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Effects of Noise on Fish,
Fisheries, and Invertebrates
A BOEM Workshop on Data
Gaps and Research Needs

=T 0-22, 2012
San Diego, CA

Workshop Purpose and Goals

Ann Pembroke
MNormandeau Associates, Inc.

Session 1
Establish an understanding of policies &
procedures BOEM must follow to
implement its missions

Summarize the current understanding of the

science as described in the Literature
Synthesis

£ NORMANDEAU Al

nowledgements
Conhcept: Ms. Kim Skrupky, BOEM
Driving Dr. Arthur N. Popper, UMD
Dr. Anthony Hawkins, Loughine
Science Review Panel: Dr. Christopher Glass, UNH
Dr. David Mann, USF
Dr, Jennifer Miksis-Olds, Penn State
Dr. Roberto Racca, JASC
Logistics: Ms. Christine Denny, Normandeau
Ms. Alexis Hampton, Normandeau

ES

Tuesday

Session 1 Introduction & overview
Session 2 Priority Habitats, Species & Fisheries
Session 3 Sources and Sound

Lightning Session

AU ASSOCIATES

Session 2

Define the organisms of concern to regulators,
managers, and the fishing community
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Session 4
Who hears? Who speaks?
How are they affected?

Session 3
Defining the soundscape
Activity-specific sounds
Breakout groups
Breakout groups Implications for fishing
Characterization of sources Behavioral responses
Reduction of sound emissions Injury
Cumulative effects

L= MNORMANDEAU

£§ NORMANDEAU ASSOCIATES
PP MY MG M ATAL CRRAULT AR TE

BOE M Effects of Noise on Fish, Fisheries, and Invertebrates

Bomsas o Dluas Erenss Masscans

Key Quesﬁons for Session One A BOEM Workshop on Data Gaps and Research Needs

« Why does BOEM need in formarfq‘n Alan D. Thornhill, Ph.D.

on the effects of underwater sound? Chief Environmental Officer

« What is a significant impact under Office of Environmental Programs
NEPA? Under ESA? Upder the Alan Thomhill@boem.gov
Magnuson-Stevens Act?

» What leeway does BOEM have to
require mitigation for sound
Impacts?

ORMAMNDEAL ASSOCIATES ’

SoEN T | | SoEM T
Busvn o Qrran Evence Winazsuss Bomas v Dcuas Eranse Mussacoans

= Objectives: BOl M BOEM manages development of
= ldentify gaps in our urderstanding of the effects of neise on marine fish, the nation's offshore resources
fisheries, and invertebrates. in an environmentally and
> Identify feasible studies that could help plug those gaps Buneew of Ocean Engray M, &c ically responsible way.
» e.g. Which geographies? Which taxa? What spatial and temporal
scales?
» Outcomes: BSEE develops and enforces SEE
A review of the ¢ we are posing in breakout groups. safety and environmental
» Are these the right questions? regulations. Barcau of Safety ard
Envirornmental Eaforcement,

= Dowe already have a start to answer them?
= A path forward!

- -

v ®.
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BOE M Structure of BOEM: Where's the Science?
Bose an Evence Witnnzsson

B reted
[y -

SOE M

Authority and Scope

" Initiated in 1973 to support the U.S. DOI offshore oil
and gas |leasing program.

" Statutory authorization derived primarily from the
Outer Continental Shelf Lands Act (OCSLA) and
Environmental Protection Act of 2005 which gave
BOEM authority to regulate OCS Renewable energy
projects.

" Section 20 of the OCSLA authorizes the ESP and
establishes three general goals for the program...

Department of U.5. Army Corps of Engineers Department of Homeland
Defense (DOD} (Usace) Security (DHS)
e | [ B e Ly | B ST 3 P
Office of Naval National Aeronautics and Department of Interior (DOI}
Research (ONR} I . Space Administration (NASA} U edll MMUIS
National Park Federal G lonal Science
Service (NPS) {EMC) Foundation (NSF)
Department of Commerce (DOC} Federal Energy Regulatory Commission
Fish and Wildiife Service (FWS) (1)
ional Oceanic and h i ' fon Agency (EPA)
Administration (NOAA)
Department of Energy (DOE}
Bureau of Indian Affairs (BIA)

Bureau of Ocean Energy Management
Bureaw of Land Management (BLAM}  (BOEM)
U.5. Geological Survey (USGS)
Department of State (DOS)
of ion (DOT)

Bureau of Safety and Environmental
Enforcement (BSEE)

U.S. Coast Guard (USCG}

Environmental Studies Program

Applied science for informed decisions on ocean energy

Mission:

Provide the information needed to
predict, assess, and manage impacts
from offshore energy and marine
mineral exploration, development, and
production activities on human,
marine, and coastal environments.

SOE M

Program Goals

1) Establish the information needed for
assessment and management of
environmental impacts,

2) Predict impacts on the marine biota;
and,

3) Monitor human, marine, and coastal
environments.

QOuter Continental Shelf man amt Coasca.l
Lands Act (O":' Lot

sinms wiseiy MY gy arographic Sel National Marme

National Historic . rensa LIMPT Act les Act (NMSA)

Coast & WELLY e [ £.0. 13508 - chesapeake Bay

(Gaodetic SUrvey g Flaat (RRF) | Protection and Rastaratinn

Actof 1947 perepwortr eort At Gubmerged | Clean Air

E.O. rzrs& m—memmrd ﬂmas(mﬂs) mnds Act Act (CAA) f
T

Foactal Rarrier {‘_3‘_‘3,"_"‘33’ Act_%3' g0 13962 - Recreational Fisherles, and E.O.

Ci'ean water Act

com, 13474 - nts to £.0, 12962
oAyt Respan=m. Frmnanention. ars

(NGA) R R e s
k| ition Act of 1990 (OPA90.
tas act Coastal Zone BFEICH { 0}
Natlonal Methane 1iyarate —— (CZMA) | policy Act (NEPA)

:::‘ :l.l;.:rm_m Plastic Pollution Research

and Control Act (MPPRCA)
Federey Fower AL [TFA/

ITECT HESEarCH, umtop‘nem:, a.mi'
smonstration (RD&D) Ocean Act
Coral Reel éonssrval‘!m Act = Act of 1399
Marine Mammal of  j (CRCA) Marina
Protection Act (MMPA) Natienal Weather Service (N Secumv
.Amlqumes peies Acveder Act

Resez {icean Fxploration and NG

Rese OCean Tharmal Energy 9 Research Pre~ | onsSS
58 Conwversion Act (OTECA) E.0. 13173 -
SN Clamr v —etbeemdmmy Hawalian
[Oce== n-~=i Integrated Coastal and Ocean ohsm.i'rm System | paaf
Magnusor gcy e

B-3
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5OE N
Bowns o Qian Evmncr Manazier

" Mission relevance
" Scientific merit

® Technically feasible
" Timing

= Applicability

" Affordable

EIOEY oo ocs st comnes
L e

" Federal Advisory Committee (FACA).

" Advises BOEM on the feasibility, appropriateness, and
scientific value of the information provided by the ESP.

= Participates in an annual meeting to review Studies
Development Plans.

= Includes specific sub-committees.

..

« Developed! =

SOE M EE——

. = Parinerships: NCPP,
National . Inter-Agency, Intra-Agency
= Five year schedule

Pacific

producing Ie@ses

vt Atlantic
energy
= Sand and gravel
« Renewable energy
Alaska Gulf of Mexico
= = Deepwater
= Beaufot and = Agtive Leasing

= Sand and gravel A
w.

Chukchi Sea explostion

e I

[re—— / ¢
s ind | """""—.r—.u—_. f— —-"“"""““‘
[y ek |, P

—.1-« - | e
b i el

=y

sttt

506 M T

= Competitive Contracts

= Inter-Agency Agreements
Partnering NOPP; NOAA; ONR,
MNASA; NSF; USGS; FWS; NPS;
DOE, ete.

= Cooperative Agreements
= Coastal Marine Institutes (CMI)

= Cooperative Ecosystem Studies Units
(CESU)

..
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SOE M [T

&

@

NEAAW IE

Delars (Millions)

8

[

FLELELEFFSPES “5@'4"‘9%@?%@-?“1@

Fiaesl Vear

* Extramurd ressarch
arly, h;nr far FTES [ —Alasks — Atartic — G O M, — Pacilc =—Hatoral =—Totak |
cornes
buaget =

..

50E N IR

" Directing future research

" NEPA Analyses
" BOEM & Other Models
= OSRA, Econ, Air Quality,
Circulation

" Developing Mitigations

" Notices to Lessees (NTLs)

BOE M Envirenmental Assessment of Oil and Gas Energy

(WP Sy —

Large
G 5 Year Program - Nationwide
E
o]
G - " -
R Lease Sale - Region Specific
- (e.g., Gulf of Mexico)
H
.l: * Also activity-
- — specific NEPA
E}fplm.d.t 0”_ P.Idn documents (e.9.,
A Specific Project seismic surveys,
E explosive
= removals of
A Development Flan platforme)
v 4
Pl“lfolmi
Small S

».

B E M Science Expenditures by Discipline 2007-2011
Bomssa v Dcasn Erames Mz

Scciology &  Fates & Effects
Eccnomics | Alr Oualuty 6%,

12% \ 2% ,z

Physical _ 'I?bf:a‘ &
QOceanography [~ Ecology
18% 28%
Marine | Information
Mammals &_,l' “Maragement
Protected 5%
Species
28%

s

..

B E M Environmental Assessment: OEP's Second Arm
Bumess v Ocuan Eronir Musacnans

NEPA and other tools...

" Public D and

" Accurate Scientific Analysis

" Foster Better Decisions

" Focus on What is Affected

" Consider Cumulative Effects
Consider Alternatives

Identify and Assess Mitigation
" Adaptive Management

BOE M Scientific & Scholarly Integrity Policy at DOI
Bt i Dhian B M

“Because robust, high quality science and scholarship play
such an important role in advancing the Department's
mission, it is vital that we have a strong and cfear
scientific integrity policy.” Interior Secretary, Ken Salazar

Policy in effect February 2011—goals are to ensure DOI

= Decisions are based on science and scholarship are respected as credible;
= Science is conducted with integrity and excellence;

= Has a culture of scientific and scholarly integrity that is enduring;

= Sclentists and scholars are widaly recognized for excelience; and

= Employees are proud to uphold the high standards & lead by example.

Applies to EVERYONE!

-

..
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SOE M

= Environmental Studies Program Information System (ESPIS)
= BOEM Hosted Meetings & Workshops

= Participation and Sponsorship of Symposia and Conferences
= Mullipurpose Marine Cadaslre (MMC)

= Professional Journal Publications
* BOEM Ocean Science

= Education and Outreach

BOEM

L] 28 million cubic yards of OCS sand conveyed through 31
negotizted noncompetitive agreements

L] Projects completed in Flonda, Louwisiana, Maryland, South
Carolina and Virginia

- 180 miles of the Mation's shoreline have been
replenished/restored

SOE V EEEE—

The ESP is Mission-focused

Clear Goals & Clear Strategy

Highly Participatory

Frequent Intemal & External Review

Coordination, Collaboration, and Leveraging

Quality Science for the Bureau Mission

The Landscape is Continually Evolving

_

SOE M ET—

= Energy Policy Act 2005 gave authority
to DOI1 and Secretary delegated to
BOEM

= Final Rule published in April 2009

= First Commercial Lease Issued - Cape
Wind - in 2010

New lersey, Delaware Rhode Island and
Massachusetts

= Moving forward in Maryland, Virginia,

S
4]

SOE M T

312 millien spent on Environm enlal Stedies
More lhan 40 sludies
Site- Specific and Programmatic
& Ongoing programmatic studies
Havelb A d or
International Studies
Haticnwide Studies
Peer Reviewsd Joumal Articles
USACE Analysis and Research
FWSHMFS documents
Master thesis and PhD disserlations
& .

In-house decuments

SOE M p——

: [= 1, Development, Of
i e, Dect ssioning — all make noise|
+ Looking for enargy sUVeys)

= Surveying for sand sources (multi-beam senar surveys)
= Surveying for wind turkine site selection

+ Survaying for marine archeological siles

+ Dredging notse

* Plle-driving

= Explosive removal of platforms

‘We need to understand the potential impacts of all of this on various
taxa and the systems. p—

w.
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SOEM I
Bosvns o Ohran Evence Minazsuss

» Objectives:
# ldentify gaps in our urderstanding of the effects of noise on marine fish,
fishenes, and invertebrates.
= ldentify feasible studies that could help plug those gaps

» e.g. Which geographies? Which taxa? What spatial and temporal
scales?

~ Outcomes:
= Athorough review of the questons we are posing in breakout groups.
= Are thess the right questions?
= Dowe already have a start to answer them?
= A path forward!

BOE

Buwesn v Ocoan Enamsr Munssrvmy

Environmental Impact Statements
and Regulatory Requirements for
Offshore Developments

Kimberly Skrupky
Bureau of Ocean Energy Management
March 20, 2012

OCS Lands Act

Congressional Mandate

"It is hereby declared to be the policy of the United States
that ... the Outer Continental Shelf is a vital national
resource held by the Federal Government for the public,
which should be made available for expeditious and
orderly development, subject to environmental
safeguards, in 0 manner which is consistent with the
maintenance of competition and other national needs."”

Outer Continental Shelf Lands Act of 1954
43 U.5.C. 1332(3)

The BOEM Strategy to Address Noise and
Effects on the Environment
* Regulate and comply
* Address data gaps
* Reduce Impacts

* Collaborate with partners and stakeholders
(domestic and international)

* Be transparent

BOEM OCS Regions and Activities

. National
<+ 5-Year Oil and Gas Leasing Program
A < Alternative Energy
Alaska
< Economic Incentives
< Leasing Activity
<+ Arctic Operations m+k“d e
4 0il and Gas
“Wind Power
Eiaion 4 Upcoming Oil and
Gas Exploration
“Ongoing 0l and Gas
Production Gulf of Mexico
< Decommissioning

# Infrastructure Assessment
% Sand and Gravel
< 0il and Gas Exploration and Production

“Wave Energy

Integrate Environmental Consultations
and Coordination with NEPA
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Environmental Protection —
an Ongoing Integrated Process

 car B
>
| Analysis |
e

A g (A
[Monitoring|

Monitoring and Mitigation Measures

Hiring Protected Species Observers to work on
the vessel(s)

Monitoring exclusion zones

Passive Acoustic Monitoring (PAM)
Sound Source Verification (SSV)
Ramp-up

Shut-down

Time-of-Year closures

But most of these don’t work for fish!

.

Funding Studies

To provide the information needed to predict, assess,
and manage impacts from offshore energy and marine
mineral exploration, development, and production
activities on human, marine, and coastal environments.
» ~$30 million*
~540 million on ground-breaking protected species
research and acoustic issues
~52 million provided annually through USGS
~ 50 % for ongoing
~ 50 % available for New starts annually
Over 50 new projects for FY12
Currently managing more than 300 active studies

* BOEM's FTE's not supported by ESP funds

Noise Regulated by BOEM

* Within the three program areas, noise is produced in
several ways

* Geological and Geophysical sources
— air guns, boomers, sparkers, chirpers, sub-bottom profilers, depth
sounders, gravity, side-scan sonar, and magnetic/electromagnetic

* Construction, Drilling, Production and
Decommissioning

— pile driving, operational noise from rigs and platforms, vessel noise,
dynamic positioning systems, explosives, dredging, ice breaking
{Arctic)

Environmental Studies Program

BOEM develops, conducts and oversees world-class
scientific research specifically to inform policy decisions
regarding development of Outer Continental Shelf
energy and mineral resources

Research covers:

— Physical oceanography

— Atmospheric sciences

— Biology

— Protected species

— Social sciences and economics

— Submerged cultural resources

— Environmental fates and effects

Questions?
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Alaska

United States

Ascti Circle
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Relationship Between Noise Levels,
Distance, and Potential Effects

quictest i i | |
[ Behavioral Responses
. Sound
Ternporary Threshold Shift | Inaudible
ml |

Relative Distance from Noise St . Vopor L
Source

Noise Source

loudest

ara0an g Al Lote bt o

B-10
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San Diege | California | 20 March 2012

\ Craig Johnson
!u NOAA Fisheries

Silver Spring, Maryland

Atlantic OCS

Atlantic OCS

Protected Fish and Invertebrates Protected Fish and Invertebrates

*  Five species of fish and are hsted as d o *  On 6 February 2012 NMFS bsted five poputations of Atlantic sturgeon as
threatened in the Atlantic endangered o Mreatensd:
Population Listed As Populaticn l Listed As
Atiantic salmon Endangersd Gulf of Maine | Threatonod
Shortnose sturgeon Endangered New York Bight | Endangered
Smalltooth saufish Endangered Chesapeake Bay | Endangered
Ekhomn soral vt Carolina | Endangered
‘Stagharn coral Threatened

South Atlantic | Endangered

Other carals {cand|date species) TN Damminad *  These lislings become effeclive on 6 Apri 2012

B-12
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Atlantic OC3
Protected Fish and Invertebrates

Atlantic OCS
Designated Critical Habitat

T
~
- )
: ] \3\.-
-2
e
Fico .
LLES
—

*  Descignated critical habitat for alkhom arﬂ staghom coral

Atlantic OCS
Potential Sources of Stressors

*  (Offshore energy development activities are associated with several
physical, chemical, and biotic stressors that pose potential risks o
and figh and i

Underwater detonations
®  Vessel traffic

Pile: driving

enshore infrastructure)
* (i spillz and chemical contamination

Competition from native and non-native species

Coastal dredging (and other actbes associated with mstallaton of

Atlantic OC3
Designated Critical Habitat

smallooth sawhish

* We have not designated
crtical habitat for Atlantic
sturgeon, but we are
considenng doing so

*  Designated critical habitat for

Arctic OCS

Protected Fish and Invertebrates

* Mo manne, anadromous, o caladromous fish are currently isted or are

for listing as of

Regon

* Mo invertebrates are currently listed or are proposed for sting as
endangered of threatened by NMFS in the Arctic Region

by NMFS in the Arctic

Atlantic OCS
Noise and Sturgeon

*®  There are some data on hearing in lake sturgean or paddiefizh, for

examphe;

*  Meyer and Popper (2002) reported that lake sturgeon detect pure
tones from 100 to 2000 Hz with best sensitivity from 100 to 400 Hz

*  Lovell ef al (2005) reported thal lake sturgeon and paddiefish
responded to sounds from 100 to 500 Hz, with kewest hearing

thresholds m bandwidths between 200 and 300 Hz and hagher
threshalds at 100 and 500 Hz

*  Additional dataon lake sturgeon from Lovell ef &l (2006), Meyer et
al. (2010}, and Meyer et al. (2012)

Larull, 5 M, MAL Fisdiay KM, Mashs, 3R Soduall as 1A Pagy, 2908 Tht lnaar sas mocpholigy

Camparstas llischamintry 168 Pinisieqy Part & 147 188198

Laveil S0 WAL Findiay AL Harper and BML Maase. 3094 The mer sar lsrastrecrure from e
T ML
Mliyer AL, and A ¥ Papper 5383 Meariag in “primicine” fik: beaiassems evypoanen i pars foas il
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Atlantic OCS
Noise and corals

ESA Consultations
A Generalized Assessment Model

®  Dataon interactions hetween corals and sounds are the most limited, but

include

® Vermeij et al (2010) reported that free-swimming larvae of tropical
corals detect and use sounds as a cue for orientation

®  They did not repart how these larvae detect the sounds or
components of the sound field that provide the cues

Numerous authors have demonstrated the sffects of sound on larvae
of fish that are part of coral reef ecosystems

e, BT A, KL Mashamr, C 1. Hispers, L Fogp Dtk andS.D.Simpacm. 2010. Corn] Brvos more
ward reef soapds, PLog. (ME 551 ¢ 10660,

ESA Consultations

Generalized Assessment Model Sub-Model for Individual Organisms

*  One ofthe most challenging steps of this assessment model links
individual responses to individual risks

nsbin

]

A complete assessment of the risks of offshore energy projects must

consider two risks to individuals:

(N

®  reductions in probability of surival (increases in mortalty)

®  reductions in reproductive success (which is determined by age at

first reproduction, interval between reproductive events, natality,
recruitrnent into the adult population, and age at last reproduction)

®  Data on the responses of fish and marine invertebrates to noise has
limited utility if we cannot somehow link those responses to one of these
two asseEsment endpoints

That is our largest data or knowledge gap : s e )

£ avsieae

ESA Consultations

Emerging Challenges Protected Species/Habitats

Craig Johnson, NOAA Fisheries

®  Over the pact fire years, every assessment of noise-producing activities in ® Information needs
the matine environment has had to deal with one constant and growing . w 4 1o be able to ch . N tebrat "
challenge: our nability to conduct rigoraus cumulative impact N "E‘E 0 be avle ‘” E;Z:”;‘:E‘ ”Vf”’ ‘""E; ’ames ”E’E‘E'“E e
assessments acoustic environment and the effects of saund on their ecology
®  Challengss o our asssssments have focussd on ®  \We need better ways of characterizing the effects of noise an the
predators, competitars, symbionts, and prey of listed fish and
®  repeated exposures Io single and multiple stressors invertebrates
®  time- and space-crowded effects ®  We need to link responses to "noise” to the current and expected
future reproductive success of the fish and invertebrates that are
® interactions between mutiple stressors (both natural and exposed to the "noise”
anthropogenic)
.

. We need more rigorous methods to assess the cumulative impacts of
® W stil lack rigorous methods for assessing these effects or the data we

offshore energy by itself and in combination with other human
would need to execute such a method

actwities that co-occur with it in the marine environment

B-14
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\ Arctic Fisheries and

Habitat «a Development of the Arctic

Fishery Management Plan

2008 Gbssrved Tt ety
118,000 MT shown

i
o — e ] i
Climate Climate
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’ i Temperature
Ausska State Vs = .5
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; - Sl
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| arctic Management Area | |, Temperatwe \ g |
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/ b ! \ / &\
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3 Alaska | " Zooplankion
t viea —
e e L Cloudiness
— ~—
g | Seaice edge = Phytoplankion
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o« Development of the Arctic Fishery
Management Plan

Database for MSY and QY Calculations Other Arctic Surveys

Fishery Criteria

N S | N =~ - o B

Chukehi Beaufort
Species Biomass estimate (mt)

Arctic Cod . T 15,127 commercial fishing

Saffron Cod 4,605 now Crab — 4 IO Rl Eaunanaged
! num 1S51e) Is i et -
Bering Flounder mmogiossaises oS 1 .JJJIJ_!‘ J.: I,._lrr,.n.‘
AN ON e ISR U]
Pacific herring ManAgEERGArE
Warty sculpin

Snow crab

B-16
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Research

o« Development of the Arctic Fishery
Management Plan

important
n and management

Research

Thank You . Arctic Fisheries and Habitat
Steve A MaclLean
North Pacific Fishery Management Council

B-17
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South Atlantic N
Priority Habitats, Species, and Fisheries

Roger Pugliese
NOAX's National Marine Fisheries Service South Adantic Fishery Management Councl
Charleston, South Carolina «charleston, South Carofina
Jadyn, Daly@noaa.gov RoZer.Pugliese@safme.net

Overview

= Magnuson-Stevens Fishery Management and
Conservation Act and the South Atlantic Fishery
Management Council

* South Atlantic Ecosystem, Species, Fisheries

+ Ecological requirements and Essential Fish Habitat
+ Habitat and Ecosystem Information Systems

* Presentand emergingissues/data needs

Magnuson-Stevens Fishery Management and Conservation Act
And the South Atlantic Fishery Management Council

= Conserves and Manages fisheries, fishery
resources and fish habitat in the EEZ off
NC, 5C, GA and E FL
* Prepares Fishery Management Plansand
federal regulations (e.g. Allowable Catch
Limits, gear, species and area restrictions)
which achieve sustainable fisheries and
conservation of EFH
Designates Essential Fish Habitat (EFH)
and EFH Areas of ParticularConcern for
Managed Species to address fishing and
non-fishingimpacts

&

South Atlantic E o] .

Characteristics of the South Atbntic
Rangz of sheff widths. .
Along shelf bresk — nc

‘major boundary current >
Loop Current " 5 !
Florida Current
GulfStregm - =
Freshwater input— o =
Distributed input from a number of rivers, -=
river drainage bosins primariy in these {
coastal states
Biogeozraphically —
temperate to sub-tropical transition 2one

South Atlantic Bight

Cape Hatteras-Cape Canaveral

Rock reefs covered with attached
algaeandanimals, or "live bottom,"
comprisesup to 20% of theshelf
bottom and supports morethan70%
of the offshorefisheries.

Supportswide diversity of marine
fish, birds, mammals and
invertebrates.

Fishery Management Plans

Coastal Migratory Pelagics Fishery
Management Plan
cobia - Rachycentron canadum
king mackerel - Scomberomorus cavalla
Spanishmackerel-5. maculgtus
Cero -Scomberomorus regalis
Litele tunny - Euthynnus allstteratus

Shrimp Fishery Management Plan
brown shrimp- Farfantepengeus aztecus
pink shrimp - £ duorarum
rack shrimp - Sicyonia brevirostris
royal red shrimp - Pleoticus robustus == .
white shrimp - Limopenasus seriferus

Dolphin-Wahoo Fishery Management Plan
Dolphinfish- Coryphaena hippurus
Wahoo - Acanthocybium solandri

Golden Crab Fishery Management Plan
zolden crab - Chaceon fenneri

Spiny Lobster Fishery Management Plan
spiny lobster - Panulirus argus

B-18
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Jeithend pargy - Salamus bajonasa

Biack 362 e - Ganteagrists stricta

B

Cusen smzoper -Eral
Velowteil smenet - Ooyurus Sysurus

grouper, speckled hi
Warsaw grouper

nd,

sea bass,
snowy

=medium to high profie offshone hard bortoms where
spawming normally corurs
zzales

“Habitat issensitiveto humar-induced
environmentzl degradation;

+Development activitiesareor willbe
stressing the habitat type; and

*Habitat typeisrare

=medium to high profie offshors hard bottoms where
spawming normally corurs
“ezaltes

B-19
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®

e
OF FISL ML T ATLANTIL BLLIY

VELIME | ESTROBUCTION AND SVERVILW

__"-_-ﬂ-__"]

Bottom Habitat FMP:
*Coral HAPCs (Oculina and
Deepwater Coral)

B-20
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Oculina Bank
Coral Habitat
Area of Particular
Concern

Spatial presentation of EFH-HAPCs on
the South Atlantic Habitat and Ecosystem Web Service

SAFMC Habitat and Ecosystem IMS

* Since 2003, the Fish and Wildlife Research
Institute (FWRI) has collaborated with SAFMC
staff to compile, create and host GIS data of
essential habitats in the South Atlantic
ecosystem.

* The IMS was designed as a one-stop shop for
managers, scientists and the public to explore

marine resources of the South Atlantic region.

Deepwater Marine Protected Areas

Development of Ecosystem Support Tools:

South Atlantic Habitat and Ecosystem Webpage

South Atlantic Habitat and Ecosystem Internet Map Server (IMS)

Transition to linked GIS Services for Regulations, Essential Fish Habitat, SA Fisheries,
QOcean Energy and Ecospecies Data System as Part of a Digital Dashboard

+ Developed in cooperation with Florida Fish and Wildlife Research Institute to
support ecosystem-based resource managemenit, habitat, species and ecosystem
research, and regional collaboration

¥* Web Services provide access to related GIS data

¥ Ecosystern Section of the Website provides links to FEP and Digital
Dashboard

¥ Developing Ecospecies data system will provide online access to South
Atlantic species life history data

GIS Data Layers

+ Base Map Layers — Bathymetry, Marine Facilities, ATONS, Land Cover

+ Ocean Observing Systems - National Data Buoys, SABSOON, CORMP

+ Coral Habitat Areas of Particular Concern (HAPCs) — Cculina studies:
Cleila and ROV dive tracks, multimbeam survey, proposed deep water
lophelia CHAPCs

+ SAFMC Gear Restrictions — Roller Rig Trawls, Bottom Longlines,
Sargassum, Fish Traps, Black Sea Bass Pots

+ SAFMCEssential Fish Habitat and HAPCs - Snapper Grouper, Shrimp,
Red Drum, Spiny Lobster, Coastal Migratory Pelagics, Dolphin Wahoo,
Coral, and Golden Crab

+ Management and Regulatory — special management zones, marine
protected areas, state waters, EEZ, sea turtle sanctuary, crab
Spawning sanctuary

+ Marine Sanctuaries —habitat data for Gray’s Reef and Florida Keys

+ Unique Habitats — Right Whale Critical Habitat, Southeast US
Restricted Area

+ General Habitats — artificial reefs, fish nursery areas, seagrass,
mangroves, salt marsh, tidal flats
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* Habitat® —displays habitat data collected by SEADESC, Harbor

Branch Oceanographic Institute (HBOI) and Ocean Exploration
dives, aswell asthe SEAMAP shallow and ESDIM deepwater bottom

mapping projects, multibeam imagery, and scientificcruise data.

* Habitat service isforthcoming

= area
— Dominant area

— Spawningarea

=  bathymetry

boundaries for the continental shelf, US Federal State and US Territorial

Seas.
features custom query for SEAMAP species catch data for 2010

The graphic displays the inftial view of the SAFMC (=1

HAPCs, Marine Protected Areas, Special Management Zones, andthe Oculina CHAPC are

visible

Fisheries Web Service —
http://ocean.floridamarine.or,
Ocean Energy and Habitat Services—Under development
Ecospecies online species life history data system- Under development

Habitatand Ecosystem Digital Dashboard —Online June 2012

fisheri
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http:/ fwww. southatianticallance.ors/

*Focus on managed species and their prey (priority to address overfished
species):

identify critical habitats and S L
*peaks in calling activity have been linked to reproductive behavior in many
fish families;

*passive ics as a tool itor fish and behavit

Southeast Coastal Ocean Observing Regional Assoclation
(SECOORA) Build Out Plan

eptesmber 30, 7
AUnigue Region
The HEOORA segion eacempayses 4 states. over 1
ki pole 4 0 the <ot

G0 the st G, o o, The region b
vuinary

These themmate e Marise Operatins: Coustal
Hazied Eootyotersa, Water Caslty, and Livieg blarioe Rescustes; s Cheale Changs.

WBC ifioerce,

B-23



Appendix B: Presentations

Session Twao: Priority Habitats, Species, and Fisheries: North Atlantic Fisheries and
Habitat

Kevin Friedland, NMF5, Narragansett, RI

Topicsthatwefesl would be ussful to cover inthissession
Much of the information presented has not been formally

1. Thestatusof the keyfisheriesinthe area. disseminated by NOAA. It does not represent any final agency
2. Statusof important foragespecies determination or policy. Do not cite without prior reference o
3. Knowledge of ecological requirements of key fisheries and forage species; are the author.

there any (potentially) critical habitst areas?

4. summary of issues affecting the fisheries, including emerging issues (e.g., global
warming).
FINAL SLIDE REQUIREMENTS: In order for usto consistently collect key feedback on
information gapsand data needs at the workshop, eachspesker is asked toend
their presentationwith a slide (or slides) that includesthe following:

1. Presentation name

2. Author and affiliation

3. Bulleted list of information needs and data gaps related to your talk topic

wn

1. The status of the key fisheries inthe area
Stock Size and Fishing Levels for Northeast Shelf Species i B Literature Synthesis - 228 Species
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Atlantic surf clam Episuia sofidissima Atlantic surf clam Spisula sotidissma

-8 8B R E

W gt 167 e
%1

L]

Stripec dass Morone saxatiis Striped bass MOFOne sGraritis
=T g 1 St B
e
o oy RS- - 1
H - I _ |l w
2R ] L]

Summer flounder Paralichthys dentatus Summer founcer Paralichthys dertatus

Spawning Stack Blomass [SS5B) and Recrutment (7} ° ’j:':*:“
- bosco
g
g o e
 J- on §
10080 nieo :
EEEERUREERELE
oR—s58

B-25



Appendix B: Presentations

3 =
Ty e o
e =
e T
T =T
o e TR
Gass g 5
e i Ty
e it arhiches fapes
e S T
e EETEUYErT 3
e o 3
T P as
= Fopia srosanar £y
e e cgiamazra
- 3
= o
e T Feriziaba=s
= Fammreaes smes 3
o oo sk i
Frier Frlzzh s o=
ot cogice b feyon guingeeters £y
= brophye chaos
e e T
== e oanes 3
e T =ry
T D T
ey S it o 3
Za eheiastn
| == prophycis Snora 3
| = e y— 3
| e Py x
= P
e Sreglone
T 3 3
< E2A Spmesotoman
- EFHiowensn
BlackSeaBass Centropristis strigta

D

Butterfish Peprilus trigcanthius

100 150 200

Biomass (10°3 mi)

50

90 %0 %0 0 i
Yer
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: i ) ;
w Scopht! Winter Floundsr Pseudopleuronectss americanus

SNE-MA Winter Flounder
Trends in Recruitrent and Spawning Stack Biomass

-t (rlioes)

TN

Spavning Slock Blomass (melric fons)

I

Figure 11.18. Trends in recruilmant {age 1) and spavning slock biomass for
SNE-MA winler Rourder.

‘Winter Flounder Pseudopleuronectes americanus
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Spatial Behavior of Fisheries.

10w

Spatial Behavior of Fisheries

Sand Lance Ammodytes americanus

3
Herring

z 2 Sand lance
E
g 1
To
3
2 -1
B
“ 2

3
1960 1670 1980 1880 2000 2010

Richardson, per. comm.

Spatial Behavior of Fisheries.

NEF3C aopaiecs Assesaect Program

2. status of important foragespecies

I L e
Angruand pory and ey uomackn for 41
M. ad U Fies = Miscellammonn ssd Ursirenfied Frs

o tans, evcholung el
i e dassbune

Smith and Link, 2010

Distribution of Sand Lance and Herring

A) Sandlance-5prin " B) Sandlance-Summer ‘ ©) Sandiance-Fall

Richardson, per. comm.
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; Aggregate crabs : Jonah crabs_ Zooplanktan

o ==

Cancer crabs Rock crabs
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3. Knowledge of ecolegical requirements of key fisheries and forage
Benthic specias, are thens any (potentially) critical habitat areas
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Atlantic Bluefin Tuna

Thunnus thynnus

Stein et al. 2004

feommon Name Fcientitic Name: [EFHOverlap

[Basking shark i X

igeye thresher |aropirs supercifiosus

Blue shark Jprionace gloey X

[Common thresher Jaropirs woipimus X

[Dusky shark i X

Lengfin mako shark [SLY LS 0 LELS

Porbeagle wrmna nasus

Sand tiger shark arehasias taur s X

Sandbar shark X

Scalloped phya fewini X

Shortfin mako shark Fsurus owpr incsus

Gilky shark i

Smooth dogfish i stefus comi: X

[Tiger shark X

[Great white shark archarodon carcharios X
Blue Shark (pelagic sharks) Prioncree ghaeed

Figure 1.4.3.1.26a. Essential fish habitat for neonate blue shark

Atlantic Skipjack Tuna  Katsuwonus pelamis

Sandbar Shark (coastal sharks)  Carcharhinus plumbets

Figure 1.4.3.1.13d. Habitat Areas of Parficular Concern for sandbar shark

4. Summary of issues affecting the fisheries, including emerging issues (e.qg., glabal
warming)

Change in the thermal habitats
Plankton community shift
Hahitat impacts of fishing

Eutrophication

Sea level rise

Wind
Precipitation
Phenological Effects
Extreme Weather Events
Thermohaline Circulation
Carbon Dioxide Concentration
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Time series of sea surface temperatures in eco-regions ofthe Northeast
Shelf Large Marine Ecosystemwith projectedtemperature based onan
ensemble of climate projection models.

Sea surface iemparature, *C

Date of arrival spring ransition sea surface temperature (in
fractional months)for eco-regions ofthe NortheastShelfLarge
Marine Ecosystem

Resources:

NEFSC Fish and Fisheries information
http:/www.nefsc.noaa.govirchifish/

NEFSC Data Web-senving and Google Ocean Interface
Developmental

Essential Fish HabitatMapper
hitp:isharpfin.nmfs.noaa.qoviwebsite/EFH_Mapperimap.aspx

Atlantic Highly Migratory Species
hitp:/www.nmfs noaa.govisfams/EFHindex htm

Change in Distribution— Red Hake

Nye et al. 2009

FINAL SLIDE

1. Presentation name: North Atlantic Fisheries and Habitat
2. Kevin Friedland, NMFS, Narragansett, RI
3. Bulletedlist of information needs and data gaps:

= NEFSC data serving outside the firewall for maintained datasets.

* Continuation of ECOMON cruises providing a platform for mammal
and bird surveys

* Refinementof essential fish habitat definition and information on
fine scale movements of pelagic/coastal species.

* Assessmentof community change with the addition offixed
structures

Acknowledgements: C. Keith, J. Nye, S. Lucey, R. Gamble, M.
Fogarty, N. Kohler, C. McCandless, J. Hoey, R. Langton, D. Packer
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Eaea
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Terminology for Underwater Sound
M A Ainslie
Effects of Noiss on Fish, Fisheriss, and Invertebrates: 4 BOEM Workshop on Data Caps and

FRsesarch Mesde, 20-22 March 2012, Town and Country Resort, 3an Diego, CA

Every science requires a special
language because every science
has its own ideas. [t seems that
one ought to begin by composing
this language, but peopie begin by
speaking and writing and the
language remains to be composed

Etienne Bonnot de Condillac (17151780}
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| can B )
& inegvation
4 TNO 50 e

Overview

Objective and examples

Properties of sound
Fundamental properies
Terminology of underwater sound
Logarithmic measures
Terminology ofradiated sound (source properties)

Summary and conclusion

‘Information Needs and Data Gaps'

Pe® -
i Ee® o
et TNO 572 e

Some acoustical terminology used in regulation

Fisheries HydroacousticWorking Group (FHWG) 2008
Agreementin Principle for Interim Criteria for Injury to Fish
from Pile Driving Activities
“The agreedupon criteria identify sound
206 dB peakand 187 dB accumulated sound ex ure
level (SEL) for all listedfish except those that are less than
2 grams. In that case, the criteriafor the accumulated SEL

will be 183 dB”
Y ) =
Al Feoed .
ot TNO 5 e

Fundamental properties of sound
Acoustic Longitudinal Wave

+ Acoustic particles

- T Sound pressure p(f)
| i PO=P) = Po

e q Main focus
i— - - - M
h : s P, . . .
N #» | Acoustic particle motion:
= P=PZ - - o Displacementx

Velocity u= dx/ds
Acceleration a =du/ds

L Y) -
| AL Eeed )
o TNO it
Objective

To introduce, explain and demystify terminology ofunderwater sound,
with particular attention to sound radiated by air guns, shipping
vessels, chemical explosionsandimpact pile driving

Pe@ -
| Al Eo®d
o TNO 2 e

Some acoustical terminology usedin a “randomly
chosen” publication™

Ambientnoise, p4 Peak source level, p43
Background noise, p4 Peak SPL, p85

Mean peak level, pG8 Sound exposure level, p51, 69
Mean sound pressure, p80 Sound pressure, p48

Particle acceleration, p48 ~ Sound pressure level, p45
Particle displacement, p48  Source level, p37,47, 67
Particlevelocity, p4s
Peak level, p§9

Peak pressure, p44, 81

Source peak-to-peak sound pressure level, p37

*Normanasau Associstss. Ine 2012 Effscts of Notss on Fish, Fisnsnss. and invartsbratss in
the U.5. Atiantic and Arctic Indust erating Activities. 4 Litsraturs Synthesis
Tor the U.S Dapt of the Infsrior. Bursau of Ocsan Ensrgy Managemsnt

Y -
| Rty 1)
ot ™O ]

Terminology of underwater sound

T = integration time

Mean square sound pressure 2
Root mean square (RMS) sound pressure pus
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| can B )
\ inegvation
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Logarithmic measures of sound exposure and
RMS sound pressure

Sound exposure level (SEL):

SEL=10log,,

2

rof Cqaf
P =1pPa te=1s
Sound pressure level (SPL) 3
_ Prus
SPL =10log,~—=

1ef

-ANSI $1.1-1200 (ASA 111-1994), Rtk of ANSIS1.1-1960 [R1976), Reamirmed by ANST March 25, 2004, o7,

Pe® r
i Ee® o
et TNO 572 e

Peak sound pressure (p.) as a level
No widely accepted definition or terminology
Examples from literature: “peak SPL", “peak level”, “mean peak
level”, “peak pressure” “dB peak” ..
Diverse terminology leads to confusion: does “peaklevel” mean
the peak value of sound pressure level orthe level ofthe peak
soundpressure?

Ad hoc European working group on terminology for underwater sound
("AETUS™); purpose toremove ambiguity by adopting a standard
terminology (AETUS 2011):

“zero to peak sound pressure”. p. , = max[abs(p(r)] 2

“zero to peak sound pressure level™ _[Z_P =10 IOglﬂ p#

et
17 =
il He® D
o § | - Fica—

Terminology of radiated sound (l): sonar equation

The sonar equation (Urick 1983)
relates apropery of the received
soundfield (say SPL) to one ofthe
source (source level)

Assustic Meonopale

SPL=5L-PL

SL = source level relatedto
sound power)

PL = propagation loss (lossto
spreading, absorption...)

isvr

Pes

LY P
| AL Eeed
o< B | - Prr—

Peak sound pressure
Zero to peak sound pressure (abbreviated “peak sound pressure” or
“peak pressure’)

ﬂ
Larger of peak rarefactional and compressional pressures

Cres puise
A1 2008, FEATE T

Pe@ -
| Al Eo®d
o TNO 2 e

Standard definitions of sound pressure level

Sound pressure level (SPL)

2

Prus
2
ref

P

2
ref

anst defintonianst 19947 SPL =101og,,

150 definition 150 2007 SPL =101og,,

-a%E1 $1.1-1984 (ASA 111-1994), Rtk OfANS1 51.1-1960 [R1976), REsTmed by ANSI MEIcn 25, 2004, o7,

[~ 150 30000-52007 {carmectsg uerske 2007-05-15). PO 4 &3

Be @ -
| Rty 1)
ot ™O ]

Terminology of radiated sound (ll): source level

Mo widely accepted definition of “source level”

Ainslie 2010 { i
SL=10log o 2=~ ]

\ Prat Bt
Here pr isthe far-field RMS pressurein anideal (lossless, uniform)
medium
3L of an omnidirectional source is equaltothe SPL at distance r:=1
mfrom a hypothetical pointmonopole source with the same volume
velocity asthe frue source

W=ﬂmsmo

N
Source power € - source level: Pt Tog

Wisthe sound power radiated by The source intne sarn

medium
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o9 TNO 50 e
Source level (l): continuous sources

-

‘sourca depih &, ANEI 12 84 angles

Slep = Slop

Source alone; far from boundary: //——-——-—
; §
Dipole source level (SLg) § De Jong et al 2010
&

Source + image

Monopole source 1evel (Slag) L

RN D

3 dB higher at high frequency e

Lowerthan Sl at lowfrequency (depends on frequency,

source depth and elevation angle)[de Jong et al 2010]
Radiated noise level: RML(R) = SPL(E) — 20 logq(X)

Similarto Sy at lowfrequency

Up to 5 dB lowerthan Slg, at high frequency

Widely used (referred fo in ‘Literature Synthesis’ as “source

level™)
e m
i Ee® o
o TNO 57 ]

Source level (lll): application to selected sources

Impulsive sources
Explosives (non-linear source): monopole (energy) SLe
Air guns: zero to peaksource level (dipole, in vertical beam)
SL

Pile drivers: no d

tion available

Continuous sources
Ships: SLpp or SLep, of RNL

Wind turbines: no definition available
Be @ e
Al Feoed .
» Innaation
e TNO 2 el

FHWG Agreement in Principle revisited

Lack of terminology standard creates ambiguiies in

interpretation:
What is meant by “sound pressure levels of 206 dB peak’™?
Proposedinterpretation: “zeroto peak sound pressure level
of 206 dB re 1 pPa”

Acceptance of this proposal wouldimply:

The agreed upon criteria identify risk thresholds of zero to
peak sound pressure level equalto 206 dB re 1 uPa and
cumulative unweighted sound exposure level (SEL) equal to
187 dB re 1 uPa* s for all listed fish exceptthose thatare
lessthan 2 grams. In that case, the threshold forthe
cumulative SEL willbe 183 dB

B @ -
| AL Eeed )
\ .
o< B | - Prr—

Source level (ll): impulsive sources

Energy source level: SLe
Measure of energy

Zero to peak source level: Sl
Measure of zero to peak sound pressure in farfield

Pe@ m
| Al Eo®d )
\ Innovation
o TNO 722 e

Standard definitions of source level

ANSI 51.1(1994) R2004 “sonar source level”

the sound pressure level on the axis of the Sound projector ar a

reference distance of 1 meter from [ specified point associated
with] the projectar

[x]

Mo mention of
Farfield
Required scalingto reference distance

150 9875:2000 “s ource level”
‘meximum_roof mean square (rm.s.) Sound pressure levelat 8 ‘ |

point on the principal xis of the ransducer, a5 messured in the
far frald but referred to the distance of 1m

Correct (consistentwith Urick 1983, Ainslie 2010), but vague
What is meant by “referredto .. 1 m™?

L 1T -
| Al Feed
0% TNO 500 e
4 Sly—Sle
Summary I

Absence of widely accepted terminology leads to risk of confusion
Source level (apples and pears), for example:
Surface ships: difference between 5Ly, and SLy, up to 9 dB
at 30 Hz (4 mdepth)
Conceptual difference between source leveland SFL@ 1 m
Sound pressure level
Inconsistency between ANSI (RMS) and 1SO (inst)
Peak sound pressure:
Positive (compressional) peak or negative (rarefactional)
peak?
Howto express in decibels?
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. | eme B .
TNO 5 ] o% TNO 50 )
Conclusion: Need for international terminology References (l)
standard for underwater sound
' European collaboration » AETUS 2011, Ad hoc Europaan working group on terminglogy for underwater sound,
» AETUS (~30 scientists from 8 nations) Standard for and monitoring of naise, Fart |-
+ NL(TNO), UK (NPL, ISVR), Germany (BSH) .. and their wnits, edited by M. A. Ainslie, TNO-DV 2011, CZ235°
' Consensusreport (AETUS 2011) + Ainslie 2010, Frinciples of Sonar Performance Modeling (Springer. 2010).
' 180 TC 43 (Acoustics) SC 3 (Underwater acoustics) + De Jong et 312010, Underwater noise of Trailing Suction Hopper Dredgers at Massviskts
' ChairGeorge Frisk 2: Analysis of source levels and background neise, TNG-DV 2010 €325, November
' Secretary Susan Blaeser: sblagser@aip.org 2010
+ Inaugural meeting at WHOI + Southall et a1 2007, Marine mammal noise exposure criteria: Initial scientific
v 1113 June 2012 recommendations, Aqustic Mammals, 33(4), 411-521
' Radiated noise fram ships, | » Stadler & Woodbury 2009, Assessing the effects to fishes from pile driving: Applicstion of
+ Terminology T new hydroscoustic criteria, Inter-noise 2009, 73-26 August 2009, Ottawa, Canada,
) + Urick 1983, Principles of Undenwater Sound (Peninsula, 1383)

) 5 108

@
$ D 3 Das Wegmal
L @in minferer Deribangras beivigh
- eber 331436 Bieaer &

| n..ﬂr'ﬁ .:? | 3 -

™NO i
Tor il s —

Internet addresses Questions?

* Roman mile: 5000 Roman feet (ca. 1479 m)
+ Metric mile: 1500 m o
+ Statute mile: 5290 feet (1609.344 m)
ieh ui: i i Shortlist Ec Survey mile: 5280 survey feet (1609.3472m

_Wind_op_] i 206k + Nautical mile: 1852 m
Scots mile: 320 rods (5920 feet)

p: iy biblis asp + Portuguese milha: 2087.3m

(Zandwinning ... onderaetergeluid) + Irish mile: 6720 feet

+ Danigh mil: 24,000 Danish feet (F532.5m)

+ German meile: 24,000 German feet (7586 m
Geographische meile: ca. T412.7m

+ Russian milys: T468 m

+ Norwegian or Swedish mit 10,000 m

+ Croatian milja: 11,130 m

15818 080
10008} 111,11

™D i
Tor il s —

BOEM: Information needs and data gaps

+ Presentation name: Terminology for underwater sound
+ Author (affiliation): Michael A Ainslie (THO)
* Information needs
» Standard terminology for underwater sound:
» compare like with like
+ Improve communication between regulators, scientists
and managers

Christine Erbe & Robert McCauley

Centre for Marine Science & Technology
+ How to characterise pile driveriwind turbine? Curtin University, Perth,
Western Australia
+ Data gaps

) nla C.Erbe@curtin.edu.au
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1. The Marine Soundscape Overview

a) Ambient (physical)
Sounds

b) Biological Sounds
c) Anthropogenic Sounds

d) Local sound transmission
regime (critical)

2. Quantification &
Characterisation

3. Trends?

4. Conclusion: How much
is too much?

THOSE CHICKEN CHILLI MASSALAS
SURE PUSH UP THE AMBIENT NOISE

How do we measure

soundscapes?

CRITICAL to understand
what one is to measure,
instrument nature &

artefacts - otherwise get
misleading results

Natural
Ambient
Sound

[Wenz 1962, JASA
34(12): 1936-1356]

pectrum Dersity Level [45 re 1 pPa?Hz]

S

Frequency [Hz]

Soundscape:

* an acoustic environment consisting of natural
sounds (including animal vocalizations and the
sounds of weather) and anthropogenic sounds

* In the ocean very dependant on environment
for sources & transmission

Acoustic Ecology:

* the study of the relationship—mediated
through sound—between organisms and their
environment

e = Definitions

I8 curtinUniversity

2. Quantification: a/ Spectrograms; 2/ search; 3/ interpret

24 hour mean

i callers

Freq. (Hz, res. = 0.73 )

m Curtin Uni

Example physical noise information —
swell ampl. & period change =incoming storm

evident in low frequency non-linear wave noise

wave interactio ¥
“* nolse, front appch.

MY
Al N o bl

Sea nolse
0-0.5 Hz
[

Sea noise 0-1 Hz

i vppes Wi

s ot g

£ A spd.
o om o000 e w0 R 75days
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Light globe @ 2 km of

crayfish,
L
Croal ) .
Figh tone o]

Adrgun 3
Whalebrech 3 &

Adr gun 40,20,
i kam q

saarsesp &

hour post sunset
e N B @ @

a8 ro 1uPa‘Hz
s 2 8 8

| 1053

AT 007 D07 F08 A-M J'DS MSO% D08 F-09 A-09 109 A09 009 DM - 10»‘0 days
T93.7 Hx 173 octave rerced 1o sunsot

What is the “correct” source level?

6 Noar Fied - Frosnel Distanco

) Far Flald¢s
= |
@ 4 . 4 spherical spreacing :
i -
1 f R
60 80 00 120

range [m]

Depends on what you want to use it
for... => Mike Ainslie’s talk

Marine Sou ci L = s | in University

Australian examples seanoise sources (spectra are most
useful and should be mandatory in noise studies)
100 T T T

) CA G0s
&5 % _/f-____h\ Fish T

'm L -

& F RGOS ):_':\\‘n_y_lr{y;,,---..\ Evening 4
T8 ’_-/7-;.:_‘"’ 3 \\\ R w” ~‘l-.'.hn|.|5e=.

] o — N P Y

A I N v Shrirrgs

o e NN T e mshore

& L RO~ A P! -
4 e N v +
= B0 - (NN v 1 Shrimp
= e 1 Hommin, -
i3 T~ T i
I -~ . 3 =
o el - - =
g Eloged nos Wind 0kn
w 3 —==== ‘Wind-dnpendent nokn dependent | ap 1y
W Trahc nnise noiss y
=] 0 ——— Irathc noiss - 10kn
= Skn

a0 i1 laesal ' R ] L 2o bl
10 100 1000 10000
FREQUENCY (Hz) [Doug Cato]

1c. Types and Characteristics of
Anthropogenic Noise

Asthenpogesic Mossa Spacira

airgun amay 2500in? benadside
pi diving 1 Ben dham 200 kJ
Icebenakes ndge ramenng
. lsge vessel masn

180 o maan dredges dredging & dumping

- " maan drilling sisson
maan whals-watching zodiace
I = jski

21m]

Powor spectiurs donsity [48 o 1 PaH

- i

w ~+wa f A

L I "

50 days sea noise dominated by seismic

5832888355
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Pile Driving

[Erbe, Accustics .
Australia 2009] -

=> See Jarnes
Reyffs talk

Pleasure
Craft =

B re o't

Example high loss seabed type impacting wind &
seismic survey signals

Alr guns

humpbacks fish

Mrequency (Hz)
]

£
E

18 0

‘waisting’ due
time from 01-Nov-2003 to 02-Nov-2003
—>

CONV. energy
into shear waves

Air guns

wind

Large Vessels

Propeller cavitation noise dominant when underway
small number noisy ships dominate ocean noise
Internati effort to quiet ippi

Importance of sound transmission

Ambient noise is site specific:
different sites have differing sound transmission regimes
larger ensonified area =
a source type contributes over a larger area
more poiential source types

Shelf edge, 5 ocean
\ coupled

R ro TuPa’He

Nearby site NOT S ocean coupled

Quantify - ambient noise Percentiles

Sth %ile
25th %ile
50th Nile
T5th %ile
95th %ile

Fiery shallow water wind, ™__
wave & flow npise

Spectrum Level (dB re 1 uPa’/Hz)

s I
r Boats, fish & Snapgingshrimg]
[ sandpump m|
20
1 10 100 1000 10000
[Erbe & McPherson 2011] Frequency (Hz)

B-40




Appendix B: Presentations

Energy [dB]

Note 20-25 dB Variability (Typical)

E 120§ e ——— 50th %ile Linear
"m F10 pinge 75th il Energy
a pingers o
= i F3harmonic 75 e e
'é 100 ; F2 fundamental § - '
8 . .
t Noise Budgets
g w:-\'cr\':l'alluwwalc\:rwmc_'. ....... Linear power
U wavek flow npise
A0 St Hb. 1
C : 1 Boats, fuh & Snapping shrimg)
C : ¢ sandpump s
20 F
1 10 100 1000 10000 poocave

[Erbe & McPherson 2011] Frequency (Hz)

B Curtin University

I et al, 2002, C & Price 2011 & £
3. Trends or deep sound channel coupled North Pacific WHICH, Cape Leeuwin increase in ‘noise’ . : s
we 1S NOT EVERYWHERE 1! EE
L ' Averaged over week 21
e Entirely 2 R =ar = R
due to A, &= Fiy X
" APL UW 1954-2001 blue whales = __{ i X
e Can Def 1978, 1980 z #, o
Wenz 19563-1965 ] 2 . A
- T @ i Al
H ! Nt A |

™ 2 e -
- @ 31 Hz g wl| f
" __ 0.25 By gk — .

~}: e e e 55 g5y 3= " '-._:_,
- e E saererars 2010 e
i BUT THIS SITE DOES NOT o = = E
o raquency,
. EQUAL ALL WORLDS OCEANS !

e e pm e om0 ;e e [Gavrilov et al 2012]
Tewr

I Curtin University

L
4. Conclusion s . &
‘o > W EU defines “Good WWF
How much noise is too much? (& Environmental
Status”: wt Arvudd Average SEL > 100 dB ¥3 oot @63 B 125 Hr
E X The annual average
£ i 1/3 oct. noise level
£l @63 Hz and 125 Hz
o B should remain
o] below 100 dB SPL
o rms.

[Erbe et al. 2012

| Curtin University . Conclusiol B Curtin University
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i 5 Christine Erbe & Robert McCauley
ThE Marlne . Centre for Marine Science & Technology
Soundscape Curtin University, Perth, Western Australia

C.Erbe@curtin.edu.au

* Characterising Soundscapes: Need a consistent way (&
metrics) to characterise soundscapes, e.g. power
spectrum density budgets (spectra) [ie. Cato Curves]

* Trends: Need long-term datasets to determine trends
(>10 yrs); trends will differ by location

* Modelling Soundscapes: Very difficult to predict
soundscapes (into the future or past), due to number of
sources & variability, and sound propagation specifics

* Measuring Soundscapes: IQOE Science Plan suggests
monitoring soundscapes now in areas of future change
and/or critical habitat — needs long term commitment

* Ocean observatories: ie. EU & Australian IMOS

SEISMIC.SOURCES

=,

Early Calibration Measurements - SERES

Eristic signature
olume.

K. Haugland, T
83

QOutline

Early calibration measurements & source modeling
Early near and far field measurements
= New studies — OGP Sound and Marine Life (SAML) JIP
= 3D sound source characterization of an air gun array
= Single air gun and cluster measurements
Near field vs. far field measurements
JASCO/OGP soft start modeling study
* Marine vibroseis
* Marine vibroseis JIP
* Marine vibrator characteristics
= Information needs and data gaps

Historical Review — Near & Far Field measurements

- Amplitude spectrum of vertical far-field signature from a
typical single 70 in® air gun fired at 4 m cepth al 140 bar
air-pressure. A digital BkHz high-pass filter is shown as
e ovenaid solid line curve.

Envirgnmenial aspects of Manne Seismic &ir guns.,
Audun Sadal, 23rd Scandinavian Sympasium on
Physical Acoustics, 2000

Gun Type D
Companson of Outped o Ddferest Gum Capaotes.

Fongs e

Noise monitoring program — Sections 2-4,
Seiche Lid for UKOOA, 2001
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SCS07 - 3D Source Characterization Study

WA,

life.

NR

INIVERSITY

OF

50,000 shots (1282 line km) acquired

Single Air Gun and Cluster Measurements

clusters over

SCS07 - Experimental Design

: ﬁ-nchor

~1000m

Analysis of Closest Shot Point Spectrogram

From
= B 10413 Wl i KR 43,9948 el
v . v - - v - v —&CE03
rrfy“‘*‘“'d""“ suuw\nl'un wartice e
i Dot redecled
: i E_:':W : - S—
4 Surtace 3l bettom retected |
.“-‘_"“muzmlmm Dicttam and surface rededid |
\ f 1

Air Gun Calibration Measurements — Test Rig Configuration

FrN——

ACHTHOD
1R, BaK 094

Mumber of senscrs:
1

0 Wymophines, | by e,
100m | Bexes BaronTodid

Tetal: 19 hydrophones, 1
accelerometer, & free fisld

v T

& Hspharma, :
Errrn particle velocity sensors

Svein Vaage broadband ak gun sludy, A Mattsson, G. Parkes, D. Hedgeland, in:
Popper AN and A.D. Hawkins, eds. The effect of noise on aquatic life, NY: Springer
Science and business media, LLC
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Air Gun Calibration Frame

Amplitude Spectrum of 60 in? air gun & Background (50 KHz)

gt
LI

ARplituce spectrs

[ '
2 0 cubic inch air gun
kground noise

m o

-
5\ P
\ R Wi, P

LA g iR o, e

P AN M S
e

Relative dB
L S I N

o 20000 40000

Asg a result of these measuremeants PGS plans to implement a high fregquency
module In Nucleus during 2012/2013

Mear vs. Far Field

OGP Soft Start Study — experimental Design

Because of the array effect, the actual absolute peak pressure generated by an air gun
array is about a factor of 10 (20 dB) lower than what would be calculzted at 1 m by
sczling the far-field measurement

dBre 1 pPa

Step Stey Step Step Full
1 5 7 9 Armray
Tt wnoe
1 LI T !Il SN W an A NN DV DIDEDE BAE S NENE MW W o
g 1 {-’-\;'mu Cess Q |_‘_. C ]
290m
® o o 0 i ] ( o] 4]
® o o o o O o o 3]
S350 m
® © ©°o o o 100w — 8 o s]
14 i " 3 4 5 T

Profile 3 — Deep Water — Per Pulse & Cumulative SEL

OGP Soft Start Study — Conclusions

Wave Number Equation - Receivers at 100 metres depth

SBLiB e 8 )

= Sumatiine, e it Ot e, camitamies 30
* 100 oTire, pararor L —100 1 o, Cormuintivn 30

o 15 e pananen i —— T cfitine, curruimiva $iL

o BODm oM paranon BB B2 el it B

200 00 = 1109 W N e

Bnage from Brosite £94

Profile 3 Deep water
model WaveN

Online ~183 ~188 ~178 ~175 ~183
100m offine ~180 ~180 ~172 ~170 =1ia
250m offling ~175 =175 ~169 ~167 ~173
500m offline ~170 ~170 ~165 ~164 ~168

= No instances were found where the hold levels for h

injury for cetaceans were reached

= Animals are therefore not at significantly greater risk of harm when
a soft start s initiated in low visibility conditions

*  The threshold of pinnipeds was approached in the worst case model

Model based assessment of underwater noise from an air gun array soft-start
operation, OGP Report No David Hannay, Roberto Racca, Alex
MacGillivray, 2011 {www.c rg.uk)

A modelling approach to ‘soit slart, J.Campbell, D.Hedgeland, UK Undenwvater
Sound Forum, 2011
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Impulsive or Swept Sources — Marine Vibroseis JIP

ol }

Q ¥
Ex¢onMobil ToTAL Sialoil

Seismic Sound Sources and Marine Mammal Audiograms

Environmental Assessment of Marine Vibroseis, J.Richardson, W.Ellison etal., OGP
3'“%&0‘] F o201

-
&

Alr gun amay
(3000 in%)

B 3

dB Referenced tgu PaHz st m
-
]

&

Frequency (Hz)

PILE DRIVING
Underwater Sounds

James Reyff

PGS Vibrator

Volume change creates a
'| propagating pressure field

T AR

e L R
Luuw T T
im0
finmg 171 rmr ot
ooy 11

]
Each vibrator has 2 resonances controlled :
1

SRR L) Forrnm
1
L

by the shell and driver
Harmonics can be attenuated by a control
system with an efficient all electric driver

frngm T
Luduy PRI

Information Needs and Data Gaps

Title:  Seismic Sources
Author: Mike Jenkerson - ExxonMobil Exploration Co.

Data Gaps

* Update current air gun modeling codes
+ Increase model frequency range to 25+ kHz
+ Testaccuracy of modeling codes at higher frequencies
+ Continue to acquire calibration data for new air guns
« Improve particle velocity measurements

= Complete analysis of 3D air gun array (SCS07T)

= Evaluate marine vibroseis transducers
+ Geophysical & environmental testing of prototype

transducers

+ Conduct particle velocity measurements

Basic Sound Descriptors
for Impact Pile Driving

—Peak Pressure

—Root Mean Square (RMS) — over
pulse duration

—Sound Exposure Level (SEL) —over
pulse and accumulated
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PronILe ()

Pile Driving Sounds

Richmend Bridgs Pil= Oriving
30 Inch File

—snmn2- ms2 A

o ns 1 15 2 25 a as . 5 s s5 &
Tma (rsc)

Sound Pressure
(pPa)

Peak Sound Pressure

1.0E+10

5.0E+08

0.0E+00

1 =
<0609 - Peak Sound Pressure Level: Macimun absolute
L valie of the instantaneous sound pressure that occurs

during a specified time interval (ANSI 512.7)
A0E40 4= . ) . ) . ‘ . .
0p0 0p2 004 OO 00 010 012 014 016 018

Time (sec)

Interim criteria for fish = 206 dB

Sound Pressure
(HPa)

Sound Pressure Level,
effective

1.0E+10

peak . i , ||
5.0E+08 [Prons = T;-T; fp e =
7 1

)

0.0E+00 ‘

Sound Pressure Level: Decibel measure of the square
S.0B+03 = root of mean square (RMS) pressure. For impudses, the —
average of the sguared pressures over the time that comprise
[ that portion af the waveform containing from 3% ta 85%
| percert of the “effective “sound energy of the impulse

oo 0.0z 0.04 0.08 0.0s 010 012 014 016 o1g
Time (sec )

-1.0E+10

Single Pile Driving Impulse

g wemeiom

1.0E+10
S0E+03
@
Tl ]
iz
E g oo - }NMU unwﬂlv_vl"\n\i\vnv N
P
S0E+08
S1.0E+10
0.oo ooz 004 008 o0g o010 012 o4 0ag o1
Time (sec)
RMS Sound Pressure Level
FRa—
10E+10
R
5.0E+09 ms= Te-Ti Ip @ e
Ti

il

B L o pe s
g L

0.0E+00

—=

Moo

Sound Pressure
(pPa)

1
|
T I,

5 0E+09
Sound Pressure Level: Decibel measure of the square root

[ of mean square (RMS) pressure. For impuises, the average of the ||

 Geeto | sguared pressures aver some time period |

o0 002 004

Criteria for marine mammals

006 008 040 042 044 046 048
Time(sec)

= 1901180 dB injury
= 160 dB (impact)/120 dB (continuous)

Sound Exposure Level

SEL

Sound Exposure: tine
integral af frequency weighted
squared nstantaneous sound
pressure (ANSIS12T).
Proportional to Acoustic
Energy

oem |

Sound Prv taury
(wP1)

TImA 1)

Sound Enarg; A

!
[
{
2
w o @ @ e on oe w o

Interim criteria for fish = 187 / 183 dB accumulated
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Accumulated SEL

Vibratory Pile Driving

+ Much lower amplitude
sounds than impact pile
driving (20 to 30 dB lowver)

+ Noise tends to be more
continuous

* Higher Frequency sounds

Computing RMS Level

Vibratory Pile Driving at 10 Meters - ICE - 86 Driver

8 minutes

= W

150 o < T
. N My
o ""*‘*'W"‘“\r"-’ *
SWG .f ‘ﬂ - ‘-
%
: ; R S .
g:ﬂsu Nty !"“"’“ +
N 4
3
2 150 +
i = e Average
o | Max Leq | 10sec [ 1sec
[ 183 173 | 169 | 168

Time

SEL in dB:1pPa2*sec

Accumulated SEL

1.3-Meter Diameter Steel Piles
SEL Measured at 10 Meters

—
e 4 i

/ e 1 hour 30 minutes

150
6 min[240 strikes) S min (200 strikes) 6 rnin (240 strikes)

an -A73 dBistrike 475 dBistrike 477 dBktrike

' a5 LY
FESF I IL IR FLESE S EL TP F P

Time

Vibratory Pile Driving

Potential Impacts

* No restrictive levels identified for fish
— No Peak or SEL levels

+ Potential injury thresholds for marine
mammals unlikely (i.e., levels generally
less than 180 dB RMS near source)

+ Harassment to marine mammails likely to
extend many kilometers from pile based
on 120 dB RMS level

How Much Sound Does Pile
Driving Make?

Depends on ...

* Type and size of Pile

* Type of Driving Method

* Hammer Size and Energy

« Attenuation methods

» Substrate Conditions

« Sound propagation conditions
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Different Types of Hammers

Diesel Impact

Different Types of
Conditions
! On Land Near Water

Different Types of Conditions
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f Summary Table - Vibrator
Summary Table — Impact Driving y Tabie y
Driving
Average Sound Pressure Average Sound
Relative Water Wt i LS Relative | Pressure Measured in

Pile Type and Size Depth Peak | RMS* | SEL Water
0.30-m oter Steel H-type- Thin o 190 175 160 Pile Type and Approxim ate Size Depth Peak | RMS* | SEL
0.6-ra eter AZ Steel Sheet 18 meters 205 | 150 | 180 0.30-meter Steel H-ype Emetrs | 165 | 150 | 150
0.61-meter Concrete Pile ~L5meters 188 | 176 | 166 0.30-meter Steel Pipe Pile Emeters | 171 | 155 | 155
0.36-m eter Steel Fipe Pile ~15meters 200 | 184 | 174 iy Sz 1 b s || W || || 1D
0.61-meter Steel Pipe Pile Smetrs | 207 | 194 | 178 O i (49 S St “lSmeters | 175 | 160 | 160
0.8-m eter Steel Pipe Pile 10meters 210 193 183 L-meter Steel Pipe Pile - Loudest ~Smeters 185 175 175
T——— T o T 5 T &= 1.8 meter Steel Pipe Pile “Smews | 183 | 170 | 170
2.4 meter Steel CISS 5mees | 220 | 205 | 195 e T .
+ Impulse level
#++SEL for 1 nd of i drivis

B —— RMS levels based on 1-sec RMS

Minimization Measures Reducing Sounds

- -

+ Air bubble curtains/Dewatered casings
— Confined / unconfined

+ Dewatered cofferdams

+ Avoid in water driving
— Move footings out of water

+ Use Vibratory Drivers???

+ Construction windows
— Avoid times when species are present

Reducing Sounds Reducing Sounds

Air Bubble Curtain
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Reducing Sounds Reducing Sounds

Dewatered Cofferdam

Dewatered

Underwater Sound

Propagation smion:lwq:f:hf\ Worksheet for

+ Default 15 Log,, Rate (4.5 dB per doubling
of distance)

» Measurement Examples

— Large piles in relatively deep water
— Piles in very shallow water
— Large piles in varying water depth

UIBR0N 855Mes 112 JINGIe SiTe SLLE = 150 G5 30 NOL 000 T LISt 10 L5 njury (HTectne

Credit - David Woodbury, NMFS Scuthwest Division

Propa%atlon Of, Impac_t Sounds 2.4-Meter Diameter Pile
.4-Meter Diameter Piles . g
Single Driving Event - Attenuated

1 Hour, 9 Minutes

§ — -

E o et g e i

; - o/t o
- =
& & & & & S E P F S
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2. 4-Meter Diameter Piles
Relatively Deep VWater ~20 meters

230

I
Meas. Peak
Peak = 216-16Log(RM D) ||
Meaz. RMS
RIS = 208-1BLogtR A 0)

&

220

’.,,...
‘e

g
= ES%%
- 4
—=cEL= -17Log(RAQ; 1

B Zil \ — Loy @easSEf( )
£ om 4y =
e \ < e —t
g . T ——— |
g 1e0 \ ) . REETOTIE
=4 “——‘_.___‘_
a

180 T <
E —— R = 09481
&1

160 R =081

- 100 200 amo 400 500

Distance (meters)

Geysenille Russian River Bridge Replacemsnt
4%-inch CISS pile - Del mag D100 Hammer

21

180

Sound Ao 1iurs (dE e 1Pa)

i

&10m Peak

P S A B A

ma

Geysenille Russian River Bridge Replacemsnt
4%-inch CISS pile - Del mag D100 Hammer

21

g
2
=
I
=
E
£
=
5
H +10m Peak
L 4 20m Peak
4 40m Peak
w0

P S A A A A

ma

1.2-Meter Diameter Piles
— Very Shallow VWater

S0Und Fre 11U (4B 1HF)

Geyserville Russian River Bridge Replace ment
43-inch CIS% pile- Def mag 0100 Hammer

21

«10mPeak

»20m Peak

180

P A A S A A A A A

ma

S0una e 1NUre (4B 1HF3)

Geyserville Russian River Bridge Replace ment
43-inch CIS% pile- Def mag 0100 Hammer

210

Part 3

&10m Peak
170 «20m Peak
+ 40m Peak
& 75m Peak

180

A A A A A A A

ma
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PEAK Sound Level Drop Off

5

H

__S\@\

=4=Part 1

B

g

8

Sound Frours Lol - S
B
[

3

=4=Part 2

0T =p=Part 3

Propagation SFOBB

2.4-Meter Diameter Steel Piles

Significant Ground borne Contribution
Sound Levels Measured to South

I
— v - |
5.3 b *

10 -to 15 dB Different

Sound Levels Measured to East, West an
- -m.E

- Pl s MM

R e
le;\re windfarms noisy?m |
| Na= = I H i
El Workshop on tl oige on Fish
o e mwerebrates

Dr J Nedwell

) Y ———

Propagation SFOBB
2.4-Meter Diameter Steel Piles

Air Bubble Curtain Operating

sk
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2 .
2 10 17 2 Py = Pogk =230 19,0200 R
g B ‘\4\‘ RE =080
3 i o ¢
§amo \\;\ = +
= . .
5
5 160

a0 ANE =297 - 182 Log R

RT =077
190 t t t 1
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Distancs [m]

PILE DRIVING
Underwater Sounds

Topics for further consideration:

Modeling assumptions for biological
assessments

- Source levels (maximum or typical)

- Propagation rates

Measuring in the environment

- Real time measurements ?

- Too many parameters (Peak, RMS, SEL) ?
- Particle motion

- How is measurement data used ?

James Reyff

Lﬁ"'}"’M'I ,;-I IJ m ;I

et —t

Offshore wind power in UK

» United Kingdom world's 8™ biggest producer of
wind power; unique wind resource

« Currently 6000 MW, 321 operational wind farms

and 3,500 wind turbines

British electricity suppliers required by law to

provide proportion of their supply from renewables

+ Further 5 wind farms, 1,300 MW becoming
operational in 2012

« Round 3; 2,000 MW installed per year for the next
five years, about 28,000 MW of wind capacity by
2020

+ Environmental effects of noise biggest
environmental issue facing industry.

EY)

acoustech
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Impacts of underwater sound

Impact piling known to be
very significant sound
source

Piles up to 7m being
considered

Hearing injury especially to
marine mammals
recognised as issue
Behavioural response:
many 10’s kms — probahly
biggest issue in UK waters

) acoustec

EV)

Starting point; “standard coastal noise”

1

il and gas production nnessn

platorm stm20km
Lm0 //
7 / —cn
Fuomn
H Fioncise -
S Bubble ncise
H Surbreak noise
i Soun Moray Fan
i
4 R
3 an
H Cotal Pingers
Sriprin -
e ]
an S
et ses
a0
H 1 W wm 0w wowm  momon
Fraquene ) J—

« Windfarms situated in shallow {<50m) coastal waters
«  Mormal noise in 5-50 m depth similar to deep ocean $56
o Averaged Power Spectral Density

acoustech — 30 second snapshots, THZ bins

' R — 9 sets of broadband measurements of hackground noise

Operational noise measurements: spectra

180

Flaerioee

Rtating

machinery Bubble noiss —tlindfarm 1 - 28m
Bresking waves

Wave slepy

7
2

T Wl o 25m
£ 100 % ¥y

= \ 1 ? —ilindfarm .- 14m
& e 1] e

b-A Wane i

H noise ] Windfam - 20m
3 H H

o & T 1

2 i -

! w— Standand coasial noise
@ [ —

0

\ 3 o 1 1000 woom tomen 0o
) acoustech Frequaray [H:]

3t0 3.6 MW per turhing; water depths at sites 0-20m

30-100 turbines per windfarm on 4.3 to 4.7 m diameter monopiles;

EV)

Generalising measurements; unweighted SPLs

Measurements dominated
by background noise

fo " frnegensap ' Max.. Background
i L Mean NOise
g". Shoe Min-— nearby
H -
i
i SLAL fit ignores
noise
s i) =
+ Snapshot RMS unweighted levels versus range

acoustech

« Level so low difficult to fit SL/TL model

Interpretation of results: dBn metric

Measure of "loudness” Fish |
«  Generalisation of dB(A)
used for human noise
exposure

MNoise weighted by hearing
ability {audiogram)

«  Unacceptable loudness =
avoidance

Allowis design of windfarms
- objective evaluation of

Marine mamma

areas of avoidance for key
species Frequency

Levelin dByfspacies) Effact

0-m Lo kelihaod of dishirbance

ild avoid ance reacien by the majcrty of individuds but

75 and above habituation or conted may lmit effect

20 and above Strong avoidance reaction by wirtually all individu aks
By

acoustech
: e omrarian Above 130 P assibilty of fraumate hearing damage fiom single event

B\

Typical results, dBnt(Clupeia harengus)

Mild avoidance reaction limited by habituation

Predicted level immediatety

5% /amacemttn turting insurficient
H - to cause avoidance response
T B kit Lol B
¥ .
q . 4
£ "y

SN

i i
"
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R

Temporal considerations

* Area of sea excluded by a individual turbine small, butfor 25 years

« Consider habitatloss(area excluded as areatimestime) based on 50 dBant
(toughestcriterion)

Assumptions:

Impact Piling: A 4m dismeter pile installed over 3 hours
Wessel Noise: 3 vesssls onsite for 7 days
Suction Dredging; 1 vessel onsite for 2days
Trenching: 1 vessel onsite for 1 day
Operational Turbine: Operational fora period of 25 years
SOSENt Aremof | impectPiing | Uessel Moise sectian Tranzing Operationst
Sen Exietes presgeg orties
[iomars) [iom*ars) i) [iom*ars) fisiven
oo 12,000 25 5 El 1
et 4200 <1 z <1 1
ey 17.000 = 100 =20 n
&0 11,000 2,300 500 =50 <1
H Porpase 15000 1500 2200 2,700 5
HSesl 12000 0 @0 =0 1
‘Conclusion: Even allowing fortime, estimates of habitatloss

stech
L caused by operation are dwarfed by all other sourcesand
especially noisefrom piling

BN\

Commercial blasting

B\

Vibrodrive at yacht club (82
metres)

aLuusLELI

Summary

If noise during windfarm construction can be controlled,
best information indicates that noise during operation is
unlikely to be a problem

B

acoustech

Vibrodrive on site (24 metres)

Range to 50 dBr at Windfarm 2

Eolte-
nose Hriped ‘Harbour Harbour
Epeoles Herring | Cod Db Doiphin Coiphin porpolss sanl
. wloal el Wl oal
e ol ol e ol owl el w
Fange o 80 dEM 110 1o £ 5®o 500 2000 200
N

acoustech
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Near field effects? == TNO oo

e e s s

Other Anthropogenic Sources of Interest
M A Ainslie

Effects of Noise on Fish, Fisheries, and Invertebrates: A BOEM Workshop on Data
Gaps and Research Needs, 20-22 March 2012, Town and Country Resort, 5an Diego,
CA

.\“ acu_u_ntel:h

ar
TNO e e TNO 0 e e
Overview Objective
Background Characterise properties of sources otherthan seismic survey sources,
Soundradiated by surface ships impact pile drivers and wind turbines

Soundradiated by explosives
Noise mapping: Case study with shippingtraffic and dredging noise
Sound budgets

Conclusions

= p
== - | TNO 5 )
shallow

wiater ‘Wenz 1962

D

Other sources of anthropogenic sound

il
Wy
|

\\

Shippingvessels
Persistent
Raised background (Wenz)
Case study: dredger noise

Sources covered by other speakers
Seismic Sources. Michael Jenkerson
Pile Driving: James Reyfl
Wind Farms. Jeremy Nedwell
Sources notcovered by other speakers
Echo sounders
Search sonar: fisheries, military, coastguard
Acoustic deterrents
Transponders and communications systems
Other: Scientificinstruments, minesweeping equipment, acoustic
cameras
See Ainslie (2010)for typical source levels and frequency ranges

Explosions
Short duration
Highintensity -
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Jai |

Sources of underwater noise =

TNO [g;etien
T e s s

» Increasing concern aboutimpact ofunderwal

Explosions

+ Offshore construction (dredging, pile drxigg

' Seismicsurvey (air guns) ———————

\

Acoustic deterrents

+ Shipping

+ Sonar

+ Communications systems

» Dffshore machineryfinstallations
See Alnslle (2010} for typical Souros levels and freguency rENges

Dutch North Sea (Exclusive Economic Zone)

TNO |oyten
T il ——

» Area in 1000 km?
NLEEZ: 57
Morth seatotal: 758
USAEEZ 11,300

o

Shipping (ll)

|

_, Leyel (4B | pRaiHz@Am)
g i

1200

L B0
Frequency {Hz)
» Monopole source level (speciral density):

i
SL_,=230 733.94lcgmf+9.1]'logmilir

+ Depends only onfrequency f (hertz)
+ No correlation identified with vesseltype or speed

TNOQ [t
Fine e s sy

. =

Sources of underwater noise =

| o
» Increasing concern aboutimpact of underwater sound:

Explosions

+ Offshore construction (dredging, pile driving). James Reyff
+ Seismic survey (air guns): Michael Jenkerson
+ Shipping
' Sonar
Acoustic deterrents
+ Communications systems

' Offshore machineryfinstallations (wind turbines): Jeremy Nedwell

¥ VESSEL TRAFFIC ON THE NORTH SEA

= =
| =

Shipping (I}

) Shippingin Dutch M Sea:
) ~ 340 ships
) 57,000 km2
y ~ G ships per 1000 km?

) Global shipping:
1 ~ 80,000 ships
) 360,000,000 km?
» ~ 0.2 ships per 1000 km?

Hikdebrand

=
J Ow' |
. [
—
| ™O oo ]

Shipping (lll): Dependence on vessel type

» McKenna etal 2012
T types of ship

- Radiatednoise level (RNL)referredto 1 m
dBre 1 pPa? Hz

Santa Barbara E
Chanﬂe\,CA(ZUUQi_ -l -
i .
Ty ot :
. I ..
S . =i
" .
e . .
) T .
. Broadband: 20 Hzto 1 kHz
!
b Spod o
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TNO [g;etien
T e s s

| 8

Shipping (IV): dependence on ship speed

Arveson & Vendittis 2000
Single cargo ship “Overseas Harriette”
Radiatednoise level (~ SLy)

Speed: & to 16 knots

DHPOLE SOURCE &Y. SPECTRAL DENSITY LEVEL

Wales & Hed 02

Sl converted to Sly
for comparison

S (4 o1 P )

L, (1348 m
L |
Frosuancy 1 Ha

TNO |oyten
T il ——

Anon. 1949

Explosives (ll)

154 Garmen pTSrACnEROWIY Dam it s ST 00
e e

: £l
TNT. Tris pimcgranh e et of a daisie cpomre, he i be
e —-

Sencase cnrne
Exrioawe Ginkat
Doeronr UETONATION
Charge mass=30mg
Time=14 ps,
| 5
J i | -SE gv: =: "::r
I — | s
) S A RIS
Explosions (IV): | K L
Source energy; peak pressures” N

] B Weston 1960

Energy depends on TNT equiv. chargetnass:—— s
Shock wave (= 200 Hz): 1 Mfkg e
Bubble pulse (=200 Hz): ~2 MJ/kag (depth dependent)

Energy source level (shockwave) [Ainslie 2010]:

SLg = 231+ 10log, W dBrepPa’m’s

Peak pressure: Distance atwhich g, of 20 kPaisreachedin deep

water s B
5=130 mfor 2 g seal bomb Pep =524 l\W
s=49km for 100 kg ordnance _?;f;‘s;e'"m";sswm ks
5 =18 kmfor 5000 kg shocktrial

FHWG “Agreementin Principle for Interim Criteria for Injury to Fish

from Pile Driving Activities™ [FHWG 2008] (assume Lz yintended)
Ly, =206 dBre 1 uPa (zero to peaksoundpressure =20 kPa)

MPa

| 8

|

TNOQ [t
Fine e s sy

Explosions (1)

Dutch North Sea:
Disposa WW2 ordnance:~10 GJ/y [Ainslie et al 2009] (shock
wave)
Estimated order of magnitude requirementfortotal Morth Sea
~300,000tonnes ordnance (300,000 gigajoules)
requires 100 GJh 000 year
Beaufort's Dyke (Irish Sea)
~1,00,000tonnes ordnance (1,000,000 gigajoules)
requires 100 GJY
Global:
Ship shocktrials: 3300 Gy [Hildebrand 2004]

anrion

e

TNO |oten
foor il ——

Explosives (lll)

o= v, pnrase
W
[l

o

P
O

4
-

eaaTos u e
[y

—

—~
Lo sesenns

SaTioN 0 Th
TAL PRESSURE FuLsE e
SEcouE ARD TRIRD PULALS

= |

TNO |ooten
fior il s m—

Noise mapping: Case study

Heavy shippingtrafficwith nearby dredgers
Extension Port of Rotterdam, NL
“Maasviakie 27 (MV2)
Background measurements, 2008 [Dreschler et al 2009
Dredgernoise measurements, 2009 [de Jong et al 2010]
Trailing suction hopper dredgers
Source level
Environmentalimpact (workin progress)
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s

TNO [g;etien
T e s s

Summary of source level measurements
Dipole source level in 1/3-octave bands [dBre 1 uPa?md

IR

YhEm a0 w0 e B
Toequaecy (-cetslpt]

NL dredgerfleet

| Envelope MV2 dredgers
(various activities) De Jong et al 2010)

TNO |oyten
T il ——

Comparison with UK dredgers

Dipole source level in 1/3-octave bands [dBre 1 uPa? m?

anraan s el gl

1.l hirm CEET
[

All UK dredgers (while dredging)
Robinson etal 2011

N
ey (1ostrapt]

Envelope MVZ2 dredgers
(various activities) De Jong et al 2010)

TNO |oooton
T il s m—

| d

Sound budgets: how to compare apples with
pears?
Proposal: use free-field
(see lightning session);
Rankmain sources in Dutch North Sea
Air guns & MJ
Ships (340 ships)3MJ
Pile driving 0.7 MJ
Explosions 0.5 MJ
Selected sources worldwide (order of magnitude estimates based on
Hildebrand 2004, Ainslie etal 2009)
Ships (280,000 TOOMJ
Air guns (3900 GJiy): 300 MJ
Ship shock (3900 GJfy): 0.5 MJ x 3300/11=100MJ

as a measure of environmental cost

P

TNOQ [t
Fine e s sy

| 8

Comparison with UK dredgers

Dipole source level in 1/3-octave bands [dBre 1 uPa? md

" . " 7 b T w-mfnﬂﬁim‘?\' CREL)
All UK dredgers (while dredging)
Robinson etal 2011 Envelope MV2 dredgers

(various activities) De Jong et al 201

-
TNO i e
Maasvlakte-2: shipping traffic + dredgernnoise
24 hour simulation: SPL[dB re 1 uPa?

15 km

w0008 104800

s

TNO |ooten
fior il s m—

| d

Conclusions ()

Shipping:
Persistentlow intensity background
Characterised by source level (SLay, SLg or RNL)

= B e

[d@=4m)

e

Explosives:
Oceasional, high intensity
Characterised by energy, peak pressure (and duration)
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TNO [g;etien
T e s s

g == |

Conclusions (ll): Free-field energy

Largest coniributors to sound energy in the Duich Morth Sea[Ainslie
etal 2009]:

Air guns, shipj

ng (1to 10 MJ)

Pile driving, explosions (<1 MJ)

Echo sounders, sonar~0.001MJ
Worldwide (order of magnitude estimates):

Shipping, air guns, explosions (100

Sonar, pile driving?

TNO |oyten
T il ——

iy .
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BOEM: Information needs and data gaps

» Presentation name: Other Anthropogenic Sources of Interest
+ Author (affiliation): Michael A Ainslie (THO)
+ Information needs
+ How are source properties related to environmental impact?

Brandon M. Casper
+ Data gaps
» Surface ships: Measurements of radiated noise; dependence
on ship size, propulsion type, propeller depth ...
» Explosions: Propagation of shock wave in shallow water
» All sources: Energy budgets, effectiveness of mitigation
measures

University of Maryland

* Acknowledge this diversity, but try to promote
— More speciose than any other vertebrate on the categories that fishes can be placed in to allow

planet us to make some generalized predictions of
noise exposure responses

* Found in just about every body of water on
the planet * Briefly present several ichthyological topics
when considering noise exposure in order to

* Therefore, an amazing amount of diversity promote further discussion and ideas

FOmsAng arear
1200 naeal maben arcs

salinity, temperature, depth,
light, presence or absence of land, currents,
season, food web, habitat, life stage,
reproductive state.............

'
&1
5!!1

* And of course our role
— Fishing
— Habitat degradation
— Chemical pollution
— Noise Pollution?

B-60
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Fry iy deveig e e
d s The b iad p- e

:Largen developed ovaries o testes could also be more
susceptible to damage

o1

TR pS——_———

e How differenf is the auditory scene between different
species?

- Between different Irfe stages?

- Pmducﬂon ofstress hormones or other stress
responses

H en talk on Injury and Effects on Fish
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. Hearing Thresholds for Select Species .
160
I =~ Saimo

Table 1; Groupings. of Fish by Sensitivity to Selsmic Sound and Ecological Association
Ecological Assaciations
Large Pelagic | Small Pelagic | Dermersal Reel Shallow/Estuary In River
Fish Categories Cod
- = || mE
samvrury | gt — - = — Different methods for producing sounds
o .t e o — We likely have only begun to understand the
sound 2| e | o || B2 — extent that acoustic communication exists among
ole
fishes
fish wger Dorado Herring Red Snapper salmon . N .
Porterl il I R Rl el + Anthropogenic noise could be masking these

100 1000
- Frequency in Hz -

and/or ability to produce sounds for

on the type as well as presence or absence of communication with its auditory scene?

the swim bladder? * |f anthropogenic noise is masking a fish’'s

* What other anatomical features may be useful auditory scene, how important is masking in
when predicting effects of noise exposure? terms of the overall fitness of the fish?

BOEM Workshop 2012, San Diego, Effects of Meise on Fish, Fisheries and Inverte brates

Antecedents:

I —————
- Between September and October 2001 and in October 2002 the natural
rhythm of annual records of giant squids {Archifeuihis dux) stranded in the
area of the West coast of Asturias (Spain) experienced a significant
increase (Guerra et al., 2004a, 2004hb; 2011)

- These events were coincident with the proximity of vessels using
compressed air guns for geophysical prospection, producing sound waves
of low frequency (below 100 Hz) and high intensity (200 dB re 1 pPa at 1m)

- None of the lesions could be related to known causes of death, however,
the presence of geophysical prospecting vessels suggested that the death
of these animals could be related to effects produced by noise exposure
{Guerra et al., 2004b)

- The concern on the effects of climate change and of increasing ambient
noise levels on cephalopods sensory systems combined with a lack of
infarmation on the sensitivity of the statocysts when exposed to noise, lead
to a series of Controlled Exposure Experiments on Mediterranean Sepia
officinalis, Oclopus vulgans, Loligo vulgans and Mex coindet]
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BDEM Workshop 2012, San Disge, Effects of Noise on Fish, Fisheries and Invertebrates

Capture and Maintenance :

- Cephalopodspecimens were caught from theCatalanCoast (NW Mediterranean
Sea) over a period of 2 years, between February 2008 and August 2010, and kept

in a closed system of redrculaing naturalseawater (at 18-20¢C, salinity 35%.and
natural oxygen pressure) consisting of 2 mechaniclly filtered fiberglassreinforced
plastic tanks of 2000L capacity, that were connected to each other.

BDEM Workshop 2013, San Disgs, Effects of Noise on Fish, Ficheries and Invertebrtes

Control specimens Exposed specimens

Sacrifice & Analysis

Sequential Sacrifice

ExperimentalTank C & Analyss
e
R —
s

78 5 1 itk
= Ine T i =

Sacrifice & Analysis ‘—/ 2

BOEM Workshop 2012, San Disgo, Effacts of Noise on Fish, Fisharies and invertabrates

SEM. S=pia afficinalis (A, B, E} and
Octopus vuigaris [C, D) msp, A0
sacrificed 45h sfeer sound exposire.
E sacrificed T2hsfter sound expazure

SEM. Sepia officinalis msg, merificed 96h efter mund sxpazure.

BDEM Workshop 2012, San Diege, Effects of Noise on Fish, Fisheries and Invertebrates

Cephalopod specimens :

- Afirst set of 30 individualsof Sepia officinalis were caught and kept for several
weeksto observe and anahse ther adaptation to captivity. These animalswere
swimming, eating, mating, laying eggs and behaving normally over theentire
observation period

- The analsis (LM, SEM & TEM) of their inner sensory statocyst epithelium was
usedasafirst control and did not revealany lesion.

- 164 adukt andyoung specimensfrom Sepia officinai’s, 10from
Octopus vulgaris, 9from Loligo vulgaris and 4 from lllex coindeti

BDEM Warkshop 20132, San Disgs, Effects of Noise on Fish, Ficherier and Invertebrater

Results (1/6):

SEM. Control Sepiz officinalis {4 & B);
Detopus vulgaris (€ DJ macul dxtics
‘princeps; Octopus vulgaris inner sec

BOEM Workshop 2012 San Disgo, Effacts of Noise on Fish, Fisharies and invertsbrater

TEM. Callular orgenirstion of contrd Sepic LM {A) e TEM (B-E}. Octopurs wurlgaris maaria
gjﬂ:':k i 21 48h after sound expasure.
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BDEM Workshop 2012, San Disge, Effects of Noise on Fish, Fisheries and Invertebrates

TEM. Genersl nervousargeniztion of Sopin TEM.
officinalis mocula stotica prine=ps % B) and

Dctogus vulgaris macula stotica prineps
[msp), from on individuo) scrificed ABh sfter

ozl epitheSum in the metonet of Octopis
vlgaris [C, D). Controd snimels.

BDEM Workshop 20132, San Disgs, Effects of Noise on Fish, Ficherier and Invertebrztes

SEM. Sepia officingis. Linning ephitcium of

[, E}. Control snimais

specmens |G, H}

BOEM Workshop 2012, San Disgs, Effects of Noise on Fish, Fisharies and Invertabrates

Low G i &

Exposure E
Corresponding author:

Michel André
Technical University of Catalonia, Barcelonalech, Spain
michel.andre@upc.2du

Needs to:

determine sound characteristics, threshold levels and quantify the lesions in
the under posure experiments;

- explain the mechanism onset of these lesions, in particular to determine if
the ¥ it can be in open i

look for effectson larvae and possible recovery processes

- ifthese animals are more
motion or acoustic pressure, or to a combination of both.

to particle

BDEM Warkshop 2012, San Dicge, Effects of Noise on Fish, Fishesies and Invertebrates

Results (5/6):

SEM. Sepio officinalis (D} and Ocmpus
“l@nrxn_.* (E, F) cristo-arpula system. Contrdl
-

: o
SEN [4-E} and inalis
R

-E szcrificed 96h sfier sound expazure f, G: sscrificed
24h efter sound expamire. Insert in G szerificed 38h
fter sound exposure

BDEM Workshop 2013, San Disgs, Effects of Noise on Fizh, Ficherier and Invertebrzter

Conclusion, Future Research and Perspective:

Theseresultsshowed:

- lesionsnewto cephalopod pathology

- EXpOsureto sounds maycause serious lesionsonthe statocyst sensory
epitheliums.

theselesions are consistent with & massive acoustic trauma found in terrestrial
species.

Further investigation is neededto:

determinethreshold | evels and to quantify the | esions inthe statooysts;

explainthe mechanism onset of these lesions, inparticular to determine if the

laboratory conditions can be reproduced inopen environments;

- definitively understand if these animals are more sensitive to particle motion
or acoustic pressure, or to a combination ofboth.

Future electrophysiological experiments coupled with post-mortem imaging
techniquesare needed to determine the tolerance to noise thresholds of
cephalopods.
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Injury and Effects on Fish
Physiology

Michele B. Halvorsen
Michele halvorsen@@pnnl.gov

Pacific Northwest

Prcel Cpeated oy Batclle Since 1965

Underwater Noise - Components

» Sound is energy that can do work — thus, it can cause
damage

m Frequency
® Intensity
= Spectrum
» Two components of any sound wave
w Pressure
m Particle motion
» Near field (pressure & particle motion)
» Far field (mostly pressure, but some motion)

Pacific Northwest

Hakorsen, MBS BOEM San Diego 2012_— Prowdly Opevsted by Battclle Sinoe 1965

Underwater Noise Effects - Auditory

—rpuszPl: ——Tidl k- Chk Smmon —#-Sa% Sms —8-Dab

£
, g
Auditory z
= Changes in hearing ~ "
threshold e

= Hair cell damage

‘Saimon: Halvorsen et.al., 2009; Bass: Holtet.al., 2010;
Dab: Chapman & Sand 1572; Karl von Frisch-zar

Halorsen, ME BOEM San Dlego 2012

Underwater Noise Effects

» Energy development in marine environments
» Installation
» Decommissioning
» Exploring
» Concern for aquatic animals
» Behavioral responses
» Onset of effects
» Barotrauma
» Auditory - TTS
» Pile driving exposures in the laboratory
» Blasting exposures
» Tidal turbine exposures
Pacific Northwest

Hahorsen, MBS BOEM San Diego 2012 Prosndi Cperated by Battclle Sinor 1965

Underwater Noise Effects - Barotrauma

» Contraction and expansion of free gasin body
» Change in state of gas from soluble to free-form
» Swim bladder — (buoyancy state, hearing)
= Rupture
= Damage surrounding tissues
» Natural blood-gases
= Solubility changes
= Gas comes out of solution
» Bubbles form in blood and tissues
« Damage to tissues, vessels, organs
» Equilibration state is very important
= Neutrally buoyant fish
= Tissue-gas equilibration with surrounding water
= Physiological state of fish at exposure is critical




Appendix B: Presentations

Exposure and Assessment

» Expose fish to impulsive sounds
» Sound Exposure Level
» Barotrauma injury assessments of

neutrally buoyant fish

» Examples of injuries

Fish loading

N e

]
s
=
w
[*]
o
=
18]

HaNorsen, ME BOEM San Diego 2012

Barotrauma Effects Response Model

Fish Index Trauma - FIT

Response Weighted Index (RWI)

RWI=F (Wxl)

Mortal Injury Vits | Moderate Injury Wt3  Mild Injury

i 1 hr Hemorhage: gut, capillaries

Hematoma: major organs

Hematoma: swimbladder

» Ranked by physiological costs or impairments

» Grouped by Mortal, Moderate, Mild

Pacific Northwest

Hakorsen, MB BOEM San Diego 2012 Proandi Opevated by Battclhe Sinor 1965

Tissue Damage

Swim bladder
Intestine ‘

Prosle Opeated oy Batclle Since 1965

Hahorsen, MS BOEM San Diego 2012

Physiological Assessment

» Expose fish
» Biological exam of fish

= Death

= Auditory system-TTS

= Tissue damage- Barotrauma

= Ultimately, reported data difficult to interpret and extrapolate

» what does %' number of injuries mean to fish ?

» Tool assessment of the biological response
» Fish Index Trauma (FIT Model)

» Quantifies a qualitative assessment

= Addresses ‘meaning’ of injuries

= Monttoring / effects criteria

Pacific Northwest

Hanorsen, MB BOEM San Diego 2012 Pl pesates s Battclle Since 1965

RWI = Z (njury % Weignt)

Swim

Liver
nm:m hemorrhage

Injury 1 1

Weight 3 5
Calc(l x W) 3x1 5x1

Product 3 5

b3 3+5
RWI 8

Hahorsen, MB BOEM San Dlego 2012

Brief Summary

» Defined trauma threshold:
SEL.ym 210 dB re 1pPaZ-s
SELe, 181dB re 1uPa2-s
960 number of impulses

SEL.ym 211 dBre 1uPaZ-s
SELe 179dB re 1uPa2-s
1920 number of impulses

» FIT model has been applied to various sound sources
= Pile Driving {(Halvorsen et al. 2011)
= Rock Blasting (Carlson et al. 2011)
= Tidal Turbine (Halvorsen et al. 2011)

Pacific Northwest

Hahorsen, M5 BOEM San Dlego 2012 ool Openated by Battclle Since 1965
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Injury and Effects on Fish Physiology:

Injury and Effects on Fish Physiology

Michele B. Halvorsen Battelle, Pacific Morthwest National Laboratory
Data Gaps:
» 2injury pathways, Hearing and Barotrauma

» Define a level of detrimental TTS, probably specificto
hearing sensitivity group

» Combining TTS with Barotrauma? — Barotrauma may be
more sensitive

Further development of the FIT Model
Performance testing on fish after ensonification
» TTS and Barotrauma

Pacific Northwest

Halorsen, ME BOEM San Dlego 2012 Pty Opesated by Battelle Since 1965

A FEW WORDS ABOUT SOUND AND
INVERTEBRATE INJURY

Dr. Jerry Payne
Fisheries and Oceans
Canada

Hahorsen, ME BOEM San Dlego 2012

Michele B. Halvorsen Battelle, Pacific Northwest National Laboratory
Needs/ Gaps

» Effects of depth on fish response (depth might be protective)
» Extrapolation of biological responses to other signals

» Testing various size classes within a species
|

Different groups: Physoclistous, physostomous, no swim
bladder

» Understand process of injury accrual (do silent breaks =
“restart” for accumulation?)

» Exploration of assays to detect the presence of specific
proteins (biomarkers) in blood

» Appropriate metric or group of metrics
» Received sound levels: pressure and particle motion

Pacific Northwest

Prosty Opesated by Battelle Sinee 1965

B-67




Appendix B: Presentations

Areas of Interest

fon of Propeller-lnduced Mortality on Farly i i i
Life Stages of Selected Fish Species Biochemical Injury
K Jaew Knooowr snp STovn T Mavieinn Cellular Injury
HA drmp Evgrnves Remmch wod Desslipmuent Usmier, Wisneways £ rperient Sl .
JWH fits Fevry Woimd Vo hsiweg, Miisabssippl 30180, 154 Organ Injury
Marriew D. Chan

Vergmi Podinsy buic fiitaty amd Suie &mieveraivr,
Dheparmmet vif Fiskeries wnd WA Scuncen. Blackabarg, Vingimio 24081 LX4

Reproductive Injury

Ravsonn P MorGax 11 Behavioral Injurv

Liniverait sof Marylamd Comer for & Sopmes. Ap Late
H05 Brukit Raad Frowbeg. Morphwt 205322307, U540

SOUND SPECTRUM FROM HUSKY
SEISMIC SURVEY - IN OFFSHORE
NEWFOUNDLAND (2010)

HIGH LEVEL EXPOSURES

The airgun was deployed at 2m depth from a fishing
with caged animals positioned 2m below the gun.
s received were ~227dB, peak-to-peak.
-« -
9
| * ACOUSTIC RECORDER - 1KM AWAY

* MID WATER — 100 METERS
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Instant Mortality is Not a Concern with Seismic — It's
the Question of Important
Sub-lethal Effects.
Codfish
Crab
Lobster
Smelt
Jellyfish
Shrimp
Cunners
Capelin

UNDERSTANDING ENVIRONMENTAL
STRESSORS
“THE APPARENT PARADOX IS THAT IT IS THE

HARD TO DETECT SUB-LETHAL EFFECTS
WHICH ARE THE CHIEF CAUSE OF CONCERN.”

Animals were maintained in aquaria at
DFO for long term observation and
sampling.

OR AS DICK CHENEY MIGHT SAY “IT'S THE
UNKNOWN UNKNOWNS.”

EFFECTS INVESTIGATED

EFFECTS WERE OBSERVED ON

Lobster survival
Turnover rales

Blood proteins
Blood enzymes

Leg loss Blood calcium

Blood (hemolymph) proteins
Blood enzymes
Blood calcium

Food consumption
Hepatapancreas (liver)

Food consumption
Tissue damage
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RESULTS DEMONSTRATED THE VALUE OF BIOMARKERS ANR FROVISIONAL
STUDIES Rl CUIS T ADVICE FOR HIGHER ORDER EFFECTS

WITH THE UNDERSTANDING THAT SERIOUS LOBSTER MORBIDITY

INJURY IS NOT NECESSARILY IMPLIED EGG DEVELOPMENT IN SNOWCRAB

ASLGHT CHANGEIIE | BB E OF 0 REGULATORS WOULB HAVE BEEN “COLORED"
HORMOMAL RESPONSE WOULD NOT BE = i

ACCORDED THE SAME STATUS AS

HISTOPATHOLOGY LIKEWISE, BIOMARKER STUDIES ON FISH HAVE

BEEN IMPORTANT FOR ADVICE

WEIGHT OF EVIDENCE APPROACH REQUIRED E.G. STUDY BY SONG. MAN. COTT. HANNA
POPPER (SEISMIC IN A CANADIAN RIVER).
HASTINGS (SEISMIC OFF AUSTRALIA)

Snow Crabs Seismic
CAN ANIMALS HABITUATE TO
SOME EXTENT TO THE POTENTIAL
INJURIOUS EFFECT OF NOISE

s P W W TN 11 4125 S 008 R

Increased resistance to free radical damage induced by
low-level sound conditioning.

v T B v B i 1
mhw-:awm—-u—wq-mhhmnnuum
haaas o 0d

Aceoptas U fumary NI | Publiibed sslie 1 Fbrmary 301
© Sprnger Vil 001
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BIG ISSUE: CRUSTACEAN BEHAVIOR
AND FISHERIES

+ NO OVERT SIGNS OF SCARING IN EITHER
SNOWCRAB, LOBSTER OR SHRIMP

GUIDANCE FROM OLD TESTAMENT

“ASK THE FISH OF THE SEA AND THEY WILL
DECLARE UNTO THEE"

BOOK OF JOB 12:8

HOW GOOD WILL THEIR ADVICE BE?

Effect af Seivmic Energy o
S € raby (Cinniecetes opilin]

SCARING RADIUS FOR COMMERCIAL
CRUSTACEANS: IF SCARED

—> 0.02km

—— 0.2 KN
B —————— T

—— e DT
#DIFFICULT TO ANSWER IN ANY QUANTITATIVE
SENSE

»FIRST ROUGH CUT: STUDY ON CORRELATION
BETWEEN SEISMIC TRACKS AND CATCH

The eflect of seismic surveys on catch rates of rock
lohsters in western Victoria, Australia
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New marine noise research to
inform offshore wind farm rollout

30 November 2011

A raw stwdy of the impact of nolss on U behaviour of fish and
crustaceans is 1o inform the development of offshore wind farms around
he UK.

CALANUS FINMARCHICUS: A
KEYSTONE CANDIDATE

ONE OF THE MOST COMMONLY FOUND
SPECIES IN THE NORTH SEA AND NORWEGIAN
SEA, AS WELL AS IN ARCTIC AND SUB-ARCTIC
WATERS OF THE N.W. ATLANTIC

PROVIDES FOOD FOR A VARIETY OF MARINE
ORGANISMS — FISH, WHALES, SHRIMP
AMENABLE TO LAB AND FIELD MESOCOSM
STUDIES: BEHAVIOR, INJURY

WHAT ABOUT POTENTIAL EFFECTS ON
SEDIMENTARY INVERTEBRATE
COMMUNITIES

* SEISMIC
= MULTIBEAM - SOUNDERS

WHAT ABOUT ZOOPLANKTON?

* MAJOR KNOWLEDGE GAP ALL AROUND

* FOLLOW THE FOOT STEPS OF SUCH AGENCIES
AS PARCOM AND ICES IN TOXICITY
ASSESSMENTS WHEREBY FOCUS IS ON A FEW
REPRESENTATIVE SPECIES, E.G. A COPEPOD IN
THE CASE OF AN INVERTEBRATE?

* SCARING OF ZOOPLANKTON ASSEMBLAGES

Sghal A SEET a4 e 1T
Hostg = V3TNV Arowtaabatand « TPmem b #8411 Dot 3607

SQUID: HIGH PROFILE SPECIES

= THE STUDY NOTING EFFECTS ON EXPOSURE
TO SOUND/VIBRATION INDICATES NEED FOR
FURTHER INVESTIGATION.

* ALSO RELEVANT FOR CONCERNS ABOUT FIELD
OBSERVATIONS ON GIANT SQUID
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CHIDING BY ROYAL SOCIETY

NO SCIENTIST IS EVER AT A LOSS FOR MORE
STUDIES THAN HE THINKS CAN BE DONE TO
DEFINE THE TOXICITY OF A CHEMICAL. IN
COMMITTEE ONE SOMETIMES GETS THE
FEELING THAT NO ONE WITHOUT A DEGREE IN
TOXICOLOGY SHOULD BE ALLOWED TO TAKE A
BATH.

ROYAL SOCIETY

On the altraction of larval fishes lo reei sounds

David A, Mamn*, Brandon M. Casper’, Kelly 5. Doyle®, Timoty © Tricas’

N iy o4 M St binsnacere o e 1A, 85 AL Srsar Semih 1 Parstd, Pl BITSL BTN (L
- " L [y a——,

B
[

GROWTH OF AQUACULTURE SHRIMP

* THE STUDY NOTING EFFECTS ON CHRONIC
EXPOSURE TO LOW LEVELS OF
SOUND/VIBRATION INDICATES NEED FOR
FURTHER INVESTIGATION

* SEAHORSE AS SUPPORTING EVIDENCE

INVERTEBRATE BEHAVIOR: THE HERD
OF ELEPHANTS IN THE ROOM

» HOW CAN WE APPROACH DICK CHENEY'S
“UNKNOWN UNKNOWNS" WITH RESPECT TO
POTENTIAL EFFECTS ON COMMUNICATION,
FORAGING, NAVIGATION, PREDATOR-
AVOIDANCE, REPRODUCTION AND HABITAT
SELECTION?

WHEN THE “FORCE" IS MAINLY FOR RESEARCH
NEEDS OF KEY CLIENTS.

SOUND AND INVERTEBRATE INJURY
DR. JERRY PAYNE

FISHERIES AND OCEANS, CANADA
CONCLUSIONS (1 SLIDE)
RECOMMENDATIONS (2 SLIDES)
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CONCLUSIONS

The slate is mostly blank with respect to studies on the
potential for various sources of sound to effect delayed
martality or sub-lethal injury in invertebrates.
The few studies that have been carried cut with crustaceans
and a cephalopod indicate a potential for sound to elicit sub-
lethal biochemical/physiological fhistopathological respons
It is important to note that such biomarker response
different colors, from the benign to potentially injurious.
The information gap on invertebrates makes it all but
ible — in most instances ~ to pass informed opinion on
related to potential risks/no risks associated with
om seismic, pile-driving, sonar or vessel traffic.

d industry on the extent to which field
studies could be useful for assessing effects on animal
behavior — e.g. the question of seismic and alteration of
crustacean catch.

Avail of opportunistic field studies to obtain biomarker data
e.g. caging of animals in relation te pile driving or seismic

Provide information (if only for assurance) on whether
rooplankton assemblages might be significantly affected by
loud socunds e.g. seismic surveys. Carry out dose-res
studies to assess sub-lethal and potentially injurious effects
in a keystone zooplankton species such as Calanus.
-ourage basic studies to grapple with the difficultissue of
tle but possibly impaortant effects on animal behavior.
Priority would likely be regionally driven in relaticn to
specific species and concern.

Importance of Sounds for Animals—
Sound Production and Sound Detection

David Mann

UNIVER! N 7

RECOMMENDATIONS

Carry out laboratory or small scale mesocosm studies to
assess the effects of sound on commercially important
invertebrates such as lobster, crab, shrimp, scallop and
squid. Parameters for consideration would include behavior
and pathology which could invelve biochemical,
physiological and histopathological endpaints.

Although difficult, a special attempt should be made to focus
on deriving some dose-response relationships, including
under chronic conditions of exposure.

Carry out exposures with actual sources of sound or sound
tracks, to the extent feasible.

RECENT LEGAL RULINGS

« Environmentalists failed to establish that

there was a probability of irreparable harm
to marine mammals — Justice Michael
Kelen

* | am satisfied that the Inuit will suffer
irreparable harm if an injunction is not
granted” — Justice Sue Cooper

Invertebrate Sound Production

Snapping shrimp—generate a
cavitation bubble to produce
very loud, broad-band sound

Spiny lobster—associated with
defense. Not clear it is audible
to the lobster.

No known sounds from squids
or octopi
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Commercially Important Soniferous Gadidae
Fish Families (cods and haddock)

S5

* Gadidae (cods) « Pulsed sounds well-known "]l'nITt?\J?"IIJ?‘LEI- I‘T"t&

* Sciaenidae (croakers and drums) from cod (Gadus morhua) and
- haddock (Melanogrammus
* Serranidae (groupers) aelshinis)

* Walleye pollock likely
produce sound, but it has not
been documented

= Sound pro
haddock

LEO-15 Ocean Obgervatory Sciaenids (CI’OE]}(EFS)

ons By: Diane Rome

Red Grouper (Epinephelus morio)
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Red Grouper

Soliath Groupar

G iy . Acoustic Cc unicatio
Characteristics of Fish Sounds 1€ SOMIURICton

* Tend to be stereotyped

* Sounds by different members of same family
can be similar

communication g
— E.g. toadfish, cusk-eels, groupers likely short (typically <100's
— But, not always, e.g. some sciaenids of meters).
* Exception could be deep
or if there are very loud
fishes

Some Unknowns

Large-Scale Mapping

* ~ 300 Hz harmonic
* Glider with hydrophone
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Some Unknowns

Some Unknowns

e ~400 Hz frequency modulated
‘harmonic’ .

Fraqaamcy #r

Glider Deployment Glider Deployment

Start 7114
—— end 7121

Red Grouper Distribution on West FL Shelf

Needs and Data Gaps

Loggerhe:

Invertebrates: Little is known about how sound is used in
communicati r hearing sensitivity.

Library of soun

— This hinders use of p:
sound on behavior,

[etestsons by Hour

o New methods t

- Con
environment
Der

What are impacts of
behavior Jawnil

Do we care about all fishes?

B-77



Appendix B: Presentations

How Fish Hear

| -
00//DB 12 18 00 06 12 18 00 06 12 18 00 08
Aug 20 Aug 21 Aug 22 Aug 23

-’M )l‘u:: ;‘1" v ‘__.._"_:_x’:‘.d '
i P;.-‘L

Aug 11 /.:;_—‘3 '
=i
b

Aug 18
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Richard R. Fay
Marine Biological Laboratory
Woods Hole, MA

Masking — Originally described aspects

of human hearing performance

(e.g., Fletcher, 1940)

First applied and developed for human hearing

Simplest case —

Signal of interest — pure tone
Interfering sound — white noise

Masking Fundamentals and Assumptions

Filter bank or hypothetical detection channels

CRis known for §

l

Hypothetical filter handwidth (BW)

Fre

BW(Hz) = 10(CR/10)

Masking — definition: the reduction in the
detectability of a signal of interest due to the
presence of another sound — usually noise.

Auditory Scene Analysis (ASA)

— definition: the process by which the human
auditory system organizes sound into individual,
perceptually segregated streams according

to their likely sources.

The term was coined to describe human hearing
by psychologist Albert Bregman (1990).

These are related concepts that help define
the hearing process of human beings and all
other animals.

Masking assumptions (Fletcher):

*The receiver is the human ear composed of many
independent, frequency-selective channels (filters).

+Detection of the signal tone uses a detection channel or
filter centered on the signal frequency.

«Detection filters have a finite bandwidth that admits
both the tone signal and noise components falling
within the filter.

*When the tone is at masked threshold, the noise
power equals the signal power within the filter.

«At the detection threshold for the signal, the ratio
between tone signal power and noise power (level
per Hz) can be specified. This is the S/N at threshold.

+The signal-to-noise ratio in dB at signal threshold is
called the Critical Masking Ratio (CR).

+The CR in dB can be used to estimate the width of the
detection filter (Bandwidth=10cR/10).

+For Human listeners, the width of the detection filters
increases with center frequency according to a linear
function (Glasberg & Moore, 1990).

+Masking will be in effect for all noise levels that can be
detected (i.e. from the threshold of hearing the noise).

+Masking is a linear function of noise level (1 dB
increment in masking for 1 dB increment in noise level).

*These aspects of masking have been confirmedin a
variety of animals (mammals - including marine
mammals, birds, amphibians and fishes), including that
all ears contain a filterbank of detection channels.

+It is likely that masking functions similarly in all
animals, including sea turtles and invertebrates.
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The usual or “natural” ambient noise already causes
masking for most fishes in most environments.

So, any increment in these noise levels by anthropogenic
sources will most likely cause additional masking.

Masking effects are analogous to a hearing impairment
in that, while the masking noise is present, the
thresholds for detecting the usual sources will be
raised (i.e., all sources will be harder to detect).

Consequences of masking for the fithess of fishes

There is no research on this question, so we don’t
know what effects on fitness and survival might occur
caused by anthropogenic noise.

We can guess that extra noise in the environment could
interfere with communication (social and reproductive),
predator and prey interactions, and orientation to
environmental features.

One thing is certain — As noise levels are raised above
the “natural” ambient levels, all noise sources may —

*Render the weakest sounds undetectable

*Render all sound sources less detectable

*Reduce the distance at which sound sources can
be detected.

Auditory Scene Analysis

The ability to segregate sounds from different sources,
and to assign sounds to independent sources.

Bregman (1990) introduced the notion of Auditory Scene
Analysis (ASA) generally, with the focus on human
speech and music perception.

“Dividing evidence between distinct perceptual entities
(visual objects or auditory streams) is useful because
there really are distinct physical objects and events in
the world that we humans inhabit. Therefore, the
evidence that is obtained by our senses really ought to
be untangled and assigned to cne or another of them”
(Bregman 1990, pg. 13).

*However, most of what we know about masking applies only to pure
tone signals against a flat-spectrum (white) noise masker.

*Real signals and noises are more complex than this, with both
signals and noise having arbitrary spectral shapes and bandwidths.

*There has been very little research on this aspect

of masking in fishes, and no certain way to make guantitative
predictions about the masking effects of arbitrary spectral shapes on
arbitrary signals.

«e.g., the masking effect of vibratory pile driving on the detection of
communication sounds of the cod cannot be predicted without
further research. All we can be sure of is that only the noise levels in
the vicinity of the communication sound spectrum cause the
masking.

Masking Effects on Distance of Source Detection

Spherical and Cylindrical Spreading

p—r]
——— Cyfincrical

5dE

|
I

signal level (dB)

[ Range reduction
Ll )
10 — 10 1000 10000

range (meters)

Any increase in ambient noise reduces the distance at which any
source can be detected.

Cylindrical spreading — 32% distance reduction / 5 dB

There is no threshold — any noise increment = distance reduction

Bregman -
2 types of ASA—

PRIMITIVE — Bottom up, involuntary, not dependent
on cognition or attention, automatic, and | would say,
the ASA shared with all animals.

SCHEMA-BASED - Top down, memory-based, arising
from learning and experience.

2 further types —

SEQUENTIAL — Those sensory features that tie together
a temporal stream as if from a single source.

SIMULTANEOUS — Features of a sound that distinguish
one simultaneous source from ancther
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Sequential scene analysis

Principles of Gestalt Psychology (visual analogy),
including PROXIMITY and SIMILARITY, - “an
automatic tendency of brain tissue,” and | would
say, one of the primary purposes of the brains of
all animals.

ASAIn hearing has been classically demonstrated
using sequential tones — Miller and Heise (1950)

The guestion is, “do you hear one source or two?”

Simultaneous Scene Analysis —

The “hearing out” two or more sources
that operate simultaneously, and assign
the acoustic components of each sound
to its proper source -

E.g., Vibropiling and cod communication
sounds. Each source must be analyzed
and perceptually segregated for the
vocalization to have its intended meaning.
Without ASA, this combination of sounds
would be a “chimeric” conflation of the

2 simultaneous sounds.

Auditory Scene Analysis capacities have been
demonstrated so far in:

+Human beings

+Several other mammal species
+Several bird species

+Goldfish

| think we can believe that all vertebrate animals
Must have this capacity.

What does this mean for anthropogenic noise effects?

Miller and Heise (1950): The "Trill' Threshold and stream segregation

Periodic Tone Pulse Train - 1 Stream

A

Frequency Modulation, or Trill - 1 Stream

No Trill, Rep. Rate Halved ('Fissien'),

ASA — simultaneous sources

*Not the mere recognition of species-specific sounds in
noise or distracters.
-Not the mere detection of sources in the presence of
noise or distracters.
+Not dependent on directional hearing — (e.g. asin
individual instruments in an orchestra
in a monophonic recording)
+It is the disentangling of acoustic components of one
source from those of others, and then the perceptual
segregation of these sources.
«It is the determination that the signal in question arises
from an independent source.
Acoustic factors that promote segregation: asynchronous
onsets and offsets, differences in pitches and timbres, and
differences in AM or FM patterns.

hearing out

As for the consequences of masking, we don’t know —
no critical experiments have been done.

One thing we do know, however, is that in order for
any sound to be useful as information or perceived
properly, it must first be segregated from all
simultaneous sounds so that its source can be
usefully determined.

And we know that for source segregation to take
place against a noise background, the S/N must be
higher than that required for mere detection.

In other words, the noise level that interferes with
signal detection through masking will be above that
required for source segregation — source segregation
will be disrupted at lower S/N than signal detection.

B-81



Appendix B: Presentations

Scene analysis assumptions

S/N required for tone detection (masking CR)

ional S/N required for source segregation

White

Conclusions

“We know a lot about tone-in-white noise masking
in fishes.

“We know very little about the masking of arbitrary
signals

“We know alm
masking for fish b

*We know that fish are capable of Auditory Scene
Analysis.

What to include
+ Species
True "small” pelagic and mesopelagic ones (no bentho-
pelagic r:-nes?e
- herring (Clupea harengus)
- mackerel (Scomber scombrus)
- blue whiting (Micromesistius potassou)
- sandeel (Ammodytes sp., Hyperoplus sp. ++)
- mesopelagic species (Myctophids, ++)
- salmon and trout (xx, Safmo salar, S. trutta)

. e |

P ——

i - —— =

The point is that the r
enough for useful sol

information to

The additional S/M required for source segregation is
not known, but for goldfish the va

s about 4 dB

greater than the critical masking ratio for tone-in-white
noise masking (Fay, 2011).

on of a signal is not
ing. All effective sources

y-used (t

Behavior of Pelagic Fish in
Response to Man-made Sources

John Dalen
Institute of Marine Research,
Norway

Effects of Noise on Fish, Fisheries, and Invertebrates
A BOEM Workshop on Data Gaps and Research Needs
San Diego, 20-22 March 2012

INSTITUTE OF HARINE RESEARCH

HAVFORSENINGEINSTITUTTET

What to include, cont

Sources

+ Only sources producing sound energy within the
frequency ranges of hearing in actual fish species,
i.e. at low and very low frequencies < 1000 Hz

hammers (piling)

fishing gear - trawls

explosives — blasting (construction and demolition)
sparker (seismic)

airgun (seismic)

very low frequency sonar (mostly military — a few
within geophysics)
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What to include, cont
Surroundings and habitats

- free swimming fish — shoalsischools or single specimen

- caged fish have as often undesired and rarely known resfrictions in
behaviour responses and pattems
== left out herel

From hammers - piling

All potential relevant studies are either on caged fish and/or on
demersal and bentho-pelagic species

Swimming behaviour of herring during
acoustic surveying and pelagic trawl
sampling

A study showing herring beaviour related to pelagic trawling in the North Sea
but the reponses to the trawd are rather diffieult to distinguish from the response
to the ship — re Alex De Robertis "Responses of Fish o Ship Noise™
*  Major findings: The heming avoided the trawl by
- increasing the horizental swimming speed -
undertook verical migration towards the bottom

Misund, O.A, & Aglen, A 1992. Swimming behaviour of fish schools
in the North Sea during acoustic surveying and pelagic trawl
gnpllng. ICES J. Mar.Scl. 49: 325-334.

Overall recognition

+ Studying behaviour of free swimming pelagic
fish species is a very challenging task with
regards to:

- observation methodology

- instrumentation
- data analysis and interpretation

There is no general fish species in this context!

All impacts from man-made sound on fish and such
stimuli leading to changed behaviour must be
understood in a species specific, size specific and
ﬁbio;fogica! state specific context, and seasonal

context!

From fishing gear - trawls

2 relevant kinds of trawl
- demersal trawls / bottom trawls

- pelagic trawls

Pelagic Fish Behaviour during Trawl
Sampling off Angola

(Sardinella sp. - Sardinella maderensis and 5. aurita)

S ‘\- -

Kyrkjebo, E. & Misund, O.A 2011. Pelagic Fish Behaviour during
ﬂwl Sampling off Angola. OpenOceanJour 2011, 5, 22-29,
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Pelagic Fish Behaviour - Trawl Sampling - Angola,
cont

— Entening Ssh
’,

Foot rope ibgttom
of travd

Echogram from the trawl sonde (echo sounder on the head rope looking
{g\\mrds} — fish entering the trawl.

Pelagic Fish Behaviour - Trawl Sampling - Angola,
cont

Main outcome of shoal behaviour

+ Depending on the intensity and type of reactions, the
altered behaviour patterns were classified into two
categories:

- Adjust Reactions: did not lead to a sudden disintegration
of the school organisation but caused the whole school
gradually to change swimming direction and move closer
to one side or to the bottomn of the trawl.

- Fright Reactions: Characterised by a sudden
simultaneous mass response, with individual fish
swimming in different directions and the collective
school organisation collapsing for a few seconds.

&

From explosives

Most studies are either on caged fish and/or on demersal and bentho-pelagic
species

Cited sludy: Exposing blue whiting to small charges of explosives just
behind a fishing vessel to "force” the fish to the bottom to be more
exposedicatchable to the bottom trawd (increase catches).
+ Depth of fish: 150-200 m
+ Blasting: The fish concentrated and maoved towards the bottom — stayed
there for 10-15 min and then lifted again to previous preferred depths
+ The blue whiting got habituated after 5-8 blasts with 5-10 min between each
stimulation/blast

Dalen, J. 1973. Controlling behaviour of blue whiting in relation to
ling. Experiments in the North Sea. SINTEF Working Report 73-
-K, SINTEF, Div. 48, NTNU.

From sparkers (seismic)

Investigations of impacts on herring in a nearly

closed bay
The bay holding hermring
shoal(s), vessel and
features of the positioning
' system

Dalen, J. 1973, Stimulating
herring shoals with sound.
Report to the Norwegian
Research Council of
Tevhnology and Natural

-£ 5 Sciences,

Investigations of impacts on herring in a bay, cont

1+ Sheal trajector from
& time/ position 1 to
=i i*2, response
ol angle a = Ao+ BSi
Sishoal B:boat
with sonar

Investigations of impacts on herring in a bay, cont

Main results for changes in swimming speed, v, and swimming direction, a, prior
to and after stimulation

Plot Average Variance

v[mis] |vim/s]| a[] | v[m/s] (v[m/s]| o]
prior | after | after | prior | after | after

1-7 0,37 0,33 51 015 0,11 27

813 | 0.41 0,40 50 013 0,12 37

* Mo signi changes in swimming speed
* Signi changes in swimming direction
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From airgun(s) - seismic
+ Studies based on 3D seismic surveys

+ Based on experimental studies

Pilot study 1984: 3D seismic survey North Sea (S00), cont

Seismic area: § x 9 nautical
miles (11 x 17 km)
Observation area: 35 x 18
nautical miles (85 x 33 km)

Estimated SPEL:
- 210 dB/1 pPa at 100 m 204
- dB/i1 pPa at 200 m 200 dB/M1
pPaat 300 m

AB. resa

Schetch of fish bet
blasting

A

Pilot study: 3D seismic survey North Sea (SO0}, cont

Specific observation:

Changes of the fish distributions and behaviour patterns of the fish along the
course lines of the seismic vessel from immediately before to just after airgun
shooting proved that the fish were affected.

Pilot study 1984: 3D seismic survey North Sea (SO0)
System set-up

- Source: 1 airgun array (44 x 57 m}); 40 airguns

1 Towing depth: 6 m
Chamber volume: 77 832 cm? (4752 cu.in.)
"% Source level: 2499 dB/fpPare 1m
{calibrated)
Supply pressure: 138 Bar (2000 psi)
" Firing interval: 10s/25m

-Dalen, J. & Knutsen, G.M. 1987, Scaring effects in fish and harmful
effects on eggs, larvae and fry by offshore seismic explorations.
erklinger: Proc. Symp. "Progress in underwater acoustics®”, 1987:
=99, Halifax 1986.

Pilot study 1984: 3D seismic survey North Sea (S00)

Main outcome: The horizontal and vertical distributions of
both pelagic fish and groundfish as observed by
hydroacoustic methods and trawling within the
observation area surrounding the seismic operations
area, were consistently changed after 6 days of airgun
operations compared to the distributions prior to the
operations.

== Blue whiting: Changes in distribution were observed
nautical miles from the centre of the seismic area.

outtoca. 17

=> Blue whiting: The echo abundance in the seismic area was reduced by 54
% after & days of air gun operations compared to that prier to the cperations.

A

Pelagic fish distribution and abundance in
relation to a seismic shooting off the
Norwegian west coast (S0O0) -1999

System set-up

= Source: 2 airgun arrays, flip-flop operated
= 10 streamers

- Towing depth: 8m

- Firing interval: 10 5/ 25m

- 51 parallel transect, each 51 km long,

- Adjacent transects separated by 500 m.

Slotte, A, Hansen, K., Dalen, J. & Ona, E. 2003. Acoustic mapping of
pelagic fish distribution and abundance in relation to a seismic
g&mﬂng area off the Norweglan west coast. FishRes 67 (2004) 143—
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Pelagic fish and seismic shooting off the
Norwegian west coast (SO0), cont.

o] . REEEEE 3R 4

Ringhorne
Dome. Survey
lines and
bathymetry of
the surrounding
area.

i v - - ]

Seismic area Ringhorne Dome off the Norwegian

g west coast.

5}

Log trandfarned area echo abundance

Pelagic fish and
seismic shooting
off the Norwegian
west coast (SO0),
cont.

Area echo abundance (S,) of
pelagic fish inceased
significantly both in western
and eastern direction from
the shooting in survey 1 (B
days /B lines), survey 2 (4%
days/ 9 lines),

but not in survey 3 (1%: day / 4
lines)

Fishermen’s stories
(anecdotal expressions)

+ Mackerel

* When a seismic vessel comes into the area the fish
"gets wild” (echo sounder observations):
=> more difficult to catch by purse-seining
=> for trolling the catches are strongly reduced

and stay low as long as the seismic

+ Sandeel

+ When a seismic vessel comes into the area the
catch rates are strongly reduced

A

51
i 2 & 1
ss8c suveys ¢ - e L}
3 ] 3

Pelagic fish and seismic shooting off the
Norwegian west coast (SOO0), cont.

mic shosting + N EEEE EEEEEm L1} ENEEEEE m
52 T
3§ 748

- — -

24 68

s2|r
£

304 05 5 7 B 9 MW 11 12 13 14 15 15 17 1B 19 W N B I

April 1993

Time lines of seismic blasting and the three acoustic surveys (51-53).
51: Glines, 52: 9lines, 53: 4 lines

Pelagic fish and seismic shooting off the
Norwegian west coast (SOO), cont.

Main outcome

+ The study indicates there could be a long term effect of
the seismic shooting: i.e. that highly migratory fish like
herring and blue whiting tends to leave and/or avoid
seismic blasting areas.

+ The fish distribution were found at larger depths during
seismic blasting than with no blasting.

The study indicates that the fish distributions may turn
back to “normal” within some days after the blasting
ceases.

A

Experimental studies: From airguns

Investigations of impacts on herring in a nearly
closed bay

The bay holding hesring
shoal(s), vessel and
features of the positioning
system

Dalen, J. 1973, Stimulating
herring shoals with sound.
Report to the Norwegian
Research Council of

ﬁ Tevhnology and Natural
Sciences.
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Investigations of impacts on herringin a bay,
cont

142 Shoal trajector
i-1 from time/
o = position i-1 to
= / i+2,
e i response angle
‘ o = Au + BSi:
S: shoal
B: boat with
sonar

Knowledge gaps

+ Perform studies on "seismicsand herring”:
=> impact distances, behaviour studies, impact on
catching effort,
"pricr to — during — after the seismic activity”

+ Perform studies on "seismicsand mackerel”:
== impact distances, behaviour studies, impact on
catching effort,
"pricr to — during — after the seismic activity”

+ The studies should not be undertaken in relation
to seismic surveys of opportunity

A

Responses of Fish to Ship Noise

(A perspective from fisheries acoustics)

Alex De Robertis
Alaska FisheriesScience Center, NOAA

Impacts on herring in a bay, cont

Main results of changes in swimming speed, v, and
swimming direction, a, prior to and after stimulation

Plot Average Variance

vmis] |vImis] | a[] |v[mis] | vImis] | al]
prior | after | after | prior after after

14 | 058 | 080 | 75 | 006 | 020 2
59 | 032 | 059 | 99 | 011 | 024 a7

+ Significant changes in swimming speed
+ Significant changes in swimming direction

m, J. 1973, Stimulating herring shoals with sound. Report to the
egian Research Council of Technology and Natural Sciences.

-

Thank you for your attention!

Ships are loud
Their sounds propagate long distances

b. Bulk Carrior 16 kGT [7.4 ms™T]

Iy

& e

3 £

g i
167 m, S 3
16000 tons g i
9100 HP & o

30 -24 +18 12 6 CPA 6 12 18 24 30

Time from CPA [minutes]
Closest point of approach (CPA) =3 km

Mactenns et 2l 2042
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Ships can dominate low frequency noise

This is a major concern for auditory masking.

Fish movement consistent with vessel directivity

Swimming direction of fish
schools in front of vessel

° 0
]

:..'J:fz
Moo o

n =
&

3
@

Progaler shadig by hul
Higher Frequencies (» 1001s
Hz)

alartic hawing and cprat
Misund ard Aglen, 1282

Noise reduced Is emit
substantially less sound

Conventional vessels (1 Lknt)

R. Mitson

Fish react to approaching vessels.

Strength of the response is highly ]

variable

Responses are stereotyped i "rl =
+dive towards seafloor - —
~acoustic abundance deceases e T
~depth-dependent )

Undstursed Aeacting Reovery Eau

Herring acoustic abundance
(8, m* nmi?)

Tima from CPA (sec)

The ICES recommendation for
research vessel noise

10-1000 Hz- Minimize fish avoidance.

At ranges > 20 m the vessel noise shall not
exceed 30 dB above (pressure based) hearing
threshold of herring and cod.

{ie. < 30 dBy at > 20 m)

So, what is the impact on
fish avoidance ?
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Simultaneocus comparisons of conventional and noise-reduced vessels

Conventionalvessel
Herring ®| 8 _ ~ ¥

e ol 2007, 0= mobosa wed wilice, 230

Side by side measurement on pollock:

When different. noise-reduced vessel detects more
+Locationdependent

+Time of day dependent

*Mot easily explainable by receive level

T
EF
E L
= TE
g 1 g
: i
i g=
3
3 2
g
o8
EBS (2006 EBS (2008
Fehdeph  f0u0m  E-10m

D Rabertis and Witson, 2011

Fish are sensitive to low-frequency
particle motion

Roach avoiding 216 Hz source

g

Accoleration (ms?)

acocicracion threshokds for four
4 pran and Sand

975). and Pesiersen (15803

(3974), Hawkins and J
Hrem Karsen, 199)

Simultaneous comparisons of conventional and noise-reduced vessels

Conventionalvessel

Noisereducedvessel

gt ()

200 . 200 sec. A 0
ey vy e tem) fhoasarl Vo

Geas il 2007, 3= mobosiy aed wilace, 2330

(Himmr)
Lessons learned _

Noise-quieting is largely about fish decision making, not
perception.

*  Sounds from ships can be reduced
*  Stimulus is for reactions is unclear

*  Behavioral rule of >30 dB above pressure-based hearing
threshold overly simplistic

*  Behavior is complex (day/night), location, physiclogical state

Responses to trawling vessels

Reactions begin=1km
prior to vessel arrival

Strong reactionsto trawlwarps
{7, 14 Hz vibration)

angagars ana Tjsstnaim, 2008
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Flow-induced particle motion at short
ranges may explain herring observations

Large vessel (7€ m, 400D tons | Smaller vessal (65m, 1650 tons)

Low noase. Higher noise,
Larger flow field = larger smaller flow fisld = smaller
reaction 7 reaction 7

Sedet o 208
Controlled exposures :
In general, these sound elieit el
sLower in fraquency
~More sudden
~Louder
=Similar to predators
sLarger contribution from particke motion
EE A Sonar Undisturbed
Sl ’
Escape response
TTRra Dieksator ot o 2012

Information needs:

Move beyond mean pressure as stimulus
Metrics eliciting reactions (rise time, frequen
Particle motion, particularly in near field

+Understand the link between perception and reac .

Consider realistic 50Urces, complex DENAVID  reww wmn  +

Habituation? i

N
or predict ? L == ‘.‘

Acoustic metheds ?

«Scaling from individual to population effects is a major
challenge.
Chranic effects of lbwleve| exposure on fitness?
Effects of auditory masking?
Moise-dependent distributions?

=Ship noise can be reduced- is it werth deing?

Presentation: Responses of Fish to Ship Nelse
Alex De Roberlis, Alaska Fisheries Science Cenler, NOAA

Think like a fish

a Signal
Propagation
— ¥ Sensory abilities
+

@ Information
content of
| o 23 signal
+
) Combire risk with
environment,
experience, and
internal state

Measure or predict behavior ?

Measurement (easier)

€., Sonar measurements of

Prediction (difficult)
behavior fram ship,
Abundance INCreates as a

L i -
4 function of range duo to fith
{m} reactions
-
n |
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Gear-Specific Effects

« Bottom trawls: fish at the bottom
* Longlines: food search behaviour

* Gillnets: swimming activity

Different catching principles

A
Trawls and Longlines
Cod and Haddock
25°00" 26700 700"
72040
Longlines ]| |]
1h
i
- e ]
iy
il
72°00° [ININR!
ﬁ (Engas et al. 1996)
Cod and Haddock:
Seismic Sounds Scare Them Away
il |I||| ll
Vessel log (nmi)
ﬁ (Engas et al. 1996)

Species-Specific Effects

* Hearing ability

« Swimming capacity

Habitat preference/site fidelity

* Predator avoidance behaviour

Different behaviour patterns

Trawls/Longlines — Cod/Haddock:
Seismic Sounds Cause Catch Reductions

700 B Befoe
Bl During
— 600+ B Afer
=
W 500
<
o 400+
=5
3004
5
-— 200
3]
O 100 +
0

Center 13 7-9 16-18
Distance (nmi)

(Engas et al. 1996)

Conclusions:
« Trawls and longlines: decreased catch rates
+ Cod and haddock: avoidance responses

Conclusions supported by three
peer review studies:

+ 50 — 70% for cod and haddock (Engas et al. 1996)
+ 55— 80% for cod (Lekkeborg and Soldal 1993)
+ 52% for rockfish (Skalski et al. 1992)

A
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However, things change and develop

Gillnets and Longlines
Haddock, Redfish, Greenland halibut

Seismic area:
8 x 46 nmi

Catching principle:
* Gillnet: swimming activity

* Longline: feeding motivation

Hearing ability:
* Greenland halibut: no swim bladder
* Haddock: swim bladder close to ear

A new study in 2009

What did we learn?

Seismic area:

8 x 46 nmi

Four chartered fishing vessels

Gillnets:
» Greenland halibut
» Redfish (Sebastes)
Longlines:
# Greenland halibut
» Haddock

Gillnet catch rates increased

100 +132% 350 +86% Before

u D

0 300 " i:;: ° )

250

200

150

104
201 50
1] = a

Greenland halibul Radfish

. r > A

=]
=3

CPUE {numbers)
2

[
(=]
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Longline catch rates decreased Longline: Greenland Halibut and Haddock
70 50 Before teaaomn
=D
% -16% 40 -24% -A:Erng
50
3 4 30
E
2 % 20 (690N
w29
5 10 10 .
0 0 _." L g
Greenland halibut Haddock = .'
‘ . b A 1\ :-_ F58°30N
ﬁ 0 e 140E 15°0E 16°0E

Y - o Y -
50
o o r=0.56 N
0] p<0.05 B
ﬁ 30 E %’ ‘%
c L ]
g » s ’
O g
10 g -
g (2]
Before 15-20 10-15 5-10 0-5 o
ﬁ Distance (nmi) ﬁ Before  During  After
- Vesteralen vs. Nordkappbanken
How do we explain these results? | (Engls et al 1996)
- Gillnet catches increased: :” °fzi5°”a'izspe;25
ay andnmi® 12 vs.
» increased swimming activity ! g
- Longline catches decreased: e
» decreased feeding motivation
* Differences between species
» differences in hearing and behaviour _ N s
ﬁ .14'0:E .|5'ﬂ‘E 16°0°E :
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Effects of noise on catches depend on:

» Type of fishing gear — Catching principle
» Fishing ground (topography, depth)

» Hearing ability

» Swimming capasity

» Habitat preference/site fidelity

» Fright/avoidance response (hide or flee)

A » Sound source characteristics

Thus: Extrapolation between
species, gear and habitats???

4

Conclusions:

"Effects of Noise on Catches”
Svein Lekkebaorg
Irstitute of Marine Research, Bergen, Norway

Fish respond to air guns and may show:
* increased swimming
= decreased feeding motivation
= displacement away from fishing grounds
« species-specific differences in behaviour
» decreased longline and trawl catches
2 «increased gilinet catches

Information needs and data gaps:

"Effects of Noise on Catches”
Svein Lokkeborg
Institute of Marine Research, Bergen, Norway

» Effects on pelagic and schooling species, but
also on more demersal species:
» i.e. species-specific differences
« The impacts of topography and habitat type
Relationship between sound level and effect
Effects of different sound sources

A&

displayed. Your
computar may not
have anough
memory to open the
Imnage, or the Image
may have bean cor...

Effects of Sound on Fish Catches:

Statistical Approaches & Considerations

Steve Murawski Warch 21, 2012
University of South Florida ‘
College of Marine Science smurcwski@usf.edu

Ivervie
Definition of terms in analyzing fish catch data

Collection & statistical properties of catch data

Some examples of analysis of spatial catch data

Considerations in the design of studies analyzing
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Nomenclature for Fish Catch Data
I Catch = "landings” + discards

I

Fishery Independent Data Fishery Dependent Data

high density areas

eriments

trolled space & time

wn G understood biases

time and tandardized gear

rmation

nalized)

lution data

Are Catches Proportional to Abundance?
Generally. NO. tend to “ratchet” in declining populations

Need an index of abundance accounting for quantity of effort expended

*7, Yellowfin tuna catch and CPUE | **

Ci = qEN;
s Myers & Worm 2003
1 Pacific Ocean

size
ility coefficient

Calch in numbars por 100 hooks

Ci/E =g,
CPUE; = o N;

Multi-species Trawler Catch Data — haul by _hauk
From observers k

Nominal log

| AN

-
MNo zero catches

= but skewed by
3 extremely large

T catches

w

°  mo wmo me o =@ wee amwe ! 3 ™ o oo
CRE gt CPUE (k g/hr)

il

v Togly) where y >0

] 100000 200000 300000

gty » 0.001) Log mean
Fishery Independent Data
Age 3 Haddock

Icelandic groundfish survey

Analysis of groundfish survey abundance data: combining the
GLM and delia approaches

sh dealer records
rt “agent” interviews
- at-sea observers (the "best®)
- recent advent of satellite
tracking for effort (high
accuracy)

Limits of resolution depend on gear,
ability to collect data

Single-Species CPUE
influenced by both high
proportion of zero catches
and a few very high catches

What type of “zero” is it?

Jin o
som - Arithmetic meanis o
1 unbiased but imprecise
+ 2T gsanestimator of o5
k= qes E abundance ™
EEC 2
& &
Jos Can usedeltaognormal o3
2 \
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all species caught groundfish
1051'andar'dizfng fishery Data for estimating Main Effects
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. Retransformed Vessel Class coefficients from GLMs:
All species: Class 2 = 0.875, Class 3 = standard, Class 4 = 1.002
Groundfish: Class 2 = 0.881, Class 3 = standard. Class 4 = 1.102
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2001-2003:
10,130 tows

The Sound Problem is Essentially a Gradient Analysis

Hysteresis post-exposure?

& >

Behavior

Masking
Thresholds
Physiology

Abundance

Death

Distance from Source
+ Depends on nature of source: single-event,
intermittent, continuous
* Temporal aspects of how quickly gradients form and
degrade
+ Threshold effects?

10000

g

Log Haddock CPUE (kg/hour)

0.01 01 1 10
log Distance to CA-l (km)

The Sound Problem is Essentially a Gradient Analysis

Pre-Sound Source

During or Post Exposure

Abundance

Distance from Source
+ Depends on nature of source: single-event,
intermittent, continuous
+ Temporal aspects of how quickly gradients form and
degrade
+ Threshold effects?

a

High Resolution CPUE
for Gradients

Yellowtail Flounder- CPUE vs. Distance to CA-If

-
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1000
200
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200

hours fished

In Haddock cpue

In Total cpue

NoMeonaSNoaemnS

el T T
=
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0

\mportaﬁ{:e of Understanding the Fish

«| Yellowtall Flounder off Bottom with
| Tidal Cycle — complexuse of space

E
£
3

Seemingly Random Movements
& Passive Retention

Summary

« Catch data are of limited wutility in understanding impacts of
sound, depending on their spatial and temporal resolution
and variability - many ohservations. multispecies

* Experimental surveys contral for many factors affecting
abundance but arz imprecise

« Variety of statistical methods can be applied to addressthe
gradient issue and standardize catch rates

« Understanding fish behavior by using new technologies such
as DSTs & Waveguide - important new developments
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Information Needs and Data

Gaps

Anthony D. Hawkins
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Table 1: Groupings of Fish by Sewsitivity to Selsmic Sound and Ecelogical Assodation

Ecolagical Assaciations

Large Pelagic | Small Pelagie [ Demersal Reel Shallow/Extuary

In River

Fith Categaries
Amanged by

Sensitivity | §as bladder
Horse salmon
distantfrom | Dorado i Spat Wrasse ‘Sanch-smelt o
o war
Seund
e gad Plaice
& Sharks Mackerel e Flounder
fish eggs Darado Herring Codlarvae | 789 IMaRDEF Catfish laruse Salman
and larvas larvae Larvae larvae eags
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—8— Anchoa mitchilli [Bay Anchovy)

~—#— Alosa sapidissima (American Shad|
—+— Harengula j aguanaiScaled Sardine|
—&— Clupea harengus (Atlantic Herring)

1000

10000 100000 1000000
Frequency (Hz)
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