
FY14 PROGRAM PROPOSAL FORM 

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

Program Period: February 1, 2014ς January 31, 2015 

Team Lead(s): Molly McCammon (Alaska Ocean Observing System, 1007 W.  Third Ave, suite 100, Anchorage, AK 
99501, mccammon@aoos.org, 907-644-6703), Katrina Hoffman (Prince William Sound Science Center), Kris Holderied 
(NOAA Kasitsna Bay Laboratory) 

Abstract: The goal of the Long-term Monitoring (LTM) program, now known as Gulf Watch Alaska, is to provide sound 
scientific data and products that inform management agencies and the public of changes in the environment and the 
impacts of these changes on Exxon Valdez oil spill (EVOS) injured resources and services. The five-year program 
includes: 1) four monitoring components (environmental drivers, benthic, pelagic, lingering oil); 2) data management 
services; 3) integrated syntheses of data; 4) historic data recovery and syntheses; and 5) science outreach.   
The program has six primary objectives: 
1. Sustain and build upon existing time series in the EVOS-affected regions of the Gulf of Alaska. 
2. Provide scientific data, data products and outreach to management agencies and a wide variety of users.  
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. 
5. Enhance connections between the Gulf Watch Alaska  and Herring Research and Monitoring (HRM) programs.   
6. Leverage partnerships with outside agencies and groups to integrate data from broader efforts.  
 
Some highlights from our progress in year 2 of the program  include: 
a) Successful completion of annual field data collection and reporting for all monitoring projects under the program. 
b) Published 70 (19%) of the 370 historical, EVOS-funded data sets, with an additional 26 in process of publication.   
c) Refined sampling protocol to improve sampling efficiency for forage fish data collection in Prince William Sound. 
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 projects and 

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% GA) *Includes additional funds requested for 14140114-Q Lingering oil and a FY 
shift of funds from FY14 to FY15 for lingering oil 14140114-S 
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 the work performed by the Gulf Watch Alaska program to date has focused on 
execution of the monitoring projects, coordination of efforts across the program, development 
of new collaboration tools within the program, and improvement of public data accessibility, 
cataloging, and publication.  We have also worked to develop integrated program synthesis 
tools and design and revise a program website for outreach.  Specific accomplishments related 
to the program objectives are described below.  

 
Integrated program management, data services, science synthesis & outreach  (Leads ς McCammon, 
Holderied and Hoffman) 

Overall program management and administration has proceeded as expected and year two of the 
program is advancing as proposed. We have made substantial progress toward 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 Alaska, The Long-term Monitoring program of the Exxon Valdez Oil Spill Trustee 
Council), logo, website domain, PowerPoint and poster templates, pop-up displays, display banners, 
brochure, presentation folder and bookmarks. Our website has undergone substantial revision, including 
new user interactive graphics and project pages for all projects within the program (see Figure 1, 
www.gulfwatchalaska.org).  The data management team has updated the Ocean Workspace, an internal 
information and data-sharing portal, with new tools, and has developed the Gulf Watch Alaska live data 
portal. The public data portal provides data from the program as well as from other monitoring 
programs in the Gulf of Alaska (http://data.aoos.org/maps/search/gulfwatch.php). 

 

Figure 1. New Gulf Watch 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 provide access to researchers, managers, and the 

public.  Currently, we have documented and published 19% (70) of the 370 data sets that were 

identified from historical EVOS funding with 7% more in process of publication.  The data sets are 

available on the KNB Metacat server at: http://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 Principal Investigators from HRM and NPRB 
programs to inspire ideas, share information, and develop research products. Another important 
tool for integration is the conceptual model for which development is ongoing with the visual 
diagram representing key linkages based on LTM PI input anticipated in the summer of 2014.  

Environmental Drivers Monitoring Component (lead ς Weingartner & Hopcroft) 

All of the oceanographic monitoring projects have completed successful field sampling seasons 

following previous proposals to date.  Principal investigators are focused on several interesting 

topics including working on relating long-term Seward-line sea-level variability to forcing 

mechanisms and providing derived time-series data products to the Ocean Workspace data sharing 

portal.  Some interesting findings include:  

¶ Tides and atmospheric pressure variations (the inverted barometer effect) are largely 

responsible for sea level variations. 

¶ The upper 100m of along the Seward Line was 0.7°C colder in 2012 in May than the 15-year 

mean causing progression of seasonal cycles for plankton to be delayed: the spring bloom 

was partially captured, while the development rates of key zooplankton species was slowed. 

Some field challenges include difficulties with the electronic communications in 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.   

Pelagic Monitoring Component (lead ς 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 catalogs for 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 data is currently 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 challenges 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 project.  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 and that a final report will be 

provided by June 1, 2014.    

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


Benthic Monitoring Component (lead ς Ballachey) 

All of the Benthic Component projects have completed successful field sampling season as outlined 

in the intial program proposal.  Interesting findings include the discovery of a live oyster (C. gigas), 

found during 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 sites has been observed in data collected 

through 2012.  Notable findings from Kachemak Bay include a strong recruitment event in mussels 

observed at one site in Kachemak Bay but not others, indicating at site-specific dynamics in 

recruitment.  We also found that clam composition is site-specific in Kachemak Bay, also suggesting 

the presence of strong local dynamics within the bay.  

Lingering Oil Monitoring Component (lead ς Ballachey): 

Both of the Lingering Oil Component projects have completed successful field sampling seasons as 

outlined in the intial program proposal. Samples were taken from both sea 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 unoiled areas.  Hydrocarbon sample processing has focused 

on samples and data that contribute to long-term understanding of conditions in Prince William 

Sound and along the Gulf of Alaska. Hydrocarbon analyses and biomarker measurements have been 

completed for Gulf of Alaska samples and principal investigators are now writing the report (Irvine 

et al).  

B. Summary of work to be performed 
We are planning the following overarching activities during the next year of the program: 
a) Conduct monitoring efforts in accordance with program milestones.  
b) Continue to review and add program data and related historic related data to the Gulf of Alaska data 

portal. 
c) Conduct an in-person principal investigator meeting and time series analysis workshop, with a focus 

on enhancing integration of efforts within the program and with external partners.  
d) Continue outreach and information dissemination efforts at community level events, workshops, 

and scientific meetings and through the revised website. 
e) Continue to refine and coordinate sampling methods for specific projects. 
f) Continue data assimilation and archiving efforts in collaboration with NCEAS. 
g) Work closely with the Herring Research and Monitoring program to develop the program science 

synthesis reports and begin planning the 2015 workshop. 
 
Additional funding is requested, per discussions with the EVOSTC staff, for the project on EVOS 
exposure of harlequin ducks and sea otters (12120114-Q), in order to extend harlequin duck 
sampling into FY14.  Findings from the FY13 sampling, in which the 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 results.  We are also requesting to delay by one year (move 
from FY14 to FY15) fǳƴŘƛƴƎ ŦƻǊ ǎŀƳǇƭƛƴƎ ƻƛƭ ƛƴ ǎŜŘƛƳŜƴǘǎ ǳƴŘŜǊ ǘƘŜ άhƛƭ ƭŜǾŜƭ ŀƴŘ ǿŜŀǘƘŜǊƛƴƎ 
ǘǊŀŎƪƛƴƎέ ǇǊƻƧŜŎǘ όмнмнлммп-S; Carls). The purpose of the delay is to position the project to best 
respond to findings from the bioremediation project (Boufadel, EVOSTC #11100836), the lingering 
oil distribution modeling (Nixon, EVOSTC #12120117), and to consider new findings from Gulf Watch 
Alaska monitoring. 



A summary of individual project plans has been provided in our semi-annual report (dated Aug 30, 2013) 
and details are provided in the individual project proposal forms attached in Appendix 1.  
 
C. Budget changes from prior years 
There are no significant changes to budgets requested in prior years.  As described in the individual 
project proposals, some projects have had a lag in spending due to changes in staffing, equipment issues 
and invoicing delays for subcontracts.  We anticipate that we will meet expected spending levels in the 
near future.  
 
D. Completed budget spreadsheet (attached) with a summary page for the entire program.   

 
E. Proposals from each individual project contained within the program.  Attached as Appendix 1, 

with curricula vita for the principal investigators attached as Appendix 2.  
 
Attachments: 
Program Project Proposal Forms and CVs (Appendix 1 and Appendix 2)  
Budget Form 

 
 

Appendix 1 for FY14 Program Proposal - Section E: Individual Project Proposals 

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

Resources and Services 

Program Period:  February 1, 2014 ς January 31, 2015 

Individual project proposal forms are provided for the Long-term Monitoring program, also known as 

Gulf Watch Alaska.  The individual project forms are organized within integrated program services and 

under the three monitoring program components.   

A.  Integrated program management, data services, outreach and science synthesis 

1. a. Program coordination and logistics ς Prince William Sound Science Center (PWSSC) and Alaska 
Ocean Observing System (AOOS) 
b. Outreach - AOOS 

2. Data management ςAOOS/Axiom Consulting  
3. Historical data management and synthesis ς National Center for Ecological Assessment and 

Synthesis (NCEAS) ς EVOS TC Project# 12120120 
4. Science coordination and synthesis ς NOAA Kasitsna Bay Laboratory (KBL) 
5. Conceptual ecological modelingς Alaska Sea Life Center  (ASLC) 

 

B. Environmental drivers monitoring component 
6. Gulf of Alaska mooring (GAK1) monitoring ς University of Alaska Fairbanks (UAF)  
7. Seward line monitoring ς UAF  
8. Oceanographic conditions in Prince William Sound ς PWSSC  



9. Oceanographic monitoring in Cook Inlet ς Alaska Department of Fish and Game (ADFG) / 
Kachemak Bay Research Reserve (KBRR)/ KBL  

10. Continuous plankton recorder ςSir Alister Hardy Foundation for Ocean Science (SAHFOS) 
 

C. Pelagic monitoring component 
11. Ability to detect trends in nearshore marine birds ς USNPS Southwest Alaska inventory and 

monitoring Network (SWAN)  ς year 1 (no year 2 funding) 
12. Long-term killer whale monitoring ς North Gulf Oceanic Society (NGOS) 
13. Humpback whale predation on herring ς NOAA National Marine Fisheries Service (NMFS) Auke 

Bay Laboratory 
14. Forage fish distribution and abundance ς U. S. Geological Survey (USGS) Alaska Science Center 
15. Prince William Sound marine bird surveys ς U.S. Fish and Wildlife Service (USFWS) 

 

D. Benthic monitoring component 
16. Nearshore benthic systems in the Gulf of Alaska ς USGS Alaska Science Center/ USNPS SWAN, 

Coastal Resources Associates  
17. Ecological Communities in Kachemak Bay ς UAF 

 

E. Lingering oil component 
18.  EVOS oil exposure of harlequin ducks and sea otters ς USGS Alaska Science Center 
19.  Oil level and weathering tracking ς NOAA/NMFS Auke Bay Laboratory 

Integrated program management, data services, science synthesis & outreach  (Leads ς McCammon, 

Holderied and Hoffman) 

A.1.a Program coordination and logistics ς Hoffman (PWSSC) 

 

FY14 PROGRAM PROJECT 
PROPOSAL FORM 

 
Project Title: Long term monitoring: Long term monitoring: Program management component ς Administration, 

Science Review Panel and PI Meeting Logistics, and Outreach and Community Involvement 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Katrina Hoffman, Prince William Sound Science Center 



Abstract: This project is a component of Gulf Watch Alaska (GWA), the integrated Long-term Monitoring of Marine 

/ƻƴŘƛǘƛƻƴǎ ŀƴŘ LƴƧǳǊŜŘ wŜǎƻǳǊŎŜǎ ŀƴŘ {ŜǊǾƛŎŜǎ ǇǊƻƎǊŀƳ ǎǳōƳƛǘǘŜŘ ōȅ aŎ/ŀƳƳƻƴ Ŝǘ ŀƭΦ ¢ƻ ƳŜŜǘ DǳƭŦ ²ŀǘŎƘ !ƭŀǎƪŀΩǎ 

long-term restoration monitoring goal, this 5-year long-term 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 and 
with the proposed Herring Program;  

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

 5) Provide data and scientifically-based 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 priorities for the next 20 years. 

This project addresses administration and fiscal management of the program. To achieve that, the Prince William 

Sound Science Center is serving as the administrative lead and fiscal agent responsible for: managing award contracts 

for all non-Trustee Agency projects within the program; ensuring the program and projects adhere to all reporting 

policies, practices and timelines; serving as a liaison between the program and EVOSTC staff; coordinating travel and 

logistics for principal investigator annual meetings; coordinating travel and logistics for outreach efforts; participating 

in an annual audit; and providing administrative support to the outreach and community involvement component of 

the GWA program. The Outreach and Community Involvement component is coordinated by the Alaska Ocean 

hōǎŜǊǾƛƴƎ {ȅǎǘŜƳΦ {ŜŜ aŎ/ŀƳƳƻƴΩǎ ǇǊƻƎǊŀƳ ǇǊƻƧŜŎǘ ǇǊƻǇƻǎŀƭ ŦƻǊƳ ŦƻǊ ŘŜǘŀƛƭǎΦ 

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

EVOSTC Funding Requested:  

FY12 FY13 FY14 FY15 FY16 TOTAL 

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

(Funding requested must include 9% GA)  

Non-EVOSTC Funds to be used:   

FY12 FY13 FY14 FY15 FY16 TOTAL 

      

 

Date: August 30, 2014 

 

I.  NEED FOR THE PROJECT 

A. Statement of Problem 



Efficient and cost-effective administration of Gulf Watch Alaska (GWA), the Long-term monitoring 

program of the Exxon Valdez Oil Spill Trustee Council, was required and responsibility for said 

management is held by the Prince William Sound Science Center (PWS Science Center or PWSSC) in 

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 GWA program. Our consortium includes three organizations that comprise 

the Program Management Team (PMT): PWSSC, acting as the administrative lead and fiscal agent, the 

NOAA Kasitsna Bay Laboratory (KBL) serving as the science program lead, and the Alaska Ocean 

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 about the spill-affected region, has extensive 

experience with managing multi-million dollar science programs with multiple partners, and has the 

capacity to leverage significant additional dollars. 

B. Summary of Project to Date  

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

and managing contracts to all non-Trustee agency organizations funded through this program; 

completing fiscal reporting; tracking plans for creation of the Scientific Review panels; setting up 

logistics for and supporting annual PI 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 Communitȅ LƴǾƻƭǾŜƳŜƴǘΣ ǇƭŜŀǎŜ ǎŜŜ aŎ/ŀƳƳƻƴΩǎ ǇǊƻƧŜŎǘ 

proposal form. 

II. PROJECT DESIGN 

A. Objectives 

Objective 1 Fiscal management tasks 

a. Award and management of all contracts and subawards for non-Trustee organizations 
involved in this program (this will total 6 contracts1 in addition to the 2 PWSSC projects);  

b. Timely submission of financial reports;  
c. Completion of annual audits; and  
d. Monitoring of project spending. 

 
The budget assumes that funding to Trustee Agencies is provided directly to that agency and not 

through PWSSC.  The PWSSC awards contracts to all non-Trustee organizations involved in this 

proposal1, with two exceptions for two co-PIs who are working with Trustee agency projects (Straley 

from University of Alaska Southeast and Dean from Coastal Resourceǎ !ǎǎƻŎƛŀǘŜǎύΦ {ǘǊŀƭŜȅ ŀƴŘ 5ŜŀƴΩǎ 

                                                           
1
 Contracts are administered to the Univ. of Alaska Fairbanks (Hopcroft, Weingartner, 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 2 Formation and operation of a scientific review panel 

Costs associated with the formation and operation of a scientific review panel for the GWA program is 

included in the administrative fee. These costs include administrative assistance and travel 

arrangements and expenses. Science Team Leader Kris Holderied will recruit four members for a 

scientific oversight panel to help guide the program and ensure that the monitoring program is relevant 

to the long-term goal.  We anticipate that the oversight panel will consist of people representing Alaska 

Department of Fish 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 projects, and provide outreach and 

public input opportunities. 

Objective 3 Travel expenses for the Annual Meeting of GWA PIs 

The travel portion of the administrative budget includes funds to host and support an annual meeting in 

Anchorage of the project principal investigators.  

Objective 4 Travel 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 5 Outreach and Community Involvement 

The outreach/community involvement component of GWA is facilitated 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 Center (ASLC) in Seward, the Kachemak Bay Research Reserve (KBRR) in Homer, and COSEE 

Alaska (Center for Ocean Science Education Excellence).  For details, see the Outreach and Community 

Involvement program project proposal form submitted by McCammon. 

B. Procedural 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 PI meetings will be held in Anchorage or elsewhere in the EVOS region. 
Outreach and community involvement activities will be completed throughout the EVOS region. 
 
E. Coordination and Collaboration with the Program 

Indicate how your proposed project relates to, complements or includes collaborative efforts with the 

Program.  LŘŜƴǘƛŦȅ Ƙƻǿ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿƛƭƭ ŀǎǎƛǎǘ ƛƴ ǘƘŜ ŀƴǎǿŜǊƛƴƎ ƻŦ ǘƘŜ tǊƻƎǊŀƳΩǎ ƘȅǇƻǘƘŜǎƛǎ ŀƴŘ Ƙƻǿ 

data collected as part of this project may be used by other projects. Describe any coordination 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, sample 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 names of agency or 

organization representatives involved in the project should be provided. If your proposal is in conflict 

with another project, note this and explain why.   

III. CVs/RESUME 

See program appendix. 

IV. SCHEDULE 

A. Project Milestones 

Objective 1. Fiscal Management  
Management of contracts to non-Trustee agency organizations is ongoing. 
Quarterly fiscal project monitoring is in effect. 

  Annual audits of PWSSC have been conducted.   
 

Objective 2. Assist with Scientific Review Panel 
 Setup of the panel has been delayed in order to make the most effective use of panel 

ƳŜƳōŜǊǎΩ ǘƛƳŜ ƛƴ ŀŘǾŀƴŎŜ ƻŦ ǘƘŜ ǎȅƴǘƘŜǎƛǎ ǿƻǊƪǎƘƻǇΦ tƭŀƴƴƛƴƎ ƻŦ ǘƘŜ ǎȅƴǘƘŜǎƛǎ 
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 synthesis workshop). 

 
Objective 3. Support travel and logistics for annual PI meetings 

   PI meetings are being held annually, typically in November (including an upcoming 
meeting in November 2013). 

 
Objective 4. Support Outreach Steering Committee 
  PWSSC is providing ongoing support for outreach travel and logistics. 
 
Objective 5. Coordinate Outreach and Community Involvement Activities 
  See details in McCammon project proposal. 
   



B. Measurable Project Tasks 

FFY 14 (February 1, 2014-September 30, 2015) 

Assist Science Team Leader with meeting setup and travel logistics for PI meeting 
Attend annual PI meetings of LTM and Herring Research programs 
Attend Alaska Marine Science Symposium  
Meet with EVOS TC Public Advisory Committee  
Submit annual report on monitoring efforts 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 ς McCammon (AOOS) 

 

FY14 PROGRAM PROJECT 
PROPOSAL FORM 

Project Title:  Outreach and Community Involvement 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Molly McCammon, Alaska Ocean Observing System 



Abstract:  
The Outreach and Community Involvement component uses a Steering Committee, coordinated by the Alaska Ocean 
Observing System (AOOS), to set priorities for outreach and communication activities for the program.  These 
activities include a public website, science lectures, radio programs and symposia, publications and other materials 
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 the Prince 
William Sound Science Center and begin new ones at the Alaska SeaLife Center.  We will have a larger presence at the 
Alaska Marine Science Symposium and other more local science symposia.  We will continue to expand materials on 
the Gulf Watch website (www.gulfwatchalaska.org) and 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 Alaska Sea 
Grant, and use the results as a springboard for a regional planning discussion on potential incorporation of 
community based monitoring and traditional ecological knowledge as part of the Gulf Watch program.  Depending on 
results of external fundraising appeals, we may continue efforts to initiate a Day in Our Sound filming and other 
outreach activities. 
 

Estimated Budget:  
EVOSTC Funding Requested:  

FY12 FY13 FY14 FY15 FY16 TOTAL 

$60.1 $69.4 $77.4 $75.0 $66.0 $348 

(Funding requested must include 9% GA)  
**Note that this funding is included with Hoffman, PWSCC-Admin, project number 14140114. 
 
Non-EVOSTC Funds to be used:   

FY12 FY13 FY14 FY15 FY16 TOTAL 

      

 
 

Date: August 30, 2013 
 

 
 
 
 
 
I.  NEED FOR THE PROJECT 
A. Statement of Problem 
tǳōƭƛŎ ƻǳǘǊŜŀŎƘ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ƛƴǾƻƭǾŜƳŜƴǘ ƛǎ ŀ ƪŜȅ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ 9±h{ ¢ǊǳǎǘŜŜ /ƻǳƴŎƛƭΩǎ [ƻƴƎ 
Term Monitoring Program and is coordinated by AOOS within the overall Administration and Science 
Logistics component.  
 
B. Summary of Project to Date (if applicable) 
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 SeaLife Center, North Pacific Research Board, COSEE Alaska, NOAA, 
USGS and Alaska Sea Grant); establishing a public website (www.gulfwatchalaska.org) that is newly 
revised and updated; developing the first phase of an Outreach 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 Committee.about these activities.  These activities are closely coordinated with outreach 
activities sponsored by the EVOS TC Herring Research and Monitoring Program. 
 
II. PROJECT DESIGN 
A. Objectives 
Objective 1 Travel 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 LTM Project Outreach and Community Involvement 
I. Overall Approach   
The outreach/community involvement component of the LTM Project is facilitated 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 Center (ASLC) in Seward, the Kachemak Bay Research Reserve (KBRR) in Homer, COSEE 
Alaska (Center for Ocean Science Education Excellence), as well as NOAA and USGS. Alaska Sea Grant is 
now an additional partner. We have met once with the EVOS TC Public Advisory Group and in Year 3 will 
reach out to the communities in the oil spill region to discuss and refine our activities for outreach and 
community involvement.  Our efforts are also closely coordinated with 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.  They have 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 committee decides on final 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 mini-grant program, for potential activities. 
 
B. Procedural and Scientific Methods 
Not applicable. 
 
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 with the Program 
Our partner organizations offer significant resources to this effort.  
AOOS: AOOS 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 the University of 



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 committed significant resources to its web-based data portal 
(www.aoos.org) and data products developed in response to stakeholder needs.  As part of a national - 
as well as a global - network of ocean observing systems, AOOS has 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 Alaska, a network of 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 hands-on 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 OSRI: Based in Cordova, these organizations are the primary contact point for communities 
ŀƴŘ ŜŘǳŎŀǘƛƻƴ ǇǊƻƎǊŀƳǎ ƛƴ ǘƘŜ ǎƻǳƴŘΦ ¢ƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴǎΩ ŜŘǳŎŀǘƛƻƴ ǊŜǎƻǳǊŎŜǎ ǿƛƭƭ ǇǊƻǾƛŘŜ ŀǊǘƛŎƭŜǎ ƛƴ ǘƘŜ 
Delta-Sound 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 through the 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. 
 
KBRR: For Cook Inlet/Kachemak Bay, the Kachemak Bay Research Reserve and the Kasitsna Bay Lab will 
support outreach and education services at: KBRR Discovery Labs (free-learning science education 
events for general public and K-12); "Bay Science" articles in Homer News, Homer Tribune and Peninsula 
Clarion papers; "Kachemak Currents" informational radio spots on science topics; K-12 science camps at 
Kasitsna Bay Lab (serving approximately 25 groups and 700 students) and marine science classes 
(university as well as continuing education for tribal environmental coordinators and teachers) at 
Kasitsna Bay Lab. 
 
ASLC: The SeaLife /ŜƴǘŜǊ ƻǇŜǊŀǘŜǎ !ƳŜǊƛŎŀΩǎ ƴƻǊǘƘŜǊƴ-most research aquarium as a non-profit 
ƻǊƎŀƴƛȊŀǘƛƻƴ ŀƴŘ ƛǎ ōƻǘƘ ŀ ƳŀƧƻǊ ƳŀǊƛƴŜ ǊŜǎŜŀǊŎƘ ŎŜƴǘŜǊ ŀƴŘ ƻƴŜ ƻŦ !ƭŀǎƪŀΩǎ ƭŀǊƎŜǎǘ ƳŀǊƛƴŜ ǘƻǳǊƛǎƳ 
attractions. The ASLC has a multi-faceted formal and informal education and outreach program, 
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 within and outside the Center. The Center is also the designated Alaska 
Coastal Ecosystem Learning Center under the Coastal America Partnership ς a network of some 23 
aquariums nationally who receive more than 20 million visitors/year.  This network is now supported by 
the NOAA-Smithsonian 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 EVOSTC science program.  This exhibit is popular, but could 
be readily enriched by improved interactive exhibits, expanded distance education offerings (the ASLC is 
ŎǳǊǊŜƴǘƭȅ !ƭŀǎƪŀΩǎ ƭŀǊƎŜǎǘ ǇǊƻǾƛŘŜǊ ƻŦ ƳŀǊƛƴŜ ŘƛǎǘŀƴŎŜ ŜŘǳŎŀǘƛƻƴ ǇǊƻƎǊŀƳǎ ǘƻ ƭƻǿŜǊ пу ŀƴŘ ƛƴǘernational 
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 school/community based presentation forums 
 

http://www.aoos.org/


Community involvement: Communities in the spill-affected 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 Chenega, Port 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 mini-science symposiums in spill area communities, and contribute to 
the proposed Wisdomkeeper conference sponsored by spill area communities.  In this 5-year proposal, 
we propose to begin discussions with spill-area communities (primarily Prince William Sound and lower 
Cook Inlet) concerning development of a potential community-based 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. 
 
LLLΦ /±Ωǎκw9{¦a9{- Please see Appendix 2. 
 
IV. SCHEDULE 
A. Project Milestones 
 
Objective 1. Provide travel expenses for Outreach Team. 

Ongoing support for travel and logistics 
 

Objective 2. Coordinate program outreach and community involvement activities. 
Develop Phase II of Outreach and Community Involvement Plan by February 1 2014 
Identify options for potential community involvement and community based monitoring 

in     program by September 1, 2014  
Implement Plan - ongoing 

 
B. Measurable Project Tasks 
Program Year 3 (February 1, 2014-January 31, 2015) 
Develop Phase II Outreach and Community Involvement Plan  
Co-sponsor and participate in Communicating Ocean Science Workshop at Alaska Marine Science  
 Symposium (AMSS) 
Host exhibit and posters at AMSS  
Co-sponsor Community Based Monitoring Best Practices conference (to be held in April 2014) 
Share conference results and use to develop options for potential CBM activities in region 
Develop 3-4 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 (Kodiak, Homer, Cordova, Valdez) 
Contribute content to annual Delta Sound Connections newsletter 
Maintain www.gulfwatchalaska.org website 
Update written and web-based materials describing LTM program 
Meet with EVOS TC Public Advisory Committee 
Depending on results of Day in Our Sound funding appeals, decide on next project activities 
 
V. BUDGET 
Budget Form (See attached budget spreadsheet) 
 

http://www.gulfwatchalaska.org/


 FY14 PROGRAM PROJECT PROPOSAL FORM ς A.2 

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

Project Period: Feb 1st 2014 to Jan 31st 2015 

Primary Investigator(s): Rob Bochenek, Axiom Consulting & Design, rob@axiomalaska.com, (907)230-0304 

Abstract: This project supplies the EVOS Long Term Monitoring (LTM) effort with critical data management support 
to assist study teams in efficiently meeting their objectives and ensuring data produced or consolidated 
through the effort is organized, documented and available to be utilized by a wide array of technical and 
non technical users.  This effort leverages, coordinates and cost shares with a series of existing data 
management projects which are parallel in scope to the data management needs of the long term 
monitoring program.  In the first two years, this project would focus on providing informatics support to 
streamline the transfer of information between various study teams and isolate and standardize historic 
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 focus on 
developing management and outreach applications for the 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 6th 2013 

 

 

 

 

 

I.  NEED FOR THE PROJECT 

A. Statement of Problem 

In the two decades following the Exxon Valdez oil spill (EVOS), and after extensive restoration, research 

and monitoring efforts, it has been recognized that full recovery from the spill will take decades and 

mailto:rob@axiomalaska.com


requires long-term monitoring of both the injured resources and factors other than residual oil that 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 communities who depend on the resources.  In addition, long-term, 

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 and services 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 EVOS Trustee Council-funded 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.  Interdisciplinary 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 variety of data collection protocols 

and the vast range of oceanographic variables studied. Data may derive from automated real-time 

sensors, remote sensing satellite/observational platforms, field/cruise observations, model outputs, and 

various other sources. Variables can 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, developing data 

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, 

end-to-end approach in addition to a fundamental 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 cross-agency utilization of data. Technical barriers, 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. 

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 and planning with Matt Jones to coordinate future 

activities.  PIs have participated in several PI meetings and are coordinating activities between the 

Herring and LTM programs. In addition, the AOOS ocean workspace has been rolled out to PIs and their 

user and group profiles have been created.  Several training seminars have been held via webinars and 

PIs are beginning to use the system to organize and consolidate their project level data.  Software 

engineers at Axiom have also been working to support workspace, resolving 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 services for 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 effort into the AOOS 

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 optimization, 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 Procedures (SOPs) for data 
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 manage 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 
ŀǎǎŜǎǎ ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ŜŀŎƘ ƛƴŘƛǾƛŘǳŀƭ [¢a ǇǊƻƧŜŎǘΩǎ Řŀǘŀ ŎƻƭƭŜŎǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎΦ  ¢Ƙƛǎ ƛƴitial 
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 level data 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 PIs need both flexible and powerful tools to assist them in sharing, archiving 
and documenting their research products.        
 
The AOOS data management group is currently developing a web base platform for PIs to manage 
project level data sets and author metadata.  System development is currently funded through internal 
AOOS funds in additional to dedicated funding from the Prince William Sound Science Center.  The AOOS 
Ocean Workspace will provide a web based platform for PIs to post and share data sets and rapidly 
author metadata.  The system will be enabled with security authentication in 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 metadata 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 commence in August 2011 with a 
planned release date of October 1st, 2011.  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 data integration.  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 base and focused 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 development. 

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 data deemed 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 project will be merged 

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 effort.  These data 

resources are listed in Table 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) provides 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 

managers have 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 level data sets, 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 manage all of these 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 salvaging historic 

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 management staff 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 

Ŧǳƭƭȅ ƛƴ ǘƘŜ ά/ƻƻǊŘƛƴŀǘƛƻƴ ŀƴŘ /ƻƭƭŀōƻǊŀǘƛƻƴ ǿƛǘƘ hǘƘŜǊ 9ŦŦƻǊǘǎέ ǎŜŎǘƛƻƴ ƻŦ ǘƘƛǎ ǇǊoposal.  These existing 

data resources include a wide array of physical and biological data sets in the general spill affected 

areas.  These resources can be accessed at http://data.aoos.org.    

http://data.aoos.org/


 

Objective 3.  Develop tools 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 LTM project 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 varying 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 emergency response 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 informational 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 development of a user access 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 version of 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 at http://data.aoos.org/.    

http://data.aoos.org/


 

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 explorer displaying 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 figure from 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 storage and public 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 long term 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 organization.  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 Analysis and Statistical Methods 

The overarching strategic plan for the AOOS data system involves implementing an end-to-end 

technological solution which allows data and information to be channeled and distilled into user-friendly 

http://data.aoos.org/


products while simultaneously enabling 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 produced by researchers, 

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 and connected 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, time, 

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 multiple sources, 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 together to create 

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. 

 

 

Figure 2. Data knowledge 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. 
 



¶ Tier 1 (Data, Models and Metadata) ς 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 databases. The 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 
(CSV) text 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 model data will be 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 will be utilized to serve GeoTIFF, ArcGrid, ImageMosaic 
and other two dimensional imagery/raster data. 
 

¶ Tier 2 (Interoperability Systems) ς Various interoperability servers (GeoServer, THREDDS, 
ncWMS, 52 North SOS, etc.) will be implemented on top of source data. By design, these servers 
will expose a powerful set of interfaces for other computing systems and humans to extract, 
query, and visualize the underlying source data. These systems will facilitate all aspects of data 
delivery to users in addition to providing the muscle for the machine-to-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.  

 

¶ Tier 3 (Asset Catalogue, Ontological Metadata and Services) ς The asset catalogue provides a 
description of known internal and external available data resources, access protocols for these 
resources (interoperability services, raw file download, etc.), and directives 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 the data 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 stored 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 data-providing 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: 
 

¶ Source ς Service URLs and methods of interaction for these services.  

¶ Data formats and return types ς Data format returned by the service and how data can 
be equated between various formats.  

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

¶ Time (t) ς For data resources with a time component: document time span, whether 
time corresponds to a single moment or if it is representative of a time period. If data is 
in discrete periods, document individual available periods. 



¶ Taxonomy ς Taxonomic data mapped to International Taxonomic Information System 
(ITIS) codes. 

¶ Parameter ς Parameter(s) and units in the data 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 language will 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 known data 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: 

 

¶ Users can load 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. 

¶ All real 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 exist in a wide 
array of formats and service protocols. 

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

 

¶ Tier 4 (User Applications) ς Users interface with web based applications that bring together 
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. Applications will also 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 needs and 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, metadata, and other 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 bounding coordinates of this area are 59.767, -145.837, 61.834, and -154.334 

E. Coordination and Collaboration with Other Efforts 

¢Ƙƛǎ ǇǊƻǇƻǎŀƭ ƛǎ ǇŀǊǘ ƻŦ ǘƘŜ ƛƴǘŜƎǊŀǘŜŘ άLong-Term Monitoring of Marine Conditions and Injured 

Resources and Servicesέ ǇǊƻǇƻǎŀƭ ǎubmitted by the Prince William Sound Science Center to the Exxon 

Valdez Oil Spill Trustee Council.   It includes the collaboration and coordination described there for work 

within the herring research group and with the Long-Term Monitoring PWS Herring Research 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 leveraged resources, 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. AOOS ς (500k to AOOS DM) Alaska oceanographic data management effort.  Supports open 

source, standards based data system that serves up and archives real-time sensor 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 centers.  Data Management 

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 that have 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 products would be transferred to the University of Alaska. 

2. PWSSC ς PWSSC Data Management Project ($50K to AOOS DM).ς Project involves the creation 

of a prototype data management system for use by PWSSC staff to manage, track, document via 

metadata and visualize oceanographic 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 System ς ($50K)Project involves the creation and 

population of a series of new seabird metric 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 

ŘŀǘŀōŀǎŜǎ ŀƴŘ btw.Ωǎ bƻǊǘh Pacific Seabird Diet Database).  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 standard 

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 Alaska, most available data is located in 

GOA and PWS.   

4. AOOS ς 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 researchers 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 ς collaborator with Alaska Data Integration Working Group ς an initiative with the Alaska 

Climate Change Executive Roundtable ς to develop protocols for serving up project data to 

increase data sharing among federal and state agencies. 

6. AOOS and NOAA ς initiatives to develop data sharing agreements with private sector, including 

oil & gas companies. 

7. Cook Inlet Regional Citizens Advisory Council (27K) ς contract with Axiom to develop a data 

management system for their oceanographic and contaminants data in Cook Inlet. 

LLLΦ /±Ωǎκw9{¦a9{τ Please see appendix 2 

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 that preparations 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 that are critical 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 information produced or 

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 

AOOS data management system for long term 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 synthesis effort. This task will be ongoing as long as the program 

is producing or acquiring additional data.  

B. Measurable Project Tasks 

Y3 1st 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 Long-term monitoring programs 
March   Submit annual report 
March   Submit annual financial report 
 
Y3 2nd Quarter (May 1, 14 to July 31, 14) 
May   Participate in annual PI meeting 
June    Submit Y4 work plan for review 
June    Release version 1 of user tool platform 
 
Y3 3rd Quarter (August 1, 14 to October 31, 14) 
September  Submit semi-annual 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 4th Quarter (November 1, 14 to January 31, 15) 
January  Annual Marine Science Symposium 
 
V. BUDGET 

Budget Form (attached) 

 

 
FY14 PROGRAM PROJECT 
PROPOSAL FORM ς A.3 

Project Title: Collaborative Data Management and Holistic Synthesis of Impacts and Recovery Status Associated with 
the Exxon Valdez Oil Spill (EVOS TC Project #12120120) 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Matthew B. Jones, National Center for Ecological Analysis and Synthesis (NCEAS), 
jones@nceas.ucsb.edu, (907) 957-6509 

mailto:jones@nceas.ucsb.edu


Abstract:  
The AOOS-led Long-Term Monitoring (LTM) and the PWSSC-led Herring Research and Monitoring (HRM) programs 
propose an ambitious monitoring and research agenda over the next five years.  These efforts could facilitate a more 
thorough understanding of the effects of the oil spill if the new data and information on the spill-affected ecosystems 
are effectively managed and collated along with historical data on these systems, and then used in a comprehensive 
synthesis effort.  We propose a collaboration among NCEAS and the AOOS LTM and HRM teams to help build an 
effective data management cyberinfrastructure for proposed monitoring efforts and organize these data with 
historical data, including previous EVOSTC-funded efforts, to prepare for synthesis and ensure all data are organized, 
documented and available to be used by a wide array of technical and non-technical users. Building on the LTM and 
HRM syntheses and modeling efforts and the 20-year historical data from EVOSTC projects and any available current 
data, NCEAS would convene two cross-cutting synthesis working groups to do a full-systems analysis of the effects of 
the 1989 oil 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 the Exxon Valdez oil 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 long-term monitoring of both the injured resources and factors other than residual oil that 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 communities who depend on the resources.  In addition, long-term, 
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 and services 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 EVOS Trustee Council-funded 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.  Interdisciplinary 
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 are profoundly heterogeneous.  They 
range from long-term, automated sensing of oceanographic and atmospheric conditions, to short-term, 
experimental, monitoring, and behavioral studies of biological components of the system. The scientific 
data to be collected in these 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 substantially complicates data 
management by EVOSTC long-term 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 collecting data 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 providing 
mechanisms to access, integrate, and analyze the data for crosscutting synthesis. Data management 
activities for oceanographic information occur in isolated, physically distributed agencies, leading to low 
cross-agency utilization of data. Technical barriers, 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 of the pending Long Term Monitoring (LTM - proposal submitted by McCammon et al.) 
and Herring Research and Monitoring (HRM ς proposal submitted by Pegau et al.) programs (see Figure 
below).  This project will augment the expertise in data management and synthesis of these 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 broad-ranging 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. 
 



 
 
Figure 1.  Conceptual description of AOOS/NCEAS/PWSSC collaboration on data management 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 NCEAS 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 historical data and contributing to 
development of both the AOOS cyberinfrastructure and the DataONE Federation infrastructure in order 
to create the necessary data resources for synthesis; during years 3-5, NCEAS will conduct a multi-year 
working group effort using LTM 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 management, technology 
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 the relevance of the proposed monitoring, data 
management and syntheses efforts to the EVOSTC 1994 Restoration Plan goals.  This project will further 
ǎǳǇǇƻǊǘ wŜǎǘƻǊŀǘƛƻƴ tƭŀƴ ǇǊƛƻǊƛǘƛŜǎ ŦƻǊ άǎǘǊŀǘŜƎƛŜǎ ǘƘŀǘ ƛƴǾƻƭǾŜ Ƴǳƭǘƛ-disciplinary, interagency, or 
collaborativŜ ǇŀǊǘƴŜǊǎƘƛǇǎέ ŀƴŘ ŦƻǊ ŜŦŦƻǊǘǎ ǘƘŀǘ ǿƛƭƭ άƛƴŎƭǳŘŜ ŀ ǎȅƴǘƘŜǎƛǎ ƻŦ ŦƛƴŘƛƴƎǎ ŀƴŘ ǊŜǎǳƭǘǎΣ ŀƴŘ ǿƛƭƭ 
ŀƭǎƻ ǇǊƻǾƛŘŜ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ƛƳǇƻǊǘŀƴǘ ǊŜƳŀƛƴƛƴƎ ƛǎǎǳŜǎ ƻǊ ƎŀǇǎ ƛƴ ƪƴƻǿƭŜŘƎŜέ όwŜǎǘƻǊŀǘƛƻƴ tƭŀƴ ǇΦ мсύΦ  



This proposed data management and synthesis collaboration builds 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 goals met to date and what 
ƳƛƭŜǎǘƻƴŜǎ ŀǊŜ ǎǘƛƭƭ ƻǳǘǎǘŀƴŘƛƴƎΦ  LŦ ǘƘŜǊŜ ŀǊŜ ƳƛƭŜǎǘƻƴŜǎ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǇǊƻǇƻǎŀƭ ǘƘŀǘ ƘŀǾŜ ƴƻǘ 
been met, provide a description of why they could not be met, how much funding remains for the 
project to complete the milestones and 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 between project 
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 to access, 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 the 20-year historical data from EVOSTC-funded 
projects and other monitoring in the spill area in preparation for synthesis (under LTM and HRM 
programs and in NCEAS working groups) (NCEAS lead with AOOS contributions). 

9) Integrate all data, metadata and information products produced from this effort into the AOOS 
data management system for long-term 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 spill impacts and recovery as part of whole-
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 HRM project team 
data centric activities that include data structure optimization, metadata generation, and transfer of 
data among project PIs and between project teams.  
Details of these efforts are provided in the individual detailed project descriptions for the data 
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 initial effort 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 with the AOOS Ocean Workspace, a web-based 
platform for PIs 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 and administrators before data are quality controlled; non-sensitive data will be publicly 
released after quality processing.  The system will also provide PIs with tools to generate metadata 
profiles that comply with national standards.  Initially, this system will 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 
incorporate additional metadata tools and catalogs that are customized for project-based 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.  The planned AOOS Ocean Workspace 
(based on non-proprietary open-source standards endorsed by the national Integrated Ocean Observing 
System) will be enhanced with more biologically-oriented data management tools in order to enable 
individuals to describe and deposit 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 developed in parallel to 
oceanographic tools in use by IOOS; 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 work with the 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 LTM and HRM 
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 will be conducted 
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 historic data 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 and HRM 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 several metrics including its 
utility to LTM and HRM program syntheses as well as system-wide 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 obtaining 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 data PIs would be interested in getting access to are currently 
unaware of sources (Table 3 in LTM proposal). AOOS funding leverages numerous data sets available 
through the AOOS website and data system, including the herring and PWS ecosystem data sets that 
were standardized 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 and HRM 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 groups (joint NCEAS and 
AOOS 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 data management DPDs for the LTM and 
HRM programs.  The AOOS data team will work with project investigators to develop web-based data 
driven tools based upon prioritization and direction from agency managers, outreach staff and user 
groups. Effective data summarization and 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 varying degrees of familiarity in meaningful and 
easily understandable ways. NCEAS will provide input and expertise into development of these tools. 
 
Objective 4. Organize, integrate, analyze, and model the 20-year historical data from EVOSTC-funded 
projects in the spill area in preparation 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 well as to 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 analysis. NCEAS has developed a group of scientific programmers who specialize in 
assisting in cross-cutting analysis and modeling, and we will employ one of these scientific programming 
specialists along with a graduate student assistant to collate, standardize, integrate, summarize, and 
visualize the data needed for synthesis activities.  Digital, graphical and visualization products generated 
by NCEAS from the 20-year historical datasets will be used for the cross-cutting 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; quality assurance 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 long-term, cross-scale derived data products; and 
analyses of these derived products that illustrate long-term, 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.  Please see the 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 efforts.  
 
Objective 5.  Integrate all data, metadata and information products produced from this effort into the 
AOOS data management system for long-term storage and public 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 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 and other 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 users by extending existing data 
access, analysis and visualization interfaces currently supported and under development by the AOOS 
data management team. AOOS systems have the capabilities to ingest, archive and serve model output, 
remote sensing and real time/archived 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 ensure long-term 
security of its data and software.  In addition, AOOS has prioritized working with state and federal 
agencies to ensure long-term access and archiving of agency data and information products.   



 
Objective 6. Augment AOOS preservation and interoperability system with other non-IOOS 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 federation2. These include open services for writing data and metadata, controlling 
access to data products as they are populated in the system, and services for replication and 
preservation of data.  By using the DataONE service framework, this will also link the AOOS and IOOS 
system to the DataONE federation, which includes partners such as the U.S. Geological Survey, 
Knowledge Network 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 services include a comprehensive, cross-institutional data preservation model that 
involves mirroring of data at multiple DataONE participating institutions and continuous active 
monitoring to ensure data remain valid and that adequate replication is present even in the event 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 validity 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) will need to be discussed. 
 
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 (NCEAS)3 has been advancing 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 that can be 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 promote effective 
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 creation of marine 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 working group 
model at NCEAS (Hackett et al. 2008). 
 
 Despite decades of monitoring and analysis of EVOS-affected 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 a case-by-case 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 recovery 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 PIs from the LTM and HRM programs will conduct two holistic synthesis activities aimed at 
understanding the long-term, ecosystem-wide consequences of EVOS and the effectiveness of recovery 
initiatives: 
 

                                                           
2
 http://dataone.org 

3
 http://www.nceas.ucsb.edu 



 ̧ Synthesis Working Group: Assessing Ecosystem-wide, Long-Term Impacts from the Exxon Valdez Oil 
Spill 

 ̧ Synthesis Working Group: Understanding Ecosystem Recovery following the Exxon Valdez Oil Spill 
 
The first will address system-wide 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 syntheses will build upon the more focused efforts to be conducted by the LTM and HRM 
programs.  For example the working group on Understanding Ecosystem Recovery will benefit from the 
efforts to understand the recovery of an individual species (herring), but expand 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 group approach takes a more holistic approach than the individual species approach 
proposed by the HRM program we expect that in answering the question of Understanding Ecosystem 
Recovery we will provide new findings that will guide the LTM and HRM programs in the future. 
 
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 descriptions. It involves implementing an end-to-end technological 
solution which allows data and information to be channeled and distilled into user-friendly 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 tiers: 1) data, models 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 are web-based. 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. This system meets all the standards of the national 
Integrated Ocean Observing System. 
 
The asset catalog developed by AOOS 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 activities described in this 
proposal however, will also need access to a much broader set of data available not only from AOOS and 
Lhh{Σ ōǳǘ ŀƭǎƻ ŦǊƻƳ ƻǘƘŜǊ ŦŜŘŜǊŀǘŜŘ Řŀǘŀ ǎȅǎǘŜƳǎ ǎǳŎƘ ŀǎ b!{!Ωǎ 9ŀǊǘƘ {ŎƛŜƴŎŜ 5ŀǘŀ LƴŦƻǊƳŀǘƛƻƴ 
System (ESDIS) and the Earth Observing System Clearinghouse (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 non-IOOS 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 services to allow applications 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 as well 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 availability and integrity to 
enable long-term 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 and build Smart Semantic Search Services that understand 
the scientific content of data to improve the effectiveness 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 the 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 metadata-driven systems.  We will incorporate these semantic search 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 catalogue 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 knowledge of the internal naming conventions 
of each data-providing 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 semantic 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 working groups consisting of LTM and HRM program PIs with additional nationally renowned 
scientists will undertake a broad synthesis of the 20-year data set from EVOSTC-funded projects and 
other spill area monitoring to improve our assessment of impacts and recovery associated with the 
EVOS: 

 ̧ Synthesis Working Group: Assessing Ecosystem-wide, Long-Term Impacts from the Exxon Valdez Oil 
Spill 

 ̧ Synthesis Working Group: Understanding Ecosystem Recovery following the Exxon Valdez Oil Spill 
The working group syntheses will 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 face-to-face meetings 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, 
punctuated 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 
ŀǘ b/9!{Σ ǿƻǊƪƛƴƎ ƻƴ ǘƘŜ ƎǊƻǳǇΩǎ ŀƴŀƭȅǎƛǎΣ ƳƻŘŜƭƛƴƎΣ ŀƴd other synthesis tasks while being able to take 
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 eager to 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 activities will commence in year three.  Working group leaders will be selected 
for their knowledge of the issues at hand as well as their ability to effectively motivate a group of up to 
14 other working group participants.  We would expect that many of the PIs from the LTM and HRM 
programs would be participants in the synthesis working groups along with nationally renowned experts 
in population and community modeling, ecosystem modeling, and coupled whole-system analysis.  In 
addition, because NCEAS is already running a working group on ecotoxicology associated with the BP 
Deepwater Horizon spill4, we would expect significant coordination and cross-pollination with these new 
EVOS synthesis groups. 
 
Based on the preparatory data analysis and modeling conducted to assemble and integrate the 20-year 
historical data set with available current data from the LTM and HRM program syntheses (see Objective 
4)Σ b/9!{ ǿƛƭƭ ǿƻǊƪ ǿƛǘƘ ǘƘŜ ƭŜŀŘŜǊǎ ƻŦ ǘƘŜ ά!ǎǎŜǎǎƛƴƎ LƳǇŀŎǘǎέ ŀƴŘ ǘƘŜ ά¦ƴŘŜǊǎǘŀƴŘƛƴƎ wŜŎƻǾŜǊȅέ 
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 comprehensive synopsis 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 EVOSTC-funded 
monitoring efforts beyond the initial 5-year programs. All analyses, models, results, and data backing 
these conclusions will be published alongside these papers in the spirit of open science and to maximize 
reproducibility of the results (see the previous NCEAS Global Marine Impacts5 synthesis for an example 
of this type of output).  The actual synthesis activities and products will be selected by working group 
participants and driven by the data analysis and modeling to maximize working group effectiveness and 
the relevance of their products.  However, example synthesis activities might include cross-scale analysis 
of the relationship between oceanographic processes and the recovery of forage fish; meta-analysis 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 of cross-trophic recovery 
scenarios in light 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 59.767, -145.837, 61.834, and -154.334 
 
E. Coordination and Collaboration with the Program 
We propose to integrate the efforts in this project as an additional part of the multi-ŘƛǎŎƛǇƭƛƴŀǊȅ άLong-
Term Monitoring of Marine Conditions and Injured Resources and Servicesέ ǇǊƻƎǊŀƳ ǇǊƻǇƻǎŀƭ 
submitted by McCammon et al. to the EVOSTC.  The project represents a collaboration among AOOS, 
NCEAS, and the other LTM and HRM science project PIs 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 

                                                           
4
 Anderson, Cherr, and Peterson; Ecotoxicology of the Gulf Oil Spill: A holistic Framework for Assessing Impacts 

5
 http://www.nceas.ucsb.edu/globalmarine 



a variety of visualization tools and products for resource managers and marine stakeholders. Its initial 
focus has been on serving up real-time sensor and remote sensing data and forecast models. A new 
application in October 2011 will include the ability to query, discover and access project level and GIS 
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 include funded projects for the Alaska Ocean Observing 
{ȅǎǘŜƳΩǎ hŎŜŀƴ 5ŀǘŀ tƻǊǘŀƭΣ ǘƘŜ tǊƛƴŎŜ ²ƛƭƭƛŀƳ {ƻǳƴŘ {ŎƛŜƴŎŜ /ŜƴǘŜǊΣ bƻǊǘƘŜǊƴ CƻǊǳƳκ¦{C²{ {ŜŀōƛǊŘ 
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 developed software systems supporting long-term data 
preservation and sharing, is a leader in metadata systems for science data, and is a progenitor of the 
DataONE6 interoperability framework to create a global data federation for open access to scientific 
data. N/9!{Ω ŦƻŎǳǎ ƻƴ ǇǊƻƧŜŎǘ-level data management for highly 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 or the IOOS program.  Thus, the initiatives 
at NCEAS for capturing complex but smaller-scale 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 LTM, 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 by 
using a larger-scale 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 important 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 the NCEAS led 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 the ecosystem within the EVOS affected region.  
 
LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 
 
IV. SCHEDULE 
A. Project Milestones 
Objective 1.  Provide data management oversight and services for EVOS LTM project team data centric 
activities that include data structure 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 analysis by principal investigators. NCEAS milestones 
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will include incorporation of project-specific data management tools into the Ocean Workspace and 
development of Smart Semantic Search Services for data discovery.   
Objective 2.  Consolidate, standardize and provide access 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 will continue 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 produced or 
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 deliverables are produced. 
Objective 4.  Integrate all data, metadata and information products produced from this effort into the 
AOOS data management system for long-term 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 synthesis effort. This task will be ongoing as long as the program 
is producing or acquiring additional data.  
Objective 5. Provide preservation and interoperability with other non-IOOS data systems through 
integration of DataONE services. 
Initial integration with 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. Organize, integrate, analyze, and model the 20-year historical data from EVOSTC-funded 
projects and other monitoring in the spill area in preparation for LTM and HRM program and NCEAS 
working group synthesis efforts  
Historical and newly generated 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 Quarter 4 of year 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 impacts and recovery as part of whole-ecosystem 
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 final analyses and 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 1st Quarter (February 1, 14 to January 31, 15) 
February  Assess year 2 datasets and metadata submitted to AOOS 
February  Finalize user access tool work plan version 1 and initiate development 
 
FY14 2nd Quarter  
May Participate in annual HRM program PI meeting 
Summer  EVOSTC workshop with LTM and HRM programs supported by LTM and HRM 

synthesis reports and NCEAS historical data synthesis 
FY14 3rd Quarter  



FY14 4th Quarter  
November  Participate in LTM program PI meeting  
December  Create synopsis of FY14 synthesis WG meetings, draft publications 
 
FY15 1st Quarter (February 1, 15 to January 31, 16) 
February  Assess year 3 datasets and metadata submitted through AOOS 
 
FY15 2rd Quarter  
May   Participate in annual HRM program PI meeting 
 
FY15 3rd Quarter 
August    Submit input for five-year plan for FY17-22  
 
FY15 4th Quarter  
November  Participate in LTM program PI meeting 
December Create synopsis of FY15 synthesis WG meetings, draft and submit publications 
 
FY16 1st Quarter (February 1, 16 to January 31, 17) 
February  Assess year 4 datasets and metadata submitted through AOOS 
March   Continue working on acceptance of synthesis group publications 
 
FY16 4th Quarter  
November  Participate in LTM program PI meeting 
December  Finalize all synthesis group papers and products 
 
V. BUDGET 
Budget Form (Attached) 
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Project Title: Long term monitoring: Program management component ς Science Coordination and Synthesis for the 

Long Term Monitoring Program 

Project Period: February 1, 2014-January 31, 2015 
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Abstract: This project is part of the integrated Long-term Monitoring of Marine Conditions and Injured Resources and 

Services submitted by McCammon et al. Long-term monitoring has been implemented within the Exxon Valdez Oil 

Spill (EVOS)-affected region under a variety of organizations and programs.  However, many of these efforts have 

been conducted independently, with emphasis on monitoring of single species or within individual disciplines. By 

explicitly providing for science coordination and syntheses of data from our long-term monitoring program, as well as 

incorporating an interdisciplinary framework into program development and implementation, we seek to improve 

open access to multi-disciplinary data and promote use of integrated information from the entire program for both 

research and resource management in the EVOS-affected region.  The science coordination and synthesis component 

of our integrated program improves linkages between monitoring in different regions as well within a given region, as 

a way to better discern the impacts of environmental change on restoration and continued recovery of injured 

resources.  Science coordination includes facilitating program planning and sharing of information between principal 

investigators, developing annual reports on the science program, and coordinating ongoing evaluation of the overall 

program. Science synthesis efforts helps integrate information across the entire program and is closely coordinated 

with the conceptual ecological modeling and data management teams in our integrated program.   

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:   
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I.  NEED FOR THE PROJECT 

A. Statement of Problem 

In the two decades following the Exxon Valdez oil 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 long-term monitoring of both the injured resources and factors other than residual oil that 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 communities who depend on the resources.  In addition, long-term, 

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 and services 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 EVOS Trustee Council (TC)-funded 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.  Interdisciplinary 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 long-term monitoring program is to provide 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 science coordination and synthesis effort 

support this goal by documenting the overall science monitoring program, improving information 

sharing between PIs and with the herring program, assisting in development of multi-disciplinary 

ŘŀǘŀǎŜǘǎ ŀƴŘ ǘƻƻƭǎΣ ŀƴŘ ƛƴŦƻǊƳƛƴƎ ŀƴ ƻƴƎƻƛƴƎ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ƭƻƴƎ ǘŜǊƳ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳΩǎ 

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 milestones that 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 opportunities and assistance with metadata development and data sharing; c) 

ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ŀƴ ƛƴǘŜƎǊŀǘŜŘ ΨǘǊŜƴŘ ŎŀǊŘΩ ŦǊŀƳŜǿƻǊƪ ǘƻ ŦŀŎƛƭƛǘŀǘŜ Řŀǘŀ ǎƘŀǊƛƴƎ ǿƛǘƘƛƴ ŀƴŘ ƻǳǘǎƛŘŜ ǘƘŜ 

program; d) planning of the annual meeting incorporating synthesis work with the Herring Research and 

Monitoring group, including a time-series 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 (see attached CV), 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. Improve communication, data sharing and coordinated field work planning between principal 

investigators (PIs) of the individual monitoring projects, as well as with other agencies and research 

organizations; 



2. Improve and document integration of science monitoring results across the LTM program - working 

with the PIs, data management and modeling teams as well as other agencies and research 

organizations; and 

3. Improve communication of monitoring information to resource managers and the public through 

data synthesis and visualization products and tools ς working 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 coordinated with and informed by our LTM 

program administration, data management, conceptual ecological modeling and outreach efforts, as 

well as by planning and results from the EVOSTC-funded herring program.  As outlined in the proposal 

submitted by McCammon et al., the science synthesis effort of our LTM program helps fill a coordination 

gap between science and monitoring programs in the spill-affected region, specifically including the 

North Pacific Research Board (NPRB) Gulf of Alaska Integrated Ecosystem Research Program (GOAIERP), 

the National Park Service (NPS) Inventory and Monitoring Program, other agency monitoring programs, 

separately-funded projects of the Alaska Ocean Observing System (AOOS), and multi-agency and 

university collaborative programs such as the Geographic Information Network of Alaska (GINA), Alaska 

Statewide Digital Mapping Initiative (SDMI) and Landscape Conservation Cooperatives (LCCs).   

B. Procedural and Scientific Methods 

Kris Holderied serves as the science lead for the LTM program and contribute approximately one month 

of in-kind labor to program coordination and synthesis efforts.  A full-time science coordinator was hired 

in March of this year to conduct the bulk of science coordination and 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 science coordinator.  Please see detailed budget submission for additional information.   

 Objective 1: Improve data sharing and coordinated field work planning between PIs  of the individual 

monitoring projects, as well as with other agencies and research organizations 

a. Coordinate with Team Lead, PIs, adminstrative team and EVOSTC staff on overall LTM program 

planning, reporting and evaluation.   

b. Plan agenda and facilitate annual PI 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 GOAIERP, NPS, GINA, LCCs etc.) on joint 

synthesis of information.   



Objective 2: Improve 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 LTM lead (M. 

McCammon), Administration team, PIs, 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 then expand to 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 integrated workshop between LTM and herring programs with LTM 

lead, administrative team, EVOS TC staff, and herring program lead 

e. Coordinate with PIs to improve integration of multi-disciplinary 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 development of conceptual ecological models with the modeling team, herring program lead, 

and outside groups.   

Objective 3: Improve communication of monitoring information to resource managers and the public 

through data synthesis and visualization products and 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 programs.  One example would be a simple web-based 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 groups. 

ŎΦ !ǎǎƛǎǘ ǿƛǘƘ ƛƴǘŜǊƴŀƭ άōŜǘŀέ ǘŜǎǘƛƴƎ ƻŦ ƛƴƛǘƛŀƭ Řŀǘŀ ǾƛǎǳŀƭƛȊŀǘƛƻƴǎ ŀƴŘ ǘƻƻƭǎ ŘŜǾŜƭƻǇŜŘ ōȅ ǘƘŜ Řŀǘŀ 

management team.   

d. Network with other monitoring programs and regional stakeholders to identify information needs 

that may be met by improved data visualization 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 under this 

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 participating as principal or collaborating investigators in the program 



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

btw. Dh!L9wtΣ ǘƘŜ !ƭŀǎƪŀ hŎŜŀƴ hōǎŜǊǾƛƴƎ {ȅǎǘŜƳΩǎ Dh! ǇǊƻƎǊŀƳǎΣ bŀǘƛƻƴŀƭ tŀǊƪ {ŜǊǾƛŎŜ LƴǾŜƴǘƻǊȅ 

and Monitoring Program, Kachemak Bay Research Reserve System-Wide Monitoring 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 conducted by 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, data management 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 science synthesis is to support integration of data collected by 

project PIs during the initial 5-year 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 available historical 

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 integrate data 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 long-term 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 integrated long-term monitoring proposal by McCammon et al for details 

on proposed data analyses.  As described above, integration of data between multi-disciplinary projects 

and helping to provide improved access to that information by PIs, resource managers, coastal planners, 

the research community and the general public will be the primary focus of the program-wide science 

synthesis effort.   

D. Description of Study Area 

The study area includes all areas identified for projects in the environmental, pelagic, and benthic 

ƳƻƴƛǘƻǊƛƴƎ ŎƻƳǇƻƴŜƴǘǎ ƻŦ ǘƘŜ ƛƴǘŜƎǊŀǘŜŘ  ǇǊƻƎǊŀƳ  ά[ƻƴƎ-Term Monitoring of Marine Conditions and 

LƴƧǳǊŜŘ wŜǎƻǳǊŎŜǎ ŀƴŘ {ŜǊǾƛŎŜǎέ ǎǳōƳƛǘǘŜŘ ōȅ aŎ/ŀƳƳƻƴ ŜǘΦ ŀƭΦ 

E. Coordination and Collaboration with the Program 

The primary goals of the LTM program science coordination and synthesis efforts are to:   

1) support coordination between the EVOSTC-funded LTM projects, 2) facilitate coordination with the 

EVOSTC-funded herring program, and 3) support collaborations with other efforts, including state and 



federal agency operations and research programs funded by other organizations such as NPRB. Please 

see above sections and the schedule below for details.  

LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 

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. 
Annual PI 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 (February 1 ς May 31, 2014) 
Facilitate joint workshop between LTM and herring program PIs (replaces annual PI 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 synthesis of historical 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 ς A.5 

Project Title: Long-term Monitoring: Synthesis and Conceptual Modeling -  Conceptual Ecological Modeling 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Tuula Hollmen, Alaska SeaLife Center and University of Alaska Fairbanks, PO Box 1329, 

Seward, AK 99664; Phone: 907-224-6323; Fax 907-224-6320; Email: tuulah@alaskasealife.org 

Abstract: This project is a component of the integrated Long-term Monitoring of Marine Conditions and Injured 

Resources and Services submitted by McCammon et. al. Under this research project, we will develop 

conceptual ecological models to support the synthesis and planning relating to the long term monitoring 

program in Prince William Sound, outer Kenai coast, and lower Cook Inlet/Kachemak Bay. To develop 

these models, we will summarize system components, processes, and influences into a synthetic 

framework. The conceptual models will assist in identification of data needs and development of further 

long term monitoring priorities, and support ecosystem based understanding, monitoring, and 

management of resources within our study area. The conceptual models will also provide 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, resource 

managers, policy-makers, and the general public, and will offer outreach opportunities for our project by 

using data visualization and interactive web-based tools.   Development of conceptual ecological models is 

a multi-step, iterative process, responding to evolving understanding of the structure and dynamics of the 

system by revising and refining models throughout the process. Specific steps of the process involve: 

defining goals and scope of the modeling, summarizing current understanding of system structure and 

processes, defining environmental and anthropogenic influences included in the modeling, development 

of relevant hierarchies and submodels, refining models with increased understanding of system function, 

and development of interactive and visualization tools to provide methods to use 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 the Exxon Valdez oil 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 long-term monitoring of both the injured resources and factors other than residual oil that 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 communities who depend on the resources.  In addition, long-term, 
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 and services 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 EVOS Trustee Council-funded 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.  Interdisciplinary 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 long-term monitoring program that meets the 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 provide 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 will provide a framework 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 scientists, managers, 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 monitoring 
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 obtain PI input, 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, processes, and functions 
of the study system  

2. Develop computer applications and web-based interfaces for interactive data exploration and 
visualization 

 
Conceptual ecological models are considered a key element of environmental and biological monitoring 
programs, and provide 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 function, including 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 of the system. 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 management 
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. Models can be used to demonstrate learning through the 
course of the research program. Conceptual, qualitative models facilitate further development of 
quantitative 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 the public. Development of data visualization tools facilitates outreach, education, and 
communication through web-based 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 multi-phase process. Identification 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. PI input is elicited at annual PI meetings, workshops 
focusing on model development, and other interactions with PIs 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 approach 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 hypotheses 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 
questions as identified by project PIs.  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 web-based interfaces for interactive data exploration and 

visualization 
 
Conceptual models are suited for interactive web-based 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 facilitate outreach 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 at different 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 PIs to construct the models.  
Analytical and visualization tools and methods include structural and influence diagrams, tabulated data, 
narratives, spatial maps, and quantitative analyses of PI input.  Diagrams are used for the development 
of visualization tools.  Data analysis involves synthesis of PI input 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 
submodels for 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 PIs, representing key linkages based on PI 
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 GWA research. We analyze PI input on ecological linkage rating tool exercise 
from November 2012 PI meeting, summarize results from example submodel from the November 2012 
PI meeting, and refine a  linkage rating tool applicable to modeling efforts.to address a suite of 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 structured 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 science synthesis 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 PI meetings, and coordinate additional meetings and a workshop to interact and 
coordinate input from PIs of the monitoring components. Furthermore, modeling efforts will be 
coordinated with other existing monitoring and ecological research programs, including the Gulf of 
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 our program. 
 
III. CVs/RESUMES- please see appendix 2 
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 and web-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 (February 1 ς May 31, 2014) 
February 2014 Project funding available 
May 2014   Develop a draft generic model, refine linkage rating tools 
 
FY 14, 2nd quarter (June 1, 2014-August 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, 2014-November 30, 2014) 
November 2014  Continue development of /data visualization tools 
November 2014  Continue development of conceptual models and submodels 
November 2014 Design and initiate process to link scientific goals with management 

objectives 
November 2014 Attend annual PI meeting 
 



FY 14, 4th quarter (December 1, 2015 ς January 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 (leads ς Weingartner & Hopcroft) 

FY14 PROGRAM PROJECT 

PROPOSAL FORM 

Project Title: Long-term monitoring: Environmental Drivers component - Long-term Monitoring of Oceanographic 

Conditions in the Alaska Coastal Current from Hydrographic Station GAK 1. 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Thomas Weingartner, Principal Investigator, School of Fisheries and Ocean Science, 

University of Alaska, Fairbanks, AK 99775 (907-474-7993; tjweingartner@alaska.edu) 

mailto:weingartner@alaska.edu


Abstract:  

This project is a component of the integrated Long-term Monitoring of Marine Conditions and Injured Resources and 

Services submitted by McCammon et. al. 

This program continues a 40-year time series of temperature and salinity measurements at hydrographic station GAK 

1.  The data set, which began in 1970, now consists of monthly CTDs and a mooring with 6 temperature/conductivity 

recorders throughout the water column and a nitrate sensor at 150 m depth.  The project monitors four important 

Alaska Coastal Current ecosystem parameters that will quantify and help understand interannual and longer period 

variability in: 

1. Temperature and salinity throughout the 250 m deep 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 migratory 

corridor for organisms inhabiting the 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 used:  none 

Date: August 2013 

 

 

I.  NEED FOR THE PROJECT 

A. Statement of Problem 
Justification 
The purpose of this proposal is to provide long-term monitoring data on the physical oceanography of 
the Alaska Coastal Current and the northern GoA shelf.  The Alaska Coastal Current (ACC) is the most 
ǇǊƻƳƛƴŜƴǘ ŦŜŀǘǳǊŜ ƻŦ ǘƘŜ DǳƭŦ ƻŦ !ƭŀǎƪŀΩǎ ǎƘŜƭŦ ŎƛǊŎǳƭŀǘƛƻƴΦ  Lǘ ƛǎ ŀ ƴŀǊǊƻǿ όϤпл ƪƳύΣ ǎǿƛŦǘΣ ȅŜŀǊ-round 
flow maintained by the integrated forcing of winds and coastal freshwater discharge.  That forcing is 
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 Cook Inlet and 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 herein quŀƴǘƛŦƛŜǎ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ǘƘŜ DǳƭŦΩǎ ǎƘŜƭŦ ŜƴǾƛǊƻƴƳŜƴǘΦ  !// ƳƻƴƛǘƻǊƛƴƎ 
provides the broader-scale context for understanding variability in adjacent marine ecosystems and its 
ŀŦŦŜŎǘ ƻƴ ǇŀǊǘƛŎǳƭŀǊ ǎǇŜŎƛŜǎ όŜΦƎΦΣ ƘŜǊǊƛƴƎΣ ǎŀƭƳƻƴΣ ŦƻǊŀƎŜ ŦƛǎƘύΦ  ¢ƘŜ !//Ωǎ ǾŀǊƛŀbility is transmitted to 
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 beginning in 
1997 with EVOSTC support.  Since then it involves involves quasi-monthly conductivity-temperature 
versus depth (CTD) casts and hourly temperature and salinity measurements at 6 depths distributed 
over the water column.  GAK 1 is the only station in the GoA that measures both salinity and 
temperature over the 250 m deep water column. 
The 40-year 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 bloom between these phenomena (Weingartner et al., 2003, Childers et al., 
2005). 

2. The intimate connection between coastal freshwater discharge and the depth-varying 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 near-surface salinities are correlated with coastal freshwater discharge from around the 
Gulf (Weingartner et al., 2005). 

5. Variations in mixed-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 the variability 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 years, please provide a summary of the goals met to date and what 
ƳƛƭŜǎǘƻƴŜǎ ŀǊŜ ǎǘƛƭƭ ƻǳǘǎǘŀƴŘƛƴƎΦ  LŦ ǘƘŜǊŜ ŀǊŜ ƳƛƭŜǎǘƻƴŜǎ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǇǊƻǇƻǎŀƭ ǘƘŀǘ ƘŀǾŜ ƴƻǘ 
been met, provide a description of why they could not be met, how much funding remains for the 
project to complete the milestones and a timeline for their completion. 
 
II. PROJECT DESIGN 
A. Objectives 
The fundamental goal of this program is to provide a high quality, long-term data to quantify and 
understand monthly, seasonal, interannual and longer period variability of the GoA shelf.  This 
measurement provides the broader scale spatial perspective discussed on pages 1 -5. Specifically we will 
measure: 

1. Temperature and salinity throughout the water column, 
2. Near surface stratification since this 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 quasi-monthly (up to 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 include 1 - 2 ISUS 
(In Situ Ultraviolet Sensor) sensors at 20 m and at 150 m depth. These instruments optically determine 
nitrate based on the nitrate UV-absorption spectrum. This spectrum is unique for nitrate and it is 
resolved by the 256-channel ISUS spectrometer and interpreted by an algorithm 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 annual re-supply of nitrate to this 
shelf (and also Prince William Sound) through the 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 
(+ 
provided (and will be maintained) with support from the Alaska Ocean Observing System. However, 
analytical costs for the ISUS data are not covered by this project, so these data will be collected, 
although support for their analyses has yet to be identified. 
 
The moored instruments and quasi-monthly CTD sampling schemes are complementary; one provides 
high vertical resolution at quasi-monthly time scales and the other provides high temporal resolution, 
but at coarser vertical spacing. The quasi-monthly CTDs provide 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 November ς August) so 
ACC transport 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 pre- and post-calibrations upon which we determine 
sensor drift (typically ~0.01oC -yr-1 and ~0.03, or better, Practical Salinity Unit yr-1). The quasi-monthly 
CTD casts are collected from a chartered fishing vessel resident in Seward using a portable CTD (Seabird 
SBE-25). The SBE 25 has an accuracy ~0.01 or better for salinity and .005oC for temperature. 
Temperature and salinity data are sampled at 15-minute 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 year-round oceanographic mooring.  Sampling is cost-effectively 
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 straightforward. We 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 air-sea 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 atmosphere) 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 mid-1970s and this change was reflected in the warming at GAK 1 
through 2005. Since that time winter 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 feed (Janout et 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 cover. Royer et al. (2006) contend that summer surface temperatures over 
the shelf and in Prince William Sound 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. Within the ACC, 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 estimates will be made from the 3 uppermost instruments and the 
quasi-monthly CTD surveys. GLOBEC measurements, as well as those by Eslinger et al. (2001) from 
Prince William Sound, indicate that the timing of the spring bloom varies considerably from year-to-year 
perhaps by as much as several weeks. Weingartner 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 agent in 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 mid-April during the GLOBEC years when winters were wetter and warmer. 
 
D. Description of Study Area 
The fieldwork will be conducted at Station GAK1 at the mouth of Resurrection Bay. The station is at ~59o 
рмΩbΣ мпфo нуΩ²Σ ŀƴŘ ƛǎ located on the inner edge of the ACC midway between Prince William Sound and 
Cook Inlet in approximately 265 m water depth. 
 
E. Coordination and Collaboration with the Program 
All data sets will be available on the GAK 1 website (http://www.ims.uaf.edu/gak1/). The GAK 1 data will 
thus be available to other scientists in the Long-Term 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 (AOOS), which is providing the ISUS nitrate samplers (with each 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 Glacier 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 broad-scale perspective of the GOA shelf environment. 
 
LLLΦ /±Ωǎκw9{¦a9{:   Please see appendix 2 
 
IV. SCHEDULE 
A. Project Milestones 
 
Objective 1. Quasi-monthly CTDs will be updated quarterly and placed on the website and the 
moored measurements will be made available by March-April following the year that 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 shelf, since this 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 OF THE 
ISUS NITRATE DATA SET. 
 
B. Measurable Project Tasks 

FY 14, 1st quarter (February 1 ς May 31, 2014) 
February, 2014 Project funding available 
Begin quasi-monthly CTD sampling at GAK1; recover and re-deploy the GAK 1 mooring 
 
FY 14, 2nd quarter (June 1, 2014-August 30, 2014) 
Continue quasi-monthly CTD sampling at GAK1; 
 
FY 14, 3rd quarter (September 1, 2014-November 30, 2014) 
Continue quasi-monthly CTD sampling at GAK1; 
 
FY 14, 4th quarter (December 1, 2015 ς January 31, 2015) 
Continue quasi-monthly CTD sampling at GAK1. Post data on website 
 

V. BUDGET 

Budget Form (Attached) 



 

FY14 PROGRAM PROJECT PROPOSAL FORM ς B.7 

Project Title: Long term monitoring: Environmental drivers component - The Seward Line: Marine Ecosystem 
monitoring in the Northern Gulf of Alaska 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Russell R Hopcroft  (rrhopcroft@alaska.edu), Tom Weingartner  & Ken Coyle (UAF), Jeremy 
Mathis (UAF/NOAA) 

Abstract: The ocean undergoes year-to-year variability in the physical environment, superimposed on longer-term 
cycles, and potential long-term trends.  These variations influence ocean chemistry, and propagate 
through the lower trophic levels, ultimately influencing fish, seabirds and marine mammals.  Over the past 
рл ȅŜŀǊǎ ǘƘŜ bƻǊǘƘŜǊƴ tŀŎƛŦƛŎ ŀǇǇŜŀǊǎ ǘƻ ƘŀǾŜ ǳƴŘŜǊƎƻƴŜ ŀǘ ƭŜŀǎǘ ƻƴŜ ŎƭŜŀǊ άǊŜƎƛƳŜ ǎƘƛŦǘέΣ ǿƘƛƭŜ ǘƘŜ ƭŀǎǘ 
12 years have seen multi-years shifts of major atmospheric indices, leaving uncertainty about what regime 
the coastal Gulf of Alaska is currently in. Regime shifts are often expressed as fundamental shifts in 
ecosystem structure and function, such as the 1976 regime shift that resulted in a change from a shrimp 
dominated fisheries to one dominated by pollock, salmon and halibut.  Long-term observations are also 
critical to describe the current state, and natural variability inherent in an ecosystem at risk of significant 
anthropogenic impact.  Given the potential for such profound impacts, this proposal seeks to continue 
multidisciplinary observations which began in 1997 along the Seward Line and in PWS that assess the 
current state of the Northern Gulf of Alaska, during 2012-2017. Such observations form critical indices of 
ecosystems status that help us understand some key aspects of the stability or change in upper 
ecosystems components for both the short and longer-term.  By analogy, the weather has been for more 
than a hundred years, yet regular observations are still needed to know what is happening and what can 
be expected in the near future.  

Estimated Budget:  
EVOSTC Funding Requested:  

FY12 FY13 FY14 FY15 FY16 TOTAL 

$98 $59.8 $100.5 $104 $107.7 $470.2 

(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 

 

I.  NEED FOR THE PROJECT 

A. Statement of Problem 

mailto:rrhopcroft@alaska.edu


Long times-series are required for scientists to tease out pattern (and cause) from simple year-to-year 

variability.  Like other regions, the Northern Pacific undergoes significant inter-annual variability, driven 

partially by variations in major climatic indices (e.g. El Niños, the Pacific Decadal Oscillation).  Larger 

longer-ǘŜǊƳ ǾŀǊƛŀǘƛƻƴǎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άǊŜƎƛƳŜ ǎƘƛŦǘǎέ ƘŀǾŜ ƻŎŎǳǊǊŜŘ ƛƴ ǘƘŜ ǇŀǎǘΣ ŀƴŘ ǿƛƭƭ ƭƛƪŜƭȅ ƻŎŎǳǊ 

again.  Regime shifts are expressed as fundamental shifts in ecosystem structure and function, such as 

the 1976 regime shift that resulted in a switch within the Gulf of Alaska from a shrimp-dominated 

fishery to one dominated by pollock, salmon and halibut.  Long-term observations are also critical to 

describe the current state, and natural variability inherent in an ecosystem at risk of significant 

anthropogenic impact.  Given the potential for such profound impacts, the Seward Line Long-term 

Observation Program (http://www.sfos.uaf.edu/sewardline/) provides these critical observations on the 

current state of the Northern Gulf of Alaska ecosystem.  

The Seward Line represents the most comprehensive long-term multidisciplinary sampling program in 

the Coastal Gulf of Alaska that allows observation of changes in the oceanography of this region that is 

ŎǊƛǘƛŎŀƭ ǘƻ !ƭŀǎƪŀΩǎ ŦƛǎƘŜǊƛŜǎΣ ǎǳōǎƛǎǘŜƴŎŜ ŀƴŘ ǘƻǳǊƛǎǘ ŜŎƻƴƻƳƛŜǎΦ Seward Line observations over the past 

13 years have fundamentally revised our understanding of the coastal Gulf of Alaska ecosystem and 

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

we have observed both unusually warm and cold years, which influence the timing of the planktonic 

communities, but not necessarily their ultimate 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 explored. Thus, springtime 

abundance of zooplankton along the Seward Line appears to be an index of generally favorable years for 

higher trophic levels throughout the Gulf of Alaska.  The larger GOA-IERP program, which the Seward 

Line provides an oceanographic foundation for, will 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 Seward Line was at or slightly below the long-term mean temperature during the 

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

chlorophyll concentrations measured during May 2012 suggest the spring bloom was in progress along 

the Line during the cruise.  The key-stone zooplankton genus Neocalanus was slightly delayed in its life 

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

the spring for other species.  

In May 2013, the upper 100m of along the Seward Line was 0.7°C colder in May than the 15-year mean.   

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

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

btw.Ωǎ DǳƭŦ ƻŦ !ƭŀǎƪŀ ǇǊƻƧŜŎǘ ǘƘŀǘ ǿƛƭƭ ƘŜƭǇ ŜǎǘŀōƭƛǎƘ ƛŦ ǘƘŜ {ŜǿŀǊŘ [ƛƴŜ ƛǎ ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘƘŜ ǿŜǎǘŜǊƴ 

DǳƭŦΦ  !ƴ ŀŘŘƛǘƛƻƴŀƭ άƎƭŀŎƛŀƭ ǊŜƭƛŎǘέ ŎƻǇŜǇƻŘ ǎǇŜŎƛŜǎ ǿŀǎ ŎƻƴŦƛǊƳŜŘ ŀǎ ƻŎŎǳǊǊƛƴƎ ƛƴ tǊƛƴŎŜ ²ƛƭƭƛŀƳ {ƻǳƴŘ 

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 physical-chemical structure, primary production and the distribution and abundance of 

zooplankton, along with their seasonal and inter-annual variations. 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 macro-nutrient structure of the Gulf of Alaska shelf, 

emphasizing the Seward Line, and Prince William Sound stations (Fig 1).  

2. Determine the state of carbonate chemistry (i.e. Ocean acidification) 

3. Determine primary production and phytoplankton biomass distribution. 

4. Determine the distribution and abundance of zooplankton. 

5. 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 1998-2004, cruises occurred 6-7 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 vessel Tiglax, we determine the physical-chemical structure, algal biomass, primary (algal) 

production, and the distribution, abundance, 

biomass and productivity of zooplankton 

(using 2 different net types).  We explore 

seasonal and inter-annual variations, seeking 

to understand how different climatic 

conditions influence the biological conditions 

in each of these years. Since in 2007 we have 

also monitored carbonate chemistry (i.e. 

ocean acidity). With EVOS support we have 

begun routine sampling at an additional 9 

stations in the northern and eastern PWS, 

some of which have been sampled 

intermittently by the Seward Line program. 

Fig.1. ¢ƘŜ {ŜǿŀǊŘ [ƛƴŜΩǎ ǇǊƛƳŀǊȅ ǎǘŀǘƛƻƴǎΦ  

Process stations are cyan. 



Patterns emerging from the time series and results from each cruise have been posted online at 

http://www.sfos.uaf.edu/sewardline/ although we awe working with AOOS to display data through their 

portal. 

General Considerations 

For a long-term observation series, one of the most critical requirements is consistency of sampling 

locations, timing of observations 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 (Fig.1).  Prince William Sound 

ǊŜǇǊŜǎŜƴǘǎ ƴƻǘ ƻƴƭȅ ŀ ǳƴƛǉǳŜ Ƙŀōƛǘŀǘ ōǳǘ ŀ ƪŜȅ άǳǇǎǘǊŜŀƳέ ǎƻǳǊŎŜ ǘƻ ǘƘŜ ƭƛƴŜΦ  CƻǊ ƻǾŜǊ ŀ ŘŜŎŀŘŜ ǿŜ 

have sampled 3 Knight Island Passage stations and Montague Strait, beginning in 2012 we will add 

additional station in northern and eastern  PWS as well as stations across Hinchinbrook Entrance. 

Sampling will be conducted on 8-day cruises from the R/V Tiglax (home-ported in Homer) in May and 

early September.  The early May period is consistent with sampling form 1998-2006, while the early 

September period captures late summer conditions as observed in 2005- 2013, 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 will be close to that employed during the previous 7 years 

of the Gulf of Alaska GLOBEC LTOP program (i.e. U.S. GLOBEC, 1996; Weingartner et al., 2002), and 

identical to employed during 2005-2009.   

Physical, Chemical, and Phytoplankton 

Weingartner is 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, PAR and discrete 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 post-cruise on frozen samples using an Alpkem Rapid Flow 

Analyzer (Whitledge et al., 1981) and will conform to WOCE standards (Gordon et al., 1993). Tests of 

frozen versus refrigerated samples have indicated no significant difference between storage methods. 

Analytical precision for triplicate nutrient measurements is approximately 0.03-0.05 µmoles kg-1.  

Chlorophyll a concentrations will be measured at all stations to calibrate the in vivo fluorescence 

profiles. The samples will be collected with the rosette on up-casts. Extracted chlorophyll a will be 

determined fluorometrically post-cruise (Parsons et al., 1984).  

Daily measurement of primary production rates will be estimated for large (>20 µm) and small (< 20 

µm) size classes on some cruises by the modified 14C-uptake technique (Parsons et al., 1984). Primary 

production estimates will be made at 4 stations along the Seward Line, plus one in the sound. Water 

samples inoculated with 13C-labeled Na2CO3 will be incubated in 1-liter polycarbonate bottles under 

natural light conditions on-deck. Following the incubations, both light and dark bottles will be filtered, 

purged of inorganic carbon, and analyzed by mass spectrometry. Hourly and daily estimates of primary 

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


production rates will be calculated for each sample site. Particulate carbon and nitrogen samples will be 

obtained for each productivity sample. 

We will collect samples at 26 CTD hydro-stations 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 William 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 the water column and 

another 300 underway samples. These measurements will be taken from a Sea-Bird 911+ 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 DO sensor and 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 into individual 

115 ml BOD flasks, rinsed with 4-5 volumes 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 µmoles kg-1). 

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 µl), the bottles sealed, and 

stored until analysis. When possible, TA samples will be analyzed onboard, otherwise stored after being 

poisoned with HgCl2. Samples will be shipped to UAF for analysis. High-quality DIC data is achieved using 

a highly precise (0.02%; 0.4 µmoles kg-1) VINDTA 3C-coulometer system. TA is determined by 

potentiometric titration with a precision of ~1 µmoles kg-1. 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 accuracy.  The remaining carbonate parameters (pCO2, 

pH, carbonate mineral saturation states) will be calculated from DIC and TA using the CO2 SYS program 

(Lewis and Wallace, 1995). 

The physical and chemical data will be used to quantify the seasonal, interannual, and along- and 

cross-shelf 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 variations in both physical and chemical variables and processes.  Inter-decadal 

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 (from the Pacific Oceanographic 

Group/NOAA since 1946), the Pacific Decadal Oscillation (since 1900), oceanographic buoy data (from 

NOAA since ca. 1975) and the EVOSTC-supported continuous measurements at GAK1. 

Zooplankton 

Coyle and Hopcroft are responsible for the zooplankton component. Hopcroft will assume 

responsibility for daytime operations (finer meshed vertical plankton nets, copepod incubations) and 

Coyle will assume responsibility for night-time operations (Multinet collections).   



Plankton nets: Day time zooplankton 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 calanoids (e.g., Coyle et 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 Seward Line.  A 0.25-m2 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, sea-birds and marine mammals. The Multinet is 

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 intervals. The nets will be fished at each of the 13 main Seward 

Line stations (Fig. 3), 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 collections will 

be made to 600m at Gak13 and PWS2 to assess over-wintering populations of Neocalanus spp. All 

zooplankton samples will be preserved in 10% formalin for later analysis by LTOP methods to the lowest 

taxonomic category possible.  Analysis to date indicates the Multinet yields collections consistent with 

those obtained using a MOCNESS from 1997-2004. 

During traditional taxonomic processing, all larger organisms (primarily shrimp and jelly fish) will be 

removed and enumerated, the sample will then be Folsom 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 

abundant taxa. Blotted wet weights of all specimens of each taxa and stage will be taken on each sample 

ǿƛǘƘ ҕм ˃Ǝ ǿƛǘƘ ŀ /ŀƘƴ 9ƭŜŎǘǊƻōŀƭŀƴŎŜ ǳƴǘƛƭ ǿŜƛƎƘǘǎ ǎǘŀōƛƭƛȊŜΣ ŀŦǘŜǊ ǿƘƛŎƘ Ǉƻƛƴǘ ǘƘŜ ǿŜǘ ǿŜƛƎƘǘ ōƛƻƳŀǎǎ 

will be estimated using mean wet weight. Wet weights on euphausiids, 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 reproduction experienced by the most dominant 

components of the zooplankton.  In the Gulf of Alaska, biomass is seasonally dominated by the large 

Neocalanus spp., although on average they may be exceeded in terms of biomass and production by 

Pseudocalanus species (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. Napp et al., 2005; Liu & Hopcroft, 2006).  For 

Pseudocalanus, we 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, 2008), and EPR generally reflects the current food climate (Runge & Roff, 2000). 

For these experiments, 100 females representing a mixture of the P. mimus and P. newmani are 

incubated individually in 70 ml flasks, and the number of eggs produced over 2 days by each population 

is determined (Napp et al., 2005).  In contrast, Neocalanus only spawn at great depth during the winter 

months, thus we must directly assess the growth rates.  In this case, single stages of Neocalanus 

flemingeri are selected and incubated at 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 other important species (e.g. 

Metridia pacifica ς Hopcroft et 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 

ŎƻƴǎƻǊǘƛǳƳΩǎ ƳŜƳōŜǊǎΦ  ¢ƘŜ Ŧƛǎǘ ŀƴŀƭȅǘƛŎŀƭ Ǉŀǎǎ ƛǎ Ǿƛǎǳŀl presentation of the data, and recalculation of 

long-term 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 cross-shelf patterns (Coyle & Pinchuk, 2005), but 

becomes complicated when making seasonal or inter-annual comparisons.  A variety approaches to 

separate cyclic and long-term trends continue to be explored, but are hampered by the somewhat 

stochastic pattern of climate indices ς truly long-term (i.e. multi-decadal) 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: 61.0, -149.5, 58.0, -146.0).   

E. Coordination and Collaboration with the Program 

Project Integration: This 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 Bay long-term 

monitoring efforts by providing more detailed oceanographic evaluation of the GOA 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 on the Science Coordinating Committee, and participates regularly in 

associated functions to this end.     

Leveraging: This proposal seeks for EVOS to join the consortium of NPRB, AOOS and NOAA currently 

funding the line. We propose to add additional sampling (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 

antƛŎƛǇŀǘŜŘ ƛƴ нлмо ǿƘŜƴ btw.Ωǎ Dh!-IERP program will cover a larger-than-normal 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 and contemporary information in the Gulf of Alaska planned 

through GOA-IERP program. 

LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 

IV. SCHEDULE 

A. Project Milestones 

As with most long-term observation programs, the Seward Line has the same Milestones annually.   

Objectives 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 

ǇƻǎǘŜŘ ƎǊŀǇƘƛŎŀƭƭȅ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǿŜōǎƛǘŜ ŀǘ ǾŀǊƛƻǳǎ ƛƴǘŜǊǾŀƭǎ reflecting the degree or post-

processing required.  Final datasets are released annually. 

 Typically: 

¶ Physical oceanography and chlorophyll are available 60 days after a cruise. 

¶ DIC and TA are available 90 days after a cruise. 

¶ Macronutrients and zooplankton are available 6 months after a cruise. 

¶ Results are presented annually at the Alaska Marine Science Symposium 
 

 

B. Measurable Project Tasks 

May 2014 ς Spring cruise executed 

September 2014 ς Late Summer cruise executed 

January 2015 ς Results presented at AMSS 

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 

ƎǊŀǇƘƛŎŀƭƭȅ ǘƻ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǿŜōǎƛǘŜ ŀǘ ǾŀǊƛƻǳǎ ƛƴǘŜǊǾŀƭs reflecting the degree or post-processing 

required.  Final datasets are released annually. 

V. BUDGET 

Budget Form (Attached) 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FY14 PROGRAM PROJECT 
PROPOSAL FORM 

Project Title: Long term monitoring: Environmental drivers component - Long-term Monitoring of zooplankton 
populations on the Alaskan Shelf and Gulf of Alaska using Continuous Plankton Recorders. 

Project Period: Feb 1st 2014 to Jan 31st 2015 

Primary Investigator(s): Sonia Batten soba@sahfos.ac.uk and Alex Bychkov (bychkov@pices.int) 

mailto:soba@sahfos.ac.uk
mailto:bychkov@pices.int


Abstract: Many 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 important to understanding and predicting fluctuations in resource 
abundance.  The Continuous Plankton Recorder (CPR) has sampled a continuous transect extending from 
the inner part of Cook Inlet, onto the open continental shelf and across the shelf break into the open Gulf 
of Alaska monthly through spring and summer since 2004. There are also data from 2000-2003 from a 
previous transect. The current transect intersects with the outer part of the Seward Line and provides 
complementary large scale data to compare with the more local, finer scale plankton sampling on the shelf 
and in PWS. We propose to continue sampling this transect again each year through 2016. Resulting data 
will enable us to identify where the incidences of high or low plankton are, which components of the 
community are influenced, 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 
synchronous in their response to ocean climate forcing. The data can also be used to try to explain how 
the interannual variation in ocean food sources creates interannual variability in PWS zooplankton, and 
when changes in ocean zooplankton are to be seen inside PWS. The CPR survey is a cost-effective, ship-of-
opportunity based sampling program supported in the past by the EVOS TC that includes local involvement 
and has a proven track record.   

 

Estimated Budget:  
EVOSTC Funding Requested:  

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

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

FY12 FY13 FY14 FY15 FY16 TOTAL 

  $94.7    

 
 

Date: July 30th 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 resolved near-surface zooplankton and 

large phytoplankton abundance over wide spatial scales.  Many 

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 important to understanding and predicting 

Figure 1 Location of samples on a 

typical CPR transect (֙) together with 

the Seward Line (+) 



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 (Figure 1), 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 synchronous 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 less than 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 funding would 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. Summary of Project to Date (if applicable) 

Note that in FY 2012 funding was provided under EVOS project 10100624, not the Gulf Watch Alaska 

project.  

Sampling has continued each year, on six transects per year, usually April to September as planned. In 

2012 there 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 final 6th transect was sampled in October after 

new gear had been shipped out for September. Sampling through 2013, the 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 

populations to extend the existing time series and integrate the data with more regional, locally more 

intensive, sampling programs.  More specifically, we will provide monthly (spring to fall ς typically April 

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

Gulf of Alaska to Cook Inlet, analyzing every 4th oceanic and every shelf sample to provide taxonomically 

resolved abundances. Temperature loggers have been fitted to some CPRs in the past and from 2010 we 

are endeavouring to maintain in situ temperature data collection on this transect. 

Project Integration 

Work was undertaken to compare the CPR sampling with historic and concurrent plankton data 

collected from within PWS to examine the links between zooplankton within and outside of the Sound 



under EVOS TC project 10100624, as part of the herring restoration program.  This will continue under 

GWA as only a short time series of taxonomically resolved plankton data from PWS has yet been 

generated. We also here propose to integrate CPR sampling with the twice-yearly 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 GAK-1 sampling. 

CPR sampling has strengths (robust, cost-effective 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 PWS and Seward 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 CPR will fill-in 

information on seasonality 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 vessel Horizon Kodiak will tow a CPR northbound towards 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 laboratory 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 information 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 patchiness (on 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 available we process samples spaced 74 km 

in the open ocean (every fourth sample being processed) but all samples on the shelf. An individual 

ǎŀƳǇƭŜ ǿƛƭƭ Ǉŀǎǎ ǘƘǊƻǳƎƘ ǎƳŀƭƭ ǇŀǘŎƘŜǎ ƻŦ Ǉƭŀƴƪǘƻƴ ŀƴŘ ǎƻ ǇǊƻǾƛŘŜ ŀƴ ΨŀǾŜǊŀƎŜΩ ƻŦ ǘƘŜ ǎƳŀƭƭ-scale 

patchiness. We have established the decorrelation length-scales 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 of a patch.  

hǳǊ ƳŜǘƘƻŘƻƭƻƎȅ Ƙŀǎ ǊŜƳŀƛƴŜŘ ǳƴŎƘŀƴƎŜŘ ǎƛƴŎŜ ǘƘŜ ǎǳǊǾŜȅΩǎ ƛƴŎŜǇǘƛƻƴ ǎƻ ŎƻƳǇŀǊƛǎƻƴǎ ǿƛǘƘ ƘƛǎǘƻǊƛŎŀƭ 

CPR data are straightforward. Comparisons with other plankton sampling are more problematic as each 

sampling system has a bias of some sort caused by, for example, 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 project 10100624 and will 

continue here. 

 

D. Description of Study Area 

The project will sample waters on a transect from the Straits of Juan de Fuca outside of Puget Sound 

όпуΦпрϲbΣ мнрϲ²Σ /ŀǇǘŀƛƴΩǎ ŘƛǎŎǊŜǘƛƻƴύ ŀŎǊƻǎǎ ǘƘŜ DǳƭŦ ƻŦ !ƭŀǎƪŀ ǘƻ /ƻƻƪ LƴƭŜǘ ŀƴŘ !ƴŎƘƻǊŀƎŜΦ {ŀƳǇƭƛƴƎ 

will end at about 6лȏbΣ мрмΦфϲ² όŀǘ /ŀǇǘŀƛƴΩǎ ŘƛǎŎǊŜǘƛƻƴύΦ  {ŜŜ CƛƎǳǊŜ 1 for a map of the transect.  Ship 

tracks vary minimally from month to month. 

 

E. Coordination and Collaboration with the Program 

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

leveraged. PICES 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 part of 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 EVOSTC was instrumental 

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 extended through the 2012 field 

season 

III. /±Ωǎκw9{¦a9{ ςPlease see Appendix 2 

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 schedule will be repeated each year to 2016. All shelf samples will be processed and 

every 4th oceanic sample. Sampling completed by October 2014.  

 

Objective 2. A subset of samples (25%) will be processed within 3 months of collection at the Institute of 

Ocean Sciences (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 controlled data from 2014 will be available by August 

2015 though early transects will be available earlier.  Preliminary analysis completed by December 2014. 



 

 

B. Measurable Project Tasks 

FY 14, 1st quarter (Feb 1, 2014-April 30 2014) 

February: Shipping of serviced CPR from UK to Horizon Kodiak 

March/April: First transect sampled 

 Annual report submitted 

April: Begin sample processing (ongoing hereafter) 

 

FY 12, 2nd quarter (May 1, 2014-July 31, 2014) 

May-July: Three transects sampled  

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

 

FY 12, 3rd quarter (Aug 1, 2014-October 31, 2014) 

Aug-Sept: Two transects sampled, CPR shipped back to UK for overhaul. 

August: 6 month report submitted 

Final QC data from 2013 available 

October: Attend annual PICES meeting 

 

FY 13, 1st quarter (November 1, 2014-January 31, 2015) 

November: Attend annual GWA PI meeting 

December: Processing and initial analysis of samples collected in summer/fall 2014 

will be completed. 

 

V. BUDGET 

Budget Form (Attached) 



 

 
 

 

 

 

 

 

 

 

FY14 PROGRAM PROJECT 

PROPOSAL FORM ς B.9 

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

Project Period: February 1 2014 ς January 31, 2016 

Primary Investigator(s): Campbell, Robert W., PWS Science Center, 300 Breakwater Ave., Box 705., Cordova, AK, 

99574; rcampbell@pwssc.org 

Abstract: This project is a component of the integrated Long-term Monitoring of Marine Conditions and Injured 

Resources and Services submitted by McCammon et. al.  This project is intended to provide physical and 

biological measurements that may be used to assess bottom-up impacts on the marine ecosystems of 

Prince William Sound.  Specifically, it is proposed to deploy an autonomous profiling mooring in central 

Prince William Sound that will provide high frequency (~daily) depth-specific measurements of physical 

(temperature, salinity, turbidity), biogeochemical (nitrate, phosphate and silicate) and biological 

(Chlorophyll-a concentration) parameters that will be telemetered out in near real-time.  Several regular 

vessel surveys are also proposed to provide ground-truth data for the mooring, and to attempt to capture 

some of the spatial variability in PWS.  As well as the mooring site, the surveys will visit all four of the SEA 

bays to maintain ongoing EVOSTC funded time series measurements at those sites and to support 

proposed herring research (Pegau et. al).  The major entrances (Hinchinbrook Entrance and Montague 

Strait) will also be visited.  The surveys will make the same suite of measurements as the mooring, and will 

also collect water and plankton samples.  This project will also link significantly with the herring research 

efforts proposed by Pegau et al., and will analyze plankton samples collected during intensive studies of 

juvenile herring feeding and energetics. 

mailto:rcampbell@pwssc.org


Estimated Budget:  
EVOSTC Funding Requested:  

FY12 FY13 FY14 FY15 FY16 TOTAL 
$238.1 $193.2 $197.3 $203.7 $209.3 $1,041.6 

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

FY12 

 

FY13 

 

FY14 

$23 

FY15 

$23 

FY16 

$23 

TOTAL 

$69 
 

Date: 30 Aug 2013 

 

 

 

I.  NEED FOR THE PROJECT 

A. Statement of Problem 

Marine ecosystems are not static over time, they may change gradually from year 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 monitoring of the spill-effected 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 stratification (i.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 inter- and intra-annually.  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 there are, or their biomass). The phenology of 

ecosystem components (the timing of who appears) is also important, particularly with regards to 

matches and mismatches between predators and prey. 

B. Summary of Project to Date (if applicable) 

All milestones from previous years of the project have been met to date; all milestones are ongoing and 

we expect to continue to meet our goals. 

II. PROJECT DESIGN 



A. Objectives 

The goal of this program is to deliver a monitoring 

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 capture timing changes 

(changes that occur on order of weeks), and give 

an idea of spatial variability in the region. As well, 

given that PWS herring will remain a funding 

priority of the EVOSTC in the next 20 years, any 

long term monitoring efforts should be integrated 

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, salinity, chlorophyll-a (as a proxy for phytoplankton biomass), turbidity and 

nitrate concentration in the surface layer (0-100 m). 

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

provided by the mooring. 

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. 

B. Procedural and Scientific Methods 

Project approach and logistics 

The central PWS mooring (Objective 1) is best located near Naked Island (Figure 1).  The proposed site is 

the location of the C-LAB 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 co-located with a Seward Line sampling site (see Hopcroft project proposal). The 

proposed mooring is an Autonomous Moored Profiler (AMP, WetLabs, Inc.). The AMP is self-contained, 

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

of approximately 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 CTD (0.01 oC, 0.001 S m-1 

ŀƴŘ лΦллр Ǉǎƛ ǊŜǎƻƭǳǘƛƻƴύΣ ŀ ŦƭǳƻǊƻƳŜǘŜǊκǘǳǊōƛŘƻƳŜǘŜǊ όлΦлм ˃Ǝ ƭ-1 chl-a and 0.01 NTU resolution), and a 

¦± ƴƛǘǊŀǘŜ ŀƴŀƭȅȊŜǊ όŀ {ŀǘƭŀƴǘƛŎ {¦b!Υ н ˃a ǊŜǎƻƭǳǘƛƻƴύΤ Řŀǘŀ ǿƛƭƭ ōŜ ǘŜƭŜƳŜǘŜǊŜŘ ƻǳǘ ƛƴ ƴŜŀǊ ǊŜŀƭ-time 

by cellular modem. 

Figure 1.  Proposed mooring location, cruise 
track and station locations visited during vessel 
surveys. 



Vessel surveys (Objective 2) will be conducted 6 times per year, and will visit the four SEA bays that have 

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 

ground-truth data and to service the mooring). Each station will include a CTD cast (with the same 

instrumentation as on the mooring), water bottles for nutrient and chl-a analysis, and a plankton tow. 

Two stations will be done in each of the bays, one near the head where juvenile herring are more 

frequently encountered, and one in more open waters at the mouth of the bay where older age classes 

ŀǊŜ ƳƻǊŜ ŎƻƳƳƻƴΦ  ¢ƘŜ ǘƛƳƛƴƎ ƻŦ ǘƘŜ ǎǳǊǾŜȅǎ ǿƛƭƭ ōŜ ǎǘǊǳŎǘǳǊŜŘ ŀǊƻǳƴŘ ǘƘŜ άǇǊƻŘǳŎǘƛǾƛǘȅ ǎŜŀǎƻƴέ ǘƻ 

attempt to capture the spring and autumn blooms (i.e. pre-bloom, bloom and post-bloom). 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 of 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 to do a number 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 

quality 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 
лΦт˃ƳύΣ ǿƘƛŎƘ ǿƛƭƭ ōŜ ǊŜǘŀƛƴŜŘ ŦƻǊ ǘƘŜ ŜȄǘǊŀŎǘƛƻƴ of chlorophyll-a (Parsons et al. 1984), and the filtrate 
will be retained for the analysis of 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 frequency (~daily) 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 methods (e.g. 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 collections 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 depth-integrated instead of 

depth-specific.  Differences in the concentrations of each species among the 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 be examined 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 ecosystem-level production processes in PWS 

(Cooney 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 abundance, combined 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 project is conducted throughout PWS; the stations are shown in Figure 1 and Table 1. 

 

 

Table 1:  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 

Eaglek Bay 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 Pegau et 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 will be analyzed 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 instrumentation and equipment used in this project was initially purchased with AOOS 

funds. 

LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 

IV. SCHEDULE 

A. Project Milestones 

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

Objective 2. Conduct regular 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, 2014-December 31, 2014) 
October-December: Mooring operational, sample processing ongoing 
October: Vessel survey/service mooring 
November: Vessel survey 
December: Vessel survey 
 
FFY 14, 2nd quarter (January 1, 2014-March 31, 2014) 
January-March Mooring operational, sample processing ongoing 
January: Annual Marine Science Symposium 
March:    Vessel survey/service mooring 
 
FFY 14, 3rd quarter (April 1, 2014-June 30, 2014) 
April-June: Mooring operational, sample processing ongoing 
April:    Vessel survey 
June:    Vessel survey/service mooring 



 
FFY 14, 4th quarter (July 1, 2014-September 30, 2014) 
July-September:  Mooring operational, sample processing ongoing 
July:        Service mooring 
August:  Submit annual report 
 

V. BUDGET (attached) 
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FY14 PROGRAM PROJECT  PROPOSAL FORM ς B.8 

Project Title: Long-term monitoring of oceanographic conditions in Cook Inlet/Kachemak Bay to understand recovery 

and restoration of injured near-shore species 



Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Angela Doroff (Kachemak Bay National Estuarine Research Reserve-ADFG, 

angela.doroff@alaska.gov, 907-226-4654, 95 Sterling Hwy, Homer AK 99603), Kris Holderied (NOAA Kasitsna Bay 

Laboratory, kris.holderied@noaa.gov, 907-235-4004, 2181 Kachemak Dr, Homer, AK, 99603) 

Abstract:   

This project is designed to assist in the evaluation of recovery and restoration of injured resources in the foot print of 

the Exxon Valdez oil spill (EVOS).  It is important to know if oceanic conditions and changes in the Gulf of Alaska are 

synchronous with near-shore trends, and monitoring at multiple sites will help discern such relationships.  Mapping 

currents and water mass movements of a region contributes to our understanding of patterns in the abundance and 

diversity of marine plankton, invertebrates, fish, birds, and mammals in coastal Alaska.  The complex structure of 

fronts where water masses meet and the patterns associated with the movement of water masses are still not 

understood for lower Cook Inlet.  In this study, we will be mapping the waters in lower Cook Inlet and Kachemak Bay 

to understand the intrusions of the Alaska Coastal Current and to identify spatial and temporal changes of various 

other currents in this region and relate these observations to injured resources.  Developing an understanding of the 

structure of the physical oceanography will help us understand the connectivity of water movement and potential 

plankton transport between lower Cook Inlet and Kachemak Bay.  By determining the local species of phytoplankton 

and zooplankton and understanding their seasonal distribution we will begin to understand the biological patterns 

associated with upper trophic levels of the nearshore marine system.  Information from this project will also be useful 

to local mariculture operations, subsistence harvesters of hard shell clams and other invertebrates, NOAA Regional 

Ocean Circulation Model development, and monitoring 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 Valdez oil spill (EVOS).  It is important to know if oceanic conditions and changes 

mailto:angela.doroff@alaska.gov
mailto:kris.holderied@noaa.gov


in the Gulf of Alaska are synchronous with near-shore trends, and monitoring at multiple sites will help 

discern such relationships.  Kachemak Bay, like PWS, has been impacted by the EVOS and has similar 

physical stressors on near-shore coastal habitat such as land-level changes from the 1964 earthquake 

and isostatic rebound from melting glaciers. In this project we are continuing oceanographic monitoring 

data series for lower Cook Inlet (Okkonon et al. 2009) and Kachemak Bay (Murphy and Iken 2013).  

B. Summary of Project to Date  

Beginning in 2012, we have been conducting oceanography and marine plankton surveys quarterly in 

lower Cook Inlet (including Kachemak Bay) and monthly in mid-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 2013 though Kachemak Bay 

sampling was completed.  Collectively, nearly 487 conductivity-temperature-depth (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 ongoing data processing to standard 1-meter depths, export 

to Excel spreadsheets and generation of data visualizations as vertical profile graphs and along-transect 

contour plots.  In November 2012, we also began to compile the historical CTD data for the study area 

and are preparing 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 the new NOS Cook Inlet ocean circulation model.  This model 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 later analyses by the NOAA Center for Coastal Fisheries and Habitat Research 

(Kasitsna Bay and Beaufort Laboratories - phytoplankton) and the Prince William Sound Science Center 

(zooplankton).  Data are still being processed for zooplankton.  Preliminary results from the 

oceanographic and phytoplankton monitoring have been presented in three posters at the 2012 and 

2013 Alaska Marine Science Symposium and in public talks given in Homer Alaska (July 2012 and July 

2013) and Seldovia Alaska (July 2013).  The phytoplankton 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 Research ReǎŜǊǾŜǎΩ {ȅǎǘŜƳ-wide Monitoring Program for meteorological, water quality, 

ŀƴŘ ƳƻƴǘƘƭȅ ƴǳǘǊƛŜƴǘ ǎŀƳǇƭŜǎΤ ŀƭƭ Řŀǘŀ ŀǊŜ ōŜƛƴƎ ǉǳŀƭƛǘȅ ŎƻƴǘǊƻƭƭŜŘ ŀƴŘ ŀǊŎƘƛǾŜŘ ǘƘǊƻǳƎƘ ǘƘŜ b9wwΩǎ 

Central Data Management Office.  As part of this study, we purchased a YSI moored buoy system and 

deployed a data sonde to monitor water quality in Bear Cove during the ice-free months.  The station 

data is telemetered to provide researchers and local oyster farmers with real-time access to the water 

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

monitoring program with four new sondes which have an optical port for continuous monitoring of 

chlorophyll-a (chl-a); this allows for monitoring all three surface (1m depth) stations for chl-a throughout 

the summer months. 



II. PROJECT DESIGN 

A. Objectives 

Project objectives 

Our 5-year program goal is to enhance existing monitoring programs to be able to correlate near-shore 

monitoring of injured resources with annual and seasonal patterns and trends in oceanographic 

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. Identify surface and subsurface flow and water mass characteristics 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 sonde in Bear Cove during the ice-free 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 Alaska Coastal Current  
a. Maintain and monitor temperature trends in all sub-bays 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 Kachemak 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 the short-term variability and track long-term 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 part of the PWS oceanographic 
monitoring project. Phytoplankton will analyzed by the NOAA Center for Coastal Fisheries and 
Habitat Research at Kasistna Bay Laboratory and with molecular techniques at our Beaufort 
Laboratory in North Carolina.  

 

B. Procedural and Scientific Methods 

Study Area and Sampling Frequency:  We are extending  existing time series of oceanographic surveys in 

lower Cook Inlet and Kachemak Bay (Okkonon et al. 2009, Muphy and Iken 2013) and supplementing an 

existing water quality monitoring program in Kachemak Bay (Kachemak Bay Research Reserve 2010) 

with an additional site in Bear Cove during the ice-free months.  Surveys will be conducted at stations 

along transect lines (Figure 1) within Kachemak Bay (Transects 4 and 9) and across lower Cook Inlet 

(Transects 3, 6 and 7).  Kasitsna Bay Laborator and Kachemak Bay Research Reserve small boats will be 

used for Kachemak Bay sampling and larger chartered boats will be used for Cook Inlet sampling, due to 

the routine presence of higher sea state conditions in the inlet.  Station spacing will be between 400 m 

and 1.5 km in Kachemak Bay and up to 4 km in Cook Inlet, with closer station spacing near the coast.  At 



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

line, wind speed and direction, and sea state. Additional information recorded at each station, including: 

station ID, time, position, station depth, event (type of sampling event and sample ID), and comments 

about the station.  Oceanographic measurements are made with conductivity-temperature-depth (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 the stations (n=15) (Figure 1).  Transects in lower Cook Inlet and outer Kachemak Bay 

(Transects 3, 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, during years four and five of the project due to 

budget limitations.  Transect 9, at mid-Kachemak Bay is scheduled for monthly oceanographic (n=9) and 

plankton (n=3) sampling throughout the study period.      

Conductivity-temperature-depth (CTD) profiler oceanographic surveys:  Sea-Bird Electronics (SBE) 19plus 

SEACAT CTD profilers will be used to acquire surface to bottom profiles of temperature and salinity at 

each station on the shipboard surveys.  Turbidity measurements will be made with a WETLabs ECO 

Fluorometer chlorophyll and turbidity sensor, dissolved oxygen measurements will be made with an SBE 

43 oxygen sensor, and light will be measured with a Licor LI-192 photosynthetically available radiation 

sensor, with all sensors integrated with the CTD profiler.  At each station, the CTD profiler will be 

lowered at 1 meter/second from approximately 1 meter depth to 1-2 meters from the bottom, with 

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

handheld GPS units.  Sampling will normally be limited to sea states less than seven feet for safe 

deployment of the CTD.  The SBE-19+ CTD are placed in a cage and a 5 -10 Kg weight on a 1-m long line 

is suspended beneath the cage to reduce flagging in strong Cook Inlet tidal currents.  The data are 

downloaded at the end of each transect and processed using standard SeaBird processing algorithms.   

Zooplankton Sampling:  Zooplankton are sampled with a bongo style plankton net (2 m length of 333 

micron mesh with a 60 cm diameter opening (Aquatic 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 screw-top lids and preserved with either 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 Sampling:  A surface tow method is used to collect phytoplankton 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 sea water 
c. /ƻƭƭŜŎǘ ǎŀƳǇƭŜ ƛƴ ŀ ǎŀƳǇƭŜ ƧŀǊΤ ǇǊŜǎŜǊǾŜ ǘƘŜ ǎŀƳǇƭŜ ǿƛǘƘ [ǳƎŀƭΩǎ ǎƻƭǳǘƛƻƴ 

C. Data Analysis and Statistical Methods 



SEACAT CTD profiler data from all transects will be initially processed with standard SBE Seasoft 

software algorithms and averaged into 1 meter depth bins.  Subsequent data processing will use Matlab 

software algorithms to compute density and construct vertical profiles and along-transect distance 

versus depth contour plots of temperature, salinity, density and other variables.  Density fields 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, salinity and density fields.  A least-squares analysis 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 a reference salinity (~32 

psu) consistent with earlier studies.  The CTD data will be used to assess the seasonal cycle of water 

mass movements and density-driven, geostophic circulation.  We expect to use the new NOS circulation 

model (completed in 2013) to help us analyze 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 project, in 

conjuction with other Gulf Watch Alaska projects of the University of Alaska Fairbanks and the Prince 

William Sound Science Center, is helping to  develop an in-state capability for marine plankton 

identification; most zooplankton samples are currently being sent out of the country for analyses.  A 

plankton manual of common and rare species of marine plankton will be developed for this study area.  

Plankton data will be analyzed both qualitatively and quantitatively, depending on the accuracy of the 

plankton density estimates.  Collectively, 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 those ŘŜǾŜƭƻǇŜŘ ōȅ bh!!Ωǎ 

Southeast Area Monitoring and Assessment Program. 

 

 

 

 

 

D. Description of Study Area 



 

Figure 1.  This is the study area for the oceanographic and marine plankton long term monitoring project 

in Kachemak Bay and lower Cook Inlet, Alaska.  Each dot represents an oceanographic profile sampling 

location; red dots indicate the current sampling stations for marine plankton and water chemistry 

samples.  

E. Coordination and Collaboration with the Program 

The Kachemak Bay 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 data from existing KBRR water 

quality 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 ice-free months in Bear Cove (near head of Bay); and 3) small-boat 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 CTD survey data collected 

along these transect lines as well as four other transects in lower Cook Inlet.  The NOAA Kasitsna Bay 



Laboratory is contributing staff time and in-kind use of small boats and equipment to the project.  We 

are also leveraging support from undergraduate NOAA Hollings Scholars that have 2-month summer 

internships at Kasitsna Bay Laboratory, with two to three students participating each year.  Collectively, 

the proposed near-shore and offshore long-term monitoring will have $155K/year match from the 

Kachemak Bay Research Reserve and the Kasistna Bay Laboratory, combined.   

This project directly links to Gulf Watch projects Long-term Monitoring of zooplankton populations on 

the Alaskan Shelf and Gulf of Alaska using Continuous Plankton Recorders which has a goal to 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 and to Long term 

monitoring of oceanographic conditions in Prince William Sound which is providing data consistency for 

zooplankton identification of samples collected in our study area.  The Gulf Watch project, The Seward 

Line: Marine Ecosystem monitoring in the Northern Gulf of Alaska is important to understanding 

anomalies and broad-scaling 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 salinity) from this study is being used to validate an 

ƻŎŜŀƴ ŎƛǊŎǳƭŀǘƛƻƴ ƳƻŘŜƭ ōŜƛƴƎ ŘŜǾŜƭƻǇŜŘ ōȅ bh!!Ωǎ bŀǘƛƻƴŀƭ hŎŜŀƴ {ŜǊǾƛŎŜ ŦƻǊ /ƻƻƪ LƴƭŜǘΦ  ¢ƘŜ 

model is being used by NOS to produce a tidal energy assessment of Cook Inlet, in partnership 

with the Alaska Energy Authority, and the model will be part of an operational Cook Inlet marine 

forecast system.  

b. The phytoplankton species that causes paralytic shellfish poisoning, Alexandrium fundyense, 

were found at all Kachemak Bay sampling locations throughout the summer, although at 

relatively low concentrations.  A. fundyense concentrations 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 to quantify 

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 is needed to 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 relationships between 

marine conditions, primary productivity, and seabirds and marine mammals. 

LLLΦ /±Ωǎκw9{¦a9{- please see appendix 

IV. SCHEDULE 

A. Project Milestones 

Objective 1. Quarterly CTD/marine plankton surveys will be conducted throughout the study area.  

Monthly CTD/marine plankton surveys will be conducted in Kachemak Bay.  The 



YŀŎƘŜƳŀƪ .ŀȅ wŜǎŜŀǊŎƘ wŜǎŜǊǾŜΩǎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳ ǿƛƭƭ ŎƻƭƭŜŎǘ 

continuous water quality data at 5 stations during ice-free months and 3 stations during 

heavy icing.   

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 ice-free months and 3 stations during 

heavy icing.  The Reserve will also monitor sub-bay temperatures throughout the year in 

Kachemak Bay. 

Objective 3. Using data collected in objectives 1 and 2, we will track 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 area.  When complete, these trends will be 

related to other GulfWatch studies. 

B. Measurable Project Tasks 

FY 14, 1st quarter (February 1 ς May 31, 2014) 
February, 2014 Project funding available 
 1st & 2nd Quarterly survey of the study area 
 Monthly survey of inner Kachemak Bay 
 Continuous water quality monitoring 3 stations 
 Continuous water temperature monitoring in sub-bay 
 Data management 
 
FY 14, 2nd quarter (June 1, 2014-August 30, 2014) 
June : Monthly survey of inner Kachemak Bay 
 Continuous water quality monitoring 5 stations 
    Continuous water temperature monitoring in sub-bay 
July:    3rd Quarterly survey of the study area 
    Data management 
 
FY 14, 3rd quarter (September 1, 2014-November 30, 2014) 
September 1: Monthly survey of inner Kachemak Bay 
 Continuous water quality monitoring 3 stations 
     Continuous water temperature monitoring in sub-bay 
October:  4rd Quarterly survey of the study area 
  Data management 
 
FY 14, 4th quarter (December 1, 2015 ς January 31, 2015) 
December 1:   Report writing 
 Monthly survey of inner Kachemak Bay 
 Continuous water quality monitoring 3 stations 
     Continuous water temperature monitoring in sub-bay 



 
V. BUDGET 
Budget Form (Attached) 
 
 

Pelagic Monitoring Component (lead ς Lindeberg)  

FY14 PROGRAM PROJECT 

PROPOSAL FORM 

Project Title: Data synthesis, analysis and recommendations for sampling frequency and intensity of nearshore 

marine bird surveys to detect trends utilizing existing data from the Prince William Sound, Katmai and Kenai Fjords 

coastlines. 

Project Period: (Please use the fiscal year of February 1 ς January 31) 

Primary Investigator(s): Heather Coletti, Marine Ecologist, Southwest Alaska Network Inventory and Monitoring 

Program, National Park Service, Heather_Coletti@nps.gov, 907-644-3687  

Collaborators:  David Irons, James Bodkin, Brenda Ballachey, Tom Dean 

Abstract: This project is a component of the integrated Long-term Monitoring of Marine Conditions and Injured 

Resources and Services submitted by McCammon et al. Skiff based surveys for marine birds along the 

Prince William Sound, Katmai and Kenai Fjords coastlines have been conducted for over 5 and 20 years, 

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. The focus of 

these surveys is on marine birds that are trophically linked to the nearshore food web, and include species 

ƻŦ ǎŜŀ ŘǳŎƪǎ όIŀǊƭŜǉǳƛƴ ŘǳŎƪǎΣ .ŀǊǊƻǿΩǎ ŀƴŘ ŎƻƳƳƻƴ ƎƻƭŘŜƴŜȅŜΣ ŀƴŘ ǎŎƻǘŜǊǎύΣ ƳŜǊƎŀƴǎŜǊǎ όŎƻƳƳƻƴ ŀƴŘ 

red-breasted), and shorebirds, specifically the black oystercatcher, cormorants, glaucous-winged gulls and 

pigeon guillemots. Sustainability of long-term monitoring programs requires the optimization of sampling 

intensity and efforts to minimize costs while concurrently having sufficient power to detect a trend. While 

there has been critical thought in the past regarding these questions, current available analytical methods 

now allow for the use of existing data in simulations, using a Bayesian framework, to estimate number of 

samples and sample frequency required to detect a specified trend as well as examine effects contributing 

to variation, such as imperfect detection. 

mailto:Heather_Coletti@nps.gov


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 

(Funding requested 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 NPS ς has changed because of shifts in timeline ς see 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 account for imperfect 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 the Exxon Valdez Oil Spill.  These include: black oystercatchers (Haematopus 
bachmani), cormorants (Phalacrocorax spp.), glaucous-winged gulls (Larus glaucescens), goldeneyes 
(Bucephala spp.), harlequin ducks (Histrionicus histrionicus), mergansers (Mergus spp.), pigeon 
guillemots (Cepphus columba), and scoters (Melanitta spp.).  
From preliminary analysis of NPS data, the current survey design does not provide variance estimates 
for detecting trends for the identified indicator species with suitable 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 
possibly because: (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 conducting replicate 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 
imperfect detection 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 Alaska are and increase efficiency as we move forward 
in our efforts to monitor species of interest within the Exxon Valdez spill area. 
 
B. Summary of Project to Date (if applicable) 
If the project was funded in previous years, please provide a summary of the goals met to date and what 
ƳƛƭŜǎǘƻƴŜǎ ŀǊŜ ǎǘƛƭƭ ƻǳǘǎǘŀƴŘƛƴƎΦ  LŦ ǘƘŜǊŜ ŀǊŜ ƳƛƭŜǎǘƻƴŜǎ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǇǊƻǇƻǎŀƭ ǘƘŀǘ ƘŀǾŜ ƴƻǘ 
been met, provide a description of why they could not be met, how much funding remains for the 
project to complete the milestones and 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 resulting 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 until June / 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 of 
2013. Timelines have been adjusted accordingly (see objectives section). No additional funding has been 
provided or requested.  The only modification to the budget is the increase in in-kind support 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 regarding sampling intensity and sample 
frequency for detecting trends.  These are essential components to building a long-term 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 
ǎǇŜŎƛŜǎκǎǇŜŎƛŜǎ ƎǊƻǳǇǎΩ ŘŜƴǎƛǘȅκŀōǳƴŘŀƴŎŜΦ 

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 true population 
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 long-term monitoring effort may be a way of displaying for the Trustees that we 
are thinking about a long-term, sustainable monitoring program that will allow us to estimate trends 
that we deem ecologically important across a variety of temporal and spatial scales and 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 front-end 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 long-term 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 effort between 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 to meet the 
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 the anticipated raw-data 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 Trustee /ƻǳƴŎƛƭΩǎ ǇƻƭƛŎȅ ƻƴ ŎƻƭƭŜŎǘƛƻƴǎΣ ŀǾŀƛƭŀōƭŜ ŀǘ 
http://www.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 measurements to be taken 
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 the variation 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 if applicable decimally-coded 
latitude and longitude readings of sampling locations or the bounding coordinates of the sampling 
region (e.g., 60.8233, -147.1029, 60.4739, -147.7309 for the north, east, south and west bounding 
coordinates).  The formula for converting from degree minute seconds to decimal degrees is: degrees + 

(minutes/60) + (seconds/3600) so 121̄уΩсέ Ґ мнмΦ Ҍ όуκслύ Ҍ όсκосллύ Ґ мнмΦмор 
 
See Project Design Section A. 
 
E. Coordination and Collaboration with the Program 
Indicate how your proposed project relates to, complements or includes collaborative efforts with the 
tǊƻƎǊŀƳΦ  LŘŜƴǘƛŦȅ Ƙƻǿ ǘƘƛǎ ǇǊƻƧŜŎǘ ǿƛƭƭ ŀǎǎƛǎǘ ƛƴ ǘƘŜ ŀƴǎǿŜǊƛƴƎ ƻŦ ǘƘŜ tǊƻƎǊŀƳΩǎ ƘȅǇƻǘƘŜǎƛǎ ŀƴŘ Ƙƻǿ 
data collected as part of this project may be used by other projects. Describe any coordination 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, sample 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 names of agency or 
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. 
 
LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 
 
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 their objectives 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 originally modified 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. The resulting 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 until June / 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 for objective 3 have been modified based on 
ƻōƧŜŎǘƛǾŜ мΩǎ ǳǇŘŀǘŜŘ ŘŀǘŜΦ  
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 Park. - COMPLETED 
To be met by June ς 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 example, sample collection, 
data analysis, manuscript submittal, etc.) will be completed.  This information will be the basis for the 
quarterly project progress reports that are submitted to the Trustee Council Office.  Please format your 
schedule like the following example. 
 
FY 14, 1st quarter (February 1 ς May 31, 2014) 
February, 2014 Project in progress, no additional funding required 
 
FY 14, 2nd quarter (June 1, 2014-August 30, 2014) 
June 30:   Provide final report with recommendations for continued monitoring. 
 
FY 14, 3rd quarter (September 1, 2014-November 30, 2014) 



September 1:  NA 
 
FY 14, 4th quarter (December 1, 2015 ς January 31, 2015) 
December 1:   NA 
 

V. BUDGET 

Budget Form attached. 

 

 

 

 

 

 

 

 

FY14 PROGRAM PROJECT 

PROPOSAL FORM 

Project Title: Long-term Monitoring: Pelagic monitoring component - Long-term killer whale monitoring in Prince 

William Sound/ Kenai Fjords 

Project Period: February 1 ς January 31 

Primary Investigator(s): Craig O. Matkin, Executive Director, North Gulf Oceanic Society  3430 Main St. St B1  Homer, 

Alaska 99603  907 299-0677 



Abstract:  

The proposed project is a continuation of the annual monitoring of AB pod and the AT1 population killer whales in 

Prince William Sound-Kenai Fjords.  These groups of whales suffered significant losses at the time of the oil spill and 

have not recovered at projected rates.  Monitoring of all the major pods and their current movements, range, feeding 

habits, and contaminant levels will help determine their vulnerability to future perturbations, including oil spills.  The 

project also extends the scope of the basic monitoring to include an innovative satellite tagging program used to 

examine habitat preference, feeding ecology and assist in relocating whales for feeding studies.  It continues 

examination of feeding habits using observation, prey sampling and innovative chemical techniques. The study will 

delineate important habitat, variations in pod specific movements and feeding behavior within a temporal and 

geographic framework.   We will examine the role of both fish eating and mammal eating killer whales in the near-

shore ecosystem and their impacts on prey species.  Community based initiatives, educational programs, and 

programs for tour boat operators will continue to be integrated into the work to help foster restoration by improving 

public understanding and 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 the Exxon Valdez oil spill in 1989.  AB pod is recovering after 22 years but has still 
not reached pre-spill numbers.  The AT1 population is not recovering and may be headed toward 
extinction.  This project has determined that killer whales are sensitive to perturbations such as 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 focus 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  long-term killer whale monitoring has been borne 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 applicable) 
   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.  Recent ƳƛƭŜǎǘƻƴŜǎ ƛƴŎƭǳŘŜ ǇǳōƭƛŎŀǘƛƻƴ ƻŦ ά¢ƘŜ [ƛŦŜ 
IƛǎǘƻǊȅ ŀƴŘ tƻǇǳƭŀǘƛƻƴ 5ȅƴŀƳƛŎǎ ƻŦ wŜǎƛŘŜƴǘ YƛƭƭŜǊ ²ƘŀƭŜǎέ ƛƴ ǘƘŜ ƧƻǳǊƴŀƭ aŀǊƛƴŜ aŀƳƳŀƭ {ŎƛŜƴŎŜΣ  ŀƴŘ 
ά/ƻƴǘǊŀǎǘƛƴƎ !ōǳƴŘŀƴŎŜ ŀƴŘ wŜǎƛŘŜƴŎȅ tŀǘǘŜǊƴǎ ƻŦ ¢ǿƻ {ȅƳǇŀǘǊƛŎ tƻǇǳƭŀǘƛƻƴǎ ƻŦ ¢ǊŀƴǎƛŜƴǘ YƛƭƭŜǊ 
Whales in the bƻǊǘƘŜǊƴ DǳƭŦ ƻŦ !ƭŀǎƪŀέ ƛƴ ǘƘŜ ƧƻǳǊƴŀƭ CƛǎƘŜǊȅ .ǳƭƭŜǘƛƴΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘŜ ǇǳōƭƛŎŀǘƛƻƴ ƻŦ ǘƘŜ 
ōƻƻƪ άLƴǘƻ DǊŜŀǘ {ƛƭŜƴŎŜέΣ ŀ ǇƻǇǳƭŀǊ ŀŎŎƻǳƴǘ ƻŦ ǎƻƳŜ ƻŦ ƻǳǊ ǊŜǎŜŀǊŎƘ ŀƴŘ ŦƛƴŘƛƴƎǎΦ    5ŜǾŜƭƻǇƳŜƴǘ ƻŦ 
ARGOS based satellite tags which now include dive time and depth has 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 related to 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 
 
II. PROJECT DESIGN 
A. Objectives 

1) Photo-identification 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 histories, identification 
catalogues of individuals and an annual update of population model are products of these data. 

2) /ƻƭƭŜŎǘƛƻƴ  ƻŦ  ōƭǳōōŜǊ ǎŀƳǇƭŜǎ ŦƻǊ ŎƘŜƳƛŎŀƭ ƳƻƴƛǘƻǊƛƴƎ ƻŦ  t/.ǎΣ 55¢Ωǎ ŀƴŘ t.59ΩǎΣ ƭƛǇƛŘǎ κŦŀǘǘȅ 
acids and stable isotope values to gauge changes in contaminant 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 tissue samples (Genetic  analytical costs paid by NMML/UBC) 
5) Tracking of individuals/pods using ARGOS satellite telemetry to improve re-sighting rate and 

foster completion of objectives 1-3.  Use of time/depth recorders to examine feeding patterns 
and diel behavior. 

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.  Photo-identification 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 are encountered.   (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.  This technique 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 and encounter 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 photo.  Improvement 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 individual (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 annual basis. 
 
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 
comparable 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.   
 The report 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 within AB pod 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 be presented.   
         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/stable isotope 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 compare chemical 
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 prior 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 with 
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 establish home 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 data from 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 data base will be 
available by request to NGOS.  
   PC (Windows) compatible computers owned by NGOS will be used to analyze field data.  The 
various long-term databases will be housed at NGOS offices as well as on the Gulf Watch website and 
with other Gulf Watch databases, 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 William Sound and 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 analysis of current data is part of a long-term 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 Sea Life Center, 
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 continue to be active collaborators on the studies examining the 
interaction of humpback whales and herring ( see other projects, John Moran, PI) and have contributed 
our substantial long-term humpback whale photo database to their analysis.  We will continue to collect 
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 oceanographic studies of the Alaska Coastal Current.   
             This project will rely on approximately $15,000 annually in additional analytical time provided by 
the NWFSC, Environmental Contaminant Laboratory, $5000.00 annually in additional vessel time 
contributed by 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 William Sound/Kenai 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. 
 
LLLΦ /±Ωǎκw9{¦a9{-please see appendix 2 
 
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 analysis blubber 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 years of the project to be published and 
included in final report  
 
 
 
B. Measurable Project Tasks 
 
FY14, 1st quarter (October 1, 2013-December 31, 2013) 
Workup satellite tag data in GIS format and update databases.  Lipid/fatty acid, contaminant, stable 
isotope and genetic analysis. 
FY14, 2nd quarter (January 1, 2014-March 31, 2014) 
January 23-27 Annual Marine Science Symposium.   Finish analysis of photographs from  fieldwork 
catalogue, workup satellite tag data in GIS format and update databases.  Lipid/fatty acid, contaminant, 
stable isotope, prey sample and genetic analysis completion.  
FY14, 3rd quarter (April 1, 2014-June 30, 2014) 



Prepare for April field work Conduct fieldwork in April (10 days) and May- June (10 days) 
FY14, 4th quarter (July 1, 2014- September 30, 2014) 
Conduct fieldwork in July-August (14 days) and September-November (14 days) Initiate analysis of 2014 
data. 
 
V. BUDGET 
Budget Form (Attached) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FY14 PROGRAM PROJECT 
PROPOSAL FORM 

Project Title: Long-term Monitoring: Pelagic Monitoring Component ς Long-term monitoring of humpback whale 

predation on Pacific herring in Prince William Sound 



Project Period: Feb 1 ς July 31, 2013 

Primary Investigator(s): John R. Moran (NOAA) and Janice M. Straley (UAS)  

Collaborating investigator: Terry Quinn (UAF) 

Abstract: This project is a component of the integrated Long-term Monitoring of Marine Conditions and Injured 

Resources and Services submitted by McCammon et. al.  We will evaluate the impact by humpback whales on Pacific 

herring populations in Prince William Sound.  Following protocols established during the winters of 2007/08 and 

2008/09(EVOSTC project PJ090804).  We will continue to monitor the seasonal trends and abundance of humpback 

whales in Prince William Sound.  Prey selection by humpback whales will be determined through acoustic surveys, 

visual observation scat analysis and prey sampling. Chemical analysis of blubber samples (stable isotopes and fatty 

acid analysis) will provide a longer term perspective on 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 goal of 

enhancing the age structure modeling of population with better estimates of predation mortality.   

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 pre-spawning herring during the fall and 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 increasing at 5-7% 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 
accurate predictor of the herring population.   
 
B. Summary of Project to Date (if applicable) 
We have completed three winter field seasons. 
 
II. PROJECT DESIGN 
A. Objectives 
     Objectives: 

1) Population estimates of humpback whales through the use of photographic mark- recapture 
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 PJ090804 identified an correlation between the movements of whales and 
herring in PWS 

3) Estimate inter-annual trends in humpback whale abundance. This objective allows us to 
determine if the conclusion from EVOSTC project PJ090804 are an anomaly or typical whale 
behavior in PWS.  

4) Determine the diet and dietary shifts of humpback whales. A shift 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 predation rates on herring by humpback whales. This objective quantifies predation 
pressure on herring for PWS. 

6) Incorporate mortality rates into herring age structure models. This is the management 
component of the study, to evaluate if predation by whales explains 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 1-4 followed by a year of data synthesis (year 5), with the outlook of continuing 
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 well as photo 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 whale monitoring 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 observer. 
 
B. Procedural and Scientific Methods 

Population estimates of humpback whales through the use of photographic mark- recapture 
models.  
We will use digital cameras with 80-200 mm telephoto lenses or fixed lenses to capture images 
of the ventral side of humpback whale flukes to identify individuals. All photographs will be 
quality 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 mark-recapture 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 co-occurrence with their mothers (and is therefore not independent), 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 using mark-recapture methods. 
¢ƘŜ ŦƛǊǎǘ ǇƘƻǘƻƎǊŀǇƘ ƻŦ ŀ ǇŀǊǘƛŎǳƭŀǊ ǿƘŀƭŜ ƛǎ ǘǊŜŀǘŜŘ ŀǎ ǘƘŜ άƳŀǊƪέΣ ŀƴŘ ǎǳōǎŜǉǳŜƴǘ ǇƘƻǘƻƎǊŀǇƘǎ 
ƻŦ ǘƘŜ ǎŀƳŜ ǿƘŀƭŜ ŀǊŜ άǊŜŎŀǇǘǳǊŜǎέΦ .ƻǘƘ ŎƭƻǎŜŘ ŀƴŘ ƻǇŜƴ ǇƻǇǳƭŀǘƛƻƴ Ƴƻdels will be examined.  
 
Monitor the seasonal trends of humpback whales in Prince William Sound relative to prey.   
Although mark-recapture models provide an estimate of abundance, they do not describe 
seasonal trends. Consequently, we used the number of unique 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 quality photographs 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 inter-annual trends in humpback whale abundance. 
 Long term trends in abundance will be estimated by combining observations from this study 
and population estimates from Restoration Project: 100804, allowing us to explore the 
relationship between climate, prey availability, herring populations and humpback whales. 
 
Determine the diet and dietary 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 prey fields 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 zooplankton.  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 feeding at the 
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 identify specific prey. 

 
Estimate predation rates on herring by humpback whales.  



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 winter using 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 with estimates 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 indicator of 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 age-structured model for Pacific 
herring in order to compare 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 (NOAA) will provide overall project management, logistics, 
photographic field captures, prey capture, and chemical analysis.  Co-PI  Jan Straley  (UAS) will 
participate in photographic field captures, and lead the analysis of photographic IDs, ,  providing IDs and 
connection to photographic ID databases for all humpback whale photographs, quality assuring that 
permitting requirements are met, and collaborating with other whale researchers. Dr. Quinn (UAF) will 
lead the modeling efforts incorporating whale predation into 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 bioenergetic requirements. 
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 relative abundance of species collected in our mid-water 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 content of the 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 of herring 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 an age-structured assessment model 
for Prince William Sound 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 model contains information about the fisheries on PWS herring, which include purse-seine, 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 integrate the various sources of information about 
Pacific herring in Prince William Sound from 1980 ς 2006, including age compositions from the purse-
seine fishery and spawning surveys, egg production estimates, mile-days of milt from aerial surveys, and 
hydroacoustic 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 biomass. 
 
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, spawning stock, 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 population 
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 known factors 
such as disease and low recruitment, (3) to investigate whether low recruitment is a function of 
predation. 
 
D. Description of Study Area 
Prince William Sound:  Results from EVOSTC project PJ090804 have identified humpback whale feeding 
aggregations whales in Sawmill Bay, Montague Strait, Elrington Passage, Prince of Wales Passage, and 
Port Gravina. Focusing on the waters of Sawmill Bay, where local researchers can be land based with 
small boats will continue to provide fine-scale temporal data, however  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 Bay Lab (Heintz, 
Moran), Univ of Alaska Southeast (Straley), Univ. of Alaska Fairbanks (Quinn). We will coordinate with 
ǘƘŜ ƻǘƘŜǊ tLΩǎ ƛƴ ǘƘŜ 9±h{ ¢/ [ƻƴƎ- term monitoring and herring projects. 
 
LLLΦ /±Ωǎκw9{¦a9{ ςplease see appendix 2 
 
IV. SCHEDULE 
A. Project Milestones 
 Objectives 

1) Population estimates of humpback whales through the use of photographic mark- recapture 
models. To be met September 2015.  

2) Monitor the seasonal trends of humpback whales in Prince William Sound relative to prey. To be 
met September 2015. 

3) Estimate inter-annual trends in humpback whale abundance. To be met September 2015. 
4) Determine the diet and dietary shifts of humpback whales. To be met September 2015. 
5) Estimate predation rates on herring by humpback whales. To be met December 2015. 



6) Incorporate mortality rates into herring age structure models. To be met January 2016. 
 
B. Measurable Project Tasks (based on NOAA federal fiscal year) 
 
FFY 14, 1st quarter (October 1, 2013-December 31, 2013) 
October: 6 day survey of PWS 
December:  6 day survey of PWS 
 
FFY 14, 2nd quarter (January 1, 2014-March 31, 2014) 
January: Annual Marine science Symposium 
February: 6 day survey of PWS 
  
FFY 14, 3rd quarter (April 1, 2014-June 30, 2014) 

Opportunistic surveys, analyze winter data. 
 
FFY 14, 4th quarter (July 1, 2014-September 30, 2014) 

Opportunistic surveys, analyze winter data. 
 

FFY 15, 1st quarter (October 1, 2014-December 31, 2014) 
October: 6 day survey of PWS 
December:  6 day survey of PWS 
 
FFY 15, 2nd quarter (January 1, 2015-March 31, 2015) 
January: Annual Marine science Symposium 
February: 6 day survey of PWS 
  
FFY 15, 3rd quarter (April 1, 2015-June 30, 2015) 

Compile and analyze data. 
 
FFY 15, 4th quarter (July 1, 2015-September 30, 2015) 

Compile and analyze data. 
 

FFY 16, 1st quarter (October 1, 2015-December 31, 2015) 
Compile and analyze data. Begin writing final report. 

 
FFY 16, 2nd quarter (January 1, 2016-March 31, 2016) 
January: Annual Marine science Symposium.  
Complete final report 
 
FFY 16, 3rd quarter (April 1, 2016-June 30, 2016) 
April 30 Submit final report as a draft manuscript for publication to the Trustee Council Office. 
 
V. BUDGET Long-term Monitoring: Pelagic Monitoring Component - Long-term monitoring of 
humpback whale predation on Pacific herring in Prince William Sound 
 
Auke Bay Lab Budget Justification - $ 526K  
 
Personnel Salaries ($8K) ς Overtime for Moran  



 
Travel ($23,400) - Five round trips to the EVOS annual meetings. 24 round trips Juneau to Cordova for 
field work. 
 
Contractual/Sample Analysis ($485.6K) - Includes 72 large vessel 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 ($0) - No new equipment 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 setting us a year 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. This requires us to secure contracts for the next 
winters field work by the end of July. Thus, some budget items, such as vessel charters and travel, will 
ŎƻƴǘƛƴǳŜ ǘƻ ōŜ ŦǳƴŘŜŘ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ōǳŘƎŜǘΦ  

 
 

FY14 PROGRAM PROJECT 

PROPOSAL FORM 

Project Title: Long-term monitoring: Pelagic monitoring component - Monitoring long-term changes in forage fish 

distribution, abundance, and body condition in Prince William Sound. 

Project Period: February 1, 2014 ς 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 Long-term Monitoring of Marine Conditions and Injured 

Resources and Services submitted by McCammon et. al. 

In response to a lack of recovery of wildlife populations following the Exxon Valdez Oil Spill (EVOS), and evidence of 

natural background changes in forage fish abundance, there was a significant effort to document forage fish 

distributionΣ ŀōǳƴŘŀƴŎŜΣ ŀƴŘ ǾŀǊƛŀōƛƭƛǘȅ ƛƴ tǊƛƴŎŜ ²ƛƭƭƛŀƳ {ƻǳƴŘ όt²{ύ ǎƛƴŎŜ ǘƘŜ мффлΩǎΦ ²Ŝ ǇǊƻǇƻǎŜ ǘƻ ŀŘƻǇǘ ǎƻƳŜ ƻŦ 

these earlier sampling techniques, and also incorporate new methods to monitor forage fish in Prince William Sound 

with fishing and acoustic surveys of forage 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 
Fluctuations in 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 have short 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 following the Exxon Valdez Oil Spill (EVOS), and 
evidence of natural 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 
мффлΩǎΦ {ƛƴŎŜ ǘƘŜƴΣ ƻƴƎƻƛƴƎ ǊŜǎŜŀǊŎƘ Ƙŀǎ ŦƻŎǳǎŜŘ ƻƴ ŎƻƳƳŜǊŎƛŀƭƭȅ Ǿŀƭǳŀōle Pacific herring, whereas less 
has been done to monitor other ecologically important forage species such as Pacific sand lance, capelin, 
ŜǳƭŀŎƘƻƴ ŀƴŘ ŜǳǇƘŀǳǎƛƛŘǎ όǿƘƛŎƘ ǿŜ ƛƴŎƭǳŘŜ ǳƴŘŜǊ ǘƘŜ ƎŜƴŜǊƛŎ ǘŜǊƳ άŦƻǊŀƎŜ ǎǇŜŎƛŜǎέύΦ ¢ƘŜ ƭŀŎƪ ƻŦ ǘƛƳŜ 
series data on abundance 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 monitor: 1) forage fish abundance and community 
composition; by conducting fishing and acoustic surveys of abundance and distribution that are cost 
effective and allow for long-term trend analyses;  and, 2) indices of forage fish biology that are 
important in maintaining 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 original proposal. 
 
II. PROJECT DESIGN 
A. Objectives 
We propose to gather new data on the distribution, relative abundance, and body condition of forage 
ŦƛǎƘ ǎǇŜŎƛŜǎ ƛƴ t²{Σ ŎƻƳǇŀǊŜ ǘƘŜǎŜ Řŀǘŀ ǿƛǘƘ ǎƻƳŜ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ŦǊƻƳ ǘƘŜ мффлΩǎ ŀƴŘ ǇǊƻǾƛŘŜ ŀ 
baseline for future assessment of population trends. The specific objectives of this study are to: 

1) Identify 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 1, and 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 and distribution 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 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 the anticipated raw-data 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 
ŎƻƳǇƭȅ ǿƛǘƘ ǘƘŜ ¢ǊǳǎǘŜŜ /ƻǳƴŎƛƭΩǎ ǇƻƭƛŎȅ ƻƴ ŎƻƭƭŜŎǘƛƻƴs, available at 
http://www.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 (Lew Haldorsen, emeritus UAF; Scott Johnson, NMFS; John 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, NMFS; Brenda 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 hydroacoustic 
surveys combined with net-sampling 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, we  also 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 incorporate aerial spotting 
surveys in July to aid in locating schools that can be subsequently sampled using traditional boat-based 
methods. 
 
To address object 2, we are conducting hydroacoustic and trawl surveys in Prince William Sound during 
July 2012 ς 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 backscatter for 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 
greater understanding of marine habitat use by target species.  
 
C. Data Analysis and Statistical Methods 
Abundance indices will be developed for each common forage species from coupled hydroacoustic-trawl 
surveys. Age distributions will be compared among regions and years using multinomial logit models.  
Size-at-age will be examined using von Bertalanffy growth curves and a two-way analysis of variance for 
each age with region and capture year as factors. Biomass estimates for target species will be calculated 
annually from ground-truthed hydroacoustic surveys by subarea using geostatistical models. We will 
calculate the echo integral over a given area (mean Nautical Area Scattering Coefficient, NASC, m2nm-2) 
using EchoView v 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 with the ΨƪǊƛƎŜΦōŀȅŜǎΩ ǊƻǳǘƛƴŜ ƛƴ ǘƘŜ ƎŜƻw ǇŀŎƪŀƎŜΦ 
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 be possible to detect significant trends with linear regression. To examine the issue of why 
populations may change, we will employ a variety of statistical approaches to examine overall patterns 
in distribution of fish or apex predators and correlate these patterns with bio-physical 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 non-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 Detrended Correspondence 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 Team 2011). 
 
D. Description of Study Area 
We will work within Prince William Sound (bounding coordinates: 61.292, -148.74; 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 and previous forage fish work in PWSτ including that of ongoing herring 
assessments, the Sound Ecosystem Assessment (SEA) program, and the forage fish component of the 
Alaska Predator Ecosystem Experiment in PWS (APEX)τ to help design our sampling and monitoring 
plan, and to make meaningful comparisons with past and current findings. We will also seek out and 
incorporate unpublished information for non-target species (e.g., eulachon, capelin) in bycatch data 
from NOAA RACE surveys, and work conducted at the Prince William Sound Science Center (e.g., Thorne 
et al., Bishop et al.), and University of Alaska (e.g. Iverson et al., Brown et al. currently Flying Fish Ltd., 
Norcross et al.), and ADF&G (Moffitt et al., Byerly et al.). We will coordinate our efforts with those of 
other PIs 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 analyses. All oceanographic data will be archived with AOOS. Herring 
and other requested samples will be made available to PIs involved in dedicated herring studies, and 
samples of other forage species will be saved and could be distributed opportunistically to PIs engaged 
in trophic studies using stable isotopes, fatty acids, etc.  
 
LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 
 
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 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 



 
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 distribution of forage 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 analysis, manuscript submittal, etc.) will be completed.  This information will be the basis for the 
quarterly project progress reports that are submitted to the Trustee Council Office.  Please format your 
schedule like the following example. 
 
FY 14, 1st quarter (February 1 ς May 31, 2014) 
February, 2014 Project funding available 
Feb ς May, 2014  Update project outreach website, analyze and summarize data 
FY 14, 2nd quarter (June 1, 2014-August 30, 2014) 
June 2014:    Upload 2013 data to workspace, update metadata 
July-Aug, 2014:  Field Sampling 
 
FY 14, 3rd quarter (September 1, 2014-November 30, 2014) 
September - November:  2014 field data compilation, lab analyses 
November:  Annual PI meeting 
 
 
FY 14, 4th quarter (December 1, 2015 ς January 31, 2015) 
December 1:   Hydroacoustic data analysis, report writing 
 
V. BUDGET 
Budget Form (Attached) 
 

FY14 PROGRAM PROJECT 
PROPOSAL FORM 

Project Title: Continuing the Legacy: Prince William Sound Marine Bird Population Trends. 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Kathy Kuletz, Migratory Bird Management, US Fish and Wildlife Service 
1011 East Tudor Road, Anchorage, Alaska 99503 phone 907 786-3453, email Kathy_Kuletz@fws.gov 
David Irons,  Migratory Bird Management, US Fish and Wildlife Service,1011 East Tudor Road, Anchorage, Alaska 
99503 phone 907 786-3376, 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, Alaska, 

during July 2012, 2014, and 2016.  Eleven previous surveys have monitored population trends for marine birds and 

mammals in Prince William Sound after the Exxon Valdez oil spill.  We will use data collected to examine trends from 

summer to determine whether populations in the oiled zone are increasing, decreasing, or stable.  We will also 

examine overall population trends for the Sound.   Continued monitoring of marine birds and synthesis of the data 

are needed to determine whether populations injured by the spill are recovering.  Data collected from 1989 to 2010 

indicated that pigeon guillemots (Cepphus columba) and marbled murrelets (Brachyramphus marmoratus)) are 

declining in the oiled areas of Prince William Sound.  We have found high inter-annual variation in numbers of some 

bird species and therefore recommend continuing to conduct surveys every two years. These surveys are the only 

ongoing means to evaluate the recovery of most of these injured marine bird species. Surveys would also benefit the 

benthic monitoring and forage fish monitoring aspects of the Long-term 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 
EVOS Trustee Council had shown signs of recovery by 2007.  Data collected from 1989 to 2007 in the 
oiled area indicated that common loons (Gavia immer) and cormorants (Phalacrocorax spp.) are 
increasing.  Numbers of all other injured species are either not changing or are declining in the oiled 
area. Populations of harlequin ducks (Histrionicus histrionicus), black oystercatchers (Haematopus 
bachmaniύΣ YƛǘǘƭƛǘȊΩǎ ƳǳǊǊŜƭŜǘǎ όBrachyramphus brevirostris), and common murres (Uria aalgae) are 
showing no trend in the oiled area; pigeon guillemots (Cepphus columba), and marbled murrelets 
(Brachyramphus marmoratus), are declining in the oiled areas of Prince William Sound in summer. 



tƛƎŜƻƴ DǳƛƭƭŜƳƻǘǎ ŀǊŜ ǘƘŜ ƻƴƭȅ ōƛǊŘ ƻƴ ǘƘŜ 9±h{¢/ ƛƴƧǳǊŜŘ ǎǇŜŎƛŜǎ ƭƛǎǘ ǘƘŀǘ ƛǎ άƴƻǘ ǊŜŎƻǾŜǊƛƴƎέΦ Lƴ 
ŀŘŘƛǘƛƻƴ YƛǘǘƭƛǘȊΩǎ ƳǳǊǊŜƭŜǘ ƛǎ ŀ ŎŀƴŘƛŘŀǘŜ ǎǇŜŎƛŜǎ ǳƴŘŜǊ ǘƘŜ 9ƴŘŀƴƎŜǊŜŘ {ǇŜŎƛŜǎ !Ŏǘ ŀƴŘ t²{ ƛǎ ƻƴŜ ƻŦ 
the few remaining 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 otters in Prince William Sound.  These data will be combined with 
data collected in 1989-91 (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, Lance et al. 2001) and 
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 by determining 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 pages 2-4 of the integrated proposal tiǘƭŜŘ ά[ƻƴƎ-Term Monitoring of Marine Conditions and 
Injured Resources and ServicesΣέ ŀƴŘ ǎǳōƳƛǘŜŘ ōȅ aŎ/ŀƳƳƻƴ et al. 
 
B. Summary of Project to Date (if applicable) 
If the project was funded in previous years, please provide a summary of the goals met to date and what 
ƳƛƭŜǎǘƻƴŜǎ ŀǊŜ ǎǘƛƭƭ ƻǳǘǎǘŀƴŘƛƴƎΦ  LŦ ǘƘŜǊŜ ŀǊŜ ƳƛƭŜǎǘƻƴŜǎ ŦǊƻƳ ǘƘŜ ǇǊŜǾƛƻǳǎ ȅŜŀǊΩǎ ǇǊƻǇƻǎŀƭ ǘƘŀǘ ƘŀǾŜ ƴƻǘ 
been met, provide a description of why they could not be met, how much funding remains for the 
project to complete the milestones and a timeline for their completion. 
 
II. 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 regions, as well 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. 2001), 2004 (Sullivan et al. 2005), 2005 (McKnight et al. 2006), and 2007 (McKnight et 
ŀƭΦ нллуύΦ  ²Ŝ ǿƛƭƭ ŎƻƴŘǳŎǘ ǘƘǊŜŜ ǎǳǊǾŜȅǎΥ ƻƴŜ ŘǳǊƛƴƎ ŘǳǊƛƴƎ Wǳƭȅ όάǎǳƳƳŜǊέύ нлмнΣ нлмпΣ ŀƴŘ нлмсΦ  ²Ŝ 
will use three 7.7 m fiberglass boats traveling at speeds of 10-20 km/hr to 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 km2.  We will locate shoreline transects by geographic features, such as points of land, to 
facilitate orientation in the field and to 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.  During summer, we plan 



to survey 212 shoreline transects.  All transects were randomly chosen, and the same transects are used 
each survey (Klosiewski and Laing 1994). 
 

 
 
Figure 1. Locations of shoreline transects and pelagic transect blocks in Prince William Sound. 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 the Exxon Valdez oil spill.  Based on modeling studies using carcass search 
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 probably low, because they only include direct mortality occurring 
in the first five months after the spill.  
 
¢ǿŜƴǘȅ ǘǿƻ ȅŜŀǊǎ ŀŦǘŜǊ ǘƘŜ 9±h{ ǘƘŜǊŜ ŀǊŜ ǇƻǇǳƭŀǘƛƻƴǎ ƻŦ tƛƎŜƻƴ DǳƛƭƭŜƳƻǘǎΣ YƛǘǘƭƛǘȊΩǎ aǳǊǊŜƭŜǘǎΣ ŀƴŘ 
Marbled Murrelets are down by 50% to 90% compared to population 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: 
tƛƎŜƻƴ DǳƛƭƭŜƳƻǘǎΣ YƛǘǘƭƛǘȊΩǎ aǳǊǊŜƭŜǘǎΣ ŀƴŘ aŀǊōƭŜŘ aǳǊǊŜƭŜǘǎ have continued to decline after the spill. 
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 of marine birds in Prince 
William Sound. This is the best at-sea 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 population ǘǊŜƴŘ ƻŦ YƛǘǘƭƛǘȊΩǎ ƳǳǊǊŜƭŜǘΣ ŀƴ 9{! ŎŀƴŘƛŘŀǘŜ ǎǇŜŎƛŜǎΦ 
 
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 charter vessel for 7 days in July that sleeps nine. 5ǳǊƛƴƎ Wǳƭȅ ǘƘǊŜŜ нрΩ Ŧiberglass boats will be used.  
 
C. Data Analysis and Statistical Methods 
 
As in previous surveys (Klosiewski and Laing 1994, Agler et al. 1994a,b,c, 1995a,b, Agler and Kendall 
1997, Lance et al. 1999, Stephensen et al. 2001, Sullivan 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 simple random sample; whereas the coastal-pelagic and pelagic transects 
will be analyzed as two-stage 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 multiply by the area 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 surveyed 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 Prince William 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 will perform a linear regression on log-tranformed population estimates over time (1989 ς 2016) in 
the oiled region of Prince William Sound. Prior to calculating the log10 of each population estimate, we 
will add a constant of 0.167 to each estimate to avoid the undefined log10 of 0. In all analyses we will use 
a test size alpha = 0.10 to balance Type I and Type II errors.  The reasons for this include: 1) variation is 
often high and sample sizes low (n = 11 survey years); and 2) monitoring studies are inherently different 
from experiments and the number of tests being run with a multi-species survey are many, therefore, 
controlling for the number of tests by lowering alpha levels (e.g. Bonferroni adjustment) might obscure 
trends of biological value.   



 
Taxa wƛǘƘ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴŎǊŜŀǎƛƴƎ ǘǊŜƴŘǎ ƛƴ ǘƘŜ ƻƛƭŜŘ ǊŜƎƛƻƴ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ άǊŜŎƻǾŜǊƛƴƎΣέ ǿƘƛƭŜ ǘŀȄŀ 
ǿƛǘƘ ƴƻ ǘǊŜƴŘǎ ƻǊ ǎƛƎƴƛŦƛŎŀƴǘ ƴŜƎŀǘƛǾŜ ǘǊŜƴŘǎ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ άƴƻǘ ǊŜŎƻǾŜǊƛƴƎΦ 
 
b) Comparing trends between oiled and unoiled regions 
We will use the regression technique detailed in (a) to perform regression analyses on population 
estimates (1989 ς 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 zones of Prince William 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 Prince William Sound.  Significantly different slopes would indicate that 
population abundance of a species or species group changed at different rates.   
 
¢ŀȄŀ ǎƘƻǿƛƴƎ ƴƻ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ǘǊŜƴŘǎ ōŜǘǿŜŜƴ ǘƘŜ ƻƛƭŜŘ ŀƴŘ ǳƴƻƛƭŜŘ ǊŜƎƛƻƴǎ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ άƴƻǘ 
recoverinƎΦέ ¢ŀȄŀ ǎƘƻǿƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƎǊŜŀǘŜǊ ǘǊŜƴŘǎ ƛƴ ǘƘŜ ƻƛƭŜŘ ǊŜƎƛƻƴ ŎƻƳǇŀǊŜŘ ǿƛǘƘ ǘƘŜ ǳƴƻƛƭŜŘ 
ǊŜƎƛƻƴ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ άǊŜŎƻǾŜǊƛƴƎΦέ ¢ŀȄŀ ǎƘƻǿƛƴƎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƎǊŜŀǘŜǊ ǘǊŜƴŘǎ ƛƴ ǘƘŜ ǳƴƻƛƭŜŘ ǊŜƎƛƻƴ 
compared to the oiled region will be considered to be sufferƛƴƎ άŎƻƴǘƛƴǳƛƴƎ ŀƴŘ ƛƴŎǊŜŀǎƛƴƎ ŜŦŦŜŎǘǎΦέ 
 
hǾŜǊŀƭƭΣ ŀ ǎǇŜŎƛŜǎ ǿƛƭƭ ōŜ ŎƻƴǎƛŘŜǊŜŘ άǊŜŎƻǾŜǊƛƴƎέ ƛŦ ƛǘ ƳŜŜǘǎ ǘƘŜ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ ǘƘƛǎ ŎŀǘŜƎƻǊȅ ƛƴ ŜƛǘƘŜǊ 
the regression analysis within the oiled region or the homogeneous slopes analysis. 
  
To determine optimum survey 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 coefficient of variation (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 CV for Brachyramphus murrelets, an injured species.  
Models of seabird population growth predict most species increase no more than 12% per year (Nur and 
Ainley 1992), so we used 10% for our comparisons. With CV=0.30 the probability of detecting an average 
annual change of 10% would be 92% with the 10 surveys completed to date (Fig. 2).    
 



 
 
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 all waters within Prince William Sound and all land within 100 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 Collaboration with Other Efforts 
See above, Linkages. 
 
LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 

IV. SCHEDULE 

A. Project Milestones 
 
Objective 1.  
 
To determine population abundance, with 95% confidence limits, of marine bird populations in Prince 
William Sound during July 2014 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 EVOS. To be met by April 2015. 
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B. Measurable Project Tasks 
 
FY 14, 1st quarter (February 1 ς May 31, 2014) 
Hire project personnel 
Prepare for Field Season 
 
FY 14, 2nd quarter (June 1, 2014-August 30, 2014) 
Prepare for Field Season  
Conduct field work 
Submit annual report 
 
FY 14, 3rd quarter (September 1, 2014-November 30, 2014) 
Data Analysis 
 
FY 14, 4th quarter (December 1, 2015 ς January 31, 2015) 
Report writing 
Attend Annual PI Meeting 
 
V. BUDGET 
Budget Form (Attached) 
Please complete the budget form for each proposed year of the project. 

 

 

FY14 PROGRAM PROJECT 
PROPOSAL FORM 

Project Title: Gulfwatch long-term monitoring pelagic component - Long-term monitoring of seabird abundance and 

habitat associations during late fall and winter in Prince William Sound. 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Mary Anne Bishop, Ph.D., Prince William Sound Science Center, Cordova 

Collaborators: Kathy Kuletz, Ph.D. US Fish & Wildlife Service, Anchorage; John Moran, Auke Bay Lab, NOAA, Juneau; 

Michelle Buckhorn, Ph.D. & Richard Thorne, Ph.D. Prince William Sound Science Center. 



Abstract: This project is a component of the integrated Gulfwatch Long-term Monitoring of Marine Conditions and 

Injured Resources and Services submitted by McCammon et.al.  The vast majority of seabird monitoring in 

areas affected by the Exxon Valdez oil spill has taken place around breeding colonies during the 

reproductive season, a time when food is generally at its most plentiful.  However, 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 and water temperatures colder.  Of the seabirds that 

overwinter in PWS, nine species were initially injured by the Exxon Valdez oil spill, including three species 

ǘƘŀǘ ƘŀǾŜ ƴƻǘ ȅŜǘ ǊŜŎƻǾŜǊŜŘ όƳŀǊōƭŜŘ ƳǳǊǊŜƭŜǘΣ YƛǘǘƭƛǘȊΩǎ ƳǳǊǊŜƭŜǘ ŀƴŘ ǇƛƎŜƻƴ ƎǳƛƭƭŜƳƻǘύΦ  Here we propose 

to continue to monitor from 2012 through 2016 seabird abundance, species composition, and habitat 

associations using multiple surveys (up to 5 surveys per season) during late fall and winter.  The data will 

improve our predictive models of seabird species abundance and distribution in relation to biological and 

physical environmental factors.  In addition, by monitoring the top-down forcing by seabirds, a major 

source of herring predation, this project will complement the suite of PWS HRM studies, including 

improved mortality estimates for herring population models.  This project is part of the pelagic component 

within the integrated Gulfwatch LTM program submitted by McCammon et. al. Our project uses as 

observing platforms the vessels associated with the LTM Humpback Whale surveys and PWS HRM Juvenile 

Herring Abundance Index as well as the Extended Adult Herring Biomass Surveys and integrates the seabird 

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 and water temperatures colder.  Consequently daily 

energy requirements increase (Fort et al. 2009) and birds have to forage for a large proportion of 

daylight hours (Daunt et al. 2006).  Wind and sea state are known to affect surface-feeding seabirds in 

particular (Dunn 1973, Taylor 1983) but diving birds can also be impacted (Harris and Wanless 1996, 

Piatt and Van Pelt 1997, Frederiksen et al. 2008).   



Of the seabirds that overwinter in Prince William Sound (PWS), nine species were initially injured by the 

Exxon Valdez ƻƛƭ ǎǇƛƭƭΣ ƛƴŎƭǳŘƛƴƎ ǘƘǊŜŜ ǎǇŜŎƛŜǎ ǘƘŀǘ ƘŀǾŜ ƴƻǘ ȅŜǘ ǊŜŎƻǾŜǊŜŘ όƳŀǊōƭŜŘ ƳǳǊǊŜƭŜǘΣ YƛǘǘƭƛǘȊΩǎ 

murrelet and pigeon guillemot.  Nevertheless, the vast majority of seabird monitoring in areas affected 

by the Exxon Valdez oil spill has taken place around breeding colonies during the reproductive season, a 

time when food is generally at its most plentiful.  Long-term monitoring of seabirds in PWS during winter 

is needed to understand how post-spill ecosystem recovery and changing physical and biological factors 

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 productivity can be indications of a changing ecosystem (Parmesan 

2006).  For example, a recent 10-year monitoring effort along the transition zone between the California 

Current and the Gulf of Alaska documented significant increases in seabird species diversity and relative 

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 conducted concurrent with either juvenile 

herring hydroacoustic surveys or with humpback whale surveys.  Results from seven cruises conducted 

over two winters found consistent trends and species-distinct patterns in distribution.  Habitat 

association modeling revealed that winter climate conditions may influence these distribution patterns 

(Dawson et al. in review).  When we examined distribution at a fine- scale (1 km) using data from seabird 

transects with concurrent fish data, we found a positive association between 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 seabirds consume ~3-10% of the total adult herring biomass during each winter and 

underscores the importance of further examination of top-down forcing (Bishop et al., in review).   

Post-spill ecosystem recovery and changing physical and biological factors all have the 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 foresee this project continuing over a 20-year period in order for ecosystem 

changes to be detected. 

B. Summary of Project to Date.  Between October 2011 and July 2013, a seabird observer participated 

in eight cruises associated with three EVOS-funded projects:  Gulfwatch Humpback Whale systematic 

surveys (n = 5), Herring and Research Monitoring Juvenile Herring Abundance Index (n = 1), and Herring 

and Research Monitoring Expanded Adult Herring Surveys (n = 1).  Two cruises associated with the whale 

surveys were conducted pre-award (Oct 2011 and Dec 2011), but we believed an observer onboard was 

critical to maintaining our time series.  Both herring projects have only had one cruise to date, and a 

seabird observer has participated in each of those cruises.  In 2013, the 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 conduct transects. Preliminary data from the first six cruises was included in the February 

1, 2012 ς January 31, 2013 annual report, submitted in February 2013.  We continue to use the same 

methodology on our cruises that we have used since November 2007.  That includes 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 continue on track to meet our milestones, all of which have completion dates in 2016.    

II. PROJECT DESIGN 

A. Objectives 

This project is part of the pelagic component of the Long-term Monitoring of Marine Conditions and 

Injured Resources and Services.  There are two primary research goals for the pelagic team:  population 

monitoring of key species groups, and understanding the energy flow through the pelagic ecosystem 

with key measurements.  Objectives of this study include: 

1) Characterize the spatial and temporal distribution 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 of PWS Herring Research & Monitoring studies, 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 can be used to help 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 between October and early April.  Depending on the vessel of 
opportunity used, surveys will either be coupled with the or with surveys associated with the PWS Herring 
Research and Monitoring including Juvenile Herring Abundance Index in November and Expanded Adult Herring 
Surveys in late March/early April), as well as the Gulfwatch LTM Humpback Whale systematic surveys (October, 
December, and possibly a third whale survey).  

All surveys will employ established U.S. Fish and Wildlife Service protocols that have been adapted for 

GPS-integrated 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 50m).  Additionally, any noteworthy observations will be recorded out to 

1 km either side.  Observations will be recorded into a GPS-integrated laptop computer using the 

program Dlog (Ford Consulting, Inc., Portland OR).  This GPS-integrated program provides location data 

at 20-sec intervals and for every entered observation program.  In addition, sea conditions including sea 



ǎǳǊŦŀŎŜ ǘŜƳǇŜǊŀǘǳǊŜ όŀǎ ƛƴŘƛŎŀǘŜŘ ƻƴ ǘƘŜ ǾŜǎǎŜƭΩǎ ŦƛǎƘ ŦƛƴŘŜǊύ ŀƴŘ ǿŜŀǘƘŜǊ Ŏŀƴ ōŜ ŜƴǘŜǊŜŘ ŀƴŘ ǘǊŀŎƪŜŘ 

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 whale surveys will follow specified routes from northeast to southwest PWS.  At 
the end of first 5 years of the long-term monitoring (September 2016), this study will have data sets from broad-
scale coverage of PWS ranging from 4 to 10 years.  

C. Data Analysis and Statistical Methods 

5Ŝƴǎƛǘȅ όōƛǊŘǎ ω ƪƳ-2) of each seabird 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 observations will be mapped using ArcView GIS.  Temporal variability in bird density will be 

addressed at inter- and intra-annual scales. 

The November and late March/early April seabird transects will be conducted concomitant with 

hydroacoustic fish surveys.  The November Juvenile Herring Abundance Index survey will take place in 

ǘƘŜ ŦƻǳǊ ōŀȅǎ ό{ƛƳǇǎƻƴΣ 9ŀƎƭŜƪΣ ½ŀƛƪƻŦΣ ²ƘŀƭŜύ ǎǳǊǾŜȅŜŘ ƛƴ ǘƘŜ мффлΩǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ 9±h{-sponsored 

Sound Ecosystem Assessment (SEA) program.  Locations of the expanded adult herring surveys are not 

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 the Validation of Acoustic Surveys for Pacific Herring Using Direct 

Capture, a separate project that is part of the PWS Herring Research & Monitoring program. We will 

combine acoustic survey data on prey composition with a suite of additional independent variables 

shown to be relevant to seabird predation (eg., school density, school area, species composition and 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 2000]).  We will use logistic regression to determine the 

role of these covariates on the presence of seabirds (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 the PWS Herring Research and Monitoring 

cruises, seabird abundance surveys will cover both the herring and LTM humpback whale cruises.  

Seabird abundance data are typically zero-dominated therefore hurdle models will be applied whereby 

data are analysed initially as presence-absence, followed by a separate analysis of presence-only data 

(Boucher and Guillén, 2009, Zuur et 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 present.  GIS will be 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 slope from the Alaska Ocean Observing System bathymetry grid.  Other covariates including sea 

surface temperature, year, and month will also be examined.  For the presence-absence data a binomial 

generalised additive mixed model (GAMM) will be used.  For presence-only data we will use a GAMM. 

For a detailed description of the proposed statistical methods see Zuur et al. (in press). 



Late fall and early winter plankton tows will be conducted in October and November each year in PWS 

as part of the Gulfwatch LTM Long term monitoring of oceanographic conditions in Prince William 

Sound.  Surveys will be conducted in the four bays (Simpson, Eaglek, Zaikof, Whale) surveyed in the 

мффлΩǎ ŀǎ ǇŀǊǘ ƻŦ ǘƘŜ 9±h{-sponsored Sound Ecosystem Assessment (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 densities and zooplankton 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 observed, 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 the residence 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 daily energy 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 season to improve 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 Area 

The pelagic component of the Gulfwatch LTM project, including this project and the Humpback Whale 

Intensive Surveys includes all of Prince William Sound.  Seabird observations associated with the PWS 

Herring Research & Monitoring Juvenile Herring Abundance Index will 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 completed in those bays.  These bays also cover four different quadrants of the Sound.  The 

PWS Herring Research & Monitoring Juvenile Herring Abundance Index and the Expanded Adult Herring 

Surveys will include other bays based on the results from the synthesis and aerial surveys, respectively.   

 



 

Figure 1. Study area, Prince William Sound.  Hi-lighted 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 Collaboration with the Program 
 
This project is a component of the integrated Gulfwatch Long-term Monitoring of Marine Conditions and 
Injured Resources and Services submitted by McCammon et al.  Our proposed long-term monitoring 
program is composed of several components (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 pelagic monitoring component and 
shares research vessels associated with the LTM Humpback Whale Systematic Surveys, also part of the 
pelagic monitoring component.  In addition, this seabird project is highly integrated with the PWS 
Herring Research & Monitoring program, 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 hydroacoustic surveys for adult herring (5 cruises, 2004-2006) and 
juvenile herring (10 cruises, Nov 2007 ς Mar 2012).  Cruises between Nov 2007 and Mar 2012 have been 
part of EVOS Projects 070814 and 10100132-H.  In addition, seabird surveys were performed on vessels 
conducting Humpback Whale surveys (6 cruises, 2007-2009) as part of EVOS project 070804.   
 
This long-term seabird monitoring project uses as observing platforms vessels associated with three 
different projects.  Cruises begin in Cordova, and therefore the staff member would not need to travel.  
One seabird observer (PWSSC staff) will be onboard all cruises associated with the Gulfwatch LTM 
Humpback Whale systematic surveys (Oct, Dec, Feb, years 1-4).  In addition, a seabird observer (PWSSC 
staff) will be onboard surveys associated with PWS Herring Research and Monitoring.  Specifically the 
observer will be onboard Juvenile Herring Abundance Index surveys (Nov yrs 2-5) and the Expanded 
Adult Herring Surveys (late March/early Apr yrs 2-5).  When not conducting daytime seabird surveys, 
observers assist the other projects, including helping to process the nighttime herring catch and helping 
identify humpback whales.  Seabird observations from this project will be shared and integrated into the 
whale and herring surveys.  In addition, information 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 the North Pacific Pelagic Seabird Database, a database 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.   
 
ILLΦ /±Ωǎκw9{¦MES- please see appendix 2 
 
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 completed by July 
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 incorporating data collected through April 2016 will be completed by July 
2016 and incorporated into Gulfwatch LTM program by August 2016. 

Objective 4. Relate species composition and distribution to prey fields.  
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 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 (February 1 ςApr 30, 2014) 
Feb Project funding available 
Feb   Submit annual report 
late Mar/early Apr Field cruise: LTM seabird survey in conjunction  with PWS Herring extended 

adult biomass cruise 
late winter  Field cruise: LTM humpback whale cruise (if a whale survey, seabird survey will 

also occur)   
Apr   Analyze data 
FY 14, 2nd quarter (May 1, 2014- Jul 31, 2014) 
May-Jul   Analyze data  
Jul    Report writing (mid-year report, FY 2015 workplan)  
FY 14, 3rd quarter (Aug 1, 2014- Oct 31, 2014) 
Aug  Submit report, workplan 
Aug-Oct  Analyze data 
Oct  Field cruise: LTM humpback whale and seabird surveys   
 
FY 14, 4th quarter (December 1, 2015 ς January 31, 2015) 



Nov  Field cruise: LTM seabird survey in conjunction with PWS Herring juvenile 
abundance index 

Nov   Annual PI meeting 
Dec   Field cruise: LTM humpback whale and seabird surveys   
Jan   Alaska Marine Science Symposium 
Jan   Report writing 
 
V. BUDGET (Attached) 

Benthic Monitoring Component (lead ς Ballachey) 

 
FY14 PROGRAM PROJECT 

PROPOSAL FORM 

Project Title:  Gulf Watch Alaska:  Long-Term Monitoring: Nearshore Benthic Ecosystems in the Gulf of Alaska 

Project Period:  February 1, 2014 ς January 31, 2015 

Primary Investigator(s):  

Brenda Ballachey, James Bodkin, Daniel Esler, Kim Kloecker, Daniel Monson, Ben Weitzman 
USGS Alaska Science Center, 4210 University Drive, Anchorage, AK 99508 
Thomas Dean, Coastal Resources Associates, Inc., 5190 El Arbol Drive, Carlsbad, CA 92008 
Heather Coletti, Michael Shephard , Southwest Alaska Inventory & Monitoring Network 
National Park Service, 240 W. 5th Avenue, Anchorage, AK 99501 
Mandy Lindeberg, NOAA/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 long-term nearshore marine monitoring program which has been ongoing in 

the GOA since 2006, supported by the National Park Service-Southwest Alaska Network and the US Geological Survey, 

and supported by the Gulf Watch Alaska project since 2012. The sampling design consists of three primary sampling 

locations in nearshore habitats in the central GOA region, including Prince William Sound (PWS), Kenai Fjords 

National Park (KEFJ), and Katmai National Park (KATM). Additionally, we will coordinate with nearshore sampling 

ongoing in Kachemak Bay as part of the Gulf Watch Alaska project. In western PWS, KEFJ and KATM, we plan to 

continue sampling at established sites on an annual basis through 2016. In eastern and northern PWS, we plan to 

continue sampling at established sites in alternate years, with eastern PWS scheduled for 2014. Monitoring includes 

measurements of water quality (temperature, salinity), intertidal invertebrates and algae, sea grasses, sea otters, 

black oystercatchers, and surveys of marine birds and mammals. The monitoring also includes measures of nearshore 

ecosystem productivity, predator-prey 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 the Exxon Valdez oil spill (EVOS), because it provides: 

¶ 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). 

¶ Nursery grounds for marine animals from other habitats (e.g. crabs, salmon, herring, and 
seabirds). 

¶ Feeding grounds for important consumers, including killer whales, harbor seals, sea otters, sea 
lions, sea ducks, shore birds and many fish and shellfish. 

¶ A source of animals important to commercial and subsistence harvests (e.g. marine mammals, 
fishes, crabs, mussels, clams, chitons, and octopus). 

¶ An important site of recreational activities including fishing, boating, camping, and nature 
viewing. 

¶ A source of primary production for export to adjacent habitats (primarily by kelps, other 
seaweeds, and eelgrass). 

¶ An important 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 susceptible and sensitive 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 al. 1999), 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 especially good indicators 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 understanding 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 Alaska Long-term 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 human-induced from natural changes, and provide 



suggestions for  policies to reduce 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 important 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; Peterson et al. 2003, Short et al. 

2004, 2007). In addition, the majority of the species or services that have been listed by the EVOS 

¢ǊǳǎǘŜŜ /ƻǳƴŎƛƭ ŀǎ ŜƛǘƘŜǊ άƴƻǘ ǊŜŎƻǾŜǊŜŘέ ƻǊ άǎǘŀǘǳǎ ƻŦ ǊŜŎƻǾŜǊȅ ǳƴƪƴƻǿƴέ ǊŜǎƛŘŜ ƛƴ ƻǊ ŀǊŜ ŀǎǎƻŎƛŀǘŜŘ 

with the nearshore. Thus, monitoring within the nearshore system provides the opportunity to continue 

to assess progress toward recovery, and to identify and possibly ameliorate other human induced 

disturbances. 

Following several years of planning, a restoration and ecosystem monitoring plan for 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 the status 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 21st 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 it is essential 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 community 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 occurring over widely 

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. temperature, 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 and physical parameters (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 shorter-term studies aimed at identifying important processes regulating or causing 
changes within a given system or subsystem (e.g, stable isotope analyses of nearshore species). 

¢ƘŜ ƳƻƴƛǘƻǊƛƴƎ Ǉƭŀƴ ŘŜǾŜƭƻǇŜŘ ŦƻǊ ǘƘŜ 9±h{¢/ ǿŀǎ ǊŜǾƛǎŜŘ ŀƴŘ ŀŘƻǇǘŜŘ ōȅ ǘƘŜ bŀǘƛƻƴŀƭ tŀǊƪ {ŜǊǾƛŎŜΩǎ 

Vital Signs Long-Term Monitoring Plan, Southwest Alaska Network (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 long-term nearshore monitoring plan in western Prince William 

Sound (WPWS), providing 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 and expand the long-term nearshore 

monitoring, in combination with studies of pelagic systems and environmental drivers. The Gulf Watch 

Alaska Project is working in concert with the NPS-SWAN program and the USGS; the work described 

herein is a continuation of the 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 KATM, KEFJ, 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 propose to continue a long-term 

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. 

II. PROJECT DESIGN 

A. Objectives 

The overall objectives of the proposed research are: 

1. Long-term 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 the current 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  and 

algae 

x x x x x 

Western PWS,  kelps and sea grass x x x x x 

Western PWS,  black oystercatchers x x x x x 

Western PWS, contaminants/water quality  x     

Western PWS, sea otter carcass recovery x x x x x 

Western PWS, sea otter foraging x x x x x 



observations 

      

Eastern PWS, intertidal invertebrates and 

algae 

x  x  x 

Eastern PWS, kelps and sea grass x  x  x 

Eastern PWS, contaminants/water quality x     

Northern PWS, intertidal invertebrates  

and algae 

 x  x  

Northern PWS, kelps and sea grass  x  x  

Northern PWS, contaminants/water 

quality 

 x    

      

Katmai NP, intertidal invertebrates and 

algae 

x x x x x 

Katmai NP, kelps and sea grass x x x x x 

Katmai NP, black oystercatchers x x x x x 

Katmai NP, sea otter carcass recovery x x x x x 

Katmai NP, sea otter foraging observations x x x x x 

      

Kenai NP, intertidal invertebrates and 

algae 

x x x x x 

Kenai NP, kelps and sea grass x x x x x 

Kenai NP, black oystercatchers x x x x x 

Kenai NP, sea otter carcass recovery x x x x x 

Kenai NP, sea otter foraging observations x x x x x 

      

PWS, sea otter aerial survey x  x  x 

Kenai NP, sea otter aerial survey  x  x  

Katmai NP, sea otter aerial survey x  x  x 

Kachemak Bay, sea otter aerial survey x  x  x 

      

PWS Nearshore marine bird survey  

(under Pelagic component) 

x  x  x 

Katmai nearshore marine bird survey x x x x x 

Kenai nearshore marine bird survey x x x x x 

      

Stable isotope analysis of selected 

nearshore species(4-5 areas/yr) 

x x x x x 

      

Tasks conducted under Project 11120114-

L: 

     



Kachemak Bay, intertidal invertebrates 

and algae 

x x x x x 

Kachemak Bay, sea otter carcass recovery  x x x x x 

Kachemak Bay, sea otter foraging 

observations 

x x x x x 

 

B. Procedural and Scientific Methods 

{ǘŀƴŘŀǊŘ ƻǇŜǊŀǘƛƴƎ ǇǊƻŎŜŘǳǊŜǎ ό{htΩǎύ ŦƻǊ ŀƭƭ Řŀǘŀ ǘƻ ōŜ ŎƻƭƭŜŎǘŜŘ ƘŀǾŜ ōŜŜƴ Ŧǳƭƭȅ ŘŜǾŜƭƻǇŜŘ ŀǎ ǇŀǊǘ ƻŦ 

the preparation and implementation of nearshore monitoring in KATM. KEFJ, and WPWS. The Nearshore 

Restoration and Ecosystem Monitoring Program (Dean and Bodkin 2006) and the National Park Service 

SWAN Nearshore Monitoring Program (Dean and Bodkin 2011) include protocols that provide 

justification, background, objectives, goals, an overview of the monitoring and sample design, the 

fundamental analytical apǇǊƻŀŎƘΣ ŀƴŘ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ƻǇŜǊŀǘƛƻƴŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎΦ  ¢ƘŜ {htΩǎ ǇǊƻǾƛŘŜ ǘƘŜ 

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.  Protocols are also available on the 

NPS project website:  http://science.nature.nps.gov/im/units/swan/monitor/nearshore.cfm 

(Note:  Protocols for 1) sampling of mussel beds, 2) sampling of soft sediments, and 3) sampling of  sea 

grass beds and in review and not yet available on the website but drafts are available from H. Coletti or 

B. Ballachey.) 

Brief description of Tasks from Table 1 (refer to SOPs on Project Website for detail):   

1.   Collection of sea otter skulls for determination of age-at-death.  

Surveys will be conducted in western PWS in late April of each year to collect sea otter carcasses for 

determination of ages-at-death to be used in describing annual survival. In Katmai and Kenai, surveys for 

carcasses will be conducted opportunistically during the June/July field work. In Kachemak Bay, a 

coalition of the Center for Alaska Coastal Studies, the Homer Marine Mammal Stranding Network, and 

the USFWS have been and will continue 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 

scopes and a stratified random sampling design. 

3.  Aerial surveys of sea otter abundance.  

Estimates of sea otter abundance and distribution will be obtained through detection-corrected 

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, soft 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 grass abundance 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 sites will be monitored 

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 dominant sources of primary 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 assessing 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 evaluate changes 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 locations 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). Competing hypotheses (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.g., effects of oil in PWS or 

other location specific 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 the area bounded by the following 

coordinates:  -144.410, 61.480, NE corner; -145.600, 57.030, SE corner; -155.800, 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 of the 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 trends of those 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 applicable, to foster recovery of those resources by identifying and 

recommending actions in response to factors limiting recovery. The NPS-SWAN program for nearshore 

monitoring along the KATM and KEFJ coasts was initiated in 2006, and has been collecting information 

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 NPS-SWAN and USGS monitoring efforts. The addition of the study area in Kachemak 

Bay (Gulf Watch Alaska component 14120114-L), where monitoring has been ongoing for approximately 

a decade (although methods have varied from those used in PWS), will further enhance our ability to 

assess recovery. We will also integrate information gained on injured resources collected under project 

component 11120114-Q (lingering oil studies).    

Sea otters are a focus species for restoration monitoring, as the population in western PWS was severely 

impacted by the EVOS, and in areas where shorelines were most heavily oiled, sea otters had not 

recovered to pre-spill abundance by 2009 (Bodkin et al. 2002, 2011, Monson et al. 2000, 2011). Data to 

be collected as part of the proposed monitoring will contribute to existing long-term 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 the mid-1970s.   

As productivity in the nearshore is strongly 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 and conditions that are 

being measured as part of Gulf Watch Alaska. The geographic scale of our study (GOA-wide) will provide 

greater ability to discern both potential linkages across these diverse components, as well as among the 

study areas within the nearshore, allowing 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 of the overall 

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 long-term data set; see Irons et al. 2000) and at KEFJ and KATM by 

the NPS-SWAN program in collaboration with Gulf Watch Alaska.  

LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 

IV. SCHEDULE 
A. Project Milestones 
Objective 1. Long-term monitoring of a suite of nearshore benthic species at multiple locations 
across the Gulf of Alaska. To 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 areas. To be met by 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.  This information will be the basis for the 
quarterly project progress reports that are submitted to the Trustee Council Office.  Please format your 
schedule like the following example. 
 
FY 14, 1st quarter (February 1 ς May 31, 2014) 
February, 2014  Project funding available 
April/May, 2014    Carcass surveys, PWS 
 
FY 14, 2nd quarter (June 1, 2014-August 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, 2014-November 30, 2014) 
September-November, 2014  Data analyses, all project components 
September-November, 2014  Stable isotope analyses of selected nearshore species 
November 2014   Attend annual PI meeting, Anchorage 
 
FY 14, 4th quarter (December 1, 2015 ς January 31, 2015) 
December 2014-January2015  Report preparation 
January 2015     Attend Alaska Marine Science Symposium, Anchorage 
V. BUDGET 

Budget Form attached 
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FY14 PROGRAM PROJECT 
PROPOSAL FORM 

Project Title: Long-term monitoring: Benthic monitoring component - Long-term monitoring of Ecological 

Communities in Kachemak Bay: a comparison and control for Prince William Sound 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator(s): Brenda Konar and Katrin Iken (UAF) 

Co-operating Investigator: Angie Doroff (KBNERR) 



Abstract: This project is a component of the integrated Long-term Monitoring of Marine Conditions and Injured 

Resources and Services submitted by McCammon et. al. As part 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. This 

component is complementary to work being conducted under this program in Prince William Sound and Katmai. 

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: August 30, 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 done in Kachemak 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, making future comparisons of trends even more valuable.  
 
Project Concept 
             This project will evaluate ecological communities in Kachemak Bay. 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 frequency of 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 data will be compared 
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 Park Service 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 completed 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 15 years after 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 the 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 to #1-6 above. 

 
           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 
Rocky intertidal sampling consists of visual estimates of percent cover of algae and sessile inverts in 10 
replicates (1x1 m2) along 50 m transects in the high, mid, low and -1 m intertidal strata. Mussels are 
collected along the mussel bed extent from 10 randomly distributed 25x25 cm2 quadrats and length of 
all mussels is measured. Length of at least 100 Lottia persona is measured at each rocky study sites. 
Seagrass is sampled with 10 replicates (50x50 cm2) for seagrass shoot counts and percent cover of all 
vegetation and substrate. Clams are collected from ten randomly placed 0.125 m3 excavations of the 
sediment and sieved over 1 cm2 mesh. Temperature is measured at each rocky site using data loggers. 
Sea otter scat is being collected at a long-term site in Little 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 
ς 6 ranking (1 = 1 ς 5%; 2 = 5 ς 25%; 3 = 25 ς 50%; 4 = 50 ς 75%; 5 = 75 ς 95%; 6 = 95 ς 100%). Visual 
foraging observations are conducted with a high-power 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 community data are analyzed using multivariate statistics, including hierarchical clustering, 
non-dimensional scaling and analysis of similarity. Size-frequency distributions are plotted for spatial 
and temporal comparisons. To summarize the categorical data on sea otter diet 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 the Program 
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 assistants, 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 parameter collections. The 



USFWS has tentatively committed to conducting sea otter abundance surveys (confirmation anticipated 
when 2011 federal budgets are determined). The Center for Alaska Coastal Studies, the Homer Marine 
Mammal Stranding Network, and the USFWS have 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, Katmai and 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 that are taught 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.  
 
LLLΦ /±Ωǎκw9{¦a9{- please see appendix 2 
 
IV. SCHEDULE 
A. Project Milestones 
 
Objective 1. Monitor intertidal communities in Kachemak Bay.  

To be done annually from 2012-2016. 
 

Objective 2. Monitor sea otter diet annually in Kachemak Bay. 
To be done annually from 2012-2016. 

 
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 (February 1 ς May 31, 2014) 
February-April, 2014 Plan field sampling on intertidal 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, 2014-August 30, 2014) 
July 30:   Enter data from field sampling, continue sea otter sampling 
August 30:   Preliminary data analysis, reporting (6-month report) 
 
FY 14, 3rd quarter (September 1, 2014-November 30, 2014) 
November 30:  Additional data analysis, project presentation at annual PI meeting 
 
FY 14, 4th quarter (December 1, 2014 ς January 31, 2015) 
January 31:   Report writing, prepare presentation at scientific conference (Alaska 
Marine Science Symposium) 
 
V. BUDGET 
Budget Form (Attached) 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lingering Oil Monitoring Component (lead ς Ballachey) 

FY14 PROGRAM PROJECT 
PROPOSAL FORM 

Project Title: Long-term Monitoring: Lingering Oil - Evaluating Chronic Exposure of Harlequin Ducks to 

Lingering Exxon Valdez Oil - 14120114-Q 

Project Period: February 1, 2014 ς January 31, 2015 

Primary Investigator: Daniel Esler, US Geological Survey, Anchorage, desler@usgs.gov 

Co-Investigator: 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 integrated Long-term Monitoring 

of Marine Conditions and Injured Resources and Services funded by the EVOSTC.  Harlequin duck 

populations in PWS were injured as a result of the Exxon Valdez oil 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 examined exposure of harlequin ducks to lingering oil as a factor 

constraining recovery, using the cytochrome P4501A biomarker, CYP1A.  Harlequin 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 2013 

indicated that CYP1A induction was similar between oiled and unoiled areas, suggesting that 

exposure to lingering oil had ceased by that time, 24 years after the spill. As recommended in 

previous iterations of this body of work, we propose to re-sample harlequin duck CYP1A in March 

2014 to confirm 2013 findings and substantiate our conclusion that exposure to lingering oil has 

abated. This work contributes to understanding of the timeline and process of recovery of injured 

species, as well as the nearshore ecosystem, 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 the project 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 of the Exxon Valdez oil 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, and survival 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 (Trust et al 2000, 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 lingering Exxon Valdez oil. The work proposed here requests continuation of this 
unprecedented evaluation 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 of Project to Date 
As part of EVOSTC Restoration Project 070808, harlequin ducks were examined for lingering exposure to 
residual Exxon Valdez oil.  This work demonstrated that harlequin ducks continued to show biomarker 
evidence of elevation of cytochrome P4501A in oiled areas through 2009, which was interpreted to 
indicate exposure to Exxon Valdez oil up to 20 years after the spill (Esler et al. 2010).  More recent work 
(EVOSTC projects 11100808 and 12120114-Q) indicated that: (1) degree and incidence of elevated 
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 was evident, 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.  
  
II. 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 quantification of CYP1A induction that started in 1998.  In this 
instance, the primary goal is to evaluate whether findings in 2013, indicating abatement of exposure to 
lingering Exxon Valdez oil, 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 lingering Exxon Valdez oil. 
 
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 oiled during the 
Exxon Valdez oil 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 (< 0.5g) liver biopsies taken 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 Wilson).  CYP1A induction will 
be determined by measuring hepatic 7-ethoxyresorufin-O-deethylase (EROD) activity, which is a catalytic 
function principally of hydrocarbon-inducible CYP1A enzymes. 
   
C. Data Analysis and Statistical Methods 
For harlequin ducks, data analysis 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 average EROD activity 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 lingering Exxon Valdez oil.  
 
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 Island to provide 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 long-term 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 recognized to have protracted recovery from the spill, directly supports that goal.  This 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.  
 
III. CVs- please see appendix 2 
 
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 areas. To be met by March 31, 2014. 
 
Measurable Project Tasks 
 
FY 14, 1st quarter (February 1, 2014-April  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 1, 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, 2014-October 31, 2014) 
Complete data analyses  
Prepare report and submit to EVOSTC 
 
FY 14, 4th quarter (November 1, 2015-January 31, 2015) 
!ǘǘŜƴŘ ƳŜŜǘƛƴƎ ƻŦ [¢a tLΩǎΣ !ƴŎƘƻǊŀƎŜ 
Attend Annual Marine Science Symposium, Anchorage 
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FY14 PROGRAM PROJECT 
PROPOSAL FORM 

Project Title: Long-term Monitoring: Lingering Oil - Extending the Tracking of oil levels and weathering (PAH 

composition) in PWS through time. 

Project Period: February 1, 2014 ς January 31, 2017 

Primary Investigator(s): Mark Carls & Mandy Lindeberg, NOAA/NMSF Auke Bay Laboratories, 907-789-6019, 

mark.carls@noaa.gov 



Abstract: This project is a component of the integrated Long-term Monitoring of Marine Conditions and Injured 
Resources and Services submitted by McCammon et al.  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 and composition of PAH over a long time course, and 3) definitive 
long-term source identification by measurement of geochemical biomarkers (triterpanes, hopanes, and steranes).   
The objectives are 1) to determine oil quantity and weathering in 12 PWS beaches 25 years post spill (with repeats 
every 5 years thereafter), 2) provide supplementary support analyses for other long-term monitoring collaborators, 3) 
maintain and expand the hydrocarbon database, and 4) produce annual, final, and published reports.  The subset of 
PWS beaches to be monitored are those where sequestered oil is expected to linger for decades.  At least three 
predictive data sets will be considered in determining which beaches are monitored: (1)  mussel bed time series 
started in the early 1990s,  (2) beach surveys that were continued up to 2004, and spatial modeling analysis that was 
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% GA) *Funds originally requested for FY15 are now being requested in FY14 due 

to a shift in sampling dates, because the majority of the funds will be needed (in FY15). The FY14 request is equal 

to the value originally approved for FY15. This transposition of funding year requests results in no net effect on the 

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 oil1; 
oil still remains in many beaches2-3, presumably with declining impacts on intertidal invertebrates 
such as mussels4-5, and also predators such as sea otters and harlequin ducks6-9.   This project 
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 re-sampled every 5 years 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 and composition 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 evidence (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 longer than in 
lower latitude environments.  This study would complement and extend previous work, and would 
complement the remediation studies by Boufadel in 2011-12 as well as the Irvine study outside of 
PWS in 2011-12.  The study will retrospectively explore geochemical 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 labeled ΨōƛƻƳŀǊƪŜǊǎΣΩ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΣ ǘƘŜ ƎŜƻŎƘŜƳƛŎŀƭ ōƛƻƳŀǊƪŜǊǎ 
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) 

¶ Lƴ ƎŜƴŜǊŀƭΣ ƘȅŘǊƻŎŀǊōƻƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƛƴ tǊƛƴŎŜ ²ƛƭƭƛŀƳ {ƻǳƴŘ ǿŜǊŜ ƭƻǿ ƛƴ нлмнΣ Җ п ƴƎκƎ ǿŜǘ 
ǿŜƛƎƘǘ ƛƴ ƳǳǎǎŜƭ ǘƛǎǎǳŜ όƴҐуύ ŀƴŘ Җ ну ƴƎκƎ ǿŜǘ ǿŜƛƎƘǘ ƛƴ ǎŜŘƛƳŜƴǘ όƴ Ґ 7; Payne et al) 

¶ Some beaches remain heavily contaminated; hydrocarbon concentrations in bioremediation 
beaches (Boufadel et al) were high, 4.1 × 104 to 8.0 × 106 ng/g wet weight. 

¶ Hydrocarbon composition in 2012 bioremediation samples was consistent with Exxon Valdez oil.   

¶ 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 Boufadel et al.  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 major overhaul, involving extensive data additions, 
record checking, and structure updates.  This requires more than 1 person-year effort, well 
above the funded amount. 

¶ 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.   

 
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 time (decades).  At least three predictive data sets will be 
considered in determining which beaches are monitored: (1)  mussel bed time series started in the 
early 1990s10,  (2) beach surveys that were continued up to 20042, and spatial modeling analysis 
that was initiated in 200811.  Sampling 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 activities).  A 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 biomarker data (terpanes, 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 future 20 years.  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 also re-analyze samples collected in the past that are still stored and 
compliment the future 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.   
 
Lastly, 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 entries of 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 1 (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 geochemical biomarker 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 sample collection effort. 
i. Visit 10-12 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 determine 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. Year 4, 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:   Support on-going intertidal 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.   10-20 samples per year depending on requests from 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 collaborators with 
appropriate data (e.g. sea otter pit data to sea otter PI).   Prepare synthesis manuscript 
summarizing environmental progress after 25 years. 

 
B. Procedural and Scientific Methods 

1 Chemical analyses:  Standard operating procedures developed at the Auke Bay 
Laboratories for hydrocarbon analysis will be used for all sample analyses.  These have 
resulted in numerous peer-reviewed publications.   

2 Beaches will be randomly drawn from the identified group of oiled beaches (n = 12). 
3 Beach segments will be up to 100 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 samplers will be 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 multiple agencies, 
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 to those methods for intercomparison over time. 

7 ¢Ƙƛǎ ǇǊƻƧŜŎǘ ǿƛƭƭ ŎƻƳǇƭŜƳŜƴǘ άŜŦŦŜŎǘǎέ ǎǘǳŘƛŜǎ ōȅ ƛƴŎƭǳŘƛƴƎ ǎƻƳŜ ǎŀƳǇƭƛƴƎκŀƴŀƭȅǎŜǎ 
specifically targeted to those projects, and will complement the remediation studies 
of Boufadel (same analyses with geochemical biomarkers included), and will 
complement the tracking study by Irvine outside of PWS.   
 
Project Logistics: 

8 Major field effort 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 regression analysis 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 ANOVA F-ratio to the critical F12. 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 approach to understanding the data is source 
identification; we use several published PAH source models13-15, 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.  Spatial variation 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.   



 
 
 

 
Fig. 1.  Example mean (±SE) total polynuclear aromatic hydrocarbon (TPAH) concentrations in mussel 
tissue and total petroleum hydrocarbons (THC) in underlying sediment, 1992-1999, an extension of Carls 
et al. (2001).  Exponential regressions are bounded by 95% confidence bands.  Horizontal dashed lines 
indicate above-background 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. 
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Fig. 2.  Total PAH concentrations in mussels and sediment from all sites in Prince William Sound.  Symbol 
fill indicates identification of Exxon Valdez oil by components of the consensus model; a non-parametric 
model (PSCORE; Carls 2006), an oil-fingerprint model (OFM; Bence and Burns 1995), and a first-order 
loss-rate model (FORLM; Short and Heintz 1997).  Symbol colors are based consensus scores.  Above-


