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Adverse impacts to the banks of the Kenai River total approximately 19 miles of the 
river's 166 mile shoreline . . Included in this total are 5.4 river miles of degraded shoreline 
on public land. Riparian habitats have been impacted by trampling, vegetation loss and 
structural development. This riparian zone provides important habitat for pink salmon, 
sockeye salmon and Dolly Varden, species injured by the Exxon Valdez oil spill. The 
project's objectives are to restore injured fish habitat, protect fish and wildlife habitat, 
enhance and direct recreation and preserve the values and biophysical functions that the 
riparian habitat contributes to the watershed. Restoration/enhancement techniques will 
include revegetation, streambank restoration, elevated boardwalks, floating docks, access 
stairs, fencing, signs, and educational interpretive displays. 
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INTRODUCTION 

This project is a continuation of the Kenai River Habitat Restoration and Recreation 
Enhancement Project that began in 1996. The objectives of this project are to: 

1. Restore and protect fish habitat on the Kenai River, 

2. Improve existing recreational access to the Kenai River watershed in a 
manner that restores and protects riparian fish and wildlife habitat, 

3. Provide information to the public that promotes their understanding of the 
river's ecology and proper use of its resources. 

Public lands on the Kenai Peninsula, including those acquired with Exxon Valdez oil spill 
joint settlement funds, contain important habitat for several species injured by the spill 
and provide recreation services for tens of thousands of Alaska residents and tourists. 
Kenai River fish support a large commercial fishery, a commercial sport fishing industry, 
a subsistence fishery, and a recreational sport fishery. In the aggregate, revenues 
generated by sportfishing, commercial fishing and river-based tourism represent a 
significant and growing proportion of the local economy. 

The riparian zone, the transitional area that lies between the river's channel and the 
uplands, provides important fish and wildlife habitat and plays a major role in the 
hydrology of the watershed by helping to control floods and erosion. This vegetated area 
functions as a buffer and filter system between upland development and the river, thereby 
maintaining water quality by absorbing nutrients, accumulating and stabilizing sediments, 
and removing heavy metals and pollutants that are a result of urban development and 
which enter the river from surface runoff. It is also the area where a significant portion of 
the Kenai River's sportfishing and other recreational activities are concentrated. 

Degradation of the river's streambanks, riparian vegetation and fish habitat has the 
potential of jeopardizing its long term productivity and degrading the quality of the 
recreational experience. This project proposes revegetation, streambank restoration, and 
public access improvements that will promote pink and sockeye salmon and Dolly 
Varden habitat protection and restoration, as well as enhancement of recreational services 
in the Kenai River watershed. The project also proposes to design and construct 
educational and interpretive displays that will inform the public of the proper manner in 
which to access and use the river's resources. 

Restoration and enhancement proposals on public lands extending from the outlet of 
Kenai Lake to the mouth of the Kenai River (Figure 1 ), were nominated by public 
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landowners and evaluated by an Interdisciplinary Team (IDT) of biologists and resource 
managers using specific threshold and evaluation criteria (Table 1 ). The IDT designed the 
qualifying criteria used to evaluate and rank the proposals by considering a variety of 
factors, including the degree of damage at a site and the effects that each proposal will 
have on fish habitat, recreation, and the surrounding environment. 

All proposals had to meet threshold criteria before the evaluation criteria were applied. 
The scores are a method of ranking those proposals that best achieve the overall project's 
goals for habitat restoration, compatible recreation enhancement, and educational value. In 
an attempt to identify the most cost-effective proposals and obtain maximum benefits 
from available funds, it was decided to compare the relative restoration benefits of the 
proposals in terms of costs. To facilitate that determination, the results of the evaluation 
process, i.e. the scores, were plotted against the estimated costs. 

Conceptual restoration and enhancement plans were presented to the IDT for evaluation. 
Final engineered plans were provided to ADFG/ ADNR prior to construction. Choice of 
building materials and construction methods are the responsibility of the landowner (but 
subject to IDT review) and must employ restoration techniques permittable by 
regulatory agencies (ADFG, ADNR, and the Army Corps of Engineers). 

The project was proposed to last for three years, beginning in 1996. Projects approved 
for funding in 1997 will be completed in 1998. Monitoring of funded proposals will be 
carried out by ADFG/ADNR to ensure the proposals are constructed and function as 
designed. Monitoring will also be used to gather information regarding effectiveness of 
restoration techniques. 

Twelve nominations (sites) were chosen for restoration/enhancement. Construction status 
of these sites is as follows: 

• Kenai Dunes (Completed) 

• Rotary Park (Completed) 
• Endicott Sonar Site (Completed) 
• Ciechanski (In Progress; Expected completion in Spring, 1998) 

• Big Eddy (In Progress; Expected completion in Spring, 1998) 

• Funny River (In Progress; Expected completion in Spring, 1998) 
• Bing's Landing (In Progress; Expected completion in Spring, 1998) 

• Kobylarz (In Progress; Expected completion in Spring, 1998) 

• Chester Cone (In Progress; Expected completion in Spring, 1998) 

• Centennial Park (In Progress; Expected completion in Spring, 1998) 

• Slikok Creek [Phase I (In Progress); Phase II ( 1999)] 
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During spring/summer 1998, Phase 1 will be completed as follows: 

1. Installation of 300 feet of 6 feet wide elevated gratewalk behind the 
riverbank with 3 river accesses with seasonably removable stairs to the 
hipboot fishery. 

2. Restoration of 375 feet of riverbank in front of the elevated gratewalk. 

3. Installation of 490 feet of 4 feet wide grate walk on existing access trail 
from the Slikok Creek State Recreation Site parking lot to the Kenai River 
downstream of Slikok Creek. 

• Russian River [Phase I (In Progress); Phase II (In Progress); 
Phase III ( 1999)] 

During spring/summer 1998, Phases I & II will be completed as follows: 
Phase 1 

1. Replace 120 feet of wooden decking with light penetrating decking on 
existing boardwalk. 

2. Installation of323 feet of elevated boardwalk (220 feet with wooden 
decking, 123 of light penetrating decking) with railing on river side. 

3. Reconstruction of 40 feet of trail and installing fence on river side. 

4. Installation of one interpretive node with light penetrating decking along 
new boardwalk. 

5. Design, produce and install one interpretive sign at new interpretive node. 

6. Installation of one bank fishing platform ( 10 feet by 15 feet) with light 
penetrating decking. 

Phase II 

1. Completion of pile driving contract for all boardwalks in Phase 2 and 3. 

2. Installation of 61 feet of elevated light penetrating boardwalk with railing 
on river side. 
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3. Installation of 110 feet of elevated boardwalk with wooden decking with 
railing on river side. 

4. Installation of one interpretive node with wooden decking along new 
boardwalk. 

Signs and interpretive displays were erected at each project site. They include: 

4/10/98 

• 24 signs that identify the funding source for each project. 

• Ten displays dealing with protection of the river's resources. 

• Six displays depicting aquatic insects as in important element of the river 
ecosystem as it relates to salmon fry. 

• Four displays depicting interesting facts about salmon fry. 
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Table 1 

Threshold Criteria 
1. The project will protect, restore or enhance the historic functional attributes of 

a site and the surrounding area. 
2. The project is located on public land. 
3. The managing agency agrees to endorse the project. 
4. The managing agency agrees to future maintenance and management of the 

project in a manner that facilitates and is consistent with the restoration or 
enhancement endpoint (#1). 

5. All elements of the project can be permitted. 
6. The project is not a mitigation requirement. 

Nomination must be in compliance with all Threshold Criteria. 

Evaluation Criteria 
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1. Potential Habitat Value 
What is the potential habitat value ofthe project? [Score_ (20/10/5) x 3.5] 

2. Potential Recreation Value 
What is the potential recreation value of the project? [Score= (20/10/5) x 2.5] 

3. Disturbance Level 
What is the level of disturbance (human impact) in relation to 
habitat/recreation values? [Score (2011 0/5) x 2.0] 

4. Rate 
To what extent will the project decrease the amount of time needed for 
riparian habitat to tecover? [Score (2011 0/5) x 1.0] 

5. Collateral Impacts 
What is the potential for adverse impacts to natural or cultural resources or to 
the nearby human community resulting from this project? 
[Inverse relationship: Score= (5/10/20) x 3.0] 

6. Design/Effectiveness 
How would you rate the project's design to its expected effectiveness? 
[Score= (20/1 0/5) x 2.0] 

7. Vulnerability 
Is the protected, restored or enhanced site vulnerable to natural or human­
induced degradation. [Inverse relationship: Score= (5/10/20) x 2.0] 
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NEED FOR THE PROJECT 

A. Statement of Problem 

Use of the Kenai River watershed is degrading fish habitat along the riparian zone of the 
mainstem and, to a lesser degree, the tributaries of the river. Stream banks that provide 
essential fish habitat are being trampled and denuded of vegetation leading to increasing 
rates of erosion and sedimentation. Both commercial and residential developments are 
altering shorelines, changing patterns of runoff and creating the potential for the discharge 
of non-point source pollutants into the river. Federal and state resource agencies have 
limited ability to manage these problems that have the potential of threatening the 
productivity and world class recreational value of this river system. 

Commercial fishing, subsistence, recreation and tourism (including sport fishing) are 
services that were reduced or lost because of the spill. Within the Kenai River watershed, 
the resources that support these services that were injured by the Exxon Valdez oil spill 
include pink and sockeye salmon and Dolly Varden. Chinook and coho salmon also 
contribute significantly to these services. The Exxon Valdez Oil Spill Restoration Plan 
states that the Kenai River sockeye salmon population is not recovering and that: With 
regard to sockeye salmon, the objective of habitat protection is to ensure maintenance of 
adequate water quality, riparian habitat, and intertidal habitat. 

The restoration strategy articulated in the restoration plan for recreation and tourism 
focuses on the: Preservation and improvement of the recreational and tourism values of 
the spill area. The Plan goes on to discuss strategies for promoting recovery of 
commercial fishing, recreation and tourism by: .. .increasing the availability, reliability, or 
quality of the resource on which the service depends. 

What is needed within the Kenai River watershed is an integrated approach that protects 
resource habitats, restores degraded streambanks and riparian vegetation, maintains 
productivity and promotes appropriate, sustained human use of the river. 

B. Rationale 

The work proposed by this project is a continuation of the on-going effort needed tq 
protect and restore fishery resources. Continuing loss of habitat will exacerbate the injury 
caused by the spill to both resources and services and lead to diminished productivity. 
This, in turn, diminishes the value of the commercial, subsistence and sport fisheries and 
the quality of recreation on the river with significant, adverse implications for the local 
economy. 
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The present condition ofNorth America's native fish fauna is attributable, in part, to the 
degradation of aquatic ecosystems and habitat (FEMAT Report, 1993). Loss and 
degradation of freshwater habitats are the most frequent factors responsible for the 
decline ofanadromous salmonid stocks (Nehlsen, et. al. 1991). Along with habitat 
modification or loss, changes in water quality and quantity are often cited as causative 
factors for degradation of aquatic systems and declines in anadromous fish populations. 

The Kenai River Cumulative Impacts Assessment of Development Impacts on Fish 
Habitat (Liepitz, 1994) was designed to identify and evaluate the cumulative impacts of 
development actions including public and private land use impacts on Kenai River fish 
habitat. The study documented that: 11.1 percent to 12.4 percent (18.4 to 20.6 miles) 
of the river's 134 miles of upland and 3 2 miles of island shoreline and nearshore habitats 
have been impacted by bank trampling, vegetation denuding, and structural development 
along the river's banks. Degraded public land along the Kenai River includes 5.4 miles of 
trampled riparian habitat and 3.5 miles of developed shoreline. 

Based on a review of historic recreation use pattelJlS and habitat impacts in the Slikok 
Creek and Russian River areas, the project will protect, restore, stabilize, or rehabilitate 
streambanks where resource damage is occurring; enhance or close existing access points 
and movement corridors; or re-direct users to other areas of the river on a temporary or 
long term basis. These actions will be based on the need to facilitate human use of the 
river in a way that protects fish habitat and minimizes degradation of other sensitive 
and/or pristine habitats. 

This project is designed to promote streambank stability, increase vegetative cover, and 
mitigate accelerated erosion and sedimentation for the benefit of pink salmon, sockeye 
salmon, Dolly Varden and other fish species that migrate and rear along the river's banks . 

. T~chniques used to achieve these goals will include the use of elevated, grated boardwalks, 
river access stairs, fishing platforms, and other riparian habitat improvement and 
protection techniques. These techniques will, at the same time, restore and enhance 
sportfishing. One example is elevated, grated boardwalks, constructed to protect 
revegetating streambanks, that will provide river access to anglers with a minimum of 
impact to the recovering habitat. Post-construction monitoring will examine the effects of 
the method and the amount of recreational use that occurs in the area. 

The education component of the project will produce user information and interpretive 
displays at strategically located access points along the Russian River and at Slikok 
Creek. .These displays will provide users with information on the natural history of the 
river's fish, their habitats, ecology of the river system and the best methods th.:at they can 
use to maximize their recreational experience with a minimum of impact to the watershed 
and its resources. Signs placed adjacent to work sites will describe the on-going 
restoration effort and direct the public away from recovering vegetation. 
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C. Location 

All construction, maintenance and monitoring components will be located within the 
Slikok Creek and Russian River project sites. Planning and coordination will be based in 
Anchorage. Primary ecological benefits from the project will be realized by the natural 
systems within the watershed. Secondary benefits will affect the economy of the 
communities of the Kenai Peninsula and the commercial fishing industry. Improved and 
enhanced recreation benefits will affect users from southcentral Alaska as well as tourists 
from outside of the state. Communities that may be affected by the project include: 
Kenai, Soldotna, Homer, Sterling, Cooper Landing, Anchorage and the unincorporated 
communities on the Kenai Peninsula. 

COMMUNITY INVOLVEMENT AND TRADITIONAL ECOLOGICAL 
KNOWLEDGE 

It is intended that the project be fully integrated with on-going agency recreation 
management, permitting and regional planning activities affecting the Kenai River 
watershed. This includes coordination with the Kenai Peninsula Borough, City of Kenai, 
Kenai City Council, City ofSoldotna, Soldotna City Council, Kenai Peninsula Borough 
Assembly, and local interest groups. 

PROJECT DESIGN 

A. Objectives 

1. Complete the Russian River angler trail project (Phase III). 

2. Complete the Slikok Creek project (Phase II) 

B. Methods 

Russian River Angler Trail Project - Phase III 

4/10/98 

1. Installation of 343 feet of elevated light penetrating boardwalk with railing on 
river side. 

2. Installation of one interpretive node with light penetrating decking along new 
boardwalk. 
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3. Build 265 feet of trail rerouted away from river bank with fencing on river 
side. 

4. Reconstruct 105 feet of existing trail and installing a fence on river side. 

Slikok Creek- Phase II 

1. Replacement of existing stairs down bluff to riverbank on access trail from 
Slikok Creek SRS parking lot, to include gratedeck landing at riverbank. 

2. Installation of 110 feet of 6 feet wide elevated gratewalk behind the riverbank 
along toe of bluff slope with 3 river accesses with sea·sonably removable stairs 
to the hip boot fishery. 

3. Restoration of 300 feet of riverbank upstream of Slikok Creek with biolog and 
vegetative mat consisting of Blue Joint Reed Grass sod harvested locally. Live 
vegetative mats shall be no less than 6 square feet and include an intact root 
system with natural soil at least 4 inches thick. Biologs will be12 inch 
diameter, 100% coconut fiber, continuous 20 foot length material for erosion 
control and botanic naturalization. They will be encased in coconut fiber net 
of2 inch squares. Biologs shall be placed directly to the outside of ordinary 
high water, and installed per manufacturer's recommendation. The biolog shall 
be staked down into the riverbank backslope. 

A monitoring program will be used to evaluate the degree of success of each project. The 
purpose of the monitoring program is to: 

1. Determine if "ili:e project is in compliance with the Cooperative Agreement. 

2. Evaluate whether the project was been successful in meeting the restoration 
goals set forth in the project description, and 

3. Provide data that will help in design of future restoration projects and in the 
establishment of performance standards. 

Monitoring parameters will be chosen that reflect site-specific restoration/enhancement 
objectives and may include habitat, vegetation and public use measurements. The 
assessment of the existing condition of each site will serve as the b~eline for monitoring. 
Monitoring measurements will be obtained frequently early in the project and could be 
used to amend the design if necessary. Wherever possible, photo plots will be installed 
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and photos taken biannually. Once the project is successfully constructed and it is 
determined that restoration/enhancement is proceeding on an acceptable course and rate, 
monitoring measurements will be taken less frequently. Projects that are initially 
monitored monthly during the early stages of vegetation growth and establishment will be 
monitored biannually thereafter. Habitat and population monitoring parameters may 
include: vegetation diversity and cover, fish utilization and stream stability. Public use 
of the sites and impacts to adjacent areas will also be monitored. Site visitation shall be 
based on counts of individual people by field staff and project personnel. 

Observations may be made during winter months to evaluate the effects of ice scouring. 
The period that a project is monitored will be based upon the amount of time required for 
achievement of objectives. 

C. Cooperating Agencies, Contracts and Other Agency Assistance 

The USFS is the lead Trustee Agency for the Russian River Angler Trail portion of this 
proposal. ADNR is the lead Trustee Agency for the Slikok Creek Trail portion of this 
proposal. All components of the project will be carried out by personnel from ADNR 
and USFS. Volunteers supervised by agency staff will assist in the installation of 
prefabricated structures and in routine maintenance. Coordination will occur with agencies 
through contract administration and oversight. 

SCHEDULE 

Russian River Angler Trail Project~ Phase III 

A. Measurable Project Tasks for FY 99 

October 1 to November 1: Pile driving contract for all boardwalks. 

November 1 to April 1: Materials for all boardwalks, trails, and interpretive node 
ordered and received. 

March 23-27: Participation in lOth Anniversary Symposium 

April 1 to June 15: Construction of boardwalks, trails, and interpretive node. 

June 15 to September 30: Monitoring of resources in area through summer during 
high use periods. 
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B. Project Milestones and Endpoints 

June 15: 

June 15 to September 30: 

Complete construction of boardwalks, trails, and I 
nterpretive node. 

Continue monitoring of project area resources. 

Slikok Creek Project- Phase II 

A. Measurable Project Tasks for FY 99 

July 1 to September 1 Period of construction contract stairs, gratedeck, gratewalk, 
river access stairs, and streambed restoration 

B. Project Milestones and Endpoints 

September 1 Complete construction of stairs, gratedeck, gratewalk, river 
access stairs, and streambed restoration. 

NORMAL AGENCY MANAGEMENT 

The impacts affecting the Kenai River are occurring at a rate and magnitude far in excess 
of the management resources that are available to mitigate or restore habitat damage. The 
proposed project supplements existing efforts to reverse this trend. Moreover, none of­
the riparian habitat on small parcels that the Trustee Council is acquiring on the Kenai 
River has been surveyed or evaluated for restoration work. Additional issues relevant to 
state agency management of the Kenai River are to be found in the following section. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

Coordination will occur with agency staffs in DNR, ADF&G and the USFS. Their-. 
expertise will be used in defining management objectives, developing criteria, evaluating 
and ranking potential project sites, conducting archaeological and historical reviews and 
clearances, performing design to include preparing plans and specifications, bidding 
construction projects, oversight of project construction, permitting, monitoring public 
use, and enforcing site restrictions. 
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Federal funding through the USDA Forest Service has made possible many additional 
restoration projects in the Russian River area for fish habitat and river bank vegetation. 
Such projects include closing river banks from foot traffic, constructing access point 
stairways into river, and revegetating eroded river bank areas. One vital program the 
Forest Service implemented is Streamwatch, a cadre of volunteers, who are at the Russian 
River and locations on the Kenai River during fishing season to talk with anglers about 
their impacts to the river banks. Since its inception in 1994, the Streamwatch Program 
has doubled in size and has become a resource utilized by other federal, state, and local 
agencies. Key to the program is the Forest Service leadership, and partnerships with 
Kenai River Sportfishing Inc. (who provide funding for the program) and Facilities 
Management Inc. (who provide a free campsite). 

The project will build upon pilot efforts that have been implemented or are being 
developed for the river. In 1994, boardwalks were installed near the Soldotna airport and 
on numerous private parcels; exclosures have been used with a high degree of success 
along portions of the Russian River and in units of the state park system. State 
permitting procedures have also resulted in numerous bank stabilization projects that 
maintain or enhance fish habitat by using spruce tree revetments, root wads, live willow 
cuttings, and other protective measures. 

The state and federal governments have already committed funds to accomplish several of 
the objectives identified by this project. Fish and Game Exxon Valdez criminal settlement 
funds ($3 million) have been dedicated for the construction of habitat protection 
demonstration projects and land acquisition on the Kenai River. The U.S. Fish and 
Wildlife Service has provided challenge grant funding to assist the ADF&G demonstration 
projects. The National Marine Fisheries Service will provide the ADF&G with an 
additional one million dollars for streambank improvements under an appropriation 
requested by Senator Stevens. ADNR restitution funds ($7 million) will be used, in part, 
to construct boardwalks and access platforms that protect streambanks at heavily used 
state park units at Morgan'~ Landing, Bing's Landing, and Slikok Creek. Dingle-Johnson 
funds are being used to provide recreational access, streambank revegetation, and 
streambank protection structures at The Pillars project site. 

The intense public use pressures and development activities on the Kenai River threaten 
to overwhelm the limited budgets available to resource agencies attempting to manage the 
river for resource protection and sustained recreational use. That is why supplementary 

funding is so important. The proposed project, along with those utilizing other available 
funds, provides a cost-effective method to protect streambanks and minimize further 
habitat degradation. 
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EXPLANATION OF CHANGES IN CONTINUING PROJECTS 

The project design and schedule described in the DPD approved by the Trustee Council 
for FY96, FY 97 and FY 98 are unchanged. 
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PERSONNEL 

Art Weiner, Ph.D, Project Leader 
Natural Resources Manager II 
Alaska Department ofNatural Resources 
3601 C Street, Suite 980 
Anchorage, AK 99503 
(907)-269-8424 
FAX (907) 269-8902 

Karen Cromery 
Forester 
US Forest Service 
Seward Ranger District 
P.O. Box 390 
Seward, AK 99664 
(907) 224-4105 
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1r ..:c•n"''"''l Administration 
Project Total 

Full-time Equivalents (FTE) 

er Resources 

Comments: 

1998 EXXON VALDEZ COUNCIL PROJECT BUDGET 
,1 

Authorized 
FY 1998 

October 1, 1998 - September 30, 1999 

Proposed 
FY 1999 

Project includes agreed upon amounts and phases for both Slikok and Russian River as described in the 1997 Environmental Assessment. 

1999 

Prepared: 
1 of 13 

Project Number: 99180 
Project Title: Kenai Habitat Restoration and Recreation Enhancement 
Lead Agency: AK Dept. of Natural Resources 

FORM 2A 
MULTI-TRUSTEE 

AGENCY 
SUMMARY 
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Commodities 
Equipment 

Subtotal 
ral Administration 
Project Total 

1-time Equivalents (FTE) 

Other Resources 
Comments: 

1998 EXXON VALDEZ E COUNCIL PROJECT BUDGET 

Authorized 
FY 1998 

October 1, 1998 - September 30, 1999 

Proposed 
FY 1999 

Project Number: 99180 
1999 Project Title: Kenai Habitat Restoration and Recreation Enhancement 

Lead Agency: AK Dept. of Natural Resources 

Prepared: 
2 of 13 

FORM 3A 
TRUSTEE 
AGENCY 

SUMMARY 

4/10/98 



1998 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

Natural Resource Manager 

Ticket 
Price 

Travel to Kenai to attend meetings, conduct site evaluations, inspections, 
supervise and monitor construction and revegetation. 

0.1 5 

1999 

Prepared: 

3 of 13 

Project Number: 99180 
Project Title: Kenai Habitat Restoration and Recreation Enhancement 
Lead Agency: AK Dept. of Natural Resources 

8 

Overtime 
21.6 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 
DETAIL 
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1998 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

Contractual Costs: Proposed 
Description FY 1999 

Slikok Creek Construction 189.7 
Replacement of existing stairs down bluff to riverbank on access trail, including gratewalk decking at landing. 
Installation of 110 feet of 6 foot wide elevated gratewalk behind the riverbank along toe of bluff with 3 river access points. 
Removable stairs at access points to allow for hipboot fishery. 
Restoration of 300 feet of riverbank upstream of slikok Creek 

NOTE: Previous estimate for construction was 159.7. An increase of 30.0 is requested to accommodate increased 
mobilization, foreman, and supervisory costs associated with phasing construction of this project. 

' 

When a non-trustee organization is used, the form 4A is required. 

Commodities Costs: 
Description 

Office Supplies 

1999 

Prepared: 

4 of 13 

' 

Project Number: 99180 
Project Title: Kenai Habitat Restoration and Recreation Enhancement 
Lead Agency: AK Dept. of Natural Resources 

Contractual Total $189.7 

Proposed 
FY 1999 

0.2 

Commodities Total $0.2 

FORM 38 
Contractual & 
Commodities 

DETAIL 
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1998 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September ·so, 1999 

New Equipment Purchases: Number Unit Proposed 
Description of Units Price FY 1999 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

r~ 
0.0 
0.0 

Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total $0.0 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: ·99180 FORM 38 

1999 Project Title: Kenai Habitat Restoration and Recreation Enhancement Equipment 

Lead Agency: AK Dept. of Natural Resources DETAIL 

Prepared. 
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mmodities 
Equipment 

Subtotal 
General Administration 

Project Total 

11-time Equivalents (FTE) 

Resources 
Comments: 

1999 
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1998 EXXON VALDEZ E COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

Authorized 
FY 1998 

Proposed 
FY 1999 

Project Number: 99180 
Project Title: Kenai Habitat Restoration and Recreation Enhancement 
Lead Agency: US Forest Service 

FORM 3A 
TRUSTEE 
AGENCY 

SUMMARY 
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P. O'leary 
K. Kromrey 
A. Norkin 
S. Hemurciak 
G. Yarbrough 
J. Mitchell 
E. Badajas 
B. Hugo 

1999 

Prepared: 

7 of 13 

1998 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

GS/Range/ 

Rec Planner GS 9 3.0 
Rec Planner GS9 1.1 
Laborer GS5 2.0 
Laborer WG5 1.3 
Laborer WL3 2.3 
Laborer WG3 
Laborer WL3 
Laborer WG3 

Tic 
Price 

Project Number: 99180 

Monthly 
Costs 

4.4 
4.1 
3.0 

3.0 
3.0 

Project Title: Kenai Habitat Restoration and Recreation Enhancement 
Lead Agency: US Forest Service 

Overtime 
13.2 
4.5 
6.0 
3.9 
6.2 
3.0 
0.9 
0.9 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
&. Travel 
DETAIL 
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1998 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

Contractual Costs: 
Description 

When a non-trustee orqanization is used, the form 4A is required. 

Commodities Costs: 
Description 

Lumber (railings, posts, siding etc.) 
Gravel I fill 
Fiberglass decking and hardware 
Rebar 
Fiber Matting 
Miscellaneous (fuel, misc. hardware, equip. repair etc.) 
Transportation of materials 

1999 
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Project Number: 99180 
Project Title: Kenai Habitat Restoration and Recreation Enhancement 
Lead Agency: US Forest Service 

Proposed 
FY 1999 

Contractual Total $0.0 

Proposed 
FY 1999 

16.9 
2.0 

28.0 
0.5 
0.4 
6.4 
1.4 

Commodities Total $55.6 

FORM 38 
Contractual & 
Commodities 

DETAIL 
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1998 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30,. 1999 

~ Equipment Purchases: Number Unit Proposed 
ription of Units Price FY 1999 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Those purchases associated with replacement equipment should be indicated bv placement of a:n R. New Equipment Total $0.0 
Existing Equipment Usage: Number Inventor] 
Description of Units Aaenc 

Project Number: 99180 FORM 38 

1999 Project Title: Kenai Habitat Restoration and Recreation Enhancement Equipment 

Lead Agency: US Forest Service DETAIL 
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Otolith Thermal Mass Marking of Hatchery Reared Pink Salm~n in Prince 
William Sound 

Project Number: 
Restoration Category: 
Proposer: 
Lead Trustee Agency: 
Cooperating agencies: 

Alaska SeaLife Center: 
Duration: 
CostFY99: 
CostFYOO: 
CostFY 01: 
CostFY 02: 
Cost FY 03: 
Geographic Area: 
Injured Resource/Service: 

ABSTRACT 

99188 
General Restoration 
Alaska Department ofFish and Game 
Alaska Department of Fish and Game 
Prince William Sound Aquaculture Corporation 
Valdez Fisheries Development Association 

Fifth year, five-year project 
$119,900 (Close-out) 
$0 
$0 
$0 
$0 
Prince William Sound 
Pink Salmon 

[gi~t~~WIE[Q) 

APR 1 0 1998 

EXXON VALDEZ OIL SPILl 
TRUSTEE COUNCil 

This project developed otolith -mass marking as a technology for identification of hatchery pink 
salmon returning to Prince William Sound. The otoliths of all pink salmon reared at Prince 
William Sound hatcheries were thermally marked in the fall from 1995 through 1998. Blind 
tests were conducted to determine the ability of otolith readers to successfully determine the 
origin of randomly selected otoliths. During pink salmon commercial fisheries, approximately 
100 otoliths were processed from each fishery opening to estimate stock composition. Generated 
estimates were provided to fishery managers within 36 hours of the closure of a fishing period. In 
postseason analysis, a Bayesian dynamic sample size allocation scheme was invoked to 
maximize sampling efficiency. 
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INTRODUCTION 

Each year approximately 500 million wild pink salmon fry emerge from the streams of Ptjnce 
William Sound and migrate seaward. Annual adult runs of wild pink salmon to Prince William 
Sound have averaged 10 million salmon over the last two decades. The large migrations of fry 
and subsequent adult runs of pink salmon play major roles in the Prince William Sound 
ecosystem. Both juveniles and adults are important sources of food for many fish, birds, and 
mammals. Adults returning from the high seas also convey needed nutrients and minerals from 
the marine ecosystem to estuaries, freshwater streams, and terrestrial ecosystems. Wild pink 
salmon also play a major role in the economy of Prince William Sound because of their 
contribution to commercial, sport, and subsistence fisheries in the area. 

Up to 75% of the pink salmon spawning habitat in Prince William Sound occurs in intertidal 
areas. In the spring of 1989 oil from the TIV Exxon Valdez spill was deposited in intertidal 
portions of many western Prince William Sound streams. Pink salmon embryos and fry rearing 
in these intertidal areas appear to have been adversely affected by the oil. Sharr et al. (1994a and 
1994b) observed salmon embryo mortalities which were 67%, 51%, 96%, and 80% higher in 
oiled streams than in nearby comparable unoiled streams in 1989, 1990, 1991, and 1992, 
respectively. Craig et al. (1996) observed a similar effect in 1993, but not 1994. Wiedmer 
(1992) also observed a high incidence of deformities and elevated levels of cytochrome P-450 
among fry in oiled streams in 1989, and Willette (1993) reported reduced growth and survival of 
pink salmon fry and juveniles which reared in oiled marine waters of Prince William Sound in 
1989. The mortality differences between oiled and unoiled streams observed by Sharr et al. 
(1994a and 1994b) in 1989 and 1990 were confined to intertidal spawning areas and may be 
attributed to direct lethal effects of oil. The large differences observed across all tide zones in 
1991, 1992 and 1993 may, however, be the consequence of damage to germ cells of the adults 
which originated from the 1989 and 1990 brood years when egg and larval exposures to intertidal 
oil were greatest. A consequence of this genetic damage may be persistent functional sterility and 
reduced returns per spawner for populations from oiled streams. 

Prince William Sound pink salmon returns originating from brood years following the Exxon 
Valdez oil spill have been aberrant. Returns of wild and hatchery pink salmon in 1991 were only 
slightly below the midpoint of the preseason forecast but arrived late and had very compressed 
run timing. The salmon were also small and in advanced stages of sexual maturity long before 
reaching their natal streams. As a result, the salmon were of little commercial value. Returns of 
pink salmon in 1992 and 1993 were far less than expected. The 1992 return ofwild pink salmon 
was the fourth smallest even year return in the last 30 years, and the hatchery return was less than 
one third ofthe expected. The 1993 return of wild pink salmon was the third smallest in the last 
30 years, and the hatchery return was less than one fifth ofthe expected. The returns in 1994, 
1995 and 1996 were much larger than those in 1992 and 1993, but were skewed to the eastern 
portion of Prince William Sound. The 1997 return was composed mostly of hatchery produced 
pink salmon with a very small wild stock component. 
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Although hatchery pink salmon production in Prince William Sound began in the 1970's, returns 
from maximum authorized levels of fry production did not occur until the late 1980's and early 
1990's, and coincided with the Exxon Valdez oil spill era. The migratory timing of wild salmon 
populations injured by the Exxon Valdez oil spill is similar to that of hatchery stocks, so wild and 
hatchery salmon are exploited together in commercial, sport, and subsistence fisheries. To 
sustain production from wild populations, managers must insure that adequate numbers of wild 
salmon from all portions of the wild run escape fisheries and enter streams to spawn. To achieve 
this goal, mixed stock fisheries must be managed to achieve exploitation rates appropriate for 
less productive wild populations. To accomplish this task, managers must be able to distinguish 
wild from hatchery salmon and estimate their relative spatial and temporal abundance in different 
fishing areas. The otolith-marking program was designed to meet this goal in an efficient and 
comprehensive manner. 

From 1995 through 1997, pink salmon otoliths were thermally marked at all Prince William 
Sound hatcheries under projects R96188, R97188, and R98188 respectively. These studies 
showed that marked otoliths were highly readable and that proposed catch sampling 
methodologies were appropriate. In 1997, the first estimates of hatchery contributions based on 
recovery of marked otoliths were made. These estimates were compared to those based on 
coded wire tag recoveries in that same season, which allowed an evaluation of some important 
assumptions inherent in that program. Work planned for FY99 will close-out the otolith marking 
program, and report on the many tests of readability of the marks, and estimates of hatchery 
contributions from salmon marked in 1995 and 1996. 

NEED FOR THE PROJECT 

A. Statement of the Problem 

Coded wire tagging has been the tool of choice for applying unique marks to hatchery pink 
salmon in Prince William Sound. The method has been used extensively to estimate hatchery 
and wild stock contributions to commercial harvests and has also been used to study straying. 
Trustee Council projects F/S3, R60C, R93067, R94320b, R95320b, R96186 and R97186 have 
all incorporated this technology to estimate contributions of wild and hatchery pink salmon 
returns to Prince William Sound since the Exxon Valdez oil spill. Despite its usefulness, there 
are disadvantages to coded wire tag technology. Approximately 1 million coded wire tags must 
be applied to pink salmon fry each year to obtain catch contribution estimates for returning 
adults. Tagging and recovery are both very labor intensive, and the number of tags applied and 
recovered are sometimes inadequate for the levels of accuracy and precision desired. Coded wire 
tags are intrusive, can be shed, and may affect subsequent survival. Tag loss through shedding 
and differential mortality of tagged individuals affects subsequent estimates of adult returns 
based on tag recoveries. Finally, recent evidence suggests that poor placement of coded wire 
tags may cause salmon to stray (Habicht et al., in press). Therefore, a new technology with fewer 
disadvantages was needed to effectively separate stocks of pink salmon returning to Prince 
William Sound. 
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B. Rationale/Link to Restoration 

To protect damaged wild populations, fishery managers need to know when and where wild fish 
are caught in the Prince William Sound fisheries. A method of determining the composition of a 
catch was therefore needed. From 1987 through 1996, the coded wire tagging program has 
performed this function. Because of the cost and problems associated with the coded wire tag 
program other alternatives for marking larger portions of populations with less expensive and 
intrusive methods were investigated. This project developed otolith mass marking as an inseason 
and postseason stock separation tool for pink salmon. By marking otoliths of all salmon in a 
population, sample sizes in the recovery phase may be much smaller without affecting accuracy 
and precision of contribution estimates. The nonintrusive, permanent nature of otolith marking 
eliminated concerns over mark shedding and marking effects on survival and behavior, all of 
which may have been important sources of error in coded wire tag estimates. Numerous studies 
have documented the successful induction of predetermined ring codes on fish otoliths by 
manipulation of water temperature during embryonic stages (Bergstedt et al. 1990, Brothers E.B. 
1990, Munk and Smoker 1990, Volk et al. 1990). Each of these studies has provided information 
regarding the magnitude of temperature differences and the duration of temperature cycles 
needed to produce otolith rings. Recognizing the need to develop mass marking technology for 
pink salmon in Prince William Sound, the Alaska Department ofFish and Game and Prince 
William Sound Aquaculture Corporation reviewed the feasibility of otolith thermal marking at 
Prince William Sound hatcheries and otolith recovery in commercial fisheries (Geiger et al. 
1994). An otolith marking and recovery program conducted during 1993 in Southeast Alaska 
(Hagen et al., 1995) developed an inseason otolith sampling and mass processing protocol which 
appeared to be suitable for Prince William Sound. Additional work was performed to fully 
develop and evaluate otolith thermal marking technology as an inseason fisheries management 
tool for Prince William Sound pink salmon. 

In order to provide information that can be used to regulate fisheries during the season, recovered 
otoliths were examined and decoded within 36 hours after a fishery closure. Establishing an 
otolith dissecting and reading laboratory in Cordova in cooperation with the central processing 
laboratory in Juneau provided management biologists with timely information on stock 
composition for inseason management decisions. A single, coordinated database accessible to 
both laboratories was developed to ensure proper quality control and archival of data. 

C. Location 

The study was undertaken in Prince William Sound. Improved protection of wild pink salmon 
stocks in Prince William Sound, one of the most important driving forces of the ecosystem, 
results in maintenance of local ecological diversity and enhanced appeal to the general public. 
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COMMUNITY INVOLVEMENT AND TRADITIONAL ECOLOGICAL KNOWLEDGE 

This project was developed through three months of ecosystem research planning by the Prince 
William Sound Fisheries Ecosystem Research Planning Group as part of the Sound Ecosystem 
Assessment program. The Prince William Sound Fisheries Ecosystem Research Planning Group 
conducted public meetings each week in the fall of 1993. Scientists from the University of 
Alaska, University of Maryland, Prince William Sound Science Center, Prince William Sound 
Aquaculture Corporation, the Alaska Department ofFish and Game, and US Forest Service 
participated in the planning process. The resulting ecosystem research plan was reviewed by 
scientists from the United States and Canada at a public workshop held in Cordova, Alaska in 
early December 1993. The methods and results of this project were reviewed by various 
scientists within the Program Management component of the Sound Ecosystem Assessment 
program. 

This project was partially sponsored by the Prince William Sound Aquaculture Corporation, the 
regional private, non-profit (PNP) aquaculture association for Prince William Sound, and the 
Valdez Fisheries Development Association, a small PNP operation. Development of production 
level marking programs, such as the Prince William Sound coded wire tagging program, have 
been a cooperative effort between the Alaska Department ofFish and Game and Prince William 
Sound area PNP aquaculture associations since the early 1980's. PNP's, operated by a broad 
constituency of commercial, sport, personal use, and subsistence fishers and community 
representatives, reviewed coded wire tag and otolith project plans and results annually before 
approving subsequent funding. Operational plans and results of marking projects are also 
reviewed periodically by the Prince William Sound/CR Regional Planning Team as well as 
interested fishing industry groups. As part of the Trustee Council NRDA and Restoration 
process the coded wire tag and otolith marking and recovery projects have been subjected to 
extensive peer review and annual public review and comment. Results of the otolith marking 
project were presented at the 1998 annual EVOS workshop. The Prince William Sound 
Aquaculture Corporation and the Valdez Fisheries Development Association board of directors 
as well as the Prince William Sound/CR Regional Planning Team endorsed development of 
otolith thermal mass marking of hatchery salmon in Prince William Sound as an alternative to 
coded wire tagging. 

PROJECT DESIGN 

A. Objectives 

During the project the following four objectives were achieved: 

1. Application of otolith thermal marks to all pink salmon embryos incubating in the A. F. 
Koemig (AFK), W. H. Noerenberg (WHN), Cannery Creek (CC), and Solomon Gulch 
(SG) hatcheries. 
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2. Evaluation of the quality of otolith thermal marks applied to pink salmon embryos at 
AFK, WHN, CC, and SG hatcheries, including collection of voucher samples needed for 
examining otoliths from returning adults. 

3. Estimation of stock composition of commercial catches and hatchery brood stock 
collections of pink salmon using otolith thermal marks. 

4. Evaluation of the quality of stock estimation procedures. 

B. Methods 

Objective 1 
All pink salmon embryos received a hatchery specific base mark on their otoliths after reaching 
the eyed stage. At the WHN and AFK hatcheries, some pink salmon received an accessory mark 
after hatching ( alevin stage) to identify rearing strategies. To avoid mortalities in marking 
alevins, both facilities installed the necessary equipment to avoid gas-bubble disease. 

A unique thermal base mark was used for each hatchery in Prince William Sound (Table 1). A 
consistent, unique base mark simplified both application and recovery of marks. Thermal base 
marks were applied in the zone of the otolith corresponding to the period between eyed-embryo 
and hatch stages. This period occurred between September and December and had an average 
length of35 days. Approximately 22 days were required to apply thermal base marks at each 

. hatchery. Although the length of hot and cold water events changed to reflect fish culture 
concerns at the time of marking, the assigned mark pattern remained the same. Accessory marks 
applied to some of the production at the WHN and AFK hatcheries were composed of three 
thermal rings. A minimum of six days was required to apply this mark. 

Table 1. Otolith base marks assigned to Prince William Souncfpink salmon hatcheries. The 
thermal schedule is the actual temperature regime where "H" refers to relatively hot water and 
"C" refers to relatively cold water. The difference between "H" and "C" at each hatchery is 4C. 
The number preceding each "H" and "C" is the number of hours embryos are reared at that 
temperature. Terms in parentheses denote the number of repetitions needed to form the desired 
ring pattern. 

Hatchery 

A. F. KOERNIG 

Thermal Schedule 

(4X)24H:24C 
(3X)24H:24C 

Ring pattern 

IIII 
III Accessory 

CANNERY CREEK (3X)24H:24C,(IX)72H:36C,(2X)24H:24C III III 

W.H. NOERENBERG (8X)24H:24C 
Accessory (3X)24H:24C 

SOLOMON GULCH (6X)24H:24C 
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Objective 2 
Evaluations of thermal marks were made in two steps. 

1) Characterization of applied marks. 

Characterization of actual banding patterns achieved by the marking process was accomplished 
through use of otolith 'voucher sets' representing all manifestations of a mark at a given 
hatchery. Each voucher set contained samples of otoliths from each incubator in the hatchery. 
Voucher sets were formed for all four hatcheries producing pink salmon, and were available to 
otolith readers working with the 1997 and 1998 commercial catch samples. Initial otolith 
voucher set preparation and assessment was conducted at the ADF&G Otolith Laboratory in 
Juneau. This work consisted of extraction and grinding procedures to expose internal structures, 
followed by examination of ring patterns under a compound microscope. Quality control and 
data archival was the responsibility of the Otolith Laboratory in Juneau. 

2) Determination of the success of the marking process. 

The success of the marking process was evaluated through 1) photomicrographs of voucher 
otoliths; 2) assessment of agreement among technicians in assessing otolith banding patterns for 
juvenile pink salmon sampled during early marine survival studies; 3) a blind test of readers 
using otoliths of known origin (local wild and hatchery fry). 
The first evaluation method consisted of a visual examination of the base marks applied 
at the hatcheries. Otolith laboratory staff rated marks as excellent, good or poor. A poor 
rating indicated that problems were likely to occur in identifying those marks in mixed 
stock samples, and additional effort would need to be expended in assimilating the 

. associated patterns. The second method assessed agreement between readers examining 
otoliths from juveniles captured on their seaward migration. Examination of otoliths 
from mixed stock samples should more accurately reflect the mix of patterns that may be 
expected in returning adults. The third method used a blind test to determine the 
probability that otoliths from known populations of hatchery and wild fry can be correctly 
identified. The following information was derived from the readings: 1) The overall 
success rate of otolith identification for each facility, including associated confidence 
intervals; 2) an identification matrix, in which misclassifications to specific populations 
were recorded. 

Objective 3 

The composition of pink salmon catches were estimated using recovered thermal marks. 
Technicians sampled tender boats delivering pink salmon to processors using a sampling 
methodology developed during the 1996 season. Systematic samples were taken from each 
tender delivering salmon from an opening. Once the total catch from the fishery opening was 
known, otoliths were sampled from each tender collection in proportion to the load aboard the 
tenders so that two sets of96 otoliths were ultimately chosen from the opening. One of the 96-
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otolith sets was used to provide inseason information, while the other was reserved for possible 
postseason use (dynamic sampling allocation phase). Sampling 96 otoliths from each fishery 
opening yielded estimates of the proportion of hatchery salmon in the catch which were within 
approximately+/- 10% of the true proportion 95% of the time. Actual precision was probably 
greater than expected since in nearly all cases the proportion of hatchery salmon in the catch 
deviated from the worse case scenario of 50%. The precision of the total season estimate of the 
contribution of hatchery stocks to the harvest depended upon the actual number of pink salmon 
harvested in each opening. An analysis of harvests from previous years indicated that the 
precision of this estimate will be approximately+/- 2% of the true proportion 95% of the time, 
and+/- 2% of the true proportion greater than 95% of the time when the proportion of hatchery 
salmon in some or all of the fishery openings deviates from 50%. Inseason processing of otoliths 
was conducted at the Alaska Department ofFish and Game Area Office Laboratory in Cordova, 
and quality control of the process was provided by personnel from the Juneau Otolith 
Laboratory. Postseason analysis using dynamic sampling allocation followed the methods of 
Geiger (1994). 

Otoliths were also recovered from adult pink salmon used during egg-take operations at all 
Prince William Sound hatcheries. These samples were used to estimate the composition of the 
brood stock collections. This information was used to test the assumption, used in the coded 
wire tag program, that hatchery brood stocks other than the WHN facility were contaminated by 
wild fish This assumption appeared to be false from the 1997 data and will be reassessed after 
the 1998 return. 

Objective 4 

The quality and utility of the stock estimation procedure was evaluated in terms of precision of 
in- and postseason estimates, quickness in providing estimates to fishery managers during the 
season, and accuracy of otolith identification. ----

C. Cooperating Agencies, Contracts, and Other Agency Assistance 

The Alaska Department ofFis.h and Game Commercial Fisheries Management and Development 
Division ensured that (1) information obtained from this project was adequately documented and 
catalogued, and (2) biometrics review of project methods and data analyses was obtained. The 
Alaska Department of Fish and Game Otolith Laboratory processed all otolith samples collected 
during this project. Since this project was a cooperative study conducted jointly by the Alaska 
Department of Fish and Game, the Prince William Sound Aquaculture Corporation, and the 
Valdez Fisheries Development Association, contractual service agreements were needed for 
application and recovery of thermal marks from each private non-profit agency. 

8 

Prepared: 4/8/98 Project:98188 



SCHEDULE 

A. Measurable Project Tasks for FY 98 

This project was conducted over one pink salmon life cycle for both odd- and even-brood year 
populations. Embryos were otolith marked in the fall of 1995 through 1998. Pink salmon adults 
from the 1995 and 1996 brood years returned to Prince William Sound in the summers of 1997 
and 1998. The adults from embryos marked in the 1997 and the 1998 brood years will return in 
1999 and 2000. The following tasks were accomplished in the project: 

1994- 1995 Install boiler modules at the four pink salmon hatcheries 
October to December: Apply thermal marks to BY 95 and beyond pink salmon embryos 

Develop DPD's and annual reports November-January: 
February-March: 
March-June: 
April15: 
June-September: 

Collect samples from incubators to evaluate thermal mark quality 
Process and evaluate otoliths. 
Submit annual project reports 
Collect and process adult otoliths, analyze data, make 
recommendations 

B. Project Milestones and Endpoints 

The following milestones and endpoints will be achieved in FY 99 as this project will continue 
into the future without EVOS funding. 

December 1998: 
June 1999: 
January 1999: 
February 1999: 

Objective 1 -Apply thermal marks to brood year 1998 embryos 
Objective 2 - Evaluate thermal mark quality for brood year 1998 
Objective 3 - Estimate harvest stock composition for brood year 1996 
Objective 4- Evaluate quality of estimation procedure for brood year 1996 

C Completion Date 

All objectives of this multi-year project are expected to be met by the end of FY99. At that 
time, support for a fully developed inseason stock separation program will likely be shared by the 
Alaska Department ofFish and Game and the private sector. 

PUBLICATIONS AND REPORTS 

The fmal project report will be submitted as a manuscript for publication in a scientific journal 
by September 30 of 1999. 

9 

Prepared: 4/8/98 Project:98188 



PROFESSIONAL CONFERENCES 

Project results may be presented at technical meetings such as Alaska Chapter of the American 
Fisheries Society Annual meeting or the biennial Pink and Chum Salmon Workshop. The next 
occurrence of these particular meetings after data are collected and analyzed will be the fall of 
1998 and spring of 1999. 

NORMAL AGENCY MANAGEMENT 

The Exxon Valdez Trustee Council has played a major role in the research and development 
phases of pink salmon stock identification in Prince William Sound. The Trustee Council 
provided support for the coded wire tag program during the damage assessment and restoration 
periods. The program has been jointly funded during the Restoration phase with the Trustee 
Council contributing nearly half of the funds and the remainder being contributed by the Prince 
William Sound Aquaculture Corporation, the Valdez Fisheries Development Association and the 
Alaska Department of Fish and Game. Some problems with the coded wire tag program became 
evident through its development and use, the most significant relating to adjustment factors used 
to modify expansion rates at release. Realizing the importance of the Prince William Sound 
stock-identification program, the Trustee Council responded by funding the research and 
development phase of the thermal mass-marking program. Adjustment factors were no longer an 
issue since all salmon produced by each hatchery were marked. Now that the thermal-marking 
program has been established and proven, the methodology will be incorporated into normal 
agency management. 

COORDINATION AND INTEGRATION OF RESEARCH EFFORT 

The Otolith Mass Marking Project (98188) is integrated with several other salmon restoration 
projects in Prince William Sound, the most significant being the Sound Ecosystem Assessment 
(SEA) program (Project 98320). The SEA program is a multi-disciplinary program designed to 
develop an understanding of the mechanisms regulating ecosystem function in Prince William 
Sound. The program focuses on interactions of pink salmon and herring with other components 
of the Prince William Sound ecosystem. Otolith marked salmon proved valuable in examining 
interactions between wild and hatchery salmon during the early marine period. The salmon 
growth component of the SEA program utilized otolith marked juvenile pink salmon to (I) 
evaluate habitat overlap between wild and hatchery salmon, (2) examine size composition of 
wild and hatchery salmon in mixed schools, and (3) to estimate juvenile salmon mortality within 
Prince William Sound and the Gulf of Alaska. The salmon predation component of the SEA 
program utilized otolith marked juvenile salmon to determine if predators select wild or hatchery 
salmon. Outside of the SEA program, the existence of thermally-marked otoliths was a 
cornerstone in the execution of a 1997 study in which the proportion of hatchery released pink 
salmon in wild escapements in the SW Prince William Sound was estimated. 
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The Prince William Sound Aquaculture Corporation and the Valdez Fisheries Development 
Association used thermal mass marking to place unique marks on the otoliths of all pink salmon 
fry released from their facilities in the spring of 1996,1997 and 1998. Both private non-profit 
organizations provided personnel to recover otoliths from pink salmon delivered to processors in 
Prince William Sound. The Alaska Department of Fish and Game Otolith Laboratory in 
Cordova processed otoliths recovered from the common property and cost recovery fisheries and 
brood stocks in order to make inseason estimates of contributions. The Alaska Department of 
Fish and Game Otolith Laboratory in Juneau provided quality control and technical support to 
the Cordova Laboratory and Prince William Sound hatcheries. 

EXPLANATION OF CHANGES IN CONTINUING PROJECTS 

None 

PROPOSED PRINCIPAL INVESTIGATOR 

Timothy L. Joyce 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
P.O.Box669 
Cordova, Alaska 99574-669 
(907) 424-3214 (phone) 
(907) 424-3235 (FAX) 
timj%fishgame@state.ak.us (E-mail) 

PERSONNEL 

The Principal Investigator (PI) for the project was a permanent full-time Fisheries Biologist III 
(FB III) working for the Alaska Department of Fish and Game. The PI was responsible for 
writing project operational plans, administering project budgets, quality control of data 
collection, supervising data analyses and, co-authoring final reports. A Fisheries Biologist II (FB 
II) supervised day to day project operations, maintain data quality, assist in data analyses, and co­
author final reports. The FB II was assisted by one permanent seasonal Fisheries Biologist I (FB 
I). The FB I will be in charge of supervising day to day sampling activities in Cordova and will 
assist the PL in supervising sampling at other ports, on floating processors, and at hatcheries. 
Non-permanent Fish and Wildlife Technician III's (FWT ill) were stationed in Cordova and 
Valdez and assisted the FBI as crew leaders. Under the supervision of the FBI, the FWT III's 
will conduct daily data logging, editing and archiving activities in Cordova and Valdez. The 
crews in each port were non-permanent FWT II's. 
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A Biometrician I from the Alaska Department ofFish and Game Commercial Fisheries and 
Development Division Region II office in Anchorage provided biometrics support for the 
project. The Biometrician I assisted in experimental design, inseason and post season data 
analyses, and report writing. 

The PI, FB II or, FBI maintained daily phone contact with project technicians stationed in ports 
other than Cordova or Valdez and at several remote hatchery locations. Copies of data forms 
from these sites were faxed to Cordova daily and otoliths from sampled salmon were shipped 
once or twice weekly to Cordova via scheduled commercial flights or via chartered aircraft 
depending upon which is available. The PL, APL, or project Fisheries Biologist I made routine 
supervisory visits to each sampling port via chartered or commercial aircraft at least twice 
monthly for sampling quality control inspections, data collections, and industry contacts. The 
Biometrician I traveled to Cordova several times during the season to assist with inseason data 
analyses and will occasionally travel to Cordova in the upcoming year to assist with final data 
analyses and report writing. 

TIMOTHY L. JOYCE - Fisheries Biologist III, Principal Investigator 
Alaska Department of Fish and Game; Commercial Fisheries Management and Development 
P. 0. Box 669, Cordova, Alaska 99574 
Ph. (907) 424-3212 

EMPLOYMENT: 
Mr. Joyce was appointed to the Fisheries Biologist III position in July of 1995. Prior to this 
·appointment he worked for the State of Alaska as a hatchery manager at Kitoi Bay which was the 
largest multi-species salmon production facility run by the state. He did some of the initial half­
length coded wire tagging work on emergent pink salmon fry from 1982 through 1987. He co­
authored an article titled "Retention Rates of Half-Length Coded Wire Tags Implanted in 
Emergent Pink Salmon" published in 1990 in the American Fisheries Society Symposium 
7:253- 258. He has over 17 years experience in salmon hatchery production in Alaska working 
with all five species of Pacific salmon, but primarily with pink salmon. Prior to his position as 
the hatchery manager at Kitoi Bay, Mr. Joyce worked in Sand Point, Alaska as a high school 
teacher instructing in Aquaculture, fish culture and biology. He was responsible for a small 
demonstration hatchery run by the school district with Johnson O'Malley funds where students 
had hands on training of salmon culture using pink and coho salmon. Mr. Joyce also has 
extensive experience in warm water fish culture gained while in Africa working as a Peace Corps 
volunteer at a UN development project under the F AO. 

OTHER EXPERIENCE: 
Commercial herring spotter pilot, 1985 -1994 
Research aid, Oak Creek Laboratory, Corvallis, OR. 11/71 - 6/73 
Construction, 1964 - 1971 

EDUCATION: 
1973: Bachelor of Science , Fisheries Science, Oregon State University. 
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RENATA RIFFE - Fisheries Biologist II, Research Biologist 
Alaska Department of Fish and Game; Commercial Fisheries Management and Development 
P. 0. Box 669, Cordova, Alaska 99574 
Ph. (907) 424-3212 

EMPLOYMENT: 
Since October 1994 Ms. Riffe has worked on the coded wire tag project as a FB II Research 
Biologist in the capacity of Assistant Project Leader. Prior to her current position, (from June 
1991- October 1994), she was employed as a biologist with the Alaska Department ofFish and 
Game, Sport Fish Division in Fairbanks, Alaska, and assisted in projects concerning abundance 
estimation and population evaluation of pike, grayling, humpback whitefish, least cisco, rainbow 
trout, burbot, chum salmon, and king salmon. From May 1982- January 1991, she worked as a 
technician with the Alaska Department ofFish and Game, Commercial Fisheries Management 
and Development Division in Juneau, Alaska. Her primary duties involved sampling 
commercial salmon fisheries and salmon escapements, with some report writing. She also 
developed discriminant function models for stock separation of Lynn Canal sockeye salmon, by 
scale pattern analysis, developed a computer model which simulated migratory timing of salmon 
escapements, and evaluated truncated escapement counts. She has authored reports for the 
Alaska Department of Fish and Game on estimates of abundance and survival rates of round 
whitefish, compilation of age and length data for rainbow trout in southwest Alaska, and 
migratory timing of salmon in the Situk River, Alaska. 

EDUCATION: 
1994: Master of Science, Statistics, Colorado State University. 
1987: Master of Science, Fisheries Management, University of Alaska, Fairbanks. 
1981: BachelorofScience, Fish Biology, Colorado State University. 

FELIPE CARRILLO - Fisheries Biologist I 

EMPLOYMENT: 
Since May of 1997, Mr. Carrillo has worked on the otolith project as the laboratory supervisor 
and chief reader at the Cordova Fish and Game office. In the preceding year, Mr. Carrillo had 
worked on the coded wire tag project in Cordova as a technician scanning adult pink salmon for 
missing adipose fins. He has had several years experience working in the'salmon industry as a 
crew man on purse seine vessels in Prince William Sound and at local processors. Mr. Carrillo 
was also an observer for the Inter-American Tropical Tuna commission for two years. 

EDUCATION: 
1986: Bachelor of Science, Fish Biology, University of Sinaloa, Mazatlan, Mexico 
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PETER HAGEN- Cooperating Investigator (Otolith Laboratory Director) 
Department of Fish and Game, Commercial Fisheries Management and Development Division 

P.O. Box20 
Douglas, Alaska, 99824-0020 

EMPLOYMENT: 
August 1991 -Present: Director of the Alaska Department ofFish and Game Otolith Aging 
Laboratory. This laboratory was established to extract information from calcified tissues to aid 
in the management of the State of Alaska's fisheries resources. Responsibilities include 
implementing a program for mass marking hatchery reared salmon by imposing patterns on 
their otolith microstructure through temperature manipulation in the egg and alevin stages. The 
laboratory recovers the patterns from the otoliths of adult salmon to determine the proportion of 
hatchery salmon in mixed stock fisheries. The laboratory is also charged with aging groundfish 
using otoliths and other hard structures. The aging information is used to determine the status of 
stocks and is incorporated into age-structured population models. Responsibilities include 
developing research and project operation plans, instigating new cooperative studies, 
supervising laboratory personnel, budget management, coordinating activities with outside 
agencies, and other Fish and Game divisions. 

September 1987 - 1991: Co-principal investigator of a joint Alaska Sea Grant - International 
Pacific Halibut Commission project investigating annuli and microstructure patterns in otoliths 
of Pacific halibut. This project is being used to complete a Ph.D. in Fisheries. It involves 
innovative use of image processing, x-ray microscopy, and statistical methodology to describe 
the process of otolith growth and quantify pattern variation. The research includes an analysis of 
the historical collection of otoliths maintained by the International Pacific Halibut Commission. 
The otolith collection provides a unique opportunity to develop a long-term record of otolith 
growth. This research is directed toward determining which quantifiable features of the otolith 
(both patterns and elemental composition) can be used to investigate mechanisms responsible 
for long-term changes in population structure. Published results include identifying a long-term 
response of juvenile halibut growth to temperature changes. Additional work investigates the 
potential for identifying sub-stocks of halibut through trace elements incorporate into the otolith 
microstructure. 

OTHER EXPERIENCE: 
Fisheries Biologist, National Marine Fisheries Service, Auke Bay 6/86- 9/87. 
Research Fellowship, International Pacific Halibut Commission, Seattle WA. 1/84 - 5/86 
Fisheries Consultant, 5/83- 9/84, 
Commercial Fisherman, 4/83 
Fisheries Biologist, International Pacific Halibut Commission, Seattle W A. 6/80 - 9/82 

EDUCATION: 
1994 Doctor of Philosophy (Candidate) Fisheries, University of Alaska, Fairbanks 
1986 Master of Science, Fisheries, University of Alaska, Juneau 
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1981 Bachelor of Science, Fisheries Science, University of Washington 

KRISTEN M. MUNK- Cooperating Investigator (Otolith Laboratory Biologist) 
Alaska Dept. of Fish & Game, Commercial Fisheries Management and Development Division 
PO Box 240020 
Douglas, AK 99824 

EMPLOYMENT: 
Fisheries Biologist responsible for developing mass-processing techniques for recovery of otolith 
thermal marks, coordinating and conducting age analyses of groundfish structures, and 
supervising production of otolith processing and age structure information in the Alaska 
Department ofFish and Game-CFMD Otolith Lab. 

1976 - present: Field experience includes gillnet test fishing in Lower Cook Inlet; commercial 
catch sampling of ship- and land-based processors in Cook Inlet and Prince William Sound; 
remote-site escapement sampling along the Kenai Peninsula, Prince William Sound and 
Southeastern Alaska; abundance surveys of sablefish using long lines; creel censusing of sport 
fishers in the Susitna drainage and Juneau marine waters; assisting in crab index surveys; flying 
aerial surveys for salmon; assisting in installation, operation, and maintenance of MTS and 
Bendix sonar; collecting habitat assessment data on numerous Juneau area creeks and rivers; 
enforcing fishing regulations; supervising field crews; conducting data analyses, under supervi­
sion, of commercial catch age data; aging scales; collecting fish using various trapping methods. 
Hatchery and weir experience includes installing; operating, and maintaining weirs; collecting 
data and keeping records; tagging and fin-clipping juvenile salmon; supervising tagging and weir 
crews; sampling tissue used for genetic stock identification studies; spawning salmon for 
aquaculture operations; transporting and plac,~ng eggs in incubators; monitoring incubation of 
salmon eggs; administering prophylactics; monitoring, maintaining, and releasing pen-reared 
salmon. Lab experience includes recovering and identifying aquatic insects and salmon fry 
stomach contents; preparing and aging otoliths, shark spines, and lingcod fm spines; designing, 
implementing, coordinating otolith sampling programs; sampling , preparing and analyzing 
otolith samples; reporting on thermal mass marking projects and technology. 

EDUCATION: 
1989 Bachelor of Science, Zoology, University ofHawaii 

DAVID EVANS - Cooperating Investigator (Biometrician I) 
Department of Fish and Game, Commercial Fisheries Management and Development Division 

333 Raspberry Rd. 
Anchorage, Alaska 99518 
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El\1PLOYMENT: 
October, 1991 -present: Biometrician I with the Alaska Department ofFish and Game. Primary 
responsibility has been analysis of coded-wire-tag and otolith data from Prince William Sound. 
Design of the statistical procedures and computer spread sheets used for inseason analysis of tag 
and otolith recovery data. Oversight of most of the post season data analyses and co-author of 
interim and fmal reports for the coded wire tagging and otolith thermal mass marking programs. 

EDUCATION: 
1991 Master of Science, Statistics, Oregon State University 
1988 Doctor ofPhilosophy, Soil Science, University of Guelph (Ontario, Canada) 
1984 Master of Science, Soil Science, University of Guelph (Ontario,. Canada) 
1981 Bachelor of Science, Soil Science, University ofNottingham (U.K.) 
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We will complete a genetic linkage map for pink salmon in FY 98. We will continue 
experiments in FY 99 at the Alaska SeaLife Center that use the linkage map to test for 
organismal effects of molecular markers on phenotypes that are likely to affect fitness in pink 
salmon (e.g., survival, growth, and disease resistance). These studies will aid recovery efforts 
with pink salmon, including estimation of straying rates, description of stock structure, and . 
testing if marine survival has a genetic basis. Our tests for natural selection on molecular 
markers have broad significance for the use of molecular genetic markers to estiniate gene 
flow in pink salmon and other marine species. 



INTRODUCTION 

We propose to complete a genetic linkage map for the pink salmon (Oncorhynchus 
gorbuscha) genome. Such a map was proposed initially to provide the necessary platform to 
identify genetic damage in pink salmon inhabiting oiled streams following the March 1989 
Exxon Valdez oil spill (EVOS). We also propose a series of experiments based at the Alaska 
SeaLife Center (ASLC) to identify quantitative trait loci (QTLs) affecting various organismal 
phenotypes and to test the selective neutrality of molecular markers used in describing genetic 
population structure. This research will aid recovery efforts with pink salmon, including 
estimation of straying rates, description of stock structure, and testing if marine survival and 
other organismal measures of phenotypic variation (growth rate, etc.) have a genetic basis. 

This project began in FY 96. However, we did not receive authorization to proceed 
until half-way through FY 96 (March 1996). We have made substantial progress toward 
completing project objectives. This rapid progress is the result of using two more efficient 
techniques for detecting genetic variation (PINEs and AFLPs; see description in Methods). 
We propose to complete the linkage map ahead of schedule by the end of FY 98, rather than 
by December 1999 as stated in our original DPD. In addition, we propose to take advantage 
of the availability of the Alaska SeaLife Center and begin experiments that apply the linkage 
map to an understanding of the fundamental population biology and genetics of pink salmon. 

We continue to pursue additional funding for this research through other sources. 
Related aspects of this work are currently being supported by a grant from the National 
Science Foundation (Conservation and genetics of Pacific salmonids; DEB-9300135). A 
renewal proposal for that re$earch will be submitted by 15 June 1998; we will request funds 
to support research that compliments research in the current proposal. In addition, Fred 
Allendorf is a member of a committee on Salmonid Genome Mapping for the U.S. 
Department of Aquaculture (USDA) chaired by Dr. Gary Thorgaard, Washington State 
University. Funding from the USDA will be requested after this committee has developed a 
cooperative plan among the projects that are involved. 

Genetic linkage maps have provided the necessary information for understanding 
genetic variation in species since the rediscovery of Mendel's principles early in this century. 
A genetic map plays a similar role for a geneticist that a geographical map plays for the 
explorer of new territories. For many years, genetic maps could only be constructed in a very 
few model species that were suitable for extensive genetic manipulation (e.g., Drosophila and 
mice). Recent advances in molecular genetics now make it possible to uncover enough 
genetic markers to construct a detailed genetic linkage map in almost any species 
(Postlethwait et al. 1994). 

The construction of a detailed linkage map will serve as a basis for understanding 
important genetic aspects of pink salmon restoration and supplementation. This work will be 
performed on both odd- and even-year pink salmon because of the known genetic differences 
between these fish. The outbreeding depression found in hybrids suggests that there are 
chromosomal differences between odd- and even-year fish (Gharrett and Smoker 1991). In 
addition, Phillips and Kapuscinski (1988) have described a chromosomal translocation 
polymorphism in odd-year pink salmon. Understanding the inheritance of allelic variation and 
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linkage relationships is especially important and valuable in pink salmon, and other salmonid 
fishes, because of complications resulting from their polyploid ancestry (Allendorf and 
Thorgaard 1984). · 

This work was originally designed to support work with pink salmon under the project 
Oil-Related Embryo Mortalities (Restoration Study \191A). The objective of that project was 
to identify germline mutations in pink salmon exposed to oil. Genetic damage induced by oil 
may either be small changes in nucleotide sequence (microlesions) or large-scale changes in 
chromosome structure (macrolesions). A detailed genetic map for pink salmon would be 
invaluable for interpreting the results of Restoration Study \191 A in several ways. First, it 
would be possible by following the inheritance of any DNA lesions to determine if they are 
micro- or macro-lesions. Second, these lesions could be mapped to determine if they are 
randomly spread throughout the genome or if they occur at mutational "hot spots" that are 
susceptible to oil induced damage. However, Restoration Study \191A is no longer ongoing, 
and thus our future work will concentrate on our original Objectives 5 and 6 ·as described in 
this proposal. 

NEED FOR THE PROJECT 

A. Statement of Problem 

Elevated embryo mortalities were detected in populations of pink salmon inhabiting 
oiled streams following the spill. These increased rates of mortality persisted through the 
1993 field season, three generations after the oil spill, suggesting that genetic damage may 
have occurred as a result of exposure to oil during early developmental life-stages. The 
consequences of the putative genetic damage include impaired physiological function of 
individuals and reduced reproductive capacity of pink salmon populations (Bue et al. 1998). 

The aggregate of evidence from field studies and incubation experiments suggests that 
embryos exposed to oil in 1989 and 1990 accumulated deleterious mutations in the germline 
(Bue et al. ·1998). This hypothesis of genetic damage is consistent with previous field 
observations and laboratory experiments on the effects of crude oil on early life stages of fish. 
Long term intra-gravel oil exposures (7-8 months) to freshly fertilized eggs provide embryos 
sufficient time to accumulate polynuclear aromatic hydrocarbons (PAH's) from very low 

· aqueous concentrations of crude oil. P AH' s are abundant in crude oil and are potent 
clastogens (i.e. capable of breaking chromosomes). 

Mironov (1969) observed reduced survival of fish embryos and larvae exposed to very 
low aqueous doses (1 ul oil/1 seawater) of oil. Longwell (1977) reported genetic damage in 
pelagic embryos affected by the ArgoMerchant oil spill. Moles et al. (1987) confirmed that 
pink salmon embryos take up P AH' s and demonstrated that the uptake was much greater in an 
intertidal environment than in strictly freshwater conditions. Biggs et al. (1991) found greater 
numbers of chromosome aberrations in larval herring that incubated in oiled areas than in 
non-oiled areas. It is likely that the same type of damage may have occurred in pink salmon 
and other species in Prince William Sound, and this damage could have affected the germline 
of exposed individuals (Malkin 1994; Bue et al. 1998). 
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Molecular genetic techniques have been used extensively to describe population 
structure of Pacific salmon (Utter et al. 1993; Gharrett and Smoker 1994; Seeb et al. 1998), 
Genetic divergence among populations has been interpreted as largely reflecting the patterns 
of exchange of individuals among populations (gene flow) and random changes in frequency 
of selectively neutral alleles within populations (genetic drift) (Allendorf and Phelps 1981 ). 
This is a useful approach that allows description of the pattern and amount of gene flow 
among populations. 

This approach to describe population structure is based upon the assumption of 
selective neutrality of the molecular markers used. That is, it is assumed that the patterns of 
divergence in allele frequencies among populations are the result of gene flow and genetic 
drift and are not affected by natural selection. However, even weak natural selection may 
have a substantial effect on the pattern of genetic divergence among populations (Allendorf 
1983). Zhivotovsky et al. (1994) have recently questioned the description of genetic 
population structure of pink salmon and suggested that natural selection may have an 
important effect on allozyme frequency divergence in pink salmon. 

It has been notoriously difficult to detect and measure the effects of natural selection 
in natural populations (Lew on tin 1991 ). The facilities at the ASLC provide an exceptional 
opportunity to measure directly the effects on fitness of different types of molecular genetic 
markers spread throughout the genome of pink salmon. 

B. Rationale 

The new genetic markers identified in the course of this study will provide greatly 
increased power and resolution to identify stocks of pink salmon on a very fine scale. More 
importantly however, this research will provide a powerful test of the assumption of selective 
neutrality of molecular markers. This assumption is the foundation of interpreting patterns of 
genetic divergence among populations as reflecting patterns of genetic exchange. Evidence of 
natural selection affecting the molecular markers would cause a major change in the 
interpretation of genetic variation in natural populations of pink salmon and other species. 

The recovery objective for pink salmon is healthy and productive populations that exist 
at prespill levels or levels in unoiled areas. · An indication of recovery is when egg mortality 
in oiled areas match prespill or levels in unoiled areas. A genetic map would be essential for 
detecting and. understanding causes of reduced egg and embryo survival in oiled areas (Bue et 
al. 1998). The genetic damage caused by exposure to oil may persist longer in populations of 
pink salmon than in other vertebrates because of the tetraploid nature of the salmonid genome. 
Salmonid fishes went through a tetraploid event some 25 million years ago that duplicated 
their entire genome (Allendorf and Thorgaard 1984). The extra genes in pink salmon may 
mask the effects of mutational damage caused by recessive deleterious alleles. The effects of 
these deleterious mutations may be uncovered in subsequent generations. 

This fundamental genetic information will be important for three of the four 
Components of the Pink Salmon Restoration Program: 
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Toxic Effect of Oil on Pink Salmon: genetic mapping is essential for identifying 
genetic lesions induced by exposure to oil. 

Stock Separation and Management: the genetic markers identified in the course of this 
study will provide greatly increased power and resolution to identify stocks of 
pink salmon on a very fine scale. In addition, determining the adaptive 
significance of these genetic markers will provide important information in 
interpreting the significance of genetic differentiation among pink salmon 
population samples. 

Supplementation: the genetic markers will also be of great value in genetically 
identifying fish from supplementation programs and detecting their ecological 
and genetic interactions with wild fish. 

C. Location 

Gametes for the inheritance studies have been collected from Prince William Sound in 
collaboration with the project Oil-Related Embryo Mortalities (Restoration Study \191A). 
Embryo incubation has taken place at the Genetics Lab facilities of ADFG. The initial 
laboratory phases of the project are being done at the University of Montana. 

We proposed last year to use the Alaska SeaLife Center Research Facilities at Seward 
for rearing fish and laboratory analyses beginning in summer of 1998. This facility will 
greatly strengthen genetic investigations with pink salmon by allowing multigenerational 
studies and testing for effects of specific genotypes on phenotypes of importance (marine 
survival, run timing, etc.). We anticipate that some of the laboratory analysis will be 
performed at this facility. Sexually mature pink salmon to be used in the experimental 
matings will be collected from Thumb Cove in Resurrection Bay. 

COMMUNITY INVOLVEMENT 

This is a specialized project that will not benefit directly from the knowledge of 
local/traditional people. We will hire local residents when possible for assistance (e.g., 
collecting and maintaining fish). As a professional educator in a university, I am very 
committed to educational efforts. I am interested in suggestions of other opportunities for 
informational meetings in the communities of Prince William Sound, including the Alaska 
SeaLife Center in Seward, and articles in the Trustee Council newsletter. 

PROJECT DESIGN 

A. Objectives 

Our initial primary objective is to construct a detailed genetic linkage map for pink 
salmon by analyzing the genetic transmission of several hundred DNA polymorphisms. Pink 
salmon have 26 pairs of chromosomes (2N=52; Allendorf and Thorgaard 1984), and, 
therefore, should have a total of 27 linkage-groups: 25 auto somes, an X -chromosome, and a 
Y-chromosome. We plan to map enough variable markers so that a new marker can be 
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assigned with high probability to one of the 27 linkage groups. It was impossible to know 
how many markers this would require because we did not know the total length of the pink 
salmon linkage map. The linkage map of the zebrafish (Danio rerio) has been estimated to be 
2900 centimorgans (eM; Johnson et al. 1996) and that of the medaka ( Oryzias latipes) to be 
2480 eM (Wada et al. 1995). There currently are efforts to include zebrafish among genome 
projects of model species sponsored by the National Institutes of Health under the Human 
Genome Project (Roush 1997). Such a massive effort in zebrafish would provide extremely 
helpful information for understanding the genome of salmonid fishes. 

We expected the pink salmon map in females to be large because of the polyploid 
ancestry of salmonids. Young et al. (1998) recently have published a rainbow trout 
(Oncorhynchus mykiss) linkage map based upon recombination rates in males and estimated 
the total map to be 2628 eM. However, the linkage map in males will be shorter than in 
females because of the reduced recombination rate in male salmonids (Johnson et al. 1987a). 
We initially anticipated that it would be necessary to map over 500 markers to ensure that 
new markers can be assigned to an existing linkage group with high probability (Van der 
Beek and Van Arendonk 1993). For example, 99% of all loci in the zebrafish were estimated 
to be located within 20 eM of a marker on the map based upon an earlier report using 414 
markers (Postlethwait et al. 1994). 

This project originally had the following overall specific objectives: 

1. Develop several hundred variable DNA markers in pink salmon and test them for 
Mendelian inheritance. 

2. Construct a linkage map based upon joint segregation patterns of the DNA 
polymorphisms detected in previous objective. 

3. Map putative lesions identified in Restoration Study \191A. 

4. Test for Mendelian inheritance of markers throughout the genome in progeny of fish 
exposed to oil. Regions that show aberrant segregation ratios in progeny of fish 
exposed to oil and normal 1:1 ratios in fish not exposed to oil would be candidates. for 
oil-induced lesions. 

5. Test for regions of the genome that are associated with traits of adaptive significance 
(e.g., marine mortality or run-timing). 

6. Test if protein markers (allozymes) are under natural selection such that they may not 
provide accurate information about the genetic structure and amount of gene flow 
among populations. · 

We are in the process of completing Objectives 1 and 2. We cannot pursue Objective 
3 because Restoration Study /191A did not identify any putative lesions for mapping. At 
present, we do not intend to pursue Objective 4 because Restoration Study \191A is no longer 
ongoing. However, this type of experiment to detect oil-induced lesions could be pursued in 
the future at the ASLC. The primary focus in FY 99 will be Objectives 5 and 6; we propose 
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to use the linkage map to test for the phenotypic effects and adaptive significance of 
molecular markers throughout the genome of pink salmon. 

B. Methods 

OBJECTIVES 1 & 2 

Our initial map is being constructed using gynogenetic haploid progeny from an 
individual female. This is the same procedure that has been used to build the zebrafish 
linkage map (Postlethwait et al. 1994 ). Stanley ( 1983) reported that haploid embryos of 
Atlantic salmon (Salmo salar) will develop until just prior to the stage of hatching if 
development of the eggs is activated by sperm in which the DNA has been inactivated by 
lN -radiation. We have used this technique routinely with fishes of the genus Oncorhynchus 
(Forbes et al. 1994). This allows us to follow the segregation and linkage relationships in 
haploid progeny from females. The use of haploid progeny avoids possible difficulties of 
dominance with some types of DNA markers because recessive alleles are not obscured by 
their dominant alternatives in haploids (Lie et al. 1994). Our current map is based upon 540 
segregating markers in 94 haploid progeny from a single pink salmon female (95-1 03) that 
returned to Armin F. Koernig hatchery in Prince William Sound in August 1995 (Fig. 1). 

The completion of a full linkage map is a large task. We have continued to develop 
and use as many time and labor saving procedures as possible (Archibald 1994). Our linkage 
map will be constructed by computer assisted analysis (MapMaker, Lander et al. 1987). We 
will compare the recombination rates based upon this map to rates of selected pairs of loci in 
males. The reduced recombination rates in salmonid males means that it will be easier to 
assign new markers to a linkage group using male parents. We will test joint segregation of 
individual markers from different linkage groups identified in females to determine if some of 
these separate linkage groups in females are linked in males and are therefore syntenic (on the 
same chromosome). 

Differences in meiosis between male and female salmonids have been found in all 
species that have been examined (Allendorf and Thorgaard 1984; Johnson et al. 1987a). 
There generally is greater recombination in females than in males (Johnson et al. 1987a; 
Allendorf et al. 1994). In addition, only disomic inheritance has been reported in females. 
However, in males some loci show patterns of segregation that approach those expected with 
tetrasomic inheritance (Allendorf and Thorgaard 1984). We will have to test for segregation 
and linkage in males as well as females because of these sex-specific differences. 

A useful genetic map contains genetic markers that are abundant, randomly distributed 
throughout the genome, highly polymorphic, and readily detectable in many laboratories 
(Jacob et al. 1995). We began using random amplified polymorphic DNA (RAPD) markers 
because they fit these criteria and they have been used successfully in constructing linkage 
maps in zebrafish and medaka (Johnson et al. 1996; Wada et al. 1995). We have switched to 
two other types of genetic markers that are superior to RAPDs in this work. 

PINEs: There are a variety of repetitive DNA elements that are scattered throughout the 
genome of salmonid fishes. Greene and Seeb (1997) have described a technique that uses the 
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sequences from a SINE (short interspersed element) and a transposon to detect many DNA 
polymorphisms. They have called this technique SINE-printing. We have modified this 
technique using other types of repetitive elements for our mapping study to detect a class of 
molecular markers that we call PINEs (paired interspersed nuclear elements). 

Kido et al. (1991) described 3 SINEs in salmonid fishes. They documented the 
presence of two such elements, Hpal and Smai, in pink salmon. Spruell and Thorgaard 
(1996) subsequently reported the presence of the 5' end of the third element, Foki, in pink 
salmon. Goodier and Davidson (1994) confirmed that salmonids also contain the transposon 
Tel, a member of another class of repetitive elements. Both SINEs and transposons occur in 
high copy number and are believed to be ubiquitously dispersed throughout the genome, 
making them ideal candidates for genomic mapping efforts. 

We have used DNA sequences from SINEs and the transposon Tel as polymerase 
chain reaction (PCR) primers to generate multiple DNA fragments from a single PCR reaction 
in pink salmon. The theoretical basis for this procedure is similar to the use of the human 
SINE Alui to identify human chromosomes in somatic cell hybridization experiments (Nelson 
et al. 1989). Primers complementary to one end of the element are oriented such that they 
initiate DNA synthesis from the end of the element, progressing into the surrounding genomic 
DNA. A single primer or combinations of primers may be used to generate multilocus 
patterns. Greene and Seeb (1997) used this technique to confirm the parentage of pink 
salmon fry, demonstrating the potential utility of including these fragments in our mapping 
study. We have used 12 different pairs of PINE primers to detect 157 segregating markers in 
our reference family. 

AFLPs: Amplification fragment length polymorphisms have been used extensively in the 
construction of genomic maps in plants (Maheswaran et al. 1997; Becker et al. 1995). AFLP 
analysis consists of three steps (Vos et al. 199 5). The first step is the "restriction/ligation" 
step. Two restriction enzymes are used to cut the genomic DNA into many fragments. 
Double stranded adapters that are specific to the restriction sites are then ligated onto the 
fragments. The second step is the "pre-selective amplification". During this step the 
restriction fragments are amplified using two primers that are specific to the synthetic 
adapters. Each of these primers includes an additional one base extension into the genomic 
DNA fragment flanked by the adapters. This step amplifies only DNA fragments with those 
two bases on either end, reducing the number of DNA fragments available for subsequent 
amplification. The final step, "selective amplification," uses an aliquot of the pre-selective 
products as DNA template. Amplification is conducted with primers that are specific to the 
synthetic adapters with three "selective" bases extending into the genomic DNA fragment. 
The increasing specificity of the primers used to amplify the fragments results in clean, 
reproducible banding patterns. 

The AFLP technique is especially advantageous for two reasons. First, many bands 
are produced per reaction and, therefore, more scoreable polymorphic loci are produced per 
unit effort. Second, the selective amplification step uses a subsample of the PCR products of 
the preamplification. Up to 133 selective amplifications can be completed from a single pre­
amplification that originally used only 0.5 ).Lg of genomic DNA. Much more genomic DNA 
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is needed to produce fewer bands using other methods such as RAPDs. This is an important 
consideration when dealing with the limited amount of tissue available from haploid embryos. 

Results to date: 

We have described the segregation of 590 markers and assigned 540 of the markers to 
one of 56 linkage groups covering a distance of 4526 eM (Figure 1; Table 1). Seventeen 
groups include 5 markers or less. The largest group contains 41 markers. Fifty markers 
remain unlinked. The estimated size of the total pink salmon linkage map based on these data 
is 6744 eM. This includes 4526 eM mapped in Figure 1, an estimated 218 eM to account for 
the distance from the end markers to their adjacent telomeres, and an estimated 2000 eM in 
unfilled gaps in the map. The haploid pink salmon genome is approximately 2. 72 billion base 
pairs or 2.72 million kilobase pairs (kbp; Johnson et al. 1987b); thus, we estimate 
approximately 406 kbp/cM. Our results are consistent with the maps constructed in rainbow 
trout (Young et al. 1998), zebrafish (Postlethwait et al. 1994; Johnson et al. 1996), and 
medaka (Wada et al. 1995) (Table 2). 

Table 1. Summary of Pink Salmon Linkage Groups 

Number of markers Number of 
in linkage group linkage groups Average size (eM) 

1-5 17 31.2 
6-10 18 48.3 

11-15 12 110.0 
16 20 5 155.9 
21-25 2 182.9 
26-20 1 242.8 
50-60 1 417.5 
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Figure 1. Genetic linkage map of pink salmon based on the inheritance of 540 polymorphic loci. Numbers 
to the left indicate recombination rates (eM). Locus names are to the right . Centromeres are indicated by 
black rectangles. 
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Table 2. Comparison of Linkage Maps in Four Fish Species 

Rainbow Pink 
Medaka Zebrafish trout salmon 

Number of markers 170 652 476 590 

Number of linkage groups 28 25 42 56 

Number of chromosomes 24 25 ~0 26 

Estimated size (eM) 2480 2790 2627 6744 

kbp/cM 323 590 913 406 

Consolidation of the map: 

Our primary goal for the current year (FY 98) is to consolidate or "close" the pink 
salmon linkage map. The current map has 56 linkage groups, while the pink salmon haploid 
chromosome number in female gametes is 26. Thus, our current map has more linkage 
groups than chromosomes. We will continue to fill in these gaps by mapping additional loci 
until we have 26 linkage groups. 

We will use a procedure using centromere-linkage analysis of half-tetraqs developed 
by Johnson et al. ( 1996) in zebrafish to consolidate the map and to place the centro meres on 
the pink salmon map. This is a very efficient procedure that can place a new locus on the 
map with a minimum number of analyses. This procedure requires having a marker near the 
centromere for each of the 26 linkage groups. Gene-centromere distances of 266 loci in 
gynogenetic diploid progeny from female 95-103 will be used to place the centromeres on our 
linkage map (Allendorf et al. 1986). 

Gene-centromere distances (Fig. 2) were estimated by the proportion of gynogenetic 
diploid progeny that were heterozygous (y). Heterozygotes can only be produced if there is a 
crossover between the centromere and that marker since gynogenetic progeny are the result of 
second polar body retention (Thorgaard et al. 1983). These recombination rates are a function 
of the distance the marker is located from the centromere, the gene-centromere distance. 
Once markers that are tightly linked to centromeres have been identified, additional markers 
linked to the centromeric markers can be assigned to a specific chromosome (Johnson et al. 
1996). This will allow us to fill the gaps between linkage groups and thereby reduce the 
number of linkage groups, as well as confirm linkages identified with the haploids. 

Table 3 shows the proportion of homozygotes and heterozygotes at 22 codominant 
loci. Seven of these are microsatellite loci, and 11 are either AFLP or PINE loci. Four of 
these loci were identified as fragments produced by two different primer pairs that 
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exhibited perfect alternate segregation in the haploids. Some loci mapped very close to their 
centromere (e.g., 5F-745, y=O), and others are far from their centromere or distal (e.g., 
OG0-8, y=1.00). There is no evidence for differential survival of the two homozygous types 
at any of the 22 loci. In addition, the similar proportion of the two homozygous classes 
provides independent support that the four pairs of fragments that showed perfect alternate 
segregation in the haploids map to the same locus. 

Table 3. Gynogenetic-Diploid Progeny Genotypes at 22 Codominant Loci 

Progeny genotypes Proportion 
heterozygotes 

11 12 22 (y) Chi-sq 

Microsatellites 

OTS-1 34 13 22 0.19 2.57 
OG0-1 24 17 27 0.25 0.18 
STRfl60 16 46 9 0.65 1. 96 
SSA-85 22 18 31 

r 

0.25 1.53 
OTS-101 26 21 23 0.30 0.18 
OCL-12 9 47 13 0.68 0.73 
OG0-8 0 71 0 1. 00. --

AFLPs 

AGA/CTC-204 28 13 26 0.19 0.07 
ACC/CAC-328 16 40 10 0.61 1. 38 
AAT/CTG-293 15 30 20 0.46 0. 71 
AAC/CGT-157 21 23 18 0.37 0.23 

PINEs 

33. 6/5T-384 2 66 2 0.94 0.00 
5F-745 33 0 37 0.00 0.23 
5H5T-76 27 19 22 0.28 0.51 
SHST-125 0 68 0 1. 00 --
5H5T-224 22 22 24 0.32 0.09 
5F5T-217 0 70 0 1. 00 --
3H5T-182 27 15 29 0.21 0.07 

Different Primer Pairs 

SH/55-191: 
ACG/CTG-322 3 65 1 0.94 1. 00 
5F/5T-308: 
3H/5H-318 0 69 1 0.99 1. 00 
5H/5T-77: 
3H/5T-182 28 13 27 0.19 0.02 
5H/5T-76: 
3H/5T-183 22 19 27 0.28 0.51 
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Figure 2. Distribution of distances between loci and their centromeres. 
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Heterozygotes cannot be differentiated from the dominant homozygote at dominant 
markers. To estimate the proportion of heterozygotes at these markers, we assumed equal 
numbers of each homozygote. class. The frequency of second division segregation (y) can then 
be estimated by 

where N, is the total number of progeny screened and Naa is the observed number of recessive 
homozygotes. 

The distribution of proportion of heterozygotes in gynogenetic diploid progeny (y) for 
all loci (Fig. 2a) confirms that the markers we are scoring are distributed along the length of 
the chromosomes. However, markers types are distributed differently. AFLPs and PINEs 
show statistically different distributions ·for y (contingency chi~square, P<0.001). There are 
few AFLP loci on the tips of chromosomes (Fig. 2c), and PINE loci have aU-shaped 
distribution (Fig. 2d). The cause of the difference between AFLP and PINE loci is unknown. 
However, it has been predicted that transposable elements should accumulate in regions of the 
genome where there is reduced recombination (Charlesworth et al. 1997). We currently have . 
too few microsatellites to provide the statistical power necessary to test their distribution (Fig. 
2b). 

Putting "Landmarks" on the Map ' 

Our goal after we consolidate the map will be to place other loci on the map so that 
the map can be used by other genetic investigators working with pink salmon. The primary 
types of so-called "anchor loci" to place on the map will be allozymes and microsatellites that 
are currently being used in pink salmon population genetic studies (O'Brien et al. 1993). We 
will also map other loci that are available and of special interest and usefulness (e.g., growth 
hormone loci, Forbes et al. 1994, and the major histocompatibility complex, Katagiri et al. 
1996; Miller and Withler 1996; Shum et al. 1996). 

We plan to map codominant allozyme and microsatellite loci throughout the genome 
that can be used as landmarks in mapping studies. These landmark loci will be used to test 
for differences in the linkage map between odd- and even-year pink salmon. In addition, we 
will test for differences in recombination rates, crossover interference, and residual tetrasomic 
inheritance between males and females (Allendorf and Danzmann 1997). We will use the 
allozyme loci that have already been described in Prince William Sound pink salmon (Seeb et 
al. 1996; Habicht et al. 1998) and microsatellite loci that have been described to work in other 
Oncorhynchus species. Over 100 micro satellite loci have been mapped in rainbow trout (Roy 
Danzmann, personal communication). These loci will be particularly valuable for use in pink 
salmon and for comparing the maps in pink salmon and rainbow trout. 

We have initiated collaborations with the laboratory of Drs. Roy Danzmann and Moira 
Ferguson at the University of Ontario in Guelph and the laboratory of Dr. Gary Thorgaard at 
Washington State University. Kate Lindner recently spent a week working with Dr. Takashi 
Sakamoto at the University of Ontario screening 108 microsatellite primers in the female 95-
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I 03. This collaboration resulted in 28 microsatellites that are polymorphic in female 95-103 
and are currently being placed on the map. 

OBJECTIVES 5 & 6 

The completion of a genome map for pink salmon will allow us to address important 
genetic issues related to two other Components of the Pink Salmon Restoration Program. The 
numerous genetic markers identified in the course of this study will provide greatly increased 
power and resolution to identify stocks of pink salmon on a very fine scale (Stock Separation 
and Management). The genetic map will allow us to test for the presence of genes having 
major effects on phenotypes of importance for the managemen( of pink salmon, and to test for 
phenotypes associated with specific combinations of multilocus genotypes (Lander and Schork 
1994). These genetic markers will be of great value in genetically identifying fish from 
supplementation programs and detecting their ecological and genetic interactions with wild 
fish (Supplementation). 

This aspect of the research will be performed at the Alaska SeaLife Center Research 
facilities. Large numbers of marked fish will be released and collected when they return to 
the facility at sexual maturity. A sample of the fish will be collected at release and analyzed 
so that their genetic characteristics prior to the marine phase of the life cycle can be 
described.· We will test for genetic effects on phenotypes of special importance by comparing 
the genotypes of the released fish with the genotypes of the returning fish. This will allow us 
to test for genes with a major effect on marine survival.· We will test for loci or regions of 
the genome that have a large effect on phenotypes of interest, so-called quantitative trait loci 
(QTL's). For example, Jackson et al. (1998) recently have presented evidence for QTL's that 
affect upper temperature tolerance in rainbow trout linked to two of 24 polymorphic loci that 
they examined. 

Previous work has demonstrated genetic differences between early and late run fish, 
and that differences in run-timing has a genetic basis (Smoker et al. in press). We will 
compare the genotypes of fish returning to the facility at different times to test for genes with 
a major effect on run timing. We will use a suite of genetic markers spread uniformly 
throughout the genome. Regions of the genome that show major associations with run-timing 
can then be examined in more detail by comparing additional markers within that region. A 
similar approach using only 10 protein markers in hatchery rainbow trout revealed several 
regions of the genome associated with time of spawning (Leary et al. 1989). Sakamoto et al. 
(manuscript) have reported similar results on the basis of 54 microsatellite loci. 

Karl and Avise (1992) reported concordant patterns of genetic differentiation for 
mitochondrial DNA and four nuclear DNA loci in the American oyster (Crassostrea virginica) 
along the east coast of North America. In contrast, previous allozyme studies had not 
detected these genetic differences among these same populations. Karl and A vise concluded 
that the pattern observed for the DNA markers reflected the historical patterns of isolation and 
gene flow among these populations while this pattern is obscured in the allozymes because of 
"balancing selection" at the allozyme loci. Similar results have been reported recently in the 
Atlantic cod (Pogson et al. 1995). These results provide an important challenge to the 
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generally accepted utility of allozyme markers for describing historical patterns and amounts 
of gene flow between populations. That is, if allozymes are under strong natural selection 
then they may not provide accurate information about the genetic structure and amount of 
gene flow among populations. 

Restoration Projects 95320D and 96196 have described the genetic population structure 
in Prince William Sound (PWS) odd- and even-year fish at allozyme loci and mtDNA (Seeb 
et al 1996; Habicht et al. 1998).. These studies reported small but statistically significant 
genetic allele frequency· differences among streams, and concluded that pink salmon in PWS 
should be managed taking into account subpopulation structure. rather than as a single 
panmictic population. As is usually done in such studies, these authors assumed that the 
genes they examined were selectively neutral (that is, not affected by natural selection). 
However, the estimates of these authors could be severe overestimates of the actual amount of 
gene flow if "balancing" selection is maintaining similar frequencies (Karl and A vise 1992; 
Pogson et al. 1995). That is, there may be much less gene flow among populations than is 
suggested by the allozyme studies. 

Zhivotovsky et al. ( 1994) have reviewed population genetic data of pink salmon and 
concluded that the interpretations concerning amounts and patterns of gene flow are 
questionable because even weak natural selection could have a major effect on genetic 
divergence among populations of pink salmon. A series of papers by Altukhov and his 
colleagues have provided evidence for phenotypic and fitness effects of genetic variation at 
allozyme loci in pink salmon (Altukhov 1990; Altukhov et al. 1987, 1989; Dubrova et al. 
1995; Kartavtsev 1992). These papersargue that genotYpes at allozyme loci have a 
significant effect on marine survival, growth rate, and several other important factors. 

The clearest and perhaps most important effects have been demonstrated on marine 
survival and growth rates. Pink salmon that are more heterozygous at allozyme loci have 
greater viability and growth rates than more homozygous individuals (Altukhov et al. 1991; 
Zhivotovsky et al. 1987; Kartavtsev 1992). Table 4 shows the distribution of individual 
heterozygosities at four allozyme loci in fry before release into salt water and returning adult 
spawners in odd-year pink salmon from the Sakhalin Island (Altukhov et al. 1987). We 
would expect the heterozygosities in fry and adults to be similar if the genotypes at these loci 
are not associated with survival. The significantly higher heterozygosity in the returning 
adults (0.619) than in the fry (0.424) indicates that individuals that were more heterozygous at 
the four loci had greater marine survival. 
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. Table 4. Distribution of Heterozygosity at Four 
Allozyme Loci in Pink Salmon from Sakhalin Island 

Number of het. loci* 
Average 

Age-class 0 1 2-4 het. 

Fry 0.620 0.336 0.044 0.424 
(559) (3 02) (40) ( 901) 

Adults 0.495 0.391 0.144 0.619 
(3 00) (237) ( 69) ( 606) 

* values are the frequencies (and number) of individuals 
with the indicated number of heterozygous loci 

x2 =37.3 
d.f. = 2 
P<0.001 

Altukhov et al. (1991) found a significant positive regression (r=0.14; P<0.01) between 
individual heterozygosity at these same four allozyme loci and body length of fry immediately 
preceding downstream migration from a hatchery on the Sakhalin Island. Kartavtsev (1992) 
reported a similar relationship in a different experiment with pink salmon from Sakhalin 
island (r=0.23; P<0.001). Previous studies with salmonids have found that size has an 
important effect on survival (Hunt 1969). 

Similar results have been reported in other salmonid species for many phenotypes of 
evolutionary importance (e.g., developmental rate, egg size, and disease resistance; reviewed 
by Ferguson 1992). Positive associations between heterozygosity at allozyme loci and 
important phenotypic characters, such as growth rate, survival, fertility, disease resistance, 
developmental rate, and developmental stability, have been described in many organisms 
(reviewed by Zouros and Foltz 1986; Allendorf and Leary 1986). 

The mechanism underlying these associations remains unknown. The most likely 
possible explanations are (1) the associations are the consequence of heterozygosity at the loci 
examined, or (2) the loci examined may be in linkage disequilibrium with other loci that 
affect the traits being studied (Leary et al. 1987). It has been argued that these relationships 
between multiple locus heterozygosity and phenotypes have been found with allozymes 
because these loci are important in ATP production and protein catabolism (Koehn et al. 
1988). We propose to distinguish between these hypotheses by using the linkage map to 
compare the effects of different markers on marine survival and other traits. If the enzyme 
loci themselves are responsible for this effect, then we would expect to find an association 
between enzyme genotypes and survival, but not between genotypes at DNA markers spread 
throughout the nuclear genome. However, if we find a similar association using DNA 
markers, this would suggest that the effect is due to chromosomal segments and not the 
enzyme loci themselves. 

Regardless of the underlying mechanisms of these associations, even weak 
heterozygous advantage would act to maintain similar allele frequencies in different 
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populations in the absence of significant gene flow (Allendorf 1983). This could cause a 
large overestimation of the actual amount of gene flow among PWS pink salmon populations. 
For example, just a 10% selective advantage of heterozygotes will cause a 10-fold over 
estimation of the amount of migration in the case where local populations have an effective 
size of 100 and an average 0.5 migrants per generation (Allendorf 1983). Altukhov et al. 
(1987) have estimated an average selective advantage of approximately 25% at four allozyme 
loci in pink salmon. 

Experimental Design 

Mature pink salmon will be collected from Thumb Cove in Resurrection Bay and 
brought to the ASLC'where matings will be performed. We propose to release two families 
from each of 50 females mated with two different males. Mating each individual with two 
different mates will allow us to separate the effects of individual females and males. There 
will be 25 cells that will each be a 2x2 diallele cross resulting in a total of 100 families (F1-
F100): 

Cell 1 Cell 2 Cell 25 

D ~1 ~2 I D ~3 ~4 D ~49 ~50 

ol Fl. F2 o3 FS F6 o49 F97 F98 

02 F3 F4 04 F7 F8 oSO F99 FlOO 

Each mature female has approximately 1,500 eggs. We will release approximately 500 
progeny per family. We expect survival to return to be 2-9% (J. Seeb, personal · 
communication). This would result in 10-45 returning fish per family. Experimental fish will 
be marked with an adipose fin clip; returning fish will be assigned to individual families on 
the basis of their genotype at the landmark loci spread throughout the nuclear genome and 
mtDNA (Blouin et al. 1996). O'Reilly et al. (in press) reported that they could identify the 
family of origin of 80% of progeny from a 12 x 12 diallele cross (144 families) using just 
four microsatellite loci, and that this could be improved to over 90% by the addition of just 
one more locus. Danzmann (1997) has developed a computer program to assign progeny in 
experiments such as this. 

We will also sample 100 progeny from each family before the fry are released to test 
for the inheritance of molecular markers. A subset of these fry will also be examined to test 
for a relationship between multiple locus heterozygosity, length and condition factor. 

This is an extremely powerful experimental design that will allow us to measure a 
multitude of parameters for the first time with pink salmon or any salmonid fish. The most 
powerful aspect of this experiment will be the capability of measuring fitness for loci spread 
throughout the genome. In the case of males, fitness will be estimated by survivorship 
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(viability) from egg to return at sexual maturity. In the case of females, we will use both 
survivorship and the number of eggs produced so that we can take into account both viability 
and fecundity. We will also be able to estimate the heritabilities of a variety of traits (e.g., 
size at sexual maturity) by parent-offspring regression (Leary et al. 1985). 

C. Cooperating Agencies, Contracts, and Other Agency Assistance 

None anticipated at this time. 

SCHEDULE 

A. Measurable Project Tasks for FY 98 (1 Oct 98 - 30 Sep 99) 

1 Oct 98 - 30 Sep 99: 

1 Oct 98 - Apr 99: 

1 Oct 98 - 30 Dec 98: 

1 Jan 99 - 30 Sep 99: 

1 Jul 99 - 30 Sep 99: 

Continued screening of DNA polymorphisms to test for 
Mendelian inheritance and joint segregation. Place 
allozyme, microsatellite, and other codominant markers 
(MHC, etc.) on to the map. 

Rear experimental progeny at ASLC. 

Perform genetic analysis of adults used in experimental 
matings. 

Perform genetic analysis of progeny produced in 
experimental matings. 

Begin experiments at the Alaska SeaLife Center to test 
for adaptive significance and major phenotypic effects of 
the loci in the pink salmon genome in odd-year fish. 

B. Project Milestones and Endpoints 

Objective 1: This objective has been completed. 

Objective 2: This objective will be completed by the end of year 3 (FY 98). 

Objective 3: This objective will no longer be pursued .. 

Objective 4: This objective will no longer be pursued. 

Objective 5: This objective will not be completed by the end of year 5. 

Objective 6: This objective will not be completed by the end of year 5. 
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C. Completion Date 

We initially proposed to continue this work for five years. The fish released in the 
spring of 1999 will return at the end of year five. The analysis of these fish will not be able 
to be completed until after the close of year 5. We anticipate seeking funds to continue 
pursuing Objectives 5 and 6 after year 5. 

PUBLICATIONS AND REPORTS 

Allendorf, F. W., P. Spruell, K. L. Knudsen, K. R. Lindner and K. L. Pilgrim. 1997. 
Construction of a Linkage Map for the Pink Salmon Genome, Exxon Valdez Oil Spill 
Restoration Project Annual Report (Restoration Project 97190), University of Montana, 
Missoula, Montana. 

Spruell, P., B.A. Greene, C. Habicht, K.L. Knudsen, K.R. Lindner, K.L. Pilgrim, G.K. Sage, 
J.E. Seeb, and F.W. Allendorf. Submitted, 8 Dec 97. Inheritance of nuclear DNA 
markers in gynogenetic haploid pink salmon (Oncorhynchus gorbuscha). Journal of 
Heredity. 

Allendorf, F. W., P. Spruell, K. L. Knudsen, K. R. Lindner, D.J. Reedy, and K. L. Pilgrim. 
1998. Construction of a Linkage Map for the Pink Salmon Genome, Exxon Valdez Oil 
Spill Restoration Project Annual Report (Restoration Project 98190), University of 
Montana, Missoula, Montana. 

We will write and submit a manuscript by ·the end of year FY 98 that will describe the pink 
salmon gene-centromere linkage map to the journal Genetics. We will write and submit a 
manuscript during year FY 99 that will describe the haploid linkage map to the Journal of 
Heredity. 

PROFESSIONAL CONFERENCES 

We anticipate presenting our results at professional and scientific meetings. We do not 
know at present the specifics of these presentations in FY 99. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

This work is being done in collaboration with James E. Seeb, Principal Geneticist, 
ADFG. The inheritance experiments were performed in coordination with the project 
Oil-Related Embryo Mortalities (Restoration Study \191A). Dr. Seeb and I are also 
coordinating plans to use the Alaska SeaLife Center Research Facilities at Seward. When 
possible we will share fish samples, gametes, laboratory equipment, and fish rearing facilities. 

This work is related to my ongoing genetic research with salmonid fishes that has been 
supported by the National Science Foundation since 1980. Many of the techniques and 
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continue seeking support from NSF that will complement the research proposed here. A 
genetic map for pink salmon will allow us to address a number of fundamental questions in 
the conservation and genetics of pink salmon and other Oncorhynchus species. 

EXPLANATION OF CHANGES IN CONTINUING PROJECTS 

The changes in this proposal reflect more rapid than anticipated progress and the 
discontinuation of Restoration Study \191A. 

PROPOSED PRINCIPAL INVESTIGATOR 

Fred W. Allendorf 
Division of Biological Sciences 
University of Montana 
Missoula, MT 59812 

Phone: ( 406) 243-5503 
Fax: (406) 243-4184 
E-mail: darwin@selway. umt.edu 
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PRINCIPLE INVESTIGATOR 

FRED W. ALLENDORF: Principal Investigator 

BIRTH: 29 April 1947; Philadelphia, Pennsylvania 

MILITARY SERVICE: U.S. Army, 1965-1968 (Vietnam, 1966-1967) 

EDUCATION: B.S., Zoology, Pennsylvania State University, 1971 
M.S., Fisheries, University of Washington, 1973 

POSITIONS: 

Ph.D., Genetics and Fisheries, University of Washington, 1975 (co-directors, 
Joe Felsenstein and Fred Utter) 

1975-1976 
1976-1979 
1978-1979 
1979-1984 
1983-1984 
1984-1989 
1989-1990 

Lektor, Department of Genetics and Ecology, Aarhus University, Denmark 
Assistant Professor of Zoology, University of Montana 
NATO Fellow, Genetics Research Unit, University of Nottingham, England 
Associate Professor of Zoology, University of Montana 
Visiting Scientist, Department of Genetics, Univ. of California, Davis 
Professor of Zoology, University of Montana 
Program Director, Population Biology and Physiological Ecology, National 

1992-1993 
1990-
1993-1996 

Science Foundation (NSF) 
Visiting Professor, University of Oregon 
Professor of Biology, University of Montana 
Director, Organismal Biology and Ecology Graduate Program, University of 

Montana 

HONORS: NATO/NSF Postdoctoral Fellowship, University ofNottingham, 1978-1979 
European Molecular Biology Organisation (EMBO), Fellowship, University of 

Stockholm, 1979 
Distinguished Scholar Award, University of Montana, June 1985 
Burlington Northern Faculty Achievement Award for Research, University of Montana, 

June 1987 
Elected Fellow, American Association for the Advancement of Science (AAAS), 

February 1987 
Burlington Northern Faculty Achievement Award for Research, University of Montana, 

May 1991 
Elected Member, AAAS Council (Biological Sciences Division) 

MAJOR GRANTS: 

National Science Foundation Research Grant, EPSCR, 1980-1983, $70,000 
National Science Foundation Research Grant, Population Biology, 1980-1982, $60,000 
National Science Foundation Research Grant, 1983-1986, $121,000 
National Science Foundation, Faculty Research Opportunity Award, 1986, $10,000 
United States Department of Agriculture Grant, Aquaculture, 1983-1985, $43,000. 
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National Science Foundation Research Grant, 1986-1989, $148,000 
National Science Foundation, Dissertation Research Grant, 1988-1990, $9,850 
National Science Foundation Research Grant, 1989-1993, $150,000 
National Science Foundation Research Grant, Conservation and Restoration Biology, 

1993-1996, $270,000 

ASSOCIATE EDITORSHIPS: Evolution (1987 -1990) 

EDITORIAL BOARDS: 

Journal of Heredity (1986-1989) 
Progressive Fish Culturist (1986-1989) 
Molecular Biology and Evolution (1994-1996) 

Molecular Biology and Evolution (1983-1989) 
Conservation Biology (1990-1993) 
Molecular Ecology (1991-present) 

PROFESSIONAL SERVICE: 

Panel Member, Population Biology and Physiological Ecology, NSF (1987-1989) 
Panel Member, International Program, National Science Foundation (1987) 
Panel Member, Conservation and Restoration Biology, NSF (1991-1992; 1995) 
Council Member, The American Genetic Association (1986-1989) 
Genetics Nomenclature Committee, American Fisheries Society (1986-present) 
Member, Committee on the Protection and Management of Pacific Northwest Anadromous 

Salmonids, National Research Council (1992-present) 
Chair, Committee of Visitors, Systematic and Population Biology Programs, NSF (1993) 

PROFESSIONAL SOCIETIES: 

BOOK CHAPTERS: 

Society for the Study of Evolution · 
American Society of Naturalists 
Genetics Society of America 
Society for Conservation Biology 
American Association for the Advancement 

of Science 
American Society of Ichthyologists and Herpetologists 
American Fisheries Society 
American Genetic Association 
Desert Fishes Council 
Ecological Society of America 
Montana Native Plant Society 
Society of Systematic Biologists 
Society for Molecular Biology and Evolution 

Utter, F.M., H.O. Hodgins, F.W. Allendorf, A.G. Johnson, and J.L. Mighell. 1973. Biochemical 
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variants in Pacific salmon and rainbow trout: their inheritance and application in population 
studies. In: Genetics and Mutagenesis of Fish, pp. 329-339. Springer-Verlag, Berlin. 

Utter, F.M., H.O. Hodgins, and F.W. Allendorf. 1974. Biochemical genetic studies of fishes: 
potentialities and limitations. In: Biochemical and Biophysical Perspectives in Marine 
Biology, Vol. 1, pp. 213-738. 

Allendorf, F.W., F.M. Utter, and B.P. May. 1975. Gene duplication in the family Salmonidae: II. 
Detection and determination of the genetic control of duplicate loci through inheritance studies 
and the examination of populations. In: Isozymes IV: Genetics and Evolution, pp. 415-432. 
Clement L. Markert, editor. Academic Press, New York. 

Allendorf, F.W., and F.M. Utter. 1979. Population genetics. In: Fish Physiology, Volume 8, pp. 
407-454. W.S. Hoar, D.J. Randall, and J.R. Brett, editors. Academic Press, New York. 

Allendorf, F.W., R.F. Leary, and K.L. Knudsen. 1983. Structural and regulatory variation of 
phosphoglucomutase in rainbow trout. In: Isozymes: Current Topics in Biological and 
Medical Research, Vol. 9, pp. 123-142. Alan R. Liss Pub!. Co., N.Y. 

Allendorf, F.W. 1983. Isolation, gene flow, and genetic differentiation among populations. In: 
Genetics and Conservation, edited by C. Schonewald-Cox, et al. Benjamin/Cummings. pp. 
51-65. 

Allendorf, F.W., and G. Thorgaard. 1984. Tetraploidy and the evolution of salmonid fishes. In: 
The Evolutionary Genetics of Fishes, B.J. Turner, ed., Plenum Press, pp. 1-53. 

Allendorf, F.W., and R.F. Leary. 1986. Heterozygosity and fitness in natural populations of 
animals. In: Conservation Biology: The Science of Scarcity and Diversity. M. Soule', 
editor. Sinauer Assoc. pp. 57-76. 

Allendorf, F.W., N. Ryman, and F.M. Utter. 1987. Genetics and fishery management: Past, present, 
and future. In: Population Genetics and Fisheries Management, edited by N. Ryman and 
F.M. Utter. University of Washington Press, pp. l-19. 

Allendorf, F.W., and N. Ryman. 1987. Genetic management of hatchery stocks. In: Population 
Genetics and Fisheries Management, edited by N. Ryman and F.M. Utter. University of 
Washington Press, pp. 141-159. 

Thorgaard, G.H., and F. W. Allendorf. 1988. Developmental genetics of fishes. In: Developmental 
Genetics of Animals and Plants, edited by G. M. Malacinski. Macmillan Publishing 
Company, pp. 363-391. 

Powers, D.A., F.W. Allendorf, and T. Chen. 1990. Application of molecular techniques to the study 
of marine recruitment problems. In: Large Marine Ecosystems: Patterns, Processes, and 
Yields, ed. by K. Sherman, L.M. Alexander, and B.D. Gold. Amer. Assoc. Advancement 
Sci., pp. 104-121. 
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Allendorf, F.W., and M.M. Ferguson. 1990. Genetics. In: Methods for Fish Biology, edited by 
C.B. Schreck and P.B. Moyle. Amer. Fish. Soc., Bethesda, Maryland, pp. 35-63. 

Ferguson, M.M., and F. W. Allendorf. 1991. Evolution of the fish genome. In: Biochemistry and 
Molecular Biqlogy of Fishes, edited by P.W. Hochachka and T.P. Mommsen. Elsevier. pp. 
25-42. 

Allendorf, F.W. 1994. Genetics and demography of grizzly bear populations. In: Principles of 
Conservation Biology by G.K. Meffe and C.R. Carroll. Sinauer Associates. pp. 155-156. 

Allendorf, F.W., and R.S. Waples. 1996. Conservation and genetics of salmonid fishes. In: 
Conservation Genetics: Case Histories from Nature, edited by J.C. A vise and J.L. Hamrick. 
Chapman & Hall. pp. 238-280. 

ARTICLES: 

Heckman, J.R., F.W. Allendorf, and J.E. Wright, Jr. 1971. Trout leukocytes: growth in oxygenated 
cultures. Science 173:246-247. 

Allendorf, F.W., and F.M. Utter. 1973. Gene duplication in the family Salmonidae: disomic 
inheritance of two loci reported to be tetrasomic in rainbow trout. Genetics 74:647-654. 

Utter, F.M., F.W. Allendorf, H.O. Hodgins, and A.G. Johnson. 1973. Genetic basis of tetrazolium 
oxidase phenotypes in rainbow trout. Genetics 73:159. 

Utter, F.M., F.W. Allendorf, and H.O. Hodgins. 1973. Genetic variability and relationships in 
Pacific salmon and related trout based on protein variations. Syst. Zool. 22:257-270. 

Allendorf, F.W., F.M. Utter, and B.P. May. 1975. Gene duplication in the family Salmonidae: II. 
Detection and determination of the genetic control of populations. In Isozymes IV: Genetics 
and Evolution, pp. 415-432. C. L. Markert, editor. Academic Press, New York. 

May, B.P., F.M. Utter, and F.W. Allendorf. 1975. Biochemical genetic variation in pink and chum 
salmon: inheritance of intraspecies variation and apparent absence of interspecies 
introgression following m~sive hybridization of hatchery stocks. J. of Heredity 66:227-232. 

Allendorf, F.W., and F.M. Utter. 1976. Gene duplication in the family Salmonidae: III. Linkage 
between two duplicated loci coding for aspartate aminotransferase in the cutthroat trout. 
Hereditas 82:19-24. 

Allendorf, F.W., N. Ryman, A. Stenneck, and G. Stahl. 1976. Genetic variation in Scandinavian 
populations of brown trout: evidence of distinct sympatric populations. Hereditas 83:73-82. 

Utter, F.M., F.W. Allendorf, and B.P. May. 1976. The use of protein variation in the 
management of salmonid populations. Trans. 1st North American Wildlife and Natural 
Resources Conference. pp. 373-384. 
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Utter, F.M., F.W. Allendorf, and B.P. May. 1976. Genetic delineation of salmonid populations. In: 
Salmonid Genetics: Status and Role in Aquaculture. T. Nosho and W. Hershberger, editors. 
University. of Washington Sea Grant Publication. 

Allendorf, F.W., N.J. Mitchell, N. Ryman, and G. Stahl. 1977. Isozyme loci in brown trout (Salmo 
trutta): Detection and interpretation from population data. Hereditas 86:179-190. 

Allendorf, F.W. 1977. Genetic variation in populations of fish. In: Fish Genetics-Fundamentals and 
Implications to Fish Management, pp. 35-39. C.M. Fetterholf, editor. Great Lakes Fishery 
Commission, Ann Arbor, Mich. 

Utter, F.M., and F.W. Allendorf. 1977. Determination of the breeding structure of steelhead trout 
(Salmo gairdneri) populations through gene frequency analysis. Calif. Coop. Fish. Res. Unit 
Special Report 77-1:44-54. 

Allendorf, F.W. 1977. Electromorphs or alleles? Genetics 87:821-822. 

Allendorf, F.W. 1978. Electrophoretic distinction of rainbow trout (Salmo gairdneri) and cutthroat 
trout (S. clarki). Letter to the editor. J. Fisheries Res. Bd. Canada 35:483. 

Allendorf, F.W. 1978. Protein polymorphism and the rate of loss of duplicate gene expression. 
Nature 272:76-78. 

Utter, F.M., F.W. Allendorf, and B. May. 1979. Genetic basis of creatine kinase isozymes in 
skeletal muscle of salmonid fishes. Biochem. Genet. 17: 1079-1091. 

Ryman, N., F.W. Allendorf, and G. StahL 1979. Reproductive isolation with little genetic 
divergence in sympatric populations of brown trout (Salmo trutta). Genetics 92:247-262. 

O'Malley, D.M., F.W. Allendorf, and G.M. Blake. 1979. Inheritance of isozyme variation and 
heterozygosity in Pinus ponderosa. Biochem. Genet. 17:233-250. 

Clarke, B., and F.W. Allendorf. 1979. Frequency-dependent selection due to kinetic differences 
between allozymes. Nature 279:732-734. 

Allendorf, F.W., F.B. Christiansen, T. Dobson, W.F. Eanes, and 0. Frydenberg. 1979. 
Electrophoretic variation in large mammals. I. The polar bear, Thalarctos maritimus. 
Hereditas 91:19-22. 

Allendorf, F.W. 1979. Rapid loss of duplicate gene expression by natural selection. Heredity 
43:247-259. 

Allendorf, F.W. 1979. Protein polymorphism and the rate of loss of duplicate gene expression, a 
reply. Nature 279:456. · 

Allendorf, F.W., D.M. Espeland, D.T. Scow, and S. Phelps. 1980. Coexistence of native and 
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39:28-36. 

Allendorf, F.W., and S. Phelps. 1980. Loss of genetic variation in a hatchery stock of cutthroat 
trout. Trans. Amer. Fish. Soc. 109: 537-543. 

Allendorf, F.W., and S.R. Phelps. 1981. Use of allelic frequencies to describe population structure. 
Canadian Journal of Fisheries and Aquatic Sciences 38: 1507~1514. 

Krueger, C.C., A. Gharrett, T.R. Dehring, and F.W. Allendorf. 1981. Genetic aspects of fisheries 
rehabilitation programs. Canadian Journal of Fisheries and Aquatic Sciences 38: 1877~1881. 
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procedures (extraction of DNA, PCR analysis, and gel electrophoresis). 
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Alternate reproductive strategies in fishes 
Application of molecular tools to conservation and management · · 
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Graduate Assistant, Michigan State University 
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Elevated embryo mortalities were detected in populations of pink salmon inhabiting oiled streams. 
These increased rates of mortality persisted annually through the 1993 field season, three generations 
after the oil spill, suggesting that damage may have occurred as a result of exposure to oil during early 
developmental life-stages. The consequences of this putative damage include physiological 
dysfunction of individuals and reduced reproductive capacity of wild pink salmon populations. The 
1994, 1995, and 1996 field results show no statistical difference in embryo mortality between oil­
contaminated and reference streams. The purpose of this project is to monitor the recovery of pink 
salmon embryos in the field. This is the final close-out year for the project. 
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INTRODUCTION 

Elevated embryo mortalities were detected in populations of pink salmon Oncorhynchus gorbuscha 
inhabiting oiled streams. J'hese increased rates of mortality persisted annually through the 1993 field 
season, three generations after the oil spill, suggesting that damage may have occurred as a result of 
exposure to oil during early developmental life-stages. The consequences of this putative damage 
include physiological dysfunction of individuals and reduced reproductive capacity of wild pink 
salmon populations. The purpose of this study is to monitor the recovery of pink salmon embryos in 
the field. 

NEED FOR THE PROJECT 

A. Statement of the Problem 

Pink salmon embryos that incubated in the oiled intertidal spawning areas in Prince William Sound 
(PWS) in 1989, 1990, 1991, 1992, and 1993 appear to have been adversely affected. Oil was 
deposited in layers of varying thickness in the intertidal portions of streams utilized ~y spawning pink 
salmon. Pink salmon eggs deposited in 1988 (1988 brood year) emerged as fry through the oiled 
spawning gravels during the spring of 1989 and began feeding on oiled plankton. These fish showed 
decreased growth due to oiling (Willette et. al. 1994). Although gross oil levels decreased during the 
summer of 1989, contamination in the intertidal zone was still evident. The pink salmon eggs 
deposited during the late summer of 1989 (the 1989 brood year) were exposed to intra-gravel 
contamination from late August 1989 through mid-May 1990. Sharr et al. (1994a) and Bue et al. 
(1996) detected elevated mortalities of pink salmon embryos in th~ intertidal zones of oiled streams 
while no difference between oiled and non-oiled streams was detected above mean high tide. Elevated 
embryo mortalities in oiled streams were again detected in the 1990 brood year, but only in the 
highest intertidal spawning zone (Sharr et al. 1994a; Bue et al. 1996). Visual observations indicated 
that the majority of the remaining oil was deposited in this zone. Spawning areas lower in the 
intertidal zone seemed to be recovering as embryo mortalities in these areas were not statistically 
different from non-oil impacted streams. 

Surprisingly, Sharr et al. (1994a) and Bue et al. (1996) found increased embryo mortalities in oiled 
streams during the 1991 fall survey. Furthermore, significant differences in embryo mortality 
occurred at all tidal zones, including the area above mean high tide. Clearly, the elevated embryo 
mortalities in the oiled streams were not the direct effect of recent oiling. The 1991 adult returns 
were the progeny of the 1989 brood year, the group with the highest exposure to intra-gravel oil (the 
1989-90 incubation period). We hypothesize that the elevated embryo mortalities in 1991 may be the 
result of damage acquired during embryonic development. Elevated embryo mortalities at all tidal 
zones in oiled streams were again detected during the 1992 survey (Sharr et al. 1994b; Bue et al. 
1996). A hatchery incubation experiment using gametes from fish returning to oiled and control 
streams in 1993 indicate that mortality differences observed during past studies cannot be attributed to 
environmental factors or sampling design (Sharr et al. 1994c) .. 

Evidence from field studies and incubation experiments suggest that embryos exposed to oil in 1989 
and 1990 may have accumulated deleterious mutations in the germline. This hypothesis of genetic 
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damage is consistent with previous field observations and laboratory experiments on the effects of 
crude oil on early life stages of fish. Long term intra-gravel oil exposures (7-8 months) to freshly 
fertilized eggs provide embryos sufficient time to accumulate polynuclear aromatic hydrocarbons 
(PAR's) from very low aqueous concentrations of crude oil. PAR's are abundant in crude oil and are 
potent clastogens (i.e. capable of breaking chromosomes). Mironov (1969) observed reduced survival 
of fish embryos and larvae exposed to very low aqueous doses (1 ul oil/1 seawater) of oil. Longwell 
(1977) reported genetic damage in pelagic embryos affected by the Argo Merchant oil spill. Moles et 
al. (1987) confirmed that pink salmon embryos take up PAR's and demonstrated that the uptake was 
much greater in an intertidal environment than in strictly freshwater conditions. Biggs et al. (1991) 
found greater numbers of chromosome aberrations in larval herring which incubated in oiled areas 
than in non-oiled areas. It is logical that the same type of damage may have occurred in pink salmon, 
and this damage could have affected the germline of exposed individuals (cf., Malkin 1994). 

B. Rationale/Link to Restoration 

In this project we propose to summarize results from 10 years of monitoring embryo mortality rates in 
oiled and reference streams. This study will provide resource managers with information about the 
magnitude and persistence of damages sustained by wild pink salmon due to the Exxqn Valdez oil spill 
(EVOS). Efforts to restore damaged pink salmon populations depend upon the ability of fishery 
managers to identify sources of reduced survival and to monitor their persistence. The potential of 
long term oil exposures to cause damage needs to be understood so that spawning escapement goals 
can be adjusted if necessary to effect recovery. 

C. Location 

This study has been conducted in PWS, but the results may indicate levels of damage to pink salmon 
populations in other areas impacted by the EVOS. 

COMMUNITY INVOLVEMENT 

Laboratory analyses and reporting are technical pursuits that will be conducted by or supervised by 
professional scientists. Wherever possible, local-hire will be used to fill field positions required for 
sampling or for routine laboratory positions. People from the communities in PWS will have an 
opportunity to participate in this project as employees of the ADF&G which gives local residents 
priority in hiring for state employment. · 

PROJECT DESIGN 

Although no field work will be conducted in FY99, this project has employed the following methods 
during all previous year's field sampling. The project final report will describe the results from 
application of these field methods. 
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A. Objectives 

The purpose of this project is to monitor the recovery of damaged pink salmon populations in oil­
contaminated streams. Working objectives are: 

1. Estimate the density, by tidal zone, of embryos in 31 streams using counts of live and 
dead embryos. 

2. Estimate mortality of pink salmon embryos in both oil-contaminated streams and 
noncontaminated reference streams. 

B. Methods 

a. Data Collection 

Embryo sampling will be conducted from late September to mid-October in 31 streams (Figure 1). 
Embryo development by this time includes stages from uneyed embryo through recently hatched fry. 
The streams were selected using the following criteria: 

(1) Adult salmon returns were adequate to support a high probability of success in embryo 
sampling. 

(2) Embryo sampling had been done in past years. 
(3) Streams with low to no oil impact, i.e., reference streams, were selected in the 

immediate vicinity of high oil impact streams to control for possible variability in 
embryo survival due to environmental conditions. 

Twenty eight of the 31 streams are located in the western half of PWS in close geographic proximity 
to each other and in the area where oil impacts were greatest. Twelve experienced impacts ranging 
from light to heavy oiling. Most of the streams which sustained suspected or obvious oil impact were 
not sampled for embryos or fry prior to the EVOS. Among the 12 streams where oil was visibly 
present in 1989, only one had a history of embryo sampling. 

Methods for embryo sampling were modeled after procedures described by Pirtle and McCurdy 
(1977). On each study stream, four zones, three intertidal and one above most tidal influence, were 
measured from the mean low tide mark using computer generated tide tables and a surveyors level. 
Boundaries between zones were marked with stakes. The four zones were: 1.8-2.4 m, 2.4-3.0 m, 
3.0-3.7 m above mean low water, and upstream of mean high tide (3.7 m). A linear transect 30.5 m 
in length was established for embryo samples in each zone. The transect ran diagonally across the 
stream. To insure continuity of transects between years, transect locations were marked with stakes 
and carefully photographed from at least two perspectives. Fourteen 0.186 m2

, circular digs were 
systematically made along each transect using a high pressure hose to flush embryos from the gravel. 
Embryos and fry were caught in a specially designed net. 
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The following data will be collected for each tide zone transect during embryo sampling: 

(1) The sample date. 
(2) The sample tide zone. 
(3) The start and stop time for each tide zone transect. 
(4) Numbers and condition (live or dead) of embryos by species. 
(5) A subjective estimate of the overall percent yolk sac absorption for fry. 

Data will be transferred from field notebooks into a Lotus spreadsheet for editing and summarizing. 

Pink salmon embryos will be separated from chum 0. keta and coho 0. kisutch salmon embryos by 
their smaller size. Chum salmon embryos will be separated from coho salmon embryos by their 
greater development and different coloration. An embryo will be considered dead if it is opaque or 
discolored with coagulated lipids. Sampling often kills fry (especially newly hatched fry), so fry will 
only be considered dead if decomposition is evident. 

b. Data Analysis 

-
Numbers of live and dead embryos and fry will be summarized by date, stream, level of hydrocarbon 
impact, and stream zone. Densities of live embryos for stream i, zone j in m2 CEu) will be estimated 
by: 

,.. _ :ELEijk 
Eij-

0.3nu 
(1) 

where LEuk is the number of live embryos found in the kth dig, in stream i, zone j, and D-jj is the 
number of digs from stream i, zone j. Densities of dead embryos will be calculated using the same 
estimator with appropriate substitutions. 

Pink salmon embryo mortality will be estimated using the following relationship: 

" _ :E(DEeijk + DFeijk) 
Mu- ' 

:E(LEeuk + DEeijk + LFeijk + DFeijk) 
(1) 

where DEeUk• DFeijk• LEeijk• and LFeijk are the number of dead embryos, dead fry, live embryos, and 
live fry for the kth dig from stream i, zone j, collected during embryo dig e, respectively. 

Differences in embryo mortality will be examined using a mixed effects two-factor experiment with 
repeated measures on one factor (Neter et al. 1990): 

Y Uk = J.l ... + Oi + Zj + (OZ )ij + Sk<i> + e(ijk)· (2) 
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The two treatments will be level of oiling, (Oi, 2levels; oiled and non-oiled), and height in the 
intertidal zone (Zi• 4levels; 2.1, 2.7, and 3.4 m above mean low water, and upstream) both fixed 
effects. The data will be blocked by stream (Stm), a random effect nested within level of oiling. The 
interaction of level of oiling and height in the intertidal zone will also be examined. Equality of 
variances will be tested using the Fmax-test (Sokal and Rohlf, 1981), while normality will be visually 
assessed using normal quantile-quantile and box plots (Chambers et al. 1983). If the distribution of 
residuals appears to be non-normal, data transformations will be examined. If a significant difference 
due to oiling is detected (a. = 0.05), four contrasts (oil vs. non-oiled for the four stream zones) and 
corresponding Bonferroni family confidence intervals (a. = 0.10 overall) will be estimated. 

Extent of oiling for analysis will be based on visual observations of streams (NRDA F/S Study 1 and 
2) and hydrocarbon results from mussel samples (NRDA F/S Study 1). 

C. Cooperating Agencies, Contracts, and Other Agency Assistance 

The Alaska Department of Fish and Game will be completing all work on this project. 

SCHEDULE 

A. Measurable Project Tasks for FY 99 (October 1,1998 - September 30, 1999) 

Monitoring of Injury to Pink Salmon Embryos in Prince William Sound 

1 Sep - 30 Oct 1998: 

1 Nov- 28 Feb 1998: 

1 Mar - Apr 15 1999: 
15 April 1999 

Assemble data from previous year's sampling, review for consistency 
of field and analytical methods, fmalize error checking and 
documentation of project database. 
Conduct appropriate statistical analyses to aid in interpretation of field 
results, prepare fmal report summarizing results from all years of the 
study. 
Review and fmalize project fmal report. 
Submit project fmal report. 

B. Project Milestones and Endpoints 

This is the close-out year for the project. A final report will be submitted in April 1999. 

C. Completion Date 

This is the close-out year for the project. A fmal report will be submitted in Apri11999. 

PUBLICATIONS AND REPORTS 

This project will complete a fmal report summarizing results from all years of the project. In addition, 
a paper will be published in the Transactions of the American Fisheries Society entitled "Evidence of 
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damage to pink salmon populations inhabiting Prince William Sound, Alaska after the Exxon Valdez 
oil spill: final perspectives". 

PROFESSIONAL CONFERENCES 

Travel funds have been requested to attend meetings with personnel in Anchorage and Juneau; The 
place and time for these meeting has not been set at this time. In addition, funds are requested for the 
principal investigator to attend the annual EVOS review. 

NORMAL AGENCY MANAGEI\1ENT 

The Alaska Department of Fish and Game did not fund this research prior to the 1989 Exxon Valdez 
Oil Spill and has no plans to continue funding after recovery is complete. In the past an embryo 
mortality study was implemented with federal disaster funds following the 1964 earthquake and 
continued until 1975 when recovery was complete. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

The field data collection for this project is very specific to individual wild pink salmon streams and 
occurs after most field activities of other pink salmon related projects each year. Final edited data 
from both components of this project will be stored electronically as computer databases, and fmal 
versions will be provided annually to the Infonnation Modelling portion of SEA for incorporation into 
a centralized ecosystem database. 

EXPLANATION OF CHANGES IN CONTINUING PROJECTS 

Due to the recovering status of pink salmon, the laboratory verification of the field results was 
removed from this project in FY96. 
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PERSONNEL 

Mark Willette, Area Research Biologist 
Commercial Fisheries Management and Development 
Alaska Department of Fish and Game 
P.O. Box 669 
Cordova, Alaska 99574 
907-424-3212 (phone) 
907-424-3235 (fax) 
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Figure 1. Location of streams to be sampled for embryo deposition. 
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INTRODUCTION 

Pristane is a hydrocarbon biosynthesized from chlorophyll by herbivorous copepods in the genera 
Calanus and Neocalanus. These copepods are the only proven modem marine source of pristane 
(Avigan & Blumer, 1968, J. Lipid Res. 9:350;), and they typically contain concentrations that 
approach 1% dry weight (i.e. 10,000,000 ppb). As a branched alkane, pristane is highly 
lipophilic and resistant to metabolic degradation, which suggests that it may be a useful "tracer" 
molecule that would quantitatively label fats in predators of these copepods (Blumer et al., 1964, 
Helgo. Wiss. Meeres. 10:187). The low detection limit (about 100 ppb) of the inexpensive 
analytical method further suggests the utility of pristane as a natural indicator of energy flow 
from these copepods to higher trophic levels. 

Pristane concentrations that range to 70,000 ppb (dry weight) are found in filter feeding 
organisms such as mussels and some clams in PWS during spring. Experiments conducted at the 
Auke Bay Laboratory in 1995 and 1996, confirm that pristane can be accumulated by mussels 
through ingestion of fecal material produced by predators of Neocalanus ssp., e.g. juvenile pink 
salmon. In 1996, pristane concentrations in mussels at 3 sites near theW. H. Noerenberg 
Hatchery on Esther Island increased dramatically within 2 to 6 days after the release of pink 
salmon fry from the hatchery. Released fry were observed feeding on Neocalanus spp. and 
defecating over mussels that were subsequently sampled, thereby confirming the rapid and 
efficient transfer of pristane from copepods to the mussels through salmon. Pristane 
concentrations in PWS mussels therefore reflect the timing and concurrent abundance of 
Neocalanus spp. and their predators in seawater adjacent to sampled mussels. 

These results confirm that analysis of pristane in mussels may be used to investigate the PWS 
marine ecosystem. A regular monitoring of pristane in mussels may provide a quantitative basis 
for comparing inter-annual energy flow through Neocalanus spp. to commercially important 
predators such as herring and pink salmon. This may provide a relatively inexpensive indicator 
of survival through the early juvenile stages for these species. In addition, the monitoring 
program could identify locations where this flow is consistently high, i.e. essential fish habitats 
for theses species. These approaches may clarify some of the important natural factors that affect 
recruitment of juvenile salmon and herring, which is necessary for determining the restoration of 
these resources. These areas of high energy flow would also be important to the many predators 
of the juvenile herring and salmon, including some of the marine bird species that have been 
identified as not fully recovered from the effects of EVOS. 

Analysis of data collected during the previous 4 years this project indicates that pristane in 
mussels varies according to a consistent seasonal pattern, but with considerable inter-annual 
variability among stations. Pristane concentrations in mussels throughout PWS begin to increase 
every year near the end of March. By late April, pristane concentrations usually increase by 
more than a factor of 10 at Knight Island Passage sites. These increases radiate over a 
progressively wider area and peak in mid-May. From the mid-May peak, concentrations then 
gradually declined to the end of July, reflecting the descent of pristane producing copepods to 
overwintering depths. 
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Geographically, the sites where pristane accumulation is highest cluster around northwestern 
PWS. Mussels at sites adjacent to the deep marine depression (depths exceeding 300m) in 
Knight Island Passage and adjoining Wells Passage, Port Wells, and Port Nellie Juan had 
consistently high pristane concentrations in 1994, 1995, 1996, and 1997 relative to mussels at 
other sites, probably due to the overwintering of Neocalanus ssp. in the depressions. 

Despite inter-annual differences among sites in the pristane-productivity index (see methods 
section), the productivity-index for the sound as a whole increased monotonically from 1994 to 
1997. This suggests increasing secondary productivity ofPWS during this period. 

In 1997, selected sites sampled during February in conjunction with the Youth Area Watch 
(YAW) program revealed unexpectedly high concentrations of pristane in mussels. Close re­
examination of results for 1996 suggest a February increase may have occurred during that year 
as well. Although the source of this signal is not known, the geographic distribution of these 
results suggest an association more with the Gulf of Alaska (GOA) than the marine depression of 
northwestern PWS. Thes~ results may reflect predation on zooplankton during late fall, which 
would affect the over-wintering survival of the predators. Because survival during this period 
may be important for some of these predators, another mid-winter sampling of mussels was 
performed in 1998 to verify the persistence of this phenomenon. Stomach content analysis of 
mussels collected in February 1998 may provide clues regarding the sources of any pristane 
detected. 

Work proposed herein for 1999 comprises two parts: a basic long-term monitoring plan, and a 
limited investigation of the winter pristane source. Additional sampling at selected sites in 
October, December, and February is proposed to observe patterns of pristane variability in 
mussels through the winter. The long-term monitoring proposed is scaled down compared with 
prior years, in that only 6 sampling periods are proposed for long-term monitoring instead of 9. 
The additional sampling periods of prior years were part of an attempt to resolve differences in 
timing of the pristane increase in mussels during spring, but results were inadequate to 
accomplish this so this objective will be abandoned. Thus, in FY99, a total of 9 sampling 
periods are proposed, of which 6 periods are for long term monitoring purposes and occur during 
spring and summer, and the remaining 3 periods are to investigate the winter pristane signal more 
thoroughly and occur in late fall and winter. In future years, it is anticipated that the number of 
sampling periods will be reduced to the 6 spring and summer sampling periods for long term 
monitoring purposes (with a corresponding reduction in program costs), unless a compelling and 
explicit rationale to continue the winter sampling becomes apparent. 

The same number of sampling sites are proposed for the long term monitoring in spring and 
summer in order to cope with the high inter-annual geographic variability observed among sites, 
and because marginal sampling costs are smallest compared with fixed costs at the number of 
sites proposed. (Marginal costs are costs at the margin, in this case the extra cost of sampling the 
last site added to the list of sites to be sampled). Marginal costs increase sharply if more sites are 
added, while the number of sites must be sharply reduced before costs are much affected. The 
number of sites proposed for the fall and winter sampling is reduced to 12 due to the logistical 
constraints of limited daylight and suitable weather for sampling then. 
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NEED FOR THE PROJECT 

A. Statement of Problem 

Determination of the causes of the dramatic declines in populations of pink salmon, herring and 
fish-eating seabirds following the Exxon Valdez oil spill requires an assessment of the natural 
factors that affect recruitment and survival of these species, because any negative effects of the 
spill may be confounded by these natural factors. In addition, natural factors impose constraints 
on the recovery potential of these species. Pink salmon have been identified as recovering; 
herring, pigeon guillemots, cormorants, and marbled murrelets are identified as not recovered 
(Invitation for Restoration Proposals 1999). If population declines of these species are the result 
of changes in the basic ecology of Prince William Sound due to natural phenomena (e.g. El 
Nino), then recovery of these populations to pre-spill levels may not be possible, and the criteria 
for recovery must recognize these changes. 

B. Rationale 

The proposed project will continue to provide information that may be used to evaluate the 
effect of natural constraints on the recovery of Prince William Sound pink salmon and herring 
populations and secondarily, on fish-eating marine birds. Annual monitoring of pristane 
concentrations in mussels will permit an indirect evaluation of the effects of juvenile survival 
on recruitment. 

It is proposed that this basic monitoring be supported indefinitely as a forecasting "insurance 
policy" for PWS fisheries in the event of a reversion to ecosystem conditions typical of the late 
1960's and early 1970's, when the salmon recruitment was much lower than at present. Such 
conditions could recur if Calanus and Neocalanus spp. populations in the GOA contract in 
response to a regime shift in oceanic currents, and thereby fail to re-populate the marine 
depression system of northwestern PWS. Absence of these over-wintering zooplankters in PWS 
would substantially un-couple primary from secondary production the following spring, resulting 
in a sharply reduced forage base for juvenile salmonids and other zooplanktivorous fishes. This 
could lead to a corresponding reduction in recruitment for the affected species. The ability to 
forecast such events could substantially ameliorate the consequent adverse economic impacts. 

Further evaluation of the winter pristane source in mussels of PWS may lead to recognition of 
un-described food sources for zooplanktivorous fishes near the beginning of winter. Access to 
such sources may be pivotal for over-wintering survival of the fishes, and may result in 
substantial modifications to current understanding of marine food-web dynamics in PWS and the 
GOA. The proposed sampling is relatively inexpensive, and will hopefully provide critical clues 
regarding where and when to look for confirmatory evidence of these sources. 

C. Location 

Mussel samples will be collected in Prince William Sound and will be analyzed for pristane 
concentrations at the Auke Bay Laboratory, Juneau, Alaska. The identification of important 
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productive areas in PWS and inter-annual productivity data will be useful to local fishery and 
hatchery managers. Educational materials and the brochure will be most appropriate for 
residents and students of Prince William Sound, but will also be available for others. 

COMMUNITY INVOLVEMENT 

We will continue to involve Prince William Sound residents in this project to share knowledge 
and interest in PWS ecosystems and to reduce sampling costs. Since 1994, the Prince William 
Sound Aquaculture Association has collected mussels near their 4 hatcheries at the appropriate 
times and stored them until the end of the season for pick -up. This year students with Youth Area 
Watch (Project 99210) and independent students will again be collecting mussels near their 
hometowns, Tatitlek, Whittier, Chenega, Kenny Cove, Valdez, Cordova, and Seward, and may 
be assisting with collections at other sites. We will provide materials for each participating 
school that explains the rationale of the project, and compares specific results for each school 
with the results for the whole effort. The underlying biology of this project gets to the heart of 
how the sound turns sunlight into fish, which we believe can provide a very useful local teaching 
resource. Youth Area Watch students will also continue to participate in a I day workshop at 
Auke Bay Laboratory on laboratory analysis techniques for pristane in mussels. A color brochure 
describing the project and reporting results will be updated to include 1997 data and will be 
available for volunteer collectors and others who are interested. 

PROJECT DESIGN 

A. Objectives 

In 1999 this project has 3 objectives: 

1. Measure pristane concentrations in mussels collected during spring and summer from 
30 stations in Prince William Sound to evaluate inter-annual variability. 

2. Determine the existence and location of regions inside Prince William Sound where 
the energy conversion of objective 1 is consistently above average, and synthesize these 
data over time and geographic location each succeeding project year. 

3. Measure pristane concentrations in mussels collected during fall and winter in Prince 
William Sound to further resolve the timing of the fall increase. 

B. Methods 

Project objectives will be addressed by determining the variability of pristane concentrations in 
mussels (Mytilus trossulus) from 30 sites in PWS during spring and summer, and from 12 sites 
during fall and winter. During spring and summer mussels will be collected monthly, beginning 
in mid-March through mid-August for a total of 6 collection periods and 180 mussel samples. 
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Sample collection from 12 sites will be attempted in mid-October, December, and February, 
weather permitting. Collected mussels will be stored frozen and analyzed for whole-body 
pristane concentration. 

Mussels (20) will be collected from selected mussel beds and placed into a plastic bag together 
with collection documentation (i.e. date, time, location, collector). Selected mussels will ideally 
be in the length range 20 - 45 mm. Mussels are collected along a transect parallel with the 
shoreline; 1 mussel is collected every consecutive meter. Previous results archived in the Exxon 
Valdez restoration database for hydrocarbons indicates that pristane concentrations in mussels 
collected in this way are representative of entire mussel beds. 

Pristane concentrations in mussels will be analyzed statistically using least-significant difference 
(LSD) criteria based on an extensive sampling of the error distribution for these measurements. 
An error distribution for log-transformed pristane concentrations in mussels can be generated 
from 178 triplicate and 61 duplicate samples analyzed for the Exxon Valdez oil spill, which are 
contained in the Exxon Valdez Oil Spill of 1989: State/Federal Trustee Council Hydrocarbon 
Database 1989- 1995 (EVTHD). These replicated samples were collected and analyzed by the 
same methods, and they all contained pristane concentrations above method detection limits. 
The variances of these replicates are homoscedastic after log transformation, so a distribution for 
differences of two random samples of the error distribution can be generated by Monte Carlo 
simulation. Based on this distribution of differences, the LSD at an a. = 0.05 type I error rate is 
about 1.015, which corresponds to a ratio of about 2.75 for un-transformed data. Thus, mussels 
from two different samples are judged significantly different if the ratio of the larger pristane 
concentration to the smaller is more than 2. 75. The power of this test to detect an actual increase 
of 3 is about 58%, again derived from Monte Carlo simulation of the error distribution. Since 
pristane concentrations in mussels typically increase by factors of greater than 10 during the 
season, the power of the sampling design is more than adequate. 

Propagation of errors for derived indexes indicates that 66% increases of the pristane 
accumulation index (PAl) are significant at the a. = 0.05 type I error rate. The P A1 represents the 
productivity of near-shore Neocalanus consumers in one sampling season. The P A1 is calculated 
as the product of pristane concentration and sampling interval, and is an approximation of the 
integral of concentration and time at each station. The power of these criteria to detect an actual 
doubling of the PAl is about 80%, estimated by Monte Carlo simulation. The power to detect 
differences among years for the sum of the PAl's across stations is even greater, due to the larger 
number of measurements involved: increases of 22% are significant, and the power to detect such 
increases when they occur is about 50%. 

The chemical analysis of pristane involves pentane extraction of macerated tissues, lipid removal 
with silica gel, and separation and measurement of pristane by gas chromatography equipped 
with a flame ionization detector. Pristane measurement will use the internal standard method, 
with deuterated hexadecane and deuterated eicosane added to the pentane initially as the internal 
standard. Pristane identification will be based on retention time relative to the internal standard. 
Quality control samples include method blanks, spiked method blanks, and reference sample 
analyzed with each batch of20 samples to verify method accuracy, precision, and absence of 
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laboratory introduced artifacts and interferences. Recovery of the internal standard will be 
determine by adding a second internal standard prior to instrumental analysis. Method detection 
limits will be assessed annually for the mussel tissue matrix, and these detection limits will be 
assumed for the other matrixes analyzed. Based on previous performance, we anticipate 
accuracy of± 15% of National Institute of Science and Technology (NIST)-certified values for 
the spiked blank and reference samples, precision of 95% of reference samples within± 15% of 
sample means, and laboratory artifacts below detection limits more than 99% of the time. This 
level of analytical performance will insure that variability due to sample analysis is negligible 
compared with variability among replicate mussel samples. 

Percent moisture and percent lipid will also be determined in samples so that results may be 
analyzed on dry weight and lipid weight bases. Dry weights will be determined by heating 
samples at 60 C to constant final weight. Lipid proportions will be determined from weight loss 
due to dichloromethane extraction. 

Because there is no other practical way of estimating energy conversion from Neocalanus to their 
near-shore predators over a broad geographic area such as PWS, there are no alternative 
methodologies to consider here. 

C. Contracts and Other Agency Assistance 

There will be no contracts under this project. 

SCHEDULE 

A. Measurable Project Tasks for FY99 

FY99: 
Oct 1 -Jan 1: Analyze 1998 hydrocarbon data; revise brochure: commence fall sampling 

Feb 1-Mar 15: Commence spring sampling. 

Feb 1 -Apr 15: Prepare annual1998 report and report for public & high schools. 

Mar 15- Aug 1: Continue collecting mussel samples. 

Aug 1 - Sep 30: Analyze 1999 samples for pristane. 

B. Project Milestones and Endpoints 

Objectives 1, 2 & 3 should be met by FYOO, possibly sooner, depending on the results. The 
endpoints are completion of the statistical analyses described under Methods above. 

Prepared 4/07/98 Project 99195 
7 



C. Completion Date 

The monitoring element will be performed annually for at least 2 more years; FY 99 through FY 
00. 

PUBLICATIONS AND REPORTS 

This project requires consistent multi-year funding to be successful. Annual reports are therefore 
appropriate, but publication in a peer-reviewed journal is also anticipated. In FY99, there will be 
5 consecutive years of consistent monitoring results available, and it is anticipated that these 
results will support at least two professional papers to be completed that year. Annual reports 
will be submitted on April 15 of each year. 

NORMAL AGENCY MANAGEMENT 

NOAA/NMFS has statutory stewardship for most living marine resources; however, if the oil 
spill had not occurred, NOAA would not be conducting this project. NOAA/NMFS proposes to 
make a significant contribution (as stated in the proposed budget) to the operation of this project, 
making it truly cooperative. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

We are cooperating closely with Youth Area Watch (99210), which is providing us with samples 
and to whom we are providing training and educational materials. Data and results will be 
shared with other projects, especially with Sound Ecosystem Assessment (SEA 99320), Alaska 
Predator Ecosystem Experiment (APEX 99163) and related seabird projects as restoration studies 
mature and the ability to integrate results becomes more possible. 

EXPLANATION OF CHANGES IN CONTINIDNG PROJECTS 

Biweekly collection of mussel samples will be reduced to monthly collections during spring. 
The reason for biweekly collections during prior years was to evaluate differences in the timing 
of the pristane increase in mussels during spring among years. The variability observed in the 
results from prior years now indicate that the sampling effort required to accomplish this 
objective would be prohibitive. Consequently, the number of sampling periods during spring and 
summer will be reduced from 9 to 6, which will still be adequate to compare differences in 
pristane accumulation by mussels among sites within years, and differences across sites among 
years. The reduced number of sampling periods allows a substantial reduction of program costs. 

Additional sampling of mussels from 12 selected sites during late fall and early winter is 
proposed to further investigate the source of the winter pristane signal first observed in mussels 
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in 1997. This effort will absorb most of the savings produced by the reduction of sampling 
during spring, but may be limited to FY99, depending on results. 

PROPOSED PRINCIPAL INVESTIGATOR 

Jeffrey W. Short 
Auke Bay Laboratory, Alaska Fisheries Science Center 
National Marine Fisheries Service, NOAA 
11305 Glacier Highway, Juneau, Alaska 99801-8626 
Phone: (907) 789-6065 
FAX: (907) 789-6094 
e-mail: jeff.short@noaa.go 

PRINCIPAL INVESTIGATOR 

Jeffrey W. Short 

Education: 
BS, 1972, University of California, Riverside (Biochemistry & Philosophy) 
MS, 1982, University of California, Santa Cruz (Physical Chemistry) 

Relevant Experience: 
1989- Present: Established and managed the hydrocarbon analysis facility at ABL to analyze 
hydrocarbon samples generated by the Exxon Valdez NRDA effort (about 20% of these samples 
were analyzed at ABL). 
1989 - 1992: Principal Investigator, Exxon Valdez project Air/Water #3: Determination of 
petroleum hydrocarbons in seawater by direct chemical analysis and through the use of caged 
mussels deployed along the path of the oil spill. 
1991- 1996: Principal Investigator, Exxon Valdez project Subtidal #8: Development of 
computer-based statistical methods for global examination of sediment and mussel hydrocarbon 
data produced for the Exxon Valdez NRDA effort for systematic bias, and for identification of 
probable sources of hydrocarbons. In addition, this project produced both hard-copy and 
computer display maps of all the sediment and mussel hydrocarbon data. 
1994- 1995: Initiated data analysis and pilot projects that established the role ofpristane in 
Prince William Sound. 
1996-1997 Principal Investigator 96195 and 97195 

OTHER KEY PERSONNEL 

Patricia M. Harris 

Education: University of Alaska Fairbanks; B.S. Biological Science 1966 
Graduate work at U of A Fairbanks, U of A Southeast, University of British 
Columbia 

Relevant Experience: 
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1989-1992: Co-principal investigator of NRDA study Subtidal 3, was responsible for field 
logistics and sample collection and assisted in data analysis and report preparation; also assisted 
other NRDA projects in field collections. 
1992 -1996: participated in study design, field work, proposal preparation, data analysis, and 
report preparation for mussel bed monitoring and restoration (R103-96090). 
1994-1997 Participated in logistic planning, sampling, and community involvement coordination 
for the pilot pristane project ,96195, and 97195. 

Relevant publications: Co-author of final reports for NRDA study Subtidal 3 and several 
publications pertaining to distribution of Exxon Valdez oil in mussels and underlying sediments. 
Several public presentations of oil-related scientific research. 

Responsibilities: Coordinate sample collection logistics and collect mussel samples; data 
analysis; report and proposal preparation; and preparation of science educational materials, 
posters, and reports. 
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..: ... n""r"'' Administration 
Project Total 

Full-time Equivalents (FTE) 

Resources 
Comments: 

1999 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

Proposed 
FFY 1999 

NOM contribution towards this project: 

Habitat Program Manager, S. Rice, 1mo.@ $11.3K 
Senior Research Chemist, Principal Investigator, J. Short, 2 mo. @ $16.8 K, Zoologist P. Harris 2 mo. @9.6K,Senior Analytical Chemist M. 
Larsen .5 mo @3.0 for a total NOAA contribution of 40.7K 

Project Number: 99195 
Project Title: Pristane Monitoring in Mussels 

1999 Agency: National Oceanic and Atmospheric Administration 

1 of4 

FORM 3A 
TRUSTEE 
AGENCY 

SUMMARY 
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1999 EXXON VALDEZ COUNCIL PROJECT BUDGET 

Research Chemist 
Research Chemist 
Research Chemist 

ova & PWS to collect mussels. 9 trips 
Alaska Airlines & food & lodging 

air charter (30 days flying averaging $1 Klday) 

October 1, 1998- September 30, 1999 

0.4 

1.0 

1999 
Project Number: 99195 · 
Project Title: Pristane Monitoring in Mussels 

9 

30 

Agency: National Oceanic and Atmospheric Administration 

2 of4 

Overtime 

0.2 

14.7 
6.1 

14.7 
8.4 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.0 
0.0 
0.0 
9.6 
0.0 

30.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 
DETAIL 
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1999 EXXON V COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

Contractual Costs: Proposed 
Description FFY 1999 

Transportation of samples 0.3 

NOAA considers air charters as travel costs & are listed under Travel 

~ 

When a non-trustee organization is used, the form 4A is required. Contractual Total $0.3 
ICommoaltaes costs: 1-'roposed 
Description FFY 1999 

Chemicals, solvents for pristane analyses 1.5 
Chemistry lab supplies (consummaables, glassware, equipment repairs) 1.5 
Collecting gear and supplies (coolers, blue ice, plastic bags, film, etc.) 1.0 
Project informational brochures for the public 0.3 

Commodities Total $4.3 

1999 
FORM 38 

Project Number: 99195 Contractual & 
Project Title: Pristane Monitoring in Mussels Commodities 
Agency: National Oceanic and Atmospheric Administration DETAIL 
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1999 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

New Equipment Purchases: Number Unit Proposed 
Description of Units Price FFY 1999 

I 0.0 
none 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total $0.0 
Existing Equipment Usage: Number Inventory 
Description of Units Agen~ 

earners 1 NOAA 
computer, NEC monitor 1 NOAA 
printer 1 NOAA 
color printer 1 NOAA 
VHS Radio 1 NOAA 
GPS unit 1 NOAA 
freezer 1 NOAA 
GC/MS 

1999 Project Number: 99195 FORM 38 

Project Title: Pristane Monitoring in Mussels Equipment 

Agency: National Oceanic and Atmospheric Administration DETAIL 

4 of4 Prepared:4/1 0/98 



99196 \ 



.. 

Genetic Structure of Prince William Sound Pink Salmon 

Project Number: 99196 

Restoration Category: Research and Monitoring 

Proposer: Alaska Department of Fish and Game 

Lead Trustee Agency: Alaska Department of Fish and Game 

Cooperating Agencies: None 

Alaska SeaLife Center: No 

Duration: 6th year, 6-year project 

CostFY 99: $50,000 

Cost FY 00: $0 

Geographic Area: Prince William Sound 

Injured Resource/Service: Pink Salmon 

ABSTRACT 

[gi~©~Uo/1~[0) 
APR 1 5 1998 

EXXON VALDEZ OIL SPILL 
TRUSTEE COUNCIL 

Previous workers found that wild-stock pink salmon suffered both direct lethal and sublethal injuries as 
a result of the Exxon Valdez oil spill. An understanding of the population structure of pink salmon in 
Prince William Sound is essential to assess the impact of these injuries on a population basis and to 
devise and implement management strategies for sustained conservation. Results to date from this study 
suggest gene flow between pink salmon spawning aggregates can be restricted both spatially (regional 
and upstream-tidal) and temporally (early-late) within the Sound. This proposal increment covers the 
laboratory standardization of alleles, the statistical analysis of allozyme and mtDNA data for all 
combined collections, and the final report. 
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INTRODUCTION 

This is the close-out year of a six-year project to delineate the genetic structure of populations ofwild 
pink salmon (Oncorhynchus gorbuscha) inhabiting Prince William Sound (PWS). We are testing for 
both temporal and geographical structuring among even- and odd-year races by examining genetic 
differences between early- and late-season spawners, upstream and tidal spawners, and among stream of 
spawning. This knowledge of genetic structure will be used in order to: 

A. Correctly interpret and apply the findings obtained from the proposed ecosystem analyses 
(98320) on a population basis. 

B. Provide genetic information needed for risk assessment and genetic monitoring of 
supplementation programs (e.g., proposed as a result of Trustee Council Projects R1 05, 95320 A­
P, 95093, 9X320, private-nonprofit aquaculture in PWS) to guide population-specific restoration 
and enhancement. 

C. Better direct harvest management decisions made for conservation purposes on a population­
specific rather than species-specific basis. Our goal is to provide the basis for key management 
decisions by defining the genetic structure of representative populations from throughout PWS, 
measuring both within- and between-population diversity. 

We examined spawning aggregates from the even- and the odd-year broodlines each for two years. Two 
of analysis were needed in order to confinfi stability of population structure across years. 

To date the Trustee Council has funded sampling of 56 even- and 62 odd-year collections of 100 fish 
each for genetic analyses (Tables 1a and 1b). A comprehensive suite ofboth nuclear (allozyme) and 
mitochondrial (mtDNA) markers was screened. Results from the 1994 collections show significant 
differences between upstream and tidal spawning aggregates within two of the five streams tested; we 
also observed significant differences between southwest-Sound and east-Sound collections. In 1996 
collections, we focused on early-late and upstream-tidal comparisons. Preliminary allozyme results 
show significant restriction to gene flow among streams and restriction to gene flow between early and 
late collections in one of the five streams tested. We detected no restrictions to gene flow between tidal 
and upstream collections in the six streams tested. For odd-year broodlines, the analyses for 1995 
samples focused on early-late and tidal-upstream comparisons. Results using allozyme data from these 
samples indicated that there are stream-to-stream differences and temporal (early-late) differences within 
two of the three streams examined, but we did not detect any upstream-tidal differences. The mtDNA 
data also showed stream-to-stream differences but did not suggest differences between early and late or 
upstream and tidal collections. In 1997, we focused on increasing our geographic coverage of the Sound 
and on sampling farther upstream than in 1995 for the upstream collections. For FY99, we will analyze 
data and write the final report that will include results from the 1997 collections in addition to 
summarization of results from all collections. This summarization will include investigation of temporal 
stability within even-year and odd-year collections and comparisons between even-year and odd-year 
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population structure. Allele standardization between laboratories will be key for making these 

NEED FOR THE PROJECT 

A. Statement of Problem 

Historically, wild stocks produced approximately five-hundred-million pink salmon fry which emerged 
from streams throughout PWS each year to migrate seaward. Adult returns of wild pink salmon 
averaged from 10 to 15 million fish annually. Unlike returns of adult hatchery fish, these returning wild- -
stock adults play a critical role in the total PWS ecosystem: they convey essential nutrients and minerals 
from the marine ecosystem to estuaries, freshwater streams, and terrestrial ecosystems. Both juveniles 
and adults are important sources of food for many fishes, birds, and mammals. Wild pink salmon also 
play a major role in the economy ofPWS because of their contribution to commercial, sport, and 
subsistence fisheries in the area. 

Wild-stock pink salmon suffered both direct lethal and sublethal injuries as a result of the Exxon Valdez 
oil spill (EVOS). Pink salmon embryos and alevins suffered increased mortality, diminished growth, 
and a high incidence of somatic cellular abnormalities as a result of spawning ground contamination and 
rearing in oiled areas. Elevated mortality of embryos in the oiled streams has continued through 1993, 
three generations after the oiling, suggesting that genetic damage may have occurred (Craig et al. 1996). 
In controlled incubation experiments, oiled substrate resulted in increased mortality of pink salmon to 
the eyed stage (Marty et al. 1997). Also, in 1989 the commercial harvest of pink salmon had to be 
shifted away from the hatchery and wild stocks in the oiled areas to target only the wild stocks in eastern 
PWS. rru.s resulted in over-harvest and depletion of these stocks evidenced by general run failures of 
eastern PWS stocks of non-hatchery origin in 1991. 

PWS is also the center of one of the State of Alaska's largest aquacultural industries. Alaska Department 
ofFish and Game (ADFG) has been grappling with management of the wild stocks in the face of 
complicated hatchery/wild-stock interactions for nearly a decade. The EVOS-related damages to wild 
stocks, coupled with full-scale hatchery egg takes, have exacerbated wild-stock management concerns. 
The commercial fishing industry and the two aquaculture associations are facing serious financial 
challenges due to the alterations in management imposed as a result of declines in abundance of wild 
pink salmon. 

B. Rationale/Link to Restoration 

It is essential to manage and restore the damaged pink salmon resources on a population basis in order to 
conserve between-population diversity. While "stock" is used by biologists as a convenient term 
designating fish that spawn at a certain time at a certain place, stocks may not be genetically distinct 
from each other; also, a stock may be composed of multiple genetically divergent groups. "Population" 
describes genetically distinct groups of fish, which are the building blocks of species. Gene flow is 

Prepared 4/10/98 Project 99196 
3 



restricted between populations (thus carbon flow is restricted--see related proposals in Trustee Council 
10ro1ect 99320), and this resulting between-population diversity is responsible for many aspects of the 
fitness of the species. In the case of commercially-harvested species like pink salmon, fitness is defined 
to include the peak productivity and long-term sustainability. Between-population diversity provides 
optimal production for species inhabiting diverse ecosystems such as PWS; highly diverse population 
mixes also provide a biological buffer to environmental change (droughts, floods, major earthquakes, 
and other routine events that occur in Alaskan ecosystems). 

Understanding genetic structure of the wild stocks inhabiting PWS is critical to their management and 
conservation. For example, managing on too fine a scale may adversely affect the fishing industry and 
waste management resources, while managing on too large a scale may result in loss of genetic 
adaptations and diversity in the wild pink salmon populations within PWS. Knowledge gained through 
this project is needed to correctly interpret and apply the findings obtained from the proposed ecosystem 
analyses on a population basis, more properly defme the population-level nature of the damage 
documented in previous study ofEVOS-damaged pink salmon, and otherwise guide the decision-making 
process in the management-oriented restoration of the EVOS-damaged pink salmon populations. The 
same knowledge of population structure will be used for genetic monitoring and risk assessment 
required to evaluate any supplemental restoration programs. This monitoring and risk assessment is 
analogous to the process currently being conducted to evaluate supplemental restoration of damaged 
populations on the Columbia River by the Northwest Power Planning Council (Waples et al. 1991). 

Even- and odd-year classes have independent population structures because of the rigid two-year life 
of pink salmon. For example, climactic, tectonic or other such events (such as the 1964 

earthquake or the 1989 oil spill) may affect the population structure of the either odd or even year 
classes while leaving the alternate year-class relatively unchanged. Therefore, we are examining the 
population structure of both even- and odd-year classes. 

C. Location 

The field portion of this project was conducted in PWS (based out of Cordova, Alaska); the allozyme 
and the mtDNA analysis, experimental matings and fish culture, and data analyses will be completed in 
Anchorage, Alaska. 

COMMUNITY INVOLVEMENT AND TRADITIONAL ECOLOGICAL KNOWLEDGE 

This project also had strong support from the Prince William Sound Aquaculture Corporation and the 
Cordova fishing community when it was first drafted in 1991. Wherever possible, local-hire was used to 
fill field positions required for sampling or for routine laboratory positions. People from the 
communities in PWS have and will continue to have an opportunity to participate in this proje~t as 
employees of the ADFG, which gives local residents priority in hiring for state employment. Local 
knowledge from years of pink salmon fishery management was used in defining the hypotheses for 
testing for genetic homogeneity. For example, bimodal distribution in run timing observed in pink 
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salmon nms in some streams within PWS lead us to include temporal genetic isolation as on of the 
hypotheses to be tested. Results from this study have been and will continue to be disseminated to the 
local community through Regional Planing Team meetings. 

PROJECT DESIGN 

A. Objectives 

Our objective is to test the null hypothesis of panmixia among of pink salmon collections in the 
EVOS-affected area ofPWS. Our specific objectives are to test the following: 

1. there are no genetic differences between upstream and intertidal pink salmon spawners within the 
same streams. 

2. there are no genetic differences between pink salmon spawners from different streams within 
PWS. 

3. there are no genetic differences between pink salmon spawners from different regions within 
PWS. 

4. there are no genetic differences between pink salmon spawners with different nm timings within 
the same streams. 

5. there are no genetic differences between odd- and even-year pink salmon spawners. 

6. inheritance of putative allozyme alleles and loci follows Mendelian ratios. 

7. there are no genetic differences between pink salmon spawners sampled from the same stream, 
nm timing, elevation, and year class, but in different years. 

Hypotheses 1, 2, and 3 were tested for even-year pink salmon and reported in Restoration Project 95196 
annual report. Hypotheses 1, 2, and 4 were tested for odd-year pink salmon and reported in Restoration 
Project 96196 annual report. Replicate tests of hypotheses 1 and 2, and tests of hypotheses 4 and 6 for 
even-year pink salmon will be reported in Restoration Project 97196 annual report. The final report will 
include replicate tests of hypotheses 1, 2, and 4 with another odd-year pink salmon data set and tests of 
hypotheses 3 and 6 for odd-year pink salmon. In addition, this report will include testing of hypotheses 
5 and 7. 

B. Methods 

1. Field Sampling - this portion of project is complete, no further field sampling is planned. 
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Physiography of Prince William Sound 

Tissues for baseline genetic data were collected from up to 100 individuals from each of at least 
4 7 spawning aggregations of each year class. Sampling was based on the physiography of PWS 
and included areas uplifted and areas unaffected by the 1964 earthquake (Figure 1 ). Sampling 
locations incorporated a broad geographical distribution within the Sound (Table 1) including 
three hatcheries (Solomon Gulch, Cannery Creek and Armin F. Koernig) and 34 wild-stock 
streams. 

The overall sampling design was guided by needs outlined in numerous meetings with 
ADFG fisheries managers and regional management biologists. Sampling was done to 
include at least one collection from each of the five major management districts 
designated for pink salmon (Southeast, East, North, Southwest, Montague; Figure 2). 

Sampling was designed to include both early and late stocks and inter-tidal and 
upstream-spawning stocks. Because abundance of pink salmon varies annually, selection of 
spawning aggregations were determined by field personnel who were instructed to sample 
streams that maximize the ability to investigate temporal (between years and within years) and 
spatial (between streams and within streams) comparisons. Tissue samples from heart, liver, 
muscle, and vitreous humor from each individual were immediately frozen on liquid nitrogen and 
stored in Anchorage at -80°C. 

2. Laboratory Analysis 

Allozymes 

Genetic data were collected using the techniques of allozyme electrophoresis on all samples 
(Utter et al. 1987; Seeb et al. 1987) as described in DPD 98196. The 1994 and 1995 samples 
were analyzed by Washington Department ofFish and Wildlife (WDFW). The 1996 and 1997 
samples were analyzed in our laboratory using similar methods. Standardization of alleles 
between the two laboratories will be performed by running standards for each allele from both 
laboratories side by side. If alleles with similar mobilities are distinguishable, individuals scored 
for either of these alleles will be run on line-up gels. If alleles are not consistently 
distinguishable, they will be pooled for analysis. 

Mitochondrial DNA 

Six enzymes (Apal, BstU I, EcoR V, Hinf I, Rsa I, Xbal) that detected polymorphisms in the 
ND5/6 region were then used to screen a target sample size of 40 individuals per collections. 
Methods for laboratory anaryses are in DPD 981 ~6. 

Statistical Analyses 
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(a) Within year-classes 

S-P LUS analytical software (Mathsoft, Inc., Seattle WA) will be used to calculate allele 
frequency estimates, to test for conformation of genotype frequencies to Hardy-Weinberg 
expected frequencies using log-likelihood ratios, and to calculate Nei's (1978) genetic distance 
and Cavalli-Sforza and Edwards (1967) genetic distance. This application will also be used to 
perform hierarchical analyses using log-likelihood (modified from Weir 1990) to determine 
whether significant population substructuring exists within each year-class (even-year or odd­
year) among PWS pink salmon based on differences between upstream and intertidal spawning 
locations, early and late runs, and geographic location of spawning. We will use Monte Carlo 
techniques within Arlequin genetic data analysis software (University of Geneva, Geneva, 
Switzerland) to test for temporal stability within a year-class, i.e., we will look for between-year 
differences (1994-1996 and 1995-1997), while accounting for elevation and timing. The above 
analyses will be applied to both allozyme and mtDNA data sets where appropriate. Sequential 
Bonferroni corrections (Rice 1989) will be used to adjust significance levels. 

Multi-dimensional scaling (MDS, Lessa 1990) will be performed using Cavalli-Sforza and 
Edwards ( 1967) genetic distances. MDS is an ordination technique that plots genetic 
relationships in two dimensions so that the plotted distances between collections closely match 
the observed distances in multidimensional space. This technique provides a means to confirm 
expected structure and uncover unexpected structure by providing insight into structural 
demarcations. All calculations will be performed using functions inS-PLUS. 

Since genes which are encoded by the mitochondrial genome are inherited as a single unit (i.e., 
analogous to linked loci), the restriction sites 'detected for each enzyme, for all regions examined, 
will be pooled as composite haplotypes. The frequencies and distributions of these composite 
haplotypes will then be used to examine the structure of salmon populations. Nucleotide (n) and 
haplotype (h) diversity measures (Nei 1987) will be calculated for all collections using the 
restriction enzyme analysis package (REAP; McElroy et al. 1992). These measures estimate the 
number of nucleotide substitutions per site between DNA sequences (i.e., sequence divergence) 
and the amount of DNA polymorphism within collections, respectively. 

(b) Between year-classes 

We will make a descriptive comparison of between year-class differences. For example, we will 
test to determine whether patterns of population structure and partitioning of diversity within 
these patterns are consistent between even- and odd-year classes. We will also examine levels of 
genetic diversity within the even- and odd-year classes and test whether there is a significant 
difference between year-classes. 

3. Application to Management 
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Applying these data to the management of Prince William Sound requires the recognition that 
diversity must be conserved both within and among populations of pink salmon. The most 
conservative approach would be to base management on each local spawning aggregation, but 
our ability to manage on such a fine scale is often limited. Therefore recognition of the patterns 
of diversity and the relative amount of diversity distributed at various hierarchical levels is often 
necessary to devise management strategies that can be implemented. 

Our results can be and have been incorporated into the management of pink salmon within PWS 
to conserve some of the heterogeneity we have uncovered. Managers ofthe'resource are eager to 
use information on population structure in guiding their management strategies (James Brady, 
Regional Manager, ADF&G Anchorage, pers. comm.). For example, these data provided 
managers with the evidence to discard the hypothesis that pink salmon in PWS are a single 
interbreeding population as has been suggested by hatchery operators. Based on our data, this 
fishery would best be managed on as fine a scale as possible. Given the financial constraints on 
the Department, our study upholds their current management strategy of trying to meet 
escapement goals throughout the season assessed on a region-by-region basis. It also validates 
concerns managers have regarding specific pink salmon runs within the Sound. For example, 
managers are concerned about pink salmon returns to the small Coghill district in Northwestern 
PWS where fisheries targeting hatchery returns to Ester Hatchery are suspected of intercepting 
wild fish bound for the Coghill district. 

In addition to fishery management actions, these data also have application in the assessment of 
fish transport permits. For example, these data can be used to support recommendations on fish 
transport requests such as changing hatchery broodstocks, transplanting stocks within the Sound, 
or supplementing streams. 
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Table 1a. Even-year pink salmon collected from Prince William Sound in 1994 and 1996. Map 
IUULUU'-'J." refer to Figure 1. In the run column; E, C, and L correspond to collections made early, center, 
and late relative to the historical run curves derived from aerial surveys for each creek. All fish were 
screened for allozyme variation. Forty fish from each collection were screened for mtDNA variation. 

Sample Map Location name Elevation Region Run Sample N 
# # Date 

1 1 Rocky Creek Tidal Montague c 8/28/94 100 

2a 2 Cabin Creek Tidal Montague E 8/11/96 52 

2b Tidal Montague L 9/4/96 48 

3 3 Hanning Creek Tidal Montague L 9/4/96 100 

4 5 Armin F. Koemig Hatchery Southwest L 9/08/94 100 

5 6 Halverson Creek Tidal Southwest c 8/23/94 100 

6 7 Countess Creek Tidal Southwest c 8/23/94 100 

7 8 Snug Creek Tidal Southwest c 8/23/94 100 

8 9 Cathead Creek Tidal Southwest c 8/22/94 99 

9 10 Herring Creek Tidal Southwest c 8/22/94 100 

10 11 Chenega Creek Tidal Southwest c 8/22/94 100 

11 12 Totemoff Creek Tidal Southwest c 8/22/94 100 

12 13 Erb Creek - Tidal Southwest c 8/24/94 100 

13 14 Mink Creek Tidal North c 8/24/94 100 

14 Upstream North c 8/24/94 100 

15 Tidal North E 7/31/96 100 

16 North L 9/6/96 100 

17 Upstream North E 7/31/96 100 

18 North L 9/6/96 100 

19 15 Paulson Creek Tidal North L 9/7/96 100 

20 Upstream North L 9/8/96 100 

21 16 Swanson Creek Tidal North E 8/06/94 100 

22 17 Meachum Creek Tidal North E 8/1/96 100 

23 North L 9/7//96 100 

24 Upstream North E 8/2/96 100 

25 North L 9/7/96 100 

26 18 Coghill River Tidal North c 8/24/94 100 

27 19 Jonah Creek Tidal North c 8/23/94 96 

28 20 Long Creek Tidal North c 8/13/94 70 

29 21 Siwash Creek Upstream East L 8/17/94 100 
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Table la. continued 
Sample Map Location name Elevation Region Run Sample N 

# # Date 

30 22 Solomon Gulch Hatchery East L 8/12/94 100 

31 East L 8/14/96 100 

32 23 Indian Creek Tidal East c 8/16/94 100 

33 24 Duck River Tidal East E/C 8/16/94 100 

34 25 Millard Creek Tidal East c 8/16/94 100 

35 26 Lagoon Creek Tidal East E/C 8/14/94 100 

36 Upstream East E/C 8/14/94 99 

37 27 Olsen Creek Tidal East c 8/17/94 100 

38 Upstream East c 8/17/94 100 

39 28 Koppen Creek Tidal East c 8/15/94 100 

40 Upstream East c 8/13/94 100 

41 Tidal East E 8/7/96 100 

42 East L 9/9/96 100 

43 Upstream East E 8/7/96 100 

44 East L 9/9/96 100 

45 29 Humpback Creek Tidal East L 8/13/94 100 

46 - 30 Hartney Creek Tidal East c 8/12/94 100 

47 31 Bernard Creek Tidal Southeast E 8/9/96 100 

48 Upstream Southeast E 8/9/96 100 

49 32 Canoe Creek Tidal Southwest c 8/15/94 100 

50 33 Makaka Creek Upstream Southeast E 8/11/96 100 

51 34 Constantine Creek Tidal Southeast c 8/18/94 92 

52 Upstream Southeast c 8/18/94 100 

53 Tidal Southeast E 8/8/96 100 

54 Southeast L 9/11/96 100 

55 Upstream Southeast E 8/8/96 100 

56 Southeast L 9/10/96 100 
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Table lb. Odd-year pink salmon collected from Prince William Sound in 1995 and 1997. Map numbers 
to Figure 1. In the run column; E, C, and L correspond to collections made early, center, and late 

relative to the historical run curves derived from aerial surveys for each creek. All fish were screened 
for allozyme variation. Forty fish from each collection were screened for mtDNA variation. 

Sample Map Location name Elevation Region Run Sample N 
# # Date 

57 1 Rocky Creek Tidal Montague c 8/23/95 100 
58 Upstream Montague c 8/23/95 100 
59 Montague L 9/11/97 100 
60 2 Cabin Creek Tidal Montague E 8/15/97 100 
61 4 McCleod Creek Tidal Montague L 9/11/97 100 
62 8 Snug Creek Upstream Southwest E 8/15/97 100 
63 12 Totemoff Creek Tidal Southwest E 8/14/97 100 
64 13 Erb Creek Tidal Southwest E 7/25/95 100 
65 Southwest L 8/25/95 100 
66 Upstream Southwest E 7/25/95 100 
67 Southwest L 8/25/95 100 
68 14 Mink Creek Tidal North E 8/10/95 100 
69 North L 9/6/95 100 
70 Upstream North E 8/10/95 100 
71 North E 9/4/95 100 
72 15 Paulson Creek Tidal North E 8/13/97 100 
73 Upstream North E 8/13/97 100 
74 16 Swanson Creek Tidal North E 7/26/95 100 
75 North L 8/26/95 100 
76 North E 8/12/97 100 
78 North L 9/4/97 100 
79 Upstream North E 8/12/97 100 
80 North L 9/4/97 100 
81 18 Coghill River Tidal North c 8/9/97 100 
82 20 Long Creek Tidal North c 8/15/95 100 
83 26 Lagoon Creek Tidal East E 7/27/95 100 
84 East L 8/27/95 100 
85 Upstream East E 7/27/95 100 
86 East L 8/27/95 100 
87 East E 7/22/97 100 
88 27 Olsen Creek Tidal East E 7/28/95 100 
89 East L 8/28/95 100 
90 East E 7/21/97 100 
91 East L 9/10/97 !00 
92 Upstream East E 7/28/95 100 
93 East L 8/28/95 100 
94 East E 7/21197 100 
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Table 1 b. continued 
Sample Map Location name Elevation Region Run Sample N 

# # Date 

95 27 Olsen Creek Upstream East L 9/10/97 100 
96 28 Koppen Creek Tidal East E 7/24/95 100 
97 East L 9/4/95 100 
98 Upstream East E 7/24/95 100 
99 East L 9/4/95 100 
100 31 Bernard Creek Tidal Southeast c 8/8/97 100 
110 32 Canoe Creek Upstream Southeast c 8/8/97 100 
111 34 Constantine Creek Tidal Southeast E 8/1/95 100 
112 Southeast L 9/1/95 100 
113 Southeast E 8/1197 100 
114 Southeast L 9/12/97 100 
115 Upstream Southeast E 8/1/95 100 
116 Southeast L 9/1/95 100 
117 Southeast E 7/23/97 100 
118 Southeast .L 9/12/97 100 
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1. Isobase of vertical shift (in feet) resulting 
Alaska. 
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1964 earthquake for Prince William Sound, 
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Locations and biological regions within Prince Will und, Alaska where pink salmon were sampled in 
95, 1996 and 1997 for genetic analysis of stock stru . Biological regions were based on management 

districts in Prince William Sound, AK. In this study, four of the smaller districts were incorporated into the five major 
districts (Southeast, East, North, Southwest, Montague). Three of these (Unakwik, Coghill, and Eshamy) were 
originally delineated for sockeye salmon management and will be combined into the North (Unakwik and Coghill) and 
Southwest (Eshamy) districts for this study. The Northwest district, a small region originally delineated for chum 
salmon and pink salmon management, will be combined into the North district for this study because of it's small size, 
geographic location, and run timing similarities of pink salmon inhabiting these two districts. 
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4 McCleod Cr. 
5 A.FK Hatchery 
6 Halverson Cr. 
7 Countess Cr. 
8 Snug Harbor Cr. 
9 Cathead Ck. 

1 0 Herring Ck. 
. 11 Chenega Cr. 

12 Totemoff Cr. 

16 Swanson Cr. 
17 Meachum Cr. 
18 Coghill R. 
19 Jonah Cr. 
20 Long Cr. 
21 Siwash Cr. 
22 S.G. Hatchery 
23 Indian Cr. 
24 Duck R. 
25 Millard Cr. 
26 Lagoon Cr. 
27 Olsen Cr. 
28 Koppen Cr. 
29 Humpback Cr. 
30 Hartney Cr. 
31 Bernard Cr. 
32 Canoe Cr. 
33 Makaka Cr. 
34 Constantine Cr. 
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C. Cooperating Agencies, Contracts and Other Agency Assistance 

No cooperating agencies, contracts or other agency assistance is included in this poject. 

SCHEDULE 

A. Measurable Project Tasks for FY 99 (October 1, 1998 - September 30, 1999) 

Oct. 1998: Present even-year pink salmon results at the Western Division 
AFS. 
Oct. 1998- Dec. 1998: Standardize allozyme alleles across laboratories. 

Statistically analyze all collections Jan. 1999 Feb. 1999: 
Jan. 1999: Attend the Annual Restoration Workshop 
Oct 1998 - April 1999: Write-up 1997 results and a synthesis of all collections (1994 

1997) and matings (1994 and 1995) in a report that will 
serve as both the FY97 and final report. 

July- Sept. 1999: Incorporate comments and concerns from reviewers into report and 
prepare manuscripts for journal submission. 

B. Project Milestones and Endpoints 

Feb. 28, 1999: 
April15, 1999: 

Sept. 30, 1999: 

C. Completion Date 

Complete statistical analysis of all collections. 
Submit first draft ofFY97/final report with complete evaluation of 

population structure for 1994-1997 collections. 
Submit revised final report (all objectives complete). 

All pr()j~ct objectives will be met in FY 99. 

PUBLICATIONS AND REPORTS 

April15, 1999: 
Sept. 30, 1999: 

Final project report, which will also serve as the annual report for FY 97. 
Manuscript of results from this project submitted to journal. 

Manuscripts funded by this project: 

Seeb, J. E. C. Habicht, J. B. Olsen, and L. W. Seeb. 1998. An overview of gene detection 
methods used to study population variation in salmonids. Assessment and Status of 
Pacific Rim Salmonid Stocks. North Pacific Anadromous Fish Commission Bulletin. 
1:300-318. 
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Seeb, J. E, C. Habicht, J. B. Shaklee, and L. W. Seeb. Allozymes and mtDNA describe 
population structure of even-year pink salmon (Oncorhynchus gorbuscha) affected by the 
Exxon Valdez oil spill in Prince William Sound. In ADFG internal review. 

Habicht, C., S. Sharr, and J. E. See b. Coded wire tag placement affects homing ability of pink 
salmon. Transactions of the American Fisheries Society. Accepted and in press. 

Fetzner J. W., L. W. Seeb, and J. E. See b. Discrimination of even-and odd-year pink salmon 
(Oncorhynchus gorbuscha) populations from Alaska using restriction site variation from 
the mitochondrial ND5/6 genes. Submitted to Molecular Ecology. 

Olsen, J. B., J. K. Wenburg, and P. Bentzen. 1996. Semiautomated multilocus genotyping of 
Pacific salmon (Oncorhynchus spp.) using microsatellites. Molecular Marine Biology 
and Biotechnology. 5:259-272. 

Olsen, J. B., L. W. Seeb, P. Bentzen, and J. E. Seeb. Genetic interpretation of broad-scale 
microsatellite polymorphism in odd-year pink salmon. Transactions of the American 
Fisheries Society. Accepted and in press. 

Olsen, J.B., P. Bentzen, and J. E. Seeb. Characterization of seven microsatellite loci derived 
from pink salmon. Submitted to Molecular Ecology. 

PROFESSIONAL CONFERENCES 

AFS Western Division Meeting- Anchorage, AK- Sept 30- Oct.3 1998 -present paper on 
even-year pink salmon results through FY 98 from this project. 

NORMAL AGENCY MANAGEMENT 

The need for characterization of the genetic structure of pink salmon within the Sound has 
increased as a direct result of the EVOS. Western PWS stocks were directly impacted by the oil 
spill as discussed in Craig et al. (1996) and Miller et al. (1994). In addition, eastern PWS stocks 
were depleted following the spill as a result of a shift in harvest pressure from western to eastern 
stocks in 1989. In order to restore these damaged stocks, supplementation projects often are 
proposed to the Exxon Valdez Trustee Council. Understanding of stock structure is critical to 
assess potential genetic impacts such projects would have on wild pink salmon (Trustee Council 
Projects R105, 95320 A-P, 95093). Additionally, managing the harvest of pink salmon in areas 
where wild populations were damaged by the spill would be benefited by a better understanding 
of the stock structure because this understanding will provide managers with the appropriate 
scale for fisheries management. 
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Characterization of the genetic structure of pink salmon within PWS was not high enough on the 
Department's priority to have occurred before EVOS . However, once the data has been 
collected it will be useful to the Department for future management of pink salmon within PWS 
and the database will be maintained and updated by the Department after the project funding 
ends. 

The Department is demonstrating its commitment to this project by fully funding the project 
leaders: Christopher Habicht, James Seeb, and Lisa Seeb. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

Previous assessments of egg and fry survival in oiled and unoiled streams demonstrated 
detrimental effects ofEVOS on pink salmon (Natural Resources Damage Assessment 
Fish/Shellfish Study# 2 Injury to Salmon Eggs and Preemergent Fry and EVOS Trustee Council 
Projects R60C, 93003, and 94191 Oil Related Egg and Alevin Mortalities). The heritable, genetic 
nature of the damage was revealed in matings performed as a part of Project 93003. In response 
to those findings, coded-wire tag recoveries from pink salmon in PWS (e.g., Natural Resources 
Damage Assessment Fish/Shellfish Study# 3 and Projects R60A and 93067) were used to reduce 
the fishing effort on Wild pink salmon "populations" through fisheries management. Yet the 
actual genetic structure of pink salmon populations in PWS remained unknown. 

Therefore, Trustee Council Project 99196 was designed to provide a genetic basis for the 
hatchery/wild-stock components of Project 99320 Prince William Sound Ecosystem Investigation 
and to provide the information essential for population-specific management through such 
projects as 94184 Coded-Wire-Tag Recoveries from Pink Salmon in Prince William Sound 
Fisheries and others that may be proposed as a consequence of 99320. 

EXPLANATION OF CHANGES IN CONTINUING PROJECTS 

This is the closeout year for this project. The reduced budget request for 99196, relative to 
previous years, will fund standardization of alleles, statistical analysis, and final report writing. 

PROPOSED PRINCIPAL INVESTIGATOR 
Christopher Habicht 
Alaska Department of Fish and Game 
333 Raspberry Road 
Anchorage, Alaska 99518 
907-267-2169 (Phone) 
907-349-2231 (Fax) 

Prepared 4/10/98 

17 

Project 99196 



chrish@fishgame.state.ak. us 

PRINCIPAL INVESTIGATOR 

Christopher Habicht, Fisheries Biologist II 
Commercial Fisheries Management and Development 
Alaska Department of Fish and Game 
Anchorage, Alaska 99518 (907) 267-2385 

PROJECT RESPONSIBILITIES: Laboratory analysis, data analysis, reporting. 

EDUCATION: 

B.S., 1986, Fisheries Science, Cornell University, Ithaca NY 
M.S., 1994, Zoology, Southern Illinois University, Carbondale IL 
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writing on genetic stock identification and population genetics of 
salmonids. Conducting laboratory evaluations of genetically altered 
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. ~- -

Conducted allozyme species identification, developed in vivo ova storage 
techniques, and optimized triploid induction and gynogenesis protocols for 
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1986-1989 Research Associate, Ohio State University 
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bioenergetics of esocids. 
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Youth Area Watch links students in the oil spill impacted area with research and 
monitoring projects funded through the Trustee Council. The goal is to involve students 
in the restoration process and give these individuals the skills to participate in oil spill 
restoration now and in the years to come. Youth conduct research identified by principal 
investigators who have indicated interest in working with students. Youth Area Watch 
instills long-term commitment to the goals set out in the restoration plan and is a positive 
community investment in that process. Participating communities include: Tatitlek, 
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Chenega Bay, Cordova, Seward, Valdez, Whittier and a remote site within the Chugach 
School District. 

INTRODUCTION 

Since the inception of Youth Area Watch, coordination between research and restoration 
projects and the communities affected by the oil spill continues to increase. Resulting 
from many factors, community involvement in the restoration process continues to grow 
and strengthen; Youth Area Watch is an example of this coordinated effort through the 
connection that students, the communities and researchers maintain. This relationship 
provides an environment where youth are encouraged to interpret the data collected and 
apply the information to the ecosystem. 

Students from the on· spill impacted communities are screened and selected for 
participation in Youth Area Watch at the beginning of each school year. Those showing 
an interest, academic ability and concern for the oil spill effects on local ecosystems are 
invited to represent their community as a student of the project. Students work with 
principal investigators of research projects and community facilitators, as well as 
independently to achieve the set project objectives. 

Four core research projects funded by the Trustee Council serve as the central link for all 
Youth Area Watch activities. Initial cooperating projects include pristane mussel analysis 
(99195), harbor seal management and biological sampling (99244F), surf scoter life 
history and ecology (99273) and oceanographic data collection in conjunction with the 
noted Trustee Council funded projects. These projects continue to work with Youth 
Area Watch, providing specific research activities for students to conduct and training 
protocol for those duties. According to protocol, students collect samples and data for 
the cooperating research and monitoring projects. The samples and data are compiled by 
a Youth Area Watch project coordinator located in Anchorage and sent on to the principal 
investigator of the respective projects. Information on the data collected is maintained by 
the project coordinator for project analysis conducted by the students during group 
project sessions. 

Yearly, students select a local restoration project to conduct. This year, students will 
begin by completing a planning process during the winter months. Students work with 
local Community Involvement coordinators to integrate, where possible their knowledge 
and expertise. 

Students will post project information on their web site for the public to view. This 
information will be updated throughout the project year. 
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NEED FOR THE PROJECT 

A. Statement of Problem 

Youth Area Watch, identified by the Trustee Council as a "general restoration" project, is 
committed to collecting the requisite samples and data for principal investigators of 
research projects to make informed decisions concerning the ecology of oil spill impacted 
areas. Research and restoration project PI's identify needed data collection within the oil 
spill impacted communities that in many instances can best be facilitated through local 
involvement of community residents. 

Given the finite resources available for project activities, cost containment is necessary. 
By working with local community youth, information can be collected at a minimal cost. 
In addition, a greater quantity of data from an increased number of sites throughout the 
year can be accomplished by Youth Area Watch project activities. 

As a part of the Memorandum of Agreement and Consent Decree approved by the U.S. 
District Court, "meaningful public participation in the injury and assessment and 
restoration process" is recognized as an important component of the restoration process. 
While there are a variety of instituted mechanisms for this involvement, Youth Area 
Watch offers positive examples of meaningful public participation expressed by the oil 
spill impacted communities through the involvement of community facilitators 
(Community Involvement \052A) and other community-based projects. The project 
continues to receive strong support both within the communities that it is conducted as 
well as among the principal investigators involved with the youth. 

B. Rationale/Link to Restoration 

Community-based participation in ecosystem restoration is supported by recent research. 
Graduate field ecology work conducted through SUNY, Stony Brook applied co­
management principles to revitalize the Oak Brush Plains Preserve of Long Island, New 
York (Block, p. 38). In this exercise, a local group familiar with the environment assisted 
in replanting and management efforts while the researcher actively participated in their 
experiential activities so that cooperative management strategies could best be achieved. 
This approach is supported by research techniques used in other ecological restoration 
projects such as fisheries (Pinkerton) and tropical rain forests (Allen). Furthermore, the 
link between Native cultures and environmental revitalization bas gained significant 
support as a mechanism for sustaining ecological practices within communities (Rogers­
Martinez). Given this research, appropriate extension is made to youth within the 
restoration region so that ''the issue of how people will inhabit, utilize and maintain the 
area in a manner that sustains its integrity" can be addressed (Block, p. 38). 
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Youth Area Watch is based on the commitment by principal investigators of research and 
restoration projects to involve students in their work. Participating projects are funded 
by the Trustee Council and have met the guidelines under the settlement. It is through the 
cooperating projects that Youth Area Watch holds an interest in the immediate restoration 
activities. 

As a long-term goal, project activities are expected to provide the foundation for long­
term commitment to restoration of the impacted area to pre-spill levels. Involvement of 
youth in research and monitoring activities is essential to developing local commitment to 
the restoration plan adopted by the Trustee Council. Cooperating PI's request precise 
and detailed sampling/data collection from the youth. Students, in turn, have increased 
their knowledge and participation through their connection to the projects. As a result, 
students are now stakeholders in the restoration process. 

C. Location 

While Youth Area Watch is administered through the Chugach School District's main 
office in Anchorage by project coordinators, project activities currently take place in the 
six participating communities, a remote site and in the oil spill impacted area. Local 
communities include Chenega Bay, Cordova, Seward, Tatitlek, Valdez and Whittier. 

The science teacher (site teacher) within each of the six communities oversees the day-to­
day activities pertaining to the project. Project coordinators travel to the local 
communities to facilitate in-class integration of project activities and off-shore research in 
specific locations of importance to the identified research projects. Local projects 
activities identified by each site occur at or near the community. In the case of the remote 
site, project coordinators and a principal investigator travels to the location to work one-
on-one with the student and provide periodic oversight. · 

COMMUNITY INVOLVEMENT AND TRADITIONAL ECOLOGICAL 
KNOWLEDGE 

One of the main goals of Youth Area Watch is to facilitate community involvement of the 
restoration process at a primary school age. It is through community interest and 
participation that the project has had a positive impact on students. As a result, 
communities continue to request participation in Youth Area Watch. 

Local oil spill impacted communities are involved and participate in Youth Area Watch. 
The local facilitators of Community Involvement (/052A) continue to work closely with 
students and the community Youth Area Watch activities to involve youth. Local 
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facilitators and parents of participating youth assist with various aspects of project 
activities such as serving as chaperones, providing traditional ecological knowledge and 
coordinating opportunities for youth to work with local projects. Through this 
cooperative effort, infonnation is exchanged between projects and across generations. 

As a component of the project scope, students at each site are asked to identify a local 
project that they will conduct. Through these local projects, students gain a greater 
understanding of what the research and restoration process means at the community level, 
as well as an interest in meaningful project outcomes. 

PROJECT DESIGN 

A. Objectives 

Selected students from the identified communities participate in research and restoration 
activities set out by Alaska Department ofFish and Game principal investigators, NOAA 
staff, University of Alaska, Fairbanks biologists and other project principal investigators 
working with Youth Area Watch. As part of an area watch project that works with 
existing research and restoration projects, students collect samples and data that is then 
provided to the respective projects. 

Youth Area Watch objectives include: 

1. Research project principal investigators interacting with students. 
2. Identifying all research and data collection activities. 
3. Updating memoranda of agreement with school districts. 
4. Completing site teacher orientation. 
5. Conducting school orientations for students on Youth Area Watch. 
6. Selecting students to participate in Youth Area Watch. 
7. Conducting site teacher training on project activity protocol. 
8. Completing the student project orientation and training. 
9. Conducting oceanographic data collection. 
10. Assisting local hunters/technicians collecting harbor seal biological samples. 
11. Conducting a local research/restoration project. · 
12. Maintaining a Youth Area Watch web site. 
13. Collecting blue mussels for pristane/mussel analysis. 
14. Conducting surf scotet monitoring. 
15. Facilitating project follow-up training for site teachers. 
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B. Methods 

The Chugach School District currently works with the Kenai Peninsula Borough School 
District, Cordova School District and Valdez School District through memoranda of 
agreement so that the communities of Chenega Bay, Cordova, Seward, Tatitlek, Valdez 
and Whittier may participate. School districts will operate under the existing agreements 
during the forth project year. 

Youth Area Watch project coordinators work with the principal Investigators of the 
cooperating projects to solidify project expectations. Protocol is established for 
sample/data analysis. In addition, principal investigators commit to working with the 
students for a period of time during the training and/or data collection stage. 

The Chugach School District developed an application and screening tool to select 
students for participation in the project. Up to 25 students will be selected from the 
communities to be a part of Youth Area Watch. While the distribution may vary 
according to the interest and ability of students that apply, it is expected that the 
distribution will be as follows: three students from Chenega Bay, four students from 
Cordova, eight students from Seward, four students from Tatitlek, four students from 
Valdez, one student from Whittier and one remote site student. 

Prior to the beginning of school in the fall, participating Youth Area Watch teachers at the 
local sites will come together for an orientation session facilitated by project coordinators. 
It is anticipated that site teachers will again receive protocol training directly from 
principal investigators. This training will occur at one community site and the training 
will be videotaped for future referral. 

Youth Area Watch relies on the participation of research projects, sites and program 
resources to successfully fulfill the project objectives. Throughout the project year, 
students travel to research vessels, specific project sites near their community and 
research labs in the process of project activity completion. In the past year, Youth Area 
Watch was able to coordinate with projects conducting research cruises and work 
cooperatively on task completion while sharing the costs of vessel hiring. In the FY98, 
Youth Area Watch coordinators assisted with the coordination of harbor seal protocol 
training. It is expected that this type of cooperative effort will continue in the present 
and coming years. 

Students will participate in the foirr core research projects as a group. This will consist of 
coming together as a group to work on collection protocol, as well as conducting activities 
for these projects in their community. In addition, students will participate in local 
projects that pertain to their geographic area; it is during the local project work that 
students receive a high degree of one-on-one interaction and involvement with principal 
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investigators and their research. 

Ongoing Youth Area Watch research and restoration projects include: 

1. Pristane/mussel analysis, Project Number 99195. Jeff Short and Pat Harris at the 
NOAA Auke Bay laboratory study the pristane levels in blue mussels. There are 
approximately thirty mussel collection sites in Prince William Sound. Students will 
continue to collect mussels twice a month at sites appropriate for collection according 
to set protocol. During the fall and winter months, students are responsible for 
overall mussel bed seasonal watch. Students will tag, identify mussel bed 
characteristics and predator/prey activities. 

2. Harbor seal management and biological sampling, Project Number 99244F. The 
project is conducted by Monica Reidel of the Alaska Native Harbor Seal Commission, 
in cooperation with Kate Wynne of the University of Alaska, Fairbanks. After they 
have participated in traditional ecological knowledge and protocol training, students 
will pair up with local technicians/hunters and assist with bio-sampling activities. 
Students collect different parts of the seal, including the skin, blubber, teeth and 
stomach. Adherence to sampling protocol is ensured by working directly with the 
local hunters. 

3. SurfScoter Life History and Ecology: Linking Satellite Technology with Traditional 
Knowledge to Conserve the Resource, Project Number 99273. The principal 
investigator is Dan Rosenberg. The project studies the population of surf scoters in 
Prince William Sound and the lower Cook Inlet. This local resource is one of 
particular importance to subsistence. Youth will assist in capturing and monitoring 
the scoters to define the breeding, molting and wintering areas. 

4. Observational Physical Oceanography in Prince William Sound. While the SEA 
project for which students collected data is closing out in FY99, the information will 
be collected in conjunction with the other projects; data will be sent to Pat Harris 
(/195) and Dan Rosenburg (1273). Project activities will include looking at the 
physical oceanography of the Sound and efforts will be made to coordinate this data 
collection with Long-Term Oceanographic Monitoring (/340) if possible. Physical 
oceanography activities will include measuring basic oceanographic features such as 
temperature, salinity and weather conditions. Research activities include, 1) 
temperature: reversing thermometer units and a temperature logger will be monitored 
by students at research sites, 2) depth and salinity: students monitor the water depth 
and salinity at location where temperature is taken, and 3) weather station: weather 
station instruments are installed at each site so that students can measure wind speed 
and direction, air temperature'and barometric pressure. 

In addition to the four core projects that Youth Area Watch students participates in, each 
site is selecting a restoration project to work on in their local community. This 
restoration activity is something that the students select and not necessarily a project that 
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is currently funded by the Trustee Council. However, local projects are closely linked to 
existing restoration activities. 

This year, local projects include: beach clean-up and analysis of collected materials in 
Cordova; Seward is also conducting beach clean-up on Fox Island and is counting bird 
carcasses as well; Chenega Bay is addressing solid waste management through hot house 
composting and recycling; Tatitlek is conducting water analysis and clean-up in a local 
pond; Valdez is preserving a local cemetery which is a historical site; and Whittier is 
assisting in the kittiwake project (/338). · 

Coordination between Youth Area Watch and participating research projects remains 
strong. Where possible, research vessel costs are shared to maximize resources for project 
activities. In the case of the pristane!mussel project, Youth Area Watch has paid for the 
biologist's charter to sites for mussel collection to allow students to participate in the 
process. In other instances, time and resources are contributed by participating projects 
to Youth Area Watch. 

Objectives and Activities 

Objective 1: Youth Area Watch students will interact with research project principal 
investigators, gaining a greater understanding of the affects of the oil spill 
on the ecosystem. 

Activity 1: Principal investigators will commit to working with students 
directly at least once during the project year. 

Activity 2: Students will work beside principal investigators during field 
work. 

Activity 3: Students will independently conduct activities set out by the 
principal investigators. 

Activity 4: Students will draw conclusions from their independent work to be 
reported at the annual Science Review. 

Activity 5: Students will work with Community Involvement (/052) local 
facilitators and community members to increase awareness of 
restoration activities and the status of the ecosystem. 

Objective 2: Project coordinators will identify all research and data collection activities 
to be conducted by students at all sites participating in Youth Area Watch. 
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Activity 1: Project coordinators will meet with the principal investigators or 
delegate project research personnel either by phone or in person to 
set student activity parameters. 

Activity 2: Activity protocol will be forwarded by the principal investigator or 
delegate, including sample and data forwarding process, to project 
coordinators. 

Activity 3: Project coordinators will finalize project a.Ctivities for site teacher 
and students. 

Objective 3: Project coordinators will update memoranda of agreement with the Valdez 
School District, Cordova School District, and Kenai Peninsula Borough 
School District for participation in Youth Area Watch. 

Activity 1 : Project coordinators will contact each school district to evaluate 
the current agreement, make any necessary changes. 

Activity 2: Site teachers will be identified by each school district for the 
participating communities. 

Objective 4: Site teachers receive Youth Area Watch project orientation. 

Activity 1: Project coordinators will develop an orientation and training 
session plan in consultation with research project principal 
investigators. 

Activity 2: Project coordinators will set a date in the latter part of August to 
conduct orientation. Site teachers will be contacted to determine 
the most appropriate dates. 

Activity 3: Project coordinators will conduct site teacher orientation and 
training. 

Objective 5: Project coordinators will conduct school orientations on Youth Area 
Watch. 

Activity 1: A project coordinator will travel to each participating school site 
prior to beginning the project year. 

Activity 2: Project coordinators will present Youth Area Watch to community 
science classes. Students that have participated in prior years will 
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Activity 3: 

be asked to assist. 

Students will be informed of the process to apply and participate 
in Youth Area Watch '99. 

Objective 6: Students are selected to participate in Youth Area Watch. 

Activity 1: Project coordinator distribute student applications to project sites. 
All village council/tribal offices (Chenega Bay, Seward, Tatitlek, 
Valdez) will receive application forms, as well as the Valdez, 
Cordova and Kenai Peninsula Borough School Districts for their 
respective community sites. 

Activity 2: Project coordinators will convene a committee to review student 
applications for Youth Area Watch participation. The committee 
will be comprised of Chugach School District staff and may be 
assisted by participating school district staff and community 
facilitators (/052). 

Activity 3: The review committee will review application and select students 
based on science interests, academic achievement, maturity and site 
teacher recommendation. 

Objective 7: Project coordinators will conduct site teacher training on project activity 
protocol. 

Activity 1: Project coordinators will set a date in late September for 
site teacher protocol training and coordination 

Activity 2: Project coordinators will request the attendance of research 
project principal investigators at the site teacher orientation. 

Activity 3: Project coordinators will facilitate a protocol training 
session to ensure that correct information and research practices are 
followed by students during the project year. 

Objective 8: Project coordinators will complete the student project orientation and 
training. All participating students from the community sites will 
collectively meet aboard a sea vessel for the Youth Area Watch 
introduction and preliminary activity participation. 
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Activity 1 : The Youth Area Watch principal investigator will solicit bids 
for hiring an appropriate size vessel (80 to 120ft) to conduct the 
student orientation. 

Activity 2: The Youth Area Watch principal investigator will identify a vessel 
to hire for conducting the student orientation. The vessel will be 
used for day excursions to sites of importance and conducting 
oceanographic testing. 

Activity 3: The project coordinator will invite research project principal 
investigators to participate in the student orientation. Once a 
commitment is obtained by at least one research project 
principal investigator, a date will be set for student orientation. 

Activity 4: The principal investigator will identify a community site for the 
orientation. 

Activity 5: The Youth Area Watch principal investigator will coordinate travel 
arrangements for student participation in the orientation. 

Activity 6: In cooperation with the research project principal investigator(s), 
the project coordinator will conduct the student orientation to 
Youth Area Watch goals, responsibilities and activities. Students 
will learn about the ecosystem as a whole, and identifying ways in 
which project activities fit into the biotic cycle. 

Objective 9: Students will conduct oceanographic data collection in their local 
communities. Site teachers will oversee these activities. 

Activity 1 : Students will take daily water temperature and depth reading at 
their local site. The water will be tested for salinity during this 
measurement as well. 

Activity 2: A weather station will be installed at each site under the 
supervision of the site teacher. Students will measure the wind 
speed and direction, air temperature and barometric pressure. 

Activity 3: Data will be collected at each site and transmitted to the project 
coordinator periodically. 

Objective 10: Students will assist local hunters/technicians collecting harbor seal 
biological samples. 
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Activity 1: Local hunters will facilitate a local orientation to identify 
community procedures for sample collection participation. 

Activity 2: Students will analyze an available sample to become acquainted 
with what is taken and what to look for in a sample. Students 
collect various parts of the seal for analyzing, which include: skin, 
blubber, teeth, stomach, skull, liver, heart and kidney. 
Additionally, measurements and weight are taken for each animal. 

Activity 3: Students at local sites will participate in taking samples from 
harvested seals. 

Activity 4: Students will assist the hunter/technician in preparing the sample 
for shipment to the harbor seal management principal investigator. 

Objective 11: Each community site will conduct a local research/restoration project. 

Activity 1: The site teachers and project coordinator will work with 
participating students to identify a local research/restoration 
project. 

Activity 2: During the winter months of November through January, students 
develop a plan for their local restoration project. This will be 
completed with the appropriate assistance and coordination of 
community facilitators. 

Activity 3: Site teachers will work with project Pis where appropriate to 
develop protocol for student participation. 

Activity 4: Students will conduct local project activities according to protocol 
and timelines set out by site teachers. 

Activity 5: Students will provide data/samples to project Pis according to 
protocol. 

Objective 12: Students will maintain a Youth Area Watch web site. 

Activity 1: 

Activity 2: 
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Students will become adept at utilizing the Internet and updating 
their web site. 

Students will analyze data collected from the research projects, 
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both past and current, and formulate a reporting format for posting 
on the web site. 

Activity 3: Students will post data collected periodically. 

Activity 4: Students will update data on research activities as necessary. 

Objective 13: Students at each site will collect blue mussels for pristane/mussel analysis. 

Activity 1: Students will tag and identify mussel bed characteristics during fall 
and winter months at their local sites. 

Activity 2: Students will note predator/prey activity at the identified mussel 
bed sites monthly. 

Activity 3: Students will collect mussels according to principal investigator 
request during the spring months. Sites are selected by the 
principal investigator and noted in project reporting. 

Activity 4: Student will label and cold storage mussels for transport to the 
Auke Bay laboratory in Juneau. 

Activity 5: Students will send mussels directly to Auke Bay once an adequate 
collection has accumulated. 

Activity 6: Student will count mussels in the beds according to set protocol. 

Activity 7: Students will compile site data for transmission to the project 
coordinator. 

Objective 14: Student will conduct surf scoter monitoring and collect traditional 
ecological knowledge for identification of life cycle patterns. 

Activity I: Students will capture scoters according to set protocol for bird 
monitoring. 

Activity 2: Students will assist the principal investigator in implanting satellite 
transmitters in scoters as appropriate. 

Activity 3: Students monitor the scoters that have been implanted with the 
transmitter. 
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Activity 4: Students identify breeding, molting and wintering areas of the 
scoter within their area. 

Objective 15: Project coordinators will facilitate project follow-up training for site 
teachers in the spring. 

Activity 1: Project coordinators will set a date convenient for site teachers to 
conduct a spring follow-up session. 

Activity 2: Project coordinators will invite principal investigators of 
participating projects to assist in the follow-up session. 

Activity 3: Project coordinators will facilitate a follow-up session for site 
teachers to share information and identify strategies for improving 
student activities. 

C. Cooperating Agencies, Contracts, and Other Agency Assistance 

The Chugach School District serves as the administrative agency for Youth Area Watch 
through their contract with the Department of Fish and Game. The school district has 
shown that it is an effective link to the students and communities impacted by the oil 
spill. As the administrative entity, the Chugach School District will maintain memoranda 
of agreement with the Valdez School District, Cordova School District and Kenai 
Peninsula Borough School District for the current communities identified in FY 98. 

The Chugach School District continues to work with the University of Alaska in an effort 
to provide credit for progressively responsible activities and research conducted by 
students participating in Youth Area Watch. The district views the University of Alaska 
system as an integral partner in a continuum of active ecosystem awareness and 
restoration. Through the Native Marine Sciences Program at the University of Alaska 
Fairbanks, students will have the opportunity to further their understanding of research 
and restoration activities, as well as explore personal goals that may lead to a career in this 
field. 

The Chugach School District continues to work with the Chugachmiut and Chugach 
Regional Resources Commission to coordinate and exchange community information with 
regard to regional restoration activities. As the coordinating agency for community 
involvement, Chugach Regional Resources Commission works with the youth through the 
local facilitators so that students may participate in research and restoration activities. 

Since the inception of the project, significant contributions have been made and are 
identified in the budget. Contractors have provided discounted services, as in the case of 
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vessel hiring. Expensive equipment used in project activities are offered by coordinating 
agencies. Cooperating agencies provide technical assistance, student supervision and 
support for project activities. The Chugach School District relies heavily on the 
commitment and participation of cooperating school districts involved in the project. Site 
teachers dedicate their time to the goals of Youth Area Watch, serving as an in-kind 
contribution. 

In keeping with its commitment to secure additional support for Youth Area Watch 
activities, Chugach School District has sought and received two significant grants that 
offset the cost of the project. A five-year ($498,750) U.S. Department of Labor grant 
allows the District to couple real life activities with education, focusing on how these 
experiences will be applied in adulthood; a particular objective of the grant is directed at 
science opportunities in response to Youth Area Watch. A two-year ($593,048) U.S. 
Department of Education grant will also assist in offsetting the costs of the project. In 
addition, the District will continue to commit general funds to the project and will seek 
out alternative funding sources in an effort to transition away from Trustee Council 
support. The success of the project activities motivates the Chugach School District to 
commit additional funding through diversified means so that the youth are equipped to 
continue their restoration and ecological management activities as an integral component 
of their education. 

As Trustee Council responsibility for restoration activities decreases due to the decline of 
settlement funds, the project coordinators continue to pursue opportunities where Youth 
Area Watch project activities can transition. Toward this end, the school district 
maintains cooperative relationships with entities engaged in ecological management and 
restorative projects, independent of Trustee Council funding. Particularly with respect to 
local restoration projects where other agencies, organizations and private groups are 
involved, the Youth Area Watch project scope is expanding so that a smooth shift of 
focus can occur. By building and maintaining these cooperative working relationships 
resource exchanges can be enhanced to augment other district resources. 

SCHEDULE 

A. Measurable Project Tasks for FY 99 (October 1, 1998 - September 30, 1999) 

July 1 -August 1, 1998: 
August 15-31, 1998: 
September 1 - 18, 1998: 
September 15-30, 1998: 
September 24- October 7, 1998: 
October 15 - 31, 1998: 
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Confirm research & data collection activities 
Site teacher orientation 
School site orientations 
Students selected for participation 
Site teacher training on protocol 
Student orientation and training 
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November 1 -7, 1997: 
November 1 - July 30, 1998: 
November 1- May 31, 1998: 
March 1, 1998: 
March 1- 15, 1998: 
June 1, 1998: 
June 1, 1998: 

Ongoing Activities: 

February 99- August 99: 
October 98- September 99: 
October 98- September 99: 
October 98- September 99: 

October 98- September 99: 
October 98- September 99: 
October 98- September 99: 

B. Project Milestones and Endpoints 

October 17, 1998: 
October 30, 1998: 
November 1, 1998: 
March 1, 1999: 
June 1, 1999: 

October 17, 1999: 
October 30, 1999: 
November 1, 1999: 
March 1, 2000: 
June 1, 2000: 

October 17,2000: 
October 30, 2000: 
November 1, 2000: 
March 1, 2001: 
June 1, 2001: 

October 17, 2001 : 
October 30,2001: 
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Sites prepare weather stations 
Students participate in research activities 
Students maintain web site 
Project Coordinator sends data to Pis 
Site teacher follow-up training 
Project Coordinator sends data to Pis 
Students complete project reports for FY 98 

Student bi-monthly collection of mussels 
Student mussel bed monitoring 
Student weather station monitoring (daily) 
Students collect harbor seal samples with 
local hunters 

Students conduct local project activities 
Students assist in documenting local TEK 
Pis interact and exchange information with 

students 

Students selected for participation 
Protocol training complete 
Students conduct project activities 
Data/samples to Pis 
Data/samples to Pis and reports complete 

Students selected for participation 
Protocol training complete 
Students conduct project activities 
Data/samples to Pis 
Data/samples to Pis and reports complete 

Students selected for participation 
Protocol training complete 
Students conduct project activities 
Data/samples to Pis 
Data/samples to Pis and reports complete 

Students selected for participation 
Protocol training complete 
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November 1, 2001: 
March 1, 2002: 
June 1, 2002: 

C. Completion Date 

Students conduct project activities 
Data/samples to Pis 
Data/samples to Pis and reports complete 

Objectives identified in the project design will continue to serve as guidelines for 
community involvement within the civil settlement throughout the life of the restoration 
effort. It is expected that the Youth Area Watch project will be completed upon 
termination of the restoration process. 

PUBLICATIONS AND REPORTS 

An article is completed for submission to "The Science for Scientists and Teachers" 
journal. Notification of publication is pending. 

PROFESSIONAL CONFERENCES 

While professional conferences may be attended by either the principal investigator or the 
project coordinator during FY 99, none are currently scheduled outside of the annual 
science review in Anchomge. 

NORMAL AGENCY MANAGEMENT 

This section is not applicable. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

Youth Area Watch relies on the participation ofTrustee Council funded projects to 
maintain coordination with restomtion efforts. Through the commitment of principal 
investigators, youth conduct research activities with and for participating projects. 
Students work independently, as well as beside researchers during the project year. Costs 
are shared between projects to allow for increased research vessel time and one-on-one 
interaction between students and ·the researchers. 

Various contribute the necessary technical assistance and resources. Local community 
facilitators from Community Involvement (/052) work with students and serve as 
chaperones for project activities. The education staff of the Prince William Sound Science 
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Center provide technical assistance and SEA project coordination. School districts 
provide teacher time and facility space for activities. 

A variety of funding sources and project contributions ensure the success of the project. 
The school district commits over $150,000 in FY99 to the project. School districts 
contribute $42,000 in teacher time and $21,000 in facility resources. The Prince William 
Sound Science Center provides $25,000 in staff time. Communities and school districts 
contribute $8,400 in lodging. Equipment in-kind contributions total $7,350. 

EXPLANATION OF CHANGES IN CONTINUING PROJECTS 

Site teachers will incorporate project activities into normal science classroom work. In 
FY99, the twenty-five Youth Area Watch students will serve as class leaders in their 
normal science class, teaching the other students project protocol so that they may learn 
and participate in the research activities. This interaction between students can be an 
effective way of educating youth, enhancing the long term impact of the project. This 
leadership will be a requirement for participating in the project. 

For FY99, fish monitoring will no longer be a project that students will officially work on, 
as it is not going to be funded by the Trustee Council. Surf Scoter Life History and 
Ecology: Linking Satellite Technology with Traditional Knowledge to Conserve the 
Resource, Project Number 98273 is added as a core project. In FY98, Dan Rosenburg, 
principal investigator began working with youth on the project, and will expand exposure 
to his activities this next year. He will work with students, teaching protocol for 
capturing and monitoring the birds, and allow youth to work with him during research 
activities. 

Students will maintain a web site that will allow them to post data collected from research 
activities. This will offer students from the different communities the opportunity to 
share and exchange information that they are discovering. Principal investigators will be 
able to track activities and interact with students without traveling to community sites. 
Lastly, the public at-large may look at the data collected by the youth throughout the 
project year. 

It is clear from previous project years that the key to successful data collection is 
attributed to adherence to protocol. Only through adequate training can data collection 
techniques be ensured. As such, an additional site teacher session has been added, where 
all teachers come together to orient themselves to the project and protocol. The Chugach 
School District will incur the cost of travel; participating school districts will allow for 
teacher release time. 
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Lastly, the project coordinator position has been split into two, half-time positions. This 
project delivery approach was piloted in FY98, and is providing an effective means to 
maintain contact with all of the sites and students. When necessary, each project 
coordinator can be in a different community at the same time. In addition, appropriate 
coverage is maintained during student orientation sessions where all participating youth 
gather at one location. Readers will note that the cost for project coordination is 
decreased from FY98; remaining costs are assumed by the school district. 

PROPOSED PRINCIPAL INVESTIGATOR 

Roger Sampson 
Chugach School District 
9312 Vanguard Drive, Suite 100 
Anchorage, AK 99507 
Office: (907) 522-7400 
Fax: (907) 522-3399 

PRINCIPAL INVESTIGATOR 

Roger Sampson is the superintendent of the Chugach School District. He maintains 
administrative authority over all day-to-day functions of the district's activities. Mr. 
Sampson has extensive experience administering grants, adhering to project objectives and 
managing budgets. Mr. Sampson will be directly responsible for budget expenditures, 
negotiating contracts and working with the participating school districts to ensure 
effective project management. 

OTHER KEY PERSONNEL 

Project Coordinators: Jennifer Childress and Josh Hall. Both Ms. Childress and Mr. Hall 
are certified secondary teachers with Bachelor of Science degrees in physical science. 

As noted previously, the project coordinator position has been split into two, part-time 
positions to most effectively meet the objectives of the project. Jennifer Childress and 
Josh Hall will share the following responsibilities: 

1. working with principal investigators of research projects to ensure 
proper protocol. 

2. coordinating student selection process. 
3. coordinating all orientation and training sessions with site teachers and 
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staff. 
4. ensuring that site teachers and students have proper supplies. 
5. completing site visits. 
6. monitoring project activity of students. 
7. providing support to site teachers. 
8. coordinating principal investigator-student interaction through 

research. 
9. transmitting data to principal investigators. 
10. completing necessary project reports and/or materials for publication. 
11. continuing to seek additional funding sources for project activities 

beyond the life of the Trustee Council. 

LITERATURE CffED 

Allen, W.H. "Biocultural Restoration of a Tropical Forest." Bioscience. 38(3): 156-161, 
1988. 

Block, Mindy. "Pine Barrens- Upland Associations." Notes, 1997. 
Pinkerton, E. Cooperative Management of Local Fisheries: New Directions for Improved 

Management and Community Development. Vancouver: University of British 
Columbia Press, 1989. 

Rogers-Martinez. "The Sinky One Intertribal Park Project." Restoration & Management 
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Commodities 
Equipment 

Subtotal 
Indirect 

Project Total 

Full-time Equivalents (FTE) 

r Resources 

FY 99 EXXON VALDEZ COUNCIL PROJECT BUDGET 

Authorized 
FY 1998 

October 1, 1998 - September 30, 1999 

Proposed 
FY 1999 

~~~~~>~!"ll''r'l'"ft""'~ - .. ~_....,.-,.,,...,~--~ ....... ___ , ~'lflo 

' ' 
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Comments: Personnel -The project coordinator position has been divided. It is now two, part time positions that are able to individually travel to different 
communities and monitor project activities in the most effective manner. 
Travel - Most student transport will be by charter between communities or to research site/cruises. Other student travel to Anchorage for the Science 
Rewiew will be a project contribution. Only transport expenses are requested for project activities. All per diem expenses are a contribution to the project. 
Contractual - Between an eighty- to one hundred, twenty-foot vessel will be hired for training and research cruises. Hiring of vessels will be coordinated 
with research PI cruises to maximize the length and number of trips. Regulations necessitate hiring a vessel of this size. 
Commodities - Personal supplies for students will be used from previous years will be used as well. Each classroom site is allocated $500 for project 
activites. 
Indirect - School district administrative costs are calculated at 20% to account for the direct oversight of fiscal reporting and associated support at the 
administrative offices in Anchorage. In addition, costs have been included to offset the expenses that sites incure including, telephone, fax, postage and 
general support. 
Other Resources- Teacher time ($42,000), participating Pis ($6,300), Youth Area Watch PI ($1 0,500}, PWSSC education staff ($27,250), Facility space 
($9,450}, equipment ($20,000) and other grant funds ($150,000}. 

FY99 

Prepared: 

Project Number: 99210 
Project Title: Youth Area Watch 
Name: Chugach School District 

FORM4A 
Non-Trustee 
SUMMARY 
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FY 99 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

This position facilitates training for 
both site teachers and participating 
students; coordinates youth participation 
with research Pis; develops protocol for 
students activities with Pis; coordinates 
project travel; works with local sites to 
develop community restoration projects; 
works with local facilitators and site 
teachers to ensure the exchange of 
information; monitors the completion of 
project activities;and develops additional 

for enhancement. 

Charter trips for students from each site to training or research cruise. 
Project Coordinator from Anchorage to Chenega Bay. 
Project Coordinator from Anchorage to Cordova. 
Project Coordinator from Anchorage to Hinchinbrook Island. 
Project Coordinator from Anchorage to Nanwalek. 
Project Coordinator from Anchorage to Port Graham. 
Project Coordinator from Anchorage to Seward. 
Project Coordinator from Anchorage to Tatitlek. 
Project Coordinator from Anchorage to Valdez. 
Project Coordinator from Anchorage to Whittier. 
Research PI travel to training sites. 

FY99 

Prepared: 

Project Number: 99210 
Project Title: Youth Area Watch 
Name: Chugach School District 

Ticket 
Price 

1.0 
1.0 

1 
0.2 
0.2 
0.1 
1.0 
0.2 
0.1 
0.9 

2 
2 
5 

Monthly 
Costs 

4.5 
Overtime 

FORM4B 
Personnel 
& Travel 
DETAIL 
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FV 99 EXXON VALDEZ COUNCIL PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

Contractual Costs: Proposed 
Description FY 1999 
A vessel between 80 and 120 feet will be hired for research and restoration training and cruises with participating projects. 20.0 
Students will come together for initial protocol training on a research vessel to get an overall orientation of their role in the 

ecosystem assessment and restoration. In addition, Youth Area Watch project activities will coordinate with participating project to 
share vessel costs. It is estimated that ten vessel days will be hired at $2,000 per day, totaling $20,000. 

Contractual Total $20.0 
Commodities Costs: Proposed 
Description FY 1999 
Supplies for each classroom site are necessary for group activities throughout the project year. Supplies will include water testing 4.0 
chemicals, sampling containers (beakers, plastic bags), water resistent note pads and general office supplies. 
is calculated at $500 for eight sites, totaling $4,000. 

FY99 

Prepared: 

Project Number: 99210 
Project Title: Youth Area Watch 
Name: Chugach School District 

Each classroom site 

Commodities Total $4.0 

FORM 48 
Contractual & 
Commodities 

DETAIL 
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FY 99 EXXON VALDEZ PROJECT BUDGET 
October 1, 1998 - September 30, 1999 

stations have been purchased in previous years. These will be used in FY99. 

Computers and peripherals are used at each site to sythesize post information on the Youth Area Watch web site. 

equipment is used to document activities for future review and use. 

PS is used during various project activities, such as oceanographic data collection. 

FY99 

Prepared: 

Project Number: 99210 
Project Title: Youth Area Watch 
Name: Chugach School District 

Number 
of Units 

of Units 

FORM 48 
Equipment 

DETAIL 
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