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EXECUTIVE SUMMARY OCEAN NOISE STRATEGY ROADMAP

Ocean Noise StrategfoadmapExecutive Summary

INTRODUCTION

LYONBlFaAy3a Kdzyty FOGAGAGET |f2y3 Y2NB 2F (GKS S| NI
ocean environments, is leading to rising levelamthropogeniaunderwater noiselncreasingnoise

levels are impacting the animals thahabit these places in complex waasd their ecosystems

including through acute, chronic, and cumulative effects. In the U.S., the National Oceanic and

Atmospheric Administration (NOAA) is the federal agencyigrabst responsile for protecting aquatic
FYAYFf&a IyR GKSANI KFoAdldazr GKNRdAzZAK | @GFNARSGe 27
understanding and managing underwater nog®uldbe multifaceted. Numerous studies illustrate

specific adverse physical and behasl@ffects that exposure to certaimisetypes 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 miflyges. In just

the last ~100 years human activities have caused large increasgoiucednoise and changes in

soundscape$ These changes can lead to reduced ability to detect and integmetisticcues that

animals use to select mates, find foadaintain group structure and relationships, avoid predators,
YIEGAALFGST YR LISNF2NY 20§KSNJ ONRGAOFE fATFTS Tdzy Ol A2
shouldaim toaddresschronic effects andonserve the quality of acoustic habisain addition to

minimiang more acuteadverse physical and behavioral impaatsspecific species.

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

by additionally addressing noise impacts on high value acoustic habifatsdamentally, the Strategy
Roadmapservesas an organizing tool to rally the multiple NOAA offices that address ocean noise

impacts around a more integrated and comprehensive approach. A series of key goals and

recommendations are presented that woutdproveb h! | Q& | oAf AG& dandtMd yI 3S 062
places they inhabit in the context of a changing acoustic environment. The StRdegynags not

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

provide a crosdine office roadmap summarizj some of the essential steps that could be taken 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 impacts (including those with-paideicing operations) to meet

their existing strategic goals and plans. Some recommendations suggest actions that could be taken by
individual programs within the agency, while otherghiight opportunities for parallel activity or
partnerships among multiple program&rafting and implementing modernized management

approaches that balance competing needsawful commercial, economic, scientific, national defense

and security activies, protected species, andatural acoustic habitatwill continue to present NOAA
significantchallenge®ver the cominglecade . Therecommendations outlineth the Roadmagsuggest

! International Standards Organizatid29131:2014:dThe standard distinguishes the perceptual construct
(soundscape) from the physical phenomenon (acoustic environment), and clarifies that soundscape exists through
human perception of thacoustic environment.In practice, however, wildlife ecologists have defined

soundscapes as theound present in a particular location and time, considered as a whole

% Distinguishable soundscapes inhabited by individual animalssemablageof speces, inclusive of both the

sounds they create and those they hear.

®See Chapter 2



EXECUTIVE SUMMARY OCEAN NOISE STRATEGY ROADMAP

crossagency actions thawvould put NOAA on the path to meeting these lbiiages and achieving the

goalsof theStrategyL & A a AYLERNIFydG G2 y230S GKFd Ay FTRRAGAZY
mandates includg@ermitting impacts to marine species and their habitat, including impacts from noise,

provided those impactare not too severe and appropriate protective measures 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. fidiegytaims to

further ensure that NOAA is addressing these 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 respondileiti.

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 2Nl Ay3 INRdzLJA O2ftf SOGAGSte {yzFney | a af/ Sif
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 activities. 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 toolsNOAA leadership encouraged the development of ¢d&rOcean Noise Strategy

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

{GFFF +tYyR £t SIFIRSNBEKALI FNRY bDbh!! C)\aKSnNJ(eShacﬂbgyh??)\C)S
FYR GKS DblGA2ylt hOSIy {SNBAOSQA fiodrdver@éhing ¥ bl (A2
goalsthe Strategy aims to achieve

a
y

1. SCIENCE: NOAA and federal partners are filliaged criticaknowledge gaps and building
understandingpf noise impacts over ecologicahglevant scales

2. MANAGEMENY bh! ! Qa OiA2ya INB AydiSaNriSR FONR&&
chronic and cumulative effects of noise on marine species and their habitat

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

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

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 practitionersnanagers, and lawyers who are knowledgeable in the field of ocean
noise and represent multiple programs or authorities through which NOAA regutageEsarchesor
producesocean noiseParticipants identified the need forraadmapdocument to articulatehe goals

of the Strategy and to suggeapproachedor achieving anore integrated and comprehensive
understanding an@nanagement of ocean noise impacts. A subset of participants (see Appendix D) then

“¢KS GSNY aYlyl3SySyidé NBFSNE KSNB G2 Fff bh!! +OGAzya
NBE&2dz2NOSa 60APSd aLISOASazr ada201az KFEoAGLFGA FyR I NBlFa dzy
methodsby which individual NOAA prograrmsplement their longterm strategic plans, including, but not limited

to, activity-specific regulation of impacts to individual specesl stocksprioritization of internal capacities,

providing regional, national and international leadership or coortiomeof protective actions, and providing

recommendations or guidance to other federal and state agencies.

2
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drafted the Ocean Noise StrateBpadmap The drafRoadmapwas 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 thathad potential interest in the initiative but that did not identify staff to participate in the
drafting.

OCEAN NOISE STRATRGXDMAP

The purpose of the NOAA Ocean Noise StraRggdmaph & (2 adzlLl2 NI GKS | 3Sy e Q:
capabilities and authorities tmore effectivelyunderstand andaddresshe effects of noise on protected

speciesandl 02 dza G A O KFIoAdGFdad C2dz2NJ OKI LJGSNAR | RRNBX&aa (Se
provide placebased examples:

Chapter 1:Reviewing species leveimpacts ofoceannoise and associated management action
Chapter 2:Establishingthe foundation for understanding and managiagpustic habitatsor
NOAA trust species and places

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

Chapter 4:Applyingrisk assessmertb placebased examplethat highlightRoadmapscience
and management recommendations

Chapter I(Reviewingspecies leveimpacts of ocean noise and associated management actvaitis)

associated Appendices, summarizes the status of the science needed to understand, characterize, and
YEyF3aS GKS SFFSOdGa 2F y2AiasS | ONbBtings andsummdes LINE (SO
historical approaches to noise management, and presents recommendations for improved approaches
moving forward.The Chaptehighlighs the current status cdind need formethodological approaches

to determine population level and cumulative consequesito NOAA resourcels.h | | Q& | dzi K2 NR (0 A
addressinqroiseimpacts  managed species and their identified habitats are then summarized, and

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

science, 8k assessment, and managemeramplés 12 AYONBI &S GKS SFFSOUAOBSY
management practices to address chronic and cumulative noise impaxtidroaden practices to

better address impacts teeaturtles, fish and marine invertebratedddtional detail is provided in the

associated AppendiceSppendix Aoutlines the status of science regarding sound usehy noise

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

marine mammals, fish, inviebrates, and sea turtle®ppendix BsBummarizes the status of information

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

species.

Chapter AEstablishingthe foundation for understanding and managiagoustic habitat§or NOAA trust
specie}presensthe basis for the development of an agenwide strategyto more comprehensively
managenoise impacts o acoustic habitat.b h | | Q &basell habagement toolsre examined to
consider their application tacoustic habitat protection goals, highlighting activities that are underway
or could beundertakento achieve these goal®ecommended activities include: 1) partnerships with
regulated federal agencies and industries to address loteyen and widerranging noise impacts via
promotion of quieter technologies; 2) development of tools and application to marine planning and
traditional protected species management efforts to accountcdiamulative noise within places where
acoustically active or sensitivpexiedive; and 3) fulfilling the current potential of existing NOAA
authorities to address noise implications within areas with more holistic protective goals, such as
brGA2yFEf al NAYS {IyOidzZ NASad ¢ KNP dz3 Kihighiinisk Ay F2 NY I

3



EXECUTIVE SUMMARY OCEAN NOISE STRATEGY ROADMAP

acoustic habitatgre discussed, includingplications forbroadening the focus of noiselated research
to better characterize habitat status and noise influence as mediated through entire ecosystems.

Chapter JReviewingb h ! | Qa  &pabNilfIdcharactérize aquatic soundscapasd enhandngthis

capacity for the futuraddresses the science needs highlighted in Chapters 1 and 8upgéest a need

for the agency to augment its capacity to effectively understand and accurately ¢bazac

soundscapes and the component sogtidat comprisethem. Soundscapesan be characterized

through the use of a range of both fixed and mobile equipment platforms to collect acoustic data

Acoustic analysesaninclude measurement of both specifiounds over short time frames, to broader
guantifications 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 toassess the likely acoustic contribution of anthropogenic sources in various husaan

scenarioplays akeyroleifSSGAy 3 bh! ! Qa &aOA Sy Officedayrdss NOAN4ared SY Sy i
increasingly utilizing a variety of fixed and mobile platforms tacblcoustic data to study the ecology

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

noise that could affect marine lif¢. 2 & dzLJL2 NI | yR O2yiAydzS (KAaAa SELI ya
research capabilitthe Roadmapecommendsstrategic coordindbn amongresearch programs,

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

Chapter 4Applyingrisk assessmertib placebased examplethat highlight Roadmagcience and

management recommendatioppresents two placdasedcase studieghat highlightthe 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 maagementResults can inforMlIOAA2 decisionmaking regarding

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

authorities or partnerships, angrovide mechanisms for evaluatitige succes®r failure of various
approachesThe first case study applieisk assessmermirocesses to examinaoise impacts to fin, blue

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

SUMMARY OBVERARCHING AND CROSSCURHNGMMENDATIONS

Chapters 13 includerecommendations fostepsNOAA ouldtaketo achieve theStrategygoals. A
summarytable of these recommendations followsategorized by the primary Strategy geakh action
addresses and the keshapters)in which t appears. Relevance to multiple Strategy goals is identified
for some recommended action§ heserecommendad actions wouldmprove understandingand
management ofthespécSa | YR KI 0 A (I (aad utliyeRh® tivernsehekplerisa witlin thels
agency to more comprehensively address ithgacts 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 girogrammatic approaches through MMPA an
ESA to allow for better consideration of multiple activities, 1,2
longer timeframes, and acoustic habitat impacts
Improving management effectiveness for acoustic habitat
through incorporation of placéasedauthorities 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, standardizeé&nd
. . . 3 Management
calibrated acoustic monitoring netwodcross 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 monitoring requirements for compliance processes
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 andServicesDevelopment of processes and tools _
. - . . . S Managemaet;
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 impulsive sounds generated by seismic airguns ogexhtbr
gasexplorationor research All of these activities cgotentially affectthe 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, masking, heag 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 for nawgand other purposes.

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

in detrimental effects taquatic $JSOA S& dzi At AT Ay 3 |+ 3IAGSY Séuhd®2 dzaiG A O |
utilized for purposesther than communication span frequency ranges beyond those used in

vocalizations. Of growing concerrtlie need to address the chronic (persistent/longerm) and

aggregated or cumulative effects of rising noise levels resulting from increased humatieacacross

multiple sectors, industries, and federal agencies.

a2NB O2YY2yfeée 1y26y YR KA&ZOG2NARAOFffe& | RRNSdaaSR (K
acute (i.e., of rapid onset and shorter duration) physical, physiological, and beddamipacts 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 damage, or behavioral disbance 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 comprehensively addreSed 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 indluials 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 Sanctuaries Act (NMSA), NOAA is
responsiblefor the management of abbut a small number afharine mammals, all sea turtles, Egted

fish and invertebrates, many commercially important fish and significant marine areas. Examples of the
effects described in previous paragraphs are known acr@s/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 seeks to

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

1ff 2F GKS &az2dzyR LINBaSyd Ay | LI NIAOdzZ NI £f20F0GA2y FyR
(Pijanowski et al. 2011). When examirfeaim 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 applicabto other taxa.

Through this NOAA Ocean Noise Strateggadmapdocument 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 protedtspecies (meaning the taxa 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 researc

related to noise and protected species, and programs that produce underwater noise during the course
2T OGKSANI Yy2NXIf 2LISNIdAz2ya IyR RdzZiASa 6So®3ad> bh!
fisheries research). In addition to providinew focus on the importance 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 expasures t

individuals and their ultimate effects on the populationd/e 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 undeéasiding of the aggregated effegtsn individuals and

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

YR 000 ONBIRSYAY3a bh!! Qa LIN}YOGAOSAa G2 0SGGSNIIRR

This Chapter (and 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 neemladderstand,
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 (G4KS a9 @I f teveliahdCamulatve EifectsT ARYA 4S¢ aSOGA2Yy>X 6S
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 &/ dNNByd bh! ! al yl 3%iéfithe mdnagerdehta S L Y LI O
authorities through which NOAA can address the effects of hupraduced noise on these
ALISOATAO GFIEFSE & 6Stf & | O2dza N @DKSEaEA BSOS A 20
briefly describes some current strategies for implementing these authorities.

T [radz Ay GKS abSEG {dSLA F2NJGKS bh!! hOSIy b2
priority science, risk assessment, and management needs intendedde N@AA actions for
addressing noise impacts to all four of these acoustically sensitive taxa and their acoustic
habitat.

THE BUILDING BLOCKS OF IMPACT ASSESSMENT

In order to begin to characterize, predict, assess, and manage the potential effececicspctivities

that generate underwater sound on an acoustically 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, understding 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 responsibilities: marine mammals, fish,
invertebrates, and sea turtlesAppendix B: Presence, Abundance, Distribution, Density, Habitat Use,
and Population Trendsummarizes the status of informan regarding presence, abundance,

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

Sound Use and Production

Marine mammals have been moestensively studied than othenarine fauna in termsf their hearing
sensitivities andibsolute hearing thresholds (though less so for mysticetes), as well as their
vocalizations.Marine mammals both produce, and use, sounds spanning a wider raffiggjoéncies

and decibel levelshan other marine taxaand they use them for a wide variety of purposésirther,
some of the more subtle aspects of hearing in marine mammals such as frequency discrimination,
localization ability, and critical ratios have been studi€@shesare thelargest and most diverse
vertebrate group, and while gvare aware of many adaptations that allow them to both detect and
produce sounds for a variety of purposes, there is much that isskiiown We do know, though, for
example, thasome fishes arelde to detect sound pressure and can hear and determine the direction
of sound vigparticle motion Also, the presencandlocationof aswim bladder relative to the ean
fishes may affect the degree of hearisgnsitivityas well as the susceptibility of sustaining physical
injury to the body when exposed to certain sound pressure levalshough invertebrates have been
studied less than marine mammals and fish, we know sieahe invertebrates are capable of detecting
vibrations andothers may detect particle motion and even sound pressure (Budelmann 1992, Popper et
al. 2001, Kaifu et al. 2008). Some invertebratlssproduce soundspr usesoundfor orientation and
stunning of prey. Sea turtle hearing and use of sduse not been well studiednd sea turtles are not
known to intentionally produce sounds underwataihile a few studies document the use of sound
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 numerous and cover a wide range of species,
sound sources and characteristics, environments (laboratory and field), and observed effects.
Documened impacts range from none, to behavioral disturbance (avoidance, vocalization changes,
changes in swim speed and direction, alarm responses), adverse stress responses, masking, hearing
impairment (temporary or permanent), tissue damage, and death. SHualidish have focused more

on characterizing the physical effects such as hearing impairment, barotrauma, and death, but
behavioral effects such as changes in direction, speed, or schooling patterns as well as changes in stress
hormones have been documesd. Unlike in marine mammals, hearing impairment is considered
recoverable in fisBsbecausanany of the species that have been researched indittadg can grow

back their hair cellsHowever, there remains much that is unknown about hearing in fishdgtse

ability to recover from hearing damage because of the great number of fish species that have not been
studied. Less research has been conducted on invertebratesstuie research on cephalopods has
indicatedhigh intensity low frequency sounds, &sll as long exposures to continuous soundsy

damage the hair cells in their statocysishich couldnhibit their ability to perform important life

functions although behavioral studies that would support such conclusions have not been conducted.
Fewer targeted studies documetite impacts of noise on sea turtlesorfe sudies have documented
multiple types of changes in behavior in responsa few sound sourcg but other studies have
documented no changed-or all taxa, the focus is expandito better understand the effects of

changes in the soundscape.

Species Presence, Abundance, and Distribution
A key building block of risk assessment is reliable information on the potentially impacted species or
stock presence, abundance and distrilouti both spatially and seasonally. Select species have been
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well studied in certain areas and seasons. Appendix B outlines where available abundance and
distribution data may be accessed, as well as other important information on habitat use and life
hisory. 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 gathidradequacy of stock

assessments. For marine mammailsly about 17% of the marine mammal stocks NOAA Science
Centers track and collect data for are considered to have adequate assessments and about 47% of the
stocks have either never had an assessnoemducted, or the last one was over 10 years ago. About
34% of ESAAAGSR FTAAK I NB O2yaARSNBR (2 KI @S -igtgRSljdzZ G§S
invertebrate species (coral and abalone) or sea turtle species are considered to have adequate
assessments NOAA is constantly working to maximize the effectiveness of stock assessment data
collection within given resource availability

Characterization of Human Introduced Sounds

Understanding the characteristics of sound sources and f@gucingactivities 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/or chronically
include: vessel noiseffshore and nearshorecommercial and recreational vessels); active sonar
(military and research activities); seismic airguns (for oil and gas exploration and research); underwater
explosives (military operations, harbor deepenifighing deterrentsandrig 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 POPULATHICRYEL AND CUMULATIVE IMPACTS OF NOISE

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 chroric disturbance effects can translate to effects on individual fithess 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 potentiattsfthat 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-stigg&er datasets to which

field measurements can be compared to appropriately assess contextgmriticsince.

¢tKS hTFAOS 2F bl @It wSaSIFNOKQa ohbwo alNARYS 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

9
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Responses is one of the specific thrusts of the Effects of Sound on Marine Litenprog
(http://www.onr.navy.mil/en/Sciencel echnology/Departments/Codé2/All-Progams/Atmosphere

Researck822/Marine-MammalsBiology/MarineMammalBiologyThrusts.asp& @ hbwQa wnmn |

report (Cockrem 2014) compiles information from 239 papers or book chapters relating to stress in
marine mammals. While these articles were masmammal 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
neuroendocrine pathways are activated and a stress response is initiated. These threatening or
potentially harmful changes in the environment (or perceived to be thneiatg or harmful), which can
either require cognitive appraisal or be completely physical (i.e., temperature), are termed stressors

(Cochrem 2014). A stress response occurs when a stressor activates the neuroendocrine stress system

(NSS), resulting in gloorticoid (cortisol or corticosterone) release from the adrenal cortex (Cochrem

2014). A stress response can last from minutes to hours, and includes increased sympathetic nervous

system activity and a rapid and transient release of catecholamines fieradrenal medulla (Cochrem
2014). While we typically focus on adverse stress responses, stress responses are part of a natural
process to help animals adjust to changes in their external or internal environment (maintain
homeostasis), and can also beheit beneficial or neutral.

Although extensive terrestrial vertebrate datasets illustrate that the impacts of chronic stress effects can

adversely impact individuals through immune suppression, inhibition of other hormonal systems, and
the disruption ofreproductive function, such studies within marine systems remain rare. In a unique
circumstance, (Rolland et al., 2012) suggested evidence of a reduction in stress hormone levels
associated with reduced exposure of North Atlantic right whales to noise faoge commercial vessels.
Laboratory studies showing explicit stress responses to noise and field noise measurements have
increased our ability to compare hormone levels with other potentially causative variables. However,
there are no large crossecional datasets of stress markers in frenging marine populations, which
means that we lack an understanding of natural variation within individuals based on sex, age, and
NBLINE RdzOGA DS &adl (dzao CdzNIi KSNE ¢ S rieua WoonesFadef f &
the quantitative differences to be expected among sample types (e.g., blood, blubber, feces} in free
ranging individuals. Because of this, there is a current inability to interpret context and the biological
significance of variation istress markers in individuals.

Acoustic Habitat Effects

9 NI ASNJ AYy (KAA& / KlauginéniifosuS to BdSUFeSHalRhg EhdoRic effiduts df Q a
rising noise levels on the acoustic habitat of protected species (i.e., the masking of imzpeaids
ALISOATAO | 02dzaGA0 0OdzSav FINBE 60SGGSNI FRRNBaaSR
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are touched on in Appendix A, Chapter 2 describes these effects 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 commitment necessary, few studies have quantified the
ultimate impacts to marine mammal palations associated with disturbance from noise or other
causes. Lusseau and Bejder (2007) present data from threg¢damgstudies illustrating the

connections between disturbance from whalatching boats and populaticlevel effects in cetaceans.
Aaoss these three muHlyear studies, the effects of increased boat traffic from tourism ranged from a
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15% decrease in abundance (Shark Bay Australia, bottlenose dolphins, Bejder 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 opportunities and increased traveling time that a simple bioenergetics model
equated to decrased energy intake of 18% and increased energy outputddb3IVancouver Island

Canada, northern resident killer whale, Williams et al., 2006). These studies are presented because of
the lack of similar studies for other activity types, not because ofrdmaeced concern for whale

watching above other activity types. In fact, Weinrich and Corbell (2009) report that the reproductive
success of female humpback whales was not affected by whale watching exposures in southern New

England.

In order to undersand 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 disturbances are going to
be, but how those disturbances or other impacts may affect theéaepctive success and survivorship

of individuals, and then how those impacts to individuals translate to population chaAgasoted

above, one of the major interest areas fortheF ¥ A OS 2 F
Biology Progranisbetter understanding the populatiofevel consequences of sound exposure on

marine life. Following on the earlier work of a committee of the U.S. National Research Council (NRC
2005),0NR has funded thieotential Consequences AtousticDisturbancg PQ\D) effort from 2009

2015, which included four working group case studies and was modified to the Potential Consequences
of DisturbancgPCoD) to allow for the consideration of more data using other disturbance types as
surrogates for noise in the case studiéSupported by the PCoD effaiew et al. (2014) outline an

updated conceptual model of the relationships linking disturbance to changes in behavior and
physiology, health, vital rates, and population dynamics (see Figliye While this effort targets

marine mammals, this conceptual model is likely broadly applicable in illustrating the potential

OCEAN NOISE STRATEGY ROADMAP
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pathways from individual disturbances to populati@vel impacts for other taxa.
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Figure 11. Potential Consequences of Disturbance conceptual model akthgonships linking disturbance
to changes in behavior and physiology, health, vital rates, and population dynamics (New et al., 2014).

As described in the PCoilodel, 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 hetatadir increased
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stress levels that directly raise the probability of motieaif 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 changein 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 frameworlcompile the relevant literature that supports it, andcludespecific
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 effects for dam species and situations. Further, these authors, and others involved in
the PCoD effort, have developed stapace energetic models for four example species (southern
elephant seal, North Atlantic right whale, beaked whale, and bottlenose dolphat)jllustrate how

specific information about anticipated behavioral changes or reduced resource availability can
potentiallybe used to effectively forecast longegrm, populatiorlevel impacts (New et al., 2014; New

et al., 2013a; Schick et al., 201&wet al., 2013bjvhen enough data are availablédowever, more

work and data are neededefore these sorts of models can be broadly applied for management use. In
fact, work is still needed even for the more narrow application to specific taxadiated in Pirotta et

al. (2014), which illustrates that traditional visual group follow data did not provide enough information
to allow biologically robust inference in the case of the model applied to the populbiah effects

from tourism on bottlenoselolphins in New Zealand (mentioned above).

Unfortunately, empirical data adequate fally and accuratelguantify the relationship between

behavioral or physiological changes and fitness impacts do not exetyonarine mammal species

and the «isting modeldor the species with the most data (e.g., elephant sealg)very speciesand
scenariespecific. However, some inferences regarding the relative importance of certain factors may
be appropriate for different species in certain circumstasc Meanwhile, tdelp addresshis gap in
FRSljdzr §S SYLANROFIE RFEGFSE Ty GAYGSNAYEéE GSNAAZY 27
formal expert elicitation process to estimate parameters (and associated uncertainty) that define how
changes ibehavior or physiology affect vital rates and incorporate them into a stochastic model. The
frameworkwas designedb help predict the anthropogenic disturbances on animal populations

specific circumstancesKing et al. (2015) report on the outcometioé first 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 areasnd the efects of seismic surveys on Cook Inlet beluga whalesugh care must be taken

in the application of predictions based on expert elicitation, the interim PCoD method may appropriately
inform impact assessments in certain circumstand®blR continues teupport PCoD work towards
speciesspecific case study energetic models, improved interim expert elicitation processes for data
poor scenarios, and datdased tools that can be more broadly applied to address populd¢iosl

effects.

Aggregate orCumulative Effects of Sound

Marine animals, especially in more coastal areas, are often exposed to multiple stressors (including
sound) in a given time or space, amte is a general recognition thtiie cumulative effects of

multiple stressors may havegreater impact on individuals or species than a single stressor. In the
United States, a variety of federal and state laws require evaluations of cumulative effects in the course
of deciding whether and how tauthorize or implemena federal or state etion. Unfortunately, while
guidelines exist for assessing the relative level of cumulative effects on a species, from a practical
standpoint this process is quite challenging because of the paucity of data on how various stressors
affect species. Thefett of a particular stressor on an individual may be dependent on the species, life
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stage, geographic location, and season, among other variables. Ideally, assessments of cumulative
effects would evaluate impacts of the stressor on the population intefdio the individual.

Studies that provide quantitative evidence of populatienel effects of one stressor arelativelyrare;
collecting quantitative information on the populatidavel effects of all stressors in a system seems
virtually unattairable given resource limitations and the complexity of population responses to
environmental and humaielated features. Given the complexity and the lack of quantitative data on
effects of single stressors on marine mammals, regulators often do the besttn to evaluate

cumulative effects, at least in a relative fashion, by listing all known activities in a geographic area and
making agualitative assessment of whether the activity is likely to affect the population independently,
or in conjunction witlother stressors In one current effort, the National Academies of Science have
convened an expert group to conduct a workshop and review the present scientific understanding of
cumulative effects of anthropogenic stressors on marine mammals with a éwcasthropogenic

sound. The group will further assess current methodologies used for evaluating cumulative effects and
identify new approaches that could improve these assessments.

In addition to the challenges with assessing the effects of multipésstrrs, it is often challenging to

even effectively characterize or predict the likely impacts from multiple sound sources. Several recent
efforts have sought to improve our understanding of the aggregate exposure of multiple sound sources
on marine mammis. The NOAFed Cetacean and Sound Mapping Projédip(//cetsound.noaa.goy)

sought to develop tools to predict and map cumulative, huaAraduced, annual average low frequency
underwater sound fields throughowi.S. managed waters. In 2012, a symposium was held to discuss
various methodologies for applying these new maps to managing chronic noise implications for
cetacean specieand these maps have been used in fosder chronic noise assessments to inform
Environmental Impact StatementsFurther integration of noise fields with marine mammal distribution,
density and behavioral information to quantify impacts has been addressed in a fewhalsed case
studies. Hatch et al. (2012) sought to quantify lewélmasking 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 Beaufort Sea, allowed modeled
animalsi2 YA3INIGS GKNRdAdzZAK GKS FNBIFX FyR OFfOdz I SR
sound. A follow up effort in the Beaufort Sea is under way that uses expert opinion to assess the
likelihood that a response variable will be affected by sound stheerity of the impact if it occurs, and
GKS SELISNI&Q OSNIFAyide (GKIG 6S dzyRSNRGFYR (GKS
Both the quantitative and qualitative approaches could be expanded to include consideration of
cumulative effec$ of stressors other than sound on marine mammals.

CURRENT NOAA MANAGEMENT OF NOISE IMPACTS

bh!! Qa NB&ALRYyaAoAtAGASA AyOfdRS (GKS AYLX SYSydlGAz

protection and conservation of marine species and stocks, as well as their habitat. thgHileS. does

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

underwater noise, we currently regulate the impacts of underwater noise (among other impacts,
including in air noise) on animal groups for which the agency has responsibility/authority through
multiple federalstatutes, as well as other initiatives discussed below. It is important to note that, to
date, much of the management of noise effects on marine mammals, fish, invertebrates, and sea turtles
has occurred through primarily projespecific consultationsral permitting pursuant to the MMPA, the
ESA, the NMSA, and the MSA. In some instances, other less targeted mechanisms have been used to
provide broader recommendations (e.g., Fish and Wildlife Coordination Act to address fish and
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invertebrate impacts). \Wle some of these consultations are programmatic in nature, their analyses

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

very large geographic ranges of all of the marine species potentially iBgag | yR G KS& R2y Qi
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 areypically more difficult to manage through the more projedpecific 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 impactsitd§ own activities (e.g., conducting scientific research, operating a
fleet of vessels, issuing MMPA authorizations) on the human environment. This analysis must consider a
range of reasonable alternatives (including mitigation measures), all poteritigdicted resources

(e.g., biological resources and social resources), and cumulative impacts, and must be made available to
both the public and agency decisiomakers. The product of this process is a NEPA document that,

where appropriate, will include fall discussion of the acoustic impacts of an activity on marine taxa.

bh!! Qa ¢2N)] 6A0GK GKS LYGSNYyFGA2ylt alNARGAYS hNAIY
reducing underwater noise from commercial shipping, which were adopted in Afdli8Gnother
AYLERNIFYG SEFYLXS 2F bh!! Qa ST¥F2NIa (2 Y2NB oNRBIR
their acoustic habitats. This international mechanism serves as @domgool for NOAA, other U.S.

agencies, and other governments to addras$se impacts on a broader spatial scale than U.S. statutes

allow.

Below we briefly describe the four main statutory authorities through which NOAA currently addresses

the impacts of ocean noise on marine species. Appendix C further describes tliie sypeticable

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

I RRNBadaa y2AasS AYLIOla 2y a4LISOASE FYyR 02dzaAGA 0 KU
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Marine Mammal Protection Act (MMPA)

The MMPA states that marine mammals are resources of great international significance and should not

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

the ecosystem. Sectia2 (2) of the MMPA further states that the primary objective of their

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

and that efforts should be made to protect essential habitats, including rookeriesgngtounds, and

FNBF& 2F AAYATI NI aAaAIyAFAOLIYyOS FTNRBRY GKS I ROSNBS S¥
protections and programs fall marine mammal species and stocks and their habitat, and NOAA is

responsible for implementing these mdates for most marine mammal species (except for thaxa

under USFWS jurisdiction: 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
certainexceptions, one of which is the issuance of incidental take authorizations (ITAs). Section
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),(@pthe total taking will not have an

unmitigable adverse impact on the availability of 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 about Section

101 of the MMPA sehttp://www.nmfs.noaa.gov/pr/permits/incidentaly.
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Title IV of the MMPA lays out thresponsibilities of NOAA and the USFWS for implementiniyltrene
Mammal Health and Stranding Response ProgifdHSRP). Pursuant to the MMHSRIQAA
responds to, investigates, and reports out on marine mammal strandings, including those potentially
as®ciated with exposure to loud sounds (for more information about tHdINERRee
http://www.nmfs.noaa.gov/pr/health/stranding.htri

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

conservation of the species themselves. The ESA seeks to atinddi@x 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 threatened or endangered: 27 marine mammals; 57
fish; 16 sea turtlesand; 24 invertebrates.

As one part of a plan to serve these broader goals, Section 9 of the ESA prohibits the takéstéESA
species, with limited exceptions. Section 7 of the ESA requires that each federal agency, in consultation
with NOAA/USFW dsure 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.
Provided these findings are made, incidental take of-ls$&d pecies may be exempted by NOAA or
USFWS. Section 10 of the ESA allows for the issuance of incidental take permitécidenalentities.

NOAA or USFWS typically identify terms and conditions (e.g., mitigation or monitoring) that the action
agency or pemit 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:
9 within the geographical area occupied by the species at the tiftisting, 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 area occupied by the species if the agency determinesdtzatth
itself is essential for conservation.

I NAGAOIFE KIFIoAGIG Aa oFaSR 2y ELINAYINE O2yadAddzsSyi
essential to the conservation of a species, such 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
KFoAGEFG RSaAaylraGAzy (KF G I R-RaBrvidedDalowfedels deSulting¥hLd Od a Y
the abandonment of critical habitat areas by Caof’ f S 06 St dza | &4 d¢ C2NJ Y2NB AyT
Endangered Species Act, viditip://www.nmfs.noaa.gov/pr/laws/esa/

National Marine Sanctuaries Act (NMSA)

The NMSA allows for the designation andtpction (by NOAA) of national marine sanctuariegreas

of the marine environment with special national significance due to their conservation, recreational,
ecological, historical, scientific, cultural, archaeological, educational, or aestheticegialithe 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 samgtand/or those that require
permitting (Section 308). Currently, none of the 14 sites managed-orasaged by the Office of

National Marine Sanctuaries (ONMS) prohibit outright the production of underwater noise within their
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boundaries. However, Seati 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 the action. ONMS then recommends reasonable and prudent alternatitésh may include
mitigation or monitoring) to protect sanctuary resources. Where noise impacts are addressed, 304(d)
recommendations may address any nes@nsitive species within the sanctuary (e.g., marine mammals
or fish) as well as targeting acoigshabitat concerns more broadly (for more about management of
National Marine Sanctuaries resources sa#p://sanctuaries.noaa.gov/management/welcome.html

MagnusonStevens FisherydBservation and Management Act (MSA)

Fish require healthy surroundings to survive and reproduce. NOAA Fisheries works with regional fishery
management councils to identify the essential habitat for every life stage of each federally managed fish
andinvertebrate species using the best available scientific information. Essential fish habitat (EFH)
includes all types of aquatic habitatvetlands, coral reefs, seagrasses, rivenghere fish (and some
invertebrates) spawn, breed, feed, or grow to maturifgssential fish habitat has been described for
approximately 1,000 managed species to date.

bh!! FyR GKS 0O2dzyOAta Ifta2 ARSYGAFASR Y2NB (GKIFy ™
These are considered high priority areas for conservation, gemant, 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 works with federal agencies to
conserve and enhance essential fish tab{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, chemical, or biological alterations of the waters or substratef]agsinjury

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

jdzZ yGAGE 2F 9Cl @ ¢KS FSRSNIE |3Syoe Ydzzad LINROJARS
impacts to EFH, and NOAA Fisheries providegdaderal agency with EFH Conservation

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

agencies must provide a detailed written explanation to NOAA Fisheries describing which
recommendations, if any, it lsanot 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 impacts to individuals, populations, and habitats of marine taxat Impac
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 the activities or impacts
assessed, but they are all required to beséd 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 thresholdg-or marine mammal#hese generic thresholds have historically (foe t

most part) been presented in the form of single received levels for particular source categories (e.g.,
impulseor continuous,) above which an exposed animal would be predicted to incur auditory injury or
be behaviorally harassed. For example, root mequare (RMS) sound pressure level (SPL) 180 and 190
dB thresholds have been used for the onsehcbustic injuryof cetaceans and pinnipeds, respectively,
and RMS SPL 160 and 120 dB thresholds have been used for the dnsiehwibral harassmenof all

marine mammals from impulse and continuous sources, respectively. Twespecific effect types
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(acoustic injury and behavioral harassment) align well with statutory definitions of some components of
Gidr1S¢ Ay aat! | yR @{NVSANOAARas&@doyIdddEsponshtypR QiNags (i K
to quantify behavioral harassment of marine mammals from active sonar involvaditary readiness
activities

Because of the paucity of information for fesdy sea turtles, and invertebrates, actic thresholds have

been applied in a more regionaigpecific manner, and often only specifically in the context of particular
activity types for which adverse effects have been documented (e.g., sea turtles to explosives).

Generally, more supporting texist forfrequently conductedhctivitiesthat produce acute, intense,

high energy, impulsive sounds, such as pile driving, underwater explosions, and seismic skoveys.
example, a coalition of federal (including NOAA Fisheries West Coast Regiactatarresources and
transportation agencies along the West Coast, the Fisheries Hydroacoustic Working Group (FHWG), used
data from a variety of sound sources (primarily underwater explosions and seismic airguns) and species
to establish interim acousticriteria for the onset of injury of fish from impact pile driving (FHWG 2008).
These criteria, in turn, areometimesused to estimate the risk to figisfrom other types of impulsive

sounds. They are not appropriate, however, for ampulsive, continuos sounds.However, several

impact pile driving and other sound source studies have been conducted since the 2008 thresholds were
established, and may be used in the future to revisit these criteria and develop different ones for fishes
specificallyfor pile driving and othemmpulsiveand norimpulsive soundgources (e.g., Casper et al.

2012, Casper et al. 2013, Bolle et al. 2012, Halvorsen et al. 2011, Halvorsen et al. 2012a,b,c, Halvorsen et
al. 2013, Hawkins et al. 20144, Bolle et al. 20M0)st histaical research has used peak pressure to

evaluate the effects on figsfrom underwater sound. Current research, however, suggests that sound
exposure level (SEk), a measure of the total sound energy expressed as the-timegrated, sound

pressure squied, is also a relevant metric for evaluating the effects of sound on fish.

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

use of acoustic thresholds is only one part of any broader impadinfy under MMPA, ESA, MSA or

NMSA, and does not consider adverse stress effects. These statutes must also assess impacts on habitat
(including acoustic habitat), as well as the ultimate results of all of the effects on the fitness of

individuals (healthreproductive success, and survival) and subsequent population growth rates and/or
likely impacts to resources within sanctuaries. However, acoustic thresholds are important both

because they help regulated entities understand when a federal consultataynbe 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 acti@pecific 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 impacts that coccur across longer time frames, larger areas, and

multiple activities. Additionally, some activities that cobtrie significantly to background noise levels

are challenging, if not impossible, to regulate capecifically (e.g., large commercial shipping) 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 regulatory framework also means that there is not a
standard required set of mitigation or monitoring to always apply to npigEludng activities. That

said, the following types of mitigation measures are commonly required or recommended to address
acoustic impacts to marine mammals, and a subset of them are sometimes applied to other taxa,
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though protective measures for fish, invebrates, 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 (increasingiyemn) to support reatime measures

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)

o Avoidance/minimization ofperations in seasons and/or areas of biological importance
or with particularly sensitive species(e.g., sanctuaries, HAPCs, salmon migration routes,
critical habitat)

1 Noise abatement/reduction (to reduce both chronic and acute impacts)

0 Sound attenuationmethods for pile driving (bubble curtains, pile caps, etc.)

o0 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 observéRRSOs) are used for many activities with the potential to adversely
impact marine fauna, both to implement mitigation measures, such as shutdowns or to ensure that
safety zones are clear before activities take place, and to collect data for monito®§A NHublished

GKS bh! ! ¢SOKY A Natidhal StshaagidNibr ¢ Rra@ctediSpecies Observer and Data
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coordination, establish national PSO standards follifjcations and training, institute standardized data
collection and reporting requirements, and develop data quality assurance process, among other things
that could be used to support a more consistent approach

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 requirememnliscussed in this section are separate from

LJIN.
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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 actionto full
fledged (and sometimes peeeviewed) research projects for oil and gas devetept or Navy training
(seehttp://www.navymarinespeciesmonitoring.us/regionsar 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).
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NEXT STEPS FOR THE NOAA OCEAN NOISE STRATEGY
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NOAA trust resources. Through expertise and authority, the goal is for individual NOAA programs

(reguhtory, science, and noigeroducing) to identify recommendations and concepts in Biadmap

that are most applicable and constructive towards their broader program goals, and work them into a
programspecific implementation planManagement strategiesisk 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 omptunity 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 fiices 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 riddo effects on marine species and their acoustic habitatajld be

very helpful yR O02dz R 68 RS@St21LI8R o0& SELIYyRAYy3I GKS 3If24
guidelines. Beyond a common lexicon, NOAA should be consistently describing thegfahduilative

importance of the potential effects of noise in both internal and external settings. Rbagdmamims in
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habitat, in addition to minimizingcute (physical and behavioral), chronic, and cumulative impacts

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

bh! ! Q4 ¢ 2 N}véreddike bdsias oftaéotistics (introductory materials to moreased

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 saaias, etc.). 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 anyislew

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 liststy discuss both management and science issues
related to acoustics.

2. National Guidance for Acoustic Thresholds and Other Management Tddiedevelopment of
O2yaraidaSyd yridazylrf 3IdzARFYyOS F2N I Oddehpiokidd ( KNB a K 2
AO0NRPY3 adzlJLl2NI F2NJ bh! ! Q& | 0@ PRracess degaraty Boyhihis2 F G KS {
Roadmap NOAsasdeveloped (i K $echiical Guidance for Assessing thfects of Anthropogenic

Sound orMarine Mammal Hearirgthat includesrevised acoustic thresholds for assessing acoustic

impacts on marinenammalhearing (permanent and temporary threshold sEifftNMFS 2016)The

DdzA R I y O S frécesdikc@dednaultiple peer and public reviews of the scientific rationale and

methods. NOAA is now working on developing updated Technical Guidance to assess behavioral

harassment ofmarine mammad. To support the Strategy goaNOAAcouldpursue developing similar

national acoustic injury thresholds for fish, sea turtles, and, potentiaigriebrates. While official

national guidance on acoustic thresholds is being developed for any of these purposesnated

interim principles and practicasould ensureconsistent application of existing acoustic data.
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For NOAA management practitiers, it is valuable 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, howrtatesti
isopleths associated with different effect thresholds, or how to design effective passive acoustic
monitoring (PAM) for a particular project. These types of guidebogkl be developed and
implemented nationally (with regional and program input)simmote consistency and alleviate either
duplicative effort or contradicting recommendations across regions and programs.

3. Exploringand Coordinating the Use of Applicable NOAA Authoritida the previous section, the

federal statutes through whicNOAA 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 mechanismg Sectionsthrough which N@Acouldaddress
ocean noise issues, boih relationto specific specieand alsoacoustic habitat, either through raising
awareness, making official recommendations, or including regulatory requireméfgescecommend

that the NOAA Programs implementitigese statutes work together to add reference to ocean noise
issues (using the consistent messaging mentioned above) where not currently addressed. Additionally,
improved coordinatiorbetween, for exampleregulatory MMPA and ESA programs and the Marine
Mammal Health and Stranding Response Program, such as overlaying maps of authorized sound use
activities withunusual mortality events, spill or stranding investigations, or otteaith indicators

(along with the subsequent analyses triggered by the mapponnections)couldfacilitate better
assessment and prediction of the impacts of noise on individaatl/orpopulations.

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

programmatic) approaches to analysis and management of chronic¢aaje impats. Additionally,
consideration of some of the additional tools presented in Appendix C gives NOAA more room to
coordinate broadeiscale strategies across multiple programs, as resources and opportunities;allow
provided we have a wellrticulated justifcation and approach. Additionally, Chapter 2 outlines a broad
placebased approach for prioritizing the management of acoustic habitat.

Last, when considering approaches for addressing ocean noise impacts, international examples are
available. The Eapean 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 I OKAS@GAYy3 G322R Sy hnoisRgenedyng dctivitied. i | (1 dza ¢
Nowacek et al., 2015dentify existing international mechanisntisat they suggest could potentially be

modified to address ocean noise impgasich as the International Convention for the Prevention of

Pollution from Shig.

4. Develoment of Risk Assessment Tool$o support the Strategyisk assessment toolgould be

GFNBSGSR G2¢6F NRa (GKS FylfeasSa NBIdANBR (2 &dzlJ2 NI
essentially involve characterizing, analyzing, atiigating the impacts of sound on individuals, stocks,
populations (see Chapter 4), and their habitat (including acoustic habitat).

Spatially explicit risk assessments are an important tool for developing and prioritizing management
actions. Specific taggs could include maintaining lower background noise levels in acoustic habitat or
reducing noise in areas of high densities of acoustically sensitive species. We can quantify risk by
combining species distributions, specgsecific acoustic sensitivisgand sound maps. Risk
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assessments may be conducted comparing the highest intensity of sound received from specific
activities (e.g., navy sonar, seismic airguns, or pile driving) or comparing highest energy accumulated
over time from chronic and aggreiga sound sources (e.g., shipping lanes), depending on whether risk
from acute or chronic noise is being assessed. These assessments can be used to identify the most
effective management actions at reducing impacts by evaluating changes in predictedsiwbact

changes in soungroducing activities and sound levels are applied. This type of assessment focuses on
impacts in defined geographic areas. Alternatively, it may be important to consider cumulative noise
impacts faced by individuals throughout théfetime. This type of assessment requires integrating risk
across all areas used by the individuals (e.g., breeding and feedingaaidasgratory corridors).

Having the tools available to conduct both types of assessment, along with othestraviithen and
adzLJLI2 NI bh!! Qa O2yaSNBIGA2y | OlAz2ya FyR NBflGSR
community in planning and analyses to support environmental compliance and impact minimization.

Following are some of the basic componethtat would allowthe sorts of risk assessments outlined
above and to create a more effective NOAA risk assessment framework:

i Tools to model: (1) sound propagation in the context of realistic environmental parameters,
and; (2) marine animal sound exposufeutputwould be available in a variety of metrics and
be capable of addressing accumulation over time and auditory weighting functions.

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

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

9 Plaforms, servers, 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.

1 Permanentlymaintained, standardized, and weltcessible 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 frorrocourrence of noise and
marine animals. These frameworks and modedsild 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 mammadentric 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 chésaeze the acoustic space available to an
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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
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guantification of reduced acoustic space with a particdiegree 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 strdectyref

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 onlfrequency and other sound characteristics, but other contextual factors
when the information is available (Francis and Barber 2013).

5. Prioritize Baseline Science Needde 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. & gjgheralpriority information

needs flon-comprehensive anth 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, thgh generally speaking, more basic information is needed for sea turtles,
AYDSNISONIriSazx FyR FTAAKOD /| KIFLJXISN) o fa2 | RRNB&aas
of soundscapes and a need for enhanced passive acoustic monitoring. NOAwkdrhs legun

collecting, compiling 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, asagadcosystem
assessments

o for existing datasetsincreased spatial and temporal resolution
0 systematic updates
9 Increased understanding of species sound use, auditory thresholds and hearing mechanisms,
especially for nomarine mammal species, including:
o differentiation of life stages for figs
0 special emphasis on turtles
9 Increased understanding of noise levels that cause hearingdthe, physical injuries and
maskingespecially for fisbs, but also for invertebrates, turtles, and mysticetes including
0 prioritization of science based on sound sources known to pose more risk to species
o increased understanding of other environmental factors that contribute to hearing loss
and other impacts
0 Increased understanding of particle motion effects
1 Increased undrstanding of behavioral sensitivity and responses to noise, including:
o for marine mammals, responses to actual sound sources under realistic exposure
conditions and duration (e.g., caution with laboratory studies)
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0 baseline behavioral data to compameiseinduced changes to
0 targeted attention to effects of contextual variables beyond sound level
0 targeted attention to effects at multiple scales (e.g., tags that track horizontal
movementandtags that record finer scale data such as clicks, acceleration, dive tracks)
1 Identification of times, areas or species of particular concern for risk assessment, e.g.:
0 important areas for reproduction, feeding, migration, etc.
0 particular contextual situadns of concern (e.g., populations undergoing severe
epidemicor heavy exposure to oil spill
0 identification of fish and invertebrate species that may be particularly susceptible to
human noise (based on functional hearing or broad responses to soundjipeid
according to species that are ecologically, commercially and recreationally important.
9 Collection of baseline stressarker datasets to which field measurements can be compared to
appropriately to assess context and significance of no&esed adgrse stress responses.
9 Increased understanding of masking (see Chapters 2 and 3) and, importantly, the consequences
of reduced listening spader all taxa
9 Soundscape characterization and mapping (see Chapter 3), including:
o longterm monitoring of bakground noise in frequency bands relative to marine species
hearing
0 location, timing, intensity and frequency of particular sound sources
9 Collection and understanding of basic energetic information to link individual responses to
effects on survivorship @ahreproductive success and, ultimately, populatiexel
consequences.
1 Understanding of effects of aggregate noise sources, as well as cumulative effects of noise with
non-acoustic sources

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

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

broadly designed to do one of two things: (1) ued 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 level at the source (which may include replacing the source with a different typaroéso

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 solutions:-ties avoidance of overlap of sound

and managed species, and gokanned largetscale 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, whereas broader activity planning may reduce acute, and potentially significanipbahav
effects, and is also the most effective spatiotemporal method to address more chronic acoustic habitat
effects, such as masking.

In addition to improving and expanding some of the traditional mitigation measures identified in the
previous sectiond.g., reaftime shutdowns and projeespecific sound attenuation), and referring to the
bulleted lists immediately above, it is important to continue engaging stakeholders and focusing on
broaderscale technological development that will result in noisgueion over multiple projects and
long timescales. These include continued vessel quieting improvements and the exploration of
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technologies that can replace louder or more impactful sound sources (e.g., seismic airguns) with
quieter sources that providthe 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 ex@oAiso, we need to
continue to develop technologies and methodologies to enhance the detection of marine species (e.g.,
infrared, glider platforms)Finally, we need to incorporate communication protocols that facilitate rapid
response when serious inmjor stranding occurs concurrently with authorized or permitted seund
producing activities.

7. Enhance Efficacy and Transparency of Monitoring Approachesnoted above, the MMPA has an
explicit requirement for monitoring to better understand what ingbdhe authorized activities have on
marine mammals. The ESA, NMSA, and EFH also contain mechanisms for including monitoring
requirements for assessing or quantifying the effects of managed activities on marine mammals, sea
turtles, fiskes invertebratesand their habitat. In other words, through its regulatory mandates, NOAA
has the authority to require monitoring from entities seeking authorization to impact NOAA trust
resources pursuant to the statutes described earlier in this Chapter, and for exgsss impacts of
physical environmental parameters on marine mammal health (MMPA Title 1V). This required
monitoring should typically be commensurate with the anticipated impacts, and NOAA has gathered
significant amounts of valuable information throutffese requirements in the past.

WhenNOAA program analyst®nsider recommended monitoring for activities with acoustic impacts
focusing on the concepts below would allow NG8&nsure the best use of resources both within the
Agency and by the enigs/agencies from which NOAA requires monitoring:

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

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

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

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

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

1 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 programstetage monitoring

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

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

additional infomation as needs emerge through the regulatory timeframe.

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

Develop and implement a transparent process to:

=a =4
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0 Educate and focus the regulated community on priority questions
0 Integrate incoming monitoring data between applicants, as well as among scientists
0 Regularly review and adapt priority questions

NOAA has worked extensively with the Navy over about 10 years on the development of their
Comprehensive Monitoring Plan, through which they address the monitoring requirements of the

MMPA and ESA for Navy training and testing activities across multiptesagithin the US EEZ. Their
monitoring provides a good example of emegrated, goabriented, andtransparent monitoring

process (seéttp://www.navymarinespeciesmonitoring.us/regions/Similarly, BP engaged a scientific
advisory group and worked extensively over years with resource agencies and subsistence communities
to implement a longerm monitoring plan that addressed the impacts of the operation of the Northstar
production islad and led to multiple peereviewed articles that inform impact analyses today. Other
companies in the Arctic, such as Shell and Conoco Phillips, have also supported good collaboration and
robust monitoring plans that have improved our understandinghef éffects of seismic operations (see
NMFS project website for monitoring reports from :
http://www.nmfs.noaa.gov/pr/permits/incidental/oilgas.htm)

8. Develop Mechanisms for Oaiach, Collaboration, and Stakeholder Engagemerito 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 vgithkehotlersis

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,
engagenent with the regulated, or nois@roduang, 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
tomaxYAT S d@8ySNHe |yR NBaz2dzZNOS &l gAy3ao h@SNJ 0KS
Strategy efforts, NOAA, Navy, BOEM, the Marine Mammal Commission, Duke University, Heat, Light,
and Sound Inc., and others have collaborated and jointly fundedifiteuseparate 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 spécinoiserelated issueg, all of which advance our collective ability

to more effectively address the effects of noise on protected species and their hai@AA will

continue to explore and invite input regarding mechanisms to improve collaboratiolding joint
development and funding of workshops and decismaking tools, intedisciplinary and inteagency

working groups, targeted solicitation of input through regulatory processes, and other methods.
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All U.S. MPAs NOAA MPAs
Number | Percent Number| Percent

MPA Area Coverage in U.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%

Cultural Heritage 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 Scale of Protection (#'s of sites)

Focal Resource 674 38% 164 2%

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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~ - A w A X z = A o o - _ A « “ -
¢l OfHS HOEI YLBHISASRTURZR & OSUKI bht!! Ad 2NJ O2dzf R 0S LW eAay3a uz | O2
~ % % N K ~ A x ~ A A |x S w0 2 & % 4 A
a0l Gdzi2NBE | dzZiK2NAGASAY aORWSKAY R A2HziH A2 YSa @ SYLR NI f
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 soundscapean be thought of athe 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 either naturalropagtnic
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 physical), and anthrophgdnyanmade) 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 range in frequencydeep, lowpitched 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. Natural abioticainds 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 gl GSNRa adz2NFI OS> Y2 @ SHBighiic agivity likeOS > 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 sounds from human
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 activitieBshing activity, echosourads,geophysical surveys, military
activities including sonar, explosigred many other human activitiek1 the aquatic realm this

category of underwater noise did not exist prior to the advent of the industrial age. By their very
nature, therefore, tle introduction of these mammade sources of sound into the aquatic environment
alters soundscapes from their natural and historical states.

THE NEED TO UNDERSEYAND CHARACTERMEJNDSCAPES

The ocean is an inherently noisy place. Historically, ibeas 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 been present throughout long evolutionary time
scales; over millionsf years, animals have existed, evolved, and adapted to the natural underwater
acoustic environment. Unlike other potential means of communication (e.g., visual, chemical, tactile), in
the ocean sound propagates with great speed to great distances gk 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 efficient means of communicating over distance.
Marine animals, thereafre, 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 and reproduce.
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The ®undscapesn a particular locationand the acoustic habitats (Chapter 2) of the animals inhabiting

it, vary temporally, over both shorand longtime intervals, with tidal, diel, seasonal, and annual cycles

in signals present, and alscross frequencies with sounds from different sources occupying different

portions of the acoustic spectrum (Figurd B Soundscapeand acoustic habitatsiay also vary greatly
geographically. Between nearby locations, the lower frequency (i.e., dgépeh) portion of the

soundscapes may be similar due to the greater ability offtequency sound to travel long distances,

while the higher frequency portion may be distinctly different, since these sounds are attenuated much

more quickly and are therefe more sitespecific. Between two 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 tatttepsopagating
characteristics of the water column. In order to understand how soundsaambacoustic habitatgary
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functions, and the variety anévels of sounds an animal may experience and respond to throughout
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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, adgingd NA I £ | OGAGAGE T YI yQ
footprint in the ocean has become more and more widespread. Even in relatively pristine oceanic
KFoAdrFrda tA1S GKS {2dziKSNYy hOSIyYy &Adz2NNRdzyRAYy3 ! yil
be heard.

Such a rpid change in the underwater acoustic environmény R F YA Yl f 4 Q ,an®&aitda G A O K|
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. effleets of introduced noise may

manifest 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 thaare 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
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breeding opportunities). The accumulation of cryptic effects éweg periods may ultimately result in
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 n&ural and human sources to soundscapes is an essential step to understanding the
ways that aquatic animals utilize sound and how maade noise may potentially impact them.

CHARACTERIZING MARBOUNDSCAPES

Marine soundscapes can be characterized by sampling the acoustic environment from hydrophone
sensors (underwater microphones) attached to a variety of fixed and mobile instrument platforms.
Analysis of this empirical data can then reveal how the soundseagpes over time, from place to place,
and across the frequency spectrum. In addition, in recent years, there has been increased effort to
conduct computetbased predictive soundscape modeling of anthropogenic contributions to
soundscapes, based on tphysical characteristics of the environment and the distribution and density
of human activities.

Data Collection Fixed Platforms

Fixed platforms include autonomous hydrophone instruments, which are typically baitevered

devices capable of recordimpund 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 recordingidar@vhich may be
extendable via dutgycling the recording), frequency response (sensitivity), sampling rate, depth limit,
instrument selnoise, dynamic range, ease of deployment, and cost. Instruments may be deployed in a
variety of manners (see Dudsgki et al., 2011). Most commonly the moorings are entirely beneath the

20SIyQa &adaNFIFOS 6KAOK A& dzadzZ tteé& ljdASUSNE FyR fSa

Gaining wider use in recent years are moorings with a surface component ajléawiaccess to solar

power, and communication over lirgf-sight radio, satellite, or cell phone networks (e.g., Cornell
Laboratory of Ornithology 2013, Marine Instrumentation Ltd. 2013). Some systems include software for
detection of events of interessuch as vocalizations of a certain species. These detections may be used
either to turn on recording (e.g., Tregenza 1999) or for-tisa¢ transmission of detected signals to

shore.

Another form of fixed sensor is the cabled hydrophone or hydrophoreyaithese systems have been

built by academic, private, and military groups; they feature-timaé sound streaming from one or

more hydrophones at each site. The U.S. Navy, for example, has long operated thectdeg8ound
Surveillance System (SOSWA8Y since the early 1990s has made it available to researchers with a
security clearance (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., Canaala, Baptralia, and Italy,

often in conjunction with other sensors following the concept 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 otheesearchers around the world. More recently, a variety of additional mobile
platforms have come into use including hydropheetiipped autonomous vehicles and drifting buoys.
Autonomous vehicles include ocean gliders, which can use buoyancy changedayidda (2 aFf & ¢
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through the ocean or wave energy to propel themselves forward , and proghilezn vehicles, which

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

freely with currents, may éeither surfaceor 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 aniowizations and other

sounds the animal 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 datan animal responses to sound throughBnensional 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 system&isal for making comparative
measurements, in the absence of thesandardization and/or careful documentation of
system characteristics are essential to make results of soundscape surveys comparal
over time or geographic region8eyond basic infornteon on deployments such as
location (latitude/longitude, sensor/water depth), sampling rate, and recording start af
end times, thorougldocumentation on theequipmentconfigurationshould include
information on the frequency responssensitivity and sédf-noiseof the hydrophone and
recording system, directivity of the hydrophortemporal drift and/or calibration of the
recording system, and configuration of tHeployment system (especially any
compensation to reduce vibration and strumgluding sensor depthAlso important are
environmental characteristicsvater 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 custentten 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 devdimped (
review see Margues et al., 2013). If data is sampled fronipheitime-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 activtigsséismic airguns,
vessel traffic, pile driving) is an essential component iessasg potential impacts of sound on marine

life and their acoustic habitat@nd contributions to théroaderoceanic soundscape.
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Figure 32. An example of a 24 hour soundscape with component noise sources illustrated. Recording is from

a NOAA Northast Fisheries Science Center and Stellwagen 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
and the variability of the soundsca@ed  OK I NJ Od S NA & (i xe@poralva@istibibfadise & GAYS o
levels will describe changes in the sound pressure levels over timesp&bial variatiorof noise

describes the variation in different frequency components present. And a combindtlostto domains
describes the variability 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 percenéldistribution which, for each frequency 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 hsefuloise
levels vary over time, as 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 speatrus one of many ways (e.g., spectral probability 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 contensofitiscape.
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Figure 33. An example of a percentile noise spectrubhe 90thpercentile 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 represents the lowest levels that the instrumeritatiapable 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-soadel temporal information, and also
allow exploration of how soundscape changes over varying tistales (e.gsecondsgdaily, seasonal,
annual). One such method is the letegm spectral average (LTSA), which is essentially atalggars
long visualization (i.e., spectrogram) of sound over this time. Whilgithdil 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 sources, their acoustic
energy is clearly visible aig with any seasonal patterns (Figurd)3 On the other end of the scale,
high temporal resolution (e.g. <ldisplays and analyses can also be conducted to characterize short
term changes, and assess potential impacts from intermittent, tuaeying, orduty-cycled sources on
biologically relevant timescales.

Value of longterm baseline data

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

(baleen whalesstorms, wave height, wind speed) sound sources 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.

PredictiveSound 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 teghe is particularly useful 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 distribudfo

sound sources, their 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 soufigld resuting from multiple sources at a variety of locatior®ne
example of this was the recent NOAgtl CetSournd SoundMap effortlfttp://cetsound.noaa.goy

which conducted predictive sound field modeling to provide anyarage sound levels throughout

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 caralso be used over shorter 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, (c) 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 the underlying input data. For example, the modeled seismic survey activity was
based on effort in 2009, which may not be representative of survey activihgdather 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®DiBg NOAA Office of Oceanic and
Atmospheric Researth Pacific Marine Environmental Laboratory (QGRAREL) Acoustics Program.

Most passive acoustic research projects at the NMFS FSCs and NOS NMSs focus on investigating
seasonal presence, distributionovement, 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 earthajckes
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\IFsSand OAR

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

Acoustic Recorder), SM3Ms (Song Meter SM3M Submerdidi]. produced Autonomous Underwater
Hydrophones (AUH) and several regionalroptione 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 at
six of the NMFS FSCs (see Tahble Bigure &). 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 underwaterrstacapes.
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Figure 35. OARPMEL AUH being deployed, an wed array othe deck of a ship.

Table 31. Passive Acoustic Monitoring Capacity across NOAA officesqa8g01.6)

NOAA Current Equipment Approx. Data Staff Example Projects
Office Holdings (leased or | Holdings Acoustics
owned) Capacity
NMFSAFSC| 47 AURALsS Past: ~45TB 2FTE; ALTIMA (Arctic LoAGerm
sonobuoys; Future: 8TB/year | 8contractors;| Integrated Mooring Array)JcHAOZ
towed array (Chukchi Sea Acoustics,
3 EAR (lease) Oceanography, and Zooplankton);
14 CPOD CHAOZ (extension of CHAOZ);
1 SM2M HF ARCWEST (Arctic Whale Ecology
1 DS®&)cean Study); High Arctic Passive
3 DSGEST Acoustics Study; CIBA (Cook Inlet
Beluga Acoustics @ject); Cook
Inlet Anthropogenic Noise Study;
NMFS 37MARUs Past: ¥0TB 2FTE6 Occurrence of fish, invertebrates,
NEFSC 5HARPs FY1617: >100TB contractors,3 | baleen whales & toothed whales ir
6 Sound traps shortterm western N. Atlantic; Acoustic
2 Towed hydrophone contractorg | ecology of baleen whales;
arrays interns/stude | Soundscape comparisons among
nts. habitats; Acoustic abundance
analyses of odontocetes
NMFS 17 EARS Past: 28B total 2-FTEs PODS (Pacific Orcinus Distribution
NWFSC 3 CPODs Future: 4'Blyear Survey) Cruise Winter habitat of
2 Towed arrays Southern Resident killer whales
96 Sonobuoys
NMFS 8 HARPs; Past: ~130TB 0.25 FTE, 3 | Longterm monitoring across the
PIFSC multiple towed arrays;| Future: collecting | contractors central and western Pacific;
9 miniHARPs up to 20TB/yr acoustic monitoring of the Hawaii
longline fishery; towed acoustics o
abundance surveys
NMFS 3 HARPs Past: 100TB Y% HE; Right whale calving grounds
SEFSC 5 LARPs Future:~10 TB/year | 1 contractor | project; Dry Tortugas sperm

3 towed arrays

whale project
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