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behavioral impact thresholds, auditory masking assessments, evaluations to help understand
the ultimate effects of any particular type of impact on an individual’s fitness, population
assessments, etc.) to help evaluate the effects of a proposed action and make the relevant
findings required by NOAA’s various statutes.

This Technical Guidance is classified as a Highly Influential Scientific Assessment (HISA) by
the President’s Office of Management and Budget (OMB). As such, independent peer
review was required prior to broad public dissemination by the Federal Government. Details
of the three peer reviews, associated with the Technical Guidance, are within this document

(Appendix C).

This document is organized so that the most pertinent information can be found easily in
the main body. Additional details are provided in the appendices. Section I introduces the
document. NMFS’ updated acoustic thresholds for onset of PTS for marine mammals
exposed to underwater sound are presented in Section II. NMFS’ plan for periodically
updating acoustic thresholds is presented in Section III. More details on the development of
acoustic thresholds, the peer review and public comment process, research
recommendations, alternative methodology, and a glossary of acoustic terms are found in the
appendices.

The following Tables and Figures summarize the three main aspects of the Technical
Guidance: 1) Marine mammal hearing groups (Table ES1), 2) Marine mammal auditory
weighting functions (Figures EST and ES2; Table ES2), and PTS onset acoustic thresholds
(Table ES3).
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Table ES1:  Marine mammal hearing groups.

Hearing Group

Generalized
Hearing Range*

Low-frequency (LF) cetaceans
(baleen whales)

7 Hz to 35 kHz

Mid-frequency (MF) cetaceans
(dolphins, toothed whales, beaked whales, bottlenose whales)

150 Hz to 160 kHz

High-frequency (HF) cetaceans
(true porpoises, Kogia, river dolphins, cephalorhynchid,
Lagenorhynchus cruciger & 1. australis)

275 Hz to 160 kHz

Phocid pinnipeds (PW) (underwater)

(true seals)

50 Hz to 86 kHz

Otariid pinnipeds (OW) (underwater)
(sea lions and fur seals)

60 Hz to 39 kHz

* Represents the generalized hearing range for the entire group as a composite (i.e., all species within the
group), where individual species’ hearing ranges are typically not as broad. Generalized hearing range chosen
based on ~65 dB threshold from normalized composite audiogram, with the exception for lower limits for

LF cetaceans (Southall et al. 2007) and PW pinniped (approximation).

Table ES2:  Summary of weighting and exposure function parameters.*

Hearing Group alb (k{iz) (kjgz) ( dg) ( dllg)
Low-frequency (LF) cetaceans 1.0[12] 0.2 19 1 0.13 [ 179
Mid-frequency (MF) cetaceans 1.6 | 2| 88 110 | 1.20 | 177
High-frequency (HF) cetaceans 1812 12 140 | 1.36 | 152
Phocid pinnipeds (PW) (underwater) 1.012] 1.9 30 | 0.75] 180
Ortariid pinnipeds (OW) (underwater) 201 2] 094 25 1 0.64 | 198

W(f)=C+1OIogw{ (I/fl)za 5 b}
L+ (F/f) [+ (/)]

* Equations associated with Technical Guidance’s weighting (W(f)) and exposure functions (E(f)):

E(f)=K-10log,, I {f'iﬁ}:“ —
\[1+ G/ AT+ 1))
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Table ES3: Summary of PTS onset acoustic thresholds.

PTS Onset Acoustic Thresholds”

(Received Level)

Hearing Group

Impulsive

Non-impulsive

Low-Frequency (LF)
Cetaceans

Cell 1
Lpk flat: 219 dB
LE,LF24h: 183 dB

Cell 2
LE,LF24h: 199 dB

Mid-Frequency (MF)
Cetaceans

Cell 3
Lpk flat: 230 dB
LE,MF,24h: 185 dB

Cell 4
LE,MF,24h: 198 dB

High-Frequency (HF)
Cetaceans

Cell 5
Lpkflat: 202 dB
LE,HF,24h: 155 dB

Cell 6
LE,HF 24h: 173 dB

Phocid Pinnipeds (PW)
(Underwater)

Cell 7
Lpkflat: 218 dB
LE,pw 24h: 185 dB

Cell 8
LE,Pw,24h: 201 dB

Otariid Pinnipeds (OW)
(Underwater)

Cell 9
Lpk flat: 232 dB
LE,0w,24h: 203 dB

Cell 10
LE,0w,24h: 219 dB

* Dual metric acoustic thresholds for impulsive sounds: Use whichever results in the largest isopleth for
calculating PTS onset. If a non-impulsive sound has the potential of exceeding the peak sound pressure level
thresholds associated with impulsive sounds, these thresholds should also be considered.

Note: Peak sound pressure (Ipx) has a reference value of 1 pPa, and cumulative sound exposure level (Lg)

has a reference value of 1uPaZ%s. In this Table, thresholds are abbreviated to reflect American National

Standards Institute standards (ANSI 2013). However, peak sound pressure is defined by ANSI as
incorporating frequency weighting, which is not the intent for this Technical Guidance. Hence, the subscript
“flat” is being included to indicate peak sound pressure should be flat weighted or unweighted within the
generalized hearing range. The subscript associated with cumulative sound exposure level thresholds indicates
the designated marine mammal auditory weighting function (LF, MF, and HF cetaceans, and PW and OW
pinnipeds) and that the recommended accumulation period is 24 hours. The cumulative sound exposure level
thresholds could be exceeded in a multitude of ways (i.e., varying exposure levels and durations, duty cycle).
When possible, it is valuable for action proponents to indicate the conditions under which these acoustic

thresholds will be exceeded.
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Figure ES1: Auditory weighting functions for low-frequency (LF), mid-frequency

(MF), and high-frequency (HF) cetaceans.
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Figure ES2: Underwater auditory weighting functions for otariid (OW) and phocid

(PW) pinnipeds.
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Technical Guidance’s acoustic thresholds are more complex reflecting the current state of
scientific knowledge regarding marine mammal hearing and the characteristics of sound that
have the potential to impact marine mammal hearing sensitivity.

This is the first time NMFES has presented this information in a single, comprehensive
document, which can be used by NMFS analysts/managers and other relevant action
proponents/stakeholders, including other federal agencies, when seeking to determine
whether and how their activities are expected to result in auditory impacts to marine
mammals via acoustic exposure.

1.1.1  Acoustic thresholds within the Context of an Effects Analysis

The Technical Guidance’s acoustic thresholds do not represent the entirety of an effects
analysis, but rather serve as one tool to help evaluate the effects of sound produced during a
proposed action on marine mammals and make findings required by NOAA’s various
statutes. In a regulatory context, NMFES uses acoustic thresholds to help assess and quantify
“take” and to conduct more comprehensive effects analyses under several statutes.

Specifically, the Technical Guidance will be used in conjunction with sound source
characteristics, environmental factors that influence sound propagation, anticipated marine
mammal occurrence and behavior near the activity, as well as other available activity-specific
factors, to estimate the number and types of takes of marine mammals. This document only
addresses acoustic thresholds for auditory impact (i.e., does not address or make
recommendations associated with sound propagation or marine mammal occurrence or

density).

1.2 ADDRESSING UNCERTAINTY AND DATA LIMITATIONS

Inherent data limitations occur in many instances when assessing acoustic effects on marine
mammal hearing. Data limitations, which make it difficult to account for uncertainty and
variability, are not unique to assessing the effects of anthropogenic sound on marine
mammals and are commonly encountered by resource managers (Ludwig et al. 1993; Francis
and Shotton 1997; Harwood and Stokes 2003; Punt and Donovan 2007). Southall et al.
(2007) and Finneran (2016) acknowledged the inherent data limitations when making
recommendations for criteria to assess the effects of noise on marine mammals, including
data available from a limited number of species, a limited number of individuals within a
species, and/or limited number of sound soutces. Both Finneran (2016) and Southall et al.
(2007) applied certain extrapolation procedures to estimate effects that had not been directly
measured but that could be reasonably approximated using existing information and
reasoned logic. The Technical Guidance articulates where NMFES has faced such uncertainty
and variability in the development of its acoustic thresholds.

1.2.1 Assessment Framework

NMES’ approach applies a set of assumptions to address uncertainty in predicting potential
auditory effects of sound on individual marine mammals. One of these assumptions includes
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Figure 1: Auditory weighting functions for low-frequency (LF), mid-frequency

(MF), and high-frequency (HF) cetaceans.
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Figure 2: Underwater auditory weighting functions for otariid (OW) and phocid

(PW) pinnipeds.

The overall shape of the auditory weighting functions is based on a generic band-pass filter
described by Equation 1:

(f/f)>
[+ (/)1 [+(f/1,)°]

W(f)=C +10|Oglo{ }dB Equation 1

where W) is the weighting function amplitude in decibels (dB) at a patticular frequency (ff
in kilohertz (kHz). The function shape is determined by the following weighting function

parameters:

e Low-frequency exponent (4): This parameter determines the rate at which the
weighting function amplitude declines with frequency at the lower frequencies. As
the frequency decreases, the change in amplitude becomes linear with the logarithm
of frequency with a slope of 20a dB/decade.
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e High-frequency exponent (b): Rate at which the weighting function amplitude
declines with frequency at the upper frequencies. As the frequency increases, the
change in amplitude becomes linear with the logarithm of frequency with a slope of
20b dB/decade.

e Low-frequency cutoff (f7): This parameter defines the lower limit of the band-pass
filter (i.e., the lower frequency where weighting function amplitude begins to roll off
or decline from the flat, central portion of the function). This parameter is directly
dependent on the value of the low-frequency exponent (a).

e High-frequency cutoff (f2): This parameter defines the upper limit the band-pass
filter (i.e., the upper frequency where weighting function amplitude begins to roll off
or decline from the flat, central portion of the function). This parameter is directly
dependent on the value of the high-frequency exponent (b).

e Weighting function gain({): This parameter determines the vertical position of the
function and is adjusted to set the maximum amplitude of the weighting function to
0 dB.

Finneran (2016) illustrates the influence of each parameter value on the shape of the
weighting function (Appendix A, Figure A2).

In association with auditory weighting functions are exposure functions that illustrate how
auditory weighting functions relate to auditory acoustic thresholds. Exposure functions
(Equation 2) are the inversion of Equation 1:

E(f)=K —10log [ (fL A" | dB

b

G TR+ a2 T |

Equation 2

where E(f)is the acoustic exposure as a function of frequency (/) and the gain parameter
constant (K), which is adjusted to set the minimum value of the curve to the weighted
PTS/TTS onset auditory threshold. All other parameters are the same as those in Equation
1. Figure 3 illustrates how the various weighting parameters relate to one another in both the
auditory weighting and exposure functions.
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Figure 3: Illustration of function parameter in both auditory weighting functions

and exposure functions (from Finneran 2016). Reference to Equations
1 and 2 match those in the Technical Guidance.

Finneran (2016) (Appendix A, Figures A-22 and A-23) provides a comparison of these
updated auditory weighting functions with previously derived weighting functions (Finneran
and Jenkins 2012 used in Navy Phase 2 Analysis).

2.2.3 Derivation of Function Parameters

Numeric values associated with weighting function parameters were derived from available
data from audiograms (measured and predicted), equal latency contours, and marine
mammal TTS data using the following steps from Finneran (2016):

1. Derivation of marine mammal composite audiograms (original and normalized) for
each hearing group (Resulting normalized composite audiogram: Figure 4; Data
sources: Table 2).
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Figure 4: Resulting normalized composite audiograms for low-frequency (LF),
mid-frequency (MF), and high-frequency (HF) cetaceans and phocid
(PW) and otariid (OW) pinnipeds (from Finneran 2016). For resulting
original composite audiogram, see Appendix A, Figure A5.
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