to actively avoid
air gun exposured,75 dB re 1 yPa SAhsbased on studies of sea turtles exposed to air guns
(McCauley et al., 2000is also expected to be the received sound level at which sea turtles would
actively avoicevents with multiple explosions during Navy training and testing activities.
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C.7. Behavioral Criteria for Pile Driving and Air guns for Marine Mammals and Sea Turtles

Thresholds for TTS and PTSirfgoact pile driving and aguns will be the same impulsive thresholds
discussed abovi®r marine mammalgseeTable Q). Vibratory pileextractionwill use the non
impulsive PTS and TTS threshdtdgnarine mammalgseeTable ).

Determination of a significant belvioral response for marine mammals will be based on SPL of the
highest received signal (sé@able (&).

Table C.6. Pile Driving and Air gun Behavioral Thresholds for marine mammals to be used in
Phase Ill Analysis.

Behavioral Threshold

Source (SPLindBrele Pa
[rmsgo%])
Vibratory 120 dB

Pile Extraction

Impact

Pile Driving and Airgun 160 dB

Sea turtle behavioral criteria for air guns, and impact and vibratory pile driving was developed with
NMFS based on exposure to air gg8se McCauley et al., 2000n addition, the working group that
prepared the ANSI Sound Exposure GuideljRepper et al., 201¢provide parametric descriptgrof
sea turtle behavioral responses to air guns and pile driving.

Per discussions with NMFSthaeshold of175 dB re 1 pPa SPL rimapplied to estimate sea turtle
behavioral reactions to repeated air gun firing during Navy testing activities. Adalltipthe received
sound level at which sea turtles are expected to actively avoid air gun expo$dedB re 1 uPa
SPlrms(See McCauley et al., 2000 expected to be the received sound level at which sea turtles
would actively avoid exposure to impact and vibratory pile driving noise during Naming activities.

C.8. Mortality and Injury (Non-Auditory) for Explosives

The criterion for mortality is based on severe lung infggrived from Goertner, 1982nd the criteria
for nonrauditory injury are based on slight lung injury or gastrointestinal (Gl) tract injury.

Mortality and slight lung injurimpacts onmarine mammals and sea turtles will be predicted using
thresholds for both calf/pup/juvenilerad adultweights(Table ). The 50% thresholds for mortality
and slight lung injury will be used to calculate impacts. The onset (i.e., 1%) thieslibloe used to
model zones of impact to inform mitigation assessment. At this time, it is undetermined if the 50%
threshold will be accepted for use in quantifying impacts. Therefore, up to four sptedittions will
result for each species:

1. mortality and slight lung injury for calf/pup/juvenile mass using 50% response thresholds
2. mortality and slight lung injury for median adult mass using 50% response thresholds

3. mortality and slight lung injury for calf/pup/juvenile mass using onset threshold
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4. mortality and slight lung injury for median adult mass using onset thresholds
Adult and calf impacts will be apportioned during ppsbcessing dependent on area and season.

Impulse integration time will be the lesser of initial positive impulse or 20%rksanance periodas
described in Goertner, 1982This assures thahe received impulse is not owgredicted for signals
that lack the rapid rise time capable of causing injuries.

An additional criterion for nofauditory injury is onset of Gl tract injury, which is the same for all species
for explosive impacts. To reanably estimate the number of animals that could be injured due to
exposure to high peak pressures, the Navy Phase Il explosive analysis will use peak pressure injury
threshold of 200 psi (243 dB re 1 pPa peak). To account for injuries seen at somkel@verposures,

a peak pressure threshold of 104 psi (237 dB re 1 yuPa peak) is proposed to estimate potential ranges to
effect for the purposes of deriving appropriate mitigation ranges.

Two sets of thresholds are provided for use in +aanlitory injuryassessment. The first set provides
thresholds to be used to estimate tmmber of animals that may be affected (SEable C7). The
second set provigs thresholds to estimate farthest range for potential occurrence of an effect (see
Table ).

Table C.7. Criteria to Quantitatively Assess Non-Auditory Injury due to Underwater
Explosions.

Impact Assessment Criterion Threshold

Mortality - Impulse .
pTux p — Pa-s

Injury - Impulse .
Oy p — Pas

Injury - Peak Pressure 243 dB re 1 yPa peak

Where M is animal mass (kg) and D is animal depth (m).

Table C.8. Onset of Effect Threshold for Estimating Ranges to Potential Effect.

Onset effect for mitigation Threshold
consideration

Onset Mortality - Impulse

prilc p — Pas
Onset Injury - Impulse (Non-auditory) .

T R0 P — Pa-s
Onset Injury - Peak Pressure (Non- 237 dB re 1 pPa peak

auditory)

Where M is animal mass (kg) and D is animal depth (m).
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Table C.9. Animal masses for analysis of impulse-based injury.
. Representative
X Calf / Pup Mass Adult Mass - Maximum
Species Name Common Name i Adult Mass
(kg)* [Typical Range]? .
(kg)
Cetaceans
Family Balaenidae
Eubalaena glacialis North Atlantic right whale 91(» 90,00 18,00@¢
Eubalaena japonica North Pacific right whale 91(» 90,00 18,006
Family Balaenopteridae
Balaenoptera ) 13,500
Minke whal 20C¢ 4,000
acutorostrata inke whale [4,000 ¢ 13,500
. . 45,000
Balaenoptera borealis Sei whale 650 [20,000¢ 25,0001 20,000
. A s 40,006
Balaenopteraedeni .NERSQa 6KI § 6802 [16,000¢ 25,000] 16,000
200,000
Bal t I BI hal 2,000 ' 72,000
alaenoptera musculus ue whale , [72,000¢ 135,000] ,
. 120,000
Balaenoptera physalus Fin whale 1,750 [30,000- 90,000] 30,000
Megaptera novaeangliae | Humpback whale 680~ 48,000 25,000
gap g p [25,000 48,000] ’
Family Eschrisctiidae
_ 45,000
Eschrichtius robustus Gray whale 50¢¢ [14,00035,0001 14,000
Family Delphinidae
. ) Longbeaked commo . 70 (surrogate: short
Delphinus capensis gt : 9 (surrogate: short 235 beaked common
dolphln beaked common dolphin) dolohi
olphin)
Shortbeaked common 200
Delphi delphi 9 70
eiphinus delphis dolphin [70-1731
Feresa attenuata Pygmy killer whale 7 (surrogte: strped 229 150
dolphin) [150¢ 2257
Globicephala . . 3950
Shortfinned pilot whal 372 600
macrorhynchus ortiinned priot whate [600¢ 39507]
. . . 2300 (M¥, 1300
Globicephala melas Longfinned pilot whale 70 [28(0317501] ® 280
Grampus griseus wA&dazoa R2f L 47 500 150
Lagenodelphis hosei CN} aSNDna R2f 1% 210 (MY, 160 (@ 80
Atlanticwhite-sided
Lagenorhynchus acutus an .ICW fre-side 20 >230 (M3, >180 (@ 90
dolphin
L hynch ) .
agenornynenus White-beaked dolphin 400 350 (MY, 310 (P 155
albirostris
Lagenorhynchus Pacific whitesided 12 200 (My, 150 (P 75
obliquidens dolphin [75-1819]
Lissodelphis borealis Northfern fightwhale 7 (surrogate: strped 115 35
dolphin dolphin)
10,500 (MY, >3800 (P
Orcinus orca Killer whale 160 /500 (M), ® 2,600

[2,600¢ 10,500]
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) Representative
) Calf / Pup Mass Adult Mass - Maximum
Species Name Common Name i Adult Mass
(kg)* [Typical Range]? 5
(kg)
Peponocephala electra Melon-headed whale 15 278 160
ponocep [160¢ 275
Pseudorca crassidens False killer whale 8C¢ 2200 700
[700¢ 2,200
Pantropical spotted 7 (surrogate: striped 120 (M}
Stenella attenuata gate: stripe 36
. dolphin dolphin) [100-119]
Stenella clymene Clymene dolphin 7 (s“’(;"?a;?:)Stripe“ 80 (Mp, 75 (P 37
olphin
Stenella coeruleoalba Striped dolphin 72 160 (M}, 150 (B 75
Stenella frontalis Atlantic spotted dolphin 7 (s“’c:"?ar:?:)s”ipe“ 143 (MY, 130 (P 65
olphin
Stenella longirostris Spinner dolphin 7 (s“’c:"?al:?:)s”ipe“ 78 (MY, 65 (P 32
olphin
. . ; 160 (M
Steno bredanensis Roughtoothed dolphin 7 (surrogatestriped (My 48
dolphin) [122d]
. Indo-Pacific bottlenose
Tursiops aduncus . 9 230 (M}, 180 (B 20
dolphin
. Common bottlenose
Tursiops truncates . 142 650 (MY, 260 (B 130
dolphin
Family Kogiidae
Kogia breviceps Pygmy sperm whale 23 450 135
g p ygmy sp (<4007
. 303
Kogia sima Dwarf sperm whale 14 91
g P [210¢ 3037
Family Monodontidae
11001600 (M¥y, 700
Delphinapterus leucas Beluga whale 80 1200 (B 400
[400-1500]
Monodon monoceros Narwhal 8(» 1600 (My, 1000 (B 500
Family Phocoenidae
. . . 170200 (MYy, 180 (B®
Phocoenoidedalli 51 tfQa t 2NL}3 6k 90
[123¢ 200
. 90 (MY, 76 (P&
Phocoena phocoena Harbor porpoise 5d 40
P porp [40 C 90°]
Family Physeteridae
57,000 (M3, 24,000 (B
Physeter macrocephalus | Sperm whale 10000 16,000
y p p [16,000¢ 57,0001
FamilyZiphiidae
Berardius arnouxii I Ny 2dzEQa 6851 2506 a dNNR 31 3600(surrogate:
beaked whale) . FANRQA ©S|
Berardius berardii CFANRQE 68 q 2PQoaanne3rd 12,000 3600
beaked whale)
Northernbottl - -G
Hyperoodon ampullatus | o - o POHEN0se 2506 & a2 31 6 28007500 2250
whale beaked whale)
Indopacetus pacificus [2y3AYlIyQa 069 228 5106 2 dnne 34
beaked whale)
Mesoplodon bidens {26SNDbeQa 09 17¢ 1300 390
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) Representative
) Calf / Pup Mass Adult Mass - Maximum
Species Name Common Name i Adult Mass
(kg)* [Typical Range]?
(kg)*
Mesoplodon carlhubbsi | | dzo 6 Q& wbafel | § 170 (sumogate: 1500 450
{26SND&Qa 0§
Mesoplodon densirostris | . £ Ay @At t SQ3F 604 >800 (M3, >1000 (P 400
Mesoplodon europaeus | DSNIIF AaQ oS! 490 >120@ 366
. Ginkgotoothed beaked 60 (surrogate: 400(surrogate:
Mesoplodon ginkgodens gate: . 5 5
P ginkg whale LtEAYOALE SQY '“Wﬁa’;?“ts
Meosplodon hectori | §0G2NRA o8}  B0wumogae [<8001 240
CEEAYOATE S0]
Mesoplodon layardii Straptoothed whale 179(5”"093‘9: >1300 390
{26 SND & Quhale) §
Mesoplodon mirus ¢ NHzS§Qa oSl § 13¢ >1020 (M3, 1400 (B 510
Mesoplodon perrini t SNNAYyQa o8l  60wumogate: 400
L EEAYOAEE SQA
Mesoplodon peruvianus | Pygmy beaked whale 495 & aNNp 31 6 4 240
beaked whale)
Mesoplodon stejnegeri | { 1 2y S3ISND A 8@ 1600° 480
i N N - 170 te: 390 surrogate:
Tasmacetus shepherdi | { KSLIKSNRQa @ -/ U(surrogate: (26SND2 QA
{26SNbeQa o9 whale)
Ziphius cavirostris | dzOA SNR& o6St 250 2600 (MY, 3000 (P 1300
Carnivores
Family Mustelidae
Enhydra lutris Sea otter 2a ‘ 45 (Mp, 33 (B | 16
Family Phocidae
400 (MY, 300 (®
Cystophora cristata Hooded seal 223, w,xnn [192-352 (MP, 145300 145
(FYI
. 260 (My-425 (Fy
Erignathus barbatus Bearded seal 29m. ¥, 00,pp, qq 130
9 [250-3007
. 130z 1, ss, tt, uu, v, 400 (My’ 250 (Fl)
Halichoerus grypus Gray seal ww [170-310 (Mp, 105186 105
(F)I
90P-148
Histriophoca fasciata Ribbon seal 226k 72
P [72¢ 909
2500 (MY, 710
Mirounga angustirostris | Northernelephant seal 8gmm [2000((M)))600(F(;:]t) 355
230 (M}, 270
Monachus schauinslandi | Hawaiian monk seal 5(0ra. bb (M3, " 165
[170¢ 240
. . 140 (M}, 130 (B
Pagophilus groenlandicug Harp seal 18p. z cc. dd, ee 65
gopnits 9 e [135 (M}, 120 (P
170 (M}, 130 (P
Phocavitulina Harbor seal go.fh. I [70-150 (MY, 60110 60
(FY]
11
Pusa hispida Ringed seal 20 50
P 9 (50-70]
130
Ph largh | 2099 2
oca largha Spotted seal (0 [82-123) 8
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) Representative
) Calf / Pup Mass Adult Mass - Maximum
Species Name Common Name . i ) Adult Mass
(kg) [Typical Range] (ke)?
Family Otariidae
220 (Mp, 55 (F
Arctocephalus townsendi| Guadalupe fur seal 13 16(}170((M§’ 40(530:5, 27
) 270 (Myb, 60
Callorhinus ursinus Northern fur seal 12i [200_25(0 )(1M)? 45(?Ff)] 30
1100 (M}, 350 (P&
Eumetopias jubatus Steller sea lion 40i [566-1000 (M¥<, 263 175
273 (A
390 (My1b, 110 (BLb
Zalophus californianus California sea lion 15k [35(0 ()aM):’ 100 Eg 55
Sirenians
Family Dugonginae
Dugong dugong ‘ Dugong ‘ 200 ‘ 4000 | 120
Family Trichechidae
Trichechus manatus ‘ West Indian manatee ‘ 27° ‘ 1590 | 477
Sea Turtles
Family Cheloniidae
Caretta caretta Loggerhead turtle 8.7 [70¢ 170}y 70
. 39%

Chelonia mydas Green turtle 8.7 [110¢ 190} 110
Eretmochelys imbricata | Hawksbill turtle 7.4 [46 ¢ 70) 4&/
Lepidochelys kempii YSYLIQ& NARf § 6.25 [32¢ 49} 3
Lepidochelyslivacea Olive ridley turtle 7.18 [35-45) 3y
Family Dermochelyidae

. 916’ 300/
Dermochelys coriacea Leatherback turtle 35.18 [300¢ 500}

1Where the literature provides a range of sizes, the lowest value is shown. For cetaceans, sirenisos)endrnivoresMustelidag
bearded and gy seals within Phocidae), newborn masses are provided. For the remaining carnivores, the pup mass is the lowest ¢
mass that the pup enters the water. For sea turtles, pelagic juvenile (appsoxnfasses are provided.

2 Maximum, typical, and sespecific adult mass values provided when available. Representative adult mass is a reasonable estimatg
low adult mass for a species. For sexually dimorphic species, mass of the smaller sex is &eraned.information available for specieg
variable, the following were followed to estimate representative adult mass:
1. Lowest end of adult range, if a reasonable representative range is available OR lowest end of reasonable adult rangstof
sex
2. Ifthe above is not available, either (in order applied):
a. 50 % of maximum mass of smallest sex
b.  30% of maximum overall mass or maximum largest sex mass
c. Mass at maturity
d. Surrogate species

181



Criteria and Thresholds for U.S. Navy Acoustic and Explosive Effects Analysis (Phase Ill)

June 2017

2 (Reeves et al., 2002
b (Jefferson et al., 2008

¢ (Perrin et al., 200R

d Reidenberg and Laitmg2009) in(Perrin et al., 200P
¢Mann et al.(2000)

f(Gambell, 198p

9 (Westgate & Read, 2006

" (Nachtigall et al., 2005

i (Heise, 199y

i (Plon, 2003

k(Ferrero & Walker, 199

'(Dalebout et al., 2003

™ (Lydersen et al., 2002

" (Iverson et al., 1993

° (Caldwell & Caldwell, 1985

P (Southwood et al., 2007

9(Wood & Wood, 199)

" (Okuyama et al., 2030

s(McVey & Wibbles, 1984nd(Caillouet et al., 1986
t(Rajagopalan et al., 1984

U (Jones, 200P

v Sea Turtle Consermey https://conserveturtleorg (2015
“(Kovacs & Lavigne, 1992

*(Lydersen et al., 1997

Y(Lydersen & Kovacs, 1999

z(Kovacs, 1987

aa(Kenyon, 1981

bb (Antonelis et al., 2003

¢c(Kovacs & Lavigne, 1985

dd (Kovacs et al., 1991

e¢(Lyderse & Kovacs, 1996

ff (Drescher, 197p

99(Boveng et al., 2009

hh (GalleReynoso & Figuere@arranza, 2010
i (Testa, 201p

ii (Loughlin, 2009

K (Tikhomirov, 197

(Bums, 198)

mm(Reiter et al., 1978

""(Bowen et al., 1986

%(Andersen et al., 1999

PP (Kovacs, 2002

% (Lydersen et al., 1994

" (Bonner,1981)

ss(lverson et al., 1993

t(Mellish et al., 1999

W (Haller et al., 1996

W(Bowen et al., 2007

“w(Noren et al., 2008

*(Newsome et al., 2006
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