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Ocean Noise Strategy Roadmap Executive Summary

INTRODUCTION

Increasing human activity, along more of the earth’s coastlines and extending farther offshore in deep
ocean environments, is leading to rising levels of underwater noise. Increasing noise levels are impacting
the animals and ecosystems that inhabit these places in complex ways, including through acute, chronic,
and cumulative effects. In the U.S., the National Oceanic and Atmospheric Administration (NOAA) is the
federal agency that holds the most responsibility for protecting aquatic animals and their habitats,
through a variety of legal mandates. NOAA’s approach towards further understanding and managing
underwater noise should be multi-faceted. Numerous studies illustrate specific adverse physical and
behavioral effects that exposure to certain sound types and levels can have on different species.
Additionally, sound is a fundamental component of the physical and biological habitat that many aquatic
animals and ecosystems have evolved to rely on over millions of years. In just the last ~100 years human
activities have caused large increases in noise and changes in soundscapes.” These changes can lead to
reduced ability to detect and interpret environmental cues that animals use to select mates, find food,
maintain group structure and relationships, avoid predators, navigate, and perform other critical life
functions. Therefore, NOAA’s management goals and actions should aim to address chronic effects and
conserve the quality of acoustic habitat’ in addition to minimizing more direct adverse physical and
behavioral impacts on specific species.

Here, we present the NOAA Ocean Noise Strategy (the ‘Strategy’) Roadmap. This document is designed
to support the implementation of an agency-wide strategy for addressing ocean noise over the next 10
years. The Roadmap highlights a path to expand NOAA'’s historical focus on protecting specific species
by additionally addressing noise impacts on high value acoustic habitats. Fundamentally, the Strategy
Roadmap serves as 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 would enhance NOAA'’s ability to manage both species and the
places they inhabit in the context of a changing acoustic environment. The Strategy Roadmap is not
intended to be a prescriptive listing of program-level actions. Instead this document is intended to
provide a cross-line office roadmap summarizing some of the essential steps that could be taken across
the agency to achieve the Strategy’s goals for more comprehensive management of noise impacts.

The information and guidance included in the Roadmap can strengthen the abilities of regulatory and
science programs addressing noise impacts (including those with noise-producing operations) to meet
their existing strategic goals and plans. Some recommendations suggest actions that could be taken by
individual programs within the agency, while others highlight opportunities for parallel activity or
partnerships among multiple programs. Crafting and implementing modernized management
approaches that balance competing needs of legitimate ocean uses, protected species, and natural
acoustic habitats will continue to present NOAA significant challenges over the coming decade. The
recommendations outlined in the Roadmap suggest cross-agency actions that would put NOAA on the
path to meeting these challenges and achieving the goals of the Strategy. It is important to note that in
addition to conserving marine resources, NOAA’s mandates include allowing impacts to marine species
and their habitat, including impacts from noise, provided those impacts are not too severe and

' The sound present in a particular location and time, considered as a whole.
2 Distinguishable soundscapes experienced by individual animals or assemblages of species, inclusive of both the
sounds they create and those they hear.
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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. The Strategy aims 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 responsibilities.

HISTORY AND DEVELOPMENT OF OVERARCHING GOALS

In 2010, NOAA leadership committed to improving the tools used by the agency to evaluate the impacts
of anthropogenic noise on cetacean species. This led to the convening of two parallel data- and product-
driven working groups collectively known as “CetSound” (Cetaceans and Sound Mapping). The
CetSound working groups: (1) created a new cetacean density and distribution data visualization and
exploration tool, and; (2) predicted wide-ranging, long-term 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 tools, NOAA leadership encouraged the development of a 10-year Ocean Noise Strategy
to guide the agency to a more integrated and comprehensive management of ocean noise impacts.

Staff and leadership from NOAA Fisheries’ Offices of Protected Resources and Science and Technology
and the National Ocean Service’s Office of National Marine Sanctuaries identified four overarching
goals the Strategy aims to achieve:

1. SCIENCE: NOAA and federal partners are filling shared critical knowledge gaps and building
understanding of noise impacts over ecologically-relevant scales

2. MANAGEMENT?: NOAA'’s actions are integrated across the agency and minimizing the acute,
chronic and cumulative effects of noise on marine species and their habitat

3. DECISION SUPPORT TOOLS: NOAA is developing publically available tools for assessment,
planning and mitigation of noise-making activities over ecologically-relevant scales

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

In order to advance a 10-year strategy to accomplish this vision, in 2013 NOAA leadership solicited
participation in a cross-NOAA team (see Appendix D) that would encompass a diverse group of scientific
experts, regulatory practitioners, managers, and lawyers who are knowledgeable in the field of ocean
noise and represent multiple programs or authorities through which NOAA regulates, researches, and
has activities that create ocean noise. Participants identified the need for a roadmap document to
articulate the goals of the Strategy and to suggest approaches for achieving a more integrated and
comprehensive understanding and management of ocean noise impacts. A subset of participants (see
Appendix D) then drafted the Ocean Noise Strategy Roadmap. The draft Roadmap was circulated in
2015 first among all Strategy participants, and then more broadly within the line offices they
represented. In addition, Strategy leads provided informational briefings and distributed the document
to additional NOAA programs that had potential interest in the initiative but that did not identify staff to
participate in the drafting.

*The term “management” refers here to all NOAA actions that seek to reduce or eliminate impacts to trust
resources. Such actions include a variety of methods by which individual NOAA programs implement their long-
term strategic plans, including, but not limited to, activity-specific regulation of impacts to individual species,
prioritization of internal capacities, providing regional, national and international leadership or coordination of
protective actions, and providing recommendations or guidance to other federal and state agencies.

2
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OCEAN NOISE STRATEGY ROADMAP

The purpose of the NOAA Ocean Noise Strategy Roadmap is to support the agency’s use of its
capabilities and authorities to more effectively understand and address the effects of noise on protected
species and acoustic habitats. Four chapters address key elements of the Strategy’s approach and
provide place-based examples:

Chapter 1: Reviewing species level impacts of ocean noise and associated management actions
Chapter 2: Establishing the foundation for understanding and managing acoustic habitats for
NOAA trust species and places

Chapter 3: Reviewing NOAA’s current capability to characterize aquatic soundscapes and
enhancing this capacity for the future

Chapter 4: Applying risk assessment to place-based examples that highlight Roadmap science
and management recommendations

Chapter 1 (Reviewing species level impacts of ocean noise and associated management actions) with
associated Appendices, summarizes the status of the science needed to understand, characterize, and
manage the effects of noise across NOAA’s protected species. The Chapter outlines and summarizes
historical approaches to noise management, and presents recommendations for improved approaches
moving forward. The Chapter highlights the current status of and need for methodological approaches
to determine population level and cumulative consequences to NOAA resources. NOAA’s authorities for
addressing noise impacts on managed species and their identified habitats are then summarized, and
current practices for applying these authorities are described. The Chapter identifies high priority
science, risk assessment, and management examples to increase the effectiveness of NOAA’s current
management practices to address chronic and cumulative noise impacts, and broaden practices to
better address impacts to turtles, fish and marine invertebrates. Additional detail is provided in the
associated Appendices. Appendix A outlines 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 turtles. Appendix B summarizes the status of information
regarding presence, abundance, distribution, density, habitat use, and population trends for these
species.

Chapter 2 (Establishing the foundation for understanding and managing acoustic habitats for NOAA trust
species and places) presents the basis for the development of an agency-wide strategy to more
comprehensively manage noise impacts on acoustic habitats. NOAA’s place-based management tools
are examined to consider their application to acoustic habitat protection goals, highlighting activities
that are underway or could be undertaken to achieve these goals. Recommended activities include: 1)
partnerships with regulated federal agencies and industries to address longer-term and wider-ranging
noise impacts via promotion of quieter technologies; 2) development of tools and application to marine
planning and traditional protected species management efforts to account for cumulative noise within
places where acoustically active or sensitive species live; and 3) fulfilling the current potential of existing
NOAA authorities to address noise implications within areas with more holistic protective goals, such as
National Marine Sanctuaries. Throughout, information needs for NOAA’s identification of high risk
acoustic habitats are discussed, including implications for broadening the focus of noise-related research
to better characterize habitat status and noise influence as mediated through entire ecosystems.

Chapter 3 (Reviewing NOAA’s current capability to characterize aquatic soundscapes and enhancing this
capacity for the future) addresses the science needs highlighted in Chapters 1 and 2 that suggest a need
for the agency to augment its capacity to effectively understand and accurately characterize

3
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soundscapes and the component sounds that comprise it. Soundscapes can be characterized through
the use of a range of both fixed and mobile equipment platforms to collect acoustic data. Acoustic
analyses can include measurement of both specific sounds over short time frames, to broader
guantifications of the multiple component sounds and overarching variability inherent in a soundscape
or acoustic habitat. In addition, in the absence of empirical data, the use of predictive sound field
modeling to assess the likely acoustic contribution of anthropogenic sources in various human-use
scenarios plays a key role in meeting NOAA’s science and management goals. Offices across NOAA are
increasingly utilizing a variety of fixed and mobile platforms to collect 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. To support and continue this expansion in NOAA's passive acoustic
research capability, the Roadmap recommends strategic coordination among research programs,
development of a standardized data and metadata archival system and analysis routines, and increased
predictive modeling capacity to achieve the Strategy’s science and management priorities.

Chapter 4 (Applying risk assessment to place-based examples that highlight Roadmap science and
management recommendations) presents two place-based case studies that highlight the Roadmap’s
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 management. Results can inform NOAA’s decision-making regarding
allocation of limited agency resources to address data gaps. Finally, risk assessment can support choices
regarding which management approaches to apply as well as highlighting the need for enhanced
authorities or partnerships, and provide mechanisms for evaluating the success or failure of various
approaches. The first case study applies risk assessment processes to examine noise impacts to fin, blue
and humpback whales in and around Channel Islands National Marine Sanctuary. The second case study
provides a preliminary assessment of spawning areas used by acoustically sensitive and commercially
important fishes off the U.S. East Coast. These case studies identify current or potential NOAA assets for
assessing noise risks and managing noise impacts, highlighting partnerships that are in place or could be
further developed to address Roadmap recommendations for science, management and outreach.

SUMMARY OF OVERARCHING AND CROSSCUTTING RECOMMENDATIONS

Chapters 1-3 include recommendations for steps NOAA could take to achieve the Strategy goals. A
summary table of these recommendations follows, categorized by the primary Strategy goal each action
addresses and the key chapter(s) in which it appears. Relevance to multiple Strategy goals is identified
for some recommended actions. These recommended actions would enhance understanding and
management of the species and habitats under NOAA's care and utilize the diverse expertise within the
agency to more comprehensively address the impacts of noise.
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Primary Additional
. Key
Strategy Recommendation Chapters Goals
Goal Addressed
Management: Expanding types of, scopes of, and coordination among
. . 1,2
NOAA authorities to address noise issues
Identification and utilization of a full range of NOAA authorities 12
to better manage the impacts of noise on trust resources ’
Development of national guidance for acoustic impact 1
thresholds and other management tools
Increased use of programmatic approaches through MMPA and
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 place-based authorities as they relate 2
to species or habitat focused goals
Utilization of National Marine Sanctuaries to develop increased
capacity for preserving, restoring, and maintaining natural Science:
acoustic habitats, as well as the protected species associated 2 Outreaéh
with them, through new management measures, regulations,
dedicated scientific research, and outreach programs
Expansion of existing international partnerships with regulated 5 Science;
agencies and industries to promote use of quieter technologies Outreach
Science and Monitoring: Development of comprehensive and forward-
looking su.e.nce plans identifying most effe'ctlve afnd'effluent means to 123 Management
address critical data needs for understanding noise impacts on protected
species and acoustic habitats
Establishment of a NOAA-led, long-term, standardized listening
. 3 Management
capacity across the agency
Development of an archival database to house NOAA passive
acoustic metadata, raw data, and outputs of standardized data 3 Tools
analysis routines
Enacting monitoring requirements for compliance processes that
reflect comprehensive science goals, and further identifying
. . . 1 Management
actions that may be taken at different scales to address varying
resources and capabilities
Decision Support Tools and Services: Development of processes and tools Management;
to compile, geospatially depict, and analyze marine species distributions, . ’
. . o . 1,2,3,4 | Science;
soundscapes, and NOAA-permitted/authorized activities for use in risk Outreach
assessment, mitigation development and planning.
Developing NOAA ‘in-house’ capacity for predictive sound field 13 IS\/(I:?en:Cgeeiment,
and sound exposure modeling Outreach
Standardization of data analysis routines and output metrics for 3 Science;
soundscape measurements Outreach
Outreach, Collaboration, and Stakeholder Engagement: Further 12 Management;

development of outreach programs to support the activities outlined above

Science; Tools
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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 acoustically sensitive animals. Many
of these human-made sounds are incidental to the purpose of the activity, such as the intense impulsive
sounds produced during pile driving with impact hammers or the lower level continuous sounds
produced by vessel traffic. Other sounds are an integral and necessary part of the activity, such as the
sounds produced by active sonar or the high energy impulsive sounds generated by seismic airguns used
for exploration for oil and gas. All of these activities can potentially affect the animals present in the
ensonified area (the area in which the sound is detectable above other sounds), some of which are
federally managed as protected species. Potential effects range from none to altering important
behavioral patterns, masking, hearing 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 navigation and other purposes.
Competing sounds that interfere with the detection or interpretation of these important cues can result
in detrimental effects to the acoustically sensitive species utilizing a given “acoustic habitat” (see
Chapter 2%). Sounds utilized for purposes other than communication span frequency ranges beyond
those used in vocalizations. Of growing concern is the need to address the chronic (persistent/longer-
term) and aggregated or cumulative effects of rising noise levels resulting from increased human
activities across multiple sectors, industries, and federal agencies.

More commonly known and historically addressed through NOAA'’s existing authorities are the direct or
acute (i.e., of rapid onset and shorter duration) physical, physiological, and behavioral impacts that
noise exposure can have on marine fauna. These effects are often addressed in the context of a single
activity and include hearing impairment (i.e. permanent or temporary threshold shift, see Appendix A),
tissue damage, or behavioral disturbance of varying degrees and outcomes (e.g., vocalization changes,
migration deflection, avoidance of areas, feeding disruptions). Adverse stress responses, which can
have acute and/or chronic effects, have not typically been comprehensively addressed. All of the
aforementioned effects, acute and chronic, in certain circumstances and in combination with one
another, can translate to adverse health or energetic effects that can ultimately lead to reduced survival,
growth or reproductive success of individuals with potentially adverse population impacts.

Through the Marine Mammal Protection Act (MMPA), Endangered Species Act (ESA), Magnuson-Stevens
Conservation and Management Act (MSA), and the National Marine Sanctuaries Act (NMSA), NOAA is
responsible for the management of all but a small number of marine mammals, all sea turtles, ESA-listed
fish and invertebrates, many commercially important fish and significant marine areas. Examples of the
effects described in previous paragraphs are known across many marine taxa including marine
mammals, fish, invertebrates, and sea turtles. Management and science actions related to noise effects
have been more heavily publicized and highlighted for marine mammals and this document seeks to
highlight the need to better address the impacts of underwater noise on other taxa, many of the

* All of the sound present in a particular location and time, considered as a whole, comprises a “soundscape”
(Pijanowski et al. 2011). When examined from the perspective of the animals experiencing it, a soundscape may
also be referred to as “acoustic habitat” (Clark et al. 2009, Moore et al. 2012a, Merchant et al. 2015).

6
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examples in this Chapter are specific to marine mammals because of the information available — but the
concepts are still often applicable to other taxa.

Through this NOAA Ocean Noise Strategy Roadmap document (Roadmap) and in support of the overall
Strategy, NOAA seeks to focus and guide the agency’s capabilities and authorities to more effectively
address the effects of noise on protected species (meaning the taxa indicated above that are managed
under NOAA'’s authorities) and habitats. NOAA has programs that regulate impacts (including those
from noise) on protected species and their habitat, programs that gather data and conduct research
related to noise and protected species, and programs that produce underwater noise during the course
of their normal operations and duties (e.g., NOAA's use of active scientific sonar sources in the course of
fisheries research). In addition to providing new focus on the importance of addressing the chronic and
aggregate effects of rising noise levels on acoustic habitat, NOAA also aims to identify and agency
actions to better address the acute, direct physical and behavioral effects of noise exposures to
individuals and their ultimate effects on the populations. We specifically draw attention to the following
additional three needs: (1) better understanding of how noise impacts on individuals can translate to
population level effects; (2) better understanding of the aggregated effects, on individuals and
populations, of multiple noise sources and cumulative effects of noise combined with other stressors;
and (3) broadening NOAA’s practices to better address impacts to fish, invertebrates, and sea turtles.

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

e In the “Building Blocks of Impact Assessment” section and Appendices A and B, we summarize
the status of the science as it relates to the categories of information needed to understand,
characterize, and manage the effects of noise across four broad taxa for which NOAA has
different management responsibilities: marine mammals, fish, invertebrates, and sea turtles.

e In the “Evaluating Population-level and Cumulative Effects of Noise” section, we briefly describe
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.

e Inthe “Current NOAA Management of Noise Impacts” section, we identify the management
authorities through which NOAA can address the effects of human-produced noise on these
specific taxa, as well as acoustic habitat. The “Regulatory and Analytical Approaches” section
briefly describes some current strategies for implementing these authorities.

e last, in the “Next Steps for the NOAA Ocean Noise Strategy” section, we identify some high
priority science, risk assessment, and management needs intended to guide NOAA 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 effects of specific activities
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, understanding critical data gaps helps inform science and monitoring
priorities. Appendix A: The Status of Science Needs for Assessing Noise Impacts to NOAA-Managed
Species outlines 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 turtles. Appendix B: Presence, Abundance, Distribution, Density, Habitat Use,
and Population Trends summarizes the status of information 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 more extensively studied than other marine fauna in terms of their hearing
sensitivities and absolute hearing thresholds (though less so for mysticetes), as well as their
vocalizations. Both sound production and reception spans a considerably wider range of frequencies,
decibel levels, and functions than other marine taxa. Further, some of the more subtle aspects of
hearing in marine mammals such as frequency discrimination, localization ability, and critical ratios have
been studied. Fish are the largest and most diverse vertebrate group, and while we are aware of many
adaptations that allow them to both detect and produce sounds for a variety of purposes, there is much
that is still not known. We do know, though, for example, that particle motion and use of a lateral line
play a role in fish detection of sound and that sensitivity of different species is related to whether the
species have a swim bladder, and if so, whether it is physostomous or physoclistous. Although
invertebrates have been studied less than marine mammals and fish, we know that they detect lower
frequency sound in the form of vibrations and changes in water flow via various structures with sensory
cilia. They also produce sounds, and some purposes of sound use include orientation and stunning of
prey. Sea turtle hearing and use of sound have not been well studied. While a few studies document
the use of sound to detect important environmental cues, sea turtles are not thought to produce sound
for particularly directed purposes, such as communication.

Impacts of Noise

Studies of the impacts of noise on marine mammals are numerous and cover a wide range of species,
sound sources and characteristics, environments (laboratory and field), and observed effects.
Documented impacts range from none, to behavioral disturbance (avoidance, vocalization changes,
changes in swim speed and direction, alarm responses), adverse stress responses, masking, hearing
impairment (temporary or permanent), tissue damage, and death. Studies on fish have focused more
on characterizing the physical effects such as hearing impairment, barotrauma, and death, but
behavioral effects such as changes in direction, speed, or schooling patterns as well as changes in stress
hormones have been documented. Unlike in marine mammals, hearing impairment is considered
recoverable in fish because they can grow back their sensory hair cells. Less research has been
conducted on invertebrates, but high intensity low frequency sounds, as well as long exposures to
continuous sounds, can damage the hair cells in their statocysts, inhibiting their ability to perform
important life functions. We know little about the impacts of noise on sea turtles. Studies have
documented multiple types of changes in behavior in response to approaching airguns, but other studies
have documented no changes.

Species Presence, Abundance, and Distribution

A key building block of risk assessment is reliable information on the potentially impacted species or
stock presence, abundance and distribution, both spatially and seasonally. Select species have been
well studied in certain areas and seasons. Appendix B outlines where available abundance and
distribution data may be accessed, as well as other important information on habitat use and life
history. However, there is a lack of adequate abundance and distribution information for most
protected species. For example, NOAA is mandated to collect stock assessment data for protected
species and the agency has developed a systematic method for ranking the adequacy of stock
assessments. For marine mammals, only 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 assessment conducted, or the last one was over 10 years ago. About

8
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34% of ESA-listed fish are considered to have adequate stock assessments. None of NOAA’s ESA-listed
invertebrate species (coral and abalone) or sea turtle species are considered to have adequate stock
assessments.

Characterization of Human Introduced Sounds

Understanding the characteristics of sound sources and noise-producing activities is an important part
of impact assessment and is discussed in Chapter 3. Some examples of activities or types of human-
made sound that may have the potential to adversely impact marine fauna acutely and/or chronically
include: vessel noise (offshore and nearshore - commercial and recreational vessels); active sonar
(military and research activities); seismic airguns (for oil and gas exploration and research); underwater
explosives (military operations, harbor deepening, and rig removal); pile driving (impact and vibratory);
renewable energy sources (e.g., wind, wave, and tidal farms); acoustic deterrents; dredging; icebreaking;
drilling, and; rocket launches.

EVALUATING POPULATION-LEVEL 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 applied. Specifically 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 chronic disturbance effects can translate to effects on individual fitness and populations. Last, we
look at some analytical examples of where data and modeling have been used to assess the effects of
both the aggregated sounds of multiple activities, as well as noise 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 potential effects that 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 under-represented in impact assessments, likely because of the complexity of detecting
these responses in wild populations and the lack of adequate baseline stress-marker datasets to which
field measurements can be compared to appropriately assess context and significance.

The Office of Naval Research’s (ONR) Marine Mammals and Biology Program has several major research
interest areas or thrusts, including better understanding the Effects of Sound on Marine Life topic, which
aims to better understand and characterize the behavioral, physiological (hearing and stress response),
and potentially population-level consequences of sound exposure on marine life. Physiological Stress
Responses is one of the specific thrusts of the Effects of Sound on Marine Life program
(http://www.onr.navy.mil/en/Science-Technology/Departments/Code-32/All-Programs/Atmosphere-
Research-322/Marine-Mammals-Biology/Marine-Mammal-Biology-Thrusts.aspx). ONR’s 2014 annual
report (Cockrem 2014) compiles information from 239 papers or book chapters relating to stress in
marine mammals. While these articles were marine-mammal specific, some of the information is also
more broadly applicable to other marine vertebrate taxa, for which there is even less data available.

Cochrem (2014) explains that animals are continuously aware of and respond to changes in their
environment and when physical or social stimuli are threatening or harmful, then neural and
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neuroendocrine pathways are activated and a stress response is initiated. These threatening or
potentially harmful changes in the environment (or perceived to be threatening or harmful), which can
either require cognitive appraisal or be completely physical (i.e., temperature), are termed stressors
(Cochrem 2014). A stress response occurs when a stressor activates the neuroendocrine stress system
(NSS), resulting in glucocorticoid (cortisol or corticosterone) release from the adrenal cortex (Cochrem
2014). A stress response can last from minutes to hours, and includes increased sympathetic nervous
system activity and a rapid and transient release of catecholamines from the adrenal medulla (Cochrem
2014). While we typically focus on adverse stress responses, stress responses are part of a natural
process to help animals adjust to changes in their external or internal environment (maintain
homeostasis), and can also be either beneficial or neutral.

Although extensive terrestrial vertebrate datasets illustrate that the impacts of chronic stress effects can
adversely impact individuals through immune suppression, inhibition of other hormonal systems, and
the disruption of reproductive function, such studies within marine systems remain rare. In a unique
circumstance, (Rolland et al., 2012) suggested evidence of a reduction in stress hormone levels
associated with reduced exposure of North Atlantic right whales to noise from large commercial vessels.
Laboratory studies showing explicit stress responses to noise and field noise measurements have
increased our ability to compare hormone levels with other potentially causative variables. However,
there are no large cross-sectional datasets of stress markers in free-ranging marine populations, which
means that we lack an understanding of natural variation within individuals based on sex, age, and
reproductive status. Further, we don’t fully understand the relationship among various hormones and
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 in stress markers in individuals.

Acoustic Habitat Effects

Earlier in this Chapter we referenced NOAA's shifted focus to ensure that the chronic effects of rising
noise levels on the acoustic habitat of protected species (i.e., the masking of important species-specific
acoustic cues) are better addressed through the agency’s efforts. While these types of effects 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 populations associated with disturbance from noise or other
causes. Lusseau and Bejder (2007) present data from three long-term studies illustrating the
connections between disturbance from whale-watching boats and population-level effects in cetaceans.
Across these three multi-year studies, the effects of increased boat traffic from tourism ranged from a
15% decrease in abundance (Shark Bay Australia, bottlenose dolphins, Bejder et al., 2006), a transition
from a short-term avoidance strategy to long-term 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 decreased energy intake of 18% and increased energy output of 3-4% (Vancouver 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 of an enhanced concern for whale
watching above other activity types. In fact, Weinrich and Corbell (2009) report that the reproductive

10



CHAPTER 1 DRAFT OCEAN NOISE STRATEGY ROADMAP

success of female humpback whales was not affected by whale watching exposures in southern New
England.

In order to understand how the effects of activities to individual marine animals may or may not impact
stocks and populations, it is necessary to understand not only what the likely disturbances are going to
be, but how those disturbances or other impacts may affect the reproductive success and survivorship
of individuals, and then how those impacts to individuals translate to population changes. Following on
the earlier work of a committee of the U.S. National Research Council (NRC 2005), New et al. (2014), in
an effort termed the Potential Consequences of Disturbance(PCoD), outline an updated conceptual
model of the relationships linking disturbance to changes in behavior and physiology, health, vital rates,
and population dynamics (see Figure 1-1). While this effort targets marine mammals, this conceptual
model is likely broadly applicable in illustrating the potential pathways from individual disturbances to
population-level impacts for other taxa.

| Acute
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CHANGE

Stress

Physical Impalrment
Hormanes

Chronic
DISTURBANCE 5| HEALTH VITAL RATES POPULATION
Sound Lipid Mass ) Adult Survival —} RATES
Pollution Disease | Fecundity Growth Rate
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Figure 1-1. Potential Consequences of Disturbance conceptual model of the relationships linking disturbance to
changes in behavior and physiology, health, vital rates, and population dynamics (New et al., 2014).

As described in the PCoD model, adverse behavioral and physiological changes resulting from
disturbance (stimulus or stressor) can either have acute or chronic pathways of affecting vital rates
(Figure 1-1). For example, acute pathways can include changes in behavior or habitat use, or increased
stress levels that directly raise the probability of mother-calf 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 changes in health over a period of time, such as when adverse changes in
time/energy budgets affects lipid mass, which then affects vital rates (New et al., 2014). New et al.
outline this general framework and compile the relevant literature that supports it, and here we have
added specific examples of types of behavioral, physiological and biological changes, health effects, vital
rates and population rates (within each box, above) for which there are data illustrating the connections
between these stages of effects for certain species and situations. Further, these authors, and others
involved in the PCoD effort, have developed state-space energetic models for four example species
(southern elephant seal, North Atlantic right whale, beaked whale, and bottlenose dolphin), that
illustrate how specific information about anticipated behavioral changes or reduced resource availability
can be used to effectively forecast longer-term, population-level impacts (New et al., 2014; New et al.,
2013a; Schick et al., 2013; New et al., 2013b). However, more work and data are needed for broad
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application of these models, as indicated in Pirotta et al. (2014), which illustrates that traditional visual
group follow data did not provide enough information to allow biologically robust inference in the case
of the model applied to the population-level effects from tourism on bottlenose dolphins in New
Zealand (mentioned above).

Unfortunately, empirical data adequate to quantify the relationship between behavioral or physiological
changes and fitness impacts does not exist for the majority of marine mammal species and the existing
models are very species- and scenario-specific. However, some inferences regarding the relative
importance of certain factors may be appropriate for different species in certain circumstances.
Meanwhile, to fill this gap in adequate empirical data, an “interim” version of the PCoD framework has
been developed that uses a formal expert elicitation process to estimate parameters (and associated
uncertainty) that define how changes in behavior or physiology affect vital rates and incorporate them
into a stochastic model. The framework can be used to predict the anthropogenic disturbances on
animal populations. King et al. (2015) report on the outcome of the 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 areas.

Aggregate or Cumulative Effects of Sound

There is a general recognition that the effects of stressors--including sound--on marine animals may be
cumulative, and that cumulative effects of multiple stressors may have a greater impact on individuals
or species than a single stressor. In the United States, a variety of federal and state laws require
evaluations of cumulative effects in the course of deciding whether and how to take a federal or state
action. Unfortunately, while guidelines exist for assessing the relative level of 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. The effect of a particular stressor on an individual may be
dependent on the species, life stage, geographic location, and season, among other variables. Ideally,
assessments of cumulative effects would evaluate impacts of the stressor on the population in addition
to the individual.

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

In addition to the challenges with assessing the effects of multiple stressors, it is often challenging to
even effectively characterize or predict the likely impacts from multiple sound sources. Several recent
efforts have sought to improve our understanding of the aggregate exposure of multiple sound sources
on marine mammals. The NOAA-led Cetacean and Sound Mapping Project (http://cetsound.noaa.gov )
sought to develop tools to predict and map cumulative, human-induced, annual average low frequency
underwater sound fields throughout U.S. managed waters. In 2012, a symposium was held to discuss
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various methodologies for applying these new maps to managing chronic noise implications for
cetacean species. Further integration of noise fields with marine mammal distribution, density and
behavioral information to quantify impacts has been addressed in a few place-based case studies. Hatch
et al. (2012) sought to quantify levels of masking of biologically important foraging calls made by right
whales in and around the Stellwagen Bank National Marine Sanctuary. Streever et al. (2012) modeled
the sound fields from various sound sources in the Beaufort Sea, allowed modeled animals to migrate
through the area, and calculated an “aggregate exposure” to multiple sources of 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, the severity of the impact if it occurs, and the experts’ certainty that
we understand the system sufficiently to make a statement about impacts. Both the quantitative and
gualitative approaches could be expanded to include consideration of cumulative effects of stressors
other than sound on marine mammals.

CURRENT NOAA MANAGEMENT OF NOISE IMPACTS

NOAA’s responsibilities include the implementation of multiple federal statutes that provide for the
protection and conservation of marine species and stocks, as well as their habitat. While the U.S. does
not have any federal statutes or regulations in place that are specifically designed to address
underwater noise, we currently regulate the impacts of underwater noise (among other impacts,
including in air noise) on animal groups for which the agency has responsibility/authority through
multiple federal statutes, as well as other initiatives discussed below. It is important to note that, to
date, much of the management of noise effects on marine mammals, fish, invertebrates, and sea turtles
has occurred through primarily project-specific consultations and 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
invertebrate impacts). While 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 impacted, and they don’t address
aggregate or cumulative effects very well. Additionally, even when the importance of a given area is
understood, either for its broader acoustic habitat value or because of known value to a specific species
or group, places are typically more difficult to manage through the more project-specific lenses of ESA
and MMPA (though, see Chapter 2).

As a federal agency, pursuant to the National Environmental Policy Act (NEPA), NOAA also has the
responsibility to analyze the impacts of its own activities (e.g., conducting scientific research, operating a
fleet of vessels, issuing MMPA authorizations) on the human environment. This analysis must consider a
range of reasonable alternatives (including mitigation measures), all potentially impacted resources
(e.g., biological resources and social resources), and cumulative impacts, and must be made available to
both the public and agency decision-makers in advance of the final decision. The product of this process
is a NEPA document that, where appropriate, will include a full discussion of the acoustic impacts of an
activity on marine taxa.

NOAA’s work with the International Maritime Organization’s (IMO) to develop voluntary guidelines for
reducing underwater noise from commercial shipping, which were adopted in April 2014 is another
important example of NOAA’s efforts to more broadly minimize noise impacts on marine species and
their acoustic habitats. This international mechanism serves as a long-term tool for NOAA, other U.S.
agencies, and other governments to address noise impacts on a broader spatial scale than U.S. statutes
allow.
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Below we briefly describe the four main statutory authorities through which NOAA currently addresses
the impacts of ocean noise on marine species. Appendix C further describes the specific applicable
sections of the statutes summarized below and also lists other authorities through which NOAA could
address noise impacts on species and acoustic habitat (described further in the ”“Next Steps for NOAA
Ocean Noise Strategy” section.

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. Section 2 (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 rookeries, mating grounds, and
areas of similar significance from the adverse effect of man’s actions. The MMPA lays out very explicit
protections and programs for all marine mammal species and stocks and their habitat, and NOAA is
responsible for implementing these mandates for most marine mammal species (except for the 5
species under USFWS 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
certain exceptions, 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), and (2) the 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 see http://www.nmfs.noaa.gov/pr/permits/incidental/).

Although not numerous, there have been multiple stranding events associated with exposure to active
sonar in which marine mammals (primarily beaked whales or other deep diving whales) have died. For a
subset of these strandings (i.e., Greece 1996; Bahamas 2000; Madeira, Portugal 2000; Canary Islands,
Spain 2002; and Mediterranean Sea, Spain 2006; Madagascar 2008), in-depth investigations have
subsequently identified the exposure to active sonar as a likely causative factor contributing to the
stranding, while for others evidence has been lacking to identify the cause. Pursuant to its
responsibilities under the Marine Mammal Health and Stranding Response Program, which is outlined
by the MMPA, NOAA responds to, investigates, and reports out on marine mammal strandings, including
those potentially associated with exposure to loud sounds (for more information about the Marine
Mammal Health and Stranding Response Program see http://www.nmfs.noaa.gov/pr/health/).

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 avoid extinction and recover threatened and
endangered species to a point at which they no longer need ESA protections. The Endangered Species
Act (ESA) lists the following number of species as threatened or endangered: 27 marine mammals; 57
fish; 16 sea turtles, and; 24 invertebrates.

As one part of a plan to serve these broader goals, Section 9 of the ESA prohibits the take of ESA-listed
species, with limited exceptions. Section 7 of the ESA requires that each federal agency, in consultation
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with NOAA/USFWS, insure that any agency action is not likely to jeopardize the continued existence of
any endangered or threatened species, or result in the adverse modification of their critical habitat.
Provided these findings are made, incidental take of ESA-listed species may be exempted by NOAA or
USFWS. Section 10 of the ESA allows for the issuance of incidental take permits to non-federal entities.
NOAA or USFWS typically identify terms and conditions (e.g., mitigation or monitoring) that the action
agency or permit holder must abide by in order to be exempted of/permitted for the incidental take.

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

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

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

Critical habitat is based on ”primary constituent elements,” which are the physical or biological features
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
habitat designation that addresses noise impacts: “waters with in-water noise below levels resulting in
the abandonment of critical habitat areas by Cook Inlet belugas.” For more information about the
Endangered Species Act, visit: http://www.nmfs.noaa.gov/pr/laws/esa/.

National Marine Sanctuaries Act (NMSA)

The NMSA allows for the designation and protection (by NOAA) of national marine sanctuaries -- areas
of the marine environment with special national significance due to their conservation, recreational,
ecological, historical, scientific, cultural, archaeological, educational, or aesthetic qualities. The primary
objective is to protect special areas of the marine environment.

Regulations may be issued for specific sanctuaries or the system as a whole, and can (among other
things) specify the activities that can and cannot occur within the sanctuary and/or those that require
permitting (Section 308). Currently, none of the 14 sites managed or co-managed by the Office of
National Marine Sanctuaries (ONMS) prohibit outright the production of underwater noise within their
boundaries. However, Section 304(d) of the NMSA additionally requires federal agencies whose actions
are likely to destroy, cause the loss of, or injure a sanctuary resource to consult with the ONMS before
taking the action. ONMS then recommends reasonable and prudent alternatives (which may include
mitigation or monitoring) to protect sanctuary resources. Where noise impacts are addressed, 304(d)
recommendations may address any noise-sensitive species within the sanctuary (e.g., marine mammals
or fish) as well as targeting acoustic habitat concerns more broadly (for more about management of
National Marine Sanctuaries resources see: http://sanctuaries.noaa.gov/management/welcome.html).

Magnuson-Stevens Fishery Conservation and Management Act (MSA)

Fish require healthy surroundings to survive and reproduce. NOAA Fisheries works with regional fishery
management councils to identify the essential habitat for every life stage of each federally managed fish
and invertebrate species using the best available scientific information. Essential fish habitat (EFH)
includes all types of aquatic habitat—wetlands, coral reefs, seagrasses, rivers—where fish (and some
invertebrates) spawn, breed, feed, or grow to maturity. Essential fish habitat has been described for
approximately 1,000 managed species to date.
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NOAA and the councils also identified more than 100 “habitat areas of particular concern” or HAPCs.
These are considered high priority areas for conservation, management, or research because they are
rare, sensitive, stressed by development, or important to ecosystem function.

Through EFH consultations pursuant to the Magnuson Stevens Act, NOAA works with federal agencies to
conserve and enhance essential fish habitat (EFH). Consultation is required when a federal agency
authorizes, funds, or undertakes an action that may adversely affect EFH. Adverse effects include:
direct or indirect physical, chemical, or biological alterations of the waters or substrate; loss of, or injury
to species and their habitat, and other ecosystem components; or reduction of the quality and/or
quantity of EFH. The federal agency must provide NOAA Fisheries with an assessment of the action’s
impacts to EFH, and NOAA Fisheries provides the federal agency with EFH Conservation
Recommendations to avoid, minimize, mitigate, or otherwise offset those adverse effects. Federal
agencies must provide a detailed written explanation to NOAA Fisheries describing which
recommendations, if any, it has not adopted.

REGULATORY AND ANALYTICAL APPROACHES

The standards, thresholds, and terminology vary, but all of the statutes identified above generally aim to
assess and minimize the impacts to individuals, populations, and habitats of marine taxa. Impact
analyses conducted pursuant to these different statutes will sometimes use different analytical methods
because of the differences in the requirements of the statutes or the nature of the activities or impacts
assessed, but they are all required to be based upon the best available science.

Acoustic Thresholds

One tool that NOAA currently uses to characterize and assess acute impacts of noise exposure is
acoustic exposure thresholds. For marine mammals, these generic thresholds have historically (for the
most part) been presented in the form of single received levels for particular source categories (e.g.,
impulse, continuous, or explosive) above which an exposed animal would be predicted to incur auditory
injury or be behaviorally harassed. For example, root mean square (RMS) sound pressure level (SPL) 180
and 190 dB thresholds have been used for the onset of acoustic injury of cetaceans and pinnipeds,
respectively, and RMS SPL 160 and 120 dB thresholds have been used for the onset of behavioral
harassment of all marine mammals from impulse and continuous sources, respectively. These two
specific effect types (acoustic injury and behavioral harassment) align well with statutory definitions of
some components of “take” in MMPA and ESA, and “injury” under the NMSA. NOAA has also used
dose-response-type curves to quantify behavioral harassment of marine mammals from active sonar
involved in Navy tactical activities. Of note, the measurement of hearing thresholds not only relies on
the testing and auditory evoked potential (AEP) of captive animals, but also morphometric ear
measurements and AEP of animals in the wild that have stranded and are managed through the MMPA
Marine Mammal Health and Stranding Response Program.

Because of the paucity of information for fish, sea turtles, and invertebrates, acoustic thresholds have
been applied in a more regionally-specific 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 data exist for frequently conducted activities that produce acute, intense,
high energy, impulsive sounds, such as pile driving, underwater explosions, and seismic surveys. For
example, a coalition of federal (including NOAA Fisheries West Coast Region) and state resources and
transportation agencies along the West Coast, the Fisheries Hydroacoustic Working Group (FHWG), used
data from a variety of sound sources (primarily underwater explosions and seismic airguns) and species
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to establish interim acoustic criteria for the onset of injury of fish from impact pile driving (FHWG 2008).
These criteria, in turn, are also used to estimate the risk to fish from other types of impulsive sounds.
They are not appropriate, however, for non-impulsive, continuous sounds. Most historical research has
used peak pressure to evaluate the effects on fish from underwater sound. Current research, however,
suggests that sound exposure level (SEL.,.), a measure of the total sound energy expressed as the time-
integrated, sound pressure squared, is also a relevant metric for evaluating the effects of sound on fish.

It is important to note that the identification of these likely direct physical or behavioral effects via the
use of acoustic thresholds is only one part of any broader impact finding under MMPA, ESA, MSA or
NMSA, and does not consider adverse stress effects. These statutes must also assess impacts on habitat
(including acoustic habitat), as well as the ultimate results of all of the effects on the fitness of
individuals (health, reproductive success, and survival) and subsequent population growth rates and/or
likely impacts to resources within sanctuaries. However, acoustic thresholds are important both
because they help regulated entities understand when a federal consultation may be appropriate and
because of requirements under both the MMPA and ESA to quantify the impacts of acoustic exposure
on a project-by-project basis.

One of the limitations of relying on the action-specific 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
(longer-term) and multi-source impacts that co-occur across longer time frames, larger areas, and
multiple activities. Additionally, some activities that contribute significantly to background noise levels
are challenging, if not impossible, to regulate case-specifically (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 activity-specific structure of the current regulatory framework also means that there is not a
standard required set of mitigation or monitoring to always apply to noise-producing activities. That
said, the following types of mitigation measures are generally commonly required or recommended to
address acoustic impacts to marine mammals, and a subset of them are sometimes applied to other
taxa, though protective measures for fish, invertebrates, and sea turtles are typically more limited to
mitigating the potential for acute injurious impacts:

e Real-time 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

o Visual observers for protected species (shore, ship and aerial, unmanned crafts) and/or
passive acoustic technicians (increasingly common) to support real-time measures

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

e Seasonal/Area Limitations (to limit chronic/long-term effects, but also acute effects including
behavioral)

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

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

Of note, protected species observers (PSOs) are used for many activities with the potential to adversely
impact marine fauna, both to implement mitigation measures, such as shutdowns or to ensure that
safety zones are clear before activities take place, and to collect data for monitoring. NOAA published
the NOAA Technical Memorandum “National Standards for a Protected Species Observer and Data
Management Program” (Baker et al, 2014), which provides guidance to develop a national program and
to more broadly enhance coordination, establish national PSO standards for qualifications and training,
institute standardized data collection and reporting requirements, and develop data quality assurance
process, among other things.

Monitoring

As noted above, the MMPA has an explicit requirement for monitoring to better understand the impact
of authorized activities on marine mammals, and the ESA, NMSA, and EFH also contain mechanisms for
including monitoring requirements (note the requirements discussed in this section are separate from
NOAA'’s separate internal mandate to conduct science). Because the activities requiring permits and
consultations range so widely in temporal and spatial scope, monitoring plans that satisfy the
requirements also range in robustness and scope. For example, monitoring requirements may range
from pinniped counts conducted before, during, and after a small pier maintenance action to full-
fledged (and sometimes peer-reviewed) research projects for oil and gas development or Navy training
(see http://www.navymarinespeciesmonitoring.us/regions/ for full details of all required monitoring
study objectives, methods, timelines, funding, and completed results). Reports containing monitoring
results must be submitted and NOAA subsequently makes those reports available to the public.
Transparency and sharing of raw data has increased through time and may now largely be obtained, if
requested, with the exception of acoustic data that may implicate national security concerns (acoustic
signal or locational data) or proprietary energy lease information (locational data).

NEXT STEPS FOR THE NOAA OCEAN NOISE STRATEGY

The purpose of NOAA’s Ocean Noise Strategy, as highlighted here in this Roadmap, is to focus the
agency’s authority and capacity to characterize and manage ocean noise impacts for the benefit of
NOAA trust resources. Through expertise and authority, the goal is for individual NOAA programs
(regulatory, science, and noise-producing) to identify recommendations and concepts in this Roadmap
that are most applicable and constructive towards their broader program goals, and work them into a
program-specific implementation plan. Management strategies, risk 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 opportunity 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 Coordination: All NOAA offices should, ideally, 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 relate to effects on marine species and their acoustic habitats, would be
very helpful and could be developed by expanding the glossary developed for NOAA’s new acoustic
guidelines. Beyond a common lexicon, NOAA should be consistently describing the full suite and relative
importance of the potential effects of noise in both internal and external settings. This Roadmap aims in
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particular to support the agency’s consistent articulation of the importance of protecting acoustic
habitat, in addition to minimizing acute (physical and behavioral), chronic, and cumulative impacts
associated with noise. Additional work would be needed to develop the glossary and ensure that
NOAA’s workforce is well-versed in the basics of acoustics (introductory materials to more advanced
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 sanctuaries, 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 any new risk
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 3-4 times a year, and sponsors a listserv to discuss both management and science issues
related to acoustics.

2. National Guidance for Acoustic Thresholds and Other Management Tools: The development of
consistent national guidance for acoustic thresholds for all of NOAA’s trust resources would provide
strong support for NOAA’s accomplishment of the Strategy goals. In a process separate from this
Roadmap, NOAA is developing revised acoustic thresholds for assessing acoustic impacts on marine
mammals. That process will result in a guidance document that includes: descriptions of the science,
rationale, and methods behind proposed acoustic thresholds; explanations of how NOAA plans to apply
the acoustic thresholds under multiple regulatory processes; and a mechanism for regularly
incorporating new science into acoustic guidance. The current process included multiple peer and
public reviews of the scientific rationale and methods, and we expect the initial guidance (only for
auditory injury and temporary threshold shift for all source types) to be finalized in early 2016. The
marine mammal behavioral harassment guidance will follow. To support the Strategy goals, NOAA could
pursue developing similar national acoustic injury thresholds for fish, sea turtles, and, potentially
invertebrates. While official national guidance on acoustic thresholds is being developed for any of
these purposes, coordinated interim principles and practices would ensure consistent application of
existing acoustic data.

For NOAA management practitioners, 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, how to estimate
isopleths associated with different effect thresholds, or how to design effective passive acoustic
monitoring (PAM) for a particular project. These types of guidelines could be developed and
implemented nationally (with regional and program input) to promote consistency and alleviate either
duplicative effort or contradicting recommendations across regions and programs.

3. Exploring, Expanding, and Coordinating the Use of Applicable NOAA Authorities: In the previous
section, the federal statutes through which NOAA 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 mechanisms and Sections) through which NOAA could
address ocean noise issues, both in relation to specific species and also acoustic habitat, either through
raising awareness, making official recommendations, or including regulatory requirements. We
recommend that the NOAA Programs implementing these statutes work together to add reference to
ocean noise issues (using the consistent messaging mentioned above) where not currently addressed.
Additionally, cross pollination between, for example, regulatory MMPA and ESA programs and the
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Marine Mammal Health and Stranding Response Program, such as overlaying maps of authorized sound
use activities with health indicators from disease or stranding investigations, would facilitate better
assessment and prediction of the impacts of noise on an individual and the likely resulting population
impacts.

Traditional approaches to regulating ocean noise issues have necessarily been somewhat constrained by
the project-specific and shorter-term focus of the statues under which NOAA worked. However, there is
some temporal and spatial flexibility in the traditionally-used statues to explore broader (e.g.,
programmatic) approaches to analysis and management of chronic large-scale impacts. Additionally,
consideration of some of the additional tools presented in Appendix C gives NOAA more room to
coordinate broader-scale strategies across multiple programs, as resources and opportunities allow —
provided we have a well-articulated justification and approach. Additionally, Chapter 2 outlines a broad
place-based approach for prioritizing the management of acoustic habitat.

Last, when considering approaches for addressing ocean noise impacts, international examples are
available. The European Union has recognized ocean noise as an indicator of environmental quality
under its Marine Strategy Framework Directive (EU 2008) and, further, is in the process of developing
targets for achieving “good environmental status” for ocean noise and acute noise-generating activities.
Nowacek et al., 2015, recommend several ways to potentially address noise impacts through existing
international mechanisms, such as the International Convention for the Prevention of Pollution from
Ships.

4. Development of Risk Assessment Tools: To support the Strategy, risk assessment tools would be
targeted towards the analyses required to support decisions under NOAA's statutory authorities, which
essentially involve characterizing, analyzing, and mitigating 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 targets 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, species-specific acoustic sensitivities, and sound maps. Risk
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 aggregated 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 predicted impacts when
changes in sound-producing 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 their lifetime. This type of assessment requires integrating risk
across all areas used by the individuals (e.g., breeding and feeding areas and migratory corridors).
Having the tools available to conduct both types of assessment, along with others, will strengthen and
support NOAA’s conservation actions and related decisions, and further aid the public and regulated
community in planning and analyses to support environmental compliance and impact minimization.

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

e Datatoinform, or tools to model, ambient or average background sound levels (soundscape,
see Chapter 3) over which risk assessments may be layered (including a database of measured
sound source verifications).

e Maps of NOAA-authorized activities (produced by NOAA) and noise-producing activities not
regulated by NOAA, where available (e.g., Marine Cadastre website).

e Platforms, servers, and data layers that allow for the geospatial analysis of the temporally,
spatially, and spectrally-specific overlays of sound-producing activities and protected marine
species at a wide range of temporal and spatial scales.

e Permanently maintained, standardized, and web-accessible 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 population-level and cumulative consequences resulting from co-occurrence of noise and
marine animals. These frameworks and models would include consideration of health and disease risks
where known and be applicable to certain species. In addition to the PCoD effort mentioned previously
and other marine mammal-centric efforts underway, there are numerous well-developed risk
assessment frameworks in 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 characterize the acoustic space available to an
animal to detect critical acoustic cues. The information is gained from our understanding of the animal’s
hearing, vocal behavior, and the surrounding soundscape, which is informed by both natural and
anthropogenic sounds (Clark et al. 2009). However, these highly specific and quantitative tools can be
resource-prohibitive for project-specific analyses. In addition, managers still struggle to connect the
guantification of reduced acoustic space with a particular degree of impacts on protected species, either
at the individual or population level. There is a need for the development of semi-quantitative 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 contextual factors 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 strongly affect the
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 only frequency and other sound characteristics, but other contextual factors
when the information is available (Francis and Barber 2013).
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5. Prioritize Baseline Science Needs: The highest priority science needs for assessing and minimizing
acoustic impacts can 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. A list of general priority information
needs (in no particular order) for noise assessment appears below. These can be more specifically
focused by taxa or species based on the status of existing data summarized in Appendices A and B,
though generally speaking, more basic information is needed for sea turtles, invertebrates, and fish.
Chapter 3 also addresses key information gaps in NOAA’s current understanding of soundscapes and a
need for enhanced passive acoustic monitoring. NOAA has already begun collecting, compiling and
making available some of this information.

e Presence, abundance, density, and distribution mapping of protected species and prey,

including:
o prioritization based on overall vulnerability and noise sensitivity, as well as ecosystem
assessments

o for existing datasets - increased spatial and temporal resolution
O systematic updates
e Increased understanding of species sound use, auditory thresholds and hearing mechanisms,
especially for non-marine mammal species, including:

o differentiation of life stages for fish

O special emphasis on turtles

e Increased understanding of noise levels that cause hearing loss, especially for fish, but also for
invertebrates, turtles, and mysticetes including:

O 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.

e Increased understanding 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)

o baseline behavioral data to compare noise-induced changes to

targeted attention to effects of contextual variables beyond sound level

o targeted attention to effects at multiple scales (e.g., tags that track horizontal

movement and tags that record finer scale data such as clicks, acceleration, dive tracks)
e |dentification of times, areas or species of particular concern for risk assessment, e.g.:

o important areas for reproduction, feeding, migration, etc.

O particular contextual situations of concern (e.g., populations undergoing severe
epidemic or heavy exposure to oil spill)

o identification of fish and invertebrate species that may be particularly susceptible to
human noise (based on functional hearing or broad responses to sound) prioritized
according to species that are ecologically, commercially and recreationally important.

e Collection of baseline stress-marker datasets to which field measurements can be compared to
appropriately to assess context and significance of noise-caused adverse stress responses.

e Increased understanding of masking (see Chapters 2 and 3) and, importantly, the consequences
of reduced listening space.

e Soundscape characterization and mapping (see Chapter 3), including:

o long-term monitoring of background noise in frequency bands relative to marine species
hearing

o
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o location, timing, intensity and frequency of particular sound sources
e Collection and understanding of basic energetic information to link individual responses to
effects on survivorship and reproductive success and, ultimately, population-level
consequences.
e 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 compiling key science needs (more broadly) at the
regional level. Maintenance of key science needs for assessing acoustic impacts should be cross-
referenced with the regional Protected Resources Science Investment and Planning Process (PRSIPP) to
ensure inclusion of newest science from the Science Centers, as well as to inform the broader NOAA
science prioritization process.

6. Continue to Support Mitigation Development: \Where noise is concerned, mitigation should be
broadly designed to do one of two things: (1) reduce the temporal or spatial overlap of ensonified areas
with marine taxa (or acoustic habitat) in particular times, places or circumstances, and/or (2) reduce the
sound level at the source (which may include replacing the source with a different type of source
capable of the same function). In reducing the spatio-temporal overlay of noise with marine animals
and acoustic habitat, there are two general types of solutions: real-time avoidance of overlap of sound
and managed species, and pre-planned larger-scale avoidance of sound use in important areas or times.
Real-time measures are typically used to minimize acute effects, such as injury or severe behavioral
responses, whereas broader activity planning may reduce acute, and potentially significant, behavioral
effects, and is also the most effective spatiotemporal method to address more chronic acoustic habitat
effects, such as masking.

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

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

e 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
regulatory authority through which the analysts are recommending/requiring monitoring.

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

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

o The potential for meta-analyses of multiple monitoring efforts contributing to bigger
questions

o 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 integration with, other results)

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

o Evolving science and previous monitoring results

o Anunderstanding of regional ecosystem function

o Existing and ongoing studies and programs to leverage monitoring

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

e Incorporate adaptive components that will allow for modification of measures or solicitation of
additional information as needs emerge through the regulatory timeframe.

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

e Develop and implement a transparent process to:

o Educate and focus the regulated community on priority questions

o Integrate incoming monitoring data between applicants, as well as among scientists

o Regularly review and adapt priority questions

8. Develop Mechanisms for Outreach, Collaboration, and Stakeholder Engagement: To fully support
the Strategy, NOAA would promote public understanding of noise impacts in U.S. waters and abroad
through targeted outreach efforts. There are multiple reasons why engagement with stakeholders is
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,
engagement with the regulated, or noise-producing, community allows NOAA to 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
to maximize synergy and resource savings. Over the course of NOAA’s CetSound and NOAA Ocean Noise
Strategy efforts, NOAA, Navy, BOEM, the Marine Mammal Commission, Duke University, Heat, Light,
and Sound Inc., and others have collaborated and jointly funded (multiple separate 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 specific noise-related issues — all of which advance our collective ability
to more effectively address the effects of noise on protected species and their habitat.
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Can You Hear Me Here? Managing Acoustic Habitat in U.S. Waters®

INTRODUCTION

The U.S. National Oceanic and Atmospheric Administration (NOAA) is a steward of the nation’s oceans,
with a variety of statutory mandates for conservation and management of coastal and marine
ecosystems and resources of ecological, economic, and cultural significance. To this end, NOAA is
charged with protecting the long-term health of a wide variety of aquatic animal populations and the
habitats that support them, including whales, dolphins, turtles, fishes, and invertebrates. While these
animals fill very different roles in marine ecosystems, many of them share a common and fundamental
biological need: the ability to hear, produce, and respond to sound.

The purposeful use of sound for communication by marine mammals, many fish, and a few marine
invertebrates is well documented (reviewed by Tyack & Clark 2000, Normandeau Associates 2012, Ladich
2015). For example, fin and blue whales produce low frequency calls that are thought to play roles in
finding mates, sharing food resource information, and navigating at ocean basin scales (Payne & Webb
1971, Morano et al., 2012). In contrast, bottlenose dolphins use higher frequency signals to maintain
social structure, identify individuals, and echolocate during foraging (Janik & Slater 1998). Fish are well
known to produce loud low frequency choruses for communicating with conspecifics and attracting
mates (Myrberg 1981). Cavitating bubbles produced by snapping shrimp emit sound upon their collapse
that stun prey and provide a means for individuals to communicate with one another and defend
territories (Versluis et al., 2000). In addition, there is evidence from both terrestrial and marine
organisms illustrating the ecological importance of adventitious sounds: those gathered opportunistically
from the surrounding habitat through eavesdropping rather than from a purposeful sender (Barber et
al., 2010, Slabbekoorn et al., 2010, Radford et al., 2014).

Many animals hear and respond to frequencies outside of those they produce, underscoring the
importance of eavesdropping on other species or of detecting meaningful sounds made by the physical
environment. Aquatic examples are wide ranging, including baleen whales responding to sounds within
frequencies used by killer whales (e.g., Goldbogen et al., 2013), herring detecting sounds used by echo-
locating whales, fish and crab larvae using reef sounds dominated by snapping shrimp as directional
cues, sharks approaching the sounds made by struggling prey and surface-feeding fish responding to
sounds of prey falling into the water (reviewed by Slabbekoorn et al., 2010, p. 183). Barber et al. (2010)
summarize a pattern that appears broadly consistent for both terrestrial and marine realms: “It is clear
that the acoustical environment is not a collection of private conversations between signaler and receiver
but an interconnected landscape of information networks”. These complex and dynamic assemblages of
natural sounds are inherent aspects of marine habitats (Figure 2-1). All of the sound presentin a
particular location and time, considered as a whole, comprises a “soundscape” (Pijanowski et al., 2011).
When examined from the perspective of the animals experiencing it, a soundscape may also be referred
to as “acoustic habitat” (Clark et al., 2009, Moore et al., 2012a, Merchant et al., 2015).

> Accepted for publication as L.T. Hatch, C.M. Wahle, J. Gedamke, J. Harrison, B. Laws, S.E. Moore, J.H.
Stadler & S.M. Van Parijs. Endangered Species Research.
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Figure 2-1. Potential acoustically mediated information pathways (yellow dotted lines) in a marine community,
including, but not limited to, purposeful communication between individuals, use of echolocation over distances
(large and small), eavesdropping on sounds made by other animals, detection of human activities, and
identification of seafloor characteristics, all supporting biologically important behaviors such as settlement,
recruitment, feeding, migration, and reproduction. White circles and blue, green and yellow semicircles generically
represent information-gathering opportunities and sound production, respectively.

Acoustic habitats identified today are often significantly modified by noise produced by human activities,
and thus efforts must be made to characterize both their natural and altered conditions. Such activities,
and the resulting noise levels that they produce, are increasing throughout coastal and ocean waters in
both time and distribution. There are few aquatic areas where anthropogenic noise is absent. Changes in
noise conditions over time are predicted to vary considerably among ocean and coastal areas. In some
heavily used areas, several-fold increases in the contribution of human noise to acoustic habitats have
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been measured over just a few decades (Andrews et al., 2002, McDonald et al., 2006). While some
marine animals are capable of adjusting communication signals in the presence of noise (e.g., Holt et al.,
2009, Parks et al., 2010), it is unknown whether these changes can transfer between generations or
whether they result in long-term fitness consequences. Relative to the life spans of marine organisms,
noise levels have seen significant growth over just a handful (e.g., some fish, turtles and marine
mammals) to tens (e.g., some fish and invertebrates) of generations. Given this rapid increase, the
potential for true evolutionary adaptation to a noisier environment is limited.

NOAA recognizes the need to develop an approach to underwater noise management that considers not
only its effects on individual animals, but also the importance of natural sounds in the places where
those animals live. As the world’s coasts and oceans become busier and noisier, NOAA will be challenged
to craft and implement new management approaches that balance the competing needs of coastal and
ocean resource users and natural acoustic habitats. In this paper, we describe key elements of an
agency-wide strategy to more comprehensively manage noise impacts to acoustic habitats, including
implications for the science needed to assess habitat status and noise influences. We then examine
NOAA’s management tools and consider their application to acoustic habitat protection goals,
highlighting activities that are underway or could be undertaken to achieve these goals.

BROADENING NOAA’S NOISE MANAGEMENT APPROACH

Describing Acoustic Habitats

The place where an animal lives is called its “habitat” and is described by its physical and biological
attributes, including its acoustic conditions. Under strict habitat definitions, acoustic habitat is an
attribute of the area surrounding individual animals; however, the concept is commonly expanded to
refer to habitat as the place where multiple species occur together under similar environmental
conditions. A habitat can therefore be distinguished from surrounding habitats on the basis of both its
species composition and its physical environmental characteristics (e.g., type of seabed, tidal currents,
salinity). An acoustic habitat can similarly be attributed to an assemblage of species that are known to
collectively experience and often contribute to a natural soundscape that is distinguishable from
surrounding soundscapes. Soundscape measurements can be associated with aquatic habitats that have
been classified using more traditional data types (e.g., McWilliams & Hawkins 2013, Lillis et al., 2014).
Such measurements can illustrate variance in space, time, and frequency content, depending on what
species are present at the time of measurement. For example, natural acoustic habitats within tropical
reef areas may be heavily dominated by the popping of snapping shrimp and will therefore differ
dramatically from those within temperate boulder fields inhabited by the grunting and thrumming of fish
such as cusk, sculpin and cod (e.g., Rountree et al., 2006, Staaterman et al., 2013). Acoustic habitats may
vary seasonally in association with the presence of animals that produce sounds, whether they are
feeding, reproducing, or simply migrating through the area (e.g., Moore et al., 2012b, Parks et al., 2014).
Environmental sources of sound can also show strong temporal trends, such as louder, stormier winter
months and quieter, lower wind summer months, contributing to large intra-annual differences in
natural acoustic habitats (Wenz 1962, Urick 1983). Such natural sources of variance must be accounted
for in further evaluating alterations of such habitats by noise from human activities.

Although a few noise sources produce relatively consistent acoustic input to habitats (e.g., large
commercial shipping) the cumulative footprint of noise from human activities is often dynamic. Noise
made by human activities varies widely in its frequency content, duration and loudness. Consequently,
anthropogenic noise can affect acoustic habitats locally for brief periods of time as well as chronically
over large areas for long durations. The characteristics of noise sources greatly influence the types of
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impacts they may have on marine animals and their acoustic habitats. At close proximity, loud noises can
result in hearing damage and other physical injury to, or even death of, animals. Sudden, erratic or acute
noises can additionally be perceived as threats, leading to adverse responses, while frequent and chronic
noise can interrupt communication and disrupt the ability to detect acoustic cues. All of these types of
impacts can have viability consequences (see Figure 3, Francis & Barber 2013).

Studies of fishes have quantified the negative impacts of noise-disrupted behavioral patterns on foraging
success (Purser & Radford 2011) and predator awareness (Voellmy et al., 2014, Simpson et al., 2015).
Effects of lost listening opportunities in noisy conditions can be assessed for specific, identified
environmental or adventitious cues of importance, or more generally based on reduction in the volume
of space available for acoustic detection (see Box 2, Barber et al., 2010). Time-series data documenting
changes in noise conditions are not typically available. Estimates of change in the status of acoustic
habitats can incorporate contemporary noise measurements and predictive modeling with and without
noise sources, or historical measurements made in areas with similar oceanographic parameters (e.g.,
Hatch et al., 2012). More recently, the U.S. National Park Service has been developing modeling
techniques to predict levels of noise under different conditions for large areas of the continental U.S.A,,
with one purpose being to gauge progress towards park soundscape management goals (Mennitt et al.,
2014).

NOAA'’s Tools for Acoustic Habitat Risk Assessment

The need to develop long-term recording assets in U.S. waters to enable full characterization of localized
acoustic habitats, and support standardized comparisons both within habitats over time and among
habitats of potential management interest, is well recognized both by NOAA and other federal agencies
(Southall et al., 2009). Some places, such as Stellwagen Bank National Marine Sanctuary and the
northeast region in general, have developed longer-term and higher-resolution monitoring efforts as a
result of established collaborations between NOAA scientists and non-federal partners, relying on
substantial funding from other federal agencies (Van Parijs et al., 2015b). Longer-term recordings have
also been funded by non-NOAA federal agencies associated with monitoring the impacts of established
noise-producing activities in acoustic habitats of interest to NOAA (e.g., off Southern California and
North Carolina associated with military training ranges and in the Alaskan Arctic associated with oil and
gas exploration and extraction). NOAA is working with these partners to ensure that such data assets can
support assessments of both baseline conditions of acoustic habitats and changes in their status through
time. Despite efforts to improve and increase standardized passive acoustic data collection, NOAA
cannot listen to all the places in its management charge all the time. Sound-field modeling provides
opportunities to characterize acoustic habitat conditions in places with no or limited measurements, and
to explore the predicted consequences associated with changes in the types, distributions and densities
of noise-producing activities over time. NOAA has invested in the development of such modeling
approaches within U.S. waters at various resolutions and scales (www.cetsound.noaa.gov; Figure 2-2).
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Figure 2-2. Predicted low frequency (one-third octave centered at 100 Hz) average annual noise levels (equivalent,
unweighted sound pressure level in decibels re 1 u Pa) at 30 m depth, summing contributions from a variety of
human activities (see http://cetsound.noaa.gov/sound_data) within the US Exclusive Economic Zone (brown lines).

As NOAA looks to integrate acoustic habitat protection within its science and management activities, it is
helpful to examine which tools developed to support the agency’s traditional, species-based noise
impact evaluation processes can be leveraged to inform broader evaluation of impacts to acoustic
habitats. Noise impact assessments, whether addressing direct effects to individual animals or degraded
acoustic habitat, share basic science needs. Chief among them are to identify: (1) which species use or
make sound (including hearing, sound production, and sensitivity); (2) the role of sound in their life
histories (acoustic ecology and behavior); and (3) how they use their environments (including their
distribution and habitats that support biologically important activities, such as reproduction and
feeding). However, NOAA’s historical focus on tissue damage and behavioral response has
underemphasized additional science needs that would inform understanding of the consequences of
anthropogenically-altered acoustic habitats. For example, more science is needed to characterize
variation in the production or perception of intraspecific communication signals in natural areas with
different background noise conditions. Likewise, more science is needed to better document the
quietest signals that animals can (and do) perceive in the wild. Recent investments in the development
of models to interpret the consequences of behavioral responses to noise (e.g., Population
Consequences of Disturbance; SMRU Consulting 2015) have the potential to, but have yet to, address
the long-term effects on the viability of populations when individuals are less able to hear conspecifics,
prey, predators, or key environmental awareness cues. There is a clear need to ensure that such
modeling can address data-poor as well as data-rich management contexts. Tools that are being adapted
to implement ecosystem-based management of fisheries (e.g., Productivity-Susceptibility Analyses; Food
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and Agriculture Organization of the United Nations 2015) allow for rapid risk assessment when faced
with uncertainty regarding ecological relationships as well as population demographics. Such techniques
could generate estimates of risk for individual populations and ecosystems due to noise-altered habitat
or displacement from habitat due to noise, and could integrate risk associated with multiple threat

types.

Place-based risk assessments are a particularly useful framework for integrating multiple data resources
in order to inform agency decision-making. Characterizations of the co-occurrence of high-value target
species, high-value target places, and predicted and measured noise levels can inform agency actions at
several scales (Erbe et al., 2014, Redfern et al., submitted). In some cases, current passive acoustic
monitoring and noise modeling capacity may be sufficient to support NOAA’s assigning high risk to a
high-value acoustic habitat that is currently quiet when compared to other areas, and where action is
necessary to maintain lower noise levels. In other cases, high risk may be associated with a high-value
habitat that is currently relatively loud and where action is necessary to reduce noise levels. Given the
status of standardized long-term passive acoustic monitoring and noise modeling capacity in U.S. waters
today, however, available data may or may not be sufficient to support mitigation design (i.e.,
identification of dominant noise contributions at various spatial, temporal and spectral scales). NOAA’s
actions to strengthen protection for high-risk acoustic habitats will therefore need to be adaptive,
continually improving both the design and implementation of effective mitigation.

NOAA'’s Tools for Managing Acoustic Habitat

Historically, NOAA has managed the impacts of noise on its trust resources by using legal frameworks
designed to protect target populations and species. These populations and species are those that society
has determined need special care, including those that are endangered or threatened, and those that
are of particular ecological, cultural or economic interest, including all marine mammals. The
Endangered Species Act (ESA 1973) and the Marine Mammal Protection Act (MMPA 1972) are the
primary statutes by which NOAA requires mitigation strategies and monitoring action designed to reduce
or eliminate and better understand the impacts that specific types of noise have on this limited suite of
species. Under these statutes, management action has focused on reducing the potential for relatively
loud noise sources (e.g., airguns, sonars, pile drivers) to unambiguously injure animals or cause them to
respond behaviorally over (usually) relatively small spatial and temporal scales. This traditional approach
has played an important role in fulfilling NOAA's stewardship mandates by preventing or minimizing
acute harm to individual animals.

The U.S. National Ocean Policy (U.S. NOP; Executive Order 13547 2010), however, firmly directs federal
agencies to implement ecosystem-based approaches to management. Fundamentally place-based,
these management efforts seek to conserve functioning ecosystems and the services they provide.
Ecosystem-based management approaches highlight the importance of natural habitats and parallel
additional efforts within NOAA to focus the agency’s many mandates to protect and restore habitats.
Inherent in these policy directives is the need for NOAA to begin to address the widespread degradation
of natural acoustic habitat for a broad range of acoustically-sensitive species due to increasing noise
from accumulated anthropogenic sources.

The degree to which NOAA’s management tools can be used to focus on specific habitats ranges widely.
Many, but not all, areas managed or co-managed by NOAA meet the national definition of a marine
protected area (MPA). In the U.S., an MPA is broadly defined as “an area of the marine environment that
has been reserved by federal, state, territorial, tribal, or local laws or regulations to provide lasting
protection for part or all of the natural and cultural resources therein” (Executive Order 13158 2000,
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Section 2(a)). Covering over half the total area of the U.S. Exclusive Economic Zone (EEZ) and occupying
most habitat types (Table 2-1), U.S. MPAs have been established by a variety of federal, state, and tribal
agencies to protect a diversity of species (e.g., mammals, fish, invertebrates, and plants), cultural
resources, and natural ecosystem features and processes. MPAs in the U.S. also vary widely in their
conservation purposes, and in the associated level, scale and permanence of protection afforded the
resources they protect (Table 2-1, categories discussed in National Marine Protected Areas Center 2011).
NOAA manages or co-manages only 13% of MPAs within U.S. waters. However, these 13% represent 99%
of the total area contained within U.S. MPAs. This is due mainly to the existence of many large
Sustainable Production fishery MPAs, a few large marine mammal MPAs on the East Coast and 4 large
Marine National Monuments in the Pacific. While two-thirds of U.S. MPAs have a broad ecosystems
conservation focus, two-thirds of NOAA MPAs focus on the conservation of specific focal resources. The
remaining one-third of NOAA MPAs, including fifteen sites managed by the Office of National Marine
Sanctuaries, focus on comprehensively protecting marine ecosystems. Regardless, as the main federal
managers of large, offshore MPAs, NOAA plays a key role in shaping and executing U.S. marine spatial
protection.

Table 2-1. Prevalence and diversity of management approaches for all existing Marine Protected Areas (MPAs) in
U.S. Exclusive Economic Zone (EEZ) waters, as well as National Oceanographic and Atmospheric Administration
(NOAA)-managed or co-managed areas.

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 km?2 55% 6.78M km?2 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 72%
Ecosystem Scale 1,100 62% 63 28%
MPAs Managed by NOAA Line Office (#'s of sites)
NOAA Fisheries 182 10% 182 80%
National Ocean Service 45 3% 45 20%
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A fuller understanding of how and where NOAA’s existing spatial management tools can be used to
sustain viable acoustic habitats will help the agency meet and adapt to the growing threat ocean noise
poses to our trust resources. NOAA’s place-based tools can generally be categorized as those that are
applied by the agency to fulfill mandates to protect specific, high-value populations or species, versus
those that are applied towards protecting a high-value area, including all its attributes (Table 2-2). Here,
we use the term “high value” to generalize the many statute-specific definitions that are used to identify
the specific populations, species and areas that NOAA is mandated to protect (e.g., endangered or
commercially important). The tools listed here include only those with links to NOAA’s statutory
authorities or actions. Marine National Monuments, for example, are not de-facto included in this table,
as their designation under the Antiquities Act (1906) is an act of the President not the Agency, and
doesn't in and of itself, provide NOAA with additional statutory authorities to support management
goals. That said, the NOAA National Marine Fisheries Service’s Marine National Monument Program
serves to coordinate the development of management plans, scientific exploration and research
programs under their existing authorities (MMPA, ESA and Magnuson-Stevens Fishery Conservation and
Management Act-MSFCMA 1996) within all four of the Marine National Monuments in the Pacific
Islands Region. In addition, NOAA’s Office of National Marine Sanctuaries, with authorities under the
National Marine Sanctuaries Act (NMSA 1992), has active management roles within two Marine National
Monuments, Papahanaumokuakea and Rose Atoll.

The tools listed are not exhaustive of NOAA’s authorities, but provide examples of different types of
measures within the agency’s jurisdiction that are currently or could in the future be applied to address
noise impacts to acoustic habitat. Some authorities have operational areas that can authorize NOAA
actions over very large areas, encompassing the full geographic range of target populations, species or
their habitats. Cetacean Biologically Important Areas were identified for certain cetacean species
through NOAA’s CetMap program (Van Parijs et al., 2015a), and are included here despite their lack of
statutory authority due to NOAA's role in supporting their development and their direct link to NOAA's
noise impact assessment activities. Similarly, several new tools that support increasing attention by the
agency to ecosystem-based management are listed in the table. Although many are in early stages of
development and are not accompanied by new statutory authorities, they represent promising new
mechanisms for focusing agency attention towards restoration or enhanced protection of high value
aquatic places (e.g., Habitat Blueprint Focal Areas, NOAA Fisheries 2015a, Important Ecological Areas,
Northeast Regional Planning Body 2015). Finally, several tools that authorize NOAA to provide technical
expertise to other state or federal decision-making processes are listed, due to the roles that such
influence could play in broadening the scope of NOAA’s direct actions.

Scales of applicability (spatial, temporal and ecological) are considered for each tool, in order to examine
their limitations and strengths for addressing acoustic habitat management goals. Potential noise
management outcomes are classified generally as influencing either mitigation or monitoring of noise
exposure for target taxa or areas. Mitigation includes actions taken to reduce the occurrence of noise
impacts. Here, monitoring specifically addresses measurements taken during noise-producing activities
(required of those promoting the activity) in order to evaluate potential for impact that may or may not
occur, and the information gained can inform future management decisions. In addition, NOAA has a
variety of statutory mandates that support the agency’s own need to monitor noise impacts on the
populations, species, and areas it manages. Those measures are not listed here, nor are more general
National Environmental Policy Act (NEPA 1969) mandates that direct all federal agencies to evaluate
environmental impacts of proposed activities, including noise impacts, to trust resources. These self-
directed mandates can be used to strengthen the agency’s actions towards acoustic habitat management
priorities.
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Table 2-2. Examples of place-based tools that NOAA is or could be applying to acoustic habitat science and management goals, assessed relative to their
statutory authorities, scopes (spatial, temporal and ecological) and outcomes.

occurring outside sites that cause injury within sites)

interagency consultation)

consultation) monitoring

o
£
Objective of NOAA's Place- Relevant NOAA ) 2 Role for NOAA Acoustic Habitat |Role for NOAA Acoustic Habitat
NOAA Examples .. 3 |Seatial Scale Temporal Scale 2 .
Based Management Statutory Authorities @ Science Management
&
Endangered Species Recovery Plan and Marine Geographic range of species including everything but foreign . L
. N MMPA; ESA e long-term No Can require monitoring
Mammal Conservation Plan action areas territorial waters
Could influence wide-ranging noise
Fishery M - " MSECMA Geographic range of species including US rivers and estuaries, | N 3 Could . tori mitigation by multiple US agencies and
ishery Management Plan action areas coasts, Continental Shelf and EEZ2 ong-term No' ould require monitoring Internationally (e, quieting design
implementation)
Essential Fish Habitat MSFCMA Geographic rangeofspecles including US rivers and estuaries, Varfable»: long-term (plannmg)Aand project-by- No Can recommend monitoring
coasts, Continental Shelf and EEZ project (interagency consultation)
Incidental Take Authorization mitigation Varible project-by-project, mostly sub-regional; everything but |Variable: long-term (some consultation); short . L Can require mostly sub-regional scale,
. . MMPA; ESA . - . - No Must require monitoring P
zones; Interagency consultation action areas 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, 18D N Could influence regional-scale |Could influence regional-scale long-term
Measures aimed at (CetMap) NMSA, CZMA, etc. Continental Shelf and EEZ © long-term monitoring mitigation
protecting aquatic animal < - o
populations or species of N . Variable; sub-regional; US rivers and estuaries, coasts, Variable: long-term (planning) and project-by- . o an requl.re ° ort—Ferm (most
. Endangered Species' Critical Habitat ESA . . ) . No Can require monitoring consultation) and influence long-term
high value Continental Shelf and EEZ project (interagency consultations) X N o
(som consultation, planning) mitigation
Habitat Areas of Particular Concern MSFCMA Variable; sub-regional; US rivers and estuaries, coasts, Variable: long-term (planning) and project-by- N Can 4 itori Canr d noi itigati
(Essential Fish Habitat) Continental Shelf and EEZ project (interagency consultations) © N recommend monitoring an recommend nolse mitigation
. - L . ) . Could influence consideration . . .
Fish and Wildlife Coordination Act and Natural streams and inland bodies of water used by migratory, . . o Could influence consideration of
X FWCA, FPA n o Project-by-project No of monitoring by other federal o i -
Federal Power Act action areas estuarine and marine fishes 4 mitigation by directed federal agencies
agencies
/Anadromous Fish Conservation Act action AFCA Great Lakes and Lake Champlain (Columbia River Basin) long-term No Could influence consideration |Could influence consideration of noise
areas streams used by spawning fish 8 of noise monitoring by states mitigation by states
Fishery Community Based Restoration Program US rivers or estuaries used by spawning anadromous fish . L . L
. MSFCMA . long-term No Could influence monitoring Could influence mitigation
action areas species
Various: MMPA, ESA, Eight US regions thatinclude territorial sea, EEZ and
Regional Marine Planning areas NMSA, MSFCMA, CZMA,  [Continental Shelf landward of mean high-water line, inland long-term Yes NA--not yet established NA--not yet established
etc. bays and estuaries (additional inland waterways TBD)
. . Various: MMPA, ESA, Boundaries of designated sites (though serves to coordinate NA--planning phase; could .
Habitat Blueprint Focal Areas NMSA, MSFCMA, CZMA, L N N " . long-term Yes . - NA--planning phase
et activities with adjacent/influencing areas) influence monitoring plans
c.
National Resource Damage Assessment action Areas where NOAA-managed resources and they services they
areas 8 OPA provide are damaged by release of oil or other hazardous Incident specific Yes Could influence monitoring Could influence mitigation
bst:
Measures aimed at substances
rotecting aquatic areas of
:igh valui 9 Coral Reef Conservation Program action area [CRCA US jurisdictions and waters with shallow-water coral reefs long-term Yes Could influence monitoring Could influence mitigation
. . . long-term (enhancement programs); Project-by- Can influence consideration of |Can influence consideration of mitigation
Coastal Zone Management Planning areas CZMA All territorial US waters and adjacent land areas N n Yes -
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 (state |monitoring by site lead (state or
or university) university)
) , , Boundaries of designated sites (but including activities \ong—term (mavna‘lgement plénr\lng); P}'(:.J.ect—by— Could require (permitti !'|g) and |Could require (per@ttmg) and ca.m
National Marine Sanctuaries NMSA project (permitting of prohibited activities and |Yes can recommend (planning, recommend (planning, consultation)

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 Act,

0il Pollution Act and Coral Reef Conservation Act; *Exclusive Economic Zone; *Plans in process have ecosystem focus; *US Fish and Wildlife Service, US Army Corps of Engineers and Federal Energy Regulatory Commission
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THE PATH FORWARD

NOAA has embarked on a path to better understand the importance of sound in marine ecosystems, and
to more effectively manage anthropogenic threats to acoustic habitats using both current and
augmented tools. Growing threats from noise to acoustically sensitive species coupled with limited
agency resources needed to address these challenges, suggest a need to simultaneously move forward
aggressively while making clear strategic decisions about where and how to prioritize those efforts in the
coming years. While specific decisions in the future will be influenced by many factors, the following
actions seek to match the broad spatial and long temporal ecological scales over which noise is
impacting acoustic habitats.

Create and Support International Initiatives to Reduce Influence from Distant Noise Sources

NOAA acknowledges that addressing chronic noise conditions within some acoustic habitats of concern
will necessitate management action that can reduce noise exposure over very large spatial scales
(McCarthy 2004, Hatch & Fristrup 2009). Drivers for wide-ranging mitigation solutions stem from both
presumed species-specific communication ranges (e.g., fin and blue whales) and documented
propagation distances for low frequency noise sources (e.g., seismic airguns and ships). Distant sources
of noise will have differential impacts within acoustic habitats of interest. In general, deep water habitats
in northern hemisphere mid-latitudes or highly trafficked seas are likely to be significantly influenced by
wide-ranging noise sources (National Research Council of the U.S. National Academies 2003).
Additionally, many highly migratory populations of endangered baleen whales are known to produce low
frequency calls and songs throughout most of their ranges (e.g., Charif et al., 2001, Oleson et al., 2014).
Acoustic conditions could be considered relevant to these species wherever they occur. NOAA’s
authorities for addressing range-wide threats to target populations and listed species often explicitly
recognize and direct multilateral approaches (e.g., Endangered Species Recovery Planning). Such drivers
provide important mechanisms for the agency to engage in long term, international efforts to reduce
chronic noise influence, in addition to more nationally-focused activities.

Efforts to recover, restore, and ensure sustainable harvest of species over large ranges necessitate
partnerships with other agencies and countries, and industries with direct mechanisms to influence
implementation of quieting programs. NOAA has provided leadership for such efforts to develop
technical guidelines to reduce noise from commercial ships through the United Nations’ International
Maritime Organization. In partnership with the U.S. Coast Guard, NOAA supported the U.S.'s chairing of
these efforts beginning in 2008, with successful passage of guidelines in 2014 (International Maritime
Organization 2014). NOAA continues to work with inter-agency and non-governmental partners to
support international implementation of these guidelines. Key next steps include pilot programs for
select shipping companies and, ideally, select ports, with interests in supporting “green ship”
development, in which new ships are built or existing ships are modified to include quieting in design
and operational goals. Pilot programs would evaluate time horizons for cost-recovery (e.g., via increased
fuel efficiency, reduced maintenance etc.), consider integration of quieting goals with other
environmental protection goals included in green ship design projects, and develop monitoring and
docking incentives associated with participating ports.

NOAA has been less directly engaged in international efforts to encourage the development of quieter
technologies to modify or replace other dominant low-frequency noise sources, like airguns, other
seismic sources, pile-driving activities, and vessel dynamic positioning systems that are used in a wide-
variety of offshore energy development phases (e.g., exploration, platform construction,
extraction/generation). For such sources, NOAA’s current regulation and consultation activity to address
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physical and behavioral effects due to acute noise exposure focuses on noise reduction techniques to
reduce peak pressures or short term (e.g., one day) accumulated energy experienced by animals
swimming nearby (e.g., some pile-driving sound attenuation techniques). Broadening such designs to
address lost listening opportunities over larger spatial and longer temporal scales will necessitate setting
of engineering targets that reference biological effects at those scales. Longer-term effect targets are
emerging from modeling the population-level consequences of displacing harbor porpoises from their
habitat in the North Sea as a result of regional wind farm development (SMRU Consulting 2015).
However, effect targets assessed via modeling of consequences mediated through full ecosystems are
also important, to ensure that species-specific noise optimizations benefit habitat conditions more
holistically. Many of the companies conducting noise-producing activities in support of offshore energy
exploration and production have increased their investment in quieting technologies, recognizing that
quieter alternatives would be environmentally preferable and would reduce the complexity of operating
within highly variable international regulatory constraints. For example, a wide range of international oil
companies and the International Association of Geophysical Contractors continue to invest in the
development of marine vibroseis technology as an alternative to airgun technology for use in seismic
data acquisition (E&P Sound & Marine Life Joint Industry Programme on Sound on Marine Life 2015).

Improve and Apply National Tools to Reduce Cumulative Impacts

Given the increasing number of noise-producers seeking permits from NOAA to authorize impacts, there
is a need to address the implications of accumulated exposure to acoustic habitats. This need is not
isolated to noise among environmental stressors, nor to the U.S. alone. Tools to address cumulative,
multi-source effects over wider spatial scales are emerging in the European Union associated with the
implementation of Marine Strategy Framework Directive (EU MSFD). The EU MSFD defines its objective,
Good Environmental Status, to include the requirement that “Introduction of energy (including
underwater noise) does not adversely affect the ecosystem” (EU MSFD 2008). Regional registries of
noise-producing events, developed by individual countries (e.g., UK and The Netherlands) but with high
levels of multi-lateral collaboration, are being used to characterize contributions to national and regional
noise budgets. Importantly, these registries collect information regarding nationally-permitted noisy
activities both at the times they are proposed and then again after they are completed. Such registries
thus allow European countries with collective, regional interest in regulating noise to describe relative,
actualized noise contributions to localized acoustic habitats of concern. Noise predictions based on
registered events can be compared to monitoring data to estimate remaining contributions from non-
registered source types.

A geospatially-explicit registry of all federally authorized (i.e., NOAA permitted and/or requiring non-
NOAA federal action) noise-producing events in U.S. waters would inform many facets of NOAA’s
activities to address cumulative noise impacts to high risk acoustic habitats. In parallel with EU MSFD
efforts, such a registry would inform NOAA’s role in implementing the U.S. National Ocean Policy. The
U.S. National Ocean Policy encourages Regional Marine Planning as “a science-based tool that regions
can use to address specific ocean management challenges and advance their economic development
and conservation objectives” (National Ocean Council 2013a, p. 21). Regional Marine Planning Bodies
have been established in several U.S. regions, with the northeast and mid-Atlantic regions the furthest
advanced towards finalization of Regional Marine Plans. Several Regional Planning Bodies (as well as
similar regional collaboratives) have invested in mapping coastal and offshore human use patterns as
critical information to inform discussions of compatibility among uses and to achieve ecosystem
protection goals. Some noise producing activities are likely well-captured by current mapping initiatives,
including the likely influence of ocean-going (e.g., cargo, tanker) and some more localized commercial
(e.g., fishing, ferries, tug-tow) and recreational (e.g., fishing, pleasure) vessels on regional acoustic
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habitats (e.g., SoundMap, http://cetsound.noaa.gov/sound data). Others are captured in more
generalized and often low-resolution projected terms, including levels of expected activity within
boundaries of lease blocks for energy development or ranges for military activities. Higher resolution
information describing actualized activity levels evaluated after they occurred would significantly
improve place-based characterization of noise contributions in areas with high federal authorization
activity.

In other areas, improving noise estimates will demand approaches that account for activity types that
are not federally authorized. In particular, noise in nearshore waters can be influenced by a diversity of
human activities that may or may not require local, state, tribal or federal authorizations, including
offshore communication and energy installations, port and harbor operations, maintenance of bridges
and waterways, pleasure craft, and even onshore road traffic. Inshore areas are often of high concern for
environmental management (Table 2-2), as they support biologically important (and often acoustically
sensitive) reproductive and early life stage behaviors for a wide range of aquatic taxa, including
invertebrates, fish and mammals. Measurements of coastal noise levels are increasingly collected by
nearshore monitoring efforts, although they disproportionally sample locations and time periods that
contain noisy events and are often not regionally centralized. A new land-based modeling technique
would, however, leverage the increasing quantity and spatial coverage of coastal noise measurement
data and shows great promise for improving the accuracy and accessibility of noise predictions over
large scales. This technique has been applied to relate well-distributed noise measurement data to
geospatial datasets that describe key anthropogenic, biological and geophysical predictors of noise,
generating maps of noise levels that span the U.S. continental states (Mennitt et al., 2014,
http://www.nature.nps.gov/sound/soundmap.cfm). Although necessitating continual improvements in
noise measurement databases, this technique reduces reliance on high resolution descriptions of noisy
activities. Such regional to coast-wide noise predictions would improve representations of cumulative
conditions within both Coastal Zone Management and Regional Marine Plans. States with approved
Coastal Zone Management Plans can then determine whether federal actions or permits associated with
proposed activities are consistent with the enforceable policies of their plans (Coastal Zone Management
Act 1972, see Table 2-2). While Regional Marine Plans may not explicitly seek to reduce accumulated
noise impacts within high-risk acoustic habitats, such an outcome is inherent to planning objectives that
seek to reduce regulatory burdens for both NOAA and those promoting noise-producing activities by
improving information regarding place-based cross-sectoral and environmental compatibility (National
Ocean Council 2013b).

Marine planning seeks to augment statutorily-directed consultation and environmental impact
assessment processes that are standardly used to address noise impacts (Table 2-2). Registries of
federally permitted noise-producing events would allow NOAA, in concert with long term monitoring
capabilities, to guide project-specific consultation activity under the ESA, NMSA and MSFCMA towards
longer-term mitigation designs to address noise sources that are identified as being dominant
contributors to both accumulated acute and chronic noise in high risk acoustic habitats. In addition,
“programmatic” NEPA evaluations and consultations are increasingly being performed by agencies with
direct regulatory responsibility for noise-producing activities (Council on Environmental Quality 2014),
often in partnership with NOAA. These actions seek to assess implications for populations, species and
places over regions and multi-regions and over multi-year time periods. Cooperative evaluation of
environmental consequences, including noise consequence, of longer-term and wider-ranging activity is
improving interagency information sharing and supporting the development of new tools to support risk
assessment at these scales. Such tools would benefit from interagency cooperation to generate and
contribute to registries of noisy events, and particularly to improve information regarding actualized
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versus proposed activity profiles. Programmatic impact assessments and consultations also have the
potential to improve characterization of noise budgets within acoustic habitats of management concern
through longer-term monitoring requirements.

Finally, improved characterizations of accumulated noisy activity would support NOAA's decisions
regarding use of the agency’s statutory authorities to strengthen localized protection for acoustic
habitats. NOAA has applied its generalized authorities under the MMPA and ESA (Table 2-2) to regulate
ship speeds in areas and during time periods when risks of collision with North Atlantic right whales are
heightened. These regulations thus applied range-wide authorities to direct long-term, though more
spatially restricted, mitigation in targeted areas. Monitoring required to support this action has in turn
supported better understanding of collision risk, as well as measuring compliance and informing
enforcement actions as necessary. Such generalized authorities are available to the agency within
several statutes, and provide opportunity for establishing long-term mitigation (e.g., seasonal or year-
round exclusion or reduction in noisy activity levels, use of quieter technology) in a high risk acoustic
habitat. Such actions must be supported by a needs analysis documenting the detrimental (although
mostly sub-lethal) consequences of the noise source(s) that will be mitigated, on targeted NOAA-
managed resource(s), included in the “basis and purpose” of the rulemaking. In addition, NOAA’s
support for the development of Cetacean Biologically Important Areas has identified places, additional
to those defined as critical for ESA-listed species, to inform management action across the many
permitting and consultation actions currently being taken to address noise impacts on these species.
Just as these areas will be modified in the future to reflect additional scientific information, their
application to management actions should be evaluated over time to determine whether they are
effective in enhancing the condition of the acoustic habitats they contain. Long-term monitoring within
biologically important areas and critical habitats associated with highly vulnerable and acoustically
sensitive cetacean populations (e.g., Southern Resident Killer Whales, North Atlantic Right Whales, Cook
Inlet Beluga Whales) will be critical to establishing baselines for assessing success of multi-action
mitigation, and determining whether existing or additional place-based management authorities are or
would be effective.

Realize the Potential of National Marine Sanctuaries

The activities discussed above seek to address wide-ranging, repeated, and long-term noise exposure by
leveraging NOAA's species- and habitat-specific authorities to achieve noise reduction benefits within
acoustic habitats where target species co-exist with many other acoustically-sensitive and active species.
They also seek to interface with ecosystem-protection frameworks such as NOAA’s Habitat Blueprint
effort and the U.S. NOP. National Marine Sanctuaries, however, represent key NOAA assets to achieve
the ecological goals of acoustic habitat protection, due to their mandate to protect whole and
functioning natural ecosystems (Table 2-2). Given the importance of sound to survivorship and well-
being of diverse marine species and ecosystems, this ecosystem protection mandate extends to
ecologically-important environmental characteristics like sound and thus to the maintenance or
restoration of viable acoustic habitats for a range of acoustically sensitive species that inhabit
sanctuaries. Preserving, restoring, and maintaining natural acoustic habitats within sanctuaries is a
complex endeavor, involving the development of new scientific capabilities, new management measures
and processes, and outreach programs.

Currently, only 4 National Marine Sanctuaries (Stellwagen Bank, Olympic Coast, Cordell Bank and
Channel Islands) are operating long-term passive acoustic monitoring systems. Other sites do so
periodically or are developing longer-term soundscape research programs in partnership with academic
institutions. The Office of National Marine Sanctuaries is seeking to enhance these capabilities in
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collaboration with NOAA’s Pacific Marine Environmental Laboratory, NOAA Fisheries, and the U.S.
National Park Service (NPS) through the development of the NOAA Noise Reference Station Network
(NOAA Fisheries 2015b). The maturation of the Natural Sounds and Night Skies Division within the NPS
has showcased the importance of developing system-wide, standardized, calibrated and long-term noise
measurement capability to support site-based but coordinated noise management objectives (Hatch &
Fristrup 2009). At Stellwagen Bank National Marine Sanctuary, where passive acoustic monitoring has
more longevity, higher-resolution research focuses on characterizing acoustic variability among different
habitat types, continuing to document species-specific acoustic behaviors, and identifying environmental
signals of relevance to sanctuary species.

While management of acoustic habitats in protected areas, both terrestrial and aquatic, is relatively new
to environmental protection activity, National Parks have been operating under defined soundscape
management regulations for over a decade (NPS 2000, 2006). Key lessons have emerged that should be
taken into account as National Marine Sanctuaries seek to digest acoustic habitat status and trend
information in order to characterize effects and establish objectives for threat reduction. The
development of metrics is a controversial step in environmental threat management. Both NOAA and
NPS have learned that thresholds, in and of themselves, become short-hand for representing the
agency’s broader perspective for how noise influences wildlife. Thus, effect metrics should identify and
communicate protection targets associated with acceptable levels of biological effect, rather than the
levels of noise that are predicted to produce those effects. For example, parks have been successful in
translating information regarding noise influence within their soundscapes into metrics of acceptable or
unacceptable levels of communication interference, sleep disturbance and lost listening capability (NPS
2010). Such metrics are relatable to people (e.g., visitors and managers) as well as park wildlife, and
synthesize impacts associated with many types of noise exposure (e.g., rare sudden loud events,
accumulated disruptive noise events and continuous background noise).

The National Park soundscape management experience further suggests that sites within a system may
or may not share effect level targets for management. Variation among sites in effect reduction or
maintenance objectives will be driven by a range of factors, including, but not limited to, the status of
natural and human contributions to their soundscapes and prioritization of noise protection relative to
other managed threats. However, long-term management action must reference site-specific estimates
of pre-industrial levels as baselines for interpreting progress towards biologically-relevant recovery. The
reference condition for park soundscape management is clearly specified to be the historical, noise-free
environment (NPS 2006, section 8.2.3). Sanctuary management should recognize the importance of
measuring or estimating anthropogenic noise-free acoustic habitat conditions to calibrate incremental
protective action both within sites as well as among sites.

Achieving noise management goals within National Marine Sanctuaries will require multi-faceted action.
Some sources of distant propagating noise, as discussed above, will require international as well as other
domestic activity. However, proposed activities that may (Stellwagen Bank) or are likely to (all other
sanctuaries) result in injury to sanctuary resources are required to consult with NOAA (see Table 2-2).
This requirement includes activities that are and are not prohibited from occurring within specific
sanctuaries and it includes activities occurring outside sanctuary boundaries from which injury inside
sanctuary boundaries may occur, as is often the case with noise. NMSA consultation results in
recommendations to action agencies, not binding requirements; however, the recommendations carry
liability associated with rejection, and they offer the potential for structured, long-term dialogue
between NOAA and other federal agencies, as well as with the public, regarding acoustic habitat
management goals and suggested mitigation to achieve those goals. Consultation authority can also

40



CHAPTER 2 DRAFT OCEAN NOISE STRATEGY ROADMAP

incentivize stakeholders to invest in promising new mitigation techniques that could be used in proximity
to sensitive or protected sites, including sanctuaries. The application of consultation authority to address
noise impacts within sanctuaries is growing exponentially, but is currently limited by staff capacity.
NOAA's overlapping authorities within sanctuaries provide additional opportunities to broaden the
protective value of sanctuaries. Most sanctuaries protect resident or seasonal marine mammals, or
endangered and threatened species, or commercial and recreationally important fish species and their
essential habitat. In some cases, intra-agency consultations provide opportunities for NOAA to evaluate
the noise implications of its own actions (e.g., issuance of Incidental Harassment Authorizations under
the MMPA) on a sanctuary resource, providing opportunities for the agency to coordinate and
strengthen its protective capabilities for specific species within these sites. Such opportunities are also
increasingly being identified, but again are limited by staff capacity.

Finally, but perhaps most importantly, sanctuaries are a vital NOAA asset for building new constituencies
to protect our coasts and oceans and for ensuring that people understand the role of sound and hearing
to the healthy functioning of aquatic places. Sanctuaries, like parks, provide places for local
conversations among people with different views about what is important to them about the current
and future condition of their ocean. These conversations expose people to new scientific information
regarding environmental effects as well as more nuanced perspectives on the practices of industries. Like
air and water, the acoustic environment can be polluted and, in the 1970s, the U.S. recognized noise as
an environmental pollutant that necessitated regulation to protect human health (Noise Control Act
1972). But the protection of the holistic acoustic conditions that wildlife, and particularly animals that
live underwater, need in order to survive and persist is only recently recognized as warranting
international re-investment. Sanctuaries represent opportunities to educate current and future
generations about the importance of natural acoustic habitats and what can be done to reduce the
influence of noise on these habitats.
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Enhancing NOAA’s Ability to Characterize Aquatic Soundscapes
INTRODUCTION—SOUNDSCAPES AND THE SOUNDS THAT COMPRISE THEM

A soundscape is the aggregate collection of all of the sounds (both natural and anthropogenic) that
occur or are received at a particular location making up the total acoustics of a place (Chapter 2).
Sounds that occur within a soundscape can be of either natural or anthropogenic origin, with natural
sources of sound further divided into biotic (biological) and abiotic (physical) sources. Collectively, these
three categories of sound sources, the biophony (natural biological), geophony (natural physical), and
anthrophony (man-made) (Pijanowski et al., 2011), comprise 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 frequency from a deep, low-pitched 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 abiotic sounds comprising the geophony are produced by the physical environment.
These sound sources include weather-generated sounds from rain, lightning strikes, wind, and breaking
waves on the water’s surface, movement of ice, water, or sediments, tectonic or geo-seismic activity like
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 activities, geophysical surveys, military activities including sonar, and
explosions. In the aquatic realm this category of underwater noise did not exist prior to the advent of
the industrial age. By their very nature, therefore, the introduction of these man-made sources of
sound into the aquatic environment alters soundscapes from their natural and historical states.

THE NEED TO UNDERSTAND AND CHARACTERIZE SOUNDSCAPES

The ocean is an inherently noisy place. Historically, it has been filled with the cacophony of soun