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A. INTRODUCTION

This project is the result of surveys (Restoration Study 105) conducted on Kodiak Island
which evaluated Instream habitat and stock restoration techniques for wild salmon stocks
(Honnold 1994). The emphasis of this evaluation was to improve or develop spawning
habitat at systems with barriers to salmon passage which have historically prevented access.
Surveys focused on systems which were directly impacted or were located in proximity to
areas impacted by the M/V Exxon Valdez oil spill with the intent of mitigating for injured
spawning habitat (Figure 1). Data collected from these surveys was analyzed, including a
cost to benefit analysis, to determine the most effective mitigation techniques for Kodiak

Island salmon systems.

Several beaches on Afognak Island were heavily oiled in 1989, and remained oiled in
1990 (Bamhart personal communication). Little Waterfall Bay (LIttle Waterfall Creek
drainage) was directly impacted by oil. Similar impacts in Prince William Sound (PWS)

damaged salmon stocks.

A large amount of spawning habitat exists above barriered areas in Little Waterfall Creek.
Three barriers in this system have been bypassed with bypass structures allowing increased
pink (Onchorynchus gorbuscha) and coho (Onchorynchus kisutch) salmon passage to

previously unused spawning habitat (Figure 2). The largest barrier bypass structure,



however, has not operated efficiently and has impeded salmon passage into the largest
portion of spawning habitat. This habitat comprises approximately 80% of the total
stream habitat and can support 24,000 and 2,700 pink and coho salmon, respectively.
The result of an evaluation of the present design and operation or the largest bypass
structure determined several deficiencies, impacting salmon passage. The grade of the
bypass is 27%, which is considered too steep (Bruce McCurtain, ADF&G, personal
communication). For example, a slope of 22% or less is recommended for sockeye
salmon when resting pools (similar to those at Little Waterfall) are employed (Blackett
1987). Pink salmon, a less vigorous fish, may require even less slope. Thus, the gradient
of this bypass must be reduced. Initial engineering data indicates that the existing concrete
resting tanks will need to be removed, the lower portion of the bypass extended, and two

new resting tanks added (Figure 3).

Pink and coho salmon production will increase as result of these improvements. The
potential harvest, from each years additional production, will be approximately 24,000
and 15,000 pink and coho salmon, respectively. Cost to benefit data indicates that this
project would have benefits greater than costs of production (Hartman and Richardson

1993).
B. PROJECT DESCRIPTION

1. Resources and/or Associated Services:



This project is located on northern Afognak Island, part of the Kodiak Island archipelago )
(Figure 1). The heaviest oiling of beaches and salmon systems occurred on northern )
Afognak Island, potentially damaging fisheries resources. In addition, commercial,

subsistence and sport

fisheries were closed as result of the 1989 EVOS, seriously impacting the economies of all

fishing communities in the region.

The Little Waterfall system is the largest producer of non-hatchery pink salmon on Afognak
Island. Pink salmon production from the Little Waterfall system, since enhancement
activity began in the late 1970's, early 1980's, has provided a significant portion of the

commercial catch in the area. Production, however, has not reached optimum levels. The

pink salmon escapement to the upper-most optimum spawning habitat has averaged only
8,600, while the optimum number of spawners for this area is ~ 24,000. Thus,
production of pink salmon, and the potential commercial harvest, will be increased by
implementation of the project

and the consequent enhanced use of the aforementioned barrier bypass structure.

Coho production has been minimal at Little Waterfall Creek. There are few major
producers of coho on Afognak Island, with the majority of fishing effort concentrated at

two systems (Paul's and Portage). This project, at Little Waterfall Creek, will increase



production of coho in the northern Afognak area, thus provide increased benefits to users

of the resource.
2. Relation to Other Damage Assessment/Restoration Work:

Restoration study R105, sponsored by the Trustee Council, was the predecessor to this
project and concluded in 1993. This study determined the methodology and feasibility of
barrier bypass improvement necessary to enhance pink and coho production by increasing
spawning habitat at Little Waterfall Creek. The intent of the study was to mitigate for oil
spill damage occurring at nearby systems or restore production that may have been

negatively impacted at Little Waterfall Creek.

3. Obijectives:

a). Develop the most effective methodology to achieve the required barrier
bypass improvement and acquire the appropriate permits.

b). Detenﬁine pre-construction juvenile salmon production parameters,
including egg-to-fry survival and rearing relative abundance.

c). Delineate pre-construction coho spawning habitat usage.

d). Facilitate bypass improvement by awarding contract for construction, and

supervising implementation.



e). Evaluate the success of the project by determining salmon spawning numbers
and juvenile salmon relative abundance in habitat upstream of the improved
bypass.

f). Provide necessary documentation of project progress and results.

4. Methods:

a). Final engineering data collected in FY95 will be developed into specific
plans addressing the most effective methodology to achieve the required barrier
bypass improvement. Several options will be developed, based on decreasing
the gradient of the initial section of steeppass. The appropriate permits
applications will be submitted to the proper agency for review once the final
methodology is defined.

b). Prior to construction and before fry emergence, spawning redds downstream
and upstream of the barrier will be sampled for a relative index of egg-to-fry
survival. Ten redds, in both locations, will be pumped to capture eggs and fry
which will be enumerated by species. The relative abundance (catch-per-unit-
effort) of juvenile Coho salmon rearing downstream and upstream of the barrier
will be determined prior to construction. Permanent sampling locations will be
developed and minnow'traps set for two 24 hour periods. All juvenile fish

captured will enumerated by species and released.




¢). Pre-construction coho spawning habitat usage will be further delineated
(initial in FY94) in FY95. This will be accomplished by conducting foot surveys
of L.Waterfall Creek from 15 September through 30 September. Live and dead
salmon will enumerated during each survey in each section of the creek. The
documentation of pink salmon spawning habitat usage was completed,
previously.

d). The contract for construction will be awarded by the competitive bid
process and compliance with the contract will be supervised by the Project
Leader. Barrier bypass improvements at Little Waterfall Creek will focus on
construction and modification of the present bypass structure at the third
upstream barrier (Figure 3). The bypass grade will be reduced by removing the
existing concrete resting tanks and extending the bypass to lower the gradient.
This will require extending the bypass, adding two resting tanks, and an entrance
tank.

e). Post-project salmon spawning habitat usage and juvenile salmon relative
abundance in habitat upstream of the improved bypass will be determined in the
same manner as Items b and ¢.

f). The necessary documentation of project progress and results will be

accomplished on schedule as outlined by the Trustee Council.

5. Location:



The project will be located at Little Waterfall Creek (stream number 251-822) on
Afognak Island (Figure 1). Little Waterfall Creek drains into Little Waterfall Bay on
northern Afognak Island. The benefits of this project will be realized by increasing pink
and coho salmon retumns to this system, providing more than 24,000 and 15,000 pink
and coho salmon for harvest, respectively. The residents of the city of Kodiak, northem
Afognak Island will benefit economically from this project through direct commercial
fishery receipts and all associated business enhancement. In addition, sport fishers, guides,
and lodge owners as well as subsistence fishers, will benefit directly and provide direct

economic return to the associated communities.
6. Technical Support:

General administrative support is provided by the Administrative, Habitae and Restoration
Division, and Commercial Management and Development Divisions (CFMD) of the Alaska
Department of Fish and Game (ADF&tG). The project leader of this project is primarily
funded by general funds and program receipts (Kodiak Regional Aquaculture Association -
KRAA - eooperative funding) from the State of Alaska. Engineering support is provided
by CFMD of the ADF&G, funded by general funds from the State of Alaska. This study is
directly associated with ongoing rehabilitation and enhancement projects funded by
program receipts provided by KRAA. The KRAA project at Little Waterfall will provide

logistical support and personnel during portions of this project. Lastly, the CFMD Division



of ADF&rG will provide logistical and personnel support for a portion of the evaluation of

this project.
7. Contracts:

The barrier bypass improvement will be accomplished by formal contract. The awarding of
the contract will be based on technical experience, previous work quality, and cost
estimates. Previous barrier bypass construction projects by the State of Alaska, U.S. Forest
Service and other state and federal agencies have been completed by construction
contractors. This project is expected to require similar expertise. Project maintenance and

evaluation will be conducted by ADF&G personnel.
C. SCHEDULES

This project will require awarding a construction contract, permitting, completion of the
pre-construction evaluation of pink and coho salmon production parameters, construction
to improve the bypass structure and a period of evaluation to determine the effectivenesS
of barrier bypass improvement and subsequent use of upstream spawning habitat. The

FY95 work plan is outlined in Table 1.

Table 1. Proposed schedule for Little Waterfall instream habitat improvement project.




Task

Dates

Submit Detailed Project Description

Final engineering report; obtaining permits
Egg-to-fry survival sampling

Award contract, planning, administration
Juvenile coho abundance sampling
Pre-construction logistics

Project construction and oversight

Spawner abundance and distribution surveys

Submit FY95 annual report

12/94
12/94 - 1/95
3/95
4/95 - 5/95
5/95 - 6/95
5/95 - 6/95
6/95-7/95
8/95-9/95

11/95

Steve Schrof (FBI-PCN 11-5270)  obtaining permits;

juvenile coho sampling 1.5

Greg Watchers (FTII-PCN 11-5297) spawner surveys

The preceding personnel are directly funded by this project. The Project Leader (Steven
G. Honnold - PCN 11-7045) and associated support personnel contribute significant time

to the project with funding provided by existing agency programs as described below.
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D. EXISTING AGENCY PROGRAM

The ADF&xtG, CFMD Division, Development Section operates a sockeye and pink salmon
development project at Little Waterfall Creek. Little Waterfall Creek has three existing
barrier bypass structures which currently enhance pink salmon production. Little Waterfall
Lake is stocked with sockeye salmon from Pillar Creek Hatchery which is operated by
KRAA. The Department conducts all maintenance, monitoring and evaluation activities
associated with this fisheries development program with funding provide by KRAA through
program receipts. This includes lake enrichment, smolt sampling, limnological sampling,
and weir operation. In addition, the Finfish Management Section of CFMD Division
conducts fisheries management operations in the area which includes egg-to-fry survival

indexing at Little Waterfall Creek.

Other programs that are operated in the northern Afognak area by the ADF&G include:
Paul's Lake adult salmon weir, Paul's, Laura and Gretchen Creek barrier bypass operation;
lake assessment and smolt studies at Laura, Paul's, Portage, and Hidden Lakes; lake
enrichment at Portage, Little Waterfall, and Laufa Lakes; and egg-to-fry survival indexing at
various streams. With the exception of egg-to-fry survival indexing, all portions of these
programs are funded through KRAA program receipts. Also, KRAA operates a sockeye
stocking program facilitated through Pillar Creek Hatchery, at Hidden Lake. In addition,
KRAA operates Kitoi Bay Hatchery on northern Afognak Island, producing pink, coho,

chum and sockeye salmon for commercial harvest. All evaluation associated with Pillar
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Creek and Kitoi Bay hatcheries is conducted by ADF&tG with funds provided by KRAA

program receipts. Lastly, the Alaska Department of Natural Resources, Kodiak State Parks ”)
operates several coho escapement weirs on Shuyak Island, located just north of Afognak
Island. The ADF&G provides equipment and logistical support, as well as conducting aerial

salmon escapement surveys in the area.

The commercial fishery management activities associated with all of the preceding

programs are provided by ADF&G, CFMD Division with general fund monies.

Table 2. Agency and non-agency contributions to this project or relating to the resource

or service area.
Program Funding Amount }
Source ‘ FY94
Perenosa Rehab/Dev.  ADF&G-Program Receipts 46.0
L. Waterfall
Portage
Paul's
Lake Assess ADF&G-Program Receipts 23.0
L.Waterfall
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Portage
Laura
Hidden
L. Kitoi
B. Kitoi
Sorg

Ruth

Kitoi Eval. ADF&G-Program Receipts

Hidden Lake Eval. ADF&G-Program Receipts

Pre-emerg. sample ADF&G-General Funds

Aerial Surveys ADF&G-General Funds

Shuyak Weirs ADNR-General Funds

Shuyak support/Mgmt. ADF&G-General Funds

Lake Enrich. KRAA

L. Waterfall
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47.0

28.0

5.9

1.4

10.2

1.1

69.0



Portage

Laura
Kitoi Hatchery KRAA 1264.0
Pillar Hatchery KRAA 97.2

E. ENVIRONMENTAL COMPLIANCE/PERMITTING AND COORDINATION

STATUS

Little Waterfall Creek drainage is located on Afognak Native Corporation (ANC) land.

The present program for fishery development has an existing lease With ANC to operate on
this land. - The construction and maintenance portions of this project are categoricz_llly
excluded from the National Environmental Policy Act (NEPA). Other evaluation and
monitoring activities fall within the existing fishery collection (and related scientific
sampling) permits issued to ADF&IG.. General Waterway/Waterbody and Coastal Zone
Consistency application/questionnaires will be submitted to ADF&G, Habitat and
Restoration (H&xR) Division as required to conduct project construction. No other permits

or other coordination activities are required for this project.

F. PERFORMANCE MONITORING
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Performance monitoring of this project will be conducted through the ADF&G, CMFD,
H&R, and Administrative Divisions. All aspects of the project will be overseen by the
standard chain of command as required by standard operating procedures and
administrative regulations. This includes contractual compliance, personnel hiring,
supervisory standards, and all other ADF&G regulations. If personnel replacement is
required, or temporary project problems occur, regional ADF&G expertise and support is
available. Project objectives and tasks, data summation and analysis, and status reports will
be kept on the required timeline through planning and integration of the project activities

as required for all programs of the ADF&tG, CFMD Division, Development Section.

The Kodiak Development Section of the CFMD Division implements and operates
approximately 10 restoration/development projects on Afognak and Kodiak Islands. On
Afognak Island there four systems with barrier bypass projects which have successfully
developed salmon production through increased spawning habitat availability. The quality
control procedures that have been employed for these programs will be applied to this
project. All data collected, analyzed, and incorporated into scientific reports will be
subject to internal review within CFMD and H&R Divisions. Publications will be integrated
by the Principle Investigator for Peer Review before submission to EVOS Board of Trustees

and Chief Scientists. Status reports will be generated for Peer Review as well as a final

report after completion of the project.
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G. COORDINATION OF INTEGRATED RESEARCH EFFORT

This project will be coordinated with existing ADF&IG restoration studies in the norther
Afognak area. Ongoing restoration and development programs at Little Waterfall Creek
will assist this project by providing technical and logistical support. Previous methodology
employed by ADF&tG staff such as barrier bypass construction and maintenance, spawner
enumeration, and egg-to-fry survival estimates, will be utilized on this project. This project
will build on a program at Little Waterfall that was initiated in the 1970's, as well as other
similar programs on Afognak Island, initiated as early as 1952. Project planning,
permitting, operation, data analysis and reporting, will be coordinated through the Kodiak

CFMD Division staff and Regional Director of KRAA.

H. PUBLIC PROCESS

The public has been involved in the development of this project through the Trustee
Council Advisory Group process. In addition, discussion of this project as well as the

original "Instream Habitat Restoration Techniques” study that led to this project have been

discussed in general membership meetings of the Kodiak Regional Aquaculture Association.

L. PERSONNEL QUALIFICATIONS
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Steven G. Honnold

Commercial Fisheries Management and Development Division
211 Mission Road

Kodiak, Alaska 99615

(907)486-1873

March, 1989 to present. Fisheries Biologist - Assistant Area Biologist, Fisheries
Enhancement Rehabilitation and Development Division (FRED), Alaska Department of Fish
and Game (ADF&G), Kodiak, Alaska. The recent merger of FRED and Commercial
Fisheries Divisions of ADF&G upgraded this position to Area Development Biologist.
Responsibilities include: planning, implementation, data analysis, and report writing for all
Kodiak FRED/OSIAR (H&tR) Division damage assessment studies and restoration
programs, as result of EVOS. Studies included early marine life history damage
assessment (this study was in the late planning phase when canceled), juvenile sockeye
damage assessment via hydroacoustic surveys and limnological assessment of Red and
Akalura Lakes, Red Lake restoration planning and NEPA reporting, and instream habitat
and stock restoration feasibility - barrier bypass technique evaluation. Additional
responsibilities include all Kodiak and Afognak Island rehabilitation, enhancement or
development projects conducted by the Development Section of CFMD Division. Projects
include Spiridon Lake sockeye salmon development, Kitoi Hatchery evaluation, Kodiak lake
limnology, Perenosa Rehab./Enhance., Malina and Afognak Lakes Rehabilitation, Ugak

Development and Hidden Lake Development. Duties associated with these projects

17



include: barrier bypass construction, maintenance and evaluation, sockeye stocking and

subsequent smolt and fingerling monitoring and evaluation, lake limnology studies, and all /w
associated planning, personnel supervision, data quality control and analysis, budget

development, report writing, and presentation of results at professional and public forums.

Lastly, he is responsible for a program on the Alaska Peninsula to assess the feasibility of

coho and sockeye salmon development.

J. BUDGET

(Forms 3A and 3B)
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EXXON VALDEZ TRUSTEE COUNCIL
FY 95 DETAILED PROJECT DESCRIPTION

PROJECT TITLE: Salmon Instream Habitat and Stock Restoration -
Spawning Channel on Port Dick Creek

PROJECT ID NUMBER: 95139-A2
PROJECT TYPE: Instream habitat & q}ld stock restoration

NAME OF PROJECT LEADERS: Nick Du%‘iﬁk, Area Resource Development
Biologist
Mark Dickson, Fish and Wildlife
Technician IV
James Brady, Regional
Commercial Fisheries Biologist

LEAD AGENCY: Department of Fish and Game

COOPERATING AGENCIES: None

COST OF PROJECT/FY 95: $32,850

COST OF PROJECT FY/96: $184,883

COST OF PROJECT FY/97 AND BEYOND: $90,200

PROJECT START-UP/COMPLETION DATES: May 1, 1995/Sept. 1, 2000

GEOGRAPHIC AREA OF PROJECT: West Arm Port Dick, Southern Kenai
Peninsula, Lower Cook Inlet.

NAME OF LEAD AGENCY PROJECT MANAGER: Joe Sullivan, 267-2213

INTRODUCTION **

The portion of Lower Cook Inlet (LCI) along the southern Kenai
Peninsula has a significant number of estuarine and intertidal
nursery areas important to pink and chum salmon production. The
harvest of pink and chum salmon returns to the area provide a
significant contribution to the southern Kenai Peninsula economy.
The original oil spill restoration survey involved the
identification of EVOS impacted areas and the determination of the
optimal methods of salmon restoration, in terms of habitat
rehabilitation and enhancement methods.

The restoration surveys were initiated in FY/91 and FY/92,
resulting in the final selection of Port Dick Creek, on the Outer
Gulf Coastal area of the Kenai Peninsula (Figure 1). This system
was chosen because it is considered one of the most important pink
and chum salmon production streams in the LCI area and it was
moderately to heavily oiled by the EVOS (ADF&G 1993). The Exxon
Valdez Trustee Council approved funding to further evaluate the
feasibility of developing new spawning habitat at this site in 1991



and 1992. A potential spawning channel feasibility analysis at
this site was initiated in 1991 and was continued through the
spring of 1993 (Figure 2). Although, this proposed project was
initially approved for continued funding for FY/94 and FY/95
spending was placed on hold pending further review and discussion
at the supplementation workshop.

After further review at the Wild Salmon Stock Supplementation
Workshop held in Anchorage January 12 & 13, 1995, staff members
from the Habitat and Restoration Office encouraged the resubmission
of the Port Dick Spawning Channel project. Peer reviewer, Dr.
Mundy’s definition of supplementation as "artificial propagation
actions with a net positive survival benefit to natural
populations", fit the Port Dick project extremely well.

New criteria were developed at the workshop to assess the
effectiveness of salmon supplementation projects. Some of the
identified criteria included genetic considerations, monitoring and
evaluation, mixed stock fisheries and economic issues. Dr. Spies,
Chief Scientist for the EVOS Trustee Council, reviewed the Port
Dick project under these criteria and developed several
recommendations and requested further clarification. The following
information attempts to address these concerns.

Genetic Risk:

It was found that the proposed project involves very little genetic
risk to the wild salmon stocks. Because the broodstock used for
this project is actually the native Port Dick chum and pink salmon.
Additionally, the supplementation techniques to be used are limited
to only on-site egg-take, instream incubation to eyed-egg stage and
subsequent eyed egg plants. Thus human intervention to the native
stock is minimized and should have very minor if any selective
effect on the natural genetic makeup of the Port Dick stock.

Mixed Stock Fishery: o

The Port Dick Creek pink and chum salmcen commercial fisheries are
both temporally and spatially segregated from other local stock
fisheries. Additionally, in season fisheries management strategies
for these natural terminal type fisheries further preclude any
possible impact on mixed stock harvests (ADF&G 1993) .

Limiting Factors:

The assumption that egg-to-fry survivals within the spawning
habitat is the major limiting factor is based on the observed
unstable conditions within the main channel of Port Dick Creek.
These include wide fluctuations in water levels, extreme flooding
effects, inadequate water flow and freeze out conditions. (ADF&G
1992/1993). Although escapements have generally been sufficient to
fill existing spawning habitat, they have failed to vyield
significant harvestable surplus in recent years, further indicating
that poor egg-to-fry survivals are related to marginal quality of
spawning habitat. The proposed Port Dick Spawning Channel project
would rehabilitate formally used spawning tributaries taken out of
effective production by various physical effects. This spawning




channel would provide a much more consistent and stable spawning
habitat than that of the main channel of Port Dick Creek.

Linkage to Injured Resources:
Although no damage assessment surveys were funded or conducted in

the outer Gulf Coastal areas of the Kenai Peninsula or LCI, studies
in the Prince William Sound area indicate differences in pink
salmon egg mortality as well as growth in the early marine life
stage (ADF&G 1994). These results should be considered applicable
as potential impacts on pink and chum salmon stocks in the oil
impacted areas of the outer Kenai Peninsula. Most of the streams
and associated estuaries, including Port Dick Creek, that were
exposed to oiling have demonstrated decreasing pink and chum salmon
production trends, some even prior to the spill (Figure 3 & 4).
Any further effects from the EVOS or other events could jeopardize
long term wild stock salmon production in some of these systems.
Moderate to intensive o0il clean-up and remediation activities were
conducted in only a small portion of the impacted areas in 1989 and
1882.

Monitoring and Evaluation:
A monitoring program to determine the success of the eyed-egg

plants as well as the natural seeding of the restored tributaries
will be designed with the aid of the biometrician from the Alaska
Department of Fish and Game. Methods to capture emergent fry from
known redd locations will follow a design by the Oregon State Game
Commission (Phillips 1966).

Conclusion:

There exists a need to develop the proposed pink and chum salmon
spawning channel project into the final engineering and evaluation
phase. This would allow the completion of the actual
rehabilitation of a formally effective spawning tributary system
which will help to restore the currently depressed wild pink and
chum salmon stocks of Port Dick Creek. £

PROJECT DESCRIPTION

1. Resources and/or Associated Services:

The targeted resource is the pink and chum salmon stocks
of Port Dick Creek, in the West Arm of Port Dick Bay.
Benefits realized from the spawning channel will
accelerate the recovery of the currently depressed wild
pink and chum salmon stocks of Port Dick Creek. The LCI
area commercial fisheries would definitely benefit from
the increased salmon production at Port Dick Creek.

Preliminary benefit-cost analysis indicates that spawning
channels may be the most cost effective technique for
enhancement of wild chum salmon stocks in Lower Cook
Inlet. The newly created spawning habitat would
accommodate at least 1,500 additional chum salmon
spawners, with at least that many contributing to the



commercial fisheries. The additional economic multiplier
effect that these fish would provide to the Homer area
economy would also be significant.

The construction costs for the Port Dick Spawning
Channel and associated tasks are estimated at $184,883
for 1996. Subsequent enhancement, evaluation and
monitoring for the years 1997 through 2000 will cost
$90,200 for a total cost of $275,083 for the expected 20
year life span of the spawning channel. The basic
exvessel value factored with the 20 year life
expectancy of the spawning channel and the cost of the
project should ultimately produce a satisfactory
benefit-cost ratio.

While the benefit-cost ratio is an important aspect,
we also believe that this analysis should not be
the only criteria used to evaluate the significance
of the Port Dick Spawning Channel project. Restoration
of these currently depressed wild pink and chum salmon
stocks in the EVOS oiled Port Dick Creek should be
considered as the primary reason for this effort. It
is difficult to assign a monetary wvalue to the
restoration of natural resources as the intrinsic value
of wild salmon stocks cannot easily be measured.

Relation to other Damage Assessment/Restoration Work:
Although no damage assessment surveys were actually
conducted in the Outer Gulf Coastal areas of the Kenai
Peninsula or LCI continuings studies in the Prince
William Sound area indicated differences in pink salmon
egg mortality as well as growth in the early marine life
stage (ADF&G 1994). Therefore it is probable that these
results could be considered as potential impacts that
also occ%r;ed on pink and chum salmon stocks in the oil
impacted "ateas of the outer Kenai Peninsula.

Objectives:

{April 1 through September 30,1995)

1. Continue ground water level measurements and data
analysis.

2. Complete final engineering design.

3. Develop construction bid documents.

4., Complete an environmental assessment

(October 1, 1995 through September 2000)
(Details presented in FY/96 DPD)

The ultimate goal of this project is to restore the wild
pink and chum salmon stocks of Port dick creek.



1. Construct the spawning channel during the
spring of 1996.

2. Conduct stream side egg-takes with native salmon
stocks and replant the eggs into the new spawning
channel at the eyed stage in 1996.

3. Monitor subsequent egg-to-fry survival through on
site evaluations beginning in the spring of 1997
through 1999.

4. Monitor adult spawner density and species
composition beginning in the summer of 1997.

5. Enumerate the number of adult salmon to develop a
return per spawner value.

Methods:

Ground water level fluctuations will continue to be
measured using subsurface standpipes and battery operated
stream stage recorders. Results from these measurements
will be used to finalize the size, depth and actual
configuration of the spawning channel.

Groundwater levels were measured during the winters of
1991/92 and 1992/93 and the results will be used to
determine the size, depth and configuration of the
spawning channel (Figures 2, 5 & 6). Results from the
winter of 1994/95 water table measurements are
currently being read at Dryden Instrumentation in
Anchorage and will be available in the FFY/96 Detailed
Project Description.

The final spawning channel design will be prepared by
the Engineering section of the Department of Fish

and Game supervised by Bruce McCurtain. The design
will be advertised through the official construction
bid process. ar

Periodic stream surveys will be conducted ‘during the
spawning runs to determine adult spawner density and
species composition.

Location:

Port Dick Creek is located at the head end of the West
Arm of Port Dick Bay on the outer coast of the Kenai
Peninsula (Figure 1). Benefits produced from the salmon
spawning channel will be of wvalue to the LCI salmon
seining fleet and local seafood processing plants. These
benefits will expand into the Homer and nearby
communities through the economic multiplier effect.

Technical Support:

Groundwater data recorded onto data storage modules from
the stream stage recorders will be retrieved and decoded
at Dryden Instrumentation, Anchorage. Final engineering



analysis for the spawning channel will be completed by
the Alaska Department of Fish and Game Engineering staff
supervised by Bruce McCurtain.

7. Contracts:
No construction contract will be awarded during FY/95.

SCHEDULE:

1/.May through September:

Continue ground water level measurements, data
analysis and report writing. :

2/.June through September:

Prepare an environmental assessment.

3/.0ctober through February 1996
Prepare and design spawning tributary engineering
drawings and initiate bid/contract process.

EXISTING AGENCY PROGRAM

The Commercial Fisheries Management .and Development (CFM&D)
Division of the Alaska Department of Fish and Game may conduct
Port Dick Creek chum salmon stream life studies in conjunction with
this project. However it is highly unlikely that the department
will fund this project from general fund monies.

ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

The Port Dick Spawning Channel site lies on state lands within the
Kachemak Bay Wilderness State Park. An environmental assessment
will be written by the State of Alaska to further determine if an
environmental impact statement will be necessary.

Permits will be applied for through the U.S. Corps of Engineers,
Department of Natural Resources (Division of State Parks) and the
Habitat Section of Alaska Department of Fish and Game.

PERFORMANCE MONITORING

With aid of the Biometrician Section of the Alaska Department of
Fish and Game, a monitoring program will be developed to assess
salmon fry survival each spring through 2000 to determine if
optimal use of the channel site is accomplished and that survivals
meet typical spawning channel expectations.

Ultimately, the additional adult wild pink and chum salmon
available for the LCI seine fleet will be determined as a product
of the spawning channel.

COORDINATION OF INTERGRTATED RESEARCH EFFORTS:

This instream habitat restoration project is the only commercial
fisheries EVOS related project on Outer Gulf Coast of the Kenai



Peninsula and LCI currently being considered for further funding.

PUBLIC PROCESS:

The proposed Port Dick Pink and Chum Salmon Spawning Channel was a
topic discussed at the Exxon Valdez 0il Spill Trustee Council
meetings on January 31, 1994 and the Wild Salmon Stock
Supplementation Workshop held in Anchorage January 12 & 13, 1995
with the general public invited. An EVOS public meeting was also
held in Homer on April 12, 1995 in which the Port Dick Salmon
Spawning Channel was discussed in detail and received favorable
public response (see attachments.). The Cook Inlet Regional
Planning Team will review this project in the near future.Continued
public involvement will include, but not be limited to meetings
with the Cook Inlet Seiners Association (CISA} and the Cook Inlet
Aguaculture Association (CIAA) and the Cook Inlet Regional Planning
Team. All documents created by and for the proposed spawning
channel will be available to the general public.

PERSONNEL QUALIFICATIONS

Project leader: Nick C. Dudiak; Lower Cook Inlet Fisheries Resource
Development Biologist.

Mr. Dudiak has been a fisheries biologist with the BAlaska
Department of Fish and Game for the last 18 years. He has been
responsible for the commercial and sport fisheries rehabilitation
and enhancement work in the Lower Cook Inlet area during those 17
years. In this capacity, he has been responsible for multi-
disciplinary work involving the rehabilitation of depleted salmon
stocks as well as enhancement activities that have created new and
developing commercial and sport fisheries.

Mark Di%ﬁéon, Fish and Wildlife Technician IV.

Mr. Dickson has been employed as a fish culturist and fish and game
technician with the Alaska Department of Fish and Game for the past
18 seasons. He has considerable experience in fish cultural
practices in the field and in the hatchery managing projects that
restores and enhances sport and commercial fisheries in the Lower
Cook Inlet area.

BUDGET

The detailed project budget for the Port Dick Spawning Channel
project is presented in the following form 2A & 2B. As previously
described, this project was not initially approved for continued
funding in FY95. However, the possibility of project reinstatement
for the remainder of FY/95 is currently under review. We have
committed to the continued monitoring of this important project by
temporarily using general fund monies which will eventually require
reallocation.
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Otter and Shrode Creek Barrier Bypass Project: Final Report

Project Number: 95139B

Restoration Category: General Restoration (continuation of 94139B1 and B2)
Proposed By: USFS

Cost FY 95: $5,200

Cost FY 96: $0

Total Cost: $5,200

Duration: 1 year

Geographic Area: Prince William Sound

Injured Resource/Service: Cutthroat trout and Dolly Varden

INTRODUCTION

This proposal provides funding for the final report for the Otter Creek and Shrode Creek
barrier bypass projects completed in FFY 94 (94139).

NEED FOR THE PROJECT

Otter Creek Barrier Bypass
An Alaska steep pass was built on a barrier falls near the mouth of Otter Creek in 1982. A

July 1991 monitoring trip by the US Forest Service indicated that not all fish were able to move
past a small vertical falls above the steep pass. Additionally, it was observed that two 1.5 m
cascades could be modified for easier passage to a 55 acre lake and a 3 acre pond. The project
provides access for all salmon, trout and Dolly Varden.

Shrode Creek Barrier Bypass
The Shrode Creek fishway was initially constructed in 1962 to bypass a 3 m barrier falls and

provide consistent access to Shrode Lake and two small unnamed lakes. These lakes are utilized
by sockeye, coho, and pink salmon as well as cutthroat trout and Dolly Varden char. Chum
salmon are also present in the creek. A 1991 inspection indicated the need for immediate
replacement of the gabion baskets as many salmon were impaled and gilled by the deteriorating
gabions. The lower concrete wall was undercut by the current and needed to be replaced.



Otter Creek/Shrode Creek Instream Restoration Project Number: 95139B

PROJECT DESIGN

A. Objectives

The objective is to complete the final report for EVOS Project 94139 for Otter Creek and
Shrode Creek.

B. Methods

Otter Creek Barrier Bypass

A fishpass was designed and constructed to overcome a 1.5 m falls. Two 1.5 m cascades were
modified for easier passage. The water level in a jump pool was raised by means of gabions.

Shrode Creek Barrier Bypass

Gabion baskets were replaced and a new cement wall was constructed.

C. Schedule

Oct. 1, 1994 - Jan 15, 1995 Prepare draft report

Jan. 15, 1995 Report distributed for internal review
Feb. 15, 1995 Report distributed for EVOS peer review
April 15, 1995 Report distributed to Trustees

D. Technical Support
None required.
E. Location

Glacier Ranger District office.

PROJECT IMPLEMENTATION

To be carried out by the Glacier Ranger District USFS.

COORDINATION OF INTEGRATED RESEARCH EFFORT

Not applicable.



Otter Creek/Shrode Creek Instream Restoration

Project Number: 95139B

FY 95 BUDGET ($K)

Personnel
Travel
Contractual
Commodities
Equipment
Subtotal
Gen. Admin.
Total

4.5
0.0
0.0
0.0
0.0
4.5

5.2
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95139CH1
MONTAGUE RIPARIAN
REHABILITATION

DPD NOT YET RECEIVED BY
RESTORATION OFFICE
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95139C2
CARRY FORWARD:
SALMON INSTREAM HABITAT
& STOCK RESTORATION---
LOWE RIVER

PROJECT DELAYED UNTIL FY 96;
NO DPD PREPARED
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APEX 1

APEX:

APEX PREDATOR
ECOSYSTEM
EXPERIMENT

IN PRINCE WILLIAM
SOUND
AND _
THE GULF OF ALASKA

A PROPOSAL TO THE EXXON VALDEZ OIL SPILL
TRUSTEES

D. C. Duffy (Project leader)
Alaska Natural Heritage Program and
Department of Biology
University of Alaska Anchorage
707 A Street
Anchorage AK 99501
Tel. 907-257-2703
Fax 907-276-6847
E-mail AFDCD1@ACAD2.ALASKA.EDU



APEX 2

Principal Investigators:

L. Halderson
School of Fisheries and Ocean Sciences
University of Alaska Fairbanks
Fairbanks, Alaska 99775-7220

S. Hatch
Alaska Science Center
National Biological Service
1100 East Tudor Road
Anchorage AK 99503
- Tel 907-786-3529
Fax 907-786-3636

D. L. Hayes
Migratory Bird Managment
U.S. Fish and Wildlife Service
1011 E. Tudor Road
Anchordage AK 99503
907-786-3694
907-786-3641

D. Irons
Migratory Bird Managment
U.S. Fish and Wildlife Service
1011 E. Tudor Road
Anchorage AK 99503
907-786-3694
907-786-3641

W. Ostrand
Migratory Bird Managment
U.S. Fish and Wildlife Service
1011 E. Tudor Road
Anchorage AK 99503
Tel 907-786-3694
FAX 907-786-3641
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A.J. Paul
Institute of Marine Sciences
School of Fisheries and Ocean Sciences
University of Alaska Fairbanks
Seward Marine Center

POB 730

Seward AK 99664

Tel 907-224-5261

FAX 907-224-3392

J. F. Piatt
Alaska Science Center
National Biological Service
1100 East Tudor Road
Anchorage AK 99503
Tel 907-786-3549
Fax 907-786-3636

D. Roby
Alaska Cooperative Fish and Willife Research Unit
209 Irving Building
University of Alaska Fairbanks
Fairbanks AK 99775
Tel 907-474-7673
FAX 907-474-6716

D. Roseneau
Alaska Maritime National Wildlife refuge
2355 Kachemak Bay Dr.
Suite 101
Homer AK 99603
Tel. 907-235-6546
Fax 907-235-7783

M. V. Sturdevant
National Marine Fisheries Service
National Oceanic and Atmospheric Administration
P.O. Box 210029
Auke Bay, AK 99821
Tel. 907-789-6600
Fax 907-789-6608
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R. Thome
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G. A. J. Worthy
Department of Marine Biology
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Galveston TX 77551
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B. Wright
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National Marine Fisheries Service
National Oceanic and Atmospheric Administration
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APEX 6
INTRODUCTION

The spill from the oil tanker Exxon Valdez resulted in significant mortality of several
seabirds and in acute massive damage to Prince William Sound (PWS) and the Guif
of Alaska (GOA) (Piatt et al. 1990). Five years following the spill, several species have
not recovered (Agler et al. 1994a,b; Klosiewski and Laing 1994). This may be the
result of lingering effects of the oil spill (toxicity of prey, sublethal effects of oil exposure
to organisms, or enduring changes to ecosystem structure). On the other hand, other
non-oil factors may be involved, such as predation, climate-driven ecosystem
changes, or even ‘random’ perturbations (cf. Piatt and Anderson 1995).

Both to aid in the recovery of injured resources and to safeguard the long-term
health of Prince William Sound, we need to understand the ecological processes that
control the ecosystem. This project focuses on the trophic interactions of seabirds and
the forage species they feed on. We chose food as the focus because: 1) much of
seabird population theory (Ashmole 1963) and several empirical field tests (e.g.
Fumess and Birkhead 1984; Birt et al. 1987) have identified food as an important
limiting factor; 2) seabird/fish researchers in the PWS/GOA complex have concluded
that major changes in food have occurred during the period (e.g. Hatch et al. 1993;
Springer 1993); 3) other factors such as oil toxicity and climate change might express
themselves through the food supply (e.g. Duffy 1993); and 4) a knowledge of the
forage food base is critical for other apex predators, such as marine mammals and
predatory fish, as well as for any larger effort to manage Prince William Sound’s
marine resources in a sustainable manner.

In addition, testing the importance of abiotic factors such as El Nifio/Southem
Oscillation (Duffy 1993) or 18.6 year nodal tides (Royer 1993) requires data sets at
least as long as the expected frequencies. In testing biotic factors first, we also acquire
time-series that can be used for subsequent tests of abiotic factors.

We propose to study the distribution and abundance of prey species through
acoustic sampling in relation to food, environmental conditions and possible
competitors, then to examine the physical, behavioral and competitive limits to access
to these forage species for seabirds. We will examine the reproductive consequences
of such limitations for pigeon guillemots Cepphus columba and black-legged
kittiwakes Rissa tridactyla, with pilot components to determine if we can extend the
examination to tufted puffins Lunda cirrhata , common murres Uria aalge and
predatory fish. By examining the diet and reproductive consequences for a surface-
feeder (kittiwake), a benthic diver (pigeon guillemot), two pelagic divers (puffin and
murre), and large fish, we should be able to build up a picture of the forage base for
the entire seabird community, setting the stage for a long-term, low-cost monitoring
program.

Seabird Specles
Prince William Sound has large populations of seabirds, although these are not as
numerous or diverse as populations elsewhere in the Gulf of Alaska region (Sowls et
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al. 1978; DeGange and Sanger 1987).

The main breeding species within the Sound are marbled murrelets
Brachyramphus marmoratum , black-legged kittiwakes , glaucous-winged gulls Larus
glaucescens, and pigeon guillemots, with smaller numbers of double-crested
commorants Phalacrocorax auritus, mew gulls Larus canus, Arctic tems Sterna
paradisaea, and homed Lunda corniculata and tufted puffins (Isleib and Kessel
1973; Sowls et al. 1987). Kittlitz's murrelets Brachyramphus brevirostre are also
frequent in the Sound, presumably breeding (Isleib and Kessel 1973; Klosiewski and
Laing 1994).

In contrast, northem fulmars Fulmarus glacialis, and Leach’s storm-petrels O.
leucorhoa are absent from the Sound. Fork-tailed storm-petrels Oceanodroma furcata
are known from only a single colony (Isleib and Kessel 1973). Absence of appropriate
clift-nesting habitat in much of the Sound may restrict breeding by common murres (D.
Roseneau, pers. observ.) and, to a lesser extent, by kittiwakes. The same may be true
for pelagic Phalacrocorax pelagicus and red-faced commorants P. urile which use cliff
ledges (Sowls et al. 1978).

Population Trends: Numerous species have declined between surveys in'the 1970’s
and the 1990’s in Prince William Sound: cormorant spp., kittiwake, glaucous-winged
gull, Arctic temn, Kittlitz's and marbled murrelets, tufted and homed puffin, and pigeon
guillemot (Kiosiewski and Laing 1994; D. Irons, pers. comm.). Colony trends for
kittiwakes have been inconsistent with changes in total numbers, although kittiwake
productivity has dropped between 1984 - 1989 and 1990 - 1993 (D. Irons, pers. '
comm.). The population of pigeon guillemots (Cepphus columba) in PWS has
decreased from about 15,000 in the 1970's (Isleib and Kessel 1973) to about 3,000 in
1993 (Sanger and Cody 1993). Based on censuses taken around the Naked Island
complex (Naked, Peak, Storey, Smith, and Little Smith Islands), pre-spill counts (ca.
2,000 guillemots) were roughly twice as high as post-spill counts (ca. 1,000 guillemots;
Oakley and Kuletz 1993). Pigeon guillemots are listed as “Not recovering® in the 1994
Exxon Valdez Qil Spill Restoration Plan.

Common murres were among the species most damaged by the oit spill, but
most of the oiled birds nested outside PWS (Piatt et al. 1990). Murres are also listed
as “Not recovering” in the 1994 Exxon Valdez Oil Spill Restoration Plan.

Seabird diets: The best evidence for a shift in trophic resources for seabirds within
Prince William Sound comes from pigeon guillemots. No long-term data sets exist for
other species (Springer 1993) or, like black-legged kittiwakes, they exhibit great year
to year variability (D. Irons, unpubl. data).

In 1994, sand lance accounted for only about 1% of prey items fed to guillemot
chicks at Jackpot Island and about 8% at Naked Island (Oakley and Kuletz 1993); in
contrast, in 1979 the sand lance component at Naked Island was about 55% (Kuletz
1983). Gadids were much more prevalent in the diet of guillemot chicks on Naked
Island in 1994 (ca. 30%) than they were in 1979-1981 (< 7%,; Kuletz 1983).

Pre-spill studies of pigeon guillemots breeding at Naked Island suggest that
sand lance are a preferred prey during chick-rearing (Kuletz 1983). Breeding pairs
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that specialized on sand lance tended to initiate nesting attempts earlier and produce
chicks that grew faster and fledged at higher weights than did breeding pairs that
preyed mostly upon blennies and sculpins, at least in years when sand lance were
readily available. Consequently, the overall productivity of the guillemot population
was higher when sand lance were available.

The decline in the prevalence of sand lance in the diet of guillemots breeding
at Naked Island might be a key element in the failure of this species to recover from the
oil spill. The schooling behavior of sand lance, coupled with their high lipid content
relative to that of gadids and nearshore bottom fish, might make this species a
particularly high-quality forage resource for PWS pigeon guillemots. This is consistent
with the observation that other seabird species (e.g., puffins, murres, kittiwakes)
experience enhanced reproductive success when sand lance are available (Pearson
1968, Harris and Hislop 1978; Hunt et al. 1980; Vermeer 1979, 1980).

Outside the Sound, there is evidence of a shift in forage species and in seabird
diets and populations in the North Pacific and Bering Sea (Springer 1993), but the
significance of this to conditions in PWS remains unknown. Hatch (FIGURE 1; unpubl.
data) showed a great increase in pollock in 1994 compared to 1978 and 1990 in diets
of tufted puffins and a corresponding decrease in sand lance in diets of both tufted
puffin and rhinoceros auklet Cerorhinca monocerata at Middleton Island.
Summarizing data from five species in the Gulf of Alaska, Piatt and Anderson (1995)
documented a dramatic shift from capelin to other species, primarily sand lance
(FIGURE 2).

Forage Specles

Forage species include planktivorous fishes and invertebrates. Planktivorous fish
species that occur in PWS and are known or likely prey of apex predators include
Pacific herring (Clupea pallasi), Pacific sand lance (Ammodytes hexapterus), walleye
pollock (Theragra chalcogramma), capelin (Mallotus villosus) and eulachon
(Thaleichthys pacificus). Among these, Pacific herring are commercially valuable in
PWS and have been studied extensively by Alaska Department of Fish and Game
(ADF&Q) to facilitate management. Data available for Pacific herring include
population size, year-class abundance, and growth. Walleye pollock are commercially
valuable in the westem GOA and the Bering Sea; consequently there are
considerable data describing populations and biology in those area, but relatively little
information exists on pollock in PWS. The other fish species are not commercially
important in Alaska and have received little study (Adkinson 1993), although some
scattered information allows a preliminary assessment of their life-history features,
distributions and food habits.

Pacific herring populations in PWS are monitored through egg surveys, with
subsamples aged to estimate year-class abundances. Through the 1980's herring
abundances were relatively high in PWS, with cyclical strong year classes. In 1993
and 1994 herring populations declined sharply. Adults had relatively high incidences
of iesions caused by viral hemorrhagic septicemia (VHS), and the mean size at age
was abnormally low. Apparently herring populations in PWS have been seriously
stressed in recent years. Although linkage to EVOS has not been clearly
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demonstrated, problems with herring may stem from post-EVOS changes in the
pelagic production system of PWS. In that case, other forage species may have been
similarly affected. Herring are prey for many apex predators, including seabirds and
marine mammalis.

In the westem GOA and Bering Sea juvenile walleye poliock are planktivorous,
and are preyed upon by apex predators. In Shelikof Strait in April, walleye pollock
comprised about 99% of midwater planktivores (Brodeur and Merati 1993). In PWS
walleye pollock are probably an important forage species. In a bottom trawl survey of
PWS, walleye poliock were the most abundant species (Parks and Zenger 1979), and
walleye poliock were the most abundant larval fishes found in ichthyoplankton
samples collected in 1989 after the EVOS (B. Norcross, pers. comm.). Juvenile
walleye pollock are very important constituents of the diets of piscivorous seabirds
(Springer and Byrd 1989; Divoky 1981) and marine mammals (Lowry et al. 1989;
Pitcher 1980, 1981).

Pacific sand lance occur throughout the GOA and are important forage species
wherever they occur. They are planktivorous, feeding on euphausiids and copepods,
with euphausiids more important in winter months (Craig 1987a). Throughout their
range, calanoid copepods have generally been reported as their principal prey
(Simenstad et al. 1979; Rogers et al. 1979; Cross et al. 1978; Craig 1987). Pacific
sand lance have been reported as prey for a variety of marine seabirds (Sealy 1975;
Vermeer 1979; Drury et al. 1981; Springer et al. 1984; Wilson and Manuwal 1986).
They are also eaten by many marine mammals including harbor seals (Pitcher 1980) .
and Steller’s sea lions (Pitcher 1981). There is little information on the abundance
and distribution of sand lance in the PWS area, but they are probably an important
intermediate link in the food webs that support apex predators. .

Two smelt species, capelin and eulachon, are probably important forage species in
PWS. In a bottom trawl survey conducted in April, eulachon was the fifth most
abundant species collected overall, but it was the dominant species at depths over
200 fm. (Parks and Zenger 1979). These fish were ready to spawn and apparently
were intercepted while migrating to their spawning grounds in rivers. Eulachon are
important forage species throughout Alaska, and may be the most important forage
fish in the southem Bering Sea (Wamer and Shafford 1981).

Capelin spawn on nearshore sandy substrates. In the northem Guif of Alaska
(Kodiak) they spawn in May and June (Wamer and Shafford 1978; Pahlke 1985).
They are prey of many piscivorous seabirds (Baird and Gould 1985) and marine
- mammals (Fiscus et al. 1964).

A striking feature of the forage fishes, and one that has important implications for
this project, is the difference among the species in spawning times and locations.
Spawning aggregations, migrations to spawning grounds, and post-spawning
dispersion pattems must result in temporal and geographic variation in availability of
forage fishes. The structure of reproduction among the potentially important forage
fishes is:

SPECIES SPAWNTIME ~  LOCATION

Pacific sand lance December-February  Probably shallow nearshore
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Pacific herring March-April Intertidal, shallow subtidal
hard substrates, macrophytes

Walleye pollock April-May Pelagic, deep

Eulachon April-May Streams, near tide-water

Capelin May-June intertidal, shallow subtidal

depositional beaches

Initial analysis of diets (Sturdevant 1995: FIGURE 3) demonstrated considerable
overlap in diet between pollock and sand lance, pink salmon fry and sand lance, and
between herring and capelin, suggesting the potential for competitive interactions
between guilds of forage fish species. However, these analyes were based on limited
samples and size classes, so the situation is likely to be more complex (Sturdevant
1995).

Macrozooplankton: Euphausiids, shrimp, mysids, and amphipods are a central
component in the diets of sand lance, capelin and pollock, as well as of young salmon
(Clausen 1983; Coyle and Paul 1992; Livingston et al. 1986; Straty 1972). When
aggregated in sufficient densities, macrozooplankton are fed on directly by marine
birds (Coyle et al. 1992; Hunt et al. 1981; Oji 1980). Swarming behavior by breeding
euphausiids (Paul et al. 1990b) and physical factors (Coyle et al. 1992; Coyle and
Cooney 1993) may concentrate macrozooplankton and micronekton into aggregations
of density suitable for efficient foraging by predators. Unfortunately, there is little
information on the abundance, distribution and fluctuations of these key invertebrate
taxa in the EVOS impact region. In the GOA, zooplankton abundance has varied on a
decadal time scale (Brodeur and Ware 1992); and, superimposed on longer cycles,
are interannual fluctuations as high as 300% (Frost 1983; Coyle et al. 1990; Coyle and
Paul 1990, 1992; Paul et al. 1990a, 1990b, 1991; Paul and Coyle 1993). Such
variability in abundance may directly or indirectly affect populations of apex predators
in PWS.

Constraints on Research
Historical data are scarce and often poorly documented, especially for forage fish that

are not commercially important (Adkinson et al. 1993). However imperfect, such time
series provide the only way directly to test hypotheses at the decadal scale.
Interannual and intra-annual comparisons of ecosystems with differing abundances of
forage fish allow initial tests of these same hypotheses at the scale of one to three
years, the proposed duration of this project. We assume that the factors that
determined relative abundance of forage fish historically continue to operate
contemporaneously. Finally, geographic comparisons within the same time periods
provide an additional test of the effects of different ecosystem conditions and of
different relative forage species abundances.

Measuring prey availability is not an easy task. While indirect indices, such as
changes in fisheries landings, can approximate prey available to seabirds, the most
effective measurements are direct, such as acoustic counts of fish, using surface ships
and transect sampling. This requires careful calibration of the acoustic devices and an
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ability to identify the different fish species. Identification of fish is typically done with
nets or trawls on the acoustic targets, but improved hydroacoustic technotogy can
allow identification based on school shape and characteristics or even based on
individual fish. Another approach to measuring forage fish presence and abundance is
to study the diets of predatory fish (Ashmole and Ashmole 1967).

While the fish-sampling methodology is available, it is not always clear at what
scale nesting seabirds are exploiting their environments, yet such information is vital if
indices of abundance are to be linked to events at a seabird colony. Correlations of
seabird and food abundance appear to increase with scale (Heinemann et al. 1989;
Erikstad et al.1990).

it is possible to measure distribution of seabirds foraging away from nesting
colonies directly at sea (Eulerian sampling: e.g. Wilson et al 1988) or indirectly
through use of radio or satellite-tracking of individual birds (LaGrangian sampling: e.g.
Irons 1992), or by time elapsed during foraging trips (Caims et al. 1987, Wanless and
Harris 1992).

Even if forage fish and foraging birds can be measured at an appropriate scale,
such measurements do not necessarily represent food available to foraging birds.
Food availability may be locally enhanced by local oceanographic features (Coyle et
al. 1992). Seabird species may differ in their choice of fish schools based on fish
density (Piatt 1990), depth (Burger and Simpson 1986), or preferred foraging area
(Irons 1992). Seabird species may arrive or depart from interspecific foraging
aggregations at different times in their development: a species may be able to forage
at a fish school only before other species amrive to displace it (Hoffman et al. 1981).
Intense interspecific interactions between Pacific alcids occur underwater (Duffy et al.
1987) so mechanisms for competitive exclusion exist.

Although food availability can be assessed, measuring its relation to
reproductive success is complicated. There must also be enough variability in diet
between years to detect such relations. This does not appear to be a problem in the
Gulf of Alaska area (e.g. Baird 1990; Irons 1992; Oakley and Kuletz 1993; S. Hatch,
pers. comm).

While seabirds have some capacity to buffer their chick-rearing and foraging
against variations in food supply (Caims et al. 1987; Burger and Piatt 1990; Irons
1992), there is abundant evidence of differential reproductive response to changes in
prey availability (e.g. Braun and Hunt 1983; Ricklefs et al. 1984; Springer et al. 1986;
Irons 1992). Over time, there must generally be enough food to support a breeding
population at a particular seabird site, but within and between years, there may be
food shortages with effects ranging from reduction in growth of young to total colony
failure (e.g. Murphy et al. 1991; Harris and Wanless 1990). Food may fall short both in
amount and in quality (cf. Vader et al. 1990).

Even if mortality does not occur, these shortfalls may be reflected in differences
in body growth-rate and composition of nestling seabirds or in the masses at which
they leave the nest. The latter has been reported to predict survival of the young once
they fledge (Perrins et al. 1973).

Research Approach
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All these are formidable problems, but we believe they can be successfully tackied by
framing a series of hypotheses that serve to organize our research and by
collaborative research across disciplines. ~

Our research will look at the effect of different forage food availability measured
acoustically on reproductive parameters of kittiwakes and pigeon guillemots between
years and within years at two (guillemot) and 26 sites (kittiwake) sites in PWS . A pilot
project will attempt the same measurements for tufted puffins within GOA. We will also
compare the effect of a capelin-rich forage environment outside PWS with the post-
EVOS forage environment within the Sound for kittiwakes and puffins. The energetic
and nutritional bases for these effects will aiso be explored. We will also explore the
availability of forage species in terms of their own behavior and in terms of the
behavior and interactions of their predators.

While we test the effects of possible food limitations on the recovery of Prince
William Sound seabirds, we also need to understand the ecosystem mechanisms that
might be causing such limitations. We suggest that studies of mechanisms of change
should focus on productivity measures of forage species. This is because changes in
forage productivity would likely influence the general levels of abundance as well as
availability of forage species as food for seabirds.

Finally, the sum of all these efforts should allow us sufficient unders!andmg to
identify simple, inexpensive parameters that can be measured to monitor the state of
overall forage species/seabird interactions within the PWS ecosystem.

General hypothesis:
A shift in the Prince William Sound marine trophic structure has
prevented recovery of injured resources.

Working Hypotheses
1. The trophic structure of PWS has changed at the decadal
scale
testable assumptlion: Intra-annual variability in diet and other
trend data are less than at the annual or decadalt level;
a. prediction: Historical data on bird and predatory fish diets, net
samples, fisheries landings, and other available data will show
shifts in trophic structure at the decadal scale.
b. prediction: Changes will be linked to shifts in environmental
conditions
test: Analysis of available data will show shifts at the decadal
level. Such shifts will be coherently expressed across
different data sets. Historically, forage species that eat each
other or have high diet overlaps will show inverse population trends.

task: Piatt (Appendix 1).

2. Planktivory is the factor determining abundance of the
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preferred forage species of seabirds
testable assumptions: we can measure fish diet and we can
measure some relative index of forage fish abundance,
population trends should be visible within the three-year
sample period of this study.
a. prediction: Diets will differ between forage species.
b. prediction: Forage species differ in their daily energy budgets
and in the food rations that satisfy such demands
test: Species with favorable energy balances will be more common
and have positive population trends. Species with high diet
overlaps or a trophic relationship will show inverse trends
over the three years of the study.
tasks: Sturdevant (Appendix 2)
Coyle and Thome (Appendix 3)
Haldorson and Paul (Appendix 4)

3. Forage species differ in their spatial responses to

oceanographic processes

testable assumptlon: we can identify and sample forage fish
species acoustically and/or with nets and make simultaneous
environmental measurements.

a. prediction: The occurrence of each forage species is associated
with a predictable suite of environmental conditions, such as date,

depth, or water temperature.

b. prediction: The condition-indices and growth rates of forage
species will differ in relation to a predictable suite of
environmental conditions.

test: Measure the distribution, abundance, and condition of forage
species with simuitaneous collection of environmental data;
cross correlate or use multivariate statistics to identify relevant
parameters that separate species.

task: Coyle and Thorne (Appendix 3)

Haldorson and Paul (Appendix 4) -

4. Productivity and size of forage species change the
energy potentially available for seabirds

testable assumptions: forage fish differ measurably in body
condition and size between species, between seasons, and
between years; we can detect trends in forage species over
three years or hindcast trends based on historical data (e.g.
seabird diets and herring landings)

a. prediction: spawning species will be richer energetic prey than
are non-spawners (cf. Montevecchi and Piatt 1984)
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b. prediction: spawning aggregations are larger than non-spawning
aggregations
¢. prediction: measures of fish productivity reflect direction and
changes in fish stocks
test: Compare size and proximate analyses of forage species with
multi-year population indices to identify body-condition
parameters that can be used to monitor fish populations.
tasks: Coyle and Thome (Appendix 3)
Worthy (Appendix 5)

5. Forage fish characteristics and interactions among
seabirds limit availability of seabird prey

testable assumptions: prey differ in depth, school size, fish
size, distance offshore; seabirds differ in foraging
characteristics.

a. prediction: Inter- and intra-specific interactions of seabirds
detemmine access to prey at patches

b. prediction: Differences in seabird morphology and foraging
characteristics determine access to prey

test: During transects, record group size, group density,
depth/duration of dive, frequency of foraging methods,
distance foraged from colony, and competitive interactions for each
seabird species.

test: Compare seabird species assemblages at food patches of
different sizes and species.

tasks: Ostrand (Appendix 6)

6. Seabird foraging group size and species composition
reflect prey patch size

testable assumption: school size for schooling species remains

constant within but differs between species (Radovich 1979)

or it varies within species in response to food levels (Duffy and Wissel

1988)

a. prediction: Inshore foragers will have smaller flock sizes than

do off-shore foragers

b. prediction: Foraging flock group size will decline over the
breeding season as birds shift from spawriing herring to other
prey with smaller school-patch sizes.

c. prediction: Foraging-flock composition will change with school

size.

d. prediction: Inshore patches are smaller than offshore patches

within and between prey species.
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e. prediction: Patch (school) size is constant within species.
test: Regress mean seabird foraging group size on transects with mean
patch size for each month and subregion of transects.

test: Determine characteristic patch size for forage species by

month and distance/depth offshore.
tasks: Ostrand (Appendix 6)

Coyle and Thome (Appendix 3)

7. Seabird diet composition and amount reflects changes in
the relative abundance and distribution of forage fish at relevant
scales around colonies

testable assumptions: Seabird foraging decreases with distance

from colony so an effective foraging zone can be determined;

acoustic sampling can determine relative abundance indices

for each colony’s foraging zone (relative biomass, number of schools,

number of accessible schools, or, in the worst case, simply

presence/absence of prey).

a. prediction: The greater the overlap in foraging zones between

colonies, the less the difference in diet

b. prediction: Seabird diet composition directly reflects relative
forage species abundance-indices in surrounding waters, as
measured by acoustic surveys and by analysis of predatory-
fish stomachs. V

c. prediction: Seabird diet composition reflects forage fish

acoustic abundance determinations, once these are corrected

for relative availability, based on seabird species-specific

foraging constraints.

test: Determine effective foraging ranges based on Eulerian (at-sea
transects) and LaGrangian (radiotracking of kittiwakes,
murres and puffins; direct observation of guillemots).

test: Determine overlap in foraging zones between colonies (cf.
Furmess and Birkhead 1984; Cairns 1989).

test: Compare black-legged kittiwake, pigeon guillemot, and
tufted puffin diet data in Prince William Sound with
acoustically-derived forage fish abundance-indices at
appropriate scale, determined above.

test: Compare relative forage species proportions in seabird
(tufted puffin, pigeon guillemot, black-legged kittiwake,
common murre) diets in several study areas (PWS, Barrens)
with acoustic indices and predatory fish stomachs, both
within and between years.

tagks: Coyle and Thorne (Appendix 3)
Ostrand (Appendix 6)
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Irons (Appendix 7)
Hayes (Appendix 8)
- Roseneau (Appendix 9)
Roseneau (Appendix 10)
Hatch (Appendix 11)

8. Changes in seabird reproductive productivity reflect
differences in forage fish abundance as measured in aduit
seabird foraging trips, chick-meal size and chick-provisioning
rates

testable assumption: A linear relation exists between

parameters (Occam’s Razor). Some initial work (Irons 1992)
indicates the presence of response thresholds and nonlinear
responses but this needs to be confimed. We assume that meal
mass and provisioning rate vary; however, these may exhibit
an asymptotic maximum.

a. prediction: Chick provisioning rates are linearly related to

amount of food and to growth and survival of nestling black-
legged kittiwakes, puffins, murres, and pigeon guillemots.
b. prediction: Meal mass per chick provisioning is linearly related
to amount of growth and survival of nestling black-legged
kittiwakes, tufted puffins, common murres, and pigeon
guillemots.
¢. prediction: adults will respond initially to changes in food
availability with changes in foraging effort (duration or length
of trip), providing a buffer in predictions a and b.

test: measure length of foraging trips, frequency of trips, meal
size, growth and survival of young kittiwakes and guillemots,
with additional data from pilot studies of tufted puffins and
common murres.

tasks: Irons (Appendix 7)

Hayes (Appendix 8)
Roseneau (Appendix 10)
Hatch (Appendix 11)

9. Seabird reproductive productivity is determined by
differences in forage fish nutritional quality
testable assumption: Differences in nutritional quality will be
greater than any buffering in determining growth rate;
substantial differences in forage prey species and seabird diet
exist between sites.
a. prediction: Meal energy and nutritional content are linearly related to both
short-term and fledging growth and body state parameters (cf.
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Montevecchi and Piatt 1984).

test: Measure food, energy/nutritional intake, and resulting growth
and body parameters in kittiwakes (2 sites), pigeon guillemots (2 sites:
one benthic prey, one pelagic prey), and puffins (one site) in Prince
William Sound where herring and sand lance have apparently been
declining and of kittiwakes (one site), murres (one site) and puffins (one
site) at the Barren Islands where capelin, a high-nutrient food, has
recently been abundant.
tasks: Roby (Appendix 12)
Worthy (Appendix 5)
with:  Hatch ( Appendix 11)
Hayes (Appendix 8)
Irons (Appendix 7)
‘Roseneau (Appendix 10)

10. Seabird species within a community react
predictably to different prey bases

testable prediction: A synthesis of results from the present and
existing research will provide a coherent picture of
seabird/forage species interactions and their effects that is
consistent with differences in species.

prediction: One or more parameters will be an effective alias
for forage/seabird community interactions.

test: Develop a unified model that can predict future responses of
seabird communities to changes in the forage base and to
environmental change. We can then identify a few simple
parameters that can be used to monitor the seabird community
on a continuing basis.

task: While initial modelling will begin with the first results, a
formal effort will not begin until after the second field season and
will be included in the third-year budget.

Collaboration

Collaboration within APEX

To be effective, this study requires tight cooperation between its various components.
Many of the hypotheses involve integration of data from one component to another
(FIGURE 4). For example, acoustic surveys and trawls will give us an index of forage
species abundance (Coyle and Thome) but not necessarily of availability to seabirds,
which requires data on foraging capabilities of different species (Ostrand) and their
foraging ranges (Irons, Hatch, Ostrand). By combining data sets, we can compare
availability with diet and reproductive data for individual seabird species (Hatch, Hays,
Iron, Roseneau). These in turn can only be evaluated in light of the nutritional quality of
their food. This requires proximate analysis of diet items (Worthy) and an
energy/nutrient budget (Roby). Similarly, to understand the interactions between



APEX 18
forage species that may account for their shifts in abundance, we need measures of
their present abundance (Coyle and Thome), their diets (Sturdevant) and their
energetic requirements (Haldorson and Paul). These in tum require some index of
stability of the ecosystem and past evidence of shifts in its stability (Piatt). Taken
altogether, we should be able to construct simple ‘rules’ about how the ecosystern
works, that can be tested through monitoring (Duffy and all P.1.’s).

Logistically, the components are also tightly linked (see appendices). The
pigeon guillemot component will provide much of the logistic support for the puffin
component and the seabird energetics study in PWS. The murre/kittiwake study on
the Barren Islands will similarly support the puffin component.

The energetics component will share measurements of nestling parameters
made by the guillemot, kittiwake, puffin and murre components. The seabird-foraging
component will use the acoustic/trawl survey component, as well as survey work by
the SEA project, as platforms for its data collection. Proximate, diet and energetic
analyses of fish will depend on fish collected by the trawl surveys, the sampling of
predatory fish from charter-boat captains, and on the reproductive studies of
kittiwakes, puffins, murres and guillemots.

Collaboration with EVOS Projects

While our initial emphasis is on a tight collaborative structure within the APEX study,
we will share fish samples with the Sea Program and will make acoustic data

available to both SEA and the marine mammal projects. The proximate analysis data
will similarly be used by the marine mammal research projects. In tum, we will be )
using SEA survey vessels and acoustic data for the seabird foraging component. We
will also use SEA data on zooplankton abundance to compare with the condition of
forage fish (Appendlx 4).

SEA is using Biosonics acoustic gear. We are also using this gear and Dr
Thorne of Biosonics is one of our P.1.'s. Similarly, Dr. Paul is a P.l. in both programs.
These two positions should help to ensure ongoing coordination.

Although our research questions and survey designs differ, we share hardware
with the SEA acoustic project that allows interchange of data. Similarly, our physical
measurements (e.g. CTD’s) can be imported into the SEA data structure. We have not
asked for funds to support such integration, as it does not serve to test our present
hypotheses, but we would be happy to move forward with such an effort, if it were to be
supported by the Trustee Council.

We have begun discussions with SEA on modelling efforts for PWS. Obviously
these will depend on multi-year data sets that capture some of the variability of the
system. SEA is essentially a bottom-up trophic approach while APEX is top down.
This suggests that future modelling would be complementary.

Coordination with outside projects

in relations with projects outside the study, we are relying on a U. S. Fish and
Wildlife study of kittiwake productivity ($89 K/year) to examine the relation between
fish abundance and kittiwake productivity (D. Irons). Similarly, matching funds from
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the National Biological Service ($15 K: J. Piatt) and ‘in-kind’ services from the U.S.
Fish and Wildiife Service will allow us to obtain useful information from the Barren
Islands area where the seabird community apparently has a strong forage base, in
contrast to apparent conditions in PWS. Piatt's NBS study, focusing primarily on
Kachemak Bay and using generally similar techniques and research approaches, will
provide comparative data on an additional seabird ecosystem and will allow a
collaborative approach to looking at seabird/forage species interactions at larger
scales. We will be able also to draw on his initial findings on bird activvity at
foraging’hot spots’ while designing our work in year two.

Diet analyses for fish will be supported through salaries by NOAA. Similarly, our
tufted puffin study will be supported by $30 K in NBS funds and will be
complemented by an $118 K NBS study examining puffin productivity at 11 sites in an
arc from southeast Alaska through the Aleutians to eastem Russia. (S. Hatch).

In addition, we hope to collaborate with the Ocean Carrying Capacity Study of
the Auke Bay Laboratory of NMFS which will be looking at large-scale distribution of
forage fish in the Guif of Alaska. Potentially, we can jointly address the issue of
whether PWS forage-species relative abundance reflects or is independent of
abundance of the same species in the Gulf.
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Appendix 1

J. Piatt 95163L

Historic review of ecosystem structure In the Prince Willlam Sound/Gulf of Alaska
complex

Introduction

It appears that marine fish communities have changed markedly in the Gulf of Alaska
.during the past 20 years. Coincident with cyclical fluctuations in sea-water
temperatures, the abundance of small forage species (e.g., shrimp, capelin) declined
precipitously in the late 1970's while populations of large predatory fish (e.g., pollock,
cod, and flatfish) increased dramatically (Anderson et al. 1994). Seabird diets shifted
from mostly capelin in the 1970's, to mostly sand lance and juvenile poilock in the late
1880's (Piatt and Anderson 1995). A variety of seabirds and marine mammals both
inside and outside of the oil spill zone exhibited signs of food stress (population
declines, reduced productivity, die-ofts) throughout the 1980's and early 1990's.

- This project will compile and analyze available unpublished and published data
to i) examine historical trends in the species composition and abundance of forage fish
communities in the Gulf of Alaska during the past 40 years, and, ii) based on the
results and conclusions of this analysis, identify possible research projects to test
hypotheses about ongoing and future changes in forage fish communities.

Need for the project

Assessing the effects upon, and recovery of, species injured in the Exxon Valdez oil
spill depends on our understanding of natural changes in the Gulf of Alaska marine
ecosystem. At present, compelling data from a21-year time series of scientific trawl
catches at one site (Paviov Bay) in the westem Gulf of Alaska (Anderson et al. 1994,
Piatt and Anderson 1995) provides the basis for conclusions about long-term changes
in forage fish communities. This change in community composition was accompanied
by about a 50% decrease in overall fish biomass, and has profound implications for
interpreting changes in population biology of dependent predators.

The Paviov Bay study is the longest continuous survey conducted at a single
site in the Gulf of Alaska by the National Marine Fisheries Service (NMFS). But how
applicable are these observations to other areas of the Gulf of Alaska-- in particular,
the area affected by the Exxon Valdez oii spill? Preliminary analysis of some data
suggest that these trends occurred throughout the northwestemn Gulf of Alaska, but a
large volume of trawl data from this region has never been analyzed.

In addition to Paviov Bay, NMFS conducted trawls using the same gear in
numerous bays, offshore gullys, and island passes from Unimak Pass to Castle Cape;
beginning as early as 1957. Using trawl nets with the same design, the Alaska
Department of Fish and Game (ADF&G) and NMFS also sampled areas from Castle
Cape to Cape Douglas (Cook Inlet), and 4,666 trawls were conducted in the bays
and gullys around Kodiak and Atognak islands since 1971. In total, some 8000
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individual tows have been conducted in the region, of which about 70% were
conducted in the spill area (including Afognak, Shelikof Strait, Alaska Peninsula, and
Kodiak Island). Species composition and wet weight biomass were recorded on all
these surveys.

Similarly, ADF&G has conducted shrimp trawl surveys in lower Cook Inlet since
about 1977. In total, about 1200 individual tows were conducted over this time period,
mostly in the area from Kachemak Bay to the Barren Islands. For the years 1977 to
1988, the catch biomass was quantified, but fish species composition may have only
been recorded qualitatively. Beginning in 1989, trawl catches were subsampled for
species biomass composition. Shellfish/groundfish surveys with a larger-mesh trawl
net have been conducted in lower Cook Inlet since 1989,

As part of ongoing research on pollock in the Gulf of Alaska, NMFS has
conducted numerous trawls and hydroacoustic surveys in the region since about
1984. Information of forage fish may be more limited from these surveys, however, as
they used primarily large mesh bottom trawls for groundfish and fine-mesh mid-water
trawls for larval pollock. Nonetheless, these data may be useful in assessing trends in
some forage species (K. Bailey, pers. comm.).

In addition to these continuous sampling programs, a variety of studies have
been conducted on forage fish species in the Guilf of Alaska during the past 30 years
(e.g. Frost and McCrone 1979; Blackbum 1978; Dick and Wamer 1982; Dames and
Moore 1983; Rogers et al. 1983). Various studies on predator diets in the Gulf of
Alaska provide additional historical information on forage fish abundance and
distribution (e.g., Sanger 1986; Hatch and Sanger 1992; Merrick and Calkins 1984,
Piatt and Anderson 1995; Livingston 1993).

It is desirable to analyze and synthesize these data on forage fish species for
several reasons: i) for interpretation of long-term trends in populations and trophic
" relations of higher vertebrate species, ii) to verify and supplement the site-specific
data available on trends in forage fish from Pavlov Bay, iii) to provide a historical basis
for predicting future trends in forage fish populations, and, iv) to suggest what kinds of
research should be conducted in the future to test hypotheses about forage fish

populations.

Objectives

1. Compile existing data from NMFS and ADF&G trawls in the Gulf
of Alaska into usable computer databases.

2. ldentify forage species of interest from historical data on
diets of higher predators in the Gulf of Alaska.

3. Analyze forage fish databases with respect to forage species
consumed historically by higher predators. Focus on temporal
and geographic variation in forage fish communities.

4. Synthesize all available data on forage species and trophic
relationships of predators.

5. Identify potentially useful future research to test hypotheses
about changes in forage fish communities in the Gulf of
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Alaska.

Methods

Raw data on forage fish catches in trawl nets are in various states of accessibility. The
first step is to inventory available data and determine which datasets are useful, and
what work is required to get them on line for analysis. Many data have been entered
on computer already, but these need to be checked for errors (e.g., find missing data,
correct geo-positional data, validate catch weights, etc.) and corrected. Several older
historical data, particularly from lower Cook Inlet, need to be compiled and entered
into the computer for the first time. More recent data (e.g., 1985 onwards) from all
sources are largely available for analysis at the present time.

Foliowing a review of available information (published and unpublished) on the
historical diets of seabirds and marine mammals in the Gulf of Alaska, the forage fish
data will be analyzed to examine temporal and geographic pattems of variability in key
forage fish species. Finally, the data on forage fish and trophic relationships of
predators will be synthesized to examine how, and possibly why, trophic relationships
have changed over time in the Gulf of Alaska.

The project is anticipated to take 1.5 years for completion. Inventory and
compilation of data will take place during the remainder of FY95, and data analysis
and reporting will take place in FY96.

Schedule

April-September 1995 Inventory trawl databases, begin data
compilation and correction, compile
literature on predator diets.

October 1995-March 1996 Analyze forage fish databases, prepare
summary reports.

April-September 1996 Synthesize data and prepare draft final
report.

December 1996 Final report.

Technical Support

No technical support is required for this project. All technical support is available in-
house to the primary investigators.

Location

Data will be analyzed at research instituions in Kodiak (Alaska Fisheries Science
Center, NMFS), Homer (Commercial Fisheries Management and Development,
ADF&G) and Anchorage (Alaska Science Center, NBS).

Coordination of integrated Research Effort
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This project is a collaborative effort between NBS (John Piatt, Anchorage), NMFS
(Paul Anderson, Kodiak; Richard Merrick, Seattle) and ADF&G (William Bechtol,
Homer; Jim Blackbum, Kodiak). The study will be coordinated with researchers
involved in EVOS forage fish studies in Prince William Sound.
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Appendix 2
Sturdevant : 95163C

Fish Stomach Contents Analysis

The carrying capacity of PWS for forage fish is a function of primary and secondary
productivity and the degree of prey resource partitioning (Cooney 1993). Lack of
knowledge about prey resource partitioning among forage fish limits efforts to estimate
the carrying capacity of PWS. Prey resource partitioning among forage fish species is
a function of the degree of habitat and diet overlap among species. Diets of many of
the forage fish species have not been completely described, particularly for juvenile
stages. This information is needed to characterize the species’ trophic niches, which
must be determined before niche overiap can be assessed and the potential for
resource competition between species can be inferred.

Trophic relationships must be examined seasonally over as many stages of the
life history as possible. A species’ preferred foraging habitat may change with
hydrographic conditions and reflect foraging behaviors that also change during life
history stages. Species caught in the same area may nevertheless have foraged in
different levels of the water column, and therefore exhibit low dietary overlap. Niche
overlap between age-1 herring and capelin, for example, was highest in the spring
when both species foraged in the water column; after the water column stratified,
herring switched to a surface-foraging mode in response to a newly available prey
assemblage (Coyle and Paul 1992). Niche overlap between the two species then
decreased as capelin continued to feed in the water column. Such trophic shifts
suggest that species which are not competitors during one season or life history stage
may compete at another time.

Trophic web information from the diet study will be used to help establish the
basic structure of future ecosystem models of PWS. These models will incorporate
data on changing oceanographic regimes, primary and secondary productivity, diet
overlap and prey selection, and fish distribution. They are necessary for
understanding recovery of predatory species and are useful in guiding recovery
activities.

Project Design

The 1995 sampling program will be a continuation of the 1994 piiot project (Project
94163) to determine diet overlap and prey selection among forage fish species. In
1994, samples of 12 species of forage fish were collected. Diet overiap is best
determined by analyzing stomach contents of species collected in the same area at
the same time. Sympatric species were therefore assigned high priority for stomach
processing. Work on the spring and late summer priority collections is nearly
completed. However, some species are poorly represented. Important forage fish
species such as sand lance and capelin were caught relatively infrequently and rarely
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co-occurred with others. Samples of allopatric species were initially assigned non-
priority processing status. However, because of their importance in seabird diets (eg.
Irons 1992; Hatch et al. 1993) coupled with the lack of information about their trophic
niches, it is important that these species be examined. Completion of priority sample
processing provides an opportunity to analyze the non-priority samples, including July
and November collections and species collected allopatricaily throughout the 1994
season, before July 1, 1995, when additional samples are collected. This work will
also provide important information on how food habits vary when potential competitors
are absent versus when the species occur sympatrically and information on seasonal
changes in forage fish diets.

Objective

Determine forage fish prey using stomach contents analysis for fish collected from
nearshore and offshore sites, and estimate degree of diet overlap among species.

Results

Results of stomach analyses on forage fish collected in the spring and late summer of
1994 will be summarized in the annual report due March 31, 1995. Because results
are not complete, the 1995 sampling program will continue to focus on basic diet and
prey selection information. The 1994 data are being used to detemmine what species
collections are lacking (see above), refine sample size estimates, evaluate several
analytical techniques for describing diet overlap and prey electivity, and determine if
prey categories can be pooled in future years.

Three examples from the 1994 stomach analysis illustrate both what we have
leamed and areas where information is lacking. First, preliminary results suggest that
diets of herring and pollock overlap extensively in spring (FIGURE 3). Principal prey
biomass was composed of large and small calanoids and larvaceans. However, only
11% of the 27 sets with either of these fish species contained both species. The
potential species interactions suggested by the data pooled in FIGURE 3 must be
examined with respect to spatial and temporal factors as well as specific prey taxa.
We cannot infer competition between herring and pollock until we examine which
copepods are consumed when and where.

Second, we note tantalizing results for pink salmon fry and sand lance (mean
lengths 65 mm and 135 mm, respectively) collected sympatrically from a single haul in
the spring. Principal diet components, small copepods, were similar to observations
from studies in other areas (eg. Sturdevant et al. 1995; Craig 1987). However, sand
lance stomachs contained approximately four times the biomass of small copepods
and 10 times the biomass of the pteropod, Limacina, as did pink salmon. Sand lance
and juvenile pink salmon interactions must be closely examined to determine if
competition with high densities of fry in Prince William Sound affects populations of
sand lance available to foraging marine birds. Third, 1994 results are being used to
assess the need for finer resolution in data on prey selection and the diel feeding
pattems of forage fish species.

Preliminary data show that herring and other forage species consume large,
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surface-dwelling and deep-water copepods. Epilabidocera longipedata, a surface-
swarming species (B. Wing, pers. comm., Auke Bay Laboratory) and the diel vertical
migrators, Metridia ohkotensis and M. pacifica (Hattori 1989) were both prey items; at
times, they were consumed by the same individual and at other times they occurred
separately in fish from different hauls.

To test hypotheses about prey availability, prey selection, and diet overlap
among forage fish species, future sampling may require that we determine the depth
distribution and vertical migration of their prey, and the time and depth of fish feeding
in the water column. The diet overlap project is expected to require at least one
additional year of sample collections (1996) in order to examine species which were
under-represented in 1994 collections and to collect better information on the
distribution, abundance and availability of prey species which are only now being
identified.

Methods

Forage fish will be sampled in nearshore and offshore areas, using nets. Each
species will be identified and length and weight measured for a minimum of 150
individuals randomly selected from each sample. Fifteen fish from each species/size
class will be preserved from each sample. The abdomens of fish larger than 100 mm
will be slit before specimens are fixed in 10% formaldehyde solution. The stomach
contents of 10 randomly selected individuals in good condition from each net-set wiil
be analyzed.

Sample Collection

Fish stomach samples and zooplankton/epibenthic invertebrate samples will be
collected in 1995 in Prince William Sound by members of both the SEA and APEX
projects. This cooperative effort will extend the sampling season and collection area,
thus providing a more complete representation of available forage fish species and
their diets. While the SEA Project (Salmon Growth and Predation) sampling efforts will
not necessarily focus in areas where seabirds are concentrated, and, although net
sampling gear will be different, samples collected by SEA in 1994 have
complemented the APEX study design in several ways: they provide diet data for the
early life history stages of forage fish species, data on larger fish during an earier
season in the year than the FY94 Forage Fish project has collected, and data on
species which were not collected later in the year with the trawl gear operated by the
FY 94 Forage Fish Project (eg., sand lance). SEA also collected plankton data for fish
prey selection, which was not collected by the FY94 Forage Fish project.

Forage Fish

Spring forage fish samples will be collected from April-June, 1995, by the Salmon
Growth and Predation component of SEA under the direction of Mark Willette, ADFG.
In the 1995 study design, SEA will again sample nearshore and offshore sites, but will
emphasize a diel sampling pattern. Samples will be collected with the same purse
seines, beach seines, tow nets and mid-water trawls used in 1994. In the nearshore
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area, samples will be collected at 4-hour intervals along four transects each having
four stations, for a total of 16 nearshore stations. A single offshore station will be
sampled at the end of each nearshore transect. An average of 3 species is expected
to be collected in each haul. For each species collected, the stomachs of 10
individuals will be analyzed, although 15 will be preserved to allow for damaged
specimens. The maximum potential number of stomach samples which could be
analyzed from samples collected by SEA in spring, 1995, is estimated as follows: 4
transects x (4 + 1) stations x 3 species x 10 specimens x 20 days x 6 times per day =
72,000 stomach samples (Tables 1 and 2). Priority for processing stomach samples
will be assigned when the actual number collected is known.

Summer and fall forage fish samples will also be collected for the diet study and
other analyses during June, July and October, 1995, by members of the APEX project.
As in 1994, a mid-water trawl, Methot trawl and an NIQ net having three different mesh
sizes will be fished. Fish sampling efforts will target schools detected by hydroacoustic
assessments in areas where foraging marine birds are concentrated. The focus on
seabirds requires a flexible sampling design, although hydroacoustic transects will be
established a priori.

Fish samples will not be collected randomly, but an attempt will be made to
classify the collection sites according to the strata used in the 1994 SEA sampling
design (oftshore, moderate slope passage, steep slope passage, bay). Some sites
may replicate the SEA sites in westem PWS. In addition, the 1995 sampling
techniques will be modified and additional gear will be operated in 1995 to attempt to
collect the underrepresented species. The maximum projected number of stomach
samples to be processed from summer, 1995, samples is estimated as follows: 3 hauls
per day x 20 days x 3 species or life history stages per haul x 10 specimens each =
1,800 stomach samples per cruise, for a total of 5,400 samples during the 3-cruise
season. Specimens will be required for several joint APEX project components. If
hauls do not contain enough specimens of some species, sample sharing may extend
the biological data that can be collected from these fish, provided that technicians
representing the various projects are present. Instead of immediately fixing specimens
in 10% formaldehyde solution for later stomach analysis, some stomach samples
could be removed and/or analyzed on board the vessel. Doing this would allow the
carcass and possibly the contents to be frozen for other project analyses, including
fatty acid and stable isotope analyses (which require fresh frozen specimens).

Prey Resources

Prey resource samples will be collected from April-June, 1995, by the Salmon Growth
and Predation component of SEA and in June, July and October 1995 by the APEX
Project, in conjunction with fish sampling (Tables 3 and 4). SEA samples will be
collected at 20 sites each having 4 nearshore and 4 offshore stations; 8 sites will be
sampled in northwest PWS in May and in June, and 4 sites will be sampled in
southwest PWS in June, for a total of 160 zooplankton and epibenthic samples.
Epibenthic prey will be sampled with a pump near net-set stations. A diver-operated
plexiglass frame (0.6 m x 0.6 m x 1 m) will be placed over the substrate at each sample
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site, and epibenthic animals removed with the pump. Each sample will be sieved
through 100 micron mesh to retain potential prey animals. Replicate epibenthic
samples will be combined in a single sampie bottle (n = 160). Zooplankton samples (n
= 160) will be collected with a ring-net (0.5 m diameter, 100 micron mesh) towed
vertically from 25 m depth to the surface; replicate samples will be combined in a
sinlgle sample bottle. All samples will be preserved in 10% buffered formaldehyde
solution.
Summer and fall prey resource samples will also be collected on APEX cruises.
A 1-m NIO net with 250 micron mesh cod end and flow meter will be operated at each
forage fish sampling station. A single double-oblique tow will be made from the lower
~depth of the targeted fish school to the surface (Table 4). If samples are desired for
other APEX Projects analyses, a second double-oblique tow can be made or the
sample from the single tow can be split on board the vessel and preserved or frozen
as needs dictate. Prey resource samples to be used for the diet study will be
preserved in 10% buffered fomaldehyde solution. Epibenthic samples will not be
collected.

Laboratory Methods

As in 1994, forage fish stomach samples and prey samples {zooplankton/epibenthic
invertebrates) collected in 1995 by personnel from ADF&G, NMFS, and UAF will be
jointly analyzed at the NMFS Auke Bay Laboratory under the direction of Molly
Sturdevant and at the University of Alaska Fairbanks, Institute of Marine Science,
under the direction of Stephen Jewett. The following methodology details the
laboratory protocol.

Fish Samples: Samples will be shipped in monthly batches to each laboratory as soon
after collection as possibie. Each laboratory will receive one half of the samples
collected each month. Samples fixed in 10% buffered formaldehyde solution will be
received in 250 or 500 mi wide-mouth polyethylene bottles labelled by set number,
date, time, latitude, longitude, geartype, species. An inventory and data summary
detailing relevant sample collection information will be included with the samples.

Fish stomach samples will be transferred to 50% isopropanol for preservation after
fixation in formaldehyde solution for a minimum of 20 days to allow shrinkage to
stabilize. Of the 5-10 specimens per species received from each haul, each lab will
process only 5 fish in good condition.

Stomach contents will be examined after fish samples have been in 50%
isopropanol for a minimum of 10 days. At each laboratory, five fish will be selected for
stomach contents analysis from each sample bottle using a random numbers table.
The remainder of the fish in the sample bottle will be saved in 50% isopropanol in the
original sample bottle. Each laboratory will use its preferred data forms to record
sample measurements. Consistency in recording data variables will be assured
through the measurement criteria (Tables 5-7) and species code list established in
1994. Whole fish will be blotted dry, weighed to the nearest 0.01 g and measured
(standard fork length) to the nearest 0.5 mm. Fish showing evidence of regurgitation
(gaping mouths and/or prey regurgitated into the fixative solution) will not be analyzed.
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Fish stomachs, including the region from the pharynx immediately behind the gills to
the pylorus, will be excised from the body cavity. The foregut will be blotted dry and
weighed full to an accuracy of 1.0 mg, the contents will be removed, and the empty
stomach blotted and weighed again. Total stomach contents wet weight will be
estimated by subtraction. Stomach fullness and prey digestion will be visually
assessed and semiquantitative index values recorded. Relative fullness will be coded
as: 1=emply, 2= trace, 3=25%, 4=50%, 5=75%, 6=100% full, and 7=distended. The
fullness code provides an index of the amount of food consumed relative to the fish's
stomach size. The state of digestion will be coded as: O=fresh, 1=partially digested,
2=mostly digested, 3=stomach empty. These codes provide indications of how
“recently the fish ate as well as general prey condition, which reflects the level of
identification possible.

Prey items in the gut will be completely teased apart and identified to the lowest
possible taxonomic level and enumerated. Prey identification efforts will be
concentrated on identifying copepods to examine prey selection by species, sex and
life history stage and within large and small copepod size groups. Where possible,
partially digested large copepods which cannot be completely identified will be
distinguished as pristane-manufacturing species (Neocalanus spp., Calanus spp.) or
non-pristane-manufacturing species (eg., Metridia spp., Epilabidocera longipedata).
After samples have been processed, gut contents will be placed in a labelled vial in
50% isopropanol.

Standard subsampling techniques will be employed when stomachs are so
large and/or full that counting every prey item is not practical. The protocol for .
subsampling stomach contents was developed during 1994 sample processing and is
patterned after general methods (Kask and Sibert 1976). We have compared total
prey counts of important prey taxa to abundance estimates from various stomach
subsampling methods and have developed a decision-making process. Stomach
contents are initially scanned to detemmine the predominant prey categories present,
the state of digestion of contents, and a rough estimate of total prey consumed.
Consideration of stomach content qualities such as oiliness and ‘mushiness’ then
allows a consistent choice of the most reliable and accurate method ot subsampling
for a given sample's condition. The protocol for selecting the appropriate subsampling
method is currently detailed in a draft techniques manuscript.

Each laboratory will build a voucher collection (preserved in 50% isopropanot)
composed of specimens (n=40) from each important taxonomic group. These will be
used for reference and training purposes and possibly to obtain weights of prey
categories for which literature values are unavailable or inappropriate. Individual prey
codes and the number counted or estimated by subsampling will be recorded for each
fish specimen. After the first batch of samples has been completed, each laboratory
will ship a subsample (n=20) from its voucher collection to the altemate laboratory.
Each laboratory will inspect the reference collection from the altemate laboratory. If
the laboratories do not agree regarding the identification of an organism, appropriate
taxonomists will be contacted to resolve the issue.
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Prey Resources: The composition of available prey resources will be estimated from
laboratory analyses of ring net, NIO net and epibenthic pump samples. Replicates from
each type of sample (zooplankton and epibenthic invertebrates) will be combined and
preserved in 10% buffered formaldehyde solution. A subset of samples representing
sites where forage fish are collected will be analyzed in detail by ABL and IMS to
determine prey availability and prey selection (Tables 3 and 4). Auke Bay Laboratory
and the Institute of Marine Science will each analyze in detail half of the 180
zooplankton samples collected on FY94 Forage Fish cruises. Samples will be
received in 250 or 500 ml wide-mouth polyethylene bottles labelled by set number,
date, time, latitude, longitude, and sampling method. Samples will be shipped to each
laboratory as soon as possible after collection. An inventory and data summary
detailing relevant sample collection information will be included with the samples.

A Hansen-Stempel pipette will be used to collect at least two random
subsamples (1, 5, or 10 mi capacity) from each sample bottle after appropriate difution.
Samples will be diluted to achieve a minimum total count of 500 animals. Zooplankton
and epibenthic invertebrates will be identified to the lowest practical taxon and
enumerated in each subsample. Total biomass in each taxonomic group will be
estimated by the product of average body blotted-dry weight and abundance.
Literature values for average blotted-dry wet weight of each species or developmental
stage will be used when available. A data summary of average blotted-dry wet
weights for each taxonomic group will be provided to each laboratory. When literature
values are not available, mean blotted-dry wet weight will be determined by weighing
a sample (n=50) of intact specimens. The composition of available prey will be
described by pooling the data from epibenthic and zooplankton samples standardized

to a one m2 surface area.

Each laboratory will randomly select 5% of the stomach, zooplankton, and
epibenthic invertebrate samples from each batch for a quality assurance/quality
control (QAQC) test. The QAQC test set and any associated voucher specimens from
each batch will be shipped to the altemate laboratory as soon as possible. Prey items
in the vials containing stomach samples will be processed by the altemate laboratory
using the same methods applied to all other samples. Results from QAQC tests will be
mailed to the project leader as soon as possible after completion of each test. Iif results
from the two laboratories are significantly different, a teleconference will be conducted
to determine the cause of the difference. If procedures at a specific laboratory are
found to be in error, the remaining fish or plankton in the original sample bottle will be
re-analyzed. If after two QAQC tests, results from the two laboratories are not
substantially different, the QAQC procedure will be discontinued. An annual
workshop/training session will be held at one of the laboratories to review prey
identification, determine which taxa need finer-resolution identification, and to
evaluate any problem areas.
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Products

Raw Data: All data submissions from the laboratories processing samples will be
made no later than January 30, 1996. Data submissions will be provided to NMFS by
each laboratory after each batch of samples is completed. Each laboratory will be
responsible for data entry and error checking. All electronic data will be checked
against laboratory forms after entry. The raw data will consist of fish measurements
and prey counts for each taxon/life history stage identified per fish or prey resource
sample. Fish stomach contents and prey resource data will be reported in three data
files. Data files from the two labs will be merged into a single RBASE file to be
incorporated into the database managed by the EVOS Trustee Council (95089) and
the SEA project (95320J).

Data Analysis and Reporting

The products from the UAF and NMFS laboratory components will be used in several
statistical/quantitative methods of assessing fish diets and prey resources. The annual
report summarizing results from analyses of samples collected in the past year will be
prepared January-March and due in April, 1996.

Diet composition, diet overlap and prey selection will be described when data
from the two labs are merged. The possibility of a laboratory effect on prey abundance
and composition will be tested by comparing results from subsamples analyzed by
each lab. A paired-t statistic will be used to test for differences between labs in the
measurement of absolute and relative abundance and biomass of each prey item and
in the measurement of stomach fullness. A Multivariate Analysis of Variance
(MANOQOVA) statistic will be used initially to test for no overall laboratory effect on diet
composition of each forage fish species. Tests will be conducted atthe P = 0. 05
- significance level.

A multi-factorial sampling design will be employed to estimate diet composition,
diet overlap and prey selection among forage fish species. Spatial and temporal
factors will be included in design strata. Strata will be based on date and
transect/station (SEA) or area/station (APEX). For SEA data analysis, strata will
consist of four transects with five stations each. For APEX data analysis, strata will
consist of geographic area and stations. Station will be used as the sample unit in the
analyses. Analysis will also incorporate forage fish species and size class. Size
related shifts in diet have been noted in several fish species, including Pacific cod
(Livingston 1989), walleye pollock (Dwyer et al. 1987) and juvenile salmonlds
(Landingham and Mothershead 1988).

Forage fish diets will first be described using three measures of prey
composition. Diet composition will be expressed as proportion of total abundance,
total prey biomass (wet weight) and frequency of occurrence of individual and pooled
taxa. Prey resource composition will be expressed as a proportion of total abundance
and total biomass. Prey biomass in each taxonomic group will be estimated as the
product of prey abundance and average prey wet weight (blotted dry) obtained from
the literature or direct measurements. Stomach fullness will be expressed as a
proportion of fish body weight. These diet composition measures will be the attributes
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used in further statistical analyses.

Diel changes in diet composition of the forage fish species will be tested using
data collected during six time-periods per day at SEA transect stations (see above).
MANOVA will be used to examine diel changes in prey biomass and a discrete data
analysis will be used to examine diel changes in prey abundance. Data may require
transformation for ANOVA procedures (Willette 1995). Diet overlap indices will be
used to evaluate diel pattems of diet similarity between pairs of forage fish. If
significant diel changes in diet overlap are detected, time of day will be incorporated
into the sampling design in future years.

Seasonal and spatial changes in diets will be related to prey availability and
prey selection will be described. Seasonal and interannual changes in food habits
and in the amount of diet overlap will be determined by comparing results from spring,
summer and fall sample collections over a minimum of three years. Diets of fish
collected in different habitats will be compared to assess spatial variability in the
amount of overlap. Spatial and temporal changes in prey resource composition and
abundance will be similarly assessed. Differences in the degree of diet overlap
between pairs of forage fish species and within species among strata will be tested
using measures of niche overlap (see Krebs 1989). The Morisita-Hom index will be
used with abundance data and the Hom index will be used with biomass data. Other
indices, such as the Percent Similarity Index, will also be investigated as analytical
tools.

Multivariate methods will be used to evaluate diet similarity pattems and prey
resource composition, and to compare diet and prey composition by time and location-
(see Ludwig and Reynolds 1988; Digby and Kempton 1987). Possible tools include
cluster analysis, principle component analysis and correspondence analysis.

Prey selection will also be examined using food habits and prey resource data
(see Krebs 1989). Iviev's (1961) electivity index, and Manly's alpha (Manly et al.
1972) will be used to measure prey preferences of each forage fish species.
Preference for each available prey taxon will be compared among forage fish species
and habitat types. MANOVA methods will be used statistically to assess prey and diet
composition and dietary preference (e.g. Manly 1986; Johnson and Wichem 1988).
Data will be transformed when necessary to meet the assumption of residual
normality.

Existing Agency Program

The major activities for this project include use of NOAA biological lab space and
microscopes for sample analysis and storage, and computers for database
management and statistical analysis. These activities will be integrated and supported
by the normal operations of the Salmon Program at ABL. NOAA wili contribute 3
months of salary for the Principal Investigator, beyond the 3 months funded by this
study, for coordinating and managing the project. NOAA will also contribute one
month of the Project Manager's and Program Manager's time.
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Coordination of integrated Research Effort

This project will be highly integrated with several components of the APEX project,
several components of the SEA project, and marine mammal projects. The Salmon
Growth and Predation components of SEA and the APEX Forage Fish Sampling
Component (Appendix 3) will collect forage fish samples for later stomach contents
analysis in nearshore and offshore habitats using mid-water trawls and beach and
purse seines. Age-weight-length data will be collected from the forage fish to
accompany hydroacoustic data.
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Appendix 3
e

Coyle and Thorne 95163A
Determination of the distribution and abundance of forage species

Objectives

Sub Task 1.

1. Provide an estimate of the distribution and abundance of forage species relative to
areas of known concentration of marine seabirds and mammais.

2. Describe the species composition of the forage base and size distributions of the
rnost abundant forage species.

Sub Task 2.

1. Coordinate forage fish surveys with personnel from the U.S. Fish and Wildiife
Service (USFWS) and the National Marine Fisheries Service (NMFS) to insure that
data are taken in known foraging areas of marine birds and rmammals.

2. Provide comfortable facilities and food on the field cruises for 1 - 2 agency
biologists.

SubTask 3.
Determine size composition of important forage species in the study area.

SubTask 4.
Provide samples of forage fishes to NMFS for food-habit analyses and additional
material for stable-isotope and related analyses.

SubTask 5.

Gather basic oceanographic data describing conditions in the study area, and salinity,
temperature, and sigma-t profiles of the water column and water depth at all data
collection sites.

ACOUSTIC COMPONENT, CTD AND DATA INTEGRATION (COYLE AND THORNE)

introduction

A major goal of the forage fish project is the evaluation of the distribution and
abundance of forage fish relative to bird distribution and physical features affecting fish
distribution. These fishes are sand lance, capelin, juvenile walleye poliock, and
herring. The main tool for measuring the distribution and abundance of forage fishes is
hydroacoustics. High resolution CTD transects will be used to evaluate the vertical
and horizontal physical structure of the water column. Bird data will be collected by
observers from another component (Appendix 6), concurrently with acoustic data to
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Appendix 4

Haldorson and Paul 95163A
Measures of Productivity of Forage Species

introduction

Knowing that the forage species change in abundance from place to place within the
Sound, and from year to year, will be helpful in understanding possible corresponding
changes in success in seabird reproduction. However, by the end of this project, more
knowledge about forage fishes should be available than simply observations of
abundance change. Information about why the chfidges occurred will add credence to
interpretations about the direction and magnitude ot the changes. When independent
measures of productivity change simultaneously and consistently with changes in
abundance estimates, they support the original measurements.

We suggest that studies of mechanisms of change could focus on productivity
measures of forage species. Such changes would likely influence the general levels of
abundance as well as availability of forage species as food for seabirds. This
information will help the project to evaluate the primary hypothesis that food is
reponsible for variation in the reproductive rates of seabirds.

Background ,

The abundance of fishes utilized by piscivorous birds in Prince William Sound may be
determined by a variety of interacting processes, including recruitment levels,
predation, and availability of zooplankton prey. Production of herbivorous
zooplankton may set an upper limit to the carrying capacity of PWS for forage fishes.
For example, in major oceanic upwelling areas, such as those off South Africa,
California and Peru, the production of planktivorous forage fishes appears to be
limited by phytoplankton and zooplankton production (Shannon and Field 1985).
When forage fishes are limited by trophic carrying capacity, the production and
abundances of the component species will be affected by competitive interactions. In
upwelling systems, the two major planktivorous forage fishes (anchovy and sardine)
have repeatedly demonstrated reciprocal shifts in abundance that are indicative of
comnpetition for limited food resources (MacCall 1986; Shannon and Field 1985).
Similarily, in Lake Michigan the forage fish community is structured by competitive
interactions that result in dramatic changes in species composition (Stewart et al.
1981). If food competition is occurring among the forage species in Prince William
Sound, the forage fish populations should exhibit reduced productivity that will be
expressed in diagnostic changes in energy use and life history characteristics such as
growth, fecundity and age at maturity.
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organisms actively move out of the net path, while escapement occurs when
organisms pass through the meshes after entering the net. Avoidance is quantified by
comparing the upper part of the size ranges between nets with progressively larger net
openings, or by comparing size distributions in catches taken during the day and night
(assuming that at night individuals do not see the net coming). Escapement is
quantified by comparing the lower part of size ranges in sampling gear with
progressively larger mesh size. The sampling systems we will employ cover a large
range of mouth openings (1 - 50 m2) and mesh sizes (1mm - > 1 cm). With the
resultant correction factors, we will be able to provide accurate estimates of the
species composition and size distributions of the forage community.
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3. Stratification allocation: if stratification appears to be warranted, we will
investigate two options for allocating stations (transects) to strata. In proportional
allocation, the number of stations are assigned to strata in proportion to the area of
each stratum. In optimal allocation, stations are assigned in proportion to the
product of the area and the standard deviation of abundance estimates in each
stratum. We will use the results of the 1994 survey to determine if optimal
allocation decreases variances using the techniques outlined by Leaman (1981).
A good example of this approach is presented in Gavaris and Smith (1987).

4. Systematic versus random assignment of stations: Sampling stations may be
assigned by random selection or in a systematic design. Systematic designs have
the advantage of uniform area coverage and reduce the probability of missing
large concentrations of aggregated populations (Leaman 1981). However,
systematic sampling results in reduced precision of estimates. Variances of the
mean of systematic samples are provided by Cochran (1977), and a useful
summary of the process for comparing systematic and random surveys is
presented by Leaman (1981). We will follow the techniques outlined by Leaman
(1981), using the 1994 survey results, to assess the increase of variance
associated with a systematic sampling design.

5. Number of replicate samples: To assess the minimum number of replicate
samples required per stratum we will randomly subsample a range of sample sizes
from the appropriate sections of transect data collected in 1994. We will examine
the standard error of the resulting mean estimates as a function of sample size
(Mohn et al. 1987). The standard error should stabilize at some point, indicating the
minimum number of replicates that should be taken in that stratum. For example,
Mohn et al. (1987) found that between 20 and 40 replicate samples per stratum
were required to stabilize the standard error of sea scallop density estimates (using
trawl data).

6. Estimating biases in net samples: In association with acoustic transects, we will
use net sampling to identify the species found at depths with high densities of
acoustic targets. Following each acoustic transect where concentrations of forage
fish are found, we will conduct short (10 - 20 minute) hauls of the mid-water herring
trawl at the depths where acoustic targets were most concentrated.

Forage fish samples collected with the mid-water trawl will be sorted to species
immediately after collection. All individuals will be measured to fork length, unless
catches exceed 200 - 300 fish, in which case we will randomly subsample about 100
fish for measurement. All measured fish will be frozen for later laboratory analyses.

Net sampling in this project has the objective of describing the species composition
and population size structures of component species of those forage species being
assessed with hydroacousic techniques. Our objective in using a large range of gear
sizes is to collect the entire spectrum of the forage community, and to assess
avoidance and escapement associated with each gear type. Avoidance occurs when
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SURVEY DESIGN
Our acoustic surveying has four main goals:

1. to provide an overview of forage prey distribution and relative abundance within
the Sound. This will also identify ‘hotspots’, concentrations of forage prey
and foraging seabirds, for future work.

2. to allow comparison of relative forage abundance with nesting parameters of
seabirds.

3. to examine the effect of forage school size and other characteristics in relation to
seabird foraging.

4. to collect fish and invertebrates for energetic and life history work.

5. in the future, to study use of hotspots by ditferent species.

Design of the acoustic surveys will be based on analyses of the reconnaissance
surveys conducted in Agust and November 1994. Survey features that will be
determined include: 1) length of transects; 2) stratification; 3) systematic or random
sampling design; 4) stratification allocation; and 5) number of transects per strata.

Hydroacoustic survey design

Our basic approach will be to randomly subsample the acoustic transect data
coliected in the hydroacoustic reconnaissance surveys. We will assess the variability
associated with various alternative survey design features, including:

1. Length of transect (sample unit size): The length of individual transects will be
the sample unit size. Very short transects will typically result in higher variability
within a sampling stratum, compared to longer transects. We will determine the
appropnate length of individual transects by randomly subsampling different length
segments from the long transects that will make up the reconnaissance surveys.
We will examine changes in the coefficient of variation (ratio of standard deviation
to mean) as a function of transect length to determine the appropriate length of
individual sample units.

2. Stratified or non-stratified survey: Stratification can markedly reduce the
variance of survey estimates when between-strata variance exceeds within stratum
variance (Cochran 1977, Leaman 1981). The method of Sukhatme and Sakhatme
(1970) will be used to estimate the gain in precision due to stratification versus
simple random sampling. In the case of trawl survey for Atlantic cod, stratification
actually led to decreased precision (Gavaris and Smith 1987). We will examine
several stratification criteria by drawing random subsamples from the 1994 data set
to determine if a stratification scheme will improve precision of our estimates.
Gavaris and Srnith (1987) and Leaman (1981) present details of this process, and
we will follow their procedures.
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or two biologists from the appropriate agencies are included in the cruise plan.
Immediately after this meeting, we will prepare a cruise plan that will be circulated to
all participants, including all University project participants, agency biologists from
USFWS and NMFS, the SEA project, and the COTR.

In planning for the two cruises, we will include provisions to house and feed one
or two agency biologists. We will also provide work space and oceanographic
information to the agency biologists who participate in the cruises.

DECK SAMPLING
Samples collected will be sorted by species, and the lengths of individuals of
important forage species will be measured.

Invertebrates: Macroinvertebrates will be preserved shortly after collection, and sorted
by species later. The difficulties of identifying invertebrates to species will preclude
working them up in the field. For example, there are likely to be at least four species of
euphausiids in PWS. We will fix and preserve macrozooplankton samples from NIO
nets and sort and measure them in the laboratory.

Fishes: Fish larger than about 50 mm will be identified in the field. We will sort
samples to species, and measure all fish, unless net hauls contain large numbers of
individuals of some species. In the case of large catches we will randomly subsample
and measure 100 - 200 individuals of each species. Collections from the Methot net
and mid-water trawl will be processed in this way.

We will preserve and furmish samples for food habits studies, and additional
samples for other agencies for stable isotope and lipid analyses. Those agencies for
whom we collect fish will provide:

a) written directions as to the number of each species they require, and
directions for preserving them.

b) all preservatives and sample containers, including shipping containers.

c) freezers, if they request frozen samples.

d) arrangements for sample shipping, and payment of all shipping charges.

OCEANOGRAPHIC DATA

We will collect oceanographic data at all of our survey stations and sampling sites. At
each transect and collection site we will use a Seabird SEACAT CTD to sample the
water column from the surface to 200 m depth, or to within 5 m of the bottom at
shallower stations. This instrument has an intemal data logger, and will record
conductivity, temperature and depth. From this data we will produce vertical profiles of
salinity, temperature and sigma-T at all stations. The data will also be available as
ASCI| files for agency biologists and SEA researchers. We will compare our data to
the more extensive data set compiled by SEA researchers to detemmine if the
distributions of forage species we observe are related to oceanographic features such
as frontal zones, convergences, pycnoclines or major currents.
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samples for life history, condition and energetics studies of forage species. In the
1994 November cruise we evaluated the effectiveness of two large mid-water nets for
sampling forage fishes:

Methot Net - a 5 m2 fixed frame net with an Isaacs-Kidd depressor.

Modified Canadian mid-water herring traw! - a research-scale (100 m2
opening) version of a mid-water commercial trawl.

The mid-water herring trawl proved to be the most effective sampling gear for the
forage species of interest and will be the primary sampling tool we will use in all cases
except near-surface sampling and sampling in shallow water. For near-surface
sampling we will use either the Methot Net rigged for surface sampling, or a small
purse seine. For shallow-water sampling we will use a small purse seine or a beach
seine.

Ship time

The project will use the ADF&G R/V MEDEIA and a similar chartered commercial
vessel when the R/V MEDEIA is not available during the 1995 field season sampling.
The MEDEIA was used for the 1994 November Forage Fish research cruise and
proved to be exceptionally capable for the type of sampling we will employ in 1995. In
this proposal we are requesting support for four research cruises:

July 1995 --20 days of ship time to conduct hydroacoustic and net sampling in Prince
William Sound. The primary objective of this cruise will be to assess the distribution
and abundance of forage species in the Sound in support of bird foraging studies. A
secondary objective will be to collect biological samples for life history, condit