FY14PROGRAM PROPOSAL FORM

Program TitleLongterm Monitoring of Marine Conditions and Injured Resources and Services

Program PeriodFebruary 1, 201dJanuary 31, 2015

Team Lead(sMolly McCammon (Alaska Ocean Observing Syst®®7 W. Third Ave, suite 100, Anchorage, AK
99501,mccammon@aoos.or®07644-6703), Katrina Hoffman (PriadVilliam Sound Science Centdfris Holderieq
(NOAA Kasitsna Bay Laboratory)

Abstract: The goal of th&.ongterm Monitoring (LTM) program, now known as Gulf Watch Alaska, is to provide 1
scientific data and products that inform management agencies and the public of changes in the environment ¢
impacts of these changes &xxon Valdeail spill (#OS) injured resources and services. Theyieag program
includes: 1) four monitoring components (environmental drivers, benthic, pelagic, lingering oil); 2) data manag
services; 3) integrated syntheses of data; 4) historic data recovery and sggatlaesl 5) science outreach.

The program has six primary objectives:

1. Sustain and build upon existing time series in the E&f@8ted regions of the Gulf of Alaska.

2. Provide scientific data, data products and outreach to management agencies and a viéte ofansers.

3. Develop improved monitoring for certain species and ecosystems.

4. Develop science synthesis products to assist management actions, inform the public and guide monitoring
priorities for the next 20 years.

Enhance connections between the Gulatch Alaska and Herring Research and Monitoring (HRM) progrant
6. Leverage partnerships with outside agencies and groups to integrate data from broader efforts.

o

Some highlights from our progress in year 2 of the program include:

a) Successful completionf annual field data collection and reporting for all monitoring projects under the prog

b) Published 70 (19%) of the 37Gstorical, EVO8inded data sets, with an additional #6process of publication.

c) Refined sampling protocol to improve samplirffiagency for forage fish data collection in Prince William Sout

d) Website featuring program news and summaries and access to the program data portal.

e) Cross specialty communication and participation with shared vessel time and staff time between @mnfkcts
programs.

Estimated Budget:
EVOSTC Funding Requested:
FY12 FY13 FY14 FY15 FY16 TOTAL
$2,904.6 $2,675.8 $2,994.4*|  $2,803.8* $2,405.0 $13,783.5*

(Funding requested must include 9% 8Agludes additional funds requested for 141401QtLingering diand a FY
shift of funds from FY14 to FY15 for lingering oil 14140814
Non-EVOSTC Funds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL
$755.0 $720.0 $1,421.0 $673.0 $687.0 $3,726.0

Date: August 30 2013



mailto:mccammon@aoos.org

A. Summary of work performed to date

Most of thework performed by the Gulf Watch Alaska program to daas focused on

execution of the monitoring projectgoordination of efforts across the program, development

of new collaboration tools within the prograrand improvement of public data accessilyilit
cataloging, and publication. We have also worked to deviitggrated program synthesis

tools and design and revise a program website for outreach. Specific accomplishments related
to the program objectives are described below.

Integrated program nanagement, data services, science synthesis & outreach (LedtisCammon,
Holderied and Hoffman)

Overall program management and administration has proceeded as expected and year two of the
program is advancing as propos&tle have made substantial progestoward providing information to
the general public and managers through the outreach and data services projects of the Gulf Watch
program. The outreach committee has developed a basic suite of materials for the program including a
new name Gulf Watch Aaska The Longerm Monitoring program of the Exxon Valdez Oil Spill Trustee
Council) logo, website domain, PowerPoint and poster templates.-pplisplays, display banners,
brochure, presentation folder and bookmarks. Our website has undergone sulastaavision, including
new user interactive graphics and project pages for all projects within the program (see Figure 1,
www.gulfwatchalaska.ofg The data management team has updatied Ocean Workspagen internal
information and datassharing portalwith new tools, and hadeveloped the Gulf WatcAlaskdive data
portal. The public data portal providelata from the progranas well as fronother monitoring

programs in the Gulf of Alaskiat{p://data.aoos.org/maps/search/gulfwatch.php

& draft EVOS HF EVOS Gulfwat /'
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Monitoring Program Calendar Reports People Data

>ng-term ecosystem monitoring program of the Exxon Valdez Oil Spill Trustee
Councll for the marine ecosystem affected by the 1989 ol spill.

Where are We Monitoring?

Our site is currently under construction, please check back for
current updates. Please contact Tammy Neher, Guif Watch Science
Coordinator at tammy.neher@noaa.gov with your questions or
suggestions.

Figurel. New Gulfwatch Alaska website home page (www.gulfwatchalaska.org).


http://www.gulfwatchalaska.org/
http://data.aoos.org/maps/search/gulfwatch.php

We continue to work to publish data online to providecass to researchers, managers, and the
public. Currently, whavedocumented and publisheti9%(70)of the 370data sets that were
identified from historical EVOS funding with 7% more in process of publicafioa data sets are
available on the KNB Matat server athttp://evos.nceas.ucsb.edu/evos/

We are also making progress toward both external and internal science synthesis and are in the
process of planning time series workshops including Prinkigaktigators from HRM and NPRB
programs to inspire ideas, share information, and develop research produmtsher important

tool for integration is the conceptual model for which development is ongoing with the visual
diagram representing key linkaglbased on LTM PI input anticipated in the summer of 2014.

Environmental Drivers Monitoring Component (legdNVeingartner & Hopcroft)

All of the oceanographic monitoring projects have completed successful field sampling seasons
following previous proposate date. Principal investigators are focused on several interesting
topics includingvorking on relating longerm Sewardine sealevel variability to forcing

mechanisms and providing derived tirseries data products to the Ocean Workspace data sharing
portal. Some interesting findings include:

9 Tides and atmospheric pressure variations (the inverted barometer effect) are largely
responsible for sea level variations.

1 The upper 100m of along the Seward Line was 0.7°C colder in 2012 in May tharytee 15
mean causing progression of seasonal cycles for plankton to be delayed: the spring bloom
was patrtially captured, while the development rates of key zooplankton species was slowed.

Some field challenges include difficulties with the electronic commupicstin the AMP profiling
station in Prince William Sound and delayed or canceled winter cruises in Cook Inlet due to
inclement weather. Principal investigators are working to resolve the communications issues and
field testing new hardware this fall.

Pdagic Monitoring Component (lead M. Lindeberg)

All of the Pelagic Component projects have completed successful field sampling season as outlined
in the intial program proposal. Progress includes completion and updating of photographic
reference catalogfor both Killer and Humpback whale projects, and successful collection of biopsy
samples that are currently in progress of analysis. Some sampling plan modifications were tested
with the Forage Fish project with apparent successful results, the datiarently being processed.

Several projects have received acceptance from peer reviewed journals on manuscripts based on
data collected from projects that began just prior to Gulf Watch, using data collected under
methods described for the program.

Some ballenges with contracting have arisen and are currently resolved with a delay in project
timing. Project principal investigator, Heather Colletti exeperienced some challenges with the
Detection of trends in seabird populations projedihe contract foanalysis has been submitted
through NPS contracting and is currently awaiting the bid process. We are anticipating that a
contract will be awarded before the end of federal fiscal year 2013 and that a final report will be
provided by June 1, 2014.


http://evos.nceas.ucsb.edu/evos/

B.

Benthic Monitoring Component (lead Ballachey)

All of the Benthic Component projects have completed successful field sampling season as outlined
in the intial program proposallnteresting findings include the discovery of a live oysterdigay

found duiing a sampling trip to Johnson Bay (WPWS) in June 2013. The oyster was presumed to be
at least 5 yrs old due to the perennial seaweeds growing on it as well as its size. Also notable is that
an overall observed reduction in mussels across our GWA sisdsdem observed in data collected
through 2012. Notable findings from Kachemak Bajude a strong recruitment event in mussels
observed at one site in Kachemak Bay but not others, indicating agsitefic dynamics in

recruitment. We alsofound thatclam composition is sitspedfic in Kachemak Bay, also suggesting

the presence o$trong locakdynamics within the bay

Lingering Oil Monitoring Component (leagiBallachey)

Both of the Lingering Oil Component projects have completed successful fieflisg seasonas

outlined in the intial program proposabamples were taken from botlea otters and harlequin

ducks in 2012 and 2013. Previous sampling, through March 2011, had shown higher CYP1A in ducks
from oiled areas, relative to those from unall@reas.Hydrocarbon sample processing has focused

on samples and data that contribute to lotgym understanding of conditions in Prince William

Sound and along the Gulf of Alaska. Hydrocarbon analyses and biomarker measurements have been
completed for @ilf of Alaska samples and principal investigators are now writing the report (Irvine

et al).

Summary of work to be performed

We are planning the followingverarchingadivities during the nexyear of the program:

a)
b)

c)
d)
e)

f)
9)

Conduct monitoring efforts in accordanedth program milestones.

Continue to review and add program data and related historic related data to the Gulf of Alaska data
portal.

Conduct an irperson principal investigator meeting and time series analysis workshop, with a focus
on enhancing integitéon of efforts within the program and with external partners.

Continue outreach and information dissemination efforts at community level events, workshops,
and scientific meetings and through the revised website.

Continue to refine and coordinate sammimethods for specific projects.

Continue data assimilatioand archiving efforts in collaboration with NCEAS

Work closely with the Herring Research and Monitoring program to develop the program science
synthesis reports and begin planning the 2015 woogsh

Additional funding is requested, per discussions with the EVOSTC staff, for the project on EVOS

exposure of harlequiducks and sea otters (120214-Q), in order to extend harlequin duck

sampling into FY14. Findings from the FY13 sampfivghich he sampled ducks no longer showed

exposure to lingering oil, are a significant change from earlier observations. An additional year of
sampling will allow us to confirm these resuli#/e are also requesting to delay by one year (move
fromFY14to FY15)dy RAY 3 F2NJ &l YLX Ay3a 2Af Ay aSRAYSydGa dzy
0N Ol Ay 3¢ LINR@SBOre parposenotithe devay is to position the project to best

respond to findings from the bioremediation project (Boufadel, EVOSTC #11100&3l#)g#ring

oil distribution modeling (Nixon, EVOSTC #12120117), and to consider new findings from Gulf Watch
Alaska monitoring.



A summaryof individual project plans has been provided in our sammual report (dated Aug 30, 2013)
and details are providenh the individual project proposal forms attached in Appendix 1.

C. Budget changes from prior years

There are naignificantchanges to budgets requested in prior years. As described in the individual
project proposals, some projects have had a lag imdjpgy due to changes in staffing, equipment issues
and invoicinglelays forsubcontracts. We anticipate that we will meet expected spending levels in the
near future.

D. Completed budget spreadshedattached) with a summary page for the entire program.

E. Proposals from each individual project contained within the programttached as Appendix 1,
with curricula vita for the principal investigators attached as Appendix 2.

Attachments:
Program Project Proposal Fosieind CV¢Appendix 1 and Appendix 2)
Budget Form

Appendix Jfor FY14 Program ProposaEection E: Individual Project Proposals

Program Title: Long -term Monitoring of Marine Conditions and Injured
Resources and Services

Program Period:February 1, 2014 January 31, 2015

Individual project proposdbrms are provided for the LoAgrm Monitoring program, also known as
Gulf Watch Alaska. The individual project forms are organized within integrated program services and
under thethree monitoring program components

A. Integrated program managementath services, outreach and science synthesis

1. a Program coordination and logistic$rince William Sound Science Center (PWSSC) and Alaska
Ocean Observing System (AOOS)
b. Outreach- AOOS

2. Data managementAOOS/Axiom Consulting

3. Historical data managemeaind synthesig National Center for Ecological Assessment and
Synthesis (NCEASIEVOS TC Project# 12120120

4. Science coordination and synthegiBlOAA Kasitsna Bay Laboratory (KBL)

5. Conceptual ecological modelipglaska Sea Life Center (ASLC)

B. Environmenthdrivers monitoring component
6. Gulf of Alaska mooring (GAK1) monitorqigniversity of Alaska Fairbanks (UAF)
7. Seward line monitoring UAF
8. Oceanographic conditions in Prince William SogiR¥WWSSC



9. Oceanographic monitoring in Cook Indef\laska Department of Fish and Game (ADFG) /
Kachemak Bay Research Reserve (KBRR)/ KBL
10. Continuous plankton recordegSir Alister Hardy Foundation for Ocean Science (SAHFOS)

C. Pelagic monitoring component

11. Ability to detect trends in nearshore marine birddJSNPS Southwest Alaska inventory and
monitoring Network (SWANY year 1 (no year 2 funding)

12. Longterm killer whale monitoring; North Gulf Oceanic Society (NGOS)

13. Humpback whale predation on herriggNOAA National Marine Fisheries Service (NMFS) Auke
Bay Laboratory

14. Forage fish distribution and abundangé). S. Geological Survey (USGS) Alaska Science Center

15. Prince William Sound marine bird surveyd.S. Fish and Milife Service (USFWS)

D. Benthic monitoring component
16. Nearshore benthic systems in the Gulf of Alask¥5GS Alaska Science Center/ USNPS SWAN,
Coastal Resources Associates
17. Ecological Communities in Kachemak 8&)AF

E. Lingering oil component
18. EVOS oil gposure of harlequin ducks and sea ottetdSGS Alaska Science Center
19. Oil level and weathering trackiigNOAA/NMFS Auke Bay Laboratory

Integrated program management, data services, science synthesis & outreach (lcgdd€ammon,
Holderied and Hoffman)

A.l.a Program coordination and logistics Hoffman (PWSSC)

FY14 PROGRAM PROJECT
PROPOSAL FORM

ProjectTitle: Long term monitoringLong term monitoringProgram management componegtAdministration,
Science Review Panel and Pl Meeting Logistics, and Outreach and Community Involve

ProjectPeriod February 1, 2014 January 31, 2015

Primary Investigatofs): Katrina Hoffman, Prince William Sound Science Center




Abstract: This project is a component of Gulf Watch Alaska (GWA), the integrateddromd/lonitoring of Marine
/| 2y RAGAZ2Y A YR Ly2d2NBR wSaz2dz2NOSa |yR { SNBAOSA LIN]
longterm restoration monitoring goal, this-year longterm monitoring program will:

1) Implement the guidance of Trustee Council planning efforts;

2) Sustain and build upon existing time series;

3) Enhance collaborations between principal investigator projects in the proposed monitoring program
with the proposed Herring Program;

4) Leverage partnerships with outside agencies and groups to integrate data from a broader monitorir
effort than that funded by the Trustee Council;

5) Provide data and scientificalbyased data products to a wide variety of users; and

6) Develop science synthesis products to assist management actions, inform the public and guide the
evolution of monitoring pridties for the next 20 years.

This project addresses administration and fiscal management of the program. To achieve that, the Prince Will
Sound Science Center is serving as the administrative lead and fiscal agent responsible for: managing award
for all nonTrustee Agencprojects within the program; ensuring the program and projects adhere to all reportin
policies, practices and timelines; serving as a liaison between the program and EVOSTC staff; coordinating tr
logistics for principal investigator annual meefin coordinating travel and logistics for outreach efforts; participat
in an annual audit; and providing administrative support to the outreach and community involvement componéd
the GWA program. The Outreach and Community Involvement componemtridicated by the Alaska Ocean

hodaSNBAYy3a {eailiSyd {SS ald/lYY2yQad LINRPINIY LINRB2SOi

Estimated Budget$1,301.0k Total without the 9%GA$1,418.2K including 9%GA
EVOSCFunding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL

$263.3 $274.7 $298.6 $293.4 $288.1 $1418.2

(Funding requesterhust include 9%A

Non-EVOSCFunds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

Date: August 30, 2014

I. NEED FOR THE PROJECT

A. Statement of Problem



Efficient and coseffective administration of Gulf Watch Alaska (GWA), the #erng monitoring

program of the Exxon Valdez Oil Spill Trustee Council, was required and responsibility for said
management is held by thHerince William Sound Science Cent@MSScience Center or PWSSC)
combination the Alaska Ocean Observing System (AOOS), responsible for the Outreach and Community
Involvement component of the GWA program. The EVOS Trustee Council requested that a consortium
submit one proposal for the GW#ogram. Our consortium includes three organizations that comprise

the Program Management Team (PMT): PWSSC, acting as the administrative lead and fiscal agent, the
NOAA Kasitsnha Bay Laboratory (KBL) serving as the science program lead, and the Alaska Ocea
Observing System (AOOS) providing data management and outreach and community involvement
services and also serving as the Team Lead and primary point of contact for the overall program.
Collectively, this consortium brings a wealth of knowledge abouspikaffected region, has extensive
experience with managing muitnillion dollar science programs with multiple partners, and has the
capacity to leverage significant additional dollars.

B. Summary oProject to Date

This component has met all of itsilestones thus far including: conducting annual audits; establishing

and managing contracts to all ndmustee agency organizations funded through this program;
completing fiscal reporting; tracking plans for creation of the Scientific Review panelsigsatii

logistics for and supporting annual Pl meetings; providing travel and logistics support to the Outreach
Steering Committee; and tracking Outreach and Community Involvement activities coordinated by PI
McCammon. For details about Outreach and ComndunitL y @2 f gSYSy 4> LJX S aS &SS$S
proposal form.

II. PROJECT DESIGN
A. Objectives
Objective TFiscal management tasks

a. Award andmanagement of all contracts and subawards for {lsnstee organizations
involved in ths program (this will total 6antracts' in addition to the 2PWSSC projects);

b. Timely submission of financial reports;

c. Completion of annual audits; and

d. Monitoring of project spending.

Thebudget assumes thatihding to Trustee Agenciespsovided directly to that agency and not

through PWSSO.he PWSSC awards contractsltman-Trustee organiz#ons involved in this

proposat, with two exceptions for two c®ls who are working with Trustee agency projects (Straley

from University of Alaska Southeast and Dean from Coastal Resiour¢ed 8 2 OA F 1§ Sa0® { G NI £ S

! Contracts are administered to the Univ. of Alaska Fairbanks (Hop@vefhgartner, Konar, Ikens), SAHFOS
(Batten), North Gulf Oceanic Society (Matkin), Alaska Sealife Center (Hollmen), Alaska Ocean Observing
System/Axiom Consulting (McCammon/Bochenek), and Alaska Ocean Observing System (McCammon).



participation are included as contracts within, respectively, the Moran (NOAA) and Ballachey (USGS)
Trustee agency project DPDs and budgets.

Objective Formation and operation of a scientific review panel

Costs associated with tHermation and operation of a scientific review pahal the GWAprogram is
included in the administrative fe@hese costs include administrative assistance and travel
arrangements and expenses. Science Team Leader Kris Hold#ériegruit four members for a

scientific oversight panel to help guide the program and ensure that the monitoring program is relevant
to the longterm goal. We anticipate that the oversight panel will consist of people representing Alaska
Department ofFish and Game, the National Oceanic and Atmospheric Administration, academia, and
local community perspective. There will be annual Principal Investigator meetings each year to provide
updates to this oversight panel, improve coordination between pragjeatd provide outreach and

public input opportunities.

Objective Jrravel expenses for the Annual Meeting of GWA Pls

Thetravel portionof the administrative budgencludes fundg$o host and supporain annual meetingn
Anchorage of the project principalvestigators.

Objective 4ATravel expenses for Outreach Team

Administrative assistance and travel arrangements and expenses for activities directed by the Outreach
and Community Involvement Team, led by McCammon, are included in this project.

Objectives Outreach and Community Involvement

The outreach/commury involvement component of GWA fiacilitated by the Alaska Ocean Observing

System (AOOS), with significant leveraging of the resources of these institutions: the Prince William
Sound Science Center (PWSSC) and Oil Spill Recovery Institute (OSRI) based in Cordova, the Alaska
Sealife Cente(ASLC) in Seward, the Kachemak Bay Research Reserve (KBRR) in Homer, and COSEE
Alaska (Center for Ocean Science Education ExcelleRoe)etails, see the Outreach and Community
Involvement program project proposal form submitted by McCammon.

B. Procediral and Scientific Methods
Not applicable.

C. Data Analysis and Statistical Methods
Not applicable.

D. Description of Study Area



Administrative services will be completed at the PWSSC office in Cordova.
Science review and Pl meetings will be held in Arag®or elsewhere in the EVOS region.
Outreach and community involvement activities will be completed throughout the EVOS region.

E. Coordination and Collaboration witthe Program

Indicate how your proposed project relates to, complements or includeabmhtive efforts withthe

Progpam L RSY A FTeé K2g GKAa LINR2SO0 ¢Aftt lFaarad Ay GKS

data collected as part of this project may be used by other proj@=scribe any coordination that has
taken or will takeplace (with other Council funded projects, ongoing agency operations, activities
funded by other marine research entities, etc.) and what form the coordination will take (shared field
sites, research platforms, sample collection, data management, equipmeobases, etc.). If the
proposed project requires or includes collaboration with other agencies, organizations or scientists to
accomplish the work, such arrangements should be fully explained and the names of agency or
organization representatives inwad in the project should be provided. If your proposal is in conflict
with another project, note this and explain why.

Ill. CVSs/IRESUME

See program appendix.

IV. SCHEDULE

A. Project Milestones

Objective 1.

Objective 2

Objective 3

Objective4.

Objective 5.

Fiscal Management

Management of contracts to meTrustee agency organizations is ongoing.
Quarterly fiscal project monitoring is in effect.

Annual audits of PWSSC have been conducted.

Assist with Scientific Review Panel

Setup of the panel has been delayed in order to make the effestive use of panel
YSYOSNEQ GAYS Ay R@GFryOS 2F (KS aeyiakKSaia
workshop begins in the final two quarters of year 2; the panel will be established by the

end of year two (approximately one year in advance of the syisthaskshop).

Supporttravel and logistics foannual Pl meetings
PIl meetings are being heldmually,typicallyin Novembe(including an upcoming
meeting in November 2013).

Support Outreach Steering Committee
PWSSC is prinling angoingsupport for outreach travel and logissic

Coordinate Outreach and Community Involvement Activities
See details in McCammon project proposal.

¢



B. Measurable Project Tasks
FY 14 (February 1, 2018eptember 30, 20156

AssistScience Team Leader with meeting setup and travel logistics for Pl meeting
Attendannual Pl meetings of LTM and Herring Research programs

Attend Alaska Marine Science Symposium

Meet with EVOS TC Public Advisory Committee

Submit annual report on monitogrefforts in the GWA program

Submit proposed work plan for FFY 15

Conduct annual audits

V. BUDGET

Budget Form (See attached budget document)

A.2.b Outreach¢ McCammon (AOOQS)

FY14 PROGRAM PROJECT
PROPOSAL FORM

ProjectTitle: Outreach and Community Involvement

ProjectPeriod February 1, 2014 January 31, 2015

Primary Investigatofs): Molly McCammon, Alaska Ocean Observing System




Abstract:
The Outreach and Community Involvement component uses a Steering Commitbedinated by the Alaska Oceal
Observing System (AOOS), to set priorities for outreach and communication activities for the program. Thesq
activities include a public website, science lectures, radio programs and symposia, publications and othelsmat
and identification of potential opportunities for community based monitoring.

In this next year we will continue a number of activities hosted by the Kachemak Bay Research Reserve and |
William Sound Science Center and begin new ones at Hek&lSealife Center. We will have a larger presence 4
Alaska Marine Science Symposium and other more local science symposia. We will continue to expand mate
the Gulf Watch websitenfww.gulfwatchalaska.oryyand the Gulf of Alaska data portal. We will collaborate with
sponsors of the spring 2014 Community Based Monitoring Best Practices Workshop hosted by AOOS and Alg
Grant, and use the results as a springboard for a regional planningssiisowon potential incorporation of
community based monitoring and traditional ecological knowledge as part of the Gulf Watch program. Depen
results of external fundraising appeals, we may continue efforts to initiate a Day in Our Sound filmotgeand
outreach activities.

Estimated Budget:
EVOSCFunding Requested:
FY12 FY13 FY14 FY15 FY16 TOTAL
$60.1 $69.4 $77.4 $75.0 $66.0 $348
(Funding requesterhust include 9%A
**Note that this funding is included with Hoffman, PWS&@@min, projectnumber14140114.

Non-EVOSCFunds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL

Date: August 30, 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

t dzof AO 2dziNBFOK FyR 02YYdzyAde Ay@2f gSySyid Aa | 1S

Term Monitoring Program and is coordinated by AOOS within the overall Administration and Science
Logistics component.

B. Summary of Project to Date (if appdible)

This component has met all of its milestones thus far by organizing and supporting an Outreach Steering
Committee (that includes key outreach staff from AOOS, the PWS Science Center (PWSSC), Kachemak
Bay Research Reserve (KBRR), Alaska Seahiér, North Pacific Research Board, COSEE Alaska, NOAA,
USGS and Alaska Sea Grant); establishing a public websitequlfwatchalaska.oighat is newly

revised and updated; developing the first phase mfGutreach and Community Involvement Plan; and



http://www.gulfwatchalaska.org/
http://www.gulfwatchalaska.org/

implementing the activities described in that plan. In addition, program staff briefed the EVOS TC Public
Advisory Committe@bout these activities. These activities are closely coordinated with outreach
activities sponsored by the EVOS TC Herring Research and Monitoring Program.

Il. PROJECT DESIGN

A. Objectives

Objective TTravel expenses for Outreach Team

Administrative assistance and travel arrangements and expenses for activities directed by the Outreach
and Community Involvement Team, led by McCammon, are included in this project.

Objective 2. TM Project Outreach and Community Involvement

I. Overall Approach

The outreach/community involvement component of the LTM Proigfzcilitated by the Alaskac@an
Observing System (AOOS), with significant leveraging of the resources of these institutions: the Prince
William Sound Science Center (PWSSC) and Oil Spill Recovery Institute (OSRI) based in Cordova, the
Alaska Sealife Center (ASLC) in Seward, theikakiBay Reseeh Reserve (KBRR) in Hont@QSEE
Alaska (Center for Ocean Science Education Excellesceell as NOAA and USBI8ska Sea Grant is

now an additional partner. We have met once with 8¢OS TC Public Advisory Grang in Year 3 will
reach out to the communities in the oil spikgion to discuss and refine oactivities for outreach and
community involvement.Qur effortsare alsacloselycoordinatedwith those for the Herring Program

which are primarily focused in Prince William Sound

Our partner organizations offer a wide range of capabilities including websites and web materials,
teacher workshops, distance learning programs, newspaper and magazine articles, radio and television
programs, science camps, and community lectures.y Tiawe experienced education and

communication staff, and are connected with statewide, regional, national and international education
and outreach programs.

We have established an Outreach and Community Involvement Steering Committee made up of
education/outreach specialists from AOOS, COSEE Alaska, PWSSC/OSRI, KBRR, and the ASLC, as well as
appropriate agency experts from NOAA and USGS. AOOS is facilitating this committee, with the

assistance of staff from Alaska Sea Grant. The committeeedegidfinal activities, and either selects

an entity to be responsible for a specific product, or in some cases, will hold a small competitive process,

or even a mingrant program, for potential activities.

B. Procedural and Scientific Methods
Notapplicable.

C. Data Analysis and Statistical Methods
Not applicable.

D. Description of Study Area
Outreach and community involvement activities will be completed throughout the EVOS region.

E. Coordination and Collaboration witthe Program

Our partnerorganizations offer significant resources to this effort.

AOOSAOOS is the only organization in the state with a board made up of all the federal and state
resource management agencies and all the marine research entities in Alaska, including thetyoivers



Alaska. The AOOS mission is to coordinate and facilitate the gathering and dissemination of ocean and
coastal information and data products to meet stakeholder needs in the three Large Marine Ecosystems,
including the Gulf of Alaska. AOOS has cdtadhsignificant resources to its wdtased data portal
(www.aoos.org and data products developed in response to stakeholder needs. As part of a national

as well as a globahetwork of ocean observing systems, AQ@S access to significant national and
international resources as well. AOOS will facilitate the outreach/community involvement program, and
use its web portal as a key outlet for products to be developed.

AOOS is a major partner of COSEE Alaskawankeof ocean education and science partners that

engages ocean scientists, teachers, informal educators and community members in the region in a broad
range of programs, including statewide ocean science fairs, teacher workshops, Communicating Ocean
Science Workshops and hangas sessions for scientists at the Alaska Marine Science Symposium, plus
distance learning and virtual field trips through the COSEE Alaska website (www.coseealaska.net).

PWSSC and OSBéased in Cordova, these organizations arepttimary contact point for communities

YR SRdzOF A2y LINPINIXYa Ay (GKS &a2dzyR® ¢KS 2NBFYAT I
DeltaSound Connections, a broadly distributed annual paper describing research in PWS and Copper

River Delta.They also will develop Field Notes radio programs each year to be aired by KCHU, the PWS
public radio station. The organizations will also take advantage of the PWSSC community lecture series

held weekly through the winter and transmitted to Valdez thrbuge Prince William Sound Community

College. Results from the research will also be incorporated into the PWSSC classroom and summer

camp activities. These camps involve youth from around Prince William Sound and the Anchorage area.

KBRRFor Cook InléKachemak Bay, the Kachemak Bay Research Reserve and the Kasitsna Bay Lab will
support outreach and education services at: KBRR Discovery Labgdimgag science education

events for general public andX); "Bay Science" articles in Homer News, Hofmdrune and Peninsula
Clarion papers; "Kachemak Currents" informational radio spots on science toflizsdience camps at
Kasitsna Bay Lab (serving approximately 25 groups and 700 students) and marine science classes
(university as well as continuinglecation for tribal environmental coordinators and teachers) at

Kasitsna Bay Lab.

ASLCThe SeaLife Sy 4 SNJ 2 LIS NJ U S a-mdstfeSedadcrCalu@arium gs R@nfitS NI/
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attractions. The ASLC has a mfdtieted formal and informal education and outmaprogram,

employing 6 full time educators, year round and seasonal interpreters, with 2 full time exhibit design
experts. These staff work closely with both in house and external scientists and educators to develop
education and outreach exhibits withamd outside the Center. The Center is also the designated Alaska
Coastal Ecosystem Learning Center under the Coastal America Partmeastepwork of some 23

aquariums nationally who receive more than 20 million visitors/year. This network is now seghpgr

the NOAASmithsonian Ocean Today Kiosk program and the ASLC has a direct daily download link to the
OTK hub at the Smithsonian. The Center has a long established and interactive Exxon Valdez Oil Spill
exhibit featuring the latest updates from the 88TC science program. This exhibit is popular, but could

be readily enriched by improved interactive exhibits, expanded distance education offerings (the ASLC is
OdzZNNByidfte 1fFrajlrQa fFNBSald LINRPOARSNI 2 Ternaliohdh y S RA &
schools with some 300 lessons provided in 2010), shared mobile exhibit materials, and portable
presentation materials on the monitoring program that could be made available to monitoring team
members to use in a range of professional and sclroolmunity based presentation forums


http://www.aoos.org/

Community involvemeniCommunities in the spiliffected region include both the larger communities

of Valdez, Cordova, Homer, Kenai and Kodiak, as well as the smaller Alaska Native villages such as
Tatitlek and Cheneg#&ort Graham and Nanwalek, and Kodiak Island villages. We propose to develop
outreach materials specifically targeted to these communities, in essence bringing science to the
communities. We propose to host miscience symposiums in spill area commuasitiand contribute to

the proposed Wisdomkeeper conference sponsored by spill area communities. |rydas proposal,

we propose to begin discussions with spilta communities (primarily Prince William Sound and lower
Cook Inlet) concerning developmieof a potential communitypased citizen science monitoring

program. We propose to hold a conference on this issue in Year 2 of this proposal, and seek additional
funding sources (primarily through private sources) to implement such a program that would
incorporate local and traditional Alaska Native knowledge into ongoing monitoring efforts.

LLL® [/ + QPRleageSdepedix 2.

IV. SCHEDULE
A. Project Milestones

Objective 1.  Provide travel expenses for Outreach Team.
Ongoing support for travel ahlogistics

Objective 2  Coordinate program outreach and community involvement activities.
Develop Phase Il of Outreach and Community Involvement Plan by February 1 2014
Identify options for potential community involvement and community based monitoring
in program by September, 2014
Implement Plan ongoing

B. Measurable Project Tasks

Program Year 3 (February 1, 2Gldnuary 31, 2015

Develop Phase Il Outreach and Community Involvement Plan

Cosponsor and participate in Communicating Ocean Science Workshop at Alaska Marine Science
Symposium (AMSS)

Host exhibit and posters at AMSS

Cosponsor Community Based Monitoring Best Practices conference (to be held in April 2014)

Share conference rels and use to develop options for potential CBM activities in region

Develop 2 Field Notes short radio programs that may include video or slide show

Host 3 Discovery Labs at Kachemak Bay Research Reserve

Participate in regional science symposia (Kadimer, Cordova, Valdez)

Contribute content to annual Delta Sound Connections newsletter

Maintain www.qgulfwatchalaska.orgvebsite

Update written and welbased materials describing LTM program

Meet with EVOSQ Public Advisory Committee

Depending on results of Day in Our Sound funding appeals, decide on next project activities

V. BUDGET
Budget Form $ee attached budget spreadshéet
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FY14 PROGRAM PROJERDPOSAL FORM .2

Project Title:Data Management Support for the EVOSTC Long Term Monitoring Program

Project PeriodFeb £'2014 to Jan 312015

Primary Investigator(s)Rob Bochenek, Axiom Consulting & Desigh@axiomalaska.con{907)2360304

Abstract: This project supplies the EVOS Long Term Monitoring (LTM) effort with critical data management sU
to assist study teams in efficiently meeting their objectives and ensuring data produced or consolid
through the effort is organized, documented and available to be utilized by a wide array of technica
non technical users. This effort leverages, coordinates and cost shares with a series of existing da|
management projects which are parallel in scop¢he data management needs of the long term
monitoring program. In the first two years, this project would focus on providing informatics suppor
streamline the transfer of information between various study teams and isolate and standardize his
data sets in the general spill affected area for use in retrospective analysis, synthesis and model
development. These efforts would continue into year three through five but efforts would also focu
developing management and outreach applicationstfier data and data products produced from the
LTM program.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$163.5 $163.4 $164.0 $164.0 $162.6 $817.4
(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL
$620

Date: August 8 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

In the two decades following thExxon Valdeail spill (EVOS), and after extensive restoration, research
and monitoring efforts, it has been recognized that full recovery from the spill will take decades and
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requires longterm monitoring of both the injured resources and factors other than residildhat may
continue to inhibit recovery or adversely impact resources that have recovered. Monitoring information
is valuable for assessing recovery of injured species, managing those resources and the services they
provide, and informing the communisevho depend on the resources. In addition, kbegn,

consistent, scientific data is critical to allow us to detect and understand ecosystem changes and shifts
that directly or indirectly (e.g. through food web relationships) influence the species avidesinjured

by the spill.

An integrated monitoring program requires information on environmental drivers and pelagic and
benthic components of the marine ecosystem. Additionally, while extensive monitoring data has been
collected thus far through E\BJTrustee Coundilinded projects as well as from other sources and

made publicly available, much of that information needs to be assessed holistically to understand the
range of factors affecting individual species and the ecosystem as a whole. |npdirtisg syntheses of
historical and ongoing monitoring data are needed to answer remaining questions about the recovery of
injured resources and impacts of ecosystem change.

Managing oceanographic data is particularly challenging due to the varietya€didection protocols

and the vast range of oceanographic variables studied. Data may derive from automatétheeal

sensors, remote sensing satellite/observational platforms, field/cruise observations, model outputs, and
various other sources. Varialslean range from mesoscale ocean dynamics to microscale zooplankton
counts. The resulting datasets are packaged and stored in advanced formats, and describe a wide
spectrum of scientific observations and metrics. Due to the complexity of the data, devg dgtia
management strategies to securely organize and disseminate information is also technically challenging.
Distilling the underlying information into usable products for various user groups requires a cohesive,
endto-end approach in addition to a fdamental understanding of the needs and requirements of the
user groups and stakeholders.

Data management activities for oceanographic information occur in isolated, physically distributed
agencies, leading to low creagency utilization of data. Techaldarriers, complex data formats, a lack
of standardization and missing metadata have limited access to data and made the utilization of
available scientific information cumbersome and daunting. As a consequence, existing data is
underutilized and often &s not undergone quality assurance.

B. Summary of Project to Date (if applicable)

During the first few months of the EVOS LTM Program Data Management project investigators have
been focused on establishing protocols for data transfer, metadata requirements and initiating the data
salvage effort. Investigators have been meeting andrpfanwith Matt Jones to coordinate future

activities. Pls have participated in several Pl meetings and are coordinating activities between the
Herring and LTM programs. In addition, the AOOS ocean workspace has been rolled out to Pls and their
user and goup profiles have been created. Several training seminars have been held via webinars and
Pls are beginning to use the system to organize and consolidate their project level data. Software
engineers at Axiom have also been working to support workspaselving bugs and implementing



new functionality in response to user feedback. Significant progress has been made on the Gulfwatch
Data Portal to be released in September, 2013.

II. PROJECT DESIGN
A. Objectives

1) Provide data management oversight and seegifor EVOS LTM project team data centric
activities which include data structure optimization, metadata generation, and transfer of data
between project teams.

2) Consolidate, standardize and provide access to study area data sets that are critical for
retrospective analysis, synthesis and model development.

3) Develop tools for user groups to access, analyze and visualize information produced or
processed by the LTM effort.

4) Integrate all data, metadata and information products produced from this effortioAOOS
data management system for long term storage and public use.

B. Procedural and Scientific Methods

Objective 1. Provide data management oversight and services for EVOS LTM project team data centric
activities which include data structure optimizat, metadata generation, and transfer of data between
project teams.

AOOS data management staff will work with EVOS LTM investigators to assess the types of data which
will be collected during sampling efforts, assess Standard Operating Proceduresf¢f Qéta)

collection to create metadata templates in addition to gauging general data management needs of PIs.
This assessment is critical to identify the data management needs and the types of tools needed by
researchers to increase their abilities to na@e their data in an automated, standard fashion. Table 1
(included at the end of this proposal) details an initial effort by the AOOS data management team to
FaasSaa GKS OKFNIOGSNRaGAOA 2F St OK AyitkiA GARdzZrf [ ¢a
assessment has provided key details which will assist and guide investigators in developing data
management plans and strategizing for the overall data management approach to the program. This
exercise further validates the fact that project levaka is heterogeneous in nature and is composed of

a wide array of observational types requiring novel data management approaches to facilitate
integration. It is clear that Pls need both flexible and powerful tools to assist them in sharing, archiving
anddocumenting their research products.

The AOOS data management group is currently developing a web base platform for Pls to manage
project level data sets and author metadata. System development is currently funded through internal
AOOS funds indditional to dedicated funding from the Prince William Sound Science Center. The AOOS
Ocean Workspace will provide a web based platform for Pls to post and share data sets and rapidly
author metadata. The system will be enabled with security authentinati order to limit access to

LTM investigators, project managers and administrators. The system will also provide PIs with tools to
generate metadata profiles which comply with national standards. Initially, this system will focus on



authoring FGDC matlata formats including tools for authoring the biological extension for taxonomic
classifications and measurements. The software development phase of this application was initiated in
March 2011. An initial beta release/testing of this system will cemea in August 2011 with a

planned release date of Octobet,122011. This platform will provide LTM investigators and project
managers with a transparent view of data collection and metadata authoring progress in addition to
providing a framework for datintegration. It is envisioned that this platform will function as the

primary vehicle to facilitate data transfer, metadata generation and archiving for the entire LTM project
data management lifecycle. This proposed effort will provide a user basemsked environment for

the expansion and refinement of this project level data management system.

Objective 2. Consolidate, standardize and provide access to study area data sets that are critical for
retrospective analysis, synthesis and model depeient.

This task will involve isolating and standardizing historic data sets deemed necessary for retrospective
analysis by EVOS LTM synthesis efforts. Early in the effort the EVOS LTM researcher team will be
engaged to prioritize sources of relevant daeemed of high value for the synthesis effort. Data will be
prioritized by several metrics including length of time series, scientific importance, and quality and
precision of the data storage format. All data acquired through efforts of this projddieviherged

into the AOOS data system for long term archival and access.

Members of the LTM integrated team were surveyed to document historical data sources under their
stewardship which could be of potential value to the LTM program and synthesis éfftete data
resources are listed iable 2 (included at the end of this proposal). This list will provide a starting point
for consolidation/prioritization of data in preparation for synthesis efforts. Table 3 (included at the end
of this proposal) prodes a list which delineates the data sets researchers would be interested in getting
access to but are currently unaware of any sources of data.

Many herring and PWS ecosystem data sets not easily accessible to restoration researchers and
managershave been standardized and made available through the actions of the PWS Herring Portal
(EVOS Project 070822, 080822 and 090822). Building upon results of the PWS Herring Portal Project,
investigators will expand their efforts to additional project levatalsets, long term time series

produced from sensor platforms, remote sensing/satellite imagery data products,
oceanographic/atmospheric/ecological model outputs and relevant GIS data layers. The AOOS data
system currently has the capacity to managetthese data types except for project level data. AOOS
will be deploying a project level data management system in the fall of 2011 to address this need. This
is the same system referenced in methods of objective 1. Data analysts preparing and gdlisigiic
project level datasets will leverage this system to consolidate, centralize and document data resources
so that LTM investigators can access these data as they are discovered, processed and made available
for use.

Additionally, data managemestaff will leverage existing data management efforts and data sets

currently under the stewardship of AOOS in this activity. These resources and efforts are detailed more
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data resources include a wide array of physical and biological data sets in the general spill affected

areas. These resources can be accessatt@t/data.ao0s.org



http://data.aoos.org/

Objective 3. Develop bols for user groups to access, analyze and visualize information produced or
processed by the LTM effort.

Working with regional agency and outreach staff develop products and management tools that are
based upon data produced or acquired from EVOS Lrolat activities. Effective data visualization
exposes problems, manifests trends, and allows for high level comparisons with other sources of
information. Data visualization products are also ideal tools to communicate information to audiences
with vartying degrees of familiarity in meaningful and easily understandable ways. Providing these types
of high level data products allows members of all user groups to rapidly discover assess and
comprehend complex data sets. These tools could include emergesgygnse and management
applications that provide users with rapid detailed access to threatened habitat, species distribution and
real time ocean conditions or outreach and education products that provide users visualizations of
relevant data at informabnal kiosks.

Investigators propose to develop web based data driven tools based upon prioritization and direction
from user groups. The process will initiate in year two with the developmentuséaaccess tool work

plan which will be distributed for review and feedback in May of 2013. The work plan will be finalized in
October of 2013 at which time platform development will commence with a target release date of June
2014 for the first versionf user data access tools. Addition release versions are planned annually in
June alongside annual access tool work plan publishing for review at the Alaska Marine Science
Symposium in January.

Figure 1 below provides screen captures of existing AOOS data portals which provide access to data
systems that manage sensors, models/remote sensing and GIS data sets. These portals can be accessed
off the AOOS website &tttp://data.a00s.org/.
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Figure 1. Screenshots of existing AOOS data management and visualization systems which are available
at http://data.aoos.org At the top left is a screenshot of the AOOS model explitispiaying a ROMS
circulation model of Prince William Sound and an ocean temperature point source time series extraction
near Port Fidalgo. On the top right of the figure is a screen capture of the AOOS real time sensor portal.
On the bottom of the figurdrom the left to right are screenshots of the North Pacific Seabird Portal and
the PWS Herring Portal.

Objective 4. Integrate all data, metadata and information products produced from this effort into the
AOOS data management system for long term stoeagkpublic use.

The ultimate goal of this project is to provide services to assist in the organization, documentation and
structuring of data collected and made available via EVOS IHRP project activities so that it can be
transferred efficiently to longegrm data archive and storage centers and made available for future use

by researchers and other user groups. This task will leverage the AOOS cyber infrastructure, long term
funding and other active data management projects being undertaken by that aajaom. Data sets
produced from the integrated research effort will be served to users by extending existing data access,
analysis and visualization interfaces currently supported and under development by the AOOS data
management team.

C. Data Analysisnd Statistical Methods

The overarching strategic plan for the AOOS data system involves implementing-enesal
technological solution which allows data and information to be channeled and distilled intdriesetly
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products while simultaneously entiig the underlying data to be assimilated and used by the emerging
external data assembly systems. The following diagram (Figure 2) details the four logical technical tiers
of the approach. At the base (Tier 1) of the pyramid lie the source data prodiycextearchers,
instruments, models, and remote sensing platforms which are stored as files or loaded within geospatial
databases. Interoperability systems (Tier 2), such as Web Map Services (WMS) and Web Coverage
Services (WCS), are then implemented amohected to these underlying data sources. The asset
catalogue (Tier 3) connects to internal interoperability systems in addition to known external sources of
interoperable data and populates a database describing the dimensional characteristics (space, ti
measured parameter, and taxonomy) of each data resource. Also in this third tier are web services
which provide access to the descriptive information contained in the asset catalogue database so that
applications can more easily utilize data from nplétisources, formats, and types. The final technical

level (Tier 4) is composed of the web based applications and tools which provide users access to data
and products. Users sit at the top of the pyramid with all underlying systems working togetheate cre

a powerful and intuitive user experience. The intended result is the facilitation of rapid data discovery,
improved data access, understanding, and the development of knowledge about the physical and
biological marine environment.

Knowledge, Discovery and
Understanding

External Interoperability
Sources
(NASA, JPL, USGS , 505
Sensor Data, ETC. )

|00S Backbone
A

Web Applications
and Tools
Javascript

Asset Catalogue Java Web Services ‘:
(Application Web Services - Tomcat/Glassfish <
Ontological Metadata) WMS, WFS, S0S

Ontological Metadata (Postgres)

- Running within Tomcat / Glassfish as Java Serviets
Interoperability Systems < 5

Dala Web Services THREDD: enserver 52 North SOS
( ) (WCS, WMS, (WMS, WFS, Service OPEMDAP. WCS
OpenDAR) WCS) (S0S) WMS, WFS, S0S

|
Stored as Files Stored in Spatial DB (Postgres)
Data, Models )
& Metadata NetCDF  Geotiff ImageMosaic Databases Shape Files
X Metadata Tabular Data
HDF ArcGrid  (gGpe, 1SO 19115, SensorML) (Excel, CSV, ASCII)
Models, Gridded Data and Rasters ector Spatial Data, Databases/Tabular Formats

Figure 2. Data kdedge pyramid detailing the flow of data through logical technology tiers so that it
can be consumed by users to enable discovery and understanding about the ocean environment.

Tiers are discussed in technical detail below.



9 Tier 1 (Data, Models and Matata) ¢ At the base of the proposed data management
framework are the datasets, metadata, and model outputs that provide the foundation for
applications and user tools. These resources can be stored either in native formats or spatially
enabled databasedhe decision to choose one method over the other is dictated by the
requirements of the interoperability system which will be serving the data. Data which has a
tabular or vector form (Shapefiles, databases, Excel spreadsheets, comma separated values
(CSVtext files, etc.) will be loaded into a PostgreSQL database and spatially indexed. GeoServer,
an open source geospatial data server, will then connect to the PostgreSQL database and serve
the data via WFS and WMS protocols. Imagery, raster, and modewdabe stored in a file
server in their native file formats. THREDDS and/or ncWMS will be used to serve NetCDF and
HDF files which may contain two, three, four or higher dimensional gridded datasets. GeoServer
or other OGC compliant mapping servers balutilized to serve GeoTIFF, ArcGrid, ImageMosaic
and other two dimensional imagery/raster data.

1 Tier 2 (Interoperability Systems) Various interoperability servers (GeoServer, THREDDS,
ncWMS, 52 North SOS, etc.) will be implemented on top of soutee By design, these servers
will expose a powerful set of interfaces for other computing systems and humans to extract,
guery, and visualize the underlying source data. These systems will facilitate all aspects of data
delivery to users in addition to pviding the muscle for the machirte-machine data transfer
to national data assembly systems as required. Because these systems have been developed
using the Java programming language, they will run within a servlet container such as Tomcat or
Glassfish.

1 Tier 3(Asset Catalogue, Ontological Metadata and Serviae$he asset catalogue provides a
description of known internal and external available data resources, access protocols for these
resources (interoperability services, raw file download, etc.g, dinectives on how to ultimately
utilize these data resources in applications. Because documentation and access methods vary
widely between data sources, a system which catalogs data sources and reconciles these
inconsistencies must be implemented if tbata are to be used in an efficient manner.

In addition to managing information about data availability and access methods, the asset
catalogue will also contain an ontology that maps source data descriptions and metadata to a
common set of internally sted terms with strict definitions. This mapping will allow users to
easily locate related sets of information without having explicit knowledge of the internal
naming conventions of each dapmoviding agency. The development of an internal ontology
will also enable future endeavors to connect the asset catalogue to global ontologies in the
semantic web. The following dimensions are to be stored in the database for mapping the
heterogeneous characteristics of source data to common metrics:

Sourceg ServicdJRLs and methods of interaction for these services.

Data formats and return typeg Data format returned by the service and how data can

be equated between various formats.

1 Space (%, y, 2) Spatial dimensions of dataset (1D, 2D, 3D). Upper and lower spatial
bounds (bounding box or cube) stored in common projection (EPSG 4326).

1 Time (t)¢ For data resources with a time component: document time span, whether

time corresponds to a single mant or if it is representative of a time period. If data is

in discrete periods, document individual available periods.

il
il



1 Taxonomyg Taxonomic data mapped to International Taxonomic Information System
(ITIS) codes.

1 Parameterg Parameter(s) and units in theath resource and how they map to
internally defined universal terms. For example: Datasets SST, AVHRR, and Sea_Surface
all contain parameters that map to internal universal term Sea Surface Temperature.

Web services written in the Java programming languail be developed to connect to the

asset catalogue and provide applications with access to the underlying descriptions of all known
data sources. Because the asset catalogue contains a structured ontological definition of data
sources and maps all knowdata sources to a common definition, applications can be

developed which connect users to vast arrays of data through simple but powerful interfaces.
The following is a list of example functionality that is possible utilizing this methodology:

1 Users catoad multiple data layers (potentially existing in different physical locations
and being served by different systems) onto a single web based map. Users can also
filter all layers simultaneously by time or request spatial and temporal subsamples of
data that can be pulled from multiple sources and automatically packaged into a single
download.

9 Allreal time sensor feeds can be accessed and visualized on a single uniform user
interface by parameter even though the sources of the sensor feeds may exiside a
array of formats and service protocols.

9 Users can query the asset catalogue to discover which data is available for an area, time
period, parameter, and species.

9 Tier 4 (User Applications) Users interface with web based applications that bringetbegr
combinations of underlying data and allow users to make discoveries, improve understanding,
and develop knowledge through visualization and data access. These types of applications
would most likely be interactive map based data portals. Applicatiohslso be developed
which provide specific targeted functionality. These focused applications could include marine
spatial planning tools, emergency response applications, and educational/outreach portals.
Developed tools are designed to meet user neadd thus require user input into their initial
design and periodic feedback to direct functional improvements for future design iterations.

D. Description of Study Area

The majority of this project will involve consolidating existing data, metadathp#mer electronic

resources related to herring in Spill Affected Area. Specific areas of focus include those areas in PWS,
Lower Cook Inlet, and Kodiak where herring fisheries currently do, or historically did occur. The north,
east, south, and west bawding coordinates of this area are 59.76145.837, 61.834, and 54.334

E. Coordination and Collaboration with Other Efforts

¢KAA& LINRPLIR A&t A aLohdTedd Moaitbring df Barirde Cdn&itdnislaria $ijRredd
Resources and Serviées LINE widhitied by thé Prince William Sound Science Center to the Exxon
Valdez Oil Spill Trustee Coundi.includes the collaboration and coordination described there for work
within the herring research group and with the Lefigrm Monitoring PWS Herring Rasch and



Monitoring proposal submitted by the Alaska Ocean Observing System. This project is also highly
coupled with the proposed data management component of the EVOS Herring Research and Monitoring
program.

AOOS brings a significant level of leverthggsources, infrastructure, regional data management

projects and partnerships to this proposed effort. The data management effort for the LTM and herring
projects could not be accomplished for the budgeted amount by a team without these leveraged
resources.

1. AOOSg; (500k to AOOS DM) Alaska oceanographic data management effort. Supports open
source, standards based data system that serves up and archivasmweaensor feeds, models
& remote sensing data, GIS data layers, and historical datasets. Data system developed on
interoperability concepts and meets NOAA Integrated Ocean Observing System standards and
protocols for streaming data feeds to national data assimilation centerta ldanagement
Committee chaired by Dr. Phil Mundy provides ongoing advice, prioritization and direction to
the team at Axiom Consulting & Design. AOOS board is made up of federal and state agencies,
and major marine research institutions in the state thave committed to data sharing. The
AOOS board has committed to supporting a statewide data system for as long as AOOS exists.
Federal funding is stable, although we would like to see it increase. In the event AOOS was to
end, all data and data productgould be transferred to the University of Alaska.

2. PWSSGPWSSC Data Management Project ($50K to AOOS& Pidject involves the creation
of a prototype data management system for use by PWSSC staff to manage, track, document via
metadata and visualize eanographic and biological data being collected at the center. Project
will utilize a stack of open source technologies and protocols with the overall goal of creating a
packaged solution for research organizations to better manage and document their data
resources. This project is to function as the pilot application for the AOOS project level data
management system (Ocean Workbench).

3. Northern Forum/USFWS Seabird Data Systé#b0K)Project involves the creation and
population of a series of new seabircetric databases (diet and productivity) and integrating
these new databases with legacy seabird databases (species distribution and abundance at
seabird colonies, pelagic species distribution and abundance, USGS seabird monitoring
RFEGFolasSa | if Racific Seabir@BEiet DagabiBe). Modern spatially explicit, web
based data entry interfaces have and continue to be developed to assist researchers existing in
distributed agencies to contribute their historic and current seabird metric data into standar
data structures. Project will result in vastly increasing the amount and quality of seabird species
distribution, diet and other seabird data available for use in retrospective analysis and
management. Though data includes areas around all of Alaglsti,available data is located in
GOA and PWS.

4. AOOS; 3-year funded partnership (~$200K to ADF&G) with ADF&G Division of Commercial
Fisheries to develop data sharing and transfer to make commercial fisheries data more
accessible, and to allow ADF&G resbars greater access to oceanographic data. Project



builds upon an effort funded by the Moore foundation to develop improved data management
capacity and salmon fishery management tools for the PWS fisheries.

5. AOOS collaborator with Alaska Data Intedian Working Group; an initiative with the Alaska
Climate Change Executive Roundtabte develop protocols for serving up project data to
increase data sharing among federal and state agencies.

6. AOOS and NOAdAnitiatives to develop data sharing agreenis with private sector, including
oil & gas companies.

7. Cook Inlet Regional Citizens Advisory Council @g&itract with Axiom to develop a data
management system for their oceanographic and contaminants data in Cook Inlet.
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IV. SCHEDULE

A. Project Milestones

Objective 1. Provide data management oversight and services for EVOS LTM project team data centric
activities which include data structure optimization, metadata generation, and transfer of data between
project teams.

This objective will be addressed throughout the entire span of the project and will follow the annual cycle
of field data collection and analysis by principal investigators. Investigators will be engaged before each
field season to ensure thatgparations have been made to stage data collected by the project so that
other members of the LTM project can access the data produced by project participants.

Objective 2. Consolidate, standardize and provide access to study area data sets thuitiaed for
retrospective analysis, synthesis and model development.

This objective will be met by the fourth quarter of year two of the effort (September 2013).

Objective 3. Develop tools for user groups to access, analyze and visualize informatiarcpcbdr
processed by the LTM effort.

Initial release of version 1 of the user access tool platform will take place in Quarter three of year three
(June 2014). Version 2 and 3 of the user tool platform will be released June 2015 and June 2016
respectively.

Objective 4. Integrate all data, metadata and information products produced from this effort into the
AOOQOS data management system for long term storage and public use.

This objective will be addressed throughout the entire span of the project. Thedata@$stem is to
serve as the vessel to capture all project level data produced through this effort in addition to those



datasets salvaged to inform the historic synthesis effort. This task will be ongoing as long as the program
is producing or acquiringdditional data.

B. Measurable Project Tasks

Y3 £'Quarter (February 1, 14 to April 30, 14)

February Finalize user access tool work plan version 1 and initiate development
Winter EVOS workshop with Herring and Léegn monitoring programs

March Submit annual report

March Submit annual financial report

Y3 29 Quarter (May 1, 14 to July 31, 14)

May Participate in annual Pl meeting
June Submit Y4 work plan for review
June Release version 1 of user tool platform

Y3 3 Quarter (August 114 to October 31, 14)

September Submit semiannual report

September Oversee transfer of field year 3 data

October Assess year 3 datasets and metadata submitted through Ocean Workspace
October Compile feedback from user access tool platform version 1

Y3 4 Quarter (November 1, 14 to January 31, 15)
January Annual Marine Science Symposium

V. BUDGET

Budget Form (#ached)

FY14 PROGRAM PROJECT
PROPOSAL FORM.3

Project Title:CollaborativeData Management and HolistBynthesis of Impacts and Recovery Status Associated
the Exxon Valdez Oil SglVOS TC Project #12120120)

Project PeriodFebruary 1, 2014 January 31, 2015

Primary Investigator(s)Matthew B. Jones, National Center for Ecological Analysis and Synthesis (NCEAS),
jones@nceas.ucsb.ed(®07) 9576509
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Abstract:

The AOO%d LongTerm Monitoring (LTM) and the PWS8@& Herring Research amdionitoring (HRM) programs
propose an ambitious monitoring and research agenda over the next five years. These efforts could facilitate
thorough understanding of the effects of the oil spill if the new data and information on theaffigitited ecogstems
are effectively managed and collated along with historical data on these systems, and then used in a comprel
synthesis effort. We propose a collaboration among NCEAS and the AOOS LTM dadrikRiel help build an
effective data management bgrinfrastructure for proposed monitoring efforts and organize these data with
historical data, including previous EVOSIi@led efforts, to prepare for synthesis and ensure all data are organi:
documented and available to be used by a wide array direal and nortechnical users. Building on the LTM and
HRM syntheses and modeling efforts and they2@r historical data from EVOSTC projects and any available cu
data, NCEAS would convene two crogtting synthesis working groups to do afpfisems analysis of the effects o
the 1989 ail spill on Prince William Sound and the state of recovery of the affected ecosystems.

Estimated Budget:
EVOSTC Funding Requested:
FY12 FY13 FY14 FY15 FY16 TOTAL
$444.1 $464.7 $372.1 $379.2 $73.9 $1,733.9

(Funding requested must include 9% GA)

Non-EVOSTC Funds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL

Date: 8/27/2013

I. NEED FOR THE PROJECT

A. Statement of Problem

In the two decades following thExxon Valdeail spill (EVOS), and after extensive restoration, research,
and monitoring efforts, it has been recognized that full recovery from the spill will take decades and
requires longterm monitoring of both the injured resources and factors other than residildhat may
continue to inhibit recovery or adversely impact resources that have recovered. Monitoring information
is valuable for assessing recovery of injured species, managing those resources and the services they
provide, and informing the communréts who depend on the resources. In addition, loegn,

consistent, scientific data is critical to allow us to detect and understand ecosystem changes and shifts
that directly or indirectly (e.g. through food web relationships) influence the speciesaavides injured

by the spill.

An integrated monitoring program requires information on environmental drivers and pelagic and
benthic components of the marine ecosystem. Additionally, while extensive monitoring data has been
collected thus far through\EOS Trustee Coundilnded projects as well as from other sources and

made publicly available, much of that information needs to be collated and assessed holistically to
understand factors affecting individual species and the ecosystem as a whole. doif@ndary

syntheses of historical and ongoing monitoring data are needed to answer remaining questions about
the recovery of injured resources and impacts of ecosystem change.



Data collected prior to and in response to the Exxon Valdez oil spill di@ipdly heterogeneous. They
range from longerm, automated sensing of oceanographic and atmospheric conditions, to-tvart
experimental, monitoring, and behavioral studies of biological components of the system. The scientific
data to be collected ithese studies includes data on population trends, behavior, physiology, disease,
and genetics of many species, as well as oceanographic and meteorological data at both regional and
local scales. This diversity of data and data collection protocols suladiaoomplicates data

management by EVOSTC ldagn monitoring projects. In addition, investigators on both the long

term monitoring and herring population studies are affiliated with many different institutions and
agencies, each currently collectidgta from many sites within the spill region and managing it within

the frameworks dispersed among these agencies. Any data management system will necessarily need to
accommodate this heterogeneity and dispersion by preserving the original data and pgpvidi
mechanisms to access, integrate, and analyze the data for crosscutting syriffaaisnanagement

activities for oceanographic information occur in isolated, physically distributed agencies, leading to low
crossagency utilization of data. Technical bars, complex data formats, a lack of standardization and
missing metadata have limited access to data and made the utilization of available scientific information
cumbersome and daunting. As a consequence, existing data is underutilized and often has not
undergone quality assurance.

In this proposal, we outline the collaboration between the National Center for Ecological Analysis and
Synthesis (NCEAS), the Alaska Ocean Observing System (AOOS) and their partner Axiom Consulting, and
the investigators oftie pending Long Term Monitoring (LFlidroposal submitted by McCammon et al.)

and Herring Research and Monitoring (HRpfoposal submitted by Pegau et al.) programs (see Figure
below). This project will augment the expertise in data management and sgiatbkthese groups to

maximize the efficiency of data collection and management for the LTM and HRM programs and expand
access to these data, collate additional historical data that are useful for synthesis from the EVOS

affected area, and conduct a broadnging synthesis of twenty years of EVOSTC funded research data

to generate a comprehensive assessment of ecosystem impacts and recovery status for the spill affected
area.
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Figure 1. Conceptual description of AOOS/NCEAS/PWSSC collaboration ocandatamnent and
synthesis activities.

This collaboration document augments the data management, infrastructure development, and
synthesis activities previously proposed by the AOOS partners with additional objectives that introduce
new technologies from N@ES to jointly improve the data management infrastructure available to
researchers, broaden the scope of data collation and integration, and embark on an ambitious synthesis
plan (Figure 1). During the first two years, NCEAS will focus on mining histatacahd contributing to
development of both the AOOS cyberinfrastructure and the DataONE Federation infrastructure in order
to create the necessary data resources for synthesis; during yearBIGEAS will conduct a myléar

working group effort usingg TM and HRM principal investigators (PIs) and other internationally

renowned researchers to synthesize what is known about spill effects and recovery of ecosystems.
These activities will be interwoven with the complementary but distinct data manageneafinology
development, and analysis activities previously proposed by Axiom and AOOS and which are referenced
in the objectives below.

B. Relevance to 1994 Restoration Plan Goals and Scientific Priorities

The LTM and HRM program proposals outline theuvahce of the proposed monitoring, data

management and syntheses efforts to the EVOSTC 1994 Restoration Plan goals. This project will further
adzLIL2 NI wSadG2NI GA2y tf 1y LINKdstftinad, SiterageeNdra & G NI 4§ S3I A
collaboratis LJ NIy SNBKAL&AE YR F2NJ SFF2NIa GKFG oAttt GAn
Ffa2 LINPGARS 'y AYRAOFGAZ2Y 2F AYLRNIFIYG NBYIFAYAyYy3



This proposed data management and synthesis colldlmrduilds on the LTM and HRM programmatic
efforts and leverages an additional collaboration with the DataONE federation.

B. Summary of Project to Date (if applicable)

If the project was funded in previous years, please provide a summary of the gdais da¢e and what

YAt Sahz2ySa IINB aGAff 2dziadlyRAy3IoD L¥ GKSNB | NB
been met, provide a description of why they could not be met, how much funding remains for the
project to complete the milestoneand a timeline for their completion.

II. PROJECT DESIGN
A. Objectives

5) Provide data management oversight and services for project team data centric activities that
include data structure optimization, metadata generation, and transfer of data betyegjact
teams (AOOS lead, with contributions from NCEAS).

6) Consolidate, standardize and provide access to study area data sets that are critical for
retrospective analysis, synthesis and model development (AOOS and NCEAS).

7) Develop tools for user groups tee@ess, analyze and visualize information produced or
processed by the LTM and Herring Research efforts (AOOS lead, with contributions from
NCEAS).

8) Organize, integrate, analyze, and model they2@r historical data from EVOSfu@ded
projects and other mnitoring in the spill area in preparation for synthesis (under LTM and HRM
programs and in NCEAS working groups) (NCEAS lead witlca@fsitions.

9) Integrate all data, metadata and information products produced from this effort into the AOOS
data manageent system for longerm storage and public use (AOOS lead).

10) Augment AOOS/IOOS preservation and interoperability system with other data systems through
integration of DataONE services (NCEAS lead).

11) Conduct additional broad synthesis activities on spiflants and recovery as part of whele
ecosystem analysis through NCEAS working groups (NCEAS lead with AOOS and PWSSC
contributions.

B. Procedural and Scientific Methods

Objective 1. Provide data management oversight and services for EVOS LTM and H&dtpeop

data centric activities that include data structure optimization, metadata generation, and transfer of
data among project Pls and between project teams.

Details of these efforts are provided in the individual detailed project descriptions fatatee

management components included in both the LTM and HRM projects. Because project level data is so
heterogeneous in nature and is composed of a wide variety of observational types (see Table 1 in LTM
data management proposal, which details an inigifibrt by the AOOS data management team to assess
the characteristics of individual LTM data collection activities), a broad range of data management
approaches are needed to manage the data in an automated, standard fashion and to facilitate
integration. In addition, the project Principal Investigators (PIs) need both flexible and powerful tools to
assist them in sharing, archiving and documenting their research products. AOOS data management
staff will provide the primary support for these efforts withe AOOS Ocean Workspace, a valsed
platform for Pls to post and share data sets and rapidly author metadata. The system will be enabled
with security authentication in order to temporarily limit access to LTM and HRM investigators, project
managers anédministrators before data are quality controlled; neansitive data will be publicly

released after quality processing. The system will also provide Pls with tools to generate metadata
profiles that comply with national standards. Initially, this eystwill focus on authoring FGDC



metadata formats including tools for authoring the biological extension for taxonomic classifications and
measurements.

NCEAS engineers will work with the AOOS data team to extend the AOOS data infrastructure to
incorporake additional metadata tools and catalogs that are customized for prijesed data

management for biological data. The design will include both tools for data access and for data
contribution and management by the participating scientific staff. Therdd AOOS Ocean Workspace
(based on nofproprietary opensource standards endorsed by the national Integrated Ocean Observing
System) will be enhanced with more biologicalljented data management tools in order to enable
individuals to describe and depib all of their heterogeneous data in a uniform data repository. Many

tools for biological data management, such as metadata generation tools (e.g., Morpho), data analysis
tools (e.g., R, Matlab), and synthesis tools (e.g., Kepler) have been develgzedlial to

oceanographic tools in use by I00S; NCEAS will incorporate these tools as appropriate into AOOS
systems such as Ocean Workspace, and where that does not make sense, provide interoperability
solutions that allow the appropriate tools to worktvithe AOOS infrastructure (see Objective 6 below).

In addition, the heterogeneous data collected by the LTM and HRM projects necessitates a sophisticated
data search and discovery system that is effective across data from historical and current LTMMand HR
projects. NCEAS will build on their prior work in this area to create a Smart Semantic Search Service that
will be deployed as part of the AOOS infrastructure.

This integration of tools from NCEAS contributors into the AOOS cyberinfrastructure eahdected
after a thorough design review and cyberinfrastructure development plan is jointly assembled by AOOS
and NCEAS as part of the initial needs and solutions assessment.

Objective 2. Consolidate, standardize and provide access to related and ioistata sets that are

critical for retrospective analysis, synthesis and model development within the LTM and HRM programs.
This task will involve isolating and standardizing historic data sets deemed necessary for retrospective
analysis by EVOSTC LTM ldRiM program synthesis and modeling efforts. Early in the effort the
EVOSTC LTM and HRM program researcher teams will be engaged to prioritize sources of relevant data
deemed of high value for the synthesis effort. Data will be prioritized by severatm#tcluding its

utility to LTM and HRM program syntheses as well as systielm synthesis efforts (Objective 7),
accessibility of the data, length of time series, scientific importance, quality and precision of the data
storage format, and the cost of tdining the data (digitization can be expensive). All data acquired
through efforts of this project will be merged into the AOOS data system for long term archival and
access.

LTM PIs have already developed a preliminary list of historical data sources under their stewardship
which could be of potential value to the LTM program and synthesis effort (see Table 2 in LTM data
management proposal), as well as those datan®isld beinterested in getting access to are currently
unaware of sources (Table 3 in LTM propog®DOS funding leverages numerous data sets available
through the AOOS website and data system, incluthiegherring and PWS ecosystem data sets that

were standardied and made available through the actions of the PWS Herring Portal Project (EVOS
Project 070822, 080822 and 090822).

Although data capture will be a collaborative effort, we expect to roughly divide activities into three
focal sets of data: 1) LTM ahilRM data sets that are newly collected under these projects (AOOS
focus); 2) Other EVOSTC project data sets, both current and historical, that lay outside of the LTM and
HRM projects (NCEAS focus); and 3) external data sets from other funding group$GeaA® and

AOOQS focus depending on source).



Objective 3. Develop tools for user groups to access, analyze and visualize information produced or
processed by the LTM and HRM efforts.

AOOS will take the lead on these efforts, as described in the datagearent DPDs for the LTM and

HRM programs. The AOOS data team will work with project investigators to develdpaaet data

driven tools based upon prioritization and direction from agency managers, outreach staff and user
groups. Effective data summaaimn and visualization exposes problems, manifests trends, and allows
for highlevel comparisons with other sources of information. Data visualization products are also ideal
tools to communicate information to audiences with varying degrees of fanyli@imeaningful and

easily understandable ways. NCEAS will provide input and expertise into development of these tools.

Objective 4.0rganize, integrate, analyze, and model they2@r historical data from EVOS@ded

projects in the spill area in prepation for LTM and HRM program and NCEAS working group synthesis
efforts.

The current AOOS plan is to emphasize the capture of historical data from previous studies related to
the Exxon Valdez oil spill during the first two years of the project, as sl prepare the system to

receive the monitoring data generated during this project. NCEAS will collaborate with the AOOS team
in order to collate, summarize, visualize, and integrate these historical data in order to prepare them for
synthesis and anatjs. NCEAS has developed a group of scientific programmers who specialize in
assisting in crossutting analysis and modeling, and we will employ one of these scientific programming
specialists along with a graduate student assistant to collate, stan@aidiegrate, summarize, and

visualize the data needed for synthesis activities. Digital, graphical and visualization products generated
by NCEAS from the 3@ar historical datasets will be used for the cros#ting synthesis activities of

the year three EVOSTC joint workshop between the LTM and HRM programs and for the broader EVOS
impact syntheses described in Objective 7. Products from these activities will include: data summaries
and visualizations from each of the prioritized EVOSTC data sets$y @salirance analyses on input

data to resolve issues prior to analysis; integrated data products that resolve methodological differences
to combine multiple related primary data sets into letegm, crossscale derived data products; and
analyses of thesderived products that illustrate lontgrm, cross scale aspects of spill impacts and
recovery. These activities will build upon the LTM and HRM program synthesis and conceptual ecological
modeling efforts focused on the monitoring program data. Pleasetse detailed project descriptions

on LTM synthesis (Holderied), LTM ecological modeling (Hollmen), HRM synthesis (Pegau), and HRM
modeling for additional information, as well as the synthesis activities in Objective 7 regarding cross
cutting synthesis ébrts.

Objective 5. Integrate all data, metadata and information products produced from this effort into the
AOOS data management system for ktagn storage and public use.

The ultimate goal of this project is to provide services to assist in thenamag#on, documentation and
structuring of data collected and made available via EVOS LTM and HRM project activities so that it can
be transferred efficiently to long term data archive and storage centers and made available for future
use by researchers drother user groups. This task will leverage the AOOS cyberinfrastructure, long
term funding and other active data management projects being undertaken by that organization. Data
sets produced from the integrated research effort will be served to usgextending existing data

access, analysis and visualization interfaces currently supported and under development by the AOOS
data management teamAOOS systems have the capabilities to ingest, archive and serve model output,
remote sensing and real timefehived sensor data streams, and, as of fall 2011, ingest and archive GIS
and project level data. AOOS is currently developing a mirror site in Portland, OR to ensdezriong
security of its data and software. In addition, AOOS has prioritized workiingtate and federal

agencies to ensure loAgrm access and archiving of agency data and information products.



Objective 6. Augment AOOS preservation and interoperability system with otherl@S data systems
through integration of DataONE services.

NCEAS will augment the capabilities of the AOOS data system by incorporating the services that are part
of the DataONE data federatidriThese include open services for writing data and metadata, controlling
access to data products as they are populatethe system, and services for replication and

preservation of data. By using the DataONE service framework, this will also link the AOOS and I00S
system to the DataONE federation, which includes partners such as the U.S. Geological Survey,
Knowledge Neatork for Biocomplexity and NASA Distributed Active Archive Centers. This broader
federation will be critical in other stages of the project, especially for access to satellite data during
synthesis and analysis activities.

In addition, DataONE serviceslide a comprehensive, crogsstitutional data preservation model that
involves mirroring of data at multiple DataONE patrticipating institutions and continuous active

monitoring to ensure data remain valid and that adequate replication is present etba gvent of
institutional failures. In this project, we will establish the AOOS Asset Catalog as a Member Node in the
DataONE network, and thus be able to replicate all EVOS data to DataONE partner institutions to ensure
longevity, accessibility, and wdity of EVOS data. Funding for these replicas will largely be supported
through storage already available on the DataONE network (approximately 1.2 petabytes available for
replication), although exceedingly large data sets (above ten terabytes) wiltodeddiscussed.

Objective 7.Conduct broad synthesis activities on EVOS impacts and recovery as part of whole
ecosystem analysis through NCEAS working groups.

Since 1995, the National Center for Ecological Analysis and Synthesis {N&EB&IN advaricg the

state of ecological and environmental knowledge through synthetic and collaborative research that aims
to discover general patterns and principles based on existing data. The premise at NCEAS is that many
decades of data have been collected thahde synthesized to produce novel insights into important
scientific and societal issues, and that the expertise and information resources necessary to accomplish
these syntheses are latent but distributed throughout the science community. To prometeiedf

synthesis of environmental data, NCEAS has sponsored and executed more than 450 working groups
over 15 years, many of which have had major scientific and policy impacts (e.g., changes in habitat
conservation plans for endangered species, and craaifamarine reserve initiatives based on scientific
principles). Sociological studies of the working groups in action at NCEAS have demonstrated major
shifts in the culture of synthesis in ecology and gains in collaborative productivity via the workiipg gro
model at NCEAS (Hackett et al. 2008).

Despite decades of monitoring and analysis of Edf@Sted systems, there is still a major lack of
understanding of oil spill impacts and recovery at a holistic level. Many of the studies to date have been
at the single species level, and recovery status is tracked on ebgasese basis. In addition, because all

of the historical data have never been fully integrated, it has been impossible to conduct a holistic
analysis of the effects of the oil spill and reeoy of impacted regions. Such a holistic view is critical to
guide future monitoring and recovery initiatives, which are expected to continue for decades. NCEAS
and Pls from the LTM and HRM programs will conduct two holistic synthesis activities aimed at
understanding the longerm, ecosysterrwide consequences of EVOS and the effectiveness of recovery
initiatives:

Z http://dataone.org
? hitp://www.nceas.ucsb.edu



Synthesis Working Group: Assessing EcosystEl®, LongTerm Impacts from the Exxon Valdez Oil
Spill
Synthesis Working Group: Understandigpsystem Recovery following the Exxon Valdez Oil Spill

The first will address systemide impacts from EVOS, and the second will specifically focus on an
assessment of recovery of affected systems and reasons for recovery successes and failures that will
assist in future recovery initiatives. As detailed below in methods, the products from these syntheses

will include a series of reports and academic papers supported by synthesized data, archived models and
analyses, and archived model outputs.

These sgtheses will build upon the more focused efforts to be conducted by the LTM and HRM
programs. For example the working groupldnderstanding Ecosystem Recoweily benefit from the

efforts to understand the recovery of an individual species (herring)ekpand upon that to include

other species including those in the LTM program. It will also provide an opportunity to further explore
the connections between environmental variables to the recovery of herring and other species. Because
the working groumpproach takes a more holistic approach than the individual species approach
proposed by the HRM program we expect that in answering the questiomaérstanding Ecosystem
Recoveryve will provide new findings that will guide the LTM and HRM prograitieifuture.

C. Data Analysis and Statistical Methods

Data Management and Infrastructure Methods

The overarching strategic plan for the AOOS data system is described in detail in both the LTM and HRM
data management detailed project descriptionsgniolves implementing an enri-end technological

solution which allows data and information to be channeled and distilled intofuieerdly products

while simultaneously enabling the underlying data to be assimilated and used by the emerging external
data assembly systems. AOOS will lead the development of this system, with NCEAS contributing to the
design and implementation, particularly in areas where dealing with data heterogeneity is paramount,
such as semantic search. The system has four tiersitd,) mi@dels and metadata; 2) interoperability
systems which facilitate data search, query and delivery; 3) an asset catalogue and Smart Semantic
Search Services; and 4) user applications that arebvesled. The intended result is the facilitation of

rapid cata discovery, improved data access, understanding, and the development of knowledge about
the physical and biological marine environment. This system meets all the standards of the national
Integrated Ocean Observing System.

The asset catalog developegl BOOS will provide an index of all project data and provide direct
connections to other Alaska data systems as well as those of the national Integrated Ocean Observing
System and Global Ocean Observing Systems. The analysis and synthesis activibied detus

proposal however, will also need access to a much broader set of data available not only from AOOS and
Lhh{Z o6dzi Ffaz2 FTNRY 20KSNJ FSRSN}X SR RIGFI aeadaSva
System (ESDIS) and the Earth Observing8yGltearinghouse (ECHO). NCEAS engineers will work with

the AOOS data team to enhance the AOOS asset catalog, in particular by linking it to the DataONE
federated catalog, thereby providing access to #@®S data, such as MODIS and other satellite data
managed by DataONE Member Nodes. This linkage will require NCEAS to extend AOOS data systems to
be compatible with the interoperable web services framework used by DataONE. Current and emerging
AOOS web services will be harmonized with DataONE servickswaapplications to connect to the

asset catalogue and get access to the underlying descriptions of all known data sources. Thus, EVOSTC
data will be directly incorporated at the national and global scales into both the IOOS oceanographic

data network asvell as other data federations via DataONE, thereby greatly expanding agency and



public access. When complete, all data deposited in the AOOS system will also be replicated to
participating DataONE member nodes, which are continuously monitored for aligilabd integrity to
enable longterm data preservation.

Due to data heterogeneity, data discovery is difficult for complex, multidimensional and cross
disciplinary data that will be collected by the LTM and HRM program research teams. The AOOS system
incorporates a metadata authoring tool that includes extensions for biological metadata. In this project,
NCEAS and AOOS will expand on that system andSmadt Semantic Search Servidbat understand

the scientific content of data to improve the eftaeness of data searches. The NCEAS team has
pioneered a semantic scientific observations model that allows scientists to precisely discover
measurements of interest and subset data to only include observations relevant to their studies. NCEAS
developed he Extensible Observations Ontology (OBOE; Madin et al. 2008) to enable semantic search
and access services that facilitate much higher precision and recall than have been possible with
traditional metadatadriven systems. We will incorporate these seniasearch services into the AOOS
Tier 3 asset catalog, and help to develop the catalog so that semantic markup of data on ingest is easily
accomplished. Thus, in addition to managing information about data availability and access methods,
the asset catalage will also contain ontologies that map source data descriptions and metadata to a
common set of internally stored terms with strict definitions. This mapping will allow users to easily
locate related sets of information without having explicit knowledfiéhe internal naming conventions

of each datgproviding agency. The development of an internal ontology will also enable future
endeavors to connect the asset catalogue to global ontologies in the semantic web. Because the asset
catalogue contains a semtic definition of data sources and maps all known data sources to a common
definition, applications can be developed which connect users to vast arrays of data through simple but
powerful interfaces.

Collaborative Synthesis and Analysis Methods
Two workng groups consisting of LTM and HRM program Pls with additional nationally renowned
scientists will undertake a broad synthesis of they2ar data set from EVOSTUhded projects and
other spill area monitoring to improve our assessment of impacts acovery associated with the
EVOS:
Synthesis Working Group: Assessing Ecosystiel®, LongTerm Impacts from the Exxon Valdez Oil
Spill
Synthesis Working Group: Understanding Ecosystem Recovery following the Exxon Valdez QOil Spill
The working group synthesesll build on and expand programmatic syntheses conducted under the
proposed LTM and HRM programs.

NCEAS has an extensive history of convening highly productive synthesis activities through its use of a
working group model, involving fage-facemeetings and ongoing virtual collaboration supported by

the Center (Hackett et al. 2008). Under this successful NCEAS model, committed working group
participants conduct relevant analysis and modeling on a continuous basis for approximately two years,
punduated by periodic working meetings to come to consensus and drive further work by participants.
The momentum of the group is maintained by postdoctoral fellows, funded by this proposal, that reside
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advantage of the computational and analytical support services available at NCEAS. Working Groups are
composed to represent a wide variety of scientific expertise, including both scientists that are closely
involved in the problem at hand, as well as researchers from adjoining disciplines that help broaden the
scientific perspective of the group. In addition, Working Groups typically include a mix of more senior
scientists and younger scientists that are eatp dive into the required analysis and modeling activities.



Although all travel expenses are paid for by the project, Working Group participants serve voluntarily on
these working groups, making the activities especially cost effective.

To initiate these Working Group activities, NCEAS will organize and constitute the groups during year
two, and working group diwities will commence in year three. Workingpgp leaders will be selected

for their knowledge of the issues at hand as well as their aldigffectively motivate a group of up to

14 other working group participants. We would expect that many of the Pls from the LTM and HRM
programs would be participants in the synthesis working groups along with nationally renowned experts
in population al community modeling, ecosystem modeling, and coupled whgitem analysis. In
addition, because NCEAS is already running a working group on ecotoxicology associated with the BP
Deepwater Horizon spijlwe would expect significant coordination and crpsdliination with these new
EVOS synthesis groups.

Based on the preparatory data analysis and modeling conducted to assemble and integrateydas 20
historical data set with available current data from the LTM and HRM program syntheses (see Objective
4 b/ 9! { eAfft 62N] 6AGK GKS fSIFIRSNER 2F GKS a! aasSa:
working groups to outline an initial set of goals and deliverables for each of the two working groups. At
a minimum, each group will produce a comprehensiveopgis report of results from analysis and
modeling of the impacts and recovery in the historical and current data that will be written into a series
of papers targeting both the science and management communities. The groups will also provide input
to the LTM and HRM program teams on recommendations for evolution of the EMO&TEC

monitoring efforts beyond the initial-§ear programs. All analyses, models, results, and data backing
these conclusions will be published alongside these papers in thedpifiien science and to maximize
reproducibility of the results (see the previous NCEAS Global Marine Imggutisesis for an example

of this type of output). The actual synthesis activities and products will be selected by working group
participants ad driven by the data analysis and modeling to maximize working group effectiveness and
the relevance of their products. However, example synthesis activities might includescadbssnalysis

of the relationship between oceanographic processes and thewery of forage fish; metanalysis of

the relationship between extent of injury and extent of recovery for organisms crossing taxonomic
groups (e.g., mammals, birds, fish, plankton); and, performance of forecasting otrenolsie recovery
scenarios iight of observed population trends.

D. Description of Study Area
The study area for this project will include the entire EVOS spill affected area. The north, east, south,
and west bounding coordinates of this area are 59.7645.837, 61.834, and 54334

E. Coordination and Collaboration with the Program

We propose to integrate the efforts in this project as an additional part of the frRultid O A ILling Yy | NB &
Term Monitoring of Marine Conditions and Injured Resources and SavicésINE2 I NJ Y LINR LJI2 al
subnitted by McCammon et al. to the EVOSTC. The project represents a collaboration among AOOS,
NCEAS, and the other LTM and HRM science project Pls both for individual program data management
and in developing syntheses that connect individual project results

Regarding the data management aspect, AOOS brings extensive experience with creation, collation, and
access to extensive oceanographic (physical, chemical and biological) data throughout Alaska, as well as

* Anderson, Cherr, and Peterson; Ecotoxicology of the Gulf Oil Spill: A holistic Framework for Assessing Impacts
® hitp://www.nceas.ucsb.edu/globalmarine



a variety of visualization tools and produdéts resource managers and marine stakeholders. Its initial

focus has been on serving up réi@he sensor and remote sensing data and forecast models. A new

application in October 2011 will include the ability to query, discover and access project l[év@lsn

data sets. In addition, AOOS brings a significant level of leveraged resources, regional data management
projects and partnerships to this effort, which could not be accomplished for the budgeted amount

without these leveraged resources. These idelfunded projects for the Alaska Ocean Observing
{eadsSyQa hOSty 5FGF t2NIlFfX GKS t NAYyOS 2AttAlLY {2
Data System, the Alaska Department of Fish and Game, and the Cook Inlet Regional Citizens Advisory
Council.

NCEAS brings complementary skills to the data management efforts. They have extensive expertise in
cyberinfrastructure systems for synthetic environmental science (c.f., Reichman et al. 2011, Jones and
Gries 2010, Jones et al. 2006). NCEAS has deddofievare systems supporting lottgrm data

preservation and sharing, is a leader in metadata systems for science data, and is a progenitor of the
DataONEinteroperability framework to create a global data federation for open access to scientific
data. N 9! { Q ¥ 2 O de¥el datgd madhgBn&@& @rihighly heterogeneous data allow the
management of current and legacy data that are critical to synthesis but that often are not captured by
large-scale agency data systems, such as the EOSDIS program@0tBerogram. Thus, the initiatives

at NCEAS for capturing complex but smadleale biological and physical data will be an effective
complement to the ocean observatory data management systems that are provided by AOOS.

The syntheses efforts of the M HRM, and NCEAS programs are to be synergistic. The syntheses of the
LTM and HRM programs are expected to be program focused. The NCEAS working group syntheses
efforts will build upon and augment the programmatic syntheses of the LTM and HRM programs b

using a largescale synthesis of historical and current monitoring data to provide an assessment of the
overall ecosystem impacts of and recovery from the EVOS. There is coupling between the LTM and HRM
programs in that the environmental factors impartt to herring survival are primarily collected in the

LTM program and herring represent an important factor in controlling the upper trophic level

observations of the LTM. However, the collaboration with NCEAS will allow a more holistic view of how
the findings of these programs are connected not only to each other, but with other types of research
being conducted. The LTM and HRM program syntheses and personnel are expected to be an important
resource for the NCEAS efforts to build upon. In turn thEAKled efforts will provide new

perspectives to help guide future LTM and HRM efforts. It should be noted that the success of the
NCEAS efforts depends on the participation of members of the LTM and HRM programs because of their
intimate knowledge of thecosystem within the EVOS affected region.

LLL® / + O pleaseSde appendis

IV. SCHEDULE

A. Project Milestones

Objective 1. Provide data management oversight and services for EVOS LTM project team data centric
activities that include datatructure optimization, metadata generation, and transfer of data between
project teams.

This objective will be addressed by AOOS and NCEAS throughout the entire span of the project and will
follow the annual cycle of field data collection and analysigrimcipal investigators. NCEAS milestones

® http://dataone.org



will include incorporation of projedpecific data management tools into the Ocean Workspace and
development of SmaBemantic Search Servidesdata discovery.

Objective 2. Consolidate, standardize and prdgiaccess to study area data sets that are critical for
retrospective analysis, synthesis and model development.

This objective will be primarily met by AOOS and NCEAS by the fourth quarter of year two of the effort
(September 2013). However, AOOS wiltinae to add data to the system throughout the entire life of

the project, and NCEAS will continue to add data as needed by synthesis efforts through year 4.
Objective 3. Develop tools for user groups to access, analyze and visualize information praguced
processed by the LTM and HRM efforts.

For AOOS, see milestones in LTM and HRM detailed project descriptions. For NCEAS, analysis and
visualization tools that are incorporated into the system will be available at the end of year 2 when other
software ddiverables are produced.

Objective 4. Integrate all data, metadata and information products produced from this effort into the
AOOS data management system for ldegn storage and public use.

This objective will be addressed throughout the entire span of the project. The AOOS data system is to
serve as the vessel to capture all project level data produced through this effort in addition to those
datasets salvaged to inform the historic syntise=ffort. This task will be ongoing as long as the program
is producing or acquiring additional data.

Objective 5.Provide preservation and interoperability with other rlDOS data systems through
integration of DataONE services.

Initial integration wih DataONE will occur in year 1 with a prototype release in Quarter 4, and a final
release of DataONE services in year 2 Quarter 4. Once operational, data will continue to be replicated to
DataONE as they are produced throughout the span of the project.

Objective 6.0rganize, integrate, analyze, and model they2@r historical data from EVOS@ded

projects and other monitoring in the spill area in preparation for LTM and HRM program and NCEAS
working group synthesis efforts

Historical and newly generadl data will be collated throughout years 1 and 2, with integration and
modeling of these occurring as they are collated. Data and modeling summaries will be posted in
Quarter 4 of year 1, and the complete historical data set will be available in Qdasfgrear 2. NCEAS
working groups will continue to integrate the data used in their synthesis activities with new data from
LTM and HRM projects as it becomes available during years 3 and 4.

Objective 7.Conduct broad synthesis activities on spill impaetd recovery as part of wholecosystem
analysis through NCEAS working groups.

Organization of synthesis activities will begin in year 2, with working group meetings and synthesis
activities occurring throughout years 3 and 4. Publications and finalsesahnd conclusions of working
groups will be produced in year 5, but we expect some of the publications in earlier years.

B. Measurable Project Tasks

FY14 1 Quarter (February 1, 14 to January 31, 15)
February Assess year 2 datasets and metadata stiieghito AOOS
February Finalize user access tool work plan version 1 and initiate development

FY14 ¥ Quarter

May Participate in annual HRM program Pl meeting

Summer EVOSTC workshop with LTM and HRM programs supported by LTM and HRM
synthesis reporteind NCEAS historical data synthesis

FY14 % Quarter



FY14 & Quarter
November Participate in LTM program Pl meeting
December Create synopsis of FY14 synthesis WG meetings, draft publications

FY15 1 Quarter (February 1, 15 to January 31, 16)
Februay Assess year 3 datasets and metadata submitted through AOOS

FY15 ¥ Quarter
May Participate in annual HRM program Pl meeting

FY15 % Quarter

August Submit input for fiveyear plan for FY122

FY15 & Quarter

November Participate in LTM mgram Pl meeting

December Create synopsis of FY15 synthesis WG meetings, draft and submit publications

FY16 1 Quarter (February 1, 16 to January 31, 17)

February Assess year 4 datasets and metadata submitted through AOOS
March Continue working on aeptance of synthesis group publications
FY16 & Quarter

November Participate in LTM program Pl meeting

December Finalize all synthesis group papers and products

V. BUDGET

Budget Form (Attached)
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FY14 PROGRAM PROJECT

PROPOSAL FORM.4

Project Title:Long term monitoring: Program management componefticience Coordination and Synthesis for tk
Long Term Monitoring Program

Project PeriodFebruary 1, 201-danuary 31, 2015

Primary Investigator(s)Kris HolderiedNOAA Katsina Bay LaboratornKris.Holderied@noaa.gov, 92854004,
2181 Kachemak Drive, Homer, AK 99603
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Abstract: This project ipart of the integrated Longerm Monitoring of Marine Conditions and Injured Resources
Services submitted by McCammon et al. L-.targn monitoring has been implemented within ti&xxon Valde®il
Spill (EVOSiffected regiorunder a variety of organizatiorssd programs. However, many of these efforts have
been conducted independently, with emphasis on monitoring of single species or within individual disciplines.
explicitly providing for science coordination and syntheses of data from ousténgmontoring program, as well a
incorporating an interdisciplinary framework into program development and implementation, we seek to impro
open access to muftisciplinary data and promote use of integrated information from the entire program for bo
reseach and resource management in the EVdScted region. The science coordination and synthesis compo
of our integrated program improves linkages betweananitoring in different regions as well withangiven region, a
a way to better discern the img#s of environmental change on restoration and continued recovery of injured
resources. Science coordination includes facilitating program planning and sharing of information between prj
investigators, developing annual reports on the science progend coordinating ongoing evaluation of the overg
program. Science synthesis efforts helps integrate information across the entire program and is closely coord
with the conceptual ecological modeling and data management teams in our integraigcap.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$123.5 $139.0 $148.3 $146.1 $151.6 $708.5

(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

Date: AugusP9, 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

In the two decades following thExxon Valdeail spill (EVOS), and after extensive restoration, research
and monitoring efforts, it has been recognized that full recovery from the spill will take decades and
requires longterm monitoring of both the injured resources and factors other than residiidhat may
continue to inhibit recovery or adversely impact resources that have recovered. Monitoring information
is valuable for assessing recovery of injured species, managing those resources and the services they
provide, and informing the communitenho depend on the resources. In addition, kbagn,

consistent, scientific data is critical to allow us to detect and understand ecosystem changes and shifts



that directly or indirectly (e.g. through food web relationships) influence the species avidesinjured
by the spill.

An integrated monitoring program requires information on environmental drivers and pelagic and
benthic components of the marine ecosystem. Additionally, while extensive monitoring data has been
collected thus far through EN8JTrustee Council (Ffopded projects as well as from other sources and
made publicly available, much of that information needs to be assessed holistically to understand the
range of factors affecting individual species and the ecosystem as a wholedidaiginary syntheses of
historical and ongoing monitoring data are required to answer remaining questions about the recovery
of injured resources and impacts of ecosystem change.

The overarching goal of the lotgrm monitoring program is to provide sad scientific data and

products to inform management agencies and the public of changes in the environment and the impacts

of these changes on injured resources and services. The science coordination and synthesis effort

support this goal by documentingé overall science monitoring program, improving information

sharing between PIs and with the herring program, assisting in development ofchsaiplinary

RFEGlIrasSda yR G22faz YR AYTF2N¥AY3A +y 2y32Aay3 SO f
effectiveness and priorities in meeting EVOS TC goals.

B. Summary of Project to Date

We have focused our efforts on developing program integration and visualization tools and have
continued working on the coordination aspect of the program. Project milestahat have been met

in the previous year of the program included: a) development of an interactive shared work calendar; b)
updates and improvements to ocean workspace that facilitates use by program participants including
providing training opportunitie and assistance with metadata development and data sharing; c)
RSOSt2LIYSYyld 2F Iy AyiSaINFrGSR WiNBYyR OFNRQ FNI YSs?
program; d) planning of the annual meeting incorporating synthesis work with the HeesapRh and
Monitoring group, including a timseries workshop. We have also begun work on external program
integration with the North Pacific Research Board programs and science synthesis with the herring
program. A science coordinator, Tammy Neher @t&chedC\, was hired and began working in the
Gulf Watch Alaska program in late March. This position provides a facilitator for communication,
integration, and synthesis both within the program and to outside entities.

II. PROJECT DESIGN
A. Objectives

1. Improvecommunication data sharingand coordinated field worlplanning between principal
investigators (PIs) of the individual monitoring projects, as well as with other agencies and research
organizations;



2. Improve and documenitegration of science ranitoring results across the LTM prograrworking
with the Pls, data management and modeling teams as well as other agencies and research
organizations; and

3. Improvecommunication of monitoring informatiorto resource managers and the public through
data g/nthesis and visualization products and tapisorking with the data management,
conceptual ecological modeling and outreach teams, as well as other agencies and research
organizations.

Science coordination and synthesis efforts are closely coordinatidawd informed by our LTM

program administration, data management, conceptual ecological modeling and outreach efforts, as
well as by planning and results from the EVO&ifi@ed herring program. As outlined in the proposal
submitted by McCammon et alhé science synthesis effort of our LTM program helps fill a coordination
gap between science and monitoring programs in the-gfiéicted region, specifically including the

North Pacific Research Board (NPRB) Gulf of Alaska Integrated Ecosystem Resganch(B0OAIERP),

the National Park Service (NPS) Inventory and Monitoring Program, other agency monitoring programs,
separatelyfunded projects of the Alaska Ocean Observing System (AOOS), andgantty and

university collaborative programs such as theographic Information Network of Alaska (GINA), Alaska
Statewide Digital Mapping Initiative (SDMI) and Landscape Conservation Cooperatives (LCCs).

B. Procedural and Scientific Methods

Kris Holderiederves as the science lead for the LTM program and contribute approximately one month
of in-kind labor to program coordination and synthesis efforts. Atimé science coordinator was hired

in March of this year to conduct the bulk of science coordoraind synthesis efforts proposed. Labor
rates for the science coordinator are escalated by approximately 3% each year. Funding is also
requested for office space, computers and supplies for the science coordinator and travel for the science
lead and s@&nce coordinator. Please see detailed budget submission for additional information.

Objective 1Improve data sharing and coordinated field work planning between Pls of the individual
monitoring projects, as well as with other agencies and reseagamaations

a. Coordinate with Team Lead, Pls, adminstrative team and EVOSTC staff on overall LTM program
planning, reporting and evaluation.

b. Plan agenda and facilitate annual Pl meeting. Meeting logistics will be handled by the administrative
team.

c. Develop and maintain ongoing field work schedule for posting on LTM program website.
d. Coordinate with the herring program lead on program implementation and joint information needs.

e. Coordinate with groups outside the LTM program (NPRB GOAIERBINRS CCs etc.) on joint
synthesis of information.



Objective 2Improve and document integration of science monitoring results across the LTM program

a. Prepare annual and final reports on overall science monitoring effort, working with the LTNWlead (
McCammon), Administration team, Pls, data management team, and outreach team.

b. Assist data management and conceptual ecological modeling teams with historical data synthesis.
Initial emphasis will be on time series within the LTM program, and thparekto other time series.
Level of effort required will be evaluated after year 1.

c. Coordinate development of a monitoring data synthesis report for Year 3 joint workshop between
LTM and herring programs.

d. Help plan and facilitate Year 3 integratedrisghop between LTM and herring programs with LTM
lead, administrative team, EVOS TC staff, and herring program lead

e. Coordinate with Pls to improve integration of mudisciplinary monitoring activities within
geographic regions (PWS, outer Kenai Peninsula coast, lower Cook Inlet) and of monitoring within single
disciplines between different regions.

f. Assist in dvelopment of conceptual ecological models with the modeling team, herring program lead,
and outside groups.

Objective 3Improve communication of monitoring information to resource managers and the public
through data synthesis and visualization produand tools

a. Work with data management team, modeling PI, and outreach team to develop data exploration and
visualization tools. Initial focus will be to investigate and implement simple tools that are already being
used in other monitoring program$ne example would be a simple wbhsed trend analysis and site
comparison visualization tool for physical oceanographic data.

b. Assist in outreach of conceptual ecological models with the modeling team, herring program lead,
outreach team, and outside gups.
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management team.

d. Network with other monitoring programs and regional stakeholders to identify information needs
that may be met by improved datvisualization tools for the LTM program data.

Coordination

As described in detail in the summaries for the environmental drivers, benthic and pelagic component
plans in Appendix 1 of the proposal submitted by McCammon et al., the monitoring efforts tinler
program are closely coordinated with existing monitoring by other agencies and research organizations.
We are working with several program managers and scientists in these monitoring programs as part of
the synthesis effort. Some are participatiag principal or collaborating investigators in the program



and others are sharing data and coordinating on monitoring protocols. Some examples include the

btw. Dh!LOwtX GKS ' flaill hOStry hoaSNBAy3 {eaidasSvyQa
andMonitoring Program, Kachemak Bay Research Reserve SWigenMonitoring Program, Cook Inlet

and Prince William Sound Regional Citizens Advisory Council monitoring programs, U.S. Fish and Wildlife
sea otter surveys, small mesh trawl fishery surveys comdblioy NOAA National Marine Fisheries

Service (NMFS) and the Alaska Department of Fish and Game (ADF&G) and new oceanographic

monitoring to be conducted by the NMFS Kodiak Laboratory.

Please also see work plans for individual monitoring projects, datagemnent efforts and conceptual
ecological modeling efforts for more information on the specific scientific and data handling procedures
and methods that will be used within our proposed LTM program.

Synthesis

Necessarily, the initial priorities for sciensynthesis is to support integration of data collected by

project Pls during the initial-ear program as well as of historical data collected under the same
programs in the past. We are in the process of cataloging and indexing many of the avaskaipieahi
datasets and developing a catalog of peer reviewed literature using the interactive Medelay software
package to share literature. The science synthesis and data management teams work together on this
effort. We recognize the need to also integgalata from other research and monitoring programs such
as those listed above, and are doing so to the extent possible within the amount of funds available for
the longterm monitoring program. Our data management program ensures that these other science
programs have ready access to information from all projects in our monitoring program.

C. Data Analysis and Statistical Methods

Please see the detailed project descriptions for the Data Management and Conceptual Ecological
Modeling components of the inggated longterm monitoring proposal by McCammon et al for details
on proposed data analyses. As described above, integration of data betweerdiscillinary projects
and helping to provide improved access to that information by Pls, resource manegg@stal planners,
the research community and the general public will be the primary focus of the pregidenscience
synthesis effort.

D. Description of Study Area

The study area includes all areas identified for projects in the environmental, pelagdibenthic
Y2YAU2NARY3I O2YLRYSyGa 2 F-TeinkKMonitdriigioSNhnNide Gddditions &dNP A NI Y
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E. Coordination and Collaboration with the Program
The primary goals of the LTM pragn science coordination and synthesis efforts are to:

1) support coordination between the EVOStUided LTM projects, 2) facilitate coordination with the
EVOSTlinded herring program, and 3) support collaborations with other efforts, including state an



federal agency operations and research programs funded by other organizations such as NPRB. Please
see above sections and tisehedule below for details.
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IV. SCHEDULE
A. Project Milestones
Most milestones for the science coordination and synthesis effort will be met each year in an ongoing
process.
Objective 1. Improve data sharing and coordinated field work planning between project PIs and
other agencies and research organizations.
AnnualPl meetings to be conducted each year (tentatively in November)
Initial coordinated field work schedule
LTM program update at Alaska Marine Science Symposium each year
Annual LTM proposed work plan submission to be met by August of each year

Objective 2  Improve and document integration of science monitoring results across the LTM
program.
Annual LTM progress report submission to be met by August each year
Initial synthesis of historical data available in digital format from LTM projects to be met
by
September 2013
Data synthesis report for Year 3 joint workshop to be met by October 2014

Objective 3 Improve communication of monitoring information to resource managers and the public
through data synthesis and visualization products and tools.
Development of initial tool
Workshops and Integrated discussion groups held each year.
(see Data Management project description for additional milestones)

B. Measurable Project Tasks

FY 14, 1st quarter (FebruarycIMay 31, 2014)

Facilitate jointworkshop between LTM and herring program PIs (replaces annual Pl meeting)
Continue to assist development of new data visualization and access tools

Attend Alaska Marine Science Symposium and provide update on LTM program

Submit report on updated synthesiShistorical data.

Submit proposed work plan for FFY 15

Submit annual report on monitoring efforts in the LTM program

V. BUDGET
Budget Form (Attached)



FY14 PROGRAM PROJECT
PROPOSAL FORM.5

Project Title:Longterm Monitoring: Synthesis and Conceptual Modelingonceptual Ecological Modeling

Project PeriodFebruary 1, 2014 January 31, 2015

Primary Investigator(s)Tuula Hollmen, Alaska Seal@fenter and University of Alaska Fairbanks, PO Box 1329,
Seward, AK 99664; Phone: 9974-6323; Fax 90224-6320; Email: tuulah@alaskasealife.org

Abstract: This project is a component of the integrated Laagnm Monitoring of Marine Conditions and Injured

Resources and Services submitted by McCammon et. al. Under this research project, we will devel
conceptual ecological models to support the synthesis@adning relating to the long term monitoring
program in Prince William Sound, outer Kenai coast, and lower Cook Inlet/Kachemak Bay. To deve
these models, we will summarize system components, processes, and influences into a synthetic
framework. The coceptual models will assist in identification of data needs and development of furth
long term monitoring priorities, and support ecosystem based understanding, monitoring, and
management of resources within our study area. The conceptual models wipralgde guidance for
development of numerical and quantitative models of system function and responses to external
influences. Finally, the conceptual models will provide a communication tool among scientists, reso
managers, policynakers, and the gemal public, and will offer outreach opportunities for our project b
using data visualization and interactive wieised tools. Development of conceptual ecological modeld
a multistep, iterative process, responding to evolving understanding of thuetstre and dynamics of the
system by revising and refining models throughout the process. Specific steps of the process involV
defining goals and scope of the modeling, summarizing current understanding of system structure g
processes, defining envinmental and anthropogenic influences included in the modeling, developmd
of relevant hierarchies and submodels, refining models with increased understanding of system fun
and development of interactive and visualization tools to provide methods&models for long term
planning, development of hypotheses, data exploration, and outreach.




Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$83.1 $91.9 $95.6 $78.6 $81.9 $431.0

(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

Date: August 23, 2013

I. NEED FOR THE PROJECT

A. Statement of Problem

In the two decades following thExxon Valdeail spill (EVOS), and after extensive restoration, research
and monitoring efforts, it has been recognized that full recovery from the spill will take decades and
requires longterm monitoring of both the injured resources and factors other than residildhat may
continue to inhibit recovery or adversely impact resources that have recovered. Monitoring information
is valuable for assessing recovery of injured species, managing those resources and the services they
provide, and informing the communisewvho depend on the resources. In addition, kbegn,

consistent, scientific data is critical to allow us to detect and understand ecosystem changes and shifts
that directly or indirectly (e.g. through food web relationships) influence the species avidesinjured

by the spill.

An integrated monitoring program requires information on environmental drivers and pelagic and
benthic components of the marine ecosystem. Additionally, while extensive monitoring data has been
collected thus far through E¥S Trustee Coundilnded projects as well as from other sources and

made publicly available, much of that information needs to be assessed holistically to understand the
range of factors affecting individual species and the ecosystem as a whole. kiinisy syntheses of
historical and ongoing monitoring data are needed to answer remaining questions about the recovery of
injured resources and impacts of ecosystem change.

We propose to develop and implement a lefggm monitoring program that meetthe need for
information to guide restoration activities, including data on the status and condition of resources,
whether they are recovering, and what factors may be constraining recovery. The ultimate goal of the
long-term monitoring program is to pragte sound scientific data and products to inform management
agencies and the public of changes in the environment and the impacts of these changes on injured
resources and services.

The conceptual ecological modeling component of our study plan willggaviframework for 1.
exploration, understanding, and synthesis of key components and processes of our study system, 2.
refinement and development of further monitoring strategies, and 3. development of outreach and
communication tools among scientistsamagers, general public, and other interested parties. The
conceptual models are developed to support the synthesis of data and to serve as a framework and




guide for development of monitoring priorities, to meet the overall goals of the long term morgtorin
program.

B. Summary of Project to Date (if applicable)

Project tasks and milestones as outlined in the proposal have included: development of goals for
conceptual models, identification of data and system components for the modeling, assembly of a
modeling team, facilitation of a modeling workshop to obtainiffiut, design of draft conceptual
models, development of data visualization tools for model components, and preparation of progress
reports.

II. PROJECT DESIGN

A. Objectives
1. Develop conceptual ecological models, summarizing key components, proaaddesictions
of the study system
2. Develop computer applications and wielsed interfaces for interactive data exploration and
visualization

Conceptual ecological models are considered a key element of environmental and biological monitoring
programs, angbrovide a qualitative representation of the structure and dynamic properties of the
ecosystem. Models define scope and provide a scientific framework for monitoring programs by
describing current understanding of system structure, processes, and fupst@uading key system
components and their interactions. Models provide a method to integrate current knowledge of the
system originating from a variety of data sources, such us multiple long term studies focusing on
different species or components ofdlsystem. Models provide critical tools to address uncertainties or
incomplete understanding of ecosystem function, and provide the basis for development of causal
hypotheses among environmental or anthropogenic stressors, ecological effects, and managemen
actions. Conceptual models provide tools for further development of long term plans in multiple ways.
Models can be utilized to identify information needs and suitable indicators for further development
and design of long term monitoring plans. Modeds de used to demonstrate learning through the
course of the research program. Conceptual, qualitative models facilitate further development of
guantitative data models (such as predictive scenario models). Models also provide support tools for
restoration planning and resource management.

Conceptual models provide a schematic framework to organize and illustrate complex system structure
and linkages, thus serving as a tool to facilitate understanding and communication among scientists,
managers, and t public. Development of data visualization tools facilitates outreach, education, and
communication through welbased applications and presentations.

B. Procedural and Scientific Methods

1. Develop conceptual ecological models, summarizing key components, processes, and functions
of the study system

Development of conceptual ecological models to support synthesis and planning of the long
term monitoring program is a mulphase process. lagification of key components, processes,
and functions of the system is a key step involving the PIs of the benthic, pelagic, and



environmental components of the project. Pl input is elicited at annual Pl meetings, workshops
focusing on model developmerdnd other interactions with PlIs throughout the year. The
conceptual models in development reflect the status of the current knowledge of the system,
and they will be refined as understanding of the system evolves through the research program.
This approale provides out program a tool to demonstrate learning throughout a long term
research and monitoring program.

The basic conceptual model will represent the structure, processes, and key interactions of the
system. Models to demonstrate knowledge and tiy@ses about linkages between specific
stressors (environmental and/or anthropogenic) and ecological responses can be incorporated
into the system models, and will include a subset of system components representing key
guestions as identified by projectd®? Furthermore, submodels may be used to address specific
goals and needs of the long term research program and further development of monitoring
strategies.

2. Develop computer applications and wielsed interfaces for interactive data exploration and
visualization

Conceptual models are suited for interactive wdsed presentation to offer data visualization
tools to audiences at different levels of technical expertise related to the computations behind
the models. We develop applications to faciléaiutreach about the progress of our project and
tools to communicate our research to variety of outside audiences. Visualization products are
developed using multiple approaches, including mapping and diagrams. Data visualization tools
can be produced alifferent levels of computational and output complexity, we propose to

begin the development of simple data visualization tools representing selected components of
the monitoring programs to facilitate outreach and communication efforts for our program.

C. Data Analysis and Statistical Methods

The conceptual ecological modeling involves qualitative and quantitative analyses of ecosystem
components and processes. Information about the system is elicited from Pls to construct the models.
Analytical and isualization tools and methods include structural and influence diagrams, tabulated data,
narratives, spatial maps, and quantitative analyses of Pl input. Diagrams are used for the development
of visualization tools. Data analysis involves synthesisinpBt to develop a generic GOA conceptual
ecosystem model, refinement of linkage rating tools to assess state of knowledge and importance of
physical and biological processes linking system components, and application of these tools to develop
submodeldor specific system components. We summarize a parsimonious generic GOA conceptual
ecosystem model and develop a visual diagram output based on conceptual model diagrams developed
by teams of benthic, pelagic, and environmental driver project Pls, reptiagekey linkages based on Pl
input. The generic model serves as a visual representation of current state of our knowledge about
structure and function of the GOA ecosystem, and an iterative tool to be updated to demonstrate
learning contribution by GW¥#esearch. We analyze Pl input on ecological linkage rating tool exercise
from November 2012 PI meeting, summarize results from example submodel from the November 2012
Pl meeting, and refine a linkage rating tool applicable to modeling efforts.to addeeste af factors

related to the strength of linkages, temporal and spatial scales, and state of knowledge. Submodels can
be further utilized to build linkages between scientific goals and management objectives, using
conceptual modeling and tools of stiwred decision analysis. We anticipate that we are able to initiate



the process linking scientific and management objectives during the next year, although the tasks were
not specified as a milestone in the original proposal.

D. Description of Study Area

The study area will be the same as for the environmental, pelagic, and benthic monitoring components
of the GulfWatch Alaska program.

E. Coordination and Collaboration with the Program

The modeling project will be closely coordinated with the sciesyghesis and the long term

monitoring projects proposed for this integrated study, including pelagic, benthic, and environmental
components. The PI of the model development task will work closely with the Science Team Leader,
attend the annual Pl meetgs, and coordinate additional meetings and a workshop to interact and
coordinate input from Pls of the monitoring components. Furthermore, modeling efforts will be
coordinated with other existing monitoring and ecological research programs, includingithefG

Alaska Integrated Ecosystem Research Program funded by the North Pacific Research Board, and the
Vital Signs Monitoring Program by the National Park Service. Development of visualization tools will be
coordinated with the outreach committee of ourggram.

lll. CVS/IRESUMEflease see appendif
IV. SCHEDULE

A. Project Milestones
Objective 1. Develop a conceptual ecological model of the study system.
Conceptual ecosystem model: To be met by June 2016

Objective 2 Develop computer applications ameeb-based interfaces for interactive data
exploration and visualization.
Web based interactive conceptual model: To be met by September 2016

B. Measurable Project Tasks

FY 14, 1st quarter (FebruaryciMay 31, 2014)

February 2014 Project funding available

May 2014 Develop a draft generic model, refine linkage rating tools

FY 14, 2nd quarter (June 1, 202digust 30, 2014)

August, 2014 Continue development of /data visualization tools
August 2014 Continue development of conceptual models and submodels
August 2014 Prepare modeling progress update for annual report

FY 14, 3rd quarter (September 1, 26Nbdvember 30, 2014)

November 2014 Continue development of /data visualization tools

November 2014 Continue development of conceptual models and sulaisod

November 2014 Design and initiate process to link scientific goals with management
objectives

November 2014 Attend annual Pl meeting



FY 14, 4th quarter (December 1, 204 Sanuary 31, 2015)

January 2015: Attend AMSS

January 2015 Continue development of conceptual models and submodels
January 2015 Continue process to link scientific goals with management objectives
V. BUDGET

Budget Form (Attached)

Environmental Drivers Monitoring Component (lead Weingartner & Hopcrof}

FY14 PROGRAM PROJECT

PROPOSAL FORM

Project Title:Longterm monitoring: Environmental Drivers componentongterm Monitoring of Oceanographic
Conditions in the Alaska Coastal Current from Hydrographic Station GAK 1.

Project PeriodFebruary 1, 2014 January 31, 2015

Primary Investigator(s)Thomas Weingartner, Principal Investigator, School of Fisheries and Ocean Science,
University of Alaska, Fairbanks, AK 99775-@0¥7993; tiveingartner@alaska.edu
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Abstract:

This project is a component of the integrated Laagn Monitoring of Marine Conditions and Injured Resources 4
Services submitted by McCammon et. al.

This program continues a 4@ar time series of temperature and salinity measurements at hydrographic station
1. The data set, which began in 1970, now consists of monthly CTDs and a mooring with 6 temperature/cond
recorders throughout the watr column and a nitrate sensor at 150 m depth. The project monitors four importa
Alaska Coastal Current ecosystem parameters that will quantify and help understand interannual and longer §
variability in:

1. Temperature and salinity throughout the 250deep water column,
2. Near surface stratification,
3. Near and subsurface nitrate supply on the inner shelf

In aggregate these variables are basic descriptors of the Alaska Coastal Current, an important habitat and mi
corridor for organisms inhabitinidpe northern Gulf of Alaska, including Prince William Sound.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$109.5 $112.5 $115.7 $119.1 $122.5 $579.3

(Funding requested must include 9% GA)
Non-EVOSTC Funds to be useathne

Date: August 2013

I. NEED FOR THE PROJECT

A. Statement of Problem

Justification

The purpose of this proposal is to provide ldegm monitoring data on the physical oceanography of

the Alaska Coastal Current and the northern Gbhalf. The Alaska Coastal Current (ACC) is the most
LINEYAYSYy (G FSIGdzZNBE 2F GKS DdzZA F 2F !'fl a{+omd &aKSEtF O
flow maintained by the integrated forcing of winds and coastal freshwater discharge. Thagfigrcin

variable and reflected in ACC properties. The current originates on the British Columbian shelf and

leaves the Gulf for the Bering Sea through Unimak Pass. Substantial portions of the ACC circulate

through Prince William Sound and feed lower Codétland Kachemak Bay before flowing

southwestward through Shelikof Strait. The current controls water exchange and transmits its



properties into the fjords and bays between Prince William Sound and the Alaskan Peninsula. The

monitoring proposed hereinduy G A FAS&a @I NARIF oAt AGe 2F GKS DdzZ FQa al

provides the broadescale context for understanding variability in adjacent marine ecosystems and its

FFFSOG 2y LI NIAOdz I NJ aLISOASA oS odlitg s trastnitidditoy 3> al £ Y

nearshore habitats around the gulf.

Measurements at GAK 1 (Figure 4), at the mouth of Resurrection Bay, began in 1970. Initially the

sampling was opportunistic, became more regular in the 1980s and 1990s, and systematic béginning

1997 with EVOSTC support. Since then it involves involvesmaagily conductivitytemperature

versus depth (CTD) casts and hourly temperature and salinity measurements at 6 depths distributed

over the water column. GAK 1tiige only statiorin the GoA that measures both salinity and

temperature over the 250 m deep water column.

The 40year GAK 1 time series has documented:

1. The large interannual differences associated with El Nino and La Nina events, including substantial
differences in the spring bbm between these phenomena (Weingartner et al., 2003, Childers et al.,
2005).

2. The intimate connection between coastal freshwater discharge and the degptfing evolution of
winter and spring temperatures over the shelf (Janout et al., 2010; Janout 2009).

3. That GAK 1 is a reliable index of ACC transports of mass, heat, and freshwater (Weingartner et al.,
2005).

4. That GAK 1 neaurface salinities are correlated with coastal freshwater discharge from around the
Gulf (Weingartner et al., 2005).

5. Variations in nxed-layer depth in the northern Gulf, which affects primary production (Sakar et al.,
2006)

6. Decadal scale trends in salinity and temperature, (Royer, 2005; Royer and Grosch, 2006;
Weingartner et al., 2005, and Janout et al., 2010).

7. The relationships between temperature and salinity variations and the Pacific Decadal Oscillation
and the strength and position of the Aleutian Low (Royer, 2005; Weingartner et al., 2005, and
Janout et al., 2010)

8. That the record can guide understanding trariability in iron concentrations, a potentially limiting
micro-nutrient required by many phytoplankton. Preliminary efforts indicate that iron and surface
salinity are correlated at least in certain seasons (Wu, et al., 2008).

As shown by Meuter et al(1994), Meuter (2004), and Spies (2009), these issues affect ecosystem

processes on both the shelf and within Prince William Sound and Lower Cook Inlet/Kachemak Bay.

B. Summary of Project to Date (if applicable)

If the project was funded in previous ysaplease provide a summary of the goals met to date and what
YAfSadz2ySa INB adAtt 2dziadl yRAy3IoD LF GKSNB NS’ Y
been met, provide a description of why they could not be met, how much funding rerf@inte

project to complete the milestones and a timeline for their completion.

Il. PROJECT DESIGN
A. Objectives
The fundamental goal of this program is to provide a high quality-temg data to quantify and
understand monthly, seasonal, interannualdalonger period variability of the GoA shelf. This
measurement provides the broader scale spatial perspective discussed on pag&pécifically we will
measure:

1. Temperature and salinity throughout the water column,

2. Near surface stratification sincais affects phytoplankton bloom dynamics,



3. Near and subsurface nitrate supply on the inner shelf, since this important nutrient affects
phytoplankton production,

B. Procedural and Scientific Methods

Following past protocols, we propose quasinthly (up b 8 per year) CTD measurements and year
long, continuous measurements from a subsurface mooring with temperature and conductivity (T/C)
recorders placed at nominal depths of 20, 30, 60, 100, 150, 200, and 250 m. We also in@u&Js

(In SituUltravidet Sensor) sensors at 20 m and at 150 m depth. These instruments optically determine
nitrate based on the nitrate Uebsorption spectrum. This spectrum is unique for nitrate and it is
resolved by the 25@hannel ISUS spectrometer and interpreted by aoritlgm developed by the
Monterey Bay Aquarium Research Institute. The 20 m ISUS is within the euphotic zone and
complements the fluorometer data. The 150 m ISUS will gauge the annsiappdy of nitrate to this

shelf (and also Prince William Sound) throtlge annual exchange between deep shelf and slope
waters. The deep water (and nitrate) is mixed to the surface in winter and is thereby available to
phytoplankton at the onset of the spring bloom. ISUS sensors appear to provide sufficiently reliable data
(+2 @M) for a whole year. The ISUS sensors are provided at no cost to this project because they were
provided (and will be maintained) with support from the Alaska Ocean Observing System. However,
analytical costs for the ISUS data are not covered byptbjgct, so these data will be collected,

although support for their analyses has yet to be identified.

The moored instruments and quasionthly CTD sampling schemes are complementary; one provides
high vertical resolution at quashonthly time scales and the other provides high temporal resolution,

but at coarser vertical spacing. The quasinthly CTDs prade redundancy in the event an instrument
fails on the mooring. The GAK 1 monthly temperature and salinity are statistically significant predictors
of monthly anomalies of the alongshelf baroclinic transport in the ACC (from Novepdhgyust) so

ACC trasport anomalies are monitored indirectly from the GAK 1 data.

The moored T/C recorders are Microcats (at depths greater than 20 m) and a SeaCat both
manufactured by Seabird, Inc. Seabird performs prel postcalibrations upon which we determine
sensordrift (typically ~0.09C-yr* and ~0.03, or better, Practical Salinity Unit)yiThe quasinonthly
CTD casts are collected from a chartered fishing vessel resident in Sesiregch portable CTD (Seabird
SBE25). The SBE 25 has an accurd@1 or beter for salinity and .00% for temperature.
Temperature and salinity data are sampled atmiute intervals.

The GAK 1 sampling approach will be identical to that supported by EVOSTC in the recent past: quasi
monthly CTDs and maintenance of the yeaund oceanographic mooring. Sampling is esfétctively
serviced from Seward using local charters or small boats operated by the Seward Marine Center.

C. Data Analysis and Statistical Methods

The temperature and salinity data analyses are straightforwatel will compute standard statistical
estimates for each month and depth and compare these with historical data since the thrust of this
effort is to quantify interannual variability. We continue to incorporate an integrated discharge time
series and aisea heat fluxes derived from National Center for Environmental Prediction (NCEP) in our
analyses of salinity and temperature variability. We have generated the historical heat flux calculations
which show that winter heat losses (from the ocean to the atpiese) are more variable both
interannually and at longer periods than summer heat gains. For example, winter heat loss has
decreased by nearly 20% since the ¥ Os and this change was reflected in the warming at GAK 1
through 2005. Since that time wiet heat loss has increased substantially and returned to values that



occurred in the early 1970s. Winter heat loss, in conjunction, with runoff, affects the ocean temperature
distribution through spring when many young larvae are emerging to fémab(it ¢ al., 2010). On the

other hand summer heat gains appear to be relatively consistent from year to year because this is
primarily a function of cloud coveRoyer et al(2006) contend that summer surface temperatures over
the shelf and in Prince Willia®ound are primarily a function of the stratification. They suggest that
stronger stratification traps heat in the surface layer and elevates surface temperatures, whereas
weaker stratification allows the solar energy to diffuse to greater depths. WitldmBC, stratification

is primarily a function of the vertical salinity gradients that we are measuring at GAK 1.

We will also quantify spring and summer phytoplankton blooms in relation to changes in stratification,
runoff, and winds. Stratification estimes will be made from the 3 uppermost instruments and the
guasimonthly CTD surveys. GLOBEC measurements, as well as ttesmbgr et al(2001) from

Prince William Sound, indicate that the timing of the spring bloom varies considerably froroygsar
perhaps by as much as several wedKeingartner et al (2003) show that the onset of the spring bloom
on the Gulf of Alaska shelf is tied to the quantity and phasing of winter and early spring runoff because
freshwater is the principal stratifying agein the ACC in both seasons. For example, the spring bloom in
the ACC was delayed until May in 2007 and 2008 because of the weak stratification; in contrast it
occurred between early to midpril during the GLOBEC years when winters were wetter and warme

D. Description of Study Area

The fieldwork will be conducted at Station GAK1 at the mouth of Resurrection Bay. The statiebds at
pMQb $H yMXPJL lotaedRon thd inner edge of the ACC midway between Prince William Sound and
Cook Inlet in apmximately 265 m water depth.

E. Coordination and Collaboration with the Program

All data sets will be available on the GAK 1 websitg:(/www.ims.uaf.edu/gakl). The GAK 1 data will

thus be available to o#r scientists in the LoAgierm Monitoring program as well as other interested
scientists outside of the program. As discussed above this project is being supplemented by the Alaska
Ocean Observing System (AOQOS), which is providing the ISUS nitrate sdwifiiezach sampler

costing $30,000). We have assisted the National Park Service in establishing a similar monthly sampling
and data processing protocol in Glacier Bay National Park. That data will be made available to this
project. The sampling in Glar Bay therefore provides a complementary data set that is made

upstream (in terms of the general circulation characteristics of the GOA shelf. Collectively, the Glacier
Bay and GAK1 data sets provide a breadle perspective of the GOA shelf enviromte

LLL® / = QaPleasd Jeé ap@hdix

IV. SCHEDULE
A. Project Milestones

Objective 1. Quasimonthly CTDs will bepdated quarterly and placed on the website and the
moored measurements will be made available by Maigdmil following the year tht the mooring is
recovered. This allows time for the instruments to be calibrated (at the manufacturer and the post
calibrations applied to the data set.

Objective 2  Determine seasonal changes in near surface stratification since this affects
phytoplankton bloom dynamics. Updated annually in accordance with the processing of the mooring
data.


http://www.ims.uaf.edu/gak1/

Objective 3  Determine the subsurface nitrate supply on the inner sheiigesithis important nutrient

affects phytoplankton production. Updated annually in accordance with the processing of the mooring

data. NOTE THAT ACHIEVEING THIS OBJECTIVE REQUIRES FINDING SUPPORT FOR THE ANALYSIS Ol
ISUS NITRATE DATA SET.

B. Measurable Project Tasks

FY 14, 1st quarter (FebruaryciMay 31, 2014)
February, 2014 Project funding available
Begin quasimonthly CTD sampling at GAK1; recover ardagloy the GAK 1 mooring

FY 14, 2nd quarter (June 1, 20Adigust 30, 2014)
Continue glastmonthly CTD sampling at GAK1

FY 14, 3rd quarter (September 1, 26Nbvember 30, 2014)
Continue quasimonthly CTD sampling at GAK1

FY 14, 4th quarter (December 1, 204 Sanuary 31, 2015)
Continue quasmonthly CTD sampling at GAK1. Post data oosite
V. BUDGET

Budget Form (Attached)



FY14 PROGRAM PROJERDPOSAL FORNB.7

Project Title:Long term monitoring: Environmental drivers componeiihe Seward Line: Marine Ecosystem

monitoring in the Northern Gulf of Alaska

Project PeriodFebruary 1, 2014 January 31, 2015

Primary Investigator(s)Russell R Hopcroftrfiopcroft@alaska.edyTom Weingartner & Ken Coyle (UAIEyemy
Mathis (UAF/NOAA)

Abstract: The ocean undergoes yet-year variability in the physical environment, superimposed on loteen

cycles, and potential longgrm trends. These variations influence ocean chemistry, and propagate
through the lower trophic levels, ultimately influengifish, seabirds and marine mammals. Over the g
pn @SINE GKS Db2NIKSNY tIFOATFTAO LIWISHFNR (G2 KI g
12 years have seen muitears shifts of major atmospheric indices, leaving uncertainty about velgaine
the coastal Gulf of Alaska is currently in. Regime shifts are often expressed as fundamental shifts ir
ecosystem structure and function, such as the 1976 regime shift that resulted in a change from a sk
dominated fisheries to one dominated bwlfck, salmon and halibut. Lotgrm observations are also
critical to describe the current state, and natural variability inherent in an ecosystem at risk of signifi
anthropogenic impact. Given the potential for such profound impacts, this propes#is to continue
multidisciplinary observations which began in 1997 along the Seward Line and in PWS that assess
current state of the Northern Gulf of Alaska, during 2@TA7. Such observations form critical indices ¢
ecosystems status that help uaderstand some key aspects of the stability or change in upper
ecosystems components for both the short and lontggrm. By analogy, the weather has been for mor
than a hundred years, yet regular observations are still needed to know what is happeninghat can
be expected in the near future.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL

$98 $59.8 $1005 $104 $107.7 $4702

(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

$300 $400 $400 $400 $400 $2,000

Date:31 Aug 2013

NEED FOR THE PROJECT

A. Statement of Problem


mailto:rrhopcroft@alaska.edu

Long timesseries are required for scientists to tease out pattern (and cause) from simpléosgaar
variability. Like other regions, the Northern Pacific undergoes significantantaral variability, driven
partially by variations in major climatiedices (e.g. El Nifios, the Pacific Decadal Oscillation). Larger
longeril SNY @I NAF GA2ya NBEFSNNBR (2 Fa aNBIAYS aKAFGa¢
again. Regime shifts are expressed as fundamental shifts in ecosystem structuracimhfisuch as
the 1976 regime shift that resulted in a switch within the Gulf of Alaska from a stitimmpnated

fishery to one dominated by pollock, salmon and halidubngterm observations are also critical to
describe the current state, and natunariability inherent in an ecosystem at risk of significant
anthropogenic impactGiven the potential for such profound impacts, the Seward Line-temng
Observation Progranhftp://www.sfos.uaf.edu/sevardline/) provides these critical observations on the
current state of the Northern Gulf of Alaska ecosystem.

The Seward Line represents the most comprehensiveterng multidisciplinary sampling program in

the Coastal Gulf of Alaska that allows obseinrabf changes in the oceanography of this region that is
ONRGAOKE G2 'EF&a1lQa ¥FAaKSsdv8dihe cosvaiidnaioved yiepast  y R
13 years have fundamentally revised our understanding of the coastal Gulf of Alaska encaydte

allow us an appreciation of not only its major properties, but also their iatetual variability.To date,

we have observed both unusually warm and cold years, which influence the timing of the planktonic
communities, but not necessarily their imitate abundance and biomass. The quantity and composition

of both late spring and summer zooplankton, appear to be significantly correlated with PWS hatchery
Pink Salmon survival in this region; relationships to herring have yet to be exploredstingtjme

abundance of zooplankton along the Seward Line appears to be an index of generally favorable years for
higher trophic levels throughout the Gulf of AlasKée larger GOMERP program, which the Seward

Line provides an oceanographic foundation feit] explore broader regional patterns as well as search

for relationships between oceanography and other species of forage and commercial fish.

B. Summary of Project to Date (if applicable)

See annual and 6 month reports.

Oceanographically, the Sevebkine was at or slightly below the loteym mean temperature during the

May 2012 cruise. Temperature during September 2012 were also unremarkable. -Maicemt and

chlorophyll concentrations measured during May 2012 suggest the spring bloom wasgiegs along

the Line during the cruise. The kstpne zooplankton genudeocalanusvas slightly delayed in its life

cycle, but near the lonterm mean in terms its abundance. There were no notable anomalies during

the spring for other species.

In May D13, the upper 100m of along the Seward Line was 0.7°C colder in May thanyearlfiean.

Progression of seasonal cycles for plankton was delayed: the spring bloom peak was partially captured,

while the development rates of key zooplankton species vatweved. Sampling in 2013 is embedded in

btw. Qa4 DdzAE ¥ 2F ! fFa{l LNRB2SOG GKIFIG Attt KSELI Sadl
Ddzf T & 'Y FTRRAGAZ2YLFE a3t OALFE NBfAOGE O2LISLRR aLlS
using molecular techniques.


http://www.sfos.uaf.edu/sewardline/

II. PROJECT DESIGN

The scientific purpose of this project is to develop an understanding of the response of this marine
ecosystem to climate variability, and provide baselines against which to access any other anthropogenic
influences on the GOA ecosystem. Toward this end, the Seward Line cruises on the Gulf of Alaska shelf
determine the physicathemical structure, primary production and the distribution and abundance of
zooplankton, along with their seasonal and intemual vaiations. Some of the data is compared with
historical data sets whereas other data sets are a product of this continuing systematic sampling effort
on this shelf.

Specifically, cruises:
1. Determine thermohaline, velocity, and maenaitrient structure of he Gulf of Alaska shelf,
emphasizing the Seward Line, and Prince William Sound stations (Fig 1).
Determine the state of carbonate chemistry (i.e. Ocean acidification)
Determine primary production and phytoplankton biomass distribution.
Determine the distibution and abundance of zooplankton.

o s~ WD

Determine rates of growth and egg production of selected key zooplankton species.

B. Procedural and Scientific Methods
Overview

The Seward Line (Fig.1) is a transect of 21 stations stretching from GAK1 at the mouth of
Resurrection Bay (Seward, Alaska) southward approximately 150 miles to beyond the continental shelf,
augmented by 11 stations in Prince William Sound. From-2098 cruises occurred-8 times
annually. From 2005 onward the program consists of two cruises each year, in early May and early
September, to capture the typical spring bloom and stabilized summer conditions, respectively. Using
the USFWS vessElglax wedetermine the physicathemical structure, algal biomass, primary (algal)
production, and the distribution, abundance,
biomass and productivity of zooplankton
(using 2 different net types). We explore
seasonal and inteannual variations, seeking
to understand how different climatic
conditions influence the biological conditions
in each of these years. Since in 2007 we ha\
also monitoredcarbonate chemistry (i.e.
ocean acidity). With EVOS support we have
begun routine sampling at an additional 9
stationsin the northern and eastern PWS,
some of which have been sampled
intermittently by the Seward Line program.

Figl.¢ KS {S6FNR [AySdga )
Process stations are cyan. o Sy el



Patterns emerging from the time series and results from each cruise have been posted online at
http://www.sfos.uaf.edu/sewardlinealthough we awe working with AOOS to display data through their
portal.

General Considerations

For a longerm observation series, one of the most critical requirements is consistency of sampling
locations, timing of obsrvations and methodology. We propose to employ the same set of 13 primary
and 9 secondary stations along the Seward Line sampled by the GLOBEC program, which extends from
the coast, across the shelf break, to the inner portion of the Alaska Stream)(FRgidce William Sound
NELINBaSyida y2G 2yfte | dzyAljdzS KFoAGEFG odzi | 1Se
have sampled 3 Knight Island Passage stations and Montague Strait, beginning in 2012 we will add
additional station in northern andastern PWS as well as stations across Hinchinbrook Entrance.
Sampling will be conducted onday cruises from the R/Viglax(home-ported in Homer) in May and
early September. The early May period is consistent with sampling form2@38 while the arly
September period captures late summer conditions as observed in-2003, but is slightly later than
during the GLOBEC program. The shift to September has been necessitated by the availability of the
Tiglax.Oceanographic sampling methodology Ww#l close to that employed during the previous 7 years
of the Gulf of Alaska GLOBEC LTOP program (i.e. U.S. GLOBEC, 1996; Wetrgjar2062), and
identical to employed during 206%009.

Physical, Chemical, and Phytoplankton

Weingartneris responsible for the physical measurements and Whitledge is responsible for the
nutrient, chlorophyll, and primary production measurements. Mathis is responsible for measuring
carbonate chemistry. Shipboard measurements include CTD fluorescence, Pdiscestd bottle
samples for nutrients and chlorophyll. UAF provides a hydrographic winch with a conducting cable to the
ship to facilitate sampling.

Nutrient measurements are made pestuise on frozen samples using an Alpkem Rapid Flow
Analyzer (Whitledget al,, 1981) and will conform to WOCE standards (Goetaad., 1993). Tests of
frozen versus refrigerated samples have indicated no significant difference between storage methods.
Analytical precision for triplicate nutrient measurements is approxityad030.05 pmoles kg
Chlorophyll &oncentrations will be measured at all stations to calibrateitheivofluorescence
profiles. The samples will be collected with the rosette orcapts. Extracted chlorophyiwill be
determined fluorometricallypostcruise (Parsonet al,, 1984).

Daily measurement of primary production rates will be estimated for large (>20 um) and small (< 20
um) size classes on some cruises by the modifiédptake technique (Parsoret al., 1984). Primary
production estim#es will be made at 4 stations along the Seward Line, plus one in the sound. Water
samples inoculated witl’Glabeled NaCQ will be incubated in diter polycarbonate bottles under
natural light conditions oeck. Following the incubations, both lighidadark bottles will be filtered,
purged of inorganic carbon, and analyzed by mass spectrometry. Hourly and daily estimates of primary

a dz
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production rates will be calculated for each sample site. Particulate carbon and nitrogen samples will be
obtained for eah productivity sample.

We will collect samples at 26 CTD hydtations at approximately 5 km spacing along the Seward
Line starting at GAK 1 and terminating at roughly to the 2,000 m isobath (GAK 13). We will also sample
15-20 stations inside Prince Wéim Sound, particularly near major glacial outflows. We will use a
rosette with 12 5L Niskin bottles and samples will be collected from the surface to the bottom at all
locations. We anticipate collecting approximately 850 samples per cruise from tee eedumn and
another 300 underway samples. These measurements will be taken fromBir8e2l1+ CTD package
that will be calibrated before and after the cruise and will have dual temperature and salinity sensors.
The CTD package will also have a DOosearsd will be calibrated using discrete DO measurements by
Mathis.

Dissolved oxygen (DO) will be sampled and processed before all other measurements to avoid
compromising the samples by atmospheric gas exchange. Oxygen samples will be drawn idigeindivi
115 ml BOD flasks, rinsed witkb4solumes of sample, and analyzed using an automated Winkler
titration method. Samples are usually analyzed within 24 hours. The use of the UV endpoint detector
will allow for increased precision (<0.08%; <0.3 umotg’3. k

DIC and TA samples, which will be used to quantify carbonate chemistry and ocean acidification in
the region will be fixed with a saturated mercuric chloride solution (200 pl), the bottles sealed, and
stored until analysis. When possible, TA samplid<e analyzed onboard, otherwise stored after being
poisoned with HgGl Samples will be shipped to UAF for analysis.-Higtity DIC data is achieved using
a highly precise (0.02%; 0.4 pmoled)yINDTA 3€oulometer system. TA is determined by
potentiometric titration with a precision of ~1 umoles-&g Highly accurate DIC and TA is calibrated by
routine analysis of seawater certified reference materials (prepared and distributed by Andrew Dickson,
UCSD), thereby providing the highest possible aagur The remaining carbonate parameters (gCO
pH, carbonate mineral saturation states) will be calculated from DIC and TA using,t8¥ £@rogram
(Lewis and Wallace, 1995).

The physical and chemical data will be used to quantify the seasonal, intalaand alongand
crossshelf distributions of water masses and their variability. The data will be used along with historical
data from this region (i.e. LTOP plus temperature and salinity record at GAK1 since 1970) to examine
spatial and temporal varigns in both physical and chemical variables and processes.-detadal
time scales will also be addressed through the use of sea surface temperatures (available from Scripps
since 1947), Sitka air temperatures (since 1828), upwelling indices (froRattic Oceanographic
Group/NOAA since 1946), the Pacific Decadal Oscillation (since 1900), oceanographic buoy data (from
NOAA since ca. 1975) and the EVOSIported continuous measurements at GAK1.

Zooplankton

Coyle and Hopcroft are responsible for ttaoplankton component. Hopcroft will assume
responsibility for daytime operations (finer meshed vertical plankton nets, copepod incubations) and
Coyle will assume responsibility for nigithe operations (Multinet collections).



Plankton netsDay time poplankton samples will be collected with a Quad net consisting of 25 cm
diameter nets of 1.6 m length equipped with GO flowmeters. A pair of these nets is constructed of 0.15
mm mesh and will sample small, primarily early copepodid stages of calangidsJeyleet al., 1990;

Coyle & Pinchuk, 2003), while nauplii and the smallest copepodid stages of neritic species will be
sampled with the pair constructed of 0.05 mm mesh. The tows will be made from 100 m to the surface
at the 13 stations along the Sewbkine. A 0.28n? Hydrobios Multinet system with 0.5 mm mesh nets

will be fished at night to assess large zooplankton and micronekton, such as euphausiids that are
important components in the diet of many fish, skiads and marine mammals. The Multinet i

equipped with five nets that can be programmed to open and close at specific depths, or opened and
closed electronically from the deck if a conducting cable is available. Depth, flow meter counts, and
volume filtered are recorded at 1 second intervalse hiets will be fished at each of the 13 main Seward
Line stations (Fig), plus the 3 stations within Prince William Sound. At each station, 5 samples will be
collected at 20 m depth intervals from 100 m depth to the surface. Additional Multinet coltectvill

be made to 600m at Gak13 and PWS2 to assessvamggring populations oNeocalanuspp. All
zooplankton samples will be preserved in 10% formalin for later analysis by LTOP methods to the lowest
taxonomic category possible. Analysis to datedatis the Multinet yields collections consistent with
those obtained using a MOCNESS from 12974.

During traditional taxonomic processing, all larger organisms (primarily shrimp and jelly fish) will be
removed and enumerated, the sample will then bésem split until the smallest subsample contains
about 100 specimens of the most abundant taxa. The most abundant taxa will be identified, copepodites
staged, measured, enumerated and weighed with each larger subsample examined for the larger, less
abundarn taxa. Blotted wet weights of all specimens of each taxa and stage will be taken on each sample
GAGK pmM >3 gAGK | /I Ky 9ftSOGNRBOItLFYyOS dzy At 6SAIK
will be estimated using mean wet weight. Wet weightsemphausiids, shrimp and other larger taxa are
always measured and recorded individually for each sample.

Growth/reproduction(Hopcroft) Ongoing changes in the Gulf of Alaska will likely be a reflection of
underlying change in the rates of growth and reguction experienced by the most dominant
components of the zooplankton. In the Gulf of Alaska, biomass is seasonally dominated by the large
Neocalanuspp., although on average they may be exceeded in terms of biomass and production by
Pseudocalanuspeges (Coyle & Pinchuk, 2003, 2005). We propose to work with both these species on
some cruises, collected using fine mesh nets at 4 stations spaced along the Seward Line, plus one inside
the sound, as was done in the GLOBEC program (e.g.eflapp2005;Liu & Hopcroft, 2006). For
Pseudocalanusye propose to monitor egg production rate (EPR), because it appears to be generally
reflective of somatic growth of prior developmental stages for these species in this ecosystem (Liu &
Hopcroft, 2006b, 2007, 2@), and EPR generally reflects the current food climate (Runge & Roff, 2000).
For these experiments, 100 females representing a mixture oPthmaimusandP. newmanare

incubated individually in 70 ml flasks, and the number of eggs produced over 2ydagslbpopulation

is determined (Napgt al, 2005). In contrasiyeocalanu®nly spawn at great depth during the winter
months, thus we must directly assess the growth rates. In this case, single sthigEscafanus
flemingeriare selected and incubadeat low densities in 20L carboys (with natural food concentration)




for 4-5 days, harvested, preserved, and the increase in stage and size later determined from the samples
(Liu & Hopcroft, 2006). If time permits, EPR may also be determined for othertéampspecies (e.g.
Metridia pacificag Hopcroftet al.,, 2005).

C. Data Analysis and Statistical Methods

The data undergo various forms of quality control during processing. Ultimately, data sets are uploaded
to a Microsoft Access database for sorting and analysis, with data and metadata supplied to the
O2ya2NIliAdzyQa YSYoSNAO® |mwdschtatibrioftiie data/ andl recaléu@tiorf of LI & &
longterm means, confidence intervals, and anomalies. Statistically distinct years or periods can already
be identified. For biological data, multidimensional scaling of percentage dissimilarities between

samples has proven an effective method of revealing cabeddf patterns (Coyle & Pinchuk, 2005), but
becomes complicated when making seasonal or Haramual comparisons. A variety approaches to

separate cyclic and loAgrm trends continue to be exploredbut are hampered by the somewhat

stochastic pattern of climate indicegruly longterm (i.e. multidecadal) observations are required for

some of these patterns to emerge.
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D. Description of Study Area
Central coastal Gulf of Alaska & Prince William Sound (see above:18B.®, 58.0;146.0).
E. Coordination and Collaboration with the Program

Project IntegrationThis project links tightly with the GAK1 mooring, providing a cross shelf context for
its observations. It complements the CPR, PWS, and Lower Cook Inlet/Kachemak-Baylong
monitoring efforts by providing more detailed oceanographic evaluation of20& shelf and the major
passages in PWS than provided by the other programs. All of these components overlap in their
sampling locations relatively little, enough to ensure comparability between datasets, but not enough to
be duplicative. Hopcroft serves the Science Coordinating Committee, and participates regularly in
associated functions to this end.

LeveragingThis proposal seeks for EVOS to join the consortium of NPRB, AOOS and NOAA currently
funding the line. We propose to add additional samgl(the central sound and Hinchinbrook Entrance)



to provide more extensive representation of PWS. Full annual costs are ~400K including ship time, thus
the 4 members of the consortium should each contribute ~100K per year. Substantial cost saving are
anth OA LI G SR AY Hn MBRP grégyi wib dcower. alaégbabmotmal share of the annual
funding as well as provide larger sampling context throughout the Gulf of Alaska Shelf. The proposal also
leverages on the consolidation of historical andtesmporary information in the Gulf of Alaska planned
through GOAERP program.

LLL® / + QpleaseSde appéndi’

IV. SCHEDULE

A. Project Milestones

As with most longterm observation programs, the Seward Line has the same Milestones annually.

Objedives 1-5. Cruises are executed early each May and in mid September collecting data or samples to
address all objectives each cruise. Products associated with each objective are subsequently
LI2aiSR IANILKAOLFEttE (2 GKS rdidih@tBe@égeaorpoSio a A (G S
processing required. Final datasets are released annually.

Typically:
1 Physical oceanography and chlorophyll are available 60 days after a cruise.
i DIC and TA are available 90 days after a cruise.
1 Macronutrients and zooplanktoare available 6 months after a cruise.
1 Results are presented annually at the Alaska Marine Science Symposium

B. Measurable Project Tasks

May 2014c¢ Spring cruise executed
September 2014 Late Summer cruise executed
January 2015 Results presented s&fMSS

Cruises are executed early each May and in mid September collecting data or samples to address all
planned objectives each cruise. Products associated with each objective are subsequently posted
INF LIKAOIFEfe (2 (KS LINES2SEingthe dégtee ar pagtBcedsiig O NR 2 dz&
required. Final datasets are released annually.

V. BUDGET

Budget Form (Attached)



FY14 PROGRAM PROJECT
PROPOSAL FORM

ProjectTitle: Long term monitoring: Environmentdfiverscomponent- Longterm Monitoring of zooplankton
populations on the Alaskan Shelf and Gulf of Alaska using Continuous Plankton Recorders.

ProjectPeriod Feb £'2014 to Jan 312015

Primary Investigatofs): Sonia Battersoba@sahfos.ac.und Alex Bychkofbychkov@pices.int
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Abstract:Many important species, including herring, forage outside of Prince William Sound for at least some
life history (salmon, birds and marine mammals for example) so an understanding of the productivit
these shelf and offshore areas is importamtunderstanding and predicting fluctuations in resource
abundance.The Continuous Plankton Recorder (CPR) has sampled a contiramgectrextenohg from
the inner part of Cook Inlet, onto the open continental staiflacross the shelf break into thgpen Gulf
of Alaska monthly through spring and summer since 2004. There are also data frofREIBGom a
previous transect. The current transect intersects with the outer part of the Sewardhéprovides
complementary large scale data to compare wtie more local, finer scale plankton sampling on the s
and in PWS. We propose to continue sampling this transect again each year through 2016. Resultif
will enabk us to identify where the incidences of high or low plankton, arkich componentsf the
community are influencedand whether the whole region is responding in a similar way to meteorolog
variability. Evidence from CPR sampling over the past decade suggests that the regions are not
synchronous in their igponse to ocean climate ffioing. The data can also be used to tretgplain how
the interannual variation in ocean food sources creates interannual variability in PWS zooplamkton,
when changes in ocean zooplankton are to be seen inside PNéSCPRurvey is a costffective,ship-of-
opportunity based sampling prograsupported in the past by the EVOSth& includedocalinvolvement
and has a proven track record.

Estimated Budget:
EVOSCFunding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$0.0 $66.8 $68.8 $70.7 $73.1 $279.5

(Funding requesterhust include 9%GA

Non-EVOSCFunds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL
$94.7

Date:July 30" 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

The Continuous Plankton Recorder (CPR) transect samples the Alaskan shelf and crosses the slope into
the open Gulf of Alaska, providing a record of taxonomically resolvedsuetace zooplankton and

large phytoplankton abundance over wide spatial scaMany
important species, including herring, forage outside of Prince William
Sound for at least some of their life history (salmon, birds and marine,,
mammals for example) so an understanding of the productivity of these

shelf and offshore areas is importaiat understanding and predicting 4

62

Figure 1L ocation of samplesona _
typical CPR transect)together with
the Seward Linet}



fluctuations in resource abundance. Our sampling transect extends from the inner part of Cook Inlet,
onto the open continental shelf, across the shelf break and into the open Gulf of Alaska in a continuous
fashion (Figurd), enabling us to identify where the incidences of high or low plankton are and whether
the whole region is responding in a similar way to meteorological variability. Evidence from CPR
sampling over the past decade suggests that the regions are not symaths in their response to ocean
climate forcing.

The funding requested is modest and because of the Consortium approach (the North Pacific CPR
program is funded through a consortium managed by the North Pacific Marine Science organization,
PICES) is leisan half the actual cost of the data collection. The project has a proven track record with a
high sampling success rate, all past deliverables have been fully met and there is a strong record of
primary publications resulting from the program; the fumgliwould likely generate a very positive

return for the EVOS TC. SAHFOS has trained local technicians to service the CPRs and uses the Horizon
shipping company for the sampling so that ~10% of the requested funding will be returned to the

region.

B. Summay of Project to Date (if applicable)

Note that in FY 2@fundingwasprovided under EVOS project 10100624, noGh# Watch Alaska
project.

Sampling hasontinued each year, on six transects per year, usually April to September as planned. In
2012 thee were some sampling issues with the loss of the CPR instrument in August (likely due to
collision with a large piece of submerged debris). The fiflalesect was sampled in October after

new gear had been shipped out for September. Sampling thro0dB,2he first year funded under this
contract, has gone smoothly to date and sample processing is underway.

II. PROJECT DESIGN
A. Objectives

The fundamental goal of this program is to provide continued large spatial scale data on zooplankton
populationsto extend the existing time series and integrate the data with more regional, locally more
intensive, sampling programs. More specifically, we will provide monthly (spring ¢aypltally April

to September) sampling of zooplankton and large phytokien along the transect from the oceanic

Gulf of Alaska to Cook Inlet, analyzing evétpdeanic andveryshelf sample to provide taxonomically
resolved abundances. Temperature loggers have been fitted to some CPRs in the past and from 2010 we
are endeavouringto maintain in situ temperature data collection on this transect.

Project Integration

Workwas undertaken to compare the CPR samplwth historic and concurrent plankton data
collected from within PWS to examine the links between zooplanktohinvénd outside of the Sound



under EVOS TC project 10100624, as part of the herring restoration program.illitestmueunder
GWAas only a short time series of taxonomically resolved plankton data fromhRg/get been
generated We also here propose to integrate CPR sampling with the tyéegly zooplankton sampling
along the Seward Line (which intersects the CPR transect at its outermost stations, Fig 1) and the
continuous oceanographic framework provided by the @Adampling.

CPR sampling has strengths (robust, -effctive and large scale) but it also has limitations (near
surface sampling only, small sample volumes and robust sampling mechanism that may cause
underrepresentation of rarer and/or fragile organisms). The RWESeward Line zooplankton sampling
are complementary by providing spatially detailed, full water column sampling in key point locations.
The Seward Line sampling is carried out twice/year so the monthly resolution of the CPRimwill fill
information on gasonality of shelf and off shore lower trophic levels.

B. Procedural and Scientific Methods

We do not propose to make any changes to the sampling regime that has been operating so
successfully. The cargo vesdelrizon Kodialill tow a CPR northbounawards Cook Inlet

approximately once per month between April and September each year. The samples will be unloaded
and the gear serviced each time by Alaskan technicians who have been trained by SAHFOS. Sample
processing will be carried out at the DFO latiory in Sidney, BC and at the SAHFOS laboratory. QC and
sample archiving will be carried out by SAHFOS.

C. Data Analysis and Statistical Methods

Previous proposals have already described in detail the statistical validity of this approach and
demonstrated that the sampling frequency and spacing is suitable to characterize seasonal, interannual
and spatial variability at the mesoscale. Further infation can be found in Batten et al., (2003) and
previous funded EVOS TC proposals, but since our proposed sampling and processing protocols are
unchanged and have been previously approved we are not repeating them extensively here.

Large scale patchinegsn the order of 10s to 100s of kms) needs to be considered as a factor that may
contribute to observed variability in the plankton data. The greatest resolution possible from CPR data is

18.5 km, however, to maximise coverage with the resources availablgrocess samples spaced 74 km

in the open ocean (every fourth sample being processed) but all samples on the shelf. An individual
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patchiness. We have estddited the decorrelation lengthcales for common taxa from data collected

early in the survey (2000) and determined that samples that are spaced well apart, such as every 74 km,

are likely to be representative and not likely to be within or outside oftalpa
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CPR data are straightforward. Comparisons with other plankton sampling are more problematic as each
sampling system has a bias of some sort causetbbgxample, mesh size, depth of sampling,



taxonomic resolution. However, by using indices such as anomalies and pooling taxa to create functional
groups useful comparisons can be made. Such work was undertaken during pafe6624and will
continue hee.

D. Description of Study Area

The project will sample waters on a transect from the Straits of Juan de Fuca outside of Puget Sound
6ny®dnpcbX MuHpc2I /FLWFEAYyQa RAAZONBOAZ2YUL | ONRaa GKS
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tracks vary minimally from month to month.

E. Coordination and Collaboration witthe Program

In addition to the work described above within the GWA program, the CiARlisg is further

leveragedPICES has endorsed the North Pacific CPR project since its inception in 2000. In 2007 PICES
initiated a funding consortium to support the project, through relatively small contributions from

agencies with interest in all or gaof the region. At this time, the Canadian Department of Fisheries

and Oceans (DFO) and the North Pacific Research Board (NPRB) have each made commitments through
2014 and we are also supported by the CPR parent organization, SAHFOS. The EVOSithestsins

in the establishment of the CPR program and has supported it through projects 030624, 040624, 070624
and currently to the PICES consortium through project 10100624 which eedéimeugh the 2012 field

season
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IV. SCHEDULE

A. Project Milestones

Objective 1. Sample collection on the transect from Cook Inlet to Puget Sound will begin in spring
2014 and continue approximately monthly through to August/September 2014 (6 transects will be
sampled). This schedulelilbe repeated each year to 2016. All shelf samples will be processed and
every 4" oceanic sampleéSampling completed by October 201

Objective 2.A subset of samples (25%) will be processed wimnths of collectiomt the Institute of
OceanSciences (DFO, Canada) and results from this processing (e.g. estimated mesozooplankton
biomass and comparisons with data from previous years) will available in progress reports and on the
project website as soon as practicable. Full, quality controlleéd fitam 2014 will be available byAugust
2015 though early transects will be available earli®reliminary analysis completed by December 2014.




B. Measurable Project Tasks
FY 4, 1stquarter (Febl, 204-April 30 2012
February: Shipping of service@PR from UK to Horizon Kodiak
March/April: First transect sampled
Annual report submitted

April: Begin sample processing (ongoing hereafter)

FY 22, 2nd quarter (May 1, 20M4-July31, 2014)
May-July: Three transects sampled

June: First results from 2014ampling available (ongoing hereafter)

FY 2, 3rdquarter (Augl, 204-October 31, 2014)
AugSept: Two transects sampled, CPR shipped back to UK for overhaul.
August: 6 month report submitted

Final QC data from 2013 available

October: Attend annual PICHSeeting

FY 13, 1st quarter Novembe 1, 204-January 31, 2016
November: Attend annual GWA Pl meeting

December: Processing and initial analysis of samples collected in summer/fadl 201
will be completed

V. BUDGET

Budget Form (Attached)



FY14 PROGRAM PROJECT

PROPOSAL FORNB.9

Project Title: Long term monitoring of oceanographic conditions in Prince William Sound

Project PeriodFebruary 1 2014 January 31, 2016

Primary Investigator(s)Campbell, Robert W., PWS Science Center, 300 Breakwater Ave., Box 705., Cordova,
99574;rcampbell@pwssc.org

Abstract: This project is a component of the integrated Ldagn Monitoring of Marine Conditions ahlnjured

Resources and Services submitted by McCammon et. al. This project is intended to provide phy
biological measurements that may be used to assess botipnimpacts on the marine ecosystems
Prince William Sound. Specifically, it isgmsed to deploy an autonomous profiling mooring in cen
Prince William Sound that will provide high frequency (~daily) dep#tific measurements of physig
(temperature, salinity, turbidity), biogeochemical (nitrate, phosphate and silicate) and giial|
(ChlorophyHa concentration) parameters that will be telemetered out in near ridlale. Several regulg
vessel surveys are also proposed to provide gremth data for the mooring, and to attempt to captu
some of the spatial variability in PW8&s well as the mooring site, the surveys will visit all four of the
bays to maintain ongoing EVOSTC funded time series measurements at those sites and to
proposed herring research (Pegau et. al). The major entrances (Hinchinbrook Entranktoatague
Strait) will also be visited. The surveys will make the same suite of measurements as the mooring,
also collect water and plankton samples. This project will also link significantly with the herring rg
efforts proposed by Pegaet al., and will analyze plankton samples collected during intensive stud
juvenile herring feeding and energetics.
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Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$238.1 $193.2 $197.3 $203.7 $209.3 $1,041.6
(Fundingequested must include 9% GA)
Non-EVOSTC Funds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL
$23 $23 $23 $69

Date: 30 Aug 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

Marine ecosystems are not static over time, they may change gradtaityyear to year or shift

abruptly; those changes are in part driven by bottom up factors, such as environmental changes (e.g.
temperature, salinity, turbidity), and biogeochemical interactions (the availability and recycling of
nutrients). Long term motoring of the spilleffected area is important, both in order to assess the
recovery of resources, and to understand how the ecosystem is changing over time.

The ecosystems of the PWS region are influenced by physical environmental factors: metabolic and
other vital rates for lower trophic species are generally temperature controlled, and water column
production is ultimately limited by the amount of nitrogen made available to primary producers each
year. Nitrogen availability is influenced by stratificatip.e. the onset of a seasonal thermocline or
halocline) and mixing processes. These physical factors vary in space and in time, with different
locations having different drivers (e.g. tidewater glaciers vs riverine estuaries, watersheds of varying
size) and those parameters also change both interd intraannually. Superimposed over all those
changes in the physical environment are myriad changes in the marine ecosystem, both in terms of the
constituents (who is there) and abundance (how many theee ar their biomass). The phenology of
ecosystem components (the timing of who appears) is also important, particularly with regards to
matches and mismakes between predators and prey.

B. Summary of Project to Date (if applicable)

All milestones from pvious years of the project have been met to date; all milestones are ongoing and
we expect to continue to meet our goals.

Il. PROJECT DESIGN




A. Objectives

The goal of this program is to deliver a monitorir
program that will return useful information on
temporal and spatial changes in the marine
environment, at a reasonable cost, and with a
reasonable amount of effort. The data should be
depth-specific (because water column stability is -
important to ecosystem productivity), of high
enough frequency to capte timing changes
(changes that occur on order of weeks), and givi
an idea of spatial variability in the region. As wel -

given that PWS herring will remain afunding  Figure1. Proposed mooring location, cruise

priority of the EVOSTC in the next 20 years, anyirack and station locations visited during ves
long term monitoring efforts should bietegrated surveys.

with future herring studies as well as building upon ongoing work funded by the trustee council. Specific
objectives include:

1. Install and maintain an autonomous profiling mooring in PWS that will measure daily profiles of
temperature, saliity, chlorophyHa (as a proxy for phytoplankton biomass), turbidity and
nitrate concentration in the surface layer-{@0 m).

2. Conduct regular surveys in PWS to tie in spatial variability to the high frequency time series
provided by the mooring.

3. Sipport continued herring research by maintaining the existing time series (hydrography,
plankton and nutrients) at the four SEA bays, and participating in intensive process studies of
juvenile herring overwintering.

B. Procedural and Scientific Methods

Prgect approach and logistics

The central PWS mooring (Objective 1) is best located near Naked Island (Figure 1). The proposed site is
the locationof the GLAB buoy deployed during the SEA project, is slightly to the west of an existing

sampling station in the central sound (the current station is between tanker lanes, not a good location

for a mooring) and ctocated with a Seward Line sampling ggee Hopcroft project proposal). The

proposed mooring is an Autonomous Moored Profiler (AMP, WetLabs, Inc.). The AMdmseifed,

and is capable of profiling from 100 m to the surface, with multiple deployments per day and a longevity

of approximatdy 4 months (the system is battery powered, so there will be a tradeoff between the

number of casts and longevity). The instrument payload on the AMP includes a CTIZ(@.0D1 S th
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by cellular modem.



Vessel surveys (Objective 2) will be conducted 6 times per year, and will visit the four SEatiiagse

been a focus of prior EVOSTC funded research (and a focus of the Pegau et al. herring proposal), as well
as Hinchinbrook Entrance and Montague Strait (as requested by the RFP), and central PWS (to collect
groundtruth data and to service the maimg). Each station will include a CTD cast (with the same
instrumentation as on the mooring), water bottles for nutrient and-afdnalysis, and a plankton tow.

Two stations will be done in each of the bays, one near the head where juvenile herringrare mo
frequently encountered, and one in more open waters at the mouth of the bay where older age classes
FNBE Y2NB 02YY2y o ¢KS GAYAYy3 2F (KS adaNBSea ogAff
attempt to capture the spring and autumn blooms (pee-bloom, bloom and posbloom). The data

collected during the surveys (particularly phytoplankton abundance and nutrient concentrations) will be
compared to the high frequency record in the central sound, in order to assess how the timing and
magnitude @ production events in the bays differs from the open waters of PWS. Stage composition of
the copepod species collected by the plankton net will also give information on annual changes in
phenology.

The Pegau et al. herring program is also proposing ta domber of focused process studies in the four
SEA bays (Objective 3), and will provide plankton samples to be analyzed. Not all plankton is of equal
guality as food to herring, and the plankton data will inform work done on herring feeding and
energetics Hydrographic, nutrient and plankton sampling will also be done during intensive
overwintering juvenile surveys done by members of the Pegau et. al herring program in Simpson Bay
and Port Gravina.

Methods

All of the instruments will be calibrated annually, and water samples will be taken with Niskin bottles to
validate the observations. Water will be filtered through a Whatman GF/F filter (nominal pore size
NPT>Y0S 6KAOK gAff o0& chidphyld(Faienhs & al.N984) kasd the fitiatdd OG A 2 v
will be retained for the analysi nitrate, phosphate and silicate. Following each cruise, quality

assurance checks will be made on all the data collected, and the CTD data will be processed with

standard methods; the data and associated metadata will be databased for later analysis and

distribution. Zooplankton samples will be subsampled with a Folsom plankton splitter (McEwan et al.

1954), and identified to species and stage under a stereomicroscope.

C. Data Analysis and Statistical Methods

This program will result in a high frequengydaily) time series in central PWS that will be directly
comparable to a complimentary time series taken during the SEA project. It will also continue time
series observations of temperature, salinity, chlorophyll fluorescence, turbidity, and nitrate
concentration, all as a function of depth, at two locations in each of the SEA bays, as well as four sites
representative of open water habitat and water entering and leaving PWS. Those data will be used to
create temporal sections, using standard methoeg( Sandwell 1987; Chatfield 1995), which will then

be used to describe the changes in oceanographic conditions over time within each of the bays, as well
as PWS in general. Comparisons will also be made to previous observations (e.g. Meunch and Schmidt



1975; Gay and Vaughan 2001). Autocorrelation statistics such as the Mantel test (Smouse et al 1986)
will be used to infer decorrelation scales between bays and the open PWS, both spatially between sites
and temporally within sites.

The zooplankton colleitins will also provide a time series of plankton concentrations in each of the
bays, in the central sound, and in the entrances and exits, although it will be-geptrated instead of
depth-specific. Differences in the concentrations of each speciamgrthe bays and open water sites

will be examined with multivariate statistical methods, including hierarchical clustering and nonmetric
dimensional scaling (Manly 1994). The association between plankton species and environmental
parameters will also bexamined with ordination techniques, including Principle Components Analysis
and Redundancy Analysis (Legendre and Gallagher 2001; Clarke et al 2008).

The data will also be used to refine conceptual models of ecosyisesh production processes in PWS
(Cmney et al., 2001), and the results of several years of data collection will permit inferences about how
the oceanographic climate influences the biological productivity in the nearshore and offshore waters of
PWS. Data on plankton taxonomy and abundawoenbined with measurements of gut contents done
during the intensive herring studies proposed by Scott Pegau et al. will permit testing of hypotheses
about the potential for food limitation of juvenile herring in PWS.

D. Description of Study Area

This progct is conducted throughout PWS; the stations are showmgaré 1 and &ble 1.

Tablel: Station locations

Station Latitude Longitude
Simpson Bay head 60.67 -145.87
Simpson Bay mouth 60.61  -145.93

Hinchinbrook Entrance East 60.25 -146.73
Hinchinbrook Entrance West 60.25 -146.89

Zaikof Bay head 60.27 -147.09
Zaikof Bay mouth 60.34  -146.96
Montague Strait 60.01 -147.77
Whale Bay head 60.15 -148.21
Whale Bay mouth 60.23  -148.17
Eaglek Bay head 60.93 -147.74
EaglekBay mouth 60.85 -147.71
Central PWS 60.67  -147.17

E. Coordination and Collaboration with the Program



This project links directly with the herring research program submitted separately to the Trustee Council
by Scott Pegaat al, it will provide a bottom up context for the proposed work on juvenile herring. This
project also links materially with the Lower Cook Inlet/Kachemak Bay long term monitoring effort:
plankton and nutrient samples collected under that program wilabalyzed at PWSSC by this project.

This program collaborates closely with the Alaska Ocean Observing System, which has funded some
prior surveys in PWS, and is currently funding oceanographic and ecosystem modeling in the region.
Some of the instrumentadn and equipment used in this project was initially purchased with AOOS
funds.

LLL® / + QpleaseSde appendi’

IV. SCHEDULE

A. Project Milestones

Objective 1. Install and maintain an autonomous profiling mooring in PWS.
Objective 2 Conductregular surveys in PWS.

Objective 3 Support continued herring research by maintaining the existing time series
(hydrography, plankton and nutrients) at the four SEA bays, and participating in
intensive process studies of juvenile herring overwintering.

Time series work is described above. The intensive process studies will be conducted in
2013.

B. Measurable Project Tasks

FFY 14, 1st quarter (October 1, 20Décember 31, 2014)

OctoberDecember: Mooring operational, sample processing ongoing
October: Vessel survey/service mooring

November: Vessel survey

December: Vessel survey

FFY 14, 2nd quarter (January 1, 2eMlarch 31, 2014)

JanuaryMarch Mooring operational, sample processing ongoing
January: Annual Marine Science Symposium
March: Vessel survégervice mooring

FFY 14, 3rd quarter (April 1, 2004ine 30, 2014)

AprikJune: Mooring operational, sample processing ongoing
April: Vessel survey

June: Vessel survey/service mooring



FFY 14, 4th quarter (July 1, 208&ptember 30, 2014)

JulySeptember: Mooring operational, sample processing ongoing
July: Service mooring
August: Submit annual report

V. BUDGE(attached)
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Project Title:Longterm monitoring of oceanographic conditions in Cook Inlet/Kachemak Bay to understand rec
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Project PeriodfFebruary 1, 2014 January 31, 2015

Primary Investigator(s)Angela Doroff (Kachemday National Estuarine Research Reséi)é&G,
angela.doroff@alaska.qp907226-4654, 95 Sterling Hwy, Homer AK 99603is Holderied (NOAA Kasitsna Bay
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Abstract:

This project is designed to assist in the evaluation of recovery and restoration of injured resources in the foot
the Exxon Valdeail spill (EVOS). It is important to know if oceanic conditions and changes in the Gulf of Alask
synchronous with neashore trends, and monitoring at multiple sites will help discern such relationships. Mappg
currents and water rass movements of a region contributes to our understanding of patterns in the abundance
diversity of marine plankton, invertebrates, fish, birds, and mammals in coastal Alaska. The complex structur
fronts where water masses meet and the patterssaciated with the movement of water masses are still not
understood for lower Cook Inletn this study, we will be mapping the waters in lower Cook Inlet and Kachemak
to understand the intrusions of the Alaska Coastal Current and to identify saatldemporal changes of various
other currents in this region and relate these observations to injured resources. Developing an understanding
structure of the physical oceanography will help us understand the connectivity of water movement amtigdot
plankton transport between lower Cook Inlet and Kachemak Bay. By determining the local species of phytopl
and zooplankton and understanding their seasonal distribution we will begin to understand the biological patte
associated with uppetrophic levels of the nearshore marine system. Information from this project will also be {
to local mariculture operations, subsistence harvesters of hard shell clams and other invertebrates, NOAA Re
Ocean Circulation Model development, andmitoring programs for harmful algal blooms.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$191.9 $177.4 $166.5 $133.7 $108.8 $778.2

(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

Date:9 August 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

This project is designed to assist in the evaluation of recovery and restoration of injured resources in the
foot print of the Exxon Valdeail spill (EVOS). It is important to know if oceanic conditions and changes
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in the Gulf of Alaska are synchronous with nehore trends, and monitoring at multiple sites will help
discern such relationships. Kachemak Bay, like PWS, has been impaittedEMOS and has similar
physical stressors on neahore coastal habitat such as laleel changes from the 1964 earthquake

and isostatic rebound from melting glaciers. In this project we are continuing oceanographic monitoring
data series for lower Codhlet (Oklonon et al. 2009) and Kachemak Bay (Murphy and Iken 2013).

B. Summary of Project to Date

Beginning in 2012, we have been conducting oceandyramdmarine plankton surveyguarterly in
lower Cook Inlefincluding Kachemak Bagid monthly inmid-Kachemak Bay. To date, six surveys of
lower Cook Inlet/Kachemak Bay seasonal surveys were attempted and five full surveys conducted;
inclement weather prevented a full survey of the study area in February 2@l@§h Kachemak Bay
sampling was complete Collectively, nearly 487 conductivismperaturedepth (CTD) profiles were
made in the first year and a half of the project. Oceanographic profile data are available in Seabird
Electronics data format for all surveys, with ongailaga processing tetandard tmeter depths export
to Excel spreadsheets aggneration of data visualizations as vertipedfile graphs and alongransect
contour plots In Novembe012 wealsobegan to compile the historical CTD data for the study area
and are preparig data formats for uploading into the Gulf Watch data portal. We provided
temperature and salinity profile data to the National Ocean Service (NOS) Coast Survey Development
Laboratory for validation of theew NOSCook Inlet ocean circulation model. Timedel is being used
by NOS to produce a tidal energy assessment of Cook Inlet, in partnership with the Alaska Energy
Authority.

Concurrent with the CTD sampling, marine phytoplankton and zooplankton collections are made.
Samples are preserved for latemalyses by th&dOAA Center for Coastal Fisheries and Habitat Research
(Kasitsna Bay and Beaufort Laboratoriplytoplankton)and the Prince William Sound Science Center
(zooplankton) Data are still being processed for zooplankt®reliminary result&om the

oceanographic and phytoplankton monitoring have been presented in thoséersat the 2012 and

2013 Alaska Marine Science Syisipm and in public talks given in Homer Alaska (July 2012 and July
2013) and Seldovia Alaska (July 201T13)e phytoplakton monitoring data is also being used in NOAA
harmful algal bloom studies on the species that cause paralytic shellfish poisoning.

Continuous water quality data collection and reporting occurred throughout the study through the

Kachemak Bay ResearchaRe NJ2 S & Qvidd MoaitdrigrProgram for meteorological, water quality,
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Central Data Management Office. As part of this study, we purchased a YSI mooyesi/stem and

deployed a data sonde to monitor water quality in Bear Cove during thiedeemonths. Thetation

data istelemetered to provide researchers and local oyster farnveith reaktime access to the water

quality data. In addition to estabhing a new water quality monitoring site, we upgraded our

monitoring program with four new sondes which have an optical port for continuous monitoring of
chlorophylta (chia); this allows for monitoring all three surface (1m depth) stations feadhtoughout

the summer months.



II. PROJECT DESIGN
A. Objectives

Project objectives

Our 5year program goal is to enhance existing monitoring programs to be able to correlatsimaar
monitoring of injured resources with annual and seasonal patterns andisrenoceanographic
conditions in lower Cook Inlet.

The objectives of the Cook Inlet and Kachemak Bay oceanographic monitoring include:
4. Improve understanding of water mass movement in Kachemak Bay

a. ldentify surface and subsurface flow and water mass dtarstics within Kachemak Bay
through measurements of temperature and salinity in historical and present data.

b. Examine spatial, seasonal and annual changes in the depth and persistence of freshwater
lenses in the Bay.

c. Place an additional YSI data sond8&ar Cove during the idese period to monitor trends
in salinity, temperature, and nutrients at the head of the Bay in proximity to clam beds.

5. Determine linkages, and temporal variability in those links, between Kachemak Bay/lower Cook Inlet
and the Algka Coastal Current

a. Maintain and monitor temperature trends in all sitiays on the southern side of Kachemak
Bay with TiBits temperature loggers.

b. Analyze data on temperature and salinity signatures that identify Gulf of Alaska water
intrusions into Kacheak Bay.

c. CTD data will be analyzed for spatial, seasonal and annual variability and trends, as well as
linkages to oceanographic data from the GAK1 mooring and Seward line and the GoAIERP
shipboard sampling along the shelf adjacent to Cook Inlet.

6. Examine he shortterm variability and track longerm trends in oceanographic and water quality
parameters

7. At a subset of stations along each CTD transect, collect water samples for marine plankton.
Zooplankton samples will be analyzed by Rob Campbell as gag BIWS oceanographic
monitoring project. Phytoplankton will analyzed twe NOAA Center for Coastal Fisheries and
Habitat Research dasistna Bay Labatory and with molecular techniques at our Beaufort
Laboratory in North Carolina.

B. Procedural andScientific Methods

Study Area and Sampling Frequengye areextending existing time series of oceanographic surveys in
lower Cook Inlet and Kachemak Bay (@idn et al. 2009, Muphy and Ik&®13) and supplementing an
existing water quality monitoring program in Kachemak Bay (Kachemak Bay Research Reserve 2010)
with an additional site in Bear Cove during thefi@e months. Surveys will beonducted atstations

along transect lines (Figufg within Kachemak Bay (Transects 4 and 9) and across lower Cook Inlet
(Transects 3, 6 and.7lKasitsna Bay Laborator and Kachemak Bay Research Raseail/boats will be

used for Kachemak Bay samplamgy larger bartered boats will be used for Cookdhsampling, due to

the routine presence of higher sea state conditions in the inlet. Station spacing will be bet@@®em

and 1.5 km in Kachemak Bay and ug tamin Cook Inletwith closer sation spacing near the coast



the beginning of each trasect, the following information is recorded: cruise ID, vessel, date, transect

line, wind speed and direction, and sea state. Additional information recorded at each stationirigclud
station ID, time, position, station depth, event (type of samplingnt\and sample 1D), and comments

about the station. Oceanographic measurements are made with condudtivitperaturedepth (CTD)

profiler casts at each station along Transects 3, 4, 6, 7, and 9 (n=88) and plankton samples are collected
at a subset of thatations (n=15) (Fige 1). Transects in lower Cook Inlet and outer Kachemak Bay
(Transects, 4, 6, and 7) are scheduled for sampling quarterly for the first three years of the study and
reduced to three and two sampling periods, respectively, durirags/éour and five of the projectue to

budget limitations Transect 9, anid-Kachemak Bay is scheduled for monthdganographi¢n=9) and
plankton (n=3kampling throughout the study period

Conductivittemperaturedepth (CTDprofiler oceanograpic surveys:SeaBird Electronics (SBE)plus
SEACAT CTD profieyill be used to acquire surface to bottom profilestefnperature and salinity at

each station on the shipboard surveyaurfiidity measurementsvill be made with aVETLabs ECO
Fluoromete chlorophyll and turbiditysensor dissolved oxygen measurements will be made with an SBE
43 oxygen sensor, and light will be measured with a Lieb®2 lphotosynthetically available radiation
sensor, with all sensors integrated with the CTD profiléreach station, the CTD profiler will be
lowered at 1 neter/second from approximately 1 metelepth to -2 meters from the bottom, with

a sample rate of 4 times/second. Station location will be recorded from vassehted or

handheld GPS unitssamplingwill normally be limited tseastatesless than seven feet for safe
deployment of the CTD. The SBE CTD are placed in a cage andB0Kg weight on a-th long line

is suspendedeneath the cagéo reduce flagging in strongook Inlet tidaturrents. The data are
downloaded at the end of each transect and processed using standard SeaBird processing algorithms.

Zooplankton SamplingZooplankton are sampled with a bongo style plankton net (2 m length of 333
micron mesh with a 60 cm diameter openiffgguatic Research Instruments)). We conduct a 50m
vertical tow with a tow rate of approximately 0.5m/s. A mechanical flow meter (General Oceans Inc.
R2030) is attached to one of the two nets to estimate water volume. When the tow is complete, the
mesh and cod end are washed down with salt water to concentrate plankton. The plankton sample is
retrieved from the net that does not have the flow meter attached to the opening. Plankton are
transferred to plastic bottles with screwp lids and preserved witeither 3 or 5% formalin solution in

the field. Preserved samples are shipped to the Prince William Sound Science Center for analysis of
species and relative abundance of each species.

Phytoplankton SamplingA surface tow method is used to collgattytoplankton samples in this project.
Field methods are as follows:

a. Pour a known volume of surface sea of water (10L, 20L, 40L pending bloom structure), through
the 20um net, 20cm diameter plankton net

b. Wash the outside of the net down with ambient seatera
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C. Data Analysis and Statistical Methods
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SEACAT CTD profiler data from all transects will be initially processed with standard SBE Seasoft
software algorithms and averaged intarieter depth bins. Subsequent data processing will use Matlab
software algorithms to compute density and construettical profiles andlongtransect distance

versus depth contour plstof temperature, salinity,@hsityand other variables Density fi&s will be

used to estimate the degree of vertical stratification at each station. Lateral variability across the
transect and temporal variability between sampling periods will be assessed by calculating means and
standard deviations for temperature, @ty anddensity fields. A leastquaresanalysis will be used to
assess seasonal and annual patterns along the Homer Spit transect. The amount of freshwater at each
station within the upper part of the water column will also be calculated using aenefersalinity (~32

psu) consistent with earlier studie§he CTD data will be used to assess $kasonal cycle of water

mass movements and densitlyiven, geostophic circulationVe expect to use the new NOS circulation
model (completed in 2013) toelpus anajze tidal and subtidal patterns

Marine plankton data are currently being analyzed to determine species composition, relative
abundance, and timing of blooms (phytoplankton). It is important to note, that this proect

conjuction withother Qulf Watch Alaska projects of théniversity of Alaska Fairbanks and the Prince
William Sound Science Centerhelping to developan instate capability fomarine plankton

identification; most zooplankton samples are currently being sent out of thetcptor analyses. A
plankton manual of common and rare species of marine plankton will be developed for this study area.
Plankton data will be analyzed bogjualitativdly and quantitatively, depending on the accuracy of the
planktondensity estimates @llectively, these data will be used to assess differences in offshore and
nearshore patterns as they relate to biomass distribution and primary productivity within the study area

and within the greater GulfWatch program. Methods will likely follow thes8 @St 2 LISR 6& b h!

Southeast Area Monitoring and Assessment Program.

D. Description of Study Area

Q
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Figure 1. This is the study area for the oceanographic and marine plankton long term monitoring project
in Kachemak Bay and lower Cook Inlet, Alagkach dot representsraoceanographiprofile sampling
location; red dots indicate the current sampling stations for marine plankton and water chemistry
samples.

E. Coordination and Collaboration with the Program

The KachemaBay Research Reserve provides resources for continuous monitoring of water quality and
meteorological data; this proposed project leverages and supplements an existing program.
Oceanographic monitoring in Kachemak Bay will combine: 1) continuous datakisting KBRR water
guality monitoring stations (YSI sondes measuring temperature, salinity, dissolved oxygen, turbidity, pH)
at the Homer and Seldovia harbors; 2) an additional shoreline water quality station to be deployed
during icefree months in BeaCove (near head of Bay); and 3) srbaklht transects of temperature and
salinity profiles (CTD) and plankton sampling, conducted by monthly on a transect across from the
Homer Spit. Oceanographic monitoring in lower Cook Inlet leverages existing i@dypdaia collected

along these transect lines as well as four other transects in lower Cook TiletNOAA Kasitsna Bay



Laboratory is contributing staff time and-kind use of small boats and equipment to the project. We
are also leveraging supporioim undergraduate NOAA Hollings Scholars that havm@th summer
internships at Kasitsna Bay Laboratory, with two to three students participating eachGelectively,
the proposed neashore and offshore lortgerm monitoring will haveb155K/yearmatchfrom the
Kachemak Bay Research Reserve and the Kasistna Bay Laboratory, combined.

This project directly links to Gulf Watch projectsngterm Monitoring of zooplankton populations on
the Alaskan Shelf and Gulf of Alaska using Continuous PlaRktmrdersvhich has a godb provide
continued large spatial scale data on zooplankton populations to extend the existing time series and
integrate the data with more regional, locally more intensive, sampling programs drmhtpterm
monitoring of oceangraphic conditions in Prince William Sowmkich is providing data consistency for
zooplankton identification of samples collected in our study area. The Gulf Watch piidjecieward
Line: Marine Ecosystem monitoring in the Northern Gulf of Alaskaportant to understanding
anomalies and broadcaling events in the current study.

Thus far, this research and monitoring program have provided the following linkages to related projects
in the study area:

a. Oceanographic data (temperature and salinitgnh this study is being used to validate an
20SIy OANDdzZ A2y Y2RSt 0SAy3 RSHSt2LISR o6& bh!
model is being used by NOS to produce a tidal energy assessment of Cook Inlet, in partnership
with the Alaska Energyuthority, and the model will be part of an operational Cook Inlet marine
forecast system.

b. The phytoplankton species that causes paralytic shellfish poisofiegandrium fundyense,
were found at all Kachemak Bay sampling locations throughout the sunaitiresugh at
relatively low concentrationsA. fundyenseoncentrations were found to be significantly
correlated with both water temperature and salinity conditions.

c. The project leveraged partnerships with AOOS and UAF to collect water samples tdyquanti
variability in water chemistry associated with ocean acidification. Coastal water chemistry
changes with freshwater input from glacial watersheds and snowmelt, upwelling of ocean
waters and phytoplankton blooms and understanding this variability isleg@¢o assess how
much ocean acidification may threaten nearshore species and habitats.

d. Through a partnership with the U.S. Fish and Wildlife Service, we are enhancing the Gulf Watch
Alaska program to provide data that will improve understanding of i@tahips between
marine conditions, primary productivity, and seabirds and marine mammals.

LLL® [/ = QpleaseSde ampendix
IV. SCHEDULE
A. Project Milestones

Objective 1.  Quarterly CTD/marine plankton surveys will be conducted throughout the stedy a
Monthly CTD/marine plankton surveys will be conducted in Kachemak Bay. The
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continuous water quality data at 5 stations during-foee months and 3 stations during
heavy cing.

Objective 2 Quarterly CTD/marine plankton surveys will be conducted throughout the study area.
Monthly CTD/marine plankton surveys will be conducted in Kachemak Bay. The
Kachemak Bay Research Reserve water quality monitoring program will collect
continuous water quality data at 5 stations during-foee months and 3 stations during
heavy icing. The Reserve will also monitor-Bai temperatures throughout the year in
Kachemak Bay.

Objective 3  Using data collected in objectives 1 and 2, wetwiltk anomalies in temperature and
conductivity in the outer shelf of the Gulf of Alaska and in Kachemak Bay.

Objective 4 The species composition, timing, and where applicable, relative abundance of marine
plankton will be determined for the study are&Vhen complete, these trends will be
related to other GulfWatch studies.

B. Measurable Project Tasks

FY 14, 1st quarter (FebruaryciMay 31, 2014)

February, 2014 Project funding available
1%' & 2" Quarterly survey of the study area
Monthly survey of inner Kachemak Bay
Continuous water quality monitoring 3 stations
Continuous water temperature monitoring in sb@y
Data management

FY 14, 2nd quarter (June 1, 202digust 30, 2014)

June : Monthly survey of inner Kachemak Bay
Contiruous water quality monitoring 5 stations
Continuous water temperature monitoring in sb@y

July: 3 Quarterly survey of the study area
Data management

FY 14, 3rd quarter (September 1, 26Nbvember 30, 2014)

September 1: Monthly survey of inner Kachemak Bay
Continuous water quality monitoring 3 stations
Continuous water temperature monitoring in sbay

October: 4" Quarterly survey of the study area
Data management

FY 14, 4th quarter (December 1, 204 Sanuary31, 2015)

December 1: Report writing
Monthly survey of inner Kachemak Bay
Continuous water quality monitoring 3 stations
Continuous water temperature monitoring in sbdy



V. BUDGET
Budget Form (Attached)

Pelagic Mnitoring Component (lead;, Lindeberg

FY14 PROGRAM PROJECT

PROPOSAL FORM

Project Title:Data synthesis, analysis and recommendations for sampling frequency and intensity of nearshorg
marine bird surveys to detect trends utilizing existing data fromRhace William Sound, Katmai and Kenai Fjord
coastlines.

Project Period{Please use the fiscal year of FebruaryJanuary 31)

Primary Investigator(s)Heather ColettiMarine Ecologist, Southwest Alaska Network Inventory and Monitoring
Program, National Park Servi¢ggather Coletti@nps.go@07644-3687

Collaborators: David Irons, James Bodkin, Brenda Ballachey, Tom Dea

Abstract: This project is a component of the integrated Ldaagm Monitoring of Marine Conditions and Injured
Resources and Services submitted by McCammon et al. Skiff based surveys for marine birds along
Prince William Sound, Katmai and Kenai Famaiastlines have been conducted for over 5 and 20 year
respectively. The results of these surveys provide estimates of the species composition, relative
abundance, and distribution of all marine birds and mammals within this nearshore zone. Theffocug
these surveys is on marine birds that are trophically linked to the nearshore food web, and include
2T aSlI Rdz01a o1 NXSldAy Rdz01 &z .FNNRsQa I yR
red-breasted), and shorebirds, specifically tilack oystercatcher, cormorants, glaucenmged gulls and
pigeon guillemots. Sustainability of lotgym monitoring programs requires the optimization of samplir]
intensity and efforts to minimize costs while concurrently having sufficient power to tlateend. While
there has been critical thought in the past regarding these questions, current available analytical me
now allow for the use of existing data in simulations, using a Bayesian framework, to estimate numdi
samples and sample frequeyrequired to detect a specified trend as well as examine effects contrib
to variation, such as imperfect detection.
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Estimated Budget: $52.7K
EVOSTC Funding Requested:
FY12 FY13 FY14 FY15 FY16 TOTAL
$32.7K 0.00 0.00 0.00 0.00 $32.7K
(Fundingequested must include 9% GA)
Non-EVOSTC Funds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL
$10 $20 $10 $0 $0 $40
In-kind salary support from NRShas changed because of shifts in timekjraee project milestones & objectives

Date: July 18, 2013

I. NEED FOR THE PROJECT

A. Statement of Problem

The National Park Service (NPS) Southwest Alaska Network (SWAN) Inventory and Monitoring Program
(I&M) and the US Fish and Wildlife Service (USFWS) have been conducting skiff based surveys for marine
birds along the Prince William Sound, Katmai and Kenai Fjords coastlines for over 5 and 20 years,
respectively. These surveys do not currently accouniniiperfect detection nor do they focus on any

single species in particular or nearshore habitat type. However, within the SWAN program, the goal is to
estimate trends for a select group of marine bird species reliant on the nearshore food web and and that
were impacted by thé&xxon Valde®il Spill. These include: black oystercatcheeefmatopus

bachman), cormorants Phalacrocorax spp.glaucousvinged gullsl(arus glaucescehgyoldeneyes
(Bucephala spp, harlequin ducksHistrionicus histrionicsmergansersilergus spp, pigeon

guillemots Cepphus columbBaand scotershelanitta spp).

From preliminary analysis of NPS data, the current survey design does not provide variance estimates
for detecting trends for the identified indicator species wéthitable confidence (<0.50) depending on

the species. We utilized coefficients of variance (CVs) to determine within year as well as across year
variation for each species. NPS determined that we may not be adequately surveying for some species
possiblybecause: (1) certain species are highly aggregated (2) we are focusing on inappropriate habitat
for the species in question, (3) our sample size is too small or (4) the year to year variation in distribution
is great enough that we should be conductingliegte surveys within a single season.

We are proposing to continue to monitoring existing transects to have continuity with legacy data, but

to improve on existing protocols by minimizing variation by examining the effects of sampling error and
imperfectdetection while also making recommendations to improve efficiency through sample intensity
and frequency. Improving sampling methods will provide a better sense of population trends of specific
species (listed above) across the western Gulf of Alaskararéncrease efficiency as we move forward

in our efforts to monitor species of interest within tliexon Valdegpill area.

B. Summary of Project to Date (if applicable)

If the project was funded in previous years, please provide a summary of the geiais date and what
YAt Sadz2ySa INB adAftt 2dziadl yRAy3Io® LF GKSNB | NB
been met, provide a description of why they could not be met, how much funding remains for the
project to complete the milestonesnd a timeline for their completion.




Initial funding was provided in February of 2012. No work began on the project until funding was
secured. Once funding was secured, meetings were held during Sept. of 2012 and a draft proposal was
developed. The restihg proposal was finalized but further delays arose as NPS converted to a new
financial system while simultaneously determining how best to deal with sequestration. This resulted in
contracts that were not considered time sensitive to be delayed untié JWuly of 2013 for submission.

The contract for analysis has been submitted through NPS contracting and is currently awaiting the bid
process. We are anticipating that a contract will be awarded before the end of federal fiscal year of
2013. Timelinesdwe been adjusted accordingly (see objectives section). No additional funding has been
provided or requested. The only modification to the budget is the increasekiminsupport from NPS
(ecologist salary) to oversee the protracted contracting process.

II. PROJECT DESIGN

A. Objectives

List the objectives of the proposed research, the hypotheses being tested during the project, and briefly
state why the intended research is important.

Concept:We propose to use existing datasets from Prince William Sound, Katmai and Kenai Fjords to
conduct data synthesis and analysis to answer questions regasdingling intensity and sample
frequency for detecting trends. These are essential components tdibgia longterm monitoring

program. Even though critical thought has gone into this in the past, it seems prudent to utilize existing
data to examine the following:

A. Use existing data in simulations to estimate number of samples and sample frequency
required to detect a specified trend or change with some level of confidence for selected
ALISOASakalISOASa ANRAzZLIAQ RSyaAdGeklodzyRIyoOSo

i. The levels of change or trend deemed ecologically significant will be
specified by the investigators.

B. Determine impact of imperfect detection

i. Conduct a series of simulations applying different levels of detection bias,
based on best available information, to evaluate the effects of various
levels of detection bias (and variability therein) on some fpopulation
trend.

ii. Assuming detection probabilities are not constant through time;
determine the magnitude of the effects of variation in detection
probability on trend estimates and the ability to detect trends if present.

This approach to the longerm monitoring effort may be a way of displaying for the Trustees that we
are thinking about a lonterm, sustainable monitoring program that will allow us to estimate trends
that we deem ecologically important across a variety of temporal and spatiaksaatl providing
information to inform the group of the scale and intensity of monitoring needed over potentially 20 yrs
and cost saving due to reduced sampling where feasible based on simulation results.

There may be increased costs on the frend for data synthesis and analysis, but if results allow for a
decrease in sample intensity OR can identify areas that may require more efforts, the upfront costs may
be minimal to the longerm costs of unnecessary sampling or poor power to detect trend.

Linkages: This exercise with utilize and link datasets spanning several years within Prince William
Sound, Kenai Fjords and Katmai. Focal species include those that have exhibited protracted recovery



from EVOS. This work would be an interagency elfietween NPS, USFWS and USGS to improve the
power to detect trends of coastal marine birds across the entire spill area.

B. Procedural and Scientific Methods

For each objective listed in A. above, identify the specific methods that will be used tomeeet t
objective. In describing the methodologies for collection and analysis, identify measurements to be
made and the anticipated precision and accuracy of each measurement and describe the sampling
equipment in a manner that permits an assessment of thécdted rawdata quality.

If applicable, discuss alternative methodologies considered, and explain why the proposed methods

were chosen. In addition, projects that will involve the lethal collection of birds or mammals must
comply with the Trusteé 2 dzy OAf Q& LRt A0e 2y O02ftfSOGA2yax | @FAftl
http://lwww.evostc.state.ak.us/Policies/other.cfm

See Project Design Section A.

C. Data Analysis and Statistical Methods

Describe the process for analyzing data. Discuss the means by which the measuterberteken

could be compared with historical observations or with regions that are thought to have similar
ecosystems. Describe the statistical power of the proposed sampling program for detecting a significant
change in numbers. To the extent that thariation to be expected in the response variable(s) is known

or can be approximated, proposals should demonstrate that the sample sizes and sampling times (for
dynamic processes) are of sufficient power or robustness to adequately test the hypotheses. For
environmental measurements, what is the measurement error associated with the devices and
approaches to be used?

See Project Design Section A.

D. Description of Study Area

Where will the project be undertaken? Describe the study area, including itapld decimalhcoded

latitude and longitude readings of sampling locations or the bounding coordinates of the sampling

region (e.g., 60.8233147.1029, 60.4739147.7309 for the north, east, south and west bounding

coordinates). The formula for convieg from degree minute seconds to decimal degrees is: degrees +
(minutes/60) + (seconds/3600)so I¥1Qc ¢ I MHM® b O6ykcn0O b o6ckocnnov T

See Project Design Section A.

E. Coordination and Collaboration with the Program

Indicate how your proposed pject relates to, complements or includes collaborative efforts with the

t N2INI YO LRSY(dATe K2g GKAA LINRP2SO0 ¢gAftt lFaaraad A
data collected as part of this project may be used by other projects. Descrilmoargination that has
taken or will take place (with other Council funded projects, ongoing agency operations, activities
funded by other marine research entities, etc.) and what form the coordination will take (shared field
sites, research platforms, saue collection, data management, equipment purchases, etc.). If the
proposed project requires or includes collaboration with other agencies, organizations or scientists to
accomplish the work, such arrangements should be fully explained and the hamesnoy ay
organization representatives involved in the project should be provided. If your proposal is in conflict
with another project, note this and explain why.



See Project Design Section A.
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IV. SCHEDULE

A. Project Milestones

For each project objective listed above (II.A.), specify when critical project tasks will be completed.
Project reviewers will use this information in conjunction with annual project reports to assess whether
projects are meeting theiobjectives and are suitable for continued funding. Please format your
information like the following example.

Objective 1. Complete all necessary documents to the National Park Service contracting officials for
review and submission. This date was orddjinmodified from November of 2011 since
funding was not available until Feb. of 2012 and no work began on the project until
funding was secured. Once funding was secured, meetings were held during Sept. of
2012 and a draft proposal was developed. Theiltésy proposal was finalized but
further delays arose as NPS converted to a new financial system while simultaneously
determining how best to deal with sequestration. This resulted in contracts that were
not considered time sensitive to be delayed udtihe / July of 2013 for submission. The
contract for analysis has been submitted through NPS contracting and is currently
awaiting the bid process. We are anticipating that a contract will be awarded before the
end of federal fiscal year 2013. Timelines dbjective 3 have been modified based on
202S0O00ABS mMQ&a dzZLRIFGSR RFGSo®
To be met by September 2013

Objective 2  Compile marine bird survey data from Prince William Sound, Katmai National Park and
Preserve and Kenai Fjords National PaBOMPLETED
To bemet by June August 2012

Objective 3 Provide report with recommendations for continued monitoring.
To be met by June 2014

B. Measurable Project Tasks

Specify, by each quarter of each fiscal year, when critical project tasks (for exaempfge collection,

data analysis, manuscript submittal, etc.) will be completed. This information will be the basis for the
guarterly project progress reports that are submitted to the Trustee Council Office. Please format your
schedule like the followim example.

FY 14, 1st quarter (FebruaryciMay 31, 2014)
February, 2014 Project in progress, no additional funding required

FY 14, 2nd quarter (June 1, 202Adigust 30, 2014)
June 30: Provide final report with recommendations for continued monitoring.

FY 14, 3rd quarter (September 1, 26Nbdvember 30, 2014)



September 1: NA

FY 14, 4th quarter (December 1, 204 Sanuary 31, 2015)
December 1: NA

V. BUDGET

Budget Formattached.

FY14 PROGRAM PROJECT

PROPOSAL FORM

Project Title:Longterm Monitoring: Pelagic monitoring componentongterm killer whale monitoring in Prince
William Sound/ Kenai Fjords

Project PeriodFebruary Ig January 31

Primary Investigator(s)Craig O. Matkin, Executive Director, North @deanic Society 3430 Main St. St B1 Hon
Alaska 99603 907 29877




Abstract:

The proposed project is a continuation of the annual monitoring of AB pod and the AT1 population killer w
Prince William SounBenai Fjords. These groups of whales suffered significant losses at the time of the oil s
have not recovered gtrojected rates. Monitoring of all the major pods and their current movements, range, fe
habits, and contaminant levels will help determine their vulnerability to future perturbations, including oil spillg
project also extends the scope of thiasic monitoring to include an innovative satellite tagging program usg
examine habitat preference, feeding ecology and assist in relocating whales for feeding studies. It c(
examination of feeding habits using observation, prey sampling amavative chemical techniques. The study
delineate important habitat, variations in pod specific movements and feeding behavior within a tempor
geographic framework. We will examine the role of both fish eating and mammal eating killer whtiesniear
shore ecosystem and their impacts on prey species. Community based initiatives, educational progra
programs for tour boat operators will continue to be integrated into the work to help foster restoration by impr
public understandingnd reducing harassment of the whales

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$7.2 $132.8 $132.8 $132.9 $132.9 $538.7
(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

$23.5 $23.5

Date: 31 July 2013

I. NEED FOR THE PROJECT

A. Statement of Problem

Both resident ecotype (AB pod) and transient ecotype (AT1 population) killer whales suffered significant
mortalities following theExxon Valdeail spill in 1989. AB pod is recovering after 22 years but has still
not reached prespill numbers. The AT1 population is not recovering and may be headed toward
extinction. This project has determined that killer whales are sensitive to perturbagiarisas oil spills,

but has not yet determined the long term consequence (extinction) or the recovery period required for
AB pod. As an APEX predator, this species has impact on the ecosystem (fish and marine mammals);
additionally they are a primary fas of viewing for a vibrant tour boat industry in the region, and can be
closely monitored. This is a unique opportunity to continue a comprehensive database for a keystone
species in the region. The wisdom of ldagn killer whale monitoring has bedyorne out in other

regions such as Puget Sound and British Columbia. Data from this project is used by tourboats in the
region to enhance viewers experience and understanding of the local environment and fauna.



B. Summary of Project to Date (if applical

As an ongoing monitoring project, many of the goals associated with this project are continuing
measurements designed to map changes in population numbers, range and distribution, contaminant
levels, feeding habits and feeding/diving ecology. Redeitf S&a 2y Sa Ay Of dzZRS LJdzof A
Il A402NB YR t2LJz I GA2Yy 5@yl YAOa 2F wSaARSyld VYAff
G/ 2y 0iN>XadGAy3 1 0dzyRFyOS YR wSaARSyoOe tlGiSNya 2
Whalesintheb 2 NIIKSNY DdzZA F 2F 1 fFajlé Ay GKS 22dz2NyIf CA
0221 aLydG2 DNBIFG {AfSyOSé¢x | LRLMzZFN I O02dzyd 27
ARGOS based satellite tags which now include dive time andh degst continued with a new design
produced for the 2013 season. Biopsy sampling for feeding habits studies continues and is now
providing information on changes in diet of killer whales and changes in the feeding ecology of killer
whales possibly relatetb other changes in the Gulf of Alaska. We continue to develop and improve our
website and Facebook page information and to work closely with tourboats in providing the latest
information on these whales

S
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Il. PROJECT DESIGN
A. Objectives
1) Photoidentification of all major resident pods and AT1 transient groups that use Prince William
Sound/Kenai Fjords on an annual basis. Realistically, all pods are completely documented on a
biennial basis, despite annual field effort. Extension of individual histadiestification
catalogues of individuals and an annual update of population model are products of these data.
2) | 2ttt SOGA2Y 27T 0f dzo6SNJ al YL Sa F2NJ OKSYAOIf VY
acids and stable isotope values to gauge chamgesntaminant loads as well as feeding habit
changes. Most analytical costs are borne by NOAA fisheries.
3) Collection of fish scale samples and marine mammal tissue from kill sites to monitor potential
changes in feeding habits
4) Collection of genetic tise samples (Genetic analytical costs paid by NMML/UBC)
5) Tracking of individuals/pods using ARGOS satellite telemetry to impresighting rate and
foster completion of objectives-3. Use of time/depth recorders to examine feeding patterns
and diel behsior.
6) Determine details of range of pods/populations using both ARGOS and photoidentification data
and identify important habitat on a pod specific basis

B. Procedural and Scientific Methods

The field work consists of three major activities. Phaotentification will be completed using
Nikon D700 digital cameras to obtain photos of every individual in major resident pods and AT1
transient groups, and offshore killer whales that arecountered. (Humpback whales are
photographed opportunistically as time allows.)

Biopsy samples for chemical analysis and genetics will be collected using an air powered rifle and
small floating biopsy darts that are easily retrieved.sTéchnique has been used since 1994. ARGOS
Spot 5 satellite tags manufactured by Wildlife computers will be attached with specially designed darts
to specific whales to track movements over periods ranging from weeks to months.

Survey days anencounter data is logged in an Access database maintained by NGOS and as part of
the Gulf Watch Database. Data analysis includes a frame by frame analysis of all digital images, with
individual identifications digitally recorded and attached to the phdmprovement photos of each
individual are selected and placed in appropriate folders and used to update catalogue (for NGOS and



public access) and provide reference for future identifications. The population dynamics data base that
lists data on each dividual (including newly recruited calves) is updated annually. All vessel and
encounter tracklines are stored in GIS format, ready for analysis. ARGOS tracklines are also placed in GIS
format and initial analysis and mapping completed on an annuas$ bas

C. Data Analysis and Statistical Methods

Because photographic and observational data are being made in the same format as during the past
23 field seasons and using the techniques now standardized for studying killer whales, the data will be
comparalte with other data collected around the North Pacific. Since we identify every individual in
each pod of resident killer whales, and pod membership only changes through death or calf production,
we can accurately assess changes in pods/population.

Thereport for the monitoring segment will include a summary of all field effort including that
funded outside of this DPD, and will include a summary of the pods and individuals encountered and a
status report on AB pod and the AT1 group. Changes withipo8l will be examined with
consideration for the age and sex structure of the pod and maternal groups within the pod and related
to the population model now under development. Trends in transient killer whale sighting rates and
demographics will also hgresented.

Feeding data will be summarized and field observations and data from scales (species and age) will
be summarized and statistically compared by area and by pod. In conjunction with the NWFSC we have
used contaminant/fatty acid/stablesotope analysis to describe aspects of killer whale predation in
other areas (Herman et al 2005, Krahn et al 2006). Analysis and publication for this aspect of the
project will follow the model presented in these papers. We will also statistically cangbemical
markers indicative of diet between pods and from different times of year (late winter/spring and late
summer/fall). In our field sampling will take into account that chemical markers usually indicate prey
from approximately one to two months i to the sample in temporal comparisons. Genetic analysis,
when appropriate, will be conducted using the methods detailed in Matkin et al (2003) and Barrett
Lennard 2000 and will include mtDNA and nuclear DNA analysis. Track lines from whales tagged wi
satellite tracking devices will be presented and analyzed in GIS format. Tracks will be examined for
patterns in movements, and in relation to bathymetry, to known migratory pathways of prey and to
areas of potential prey abundance. We will estabisme range estimates and kernel density
estimates to determine important habitat and migratory pathways.

Frame by frame identifications of individuals tabulated by pod and by individual and added to
our database. Individual sighting datarh each encounter is provided to NCEAS and uploaded to Gulf
Watch site by Sarah Clark. NCEAS is also maintaining a database of all surveys and encounters from this
project since its inception on the Gulf Watch site. Copies of the GIS program and sataitbde
available by request to NGOS.

PC (Windows) compatible computers owned by NGOS will be used to analyze field data. The
various longierm databases will be housed at NGOS offices as well as on the Gulf Watch website and
with other Gulf Watchdatabases, although copies will be made available to other management agencies
on request.

D. Description of Study Area

This project is part of an ongoing killer whale research in Prince William Sound and the Kenai Fjords
region, Alaska (Matkin et al 2008 The overall study area stretches from the Nuka Bay, outer Kenai
Peninsula region to Cordova on the eastern edge of Prince William Sound. However, the funding
specifically requested in this proposal will be used primarily in western Prince Williamd 8od Kenai
Fjords where likelihood of encountering the focal whales is most likely. We cannot predict the specific
locations where encounters will occur.



E. Coordination and Collaboration with the Program
The monitoring of killer whales and analysicofrent data is part of a lontgrm program to investigate
killer whale recovery, monitor populations and examine the interactions of killer whales with other
species. The PI, Matkin, will work closely with collaborators Russ Andrews at the Alaska Gesaté,
who has designed the satellite tags and with Dave Herman and Peggy Krahn at the Northwest Fisheries
Science Center, who conduct diet and contaminant analysis, and Kim Parsons who conducts the genetic
analysis. We have been and will continud&active collaborators on the studies examining the
interaction of humpback whales and herring ( see other projects, John Moran, Pl) and have contributed
our substantial longerm humpback whale photo database to their analysis. We will continue tactolle
humpback whale fluke identification data during the course of the proposed work and share research
platforms when possible. As possible the proposed study will be integrated with near shore studies that
focus on sea otters and with the oceanographiaes of the Alaska Coastal Current.

This project will rely on approximately $15,000 annually in additional arallytice provided by
the NWFS&Environmental Contaminant Laboratory, $5000.00 annually in additional vessel time
contributedby NGOS, and $3500 annually by the Norcross Foundation in equipment. In addition we are
supported and work cooperatively with the NMFS regional office (Aleria Jensen) in providing
observation and education of the tour boat fleet in the Prince Williamn8a<enai Fjords region. As a
non-profit research institution familiar with private funding sources and cooperative programs, NGOS
can work with the Trustee Council to maximize return for current and future funding.

LLL® / = Qplease 9eg appeddik

IV. SCHEDULE

A. Project Milestones

Objective 1. To prepare and launch field collection of data, including identification photos, prey
samples and observations, biopsy samples and satellite tag attachments. Field work will begin in May
20124and end by October 2014.

Objective 2. Conduct analysisibber samples, scale samples, skin samples, and plot results of tagging
efforts.

Objective 3. Annual update photographic catalogue, Argos tracking data, and population dynamics
database. Statistical analysis and compilation of data from all yedine gfoject to be published and
included in final report

B. Measurable Project Tasks

FY14, 1st quarter (October 1, 20T3cember 31, 2013)

Workup satellite tag data in GIS format and update databases. Lipid/fatty acid, contaminant, stable
isotope andgenetic analysis.

FY14, 2nd quarter (January 1, 200March 31, 2014)

January 227 Annual Marine Science Symposiufinish analysis of photographs from fieldwork
catalogue, workup satellite tag data in GIS format and update databases. Lipid/fattg@diaiminant,
stable isotope, prey sample and genetic analysis completion.

FY14, 3rd quarter (April 1, 2013une 30, 2014)



Prepare for April field work Conduct fieldwork in April (10 days) and Maye (10 days)

FY14, 4th quarter (July 1, 2018eptembe 30, 2014)
Conduct fieldwork in Juljtugust (14 days) and Septemb¢ovember (14 days) Initiate analysis of 2014

data.

V. BUDGET
Budget Form (Attached)

FY14 PROGRAM PROJECT
PROPOSAL FORM

Project Title: Longerm Monitoring: Pelagic Monitoring Componeng Longterm monitoring of humpback whale
predation on Pacific herring in Prince William Sound




Project Periodfeb 1¢ July 31, 2013

Primary Investigator(s)John R. Moran (NOAA) and Janice M. Straley (UAS)

Collaborating investigatarTerry Quinn (UAF)

Abstract: This project is a component of the integrated Ldagn Monitoring of Marine Conditions and Injured
Resources and Services submitted by McCammon eiValwill evaluate the impact by humpback whalen Pacific
herring populations in Prince William Sound. Following protocols established during the winters of 2007/08 a
2008/09(EVOSTC project PJ090804). We will continue to monitor the seasonal trends and abundance of hur
whales in Prince Widim Sound. Prey selection by humpback whales will be determined through acoustic surve
visual observation scat analysis and prey sampling. Chemical analysis of blubber samples (stable isotopes ar
acid analysis) will provide a longer term perspeebn whale diet and shifts in prey type. These data will be
combined in a bioenergetic model to determine numbers of herring consumed by whales, with the long term ¢
enhancing the age structure modeling of population with better estimates of predanortality.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL

$127.4 $128.8 $139.6 $141.6 $54.4 $591.9

(Funding requested must include 9% GA)

Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

$25.0 $75.0 $75.0 $25.0 $25.0 $225.0

Date: August 9, 2013

I. NEED FOR THE PROJECT

A. Statement of Problem



Humpback whale predation has been identified as a significant source of mortality on wintering Pacific
herring in Prince William Sound (EVOSTC project PJ090804). At current herring and whale population
levels the loss of prepawning herring during the feand winter months is equivalent to the percentage

of herring removed during the final years of the commercial herring fishery. Hence, top down forces
(predation and disease) are the likely dominating forces constraining the current recovery. Humpback
whales in Prince William Sound have a higher percentage of herring in their diet during the winter
months and forage longer on wintering herring shoals than their counterparts in Southeast Alaska. With
humpback whale population in the North Pacific incregsih57% annually, there is a need to continue
evaluating predation pressure on herring until stocks in Prince William Sound fully recover, and to
proceed toward enhancing the age structure model to include a better estimate of predation for a more
accurde predictor of the herring population.

B. Summary of Project to Date (if applicable)
We have completed three winter field seasons.

Il. PROJECT DESIGN
A. Objectives
Objectives

1) Population estimates of humpback whales through the ugghofographic markrecapture
models Knowing the number of whale present in PWS is essential for assessing their impact on
the PWS ecosystem.

2) Monitor the seasonal trends of humpback whales in Prince William Sound relative to prey.
EVOSTC project PJ0908Mntified an correlation between the movements of whales and
herring in PWS

3) Estimate interannual trends in humpback whale abundariEkis objective allows us to
determine if the conclusion from EVOSTC project PJ090804 are an anomaly or typical whale
behavor in PWS.

4) Determine the diet and dietary shifts of humpback whateshift in prey by whales can have
profound effects on herring (i.e. in Southeast Alaska, when euphausiids become available
pressure on herring by whales is greatly reduced).

5) Estimate pedation rates on herring by humpback whal€kis objective quantifies predation
pressure on herring for PWS.

6) Incorporate mortality rates into herring age structure modeélis is the management
component of the study, to evaluate if predation by whadeplains fluctuations in herring
populations.

The field work for this proposal will center around three (~7 days) cruises each year during the fall and
winter months for years -4 followed by a year of data synthesis (year 5), with the outlook of congnui
this survey monitoring protocol for up to 20 years. Additional information on the seasonal abundance
and distribution of humpback whales will be obtained using opportunistic surveys throughout the year
by local residents and boat operators, as welphsto ID contributed by the killer whale project in the
summers.

Project Integration

We expect strong collaboration between humpback whale, killer whale and seabird components
of the pelagic monitoring projects. The proposed killer wimateitoring program will opportunistically
collect humpback whale data during summers; likewise the observation of killer whales will be




documented during winter humpback whale cruises. On some surveys we will be able to provide a berth
for a seabird obsemr.

B. Procedural and Scientific Methods
Population estimates of humpback whales through the use of photographic readpture
models.
We will use digital cameras with &D0 mm telephoto lenses or fixed lenses to capture images
of the ventral side ohumpback whale flukes to identify individuals. All photographs will be
guality coded and ranked as good, fair, poor, and insufficient quality to be used in models to
estimate population size. Photographs deemed poor or of insufficient quality were excluded
from the markrecapture analysis to avoid potential bias from matching errors. Further,
photographs of humpback whale calves will be excluded. The capture probability for a calf is
complicated by their caccurrence with their mothers (and is thereforetrindependent), and
the probability of recapture in later years can be difficult as calf flukes tend to change more than
adult flukes.

Time series of humpback whale abundance will be constructed usingmeagture methods.
¢CKS FTANRG LIK20G23INF LK 2F | LI NIAOdz I NI gKIFES A
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Monitor the seasonal trends of humpback whales in Prince William Sound relative .to prey
Although markrecapture models provide an estimate of abundance, they do not describe
seasonal trends. Consequently, we used the numbenafue whales seen each month for
establishing seasonal patterns and adjusted the pattern to account for the estimated number
of whales present. The data used to establish the attendance patterns include calves and
individuals identifiable in poor qualityhptographs and represent a lower bound to the daily
attendance pattern for whales. Daily attendance was estimated by fitting linear models to the
observed numbers.

Estimate interannual trends in humpback whale abundance.

Long term trends in abundancelilhe estimated by combining observations from this study
and population estimates frorRestoration Project: 100804, allowing us to explore the
relationship between climate, prey availability, herring populations and humpback whales.

Determine the diet amhdietary shifts of humpback whales.

When groups of whales are located and determined to be feeding, effort will made to determine
what the whales were eating. Direct observations of prey being consumed, remains after
feeding, and sonar mapping of the gréelds observed on a dual 50/200kHz frequency
echosounder will be used to determine target prey of humpback whales. Prey distinctly visible
on 50kHz was presumed to be fish. Prey visible only at 200kHz were presumed to be smaller and
categorized as zooghkton. Confirmation of target prey will be accomplished using herring jigs,
zooplankton tows, cast nets and skim nets (used to clean swimming pools) to collect surface fish
near feeding whales. Scales and zooplankton were collected behind whales fattlieg

surface with the skim net. Fecal samples are collected when possible. Certainty of identification
of the target prey will be recorded as certain, probable or undetermined. Only cases were the
identification was certain or probable were used to idénspecific prey.

Estimate predation rates on herring by humpback whales.

Q¢ QX



The large size humpback whales prevent direct measurement of ingestion rates, therefore
estimates of consumption are derived from the allometry between whale size and metabolic
requirements. The model combines estimates of whale size, metabolic rates, abundance, and
diet with estimates of the energy content of overwintering herring to predict consumption. We
will estimated the potential biomass removed for each location and winsang four different
modeling scenarios because of the uncertainty in whale metabolic costs and the numbers of
whale present. The different scenarios represent the range of possible estimates. Dividing the
total biomass consumed under a given scenario witimates of herring abundance yields a
measure of the intensity of humpback whale predation. This ratio, referred to here as predation
intensity, is not meant to indicate the actual proportion of the biomass consumed by whales,
but rather as an indicatoof the scale of whale predation winter under each of the modeling
scenarios.

Incorporate mortality rates into herring age structure models.

Information on whale abundance will then be fed into an-atyeictured model for Pacific

herring in order tocompare the relative magnitudes of disease, whales, and other factors on the
mortality of herring. This will help EVOS TC better understand what factors are preventing the
recovery of herring.

Project Logistics
For this project, John Moran (NOA®)I provide overall project management, logistics,

photographic field captures, prey capture, and chemical analysid?1 Gan StralefUAS) will

participate in photographic field captures, and lead the analysis of photographic IDs, , providind IDs an
connection to photographic ID databases for all humpback whale photographs, quality assuring that
permitting requirements are met, and collaborating with other whale researctarsQuinn (UAF) will

lead the modeling efforts incorporating whale predatimto the herring population models.

Humpback whale vessel survey schedule for Prince William Sound.

Month FY12 FY13 FY 14 FY15 FY16

Oct 6 days 7 days 6 days 6 days Synthesis
Dec 6 days 7 days 6 days 6 days Synthesis
Apr 6 days 6 days 6 days 6 days Synthesis
Total vessel days 18 18 18 18 0

C. Data Analysis and Statistical Methods

Data analysis is limited to estimating whale abundance and modeling their bioenesgpiicements.

Whale abundance will be determined from photographic data. We anticipate that whales will not forage
exclusively on a single prey item. The relative abundance of different prey types in their diet will be
assumed to be equivalent to the réilee abundance of species collected in our migter trawls. Trawls

will be fished at the same depths whales are observed diving. The energetic content of a unit mass of
prey in a particular patch will subsequently be estimated as the mean energy coffitiwet prey in the

patch, weighted by their relative abundance. Dividing this mass specific energy content into the energy
requirement of a whale (described above) will provide an estimate of the total mass of the patch a
whale requires. The contribution dkrring to this total mass will be determined from their relative
abundance in the sample and the average mass of an individual.

Modeling: Quinn et al. (2001) and Marty et al. (2003) developed asstagetured assessment model
for Prince William Sand that included disease information. Thus the model can be used to evaluate the



impact of disease on population abundance, recruitment, and survival. ADF&G uses this model in its
annual assessments of herring (S. Moffitt, ADF&G, pers. comm.).

The modécontains information about the fisheries on PWS herring, which include {saise, gillnet,

and pound fisheries in the spring (mainly for roe), and a food and bait fishery in the summer and fall.
The model provides an estimation framework to integrdte various sources of information about
Pacific herring in Prince William Sound from 198006, including age compositions from the purse
seine fishery and spawning surveys, egg production estimatesdayie of milt from aerial surveys, and
hydroacousic biomass estimates Marty et al. 2003, Hulson et al. 2006, Marty et al. 2006). These
observations are compared to comparable model quantities in a least squares setting to obtain
parameter estimates of recruitment, natural mortality, abundance, and bi@nas

We propose to use this model as the basis of comparing the relative magnitudes of the various factors
affecting PWS herring dynamics. Recruitment estimates at age 3 will be related to auxiliary variables
related to disease, the environment, spawningak, and predation. It is a simple matter to use the

model as a simulation framework, in which alternative harvest and recruitment scenarios are developed.
An example of a question to be addressed would be: If whales did not eat herring, would the mopulati
have rebounded more so than what really occurred?

Specifically the model will be used: (1) to determine if predation on adult PWS herring is significantly
contributing to its failure to recover, (2) to compare the magnitude of this effect to other krfaators
such as disease and low recruitment, (3) to investigate whether low recruitment is a function of
predation.

D. Description of Study Area

Prince William SoundResultfrom EVOSTC project PJ090804 hdeatified humpback whale feeding
aggregatnswhales in Sawmill Bay, Montague Stréaiington Passage, Prince of Wales Passage, and
Port GravinaFocusing on the waters of Sawmill Bay, where local researchers can be land based with
small boats will continue to provide firgcale temporal data,dwever to assess the impact of whales
on herring, year three, will use larger vessels to survey all of PWS.

E. Coordination and Collaboration with the Program

This project will combine the skills and location advantage of researchers from Auke Bagihtt) (H
Moran), Univ of Alaska Southeast (Straley), Univ. of Alaska Fairbanks (Quinn). We will coordinate with
0KS 20KSNJ t L Qa-teknymoiitrisg addthirfing grdject$. 2 y 3
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IV. SCHEDULE
A. ProjectMilestones
Objectives
1) Population estimates of humpback whales through the use of photographic- meadpture
models.To be met September 2015.
2) Monitor the seasonal trends of humpback whales in Prince William Sound relative torprbg.
met September @15.
3) Estimate interannual trends in humpback whale abundan€e.be met September 2015.
4) Determine the diet and dietary shifts of humpback whales be met September 2015.
5) Estimate predation rates on herring by humpback whalesbe met December 2015.



6) Incorporate mortality rates into herring age structure modéls.be met January 2016.
B. Measurable Project Tasks (based on NOAA federal fiscal year)

FFY 14, 1st quarter (October 1, 20D&cember 31, 2013)
October: 6 day survey of PWS
December: 6 day suvey of PWS

FFY 14, 2nd quarter (January 1, 2e\larch 31, 2014)
January: Annual Marine science Symposium
February: 6 day survey of PWS

FFY 14, 3rd quarter (April 1, 2004ine 30, 2014)
Opportunistic surveys, analyze winter data.

FFY 14, 4th quartg@duly 1, 20145eptember 30, 2014)
Opportunistic surveys, analyze winter data.

FFY B, 1st quarter (October 1, 20tBDecember 31, 2014)
October: 6 day survey of PWS
December: 6 day survey of PWS

FFY 15, 2nd quarter (January 1, 2eMarch 31, 2015)
January Annual Marine science Symposium
February: 6 day survey of PWS

FFY 15, 3rd quarter (April 1, 2005ine 30, 2015)
Compile and analyze data.

FFY 15, 4th quarter (July 1, 208gptember 30, 2015)
Compile and analyze data.

FFY @, 1st quarter (October 12015December 31, 2015)
Compile and analyze data. Begin writing final report.

FFY 16, 2nd quarter (January 1, 26é&rch 31, 2016)
January: Annual Marine science Symposium.
Complete final report

FFY 16, 3rd quarter (April 1, 2006ne 30, 2016)
April 30 Submit final report as a draft manuscript for publication to the Trustee Council Office.

V. BUDGETLongterm Monitoring: Pelagic Monitoring Component Longterm monitoring of
humpback whale predation on Pacific herring in Prince William Sound

Auke BaylL.ab Budgetlustification- $ 526K

Personnel Salarie$§K)¢ Overtime for Moran




Travel $23,400 - Five round trips to the EVOS annual meetings. 24 round trips Juneau to Cordova for
field work.

ContractualSample Analysis ($485.6H{hcludes 72 largeessel days in PWS, soft labor to collect and
process samples, Contracts for UAS (Straley) and UAF (Quinn) awards are managed by NOAA..

Commodities $26K) To prepare samples for shipping, freight, and miscellaneous supplies.

Equipment ($) - No newequipment will be purchased with EVOSTC funds.

NOTE: We did not receive FY 12 funding until November of 2011. This delay in funding would have

resulted in us missing most of the 2011/2012 winter field season saiSrayyear behind in the project;

however, we were able to spend against other budgets with the assurance that the money would

arrive. Further complicating matters, our field season straddles federal fiscal year and spend ceases

during August and September to consolidate budgets. Thigires us to secure contracts for the next

winters field work by the end of Juljhus, some budget items, such as vessel charters and travel, will
O2yliAydzS (G2 0S FdzyRSR FTNRY (KS LINBGA2dza &SI NRa od

FY14 PROGRAM PROJECT
PROPOSAL FORM

Project Title:Longterm monitoring: Pelagic monitoring componeri¥lonitoring longterm changes in forage fish
distribution, abundance, and body condition in Prince William Sound.

Project PeriodFebruary 1, 2014 January 31, 2015

Primary Investigator(s)John Piatt and Mayumi Arimitsu, U.S. Geological Survey, Alaska Science Center

Abstract: This project is a component of the integrated Laagn Monitoring of Marine Conditions and Injured
Resources and Services submittedMigCammon et. al.

In response to a lack of recovery of wildlife populations followinggkeon Valde®il Spill (EVOS), and evidence o

natural background changes in forage fish abundance, there was a significant effort to document forage fish

distributionz | 6 dzy Rl y OS> YR @OFNAIFIoAftAGE AYy t NAyOS 2Afft A

these earlier sampling techniques, and also incorporate new methods to monitor forage fish in Prince William

with fishing and acoustic surveysfofage fish, and to measure indices of forage fish condition.




Estimated Budget:
EVOSTC Funding Requested:
FY12 FY13 FY14 FY15 FY16 TOTAL
$209.9 $202.5 $202.5 $202.5 $150.3 $967.6
(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL
$339 $130 $130 $130 $110 $839
Date: August 9, 2013

I. NEED FOR THE PROJECT

A. Statement of Problem

Fluctuationsn forage fish abundance can have dramatic ecosystem effects because much of the energy
transferred from lower to higher trophic levels passes through a small number of key forage species.

Forage fish typically produce a large number of offspring and klaw lifespans, and these traits

predispose populations towards large fluctuations in abundance, with associated impacts on predators.

In response to a lack of recovery of wildlife populations followingekeon Valde®il Spill (EVOS), and

evidence of atural background changes in forage fish abundance, there was a significant effort to

document forage fish distribution, abundance, and variability in Prince William Sound (PWS) in the
MppnQad {AyO0S GKSysz 2y3I2Ay3 NFBlaRtifNBekingkwhéreaFes® dza S R
has been done to monitor other ecologically important forage species such as Pacific sand lance, capelin,
Sdzf  OK2Yy YR SdzLKI dzAaAARa 06KAOK ¢S AyOfdzRS dzy RSNJ
series data ombundance and distribution of these forage species in PWS, and the spatial and temporal
variability inherent to these populations makes it difficult to assess population status and trends of most
forage species. We propose to initiate a program to monitiforage fish abundance and community
composition; by conducting fishing and acoustic surveys of abundance and distribution that are cost
effective and allow for longerm trend analyses; and, 2) indices of forage fish biology that are

important in mairtaining predator health, such as forage fish body size, condition, proximate

composition and diet (inferred from stable isotope ratios).

B. Summary of Project to Date (if applicable)
We are operating according to schedule as described in the originabgabp

II. PROJECT DESIGN
A. Objectives
We propose to gather new data on the distribution, relative abundance, and body condition of forage
FAAK aLISOASA Ay t2{3 O2YLINB GKS&S RIGF gAGK az2YS
baseline for futureassessment of population trends. The specific objectives of this study are to:
1) ldentify robust indices for monitoring forage fish populations over time and devise a sampling
strategy for long term monitoring of those indices.
2) After completing Objective Bnd in addition to any other indices we might identify, assess the
current distribution, abundance, species composition, and body condition of forage fishes (other
than herring) in selected areas of PWS and at selected times of year.



3) Relate abundance ardistribution of forage species to abiotic and biotic characteristics of the
marine environment.

B. Procedural and Scientific Methods

For each objective listed in A. above, identify the specific methods that will be used to meet the
objective. In describigpthe methodologies for collection and analysis, identify measurements to be
made and the anticipated precision and accuracy of each measurement and describe the sampling
equipment in a manner that permits an assessment of the anticipateddate quality.

If applicable, discuss alternative methodologies considered, and explain why the proposed methods

were chosen. In addition, projects that will involve the lethal collection of birds or mammals must

O2YLX & 6A0GK GKS ¢ NHza (G SSavailgozgtOAf Q& LIt AOe 2y O2ff S
http://lwww.evostc.state.ak.us/Policies/other.cfm

To address objective 1, we started by consulting fisheries scientist and statisticians familiar with past or
current monitoring efforts llew Haldorsen, emeritus UAF; Scott Johnson, NMRB;Thedinga, NMFS;

Darcie Neff, NMFS; Ron Heinz, NMFS; JJ Vollenweider, NMFS; John Moran, NMFS; Steve Moffitt, ADF&G;
Dick Beamish, retired Fisheries and Oceans Canada; Jeff Fujioka, retired NMFS; Terry Quinn, UAF; Jamal
Moss, NMFS; Olav Ormseth, NMF@&nHa Ballachey, USGS; Russ Hopcroft, UAF; Chris Zimmerman,

USGS; Vanessa von Biela, USGS; Kris Monk, ADF&G; Scott Pegau, PWSSC, Evelyn Brown, Flying Fish Ltd.).
There was generally broad agreement that monitoring should include a core program of hyditi@acous
surveys combined with netampling of acoustic targets to identify school composition and obtain

samples for analysis of fish condition. We developed a sampling protocol and began testing it during the
2012 field season. Based on results in 2012, ¥ge tested the feasibility of incorporating aerial survey
observations into our sampling plan in 2013, in order to more effectively find, quantify and collect

forage fish in nearshore zones of the Sound. In FY14 we will continue to to incorporatepaxtiiag)s

surveys in July to aid in locating schools that can be subsequently sampled using traditio+is dewht

methods.

To address object 2, we are conducting hydroacouastittrawl surveys in Prince William Sound during

July 2012; 2015. July is the optimum time to assess forage fish in the Sound because several target
species occur inshore at that time. We are using a combination of aerial spotting surveys, hydroacoustics
and various fishing techniques (i.e., midwater trawl, dip net, cast net, jig, gill net, beach seine, purse
seine, video) to collect target species for age and body condition indices (i.e., age, length, weight), and
to groundtruth hydroacoustic backscattéar species specific biomass estimates.

To address objective 3, we are collecting oceanographic information, zooplankton samples, and water
samples for chlorophyll a and nutrient concentrations. These measures of marine habitat will facilitate a
greaterunderstanding of marine habitat use by target species.

C. Data Analysis and Statistical Methods

Abundance indices will be developed for each common forgigecies from coupled hydroacoustiawl
surveysAge distributions will be compared among regi@amsl years using multinomial logit models.
Sizeat-age will be examined using von Bertalanffy growth curves and amawoanalysis of variance for
each age with region and capture year as factBismass estimates for target species will be calculated
annually from grounetruthed hydroacoustic surveys by subarea using geostatistical models. We will
calculate the echo integral over a given area (mean Nautical Area Scattering Coefficient, RWST, m
using EchoView 5.3 (Hobart, Tasmania, Australia). Acoustic properties of fish vary among species, and



target strengths for the species we capture will be drawn from the published literature. Geostatistical
modeling of acoustic biomass by station will be done with4he NA 3 SPol 8 SAQ NRdziAy S
Abundance indices will be summarized using simple univariate statistics (after transformation where
necessary), and changes among years and subareas tested with ANOVA. After a sufficient number of
years it may bgossible to detect significant trends with linear regression. To examine the issuey/of
populations may change, we will employ a variety of statistical approaches to examine overall patterns
in distribution of fish or apex predators and correlate th@gsdterns with biephysical features. For
example, we will use geostatistical analyses to help interpret spatial patterns of distribution, Principal
Components Analysis (PCA) to identify gradients in physical properties, General Linear Models (GLM)
and ron-linear methods (e.g. GAMM, gradient boosted regression trees) to assess the relative
contributions of different biophysical features in predicting the relative abundance of key forage fish
and apex predators. Where appropriate, we will use DetrendedeSpondence Analysis (DCA) or Non
metric multidimensional scaling (MDS) to characterize community structure and patterns of community
response to physical gradients. Statistical analyses will be performed using tools available in R (R Core
Development Tear2011).

D. Description of Study Area
We will work within Prince William Sound (bounding coordinates: 61.281.74; 61.168;146.057;
60.273,-145.677; 59.662,148.238).

E. Coordination and Collaboration with the Program

We will make use of current drprevious forage fish work in PWSncluding that of ongoing herring
assessments, the Sound Ecosystem Assessment (SEA) program, and the forage fish component of the
Alaska Predator Ecosystem Experiment in PWS (APBXgelp design our sampling and monitag

plan, and to make meaningful comparisons with past and current findings. We will also seek out and
incorporate unpublished information for netarget species (e.g., eulachon, capelin) in bycatch data

from NOAA RACE surveys, and work conducted atriheéPWilliam Sound Science Center (e.g., Thorne

et al,, Bishopet al.), and University of Alaska (e.g. Iversdml., Brownet al. currently Flying Fish Ltd.,
Norcrosset al.), and ADF&G (Moffiet al., Byerlyet al.). We will coordinate our efforts witthose of

other Pls studying pelagic and nearshore components of the Sound, particularly those working on the
current Herring Assessment (project 10100132, PI: Scott Pegau, PWSSC) and provide them with data we
collect that may be useful in their analysédl. oceanographic data will be archived with AOOS. Herring
and other requested samples will be made available to Pls involved in dedicated herring studies, and
samples of other forage species will be saved and could be distributed opportunisticaletagBRéed

in trophic studies using stable isotopes, fatty acids, etc.

LLL® / + O pleaseSde appendis

IV. SCHEDULE

A. Project Milestones

For each project objective listed above (II.A.), specify when critical project tasks will be completed.
Prgect reviewers will use this information in conjunction with annual project reports to assess whether
projects are meeting their objectives and are suitable for continued funding. Please format your
information like the following example.

Objective 1.  Identify robust indices for monitoring forage fish populations over time and devise a
sampling strategy for long term monitoring of those indices.
To be met by March 2015

Ay



Objective 2 Assess the current distribution, abundance, species composition, and body condition of
forage fishes (other than herring) in selected areas of PWS and at selected times of year.
To be met by September 2016

Objective 3  Relate abundance and distributioffifmrage species to abiotic and biotic characteristics
of the marine environment.
To be met by September 2016

B. Measurable Project Tasks

Specify, by each quarter of each fiscal year, when critical project tasks (for example, sample collection,
data analgis, manuscript submittal, etc.) will be completed. This information will be the basis for the
guarterly project progress reports that are submitted to the Trustee Council Office. Please format your
schedule like the following example.

FY 14, 1st quarte(February 1 May 31, 2014)

February, 2014 Project funding available

Febg May, 2014 Update project outreach website, analyze and summarize data
FY 14, 2nd quarter (June 1, 20AMgust 30, 2014)

June 2014: Upload 2013 data to workspace, update mettala

JulyAug, 2014: Field Sampling

FY 14, 3rd quarter (September 1, 26Nodvember 30, 2014)

September November: 2014 field data compilation, lab analyses

November: Annual Pl meeting

FY 14, 4th quarter (December 1, 20§3anuary 31, 2015)
Decembed.: Hydroacoustic data analysis, report writing

V. BUDGET
Budget Form (Attached)

FY14 PROGRAM PROJECT
PROPOSAL FORM

Project Title:Continuing the Legacirince William SouniMlarine Bird Population Trends.

Project PeriodFebruary 1, 2014 Januaryd1, 2015

Primary Investigator(s)Kathy Kuletz, Migratory Bird Management, US Fish and Wildlife Service

1011 East Tudor Road, Anchorage, Alaska 99503 phone 9e84386emaiKathy Kuletz@fws.gov

David Irons,Migratory Bird Management, US Fish and Wildlife Service,1011 East Tudor Road, Anchorage, Alg
99503 phone 907 788376, email david_irons@fws.gov



mailto:Kathy_Kuletz@fws.gov

Abstract:

We propose to conduct small boat surveys to monitor abundance of marine birds in Prince William Sound, Al
during July 2012, 2014, and 2016. Eleven previous surveys have monitored population trends for marine bird
mammals in Prince William Souatter the Exxon Valdeail spill. We will use data collected to examine trends frg
summer to determine whether populations in the oiled zone are increasing, decreasing, or stable. We will als
examine overall population trends for the Sound. Continued monitoring of mhanide and synthesis of the data
are needed to determine whether populations injured by the spill are recovering. Data collected from 1989 to
indicated that pigeon guillemot<epphus columbBand marbled murreletBfrachyramphus marmoratd)sare
decining in the oiled areas of Prince William Sound. We have found highkainteral variation in numbers of some|
bird species and therefore recommend continuing to conduct surveys éweryears.These surveys are the only
ongoing means to evaluate the @eery of most of these injured marine bird speciasv8ys would also benefit the
benthic monitoring and forage fish monitoring aspects of the Limgn Monitoring Project as well as the Herring
Project.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL

$206.3 $24.2 $211.1 $24.2 $215.7 $681.4

(Funding requested must include 9% GA)

Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

$56 $22 $56 $22 $56 $212

Date: 22 August 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

McKnight et al. (2008) examined whether marine bird and mammal species designated as injured by the
EVOSrustee Council had shown signs of recovery by 2007. Data collected from 1989 to 2007 in the
oiled area indicated thatommon lmns Gavia immey and cormorantsKhalacrocorax sppare

increasing. Numbers of all other injured species are either not changing or are declining in the oiled
area. Populations of harlequin duchksigtrionicus histrionicQsblack oystercatchersgigemabpus

bachmand = Y A G { f A Brdcly@amp¥udzbidNdostiiand coramon murre@Uria aalgag are

showing no trend in the oiled area; pigeon guillemdgpphus columbhaand marbled murrelets
(Brachyramphus marmoratjysare declining in the oiled ams of Prince William Sound in summer.
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the few remainng hotspots for it. There are no other surveys done in PWS to get population estimates

for marine birds.

Using small boat surveys, this project will collect additional information to monitor the distribution and
abundance of marine birds and sea ott@rdrince William Sound. These data will be combined with
data collected in 19891 (Klosiewski and Laing 1994), 1993 (Agler et al. 1994a), 1994 (Agler et al.
1995a), 1996 (Agler and Kendall 1997), 1998 (Lance et al. 1999, Irons et al. 2000, Lag68 Xt ahd
2000 (Stephensen et al. 2001), 2004 (Sullivan et al.2005), 2005 (McKnight et al. 2006), and 2007
(McKnight et al. 2008) to examine trends in marine bird distribution and abundance. This project will
benefit restoration of Prince William Sound dbgtermining whether populations that declined due to

the spill are recovering and by identifying which species are still of concern.

B. Relevance to 1994 Restoration Plan Goals and Scientific Priorities
Please see pages4of the integrated proposaliif S R -Térfn MghHoring of Marine Conditions and
Injured Resources and Serviges | YR adzo YAGStR. o0& al/ | YY2Yy

B. Summary of Project to Date (if applicable)

If the project was funded in previous years, please provide a summary of the goals mét tmdavhat
YAfSadz2ySa INB adAtt 2dziadl yRAy3IOD LT GKSNB NS’ Y
been met, provide a description of why they could not be met, how much funding remains for the

project to complete the milestones and ianeline for their completion.

Il. PROJECT DESIGN
A. Objectives

To determine population abundance, with 95% confidence limits, of marine bird populations in Prince
William Sound during March and July 2012, 2014 and 2016 in both oiled and unoiled ragiomd, as
in Prince William Sound as a whole, in order to assess population trends in the years following the EVOS.

B. Procedural and Scientific Methods

Survey methodology and design will remain identical to that of past marine bird surveys conducted by

the U. S. Fish and Wildlife Service in 1989, 1990, 1991, (Klosiewski and Laing 1994), 1993 (Agler et al.

1994a), 1994 (Agler et al. 1995a), 1996 (Agler and Kendall 1997), 1998 (Lance et al. 1999), 2000

(Stephensen et al. 2009004 (Sullivan et al. 2005), 2005 (McKnightleR006), and 2007 (McKnight et

Ff®d Hnnyood 2S gAff O2yRdzOU UGKNBS adz2NBSeay 2yS Radz
will use three 7.7 m fiberglass boats traveling at speeds «<#0LKm/hrto survey transects over a 3

week period.

We will continue to use a stratified random sampling design containing three strata: shoreline, coastal
pelagic, and pelagic (Klosiewski and Laing 1994) (Fig. 1). The shoreline stratum will consist of waters
within 200 m of land. Irons et al. (1988b) divided this stratum, by habitat, into 742 transects with a total
area of 820.74 kdx We will locate shoreline transects by geographic features, such as points of land, to
facilitate orientation in the field antb separate the shoreline by habitat (Irons et al. 1988a,b).

Shoreline transects will vary in size, ranging from small islands with <1 km of coastline to sections of the
mainland with over 30 km of coastline. Mean transect length will be 5.55 km. Dunimgper, we plan



to survey 212 shoreline transects. All transects were randomly chosen, and the same transects are used
each survey (Klosiewski and Laing 1994).
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Figure 1. Locations of shoreline transects and pelagic transect blocks in Prince Willimam Shading
denotes the oiled region.

Justification:

Almost 30,000 marine bird (Piatt et al. 1990) and 900 sea otter (DeGange and Lensink 1990) carcasses
were recovered following th&xxon Valdeail spill. Based on modeling studies using carcasstsearc

effort and population data, an estimated 250,000 marine birds were killed in Prince William Sound and
the northern Gulf of Alaska (Piatt and Ford 1996). Garrott et al. (1993) estimated that 2,800 sea otters
also were killed. These estimates are prolgdbiv, because they only include direct mortality occurring

in the first five months after the spill.

¢togSyite (G662 @SFNR | FGSNJGKS 9+h{ GKSNB | NB LJ] Lz I
Marbled Murrelets are down by 50% to 90% compati@@opulation numbers in 1989 after the initial

mortality. All these species were affected by the spill, but are likely no longer being affected, however
populations have never recovered. All three species rely on Pacific Herring during the summer breeding
season and may be impacted by the herring crash of 1993.



There are no other studies monitoring population trends of these or any other marine bird species in
PWS.

Linkages:

t A3S2y DdzAff SY23G4a3 YAGGft A Ghhve dontiaudgzNaNdBdlirfe afterthe bpillR  a | ND
All three species rely on Pacific Herring during the summer breeding season and may be impacted by the
herring crash of 1993.

The EVOSTC has funded 11 surveys in 22 years to following population trends eflyindsiiin Prince

William Sound. This is the bestsga data set for marine bird populations in Alaska. This data set has

been used to track recovery or lack of recovery for several injured species. It also provides the only
information on the populatioii NBY R 2F YAGOGf AGT Q& Ydz2NNBf SG= +y 9{!

This component will provide the data on marine bird and mammal populations for the Benthic
Nearshore Project.

Sea otters are counted on these surveys as well as marine birds.

Major Logistics:
A chater vessefor 7 days in July that sleeps nifedzNR& Yy 3 Wdzbe¥glass K0S Bill be psed. F

C. Data Analysis and Statistical Methods

As in previous surveys (Klosiewski and Laing 1994, Agler et al. 1994a,b,c, 1995agndA¢terdall

1997, Lance et al. 1999, Stephensen et al. 280llivan et al. 2005, McKnight et al. 2006, McKnight et

al. 2008) we will use a ratio estimator (Cochran 1977) to estimate population abundance. Shoreline
transects will be treated as a simpiEndom sample; whereas the coasfalagic and pelagic transects

will be analyzed as twstage cluster samples of unequal size (Cochran 1977). To do this, we will
estimate the density of birds counted on the combined transects for a block and multigh layea of

the sampled block to obtain a population estimate for each block; any land or shoreline area (within
200m of land) intersecting a block will be subtracted from the total area of that block. We then will add
the estimates from all blocks sumwed and divide by the sum of the areas of all blocks surveyed. We will
calculate the population estimate for a stratum by multiplying this estimate by the area of all blocks in
the strata. Population estimates for each species and for all birds in R¥iticeam Sound will be

calculated by adding the estimates from the three strata, and we will calculate 95% confidence intervals
for these estimates from the sum of the variances of each stratum (Klosiewski and Laing 1994).

a) Trends in the oiled region

We wil perform a linear regression on ldganformed population estimates over time (1982016) in

the oiled region of Prince William Sound. Prior to calculating thg tdgeach population estimate, we

will add a constant of 0.167 to each estimate to aubiel undefined log, of 0. In all analyses we will use

a test size alpha = 0.10 to balance Type | and Type Il errors. The reasons for this include: 1) variation is
often high and sample sizes low (n = 11 survey years); and 2) monitoring studies aratlgltifferent

from experiments and the number of tests being run with a ragjiéécies survey are many, therefore,
controlling for the number of tests by lowering alpha levels (e.g. Bonferroni adjustment) might obscure
trends of biological value.
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b) Comparing trends between oiled and unoiled regions

We will use the regressi technique detailed in (a) to perform regression analyses on population
estimates (198 2016) in the unoiled region. We will use a homogeneity of slopes test (Freud and
Littell 1981) to compare population trends between the oiled and unoiled zonesrafePWilliam Sound

to examine whether species with population estimates of >500 individuals have changed over time. To
do this, we must assume that marine bird and sea otter populations increase at the same rate in the
oiled and unoiled zones of Princdli&m Sound. Significantly different slopes would indicate that
population abundance of a species or species group changed at different rates.
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the regression analysis within the oiled region or the homogeneous slopes analysis.

To determine optimunsurvey frequency, we conducted a power analysis to estimate the probability of
detecting trends in abundance using linear regression from a given number of samples (Taylor and
Gerrodette 1993). We examined our power to detect trends when coefficieraridtion (CV) of the
population was 0.30 (greater than the mean CV from previous surveys for 73% of the injured species;
Fig. 2) and when the CV = 0.13 (the mean summer (Bfdchyramphusurrelets, an injured species.

Models of seabird population groWwtpredict most species increase no more than 12% per year (Nur and
Ainley 1992), so we used 10% for our comparisons. With CvV=0.30 the probability of detecting an average
annual change of 10% would be 92% with the 10 surveys completed to date (Fig. 2).
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Figure 2. Estimated power based on numbers of surveys (5, 6, 8, and 10) conducted to detect a trend in
marine bird populations in Prince William Sound when the CV = 0.30.

D. Description of Study Area

Our study area includes allaters within Prince William Sound and all land within 200 m of shore (Fig.

1). We exclude Orca Inlet, near Cordova, Alaska and the southern sides of Montague, Hinchinbrook, and
Hawkins Islands (Klosiewski and Laing 1994).

E. Coordination and Collaboratin with Other Efforts
See above, Linkages.
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IV. SCHEDULE

A. Project Milestones

Objective 1.

To determine population abundance, with 95% confidence limits, of marine bird populatioriace Pr

William Sound during JuB014 in both oiled and unoiled regions, as well as in Prince William Sound as a
whole, in order to assess population trends in the years following the EM$& met by Aprd015



B. Measurable Project Tasks

FY 14, 1squarter (February X May 31, 2014)
Hire project personnel
Prepare for Field Season

FY 14, 2nd quarter (June 1, 20Adigust 30, 2014)
Prepare for Field Season

Conduct field work

Submit annual report

FY 14, 3rd quarter (September 1, 26Nbvember 30, 202)
Data Analysis

FY 14, 4th quarter (December 1, 20§53anuary 31, 2015)
Report writing
Attend Annual Pl Meeting

V. BUDGET
Budget Form (Attached)
Please complete the budget form for each proposed year of the project.

FY14PROGRAM PROJECT
PROPOSAL FORM

Project Title:Gulfwatch lonegterm monitoring pelagic component.ongterm monitoring of seabird abundance ang
habitat associations during late fall and winter in Prince William Sound.

Project PeriodFebruary 1, 2014 January 31, 2015

Primary Investigator(s)Mary Anne Bishop, Ph.D., Prince William Sound Science Center, Cordova

CollaboratorsKathy Kuletz, Ph.D. US Fish & Wildlife Service, Anchorage; John Moran, Auke Bay Lab, NOAA
Michelle Buckhorn, Ph.D. Richard Thorne, Ph.D. Prince William Sound Science Center.




Abstract: This project is a component of the integrated Gulfwatch Ltamgn Monitoring of Marine Conditions and
Injured Resources and Services submitted by McCammon &halvast majority ofesabird monitoring in
areas affected by th&xxon Valdeail spill has taken place around breeding colonies during the
reproductive season, a time when food is generally at its most plentiful. Howatefall through winter
are critical periods for suival as food tends to be relatively scarce or inaccessible, the climate more
extreme, light levels reduced, day length shorter and water temperatures colder. Of the seabirds th
overwinter in PWS, nine species wénéially injured by theExxon Valdeail spill, including three species
GKFG KIFI@S y2G 8SG NBO2OSNBR 6YlI Nbt SR Herdadehidfpos
to continue to monitor from 2012 through 2016 seabird abundance, species composition, and habit
associations usgnmultiple surveys (up to 5 surveys per season) during late fall and winter. The dat3
improve our predictive models of seabird species abundance and distribution in relation to biologicd
physical environmental factors. In addition, iapnitoring the topdown forcing by seabirds, a major
source of herring predation, this project will complement the suitP W@ SHRMstudies, including
improved mortality estimates for herring population models. This project is part of the pelagic comg
within the integratedGulfwatchLTM programsubmitted by McCammon et. al. Our project uses as
observing platforms the vessels associated withlth& Humpback Whale survegrsd PWSHRMJuvenile
Herring Abundance Indeas well as th&xtended Adult Herring BiomaSarveg and integrates the seabif
observations with those studies.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$51.7 $78.6 $80.9 $83.4 $86.3 $380.9

(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

Date: August 31, 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

Seabirds spend most of the year widely dispersed. At higher latitudes, late fall through winter are
critical periods for survival as food tends to be relatively scarce or inaccessible, the climate more
extreme, light levels reduced, day length shorter avater temperatures colderConsequently daily
energy requirements increase (Feattal. 2009) and birds have to forage for a large proportion of
daylight hours (Daurgt al. 2006). Wind and sea state are known to affect suHaegling seabirds in
particular (Dunn 1973, Taylor 1983) but diving birds can also be impacted (Harris and Wanless 1996,
Piatt and Van Pelt 1997, Frederiksaral. 2008).



Of the seabirds that overwinter in Prince William Sound (PWS), nine speciesitielly injured by the
ExonValde2 Af aLAfts AyOfdRAYy3a GKNBS alLlS0ASa GKFG KIF @S
murrelet and pigeon guillemot. Neverthelesgetvast majority of seabird monitoring in areas affected

by the Exxon Valdez oil spill has taken placeiad breeding colonies during the reproductive season, a

time when food is generally at its most plentiful. Laagn monitoring of seabirds in PWS during winter

is needed to understand how paspill ecosystem recovery and changing physical and bioldgittars

are affecting seabird abundance and species composition, as well as their distribution and habitat use.

Changes in the timing of biological events, geographic range and/or relative abundance of species,
community structure, and system produdtivcan be indications of a changing ecosystem (Parmesan
2006). For example, a recent-¢8ar monitoring effort along the transition zone between the California
Current and the Gulf of Alaska documented significant increases in seabird species dindregtative
abundance during the nonbreeding season that corresponded with a possible regime shift to cooler
conditions (Sydeman et al. 2009).

In December 2004, we began monitoring seabird abundance and distribution in PWS during late fall and
winter months. Initially our surveys were concurrent with hydroacoustic surveys for adult herring in
northeast PWS. Beginning in March 2007, we expanded our winter survey efforts to other areas of PWS
under EVOS Project 070814. Since then surveys have been wmxhdancurrent with either juvenile

herring hydroacoustic surveys or with humpback whale surveys. Results from seven cruises conducted
over two winters found consistent trends and speeigstinct patterns in distribution. Habitat

association modeling vealed that winter climate conditions may influence these distribution patterns
(Dawson et alin review. When we examined distribution at a firszale (1 km) using data from seabird
transects with concurrent fish data, we found a positagsociation btween presence of seabirds and
predictable fish prey fields (Bishop et al. 2010). Furthermore, our consumption model of herring
predation quantified the potential impacts of such prey association by seabirds during the winter. Our
model shows that sealds consume ~30% of the total adult herring biomass during each winter and
underscores the importance of further examination of tdpwn forcing (Bishop et ain review.

Postspill ecosystem recovery and changing physical and biological factbesalthe potential to affect
PWS seabird populations. Here we propose to continue to monitor seabird abundance and habitat
associations using multiple surveys during late fall and winter. While this proposal encompasses a five
year period, we would fore=e this project continuing over a 3@ar period in order for ecosystem

changes to be detected.

B. Summary of Project to DateBetween October 2011 and July 2013, a seabird observer participated

in eight cruises associated with three EMO&led projects: GulfwatchHumpback Whale systematic
surveyqn = 5), Herring and Research Monitorihgenile Herring Abundance Ind@gx= 1), andderring

and Research Monitoringxpanded Adult Herring Survégs= 1). Two cruises associated with the whale
surveys wereonducted preaward (Oct 2011 and Dec 2011), but we believed an observer onboard was
critical to maintaining our time serie8oth herring projects have only had one cruise to date, and a
seabird observer has participated in each of those cruises. 18, 20e late winter humpback whale

survey was moved from February to April, and was dedicated to obtaining biopsy (genetic) samples
within a small geographic area. A seabird observer was not placed on this cruise, because of the limited



opportunity to corduct transects. Preliminary data from the first six cruises was included irebriary

1, 2012¢ January 31, 2013 annual report, submitted in February 20¥8.continue to use the same
methodology on our cruises that we have used since November 20@t.intludes a 300m transect

width (150 m each side), and recording all observations into dLog software. Data analyses is ongoing.
Data is stored in the form of a Microsoft access database. Metadata for the project is currently
available. We continuerotrack to meet our milestones, all of which have completion dates in 2016.

Il. PROJECT DESIGN
A. Objectives

This project is part of the pelagic component of the L-targn Monitoring of Marine Conditions and
Injured Resources and Services. There acepsmary research goals for the pelagic team: population
monitoring of key species groups, and understanding the energy flow through the pelagic ecosystem
with key measurements. l§ectives of this study include:

1) Characterize the spatial and temporaltdisution of seabirds in PWS during late fall and winter.
2) Relate seabird presence to prey fields identified during hydroacoustic surveys.

3) Identify critical biological and physical habitat characteristics for seabirds across PWS within and
between winters

4) Utilize increased temporal sampling resolution to improve our estimates of consumption of herring
by seabirds during the winter.

The monitoring of top down forcing by seabirds and whales, the largest predators on herring, will
complement the suite oPWS Herring Research & Monitorisigidies, including insertion of key data
into the population modeling of herring In addition, this project will provide information on the
wintering ecology of several seabird species injured by the oil spill that careddakelp restore
and/or conserve their populations.

B. Procedural and Scientific Methods

This study will be a continuation of systematic late fall and winter seabird surveys begun in 2007 by Bishop and
Kuletz. Up to five surveys will be conducted betw October and early April. Depending on the vessel of
opportunity used, surveys will either be coupled with the or with surveys associated wifPMigHerring

Research and MonitorinigcludingJwenile Herring Abundance IndexNovember andxpanded dult Herring
Surveysn late March/early April), as well as ti@ulfwatchLTM Humpback Whale systematic surv@gystober,
December, and possibly a third whale survey).

All surveys will employ established U.S. Fish and Wildlife Service prdtwaidisivebeen adapted for
GPS&ntegrated data entry programs (USFWS 2007). One observer will record number and behavior of
birds and marine mammals occurring along a strip transect width of 300 m (150 m both sides and ahead
of the boat, in distance bins of 50mAdditionally, any noteworthy observations will be recorded out to

1 km either side. Observations will be recorded into a-aBRGrated laptop computer using the

program Dlog (Ford Consulting, Inc., Portland OR). Thimm@B&ted program provides lotan data

at 20-sec intervals and for every entered observation program. In addition, sea conditions including sea
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on site by the observer.

Seabird transects that are coupled with hydroacoustic fish surveys will occur in four to eight select bays in PWS
Seabird transects will also be conducted when the boat is in transit during daylight hours. Seabird surveys
conducted onboard humpback wheasurveys will follow specified routes from northeast to southwest PXALS.

the end of first 5 years of the lortgrm monitoring (September 2016), this study will have data sets from broad
scale coverage of PWS ranging from 4 to 10 years.

C. Data Analysisand Statistical Methods

58Sy aArieé o of kaiisaabird species will be calculated for each km of survey trackline. We will
use all surveys conducted since 2007 to describe the seasonal patterns of abundance and distribution.
Seabird observationwill be mapped using ArcView GIS. Temporal variability in bird density will be
addressed at interand intraannual scales.

The November and late March/early April seabird transects will be conducted concomitant with
hydroacoustic fish surveys. The NoerJuvenile Herring Abundance Indexvey will take place in

GKS F2dzNJ 6l é&a o6{AYLA2YZZ 9 3t S I %I A 2spoBsoredk| £ S0 & dz
Sound Ecosystem Assessment (SEA) program. Locations of the expanded adult herringreunegys a

yet defined. Data on fish biomass (kg/m2) by depth will be available for each trackline. Composition of
fish schools will be made available by Walidation of Acoustic Surveys for Pacific Herring Using Direct
Capture a separate project that igart of thePWS Herring Research & Monitorgmggram. We will

combine acoustic survey data on prey composition with a suite of additional independent variables
shown to be relevant to seabird predation (egchool density, school area, species compasitiod size
structure, water depth, depth to school, depth below each school, and distance from shore [Kuletz
2005; Ostrand et al. 2004, 1998; Day and Nigro 20008 .WilV use logistic regression to determine the

role of these covariates on the presendeseabirds (Maniscalco et al. 1998; Manly et al. 1993). Model
selection criteria (eg., AIC, GCV) will be chosen according to the most effective model framework (eg.,
GLM, GAM).

We will model seabird abundance and distribution in relation to biological and physical environmental
factors. While the prey field data will be available from tR®/S Herring Research and Monitoring

cruises, seabird abundance surveys will cover botthireing and LTM humpback whale cruises.

Seabird abundance data are typically zdmminated therefore hurdle models will be applied whereby

data are analysed initially as preseratgsence, followed by a separate analysis of presemtg data

(Boucher andzuillén, 2009, Zuwet al. 2009). Hence, the first analysis will determine which covariates

are driving the presence and absence of birds, while the second analyses will focus on covariates driving
the abundance of birds when they were presef@lS wilbe used to determine covariates such as

distance to shore, water depth, distance to eelgrass beds, distance to kelp beds, and slope. Locations of
coastal kelp and eelgrass beds will be obtained from the ShoreZone database (NOAA Fisheries 2009),
and slopefrom the Alaska Ocean Observing System bathymetry grid. Other covariates including sea
surface temperature, year, and month will also be examineat.tle presenceabsence data a binomial
generalised additive mixed model (GAMM) will be used. For poesamly data we will use a GAMM.

For a detailed description of the proposed statistical methods see &hwalr (in press.



Late fall and early winter plankton tows will be conducted in October and November each year in PWS
as part of theGulfwatch LTM.org term monitoring of oceanographic conditions in Prince William
Sound.Surveys will be conducted in the four bays (Simpson, Eaglek, Zaikof, Whale) surveyed in the
Mpdpn Qa I a LspbdSored Sound EDsyStemm§sessment (SEA) program. In addition,
plankton surveys will include the major entrances to PWS. We will examine zooplankton data to see if
there are linkages to seabird hotspots observed during October, November and December cruises.

To describe the relationship between seabird densitied 200plankton biomass and herring biomass in
PWS we will run linear regressions, using zooplankton and herring survey data provided from their
respective projects. For each bird species, a best model for explaining variability in bird densities will be
determined using a general linear model. A natural log or square root transformation of the dependent
variable will be used when appropriate to improve the fit of the model to the data. The relationship
between date, densities of each seabird species nlesk and food abundance (zooplankton or herring
biomass) will be evaluated by bay (the four SEA bays and the four additional bays), and in the case of
herring biomass, by transect.

Current seabird survey data provide little information regarding thédessce times of most seabird

species in Prince William Sound from November through March. Our recent efforts to quantify herring
consumption by seabirds utilizes the best available data about such residency and estimates seabird
consumption based on a dgienergy budget projected over each species winter residency period
(Bishop et al.in review). The increased temporal resolution of sampling in the current proposal will
enable us to include direct observations of seabird presence throughout the s&asoprove upon the
current data. Refined data for each species will be used to update the residence time parameter in our
current consumption model, thereby improving estimates of seabird consumption of herring during
winter.

D. Description of Study Are

The pelagic component of tHaulfwatch LTMroject, including this project and tHdumpback Whale
Intensive Surveyacludes all of Prince William Sound. Seabird observations associated wiRki&e
Herring Research & Monitoring Juvenile Herring Abueddndexwill focus on the four bays (Zaikof,
Whale, Eaglek, and Simpson) that were extensively studied during the Sound Ecosystem Assessment
study and PWS Herring Survey program (Figure 1). This allows the work to build upon the historical
research compted in those bays. These bays also cover four different quadrants of the Sound. The
PWS Herring Research & Monitoring Juvenile Herring AbundanceahalitheExpanded Adult Herring
Surveywill include other bays based on the results from the synthasdsaerial surveys, respectively.
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Figure 1. Study area, Prince William Sound:ligHied in gray are the four SEA bays (Whale, Zaikof,
Eaglek, and Simpson), as well as other bays historically important for juvenile herring.

E. Coordination and Cddboration with the Program

This project is a component of the integrat€dilfwatch Longerm Monitoring of Marine Conditions and
Injured Resources and Servisabmitted by McCammoat al. Our proposed lorngerm monitoring

program is composed of seve@mponents (Environmental Drivers, Pelagic and Benthic Monitoring),
with a series of projects in each component lead by principal investigators from a number of institutions.
The seabird project, headed by Dr. Mary Anne Bishop, is part of the pelagitorimgncomponent and
shares research vessels associated withLffil! Humpback Whale Systematic Suryalg part of the

pelagic monitoring component. In addition, this seabird project is highly integrated with\W®

Herring Research & Monitorimyogram, and shares research vessels with the two projects in this
program (see below).

This project builds on previous seabird data sets. Since 2004, winter seabird surveys have been
performed on vessels conducting hydroacousticveys for adult herring (5 cruises, 288d06) and

juvenile herring (10 cruises, Nov 20Q®ar 2012). Cruises between Nov 2007 and Mar 2012 have been
part of EVOS Projects 070814 dfd 00132H. In addition, seabird surveys were performed on vessels
conducting Humpback Whale surveys (6 cruises, 2008) as part of EVQfoject 070804

This longterm seabird monitoring projeaises as observing platforms vessels associated with three
different projects. Cruises begin in Cordova, and therefore st member would not need to travel.

One seabird observer (PWSSC staff) will be onboard all cruises associated Witlfvetch LTM

Humpback Whale systematic survé@st, Dec, Feb, years4). In addition, a seabird observer (PWSSC
staff) will be mboard surveys associated witWS Herring Research and Monitoriigpecifically the
observer will be onboarduvenile Herring Abundance Indaxrveys (Nov yrs-3) and theExpanded

Adult Herring Survey(tate March/early Apr yrs-8). When not conductiopdaytime seabird surveys,
observers assist the other projects, including helping to process the nighttime herring catch and helping
identify humpback whalesSeabird observations from this project will be shared and integrated into the
whale and herringurveys. In additionpformation on herring, other fish and zooplankton prey fields



around whale foraging areas, juvenile herring schools and adult herring schools will be used for the
seabird analyses.

Information from this project will feed into thBlorth Pacific Pelagic Seabird Databaséatabase that

is maintained by US Fish & Wildlife Service and USGS. This database is currently being integrated into a
single database that will be available over the internet through an ARC/IMS

LL® / MBS please §ek appendi

IV. SCHEDULE
A. Project Milestones

Objective 1. Characterize the spatial and temporal abundance of seabirds in PWS during late fall and
winter.
Data analyses incorporating data collected through April 2016 will be completidyby
2016 and incorporated into Gulfwatch LTM program report by August 2016.

Objective 2  Model species abundance and distribution in relation to biological and physical
environmental factors
Data analyses incorporating data collected through April 2016 will be completed by July
2016 and incorporated into Gulfwatch LTM program report by August 2016.

Objective 3  Assess seabird habitat associations within and between winters
Data analyses ineporating data collected through April 2016 will be completed by July
2016 and incorporated into Gulfwatch LTM program by August 2016.

Objective 4  Relate species compaosition and distribution to prey fields.
Data analyses incorporating data collected tingh April 2016 will be completed by July
2016 and incorporated into Gulfwatch LTM program report by August 2016.

Objective 5 Identify critical marine habitats used by seabirds during late fall and winter
Data analyses incorporating data collected through April 2016 will be completed by
August 2016 and incorporated into Gulfwatch LTM program report by August 2016.

B. Measurable Project Tasks

FY 14, 1st quarter (FebruarycBpr 30, 2014)

Feb Project fundingavailable

Feb Submit annual report

late Mar/early Apr Field cruiseL TMseabird survey in conjunction witWS Herringxtended
adult biomass cruise

late winter Field cruiset TMhumpback whale cruise (if a whale survey, seabird survey will
also occuy

Apr Analyze data

FY 14, 2nd quarter (May 1, 2044ul 31, 2014)

May-Jul Analyze data

Jul Report writing (midyear report, FY 2015 workplan)

FY 14, 3rd quarter (Aug 1, 201@ct 31, 2014)

Aug Submit report, workplan

AugOct Analyze data

Oct Field cruiseL TMhumpback whale and seabird surveys

FY 14, 4th quarter (December 1, 20§5anuary 31, 2015)



Nov Field cruiseL TMseabird survey in conjunction witPWS Herringivenile
abundance index

Nov Annual Pl meeting

Dec Field cruiseL ™ humpback whale and seabird surveys
Jan Alaska Marine Science Symposium

Jan Report writing

V. BUDGET (Attached)

Benthic Monitoring Component (lead Ballachey)

FY14 PROGRAM PROJECT
PROPOSAL FORM

Project Title: Gulf Watcilaska: Longerm Monitoring: Nearshore Benthic Ecosystems in the Gulf of Alaska

Project Period:February 1, 2014 January 31, 2015

Primary Investigator(s):

Brenda Ballachey, James Bodkin, Daniel Esler, Kim Kloecker, Daniel Monson, Ben Weitzman
USG®R\laska Science Center, 4210 University Drive, Anchorage, AK 99508

Thomas DeanCoastal Resources Associates, Inc., 5190 El Arbol Drive, Carlsbad, CA 92008
Heather Coletti, Michael ShephardSouthwest Alaska Inventory & Monitoring Network

National Park Seice, 240 W. 5th Avenuénchorage, AK 99501

Mandy LindebergNOAA/NMFS Auke Bay Laboratory, 11305 Glacier Hwy, Juneau, AK 99801
Angela Doroff Kachemak Bay Research Reserve, 95 Sterling Highway, Suite 2, Homer, AK 99603

Abstract:We propose to continue the loAgrm nearshore marine monitoring program which has been ongoing
the GOA since 2006, supported by the National Park SeBaoghwest Alaska Network and the US Geological Su
and supported by the Gulf Watch Alaska puatjsince 2012. The sampling design consists of three primary samp
locations in nearshore habitats in the central GOA region, including Prince William Sound (PWS), Kenai Fjord
National Park (KEFJ), and Katmai National Park (KATM). Additionally, ee®wdihate with nearshore sampling

ongoing in Kachemak Bay as part of the Gulf Watch Alaska project. In western PWS, KEFJ and KATM, we pl
continue sampling at established sites on an annual basis through 2016. In eastern and northern PWS, we pl
continue sampling at established sites in alternate years, with eastern PWS scheduled for 2014. Monitoring in
measurements of water quality (temperature, salinity), intertidal invertebrates and algae, sea grasses, sea ott
black oystercatchers,na surveys of marine birds and mammals. The monitoring also includes measures of neg
ecosystem productivity, predatggrey dynamics, and stable isotope and contaminant analyses.




Estimated Budget:

EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$282.4 $304.1 $331.9 $309.6 $331.9 $1,559.90
(Funding requested must include 9% GA)
Non-EVOSTC Funds to be used:
FY12 FY13 FY14 FY15 FY16 TOTAL
$25.0 $73.0 $73.0 $73.0 $73.0 $317.0

Date: August 12, 2013

I. NEED FOR THE PROJECT
A. Statement of Problem

The nearshore is considered an important component of the Gulf of Alaska ecosystem, including the
region affected by thé&xxon Valdeail spill (EVOS), because it provides:

1 A variety of unique habitats for resident organisms (e.g. sea otters, harbor seals, shorebirds,
seabirds, nearshore fishes, kelps, seagrasses, clams, mussels, and sea stars).
1 Nursery grounds for marine animals from other habitats (e.g. crabs, salmomdyerid
seabirds).
9 Feeding grounds for important consumers, including killer whales, harbor seals, sea otters, sea
lions, sea ducks, shore birds and many fish and shellfish.
9 A source of animals important to commercial and subsistence harvests (e.g. mmaninmals,
fishes, crabs, mussels, clams, chitons, and octopus).
1 Animportant site of recreational activities including fishing, boating, camping, and nature
viewing.
9 A source of primary production for export to adjacent habitats (primarily by kelps, other
seaweeds, and eelgrass).
1 Animportant triple interface between air, land and sea that provides linkages for transfer of
water, nutrients, and species between watersheds and offshore habitats.
Also, the nearshore is broadly recognized as highly susceptidleensitive to both natural and human
disturbances on a variety of temporal and spatial scales. For example, observed changes in nearshore
systems have been attributed to such diverse causes as global climate change (e.g. Barry et al. 1995,
Sagarin et all999), oil spills (e.g. Dahlmann et al. 1994 Peterson et al. 2001, 2003), human disturbance
and removals (e.g. Shiel and Taylor 1999, Murray et al. 1999), and influences of invasive species (e.g.
Jamieson et al. 1998). Nearshore systems are especialliyigdizators of change because organisms in
the nearshore are relatively sedentary, accessible, and manipulable (e.g. Dayton 1971, Sousa 1979,
Peterson 1993, Lewis 1996). Also, in contrast to other marine habitats, there is a comparatively
thorough undersanding of mechanistic links between species and their physical environment (e.g.
Connell 1972, Paine 1994, Estes and Duggins 1995) that facilitates understanding causes for change.

Perhaps most important with respect to the goals of the Gulf Watch Alaskgterm Monitoring
program, the nearshore is the one habitat within which it is most likely that we will be able to detect
relatively localized sources of change, tease apart huindauced from natural changes, and provide




suggestions for policies teduce human impacts. Because many of the organisms in the nearshore are
sessile or have relatively limited home ranges, they can be geographically linked to sources of change
with a reasonable degree of accuracy.

Finally, the nearshore is critically impant because it was without doubt the habitat most impacted by

the 1989 EVOS, and is known to be a persistent repository for oil that could be linked to continued injury

to species that reside there (especially, sea otters and harlequin ducks; PeterdoA@3 Short et al.

2004, 2007). In addition, the majority of the species or services that have been listed by the EVOS
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with the nearshore. Thus, monitimg within the nearshore system provides the opportunity to continue

to assess progress toward recovery, and to identify and possibly ameliorate other human induced
disturbances.

Followingseveral years of planning, a restoration and ecosystem monitgtanyfor the nearshore

marine ecosystems affected by the EVOS in the Gulf of Alaska (GOA) was completed (Dean and Bodkin
2006). Within this plan it was recognized that (1) restoration of resources injured by the spill will
benefit from information on thetatus and trends of those resources on a variety of spatial scales
within the Gulf, and (2) causes of changes independent of the oil spill are likely to occur in the GOA
during the 2% century, and are likely to result from a number of different agents (e.g. normal
environmental drivers, global climate change, shoreline development and associated inputs of
pollutants). Further, in order to effect restoration of injured resources isgeatial to separate EVOS
related effects from other sources of change. It was also recognized that changes are likely to occur
over varying temporal and spatial scales. For example, global climate change may result in a gradual
change in the nearshore canunity that occurs over decades and has impacts over the entire GOA.
On the other hand, impacts from shoreline development will likely be more episodic and more local.
Thus, one challenge of designing a monitoring program was to detect changes occueringdmsly

varying scales of space and time, and from various causes. To this end, a conceptual framework for
monitoring in the nearshore was designed with the following elements:

1) Synoptic sampling of specified physical and biological parameters (e.g. reomee salinity,
and eelgrass cover) over the entire GOA.

2) Sampling of a variety of specified biological and physical parameters (e.g. abundance and growth
of intertidal organisms, abundance of selected birds and marine mammals) within specified areas
spread throughout the GOA, these are referred to as intensive sites. The focus is on species
injured by the EVOS, in particular species not recovered or whose status relative to recovery is
uncertain.

3) Sampling of a smaller suite of selected biological andiphyparameters (e.g. the abundance and
growth of intertidal organisms, and contaminant levels in mussels) at additional sites, referred to
as extensive sites.

4) Conduct of shorteterm studies aimed at identifying important processes regulating or causing
changes within a given system or subsystem (e.g, stable isotope analyses of nearshore species).
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Vital Signs Lorgerm Monitoring Plan, Southwest Alaska Wetk (SWAN), and implemented in Katmai



NP (KATM) in 2006 and in Kenai Fjords NP (KEFJ) in 2007. In 2010, EVOS Project 10100750 funded the
US Geological Survey to implement the kbagn nearshore monitoring plan in western Prince William

Sound (WPWS), priing for monitoring of the nearshore environment, sea otters, nearshore sea birds
(including black oystercatchers), and intertidal kelps, seagrasses and invertebrates. In 2011, the EVOS
Gulf Watch Alaska Project (12120114) was initiated to continue apdrel the longerm nearshore

monitoring, in combination with studies of pelagic systems and environmental drivers. The Gulf Watch
Alaska Project is working in concert with the N®M8AN program and the USGS; the work described

herein is a continuation ohe nearshore benthic monitoring effort implemented over the past decade

by those agencies.

B. Summary of Project to Date (if applicable)

To date, as part of the Gulf Watch Alaska project, we have conducted two full years of nearshore

monitoring at KATMKEFJ, and WPWS (intensive sites), and all goals of that sampling have been met.

We have also established study sites in eastern PWS (EPWS, sampled in 2012) and northern PWS (NPWS,
sampled in 2013) to be sampled biannually (extensive sites). We propcosatiaue a longerm

restoration and ecosystem monitoring program these locations through 2014 (and longer depending on
study continuation). We plan to continue the integration of SWAN and USGS programs with the Gulf

Watch Alaska project.

Il. PROJECT D&SI
A. Objectives
The overall objectives of the proposed research are:
1. Longterm monitoring of a suite of nearshore benthic species at multiple locations across the
Gulf of Alaska.

2. Continued restoration monitoring in the nearshore in order to evaluate tireent status of
injured resources in oiled areas.

To accomplish these objectives, we have a list of tasks, presented in Table 1.

Table 1. Components of the proposed nearshore benthic monitoring plan and five year schedule.

COMPONENT 2012 2013 2014 2015 2016
Western PWS, intertidal invertebrates ani X X X X X
algae

Western PWS, kelps and sea grass X X

Western PWS, black oystercatchers X X

Western PWS, contaminants/water quality X

Western PWS, sea otter carcassovery X X

Western PWS, sea otter foraging X X




observations

Eastern PWS, intertidal invertebrates and
algae

Eastern PWS, kelps and sea grass
Eastern PWS, contaminants/water quality
Northern PWS, intertidalnvertebrates

and algae

Northern PWS, kelps and sea grass
Northern PWS, contaminants/water
quality

Katmai NP, intertidal invertebrates and
algae

Katmai NP, kelps and sea grass

Katmai NP, blackystercatchers

Katmai NP, sea otter carcass recovery
Katmai NP, sea otter foraging observation

Kenai NP, intertidal invertebrates and
algae

Kenai NP, kelps and sea grass

Kenai NP, blackystercatchers

Kenai NP, sea otter carcass recovery
Kenai NP, sea otter foraging observations

PWS, sea otter aerial survey

Kenai NP, sea otter aerial survey
Katmai NP, sea otter aerial survey
Kachemak Bay, sea otter aerial survey

PWS Nearshore marine bird survey
(under Pelagic component)

Katmai nearshore marine bird survey
Kenai nearshore marine bird survey

Stable isotope analysis afelected
nearshore species(® areas/yr)

Tasks conducted under Project 11120114
L:

x X X X X

X X X X

x X X X X

X X X X

x X X X X

X X X X

x X X X X

X X X X

x X X X X

X X X X




Kachemak Bay, intertidal invertebrates X X X X X
and algae

Kachemak Bay, sea otter carcass recover X X X X X
KachemalBay, sea otter foraging X X X X X
observations

B. Procedural and Scientific Methods
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the preparation and implementation of nearshore monitoring in KATM. KEFJ, and WPWgaTsteore

Restoration and Ecosystem Monitoring Progi@ean andBodkin 2006) and thBlational Park Service

SWAN Nearshore Monitoring Progrgbean and Bodkin 2011) include protocols that provide

justification, background, objectives, goals, an overview of the monitoring and sample design, the
fundamental analytical dpINP | OKSX YR RSAONARLIGAZ2Y 2F 2LISNI A2y f
details of each data collection procedure, their relations to one another, and how they can be integrated

to provide understanding of causes of change that will be detected. &slst@re also available on the

NPS project websitehttp://science.nature.nps.gov/im/units/swan/monitor/nearshore.cfm

(Note: Protocols for 1) sampling of mussel bedsaP)pling of soft sediments, and 3) sampling of sea
grass beds and in review and not yet available on the website but drafts are avaitablel friColetti or
B. Ballachey.)

Brief description of Tasks from Table 1 (refer to SOPs on Project Website fd. detai
1. Collection of sea otter skulls for determination of -ageleath.

Surveys will be conducted in western PWS in late April of each year to collect sea otter carcasses for
determination of agest-death to be used in describing annual survivakdtmai and Kenai, surveys for
carcasses will be conducted opportunistically during the June/July field work. In Kachemak Bay, a
coalitionof the Center for Alaska Coastal Studies, the Homer Marine Mammal Stranding Network, and
the USFWS have been and wdlhtinue to conduct systematic beach walks to recover sea otter and bird
carcasses, and marine debris.

2. Annual collection of sea otter diet data.

Data will be obtained through direct observation of foraging sea otters using high powered spotting
scopesand a stratified random sampling design.

3. Aerial surveys of sea otter abundance.

Estimates of sea otter abundance and distribution will be obtained through detexdioected
standardized aerial surveys using a stratified random sampling design.

4. Sampling of intertidal invertebrates and algae.


http://science.nature.nps.gov/im/units/swan/monitor/nearshore.cfm

Estimates of the abundance intertidal algae and invertebrates, and sizes of invertebrates, will be

obtained from annual sampling along permanent transects and quadrats (5 sites per block, including
rocky, ®ft sediment, and mussel transects) using a stratified random sampling design. Sampling will
include mussel collection for gene expression analyses, as a potential indicator of ecosystem health.

5. Sampling of sea grasses.

Estimates of sea grasdundance will be obtained through at sea surveys conducted in close proximity
to each of the 5 sites per block.

6. Diet and productivity of black oystercatchers.

Black oystercatcher nests on transects associated with each of the intensive sitesnaitiitoeed
annually in June/July for productivity, and shell litter will be collected to determine diet (prey items and
sizes).

7. Stable isotope analysis of selected nearshore species.

Stable isotope analysis will be used to (1) trace the dominante®ofgrimary producer carbon that

fuels nearshore marine food webs, and (2) characterize the trophic interactions between primary and
secondary consumers within the nearshore. These data will provide a baseline of information that will be
important in asessing now and in the future the role human activities and natural processes play in
determining the structure and function of nearshore ecosystems in the GOA.

C. Data Analysis and Statistical Methods

Data analyses and statistical methods used to evalohsmges in the nearshore environment are

detailed in Dean and Bodkin (2006) and Dean et al. (2008), and also presented in the SOPs as described
above. In general we will examine trends in each metric over time within each location, differences
among locabns over time, and interactions between time and locations (i.e., the extent to which

changes within each location track changes across locations over time) through regression and
information-theoretic (IT) criteria (Burnham and Anderson 2002, 2004). @tdngphypotheses (models)

will be selected a priori and those models will be ranked based on their relative support (AIC values).
These analyses will help to sort out effects of small scale sources of change (e.qg., effects of oil in PWS or
other location pecific impacts such as logging activities) from larger scale sources of change (e.g., those
due to climate change that are occurring over the entire GOA).

D. Description of Study Area

The proposed work will be conducted in the Gulf of Alaska, in thel@aaded by the following
coordinates:-144.410, 61.480, NE cornet45.600, 57.030, SE cornet55.800, 57.300, SW corner;
156.030, 61.800, NW corner (decimal degrees, NAD 83 Albers).

E. Coordination and Collaboration with the Program



A primary goal bthe proposed nearshore monitoring effort is to evaluate the recovery status of
resources in PWS that were injured by the EVOS. Our ability to assess the restoration of resources
injured by the spill will benefit from information on the status and trenfithose resources on a variety

of spatial scales within the Gulf. We will continue evaluation of EVOS injured resources and services
(recreational, subsistence, and passive use), to determine when populations may be considered
recovered, and where applibe, to foster recovery of those resources by identifying and

recommending actions in response to factors limiting recovery. TheS\"?&N program for nearshore
monitoring along the KATM and KEFJ coasts was initiated in 2006, and has been collectingionforma
similar to the data sets that have been used to assess recovery of injured resources in PWS (including
monitoring implemented under EVOS Project 10100750), and under the Gulf Watch Alaska project, we
have united the NRSWAN and USGS monitoring efforfhe addition of the study area in Kachemak

Bay (Gulf Watch Alaska component 141201)Avhere monitoring has been ongoing for approximately

a decade (although methods have varied from those used in PWS), will further enhance our ability to
assess recary. We will also integrate information gained on injured resources collected under project
component 11120114 (lingering oil studies).

Sea otters are a focus species for restoration monitoring, as the population in western PWS was severely
impacted ty the EVOS, and in areas where shorelines were most heavily oiled, sea otters had not
recovered to prespill abundance by 2009 (Bodkin et al. 2002, 2011, Monson et al. 2000, 2011). Data to
be collected as part of the proposed monitoring will contributeet@sting longterm data sets from PWS

and other regions, including survey data on sea otter abundance since 1993, carcass data on sea otter
ages at death since 1976, and sea otter foraging data since th&9idks.

As productivity in the nearshore is shigly influenced by physical oceanographic processes, it will be a
priority to evaluate whether or not changes that may be noted in the nearshore systems are reflected in
either oceanographic conditions or in synchronous changes in pelagic species aitibestidat are

being measured as part of Gulf Watch Alaska. The geographic scale of our stuelyid®D#ill provide
greater ability to discern both potential linkages across these diverse components, as well as among the
study areas within the nearshorallowing us to evaluate relations and changes in the nearshore
resources. We will incorporate data on annual and seasonal patterns measured in the Environmental
Drivers component as well as data from the Pelagic study components. One component ofrdde ove
Gulf Watch Alaska project of particular importance to the nearshore is surveys of nearshore marine
birds, which will be accomplished in PWS through the Marine Bird Population Trends monitoring
component (representing a further lortigrm data set; sedrons et al. 2000) and at KEFJ and KATM by

the NPSSWAN program in collaboration with Gulf Watch Alaska.
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IV. SCHEDULE

A. Project Milestones

Objective 1. Longterm monitoring of a suite of nearshore benthic speaesultiple locations
across the Gulf of Alask@io be met by September 2014, for the 2014 field season.



Objective 2 Continued restoration monitoring in the nearshore in order to evaluate the current
status of injured resources in oiled ared®. be meby September 2014, for the 2014 field season.

B. Measurable Project Tasks

Specify, by each quarter of each fiscal year, when critical project tasks (for example, sample collection,
data analysis, manuscript submittal, etc.) will be completed. Thisniraftion will be the basis for the
guarterly project progress reports that are submitted to the Trustee Council Office. Please format your
schedule like the following example.

FY 14, 1st quarter (FebruaryciMay 31, 2014)

February, 2014 Project fundingavailable

April/May, 2014 Carcass surveys, PWS

FY 14, 2nd quarter (June 1, 20Adigust 30, 2014)

June July, 2014 Conduct field work, PWS, KATM, KEFJ
August, 2014 Upload 2013 datasets to GWA server

FY 14, 3rd quarter (September 1, 26Ndvember30, 2014)

SeptembeiNovember, 2014 Data analyses, all project components
SeptembeiNovember, 2014 Stable isotope analyses of selected nearshore species
November 2014 Attend annual Pl meeting, Anchorage

FY 14, 4th quarter (December 1, 204 Sanuary31, 2015)

December 2014danuary2015 Report preparation
January 2015 Attend Alaska Marine Science Symposium, Anchorage
V. BUDGET

Budget Formattached
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FY14 PROGRAM PROJECT
PROPOSAL FORM

Project Title:Longterm monitoring: Benthic monitoring componenrt.ongterm monitoring of Ecological
Communities in Kachemak Bay: a comparison and control for Prince William Sound

Project PeriodFebruary 1, 2014 January 31, 2015

Primary Investigator(s)Brenda Konar anlatrin Iken (UAF)

Cooperating Investigator: Angie Doroff (KBNERR)




Abstract: This project is a component of the integrated Laagm Monitoring of Marine Conditions and Injured
Resources and Services submitted by McCammon.éisgbart of this component, we monitor rocky intertidal,
seagrass and clam gravel beach systems as well as the sea otter abundance and diet in Kachemak Bay. Thig
component is complementary to work being conducted under this program in Prince William &uodikditmai.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL

$48.1 $48.2 $48.1 $48.1 $47.4 $239.8

(Funding requested must include 9% GA)

Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

Date: August30, 2013

I. NEED FOR THE PROJECT
A. Statement of Problem
Justification

Many protocol similarities exist between the monitoring that is currently being done in Prince
William Sound (EVOSTC Project 10100750) and that which is being #@uwh@mak Bay. By continuing
this monitoring in both areas, comparisons can be made between the two regions and Kachemak Bay
may be able to be used as a control for Prince William Sound if another spill were to occur. Historical
data exist in both areas, rkimg future comparisons of trends even more valuable.

Project Concept

This project will evaluate ecological communities in KacheBagk Following protocols
established for Prince William Sound, we will monitor sea otter abundance, diet and carcasses, seabird
carcasses, marine debris, abundance and distribution of rocky intertidal plants and invertebrates,
abundance and size frequenaf/clams and mussels on gravel beaches, and selected environmental
parameters in Kachemak Bay. All protocols have been established and are described for Prince William
Sound. These same protocols as will be used in this study. These Kachemak Bay luatzomiiared
with those being collected in Prince William Sound and may be able to act as a control if an oil spill were
to occur in the Sound again. The data will also be comparable to data being collected in Kenai and
Katmai National Parks (National P&drvice SWAN Nearshore Monitoring Program) using the same
methods as used in Prince William Sound.

B. Summary of Project to Date (if applicable)



The project is ongoing since two years (2012, 2013). The second year (2013) of field sampling has just
been @mpleted and data are currently being entered from field notes, analyzed and formatted for
database entry. Field sampling will be continued in 2014 and 2015 and data synthesized in 2016. It is
expected that the project will continue for an additional 1&geafter 2016.

II. PROJECT DESIGN
A. Objectives
7) Determine trends in sea otter abundance.
8) Determine the diet and dietary shifts of sea otters.
9) Determine trends in sea otter and seabird mortality.
10) Determine trends in marine debris.
11) Determine trends in th abundance and distribution of rocky intertidal plants and invertebrates
12) Determine trends in the abundance and size frequency of clams and mussels on gravel beaches.
13) Determine trends in selected environmental parameters and relate them 16 #liove.

The field work for this proposal will completed annually for four years and followed by a year of
data synthesis (year 5), with the outlook of continuing this pattern of monitoring for up to 20 years.

B. Procedural and Scientific Methods

Rockyintertidal sampling consists of visual estimates of percent cover of algae and sessile inverts in 10
replicates (1x1 f7) along 50 m transects in the high, mid, low ahan intertidal strata. Mussels are
collected along the mussel bed extent from 10 randipdistributed 25x25 cm2 quadrats and length of

all mussels is measured. Length of at leastl1@fia personas measured at each rocky study sites.
Seagrass is sampled with 10 replicates (50x5%) fanseagrass shoot counts and percent cover of all
vegedation and substrate. Clams are collected from ten randomly placed 0.f2%cavations of the
sediment and sieved over 1 émesh. Temperature is measured at each rocky site using data loggers.
Sea otter scat is being collected at a ldagn site in Litte Tutka Bay (Kachemak Bay) during the winter
months. Each scat sample is sorted by prey type and assigned a percentage frequency method using a 1
¢ 6 ranking (1 = & 5%; 2 = & 25%; 3 = 25§ 50%; 4 = 5@ 75%; 5 = 7% 95%; 6 = 9§ 100%). sual

foragng observations are conducted with a higbwer telescope (Questar field model 50x). Methods
follow previously established protocols for visually identifying prey and estimating prey size.

C. Data Analysis and Statistical Methods

Intertidal communitydata are analyzed using multivariate statistics, including hierarchical clustering,
non-dimensional scaling and analysis of similarity.-Beguency distributions are plotted for spatial
and temporal comparisons. To summarize the categorical data oats=adiet from scat samples, the
median value for each category are used and then averaged by the monthly collection period.

D. Description of Study Area
Study sites are within Kachemak Bay, lower Cook Inlet.

E. Coordination and Collaboration with th&®rogram
Project Logistics

For this project, Brenda Konar and Katrin Iken will provide overall project management. They also
will oversee the rocky intertidal and gravel beach portion of this study. This will include working with
student field asstsints, conducting the field work (including some collections of environmental
parameters) and completing analyses. Angie Doroff will complete the sea otter foraging observations
component of this project and will oversee some of the environmental paranueiéctions.The



USFWS has tentatively committed to conducting sea otter abundance surveys (confirmation anticipated
when 2011 federal budgets are determine@heCenter for Alaska Coastal Studies, the Homer Marine
Mammal Stranding Network, and the USFié8e been and will continue to conduct systematic beach
walks to recover dead birds, sea otters, and marine debris.

Project Integration

We expect strong collaboration between all components of this project with the Prince William
Sound, Katmaind Kenai components (all nearshore monitoring with similar data collection methods)
and the Oceanographic component. Data sharing is integral to the success of this program. This project
will be integrated with two University of Alaska field courses #rattaught by Konar and Iken at the
Kasitsna Bay Lab. Students will get valuable experience and training from participating in this project and
the project will benefit from having these students.

LLL® / = QpleaseSde ampeéndi

IV. SCHEDULE
A. Project Milestones

Objective 1.  Monitor intertidal communities in Kachemak Bay.
To be done annually from 202D16.

Objective 2 Monitor sea otter diet annually in Kachemak Bay.
To be done annually from 20PD16.

Objective 3  Synthesize temporal (annual) patterns in intertidal communities and sea otter diet in
Kachemak Bay.
To be met by September 2016.

B. Measurable Project Tasks

FY 14, 1st quarter (FebruaryciMay 31, 2014)

FebruaryApril, 2014 Plan field sampling on intedal communities, conduct monthly sea otter
scat sampling
May-June 2014 Conduct field sampling on intertidal communities and sea otter diet

FY 14, 2nd quarter (June 1, 202digust 30, 2014)
July 30: Enter data from field sampling, continue sea ogampling
August 30: Preliminary data analysis, reporting-fgonth report)

FY 14, 3rd quarter (September 1, 26Nbdvember 30, 2014)
November 30: Additional data analysis, project presentation at annual Pl meeting

FY 14, 4th quarter (December 1, 204 4anuary 31, 2015)
January 31: Report writing, prepare presentation at scientific conference (Alaska
Marine Science Symposium)

V. BUDGET
Budget Form (Attached)



Lingering Oil Monitoring Component (leagiBallachey)

FY14 PROGRAM PROJECT
PROPOSAL FORM

Project Title:Longterm Monitoring: Lingering OilEvaluating Chronic Exposure of Harlequin Ducks to
Lingeringexxon Valde®il - 14120114Q

Project PeriodFebruary 1, 2014 January 31, 2015

Primary InvestigatorDaniel Esler, US Geological Survey, Anchorage, desler@usgs.gov

Colnvestigator:Brenda Ballachey, US Geological Survey, Anchorage, bballachey@usgs.gov




Study Location:Prince William Sound, Alaska

Abstract: This Lingering Oil project is associated with Gulf Watch Alaska, the integratetebimngonitoring
of Marine Conditions and Injured Resources and Services funded by the E\M2B&Quin duck
populations in PWS were injured as a result of Bxaon Valezoil spill, with evidence for both
immediate acute mortality and longer term injury from chronic exposure to oil spilled in 1989.
series of EVOSTC projects have examined exposure of harlequin ducks to lingering oil as a f
constraining recovery,sing the cytochrome P4501A biomarker, CYP1#leguin ducks showed
elevated CYP1A in oiled areas from 1998 through 2011 relative to unoiled areas, which was
interpreted to indicate continued exposure to residual oil over that period. Data from March 2
indicated that CYP1A induction was similar between oiled and unoiled areas, suggesting tha
exposure to lingering oil had ceased by that time, 24 years after the spill. As recommended if
previous iterations of this body of work, we propose tesample larlequin duck CYP1A in March
2014 to confirm 2013 findings and substantiate our conclusion that exposure to lingering oil i
abated. This work contributes to understanding of the timeline and process of recovery of inj\
species, as well as the nearsh@cosystem, generally.

Estimated Budget: $121.3K
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL

$187.4 $111.3 $298.7*
(Funding requested must include 9% GA)
*This is a change from the full program proposal for the five years of fineject approved by the Council.
Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL
$10.0

Date: August 8, 2013

I. NEED FOR THE PROJECT

A. Statement of Problem

Sea duck populations in western PWS were injured as a result &ixtten Valdeail spill, with evidence

for both immediate acute mortality and longer term injury from chronic exposure to oil spilled in 1989.

A series of EVOSTC projects have addressed population demographic endpoints including abundance,
habitat use, andgurvival rates (Rosenberg and Petrula 1998, Esler et al. 2002, McKnight et al. 2006, Esler
and Iverson 2010, Iverson and Esler 2010) as well as sampling to monitor ongoing exposure to lingering
EVO using the cytochrome P4501A (CYP1A) biomarker (Tru080a Esler et al. 2010, Esler et al.

2011).

As described below, a time series of CYP1A data has been collected describing exposure of harlequin
ducks to lingeringxxon Valdeail. The work proposed here requests continuation of this

unprecedented ealuation of the timeline of population recovery and exposure following a catastrophic
oil spill. This work is critical for confidently evaluating the duration and process of population recovery
of a particularly vulnerable wildlife species.



B. Summary bProject to Date

As part of EVOSTC Restoration Project 070808, harlequin ducks were examined for lingering exposure to
residualExxon Valdeail. This work demonstrated that harlequin ducks continued to show biomarker
evidence of elevation of cytochroni#&501A in oiled areas through 2009, which was interpreted to
indicate exposure t&xxon Valdeail up to 20 years after the spill (Esler et al. 2010). More recent work
(EVOSTC project4100808 and 12120119@) indicated that: (1) degree and incidence lefvated

CYP1A in oiled areas was reduced in 2011 relative to previous years, and (2) in 2013, there was no
evidence of elevated CYP1A in oiled areas. The 2013 sample was the first since the spill in which no
difference between oiled and unoiled areas vessdent, which in turn indicated that oil exposure had
ceased by 24 years after the oil spill. Additional sampling proposed here for 2014 will evaluate the
validity of the conclusion that harlequin ducks are no longer exposed to residual Exxon Valdez oil.

Il. PROJECT DESIGN

A. Objectives

Project Concept

In this study, we propose to sample harlequin ducks in PWS for biomarker assays in March 2014 to
evaluate recovery status by measuring the degree of continued exposure to lingering oil. As described
above, this continues a time series of quantificatior€dfP1A induction that started in 1998. In this
instance, the primary goal is to evaluate whether findings in 2013, indicating abatement of exposure to
lingeringExxon Valdeail, are supported, which would lend strong support to the conclusion that
harlequin duck populations have recovered, based on the criteria for recovery of the species established
by the EVOSTC.

Objective 1. Sample harlequin ducks in oiled and unoiled areas of PWS for CYP1A analyses to evaluate
continuing exposure to lingerirgxxonvaldezoil.

B. Procedural and Scientific Methods

Methods will replicate those from previous work (Trust et al. 2000, Esler et al. 2010) to facilitate time
series comparisons. In brief, we will capture harlequin ducks in several areas that were ditegctlaer
Exxon Valdeail spill, including Bay of Isles, Herring Bay, Crafton Island, Lower Passage, and Green
Island, as well as at nearby unoiled northwestern Montague Island. In each area, at least 20 harlequin
ducks will have small (< 0.59) liver bigsstaken while under general anesthesia. Biopsies will be frozen
in liquid nitrogen immediately and will be maintained in a frozen state until laboratory analysis at UC
Davis by collaborators Liz Bowen, Keith Miles, Jack Henderson, and Barry WilSdm.irciMction will

be determined by measuring hepatieethoxyresorufinO-deethylase (EROD) activity, which is a catalytic
function principally of hydrocarbeimducible CYP1A enzymes.

C. Data Analysis and Statistical Methods

For harlequin ducks, data alysis will follow that of Esler et al. (2010) and will evaluate average
differences in EROD between oiled and unoiled areas, accounting for any effects of age, sex, or mass.
Also, the incidence of elevated exposure, defined as two times the averagedeR@f on unoiled

areas, will be compared between oiled and unoiled areas. Finally, these data will be incorporated into
time series evaluations to document the timeline of exposure to lingdexgn Valdeail.

D. Description of Study Area
This project will focus on harlequin ducks in western PWS. Captures will target birds in Bay of Isles,
Herring Bay, Crafton Island, Lower Passage, and Green Island (all areas that were oiled in 1989), and at



nearby unoiled northwestern Montague Islandgoovide a reference sample. These sites are those that
have been sampled over the entirety of the time series of harlequin duck CYP1A data.

E. Coordination and Collaboration with Other Efforts

This project is coordinated with the Gulf Watch Alaska {@ngn monitoring program funded by the
EVOSTC. A primary goal of the monitoring effort is to evaluate the recovery status of resources in PWS
that were injured by the EVOS, and measuring biochemical indices of exposure in harlequin ducks, a
species recognizkto have protracted recovery from the spill, directly supports that gddiis project

will continue biomarker studies that were initiated in 1998 in western PWS, supported by the EVOSTC,
and methods used will conform to those from earlier studies.

lll. CVsplease see appendif

IV. SCHEDULE
A. Project Milestones

Objective 1.Harlequin duck sampling in oiled and unoiled areas of PWS, for CYP1A analyses, to evaluate
continuing exposure to lingering oil of ducks captured in oiled afBake met i March 31, 2014.

Measurable Project Tasks

FY 14, 1st quarter (February 1, 20A4ril 30, 2014)
Plan for March captures

Arrange lab analysis of samples

Harlequin duck capture, PWS

Shipping of harlequin duck liver biopsies

FY 14, 2nd quarter (May 2014-July 31, 2014)
Laboratory analyses of harlequin duck liver biopsies
Initiate analysis of laboratory data of EROD activity of harlequin ducks

FY 14, 3rd quarter (August 1, 200kttober 31, 2014)
Complete data analyses
Prepare report and submit to ESDC

FY 14, 4th quarter (November 1, 200anuary 31, 2015)
lGGSYR YSSGAY3 2F [¢a tLQAX ! yOK2NF 23S
Attend Annual Marine Science Symposium, Anchorage
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V. BUDGET
Budget Form (Attached)

FY14 PROGRAM PROJECT
PROPOSAL FORM

Project Title:Longterm Monitoring: Lingering OilExtending the Tracking of oil levels and weathering (PAH
composition) in PWS through time.

Project PeriodFebruary 1, 2014 January 31, 2017

Primary Investigator(s)Mark Carls & Mandy Lindeberg, NOAA/NMSF A#elaboratories, 967896019,
mark.carls@noaa.gov




Abstract: This project is a component of the integrated Laagn Monitoring of Marine Conditions and Injured
Resources and Services submitted by McCammon étrad project fills three needanderstanding exposure levels
(past and present) for species such as mussels, intertidal invertebrates, sea otters, and harlequin ducks, (2)
understanding the natural degradation of quantity and composition of PAH over a long time course, and 3) de
longterm source identification by measurement of geochemical biomarkers (triterpanes, hopanes, and steran
The objectives are 1) to determim@ quantity and weathering in 12 PWS beaches 25 years post spill (with repe
every 5 years thereafter®) provide supplementary support analyses for other loergn monitoring collaborators, 3
maintain and expand the hydrocarbon database, and 4) produce annual, final, and published reports. The su
PWS beaches to be monitored are those where seaguestoil is expected to linger for decadest least three
predictive data sets will be considered in determining which beaches are monitored: (1) mussel bed time seri
started in the early 1990s, (2) beach surveys that were continued up to 2004paitmal snodeling analysis that waj
initiated in 2008.

Estimated Budget:
EVOSTC Funding Requested:

FY12 FY13 FY14 FY15 FY16 TOTAL
$19.6 $13.1 $8.7* $169.2* $6.5 $217.1

(Funding requested must include 9% &A)nds originally requested for FY15 are now being requested in FY14
to a shift in sampling datedyecausethe majority of the funds will be needed (in FY15). The FY14 request is eql
to the value originally approved for FY15. This transposition ofding year requests results in no net effect on th
total budget. See Part B, Summary of Project to Date for a detailed explanation.

Non-EVOSTC Funds to be used:

FY12 FY13 FY14 FY15 FY16 TOTAL

Date: August 9, 2013

I. NEED FOR THE PROJECT

A. Statement of Problem

Intertidal areas in western Prince William Sound were extensively coated with Exxon Valdez oil
oil still remains in many beach&s presumably with declining impacts on intertidal invertebrates
such as musséls and also predators such as sea otters and harlequin 8tickShis projec

would revisit approximately 12 of the worst case sites to continue the long term data set that
tracks oil quantity and weathering composition in the contaminated sediments, and establish long
term oil monitoring sites that would be tgampled every 5 yea over the next 20 years.

This project fills three needs: understanding exposure levels (past and present) for species such as
mussels, intertidal invertebrates, sea otters, and harlequin ducks, (2) understanding the natural



degradation of quantity andomposition of PAH over a long time course, and 3) definitive-long
term source identification by triterpane, hopane, and sterane measurement. Understanding
exposure doses is important to injured species, and this would complement biochemical
biomarker evdence (cytochrome P4501A induction) of lingering exposure on sea otters and
harlequin ducks (Ballachey; Esler). Understanding oil loss over time is important for
understanding full recovery of the habitat; in Alaska, this time course is apparently libragein

lower latitude environments. This study would complement and extend previous work, and would
complement the remediation studies by Boufadel in 20Plas well as the Irvine study outside of
PWS in 201:12. The study will retrospectively explageochemical biomarkers (triterpanes,
hopanes, and steranes) in Exxon Valdez oil samples collected over time for comparison with
contemporary results (including the Boufadel study). To avoid confusion, please note that two
very different topics are labeledo A 2 Y N] SNAZQ Ay GKS fAGSNY Gdz2NBzX GKS
previously noted and biochemical evidence of change in living animals, hence we use the term
geochemical for the former and biochemical for the latter. We recognize, however, that these oil
compounds were originally produced by plants.

B. Summary of Project to Date (if applicable)
f LY 3ISYSNIftI KEeERNROINDB2Y O2yOSYiliNI GA2y& AYy tNRY
gSAIKG Ay YdzaaSt GAaadzsS oylryov 7iPdyReedal)ny y3Ik3A S

1 Some beaches remain heavily contaminated; hydrocarbon concentrations in bioremediation

beaches (Boufadel et al) were high, 4.1 %td.0 x 16 ng/g wet weight.

1 Hydrocarbon composition in 2012 bioremediation samples was consistent wtnB/aldez oil.

1 New forensic modeling approaches with geochemical biomarkers provide definitive
identification of stranded oil decades after stranding. Geochemical biomarkers have been
measured in Exxon Valdez source oil and samples collected by Bbefad. Similar analysis of
other source oils in PWS (Monterey crude oil, coal, Constantine Harbor) are not yet complete.

Oil remains biologically available at some Gulf of Alaska locations (Irvine et al)

The hydrocarbon database is undergoing a majarbaul, involving extensive data additions,

record checking, and structure updates. This requires more than 1 pgesameffort, well

above the funded amount.

1 Determination of oil quantity and weathering (composition) at 12 PWS beaches was scheduled
for 2014; we suggest it be delayed until 2015 along with an appropriate shift in yearly funding.
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II. PROJECT DESIGN

Concept

Continue monitoring a subset of beaches in Prince William Sound where sequestered oil is
predicted to linger for long periods of tendecades). At least three predictive data sets will be
considered in determining which beaches are monitored: (1) mussel bed time series started in the
early 1990¥, (2) beach surveys that were continued up to 2)@d spatial modeling analysis

that was initiated in 2008. Simpling techniques will allow extension of time series data (where
they exist), detailed examination of hydrocarbons present (including PAHs, alkanes, and
geochemical biomarkers), verification of hydrocarbon source, weathering state, and estimation of
the amount of remaining oil at specific sites. In addition to sediment samples, mussel tissue will
also be examined for hydrocarbon loads to determine if PAHs are biologically available without
sediment disturbance (such as that created by foraging actyitié limited number of passive
samplers may be deployed in pits dug for sampling purposes to demonstrate the potential for
biological exposure if (or when) sediment is disturbed.



Chemical analyses will be upgraded to include geochemical biomarkeftelgianes, hopanes,

and steranes); these compounds are the most recalcitrant compounds to biodegradation and
weathering, and will yield a more complete picture of the biodegradation/weathering that has
occurred over the last 25 plus years and the futudeyBars. Geochemical biomarker data have

not been collected in the past but are being incorporated in the remediation studies of 2011. We
will analyze new samples, but alsearalyze samples collected in the past that are still stored and
compliment thefuture sampling, plus Exxon Valdez source oil. In addition, geochemical
biomarkers will be measured in a limited number of other known (stored) sources (Constantine
Harbor, coal, and Monterey oil) for comparison and contrast with Exxon Valdez oil.

Lagly, to ensure integration between projects and with past monitoring, we will analyze a limited
number of sediment samples collected from the intertidal monitoring project (e.g. from sea otter
pits) and maintain the hydrocarbon database including new estof all new sampling.

Future intentions: The periodic sampling (every 5 years) should be extended for three more
cycles, ending on year 40 of the post spill era.

A. Objectives
1. Determine quantity and weathering state at 12 beaches in PWS, in 2015.

a. Year 1l (2012). Begin Retrospective analysis of geochemical biomarkers in Exxon
Valdez oil, weathered Exxon Valdez oil, and other potential source oils in Prince
William Sound (Constantine Harbor, coal, and Monterey oil).

b. Year 2 (2013). Continue geocheatibiomarker retrospective analyses.

c. Year 3 (2014). Determine specific subset of beaches to be sampled in 2015.
Continue geochemical biomarker retrospective analyses. Draft a geochemical
biomarker report (and paper).

d. Year 4 (2015). Major field sammlellection effort.

i. Visit 1012 beaches, collect sediment samples for PAH concentration and
weathering profiles

ii. Using random quadrats, measure the quantity of oil on specific beaches to
estimate the quantity present.

iii. Collect mussels near oil patches to elehine bioavailability in tissues.

iv. Place a limited number of passive samplers in disturbed areas to model oil
bioavailability resultant from foraging activity assuming sufficient funding
and interest among other Gulfwatch investigators. Pair these with
samplers deployed without disturbance.

e. Year4,5. Begin and end the chemical analyses of samples collected in primary
field effort, using state of the art GCMS, with geochemical biomarkers included.

2. Supplemental support analyses: Supporgming intertdal projects with chemical
analyses, such as determining PAH levels in sea otter pits or prey items. This will integrate
with the sea otter and harlequin duck biochemical biomarker measurements in those
studies. 10 samples per year depending on regtgefrom other Gulfwatch
investigators.

3. Database: Maintain and add new data to the hydrocarbon database.

a. Add new information to hydrocarbon database. (This database contains data
from all NRDA hydrocarbon samples from 1989 to present, including numerous
data sets from investigators outside ABL.)



b. Prepare a complete FOIA package (100% of the chemical analyses have been
FOIAed in the past, and these data will likely also be FOIAed.
4. Products: prepare annual and final reports as needed; supply collaboveitbrs
appropriate data (e.g. sea otter pit data to sea otter Pl). Prepare synthesis manuscript
summarizing environmental progress after 25 years.

B. Procedural and Scientific Methods
1 Chemical analyses: Standard operating procedures developed at theBayke

Laboratories for hydrocarbon analysis will be used for all sample analyses. These have

resulted in numerous peareviewed publications.

Beaches will be randomly drawn from the identified group of oiled beaches (n = 12).

Beach segments will be up 190 m long. Sampling by quadrat will be random across

beaches, divided by upper, middle, and lower tide intervals; all based on past studies.

4 Beaches will be accessed by charter boat during spring or summer months during one
cruise. Passive samplersiwié deployed at the front end of the cruise and picked up
at the back end.

Project integration

5 This project continues hydrocarbon analyses started prior to 1989 in Prince William
Sound and recorded in a hydrocarbon database that encompasses multipleiege
collection sites, and matrices. This database has been maintained by Auke Bay
Laboratory (ABL) personnel since the time of the Exxon Valdez oil spill.

6 The major field sampling of 2014 will use methods developed in earlier studies and
will conform b those methods for intercomparison over time.

7 ¢CKAA LINRP2SOG gAff O2YLX SYSyid aSTFSOGha¢e addzRA
specifically targeted to those projects, and will complement the remediation studies
of Boufadel (same analyses with geochexhlwiomarkers included), and will
complement the tracking study by Irvine outside of PWS.

w N

Project Logistics:

8 Major fieldeffort in PWS in 2014 will be on a local charter, consisting of a field crew of
up to 6 people. Federal personnel will lead the cruise effort, although some contract
labor will likely be used for the labor intensive beach surveys. Laboratory logistics
(chem labs, GCMS) will be at the Auke Bay Laboratories in Juneau Alaska. Senior staff
will conduct the instrumental analyses, but processing effort will be by contractors.

C. Data Analysis and Statistical Methods

The basic statistical approach is regiessanalysis of time series data. Regression fits and slopes
provide evidence for significant change (or not) and direction of change. To assess the usefulness of
fitted regressions we compare the observed ANOVALB to the critical ¥. Knowledge of measured
background levels provide an assessment of when a beach may be considered recovered (or at least
indistinguishable from background levels). A third apprdaalinderstanding the data is source
identification; we use several published PAH source métié]have recently written a more robust
version of one of these, and have developed biomarker source models as a result of Selendang Ayu
studies. These models provide insight as to sample condition and independent assessment of whether
or not samples match background conditions. We also map hydrocarbon distributions to understand
geographic and temporal changes using ArcMap. Spatition at the beach level is addressed by
replicate sampling and by random and composite sampling. Two examples of hydrocarbon time series
are illustrated below to demonstrate these tools.
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Fig. 1 Example mean (xSE) total polynuclear aromatitdgarbon (TPAH) concentrations in mussel

tissue and total petroleum hydrocarbons (THC) in underlying sediment; 1992, an extension of Carls

et al. (2001). Exponential regressions are bounded by 95% confidence bands. Horizontal dashed lines
indicateabovebackground concentrations. Arrows indicate the upper 95% confidence bound for TPAH
in reference mussels (3.8 ng/g dry weight). See Fig. 2 for color and symbol fill keys; THC hydrocarbon
source information cannot be determined from THC data.



Fig 2. Total PAH concentrations in mussels and sediment from all sites in Prince William Sound. Symbol
fill indicates identification oExxon Valdeail by components of the consensus model; a fpamametric

model (PSCORE; Carls 2006), afingjerprint model (OFM; Bence and Burns 1995), and a-dirder

lossrate model (FORLNBhort and Heintz 1997). Symbol colors are based consensus scores: Above



