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Ocean Noise StrategfoadmapExecutive Summary

INTRODUCTION

LYONBlFaAy3a Kdzyty FOGAGAGET |f2y3 Y2NB 2F (GKS S| NI
ocean environments, is leading to rising levels of underwater nbiiseeasingioise levels are impacting

the animals and ecosystems thahiabit these places in complex ways, including through acute, chronic,

and cumulative effects. In the U.S., the National Oceanic and Atmospheric Administration (NOAA) is the
federal agency that holds the most responsibility for protecting aquatic animalsheeir habitats,

0KNRBdAK | @FINASGe 2F tS3Ff YIyRIFIGSad bh! ! Q& | LILINE
underwater noiseshouldbe multi-faceted. Numerous studies illustrate specific adverse physical and

behavioral effects that exposure to cemasound types and levels can have on different species.

Additionally, sound is a fundamental component of the physical and biological habitat that many aquatic
animals and ecosystems have evolved to rely on over millions of years. In just the last a/BJ@uyean

activities have caused large increases in noise and changes in soundsEapss changes can lead to

reduced ability to detect and interpret environmental cues that animals use to select mates, find food,
maintain group structure and relationgds, avoid predators, navigate, and perform other critical life

Fdzy QliA2yad ¢KSNBEF2NBESZ bh! shoudainytbaddre3Schrénif ffecsantdt & | Y R
conserve the quality of acoustic habftan addition to minimiingmore direct adverse physal and

behavioral impacts wspecific species.

| SNBZ ¢S LINBaSyd GKS bh!! hRb&mgp ThiedbcarBentfsiledignéds 3 & 0
to support the implementation of an agenayide strategy for addressing ocean noise over the next 10
years TheRoadmafK A IKf AIKG& | LI GK G2 SELIYR bh!! Qa KA&G2!

by additionally addressing noise impacts on high value acoustic habitats. Fundamentally, the Strategy
Roadmapserves as an organizing tool to rally the npltiNOAA offices that address ocean noise

impacts around a more integrated and comprehensive approach. A series of key goals and
NBEO2YYSYRFEGA2Yya | NB LINSBASYGSR GKIF{G ¢2ddZ R SyKIFyOS
places they inhabit in the coaxt of a changing acoustic environment. The StrafRggdmapgs not

intended to be a prescriptive listing of progrdevel actions. Instead this document is intended to

provide a crosdine office roadmap summarizing some of the essential steps thatdmutaken across

GKS 3SyoOe (2 OKAS@PS GKS { (N} GS3JofQdiseimpacts & F2NJ Y2

The information and guidance included in tReadmajcan strengthen the abilities of regulatory and
science programs addressing noise impdatcluding those with noisgroducing operations) to meet

their existing strategic goals and plans. Some recommendations suggest actions that could be taken by
individual programs within the agency, while others highlight opportunities for paralleftgabi

partnerships among multiple program&rafting and implementing modernized management

approaches that balance competing need$egitimate ocean usegrotected species, andatural

acoustic habitatsvill continue to present NOAA significasttalengesover the cominglecade.The
recommendations outlineth the Roadmagsuggest crosagency actions thatould put NOAA on the

path to meeting these challenges and achieving the goals obtitetegy It is important to note that in
FRRAGAZY (G2 O2yaSNIAY3I YINARYS NBaz2dz2NOSaz bh!! Qa Y
and their habitat, including impacts from noise, provided those impacts are not too severe and

! The sound present in a particular location and time, considered as a whole
% Distinguishable soundscapes experienced by individual animassemilageof speciesinclusive of both the
sounds they create and those they hear.
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appropriate protective meases are included. NOAA implements these responsibilities via
authorizations, consultations, and other mechanisms, and incorporates a variety of protective measures
to minimize the impacts of noise. The Strategy aims to further ensure that NOAA is adglitessm

broader goals as effectively as possible across multiple actions and programs, and that the agency is
targeting the science and stakeholder engagement necessary to support its diverse responsibilities.

HISTORY AND DEVELOPMENT OF OVERARCHING GOALS

In 2010 NOAAeadershipcommittedto improving the tools used byhe agencyto evaluate the impacts

of anthropogenic noise on cetacean specitBis led to the convening tfio parallel dataand product

RNAGSY G2N] Ay3 INRAzLIA yGRxf 169 Gl @Sty a1 yF SRy { I2adzydR S {L
CetSound working groupfl) creatal a new cetacean density and distribution data visualization and

exploration tool, and(2) prediced wide-ranging, longerm underwater noise contributions from

multiple human actiities. In 2012, the geospatial tools developed by these working groups were

presented to a large audience representing a diversity of stakeholders. Following the broadly positive

reception of the tools, NOAA leadership encouraged the development ofyadi@cean Noise Strategy

to guide the agency to a more integrated and comprehensive management of ocean noise impacts.

{GFFF +tyR £SIRSNBKALI FNRBY bh!! CAAKSNASAQ hFFAOSa
FYR GKS bl A2yl ite ohNat®hayMafiné Salciu@i€s@i@ntifliedr ®verarching
goalsthe Strategy aims to achieve

1. SCIENCE: NOAA and federal partners are filliaged criticaknowledge gaps and building
understanding of noise impacts over ecologicadlievant scales

2. MANAGEMENY bh! ! Q& | OGA2ya INB AyiS3aINIGSR | ONRaa
chronic and cumulative effects of noise on marine species and their habitat

3. DECISION SUPPORT TOOLS: NOAA is developing publically available tools for assessment,
planning and mitigation of noismaking activities over ecologicallglevant scales

4. OUTREACH: NOAA is educating the public on noise impacts, engaging with stakeholders &
coordinating with related efforts internationally

In order to advance a Yfear strategy to accomplish this visiam2013NOAA leadership solicited
participation ina crossNOAA team (see Appendix tbat would encompasa diverse group of scientific
experts, regulatory practitioners, managers, and lawyers who are knowledgestble field of ocean
noise and represent multiple programs or authorities through which NOAA regutasesarchesand

has activities that createcean noiseParticipants identified the need forraadmapdocument to
articulate the goals athe Strateqy and to suggesdpproachedor achieving anore integrated and
comprehensivainderstanding anenanagement of ocean noise impacts. A subset of participants (see
Appendix D) then drafted the Ocean Noise Strateggdmap The drafRoadmapvas circulated in

2015 first among all Strategy participants, and then more broadly within the line offices they
represented. In addition, Strategy leads provided informational briefings and distributed the document
to additional NOAA programs that had potential interesthe initiative but that did not identify staff to
participate in the drafting.

*TheteY Yl ylI 3SYSyidé NBFSNE KSNB (G2 Fff bht! +OGA2ya (KL
resources. Such actions include a variety of methods by which individual NOAA programs implement their long

term strategic plans, including, but not limited, tactivity-specific regulation of impacts to individual species,

prioritization of internal capacities, providing regional, national and international leadership or coordination of

protective actions, and providing recommendations or guidance to otherréd@dand state agencies.

2
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OCEAN NOISE STRATRGXDMAP

The purpose of the NOAA Ocean Noise StraRggdmaph & (2 adzZlJLI2 NI GKS | 3Sy0e Q:
capabilities and authorities tmore effectivelyunderstand andaddresshe effects of noise on protected

speciesandl 02 dza A O KIFIoAdGl Gao C2dzNJ OKI LJISNE | RRNBaa 1S
provide placebased examples:

Chapter 1:Reviewing species leveipacts ofoceannoise and associatedamagement actios
Chapter 2 Establishingthe foundation for understanding and managiagpustic habitat$or
NOAA trust species and places

Chapter 3Reviewingb h ! 1 Q& O dzNNXB gharactérizd dhuatic okndlstapsid
enhandngthis capacity for the future

Chapter 4:Applyingrisk assessment to pladmsed examplethat highlightRoadmagscience
and management recommendations

Chapter l(Reviewingpecies levaéimpacts of ocean noise and associated management actioitis)

assotated Appendices, summarizes the status of the science needed to understand, characterize, and
YEyF3aS GKS SFFSOdGa 2F y2AiasS | ONbBtings arnd summaizes LINR (1 SO
historical approaches to noise management, and presents recordat&ms for improved approaches

moving forward.The Chaptehighlighs the current status cdind need formethodological approaches

to determine population level and cumulative consequences to NOAA resobrdes. ! Q& | dzii K2 N& 0 A
addressingroiseimpactson managed species and their identified habitats are then summarized, and

current practices for applying these authorities are descrifdée. Chapter identifies high priority

science, risk assessment, and managenssaimples to increase the effectiveneg@sT b h! ! Q& OdzZNNBYy
management practices to address chronic and cumulative noise impextroaden practices to

better address impacts to turtles, fish and marine invertebrafedditional detail is provided in the

associated AppendiceSppendix Aoutlines the status of science regarding sound useahy noise

impacts tq four broad taxonomic groups for which NOAA has different management responsibilities:

marine mammals, fish, invertebrates, and sea turthagpendix Bsummarizes the status of informati

regarding presence, abundance, distribution, density, habitat use, and population trends for these

species.

Chapter AEstablishing the foundation for understanding and managiagoustic habitatfor NOAA trust
species and placgpresensthe basis for the development of an agengide strategyto more
comprehensivelynanagenoise impacts n acoustic habitat.b h | | Q &-basdél mabagement tools

are examined taonsider their application to acoustic habitat protection goals, highlightiigities

that are underway ocould beundertakento achieve these goalRecommended activities include: 1)
partnerships with regulated federal agencies and industries to address loeigerand widefranging

noise impacts via promotion of quieter techingies; 2) development of tools and application to marine
planning and traditional protected species management efforts to accourtuigmulative noise within

places wherecoustically active or sensitive spedige; and 3) fulfilling the current poterai of existing
NOAA authorities to address noise implications within areas with more holistic protective goals, such as
brGA2y It alNAYS {IyOidzZ NASad ¢ KNP dJzIK highiiriEk Ay F2 NY I
acoustic habitatare discussed, inallingimplications forbroadening the focus of noiselated research

to better characterize habitat status and noise influence as mediated through entire ecosystems.

Chapter JReviewingb h ! | Q& O dzZNNX S gharacterize dhjuatic olndlstapmisc®enhandng this
capacity for the futuraddresses the science needs highlighted in Chapters 1 and 8upgést a need
for the agency to augment its capacity to effectively understand and accurately characterize

3
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soundscapes and the component sostidat comprise it.Soundscapesan be characterized through

the use of a range of both fixed and mobile equipment platforms to collect acoustic detaistic
analysesaninclude measurement of both specific sounds over short time frames, to broader

quantificaions of themultiple componentsounds and overarching variability inherent in a soundscape

or acoustic habitatln addition, in the absence of empirical data, the use of predictive sound field

modeling to assess the likely acoustic contribution of anthgmac sources in various hunmase

scenarioplays akeyroleifSSGAy3 bh! ! Qa &aOA Sy Officedayrdss NOANdred SY Sy i
increasingly utilizing a variety of fixed and mobile platforms to collect acoustic data to study the ecology

and behavioof marine animals, ambient ocean noise, geophysical events, as well as anthropogenic

noise that could affect marine lif¢. 2 & dzLJLI2 NI | yR O2yiAydzS (KA& SELI ya
research capabilitthe Roadmapecommendsstrategic coordindbn amongresearch programs,

development ofa standardized data and metadata archival system and analysis routines, and idcrease
predictive modeling capacity tachieveli K S { i $¢lenteSaA®n@dagement priorities.

Chapter 4Applying risk assessment tplacebased examplethat highlight Roadmagcience and
management recommendatioppresents two placdasedcase studies thatighlightthe Roadmag a

science and management recommendations within a risk assessment process. Risk assessment can
integrate information regarding soundscapes and the places and species the agency manages in order to
identify priorities for noise managemerRResults can inforMlOAA2 decisionmaking regarding

allocation of limited agency resources to address dgtps.Finally risk assessment can support choices
regarding whichmanagement approaches to apg well as highlighting the need for enhanced

authorities or partnerships, angrovide mechanisms for evaluatitige succes®r failure of various
approachesThe first casstudy appliesisk assessmergdrocesses to examinaoise impacts to fin, blue

and humpback whales isnd around Channel Islands National Marine Sanctuary. The second case study
provides a preliminary assessmentspawning areas used by acoustically sévsiand commercially
important fishes off the U.Fast Gast. These case studies identify current or potential NOAA assets for
assessing noise risks and managing noise impacts, highlighting partnerships that are in place or could be
further developed to ddressRoadmapgecommendtionsfor science, management and outreach.

SUMMARY OBVERARCHING AND CROSSCUTTING RECOMMENDATIONS

Chapters 13 includerecommendations fostepsNOAA ould taketo achieve theStrategygoals.A
summarytable of theserecommendations followcategorized by the primary Strategy geakh action
addresses and the kahapte(s)in which it appears. Relevance to multiple Strategy goals is identified
for some recommended action§ heserecommenakd actions would enhanagnderstandingand
managementofthnespdcSa | Yy R KI 6 A (I Gaaad utliyeRh® tivedsenekplerisa witBin thels
agency to more comprehensively address ittgacts of noise.
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Primary Ke Additional
Strategy Recommendation Cha ¥ers Goals
Goal P Addressed
Management: Expanding types of, scopes of, and coordination among 12
NOAA authorities to address noise issues '
Identification and utilization of a full range of NOAA authoritie 12
to better manage the impacts of noise on trust resources '
Development of national guidance for acoustic impact
1
thresholds and other management tools
Increased use of programmatic approaches through MMPA 3
ESA to allow for better consideration of multiple activities, 1,2
longer timeframes, and acousti@bitat impacts
Improving management effectiveness for acoustic habitat
through incorporation of placéased authorities as they relate 2
to species or habitat focused goals
Utilization of National Marine Sanctuaries to develop increasg
capacity for preserving, restoring, and maintaining natural : _
) : : ) Science;
acoustic habitats, as well as the protected species associate( 2
. . Outreach
with them, through new management measures, regulations,
dedicated sentific research, and outreach programs
Expansion of existing international partnerships with regulate 5 Science;
agencies and industries to promote use of quieter technologig Outreach
Science and MonitoringDevelopment otomprehensive and forward
looking science plans identifying most effective and efficient means to
.. . o 1,2,3 Management
address critical data needs for understanding noise impacts on protectg
species and acoustic habitats
Establishment of a NOAAd, longterm, standardized listening
. 3 Management
capacity across the agency
Development of an archival database to house NOAA passiv
acoustic metadata, raw data, and outputs of standardized dai 3 Tools
analysis routines
Enacting monitoringequirements for compliance processes th
reflect comprehensive science goals, and further identifying 1 Management
actions that may be taken at different scales to address varyi 9
resources and capabilities
Decision Supporfools and Service®evelopment of processes and tools _
; - . : . L Management;
to compile, geospatially depict, and analyze marine species distribution .
. . L L 1,2,3,4 | Science
soundscapes, and NOAxermitted/authorized activities for use in risk
e ! Outreach
assessment, mitigation development and planning.
5808t 2 LA yRA2 @S0 AN OAGe T2 Management;
and sound exposure modelin 1.3 science;
P g Outreach
Standardization of data analysis routines and output metrics { 3 Science;
soundscape measurements Outreach
Outreach, Collaboration, and Stakeholder Engagemehtirther 192 Management;

development of outreach programs to support the activities outlined ab

Science; Toolg

5
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The NOAA Ocean Noise Strategy and Managed Species

INTRODUCTION

There are a number of human activities that can introduce potentially detrimental levels of sound into
the aquatic environment (see Chapter 3), affecting a wide range of acallgtensitive animaldMany

of these humarmadesounds are incidental to the purpose of the activitych aghe intense impulsive
sounds produced during pile driving with impact hammers or the lower level continuous sounds
produced by vessel traffi©ther sounds are an integral and necessary part of the activity, such as the
sounds produced by active sonar or the high energy impulsive sounds generated by seismic airguns used
for exploration for oil and gas. All of these activities patentially afect the animals present in the
ensonified area (the area in which the sound is detectable above other sounds), some of which are
federally managed as protected species. Potential effects range from none to altering important
behavioral patterns, maskinbearing impairment, habitat abandonment, or even death, in certain
circumstances.

Sound is often of critical importance to aquatic fauna, not only for purposeful communication with
conspecifics, but also in the detection of predators and prey, and fdgatiwn and other purposes.

Competing sounds that interfere with the detection or interpretation of these important cues can result

AY RSGNRYSyiGlf STFSOGa (G2 GKS | 02dzadiAaldrtte aSyaad
Chapter 2). Soundsitilized for purposes other than communication span frequency ranges beyond

those used in vocalizations. Of growing concethémeed to address the chronic (persistent/longer

term) and aggregated or cumulative effects of rising noise levels resultingificreased human

activities across multiple sectors, industries, and federal agencies.

a2NB O2YY2yfeée 1y26y YR KA&ZOG2NARAOFffe& | RRNSdaaSR (K
acute (i.e., of rapid onset and shorter duration) physical spdlggical, and behavioral impacts that

noise exposure can have on marine fauna. These effects are often addressed in the context of a single
activity and include hearing impairment (i.e. permanent or temporary threshold shift, see Appendix A),

tissue danage, or behavioral disturbance of varying degrees and outcomes (e.g., vocalization changes,
migration deflection, avoidance of areas, feeding disruptions). Adverse stress responses, which can

have acute and/or chronic effects, have not typically been aaingnsively addressed. All of the

aforementioned effects, acute and chronic, in certain circumstances and in combination with one

another, can translate to adverse health or energetic effects that can ultimately lead to reduced survival,
growth or reproductive success of individuals with potentially adverse population impacts.

Through the Marine Mammal Protection Act (MMPA), Endangered Species Act (ESA), M&jauena
Conservation and Management Act (MSA), and the National Marine Sanctuar{@VgA), NOAA is
responsible for the management of alit a small number omarine mammals, all sea turtles, Elted

fish and invertebrates, many commercially important fish and significant marine areas. Examples of the
effects described in previous mgraphs are known across many marine taxa including marine

mammals, fish, invertebrates, and sea turtldgdanagement and science actions related to noise effects
have been more heavily publicized and highlighted for marine mamamalthis document seekt®

highlight the need to better address the impacts of underwater noise on other taxa, many of the

“1Ef 2F GKS &az2dzyR LINBaSyd Ay | LI NIAOdzZ NI £f20F0GA2y FyR
(Pijanowsket al. 2011). When examined from the perspective of the animals experiencing it, a soundscape may
Ffa2 0SS NBFSNNBR (G2 a al O02dzadA 0 KFIoAGFrGE o/ €Ny SO

6
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examples in this Chapter are specific to marine mammals because of the information av@idablée
concepts are still often applicable to other taxa.

Through this NOAA Ocean Noise StratBgyadmapdocument Roadmap and in support of the overall

{GNr GS38z bh!! &aSS{a (2 F20dz |yR 3dzARS GKS I 3SyO
address the effects of noise on protected species (meathiagaxa indicated above that are managed
dzy RSNJ bh! ! Qa | dziK2NARGASa0 YR KIFIoAlGlFGaod bh! ! KI &

from noise) on protected species and their habitat, programs that gather data and conduct research

related to noiseand protected species, and programs that produce underwater noise during the course

2T OGKSANI y2NXIf 2LISN}IYidA2ya IyR RdzZiASad 60S®3dx bh!!
fisheries research). In addition to providing new focus oni@ortance of addressing the chronic and

aggregate effects of rising noise levels on acoustic habitat, NOAA also adtestify andagency

actions to better address the acute, direct physical and behavioral effects of noise exposures to

individuals andheir ultimate effects on the populationdVe specifically draw attention to the following

additional three needs: (1) better understanding of how noise impacts on individuals can translate to
population level effects; (2) better understanding of the agted effectson individuals and

populations,of multiple noise sources and cumulative effects of noise combined with other stressors;

YR 000 ONBIRSYAY3a bh!! Qa LIN}YOGAOSAa G2 o0SGGSNIIFRR

This Chapter (ad associated Appendices) is organized in the following manner:

T LY GKS d.dAfRAYy3I . t201a 2F LYLI OG !aasSaayvySyié
the status of the science as it relates to the categories of information needed to understand,
characterize, and manage the effects of noise across four broad taxa for which NOAA has
different management responsibilities: marine mammals, fish, invertebrates, and sea turtles.

T Ly (GKS 490 { 4z2S@8Y 3 | ty RLIAzdAY GZ& 2 yi A & He WicfyFoesoribés 2 F b 2
the challenges of evaluating chronic effects and stress, and also include several examples of
methodological approaches that can be used to evaluate population level and aggregate noise
consequences to NOAA resources.

T LY GKS B! UzZNANBYHB3IBYSYy(d 27F b 2kentytHemadagdmeaté aSOGA 2
authorities through which NOAA can address the effects of hupraduced noise on these
ALISOATAO GLFLEFSE & 6Stf +a | 02dAaGA0 KIoAdllGo
briefly describes some current strategies fimplementing these authorities.

T [radz Ay GKS abSEG {dSLA F2NJGKS bh!! hOSIy b2
priority science, risk assessment, and management needs intended to guide NOAA actions for
addressing noise impacts to all four of f#geacoustically sensitive taxa and their acoustic
habitat.

¢

THE BUILDING BLOCKS OF IMPACT ASSESSMENT

In order to begin to characterize, predict, assess, and manage the potential effects of specific activities
that generate underwater sound on an acouatig sensitive animal and its habitat, certain key

information is needed: where species are located, how they use sound, and the known effects of noise
on that species. Additionally, understanding critical data gaps helps inform science and monitoring
priorities. Appendix A: The Status of Science Needs for Assessing Noise Impacts toMNaraged
Specieutlines the status of science regarding sound use by, and noise impacts to, four broad
taxonomic groups for which NOAA has different management respiitiss: marine mammals, fish,
invertebrates, and sea turtlesAppendix B: Presence, Abundance, Distribution, Density, Habitat Use,
and Population Trendsummarizes the status of information regarding presence, abundance,

7
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distribution, density, habitause, and population trends for these species. We summarize some major
points from the Appendices below.

Sound Use and Production

Marine mammals have beeanore extensively studiethan other marine fauna in termsf their hearing
sensitivities and absote hearing thresholds (though less so for mysticetes), as well as their
vocalizations. Both sound production and reception spans a considerably wider range of frequencies,
decibel levels, and functions than other marine taxa. Further, some of the mbtie @spects of

hearing in marine mammals such as frequency discrimination, localization ability, and critical ratios have
been studied. Fish are the largest and most diverse vertebrate group, and while we are aware of many
adaptations that allow them tboth detect and produce sounds for a variety of purposes, there is much
that is still not known. We do know, though, for example, that particle motion and use of a lateral line
play a role in fish detection of sound and that sensitivity of different igseis related to whether the

species have a swim bladder, and if so, whether it is physostomous or physoclistous. Although
invertebrates have been studied less than marine mammals and fish, we know that they detect lower
frequency sound in the form oflwiations and changes in water flow via various structures with sensory
cilia. They also produce sounds, and some purposes of sound use include orientation and stunning of
prey. Sea turtle hearing and use of sound have not been well studied. Whilestuf¢ies document

the use of sound to detect important environmental cues, sea turtles are not thought to produce sound
for particularly directed purposes, such as communication.

Impacts of Noise

Studies of the impacts of noise on marine mammals are nuagamd cover a wide range of species,

sound sources and characteristics, environments (laboratory and field), and observed effects.
Documented impacts range from none, to behavioral disturbance (avoidance, vocalization changes,
changes in swim speed anttettion, alarm responses), adverse stress responses, masking, hearing
impairment (temporary or permanent), tissue damage, and death. Studies on fish have focused more
on characterizing the physical effects such as hearing impairment, barotrauma, arnj et

behavioral effects such as changes in direction, speed, or schooling patterns as well as changes in stress
hormones have been documented. Unlike in marine mammals, hearing impairment is considered
recoverable in fish because they can grow backrtbensory hair cells. Less research has been

conducted on invertebrates, but high intensity low frequency sounds, as well as long exposures to
continuous sounds, can damage the hair cells in their statocysts, inhibiting their ability to perform
important life functions. We know little about the impacts of noise on sea turtles. Studies have
documented multiple types of changes in behavior in response to approaching airguns, but other studies
have documented no changes.

Species Presence, Abundance, @idtribution

A key building block of risk assessment is reliable information on the potentially impacted species or
stock presence, abundance and distribution, both spatially and seasonally. Select species have been
well studied in certain areas and seaso Appendix B outlines where available abundance and
distribution data may be accessed, as well as other important information on habitat use and life
history. However, there is a lack of adequate abundance and distribution information for most
protected species. For example, NOAA is mandated to collect stock assessment data for protected
species and the agency has developed a systematic method for ranking the adequacy of stock
assessments. For marine mammailsly about 17% of the marine mammal sto®¥®AA Science

Centers track and collect data for are considered to have adequate assessments and about 47% of the
stocks have either never had an assessment conducted, or the last one was over 10 years ago. About
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34% of ESMsted fish are consideredtdh@S | RSljdzr §S aG201 |aaSsedYSyidao
invertebrate species (coral and abalone) or sea turtle species are considered to have adequate stock
assessments.

Characterization of Human Introduced Sounds

Understanding the characteristics afund sources and noigeroducing activities is an important part

of impact assessment and is discussed in Chapter 3. Some examples of activities or types of human
made sound that may have the potential to adversely impact marine fauna acutely and/oticilpn

include: vessel noise (offshore and nearsharemmercial and recreational vessels); active sonar

(military and research activities); seismic airguns (for oil and gas exploration and research); underwater
explosives (military operations, harborejgening, and rig removal); pile driving (impact and vibratory);
renewable energy sources (e.g., wind, wave, and tidal farms); acoustic deterrents; dredging; icebreaking;
drilling, and; rocket launches.

EVALUATING POPULATIARYEL AND CUMULATIVE IMPACTEOISE

Beyond some of the basic pieces of impact assessment addressed above, we highlight here some of the
more challenging components of understanding the impacts of noise on marine fauna, as well as some
emergent methodologies that are currently being appli&pecifically we discuss the difficulty of

assessing stress and chronic effects and the shortage of needed data to do so. Further, we discuss an
emerging quantitative framework for addressing the need to better characterize and predict how acute
and chrorc disturbance effects can translate to effects on individual fitness and populations. Last, we
look at some analytical examples of where data and modeling have been used to assess the effects of
both the aggregated sounds of multiple activities, as @aglhoise in combination with other stressors.
Several of the examples relate specifically to marine mammals (because that is what is available), but
have broader applicability as well.

Stress

Adverse stress responses are one in a suite of potentiet®sfthat should be addressed when

evaluating the impacts of noise on an individual or population. We highlight adverse stress responses
here because while data indicate that they can have serious consequences to individuals, they have
been largely underepresented in impact assessments, likely because of the complexity of detecting
these responses in wild populations and the lack of adequate baseline-starker datasets to which

field measurements can be compared to appropriately assess contextgmificsince.

¢tKS hTFAOS 2F bl @It wSaSIFNOKQa ohbwo alNAYS al YYl
interest areas or thrusts, including better understanding the Effects of Sound on Marine Life topic, which

aims to better understand and chaaterize the behavioral, physiological (hearing and stress response),

and potentially populatiodevel consequences of sound exposure on marine life. Physiological Stress
Responses is one of the specific thrusts of the Effects of Sound on Marine Litenprog
(http://www.onr.navy.mil/en/ScienceTechnology/Departments/Cod@2/All-Progams/Atmosphere
ResearckB822/Marine-MammalsBiology/MarineMammatBiologyThrusts.aspk & hbwQa HAamn |
report (Cockrem 2014) compiles information from 239 papers or book chapters relating to stress in

marine mammals. While these articles were masinammal specific, some of the information is also

more broadly applicable to other marine vertebrate taxa, for which there is even less data available.

Cochrem(2014) explains that animals are continuously aware of and respond to changes in their
environment and when physical or social stimuli are threatening or harmful, then neural and
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neuroendocrine pathways are activated and a stress response is initiated. Thesteitiing or

potentially harmful changes in the environment (or perceived to be threatening or harmful), which can
either require cognitive appraisal or be completely physical (i.e., temperature), are termed stressors
(Cochrem 2014). A stress responseussavhen a stressor activates the neuroendocrine stress system
(NSS), resulting in glucocorticoid (cortisol or corticosterone) release from the adrenal cortex (Cochrem
2014). A stress response can last from minutes to hours, and includes increased sfinpaitvous

system activity and a rapid and transient release of catecholamines from the adrenal medulla (Cochrem
2014). While we typically focus on adverse stress responses, stress responses are part of a natural
process to help animals adjust to chasde their external or internal environment (maintain

homeostasis), and can also be either beneficial or neutral.

Although extensive terrestrial vertebrate datasets illustrate that the impacts of chronic stress effects can
adversely impact individualfitough immune suppression, inhibition of other hormonal systems, and

the disruption of reproductive function, such studies within marine systems remain rare. In a unique
circumstance, (Rolland et al., 2012) suggested evidence of a reduction in stresmbdevels

associated with reduced exposure of North Atlantic right whales to noise from large commercial vessels.
Laboratory studies showing explicit stress responses to noise and field noise measurements have
increased our ability to compare hormone é&s with other potentially causative variables. However,

there are no large crossectional datasets of stress markers in fraeging marine populations, which
means that we lack an understanding of natural variation within individuals based on seandge,
NELINR RdzOGA @S &Gl Gdza o CdNIKSNE ¢S R2y Qi ¥FdzZ t & dzyR
the quantitative differences to be expected among sample types (e.g., blood, blubber, feces} in free
ranging individuals. Because of this, there ¢siaent inability to interpret context and the biological
significance of variation in stress markers in individuals.

Acoustic Habitat Effects

9F NI ASNIAY GKAA / KFLIGISNI 6S NBFTSNBYOSR bh!! Qa akKaAT¥T
noiselevels on the acoustic habitat of protected species (i.e., the masking of important sgpeigfic

I 02dzaGA 0 OdzSayv NS 6SGGSNI I RRNBaaSR UKNRdAzZAK GKS |
touched on in Appendix A, Chapter 2 describes thefeetf in detail and recommends management

and science actions to better address them.

Population Effects

Because of the methodological challenges (including difficulty identifying all of the contributing
variables), as well as the time and resource commaitt necessary, few studies have quantified the
ultimate impacts to marine mammal populations associated with disturbance from noise or other
causes. Lusseau and Bejder (2007) present data from threddamgstudies illustrating the
connections betweenisturbance from whalavatching boats and populaticlevel effects in cetaceans.
Across these three multiear studies, the effects of increased boat traffic from tourism ranged from a
15% decrease in abundance (Shark Bay Australia, bottlenose dolgjdsr et al., 2006), a transition
from a shortterm avoidance strategy to loAgrm displacement resulting in reduced reproductive
success and increased stillbirths (Fiordland New Zealand, bottlenose dolphins, Lusseau 2004), to
decreased foraging opportities and increased traveling time that a simple bioenergetics model
equated to decreased energy intake of 18% and increased energy outpu%of(¥ancouver Island
Canada, northern resident killer whale, Williams et al., 2006). These studies are prelsecéede of

the lack of similar studies for other activity types, not because of an enhanced concern for whale
watching above other activity types. In fact, Weinrich and Corbell (2009) report that the reproductive
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success of female humpback whales wasaftgcted by whale watching exposures in southern New
England.

In order to understand how the effects of activities to individual marine animals may or may not impact
stocks and populations, it is necessary to understand not only what the likely disteb are going to

be, but how those disturbances or other impacts may affect the reproductive success and survivorship
of individuals, and then how those impacts to individuals translate to population changes. Following on
the earlier work of a committeef the U.S. National Research Council (NRC 2005), New et al. (2014), in
an effort termed the Potential Consequences of Disturbance(PCoD), outline an updated conceptual
model of the relationships linking disturbance to changes in behavior and physiotadth, lvital rates,

and population dynamics (see Figurd)l While this effort targets marine mammals, this conceptual
model is likely broadly applicable in illustrating the potential pathways from individual disturbances to
populationlevel impacts foother taxa.
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Figure 11. Potential Consequences of Disturbance conceptual model of the relationships linking disturbance to
changes in behavior and physiology, health, vital rates, and population dynamics (New et al., 2014).

As described in the PCalindel, adverse behavioral and physiological changes resulting from
disturbance (stimulus or stressor) can either have acute or chronic pathways of affecting vital rates
(Figure 11). For example, acute pathways can include changes in behavior or hagitairuncreased

stress levels that directly raise the probability of motioatf separation or predation. Chronic effects on
vital rates occur when behavioral or physiological change has an indirect effect on a vital rate that is
mediated through changds health over a period of time, such as when adverse changes in

time/energy budgets affects lipid mass, which then affects vital rates (New et al., 2014). New et al.
outline this general framework and compile the relevant literature that supports d,fsre we have

added specific examples of types of behavioral, physiological and biological changes, health effects, vital
rates and population rates (within each box, above) for which there are data illustrating the connections
between these stages of eftts for certain species and situations. Further, these authors, and others
involved in the PCoD effort, have developed stspace energetic models for four example species
(southern elephant seal, North Atlantic right whale, beaked whale, and bottletoigphin), that

illustrate how specific information about anticipated behavioral changes or reduced resource availability
can be used to effectively forecast longerm, populationlevel impacts (New et al., 2014; New et al.,
2013a; Schick et al., 2013¢eWM et al., 2013b). However, more work and data are needed for broad
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application of these models, as indicated in Pirotta et al. (2014), which illustrates that traditional visual
group follow data did not provide enough information to allow biologicallyusi inference in the case

of the model applied to the populaticlevel effects from tourism on bottlenose dolphins in New

Zealand (mentioned above).

Unfortunately, empirical data adequate to quantify the relationship between behavioral or physalogi
changes and fitness impacts does not exist for the majority of marine mammal species and the existing
models are very specieand scenariespecific. However, some inferences regarding the relative
importance of certain factors may be appropriate fifferent species in certain circumstances.
aSFysKAESY (2 FAft GKA& 3IILI AY |RSIdzZ S SYLANROI f
been developed that uses a formal expert elicitation process to estimate parameters (and associated
uncertanty) that define how changes in behavior or physiology affect vital rates and incorporate them
into a stochastic model. The framework can be used to predict the anthropogenic disturbances on
animal populations. King et al. (2015) report on the outcominefirst interim PCoD effort to assess

the effects of UK offshore wind farm construction on harbor porpoises. Similar efforts are currently
underway to evaluate the effects of Navy activities on beaked whales and sperm whales in certain areas.

Aggreagate or Cumulative Effects of Sound

There is a general recognition that the effects of stressmduding sounegton marine animals may be
cumulative, and that cumulative effects of multiple stressors may have a greater impact on individuals
or species than a single stressor. In the Un¢ates, a variety of federal and state laws require
evaluations of cumulative effects in the course of deciding whether and how to take a federal or state
action. Unfortunately, while guidelines exist for assessing the relative level of cumulatives effieat
species, from a practical standpoint this process is quite challenging because of the paucity of data on
how various stressors affect species. The effect of a particular stressor on an individual may be
dependent on the species, life stage, geodpiagocation, and season, among other variables. Ideally,
assessments of cumulative effects would evaluate impacts of the stressor on the population in addition
to the individual.

Studies that provide quantitative evidence of populatienel effects done stressor are rare; collecting
guantitative information on the populatiotevel effects of all stressors in a system seems virtually
unattainable given resource limitations and the complexity of population responses to environmental
and humanrelatedfeatures. Given the complexity and the lack of quantitative data on effects of single
stressors on marine mammals, regulators often do the best they can to evaluate cumulative effects, at
least in a relative fashion, by listing all known activities inayggphic area and making a subjective
assessment of whether the activity is likely to affect the population independently, or in conjunction
with other stressors. In one current effort, the National Academies of Science have convened an expert
group to canduct a workshop and review the present scientific understanding of cumulative effects of
anthropogenic stressors on marine mammals with a focus on anthropogenic sound. The group will
further assess current methodologies used for evaluating cumulatieetsfind identify new

approaches that could improve these assessments.

In addition to the challenges with assessing the effects of multiple stressors, it is often challenging to
even effectively characterize or predict the likely impacts from multiplexd@ources. Several recent
efforts have sought to improve our understanding of the aggregate exposure of multiple sound sources
on marine mammals. The NOAg&dl Cetacean and Sound Mapping Projéttpi//cetsound.noaa.gov)

sought to develop tools to predict and map cumulative, huareduced, annual average low frequency
underwater sound fields throughout U.S. managed waters. In 2012, a symposium was held to discuss
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various methodologies for applying these new mapmanaging chronic noise implications for

cetacean species. Further integration of noise fields with marine mammal distribution, density and

behavioral information to quantify impacts has been addressed in a few-plased case studies. Hatch

et al. (012) sought to quantify levels of masking of biologically important foraging calls made by right

whales in and around the Stellwagen Bank National Marine Sanctuary. Streever et al. (2012) modeled

the sound fields from various sound sources in the Beaed, allowed modeled animals to migrate
G§KNRdAK GKS FINBFIEZ FyR OIFfOdzA FGSR 'y al33anNB3ras SE
effort in the Beaufort Sea is under way that uses expert opinion to assess the likelihood that a response
variableg Af f 0SS I TFSOGSR o0& &d2dzyRX GKS &AS@OSNARGe 2F (KS
we understand the system sufficiently to make a statement about impacts. Both the quantitative and
gualitative approaches could be expanded to include mmration of cumulative effects of stressors

other than sound on marine mammals.

CURRENT NOAA MANAGEMENT OF NOISE IMPACTS

bh! ! Qad NBaLRyaAoAtAldASa AyOf dzRS GKS AYLIX SYSydal Gaz
protection and conservationfonarine species and stocks, as well as their habitat. \WHeléJ).S. does

not have any federal statutes or regulations in place that are specifically designed to address

underwater noise, we currently regulate the impacts of underwater noise (among ottparcts,

including in air noise) on animal groups for which the agency has responsibility/authority through

multiple federal statutes, as well as other initiatives discussed below. It is important to note that, to

date, much of the management of noistfexts on marine mammals, fish, invertebrates, and sea turtles

has occurred through primarily projespecific consultations and permitting pursuant to the MMPA, the

ESA, the NMSA, and the MSA. In some instances, other less targeted mechanisms hasedten u

provide broader recommendations (e.g., Fish and Wildlife Coordination Act to address fish and

invertebrate impacts). While some of these consultations are programmatic in nature, their analyses

are not typically comprehensive on a scale that waddquately address either the long life spans or

GSNE fFNHS 3S23INILKAO NIry3aSa 2F Fff 2F GKS YINAYyS
aggregate or cumulative effects very well. Additionally, even when the importance of a given area is
understood, either for its broader acoustic habitat value or because of known value to a specific species

or group,places are typically more difficult to manage through the more projesgtecific lenses of ESA

and MMPA(though, see Chapter 2)

As a federal agency, pursuant to the National Environmental Policy Act (NEPA), NOAA also has the
responsibility to analyze the impacts of its own activities (e.g., conducting scientific research, operating a
fleet of vessels, issuing MMPA authorizations)}lee human environment. This analysis must consider a
range of reasonable alternatives (including mitigation measures), all potentially impacted resources
(e.g., biological resources and social resources), and cumulative impacts, and must be made &vailab
both the public and agency decisiomakers in advance of the final decision. The product of this process

is a NEPA document that, where appropriate, will include a full discussion of the acoustic impacts of an
activity on marine taxa.

bh! ! Qag MBRNJGIKS LYGSNYyFGA2yFf alNAGAYS hNBFYATFGAZ2Y
reducing underwater noise from commercial shipping, which were adopted in April 2014 is another
AYLRNIFYG SEFYLXS 2F bh!! Q& S¥ %® dbdimariné sheci¥gs2ahdlS o NB | R
their acoustic habitats. This international mechanism serves as @domgool for NOAA, other U.S.

agencies, and other governments to address noise impacts on a broader spatial scale than U.S. statutes

allow.
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Below we brieflydescribe the four main statutory authorities through which NOAA currently addresses

the impacts of ocean noise on marine species. Appendix C further describes the specific applicable

sections of the statutes summarized below and also lists other atig®through which NOAA could

I RRNBaa y2AasS AYLI Ola 2y a4LISOASA yR 02dzatdA0 KI o
hOSIFY b2AaasS {(iN}GS3e¢ aSOlArAzyod

Marine Mammal Protection Act (MMPA)

The MMPA states that marine mammals are resources oft gmézrnational significance and should not

be permitted to diminish beyond the point at which they cease to be a significant functioning element of

the ecosystem. Section 2 (2) of the MMPA further states that the primary objective of their

management shold be to maintain the health and stability of marine mammals and their ecosystems,

and that efforts should be made to protect essential habitats, including rookeries, mating grounds, and
FNBFa 2F AAYATLFINI AA3IYyATAOI yiBSThad MNEPX lays BEubvery ex@iStNB S ST
protections and programs fall marine mammal species and stocks and their habitat, and NOAA is

responsible for implementing these mandates for most marine mammal species (except for the 5

species under USFWS jurisitinot manatees, dugongs, walrus, polar bears, and sea otters).

As part of the plan to serve this broader goal, the MMPA prohibits the take of marine mammals, with
certain exceptions, one of which is the issuance of incidental take authorizations (Se&sipn

101(a)(5) of the MMPA allows for NOAA/USFWS to issue ITAs provided that: (1) the total taking will have
a negligible impact on the affected species (or stock), and (2) the total taking will not have an

unmitigable adverse impact on the availalyildf the affected species or stocks for subsistence uses.
Further, NOAA/USFWS must clearly set forth the permissible methods of taking and the requirements
pertaining to the mitigation, monitoring and reporting of the take (for more information abouti@ect

101 of the MMPA sebttp://www.nmfs.noaa.gov/pr/permits/incidental).

Although not numerous, there have been multiple stranding events associated with exposure to active
sonar in which marine mammals (primarily beaked whales or other deep diving whales) have died. For a
subset of these strandings (i.e., Greece 1996; Bah&®@@; Madeira, Portugal 2000; Canary Islands,
Spain 2002; and Mediterranean Sea, Spain 2006; Madagascar 268&)lninvestigations have
subsequently identified the exposure to active sonar as a likely causative factor contributing to the
stranding, wiile for others evidence has been lacking to identify the cause. Pursuant to its
responsibilities under the Marine Mammal Health and Stranding Response Program, which is outlined
by the MMPA, NOAA responds to, investigates, and reports out on marine matraralings, including
those potentially associated with exposure to loud sounds (for more information about the Marine
Mammal Health and Stranding Response Program see
http://www.nmfs.noaa.gv/pr/health/stranding.htm).

Endangered Species Act (ESA)

The purposes of the ESA include providing a means to conserve the ecosystems of endangered species
and threatened species (those threatened with extinction) and to provide a program for the

consenation of the species themselves. The ESA seeks to avoid extinction and recover threatened and
endangered species to a point at which they no longer need ESA proteclibasEndangered Species

Act (ESA) lists the following number of species as threateneddangered: 27 marine mammals; 57

fish; 16 sea turtles, and; 24 invertebrates.
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As one part of a plan to serve these broader goals, Section 9 of the ESA prohibits the takésteESA
species, with limited exceptions. Section 7 of the ESA rexjthiet each federal agency, in consultation
with NOAA/USFWS, insure that any agency action is not likely to jeopardize the continued existence of
any endangered or threatened species, or result in the adverse modification of their critical habitat.
Proviced these findings are made, incidental take of HiSt&d species may be exempted by NOAA or
USFWS. Section 10 of the ESA allows for the issuance of incidental take permitfetenabentities.

NOAA or USFWS typically identify terms and conditiogs, (@itigation or monitoring) that the action
agency or permit holder must abide by in order to be exempted of/permitted for the incidental take.

Section 4 of the ESA allows for the protection of designated critical habitat, which is defined as:

1 within the geographical area occupied by the species at the time of listing, if they contain
physical or biological features essential to conservation, and those features may require special
management considerations or protection; and

1 outside the geographical @a occupied by the species if the agency determines that the area
itself is essential for conservation.

I NAGAOIE KFEoAGEFEG Aa o0lFaSR 2y ELINAYFNE O2yadAiddzsSyi
essential to the conservation of a speciggch as space for growth, food, cover, etc. One species of

marine mammal, Cook Inlet beluga whale, has a primary constituent element identified in its critical
KFoAGEFrG RSaAaylraAzy (KF G I R-RaBrvidedalowfedelszalingny LI Od ay
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Endangered Species Act, viditip://www.nmfs.noaa.gov/pr/laws/esa/

National Marine Sanctuaries Act (NMSA)

The NMSA allows for the designation and protection (by NOAA) of national marine sanctuanées

of the marine environment with special national significance due to their conservation, recreational,
ecological, historical, scidfit, cultural, archaeological, educational, or aesthetic qualities. The primary
objective is to protect special areas of the marine environment.

Regulations may be issued for specific sanctuaries or the system as a whole, and can (among other
things)specify the activities that can and cannot occur within the sanctuary and/or those that require
permitting (Section 308). Currently, none of the 14 sites managed-orazaged by the Office of

National Marine Sanctuaries (ONMS) prohibit outright the preéidncof underwater noise within their
boundaries. However, Section 304(d) of the NMSA additionally requires federal agencies whose actions
are likely to destroy, cause the loss of, or injure a sanctuary resource to consult with the ONMS before
taking theaction. ONMS then recommends reasonable and prudent alternatives (which may include
mitigation or monitoring) to protect sanctuary resources. Where noise impacts are addressed, 304(d)
recommendations may address any nesansitive species within the setoary (e.g., marine mammals

or fish) as well as targeting acoustic habitat concerns more broadly (for more about management of
National Marine Sanctuaries resources sa#p://sanctuaries.noaa.gov/management/welcome.htiml

MagnusonStevens Fishery Conservation and Management Act (MSA)

Fish require healthy surroundings to survive and reproduce. NOAA Fisheries works with regional fishery
management councils to identify the essential habior every life stage of each federally managed fish
and invertebrate species using the best available scientific information. Essential fish habitat (EFH)
includes all types of aquatic habitatvetlands, coral reefs, seagrasses, rivevghere fish (and sme
invertebrates) spawn, breed, feed, or grow to maturity. Essential fish habitat has been described for
approximately 1,000 managed species to date.
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These are considered high priority areas for conservation, management, or research because they are
rare, sensitive, stressed by development, or important to ecosystem function.

Through EFH consultations pursuant to the Magnuson Stevens Act, NOAA wibrdesiedial agencies to

conserve and enhance essential fish habitat (EFH). Consultation is required when a federal agency

authorizes, funds, or undertakes an action that may adversely affect EFH. Adverse effects include:

direct or indirect physical, chendl, or biological alterations of the waters or substrate; loss of, or injury

to species and their habitat, and other ecosystem components; or reduction of the quality and/or

quantity of EFH. The federal agency must provide NOAA Fisheries with an assess@éh ( KS | OG A2y
impacts to EFH, and NOAA Fisheries provides the federal agency with EFH Conservation

Recommendations to avoid, minimize, mitigate, or otherwise offset those adverse effects. Federal

agencies must provide a detailed written explanatioMiOAA Fisheries describing which

recommendations, if any, it has not adopted.

REGULATORY AND ANALYTICAL APPROACHES

The standards, thresholds, and terminology vary, but all of the statutes identified above generally aim to
assess and minimize the impactsihdividuals, populations, and habitats of marine taxa. Impact

analyses conducted pursuant to these different statutes will sometimes use different analytical methods
because of the differences in the requirements of the statutes or the nature of theitaat or impacts
assessed, but they are all required to be based upon the best available science.

Acoustic Thresholds

One tool that NOAA currently uses to characterize and assess acute impacts of noise exposure is

acoustic exposure thresholdd-or maine mammalsthese generic thresholds have historically (for the

most part) been presented in the form of single received levels for particular source categories (e.g.,
impulse, continuous, or explosive) above which an exposed animal would be prediégtedrtauditory

injury or be behaviorally harassed. For example, root mean square (RMS) sound pressure level (SPL) 180
and 190 dB thresholds have been used for the onsercofistic injuryof cetaceans and pinnipeds,

respectively, and RMS SPL 160 anddRhresholds have been used for the onsebehavioral

harassmentof all marine mammals from impulse and continuous sources, respectively. fliese

specific effect types (acoustic injury and behavioral harassment) align well with statutory defioitions
a2YS O2YLRYySyida 2F aiGl1S¢é¢ Ay aat NOAAVaRalised | yR dA
doseresponsetype curves to quantify behavioral harassment of marine mammals from active sonar
involved in Navy tactical activities. Of note, the measureméhtearing thresholds not only relies on

the testing and auditory evoked potential (AEP) of captive animals, but also morphometric ear
measurements and AEP of animals in the wild that have stranded and are managed through the MMPA
Marine Mammal Health andianding Response Program.

Because of the paucity of information for fish, sea turtles, and invertebrates, acoustic thresholds have
been applied in a more regionalgpecific manner, and often only specifically in the context of particular
activity typesfor which adverse effects have been documented (e.g., sea turtles to explosives).

Generally, more supporting data exist foequently conductedactivitiesthat produce acute, intense,

high energy, impulsive sounds, such as pile driving, underwater éxpdosnd seismic surveysor

example, a coalition of federal (including NOAA Fisheries West Coast Region) and state resources and
transportation agencies along the West Coast, the Fisheries Hydroacoustic Working Group (FHWG), used
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data from a variety bsound sources (primarily underwater explosions and seismic airguns) and species
to establish interim acoustic criteria for the onset of injury of fish from impact pile driving (FHWG 2008).
These criteria, in turn, are also used to estimate the risksto from other types of impulsive sounds.

They are not appropriate, however, for nampulsive, continuous sounds. Most historical research has
used peak pressure to evaluate the effects on fish from underwater sound. Current research, however,
suggestshat sound exposure level (Sk), a measure of the total sound energy expressed as the-time
integrated, sound pressure squared, is also a relevant metric for evaluating the effects of sound on fish.

It is important to note that the identification of tre likely direct physical or behavioral effects via the

use of acoustic thresholds is only one part of any broader impact finding under MMPA, ESA, MSA or
NMSA, and does not consider adverse stress effects. These statutes must also assess impact$ on habita
(including acoustic habitat), as well as the ultimate results of all of the effects on the fitness of

individuals (health, reproductive success, and survival) and subsequent population growth rates and/or
likely impacts to resources within sanctuari¢sowever, acoustic thresholds are important both

because they help regulated entities understand when a federal consultation may be appropriate and
because of requirements under both the MMPA and ESA to quantify the impacts of acoustic exposure

on a projectby-project basis.

One of the limitations of relying on the actiepecific regulatory approaches of the MMPA, ESA, MSA

and NMSA to address the impacts of noise is that it makes it more challenging to address chronic
(longerterm) and multisource impact that ceoccur across longer time frames, larger areas, and

multiple activities. Additionally, some activities that contribute significantly to background noise levels
are challenging, if not impossible, to regulate capecifically (e.g., large commatshipping) or do not
typically go through the MMPA, ESA, MSA, or NMSA processes. To date, acoustic habitat has not been
regularly addressed in MMPA, ESA, MSA, or NMSA consultations.

Mitigation

The activityspecific structure of the current regulatpframework also means that there is not a
standard required set of mitigation or monitoring to always apply to npisslucing activities. That

said, the following types of mitigation measures are generally commonly required or recommended to
address acostic impacts to marine mammals, and a subset of them are sometimes applied to other
taxa, though protective measures for fish, invertebrates, and sea turtles are typically more limited to
mitigating the potential for acute injurious impacts:

1 Realtime detection and action (to limit acute/direct impacts)

o Power down/shutdown zones to minimize the likelihood of injury to marine mammals,
fish, turtles or invertebrates, or the behavioral harassment of large groups of marine
mammals or mother/calf or pup pairs

0 Visual observers for protected species (shore, ship and aerial, unmanned crafts) and/or
passive acoustic technicians (increasingly common) to supportire@lmeasures

o Daytime operations only or use of nighttime specific technology to enhance detection

1 Seasonal/Area Limitations (to limit chronic/loteym effects, but also acute effects including
behavioral)

o0 Avoidance/minimization of operations in seasons and/or areas of biological importance
or with particularly sensitive species(e.g., sanctuaries, lHASImon migration routes,
critical habitat)

1 Noise abatement/reduction (to reduce both chronic and acute impacts)
0 Sound attenuation methods for pile driving (bubble curtains, pile caps, etc.)
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0 Rampup procedures with airguns (and sometimes pile driving)
9 Sound source verification to ensure adequate mitigation zones and accurate prediction of
effects

Of note, protected species observers (PSOs) are used for many activities with the potential to adversely

impact marine fauna, both to implement mitigation nsaes, such as shutdowns or to ensure that

safety zones are clear before activities take place, and to collect data for monitoring. NOAA published

GKS bh!! ¢ SOKY A Natidhal StehdagisNibr f RraectediSpecies Observer and Data
ManagementProgrY¢ 6. I 1SNJ S |fX wnmnoI gKAOK LINRPGARSa 3
to more broadly enhance coordination, establish national PSO standards for qualifications and training,

institute standardized data collection and reporting requirements davelop data quality assurance

process, among other things.

Monitoring

As noted above, the MMPA has an explicit requirement for monitoring to better understand the impact

of authorized activities on marine mammals, and the ESA, NMSA, and EFH also contain mechanisms for
including monitoring requirements (note the requiremenliscussed in this section are separate from

bh! ! Q&8 &aSLINIGS AYGSNylrt YIyRIFIGS (2 O2yRdz0G &aOASy
consultations range so widely in temporal and spatial scope, monitoring plans that satisfy the
requirements als@ange in robustness and scope. For example, monitoring requirements may range

from pinniped counts conducted before, during, and after a small pier maintenance action-to full

fledged (and sometimes peeeviewed) research projects for oil and gas devetept or Navy training
(seehttp://www.navymarinespeciesmonitoring.us/regionfsr full details of all required monitoring

study objectives, methods, timelines, funding, and completed resulReports containing monitoring

results must be submitted and NOAA subsequently makes those reports available to the public.
Transparency and sharingrafw data has increased through time and may now largely be obtained, if
requested, with the exceptin of acoustic data that may implicate national security concerns (acoustic
signal or locational data) or proprietary energy lease information (locational data).

NEXT STEPS FOR THE NOAA OCEAN NOISE STRATEGY

¢ KS LiJdzN1J32asS 27F bh! | &highlight&ihgfe imtBRoadBapis id fodusitied & =
F3Sy0eQa ldzikKk2NAGe FyR OFLI OAGe G2 OKINIXOGSNARIT S |
NOAA trust resources. Through expertise and authority, the goal is for individual NOAA programs

(regulabry, science, and noigeroducing) to identify recommendations and concepts in Bigdmap

that are most applicable and constructive towards their broader program goals, and work them into a
programspecific implementation planManagement strategies,gk assessment tool needs, and

monitoring and science needs will necessarily vary among species, populations, and habitat. However,

some science and advancements in management approaches may also be relevant across species groups
and areas, providing opptunity for collaboration and consolidation of agency resources. Eight broadly
applicable, high priority areas of agency improvement are identified here (in no particular order):

1. Consistent Messaging, Internal Education, and Coordinatiédl NOAA oites shouldideally,be

using the same terminology and concepts to describe the issues surrounding aquatic noise impacts on
species and acoustic habitat. The development and compilation of a glossary of noise terms and

concepts, especially as they reldteeffects on marine species and their acoustic habitatsjld be

very helpful yR O2dz R 68 RS@St21LI8R o0& SELIYyRAYy3I GKS 3If24
guidelines. Beyond a common lexicon, NOAA should be consistently describing the falhdugéative
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importance of the potential effects of noise in both internal and external settings. Rbagdmamims in

LI NI A Odzf I NJ 12 adzZlJLI2 NI GKS | 3SyoeqQa O2yaraidSyd | NI
habitat, in addition to minimizingaute (physical and behavioral), chronic, and cumulative impacts

associated with noise. Additional wonould beneeded to develop the glossary and ensure that

bh! ! Qa ¢ 2 N}véeredNdike bdsiés oftaéotistics (introductory materials to more adedn

materials), as well as the latest science on the impacts of noise on marine species and habitats.

NOAA programs with a noise impact nexus are implemented across the agency through multiple line
offices and levels (national, regional, specific sanadsaetc.). Clearly, it is critical that coordination is
planned across these programs where appropriate. For example, it makes sense, both biologically and
logistically, to regularly coordinate mitigation and monitoring priorities, as well as any glew ri

assessment methodologies or science, across the primary regulatory programs. One ongoing example of
successful internal coordination and information sharing is the NOAA Acoustic Coordination Group,

which meets 34 times a year, and sponsors a listserdiscuss both management and science issues

related to acoustics.

2. National Guidance for Acoustic Thresholds and Other Management Tddiedevelopment of
O2yaraiasSyd yridazylt 3IdzARFYyOS F2NJ I Oddehpiokidd ( KNB a K2
AO0NRY3 adzlJLl2NI F2NJ bh! ! Q& | D@ Rracess degarty Soyhidhis2 ¥ G KS
RoadmapNOAA is developing revised acoustic thresholds for assessing acoustic impacts on marine
mammals. That process will result in a guidadoeument that includes: descriptions of the science,

rationale, and methods behind proposed acoustic thresholds; explanations of how NOAA plans to apply

the acoustic thresholds under multiple regulatory processes; and a mechanism for regularly

incorporaing new science into acoustic guidance. The current process included multiple peer and

public reviews of the scientific rationale and methods, and we expect the initial guidance (only for

auditory injury and temporary threshold shift for all source typgeshe finalized in early 2016. The

marine mammal behavioral harassment guidance will folldw.support the Strategy goaNOAAcould

pursue developing similar national acoustic injury thresholds for fish, sea turtles, and, potentially
invertebrates. While official national guidance on acoustic thresholds is being developed for any of

these purposes;oordinatedinterim principles and practicesould ensureconsistent application of

existing acoustic data.

For NOAA management practitioners, it is adlie to have guidelines that describe how to implement
various typical management recommendations that can be shared with the regulated community.
Examples of these types of guidance include how to do sound source verification, how to estimate
isoplethsassociated with different effect thresholds, or how to design effective passive acoustic
monitoring (PAM) for a particular project. These types of guidetinekl be developed and
implemented nationally (with regional and program input) to promote cdesisy and alleviate either
duplicative effort or contradicting recommendations across regions and programs.

3. Exploring, Expanding, and Coordinating the Use of Applicable NOAA Authoritiethe previous

section, the federal statutes through which N@ has traditionally addressed ocean noise impacts were
outlined. Appendix C contains a spreadsheet indicating a longer list of the applicable statutes, executive
orders, and other formal programs (and specific mechansnisSectionsthrough which NOA&ould

address ocean noise issues, botlrelationto specific specieand alscacoustic habitat, either through
raising awareness, making official recommendations, or including regulatory requirenwats.

recommend that the NOAA Programs implementingsinstatutes work together to add reference to

ocean noise issues (using the consistent messaging mentioned above) where not currently addressed.
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Additionally,cross pollination betweenfor exampleregulatory MMPA and ESA programs and the

Marine Mammal ldalth and Stranding Response Program, such as overlaying maps of authorized sound
use activities with health indicators from disease or stranding investigatiamdo\acilitate better
assessment and prediction of the impacts of noise on an individuatlheniikely resulting population
impacts.

Traditional approaches to regulating ocean noise issues have necessarily been somewhat constrained by
the projectspecific and shorteterm focus of the statues under which NOAA worked. However, there is
some emporal and spatial flexibility in the traditionallised statues to explore broader (e.qg.,

programmatic) approaches to analysis and management of chronic¢agje impacts. Additionally,
consideration of some of the additional tools presented in Appe@igives NOAA more room to

coordinate broadeiscale strategies across multiple programs, as resources and opportunities;allow
provided we have a wellrticulated justification and approach. Additionally, Chapter 2 outlines a broad
placebased approacior prioritizing the management of acoustic habitat.

Last, when considering approaches for addressing ocean noise impacts, international examples are
available. The European Union has recognized ocean noise as an indicator of environmental quality

under its Marine Strategy Framework Directive (EU 2008) and, further, is in the process of developing
GFrNBSGa FT2N FOKASGAYy3I G3a22R Sy A NRgenedyag dctivitied. i | (i dza €
Nowacek et al., 2015, recommend several ways t@ptélly address noise impacts through existing

international mechanisms, such as the International Convention for the Prevention of Pollution from

Ships.

4. Develompnent of Risk Assessment Tool§o support the Strategyigk assessment tooigould be

taNBESGSR (26FNRaA GKS FylfeasSa NBIdzZANBR (2 &adzlJi2 NI |
essentially involve characterizing, analyzing, and mitigating the impacts of sound on individuals, stocks,
populations (see Chapter 4), and their habitat(uding acoustic habitat).

Spatially explicit risk assessments are an important tool for developing and prioritizing management
actions. Specific targets could include maintaining lower background noise levels in acoustic habitat or
reducing noise in a@s of high densities of acoustically sensitive species. We can quantify risk by
combining species distributions, spec&ecific acoustic sensitivities, and sound maps. Risk
assessments may be conducted comparing the highest intensity of sound refreirespecific

activities (e.g., navy sonar, seismic airguns, or pile driving) or comparing highest energy accumulated
over time from chronic and aggregated sound sources (e.g., shipping lanes), depending on whether risk
from acute or chronic noise is beiagsessed. These assessments can be used to identify the most
effective management actions at reducing impacts by evaluating changes in predicted impacts when
changes in soungroducing activities and sound levels are applied. This type of assessmesgdagu
impacts in defined geographic areas. Alternatively, it may be important to consider cumulative noise
impacts faced by individuals throughout their lifetime. This type of assessment requires integrating risk
across all areas used by the individuasg., breeding and feeding areaisd migratory corridors).

Having the tools available to conduct both types of assessment, along with othestravitithen and
ddzLILR2 NI bh! ! Qa O2yaSNBIFGA2Y | OGA2ya | ¢RlatetlSt I G§SR R
community in planning and analyses to support environmental compliance and impact minimization.

Following are some of the basic componethiat would allowthe sorts of risk assessments outlined
above and to create a more effective NOAA risk assessment framework:
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9 Tools to model: (1) sound propagation in the context of realistic environmental parameters,
and; (2) marine animal sound exposure. Outwould be available in a variety of metrics and
be capable of addressing accumulation over time and auditory weighting functions.

9 Data to inform, or tools to model, ambient or average background sound levels (soundscape,
see Chapter 3) over which risk assessmemdy be layered (including a database of measured
sound source verifications).

1 Maps of NOAAuthorized activities (produced by NOAA) and nqiseducing activities not
regulated by NOAA, where available (e.g., Marine Cadastre website).

1 Platforms, serves, and data layers that allow for the geospatial analysis of the temporally,
spatially, and spectraligpecific overlays of souAaroducing activities and protected marine
species at a wide range of temporal and spatial scales.

i Permanently maintained, ahdardized, and wehccessible database or portal for acoustic and
marine animal data.

These tools are a high priority for NOAA practitioners, but would also ideally be made available to the
public as soon as possible.

Further development of risk assessment frameworks will require improved quantitative capacity to
evaluate the populatiodevel and cumulative consequences resulting frorocourrence of noise and
marine animals. These frameworks and modetaild include onsideration of health and disease risks
where known and be applicable to certain species. In addition to the PCoD effort mentioned previously
and other marine mammatdentric efforts underway, there are numerous we#veloped risk

assessment frameworka the toxicology field that could potentially applied to noise and aquatic animal
issues.

Specifically in regard to the better understanding of chronic noise effects, new quantitative tools are

currently being developed that may be able to better chaégsze the acoustic space available to an

FYAYFE (2 RSGSO0 ONRGAOFE | 02dzaiA0 OdzSaod ¢tKS AYT
hearing, vocal behavior, and the surrounding soundscape, which is informed by both natural and
anthropogent sounds (Clark et al. 2009). However, these highly specific and quantitative tools can be
resourceprohibitive for projectspecific analyses. In addition, managers still struggle to connect the
guantification of reduced acoustic space with a particdlegree of impacts on protected species, either

at the individual or population level. There is a need for the development ofgeanititative tools,

either standing alone or built into broader analyses, in which masking or acoustic habitat degradation

effects can be incorporated for consideration.

In the past, noise impact assessments have relied heavily on the received sound level of which an animal
was likely to be exposed in order to estimate the likely severity of the resulting impacts. However, in
addition to targeted studies in marine mammals and fish indicating that frequency and duration (beyond
just differing sensitivities at different frequencies) can affect the likelihood of auditory impairment,

there is increasing evidence that contextualtéas other than the received sound level are important in
assessing impacts. Contextual factors including the activity states of exposed animals, the novelty of a
sound, and the relative spatial positions between sound source and receiver, can stroecfyref

probability of a behavioral response and the significance of that response to the fitness of the exposed
individual (Ellison et al. 2011). For an accurate characterization and evaluation of likely noise impacts, it
is critical to consider not oplfrequency and other sound characteristics, but other contextual factors
when the information is available (Francis and Barber 2013).
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5. Prioritize Baseline Science Need$e highest priority science needs for assessing and minimizing

acoustic impactsan be arranged along a continuum from understanding individual components of the
problem (mapping sound and species distributions and quantifying the effects of sound on individuals

and populations) to synthesizing information in risk assessments. & gjeheralpriority information

needs (in no particular order) for noise assessment appears below. These can be more specifically

focused by taxa or species based on the status of existing data summarized in Appendices A and B,

though generally speakingore basic information is needed for sea turtles, invertebrates, and fish.

/| KFILIWISNI o fa2 FRRNBaasSa 1Se AyF2N¥YIFGA2Yy 3l LA AY
need for enhanced passive acoustic monitoring. NOAA has already begun apliemtimpiling and

making available some of this information.

9 Presence, abundance, density, and distribution mapping of protected species and prey,
including:
0 prioritization based on overall vulnerability and noise sensitivity, as well as ecosystem
assessmets
0 for existing datasetsincreased spatial and temporal resolution
0 systematicupdates
9 Increased understanding of species sound use, auditory thresholds and hearing mechanisms,
especially for normarine mammal species, including:
0 differentiation of life stages for fish
0 special emphasis on turtles
9 Increased understanding of noise levels that cause hearing loss, especially for fish, but also for
invertebrates turtles, and mysticetesncluding:
0 prioritization of science based on smlisources known to pose more risk to species
0 increased understanding of other environmental factors that contribute to hearing loss.
91 Increased understanding of behavioral sensitivity and responses to noise, including:
o for marine mammals, responses to aatsound sources under realistic exposure
conditions and duration (e.g., caution with laboratory studies)
0 baseline behavioral data to compare neiseluced changes to
0 targeted attention to effects of contextual variables beyond sound level
0 targeted attention to effects at multiple scales (etags that track horizontal
movementandtags that record finer scale data such as clicks, acceleration, dive tracks)
9 Identification of times, areas or species of particular concern for risk assessengnt
0 important areas for reproduction, feeding, migration, etc.
0 particular contextual situations of concern (e.g., populations undergoing severe
epidemicor heavy exposure to oil spill
0 identification of fish and invertebrate species that may be paléidy susceptible to
human noise (based on functional hearing or broad responses to sound) prioritized
according to species that are ecologically, commercially and recreationally important.
9 Collection of baseline stressarker datasets to which field measments can be compared to
appropriately to assess context and significance of nosesed adverse stress responses.
1 Increased understanding of masking (see Chapters 2 and 3) and, importantly, the consequences
of reduced listening space.
1 Soundscape d@racterization and mapping (see Chapter 3), including:
0 longterm monitoring of background noise in frequency bands relative to marine species
hearing
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0 location, timing, intensity and frequency of particular sound sources
9 Collection and understanding of baginergetic information to link individual responses to
effects on survivorship and reproductive success and, ultimately, popukeiah
consequences.
1 Understanding of effects of aggregate noise sources, as well as cumulative effects of noise with
non-amustic sources

Of note, NOAA has developed an internal process for compiling key science needs (more broadly) at the
regional level. Maintenance of key science needs for assessing acoustic impacts should be cross
referenced with the regional Protected &murces Science Investment and Planning Process (PRSIPP) to
ensure inclusion of newest science from the Science Centers, as well as to inform the broader NOAA
science prioritization process.

6. Continue to Support Mitigation DevelopmentWhere noise igoncerned, mitigation should be

broadly designed to do one of two things: (1) reduce the temporal or spatial overlap of ensonified areas
with marine taxa (or acoustic habitat) in particular times, places or circumstances, and/or (2) reduce the
sound leveht the source (which may include replacing the source with a different type of source
capable of the same function). In reducing the sp&timporal overlay of noise with marine animals

and acoustic habitat, there are two general types of solutionsi-tiew avoidance of overlap of sound

and managed species, and guanned largeiscale avoidance of sound use in important areas or times.
Realtime measures are typically used to minimize acute effects, such as injury or severe behavioral
responses, whezas broader activity planning may reduce acute, and potentially significant, behavioral
effects, and is also the most effective spatiotemporal method to address more chronic acoustic habitat
effects, such as masking.

In addition to improving and expandjrsome of the traditional mitigation measures identified in the
previous section (e.g., reime shutdowns and projeespecific sound attenuation), and referring to the
bulleted lists immediately above, it is important to continue engaging stakeholderfoansing on
broaderscale technological development that will result in noise reduction over multiple projects and
long timescales. These include continued vessel quieting improvements and the exploration of
technologies that can replace louder or mangpactful sound sources (e.g., seismic airguns) with
quieter sources that provide the same functionality while introducing less sound into the water.
Additionally, we need to continue to identify the areas/times/contexts that are most critical to marine
species so that we can reduce their overlay with potentially harmful sound exposure. Finally, we need
to incorporate communication protocols that facilitate rapid response when serious injury or stranding
occurs concurrently with authorized or permittedund-producing activities.

7. Enhance Efficacy and Transparency of Monitoring Approachesnoted above, the MMPA has an
explicit requirement for monitoring to better understand what impact the authorized activities have on
marine mammals. The ESA, NMSA, and EFH also contain mechanisms for including monitoring
requirements for assessing or aptifying the effects of managed activities on marine mammals, sea
turtles, fish, invertebrates, and their habitat. In other words, through its regulatory mandates, NOAA
has the authority to require monitoring from entities seeking authorization to impsaAA trust
resources pursuant to the statutes described earlier in this Chapter, and for assessing the impacts of
physical environmental parameters on marine mammal health (MMPA Title 1V). This required
monitoring should typically be commensurate witlethnticipated impacts, and NOAA has gathered
significant amounts of valuable information through these requirements in the past.
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WhenNOAA program analyst®nsider recommended monitoring for activities with acoustic impacts
focusing on the concepts lmv would allow NOA#o ensure the best use of resources both within the
Agency and by the entities/agencies from which NOAA requires monitoring:

1 Keep in mind the priority data gaps identified above in the Science Needs section, and further
maintain alist of specific priority study questions that relate to the applicable region and
regulatory authority through which the analysts are recommending/requiring monitoring.

1 Both in recommending monitoring and in maintaining a list of priority questions thuatitoring
should be designed to address, keep the following in mind:

0 The variety of timescales, asset/resource availability, and complexity across which
monitoring may be applied (e.qg., a daily pinniped beach census versus a controlled
behavioral responsstudy utilizing tags and multiple platforms)

0 The potential for metaanalyses of multiple monitoring efforts contributing to bigger
guestions

0 The need for methods standardization (e.g., addressing potential biases, requiring
methods and reporting formats Ht allow for the most effective interpretation of
results, as well as comparison to, and integration with, other results)

9 Ensure that monitoring requirements and list of priority questions are informed by:

o Evolving science and previous monitoring results

0 An understanding of regional ecosystem function

o Existing and ongoing studies and programs to leverage monitoring

1 Develop mechanism(s) to detect how multiple activities might contribute to a combined effect
on individuals or a population.

1 Incorporate adaptie components that will allow for modification of measures or solicitation of

additional information as needs emerge through the regulatory timeframe.

Ensure adequate data storage, sharing, and accessibility to NOAA users and the public

Develop and implernt a transparent process to:

o0 Educate and focus the regulated community on priority questions
o0 Integrate incoming monitoring data between applicants, as well as among scientists
0 Regularly review and adapt priority questions

=a =

8. Develop Mechanisms for Outxeh, Collaboration, and Stakeholder Engagemento fully support

the StrategyNOAAwould promote public understanding of noise impacts in U.S. waters and abroad
through targeted outreach effortsThere are multiple reasons why engagement vgithkeholdarsis

critical Much of the research related to noise effects is conducted by entities outside of NOAA,
including other Federal agencies (e.g., Navy or BOEM) and academic institutions or consortiums. Also,
engagenentwith the regulated, or nois@roducng, communityallows NOAAo ensure that noise
management implementation plans are effective and practicable. Systematic and regular engagement
with stakeholders allows for coordination of related research, management, and risk assessment efforts
tomaximi 1 § &8y SNH& |yR NB&az2dz2NOS &l gAy3Iao h@SNJ GKS
Strategy efforts, NOAA, Navy, BOEM, the Marine Mammal Commission, Duke University, Heat, Light,
and Sound Inc., and others have collaborated and jointly funded ifsteuteparate examples and

partners) marine mammal surveys, marine mammal density modeling, soundscape modeling, the
development of risk assessment tools, expert elicitation to identify biologically important areas, and
multiple workshops to address specihoiserelated issueg all of which advance our collective ability

to more effectively address the effects of noise on protected species and their habitat.
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All U.S. MPAs NOAA MPAs

Number | Percent Number | Percent
MPA Area Coverage id.S. EEZ
Number of MPAs in U.S. EEZ 1,774 - 227 13%
U.S. EEZ area covered by MPAs | 6.85M km2 55% 6.78M km2 99%
Primary Conservation Focus of U.S. MPAs (#'s of sites)
Natural Heritage 1,179 67% 80 35%
Sustainable Production 442 25% 145 64%
CulturalHeritage 153 9% 2 1%
Level of Protection of U.S. MPAs (#'s of sites)
Uniform Multiple Use 1,402 79% 187 82%
Zoned Multiple Use 111 6% 21 9%
Zoned w/ No Take 35 2% 6 3%
No Take 127 7% 13 6%
No Impact 16 1% 0 0%
No Access 83 5% 0 0%
Ecological Scalef Protection (#'s of sites)
Focal Resource 674 38% 164 72%
Ecosystem Scale 1,100 62% 63 28%
MPAs Managed by NOAA Line Office (#'s of sites)
NOAA Fisheries 182 10% 182 80%
National Ocean Service 45 3% 45 20%
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5 = A w A R e A % K ~ 4 ~ -~ A w s
¢l OfHS HOEIYLBHISASRTURZRE DSUKFOG bhl!! Ad 2NJ O2dzf R 0S LW eAy3a 02
~ % % \ s % A x X AXE S A ror % FANy TPy A ~ A
A0l 0dziu2NE | dzZ0 K2NA UOASaZO2af @23 3SGI fova LBFYURA | 2(dzi QI2SYYSL&R2INF £ | Yy R S
o
5
Objective of NOAA's Place: Relevant NOAA ) B Role for NOAA Acoustic Habita]Role for NOAA Acoustic Habitat
NOAA Examples L Spatial Scale Temporal Scale 2 .
Based Management Statutory Authorities 2 Science Management
S
w
Endangered SpeCIE.S Recovery F’Ian and Mg MMPA; ESA Gqurgphlc range of species including everything but foreif Jong-term No Can require monitoring
Mammal Conservation Plan action areas territorial waters . X X
Could influence wide-ranging noise
Fish M . . MSECMA Geographic range of species including US rivers and estu | " NG could . itori mitigation by multiple US agencies and|
ishery Management Plan action areas coasts, Continental Shelf and BEZ ong-term 0 ould require monitoring Internationally (e.g., quieting design
implementation)
Essential Fish Habitat MSFCMA Geographic r.ange of species including US rivers and estu Varlablg. long-term (plannlng)v and project-b| No Can recommend monitoring
coasts, Continental Shelf and EEZ project (interagency consultation)
Incide.mal Take Aulhorizalior.\ mitigalion MMPA; ESA Vari‘ble projec.l-by-project, mostly sub-regional; everything Variable: long-term Fsome consullatigq); sh o Must require monitoring Can require most!y sub-regional scale,|
zones; Interagency consultation action area| foreign territorial waters term (most consulation and all permitting) short term mitigation
Cetacean Biologically Important Areas Various: MMPA, ESA, [Variable; sub-regional; US rivers and estuaries, coasts, TBD No Could influence regional-scaldCould influence regional-scale long-ter|

Measures aimed at
protecting aquatic animal
populations or species of

(CetMap)

NMSA, CZMA, etc.

Continental Shelf and EEZ

long-term monitoring

mitigation

Variable; sub-regional; US rivers and estuaries, coasts,

Variable: long-term (planning) and project-b| N

Can require short-term (most

high value Endangered Species' Critical Habitat ESA Continental Shelf and EEZ project (interagency consultations) o Can require monitoring consultation) a.nd |nfluen.ce Ion.g.-terr?'l
(som consultation, planning) mitigation
Habitat Areas of Particular Concern Variable; sub-regional; US rivers and estuaries, coasts, [Variable: long-term (planning) and project-h| - . -
(Essential Fish Habitat) MSFCMA Continental Shelf and EEZ project (interagency consultations) No Can recommend monitoring | Can recommend noise mitigation
" - L . " " Could influence consideration| . . "
Fish and Wildlife Coordination Act and Natural streams and inland bodies of water used by migra . . - Could influence consideration of
. FWCA, FPA N . . Project-by-project No of monitoring by other federal |~~~ | N .
Federal Power Act action areas estuarine and marine fishes . mitigation by directed federal agenm‘bs
agencied
Anadromous Fish Conservation Act action Great Lakes and Lake Champlain (Columbia River Basin) Could influence consideration|Could influence consideration of noise
AFCA A long-term No N . AR
areas streams used by spawning fish of noise monitoring by states |mitigation by states
Fishery Community Based Restoration Pro US rivers or estuaries used by spawning anadromous fish| . - . o
h Y vy 9 MSFCMA A Y sp 9 long-term No Could influence monitoring  |Could influence mitigation
action areas species
Various: MMPA, ESA, |Eight US regions that include territorial sea, EEZ and
Regional Marine Planning areas NMSA, MSFCMA, CZMAContinental Shelf landward of mean high-water line, inlandlong-term Yes NA--not yet established NA--not yet established
etc. bays and estuaries (additional inland waterways TBD)
Various: MMPA, ESA . . . . .
. . . ' |Boundaries of d nated sites (though serves to coordina NA--planning phase; could n
Habitat Blueprint Focal Areas NMSA, MSFCMA, CZMA uncaries esignarec sites .( Ugh serves ' long-term Yes . P Ing p 'S ! NA--planning phase
etc activities with adjacent/influencing areas) influence monitoring plans
National Resource Damage Assessment ac Areas where NOAA-managed resources and they services
areas 9 OPA provide are damaged by release of oil or other hazardous |Incident specific Yes [Could influence monitoring  |Could influence mitigation
Measures aimed at substances
Eir;:]e\clglnfeaquauc areas o Coral Reef Conservation Program action arg@RCA US jurisdictions and waters with shallow-water coral reefs|long-term Yes [Could influence monitoring  |Could influence mitigation
. - . long-term (enhancement programs); Project-| Can influence consideration o|Can influence consideration of mitigati
Coastal Zone Management Planning areas |CZMA All territorial US waters and adjacent land areas 9 ( ent prog ) ) Yes - 9
project (federal consistency) monitoring by states by states
Could influence consideration|Could influence consideration of
National Estuarine Research Reserves CZMA Boundaries of designated sites long-term Yes [of monitoring by site lead (stafmonitoring by site lead (state or
or university) university)
) ) ) Boundaries of designated sites (but including activities Iong-term (ma}n.a\gement pl.apnlng): F’(qject-b Could require (permlnlqg) and|Could require (perrpmmg) and cgn
National Marine Sanctuaries NMSA project (permitting of prohibited activities anYes  |can recommend (planning, recommend (planning, consultation)

occurring outside sites that cause injury within sites)

interagency consultation)

consultation) monitoring

mitigation

 Marine Mammal Protection Act, Endangered Species Act, Magnusen-Stevens Fishery Conservation and Management Act, Fish and Wildlife Coordination Act, Federal Power Act, Anadromous Fish Conservation Act, Coastal Zone Management Act, National Marine Sanctuaries
Oil Pollution Actand Coral Reef Conservation %ptclusive Economic Zorielans in process have ecosystem fodws Fish and Wildlife Service, US Army Corps of Engineers and Federal Energy Regulatory Commission
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INTRODUCTIGNSOUNDSCAPES AND BaEINDS THAT COMPRISEM

A soundscape is the aggregate collection of all of the sounds (both natural and anthropogenic) that
occur or are received at a particular location making up the total acoustics of a place (Chapter 2).
Sounds that occur within a soundscape can be of emtla¢ural or anthropogenic origin, with natural

sources of sound further divided into biotic (biological) and abiotic (physical) sources. Collectively, these
three categories of sound sources, the biophony (natural biological), geophony (natural phgsital),
anthrophony (marmade) Pijanowski et al., 20)1comprise the soundscape of a particular location.

In marine and freshwater environments, natural sounds comprising the biophony include those

produced by animals that reside underwater, and can randeeiquency from a deep, loywitched 10

Hz to extraordinarily high pitched, ultrasonic sounds over 200 kHz. In marine soundscapes, these sources
include fish, seabirds, marine mammals, and invertebrates which use sound to perform critical life

functions. Mitural abiotic sounds comprising the geophony are produced by the physical environment.

These sound sources include weatigemerated sounds from rain, lightning strikes, wind, and breaking

g @Sa 2y GKS 4 4§SNRa &dzNF I OS Jectohi Gr §essishiic agivity ikeOS > 4 |
volcanic eruptions or earthquakes, and any other naturally occurring abiotic process which creates

sound within the marine environment.

Anthropogenic sounds comprising the anthrophony, on the other hand, are sétoxdshhuman

activities introduced into the natural environment. Anthropogenic sounds in underwater soundscapes
include noise from transportation and vessels, oil and gas exploration, drilling and production,
construction and dredging activities, geophysmaiveys, military activities including sonar, and
explosions. In the aquatic realm this category of underwater noise did not exist prior to the advent of
the industrial age. By their very nature, therefore, the introduction of these-made sources of

sound into the aquatic environment alters soundscapes from their natural and historical states.

THE NEED TO UNDERSEYAND CHARACTERMEIJNDSCAPES

The ocean is an inherently noisy place. Historically, it has been filled with the cacophony of sounds,
including those produced by animals, wind, rain, ice, and geologic activity among the many other
sources noted above. These natural sounds have bessept throughout long evolutionary time

scales; over millions of years, animals have existed, evolved, and adapted to the natural underwater
acoustic environment. Unlike other potential means of communication (e.qg., visual, chemical, tactile), in
the ocean sound propagates with great speed to great distances (e.g., Munk et al. (1994) demonstrated
low frequency sounds can travel across and between multiple ocean basins in a matter of hours). The
production and reception of sound is an incredibly efficier@ans of communicating over distance.

Marine animals, therefore, have evolved over millions of years to rely on sound as a primary means of
communication, and gaining information about and interacting with the environment in order to be able
to survive ad reproduce.

LYLR2NIIFIYyOS (2 bh!! Qa ! yRSNAGFIYRAY3 2F {LISOASa |IYyR
Soundscapes from a particular location vary temporally, over both saod longtime intervals, with

tidal, diel, seasonal, and annual cycles in signals present, and also acqoenfies with sounds from

different sources occupying different portions of the acoustic spectrum (Figlije Soundscapes may
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also vary greatly geographically. Between nearby locations, the lower frequency (i.e., deeper pitch)

portion of the soundscapeaway be similar due to the greater ability of ldmequency sound to travel

long distances, while the higher frequency portion may be distinctly different, since these sounds are
attenuated much more quickly and are therefore more sipecific. Betweenvio distant locations, or

locations in different environments (e.g., open water vs. enclosed bay), the soundscapes may be entirely
different across the frequency spectrum. Soundscapes may even vary with depth due to the sound
propagating characteristics tfie water column. In order to understand how soundscapes vary in
RAFFSNBY (i Sy@ANRYyYSyihaz t20FGA2yaz yR RSLIIKazI K2
functions, and the variety and levels of sounds an animal may experience and respbraltghout
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Figure 31. Longterm spectrogram (5 years) illustrating repetitive seasonal changes in the soundscape, due to
weather, and singing Antarctic and pygmy blue, and fin whale populations south of Australia. Data is from the
Comprehensive Nuclear Test Ban Treaty OrgoizCTBTO) passive hydroacoustic monitoring station off
Cape Leeuwin, Australia.

Understanding of Anthropogenic Changes to Soundscapes

The introduction of anthropogenic noise into the ocean effectively began with the advent of the

industrial age lesshian 200 years ago, with the most rapid increase in npeelucing human activities

occurring over just the last 506 years. From steam engines and the development of propetieen

ships, to massive levels of shipping, oil and gas exploration, adgding NA I £ | OGAGAGE T YI yQ
footprint in the ocean has become more and more widespread. Even in relatively pristine oceanic
KFoAdGrFrda tA1S GKS {2dziKSNYy hOSlIyYy &Adz2NNRdzyRAYy3 ! yil
be heard.

Such a rpid change in the underwater acoustic environment, an instant on evolutionary time scales, has
the potential to affect ecosystems and animals in a multitude of complex ways that we are only just
beginning to appreciate. The effects of introduced noise magifest themselves through a range of

acute, chronic, and cumulative effects of multiple noise sources and other stressors (See Chapters 1 and
2, Appendix A). The consequences of these potential impacts include those that are immediate and
obvious (e.g.masking leading to missed detection and avoidance of a predator), to more incremental
and cryptic effects (e.g., increased stress levels, missed feeding or breeding opportunities). The
accumulation of cryptic effects over long periods may ultimatelvliés detrimental effects on the

individual, which can impact the recovery, growth, or stability of a population, or ecosystems that they
inhabit. In both cases, an ability to accurately characterize the contributions of natural and human
sources to soutlscapes is an essential step to understanding the ways that aquatic animals utilize sound
and how manAmade noise may potentially impact them.
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CHARACTERIZING MARBOUNDSCAPES

Marine soundscapes can be characterized by sampling the acoustic enviromomarityfdrophone

sensors (underwater microphones) attached to a variety of fixed and mobile instrument platforms.
Analysis of this empirical data can then reveal how the soundscape varies over time, from place to place,
and across the frequency spectrunm dddition, in recent years, there has been increased effort to

conduct computetbased predictive soundscape modeling of anthropogenic contributions to
soundscapes, based on the physical characteristics of the environment and the distribution and density
of human activities.

Data Collectiom Fixed Platforms

Fixed platforms include autonomous hydrophone instruments, which are typically baitevered

devices capable of recording sound for periods ranging from a few days to multiple years. A large variety
of these devices have been developed by many different research groups and companies (see Sousa
Lima et al., 2013). Important features of these instruments include recording duration (which may be
extendable via dutgycling the recording), frequency respgan(sensitivity), sampling rate, depth limit,
instrument selnoise, dynamic range, ease of deployment, and cost. Instruments may be deployed in a
variety of manners (see Dudzinski et al., 2011). Most commonly the moorings are entirely beneath the

2 O S Isyffeca which is usually quieter, and less prone to ship strikes and fishing gear interactions.
Gaining wider use in recent years are moorings with a surface component allowing for access to solar
power, and communication over lirgf-sight radio, satdite, or cell phone networks (e.g., Cornell

Laboratory of Ornithology 2013, Marine Instrumentation Ltd. 2013). Some systems include software for
detection of events of interest, such as vocalizations of a certain species. These detections may be used
either to turn on recording (e.g., Tregenza 1999) or for-tmaé transmission of detected signals to

shore.

Another form of fixed sensor is the cabled hydrophone or hydrophone array. These systems have been
built by academic, private, and military groupisey feature reatime sound streaming from one or

more hydrophones at each site. The U.S. Navy, for example, has long operated thectdeg8ound
Surveillance System (SOSUS), and since the early 1990s has made it available to researchers with a
securityclearance (Nishimura & Conlon 1994). More recently, a number of cabled systems have been, or
are being, installed for scientific research off the coasts of the U.S., Canada, Japan, Australia, and Italy,
often in conjunction with other sensors followingetttoncept of ocean observatories (e.g., Isern & Clark,
2003). Also, private researchers have installed hydrophones short distances offshore in a number of
places around the world.

Data Collectiom Mobile Platforms

Mobile hydrophone platforms have long included vessgployed hydrophones, typically towed in an

array behind the vessel or dangled overboard. These are still widely used for marine mammal surveys,
by NOAA and many other researchers around the world. Mecently, a variety of additional maobile
platforms have come into use including hydropheeguipped autonomous vehicles and drifting buoys.
ldzizy2Y2dza OSKAOf Sa AyOf dzRS 20Sty 3Jft ARSNARI 6KAOK
through theocean or wave energy to propel themselves forward , and propdligen vehicles, which

travel faster than gliders but often have higher noise levels. Drifting buoys are untethered and drift

freely with currents, may be either surfacar subsurfacedeployed, and may be either expendable or
recoverable. In addition, acoustic recording tags have been developed to be placed on individual animals
as part of broader behavioral studies. These tags may record the animals' vocalizations and other

a7



CHAPTER 3 DRAFT OCEAN NOISE STRATEGY ROADMAP

sounds the amal may hear, simultaneous with other parameters such as acceleration, pitch, roll, and
yaw. These animddorne tags, while requiring careful ethical consideration in their use, can provide
previously unobtainable data on animal responses to sound thr@jmensional reconstructions of
animal movement and behavior underwater, in the presence of natural and human sound sources.

Systems standardization and documentation

While the use of identical hardware systems is ideal for making comparative
measuements, in the absence of thistandardization and/or careful documentation of
system characteristics are essential to make results of soundscape surveys compara
over time or geographic region8eyond basic information on deployments such as
location (latitude/longitude, sensor/water depth), sampling rate, and recording start an
end times, thorougldocumentation on theequipmentconfigurationshould include
information on the frequency responssensitivity and selfnhoiseof the hydrophone and
recording system, directivity of the hydrophonemporal drift and/or calibration of the
recording system, and configuration of tdeployment system (especially any
compensation to reduce vibration and strumgluding sensor depthAlso important are
envirormental characteristicavater depth,verticalsound speed profile (or at least
temperature profile), wind speedvave height, and bottom characteristics if available.

Data Analysis

Acoustic data analyses can be carried out on with a wide variety of programs designed specifically for
sound analyses. Both readily available;tb#-shelf programs and software (e.g., Ishmael, Avisoft,
Raven, to name a few), as well as custerntten saipts in programming languages like MatLab or R,

can perform a range of acoustic analyses on the recorded data to describe its features, including the
spectral (frequency) and temporal composition, and received levels of sound in the datasets.

In the first instance, specific sound types of biological, abiotic, or anthropogenic origin can be extracted
by browsing the data for the sounds of interest (Figw®) 3 These analyses can be conducted manually,
by reviewing spectrograms visually and aurallyhpyusing automated detectors for specific signals.

Calls of a species of interest (mammal, fish, snapping shrimp, etc.) may be extracted for studies of
seasonal and spatial animal distributions, response to anthropogenic activities, behavior, acoustic
repertoires, levels at which animals produce sound, and most recently, for population density and
absolute abundance estimation using cutting edge techniques that are rapidly being devdtmped (
review see Margues et al., 2013). If data is sampled fronipteutime-synchronized hydrophones, a
sound source can often be localized and its movement tracked. With a known source location, either
through acoustic localization or with another data source (e.g., Automatic Information System vessel
tracking systemsr known locations of human activity), the source level and frequency signature can be
determined. Determining accurate source features on a variety of human activities (seismic airguns,
vessel traffic, pile driving) is an essential component in asggssiantial impacts of sound on marine

life and contributions to the oceanic soundscape.
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Figure 32. An example of a 24 hour soundscape with component noise sources illustrated. Recording is from

a NOAA Northeast Fisheries Science CenteiSteltivagen Bank National Marine Sanctuary collaboration with

Cornell University.

When characterizing the soundscape of a place, it is often most valuable to look at longer time frames
FYR GKS @GFINARFOATAGE 2F (KS & ZligeRpo@lvadsionsf noB& I NI Od S N.
levels will describe changes in the sound pressure levels over timesp&bial variatiorof noise

describes the variation in different frequency components present. And a combinations of both domains
describes the vaability in both temporal and frequency components of the recorded soundscape.

Figure 33 is an example of this type of analysis, illustrating how spectral content can be analyzed and
displayed using aoise level percentile distributipwhich, for eachrequency band, shows the

percentage of time that various noise levels are exceeded. For instance, thp&@tntile value is a

high sound level that is only exceeded 10% of the time. Such a percentile spectrum is useful when noise
levels vary over timegs it can reveal very quiet periods or very loud events which, while being at
significantly higher or lower levels than average, would only be present a very small percentage of the
time. The noise level percentile spectrum is one of many ways (e.gtrap®obability density plots
described in Merchant et al., 2013) gquantify over long time frames the essential components of a
soundscape of a place, illustrating variability in sound levels and frequency content of the soundscape.
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Figure 33. Anexample of a percentile noise spectrum. The 9p#ncentile curve, for instance, is the level
that is louder than ambient sound 90% of the time. Note the peak betweeB0R{ representing acoustic
energy from fin whales. System noise floor representgsltiwest levels that the instrumentation is capable of

detecting.Reproduced with permission from Klinck et al. (2012). Copyright 2012, Acoustical Society of America
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Soundscape data can also be displayed in ways that reveal-soade temporainformation, and also

allow exploration of how a soundscape changes over varyingdcates (e.g., daily, seasonal, annual).
One such method is the lorigrm spectral average (LTSA), which is essentially e@ggarsiong
visualization (i.e., spectrogm) of sound over this time. While individual sounds from animals, human
activity, or abiotic noise sources are not typically distinguishable within these long term averages, when
there is a relative abundance in calling individuals or sound sourcesattmistic energy is clearly

visible along with any seasonal patterns (Figuf.3

Value of longterm baseline data

Wellcharacterized longerm acoustic records from the sant@cationspanning a decade
or more are rare.These londerm acoustic datasts are essential fastablishingoaseline
conditions, assessing loitgrm trends in characteristics of interest like noise levels or
animalpresence and eventually abundance, and determining the contribution of hume
activities to changing soundscapé&amples of londerm acoustic datasets include
soundsrecordedby NOAA PMEL from theSJNavy's SOSUS arrdiFox& Hammond,
1994), and sounds recorded by the Comprehensive Test Ban Treaty Organization (C1
for monitoring nuclear explosions worldwigeww.ctbto.org). Both of these systems
sample only the very low frequency domain, which can be fisedssessing the
contributions of anthropogenic éntainer ships, seismic airgyrendmanynatural

(baleen whalesstorms, wave height, wind speed) sousalrces to the ocean
soundscape. Thus theseuniquelongterm archives of continuous passive acoustic data
can permit analysis of both seasonal and mydtar variability in ambient sound levels at
multitude of temporal and spatial scales.

Predictive Sound Field Mapping

An alternative to gathering empirical measurements of ocean noise that has been increasing in
prevalence in recent years, is conducting large scale comybaised predictive sound modeling (NOAA,
2012; SC/65B/Rep03rev, 2014). This technique is partiguiseiful for assessing the potential
contributions of human activities to the ocean soundscape over large geographic scales, and based on
varying amounts of human activitie§Vith the necessary components of the density and distribution of
sound sourcesheir spectral characteristics and source levels, and environmental data (e.g., bathymetry,
vertical sound speed profile of the water column, sediments), sound propagation modeling can be
conducted that can predict the soufiéld resulting from multipleaurces at a variety of location®One
example of this was the recent NOAgtl CetSound SoundMap effortlfttp://cetsound.noaa.goy

which conducted predictive sound field modeling to provide annual average sourid tex@ughout

most of the U.S. Exclusive Economic Zone resulting from a range of anthropogenic activities (e.g., global
shipping, passenger, fishing vessel traffic, and seismic survey activity). This predictive modeling
capability can also be used oveioster time frames and/or geographic scales to predict the sounds
resulting from any individual or particular set of activities (Figu#g.3
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Figure 24. Gulf of Mexico predicted average annual noise levels (1/3 octave band centered at 100Hz, at 15m
depth) summing contributions from (a) large commercial shipping, (b) passenger vessels, (¢) seismic surveys,
and (d) rig support vessel traffitNotet this figure is for illustrative purposes only, and as with any modeling
output, is directly reflective of thunderlying input data. For example, the modeled seismic survey activity was
based on effort in 2009, which may not be representative of survey activity during other time.frames

CURRENT NOAA ASSERHABILITIES TO CABRERIZE AQUATIC SIODSCAPES

Passive acoustic monitoring and research at NOAA are being conducted by researchers at the NOAA
Fisheries (NMFS) Science Centers (FSC), the National Ocearn ¢atimeal Marine Sanctuaries (NOS
NMS) and National Centers for Coastal Ocean Science (N@G®DiBE NOAA Office of Oceanic and
Atmospheric Researth Pacific Marine Environmental Laboratory (GRIREL) Acoustics Program.

Most passive acoustic research projects at the NMFS FSCs and NOS NMSs focus on investigating
seasonal presence, distribution, mement, and behavior of marine animals, as well as characterizing
anthropogenic noise and assessing its potential impacts. The acoustics components of the PMEL
Acoustics Program also focus on monitoring to detect and localize small submarine earthquéikes a
volcanic activities.

Acoustic Equipment

Currently, a variety of fixed and mobile platforms are being utilized by NOAA to record acoustic data to
study the ecology and behavior of marine animals, ambient ocean noise, geophysical events, as well as
anthropogenic noise that could affect marine life. The fixed platforms used by N@SSand OAR

PMEL include AURALSs (Autonomous Underwater Recorders for Acoustic Listening), EARs (Ecological
Acoustic Recorder), HARPs (Higlguency Acoustic Recordiackage), MARUs (Marine Autonomous
Recording Unit), ©0Ds (Cetacean and Porpoise Detectors), AMAIRS{omous Multichannel

Acoustic Recorder), SM3Ms (Song Meter SM3M Submerdidid]|. produced Autonomous Underwater
Hydrophones (AUH) and several regiomadrophone network nodes deployed in the Washington inland
waters. For mobile platforms, the equipment used includes towed hydrophones and/or hydrophone
arrays, sonobuoys, free floating hydrophones, dipping hydrophones, and gliders currently being used a
six of the NMFS FSCs (see TadleRlgure &). Although most of these projects focus on recording
signals of biological origin, acoustic data obtained during the process can additionally be used to
characterize and improve our knowledge of underwateundscapes.
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