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NOAA 2006 National Passive Acoustics Workshop:
Developing a Strategic Program Plan for NOAA’s Passive Acoustics
Ocean Observing System (PAOQYS)

Executive Summary

Sound is the primary means by which many marine organisms convey and sense
information over any appreciable spatial scale. Acoustic sensing is an optimal means for
detecting and characterizing physical and biological features of ocean areas. Heightened
public attention on the effects of anthropogenic sound in the marine environment
provides impetus for the expansion of passive acoustic observing capabilities in general
and for NOAA’s leadership efforts in particular, in passive acoustics deployment, data
acquisition, and management.

Passive acoustics is an exceedingly powerful means of achieving many NOAA
missions. Expansion of U.S. marine acoustic sensing capabilities is supported by a large
variety of scientific, legislative, and policy directives, as well as number of international
resolutions. Various National Research Council (NRC) reports have highlighted the wide
variety of information that can be obtained through passive acoustic deployments, and
have recommended that increased investments be made to realize these opportunities
(e.g., NRC, 2003). Passive acoustic deployments provide enhanced and unique scientific
data on (a) living marine resources; (b) biotic and abiotic characteristics of marine
ecosystems; and (c) the effects of anthropogenic sound on protected species and their
ecosystems. For example, the U.K.'s Inter-agency Committee on Marine Science and
Technology recently called for a systematic and comprehensive mapping of marine
ambient noise.

In 2006, NOAA formally recognized passive acoustics as an observing
requirement of the agency in the Consolidated Observing Requirements List. Passive
acoustics is now also identified as an official observing system within NOAA’s
Ecosystem Observation Program (EOP) within the Ecosystem Goal Team (EGT). Recent
collaborative interagency planning efforts (including those with academics and
stakeholders) have focused on the uses of passive acoustics and integrating this tool into
ocean observing systems within NOAA. These efforts culminated in the National
Passive Acoustics Workshop held in April 2006 in Woods Hole, MA. The purpose of
this workshop was to develop a draft strategic program plan for NOAA’s Passive
Acoustics Oceans Observing System (PAOOS) and to identify critical data requirements.
Oral presentations were given in two sessions, by NOAA scientists and by invited experts
from outside the agency to highlight the current status of research and technological
capabilities in the field of passive acoustics. Each of these sessions was followed by
group discussions.

The workshop recommended that NOAA’s PAOQOS provide data on biological,
geophysical, oceanographic, meteorological, and anthropogenic ocean events. While
some of these functions will be served by different elements of the PAOQS, it is critical
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to note the inherently multipurpose capacity of acoustic sensors. Passive acoustic
deployments will substantively augment existing observing platforms, maximize sensing
capability, and generate information targeted toward meeting the following five strategic
objectives:

1) Develop and deploy sensing capabilities to augment conventional means of
detecting and assessing living marine resources

Passive acoustics deployed from autonomous or towed platforms provide an
excellent means of detecting vocalizing marine animals that is much less
compromised by sea state, visibility, or the presence of a survey vessel for
detection than are existing approaches. The augmentation of conventional survey
methods will enhance NOAA’s mandated requirements with respect to the
conservation and sustainable management of living marine resources. Passive
acoustic sensors also hold significant promise in various fisheries science
applications.

2) Quantify spatial and temporal variance in marine ambient noise

Baseline acoustic conditions are poorly known in various marine ecosystems, and
knowledge is lacking on the respective contributions of natural and anthropogenic
sound sources (ambient noise budgets). Informed assessments of how human-
induced sound in marine environments may change baseline conditions must be
based on a characterization of nominal conditions. Such knowledge is also
critical for assessing and mitigating potential effects of acute acoustic exposures.

3) Provide detection capability of specific anthropogenic acoustic events

Passive acoustic deployments can provide an autonomous means of sensing
specific anthropogenic events, such as the passage of vessels through critical
habitat areas or illegal fishing activities in remote protected areas. This
enhancement of NOAA’s capability to remotely sense the marine environment
will both provide an independent means of investigating potential effects of
individual sound sources on protected marine species and serve as a powerful tool
in managing large, distant areas.

4) Provide ecosystem information to NOAA and other geospatial sensing databases

As PAOOS data will be highly integrated and assimilated with those of partners
in other agencies, academia, nongovernmental organizations, and industry,
information can be managed, archived, and rapidly disseminated to these (and
other) communities to the greatest extent possible. PAOOS will contribute to and
be integrated with the Global Earth Observation System of Systems (GEOSS)
Network and Integrated Ocean Observing System (I00S).
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5) Contribute to public education and appreciation of marine ecosystems

A key component of PAOOS will be to promote education of the general public.
Web-based information from PAOOS will be provided via various existing
educational elements of NOAA line offices and will also involve collaborations
between National Marine Fisheries Service (NMFS)/Office of Science and
Technology (ST), NMFS/ Office of Protected Resources (PR), Oceanic and
Atmospheric Research (OAR)/ Pacific Marine Environmental Laboratory
(PMEL), and NOAA’s Office of Education. NOAA efforts will also be directly
integrated with significant ongoing Agency educational efforts.

The development of a NOAA PAOOS will be highly integrated across multiple
line offices and also with academic, military, and industry partners as appropriate. The
program will be coordinated nationally but integrated and executed regionally across the
various marine ecosystems under NOAA'’s stewardship remit.
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Discussion
Session 1. Internal Intra -Agency Planning Workshop on Passive Acoustics Research

INTRODUCTION

Southall (NMFS/ST) chaired this session. Southall and Van Parijs (NMFS/Northeast
Fisheries Science Center) provided a brief statement of background and context for this
workshop. Swartz provided background on NOAA'’s Planning, Programming, Budgeting
and Execution System (PPBES) requirements and the mission drivers that were to form
the structure of the discussion in this session.

PAOOQOS will be coordinated by the Ecosystem Observation Program (EOP), which is one
of nine programs within NOAA’s Ecosystem Goal Team (EGT;
<http://ecosystems.noaa.gov/index.htm>). The EGT aims to protect, restore, and manage
the use of coastal and ocean resources through an ecosystem approach to management
(EAM). NOAA line offices included within the EGT that support PAOQOS include:
NMFES, OAR, National Ocean Service (NOS) and National Environmental Satellite, Data,
and Information Service (NESDIS). Descriptions of their prospective roles are given in
the strategic plan presented in the conclusions section of this report. Programs within
NOAA'’s EGT include: Coastal and Marine Resources Program (CMRP), Protected
Species Program (PSP), Fisheries Management Program (FMP), Aquaculture Program, as
well as two matrix programs EOP and the Ecosystem Research Program (ERP) which
constitute the scientific activities that support ecosystem management within NOAA.

In early 2006, NOAA’s passive acoustic program activities supported within the EOP’s
Protected Species Monitoring and Assessment Capability were defined as a stand-alone
observing “system.” The passive acoustics observing system is one of twelve observing
systems that constitute the EGT’s contribution to the Integrated Ocean Observing System
(100S):

. Fisheries Monitoring, Assessment, and Forecast (Fish Assess)

. Protected Species Monitoring and Assessment (PSMA)

. Passive Acoustics Ocean Observing System (PAOQOS)

. Ecosystem Surveys

. Fisheries Commercial and Recreational Fish Statistics

. Economic and Sociocultural

. National Observer Program (NOP)

. National Status and Trends

. Coral Reef Ecosystem Integrated Observing System (CRIOS)

10. National Estuarine Research Reserve System—-wide Monitoring Program (SWMP)
11. National Marine Sanctuaries System-wide Monitoring Program (SWIM)
12. Coastal Change Analysis Program (C-CAP)

OO ~NO UL WN P

As a result, NOAA required the development of a coherent passive acoustic program plan
to allow for the initiation and implementation of a passive acoustic ocean observing
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system (PAOQS) within the EOP and EGT. The purpose of the Woods Hole workshop
was largely to derive such a plan for NOAA. The Science Centers and Regional Offices
will be responsible for implementing the defined mandates and reporting their successes
or failures. While PAOOS will stand on its own, there will be a need to integrate regional
level programs with this program.

Passive acoustics funding to date

Currently a small budget exists for NOAA’s Ocean Acoustics Program (NMFS Office of
Science and Technology) dealing with general marine acoustics and the effects of sound
on marine life. This funding, which falls within the PSP, is primarily directed towards
research on assessing the direct effects of sound on marine organisms. In FY06 the
Administration’s budget request for NOAA’s Ocean Acoustics Program was $1.1M;
$200,000 was appropriated. This request has been repeated in the President’s Budget
Request for FY07 at $1.1 and FY08 at $1.8M.

Situating the PAOQOS program

PAOOS will form a separate entity to the current passive acoustics component funded
within NOAA'’s Ocean Acoustics Program. PAOOS aims to provide baseline capabilities
with which specialized questions related to NOAA’s mandated requirements can be
addressed. Passive acoustic techniques offer one of the most practical and economical
means of undertaking large-scale, long-term monitoring, especially in challenging
conditions (e.g., bad weather, at night, and remote or inaccessible areas). PAOOS will
form the backbone for informing three key information areas related to NOAA strategic
goals (Figure 1). The system will be designed to be malleable in order to respond to and
characterize ecosystem changes arising from various forces.
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Figure 1. Schematic pyramid representing PAOOS capabilities underlying strategic goals

Defining a program

and NOAA’s commitment to maintaining resilient ecosystems.

Below is a detailed summary of the topics identified by the working group relating to this
program. The topics were discussed in the following order:

NG~ WNE

Mission Drivers — why passive acoustics

Core Priorities - information needs, required capabilities, and applicability
Capital Needs — sensors, hardware, and software

Support Needs — platforms

Participating Line Offices, Collaborators, and Education

Current Capabilities, and Capacities

100% Requirement — where we need to go

Planning for the future

1. MISSION DRIVERS - Why passive acoustics?

Beyond the recognition by NOAA'’s colleagues from across the agency that passive
acoustics has numerous scientific and management benefits to the agency, there are
overwhelming scientific directive, legislative authority, policy directives, and

international statements and resolutions for expanding current U.S. marine acoustic
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sensing capabilities. Passive acoustics is an exceedingly powerful means of achieving
various NOAA mission objectives by remote sensing of various aspects of the marine
environment, including biotic and abiotic sources. The strategic implementation of
passive acoustic sensing capabilities within various observing platforms and spatial scales
has been clearly identified. The need for NOAA to design and deploy PAOOS is
supported by drivers from scientific, legislative, policy, and international sectors. The ad
hoc NOAA working group assembled here listed as many of the drivers from each sector
as could be identified in a short session and tasked members of the group to provide a
more complete accounting (given on pp. 26-27).

2. CORE PRIORITIES/GOALS - Information needs, required capabilities, and
applicability

Workshop participants derived four NOAA-specific science priorities and objectives for
PAOOS:

1) The use of passive acoustic sensors in detecting and characterizing living marine
resources in high priority areas.

2) Long term monitoring and characterization of specific sound sources and site-
specific ambient noise.

3) Increased capability to characterize specific anthropogenic sound sources and
measure spatiotemporal variability in marine ambient noise.

4) Passive acoustic applications in augmenting conventional meteorological sensors
on open-water buoy deployments.

Questions directed towards meeting these priorities and goals were identified as:

Q1. How do data on the relative anthropogenic contribution to marine ambient noise
inform our understanding of human impacts on marine ecosystems?

Q2. How can passive acoustics advance our understanding and reduce the risk of
potential adverse effects of anthropogenic sound sources on protected marine species?

Q3. What are the broad-scale, long-term distributions of marine organisms, especially
marine mammals and fish, and how can this information be used to improve NOAA’s
response to mandated management obligations?

Q4. How are biological sounds linked to physical and environmental variables?

Q5. How can PAOQOS be used to promote education and environmental literacy and to
address misconceptions?

In order to answer the goals that have been set and the specific questions regarding
PAOQOS design and implementation, the following actions and capabilities are needed:
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Identify priority areas suited for asking specific comparative questions on wide
ranging issues (e.g., deployments in areas of low vs. high anthropogenic sound,
low vs. high species density, and variable bathymetry or ecology).
Develop technologies to sample appropriately in these chosen areas, along with
the capability to analyze, utilize, and archive data.
Capture variability in sounds over long time scales and large spatial scales
Concentrate on developing sampling designs that will provide the power to
address the pertinent questions along with the statistical expertise to analyze these
data.
Address questions at the individual as well as the population level.
Further explore the potential for using remote acoustic monitoring to aid species
level identification and occurrence.
Calculate noise budgets over multiple spatial, temporal, and seasonal scales to
monitor long term trends in dB and frequency changes.
Decide at which geographic and temporal scales to monitor. For the former, the
options are widely dispersed acoustic sensors versus a few on each coast. For the
latter, recording over short periods for a long time or continuously for a shorter
period.
How long should you monitor? Months, years or decades?
Decide whether to focus primarily on coastal or offshore applications.
Identify:
1) geographic hotspots for high ambient and low noise areas;
2) areas of biologically important marine mammal habitats and determine
species’ specificity;
3) geographic variation in anthropogenic contributions to marine ambient
noise levels;
4) Key areas useful for baseline acoustic data collection which will help to
monitor environmental or anthropogenic changes (e.g., coral reefs and the
polar areas).
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3. PARTICIPATING LINE OFFICES, COLLABORATORS AND EDUCATION

Participating NOAA Line Offices

NOAA National Marine Fisheries Service (NMFES) will be responsible for the
coordination and execution of the data acquisition and analyses aspects of NOAA’s
PAOOS. NMFS components of the system will include: fisheries and protected
resources surveys, ecosystem surveys, and cooperative research including
deployments conducted by NMFS science center personnel. NMFS will further
ensure the scientific quality assurance of PAOOS products and collaborative
linkages to other federal and state agencies, stakeholders, and the public.

National Ocean Service (NOS) will be responsible for supporting the deployment of
acoustic sensors as a critical element of the PAOOS within sanctuary boundaries.
This support is expected to be in-kind support in the form of deployment access
and, to the extent funds are available direct support of deployments by NOS,
NMEFS, or outside researchers.

Office of Oceanic and Atmospheric Research (OAR) will contribute expertise and
capabilities in the areas of data acquisition and processing. OAR’s Pacific Marine
Environmental Laboratory (PMEL) has accomplished some of the most extensive
passive acoustic data collection and interpretation within NOAA to date. PMEL
and other entities within OAR are expected to play a key technical role in NOAA’s
PAOOS.

National Environmental Satellite, Data, and Information Service (NESDIS) will be
responsible for data management, archiving, and information services provided by
the NOAA infrastructure to support ecosystem goal objectives. Additionally
NESDIS will provide technical support and leadership in integration of information
services located within ecosystem observation programs to achieve NOAA-wide
objectives for IOOS, Global Earth Observation System of Systems (GEOSS) and
related end-to-end data system integration efforts.

Collaboration and Integration

NOAA’s PAOOS will be integrated with other ocean observing systems which are or will
be deployed for other observing purposes but which could be used as PAOOS platforms,
including:

Oceans.US (100S)

Ocean Research Interactive Observatory Networks (ORION)
NOAA'’s National Data Buoy Center (NDBC)

U.S. Geological Survey

Cooperative Ecosystem Studies Units Network

U.S. Coast Guard

Monterey Accelerated Research System (MARS)
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Education and Outreach

Numerous educational and outreach efforts will be accomplished using data obtained by
the PAOOS. Metadata as well as raw acoustic recordings (as practical) will be
transferred to the public in a variety of fora and media using the below and other potential
mechanisms:
e NOAA'’s Office of Education
National Oceans Service — National Marine Sanctuaries
NOAA'’s Office of Ocean Exploration
NMFS Line Office and Program Websites
National Marine Educators Association
Association of Zoos and Aguariums
Alliance of Marine Mammal Parks and Aquariums
URI — Discovery of Sound in the Sea
Cornell University - MacCaulay Library of Sound

5. CURRENT CAPABILITIES & CAPACITIES

See appendices A and B for a list of participants and summaries of presentations on
current research capabilities both within and outside the agency.

6. PAOOS Requirements — Personnel, Hardware, Software, and Data Management

The NOAA internal workshop identified the 100% requirement solution to meet the
specific goals and answer the pointed questions above. These are discussed below in
terms of people, hardware, and computing capacity.

Personnel
e 1-2 Full time equivalent (FTE) employees with skilled acoustic expertise for
each NMFS Science Center and selected National Marine Sanctuaries and
OAR research facilities.
e 1 FTE national team leader for passive acoustics - NMFS/ST Headquarters.
e 1 FTE acoustic propagation specialist to work with regional staff to facilitate
analyses and address effects issues for discrete exposures — NMFS/ST
Headquarters.
1 FTE statistician and acoustic software specialist — NMFS/ST Headquarters.
1 FTE outreach specialist.
Resources to support temporary staff for acoustic deployments.
Sufficient resources to support a program to promote and train students
proficient in passive acoustic research (e.g., via Hollings scholarship and other
student programs).
e Sufficient staffing to facilitate data management.

10
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Infrastructure and Hardware

A range of acoustic sensors is needed with various frequency parameters,
recording duration, and depth deployment capabilities. Each center and region
has its own set of requirements depending on each situation and the questions
asked. Current equipment options are listed in Table 1.

Passive acoustic monitoring should be integrated into every NOAA marine
mammal survey cruise, requiring each NMFS Science Center to have two
towed arrays, sufficient expertise and resources to maintain and deploy them,
relevant hardware and software to run programs and relevant accessories.
Each NMFS Science Center and selected National Marine Sanctuaries and
OAR research facilities should have at least 5-10 fixed passive acoustic
sensors of variable deployment type (depending on requirements). The
intention is to not be limited by the existence of only one NOAA sensor;
instead science centers would receive internally competitive funds that would
enable them to innovate, calibrate, and maintain specific acoustic devices of
their choice.

Sufficient access to ship time for surveys and deployment of acoustic
recording devices will be required. Sufficient hardware and software
sufficient are needed to handle massive data streams, for automated detection
capabilities for multiple species, and for real time detection capabilities.
Sonobuoys: each center wants to have the capability to deploy sonobuoys with
sufficient antennae and receivers, filters/amplifiers, and data storage.
Promoting future work with gliders in partnerships with ONR, WHOI, Scripps
etc. in order to further develop the use of acoustics using this platform.

Data Analysis and Management

Each region will require sufficient resources to establish data archives and
transfer to national database (NESDIS).

1-3 FTE at NESDIS to handle data management and coordination with each
regional PAOOS data manager as well as sufficient computing and archival
capabilities.

Promote further research and development of current software packages with
the aim to increase the ability to deal with: (1) vastly larger data streams; (2)
improved automated detection capabilities for multiple species; (3) more user
friendly software; and (4) real time detection capabilities.

7. PLANNING FOR THE FUTURE

A PAOQOS working group will be established to set priorities and guide this program.
There will be a yearly rotating chair starting with Brandon Southall and semi-regular
meetings that will rotate regionally. Center directors and regional administrators will be
approached for advice in identifying the appropriate people to participate in this working
group. An informal document will be sent to all 12 other observing programs in EOP,
NESDIS, NOS headquarters and Atlantic Oceanographic and Meteorological Laboratory
(AOML) to let them know of the creation of this working group along with a request for
the nomination of relevant participants.

11
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Discussion

Working group A: Requirements for passive acoustic recording devices

Facilitator: Steve Swartz; Rapporteur: Stephanie Watwood

INTRODUCTION

Swartz welcomed the group and gave brief background regarding NOAA and its
organizational structure. Swartz then discussed the current aims of the workshop, the
development of a clear program plan for passive acoustics within NOAA. This meeting
was designed to focus NOAA'’s responsibilities (in session 1) and then look beyond
NOAA to the expertise from outside in order to gather ideas on how the Passive
Acoustics program should be designed and what the goals should be. Southall stressed
the need to grow within NOAA but remain interconnected with people outside the
agency. The list of participants for this session can be found on in Appendix A.

This subgroup considered a wide range of topics, centered on the following general areas:
e Passive acoustic data management and archiving (including various sensor
systems)
e Research and development in autonomous versus towed passive acoustic
arrays (including scaling considerations)
e Deployment and data analysis/management decisions.

1. PASSIVE ACOUSTIC DATA MANAGEMENT ISSUES

Data collection and archiving issues were discussed in terms of maximizing
opportunities. Input was invited on this topic, and two different approaches were
defined:

1. Onboard or “selective” processing which saves only the small amounts of data that
are of interest.
2. Collection and storage of all raw data with no or little discrimination.

Problems and advantages with these approaches included:

e Selective processing is a useful method when a project has very specific
questions; however, it is easy to miss important data when using this
method. Storage is not a problem, and the personnel time needed for
processing is minimal.

e Collecting all data is useful for a broader overarching ecosystem based
approach, but it can produce so much data that it overwhelms our abilities
to process and analyze the results. Although storage and personnel time
are constraints, this method allows for data mining opportunities in the
future.

12
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Discussion and possible solutions included:

Swartz raised the possibility of using NESDIS (National Environmental Satellite, Data
and Information Service) for data storage. The NESDIS model uses a web-portal system
that is a metadata archive. It does not store anything. Data are held in individual
laboratories, and NESDIS tells you where to go to get data. However this raises the
problem of data holders and institutions coming and going. What happens when data
holding no longer present in NESDIS? NESDIS only functions if individual institutions
are funded to archive their own data. The Navy shares data with NASA Stennis Space
Center and NOAA. The archives exist, and there is an intergovernmental agency data
sharing agreement. Distributed system cannot rely on individual academics to store data;
scientists are not typically responsible for data archiving. A defined data format for
distributed data is needed. Distributed sites must be stable and formatted in certain ways.

As for fundamental underpinnings, individual archives must be ensured or fashioned in
some way. If the government wants to maintain a distributed network, it is responsible
for supporting individual data holders.

Specifications for data analysis and archive

Many readily available commercial programs exist for analysis of passive acoustic data
(e.g., Ishmael <http://www.pmel.noaa.gov/vents/acoustics/whales/ishmael/>, Raven
<http://www.birds.cornell.edu/brp/Raven/Raven.html>). With nominal acoustic
bandwidths, it is generally not possible to hold data on a raw level. There is a need for
metadata about sensors and a sampling scheme for data to be usable. Scientists must
remain a clear part of this decision process. One precedent for the use of metadata is
NOAA'’s National Oceanographic Data Center (NODC). However, NODC may be
overwhelmed by the volume of acoustic data whereas NESDIS may be more able to deal
with large amounts of incoming data. However the latter requires moving beyond private
ownership of the data or setting clear quality standards on incoming data. Spending time
and energy in standardizing collection and data processing standards could provide a high
payoff and low cost effort for NOAA at this point in time. Government committees exist
for setting standards for meta and raw data, and PAOOS participants and contributors
should ensure their data comply with these standards.

Possible avenues for obtaining guidance:

Census of Marine Life is also working on setting standards for metadata.

The seismic community also uses many sensors to obtain acoustic data, but they have
archives, standards, etc. already in place. This could be a good model, but we would

need to adopt it to a higher volume of data.

National Geophysical Data Center (NGDC) — ask them what their standards are for
hardware, data, and metadata.

13
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Federal Geospatial Data Committee (FGDC) also might give input to the question.

Future requirements and next steps:

Need for further developing automatic processing tools.

Design and set up a coherent structure for data management.

Define clear specifications and standards for data collection.

Decide upon clearly defined financial and logistical support for the data
management system.

5. Promote continued development of analytical software programs.

APwnhE

2. RESEARCH AND DEVELOPMENT - Current status and needs

2.1 Acoustic versus visual surveys

Currently, acoustic and visual data are perceived in different ways but there is a need to
think about them similarly. Correction coefficients are used in visual surveys. Passive
acoustics should not be held to a higher standard than the benchmark (visual surveys).
We need to be creative and develop correction coefficients for passive acoustics as well.
We need distance sampling procedures for passive acoustics. However acoustic surveys
should not be assumed to be a replacement for visual surveys, instead both should be
utilized to complement each other. However, passive acoustic surveys have proven very
reliable for some species (e.g., sperm whales).

Start using a tool kit strategically; use particular tools when they are most probable to be
successful. Passive acoustics are good for estimating density of animals around a fixed
listening station, because stations are not randomly placed it is difficult to extrapolate that
information to other listening stations. It is important to optimize the survey pattern based
on historical data. If you know more about the distribution of animals, you can improve
performance.

Automated processors for dealing with real time data during surveys

Several programs exist that work well (e.g., Rainbow Click
<http://www.ifaw.org/ifaw/general/default.aspx?0id=35875>). There are three main
problems with acoustic data of these type; (1) high false alarms, (2) no false alarms but a
high threshold; and (3) statistics — missed detection and false alarm rates are the same.
Therefore, these systems still require substantial calibration of the data (i.e., visual
observations and trails). The group identified matched field processing as an area of
potential advancement regarding real-time data but noted some practical difficulties in
application, particularly in shallow water.

14
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3. COMPARATIVE QUESTIONS DRIVING DEPLOYMENT DECISIONS

For investigating broad scale questions (e.g., trends in marine ambient noise), long term
iterative passive acoustic monitoring was deemed to be the most appropriate sampling
regime.

For determining regional abundance, random sampling should occur with respect to the
distribution of animals. The underlying assumption is that little is known about animals’
interaction with their environment. As more becomes known, more effort can be placed
where the largest variance is coming from (sample heavily in high density areas and little
in low density areas).

For developing a comparative approach to assessing behavioral responses to variable
marine ambient noise and/or specific sound sources, a flexible deployment scheme
consisting of elements of both of the above approaches is required. The group felt that
prioritizing deployments in areas with relatively high and low densities of certain
anthropogenic sound sources and variable geographical features was the only way to
determine whether and to what extent human-induced changes in marine ambient noise
affected marine life and ecosystems
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Discussion
Working group B: Integrating numerous platforms effectively
Facilitator: Sue Moore; Rapporteur: Robyn Angliss

INTRODUCTION

Sue Moore (NMFS/National Marine Mammal Laboratory (NMML)) chaired this section.
Moore welcomed participants and provided a brief statement of background and context
for this session. Effective PAOOS for marine mammals requires a multidisciplinary
approach spanning the science spectrum from physical oceanography to animal behavior.
The group was specifically charged to discuss a multidisciplinary approach with regard to
three topic areas:

e Requirements of integration with oceanographic parameters

e Requirements for integration with anthropogenic conflict issues (noise,
shipping, etc.)

e Requirements for integrating detection, seasonal occurrence, abundance
and behavioral platforms

For each of these topic areas, specifics were discussed on: (1) data requirements and
management, (2) scale of sampling, and (3) current efforts and opportunities. While it is
recognized that successful PAOOS must be responsive to regional variability, there is
much in the way of standard framework that can be applied to launch a successful long-
term program.

1. REQUIREMENTS FOR INTEGRATION WITH OCEANOGRAPHIC
PARAMETERS

Discussion on this topic focused on how to physically integrate passive acoustic
equipment and data with current and future oceanographic sampling and data bases. Co-
locating passive acoustic recorders on existing NOAA/PMEL moorings has been done in
the Bering Sea since 2003, and expanding this practice will help forge obvious
partnerships with other NOAA line offices (e.g., NOAA’s NDBC and Deep-ocean
Assessment and Reporting of Tsunamis (DART). The major benefit of using existing
moorings is that basic oceanographic data (e.g., temperature, salinity, florescence) are
collected at the same temporal and spatial scales as whale vocalizations.

1.1 Data requirements and management

Summary of main points:
a. Collect acoustic and oceanographic information on the same spatial and temporal scale.

b. Both existing and new buoys or moorings can be used to collect both acoustics and
oceanographic data.
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c. Forge partnerships within NOAA, with other organizations, and with state or local
marine-related agencies to gain access to the buoys.

d. The National Oceanographic Data Center (NODC) list of standard oceanographic
measurements outlines the types of information that should be collected and reported
routinely; databases managing acoustics information should be able to accommodate the
standard measurements provided in the NODC list.

The discussion was separated generally into a discussion of (1) data and equipment
requirements and (2) data management needs.

Five options for instrument placement were identified and discussed:

i. On the same mooring as existing oceanographic instruments. There are significant
benefits from this approach: the moorings are visited regularly for maintenance, so
acoustics equipment can be deployed and collected on a regular schedule at no or a low
cost. Two drawbacks are that the oceanographic moorings may not be placed in areas
that are biologically interesting and sometimes the mooring itself is noisy (e.g., a chain
that is part of the mooring may rattle). A good source of information on existing buoys is
the NDBC; see website at www.ndbc.noaa.gov for locations of buoys. Most acoustics
instruments have no moving parts. Interference with most standard oceanographic
measurements is unlikely.

ii. Place passive acoustics instruments on a separate mooring adjacent to an existing
oceanographic mooring. This approach also benefits from the fact that the oceanographic
moorings are visited regularly for maintenance, so acoustics equipment can be deployed
and collected on a regular schedule at no or a low cost. This approach may be necessary
if the oceanographic researchers are uncomfortable with co-locating the passive acoustics
equipment, but it is still critical to be able to collect both passive acoustics in an area
where oceanographic data are already collected.

iii. Place moorings with passive acoustic recorders and oceanographic instruments in
areas that are of biological interest. This approach allows the acousticians to direct the
placement of the mooring and will likely be more expensive because ship time would be
needed to place and maintain the instruments.

iv. Towed arrays: Towed arrays are typically used in conjunction with visual surveys for
cetaceans. They enable the confirmation of species identify with acoustic recordings.
Often, there are standard stations for conductivity, temperature and depth (CTD) casts;
however, the full suite of oceanographic instruments may not be available on a CTD, and
some vessels contracted for visual surveys do not have the capability to do CTDs.

v. Sea Gliders: These are now available from at least three organizations: Applied
Physics Laboratory-University of Washington (APL-UW), Woods Hole Oceanographic
Institution (WHOI), and Monterey Bay Aquarium Research Institute (MBARI). The sea
gliders are already programmed to collect temperature and salinity, and hydrophones can
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be added. In addition, video recorders may be added to collect zooplankton data. UW-
APL sea gliders have been developed to include passive acoustics. However, there is no
on-board processing focused on producing interpretation of the acoustic signal.

The NODC standards should be used to decide what to collect at a mooring. Collecting
data such as temperature and salinity are mandatory; collecting Acoustic Doppler Current
Profiles (ADCP), fluorescence and oxygen are a bonus. A uniform acoustics protocol
should be encouraged so that data from various sources will be easy to use.

1.2 Scale of sampling

To the extent possible, acoustic sampling should match the temporal and spatial scale of
oceanographic sampling. Dedicated funding to support long term sampling (years to
decades) is urgently needed to develop baselines of seasonal ambient noise to include
natural and anthropogenic factors, and there should also be cetacean calling cycles
concomitant with measures of ecosystem variability. Short term visual and acoustic
sampling should be focused to address specific questions relevant to regional population
assessments of behavioral changes.

Specific issues discussed included:

e Using subsurface moorings avoids problems with shaking or moving of the
equipment, theft, and vandalism.

e |f passive acoustic information is to be collected on a duty cycle, ensure that the
duty cycle for the acoustics is synchronized with the duty cycle for the
oceanographic instruments so that all instruments collect data simultaneously.

e Buoys using active acoustics are probably not good for mounting passive acoustic
equipment.

e Research institutions (e.g., University of Rhode Island, Monterey Bay Aquarium
Research Institute) and states or coastal commissions may also have buoys where
passive acoustic instruments could be added. However, some of these buoy
systems may be transitory, as smaller organizations may depend on a less-stable
funding for deployment and maintenance.

e Insome areas, a reusable, fully retrievable system must be used (e.g., in National
Marine Sanctuaries). However, in some cases, emphasizing the use of the buoy as
directly related to the mission of the organization has resulted in increased
tolerance for a non retrievable anchor system.

The Macaulay Library of Sound would like feedback on the kinds of searches the
acoustics community wishes to conduct in this library/database of marine mammal
vocalizations. For instance, it is currently possible to search for vocalizations based on
water temperature and salinity. Many participants noted that it would also be helpful to
search on chlorophyll levels, water depth, and other basic oceanographic properties in
order to model where vocalizations are most likely to occur. Further, databases other
than the Macaulay Library of Sound, such as the Ocean Biogeographic Information
System- Spatial Ecological Analysis of Megavertebrate Populations (OBIS-SEAMAP)
and Living Marine Resources Information System (LMRIS) should also include a set of
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standard, routinely-measured oceanographic parameters so that the same types of
searches can be performed with these databases.

Data management needs

Although vocalizations and associated oceanographic data require a great deal of storage
space (many terabytes), participants generally seemed confident that more terabytes
could be easily purchased and that technology will improve storage solutions over time.
A greater concern was that the available search functions and data management options
would grind to a halt when trying to efficiently access huge amounts of data. One option
mentioned would be to hold the vocalizations and associated data in a central archive and
have familiar “front ends” such as OBIS-SEAMAP and LMRIS tap into the archive.
NESDIS might be the best entity to archive and manage the acoustics data.

Whenever possible, the entire recording should be archived, even if only a portion of the
recording is of primary interest. For instance, a student might be most interested in blue
whale vocalizations and may ignore other interesting recorded sounds (fish, other marine
mammals, vessels). The entire recording should be preserved so that it can be used for
other purposes. Thorough analyses of all of the recordings might have to wait until there
are better automated analyses which would allow quick overviews of the data.

Managers should work closely with acoustic experts to address specific management
guestions of interest. That said, it seems reasonable that some information could be
readily “packaged” for easy management use (e.g., baseline information on ambient
sound in a sanctuary). If each Science Center hires two acousticians, management access
to acoustics information may be far easier than at present.

1.3 Current efforts and opportunities
Many current efforts were discussed earlier, such as

¢ Inclusion of passive acoustics instruments on existing moorings

e Coastal Ocean Observing System (COOS) buoys or other instruments that collect
basic oceanography data

e Autonomous bottom mounted recorders: great for near-real-time information, but
do not collect oceanographic data yet.

e Port buoy systems

e Basic, easy-to-deploy Autonomous Underwater Listening Stations (AULS)
currently are deployed within each of the 14 National Marine Sanctuaries (NMS)
under the supervision of the education coordinator. Of those 14 sites, seven
(Gray's Reef NMS, Channel Islands NMS, Hawai’i an Island Humpback Whale
NMS, Northwestern Hawai’i an Island Marine National Monument, Olympic
Coast NMS, Florida Keys NMS and Cordell Bank NMS) have deployed and
captured recordings from their habitats serving as a baseline for anthropogenic
and natural sounds in the sanctuaries. Stellwagen Bank NMS has numerous
recordings from Cornell automated recording units (ARUS)
(http://stellwagen.noaa.gov/science/passive_acoustics.html).

e Piggyback on moorings made via other venues (100S)
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e The Commonwealth of Massachusetts has been involved in integrating passive
acoustics with aircraft surveys; a publication on this will be out soon.

e Seagliders. Participants noted that there is a trend towards using seagliders
instead of fixed moorings. As this new equipment comes online, people should
strive to collect acoustics along with all of the other oceanographic data.
Seagliders with acoustic capabilities are being developed.

Meeting participants should contact the staff in their region involved in IOOS and make it
clear that passive acoustics are to be integrated into the 100S system. The following are
the 100S points of contact:

Person to talk to about 100S — Josie Quintrell 207/798-0857

National Coordinator for National Federation of Regional Associations for IOOS
(Regional Association Framework)

2. REQUIREMENTS FOR INTEGRATION WITH ANTHROPOGENIC
CONFLICT ISSUES (noise, shipping, etc.)

Moore provided a brief introduction to this section of the workshop and indicated that
participants should consider how sound affects marine mammals at a broad scale. To do
this, researchers need to collect baseline information on sound levels and ensure that
these data are collected in a way that will inform studies on local impacts of
anthropogenic noise.

In this case calibration of the data is critical. If a researcher is simply studying calls,
calibration may not be necessary, but if the researcher seeks to develop ambient noise
budgets or to make other precise sound measurements, instrument calibration is
necessary. Calibration is not a trivial matter, and evaluation of noise elements is
impossible without it.

Reliable calibration typically involves underwater measurements using a reference
hydrophone and controlled sound source. Calibration of an instrument (or an instrument
design) may cost $10,000 including the facility cost and the effort expended by acoustic
instrumentation specialists. A less expensive approach is to calculate the instrument
response based largely on component specifications, but this approach is prone to
unanticipated problems and errors. The U.S. Navy operates several calibration facilities
such as the Transducer Evaluation Center (TRANSDEC) in San Diego which can be
rented by the hour for such work. Even with the best facilities and personnel, calibrations
are typically difficult when accuracy below 1 dB is desired or when working at
frequencies below 50 Hz.

Other approaches to calibration include using wind speed measurements and known
relationships of noise to wind speed in the ocean, or using ambient noise sources within
an array of instruments to calibrate one to the other. The gold-standard, however,
remains the reference hydrophones maintained by the U.S. Navy.

20



PAOQS Strategic Program Plan

Data requirements
e When working in the noise arena well calibrated systems are essential.
e Develop a standard set of tests to verify software such as Raven, which is to be
used by non-acousticians.
e Develop park/sanctuary sound budgets
e Develop a way to localize the sources of sounds

Ambient sound levels are quite variable, and everybody has a different interest. A
methodology for summarizing and interpreting acoustic records should be specified.

Discussion then focused on whether monitoring of sound should be specific to certain
types of vessels, which is important in monitoring and managing human use of
sanctuaries. The U.S. Navy and National Park Service (NPS) already have considerable
information on sounds made by ships that can be used before collecting more data.

In marine sanctuaries, measurement of sound is equivalent to the NPS mandate to
monitor and value the “soundscape” in the parks; marine sanctuaries have a mandate to
understand and manage the sound as it is an integral part of the marine habitat.

Participants discussed a need to better understand what features of the 