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B. INTRODUCTION

The goal of this project is to restore the natural productivity of Coghill Lake and the .
resident sockeye salmon {Oncorhynchus nerka) population through use of

established lake fertilization techniques (LeBrassseur et al. 1978; Stockner and

Hyatt 1984; Koenings and Burkett 1387; Kyle et al. 1881}, Coghill Lake is located

130 km northwest of Cordova at an elevation of 18 m. The outlet of the lake

empties into the gastern side of Port Wells, Prince Willlam Sound. Coghill Lake has

a surface area of 12.7 km?, a mean depth of 46.3 m, and a total volume of 587 x

10° m® (Pellisier and Somerville 1884). This project will be conducted

cooperatively by the Alaska Department of Fish and Game (ADFG) and the U.S.

Forest Service (USFS),

The Coghill Lake sockeye salmon stock has historically supported an important
commercial fishery in western Prince William Sound {(PWS), but in recent years
returns have declined considerably. In 1982, 1.2 million sockeye salmon returned
to Coghill Lake, but by 1991 only 2,800 fish escaped into the lake. Results from
damage assessment studies on juvenile salmon suggest that the Exxon Valdez oil
spill (EVOS} may have contributed to the stock decline, because the juveniles
migrated through oll-contaminated habitats in western PWS in 1989,

This project should be continued in 1994, because the Coghill Lake stock is

prasently at dangerously low levels. Action must be taken to restore the stock

before any further decline occurs, Sockeye salmon rear in lakes for one to three .
years before emigrating to sea. The production of sockeye saimon populations is

closely linked to the productivity of rearing lakes (Koenings and Burkett 1887},

Limnological studies indicate that fry food resources in Coghill Lake cannot support

large numbers of fish. Continued fertilization is needed to increase lake productivity

and boost zooplankton abundance until natural nutrient input from salmon

carcasses is restored {(Edmundson et al. 1891},

C. PROJECT DESCRIPTION

This project will restore the natural productivity of Coghill Lake through use of lake
fertilization techniques. Nutrient lpading from adult salmon carcasses is expected
to maintain lake productivity after the fertilization program is completed and the
run is restored. Restoration of the Coghill sockeye stock will provide natural
resource services to replace those once provided by other injured stocks in the
EVOS area. The USFS will apply fertilizer to the lake each summer for five years.
ADFG will conduct limnological and fisheries studies needed to monitor and refine
the fertilization program. These studies will focus on the effects of fertilization on
primary and secondary production and the growth and survival of juvenile sockeye
salmon in the lake. The results of the monitoring program will be used to estimate
changes in lake carrying capacity and smolt-to-aduft survival rates.

2



1. Resources and/or Associated Services

.fhis project will restore the natural productivity of Coghill Lake and the resident
sockeye saimon population. Restoration of the Coghill Lake sockeye salmon stock
will replace resources and services injured by the EVOS.

2. Relation to Other Damage Assessment/Restoration Work

This project is related to restoration Project 94137 (Stock ldentification of Chum,
Sockeye, Chinook, and Coho Salmon in Prince William Sound). Catches from the
commercial and cost recovery fisheries will be scanned for coded-wire tagged fish,
Tagged sockeye salmon released from Coghill Lake in 1989 and 1991 will likely be
recovered in 1994, The recovered heads will be shipped to the CWT laboratory in
Juneau for decoding and data posting. CWT recovery data will be used to estmate
the smol-to-adult survival of Coghill Lake sockeye salmon.

3. Objectives

This project will achieve the following objectives. More than one year of study will
be required to achieve objectives 3 through 5.

1. Apply fertilizer to Coghill Lake and elevate the productivity of the lake
ecosystem.
‘. Monitor the residence time of nutrient-enriched water in Coghill Lake.
3. Determine the effect of fertilization on primary and secondary production.
4. Determine the effect of fertilizztion on the food consumption, growth, and

condition of sockeye salmon fry.

5. Determine the effect of fertilization on the overwinter survival, age, size,
and condition of smolts emigrating from the lake.

4. Methods
Objective 1:

Lake fertilization is recommended for one sockeye life cycle (5 years) to elevate the
productivity of the lake and the resident sockeye saimon population. The recent
five-year average loading of phosphorus into Coghill Lake is 312 mg m? yr®
{Edmundson et al, 1992}, The critical loading rate (Vollenweider 1876} needed for
full phytoplankton productivity is 850 mg m? yr? (Edmundson et al. 1992),
Therefore, an additional 273 mg m? yr® of phosphorus is needed to achieve full
‘hytopiankton productivity, In.addition, 2,273 mg m? yr? of nitrogen is needed to
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maintain an 18:1 atomic ratio of nitrogen to pheosphorus. A pharmaceuticsl-grade
fiquid fertilizer will be applied to the lake by releasing it from a low-flying aircraft.
Application will consist of six to nine passes of five-minute duration one day each
week. Approximately 3,000 kg of fertilizer will be applied each day. The area for
application of fertilizer will be increased from 3.9 km® in 1983 to 5.5 km? in 1994
1o encompass the majority of the sockeye salmon rearing area of the lake., The
amount of fertilizer applied will be increased in 1884 to compensate for the
expanded application zone and increase the base loading of phosphorus. Sixty-five
thousand kilograms of liquid fertilizer {20-5-0} containing 20% nitrogen and 5%
phosphorus will be applied from June 1 to August 15, Seventy-two hundred
kilograms of nitrogen fertilizer {32-0-0} comprising equal portions of ammeonium,
nitrate-nitrite, and organic nitrogen will be applied from July 15 to August 30.
People reserving the cabin at Coghill will be notified of the fertilization schedule.
Notices will also be posted in the cabin. Fertilizer will be applied no closer than a
mile and a half from the cabin and lagoon where most recreational activity takes
place. The pilot will not drop fertilizer in a portion of the application area if anyone
is within that area. '

Objective 2:

The residence time of nutrient-enriched water in Coghill Lake will be monitored to
determine the most effective spatial and tempuoral distribution of fertilization effort.
~ Discharge will be measured in the Coghill River twice during low, medium, and high
flow periods. Water depth and current speed will be measured at 10 m intervals
along a transect drawn perpendicular to the stream length. The cross-sectional
area of each segment and the current speed will be used 1o estimate the discharge
within each segment. The discharge estimates for all the segments along the
transect will be summed to estimate the total stream discharge. Water level in the
lake will be measured at the same time that discharge is estimated. Regression
analysis will be used to develop an empirical model relating lake level to stream
discharge. An slectronic pressure recorder will be installed in the lake to
continuously monitor changes in lake level. The empirical mode! will be used to
construct a time series of take flushing rate throughout the fertilization period.

Objective 3:

The effect of lake fertilization on primary and secondary production will be
assessed by comparing limnological data collected pre- and post-fertilization. Five
yvears of limnological data collected monthly at Coghill Lake is available for the
comparison. Analysis of variance and multiple comparisons will be used to test for
pre- and post-fertilization differences (P = .05} in several limnological variables
{filtterable reactive phosphorus, ammonia, nitrate-nitrite, chiorophyll a. copepod
biomass, and cladoceran biomass). The independent variables in the model will
include sampling period {July-August; Sept.-October), year, and treatment {pre-
and post-fertilization}.




Limnological sampling will be conducted as in past years to insure valid pre- and

ost-fertilization comparisons. Sampling will be conducted twice each month from
June through October at two stations that have been sampled in past years. The
samples collected within each month will be used as replicates in the pre- and
post-fertiization comparison. Temperature and dissolved oxygen concentrations

It be measured from the surface 10 a depth of 40 m using a YS! model-57 meter.

Measurements of light penetration (footcandles) will be measwed at T m
increments from the surface to a depth equivalent to 1% of the subsurface light
using a Protomatic submarine photometer. The suphotic zone depth (Schindler
1978} will be calculated as the y-intercept derived by regressing depth against the
logarithm of the percent subsurface light. Secchi disk transparency will be
determined as the averaged reading {(depth) taken by lowering a standard 20 cm
disk until it disappears, and then raising the disk until it reappears. Water samples
wilt be collected from the 1 m stratum, chemociine, and monimelimnion using a
non-metallic, opaque Van Dorn sampler. Eight liters of water will be collected from
sach depth, stored {< 24 hr) in pre-cleaned polysthylene carboys, fransported to
Cordova for processing, and then shipped to the Limnology Laboratory in Soldotna
for analysis. ‘

Water samples will be analyzed for the following parametsrs as detailed by
Koenings et al. {1887). Conductivity {pmhos/em) will be measured with a YSI
model-32 conductance meter. Alkalinity levels (mg/L) will be determined by acid
titration {0.02 N H,80,) to pH 4.5, using a Corning model-389A specific ion meter,
Calcium and magnesium {mg/L) will be determined from separate EDTA {0.01 N}
titrations after Golterman (1969}, turbidity (NTU) will be measured with a HF
model-DRT 100 turbidimeter, and color {Pt units) will be determined with a
spectrophotometer. Total iron {ug/L) will be analyzed by reduction of ferric iron
with hydroxylamine during hydrochioric acid digestion after Strickland and Parsons
{1872},

All nutrient samples will be analyzed by methods detailed by Koenings et al.
{1987}, In general, filterable reactive phosphorus {(FRP} will be analyzed by the
molybdate-blue/ascorbic-acid method of Murphy and Riley (1962}, as modified by
Eisenreich et al, {1378}, Total phosphorus will be determined using the FRP
procedure, after persulfate digestion. Nitrate and nitrite {NQ, + NO,) will be
detarmined as nitrite, following Stainton et al. {1977} after cadmium reduction of
pitrate. Total Kjeldah! nitrogen {TKN} will be determined as total ammonia
following sultfuric acid block digestion {(Crowther et al. 1980}, Total nitrogen will
be calcuiated as the sum of TKN and NG, + NO,. Reactive silican wil be
determined using the method of ascorbic acid reduction to molybdenum-blue
{Stainton et al, 1977}, Estimation of the yearly phosphorus loading in Coghill Lake
will be caleulated after Vollenweider (1976},

Algal standing crop will be estimated by chlorophyil g analysis, after the
fiuorometric procedure of Strickland and Parsons {1872}, The low-strength acid
.adﬁitionﬂrecammended by Riemann {1878) will be used to estimate phaeophytin,
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Water samples {1-2 L} will be filtered through 4.25-¢m GF/F filters to which 1-2
mis of a saturated MgCQ, solution is added just prior to the compietion of

filtration. The filters will be stored frozen in individual plexislides for later analysis. .
Samples of unfiltered lake water will be preserved with Lugol’s acetate solution for

fater identification of phytoplankton species.

Replicate vertical zooplankton tows will be taken from 40 m depth at four stations
using a 0.2 m diameter, 153-y mesh, conical nst. The net will be pulled at a
constant 1 m s, and all organisms will be preserved in a 10% neutralized formalin
solution. Cladocerans and copepods will be identified using keys developed by
Brooks {1957}, Pennak {1878}, Wilson {1959}, and Yeatman {19858}, Copepodite
stages will be identified and enumerated. Enumeration will consist of counting
animals in triplicate 1 mi subsamples taken with a Hansen-Stempel pipette ina 1
mi Sedgewick-Rafter cell, Cladoceran body length will be measured to the nearest
0.01 mm for at ieast 10 individuals along a transect in each 1 mi subsample
{Koenings et al. 1987}, Cladoceran weight will be estimated from an empirical
regression between body length and dry weight. Body weights of copepodites will
be estimated using the average dry weight for each stage. Zooplankton biomass
will be estimated for each species by the product of average body weight and
abundance {Koenings at al, 1987}, ’

Objective 4

The effect of the fertilization program on food consumption and growth will be
assessed by testing for changes in these variables over time as the fertilization
proceeds. This analysis will be preceded by a survey of the lake to determine the
habitats occupied by the fish in July, August, September, and October. Visual
surveys, beach seine and tow net catches, and hydroacoustic surveys will be used
to assess habitat utiization. A 120-Khz dual-beam echo sounder will be used to
determine the vertical distribution of fry in the lake during the day and at night.
Data will be collected along 10 randomily selected transecis oriented perpendicular
to the longitudinal axis of the lake. The data will be analyzed using echo
integration or echo counting techniques depending on fish density {Kyle 1980},
Electronic water temperature recorders will be moored in habitats commanly
ocoupied by sockeye salmon fry.

Food consumption rate will be estimated from studies of diel feeding periodicity
and stomach contents analysis. The diel feeding periodicity study will estimate the
food consumption rate of fish throughout the day at a single site. The stomach
contents analysis will estimate the variability of stomach contents weight and prey
compaosition among 10 sites and test for differences in these variables between
months.

The diel feeding periodicity study will estimate food consumption utilizing gastric
evacuation rates obtained from laboratory studies and stomach contents weight
data obtained in the field. Brett and Higgs (1970} estimated the gastric evacuation .
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rate of juvenile sockeye salmon {30-40 g) between 3 and 23° C. Gastric
‘vacuation rate is described by a negative exponential function, i.e.

V, = V, g™ (1)

where V, is the stomach weight {g} at time t, V, is the stomach weight {g} at time
0, and b is the instantaneous gastric evacuation rate {(Fange and Grove 1979).
Samples of ten sockeye salmon fry will be collected at three hour intervals
throughout a 24 hour period using a tow net. The lengths and weights of the fish
will be measured fresh, Fry stomachs will be removed and preserved in 10%
buffered formaldehyde. Prey items in the stomach will be identified later in the
taboratory to the lowest possible taxonomic level. Prey length will be measured to
the nearest .01 mm. Prey body weight will be estimated from an empirical
regression between zooplankter body-length and dry weight {Koenings et al.
1987). Stomach contents weight will be estimated by the product of abundance
and mean body weight for each taxonomic group. Food consumption rate {1}
during each three hour period will be estimated by:

f =V, -V, e {2)

where V_ is the mean stomach contents weight at the beginning of the three hour
interval, and b is the temperature-specific gastric evacuation rate {Brett and Higgs
1870). The vertical distribution of the fish and water temperature profiles will be
sed to estimate the temperature of the habitat occupied during each time period.

.{hef food consumption estimates during each of the three hour periods will be
summed to estimate the daily ration. This study will be conducted in July, August,
September, and October. If the pattern of diel migration and feeding does not
change significantly over time, the study will be discontinued. Food consumption
rate will then be estimated from stomach samples collected in the morning.

Stomach contents analysis will be used to test for differences in total stomach
contents weight and prey composition between months. Stomach samples
{n="10} will be coliected from at least ten sites throughout the lake in July,
August, September, and October. The samples will be collected between 6 and 8
a.m. on the same day that the food consumption study is conducted. The lengths
and weights of the fish will be measured fresh. Fry stomachs will be removed and
preserved in 10% buffered formaldehyde. The remainder of the fish will be
preserved in 100% ethanol for later analysis of otolith microstructure. Laboratory
analysis of the samples will be performed as described above. Analysis of variance
will be performed to test for differences {P=.05)} in stomach contents weight and
prey compaosition between months. Separate analyses will be conducted on total
stomach contents weight as a proportion of fish body weight and on prey biomass
in each taxonomic group as a proportion of total stomach contents weight. The
distribution of each dependent variable will be examined to determine an
appropriate transformation. As more data is obtained over the five year study, the
‘naiysis will be restructured o also test for differences between years.
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Growth rate will be estimated for monthly time periods using measured fish body
weights and estimated age from time of outmigration into the lake. Otolith .
microstructure analysis will be used to estimate fish age from otolith increment

counts. Qtolith increments are formed daily in juvenile sockeye salmon {Marshall

and Parker 1982, Wilson and Larkin 1880). Thin sections of the otoliths will be

prepared using methods developed by Volk et. al. {1984). A computer image

analysis system will be used to examine the otoliths, The number of otolith

increments produced since outmigration will be visually counted, and the

outmigration check will be visually identified. Otolith increment counts will be

used to track the growth of the dominant cohort of fish in the lake. The mean

growth rate of the cohort during the previous month will be estimated from the

following equation:

G = In(W,] - InfW,) (3)
- Yy

where In(W,)_is the mean of natural logarithmn (in} of body weight in the current
sample, and in{W,) is the mean of in body weight in the previous sample. Samples
of Coghill stock sockeye fry outmigrating from incubators at the Main Bay hatchery
will be used to estimate W, for the first time period. The variance {s%} about the
mean growth rate will be estimated by:

§% = g2, + §% (4}
{t; - t,)?

where 7, is the variance of In(W,}, and s?, is the variance of In(W,) (Zar 1984).
Analysis of variance and pairwise comparisons will be used to test for differences
{P=_08} in mean growth between months. As more data is obtained over the five
year study, the analysis will be restructured to also test for differences between
years.

The effect of the fertilization program on fry growth will be evaluated by testing
for changes in temperature-specific growth between years. The vertical
distribution -of the fish, water temperature profiles, and continuous temperature
measurements {obtained from electronic recorders} will be used to estimate the
mean temperature of the habitat occupied by the fish during each month, Monthly
mean growth will be regressed against monthly mean water temperature. Analysis
of covariance will be used to test for differences {P=.05} in the intercept and siope
of the regression hetween years.

The effect of the fertilization program on the condition of sockeye salmon fry will
be evaluated by testing for changes in condition between months and years. The
relationship between body weight (W) and length (L} is described by
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W = ath (5}

where a is the condition factor and b is the slope of the linear-transformed model
{Ricker 1975). Regression analysis will be used to estimate the relationship
between In body weight and In length. Analysis of covariance will test for
differences {P= .05} in the intercept and slope of the regression between years.
The condition factor {2} of individual fish will be estimated by

a= W . {6}
Lb

Analysis of variance and multiple comparisons will be used to test for differences
in condition factor between months within years.

Objective 5;

The effect of the fertilization program on the overwinter survival of sockeye fry will
be evaluated by estimating fall population size and testing for pre- and post-
fertilization differences in fall fry condition and size-at-age. Fall fry and spring
smolt population size will be used to estimate overwinter survival, The poor
gverwinter survival of sockeye salmon fry in Coghill Lake appears 1o be due to
insufficient energy reserves needed for metabolism during winter {Edmundson et al.
1982). Fulton’s condition factor will be used to estimate the chemical composition
and caloric content of sockeye fry immediately before winter {(Harris et al. 1386},
A hydroacoustic survey will be conducted in October to estimate the population
size of sockeye salmon fry in the lake. A stratified-random design will be used
each year 1o select 10 transects oriented perpendicuiar to the longitudinal axis of
the iake. A 120-Khz dual-beam echo sounder will be used to collect data along the
transects. The data will be analyzed using echo integration or echo counting
techniques depending on fish density (Kyle 1880}, The acoustic survey will be
conducted during the darkest period of night when juvenile sockeye salmon are
distributed in the upper to middle part of the water column {Narver 1970;
McDonald 1973; Eggers 1978; Simpson et al, 1981; Nunnallee 1983; Burczynski
and Johnson 1988; Levy 1887). A 7.5-m long mid-water trawl witha 2 x 2 m
opening will be used in conjunction with the hydroacoustic surveys to detarmine
specias compaosition, size, and age of fish targets. Fish will be preserved in 10%
buffered formaldehyde for at least six weeks, measured to the nearest millimeter,
and weighed to the nearest 0.1 g. A scale smear will be taken from each fish,
affixed to a glass slide, and aged using a microfiche projector. Changes in the
species composition of tow-net catches will also be evaluated to determine if the
fertilization program is affecting the composition of the fish community in the lake,
Analysis of variance will be used to test for pre- and post-fertilization differences in
the propaortion of total catch for each species in tow-net samples. Analysis of
variance and multiple comparisons will be used to test for pre- and post-fertilization
differences in fall fry condition factor, and length and weight at age, respectively.
.The distributions of these dependent variables will be examined to determine an
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appropriate transformation. The independent variable in these analyses will be
treatment {pre- and post-fertilization).

The effect of the fertilization program on outmigrant smolts will be evaluated by
testing for pre- and post-fertilization differences in smolt age compaosition,
condition, and size at age. Sockeye salmon smolts emigrating from Coghill Lake
will be enumerated using incline-plane traps (Kyle 1983}, The traps will be
operated continuously from early May to early June. The catch efficiencies of the
traps will be determined by mark and recapture analysis. At least 300 individuals

il be marked and released at the lake outlet for each mark-recapture experiment.
Overwinter survival will be estimated by dividing the number of outmigrating
smolts by the fry population size estimated the previous fall. A sample of 40
smolts will be collected each day to estimate age composition. The fish will be
anaesthetized with M8-222. Several scales will be taken from each fish, affixed to
a glass slide, and aged in the laboratory using a microfiche projector. Each fish will
be measured to the nearest millimeter and weighed to the nearest .01 g. Analysis
of variance will be used to test for pre- and post-fertilization differences (P = .05} in
the proportion of total smolt abundance in each age group. Sampling period, year,
and tregatment will be independent variables in the model. The distributions of the
dependent variables will be examined to determine an appropriate transformation.
Analysis of covariance will be used to test for pre- and post-fertilization differences
(P =.05} in smolt condition. The independent variables in the model will be
sampling period, year, and treatment with In length as a covariate. QOverwinter
survival will be estimated by the ratio of fall fry and spring smolt population
estimates. Technigues described by Seber {1882} will be used to estimate the
variance of the survival estimate.

5. Location

This project will be conducted at Coghill Lake which is 1ocated in northwestern
Prince William Sound.
6. Technical Support

No technical support will be required to complete this project.

7. Contracts

Contracts will be needed for aerial application of the fertilizer, hydroacoustic data
processing, and water sample processing. Contractual services for air charter will
also be used o provide logistical support for field sampling operations. Contracts

will be awarded through competitive bid when necessary.
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D. SCHEDULES

Table 1; The schedule of events for this project will extend beyond September .
30, 1984. No additional funds will be required to complete the
activities described in this study plan,

Date Activity

May - June Enumerate outmigrant smolts and collect samples 1o
estimate smolt age and size composition

June ~ Oct. Apply fertilizer each week, conduct limnological sampling

twice each month, and collect fish samples for growth
and stomach contents analysis.

July - Dec, Conduct laboratory analyses of limnological, otolith, and
stomach samples

October Estimate fall fry population size using hydroacoustic
techniques

Dec. - Feb, Analyze data and prepare annual report

April 1, 19958 Submit annual report for peer review

E. EXISTING AGENCY PROGRAM

The ADF&G operates a weir on Coghill River to enumerate salmon returning to
Coghill Lake. Age, weight and length {AWL} data is collected along with the
recovery of coded-wire tagged fish. Along with AWL data from commercial
catches, data from the weir is used to forecast aduit salmon returns to the lake
system. The salmon run forecast for Coghill Lake is an important element in the
ADF&G management program for the Coghill sockeye stock. The annual operating
cost of the weir project is $18.5K.

ADF&G also will conduct a test fishery project to determine the exploitation rate on
Coghill Lake sockeye salmon in the Eshamy District and Esther Subdistrict. Data
from the test fishery will be used to refine the present fishery management
strategy for Coghill Lake sockeye salmon.

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

The USFS has conducted an environmental assessment to evaluate the various

alternatives for rehabilitating Coghill lake and the resident sockeye salmon

popuiation (USFS 1993). The assessment has concluded that the lake fertilization

program is the most appropriate method for rehabilitation of the Coghill Lake

ecosystem and resident sockeye salmon stock. .
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. G. PERFORMANCE MONITORING

An annual report detailing project results will be prepared and submitted for peer
review on April 1, 1995, At the end of the five year study, all results and
conclusions will be published in a referred scientific journal.

H. COORDINATION OF INTEGRATED RESEARCH EFFORT

This project is integrated with the restoration project 94137 (Stock ldentification
of Chum, Sockeye, Chinook, and Coho Salmon in Prince William Sound). Catches
from the commercial and cost recovery fisheries will be scanned for coded-wire
tagged fish. Tagged sockeye salmon released from Coghill Lake in 1989 and 1991
will likely be recovered in 1994. The recovered heads will be shipped to the CWT
i Juneau for decoding and data posting. CWT data will be used to
miolt-to-adult survival of Coghill Lake sockeye salmon. The limnological
wenile sockeye salmon production data obtained at Coghill Lake will be
mterpret. d by the ADF&G Limnology Laboratory relative to similar data collected
from many other lakes in Alaska.

I. PUBLIC PROCESS

An Environmentat Assessment was conducted by the USFS in which various
alternatives for the rehabilition of Coghill Lake and the resident sockeye population
were present for public review. The project was also publicly reviewed by the
Prince William Sound/Copper River Regional Planning Team (RPT}.
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J. PERSONNEL QUALIFICATIONS

Mark Willette

Alaska Department of Fish and Game

Commercial Fisheries Management and Development
P.0. Box 669

Cordova, Alaska 99574

Experience:

March 1991 - present; Area Resource Development Biologist with the
Alaska Department of Fish and Game, Commercial Fisheries Management
and Development Division in Cordova, Alaska. Supervised by Dr. Stephen
Fried. Conduct various fisheries enhancement and evaluation projects in
Prince William Sound (PWS) including limnological investigations of
sockeye salmon producing lakes, and quality control of coded-wire tagging
at private hatcheries. Conduct fisheries oceanographic studies in PWS in
cooperation with private hatcheries and University of Alaska investigators.
Principal Investigator on Natural Resource Damage Assessment studies on
juvenile salmon in PWS, Chairman of PWS Regional Planning Team.

March 1986 - February 1981: Fisheries Instructor/ Assistant Research
Professor, University of Alaska Fairbanks, School of Fisheries & Ocean
Sciences, Supervised by Dr. Don Kramer. Conduct research on the effects
of oceanographic conditions on the growth and survival of juvenile salmon
in PWS, fish biocenergetics in an arctic lagoon ecosystem, age and growth
of juvenile fish in the Chukchi and Bering Seas, ocean temperature
variability in the North Pacific Ocean and effects on pink salmon
production, salmon feeding on the high seas. Design and implement a
program of education, research, and public service 1o promote fisheries
development in northwest Alaska. Teach college level course in
oceanography. Teach a marine safety and vocational training courses in

fisheries.
Education:
1985 Master of Science, Fisheries Oceanography, University of
Alaska Fairbanks.
1883 Bachelor of Science, Fisheries Science, University of Alaska

Fairbanks.
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Kate Wedemever

U. S, Forest Service, Glacier Ranger District
.0O. Box 128
Girdwood, Alaska 99587

Experience:

1888 - present: District Fisheries Biologist, U.8. Forest Service, Glacier
Ranger District, Girdwood, Alaska. Development of fishery enhancement
projects through planning,environmental documentation, permitting, and
construction. Fishery enhancement projects have been conducted in
western Prince William Sound.

1887-1988:; Fishery Biologist, U.S. Fish and Wildlife Service, Fisheries
Resources, Fairbanks, Alaska. Performed field work and report writing for
U.8, Canada Yukon River Salmon Treaty projects on the Chandalar River in

interior Alaska.

1976, 1979-80, 1983: Fisheries Technician, Alaska Department of Fish
and Game, F.R.E.D. Division, Sport Fish Division, and Commercial Fisheries

Divisions.

Education:

1888, Master of Science, Natural Resource Management, University of
Alaska, Fairbanks, Alaska.

1987, Master of Science, Fisheries Science, University of Alaska,
Fairbanks, Alaska.

1985, Bachelor of Science, Biology, University of Alaska, Fairbanks,
Alaska.

1972, Bachelor of Science, Psychology, minor zoology, lowa State
University,
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K. BUDGET

Table 2. Budget summary for the Restoration of the Coghill Lake Sockeye
Salmon Stock for FY34, FY95, and FY98 and beyond.

Line item FY94 FY95 FYQ6 and beyond
Personnei 126.5 126.5 126.5
Travel 2.0 2.0 2.0
Contractual 154.0 154.0 154.0
Supplies 11.8 11.8 11.8
Equipment 0.0 0.0 0.0

Total 294.3 294.3 294.3
indirect Costs 29.8 29.8 293.8

Grand Total 324.1 324 .1 324.1
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EXXON VALDEZ TRUSTEE COUNCIL
1884 Federal Fiscal Year Project Budget
October 1, 1993 - September 30, 1984

Projact Description:

This project will restore the natural productivity of Coghill Lake through the use of established fertilization techniques.
and fisheries investigations will be conducted to monitor and refine the fertilization program. The investigations will focus an the effects of fertilization on
primary and secondary production, and ths growth and survival of juvenile sockeye salmorn in the lake,

Limnological

97414493

1994

Printed: 3/14/94 10:08

Page 1 of 7

Budget Catagory: 1993 Project No. 1783 Beport/ | Remaining
83024 ‘94 Interim*! Cost™* Total
Authorized FFY 831 FFY 94 FEY 94 FEY 94 FFY 88 Comment
Persannal $95.8 $53.1 $67.4 $126.5 $125 .1
Travel - $12.2 $2.0 $0.0 $2.G $7.4
Contractual $55.6 $4.8 5149.5 $154.0 $148.6
Commaodities $10.2 ¥1.8 $10.0 $11.8 $10.8
Equipmant $20.2 $0.0 $0.0 50.0 $1.0
Capital Outlay $0.0 $0.0 $0.0 $0.0 $Q.0
Subtotal $1493.7 587.4 $228.9 $284.3 $202.9
General Administration $11.7 $8.,2 $20.6 $29.8 $29.2
Project Total $305.4 $76.8 $247.5 $324.1 $322.1
Full-time Equivalents (FTE) 1.4 1.1 1.5 2.6 2.2
Diollar mmounts are shown in thousands of dollars. ,
Budget Yaar Proposed Personnsh: Reprt/intem | Reprt/lntrm | Remaining | Remaining
Position Description Months Cost Months Cost
See Individual 3A Forms for
Persomnel Deralls
NEPA Cost $0.0
*Oot 1, 1883 - Jan 31, 1994
Personne! Total 0.0 $0.0 0.0 $0.00 **Fab 1, 1994 - Sep 30, 1994

AM

Project Number; 94259
Project Title: Coghill Lake Sockeye Salmon Restoration

FORM 2A
PROJECT

Agency: AK Dept. of Fis‘ame
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EXXON VALQQZ.T&E COUNCHL

1984 Federal Fiscal Year Prolect Budget
Qctober 1, 18493 - September 30, 1984

Proiacty Dascription: Coghill Lake Sockeye Salmon Restoration - This project will restore the natural productivity of Coghill Lake through the use of
establishad fertilization teghnigques. Limnological and fisheries investigations will be conducted to monitor and refine the fertilizations program. The

invagtigations will focus on the effects of fertiization on primary and secondary production, and the growth and survival of juvenile sockeye salmon in the
take,

Budget Category: 1993 Project No, |83 Report/ | Remaining
: 33024 "84 interim® Cost™* Total
Aythorized FFY 93 FFY g4 FEY Q4 FFY 94 FFY 85 Conument
Parsonnel $85.3 $59.1 355.8 $114.9 $114.93
Travel $6.8 $2.0 $0.0 $2.0 $2.0
Contractual $48.8 545 $38.1 $42.6 $42.8
Commaodities $9.5 $1.8 £8.3 $10.1 $10.1
Equipment $20.2 $0.0 $0.0 $0.0 $0.0
Capital Qutlay 0.0 $0.0 $0.0 $0.0 $0.0
Subtotal 31704 567.4 $102.2 $169.6 $169.8
General Administration 9.7 $8.2 $11.0 $20.2 $20.2
Project Total 5180.1 $76.6 $113.2 $189.8 $189.8
Full-time Egquivalents {FTE} 1.2 1.1 1.4 2.3 2.3
Dollar amounts are shown in thousands of dollars.
Budgnt Year Proposad Parsonnsl: Reprtfingm | Reprtfintrm | Remaining | Remaining
Position Desgription Months Cost Months Cost
Reprt 1 Fishery Biologist ! 2.5 $11.0 3.0 $13.2
1 Fighery Biologist | 2.0 8.5 0.0 $0.0
1 Fish & Wildlife rechnician i} 25 $8.8 3.0 $10.5
1 Fish & Wiidlife technician i} 2.0 $7.0¢ 0.0 $0.0
2 Fish & Wildlife technician Il 0.0 $0.0 7.0 $25.4
1 Limnologist 1.0 $6.1 0.0 $0.0
1 Biometrician i 2.5 $14.3 0.0 $0.0 § NEPA Costy $0.0
1 Program Manages .5 $3.4 1.0 $6.7 1 *Oct 1, 1883 - Jan 31, 1984
Personnst Total 13.0 $849.1 14.0 $55.84 **Fab 1, 1894 «- Sep 30, 1894
4 Project Number: 94259 FORM 3A
Page 2 of 7 Projact Title: Coghill Lake Sockeye Salmon Restoration SUR-
1994 Sub-Project: Limnology/Fisheries Investigation PROJECT
Prantad: 3/14/94 1309 AM 'Agency: AK Dept. of Fish & Game DETAIL




EXXON VALDEZ TRUSTEE COUNCIL
1994 Federal Fiscal Year Project Budget
October 1, 1993 - September 30, 1994

Travel: Reprt/intrmi{ Remaining
Raprt 4 RT Anchorage/Cordova @ $350/trip + 1 day per diem @ $150/day 52,0 50.0
Traval Total $2.0 $0.0
Contractual:
Reprt Alr charter Cardova/Coghill Lake {approximately 38 hours @ $400/houn) $2.0 $13.0
Hydroacoustic data processing to estimate fry abundance through a cooperative agreement with the Prince $2.5 $15.0
William Sound Science Center
Water sample processing {84 samples @ §120/sampile) $0.0 $10.1
Contractual Total $4.5 $38.1
Crrams Project Number: 94259 FORM 3B
Page 3 of 7 Project Title: Coghill Lake Sockeye Salmon Restoration

1994

Sub-Project: Limnology/Fi
Agency: AK Dept. of Fis

erias Investigation
ame

Printad: 3/14/94 10:03 AM
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EXXON VALosz’srsé COUNCHL

1994 Federal Fiscal Year Project Budget
Qetohar 1, 1993 - Saptembar 30, 1894

‘Commodities: - Reprt/intron| Remaining
Reprt Field sampling supplies {welr material, nets, containers) $1.0 $7.9
Qffice supplies {paper, pens, toner cartridges, etc.) 0.8 $0.4
Commgoditiss Total $1.8 $8.3
Equipmant:

L Egoipmant Totsl $0.0 $Q.0

s ; Project Number: 94259 ‘ | FORM 3B

Page 4 of 7 Project Title: Coghill Lake Sockeye Salmon Restoration SUB-
1994 o ‘ Sub-Project: i..imnoic)ggf?isheries Investigation PROJECT
Printsd: 3/14/94 10:08 Al Agency: AK Dept. of Fish & Game DETAIL




EXXON VALDEZ 'rausme COUNCIL
1994 Federal Fiscal Year Project Budget
October 1, 1993 - Saptember 30, 1994

Project Dascription: Coghill Lake Socksye Salmon Restoration - This project will purchase and apply fertilizer to Coghill Lake 1o increase the productivity of
the lake.
Budget Category: 1983 Project No. {793 Report/ | Ramaining
93024 ‘A4 interim™ Cost>* Total
Authorizad FFY 931 FFY 94 FFY g4 FFY 94 FFY 85 Camumeant

Pergsonnet $10.2 $0.0 $11.8 $11.6 $10.2

Travel $5.4 $0.0 $0.0 $0.0 $5.4

Contractual $7.0 $0.0 51114 $111.4 $106.0

Commodities 50.7 50.0 $1.7 $1.7 $0.7

Equipment $0.0 50.0 $0.0 $0.0 $1.0

Capital Qutlay $0.0 $0.0 $0.0 $0.0 0.0

Subtotal $23.3 $0.0 $124.7 ‘ $124.7 $123.3
General Administration $2.0 $0.0 $3.5 $9.5 $8.0
Project Total $25.3 $0.0 $134.3 $134.3 $132.3

Fulbtime Equivalents {FTE) , 0.2 0.0 0.4 G.4 3.3
‘ i Dollar amounts are shown in thousands of dollars. '
Budget Year Proposed Personnsh: Reprt/intem | Reprt/intrm | Remaining | Remaining

Position Description Mornths Cost Months Cost

Staff Biologist GS 1143 0.0 $0.0 13 $4.5

Fisherias Biologist GS 8/1 0.0 30.0 1.3 $3.5

Fisharies Technician G§ &/1 0.0 $0.0 1.3 $2.3

Program Manager 0.0 $0.0 0.3 $1.4

NEPA Cost: $0.0
*0et 1, 1893 - Jan 31, 1994
Porsonnel Totaf 0.0 $0.0 4.2 $11.8} “*Feb 1, 1894 - Sep 30, 1984
0711493 ; ' : - :
g Project Number: 94259 , ' FORM 3A
Page 5 of 7 Project Title: Coghill Lake Sockeye Salmon Restoration SUB-

1994 _ Sub-Project: Coghill Lake Fertilization PRQEECT
Printad: 3/14/84 10:08 AM o K : . .
Agency: Dept. of Agnm‘?orest Service | L




EXXON VALDE‘TEE COUNCIL

1994 Federal Fiscal Year Project Budget
Qctober 1, 1933 - September 30, 1994

Travel: Reprt/intrm| Ramaining
Traval Total $0.0 $0.0
Contractual:

Fertilizer {based on Fish & Game projections of fertilizer needed) $0.0 $106.0
Aircraft charter to transport and apply fertilizer to Coghill Lake (hid price} $4.0 $5.4
Contractual Total 0.0 5111.4

v Project Number: 84259 FORM 3B

Page 6 of 7 Project Title: Coghill Lake Sockeye Salmon Restoration SUB-
1994 Sub-Project: PROJECT
Printed: 3/14/24 10:09 AM Agency: Dept. of Agriculture, Forest Service DETAIL




EXXON VALDEZ TRUSTEE COUNCIL
1994 Federal Fiseal Year Project Budget
October 1, 1993 - September 30, 1994

Commoditias: Raprt/intrm{ Remaining
Field supplies $0.0 50,7
Sampling gear $8.0 51.0

Commaodities Total $0.0 $1.7

Equipment.

Equipment Total $0.0 $0.0

07/14/93 : ” P Sy ~ !

- v p(Q%&Ct Nflfﬂbﬁ(, | 94259 FORM 3B

Page 7 of 7 Project Title: Coghill Lake Sockeye Salmon Restoration
1994 Sub-Project:

. Prircad: 3/14/84 10:08 AM Agency: Dept. of Agr%c’ Forest Service
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EXXON VALDEZ TRUSTEE COUNCIL
. FY 94 DETAILED PROJECT DESCRIPTION

A COVER PAGE

Project title: Shorei‘irje Assessment and O Removal
Project ID number: 94268

Project type: Research and Monitoring; General Restoration
Name of project leader{s): Gail Irvine, NBS

Mark Brodersen, ADEC

Lead agency: : ADEC
Cooperating agencies: DOI-NBS, NOAA
. | Cost of project/FY 94 $402.3K

Cost of project/FY 95: | $58.5K

Project start-up: April 1, 1984

Project Compleﬁor_x: April 15, 18985 {Muilti-year project}

Geographic area of project: Kenai Peninsula, Alaska Peninsula, Prince William
‘ Sound,

Name of project leader: Gail Irvine, NBS

Dan Mann, NBS
Mark Brodersen, ADEC

Name of lead agency ,
project manager: Ron Bruyere

e o
AT .

N
N\:\.\\\\‘ ..



Shoreline Assessment and Qi Removal -~ DOINES

accurate Environmental Sensitivity Index to be created by linking the persistence of
oil to site classifications.

C. PROJECT DESCRIPTION
1. Injured Resources to be Addressed

This proposal addresses injury tothe lost services of scientific, recreational, and
park wildernsess values in the national park areas affected by the Exxon Valdez O#
Spill.  Additionally, sediments and designated wilderness have been identified as
injured resources by the EVOS Trustess.

The specific areas that are being targeted for study are the sheltered, armored
beaches that are at risk for retaining oil. Continuation of the study this summer will
allow us to assess the current status of the sites and compare changes in both
chemical and physical aspects of the oil. The 1992 study established study sites,
developed sampling methodology, and obtained initial data for later determination of

rates of physical and chemical change of oil. Sheltered beaches are being targsted in ™~

this study since past shoreline experience indicates that they are highly likely to retain
oil after contact. The geomorphological component witl allow correlation between the
degradation rates and the shoreline classification. This will help identify areas that
may stifl be retaining high levels of oil contamination in the extensive coastline
affected by the EVOS, and will create a criterion for future ol spill contingency plans.

As stated above, investigation of chemical and physical degradation rates of oil
will allow for appropriate decisions to be made regarding restoration activities {e.g. oil
removai).

2. Relation to Other Damage Assessment/Restoration Work

1889-1891 Monitoring Programs

Between 19889 and 1981 several monitoring programs were initiated to define and
monitor the fate and persistence of shoreline oil and the effects of winter storms.
These programs were all short-lived and inconclusive.

The NPS established transects on nine oiled beaches in 1989 along the Katmai
coast. These sites proved unsuitable for study the following year because they were
either on beaches that were cleaned,-or high energy beaches that were naturally
cleaned by wave action. Reexamining these transects did, however, lead to the
discovery that sheltered areas near the original study sites waere still contaminated.

X Exxon studied five representative test sites along the Katmai coast in 1989,
“Fhese sites provided a crogg-section of the most heavily oiled beaches with varying

typ&?ﬁf wave exposure and shoreline memhf}iogy Periodic visits throughout the year

3




Shoreline Assessment and Ol Removal ~ DOLNBS

B. INTRODUCTION

The Exxon Valdez oil spilf {EVOS) directly affected the scientific and recreational
values and wilderness characteristics of shorelines of three national park areas, namesly
Kenai Fjords National Park, Katmai National Park and Pressrve and Aniakchak National
Preserve and Monument. Injury to Kenal Fjords and Katmai National Parks is

addressed in this part of the project description.

These injured values and characteristics continue to be injured by the persistence
of oil that degrades the "naturalness” of the coasts. These values and characteristics
are clearly stated in both ANILCA (1980} and the Wilderness Act {1984), The

National Park Servics {NPS} initiated a research and monitoring study in 1892 to

determine the relative physical and chemical degradation rates of Exxon Valdez oil
stranded on beaches in Kenai Fjords National Park and Katmai National Park and
Preserve. The study included an assessment of the geomorphological characteristics
of each site so that trends in degradation of oil could be correlated with

geomorphology.

"i’%‘:e NPS {now NBS) study f ocuses on the natural degradatiem rate of surficial and

ti}mughom the Guif of Alaska than in Prince W; liam Sound. A parallel study

- conducted in Prince Willlam Sound by NOAA has shown that the geomorphology of

PWS differs from the NPS study areas. Oil degradation rates could differ based on
variance in geomorphology or variance in the type of oil stranded.

Chemical degradation rates are monitored by comparing gas chroma-
tography/mass spectroscopy {GC/MS} analysis of oll samples taken from the study
sites each year since the spill. We are attempting to obtain and analyze some 1989
oil samples from the same or nearby sites for historical comparison. - Physical
degradation rates are assessed quantitatively by changes in physical coverage of the

oil.

The slow rate of degradation expected for stranded oil trapped in sheltered areas
necessitates comparisen of multi-year data. The data obtained in 1892 allowed for
astablishment of "baseline” conditions of the physical and chemical nature of stranded
oil in armored beaches of the Gulf of Alaska. Further study is necessary in order to
establish rates of degradation, both chemical and physical. In 1992, sampling showed
that pockets of stranded olf still contained toxic components that could be released
into the environment by heavy storims6r other simiiar dismrbances

Documentation of physical and chemical degradatzon rates, coupled with an
assessment of the magnitude of continuing injury, wilt allow for appropriate decisions
.%o be made regarding restoration actions {e.g. oil removal}. This study also provzdes
naw&seamh results on th’é physical and chemical changes in stranded oll mousse
through time: The geamarpho ogical component of this project will allow a more

2
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by consultants to Exxon, and detailed surveys of surface and subsurface oil coverage .
were conducted. The data collected during this study are proprietary and subject to

litigation and have not been made available to the public in spite of the new data-

sharing agreement between Exxon and the State and Federal Trustees.

The 1988-1991 Kediak interagency group, which included ADNR, ADEC, ADF&AG,
NOAA, and the NP8, collected similar shoreline data at four gites. These sites were
gventually abandoned for various reasons but at least one oil sample was collecied at
each of the four sites. The ADEC maintains these unanslyzed samples; these data are
accessible through the NOAA Scientific Support Coordinator in Anchorage.

The ADEC study showed that physical and chemical weathering gradually
removed surficial oil from boulder faces during the three-year study but persistent
mousse impact, which underlies boulders and cobbles at a number of sites, was
expected to remain for some time.

-

The state study did not include GC/MS analyses of oil mousse samples to isolate
chemical degradation rates from physical processes. However, oil samples were
collected, frozen, and archived by ADEC.

it is hoped that existing data generated by historical studies can be used to create
a multi-year degradation study. Howsever, we have had difficulty obtaining the
historical samples.

3. Objectives

The overall purpese of this project is to determine the status of shoreline
recovery.  The more specific objectives are:

- 1. To continue monitoring the chemical and physical degradation of oll at
permanently marked sites along the Kenai Fjords and Katmai National Park
coastlines to establish rates of degradation.

2. To evaluate existing conceptual models of shoreline geomorphology and ol

persistence using data from this project to refine our understanding of shoreline
sensitivity. This analysis may also allow identification of other sites of perststem

oll contamination that may warrant restoratxon

Caree

Mook
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4. Methods

The 1992 NPS study focused on sites where oil mousse had been consistently
observed since 1988 according to the comprehensive surveys done by Exxon, ADEC,
NPS, USGS and NOAA. These surveys showed that ol mousse remained in a
relatively unchanged physical condition in interstitial spaces on boulder beaches and
locally-protected substrates. The choice of such sites allows for long-term monitoring
of oil degradation rates under the mast conservative conditions. Approximately 15
sites were assessed for inclusion in this study, with six of the most heavily oiled
established as study sites. The following sites were selected for the NPS study.

Katmai
. Cape Douglas KOS09CDOO3BA
Kiukpalik {sland KOS14SK101A
Ninagiak island KO9189HBOS0R -
Kaflia Bay KOS23CG001A
Kashvik Bay KO835KA002A

Kenai Fiords
MceArthur Pass MR-1

At each of these study sites, a vertical transect was established and the head
permanently marked. A horizontal transect was set along the highest concentration
of oil and sampled. The area of surficial coverage on the transect line was quantified
from photegraphs of a 0.30m x 0.50m quadrat with 0.05m grid squares placed over
the numerous scattared oil patches. Emphasis was placed on the ability to replicate
the protocol at exactly the same quadrat locations so that the same areas could be
resurveyed and monitored for decreased oil persistence (physical degradation}. Two
oil samples were taken along the transect at each site to enable definition of chemical
degr’adation of the vcil. Historical samples of oil from the same locations are being
sought in order to develop a longer time line for the chemical degradation process.
Since the oil reaching these sites in 1989 was in the form of mousse, this study offers
an opportunity to look at the longer-term degradation of this form of ¢il, which could
differ sxzhstantiaiiy from the degradation of ol in Prince William Sound.

The 1984 methods will duplicate those m‘ 18992 in order to ensure camparab;hty
of the data.

5. Location

% Natzcnai Park and Preserve coast!mes, at sites previously estabirshed in 1982 (see“
“fisting in Methods section). .Ahe spread of these sites, bordering the Gulf of Alaska,
sug%ts ’that the results may be generaizzab!e to this region. However, the results
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will refate to the identified geomorphologies of the sites.
No communities exist near these sites.
6. Technical Support

Hydrocarbon analysis {GC/MS} will be needed for the oil samples collected.
Monies for hydrocarbon analysis inadvertently were not requested in January;
previously this project had been part of the Oiled Mussel Project and hydrocarbon
analyses for all sub-projects were included in the NOAA/NMFS section. Hydrocarbon
analyses need to be run on 16 samples {12 samples from sites and 4 historical
samplas}. These costs {$9K} are being requested as FYS5 interim/report budget
needs. We expect these samples to be analyzed by NOAA’s Auke Bay Lab for
consistency of comparison, and we have been told that samples taken this summer
cannot be analyzed until 1995. B

-

7. Contracts

In order to visit the remote sites included in this study, the services of a research
vessel will be contracted. This contract is necessary because the NPS does not have
appropriate vessels to accommodate this requirement. The NPS plans to use an
extension of a boat ccmtract that was cgmgset:tweiy bxd in 1882, :

D. 1994 SCHEDULE

April Coordinationand pianmng with cooperating agencies;
Confirmation of boat contract with Kittiwake I, Inc.
May/June Procure supplies.
Track down historical samples. held by other
agencies.
July/August ~ Field crew {4 members) reassessing study sites for

approximately 10 days. Crew will be housed on the
R/V Waters and access the sites by skiff.

Aﬁgusﬂseptember Process and analyze data; racord upéatmg and data
entry.

September/Qctober Report writing in cooperation with other agenesesa

October/November Draft Interim Report to Trustee Council.

June 1995 o Draft Final Report (date dependent on completion of

hydrocarbon analysis by Auke Bay Lab).

Personnel involved will include: Gail Irvine, ?iniect Manager; Dan Mann,
Geomorphologist; Joel Cusick, Biological Technician; 1 Surveyor,

. .
BRI va
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Shoreline Assessmant and O Rempysl - DOLNBS

E. EXISTING AGENCY PROGRAM

- There are no other agency activities plannad for the field this year that refate to
this proposat or rescurce. The most closely related work, the Oiled Mussel Project,

- Gulf of Alaska, will be in the report-writing phase.

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

The ADEC will serve as the lead for NEPA compliance. An environmental
assessment {EA)} has been written to ensure compliance with NEPA.

G. PERFORMANCE MONITORING

This project will be supervised by Dr. Gail Irvine of the National Biological Survey
{previously with the National Park Service). Dr. lvine, a marine ecologist, will
supervise the general scope of the project and will participate in the field work in order
to ensure continuity with previous and future work. She will also function to integrate

results of this study with those of the Oiled Mussel project being conducted in the

Gulf of Alaska.

The geomorphoelogist is expected to be Dr. Dan Mann of the University of
Alaska, Fairbanks. Dr. Mann has extensive experience in the dynamics of
geomorphology of coastal areas of Alaska, as well as experience following the EVOS
as a cnastal geomorphologist assessing ol location and persistence, Mr. Joel Cusick
will provide technical support for the project, and was previously involved in 1892,
Additional surveying support will be provided by another technician.

if there are any personnel changes in the geomorphology position, an interagency
agreement with the U.5. Geological Survey or the Minerals Management Service
should enable another qualified geologist/geomorphologist to be brought into the
project.

H. COORDINATION OF INTEGRATED RESEARCH EFFORT

Thare are no other similar projects that will be operating this year in the Gulf of
Alaska, but resuits will be shared with other cooperators of this projsct, and chemical
resuits will become part of the hydrocarbon database managed by the Auke Bay Lab.
Discussion concerning exchange of results has been going on with a NCAA HAZMAT
pre}'ecz in Prmce William Scun{i and sheen sampi&s may be esi&ecmd in cm}umﬁon

are expect&d to be compared with results of the Gu f of Aiaska Oﬁed Mussei pm;ar:t
{both being conducted by NBS, and supervised by Dr. lrvine). :

*vil ’-,
\
e
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Shoreline Assessment and Oif Remaval - DOLENBS

. PUBLIC PROCESS

The Shoreline Assessment and Oil Removal Project was reviewed by the Public
Advisory Group. Public review also has occurred as part of the 1984 Work Plan public
review process.

J. PERSONNEL QUALIFICATIONS

Dr. frvine received her doctoral degres in Biology from the University of California
at Santa Barbara in 1983, with an emphasis in Aquatic and Population Biology. She
has a M.S. degree from the University of Washington in Zooclogy, and a B.A. {with
honors} from the University of California, Santa Barbara. After receiving her Ph.D.,
Gail worked with the Minerals Management Service in Alaska, doing broad-scale
analysis of effects of ol and gas activities on marine and coastal ecosystems,
projecting likely effects of oil spills on pelagic, benthic and coastal biological
communities. She was a technical reviewer on a multi-year oil spill profect conducted
by the Smithsonian Tropical Research Institute in Panama. Since joining the National
Park Service in 1980, she has been involved in conducting research on intertidat

ecology and has been supervising the Qiled Mussel, Guif of Alaska and the 1892

predecessor to this proposal. Her position at the NPS has recently been transferred
to the new National Bicolagical Survey.

Dr. Dan Mann received his doctoral degree from the University of Washington,

College of Forest Resourcas in 1983, with a dissertation examining the quaternary

history of the Litaya Glacial Refugium, Alaska. He has additional research experience
in the areas of Arctic soil genesis and geomorphology, glacial geology, fire history,
landscape analysis, and sea level and tetonic history of coastal areas in Alaska.

Following the Exxon Valdez oil spill, he worked as a coastal geomorphologist for

Woodward-Clyde assessing oil poliution and cleanup methods. In.the scope of that
work he conducted winter monitoring of standed oil, and wrote summary reporis on
the oceanography, climatology and geology of southern Alaska.

Mr. Joel Cusick has a B.S. degree from Michigan Technological University. He
has been working as a Biological Technician for the National Park Service since 1989.
in 1889, he set up permanent transects along the Katmai National Park coastline to
study oil persistence. He has been actively involved in the Ciled Mussel, Gulf of
Alaska project and the 1892 Oif Persistence Project {the predecessor of this proposal).

K. BUDGET (3K}

See attached budget.




Shoreline Assessment and Ot Removal - ADEC

B. INTRODUCTION

- Shorsline assessment activities in Prince William Sound in 1993 indicated that remaining
~subsurface oil was degrading with time, but that surface oil, mainly in the form of ,
asphalt, had stabilized and that little reduction had occurred since 1991, Most of the

remaining surface ofl is around the community of Chenega. Residents of the area
continue to express uncertainty about the health of subsistence resources, and that
uncertainty has led to changes in traditional subsistence patterns. in addition,
recreational users have expressed ¢ontinuing concern about the visual impact of surface
oil on the quality of the recreational experience. Also, recreational users have placed a
high pﬁ{)rity on mmowng rebar, flagging, signs, back-stakes, and mhér shoreline debns

Remwai of shareima debris left by cieanup and damage assessmem crews w;‘ii he
undertaken as possible.

C. PROJECT DESCRIPTION

1. Resources and/or Associated Services:

Residual surface oil has important social and ecenomic consequences for subsistence and

recreation. it may affect the safety of subsistence resources, residents’ perception of the
quality of subsistence resources, and subsistence use of resources on bsaches with

remaining surface oil.  In addition, recognizable surface oit reduces the quality of

recreatmh’ use of oiled beaches. These areas will improve over a long time period, but

pespie of Chenégé Bay, who hunt and fish and beachcomb in the area adjacéh’t to their

, \nliage on a day-to-day basis. They have expressed continuing interest in acceieratmg the

;mpmvement thmngh treatment of some kind.

The f“ rst purpose for the proposed action is to accomplish light-duty manual treatment of
surface oiling at critical sites in order to accelerate natural degradatscn of the oil and help

restore natural and human use of the resourcas at those sites.

This project will assess shorelines with swface oiling as determined by the 1883 shoreline
assessment. If the shorelines are still ciled, the surface oil {mainly in the form of asphalt)

will be manually broken up to acce!erate natural degradatmn through microbial ac:tmn and
phcm oxidation. S

2. Re!aﬁfm to Other Damage Assessment/Restoration Work:

.. The pmgact will be ccordtna;ed under the same ADEC manager as Project 94090 mussel
Yoi 8 storatzsn and moritoring, which will result in both administrative and logistic

savsngs -



Shorsline Assessment and 0 Removal - ADEC . :

‘3. Objectives:

1. The overall purpose of the projectis to accelerate natural degradation of surface
oil {mostly asphalt] that still remains on some beaches as a result of the Exxon
Valdez oil spill. ,
2. A sscondary objective is remavai of rebar, flagging, signs, back«stakes and
other shoreline debris left by cleanup and damage assessment crews.

RN

4. Methods:

The main treatment method will consist of manually breaking up asphalt and other heavily
weathered materials to accelerate natural degradation. The asphaltin its present formis very
stable. A small crew using tools such as pick-axes and shovels will be used to break up the
asphait, Once these materials are broken down into small pieces, sunlight and microbes
quickly break the asphalt down further by oxidizing and metabolizing it.” Occasionally, other
simpie and non- intrusive techniques will be used such as cieeming with absorbem materia’f '
up and shoreline assessmenta in previous years shows that thzs treatment will enha”nce
natural degradation and is unlikely to cause sheening or recontamination. The treatment will
be accomplished by four to six-person crews recruited from Prince William Soui i ‘

communities such as Chenega Bay under the supervision of a project manager or {
supervisor from the Alaska Department of Environmental Conservation,

The Alaska Department of Environmental Conservation, in conjunction with the other Trustee
Agencies, the local community, and in consuitation with the U.8. Coast Guard, will review
the 1993 shoreline survey information and produce a list of potential subdivisions to be
treated in 1994, An assessment of each site will be carried out to determine what changes,

if any, have occurred durmg the winter. Field information will be recorded on forms
standardized during previous surveys to facilitate comparison and compatibility with the
existing databases. Sites that are found to still be in need of treatment will than be
scheduled for treatment. Following treatment, sites will be monitored as logistics allow. An
assessment of each treated site will be carried out at the end of the summer to determine
the effectiveness of treatment.

Assessment surveys and treatment will be conducted daily during both low tide windows
unless adverse weather conditions develop. Any restoration activities done in oiled mussel
beds will be conducted in conjunction with Project #94090 to ensure appropriate treatment
methods are used and to monitor the effectiveness of treatment.

The survey team will be housed in Chenega or berthed on a vessel as appropriate and use

skiffs to access the shoreline. Float planes will provide iog;stms support, Previous Exxon
Valdez assessment surveys have used these logistics as the most cost-effective and time-
“ffigient support structure,/Agency representatives will be chosen for their environmen

and habitat. experience. Each person will hava extensive Exxon Valdez spill expeneﬁce.

10
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B, Location:

Thts project will assess and treat Exxon Valdez impacted shorelines in Prince William Sound.
The actual sites will be determined following review of the 1993 data. Probable areas are
Knight island segment 132, Latouche Island Segments 20B and 20C, Evans Island Segments
37, 38 and 39, Elrington island Segment 20, and Bettles Island Segment EVE3 in Prince
William Sound These areas are in proxzm{ty to Chenega Village.

6. Technical Support:

the report will be necessary

7. Contracts:
Local communities for labor

Helicopter for logistics and transportation of observers and scientists
Vessel for transportation and housing

11
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D, SCHEDULES

May 1984 ‘ Coordination and planning with participating agencies
May 1994 Negotiate contracts with communities for crews
May 1994 Procure supplies

Obtain Haz-Mat training
June - August 1984 Staff and crews in field
1. Treat beaches and mussel beds
2. Remove shoreline debris left from cleanup

September 1984 . Record updating and data entry

October - April 1994 Report to Trustees

E.  EXISTING AGENCY PROGRAM

None
F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS .

An Environmental Analysis jointly written for shoreline treatment and mussel bed treatment
is nearing completion. As in prior years, permits and notifications will be required by several
permitting agencies. All permits will be obtained prior to commencement of field work., A
letter notifying the following agencies must be sent prior to any field work:

Regional Response Team - Captain Bodrine - USCG

Department of interior - Deborah Williams

ADEC - Water Quality - Doug Redburn

ADNR - Ron Swanson

All Native landowners whose lands are adjacent to the treatment sites.

Shon~

Additionally, the EPA and USFS will be notified through the Regional Response Team.

G. PERFORMANCE MONITORING

A list of segments which will need to be assessed during the project will be prepared and
distributed prior to shoreline cleanup. A report detailing restoration actions and their initial

effectiveness at each shoreline segment will be produced following completion of the field
“work. '

;3_:,3:\ - .
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H. COORDINATION OF INTEGRATED RESEARCH EFFORT

The logistics for restoration of shoreline assessment and oil removal from beaches will be
shared and closely coordinated with the field needs and activities under Musse!l Bed
Restoration and Monitoring {#940980}. ADEC will supervise the process of the actual cleanup
of oil that oceurs, while dialogue with both villagers and NOAA will aid in site selection and
before and after sampling for petroleum hydrocarbon monitoring.

. PUBLIC PROCESS .

The pubtlic process for this pro;ect has been integrated with the Trustee Coungil ;}rocess for
the 1984 Work Plan.

J. PERSONNEL QUALIFICATIONS

'RONALD J. BRUYERE -

EDUCATION:

B

Graduate Studies, Department of Education, State University College of New York at
Potsdam, Potsdam, NY 1982, 3.8 GPA

B.S., Mathematics, Physics, State Umversxty College of New York at Patsdam,
Patsdam, NY 1875, 3,3 GPA

WORK EXPER}ENCE:

2{94-  Alaska Department of Environmental Conservation {ADEC), Anchorage, Alaska
 Present  Project Manager

- Act as principal technical support between the Restoration Chief of ADEC and
manage the projects that are part of the 1394 Exxon Va!dez Oil Spill Work Plan.

, May 1Q9(} CACI, ¥NC. - COMMERCIAL, Anchorage, Alaska

2/94:  Project Manager

Respéhsibi'e for hiring, training, tasking and directing a suppmt st’aff cf"i ‘i people

~ within the facz :ty The fac:izty housed the Restoration Planmng W‘crk Emup and
o the sc}mpiex support of the &}'xcn Valdez Restoration Team and Trustee Cauncs!

L:spﬁi re:search fntgrfaceé daily with agency represematwes, scfantaf‘ c experts and
aﬁomev& Deiegated task assignments, monitored personnet and ciﬁaei

13
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coordinated project movement with the main office in Was‘hﬁ:ﬁ;gton, D.C. .
ultimately responsibiéefcrai! aspects of quality control at the site.

Optmai Cha acter Recognmon {QCR} equ:pment and i tmagmg VM,’CMS CS!MVS
VMS, Word Perfect - 4.2, 5.0, 5.1, 6.0, Paradox, DBase ill Plus, IV, BASIS, DM,

Revelation, Nutshell Plus, Peachtree, Lotus, Excel, Bluefish, AMICUS, LEXIS/NEXIS,
DW4, inmagic, Pmcomm B

K.  BUDGET

See attached.

"
~
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EXXON VALDEZ TRUSTEE COUNCIL
1384 Federal Fiscal Year Project Budget
Oetober 1, 1893 - Saptember 30, 1994

R
st

Projast Desggipﬁcn: Shoreline Asggssment & Ol Removal - Beaches in westarn Princa William Sound with remaining surface olf will b rehabilitated
Rehabilitations of beaches to be carried out in 1994 will be based on assessment findings in 1893 and confirmed in 1984,

Printed: 516194  11:18 AM

Lead Agency: AK Dept. of Environmental Conservation

Budget Category: 1993 Project No. |'83 Report/ | Remaining
93038 ‘94 Interim®} Cost** Totat
Authorized FFY 831 FFY 94 FFY 94 FFY 94 FFY 9%
Personnel $170.1 $22.3 $95.8 $118.1 $40.8 || FFY 95 costs ara closeout costs for this
Travel % $6.0 $3.2 $13.9 $17.1 $3.4 |l project.
Contractual $252.1 §7.8 $205.8 §213.6 $5.2 || FFY 93 activities did not include any oil
- Commuoditios $16.5 $0.2 $11.8 $12.0 $0.8 | removal.
Equipment o $5.0 $0.0 $8.9 $8.9 $0,0 '
Capital Quilay . * $0.0 $0.0 $0.0 $0.0 $0.0
Subtotal $449,7 $33.8 $336.2 $369.7 $60.0
General Administration $40.0 $3.9 $28.8 $32.7 $8.5
Projact Total $489.7 $37.3 $365.0 $402.3 $56.5
Full-time Equivalents {FTE) 2.7 0.3 .74 2.0 1.8
' Dollar amounts are shown in thousands of dollars.
Budget Yaar Proposed Pardannsal: Reprifintrm | Reprt/intrm | Remaining | Remalning
Position Description Months Cost Manths Cost
See Individual 3A Forms for
Personnel Details
i
NEPA Cost: $5.0
: *Oct ¥, 1983 - Jan 31, 1984
, Personnal Total 0.0 $0.0 0.0 SO0 4 **Feb 1, 1894 - Sep 30, 1994
07/14/93 ‘
Project Number: 94266 FORM 2A
1994 Page 1 of 10 Project Title: Shoreline Assessment & Qi Removal PROJECT

DETAIL




EXXON VALDEZ TRUSTEE COUNCIL
1984 Faderal Fiscal Year Project Budget
" October 1, 1983 - September 30, 1994

Project Deso Z’;&tian: Shoreline Assessment & Qil Removal - Beachas in western Prince William Sound with remaining surface oif will be rehabifitated.
Rehabilitation of baaches to be carried out in 1894 will be based on assessmant findings in 1993 and confirmed in 1804,

8

3

Budget Catagory: 18983 Project No. {'S3 Report/ | Remaining
B 33038 ‘84 Interim*]  Cost** Total : :
Authorized FFY 83| FFY 94 FFY 84 FFY 84 | FFY G5 o Comment

Personnel $150.1 $22.3 $88.9 $891.2 $20.3 11

Travel N, $6.0 $3.2 $10.0 $13.2F $384

Contractual $252.1 $7.8 $180.8 $188.6 $4.9

- Commuodities $16.5 50.2 $7.8 $8.0 $0.2
Equipmant ; $5.0 0.0 8.9 $8.9 $0.0
Capital Outlay - 30.0 $0.0 30.0 $0.0 50.0
Subtotal £428.7 $33.5 $276.4 $309.9 $28.8 ‘
General Administration - %370 $3.9 $23.01 ° $26.9 $3.4
' Project Total $4686.7 $37.3 $209.4 $336.7 | $32.2
Fuli~time Equivalents (FTE} 2.5 0.3 14 1.5 3.3
; Dollar amounts are shown In thousands of dollars. I

Budget Year Proposed Personnel: - | Reprtfintrm | Reprt/Intrm | Bemaining | Remaining

Position Description Months Cost Maonths Cost
Reprt Project Manager : 2.5 $15.8 1 6.0 $40.6

Restoration Specialist 1.5 §6.5 8.0 $22.8

v
Qvertime {25% of RS time} 8.0 $0.0 1.5 $5.7 || NEPA Cost $5.0
' : *CQet 1, 1993 - Jan 31, 1994
A Personns! Total 4.0 $22.3 13.5 $68.9 || **Fab 1, 1994 - Sep 30, 1994

F1714793 )

Project Number: 94266

Project Title: Shoreline Assessment & Qil Removal

Page 2 of 10 Sub-Project: - :

Printed: 5/6/8& 1118 AM Agency: ’éi( Dept. of En\.wantai Canse{m‘ém

FORM 3A
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EXXON VALDEZ*‘STEE COUNCIL

1594 Federal Fiscal Year Project Budget
October 1, 1993 - September 30, 1994

Traval: ! Raprt/intrm| Remaining
Reprt Anchorage~-Juneayu {$480 air fare + 4 days per diem @ $150/day -~ 2 trips) $3.2 §5.2
Anchorage to Prince William Sound {$300 air fare + 2 days per diem @ 150/day -- 8 trips) $0.0 $4.8
™,
Travel Total $3.2 $10.0
Contractual:

Vagsel contract 3 $G.0 $40.0
Airplane contract ' ‘ $0.0 $10.0
Contractis) with commumties for labor $Q.0O $104.0
Equipment rental {boats, motors, testing equipmant, cleaning equipment, ete.) 50.0 $2.0
paprs Telecommunications, fax, postage, and cousier 52.0 33.0
Dispose of oily waste $0.0 $7.0
reprt Freight and cartage (move squipmant, ship supplies) $0.3 $0.6
Reprt Xerox, printing 51.5 $3.0
Storage unit rental $0.0 $1.8
Filmy processing $0.0 $0.4
Training thazardous materials) $0.0 $3.0
reprt Office space ¢ $4.0 $0.0
Risk Management {mandatory insurance) $0.0 $6.0
; ~Contractual Total $7.8 $180,8

4 > ) )

o Project Number: 94266 FORM 38

Pa 3 of 1 0 Project Title: Shoreline Assessment & Oil Removal SUR-
e )
1 994 g Sub-Project: i PROJECT
Printeds §/6/94 1118 AM Agency: AK Dept of Environmental Conservation DETAIL




EXXON VALDEZ TRUSTEE COUNCIL
1894 Federal Fiscal Year Projsct Budgat

{g- ~ Qctober 1, 1893 - September 30, 1984
Commoditie nZJ Reprt/Intrm] Remaining
Consumable office supplies ' $0.2 1.5
Comptiter supplies including upgrades . o $0.0 1.8
Consumable OSHA required field equipment (gloves, rain suits, hats, boots, cleaning supplies, survival equipment) i 0.0 $2.0
Small“tools (shovels, picks, pry bars, buckets) ’ . ‘ $0.0 $2.5
&N
i | » | Commodities Total §0.21 . 78
Equipmsnt: ’
Laser printer ' , 0.0 $1.9
Computer - 486 with 400 meg hard drive and monitor $0.0 $4.0
Sefaty aquipment {mustang sults) : : $0.0 $3.0
t
o ﬁq&ipﬁmt Total 3001 $8.9
R e ' -~ - ,
‘ Project Number; 94266 FORM 3B
o 4 of 1 {} Project Title: Shoreline Assessment & Oil Removal Cd SUB-
age “ Sub-Project: ‘P
Privted: §/6/94 11:98am  |Agency: AK Dept. of En | Conservation
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EXXON VALDEZ TRUSTEE COUNCIL
1884 Federal Fiseal Year Project Budget
Gcmber 1, 1983 - September 30, 1994

Rt

Project Bass:"fptmm Shorefine Assassment & Oif Removal - Seven sites will be assessed for the continued presence of hydracarbons on the Alaska
Peninsula, -These sites have not been visited since 1982,

Budget Category: 1993 Project No, {'83 Report/ | Remaining
82038 1'94 Interim*l  Cost** Totsl
Autharized FFY 931 FFY 84 FFY 94 FFY 94 FFY 85
Personnet $10.0 $0.0 $28.9 $26.9 §$12.2
Travel \ $0.0 $8,0 $3.8 $3.8 50.0
Contractual 50.0 $0.0 $25.0 528.0 $0.0
Commudities $0.0 $0.0 4.0 $4.0 $0.0
Equipment $0.0 $0.0 0.0 30.0 $0.0
Capital Qutlay ‘ $0.0 $0.0 $0.0Q $0.0 $0.0
. Submtai $10.0 $G.0 $58.8 $59.8 512.2
Gangral Administration $1.5 $0.0 $5.8 5.8 $1.8
Project Total $11.5 $0.0 585.6 $68.8 $14.0
Full-time BEquivalents {FTE} 0.1 00 0.5 0.5 0.1
' Dollar amounts ara shown in thousands of dollars, |
Budget Year Proposed Parsonnel: Reprifintrm | ReprYintrm | Remaining | Remaining
Position Descrintion Months Cost Months Cost
Physical Scientist GS 11 - 3.0 50.0 3.0 $11.2
Biotogical Technician G8 7 - 0.0 50.0 1.8 $3.3
Projact Manager Q.0 $0.0 2.0 :“: 12.4
NEPA Cost: $0.0
*Oct 1, 1993 - Jan 31, 1894
Paersonnel Total G0 $0.0 8.5 $28.8 4 **Feb 1, 1994 - Sep 30, 1994
Ee/s Project Number: 94266

1994 Page 5 of

Printed: B/B/94 11:18 AM

10

Project Title: Shoreline Assessment & Oil Removal
Sub-Project: Gulf of Alaska

Agency: Dept. of Interior, National B;i}iog;cai Survey

FORM 3A
SUB-
PROJECT
DETAIL




EXXON VALDEZ TRUSTEE COUNCIL
1994 Federal Fiscal Year Project Budget

A October 1, 1983 - September 30, 1994
Travel: /a/ Reprt/intrm| Remalning
Anchﬁrage to Guif of Alaska {3 trips - air fare $500/tip + $200 per diem} $0.0 2.1
1 staff to interagency meetings and symposia ) ; $0.0 $1.8
N
Travel Total $0.0 $3.9
Contractual: :
Vessel charter {12 days x $1645/day) $0.¢ 318.7
Fitm processing, reproductions $0.0 0.3
Helicopter charter {2 days x $2,600/ay} , $Q.0 55,0
3
' : ; Contractual Total $0.0 '3'25,{}'
s Project Numbe;;f 94266 | | FORM 2B
p 56 of 10 Project Title: Shoreline Asse»:sment & Ozi Removal SUB-
1994 age. © Sub-Project: Gulf of Alaska_ PROSEE T
' Pinted: 5594 11:18am  (Agency: Dept. of Interior onal Biclogical Survey | g}'
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EXXON VALDEE%TEE COUNCH.
1994 Federal Fiscal Year Project Budget
Ccetober 1, 1893 - September 30, 1994

Cammadiﬁés}// Reprt/intrm| Remaining
Séfé:?, survival gear {radio, ELT batteries, survival suit} 0.0 $0.8
Field gear (boots, rain gear| 30.0 50.3
Sampling jars ] $0.0 $0.6
Sampling tools and supplies $0.0 $0.3
Sample shipments $0.0 $0.2
Fllm $0.0 $0.13
Publication costs $0.0 $0.7
Computer software upgrades $0.0 31.0
N
. ___Commodities Total $0.0 $4.0
Equipment: '
|3
Equipmant Total $0.0 - $0.0
i3 Project Number: 94266 FORM 3B
Projact Title: Shoreline Assessment & Oit Removal SUR-
Page 7 of 10 ;
1994 Sub-Project: Gulf of Alaska ‘ PROJECT
Printed: 5/6/94 11:18 AM Agency: Dept. of interior, National Biclogical Survey DETAIL
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EXXON VALDEZ TRUSTEE COUNCIL
1994 Federal Fiscal Year Project Budget
October 1, 1893 - September 30, 1984

STy

Project Deagtiption: Shoreline Assessment & Ol Removal - Oifing conditions on beaches In the spill area will be assessed by the agencies and the upland
owner, Sites to be assessed will be based on the 1393 assessment and any additional information presented by interested parties. Rehabilitation of
beaches to be carried out in 1994 will be basad on assessment findings in 1993 and 1994,
{? .
Budget Category: 1993 Project No. {93 Report/ | Remaining
93038 ‘34 interim®]  Cost** Total :
Authorized FFY 23] FFY 94 - FFY 84 FFY 94 FFY 85 Commant
Personnel $10.0 50,0 $0.0 50.0 $8.3 § The funds for 1995 are for hydrocarbon
Travel "\ $0.0 $0.0 40.0 $0.0 $0.0 || analyses of samples taken by National
Contractual 20.0 $0.0 $0.0 ~80.0 $0.3 i Biological Survey in 1984,
Commoditias $0.0 $G.0 $0.0 $0.0 §0.4 :
Equipment ‘ $0.0 0.0 $0.0 $0.0 50.0
Capital Outlay ! $0.0 $0.0 50.0 50.0 $0.0 .
Subtotal $10.0 $0.0 0.0 $0.G $9.0
Gengral Administration $1.5 $0.0 $0.0 | $0.0 $1.3
Projact Total $11.56 $0.0 $0.0 $0.0 $10.3
Fuli-time Equivalents {FTE) 0.1 0.0 0.0 0.0 1.2
Dollar amounts ara shown in thousands of dollars,
Budget Year Propoused Personnel: Reprt/intrm | Reprt/intrm | Remsining | Remaining
Pasition Description Manths ost Months Cost
H
NEFA Cost: $0.0
— 4 ¥Oct 1, 1983 - Jan 31, 1994
Parsonnel Total] 8.0 $0.0 0.0 $0.0 1l **Fab 1, 1954 ~ Sep 30, 1994
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Travel Total 0.0 56,0 |
Contractual:
Reprt
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EXXON VALDEZ OIL SPILL DETAILED PROJECT DESCRIPTION

Project Title:

Project Number;
Project Type

Project Leader:

Lead Agency:
Cooperating Agency:

Other Cooporating Parties.

Cost of Project, FY94:
Cost of Project, FY25:
Project Startup Date: |
Project Completion Date:
Geographic Area:

Project Leader:

Project Manager:

INTRODUCTION

In 1892, the Alaska Depantment of Fish ang Game (ADF&QG), in co
the residents of the village of Chenega Bay, proposed

Chenega Chinook Retéase Prograni
94272

QGeneral Restoration

Jelf Olsan, PWEAC Operations Managsr
Ak. Depart. of Fish and Game (ADF&G)

None

Prince Wiliiam Sound Aqua. Corp. (PWSAC)
$57.400

$36,000 ~
Fabruary 1, 1884

June 30, 1984

Crab Bay near the Chenega village on Evans
Island in PWS e ‘

Joe Sullivan, ADF&G Resource Prog. Mgr.

ration with

to the Exxon Vakiaz Oil

Spill (EVOS) Trustee Councll that focal salmon runs be established &t Crab Bay

{Evans island, PWI%), near the Chen
rasourcas resulting tromthe £
approached the Prince William Sou

a village 1o restore damaged subsistence

n Valdez oil spill in 1989, The ADF&G

waculture Corporation (PWSAC), which

operates four salmon hatcheries in Prince Willlam Sound, mquesting use ofa

portion of the chinook saimon released from the Wally Nogrenberg
ses at Crab Bay. The PWSAC Board of Directors agreed to

ratoration pu

atchery for

assigt the ADF&G and the residents of Chenega with the proposed restoration
project provided funding was made avallable and all permitting needs were met.

The proposal called for EVOS Trustees funding the relsase ot hatchery fish at
Chenega beginning in Spring, 1893. Due to timing requirements for planning,

| ggmiﬁ;m and initiating such a release p

ram, the proposed release could not

executed in 1993 and was delayed until 1884,

R
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PROJECT DESCRIPTION
1. Resources and/or Associated Services:

This prgi’ea will provida for the replacement of subsistence resources damaged
by the EVOS. The resldents of the Chenega village and local commercial and
sports fisherman will be the principle beneficiadies of this project becausse of their
proximity to the proposed release site.

2. HRelation to Other Damage Assessment/Restoration Work:

This project will oom[afemem on-going efforts by the EVOS Trustee Council ta
restore and replace lost services,

3 Ohjectives:
The objectives of this project are;

A.  Rear and release 50,000 Wally Noerenberg Hetchery chinook
saimon smolt in Crab Bay near the Chisnega village on Evans
igland beginning in Spring, 1994.

B.  Devehp areturn of 2,000 adult chinook beginning in 1998. At an
average of 20 paunds per returning chinook, Chenega residents
can & 1o harvast 40,000 pourkds of salmon annually. This
projection is based on currant fish culture criteria including marine
survivals and growth,

4, Methods:

Annually, 820,000 chinook salmon eggs are taken at PWSAC's Wally
Noerenberg hatchery (WNH) on Esther island, Brood stock are harvested from
ameng adult chinook salmon retuming 1o the hatchery. Following incubation,
hatch and outmigration from incubator trays, chinook fry are reared in raceways
at WNH for one year. Prior o releass, chincok smolis are transferred to saltwater
net pens & the hatchery or to rarmiote roloase sites for a short period of saltwater

reanng.

Beginning the sgﬁng of 1084, 80,000 chinook smoft will be taken from WNH and
transported via barge et 'Eg!smcit transport tanker to Crab Bay. This gperation
will annually oceur during May. The smolt will be released into 2 380 mv (40 f1 X
40 ft X 5#t) net penanchored in Crab Bay. Smolts will ba raared for
approximately twa to three weeks at the site for imprinting and additional growth
prior to release. Technical aﬁggori for the incubation, hatching and teeding of the
smolts will be provided by PWEAC, Residents of Chenega viltage will be trainad
as tq the feeding schedule and feeding routine during the reanng period at Crab

Bay.

The smolt will be released at the net pen location by removing net attachments
from the fleating platform and allowing fish to swim fresly into the marine
envirorwnent. The net pen will ba annually transported from the Armin F. Koamig
Hatchery (AFK) near the Chanega village on Evans Island and anchered at the




APR-Z6-1934 12155 FROM SOR FISH 8 GAME ANCHORSGE 7D CRCY

relaase site, Afier the smolt am released, the net pen will be disassembied for
transponation, or towed back 1o AFK hatchery.

5. Location:

The location for the release is in Crab Bay, located near the Chenega village on
Evans isiand in PWS. ~

6.  Technical support:

Technical support for the project will e provided by PWSAC, Feeding uf the
relpase gite will be accomplishad by the residents of Chenegs, ,

7. Contracts:

A contract batween ADFEG and PWSAC will be required for the annual -
production and defivery of 56,000 WNH chinook saimon smolt to Grab Bay.

SCHEDULE

The project activilies are as follows:

Activity Begin Qg,%ggigge
Eggtake 792 &g
Incubation 8/92 93
Qutmigratian 3m3 4/83
Rearing ' ) 4/93 584
Acrjuire needed permils 9/33 394
Fabricate net pen 394 594
inetall net QP% 594 594
Fead and imprint smott 5/94 8/94
Release smolts /84 894
Dismantie/Ramave net pen 594 £/94

PWSAC hatchery statt from WNH, AFK and Cordova will provide the needed
technical expartise to mmggsh the above activities. The residents of Chenega
village will be trained by PWSAC fish culturists to fesd the chinook smolts during

the final rearing and imprinting phase at Crab Bay.
EXISTING AGENCY PROGRAM

MNane
ENVIRONMENTAL COMPLIANCE/PERMIT/COORUINATION STATUS

An Environmental Assassment (EA) is required for this project to comply with the
National Environmental Policy Act (NEPA]. Other permits including forms for

completion and fees are required. Status of permiting and anvirsrimental

campliance for this project is as follows:

Env. Complignos/Pernit ancy gzatu,g
Environmental Assessment AR mplete
Hatchery Parmit Alteration Req, ADF&G . Complete

s
.

td



Env. Complianca/Permit % Status
Hah | renspon e [k Complete
Ak, CZMP Questionare ADRGC : Complete
Tidalands Use Permit ADNR Comp 4/84
Permit for anchors Ay COE Complete
Letter of non-objection ADNR Complete
Insurance certification ADNR ) Comp 4784
Bond ADNR Comp 4/04
Annual fee ADNR Complete

Document handling fee ADNR Complate

PERFORMANCE MONITORING

The riumber of adult chinook retuming anmually to Crab Bay will indicate the
degree of succsss for the project ;

COORDINATION OF INTEGRATED RESEARCH EFFORT
Not Applicable

PUBLIC PROCESS

Alaska state law ires that PYWSAC, as the regional aquacuiturs corporation in
PWS, be comprised of represertative of all interested user groups and possess a
board of directors "which inciudes no less than ong mffﬁsémﬁve of each user
group that belongs to the association”. The concet of & regional assotiation Is
intanded 10 aliow active public participation in the salmon rehabilitation gﬁmgm
The PWSAC board of dirsctors Is comprised of: commercial / sport / subgistence

- { parsonal use fisherman, native representatives from villages In PWS andthe

pper Biver ragion, reprecentatives of the fish processing industry and

representatives of the communities in PWS.

To the extent that PWSAC is directed by a boerd of all interested users ol the
fsa;fmatgg rfgaumﬁ in PWS, PWGSAC will assist with this project and advocate for
uture funding. R

PERSONNEL QUALIFICATIONS

Jeffray B. Qlsen
Work Experience
1989-Date:  Operations manager for PWSAC. Ovarsea operations of five
saimon hatcharies produding five species of Pacific salmon. Work
with the PWSAC and reglonal planning groups to develop fish

production goals, Fesponsible for achievemant of halchery
production objeeﬁvas.
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. 1986-198%: WNH manager, PWSAC. Oversee operations of PWSAC's fargest
saimaon hatehery. Responsibie for production of four species of
Pacliic salmon, )
- 184518988 WNH assistant manager, PWSBAC.

1962-1886: AFK hatchery fish culturist and assistant manager, PWSAC.

Education
1977-1881:  Univ. of Washington., B.5. Degree in Fisheries Sdence

BUDGET {attachad)
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1994 Foderal Fiscal Yesr Froject Budget
October 1, 1083 -« Septembae 30, 1994
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Project Description: Chenags Chinaok Relsass Progeam - This project will provide an aiteenative subsistence fishery for the willage of Chenega through the
stocking of Chinook salmon. Thix is necasswy betsuss of the loss of aditisnal sulsistence fond sources due 1o the Exxon Valdar off spill.
Budget Catagory: 1333 Project No.
308
Authorived FFY 93 Comement
Parzonnsal $0.0 B34 § FPY 93 conts wem for NEPA compliance
Travel 0.0
Contractusl 310.0
Carumoditias 0
Equilproent 30.0
Capital Outiay 0.0
Sobtoral $10.0
General Ackninistration $0.7
Peojact Totat $10.7
Full-tions Equivadents [FTE} 30
Bodent Vea Froposed Farsomo:
?Qsiﬁon Daseription
Pregyam Mansgar
* NEPA Cost: 120
*Qct 1, 1993 - Jan 31, 189384
Porsornat Totall a0 $64.0 2.5 33.4F **Fely 1, 1994 - Sep 30, 1904
OIN41% * ”
' T Page 1 of 3 Project Number: 84272 FORM 24
1994 Projuct Titls: Chenega Chinook Release ngram PROJECT
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Conpactimi: ?}
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&
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EXXON VALDEZ TRUSTEE COUNCIL
FY 94 DETAILED PROJECT DESCRIPTION

A. COVER PAGE

Project title: SUBSISTENCE FOOD SAFETY TESTING
Project ID number: 94279

Project type: Subsistence

Name of project leader{s): Rita A. Miraglia
Lead agency: Alaska Department of Fish and Ganme

Cooperating agencies: National Oceanographic & Atmospheric
Administration

Cost of project/FY 94: $268,300
Cost of project/FY 95: $198,900
Cost of’?rojecthY 96 and beyond:$30,000
.?xk"oj ect Start-up/Completion Dates: 2/1/94 through $/30/94
Géographic,area of project: Prince Willianm Socund, the lower Kenal

Peninsula, Kodiak Island, and the Alagka
Peninsula. -

Name of project leader: Rita A. Miraglia

Name of lead agency project manager: Dr. Joseph R. Sullivan



B. INTRODUCTION

Subsistence uses of fish and other wildlife constitute a vital natural .

resource service that was injured by the Exxon Valdez oil spill. Data
collected by the Alaska Department of Fish and Game’s Division of
Subsistence demonstrated this injury. Annual per capita subsistence
harvests declined dramatically {(from 12 percent to 77 percent decline
compared to pre-spill averages) in ten of the communities in the path
of the spill during the first year of the event. In subseguent years,
levels of subsistence harvests, ranges of uses, harvest effort, and
the sharing of resources have gradually increased in all of the spill
area communities. Generally, subsistence uses rebounded first in
communities of the Kodiak area and the lower Kenail Peninsula, but
lagged a year or more in the Prince William Scund villages.

Reasons for increases in subsistence uses after the first post-spill
year are varied and difficult to pinpoint. Some households had
renewed confidence in traditional foods after receiving information
and health advice from the 0il Spill Health Task Porce. Others
returned to using subsistence foods despite their misgivings because
of economic and cultural reasons. Still others have traveled to
unciled areas, sometimes outside their traditional use areas, to
harvest subsistence resources,

Concern over the leong term health effects of using resources from the
spill area contribute to the reduced harvest levels. These concerns
include: 1} a loss of confidence on the part of subsistence hunters

and fishermen in their own abilities to determine if their traditional

foods are safe to eat; 2) a scarcity of some available resources [most
notably, the failure of pink salmon and herving runs in 1993 and the
observed scarcity of harbor seals in Prince William Sound}; and 3)
observed abnormalities in resource species. Even in 1393, more than
four years after the Exxon Valdez ¢il spill, some subsistence users of
the spill area were still raising guestions and still looking for
answers, as they had since the first post-spill year.

Although subsistence harvests and use had bounced back to pre-spill
levels for most people and communities, a view persisted in the Prince
William Sound communities, and to a lesser extent in the lower Xenai
Peninsula and Xodiak Island communities, that the natural environment
had changed in ways that still posed a potential threat to their
health and their way of life. We propose to undertake a subsistence
restoration project involving the following communities; Chenega Bay,
Tatitlek, Nanwalek, Port Graham, Larsen Bay, Karluk, 0ld Harbor,
Akhiok, Port Lions, Ouzinkie, Kodiak City, Chignik Lake, Chignik,
Chignik Lagoon, Perryville and Ivanof Bay.

The incidence of subsistence food safety concerns related to the Exxon
Valdez oil spill were evaluated in other communities in the first year
of this project (Restoration Project Number $3017)}. As a result,
Cordova, Valdez, Seldovia, Kenai, and Seward were dropped from the
project because of the relative lack of such concerns. While sone
residents of these communities will continue to receive issues of the
Subsistence Restoration Project Newsletter, we do not anticipate
conducting any subsistence resocurce sample collection or testing, nor
public meetings in these communities in 1994.




Residents of the Alaska Peninsula communities expressed less concern
than residents of the Chugach and Konlag communities in the winter

‘ months of 1992~1993. However, in the spring of 1993, tar balls and

‘ dead murres washed up on the beach between Three~star Point and the
Kametolook River, near Perryville. This event renewed concern over
the possible effect of the oil spill on subsistence resources in the
communities of the Alaska Peninsula, for this reason it may be
necessary to do some subsistence resource sample collection and
testing from this area.

The goal of the project is to restore the subsistence uses of fish and
wildlife damaged by the Exxon Valdez oil spill. This is the second
year of a proposed three vear project; the 1994 plan builds on the
results of the work done in 1993. Community meetings will be held in
order to identify and map the specific areas and rescurces of
continued concern to subsistence users. Samples of those subsistence
species cited in community meetings as being of continued concern will
be collected from harvest areas identified during the mapping.
Compunity representatives will assist in site selection, as well as
the collection of samples. This year is intended to be the final year
of hydrocarbon testing, so the emphasis will be on testing resources
and sites not previously tested, as well as some of the more heavily
contaminated sites, The samples will be analyzed for the presence of
hydrocarbon contamination, at the National Oceanic and Atmospheric '
Administration/National Marine Pisheries laboratory in Seattle.
Community representatives from Kodiak Island will be transported to
the lab and given a tour of the facilities. The results of the tests,
along with findings from other damage assessment and restoration

.studies, will be interpreted by the 0il Spill Health Task Force, and
reported to the communities in an informational newsletter and
community visits.

This information will assist the Trustee Council in making decisions
concerning restoration, enhancement or replacement of lost subsistence
resources and uses.

c. PROJECT DESCRIPTION

1. Resources andfor Associated Bervices:
Subsistence uses of natural resources.

2. Relation to Other Damage Assessment/Restoration Work:

This project pulls together information from damage assessment and
restoration projects regarding the oil spill injury to and recovery of
various subsistence resources (including salmon, herring, harbor
seals, ducks, and shellfish)}. Thisz information is then put into
context with the subsistence food safety advice, and presented to
subsistence users in 0il Spill Health Task Force meetings, community
meetings, household visits, and informational newsletters.

‘nformation gathered as part of a study of oil spill impacts on the
communities in the spill area, undertaken jointly by the Division of
Subsistence and the U.S. Minerals Management Service, is also used to



evaluate the effectiveness of this project and determine where more

attention is needed. : .

3. Objectives:
The goal of the project is to restore the subsistence uses of fish and
wildlife damaged by the Exxon Valdez oil spill.

4. Methods:

Community meetings will be held in Chenega Bay, Tatitlek, Nanwalek,
and Port Graham, as well as a meeting for representatives from the
Kodiak Island communities, to identify the specific harvest areas and
resources of continued concern to subsistence users. Additionally,
the Division of Subsistence will use the results of a joint study
currently being conducted in cooperation with the U.8. Minerals
Management Service in 15 communities impacted by the Exxon Valdez oil
spill to determine the communities where concern continues to exist,
as well as the nature of that concern. In 19923, those communities
where no concern was indicated in either the community meetings or the
joint Division of Subsistence/Minerals Management Service study were
dropped from the study. This will also be the case in 1994.

Samples of subsistence foods will be collected from representative
harvest areas identified during the mapping as either being
persistently oiled, or of especial importance to subsistence users.
Depending upon the comments at the community meetings, it is likely we
will be sampling finfish and shellfish from the harvest areas of the
communities, and may also take samples of seals and ducks harvested
for subsistence use by local hunters. Pour samnples would be taken
from each fish and shellfish site during each sampling trip. It is
necessary to test the fish and shellfish at different times of the
year, because uptake and accumulation of hydrocarbons is influenced by
temperature, as well as by the reproductive cycle. There will be two
sampling trips, one in the summer and the other in the fall. The
selection of species will take into account concerns expressed in the
community meetings. Community representatives will assist in site
selection, as well as the collection of samples.

All sanples will be analyzed for the presence of hydrocarbon
contamination or metabolites. The results of the tests, along with
findings from other damage assessment and restoration studies, will be
interpreted by the 0il Spill Health Task Force, and reported to the
compunities in a series of informational newsletters and community
visits.

As in 1993, site selection will be done by the Subsistence Division in
consultation with the communities. The collection of samples will be
contracted out to the Pacific Rim Villages Ceoalition under a
government to government agreement. The Pacific Rim Villages
Coalition was formed by the village corporations of Chenega Bay,
Tatitlek, Port Graham and Nanwalek with Chugach Alaska Corporation,
and is endorsed by the village councils of Prince ¥William Sound and
the lower Kenai Peninsula. The Pacific Rim Villages Coalition will be .
reguired to (1) hire a biologist to train local assistants and to
supervise the collection of samples, (2) schedule two collection trips
to each study community, in coordination with the Division of




Subsistence and the study communities, (3} collect samples of finfish
and shellfish at predetermined sites near the study communities,
andling the samples according to a protocoel established by the

Division of Subsistence and the National Marine Fisheries Laboratory,
which is attached (Appendix A), (4) pack the samples, and send them to
the National Marine Fisheries Laboratory, again following the
protocol, (%) provide the Division of Subsistence with a report after
each sampling trip detailing sample collection, handling and delivery,
including copies of all relevant field notes, and an inventory of
samples. Collection of any seal and duck samples will be carried out
by local subsistence hunters in cooperation with Alaska Department of
Fish and CGame persannel Testing of all samples will be done by the
National Marine Pisheries Laboratory, to provide consistency with
earlier studies undertaken by the Division of Subsistence and Exxon.
Community representatives for the Kodiak Island communities, which
were excluded by bad weather from the 1983 visit to the lab in
Seattle, will be transported to the lab and given a tour of the
facilities, with an explanation of the procedures used in the testing.
Interpretation of the test results should be undertaken by tha 0il
Spill Health Task Force.

The communication of test results and the evaluation of the
aeffectiveness of the program should be done by the Bubsistence
Division as the group with the expertise and community contacts.
communication of the test results and to residents of the impacted
communities will regquire the production of a series of informational
newsletters. It is important that the findings of damage assessment
and restoration studies be integrated into this communication effort.

.As shown by the response to the failure of the pink salmon and herring
runs in Prince William Sound in 1993, as well as the appearance of
lesions attributed to viral hemorrhagic septicemia in the herring,
such events have an impact on the confidence of subsistence users in
the safety of the resocurces. The newsletter also serves to put such
events into context for subsistence users, following an evaluation of
the information by the 0il Spill Health Task Force. It will also be
important to vontinue community visits. These can involve formal
visits to households as well as more formal community or regional
meetings. The purpose will be to further the dialogue that has bkegun
to develop between researchers and the communities regarding study
findings.

. Logation:
The project will be carried out in communities along Prince William
Sound, the lower Kenai Peninsula, Kodiak Island and, if necessary, the

Alaska Peninsula.

6. Technical Bupport:

Hydrocarbon assay and bile metabolite fluorescence tests will be
conducted by the National Cceanic and Atmospheric
Administration/National Marine Fisheries Laboratory in Seattle under
the directicn of Dr. Usha Varanasi.

faderal agencies and the 1mpacted communities.



7. Contracta:

The collection of fish and shellfish samples for testlng will be done ;
by the Pacific Rim Villages Coalition under a government to government . :
agreement. The Division of Subsistence does not have persconnel
available to devote to this time consuming task as it has done in the
past. ‘Also, by contracting the work out to the Pacific Rim Villages
Coalition, which is a joint undertaking by a number of village
corporations in the area impacted by the EBxxon Valdegz oil spill, and
endorsed by the village councils of Prince William Sound and the lower
Kenai Peninsula, we can maximize community involvement and local hire
on this project. This helps to increase the confidence of the targat
group in the reliability of the test results.

D.  SCHEDULES |
Note: there will be ongoing communication with subject communities
throughout the duration of the project, with visits to communities as
needed. Additional newsletters will be issued as events warrant it.

February-March 1994: Community meetings to report results of 1993
test results and to map areas and species of concern.

May~-June 1%94: Collect subsistence food samples for testing
{anticipate 2 month turn around for test results).

August 1994: Informational newsletter issued.
August-~September 1994: Collect subsistence food samples for testing.

September 1994: Tour of NOAR/NMFS lab for Kediak community
representatives.

November 1%%4: Informational newsletter issued.

April 19%9%5: Final report to Trustee Council.

E. EXIBTING AGENCY PROGRAM

The Division of Subsistence has been conducting annual household
harvest surveys in many of the communities included in this project
since 1989. As part of the interviews, we collect information on the
relative degrees of confidence in the safety of subsistence resources,
and fear of contamination. This is both a result of specific
guestions on this topic, and of answers to open ended questions
regarding changes in the subsistence harvest. The surveys are
continuing in the spring of 19%4.

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION BTATUS
This project is categorically excluded under NEPA guidelines.

A scientific collection permit will be cobtained from the Alaska
Department of Fish and Game to allow for the collection of fish and ,
shellfish samples. We will not need a permit for the seal samples, as

they will be taken from seals killed by subsistence hunters for food. .




G. PERFORMANCE MONITORING

The progress of the project will be monitored by the 0il Spill Health
Task Force, in consultation with the National Marine Fisheries
Laboratory. In the past, the member groups in the 0il Spill Health
Task Force have included the Indian Health Service, the North Pacific
Rim {(Chugachmuit), the Kodiak Area Native Association, the Alaska
Department of Fish and Game, the United States Coast Guard, and the
National Oceanic and Atmospheric Administration.

As noted above, the Division of Subsistence is conducting household
interviews in many of the communities in the =pill area in the spring
of 1994, as part of these surveys we collect information on concerns
regarding subsistence food safety arising from the oil spill. In
those communities where we are not conducting surveys, progress will
be monitored through community meetings, conversations with community
leaders and informal visits to the community by researchers.

H. COORDINATION OF INTEGRATED RESEARCH EFFORT

This project pulls together information from damage assessment and
restoration projects regarding the oil spill injury to and recovery of
various subsistence resources {(including salmon, herring, harbor
seals, ducks, and shelifish). This information is then put inte
context with the subsistence food safety advice, and presented to
subsistence users in 01l Spill Health Task Force meetings, community
meetings, household visits, and informational newsletters.

I. PUBLIC PROCEESSB

This project involves an extensive public cutreach effort, including
bringing community representatives to meetings of the 0il Spill Health
Task Force, community meetings to decide on the species and sites to
be tested, contracting out the collection of samples, with local
participation in the actual sample collection, a tour of the
laboratory where tests are done for community representatives, and
follow-up community meetings, household visits and informational
newsletters to disseminate the test results and to answer guestions
about =mubsistence food safety and the Exxon Valdez oil spill.

g BERSONNEL QUALIFICATIONS
James Fall

Dr. Fall is the regional program manager for the Division of
Subsistence, Alaska Department of Fish and Game, for southcentral and
southwest Alaska. He has held this position since 1981. Since 1989,
he has supervised the division’s oil spill response and research
program. Also, he has served as the department’s representative on
the 0il Spill Health Task Force. Dr. Fall has written several
articles and reports on the effects of the Exxon Valdez oil spill on
subsistence activities and harvests, based upon division research.

Rita Miraglia

Ms Miraglia has served as the oil spill coordinator for the Division
of Subsistence since 199¢. As such, she has organized and
participated in the subsistence resource collection and testing



programs of 1890 and 1991, and has served as the proiject leader on the
subsistence restoration project since 1893. She has alsc been the
jead communicator of study findings to communities through organizing
community meetings and writing newsletters. BShe has also assisted the
01l 8pill Health Task Force’s activities. :

Craig Mishler

Dr. Mishler has been a Subsistence Resource Specialist with the
Division of Subsistence since 198%, with primary responsibility for
Kodiak Island. He organized and conducted the division’s subsistence
resource collection and tasting'prcgram in the Kodiak Island area in
1990 and has partzcxpated in 0il Spill Health Task Force informational
meetings there in 19289 and 13%92.

Jody Seitz

Ms Seitz has worked as a Subsistence Resource Specialist with the
Division of Subsistence since 1989, with responsibility for Prince
William Sound communities sine 1%91. She has participated extensively
in Division of Subsistence research projects in these communities,
including the collection of information about subsistence harvests
after the spill.

Ron Stanek

Mr. Stanek has worked as a Subsistence Resource Specialist with the
Division of Subsistence since 1980, with respon51b111ty for Cook }nlet
communities. He has partxczpated extansxvely in Division of =
Subszistence research projects in these communities, including the
collection of information about subsistence harvestsg after the spill.
X . BUDGET

{see attached)




APPENDIX A
SUBSISTENCE FOODS SAMPLING PROGRAM
Protocols for the Collection and Handling of Samples
Alaska Department of Fish and Game
Division of Subsistence
January B, 1993

Chain of Custody

Chain of custody and cotlectson forms {attached) will be used. The beach and water
conditions {degree of oiling} will be clearly noted on the collection forms as well as the
results of sight and smell tests conducted in the field. These waterproof forms will be
placed in the zip lock bag with each individual tissue sample. Be sure that the species
identification and sample location are displayed through the ziplock bag.

be documemed in the field nmes The focation of the sampimg site wﬁi be determined w;th
the aid of USGS grid maps or NOAA charts. The site locations should be p c‘tted on the
map.

Whenever samples are spiit, a separate chain of custody record will be prepare{} ‘fﬂ}' each
portion and marked to indicate with whom the samples are being spiit.

Evidence tape must be affixed to the shipping container before the samp‘ies feave the
custody of the sampling personnel. The seal must be signed and dated before the container
is shipped. The original chain of custody record accompanies the shtpm&s‘zt, a capy'ts
retained by the sample shipper, If samples are sent by common carrier, copies of alf bills- af
lading or air bills must be retained as part of tha permanent documentation.

.Entrses into the field logbooks or field data sheets are signed or initialed and dated by the
person making the entry st the time of entry. Each days entries are closed out with a
horizontal line, date and initial. Errors in field logbooks or other records are corrected by
drawing a single line through the error, entering the correct information, and signing and
dating the correction. Never erase an entry or any part of an entry. Do not remove the
pages from the logbook.

Preparation

Aluminum foil will be cooked at 350 degrees Fahrenheit for one hour before it can be used
to wrap tissue samples. All other sampling equipment will be washed using detergent and
rinsed before and after each sample coliection. This includes clam shovels, knives,
containers, and gloves. Instruments used for exterior dissection must be cleansed before
they can be used for internal dissection.

Collection Blank

At least one field blank and replicate sample should be taken for each collection site. A field
blank is a sample container {foil and zip iock bag or bile container} opened in the field,
closed and stored as if it contained a sample. Chain of custody forms will accompany

bianks, and blanks will be sent to the laboratory.

Coliection

The method of collection must not contaminate the samples. Do not collect any subsvrface
samples through surface slicks. Grgamsms to be analyzed for petroleum hydrocarbons

shauid be freshiy killed, Decomposed organisms should not be collected,

. ish wi aiways be handled with latex gloves. Each fish will be brought on board the boat

in a manner so as not to contaminate it with any patro%eum products such as fuel, plastics,
or fuel-soaked material, The fish will then be dissected in an appropriately clean container
or on aluminum foil.




At least three fish of the same species must be sampled from each fin fish sampling site.
Approximately 0.6 to 1.0 kilograms of edible tissue will be excised from each fish. This will
provide sufficient tissue to perform chemical analysis. The dissected tissue will then be
double~-wrapped in aluminum foil and placed in a zip lock bag.

The bile of all fin fish will be collected by drawing it from the gall bladder with a sterile
disposable syringe and injecting it into a collection vial. The vial will then be placed in a zip
lock bag. The gall bladder may puncture and the bile get lost while the fish is being
eviscerated. This should be clearly noted on the chain of custody form belonging to the fish
from which the bile was lost,

Invertebrates will be collected with clean shovels. Samples should be taken at the same
focation and tidal elevation on both the June and September sampling trips. The samples
will then be double wrapped in aluminum foil, in groups of ten to twelve individuals {this is
referred to as a composite sample}, and placed in a ziplock bag. At least three composite
samples must be collected from each shellfish sampling site.

identify the species of finfish and shellfish as clearly as possible. It is necessary 1o be very
accurate so the species dependent differences in bile metabolites can be ascertained by the
laboratory, If you are unsure of the species, write detailed descriptions of the animal in the
field note book, including the color, size, shape, etc.

Each sampling site should be carefully defined and described in field notes and sketch maps
so that the site can be resampled when desired. At least one member of the sampling team
must be present at both the June and September sampling events to ensure consistency.

After they are wrapped and labelled, the samples will be placed in insulated coolers
containing ice packs. Keep all samples from the same station together by placing them in
a separate large plastic bag.

Sample Preservation

Samples must be kept cool. They should be frozen as soon after collection as possible, and
the freezing process should be rapid, Once frozen, the samples must be kept frozen until
extracted or prepared for analysis. Therefore, care must be taken that the samples remain
frozen throughout the shipping process.




EXXON VALDEZQTEE COUNCIL

1984 Federal Fiscal Year Project Budgset
October 1, 1893 - September 30, 19594

Projact Dascription: Subsistence Food Satety Testing - This project is to restore the use of subsistence respurces in PWS by testing subsistence
resources for oil contamination and reporting those findings to the villages.

Budget Category: 1993 Project No. {'93 Report/ {| Remaining
93017 'G4 Interim®{ Cost** Total
Authorized FFY 931  FFY 94 FFY 94 FFY 94 FFY 95 Commant
Personnel $143.7 $71.8 $118.5 $190.3 $130.3
Travel $30.0 $10.0 $15.0 $250 $22.0
Contractual $885.5 $6.8 $86.3 $93.1 $12.3
Commuaoditiss $18.1 $11.0 $24.7 $38.7 $13.0
Equigment 50.0 $0.0 $0.0 $0.0 $1.0
Capital Outlay $G.0 $0.0 0.0 $0.0 $0.0
Subtotal $277.3 $989.6 $244.5 $344.1 $178.6
General Administration $28.8 $11.2 $23.8 $35.1 $20.3
Project Total $307.1 $1108 $268.3 $379.2 $198.9
Ful-time Equivalents (FTE} 2.3 1.3 4.3 3.7 2.5
Dollar amounts are shown in thousands of dollars,

Budgat Year Proposed Parsonnaet: Reprt/intrm { Repri/intrm{ Remaining §| Remaining

Posgition Description Months Cost Months Cost

See Individual 3A Forms for
Personnel Detailz
NEPA Cost: $0.0
*Oet 1, 1993 - Jan 31, 1894
Parsonnel Total 0.0 $Q.0 0.0 $Q.0 8 **Feb 1, 1994 - Sep 30, 1994

Q7414193

1994

Page

Printad: 3/16/84 11:47 AM
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Project Number: 94278
Project Title: Subsistence Food Bafety Testing
l.ead Agency: AK Dept. of Fish & Game

FORM 2A
PROJECT
DETAIL




EXXON VALDEZ TRUSTEE COUNCIL
1884 Federal Fiscal Year Project Budget
Cetober 1,71993 - Saptember 30, 1994

Projact Description: Subsistence Food Safety Testmg This groject i35 to restore the use of subsistenca resources in PWS by testmg subsistence
resources for oif contamination and reporting those findings to the villages.
Budget Catagory: 1993 Project No. '93 Report/ | Remairing
33017 "84 interim¥{  Cost®* Total
Authorized FFY 831 FFY 94 FFY 84 FFY 94 FFY 85 Comment

Personnel $78.5 4368 $58.5 $95.3 $101.3 | FFY 95 costs may vary depending upon

Travel, $30.0 $10.0 $15.0 $25.0 $25.0 | FFY 84 rasults,

Contractusl $85.5 $3.8 $86.3 $80.1 $130.1

Commodities $0.8 0.5 $1.5 $2.0 $2.5

Equipment 0.0 $0.0 50.0 5.0 0.0

Capitai Qutiay $0.0 500 $0.0 $0.0 $0.0

Subtotal $184.8 $51.1 $161.3 $212.4 $258.9
General Administration $17.8 $5.8 $14.8)  $20.6 $24.3
Project Total $212.6 $586.9 $176.1 $233.0 $283.2
Full-time Equivalants {FTE} 1:1 0.6 .00 1.8 1.7
‘ Dollar amounts are,smhcwrgg thousands of dollars,

Budgst Yaar Propas&d?ersonna!: Reprtfintrm | Reprt/intrm ] Remaining | Rernaining

Position Description Mornths Cost Months Cost #
Reprt Subsistence Resource Specialist | 4.0 $17.7 8.0 $36.8

Subsistence Resource Specialist i 1.0 £5.7 0.0 30.0

Subsistence Rescurce Specialist i 1.0 $4.5;1 2.0 $8.4

Subsistence Resource Specialist i 1.0 $6.41 0.0 $0.0

Resgarch Analyst 0.0 $0.0 1.0 5.5

Program Manager - 0.5 $3.4 1.0 $8.7 4

' NEPA Cost: $0.0
: *0Oet 1, 1993 - Jan 31, 1984
Parsonnel Total 7.5 $36.8 12.0 $68.5 i **Feb 1, 1894 - Sep 30, 1894
- - {Project Number: 24278 S ' FORM 3A
Project Title: Subsistence Food Safety Testing SuUB-
1994 (prage 2 of 7 Sub-Project: Sampie Collection/Field Work | PROJECT
Agency: AK Dept. of Fish & Game ‘ DET

Printedd: 3/168/94 11141 AM




EXXON VALDEZ

EE COUNCH

1934 Faderal Fiscal Year Project Budget
October 1, 1993 - Septernber 30, 1994

Traval:

o Rapri/intimi Ramaining
raprt 4 RT Anchorage-Kodiak = $760 Remaining 6 RT Anchorage-Kodiak = $1,140 $10.G $15.0
4 AT Kodiak-Akhiok = $600 & RT Kodisk-akhiok = $900
4 RT Kodiak-Karluk = $440 £ AT Kodiak-Xarluk = $660
4 BT Kodisk-Larsen Bay = §320 6 RT Kodisk-Larsen Bay = $480
4 RT Kodiak-Qid Harbor = $400 & RT Kodlak-Old Harbor = $600
4 RT Kodiak-Ouzinkie = $240 4 RY Kadiak-Ouzinkie = $3860
4 RT Kodlsk-Port Lions = $400 4 RT Kodiak-Port Lions = $800
2 BT Anchorage-Homer = $200 3 RT Anchorage-Homer = 300
2 BT Homer-Port Graham & Nanwalek = $200 3 RT Homar-Port Graham & Nanwalek = $300
2 BT Anchorage-Chenega Bay = $1,8G0 3 RT Anchorage-Chenaga Bay = $2,700
2 BT Anchorage-Tatitlek = §1,100 3 RT Arnchorags-Tatitlek = $1,650
2 BT Anchorage-Vaider = $320 3 BT Anchorage-Valdez = $480
Z Y Anchorage-Cordova = $408 3 BT Anchorage-Cordova = $812
Par diem = $2,838 Per dglem = $4,200
Travel Total $10.0 $15.0
Contractual: '
Reprt Two newsletters to communicate project resuits to the communities $3.8 §4.0
Contract to coliect subsistence resource samples from 8 native villages, twuo timas a year, Samples 1o be collectad $0.0 $80.8
are from mussels, butterclams, littleneck clams, rockfish, chitons, softehell clams, snails and sea wehing, in
addition, five harbor seals (bile & blubber} and 20 ducks (skin & internal organs} will he taken depending on,
reguits from the FFY 84 sampling. These samples wiif be analyzed at the National Marine Fisherigs Lab.
Capving and long distancs phope charges $0.0 $1.5
~ Loantractugl Total $3.8 $86.3
oA o Project Number: 94279 | FORM 3B
, Project Title: Subsistence Food Safety Testing SURB-
1994 ipage 3 of 7 Sub-Project: Sample Collection/Field Work PROJECT
: . Agency:  AK Dept. of Fish & Game DETAIL
* Prieed: 3/16/84  11:41 AM . _




EXXON VALDEZ TRUSTEE COUNCIL

October 1, 1993 - September 30, 1994

Printec: 3/18/84 1141 AM

Commadities: Reprt/intrm} Remaining
Repry Supplies {paper, maps, ete.} $0.5 $0.5
Computer network charges $0.0 $1.0
Commoditios Total $0.8 $1.5
Equipment:
Eqﬁigm;egg ‘i‘otai $0.0 $0.0
o Project Number: 94279 o | FORM 38
1 '?rogect Title: Subsistence Food Safety Testing SUB-
I 1994 iPage 4 of 18ub-Project: Sample Collection/Field Work PROJECT |
‘ Agency: AK Dept. of Fish & Game DETAIL




EXXON VALDEZ.TEE COUNCIL

1984 Federal Fiscal Year Project Budget
October 1, 1893 - September 30, 1994

N Budgat Category:

1993 Project No. 193 Report/ | Remaining

843017 ‘4 Interim®{  Cost?* Total
Authorized FFY 931 FFY 394 FEY 94 FFY 84 FEY 95 Comment
Personnel $65.2 $35.0 $860.0 $98.0 $115.0
Travel. $0.0 $0.0 0.0 $0.0 $2.0
Contractual $0.0 $3.0 $0.0 $3.0 $0.0
Commodities $17.3 $10.5 $23.2 $33.7 3.0
Equipment $0.0 $0.0 $0.0 $0.0 $1.0
Capital OQutlay $0.0 $0.0 $Q.0 $0.0 $0.0
Subtotal $82.5 $48.5 $83.2 $131.7 $121.0
General Administration $12.0 385 $9.0 $14.5 $17.3
Project Total $84.8 $54.0 $92.2 $1486.2 $138.3
Full-time Equivaients {FTE} 1.2 .7 1.3 20 2.4
Dollar amounts are shown in thousands of dollars. |
Budget Year Proposed Personnel: Reprt/intrm | Repri/intrm ] Remaining | Remaining
Position Description Months Cost & Months Cost
Raprt Supervisory Chemist G513 1.5 $10.0 2.0 $13.2
Chemist G5-11 2.0 $10.0 3.5 $16.5
Biclogical Technician G&7 2.4 $7.5 3.5 $10.5
Biologieat Technician G587 2.4 $7.5 3.5 $10.5
Phys. Science Technician GS-6 0.0 $0.0 3.5 $9.3
' NEPA Cost $0.0
*Oet 1, 1993 - Jan 31, 1984
Parsonnet Total 8.3 $35.0 16.0} $60.0 |} **Feb 1, 1994 - Sep 30, 1994
it Project Number: 94279 FORM 3A
T : Project Title: Subssstence Food Safety Testmg SUB-
1994 |pPage 5 of 7 Sub-Project: Hydrocarbon Analysis PROJECT
e ‘ Agency: National Oceanic & Atmaspheﬂc Admin

Printed: 3/16/84 11:41 AM

DETAIL




EXXON VALDEZ TRUSTEE COUNCIL
1994 Fedaral Fiseat Year Project Budget
Octiober 1, 1983 ~ September 30, 1954

Travel: Repri/intrml Remaining
Travel Total $0.0 $Q.0
Contractuat:
Reprt Maintenance contract for analytical equipment $3.0 $0.0
Contractugl Total $3.0 $0.Q
i Project Number: 94279 FORM 3B
Project Title: Subsistence Food Safety Testing SUB-
1994 |Page 6 of 7 Sub-Project: Hydrocarbon Analysis PROJECT
Agency: National Oceanic & Atmaspheric Admin. DET

|I Privted: 3/18/94 11:41 AM .




EXXON VALDEZ QEE COUNCH.
1894 Federal Fiscal ¢ Project Budgst

October 1, 1993 - September 30, 1984

Cammodities: Rapriflntroy] Rermaining
geprt - Chemistry laly supplies iglassware, gloves, stoppers, tubing, paper towels, scalpels and blades, eye guards, first aid $3.0 57.0
supglies, protective clothing, instrtument repalr parts, filtar papes, etc.}
Analytical grade solventsichemicals $7.5 316.2
Commodities Total $10.5 $23.2
Equipment:
Equipment Total $0.0 $0.0
o Project Number: 94279 FORM 38
Project Title: Subsistence Food Safety Testing SUB-
1994 |pPags 7 of 7 Sub-Project: Hydrocarbon Analysis PROJECT
Agency: National Oceanic & Atmospheric Admin. DETAIL
Printed: 3/16/94 11:41 AM
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RESTORATION SCIENCE STUDY PLAN

Project Title:

Project 110+#:
Project Type:

Project Leaders:
Lead Agency:

Project Cosi:

Start Date: March, 1994
Geographic Area of Project:
Project Leader:

Project Manager:

Subtidal Monitoring: Recovery of sediments in the
northwestern Gulf of Alaska

94283
Research/Monitoring

Charles FE. O’Clair, National Marine Fisheries
Stanley D. Rice, National Marine Fisheries Service

National Marine Fisheries Service

FY94: §311.0K FY95: $129.3K

Finish Date: Sepiember, 1995

Gulf of Alaska

Charles E. O'Clair

Bruce Wright



A. INTRODUCTION

Subtidal sediments were found 1o be contaminated by petroleum hvdrocarbons at five .
locations in the Gulf of Alaska (GOA) in 1989. Although hydrocarbon
contamination was usually confined 1o shallow sediments (0-3 m) in GOA, sediment
contamination reached a depth of 20 m ar least one location (Chugach Bay).
Recovery rates of subtidal marine sediments contaminated by petroleum
hydrocarbons at the latitude of GOA are poorly known. Recovery to background
levels of hydrocarbons in subtidal sediments at the contaminated sites in GOA may
be nearing completion. The purpose of this project will be to determine the amount
of oil, if any, that remains in the subtidal sediments at the locations formerly
contaminated by petreleum hydrocarbons in GOA and to compare the concentration
of petroleum hydrocarbons remaining in sediments at those locations with that at
comparable locations in Prince William Sound.

This stady will provide the first assessment since 1990 of the contamination of
subtidal sediments by EXXON VALDEZ oil (EVO) outside Prince William Sound.
Because hydrecarbon contamination in GOA in 1989 was restricted to shallow depths
{20 m} and because hydrocarbon contamination below 20 m in Prince William
Sound was attributable largely to petrogenic background rather than EVO we will
restrict our attention to the depth range 0-20 m.

The present project will be linked closely with Project Number 94090, Mussel Bed
Restoration and Monitoring where the sampling locations of the two studies overlap.
The study will provide information on environmental hydrocarbon concentrations of
use to the study on Subsistence Food Safety Testing (Project 94279) and to other
studies where information on hydrocarbon exposure is required.

B. PROJECT DESCRIPTION
1. RESOURCES AND/OR ASSOCIATED SERVICES

The resource that will be monitored is subtidal sediments in the bathymetric
depth range of § to 20 m on the Kenai and Alaska Peninsulas. Organisms
associated with subtidal sediments include demersal fish and benthic invertebrates
which may serve as food for certain diving birds and mammals. Some of these
organisms are exploited for subsistence use. Investigators atterpting to restore or
monitor recovery of populations of these organisms following the EXXON
VALDEZ oil spill must know the concentrations of petroleum hydrocarbons
present in subtidal sediments to determine whether the organisms are currently
exposed to elevated concentrations of petroleum hydrocarbons or are likely to
carry a burden of petroleum hydrocarbons in their tissues above background.

5 v .‘:zz
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RELATION TO OTHER DAMAGE ASSESSMENT/RESTORATION WORK

This study s designed 1o follow up on the results of NRDA study Air/Water #2.
Sediment resources found to be damaged by the EXXON VALDEZ oil spill will
be monitored for recovery. Part of this study will examine recovery of sediment
resources shown to be damaged by NRDA Subtidal Study #1. This study is
inked to Restoration Project #93047 which monitored recovery of sediment
resources in Prince William Sound. The methodology used in all of these studies
is virtually the same although the scope has changed from study to study.
Restoration studies of biological systems may have need for the results of the
present study for information on hydrocarbon exposure.

OBJECTIVES

1. Determine the composition and concentration of petroleum hydrocarbons from
the EXXON VALDEZ oil spill in intertidal and subtidal sediments (0-20 m) in the
Gulf of Alaska by GC/MS.

2. Compare concenurations of hvdrocarbons in subtidal sediments outside Prince
William Sound with concentrations at comparable depths inside the Sound.

3. Compare concentrations of hydrocarbons in subtidal sediments outside Prince
William Sound in 1994 with concentrations found at the same stations in 1989 and
1990 and assess the extent of recovery of those sediments.

4. Complete hydrocarbon analysis of sediments collected in Prince William Sound
in July 1993,

METHODS

The methods will be similar to those employed for sediment sampling under the
Natural Resource Damage Assessment Air/Water Study Number 2 and Subtidal
Study Number 1 and Restoration Project Number 93047, They are summarized
briefly below. Sediment samples will be collected at one intertidal station and
three subtidal stations. Intertidal collections will be made at a single tidal height
in the range of +1 to -1 m relative to mean lower low water (MLLW) depending
an the distribution of fine sediments. Three samples, each a composite of 8

subsamples, collected randomly along a 30 m transect laid parallel to the

shoreline will be taken at each intertidal site. These samples will be collected at
low tide or by divers. ‘ :



Subtidal sediment collections will be made at 3, 6 and 20 m below MLLW. -
Collections will be made by divers on transects laid along the appropriate isobath .
and sampled in the same way as described above for the intertidal transects.

All samples will be taken from the surface (top (-2 cm) of the sediment column.
Samples will be collected using a chrome-plated brass core tube (3.6 cm inside
diameter) and chrome plated spatula. Each subsample will be transferred to a
sample jar using the spatula. The core tube and the spatula will be washed, dried
and rinsed with methylene chloride between samples. Sample jars will be cleaned
to EPA spemfzcatu)ns for hydrocarbon sampling. The jars will be fitted with
teflon lined caps also cleaned to EPA specifications. Samples will be placed in
coolers with ice immediately after collection and will be frozen within an hour.
Appropriate blanks will be collected at each site. Chain of custody procedures
will be followed after collection of all samples.

5. LOCATION

This project will be undertaken at 7 sites in the Gulf of Alaska (2 reference sites
and 5 contaminated sites) and two sites in Prince William Sound {1 reference site
and 1 contaminated site). The sites will be Black Bay, Tonsina Bay, Windy Bay,
Chugach Bay, Hallo Bay, Katmai Bay, Wide Bay, Northwest Bay and Olsen Bay
(Figures 1 and 2), Except for Wide Bay which was sampled only in 1989 all sites
were sampled at least once in 1989 and in 1990 under the NRDA program .

6. TECHNICAL SUPPORT

The project will require technical support in hydrocarbon chemistry (UV
spectrophotometry and gas chromatography/mass sputrt}rmetry}‘ The chemistry
will be perfamwd at the., Auke Bay Laboratory. The cost of the hydrocarbon
chemistry is included in the project budget.

7. CONTRACTS

A contract will be required to charter a vessel 1o collect the sediment samples for
hydrocarbon analysis. The vessel must be capable of accommodating four
scientists, be equipped to conduct diving operations and must have freezer space
adequate for storing the sediment samples. The contract will be awarded by
competitive bid. The vessel charter is necessary because there are no appropriate
NOAA vessels available to support the study during the specified sampling period.




D.

SCHEDULES

Sediment samphing will be conducted from 11 to 17 July 1994, Chemical analyses will
be completed by November 1994, Data compilation and analysis will be completed
by March 1995, A progress report will be saubmitted in November 1994 and a final
report will be completed by April 1995, A vessel charter will be required to support
the field sampling (see Contracts above}.

Management Plan

Name Responsibility

Stantey Rice Overall management

Charles O'Clair Management of data analysis and report writing,
Jeffrey Short Management of chemical analyses.

EXISTING AGENCY PROGRAM

The agency will contribute the management salaries of Rice, O'Clair and Short
{"534K). The project will pay the salaries required for field work, analytical chemistry

- and data analysis. During the time period October 1, 1993 to September 30, 1994 the

. PERFORMANCE MONITORING

agency will complete hydrocarbon analysis, data compilation and analysis and report
writing for the field study conducted in Prince William Sound in July 1893

ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

This project will fall under the categorical exclusion within NEPA. The project will
involve routine environmental sampling for which no requirement to undertake
National Environmental Policy Act review is necessary.

Performance monitoring by the Program Manager, OOSDAR will take the form of
review of the project status and final reports.. The project status report will present
the results of the field sampling and will give the progress on the chemical analyses
and data compilation, analysis and interpretation. It will be submitted in November
1894, The final report will detail the distribution of petroleum hydrocarbons at
previously contaminated sites in the Gulf of Alaska and will compare the
concentrations with those at comparable depths at selected sites in Prince William

Sound. That report will be submitted by April 1995. Both reports will be submitted



to the Program Manager, OOSDAR through the Habitat Program Manager, ABL
foliowing in-house review

The Project Leader and Chief Chemist will report directly to the Habitat Program

Manager. Quality control measures in the field will be overseen by the Project

Leader accx}rémg to Standard Operating Procedures established for sediment
sampiing under NRDA. Quality assurance procedures for the hydrocarbon chemistry
will be gverseen by the Chief Chemist following analytical quality assurance 3&;rzdards

estiablished by NOAA under NRDA.
COORDINATION OF INTEGRATED RESEARCH EFFORT

This project will be closely coordinated with two ongoing restoration projects: Project
Number 94090, Mussel Bed Restoration and Monitoring and Project Number 94290,
Hydrocarbon Data Analysis and Interpretation.

Sampling by the present project will be closely coordinated with Project Number
94098 in Prince William Sound where the same sampling platform may be used. In
the Guif of Alaska this project will sample sediments near mussel beds studied by tim
musse! bed project in 1993,

Subudal sediments collected under NRDA projects Adr/Water Study Number 2 and
Subtidal Study Number 1 and Restoration Project Number 93047 constitute a large
proporton of the total number of sediment samples in the hydrocarbon database
necessitating frequent interaction and close coordination between the project leaders
of thise studies and the leader of the database project (virrently Project Number
942801 Hydrocarbon Data Analysis and Interpretation). This coordination will
conunue between the present project and Project Number 94290 and will involve
strict udherence to chain-of-custody procedures by the present as well as ¢lose
communication between the two projects on the disposition of the samples.

PUBLIC PROCESS
"I a d;: the oemral public has not been mvaived in the devdupmsm ot

Sc’:ia cron md levels af anaiyxeg used in th{)sc, NRDA aﬁd restoration sméxe:s of
subudal sediments that have lead up to the present pri)}uct have benefitted from
public review as a result of the detailed study plan review process. The methods,
some of the sites and the levels of analyses are the same for this study as for the
previous studies. The Public Advisory Group will be contacted about whether -
addinional sites on Kodiak and Afognak Islands should be included in the study.




J. PERSONNEL QUALIFICATIONS
. See attached sheets.

K. BUDGET

See attached detailed budget developed for the Draft 1994 Work Plan.



Personal Qualificatdons

CHARLES E. O'CLAIR ' 8.8, No.: 012-32-1851
Personul: Born May 29, 1941; Ayer, Massachuselts
Education: University of Massachusetts, B.S., Zoology, 1963

University of Washington, Ph. D., Fisheries, 1977

Experience: 1977 - present: Fishery Biologist {Research), National Marine Fisheries
Service, Auke Bay Laboratory, Juneay, Alaska. Research experience includes seven
years of field and laboratory work on the effects of oil pollution and, later, the effects of
logging on benthic invertebrates, eleven years of research on the ecology and behavior of
Dungeness, king, and Tanner erabs in relation to the management of these species, four
vears of research on the impact of the EXXON VALDEZ oil spill on subtidal sediments
in Prince William Sound and the Gulf of Alaska and one vear on the recovery of
subtidal sediments in Prince William Sound.

Selected Publications:

O'Clair, C. E. 1981, Disturbance and diversity in a boreal marine community: the role
of intertidal scouring by sea ice. In The Eastern Bering Sea Shelf: Oceam}amphv and
Resources, Vol. 2. D. W, Hood and J. A. Calder, Eds. University of Washington P"cm,
Seattle. pp. 1105-1130.

O'Clair, C. E. and 8. D. Rice. 1985, Depression of feeding and growth rates of the
seastar Evasterias troschelil during long-term exposure to the water-soluble fraction of
crude ¢il. Mar. Biol. 84:331-240.

O'Clatr, C. E. and S T, Zimmerman. 1987. Biogeography and ecology of intertidal and
shallow subtidal communities. [ The Gulf of Alaska: Physical Environment and
Biological Resources. D. W. Hood and S. T. Zimmerman, Eds. National Technical
Information Service, Springfield, Virginia, pp. 308-344,

O'Clair, CE,, LW, Short and 8.D. Rice. 1993. Contamination of subtidal sediments by
oil from the EAXON VALDE’Z in Prince William Sound, Alaska. Exxon Valder Oil Spill
Symposium, February 2-5, 1993, Anchorage, AK. Program and Abstracts pp. 55-56.

O'Clair. C.E., J.LW. Short and 8.D. Rice. In prep. Petroleum hydrocarbon-induced injury

to subtidal marine sediment resources. Available Auke Bay Lab., 11305 Glacier
Highway, Juneau, AK 99801,
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Personal Qualifications

Stanley D. Rice
Principal Investipator, ABL Habitat Program Manager

Received BA (1966) and MA (1968) in Biology from Chico State University, and PH. D.
(1971} in Comparative Physiology from Kent State University. Employed at Auke Bay
Fisheries Laboratory since 1971 as a research physiologist, task leader, and Habitat
Program Manager since 1986. Rice has researched oil effects problems since 1971, and
has published over 70 papers, including over 50 on oil effects. Studies have ranged from
field to lab tests, behavioral to physiological to biochemical studies, from salmonids to
invertebrates to larvae to meiofauna. Rice has conducted and managed soft funded
projects since 1974, including the Auke Bay Laboratory EXXON VALDEZ damage
assessment studies since 1989, Activities since the oil spill have included leadership and
management of up 10 10 damage assessment projects, field work in PWS, direct research
effort in some studies, establishment of state of the art chem labs and analyses in
response 1o the spill, quality assurance procedures in biological-chemical-statistical
analyses, establishment of hydrocarbon database management, servicing principal
investigators and program managers in NOAA and other agencies with reviews and
interpretations, provided direct input into agency decisions, interacted with other
agencies in various ways (logistics coordination, eritique experimental designs, interpret
observations, ete.).
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Figure 1. Study locations, Olsen Bay (1) and Northwest Bay (2), in Prince William
Sound.
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~ Figure 2. Study sites in the northwestern Gulf of Alaska, Numbered locations a,re" 1
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RESTORATION SCIENCE STUDY PLAN

Project Title: HYDROUCARBON DATA ANALYSIS,
INTERPRETATION AND DATABASE MAINTENANCE
FOR RESTORATION AND NRDA ENVIRONMENTAL
SAMPLES ASSOCIATED WITH THE EXXON VALDEZ
OIL SPILL

Project ID#: 23653 94290
Project Type: Technical Support
Project Leaders: Sid Korn, National Marine Fisheries Service

Jeff Short, National Marine Fisheries Service
Jeep Rice, National Marine Fisheries Service

Lead Agency: National Marine Fisheries
Project Cost: 1085 K

. Start Date: October 1, 1994 V Finish Date: September 30, 1995
Geographic Area of Project: Entire Oilspill Area

Project Manager: Bruce Wright




A, INTRODUCTION

The Auke Bay Laboratory (ABL) has provided data archival and interpretive services .
for environmental samples that have been collected and analyzed for hydrocarbons ,
in support of the Exxon Valdez NRDA and restoration efforts. The samples derive

from all projects, investigators, and as&wczes {including both State of Alaska and

Federal agencies) that have collected samples for hwrowrt}im analysis. The general

purpose of this project is to make a large and complex hydrocarbon database

available to prmupai investigators, resource managers, and the public by providing

user friendly services. The hvdrocarbon database contains sample collection and

chemical analyses mfmmdtzm from thousands of samples from 1989 1o the present.

Brietly the database contains:

1} Sample collection information for »40000 xampics mdzsdmg major sample types

of sediment, tissue, water, and oil.

2} Hydrocarbon analysis information for >9000 samples, each sample analyzed has

resulis for 73 analytes plus quality assurance data.

3) Bile and HPLC analysis for >2000 samples.

4} Data in support of NRDA and restoration projects over the period 1989-1992,

This project will provide the following

2} Continued use and access of NRDA hydrocarbon data

b} Expansion of the hydrocarbon database with restoration data resulting in a
consistent database allowing comparison of NRDA and restoration results

¢y Interpretation of hydrocarbon results for PI's managers, and the public.

d) Continued quality control of sample storage, and hydrocarbon analyses.

Interpretive services include hydrocarbon data imerpretation to idemtify probable
sources of hydrocarbons found, evaluation of new hydrocarbon data for evidence of
systematic bias, hydrocarbon data editing according to consistent criteria and
hydrocarbon data mapping to facilitate identification of temporal and geographic
trends of these data . The results of these efforts provide numerical correlates that
are directly related to oil, and that may be used by PI's of other Restoration
projects, by other governmental agencies, and by the general public, to assess
associations of observed biological effects with concentrations of Exxon Valdez oil.
These archival and interpretive services have been provided by staff at ABL for
hydrocarbon samples generated for the Exxon Valdez NRDA effort, who have
developed automated computer methods to insure that the various criteria are
consistently applied 1o these data, and which result in mmputer»generated maps of
the final results. The purpose of the presently proposed project is to integrate these
additional data with the Exxon Valdez NRDA hydrocarbon database, and to continue
10 provide interpretive services, thereby insuring that hydrocarbon data resulting from
Restoration efforts are directly and unequivocally comparable with the existing data.
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B. PROJECT DESCRIPTION

1. RESOURCES AND/OR SERVICES

Data associated with hydrocarbon samples will be added to the existing Exxon Valdez
database. Principle investigators from all projects collecting hydrocarbon samples will
be assisted by this project through archival, interpretation, and mapping of their data.
Data archival will include maintenance of a Rbase database with sample collection
information and hydrocarbon results. This database allows inventory of hydrocarbon
sample collection, and retrieval of collection and hydrocarbon results for PI and
management use. Data interpretation will include examination of the data for
evidence of systematic bias, which will provide the basis for an evaluation of data
quality, and a probability based determination of sources of hydrocarbons found in
samples. Finally, maps of specific hydrocarbon samples will be provided on request
by principal investigators, government agencies, or the general public.

2. OBJ ECTIVES

The objective of this project is to apply and extead hydrocarbon interpretation
methods and data archival developed in NRDA assessments to new samples
analyzed for the Restoration effort, to insure the comparability of analytical and
interpretive results with those of the NRDA effort, and provide access and continuing
interpretive service to principal investigators using complex hydrocarbon data.

3. METHODS

Procedures developed during the NRDA effort will be followed in this project.
Incoming samples are inventoried and collection information is entered into a
database located at Auke Bay, AK and described by Manen ¢t al, {1993).
Hyvdrocarbon results returned from analytical laboratories are also added to the
database. Hydrocarbon data will be evaluated using methods described in the final
reports of Exxon Valdez NRDA project Subtidal #8 (in prep.). These methods were
developed specifically for Exxon Valdez NRDA hydrocarhon data.

4, ALTERNATIVES

There are alternative database designs which were rejected because they are not
completely compatible with NRDA data. Location of NRDA and restoration data in
the same database was judged important for compatibility and comparison reasons.
Two alternatives for evaluating hydrocarbon data quality and for interpreting and
mapping hydrocarbon data were considered: (1) leaving these tasks to the PI's who
collected samples for analysis, and (2) contracting these tasks to a private-sector
consultant. Alternative {1} was rejected because many PI's do not have direct access
to the expertise required (ABL staff include most of the agency chemists that

fd



hydrocarbon samples), because different PP's would almost certainly adopt different
methods for data analvsis and imterpretation which would invalidate data comparison
among projects, and because of anticipated mefficiencies that would resuli due to
many PI's duplicating and re-inventing methods that are already standard procedures
available at ABL. Alternative (2) was rejected because of anticipated inefficiencies
that would result due 1o contractors’ efforts to re-invent or acquire methods that are
already developed and available at A'BL and because of the difficulty of stipu}ating
contractual requirements that would goarantee strict comparability with existing
Exxon Valdez NRDA data.

participated in collection, analysis, and interpretation on BExxon Valdez NEDA I

. LOCATION

n

The project will be undertaken at the Auke Bay Laboratory in Juneau Alaska.

Benefits: Hydrocarbon sample data archival in the Exxon Valdez database will
insure that these data are available to PI's, governmem agencies, and the interested
public on a timely hasis, The database will allow direct comparisons of restoration
and NRDA daty, and provide an inventory of hydrocarbon sample, collection,
storage, analysis, and results. The continued use of the methods for hydrocarbon
data evaluation and interpretation developed for the Exxon Valdez NRDA samples
will insure direct comparability of future with previous samples, which will
substantially increase the probability that temporal trends in these data will be
detected when actually present. Prmup 1 investigators will be able to get assistance
with chemical interpretation and mapping of hydrocarbon results from their project
or other projects that relate to their project when needed. Since many PI's are not
chemists, this type of assistance is usually required for proper interpretation of
hydrocarbon results,

6. TECHNICAL SUPPORT

This project will provide it's own technical support including chemical, mapping and
database needs. '

7. CONTRACTS
No contracts are anticipated.
8. MITIGATION MEASURES

No mitigation measures will be part of this study.

D. SCHEDULES AND PLANNING




This project is an ongoing service task and therefore has few set milestone dates. All
of the methods, including computer software written specifically for these tasks, have
already been developed, tested, and applied. The requested funds are entirely for
continuation of these services for additional data that will be produced by
Restoration projects. A final examination of hydrocarbon data will be performed for
all hydrocarbon data received as of September 15, 1993, and will be summarized in a
report that will be completed by September 30, 1993. Interpretations and maps of
hydrocarbon data will be provided on request. A publication describing the chemical
interpretive methods will be completed in June 1993, A description of the database
and CD rom disk containing the data is scheduled for release in April 1993. Sample
data entry and interpretation depend on the timeframe of sample receipt, and
analysis. ‘

. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

This is not a field study nor does it have any significant effect on the environment.
Consequently, an Environmental Impact Statement or Environmental Assessment
need not be provided.

All federal, state, and local laws are followed in the management of chemical
analysis.

. PERFORMANCE MONITORING

'The portion of this project examination of hydrocarbon data for systematic bias is, in
itself, a performance monitoring function. The performance of the methods
developed for examination and interpretation of these hydrocarbon data have already
been verified. Database integrity is assured by signed reviews of data entered by
principle investigators. We will continue to follow all quality assurance procedures
outlined in NRDA efforts.

. COORDINATION OF IN’I‘ECRATED RESEARCH EFFORT

This project attempts to provide a common cross-over point for ALL projects
involved with the EXXON VALDEZ oil spill by providing universal access to
hydrocarbon data from all studies, and analyses and interpretations in a common
format.
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PUBLIC PROCESS

All principle investigators are encouraged to use interpretive services from this

project. Since this is a very technical projects we do not expect public participation
but would welcome suggestions from chemist, PI's and other interested parties.

PERSONNEL QUALIFICATIONS
GS-11 Fishery Rescarch Biologist - Sid Korn

Education:

BA 1966, Nasson College

Graduate Studies 1967, Institute of Marine Biclogy, University of Miami

Graduate Studies, 1967-68, Humboldt State University

Numerous additional coursework including, fish physiology, Dbase programming,
project management, supervision.

Relevant Experience:

1989-1990 Assisted Jim Price in development of the NRDA database and the
management of incoming samples and database management.

1990-present Is the database manager of NRDA and restoration hydrocarbon data
after the departure of Jim Price. Respansszhncs include: supervision of data entry
of sample and analytical data; processing and dissemination of data for principle
investigators use; database management and design; setup and maintenance of GIS
mapping system.

(G5-13 Chemist - Jeffrey W, Short

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

Relevant Experience:

1989 - Present: Established and manage the hydrocarbon analysis facility at ABL to
analyze hydrocarbon samples generated by the Exxon Valdez NRDA effort (about
20% of these samples were analyzed at ABL). ‘

1989 - 1992: Principal Investigator, Exxon Valdez project Air/Water #3;
Determination of petrolenm hydrocarbons in seawater by direct chemical analysis and
through the use of caged mussels deployed along the path of the oil spill.

1991 - 1992: Principal Investigator, Exxon Valdez pmject Subtidal #8; Development

- of computer-based statistical methods for global examination of sediment and mussel

hydrocarbon data produced for the Exxon Valdez NRDA effort for systematic bias,
and for identification of probable sources of hydrocarbons. In addition, this project
produced both hard-copy and computer display maps of all the sediment and mussel
hydrocarbon data.




(GS-14 Physiologist - Stanley D. Rice
Principal Investigator, ABL Habitat Program Manager

Education:
Received BA (1966) and MA (1968) in Biclogy from Chico State University, and PH.
D. (1971} in Comparative Physiology from Kent State University.

Relevant Experience:

1971-present: Employed at Auke Bay Fisheries Laboratory as a research physiologist,
task leader, and Habitat Program Manager since 1986. Rice has researched oil
effects problems since 1971, and has published over 70 papers, including over 50 on
oil effects. Studies have ranged from field to lab tests, behavioral to physiological to
hiochemical studies, from salmonids to invertebrates to larvae to meiofauna. Rice
has conducted and managed soft funded projects since 1974, including the Auke Bay
Lahoratory Exxon Valdez damage assessment studies since 1989,  Activities since the

“ail spill have included leadership and management of up to 10 damage assessment

projects, field work in PWS, direct research effort in some studies, establishment of

state of the art chem labs and analyses in response to the spill, quality assurance
- procedures in biological-chemical-statistical analyses, establishment of hydrocarbon

database management, servicing principal investigators and program managers in
NOAA and other agencies with reviews and interpretations, provided direct input
into agency decisions, interacted with other agencies in various ways (logistics
coordination, critique experimental designs, interpret observations, etc.).

K. BUDGET



LITERATURE CITED

Carol-Ann Manen, and James R. Price, 1994 (In Prep) Natural Resource Damage .
Assessment; . Database Design and Structure. NOAA Technical Memorandum
NOS/ORCA




£ XON VALDIY

JSTEE COUNCHL
1944 Federal Fiseat Year Project Budge
October 1, 1983 - Septembar 30, 1994

k Project Description: Hy’é?:}ggibnn Data Analysis snd Interpretation and Sample Archiving

Budget Catogory: 1993 Project No. |93 Repord/ | Remaining
93053 G4 Interiim® Cost** Tota!
Authorized FFY 93] FFY 249 FFY 94 FFY 94 FFY 85 Comment
Personnel $82.9 $61.0 $43.5 $104.5 51150
Travel 36.2 $2.0 $2.0 $4.0 $2.0
Cantractual 0.0 30.0 £0.0 $0.0 $0.0
Commodities 54.0 51.8 £2.0 53.% £3.0
Equipment $0.0 $1.0 $1.5 52.5 $1.0
Capital Outlay 0.0 $0.0 $0.0 $0.0 0.0
Subtoial 5931 $R5.5 $49.0 $114.5 51210
General Administsation $12.4 $9.2 $6.% 815.7 $17.3 l
Project Total $145.5 $74.7 $655.5 $130.2 §138.3
Full tineg Fguivalents (FTEY i.4 .8 0.5 1.4 1.5
Dollis amounis are shown in thoussnds of doliars, N
Budgel Year Proposed Personnel: Reprtfipanm | Bepri/intrsr | Remeldning | Remalning
Position Description Mombs Cost Maonths Cost
Repre Program Manage! G5-12 0.9 34.4 0.5 $3.1
Projest Leoder 53811 R 543,43 5.0 $31.3
Chensist G513 1.8 $T2.R 1.2 531
o
ﬁ HEPA Cozt: $0.0
- . *Oet 1, 1993 - Jan 31, 1994
Personnet Total 8.7 $61.0 4.8 $43.5

(#3414 793

Page 1 of

1994

Framted: %2 4:3%6 Phe

Project Number: 94280
Project Titde: Hydrocarboen Data Analysis & Interpretation
Agency: National Oceapnic & Atmospheric Admin,

**Feh 1, 1984 - Sep 30, 1994

FORM 24
PROJECT
DETALL

At e e T



EXXON VALDL. (RBUSTEE COUNCIL
1994 Federal Fiscal Yeas Project Budget
Qctober 1, 1993 - September 30, 1994

ata Analysis & Interpretation

Page 2 ol 3
; Atmosphernc Admin,

199

Friored. 93792 A:56 24

Protect Title: Hydrocar
Agency: Natonal Oced

Travel: Reprtfininm| Remaining
Reprt Juneau 1o Anchorage (4 trips - air lare $450/trip + $550 per diem) $2.0 32.C
. Trave] Total $2.0 $2.0
Contractual:
Contractual Total $0.0 $0L0 |
44193 T
' Project Number: 94290 FORM 28




EXAKON VA!.DL..JSTEE COUNCIL

1994 Faderat Fiscal Year Projact Budget
Octeber 1, 1983 - September 30, 1934

Commuodities: Beprt/int ] Remaining
Reprt Compmer sottware upgrades $1.5 50.5
Office supplies, mapping 0.0 51.0
Freezer maintenanca 50.0 50.5
Commodities Total $1.6 $2.0
Equipment:
feprt Computer moniiol $1.0 $0.0
Freezer for archiving samples 50.0 $1.5
, Equipment Total §1.0 51.5
07314193 ;
Project Number: 894290 ‘ FORM 28
1994 Page 3 of 3 Project Tule: Hydrocarbon Data Analysis & Interpretation PROJECT
, . Agency: National Oceanic & Atmospheric Admin. CDETAIL
Prnted: 9/9193 256 MM ,




THIS PAGE
INTENTIONALLY

LEFT BLANK







EXXON VALDEZ TRUSTEE COUNCIL

. FY 94 DETAILED PROJECT DESCRIPTION

Project title:

Project 1D number:
Project type:

Name of project leader{s):
Lead agency:

Cooperating agencies:

Corporation
Cost of project/FY 94:

.Cost of project/FY 95:
Cost of Project/FY 96 and beyond:
Project Start-up/Completion Dates:
Geographic area of project:

Name of project manager:

SEA Program: Salmon Growth & Mortality
943204

Research/Monitoring

Mark Willette

Alaska Department of Fish and Game
University of Alaska

Prince William Sound Science Center
Prince William Sound Aquaculture
$282,164

$326,510

$322,510

March 1, 1924 -~ September 30, 1894
Prince William Sound

Joe Sullivan



B. INTRODUCTION

This project is a component of the Sound Ecosystem Assessment {SEA} program. .
SEA is a muilti-disciplinary effort to acquire an ecosystem-level understanding of the

marine and freshwater processes that interact to constrain levels of fish, and

marine bird and mammal production in Prince William Sound {(PWS5}. Pink salmon

runs to PWS failed in 1992 and 1993, These salmon run failures have drastically

affected the economy of the PWS region which is largely based on the salmon

resources. it is essential that we develop an understanding of the processes that

are causing these events. This information is needed {o develop a strategy to

restore salmon runs in PWS, if possible.

At the present time, it is not clear to what extent oil-spill impacts or environmental
conditions may have caused the run failures in PWS. Restoration project 84191
{Injury to Salmon Eggs and Pre-emergent Fry in PWS} will determine if genetic
damages to pink salmon may have reduced survival. The proposed project will
contribute to a multi-disciplinary effort to determine if changes in the PWS
ecosystem caused the run faillures. Recruitment to adult salmon populations is
strongly affected by mortality during the early marine period, because mortality at
this time is typically very high {Parker 1968, Ricker 19786; Hartt 1980; Bax 1983).
During this period, slow-growing individuals sustain a higher mortality, because
they are vulnerable to predators for a longer time than fast-growing individuals
{Parker 1971; Healey 1982; West and Larkin 1987). Low returns of hatchery-
produced salmon in 1992 and 19983 indicates that the run failures were likely .
caused by processes occurring during the early marine period, Damage assessment
studies on juvenile pink salmon in PWS have demonstrated that growth during the
juvenile lifestage is related to survival to adult (Willette 1893). Growth rates of
juvenile salmon were estimated in 18981 and 1892 after the fish were released from
hatcheries. Juvenile growth and ocean temperatures were low in PWS during the
early marine period in 1991, However, in 1992 juvenile growth and ocean
temperatures were near average; although, zooplankton abundance was very low.
The relationship between juvenile growth and maortality changed dramatically for
pink salmon released in 1992 suggesting a change in predation rate.

C. PROJECT DESCRIPTION

This project will track the migration of juvenile salmon through PWS, estimate
juvenile salmon growth, and contribute to studies of carrying capacity of the
Sound. The project will complement other components of SEA by providing
essential data needed to improve our understanding of the mechanisms regulating
gcosystem function.

During the past decade, five salmon hatcheries have been established within PWS,

These facilities, operated by private non-profit corporations, will release

approximately 500 million juvenile salmon in 1984, Approximately one million of

these fish will be marked with a coded-wire tag {CWT). Recovery of these CWT .



fish will play a major role in tracking the migration and growth of juvenile salmon.

. 1. Resources and/or Associated Services:

This project will focus on juvenile pink salmon {Oncorhynchus gorbuscha) in PWS,
However, the information abtained from the study will also contribute to our
understanding of the mechanisms affecting population dynamics of other juvenile
fishes {forage fish} that serve as food for apex predators {marine birds and
mammals}. Project 94163 (Forage Fish) will examine competition for food amang
juvenite salmon, Pacific herring {Clupea harengus pallasi}, capelin (Mallotus
villosus), Pacific sandlance (Ammodytes hexapterus), and others, The Salmon
Growth and Mortality component of SEA will provide data on diet composition of
juvenile salmon, and collect samples of other juvenile fishes {sandlance, capelin,
etc.) for later stomach analysis as part of Project 94163, The data from both of
these projects will be used to evaluate the carrying capacity of PWS for juvenile

fishes,

2. Relation to Other Damage Assessment/Restoration Work:

This project is a component of the Sound Ecosystem Assessment (SEA) program.
During its first year, SEA will focus on the interactions of pink salmon and herring
with other components of the PWS ecosystem. Several other projects complement
SEA by providing SEA researchers with the data or tools needed to examine

. ecosystem function. These projects include Oil-related Egg and Alevin Mortality
{84191}, Pink Salmon Coded-wire Tag Recovery (94184}, Pink Saimon Otolith
Marking {84187}, Pink Salmon Genetics {24189}, Forage Fish Influence on
Recovery of Injured Species {94163}, Herring Spawn Deposition and Reproductive
impairment {94166}, and Herring Genetic Stock identification (94165). This project
is aleo related to damage assessment project FS#4 Early Marine Salmon injury
Assessment in PWS.

3. Objectives:
This project will achieve the following six objectives in 1984,

1. Estimate the growth rate and condition of juvenile CWT salmon in PWS in
1994, and test for differences in growth rate among years (1888-1994).

2. - Describe the migration of juvenile salmon through PWS, estimate
migration rate, and provide inseason data to other SEA researchers,

3. Estimate diet composition of juvenile pink salmon in PWS in 1894, test
for differences in diet composition among years {1889-1992, 1994}, and
. collect juvenile fish stomach samples for project 84163 {Forage Fish).



4. Deatermine if the growth rate of juvenile salmon was likely limited by low
food abundance in 1884,

5. Test for differences in the relationship between juvenile salmon growth
and fry-to-adult survival among vears (release years 1388-1993).

6. Develop techniques to estimate the mortality of juvenile salmon in PWS
and the Guif of Alaska.

4. Methods:

Juvenile pink salmon will be collected using beach and purse seines deployed from
a 6 m long aluminum skiff. Sampling will begin the first week of May and extend to
the end of June. A 40 m long beach seine and 70 m long purse seine will be usad
to capture the fish. An approximately 25 m long vessel will provide logistical
support to the field crew enabling them to track the juvenile salmon migration and
obtain samples of fry from a large area. Juvenile salmon will be located from visual
surveys of nearshore nursery habitats. The Nearshore Fish component of SEA will
provide data on juvenile salmon distribution to the Salmon Growth and Mortality
project. A portable tube CWT detector will be used to isolate CWT juvenile saimon
from untagged fish in the catch. Approximately one fish in a thousand will be
coded-wire tagged on average. As a result, a large number of juvenile salmon must
be captured to obtiain an adequate sample of CWT salmon. All CWT salmon will be
retained for later analysis of growth. The total number of fish in the catch will be
estimated volumetrically. Live fish will be placed in a volumetric beaker with a
known volume of water. Displacement volume of the fish will be calculated by
subtraction. The number of beakers of live fish in the total catch will be recorded.
Total number of fish in the catch will be estimated from number of beakers and
number of fish per displacement veolume., Water temperature at 1 m depth will be
measured at all sample sites using a thermistor.

A stratified-random sampling design will be employed to estimate the growth rate
of juvenile pink salmon in PWS (Cochran 1977). Strata will be established based
upon recovery date {(May, June}, hatchery, and treatment group. Previous studies
of juvenile pink salmon growth in PWS have shown that growth sometimes differs
among these groups {Willette 1293). An analysis of gain in precision will be used
to identify strata that can be combined. Three treatment groups receiving different
feeding regimes at the hatcheries will be employed: (1} an early-fed group
composed of individuals released during high zooplankton abundance after 1-2
weeks of feeding in net pens, {2} a direct-release group released during high
zooplankton abundance after only 2-5 days of feeding, and {3} a late-fed group
released during declining zooplankton abundance and increasing temperatures after
1-2 weeks of feeding. Approximately 12 treatment groups will be released from ali
four pink salmon hatcheries in PWS in 1994. Therefore, it will likely not be possible .




to meet each of the sampling objectives for each of the treatment groups. The
following criteria (listed in order of priority) will be employed in making sampling
} decisions in the field: ‘

1) Recover a minimum of 100 tagged fish from each treatment group.

2) Recover fish from each treatment group in at least three different
areas during a single sampling period.

3) Recover fish from each treatment group during at least three different
sampling periods.

Coded-wire tags will be extracted and interrogated as they are recovered in the
field, This will enable specific treatment groups to be targeted. More than one tag
code is typically applied to each treatment group. Methods developed by the
ADFRG CWT Laboratory for extracting and interrogating CWTs will be employed.
Damage to the fishes’ head will be kept to a minimum when dissecting CWTs. The
remains of the head and the body will be placed in a pre-weighed vial and frozen.
The vials will be weighed later on shore when accuracies of .01 g can be obtained.
An exponential model will be used to estimate growth rates (G;) of individual CWT
juvenile satmon, f.e.

g - M - inm) ()
i
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where W, is the weight of the fish at capture, Wr is the mean weight at release of
the fish in a specific tag-code group, t, is the date at capture, and {, is the mean
date at release. Analysis of variance {split-plot design} will be used to test for
differences in growth rate among years. Recovery site will be used as the sample
unit in the analysis. A nested model will be used with hatchery and treatment
group nested within months (May, Juns} and years.

Condition of CWT juvenile salmon will be examined to evaluate feeding and growth
conditions. The relationship between body weight (W) and length {L} will be
described by

@
D = g

where a is the condition factor and b is the slope of the linear-transformed model
{Ricker 1975}, Analysis of covariance will test for differences in the intercept and
stope of the linsar-transformed model between years, Samples from all hatcheries,
treatment groups, and months (May, June} will be pooled in the analysis. The slope
of the regression {b) will be used as a measure of the condition of juvenile CWT

‘}ink salmon in different years.



Objective 2;

immediately after the juvenile salmon are released from the Wally H. Noerenberg
{(WHN} Hatchery, the sampling crew will begin surveys of nearshore habitats
adjacent to the hatchery. The sampling crew will start surveying at a distance from
the hatchery and move toward it until juvenile salmon are encountered. It is
expected that this approach will enable detection of the leading edge of the juvenile
salmon migration as the fish move away from the hatchery, CWT juvenile salmon
will be recovered from selected schools to determine the origin and time of release
of the fish. The migration rate of juvenile salmon will be estimated during the initial
phase of the migration from recovery of CWT fish. Later in the season after the fish
have dispersed, it will likely not be possible to track the leading edge of the salmon
migration or estimate migration rate. Information on juvenile salmon distribution will
be radiced to other SEA program researchers focused on salmon predation. After
the field season, the migration of juveniles through PWS will be described. The
numbers of CWT juvenile salmon recovered at various sites will be summed for
each hatchery. Maps will be prepared indicating the number of CWT juvenile
salmon recovered from each hatchery at varicus sites in the Sound,

QObiective 3:

Stomach contents analysis will be used to estimate diet composition of juvenile
salmon, examine diet overlap among juvenile fishes, and determine if the growth
rate of juvenile salmon was likely limited by fow food abundance. A stratified-
random sampling design will be employed to estimate diet composition of juvenile
salmon. Strata will be established based upon date {May, June}, area {Figure 1},
and habitat type {shallow bay, moderate slope, steep slope adjacent te current}.
Site will be used as the sample unit in the analysis. Samples of untagged juvenile
pink salmon {n=15) will be collected between 1500 and 2100 hours from
approximately 12 randomly selected sites within each strata. Bamples will be
preserved in 10% buffered formaldehyde solution. Whenever possible, samples of
other juvenile fishes (forage fish) will be collectad along with samples of juvenile
salmon. These samples will be provided to project 94163 (Forage Fish) for stomach
contents analysis. This approach will allow for a paired comparison of diet overlap
among various species of juvenile fishes in PWS (see Project 94163 DPDJ.

Stomach contents analysis will be conducted later in the laboratory. Fish showing
signs of regurgitation will not be included in the sample. Prey items in the gut will
be identified to the lowest possible taxonomic level and enumerated. Prey biomass
in each category will be estimated by the product of prey abundance and average
prey wet weight {Coyle et al. 1890}, Total stomach weight including contents and
lining will be measured to an accuracy of 0.1 mg. A sample of individuals from a
range of sizes {n= 100} will be used to estimate a regression equation relating fish
total length to stomach lining weight. Total stomach contents weight will be




estimated by subtracting estimated stomach lining weight from total stomach
weight. Diet composition will be expressed as a proportion of total stomach
contents weight. Stomach fullness will be expressed as a proportion of fish body
weight.

An analysis of variance will be conducted to test for differences between years in
total stomach contents weight and biomass in each prey category after the data
are rank transformed {Conover and Iman 1981}, Independent variables in the modet
will include date (May, June), area, and habitat type. Site will be used as the
sample unit in the analysis of variance.

Objective 4:

A simple bicenergetics model will be applied to evaluate whether the growth of
juvenile pink salmon was likely imited by low prey density in 1994 (Willefte 1993).
The model will estimate the time required for a 1 g pink salmon to obtain a
maximum daily ration composed of either large or small copepods at specific
temperatures and prey densities {Brett and Groves 1978}, The time required to
obtain a ration composed of mixed prey will be estimated from diet compaosition
data and model estimates of feeding times required for large and small copepods,
respectively. it will be assumed that approximately twenty hours is available for
feeding in PWS during May and June. Feeding times in excess of twenty hours will
indicate that the fish may not have acquired the daily ration. Holling {1266)
deveioped a model to estimate the feeding rate of invertebrates in relation to prey
density, i.e.,

/e YPY )
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where i; is the feeding rate {g sec"y}, y is the cross-sectional area of the reactjve

field {om*}, p is the prey density (g ecm >~} U is the swimming speed {cm sec™ '),
and h is the prey handling time {sec g~ '). This model was successfully used by
Ware {1975, 1978} to estimate the feeding rate of fish. To account for prey that
are attacked but not captured, equation {3) will be multiplied by the prey capture
success rate. A prey capture success rate of 85% is typical for juvenile fishes
{Ware 1972}, The distance from which a fish will approach prey is called the
reactive distance (Ware 1972). This distance is a function of fish size {(Ware 1978}
and prey size {(Ware 1972}. Data provided by Ware {1872} was used to estimate a
regression equation relating reactive distance to fish length and prey length, e, d,
= (.29 L T 4+ 3.3 L {r=.98, P=.005}, wherse dr is the reactive distance {cm),
Ly is total fish length (ém) and L_ is prey length (mm} (Willette 1993). Given d,, the

cross-sectional area of the reactive field (y) {s 7d“,. Bailey et al. (1975) estimated

that pink salmon swim at 11 to 20 cm sec ' when feeding in currents. in the
present study, an average swimming speed of 15 cm sec”’ will be assumed,



because juvenile pink salmon are often observed feeding while swimming in
currents. For a 1 g pink salmon, this is approximately the critical swimming speed,
i.e. 3.0 body lengths per second. Parsons and LeBrasseur {1973} estimated the
feeding rates of juvenile pink salmon in tanks at different prey densities. Their data
have not be used to estimate feeding rates directly, because the prey densities
used in their experiment were an order of magnitude greater than those measured
in PWS. Their data were used to estimate handling times for fish feeding on
Pseudocalanus spp. and Neocalanus plumchrus assuming an experimental duration
of two hours. The inverse feeding rate {1’ ') will be used to estimate the tims
required for a fish to obtain the maximum daily ration.

The maximum daily ration will be estimated by a simple mass balance eguation, e,

G+ R 4}

where | | = food consumption {cal day“?}, G = growth rate {cal day'?}, B = total
metabolism {cal day '}, and A = assimilation coefficient. The temperature-specific
growth rate {G} at maximum ration will be estimated from a regression equation
relating temperature to the growth of juvenile CWT pink salmon in PWS {Willette
1993). The upper 85% confidence interval on predicted growth from the regression .
will be used as an estimate of growth at maximum ration. Data from laboratory
studies will not be used to estimate growth at maximum ration, because estimated
temperature-specific growth in PWS is approximately two times greater than in the
laboratory {Kepshire 1876, Mortensen and Savikko 1981). An assimilation
coefficient (A} of 0.86 will be used {Ware 1875}. Total metabolism (R) is composed
of feeding metabolism, standard metabolism, active metabolism, and migration
metabolism {Brett and Groves 1879}, Brett and Glass {1973) estimated the active
metabolism {including standard metabolism} of sockeye salmon at the critical
swimming speed. The critical swimming speed is the maximum speed that can be
sustained without incurring an oxygen debt. The critical swimming speed is
typically 2.5 to 3.0 body lengths per second. Juvenile pink salmon appear to swim
at this speed while feeding along steep rocky shorelines (Bailey et al. 1975}, Data
provided by Brett and Glass {(1873) will be used to estimate temperature-specific
active metabolic rates for a 1 g pink salmon. Feeding metabolism is a function of
the rate of food consumption, i.e. Rf = si, where s is the weighted mean of the
specific dynamic action factors associated with protein, lipid, and carbohydrate
catabolism {i.e. ~0.16, Ware 1975}. Feeding metabolism will be added to active
metabolism after an initial estimate of food consumption. Migration metabolism will
not be included in total metabolism, because active metabolism has been estimated
while the fish were swimming at the critical speed.

QObijective 5:




The relationship between juvenile growth rates and fry-to-adult survival will be
evaluated from recoveries of CWT juveniles and adults. Restoration project 94194
{Pink Salmon Coded-wire Tag Recovery) will provide data on survival rates of CWT
pink salmon released in 19983, Analysis of covariance will test for differences in the
intercept and slope of the regression model between years. Mean growth and
survival rates for fish from varicus treatment groups {early fed, direct release, late
fed) will be used in the analysis. The independent variable will be release year with
mean growth rate of juvenile pink salmon in each treatment group as a covariate.
Only treatment groups with at least ten recoveries of juvenile CWT pink salmon will
be included in the analysis.

Objective 6:

A feasibility study will be conducted to develop a techniques to estimate the
mortality of pink salmon in PWS and the Gulf of Alaska. This critical element of the
SEA program is intended to determine if year-class success is established in PWS,
it is expected that a full-scale project will be initiated during the 1995 field season
when otolith mass-marked pink salmon will be released from PWS hatcheries. The
project will employ a technique developed by Parker {1968}, In 1995, pit tags will
be applied to large juvenile pink salmon {total length > 100 mm) captured near the
sputhwest entrances to PWS. At about 100-125 mm in length, juveniie pink
salmon migrate from bays and passages into the coastal zone adjacent to the Gulf
of Alaska (Royce et al. 1968). if possible, pink salmon of primarily hatchery origin
will be tagged, because in this case recovery of tagged adults will be greatly
simplified. If wild fish are tagged, the tag recovery program will need to scan wild
fish in hundreds of streams in PWS - greatly increasing the cost of the program.
The feasibility study conducted in 1994 will determine if large juvenile pink salmon
of primarily hatchery origin can be captured near the southwest entrances to PWS
in large numbers. In early July, a purse seine vessel will use an approximately 250
mx 20 m {11/16 " stretch mesh) purse seine to capture juvenile salmon. The
vassel and gear will be provided by the Salmon Predation component of the SEA
program, The number of CWT fish in the catch will be estimated by passing the
fish through a portable tube CWT detector. The total number of fish in the catch
will be estimated volumetrically {see objective 1). The proportion of hatchery-origin
fish in the catch will be estimated assuming a tag-to-untagged ratioc of 1 in 800
{See Project 94184 DPD).

5. Location:

This project will be conducted in PWS which has experienced failures in both wild
and hatchery salmon runs in 1992 and 1983, The economy in the PWS region is
based upon these salmon resources. The economic health of the communities
{Whittier, Valdez, Cordova} in this region is dependent on the salmon resource.
During the first vear of study, the project will focus sampling effort in western PWS
which is known to be a major migratory pathway for juvenile salmon exiting the



6. Technical Support:

Hydroacoustic assessments of juvenile salmon distribution and abundance will be .
provided by the Nearshore Fish component of SEA. Data archiving services will be

required for this project to insure that all information is adequately documented and

archived. This service will be provided by the modeling and data management

component of SEA.

7. Contracts:

An approximately 25 m vesssl will be contracted to provide logistical support for
the field crew. Vessel support is needed to provide the mobility needed to track
juvenile salmon migrations. The vessel contract will be awarded through
competitive bid.

D. SCHEDULES

The field season for this project will be from April to July of each year. Laboratory

and data analysis will be conducted during the remainder of the year {Table 1}.

Table 1: Schedule of project activities related to 1294 field season.

Time Period | Activity

Track Migration & Growth

May 1 - June 30 Track migration and growth

July 6 - July 10 Sample juveniles exiting PWS

Laboratory & Data Analyses

7/1/94 - 12/31/24 Conduct stomach contents
analysis,

1/1/856 - 3/31/95 Analyze data and prepare

annual report.

E. EXISTING AGENCY PROGRAM

The Prince William Sound Aquaculture Corporation (PWSAC) will provide logistical

support to this project. Bunk space, shower facilities, and water will be provided to

project vessels and crews at PWSAC hatcheries as needed. PWSAC will also apply

coded-wire tags to nearly 1,000,000 juvenile pink salmon that will be released into

PWS during April, 1994, These fish will provide an essential tool for researchers .




examining growth migration and predation on juvaniie salmon in PWS. The ADFG

neededgto,estsmate the survival of pmk salmon remmmg to PWS gach year.

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

This project will qualify for an exclusion from the requirements of the National
Environmental Policy Act. The project will not cause a significant environmental
impact.

G. PERFORMANCE MONITORING

An annual report detailing the results from the previous year’s investigations will be
submitted by April 1 of each year.

H. COORDINATION OF INTEGRATED RESEARCH EFFORT

This project will be highly integrated with several other components of the SEA
Program as well as other projects in the FY34 workplan. Within the Physical
Oceanography component of 3EA, conductivity, temperature, depth {CTD) profilers
will be deployed from vessels working under Salmon Growth and Mortality. Within
the Zooplankton component of SEA, zooplankton samples will be collected using
nets deployed from vessels working under Salmon Growth and Mortality. Salmon
Growth and Mortality will also provide fish stomach samples for the project 94163
{Forage Fish}. The Pink Salmon Coded-wire Tag Recovery Project will provide data
on survival rates of pink salmon released from PWS hatcheries. This data is
essential to quantify the relationship between juvenile salmon growth and fry-to-
adult survival. The OCtolith Mass Marking Project {24187} will develop a new mass
marking tool for pink salmon in PWS. Mass marking of juvenile salmon will greatly
improve the feasibility of studies designed to examine interactions between wild
and hatchery salmon during the early marine period. All data collected as part of
Salmon Growth and Mortality will be provided to the Information and Modeling
compeonent of SEA. The data will be essential for development and implementation
of ecosystem models.

L PUBLIC PROCESS

This project was developed through three months of ecosystem research planning
by the Prince William Sound Fisheries Ecosystem Research Planning Group

). The PWSFERPG conducted public meetings each week in the fall of
st from the University of Alaska, University of Maryland, Prince



William Sound Science Center, Prince William Sound Aquaculture Corparation, ,
Alaska Department of Fish and Game, and U.S. Forest Service participated in the .
planning process. The resulting ecosystem research plan was reviewed by scientist -

from the United States and Canada at a public workshop held in Cordova, Alaska in

early December 1993. The methods and resuits of Salmon Growth and Mortality

will continue to be reviewed by various scientists within the Program Management

component of SEA. A workshop will be held in the fall of 1994 to review the first

year’'s resuits from Salmon Predation and other components of SEA. Results

reviewed at the workshop will be preliminary, because all samples from the 1994

season will not be processed before December 31, 1994,




J. PERSONNEL QUALIFICATIONS

. Mark Willette

Alaska Department of Fish and Game

Commercial Fisheries Management and Development Division
P.O. Box 669
Cordova, Alaska 99574
{9071424-3214

EMPLOYMENT:

March 1991 - present: Area Biologist with the Alaska Department of Fish
and Game, Commercial Fisheries Management and Development Division in
Cordova, Alaska. Supervised by Dr. Stephen Fried. Conduct various fisheries
enhancement and evaluation projects in PWS including juvenile salmon
growth studies, lake stocking, limnological investigations of sockeye salmon
producing lakes, and quality control of coded-wire tagging at private
hatcheries. Conduct fisheries oceanographic studies in PWS in cooperation
with private hatcheries and University of Alaska investigators. Chairman of
PWS Regional Planning Team. Principal Investigator: Natural Resource
Damage Assessment Study FS4A: Injury Assessment for Juvenile Salmon in
' Prince William Sound; Restoration Project R105: Survey and Evaluation of

instream Habitat and Stock Restoration Techniques for Wild Salmon in Prince

. William Sound; Restoration Project 93024: Restoration of the Coghill Lake
Soackeye Salmon Stock.

March 1986 - February 1891: Fisheries Instructor/ Assistant Reseach
Professor, University of Alaska Fairbanks, School of Fisheries & Ocean
Sciences, Supervised by Dr, Don Kramer. Conduct research on the effects of
oceanographic conditions on the growth and survival of juvenile salmon in
PWS, fish bicenergetics in an arctic lagoon ecosystem, age and growth of
juvenile fish in the Chukchi and Bering Seas, ocean temperature variability in
the North Pacific Ocean and effects on pink salmon production, salmon
feeding on the high seas. Design and implement a program of education,
research, and public service to promeote fisheries development in northwest
Alaska. Teach college level course in oceanography. Teach a marine safety
and vocational training courses in fisheries.

EDUCATION:

1985 Master of Science, Fisheries Ocesanography, University of Alaska
Fairbanks.

. 1983 Bachelor of Science, Fisheries Science, University of Alaska Fairbanks.




Stan R. Carison :

Alaska Department of Fish and Game

Commercial Fisheries Management and Development Division
34828 Kalifornsky Beach Rd, Suite B

Soldotna, Alaska 98669

{807)262-9368

EMPLOYMENT:

January 1993 - present: Biometrician for the Alaska Department of Fish and
Game, Limnology Section, Commercial Fisheries Management and Develop
Division, Soldotna, Alaska. Supervised by Dr. Dana Schmidt. Conduct
statistical data analyses to evaluate factors that affect dynamics of the biota
in lake ecosystems. Design limnological experiments and determine methods
to estimate zooplankton and salmon abundance. Develop and approve
methods to estimate hatchery contributions to the fishery. Develop, review,
and conduct statistical analyses for projects related to the impact of oil on
commercial fishery species. Provide biometrical consulting to area and
regional biologists and statewide limnologists,

November 1991 - January 1993: Mathematical Statistician for the National
Marine Fisheries Service, Auke Bay Laboratory, Juneau, Alaska. Supervised
by Mr. Steven Ignell. Conduct statistical studies on community attributes of
pelagic fauna in the narth Pacific Ocean. Provide biometrical consutlting,
technical editing, and collaborative input on projects such as salmon bycatch
and climate change studies.

January 1989 - May 1991: Statistics Teacher, Experimental Statistics
Department, New Mexico State University, Las Cruces. Supervised by Dr.
Michael Ames. Instruct laboratory courses in statistics for undergraduate
science majors. '

May - August 1990: Research Specialist {statistician}, Department of
Entomology, Plant Pathology, and Weed Science, New Mexico State
University. Dr. Ellis Huddleston, Supervisor, Provide statistical madeling,
analysis, and design of experiments related to agricultural field studies and
pest management programs.

May - December 1988: Field Biologist, Biology Department, New Mexico
State University. Supervised by Mr. Roger Skaggs. Conduct field population
surveys and habitat analyses of night birds in Lincoln National Forest, New
Mexico. Collect field data, supervise field personnel, and maintain data
records, Develop operational strategies and conduct follow-up statistical
estimation procedures.




August 1985 - June 1988: Graduate Assistant, Biology Department, New
Mexico State University. Supervised by Dr. Ralph Raitt and Dr. Walt
Whitford. Teach undergraduate biology and zcoelogy laboratory courses.
Collect data and maintain field ecology experiments for ecological research
programs. Develop and conduct original field research on desert insect

ecology.

June 1983 - May 1985; Research Specialist, Gordon Environmental Studies
Laboratory, University of Montana, Missoula. Supervised by Dr. Philip
Tourangeau. Manage data, conduct quality assurance/control procedures,
and perform statistical analyses for environmental science projects. Aid in
the design and implementation of field research, primarily in the area of
poliution biomonitoring.

EDUCATION:

1991 Master of Science, Experimental Statistics, New Mexico State
University.

1988 Master of Science, Biology {ecology), New Mexico State University.

1983 Bachelor of Arts, Environmental Biology, University of Montana.

K. BUDGET

Table 2: Budget summary for the Salmon Growth and Mortality component of
the SEA program in FY94, FY95, and FY96 and beyond. Budgets for
FY95 and beyond may change as information from the first year of
study is applied to refine the methodology.

Line Item FY34 FY385 FY96 and beyond

Personnel 1241 161.8 161.8

Travel 0.5 0.9 0.9

Contractual 114.3 114.3 114.3

Supplies 12.6 13.2 13.2

Equipment 4.0 4.0 0.0

Total 255.5 294.2 290.2

Indirect Costs 26.6 32.3 32.3

.Grand Total 282.2 326.5 322.5
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Pr;}ject Titié: ' : ASSESSMENT OF JUVENILE SALMON GROWTH AND MORTALITY IN PRINCE WILLIAM SOUND
Agency: Alaska Department of Fish and Game

Project Description: This project is a component of the Sound Ecosystem Assessment {SEA) program. SEA is a muli-disciplinary effort to acquire an
ecosystem-level understanding of the marine and freshwater processes that interact 1o constrain levels of fish and marine bird and mannal production in Prince
William Sound (PWS). This project will achieve the following objectives: {1} estimate the growth rate of juvenile salmon in PWS and test for differences in growth
among years {1989-1984}, {2} describe the migration of juvenile salmon through PWS, estimate migration rate, and provide inseason data to other SEA researchers
{3} estimate the diet composition of juvenile pink salmon in PWS in 1994, test for differences in diet composition among vears {1989-1892, 1994}, and collect
juvenile fish stomach samples for project 84183 {Forage Fish}, (4} determine if the growth rate of juvenile pink salmon was likely limited by low food abundance

in 1994, {5} test for differences in the relationship between juvenile salmon growth and fry-te-aduit survival among years {1989-1283), and {8} develop technigues
to estimate the mortality of juvenile pink salmaon in PWS and the Gulf of Alaska. Field sampling will be conducted from early May to early July. An approximately
25 m vessel will be chartered to provide logistical support needed to track the juvenile salmon migration in PWS. Recoveries on coded-wire tagged juvenile salmon
from PWS hatcheries will provide an essential tool for tracking migrations and estimating growth.

Proposed Sum
Budget Categary 01-Feb-94 FY 98 &
31-Sept-84 FY 95 Beyond
Personnel $124,143.0 $161,843.0 #HHH
Travel $445.0 $880.0 REHH
Contractual $114,350.0 $114,300.0 HHER
Commodities $12,800.0 $13,200.0 HEHRH
Equipment $4,000.0 $4.000.0 $0.0
Capital Qutlay $0.0 $0.0 $0.0
Sub-totat $255,638.0 $294,233.0 #ERY
General Administration $26,6286.0 $32,277.0 Aruy
Project Total $282,164.0 $326,510.0 HEHH
Full-time Equivalents {FTE} 1.9 2.5 2.5



Project Title: ASSESSMENT OF JUVENILE SALMON GROWTH AND MORTALITY IN PRINCE WILLIAM SOUND

Travel:

One round trip between Juneau and Cordova to have biometrician review data collection procedures in the fisid.

Per Diem for biometrician

Total
Contractual:

Air charter flights to transport staff from Cordova to the vessel,
Charter for approximately 60’ vessel to provide logistical support to track juvenile salmon migration

Total
Cammodities:

Office supplies

Laboratory supplies

Field sampling supplies {food, fuel, stc.)
Utilities

Total
Equipment:

One small mesh purse seine to capture juvenile salmon in the nearshore areas.

Total

Cost

$350.0
$95.0

$445.0
$1,880.0
$112,600.0
$114,350.0
$1,600.0
$4,900.0
$4,500.0

$1,600.0

$12,800.0

$4,000.0

$4,000.0



Budget Ye ,grﬁ@?mposéé}?ersannei:'

Position

Fishery Biologist IV
Fishery Biologist il
Fishery Biologist |
Fishery Technician
Fishery Technician I
Fishery Technician {i
Fishery Technician {i
Fishery Technician i
Fishery Technician i}
Fishery Technician i

Total ”

9

Months

Budgeted
1.0
3.0
5.5
2.5
2.5
2.5
1.0
1.0
2.0
2.0

~Cost
$5,168.0
$17.118.0
$35,237.0
$16,885.0
$16,885.0
$12,280.0
$3,070.0
$3,500.0
$7.000.0
$7,000.0

$124,143.00

Project Manager

Project Leader

Arrange vessel charter and supervise field sampling
Conduct field sampling

Conduct field sampling

Process CWT's on vessel

Data entry

Set-up and maintain database

Conduct stomach content analysis on juvenile salmon
Conduct stomach content analysis on juvenile salmon
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. FY 94 DETAILED PROJECT DESCRIPTION
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B. INTRODUCTION

Wild stock production of pink salmon in Prince Willlam Sound (PWS) ranged from less than .
one rmillion to more than 21.0 million fish in the last three decades. Pink salmon play a major
role in the PWS ecosystern. Migrating pink salmon fry are an important Spring food source
for varipus fish, birds and terrestrial mammals. Marine mammals, birds, and fish also prey on
the ocean life stages of pink salmon and returning adult salmon comprise a large portion of
the summer diet of terrestrial mammals and birds such as bears, river ofters, wolverines, bad
eagles, gulls, and kittiwakes. Returning aduit salmon which die in streams also provide a
pathway for the transfer of nutrients accumulated from high seas marine areas to near shore
and terrestrial ecosystems. As the principal species harvested in the PWS salmon purse
seine fishery, pink salmon play a major role in the commercial fishing and fish processing
industries which are the backbone of the economy in Cordova and other PWS communities,
Ex-vessel values for this fishery ranged from 10 to almost 40 million through the 1880's.

PWS pink salmon returns originating from brood years subssquent to the March 24, 1888,
Exxon Valdez Oif Spilf (EVOS) have been aberrant or weak. Returns of wild and hatchery pink
saimon in 1991 were only slightly below the mid-point of the pre-season foreeast but arrived
late, had very comprassed run timing, and the fish were small and of poor commercial
quality. Returns of pink salmon in 1992 and 19893 were far fewer than expected. The 1992
return of wild pink salmon was the fourth smallest even year return in the last 30 years and
the hatchery return was less than one third of expected. The 1883 return of wild pink salmon
-~ was the third smallest in the last 830 years and the hatchery return was less than one fifth of

expected. .

There is a growing body of evidence which indicates that the EVOS was partially responsible
for weak pink salmon returns to PWS. Much of the spawning for wild pink saimon {up to 75%
in some years) oceurs in intertidal areas. intertidal spawning areas are susceptible 10 marine
contaminants and there is strong evidence the EVOS adversely affected spawning success
and early marine survival in PWS. Pink salmon embryos incubating in the intertidal portions of
oiled streams in western PWS have shown significantly higher mortalities than in nearhy
unolled streams since 1989 (Sharr at. al. 1892). Despite apparent reductions in the amount of
observable ol in intertidal salmon spawning areas since 1890, the differences in mortality
between oiled and unoiled streams persisted in 1891, 1892 and 1993 and were also
observed in spawning areas upstream of off influence (Sharr et. al, 1993a and 1833 in prep.).
These findings may be indicative of heritable genstic damage which has resulted in
reproductive impairment among first and second generation fish originating from populations
whose fry incubated in olled streams in 1989 and 1990.

.

In addition to damage incurred during the embryo stages of development, pink salmon frv

and juveniles rearing in the western portions of PWS in 1988 also exhibited reduced growth

and survival (Willette 1983). Because almost all wild and hatchery fry exit PWS through

straits and passages that were most heavily oiled, it is likely that at least portions of almost il

pink salmon populations in PWS were damaged as rearing fry and juveniles in 1989. There

are presently no data to substantiate any heritable damage to populations which traveled

through and fed in olled marine waters as fry in 1989, Nevertheless, such a possibility is at .
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least plausible given the findings of Sharr et. al. (in prep.) relative to populfations which
incubated in oiled streams.

Although hatchery pink salmon production in PWS began in the 1970's, returns from
maximum permitted levels of fry production did not oceur until the late 1880°s and early
1880°s and coincided with the EVOS era. Wild salmon populations injured by the EVOS are
heavily exploited in mixed stock commercial, spor, and subsistence fisheries which are
dominated by these huge returns from more productive hatchery populations. Wild pink
salmon populations originate from hundreds of streams in PWS. Migratory timing and
abundance of wild returns in marine fishing areas varies among populations. To sustain
production from wild populations managers must insure that adequate numbers of wild fish
from all portions of the wild return escape fisheries and enter streams to spawn. To achieve
this goal, mixad stock fisheries must be managed to achieve exploitation rates appropriate for
less productive wild populations. Managers must therefore be able to distinguish wild from
hatchery fish and estimate their relative spatial and temporal abundance in fishing areas.

Results of this study will provide accurate, real-time and post-season estimates of hatchery
and wild contributions to commercial harvests by date and fishing district, hatehery cost
recovery harvests, hatchery brood stocks and wild stock escapements. Catch contribution
estimates for wild and hatchery fish and real-time escapement estimates from an Alaska
Department of Fish and Game (ADF&G) aerial survey program will be used inseason by
fisheries managers to reduce effort on damaged stocks and target effort on healthy hatchwy
returns. Post season analyses of current year as well as historic tag recovery data will be
coupled with escapement data for wild populations to make estimates of total wild returns.

.‘f“he:se data are important as a tool for assessing the effectiveness of various management
strategies. Post season analyses of tagging data will identify time and area distribution trends
for wild and hatchery fish in fisheries. This information is important for fisheries managers
who must anticipate the effects of fishing strategies in future years if injured populations are
to be protected. Similar analyses of coded wire tag data funded by the NRDA and
Restoration processes have been used to justify time and area fishery closures and
effactively reduce exploitation on olled populations in portions of southwestern PWS in 1980,
1881, 1992, and 1893.

The results of the coded wire tag recovery project are also critical to the success of an
integrated package of Sound Ecosystermn Assessment (SEA) studies {(84320). The SEA
propesal has roots in a broader SEA plan developed by the Prince William Sound Fisheries
Ecosystem Research Planning Group (PWSFERPG), a bioregional coalition of PWS scientists,
resource managers, resource users, aquaculture associations, and communities, formed to
"develop an ecosystem level understanding of the natural and man-caused factors influencing
the production of pink salmon...in PWS®. Projects under the SEA proposal which address the
relationship of pink salmon survival to fry outmigration timing, size, growth rate, and :
sbundance; zooplankton population abundance, composition, and distribution and; predator
population abundance, composition, and distribution all depend upon release group specific
survival estimates provided by this project. ~

In the absence of improved stock specific management capabilities afforded by this project,
almon stocks in western PWS which have been injured and depleted by the oil impacts will
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potantially be over-exploited in the commercial, sport and subsistence fisheries. Population levels
of stocks may be reduced below those needed for rapid recovery and in some instances may
result in virtual elimination of impacted stocks. In the absance of survival estimatas for specific
hatchery release groups, provided by this project, other projects under the SEA umbreila which
are designed to understand the role of natural and anthropogenc effects in controfling the
abundance of pink salmon populations will fail

C.  PROJECT DESCRIPTION
1. Resources and/or Associated Services:
This restoration and monitaring project is designed to facilitate the recovery of wild pink salmon

populations in PWS. The project is intended to provide fisheries managers with data pertaining
fo the stock composition of the catch, These data will be used for improving stock specific

management capabilities in PWS fisheries thereby reducing the exploitation rate on salmon

stocks in western PWS which have already been stressed and depleted by the oil impacts.
Improved management will insure that damaged wild pink salmon populations are not reduced
below those needed for rapid recovery. The monitoring portion of this project will track the

recovery of damaged populations. Monitoring will also insure that fisheries alterations designed

to direct fishing effort to areas of less oil impact do not inadvertently result in over exploftation ™

of otherwise healthy wild populations which were not damaged by oll.
2. Relation to Other Damage Assessment/Restoration Work:

The foundations for this project were firmly established in joint feasibility studies which were
conducted by ADF&G and non-profit aquaculture associations in PWS beginning in 1988 and
extending through 1888. Results of these studies have been surmmarized by Peltz and Mifler
{1990), Peltz and Geiger {1990), and Geiger and Sharr {1980). During the damage assessment

process large scale tagging and recovery projects were instituted and perfected by Natural

Resources Damage Assessment (NRDA) FEsh/Shanish {F/8) Study #3. Damage assassment
funds were expended for tagging hatchery releases of pink salmon in 19838 and 1890 and wild
poputations of pink salmon in 1990 and 1891 (NRDA F/S Study #3). Tag recovery efforts for wild
and hatchery pink salmon were funded by damage assessment funds in 1988, 1990, and 19891
(F/S Study #3) and by restoration funds in 1992 and 1993 (Restoration Studies 60A and 93184).
Results of damage assessment and restoration coded wire tag studies have bsen reported by
Sharr et. al. (1993b, 1993c and 1993d). Following the loss of funds for further tagging of
hatchary stocks of pink salmon in 1880, the private non-profit aquaculture associations in Prince
William Sound have continued to tag pink salmon releases at their own expense. Tags apphed
to pink fry from the four pink salmon hatcheries in Prince Willlam Sound in 1883 must be
recovered.  Prince William Sound Aquaculture Corporation (PWSAC), Valdsz Fisheries
Development Association (VFDA), and the ADF&G have pooled their resources to come up with
approximately half of the funds required to field a full fledged pink salmon tag recovery effort in
1984. The additional funds to complete tag recovery efforts and data analyses are to be provided
by the EVOS Trustee Council.




The pink salmon coded wire tag recovery project has complimented several other projects since
1888, Improved escapement estimates for PWS pink salmon from NRDA F/S Study 1 and
restoration Study 80B were used in conjunction with catch contribution estimates from the Coded
‘Wire Tag Recovery projects to adjust fishery exploitation rates and achieve wild stock
escapements. Growth and survival estimates from NRDA F/S Study #4 could not have been
obtained without F/S Study #3 which provided coded wire tagged fish of known origin and
release timing for growth studies as well as estimates of survival to adulthood from coded wire
tag recoveries in fisheries.

3. Objectives:

Funds which match those contributed by ADF&G, PWSAG, and VFDA will contribute to the
completion of the following objectives for the 1884 salmon season in PWS!

a.  make inseason estimates of the temporal and spatial contributions of tagged
hatchery stocks of pink salmon to PWS commercial and haichery harvests
based on the number of 'zags detected in adipose cl pped fish which are
recovered durmg catch sampling;

b. provide timely inseason estimates of hatchery and wild stock contributions to
harvests by time and area to fisheries managers so they can closely reguiate
exploitation of injured wild stocks: o

c.  use data from fully decoded tags recovered from commaercial catches, cost
recovery harvests, and hatchery brood stock to verify or adjust inseason

= contribution estimates;

. d.  estimate marine survival rates for each uniquely coded hatchery release group

and; ‘

e. write a final report which summarizes temporal and spatial distributiors of
hatchery and wild contributions to commercial and cost recovery harvests in
PWS, survival estimates by stock, and fisheries management actions taken to
reduce the exploitation on wild stocks based on in season catch stock
composition estimates.

4. Methods:

Personnel policy, purchasing practicss, field camp operations, safety procedures, and project
administration will be in compliance the ADF&G Division of Commercial Fisheries Manual of
Standard Operating Procedures (SOP). Data collection procedures are similar to those used in -
NRDA F/S Study #8. These procedures have been thoroughly reviewed by the NRDA peer
review process and approved by the Management Team, ,

Tag Recovery

Commercial and Cost-Recovery Harvests

Recoveries wzi be stratified by district, week, and processor. This stratification was chosen
.s a resu%t of the findings of Peltz and Geiger (1980) who detected significant differences
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bstween the proportions of some tag codes among such strata. The differences indicate that )
processors tend to receive catches from only certain parts of a district and is believed fo be
the result of traditional tendering patterns.

Recoveries of pink salmon tags from commercial and cost-racovery harvasts will be mads es
fish are pumped from tenders onto conveyor belts at land-based processors located in
Cordova, Valdez, Seward, Anchorage, Whittier and aboard a floating processor after each
opening. Fish will be sampled by technicians standing beside the belt. Each sampled fish
will be subjected to a visual and tactile examination for a missing adipose fin. It will never bs
possible for an observer to census all fish from a tender during the unloading process.
However, on occasion, holding tanks in processing plants contain fish from only one tender
and ali fish in the tank are processed on the same processing lina. in those instances it will
be possible for an observers standing on the processing to get an independent census of an
entire tender load which was previcusly sub sampled by technicians on the unloading
mnveyar A Chi-square test of independence will be used to assess the randomness of
samples taken during tender unloading procedures by comparing the rate of adipose clip
occurrence in the subsample from the conveyor during the tender unloading process 1o the.
rate of clips observed during the complete census on the processing line. -

Data recorded for each tender will include harvest type {i.e., commercial or cost-recovery
catchy), fishing district{s} from which the catch was taken, catch date, processor, and the
number of fish examined. Catch data will be obtained later from fish tickets.

~ R

Heads of adipose-fin clipped fish will be excised, identified with a uniquely numbered cinch
tag, and bagged. These heads will then be individually passed through a tag detector
machine which produces an audible signal in the event that the head contains a coded wirs
tag. This procedure yields numbers of undecoded tags in the sample. Heads will then be
frozen for subsequent shipment to the ADF&G Coded Wire Tag Laboratory in Juneau (Tag
Lab). ’

Brood Stock Harvests

Tag shedding from release {o return and differential mortality between tagged and untaggsd
fish lead to discrepancies between marking rates at release and recovery. Hatchery brood
stocks will be scanned for tags in order to estimate adijustment factors which can be used to
account for the loss of tags from the population. Three assumptions inherent in the use of
the brood stock for this purpose are aj it consists solsly of fish reared at the hatchery, b) the
propensity for a fish to lose a tag Is similar for all fish marked at the same hatchery, and ¢)
for a specific tag code, the marking rate in the commercial fishery is the same as that in the
brood stock. In the current study, it is believed that the first of these assumptions had besn
viclated at all facilities except the W.H. Noerenberg hatchery (Sharr et. al. 1993).
Consequently, only the adjustment factor calculated from the brood stock from the W.H.
Noerenberg hatchery is considered an appropriate quantity with which to adjust for tag loss
and differential mortality. With respect to the second assumption, tagging practices vary fittle
within a facility, and it is bslieved that the rate of tag loss and tag-induced mortality are similar
for all fish tagged within a hatchery. The third assumption relates to the pos;szbz ity of tag-
induced straying of hatchery fish away from the brood. Some histological evidence to this .
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, end was referenced in Sharr et al. {1893 a), and some more direct preliminary evidence is
. discussed by Sharr et al. (1883c).

The adjustment factor may be defined as that quantity which, when multiplied by the marking
rate in returning fish, yvields the marking rate at release. The factor is 1.0 when there is n>
tag loss or differential mortality. The adjustment factor for hatchery b, g,, will be estimated as
the ratio of sampled fish in the brood stock to the expanded number of fish based on tags

found in the sample

where

*».{
0B

X, =
5, =

g .
~ i . .
£, = i
b P ¢
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s

number of tag codes released from hatchery h,
tagging rate at release for the ith tag code (defined as number of tagged
fish released with the fth tag code divided by the total number of fish in
release group /),

number of tags of the Ah code found in g, and,

number of brood stock fish examined in hatchery h.

The adjustment factor will then be used to adjust contribution estimates (Equation 3) if it can
be shown that it was significantly greater than 1.0 at the 80% level. An appropriate test of -
the hypothesis - Ho 1 a, s 1.0 i8 given in Sharr et af (1883 b).

Brood stock samples will be teken during hatchery egg-take operations. Technicians,
stationed at each of the four Prince Williarn Sound pink salmon hatcheries, will examine
approximately 95% of the fish through visual and tactile means for missing adipose fins. The
number of fish sampled will be recorded and when adipose-clipped fish are found, the
heads will be excised and shipped on a weskly basis along with sample data to the ’i‘ag Lab.




Tag Extraction, Tag Decoding, and Data Archiving

During the fishing season all sampling data and heads from fish adipose-clipped fish will be .
sent daily to the ADF&G Tag Lab. Data received at the Tag Lab will be logged and tag
recaovery sampling forms edited a second time for accuracy and completeness. Samples
which affect critical fisheries decisions will be processed first. Tag lab staff will locate and
remove tags from heads, decode extracted tags, and enter tag code and sample data intu &
statewide database accessible to biologists in Cordova. Compileted tag recovery data for
prioritized samples will be transmitted electronically to Cordova project personnel within 36
hours of the receipt of unprocessed data at the Tag Lab. In the following 12 hours Cordova
project personnel will integrate tag recovery.and catch data from the ADF&G fish ticket
reporting system to estimate hatchery and wild catch contributions. Contribution estimates
are used by fisheries managers to implement the inseason management actions required.

Following the fishing season, processing of all lower priority tag recovery samples will be
completed by the Tag Lab. All tags recovered throughout the ssason will be examined a
second time to insure that they have been properly decoded. All codes will be validated with

a master Pacific States Marine Fisheries Commission (PSMFC} list of codes potentially

present in Pacific coast fisheries. Fully edited tag code and sampling data from all samples
collected during the season will be forwarded to the Cordova office for final summarization

and analyses. A complete historic database of coded-wire tag information from Prince William ™
Sound tagging and tag recovery programs will be maintained by the ADF&G Tag Lab, the
PSMFC and, the Cordova ADF&G. The ADF&G historic fish ticket catch database is

maintained at the ADF&G Junegau headquarters office and in the Cordova area office. All

coded wire tagging and recovery data and all fisheries harvest data are freely available from .
any of these sources.

Estimation of Coniributions and Survival Rates
Post-seascn Hatchery Contributions and Survival Rates

The contribution of release group t to the sampled common property, cost-recovery, brood
stock and special harvests, and escapement, C, , will be estimated as:

~ L N' é\
&, = B x,,|L38), (2)
fel Si pt

where
x, = number of group ¢ tags recovered in ith stratum,
N, = total number of fish in Ah stratum,
s; = number of fish sampled from ith stratum,
p, = proportion of group f tagged,
a, = adjustment factor associated with hatchery h, and
L = number of recovery strata associated with common property, cost-recovery,

brood stock, special harvests and escapement in which tag code ¢ was found.
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The contribution of release group t to unsampled strata, Cu,, will be estimated from
‘contribution rates associated with strata which were sampled from the same district-waek
openings as the unsampled strata:

v f{i"t,}

@czzmﬁ%&;, (3)
FES N, i
{ g=1 7 }}
where
U = number of unsampled strata, .
N; = number of fish in th unsampiled stratum
S = number of strata sampled in the period in which the unsampled stratum resides,
C, = contribution of release coded with tag t to the sampled stratum
and
N, = number of fish in fth sampled stratum.

When a district-week opening is not sampled at all {an infrequent occurrencel; the cats:h from
that opening will be treated as unsampled catch of the subsequent opening in the same
district.

An estimate of the contribution of tag group t to the total Prince William Sound return for

1994 will be obtained through summation of contribution estimates for sampled and

unsamp 3c¥ strata. An estimate of the total hatchery contribution to the Prince William Sound
.'emm will be calculated through summation of contributions over all release groups. A

variance approximation for €, , derived by Clark and Bernard (1087) and simplified by Gezger

{1988} will be:

V{C’t) = }3 Xie

i=3

Nié N; & -1l 43
S; Pel| %1 P

Assuming that covariances between contributions of different release groups to a stratum can
be ignored, summation of varlance components over all tag codes will provide an estimate ¢f
the variance of the total hatchery contribution. Inspection of the formula gwen by Clark and
Bernard {1987) for the aforementioned covariances shows them to be negligible for large N
and s, and to be consistently negative, so that when ignored, conservative estimates of
variance are obtained. Variances associated with unsampled strata are believed to be small
{Sharr et al ., 1983).
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The survival rate of the release group coded with tag t (S}, will be estimated as:

g o Cr* U (5

k{;_ R £

e

where
C, = contribution of release coded with tag t to sampled strata,
Cu, = contribution of release group coded with tag { to unsampled strata,
R, = total number of fish in release group coded with tag f released from hatchery.

Assuming the total release of fish associated with a tag code is known with negligible error,
and that the cumulative variance contributions associ iated with the unsampled strata are
small, a suitable variance estimate for §, is given by:

-~
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In-season Hatchery Contributions . .

Inseason fisheries decisions which must be made on very short notice require rapid, real time
analysis of coded wire tag data. Two in-season estimates of hatchery contributions of pink
salmon will be generated for each opening. The first and more timely sstimate will be made
using the method suggested by Sharr et al (1893 a). This method depends upon the number
of tags (undecoded) detected in heads of adipose-clipped fish by a scanner sensitive to the
magnetic field created by the tag. Estimation using undecoded tags required that
assumptions be made about expansion (1/p,) and adjustment (a) factors (see Equation 3).
For fishery openings in the western and northern portions of Prince William Sound, late run
hatchery returns from PWSAC facilities are assumed to be the only hatchery contributors,
For openings in the Southwsstern district, an expansion factor which is a weighted average
of all expansion factors associated with tags released at the AF. Koernig, W.H. Noerenberg
and Cannery Creek hatcheries in 1992, will be used. The weighting scheme depends upon
historical contributions of hatcheries to the district in question. The adjustment factor will be
taken as a weighted average of the historical adjustment factor estimates for the same three
hatcheries. A similar weighting scheme for expansion and adjustment factors will be used for
the Coghill and Northern districts based on historical data from Cannery Creek and W.
Noerenberg hatcheries. Calculations of in-season contributions will follow those used to
generate post-season results (Equation 3).

A more thorough but less timely inseason contribution estimation method will use data from
extracted and fully decoded tags. Use of historical adjustment factor estimates will stili be .
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required because current year brood stock data are not available until the end of the season,
.but knowledge of tag identities will allow hatchery-specific historical factors 1o be used.

Alternatives

Estimation of stock specific contributions to large commercial fisheries requires some sort &7
natural or man-nduced mark which is characteristic of the stock or groups of stocks to be

- distinguished. Any mark to be used for estimates of stock specific cateh contributions for
inseason fisheries management must: (1) be naturally present in all or a fixed portion of the
population or easy 1o apply permanently to a fixed portion of the population in the early life
stages before 'sfc#::.kmix’ng oceurs, (2} be easy to distinguish in adult returns, (3) be present
or can be applied to a large enough portion of the pa;)uiation such that significant numbers -
can be recovered among adult returns for accurate and precise estimates of catch '
contributions, {4) not affect survival or behavior of fish and, (5) application and recovery of
the mark must be cost effective.

Until recently, coded wire tag technology has been the only man-induced mark available
which meet most of the above criteria. Although this technology has given us-the opportunity
to distinguish hatchery and wild fish in commercial harvests with reasonable acouracy and -
precision, it is not without problems. The cost effectiveness of coded wire tag tachnology
decreases as the size of populations marked increases and the size of the fish marked
decreases. The pmk salmon tagging program in PWS is the largest of its kind in the world
and is pushmg the fimit of the technology for both application and recovery. Furthermore,

application in very small fish such as pink salmon may affect survival, may not be permanent
.(tag loss), and taggmg may affect behavior. Some cost effective methesis do exist and are

used to adjust for tag loss from differential mortali ty and tag shedding. However, the effect ot

tag-induced straying, though thought o be small, is difficult and costly to account for,

Based on the drawbacks of coded wire tag technology with respect to PWS pink salmon, an
itemat fve mark or method fcr st inguishing stacks from one anoth&r would certmny be

marks Gta lith marmg methods meet all of the f‘ ive criteria descrsbed above, Thermai marks
have been thoroughly tested in all salmon species. They are permanent, they are easily
applied to every individual in a hatchery population and they are less expensive to a;zpty and
recm'er relative. tc; ccded wxre tags Because they can be app¥ ed to evary individual in the

than thsseii,,
problem. Because the mark is non mtrus ive, permanem zag loss thmugh sheddmg and
Straymg of taggad fi sh w:i! also be gliminated. Al arge scale otoli th markmg prc»gram for PWL»

otoiith marks from these releases can begin in 1%‘8

Chernical marking of otoliths has been less tested in salmon but is widely used in other
species. Chemical marking requires that young fish be fed or immersed in a chemical agent
which leaves a recognizable band on otoliths or skeletal structures. Tetracycline is one widely
used chemical which deposits a distinctive skeletal or otolith growth band which is florescent
nzﬁer ultraviolet light. Bacause it is retained in the tissues, Food and Drug Administration
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permits for its use in fish destined for human consumption fish werg initially difficult to obtair

but permitting is now done on a routine basis for many specias, The method has promise for
marking wild fish where heated water is not available for thermal marks. A small feasibility .
study has been proposed as part of the thermal marking proposal {94187) to test its use in

this regard,

To date no natural markers have been discovered in PWS pink salmon which allow
researchers to distinguish hatchery stocks from afl wild stocks, Genetic marks are a
possibility but hatchery parent stocks in PWS originated from wild stocks in the area and are
shared by more than one facility, and hence are probably not distinguishable.

5. Location:

By aiding restoration through improved fisheries management, this project will benefit wild
pink salmon populations in PWS, other segments of the marine and terrestrial portions of the
PWS ecosystem which are dependent upon pink salmon. Restoration through improved
management will also benefit the salmon fishing fleets including those in Cordova, Vaidez,
Tatitlek, New Chenega, Whittier, and Seward, fish processing plants in Cordova, Valdez,
Whittier, Seward, Anchorage, Kenal, and Kodiak. The project will employ local residents for
data collection activities in fish processing plants located in Cordova, Valdez, Whittier,
Seward, Anchorage, Kenai, and Kodiak, and at hatcheries in PWS. The project will also
employ residents of Juneau for tag extraction and decoding activities performed by the
ADF&G Statewide Tag Laboratory. Permanent ADF&G Biologists stationed in Cordova and
biomstrics staff stationed in Anchorage will complete data analyses and reports, Goods and .

services required by the project will obtained from vendors in the local communities where
data are collected.

6. Technical Support:

Tag recovery data forms and heads from tagged fish will be shipped to the Cordova office for
logging, sorting, editing, and final shipment to the centralized ADF&G Coded Wire Tag
Laboratory in Juneau, Ak. Tag Laboratory personne! will use specialized equipment to detect,
extract and decode tags. The Tag Laboratory uses a Honeywell minicomputer with an
ULTIMATE operating system and PIC database software to construct, manipulate, and store
the PWS data in a statewide coded wire tag database. A copy of the statewide is database is
also incorporated into a Pacific Coast database maintained by the (PSMFC) in Gladstone,
Oregon. Summarized data from the Juneau tag laboratory and summaries of ADF&G
fisheries sales receipts (fish tickets) are stored and analyzed on a micro-computers in the
ADF&G Cordova and on a mainframe in the ADF&G headquarters office in Juneau. Al
inseason and post season data analyses and reporting are completed on micro-computers
using RBASE database management, LOTUS spreadsheet, and WORDPERFECT word
processing software.
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7. Contracts:

Matching funds from PWSAC and VFDA will be conveyed to ADF&G through cooperative
agreements. ‘

D. SCHEDULES

Date(s) ; - Activity

June 20-Sept 10, 1894 Tag recoveries in commercial fisheries, cost
‘ recovery harvests, and brood stocks.
Inseason catch stock composition estimates
by time and area for management of -
commercial and cost recovery fisheries.

4

Nov 15, 1994 \ Draft Report
Dec 30, 1894 Final Report

The Pro;ect Leader (FL} for the project is a permarxent full time Fisheries Biclogi st il 1 (FB Y,
PWS Salmon Research Project Leader with the Alaska Department of Fish and Game. The Dt
will be responsible for writing pro;ect operational plans, administering project budgets, quality

control of data collection, supervising data ana yses and, co-authoring final reports. A
permanent seasonal Fisheries Biologist 1t (FB 1) will act as the Assistant Project Leader
(APL), hire project personnel, supervise day to day project operations, maintain data quality,
assist in data analyses, and coauthor final reports. The APL will be assisted by a two non-.
psrmanent Fisheries Biologist I's (FB I). One of these FB I's assistants will be in charge of
supervising day to day sampling activities in Cordova and will assist the PL in supervi szng
sampling at other ports, on floating processors, and at hatcheries. The other FB | wilf
supemsa sampling crews in Valdez. A non-permanent Fish and Wildiife Technician 1l (FWY
1) will assist the Cordova FB | and act as a crew leader, Fish and Wildlife Technician W's
(FWT ) w:ii be p acad in ports where oniy one samp%er is expected to work under mmzmum

smiar act vst;es in Valdez.

A onmetrtczan ! from the ADF&G Commem al Fisheries and Davs opmem Divi s;on Rag;an




CFMD Regional Supervisor - Region 1

Research Supervisor | Biomstrician 1!
Anchorage Anchorage
Fisheries Biologist it | Biometrician il
Proj. Leader Cordova Anchorage
Fisheries Biologist i - Bzometrtman I
Asst. Proj. Leader Arichorage
Cordova
| Fisheries Biologist I Fisheries Biologist |
‘Cordova | | Cordova/Valdez
Tech. I (x2) Tech. Hi o Tech. I} Tech. i
Hatcheries Crew Leader Anchorage | | Valdez
{ Cordova .
| Tech. i Tech. Il (x8) Tech. Il Tech. Il (x7)
(x2) Cordova Kenai Valdez
Float.Proc. B :
Tech. Il . Tech. i
Seward Kodiak
| Tech, i Tech li
| Whittier VFDA
‘ ~ Hatchery

Figure 1. Organizational chart of project personnsl arzd e lated ADF&G CFMD Region {
supervisory and biometrics staff.
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The PL, APL or, a project FB | will maintain daily phone contact with project technicians
stationed in ports other than Cordova or Valdez and at several remuote hatchery locations.
Copies of data forms from these sites will be faxed to Cordova daily and heads from
sampled fish will be shipped once or twice weekly to Cordova via scheduled commercial
flights or via chartered aircraft depending upon which is available. The PL, APL, or project
Fisherigs Biclogist I's will make routine supervisory visits to each sampling port via chartered
or commercial aircraft at least twice monthly for sampling quality control inspections, data
coflections, and industry contacts. The Biometrician | will travel to Cordova several times
during the season to assist with inseason data analyses and occasionally post season to
assist with final data analyses and report writing.

E. EXISTING AGENCY PRQGRAS‘#‘S

write operatzona? plans and prov ide overai! all supervision for th;s pro;ect The Alaska
Department of Fish and Game, Prince William Sound Aguacuiture Corporation, and Valdez
Fisheries Development Association also provide matching funding for project eperations.
These funding contributions for the period October 1, 1888 through September 30, 1994 are

as follows:
ADF&G - %818
PWSAC - $100.0

in addition, data and personng! from ongoing ADF&G fisheries catch and escapement
monitoring and management programs will be used in conjunction with resulls of this study
to make fisheries catch contribution estimates and formulate stock specific management
strategies.

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS
All sampling activities for this project ocour within fish processt hg plants of fish hatcheries.

The ADF&G will coordinate with PWSAC and VFDA with respect to i&catmg sampiers within
their respective fish hatcheries.

G. PERFORMANCE MONITORING

The PL is the permanent full time Fisheries Biologist It PWS Saimon Research project Leader
for the ADF&G, Region i, Commercial Fisheries Management and Development Division
(CFMD), The PLis supemsed by the ADF&G, CFMD, Region i, Qeginr}a Research
Supervisor. The APL is an sleven month permanent season AQF&G emp oyee supervised by
the PL. The APL has supervi isory authority of ali project Fisheries Bio cg ist I's and Figh and

wildlife '{ echnicians ometrician assigned to assist the PL and APL is supervised by an
‘ isheries Management and ‘Davelopment Division, Region 1i,

15



Biometrician il. The PL and the project Biometrician coordinate through the regional
Biometrician I, the Regional Biometrician til, and the Regional Research Supervisor. The PL T
and APL have equal know! edga of all aspects of this project and can exchange roles in the .
svent of a personnel change. in addition, one of the Project Figherigs Biologist I's has
sufficient Knowledge and expenence with the project that she could be promoted to the APL
position and trained in data analysis and report writing tasks very quickly. Biometrics
responsibilities are interchangeable between the Biometrician | and the Biometrician 1.
Technictan il crew leaders with the project can be replaced in the short term by the Fisheries
Biologist I's. Several Technician II's have been with the project for more than one season and
qualify as easily trained replacements. '

The PL is a permanent ADF&G employee and can work on project tasks at any time. The
APL is seasonal but dedicated 11 months to project tasks. Fisheries Biologist I's who assist
the APL will assume their duties in early June approximately two weeks prior 1o the onset of
recovery activities for pink salmon. Fish and Wildlife Technicians employed for sampling wit

be hired in mid-June and assume their duties when commercial or cost recovery fisheries ,
commence. Craws sampling in Anchorage, Whittier, and Valdez will be hired locally and will
provide their own room and board. Project biologists will visit each port and minimum of once
every two weeks to answer questions, and provide quality control supervision.

Sampling materials, data forms, and sampling equipmeant will be purchased or shipped to
Caordova from the ADF&G Statewide Coded Wire Tag Laboratory no latter than June 1, 1992,

- Sampling protocol, data forms, data recording procedures and conventions, data edztmg
procedures, and data transmission procedures are afl in accordance with statewide
standards sstablished by the ADF&G Statewide Coded Wire Tag Laboratory. Data standards
adopted by the ADFAG Statewide Coded Wire Tag laboratory are in accordance with those
used by the PSMFC. incomplete censusing of tender loads of fish during the uploading
process will be tested for randomness when the opportunity for and independent total
census arises. All data are edited immediately upon completion of sampling and are edited
twice more by Statewids tag laboratory personnel.

The project has real time in-season as well as longer term post-ssason products. Real ime
estimates of wild and hatchery catch contributions will be used to make inseason fisheries -
management decisions. Data for inseason estimates will be from important segments of the
fishery which have the biggest impact on wild pink salmon populations. Samples from these
strata will be given top priority. Data sheets will be edited and logged and heads from these
samples will be scanned immediately for sstimates of the number of undecoded tags.
Preliminary estimates of wild stock catch contributions will be made from this undecoded tag
data and these estimates will be available to fisheries managers within a few hours of the
fime that sampiing for a fishery opening is completed. Data sheets and heads and coples of
the data log will be shipped to Juneau for tag extraction on the day they are collected. Tag

- laboratory personnel cross check all samp!es received with the accompanying copy of the
data log and work around the clock to insure that data editing, entry, tag extraction, tag
decoding, and data transrnission back to Cordova are completed within 36 hours of the time
of sample receipt. Project biologists and biometricians in Cordova complete data analyses of
decoded tag data and use this data to verify and update prefiminary catch contribution
estimates based on undecoded tag data. .
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~Following the fishing season processing of all lower pricrity tag recovery samples will be
completed by the coded wire tag lab. In addition, all data collected through the season are
.editei:% again for quelity control, and all tags recovered throughout the season will be
examined a second time to insure that they have been properly decoded. All codes will be
vali dated with a master Pamfzc States Mar ine Fzsherses Commission (PSMFC} zst of coc:ins

ADF&G statewide coded wire tag laboratory, the PSMFC and, the Cordova ADF&G. The
ADF&G historic fish ticket catch database is.maintained by the ADF&G at the Juneau
headguarters office and in the Cordova area office. All coded wire tagging and recovery data
and alf fisheries harvest data are freely available from any of these sources.

H. COORDINATION OF INTEGRATED RESEARCH EFFORT

The mamtormg, reseamh and resmrat;an ob;ectzves of th;s pre;ec’: are integrat to tha suocess

mc%udmg the SEA (84320}, the Sal msn Ctolith Marking (24187}, amd the Pink Salmon Egg
and Alsvin Mortality {34191) projects. This project monitors the total returns and survival rates
of wild stocks identified as damaged by the Pink Salmon Egg and Alevin Mortality Study

{94191} and provides information critical to their restoration. This project provides survival
Qs’umatas for individual release groups from the Experimental Releass component of the SEA
roposal. These estimates are critical 1o several components of SEA including those

investigating:

1) pink salmon survival in relation sea surface temperature and other
peeanographic features of PWS during the fry and juvenile life stages.

2) pink salmon survival in relation to abundance, size, growth rate, and distribution
m‘ pink salmon fry aﬁd juveniles anci zsopianktm population ds’mbm ion,

3) ;}mk salmon survival in retation to abundancs, size, growth rate, and distribution
of pink salmon fry and juveniles and the abundance distribution, size, and
species composition of predator populations.

continue ta pmvzﬁe those estimates.

17



This project wilt integrate tender fleet tracking, processor plant logistics, and crew scheduling
with existing ADF&G salmon port sampling projects. Local aquaculture associations which
apply tags as part of study 84320 provide all tagging, fry release, sales harvest, and
broodstock data necessary for data analysis. Aquaculture associations alsc provide room,
board, and logistics support for broodstock samplers at their hatcheries. Air charter and boat
transportation required to get samplers to remote locations in PWS will be shared with other
projects having similar needs.

L PUBLIC PROCESS

The general public has been involved in the development and evolution of the coded wire tag
program in Prince William Sound since its inception in 1886 as a cooperative effort between:
ADF&G and the PWS area private non-profit (PNP) aquaculture associations. These PNP's,
operated by a broad constituency of commercial, sport, personal use, and subsistence
fishers and community representatives, review coded wire tag project plans and results
annually before approving subsequent funding. Operational plans and resulis of the coded
wire tag program are also reviewed periodically by the PWS Regional planning team as wall
as interested fishing industry groups. As part of the Trustee Council NRDA and Restoration
process the code-wire tag recovery project has also been subject to extensive peer review
and annual public review and comment. Results of the coded-wire tag project have been
presented at the March 1993 Oil Spill Symposium sponsored by the Trustee Councl, the
1893 Pink and Chum Workshop, and at the annual Spring meeting of the PWSAC board of

directors in 1993. .

J. PERSONNEL QUALIFICATIONS
Fisheries Biologist il Project Leader - Samuel Sharr

Mr. Sharr received a Bachelor of Science degree in biology from the University of
Wasghington in 1868. He has been a research biologist for ADF&G since 1979 and has
worked on PWS salmon and herring since 1881, He assumed his present position as the
ADF&G, Division of Commercial Fisheries, Biologist lll, PWS Area Fin Fish Research Project
Leader in 1986. In this capacity, Mr. Sharr oversees all the salmon and herring research
conducted by the Division of Commercial Fisheries in PWS. His involvermnent with the PWS
salmon escapement aerial survey program dates from the early 1980"s. Mr.Sharr has
supervised a total re-edit of the historic aerial and ground survey data and designed a new
RBASE data base for inseason escapement analyses. Mr. Sharr wrote the original operational
plans for NRDA F/§ Studies 1,2 and, 3, in 1989 and 1880, and 1991, restoration studies 60A,
808, and 60C in 1892, and 93137, 83184, and 83181 in 1893 and has been the Principal
Investigator for all of those projects. Mr. Sharr is also a member of the scientific committes of
the Prince William Sound Fisheries Ecosystem Planning Group and a co-author of the Sound
Ecosystem Assessment research plan and science proposal.

Fisheries Biologist Il Assistant Project Leader - Carol Peckham .
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Ms. Peckham has a Bachelor of Science in Wildlife Biology from the University of Alagka and
~ complete all course work requirements for a Masters degree in statistics. She has been
. smployed by ADF&G since 1984. As a college intern for the ADF&G Stock Biglogy Group
Ms. Peckham gained valuable experience in a wide variety of biological sampling and stock
identification techniques in Cook inlet and Prince William Sound. Ms. Peckham is been
involved in coded-wire tag recovery activities in PWS since their inception and since 1987 she
has been the Fisheries Biologist in charge of coded-wire tag recovery operations for PWS
salmon. Her experience includes supervision of sampling activities spread throughout souh
central Alaska. She has co-authored seversl reports in the ADF&G Technical Data Report
serigs, interim and final reports for the 1891 NRDA F/§ Study #3, the 1982 Restoration Study
B80C, and 1993 Restoration studies 83137 and 93184,

Biometrician | - David Evans

David Evans has a Bachelor of Science in soil science from the University of Nottingham
(U.K.), a Master of Science and a Doctor of Philosophy degree in soil science from the
University of Guelph (Ontario, Canada), and a Master of Science in statistics from Oregon
State University. David has worked with the Alaska Depariment of Fish and Game since
October, 1991, His primary responsibility has been analysis of coded-wire-tag data from
Prince William Sound. He has dssigned the statistical procedures and computer spread
sheets used for inseason analysis of tag recovery data, has overseen most of the post
season data analyses and has co-authored interim and final reports for the 1991 NRDA F/3
Study #8, the 1892 Restoration Study 60C, and 1993 Restoration studies §3137 and 83184.

.K. - BUDGET (attached)
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EX),;ON VALDE TEE COUNCIL
1994 Federal Fiscal Year Project Budget
Cetober 1, 1993 - September 30, 1984

¥

Projact Description: Coded Wire Tag Racoveries from Pinks in PWS - This project invoives the racovery of coded wire tags that were placed in pink salmon
in previous study years. Data from tag recoveries are used for in-season fisherias managemant decisions which allow optimal ascapement of impasted wikd
stocks and harvest of excess hatchery and wild fish in high market quality condition,

Budget Category: 1893 Projact No. {°93 Report/ | Remaining
93067 ‘94 interim*]  Cost** Total ,
Authorized FFY 831 FFY 94 FFY 94 FFY 84 FFY 85 Comment
Parsonnet $185.0 $37.9 $128.2 $163.1 $172.5
Travel . $9.6 50.8 $11.8 $12.6 512.8
Contractual $20.4 $3.2 $23.4 $26.6 $21.6
Commaodities $10.3 $0.0 $14.7 $14.7 $10.3
Equipment $0.0 $0.0 $0.0 $0.0 $0.0
Capital Outlay $0.0 $0.0 $0.0 $0.0 $0.0
Subtotal $195.3 $41.9 $175.1 $217.0 $2172.0
(enaral Administration $24.7 $5.9 $21.5 $27.4 $27.4
Project Total $220.0 $47.8 $186.6 $244 .4 $244.4
Full-time Equivalents (FTE} 3.6 0.7 3.0 3.7 3.1
Dollar amounts are shown in thousands of dollars,
Budgst Year Proposed Parsonnal; Repri/intre | ReprtYintrm | Remaining | Remaining
Pasition Desaription Maonths Cast Months Cost
geprt 14 Fish & Wildlife Technician /i Q.0 $0.0 19.8 5$58.3
2 Fishery Biologist i/ 3.5 $17.1 3.*;} 511.3
2 Analyst Programimers 0.4 $1.9 0.0 $0.0
1 Publication Specialist 0.2 $0.9 0.0 $0.0
1 Biometrician } 1.0 $8.0 4.0 $203
1 Analyst Programmer {tag fab} 0.0 0.0 3.0 $14.3 ,
3 Fisheries Technicians I {tag lab) 3.0 $9.6 5.0 $14.3 ) NEPA Cost; 0.0
1 Program Manager (.5 534 1.0 8.7 8 *Oct 1, 1983 - Jan 31, 1994
Porsonnst Total 8.6 $37.9 35.8 $125.2 % **Feb 1, 1994 - Sep 30, 1994
1114793 ‘ : N ‘
Page 1 of 3 Project Number: 894320 - B FORM 24
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Printad: 3/15/84 1:37 PM Agency:  AK Dept. of Fish & Game DETAIL




EXXON VALDEZ TRUSTEE COUNCIL
19894 Federnt Fiscal Year Project Budgat
October 1, 1993 -+ September 30, 1984

Travel: Baprt/intrm! Remaining
fsprr 2 RT between Anchorage & Cordova @ $400 $0.8 $0.0
Per dism included '
1
Supervisory trips w Whittier {7 trips @ $500/rip), Kodiak (7 vips @ $6004rip), Anchmage {7 trips @ $350/uip) $Q.0 $11.8
plus 11 days per diem @ $150/day
Traval Total $0.8 511.8
Contractual:
Reprt Transportation ~ Air charter to hatcheries for recovery of coded wire tags and transportation of salmon heads to lab $2.0 $0.0
Two DOT Fleet Vehicles (2 months each) , 1.2 0.0
Air charter to hatcheries, Valdez {18 trips @ $800/uip + 9 days per d&em @ $150/day} . $0.0 $12.2
Temporary office rental at Valdez and Whittisr for project only $0.0 $3.0
DOT fleet vehicles {2 vehicles @ $400 each/month x 4 months) $0.0 $3.2
Supply, head and data shipments to and from the Tag Lab $4.0
Computer maintensance ‘ $1.0
Contractual Total 33.2 $23.4
97714153 ; ~
| Page 2 of 3 Project Number: 94320-B FORM 2B
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1894 Federal Fiscal Year Projact Budget
October 1, 1993 - September 30, 1984

Commuodities: Reprt/intemit Remaining
Fleld suppliss {rain gear, glovas, knives, sampling kits, jars, ice chests, containars for thousands of pink salmon heads) $0.0 $10.3
Tag Laby supplies $4.4
: Commodities Total 30.0 $14.7
Equipment:
Equipmaent Total $0.0 50.0
BI14293
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. EXXON VALDEZ TRUSTEE COUNCIL
FY 94 DETAILED PROJECT DESCRIPTION

A. COVER PAGE

Project title: Feasibility of Otolith Marking Wild Pink Salmon
in Prince William Sound

Project 1D number; 94320C

Project type: Research/Monitoring

Name of project leader(s): Sam Sharr

Lead agency: Alaska Department of Fish and Game

Cooperating agencies:
Cost of project/FY 94: $53.9K
Cost of project/FY 95:
. Cost of Project/FY 96 and beyond:
Project Start-up/Completion Dates: April 1, 1994 - September 30, 1994
Geographic area of project: Prince William Scund

Project leader(s):

7/1/%
am Sharr  //* Date
Regional Research Supervisor:
LT
s/ oy
o ddikil
/ Stev«e Fried Date

Agency Project Manager:




B. INTRODUCTION

Each year approximately one half billion wild pink salmon fry emerge from the streams of
Prince William Sound (PWS) and migrate seaward. Adult returns of wild pink salmon to
PWS averaged approximately 10 million fish annually over the last two decades. The huge
fry outmigrations and subsequent adult returns of pink salimon play major roles in the Prince
William Sound (PWS) ecosystem. Both juveniles and adults are important sources of food
for many fish, birds, and mammals. Adults returning from the high seas also convey needed
mutrients and minerals from the marine ecosystem to estuaries, freshwater streams, and
terrestrial ecosystems. Wild pink salmon also play a major role in the economy of PWS
because of their contribution to commercial, sport, and subsistence fisheries in the area,

Up to 75% of pink salmon spawning in PWS occurs in intertidal areas. In the spring of 1989
oil from the T/V Exvon Valder oil spill (EVOS) was deposited in layers of varying thickness
in intertidal portions of many western PWS streams utilized by spawning salmon. Pink
salimon eggs and fry rearing in these intertidal areas appear to have been adversely affected
by the oil. Sharr et 4l (1993a and 1993b) observed salmon embryo mortalities which were
67%, 519, 96%, and 80% higher in oiled streams than in comparable and nearby unoiled
streams in 1989, 1990, 1991, and 1992. Weibmer (1992) also observed a high incidence of
deformities and elevated levels of cytochrome P-450 among fry in ciled streams in 1989,
Willette and Carpenter (1993) reported reduced growth and survival of pink salmon fry and
juveniles which reared in oiled marine waters of PWS in 1989. Mortality differences between
oiled and unoiled streams in 1989 and 1990 were confined to intertidal spawning areas and
may be attributed to direct lethal effects of oil. Large differences observed across all tide
zones in 1991 and 1992 may be the consequence of damage to germ cells of the adults which
originated from the 1989 and 1990 brood years when egg and larval exposures to intertidal
oil were greatest. A consequence of this genetic damage may be persistent functional
sterility and reduced returns per spawner for populations from oiled streams.

PWS pink salmon returns originating from brood years subsequent to the March 24, 1989,
Exxon Valdez Oif Spill (EVOS) have been aberrant or weak. Returns of wild and hatchery
pink salmon in 1991 were only slightly below the mid-point of the pre-season forecast but
arrived late and had very compressed run timing. The fish were also small and in advanced
stages of sexual maturity long before reaching their natal streams. As a result of this small
size and advanced maturity, the fish were of little commercial value. Returns of pink salmon
in 1992 and 1993 were far fewer than expected. The 1992 return of wild pink salmon was
the fourth smallest even year return in the last 30 years and the hatchery return was less
than one third of expected. The 1993 return of wild pink salmon was the third smallest in
the last 30 years and the hatchery return was less than one fifth of expected.

Although hatchery pink salmon production in PWS began in the 1970's, returns from
maximum permitted levels of fry production did not occur until the late 1980’s and early
1990's and coincided with the EVOS era. Wild salmon populations injured by the EVOS are
heavily exploited in mixed stock commercial, sport, and subsistence fisheries which are
dominated by the huge returns from more productive hatchery populations. Wild pink
salmon populations originate from hundreds of streams in PWS. Migratory timing and




abundance of wild returns in marine fishing areas varies among populations. To sustain
production from wild populations managers must insure that adequate numbers of wild fish
from all portions of the wild return escape fisheries and enter streams to spawn. To achieve
this goal mixed stock fisheries must be managed to achieve exploitation rates appropriate
for less productive wild populations. To this end, managers must be able to distinguish wild
from hatchery fish and estimate their relative spatial and temporal abundance in fishing
areas.

In addition to their dominance in the catch, hatchery stocks may also complicate
management of PWS fisheries by straying into streams and spawning with wild fish. Hatchery
fish may be poorly adapted to spawning and rearing in wild conditions. If they enter wild
streams, they may fail to spawn. If they do spawn with other stray hatchery fish or with wild
fish their progeny may be less fit than fish originating from 100 percent wild parentage.
Sharp et al. (in prep.) found evidence that significant numbers of fish originating from
hatcheries strayed into PWS streams and spawned in 1991 and 1992, Extensive straying by
tagged wild stocks was also documented both years. The magnitude and range of straying
by both hatchery and wild pink salmon stocks in PWS may significantly influence the success
or failure of restoration efforts directed at wild stocks. The definition of what constitutes a
wild population and the scale of restoration efforts may change if significant straying also
occurs among wild populations. If straying of hatchery fish is significant and does lower the
fitness of wild populations, restoration efforts which concentrate on insuring that spawning
escapement goals are met may fail if no attention is given to the origins of the escapement.

Coded wire tags have been the tool of choice for applying unique marks to populations of
pink salmon in PWS, The methodology has been used extensively to estimate hatchery and
wild stock contributions to commercial harvests and has also been used in preliminary
straying research. Despite its usefulness, there are drawbacks to coded wire tag technology.
In PWS marked populations are huge consequently the number of tags applied must also
be huge if accurate and precise catch contribution estimates are to be made for returning
adults. Tagging and recovery are both very labor intensive and the number of tags applied
and recovered are sometimes inadequate for the levels of accuracy and precision desires,
Coded wire tags are also intrusive, tags can be shed, and tagging may affect the subsequent
survival. Tag loss through shedding and differential mortality of tagged individuals affects
subsequent estimates of adult returns based on tag recoveries and must be accounted for.
There is also recent evidence that the propensity for straying among tagged tfish may be
related to tag placement.

Because of the cost and problems associated with coded wire technology, other alternatives
of marking larger portions of populations with relatively inexpensive non-intrusive methods
must be investigated. By marking most or all of the fish in a population sample sizes at the
time of tag recovery can be much smaller without affecting the accuracy and precision of
contribution estimates. Non-intrusive marks which cannot be shed and which do not affect
survival or behavior will eliminate important sources of error in adult population estimates
based on tag recoveries.



€. PROJECT DESCRIPTION

This study is designed to test the feasibility of chemically marking fish otoliths or skeletal
parts by short term immersion in a dilute solution of tetracycline during the embryo or
emergent fry life stages, Tetracycline has been vsed very successfully to apply chemical
marks in many other fish species. Tetracycline is now regularly permitted by the United
States Food and Drug Administration (FDA) for use as an antibiotic and otolith marking
agent on fish destined for human consumption. Marks from tetracycline are permanent,
relatively easy to apply, easily recognizable, and at low dosages do not appear to be alter
fish survival. While the most widely reported means of applying tetracycline is by feeding,
several investigators have reported successful marking of fish species by immersion in dilute
solutions of the chemical. Spot and pinfish, coregonids, and striped bass, have all been
successfully marked using immersion methods (Hettler 1984, Dabrowski and Tsukamoto
1986, and Secor ¢f al 1991) successfully marked. There are less documented instances of
pink and chum salmon having been successfully marked by immersion as well (R.C. Johnson,
National marine Fisheries Service, retired, personal communication and J. Short, National
Marine Fisheries Service, Auke Bay Laboratory, Juneau, Alaska, personal communication),
While probably not cost effective for lurge hatchery releases reared in massive flow through
incubator systems, tetracycline immersion is an attractive alternative for marking much
smaller wild populations of pink salmon as the migrate out of their natal streams as fry.
Marking the total fry population in a stream provides an accurate and precise tool for
estimating total adult returns and survival, As a nop-intrusive method which does not appear
to alter fish behavior, chemical otolith marking alse provides a powerful twol for
investigating straying among wild populations.

1. Resources and/or Associated Services:

This is project is designed to test the feasibility of a potentially powerful research and
monitoring tool for wild populations of salmon in PWS. Wild populations of salmon in PWS
are vital to the health of the marine, freshwater, and terrestrial portions of the PWS
ecosystem and to the PWS fishing industry which is the cornerstone of the area economy.

2. Relation to Other Damage Assessment/Restoration Work:

The foundations for this study were firmly established by previous NRDA stadies (F/S
#1,#3) which demonstrated the technical feasibility of capturing and enumerating the entire
fry outmigration from wild streams, applying coded-wire tags to wild pink salmon fry, and
recovering tagged individuals in subsequent adult returns. Recoveries of tagged fish from
the commercial catch and from numerous streams have demonstrated that estimates of stock
abundance, timing, survival, and straying can be obtained using mark recapture techniques,
This study seeks to test the feasibility of a more cost effective and reliable marking tool as
a means of improving existing methodology.




. 3. Objectives:

a. Test and refine remote field camp methods and equipment to be used for
immersing wild pink salmon fry in tetracycline solutions for up to 18 hours
at varying temperatures,

b. determine the minimum immersion fime and temperature of pink salmon
fry in tetracycline solution to insure that otoliths from 1009 of the
individoals immersed have a unique fluorescent tetracycline mark which
is distinguishable from otoliths selected randomly from a pool of
individuals which are not immersed,

c. determine the maximum number of fry which can feasibly be marked daily
at a remote field camp, and
d. compare short term growth and survival among pink fry which are treated

with tetracycline following capture versus those which are not.
4. Methods:

Marking feasibility studies will be conducted adjacent to the Prince Willlam Sound
Aquaculture Corporation Cannery Creek Hatchery in Unakwik Inlet, PWS using equipment
identical to that proposed for future field camp use. Fry for the study will be donated by the
hatchery.

. Testing Marking Procedures

A buffered solution of tetracyeline hydrochloride (Tetra-bac) diluted to 400 parts per million
in fresh water will be used to mark all treatment groups in this experiment. Although lessor
dosages have been successfully used for some warm water species, Short (National Marine
Fisheries Service, Auke Bay Laboratory personal communication) used this dose with
success in chum salmon. Emergent hatchery pink salmon fry immersed in this dose for 24
hours during a small test conducted by the Cordova ADF&G staff in the March of 1994 had
no short term mortalities and exhibited no signs during exposure. Short {personal
communication) also reported that results improved 1o a point with increasing temperature
and length of immersion. This study will test 12 unique combinations (t,) of immersion time
(i) and temperature (). Immersion times of three, six, 12 and 18 hours {{ = 1,2, 3, and 4)
will be tested at 2°, 5°, and 8 C {j = 7,2, and 3). There will be five replicates (r = 1.334,
and §) for each ¢,

- Sharr et al. observed as many as 50,000 fry migrating daily from moderate sized pink salmon
streams during tagging and enumeration studies conducted in PWS in 1990 and 1991 as part
of NRDA F/S Study #3 . Larger strears having peak daily fry outmigrations of 100,000 fish
per day may be considered for enumeration and tagging studies if otolith marking proves
to be feasible. Projections of costs and logistics constraints indicate that heating water and
loading densities for immersion baths will be the factors which define the upper limit of
chemical otolith marking at a remote field camp, Present projections for fry handling and

4 personnel time as well as fuel and camp supply needs indicate that a typical two person crew

. at a remote fry enumeration camp can heat approximately 540 liters of tetracycline solution



daily for marking fry. Under these constraints, loading densities of approximately 2,500 fry
per treatment bag (approximately 180 fry per liter) must be possible if 100,000 {ry are to be
marked daily. Local aguaculture associations use loading densities as high as 320 fry per liter
of aerated water for fry transport operations. It is likely that loading densities that high will
result in significant mortalities among fry in a heated tetracycline immersion bath but it is
assumed that the required densities of 180 fry per liter can be maintained. This experiment
will also test that assumption.

Three 750 liter water baths, one for each temperature treatment, will be prepared in large
insulated fish totes. Water will be heated and maintained at temperature by thermostatically
controlled electric immersion heaters supplied by a gasoline powered generator. Fry
emerging from hatchery incubators will initially be divided into 60 groups (12 treatments x
S replicates) of 600 individuals each. Each 600 fish group will be placed in a clear
polyethylene bag containing four liters of hatchery (stream) water at ambient stream
temperature. Compressed air will supplied to each bag via air stones to insure that fry
receive adequate oxygen. A pre-mixed 135 ml. buffered tetracycline solution prepared by
dissolving 2.25¢g of Tetra-bac and 2.0g dibasic sodium phosphate in 1353ml of warm (~30°C)
fresh water will be cooled to stream temperature and added to the each of 60 treatment
bags. Fifteen additional bags will be left untreated and used for controls (¢} to test the
effects of tetracycline on survival at different temperatures and exposure times. Treatment
bags and control bags will then be transferred in equal numbers to each of the three heated
water baths. The water temperature in treatments bags will be monitored and when all bags
in a tote have reached the desired immersion temperature timing for duration of immersion
will begin. At the endpoints of each time treatment {j = 1, 2, 3, and 4), five treatment bags
will be removed from each of the three totes, transferred to 4 saltwater enclosure in front
of the hatchery and allowed to cool to ambient seawater temperature. Fry from each bag
will then be transferred to separate saltwater rearing cylinders constructed of fine meshed
plastic screen (vexar), In addition at the start of the treatment day fifteen groups of 600 fry
each will be transferred directly from the batchery into saltwater rearing cylinders. These
fry will act as controls {¢,) for testing the marking effectiveness of each of the 12 treatments.
All treatment and control groups will be held and fed in saltwater rearing pens for four
weeks to insure that the treatment band is deposited on the otolith and that otolith growth
occurs beyond the marking band. At the end of four weeks fry from each rearing cylinder
which represent one replicate of a treatment group will be transferred to a light proof black
piastic bottle containing 90 % ethyl alcohol and shipped to the Alaska Department of Fish
and Game Otolith Processing Laboratory in Juneau (Otolith Lab) for otolith removal and
processing.




. Determining the Minimum Required Treatment

If otolith marked wild populations are to be considered as being representative of other
unmarked wild populations then one important criteria for marking success should be that
application of the mark does not significantly affect survival, The number of mortalities in
each 600 fish treatment and control group will be enumerated for the treatment and rearing
periods and totaled. A one way analysis of variance will be used to test for total mortality
differences between each treatment group and their corresponding control. Any treatment
which has total mortalities significantly greater than those observed in the corresponding
contro} group will be eliminated from further consideration as a potential marking
treatment,

All otolith extractions and processing will be completed by the Otolith Lab. Initially a
random sample of 30 otoliths from the first replicate of the maximum treatment graup tyas
will be mounted and processed to determine if the maximum treatment resulted in a
‘ietracychm mark. If some or all of the 30 otoliths examined bear no mark it will be
assumed that lesser treatments are equally or more ineffective, that tetracycline marking
procedures tested are not effective, and that the experiment should be terminated with no
further expenditure of funds for otolith processing. If all 30 otoliths from t;,, bear marks
then a systematic search will be initiated to find the minimum treatment required to insure
that a recognizable mark is produced in 100 percent of the individuals treated.

The systematic search for the minimum required treatment from among those having no
effect on survival will proceed according to the following steps:

(1} 30 otoliths from each replicate of t;, will be processed and examined by
a trained observer.

(2)  If all 30 are in each replicate are marked, 30 more oteliths from the first
replicate t;;, will be extracted, mounted on slides then randomly mixed
with 30 similarly prepared otoliths from the control group of fish ¢, The
trained observer will examine this pool of 60 otoliths and attempt to
correctly identify the treated individuals.

(3)  If the observer correctly identifies all of the treated individuals from a
pool of t,;, and ¢, the procedure in step (2) will be repeated three more
times for similar t;,;, 1,2 ta 1 tyys and control pools.

{4)  If at any point in these tests the observer fails to detect a mark on an
otolith which has been treated, the procedure will terminate for i=7 and
begin anew at step (1) for i=2 through 4.

{5} If the observer fails to classify any time treatments of temperature j=1
with 100 percent accuracy the steps {1) through {4) will be repeated for
treatments t,, through t,,

(6) At the first instance of the observer correctly identifying all marked
individuals in all replicates for a treatment 1, it will be determined that
this is the minimum treatment suitable for marking,

. Subsequent to identifying the minimum suitable treatment, 30 otoliths from each of the first




replicates of each remaining untested treatment group which had no significant mortalities
may be examined o determine if more readily identifiable marks available and if
accidentally elevated temperature in the field may adversely affect marking. If 2 more
readily identifiable mark is identified, steps one through three list above will be repeated
for that treatment. If 100 percent classification accuracy is achieved by the observer for all
replicates of the treatment, this new treatment will be designated as the minimum treatment
of choice and the former selected treatment will become the alternate treatment of choice.
The decision as to which to use in future field studies will based upon which had the lowest
mortality rate during treatment and subsequemt rearing.

Testing Effects of Tetracycline

If results of this study indicate that tetracycline is a suitable marking agent for use on wild
pink salmon an FDA permit for use in future years when marked fish are to be released.
As part of the permit the FDA stipulates that investigators must contribute to furthering the
knowledge about the biclogical effect of tetracycline. Typically they require that a set of
controls be maintained for each treatment application of the chemical and that results of
treatments and controls be compared. Because fry are not being released, these comparisons
are not required for this feasibility study. However, they can be done at no additional cost
and by doing them, we may facilitate obtaining future permits when fish are to be released.

Mortalities from each of the treatment controls (c;) which were held in fresh water but
subject to time and temperature treatments will be enumerated and totaled for the
treatment and rearing phases of the experiment. A one way analysis of variance will be used
to test for significant differences between mortalities observed among controls and those
observed in the corresponding treatment groups immersed in tetracyclme {t;)-

5. Location:

All feasibility tests will be conducted in PWS at the PWSAC Cannery Creek Haichery.
Otoliths will be extracted and processed at the Otolith Lab in Juneau. Data analyses and
reporting will be completed by ADF&G staff in Cordova and Anchorage.

6. Technical Support:

The ADF&G Commercial Fisheries Management and development Division will provide

biometrics support for review of project methods and data analyses. The ADF&G Otolith
Lab will supply processing expertise.

7. Contracts:

No contracts are needed. ADF&G will administer and supervise the project.




. D. SCHEDULES

Diates Activity

April § -~ May 5, 1994 Apparatus set up at Cannery Creek
Hatchery, marking immersion
treatments, and rearing of
treatments and controls.

May 5 - May 15 Dismantle and remove equipment
at Cannery Creek and ship otolith
samples to Otolith Lab

May 15 - Sept 15 Process otoliths at Otolith Lab
Nov. 15, 1994 Draft Summary Report
Dec. 15, 1994 Final Report

E. EXISTING AGENCY PROGRAM

The ADF&G permanent staff of biologists and biometricians write operational plans and
provide overall supervision for this project. PWSAC will supply up to 50,000 fry for and
space to the experiment as well as room and board for project personnel at Cannery Creek
Hatchery. the ADF&G Otolith Lab will process all otoliths from the experiment.

. F, ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

None of the fish reared in this experiment will be released. The Alaska Department of
Environmental Conservation has determined that amounts of tetracycline being deposited
in PWS from the experiment are well below allowable standards and require no permits.
Net pens and fish rearing activities at Cannery Creek Hatchery fall within existing ADF&G
and PWSAC permits.

G. = PERFORMANCE MONITORING

The Assistant Project Leader is a seasonal permanent Fisheries Biologist I with the
ADF&G. The Project Leader is a full time Fisheries Biologist HI PWS Salmon Research
Project Leader for the ADF&G, Region I, Division of Commercial Fisheries Management
and Development (CFMD). The Project Leader is supervised by the ADF&G, CFMD
Region Il Regional Research Supervisor.

An ADF&G Biometrician I from the CFMD office in Anchorage will review the
experimental design for the project. The Assistant Project Leader will purchase all
equipment needed and set up the marking and rearing apparatus. The Assistant Project
Leader will conduct all treatments with the assistance of the Project Leader and a Fish and
Wildlife Technician II and oversee a Fish and Wildlife Technician I will monitor the
rearing of the fish. The ADF&G Otolith Lab will process all otolith samples. The assistant
project leader will write draft and final reports for the project.




H. COORDINATION OF INTEGRATED RESEARCH EFFORT

The Project Leader, Assistam Project Leader, and the Biometrician positions are shared
with EVOS pink salmon research projects 94191 and 94184, Fry donated by PWSAC are
part of those included in the experimental release portion of the SEA project {94320).
Cannery Creek Hatchery is on the regular sampling route for the field monitoring portion
of project 94191 and the research vessel conducting that sampling will transport all marking
and rearing apparatus for this project to the hatchery site during a scheduled sampling trip.

Without the availability of a non-intrusive mass marking methodology it is unlikely that
reliable estimates of total return, survival, and straying rates for wild populations will be
possible, Therefore, the monitoring, research and restoration objectives of this project are
related to several other projects including the suite of SEA projects (94320), the Pink
Salmon Genetics project (94189), and the Pink Salmon Egg and Alevin Mortality (94191)
projects. Total return, survival and straying data which may become possible to obtain as
a result of methods developed by this project will be critical 1o several components of SEA
and related pink salmon projects by including those investigating:

1) wild salmon survival in relation sea surface temperature and other oceanographic
features of PWS during the fry and juvenile life stages.

2) salmon survival in relation to abundance, size, growth rate, and distribution of pink
salmon fry and juveniles and, zooplankton population distribution, abundance, and
species composition,

3} salmon survival in relation to abundance, size, growth rate, and distribution of
salmon fry and juveniles and the abundance distribution, size, and species
composition of predator populations and,

4) pink salmon population structure in PWS,

i PUBLIC PROCESS

The general public has been involved in the development and evelntion of mass marking
programs such as the Prince William Sound coded wire tagging programs since their
inception in the early 1980’s as a cooperative effort between ADF&G and the PWS area
private non-profit (PNP) aquaculture associations. These PNP’s, operated by a broad
constituency of commercial, sport, personal use, and subsistence fishers and community
representatives, review coded wire tag project plans and results annually before approving
subsequent funding. Operational plans and results of mass marking projects are also
reviewed periodically by the PWS Regional planning team as well as interested fishing
industry groups, As part of the Trustee Council NRDA and Restoration process the code-
wire tag mass marking and recovery project has also been subject to extensive peer review
and annual public review and comment. Results of coded-wire tag projects have been




presented at the March 1993 Oil Spill Symposium sponsored by the Trustee Council, the
1993 Pink and Chum Workshop, the anmual Spring meeting of the PWSAC board of
directors in 1993 and, the Alaska Board of Fisheries in 1994. The PWSAC board and the
PWS Regional Planning Team have endorsed the concept of otolith marking of hatchery and
wild fish and thermal otolith marking of hatchery fish is considered to be the methodology
of choice for the future.

J. PERSONNEL QUALIFICATIONS
Fisheries Biologist Il Project Leader - Samuel Sharr

Mr. Sharr received a Bachelor of Science degree in biology from the University of
Washington in 1968. He has been a research biologist for ADF&G since 1979 and has
worked on PWS salmon and herring since 1981. He assumed his present position as the
ADF&G, Division of Commercial Fisheries, Biologist III, PWS Area Fin Fish Research
Project Leader in 1986. In this capacity, Mr. Sharr oversees all the salmon and herring
research conducted by the Division of Commercial Fisheries in PWS. His involvement with
the PWS salmon escapement aerial survey program dates from the early 1980’s. Mr.Sharr
has supervised a imai re»edxt of the historic aerial ané groumi survey data and desxgned a
Qperdimna} ;}izms for NRDA F/S Studzes 1,2 and 3, in 1989 and 1¥}*?Q and 1‘99 1, restoration
studies 60A, 50B, and 60C in 1992, and 93137, 93184, and 93191 in 1993 and has been the
Principal Investigator for afl of those projects. Mr, Sharr is also 2 member of the scientific
committee of the Prince William Sound Fisheries Ecosystem Plzmmng Group and a co-
author of the Sound Ecosystem Assessment research pian and science proposal.

K. BUDGET

{see attached)
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B. INTRODUCTION

Historically, wild stocks produced approximately five-hundred-million pink salmon .
{Cncorhynchus gorbuscha) fry which emerged from streams thraughout Prince
William Sound {PWS] each year to migrate seaward. Adult returns of wild pink
saimon averaged from 10 to 15 miltion fish annually. Unilike returns of adult
hatchery fish, these returning wild-stock adults play a critical role in the total
Prince William Sound ecosystem; they convey essential nutrients and minerals from
the marine ecosystem to estuaries, freshwater streams, and terrestrial ecosystems.
Both juveniles and adults are important sources of food for many fish, birds, and
mammals. Wild pink salmon also play a major role in the economy of PWES
because of their contribution to commercial, sport, and subsistence fisherigs in the
area.

Wild-stock pink saimon suffered both direct lethal and sublethal injuries as a result
of the Exxon Valdez oil spill (EVOS). Pink salmon embryos and alevins suffered
increased mortality, diminished growth, and a high incidence of sematic cellular
abnormalities as a result of spawning ground contamination and rearing in oiled
areas. Elevated mortality of embryos in the oiled streams has continued through
1893, three generations after the oiling, suggesting that genetic damage have
occurred {see discussions in Sharr et al. 1983}, Also, in 1883 the commercial
harvest of pink saimon had to be shifted away from the hatchery and wild stocks
in the oiled areas to target only the wild stocks in eastern Prince William Sound.
This resulted in over-harvest and depletion of these stocks evidenced by general
run fallures of eastern-sound stocks in 1991,

Prince William Sound is also the center of one of the State of Alaska’s largest
aguacultural industries. Alaska Department of Fish and Game has been grappling
with management of the wild stocks in face of intractable hatchery/wild-stock
interactions for nearly a decade. The EVQS-related damages 1o wild stocks,
coupled with full-scale hatchery egg takes, has exacerbated wild-stock
management concerns. The commercial fishing industry and the two aquaculture
associations are facing serious financial challenges due to the alterations in
management imposed resulting from declines in abundance of wild pink salmon,

This project is designed to delineate the genetic structure of populations of wild
pink salmon inhabiting Prince William Sound. While "stock” is used by biologists
as a convenient term designating fish that spawn at a certain time at a certain
place, these stocks may not be genetically distinct from each other. "Population”
dascribes genetically distinct groups of fish which are the building blocks of
species, and it is essential to manage and restore the EVOS resources on a
population basis.

Gene flow is restricted between populations {thus carbon flow is restricted--see
related proposals in Trustee Council project 34320}, and the resulting between-
population diversity is responsible for many aspects of the fitness of the species. . '
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in the case of commercially harvested species like pink salmon, fitness is defined
to include the peak productivity and long-term sustainablity. Between-population
diversity provides optimal production for species inhabiting diverse ecosystems
such as PWS; highly diverse population mixes also provide a biological buffer to
environmental change {(droughts, floods, major earthquakes, and other routine
events that occur in Alaskan ecosystems).

Understanding genetic structure of the wild stocks inhabiting PWS is critical to
their management and conservation. For example, managing on too fine a scale
may adversely affect the fishing industry and waste management resources, while
managing on too large a scale may result in lost of genetic adaptations and
diversity in the wild pink salmon populations within Prince William Sound.
Knowledge gained through this project is needed to correctly interpret and apply
the findings obtained from the proposed ecosystem analyses on a population basis,
maore properly define the population-leve! nature of the damage documented in
previous study of EVOS damaged pink salmon, and otherwise guide the decision-
making process in the management-oriented restoration of the EV0OS-damaged pink
saimon populations.

C. PROJECT DESCRIPTION

Our goatl is to provide the basis for key management decisions by defining the
genetic structure of representative populations from throughout PWS, measuring
both within and between population diversity. An understanding of the population
genetics of affected pink salmon populations will be used to guide restoration
management decisions including those regulating commercial harvest. The same
knowledge of population structure will be used for genetic monitoring and risk
assessment which will be required in order to evaluate any supplemental
restoration programs. This monitoring and risk assessment is analogous to the
process currently being conducted to evaluate supplemental restoration of
damaged populations on the Columbia River by the Northwest Power Planning
Council {(Waples 1991).

Both allozyme analysis and DNA analysis {e.g., Allendorf and Pheips 1981, Carr
and Marshall 1991} will be used to discriminate populations and describe
population structure. Genetic studies using allozyme analysis have proven
especially useful for the conservation/management of populations of pink salmon
{e.g., Shaklee et al. 1991, White and Shaklee 1991}; we will also include a pilot
analysis of the utility of mtDNA analysis, as such an approach has shown paotential
usefulness in other studies of salmonids {e.g., see Cronin et al, 19393},

1. Resources and/or Associated Services:
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in this study we will investigate pink salmon in Prince Willlam Sound, Alaska.

2. Relation to Other Damage Assessment/Restoration Work:

Previous assessments of egg and fry survival in oiled and unoiled streams
demonstrated detriments! effects of EVOS on pink salmon (Natural Resources
Damage Assessment Fish/Shelifish Study # 2 /njury to Salmon Eggs and
Preemergent Fry and EVOS Trustee Council studies R60C and 93003 O/ Refated
Egg and Alevin Mortslities). The heritable, genetic nature of the damage was
revealed in matings performed as a part of study 23003. in response to those
findings, coded-wire tag recoveries from pink salmon in PWS (e.g., Natural
Resources Damage Assessment Fish/Shelifish Study # 3 and studies R60A and
93067} were used to reduce the fishing effort on wild pink saimon "populations™
through fisheries management. Yet the actual genetic structure of pink salmon
populations in Prince Willlam Sound remains unknown.

Therefore, this project, 94320-D, was designed to provide a genetic basis for the
hatchery/wild-stock components of study 94320 Prince William Sound Ecosystem
Investigation and to provide the information essential for population-specific
management thraugh such projects as 94184 Coded-Wire-Tag Recoveries from
Pink Salmon in Prince William Sound Fisheries and others that may be proposed as
a ccnsequence of 94320.

3. Objectives: : .

The project objective is to define the genetic structure of pink salmon stocks in the
EVOS-affected area of Prince William Sound. We will test for both temporal and
geographical structuring by examining genetic differences between even and odd
year stocks, early and late season spawners, upstream and intertidal spawners,
and stream of spawning. This genetic structure information will be used in order
to:

1. correctly interpret and apply the findings obtained from the
propased ecosystem analyses {34320 A-P} on a population
basis.

2. provide genetic information needed for risk assessment and
genetic monitoring of supplementation programs (e.g., proposed
as a resuit of projects R105 or project 94320 A-P) to guide
population-specific restoration and enhancement.

3. better direct harvest management decisions made for
restoration purposes on a population-specific rather than
species-specific basis.




4. Maeathods:

.ﬁﬁFie!d Sampling

Tissues for baseline genetic data will be collected from up to 100 individuals from
each of 30 spawning aggregations each year (see Appendix A for instructions for
samplers). Sampling will incorporate a broad geographical distribution of tocations
within the Sound {Table 1) including two hatcheries {Cannery Creek and Armin F,
Koernigl and 28 spawning aggregates from wild-stock streams. Pink salmon have
a two-year life cycle, Even and odd-year pink salmon are genetically distinct
(Beacham 1988}, so both must be sampled. Sampling will be designed to include
both early and late stocks and inter-tidal and upstream-spawning stocks. Because
abundance of pink salmon varies annually, selection of spawning aggregations will
be determined by field personnel who will be instructed to sample streams that
maximize the ability to investigate temporal {between years and within years) and
spatial (between streams and within streams) comparisons. Tissue samples from
heart, liver, muscle, and agueous humor from each individual will be immediately
frozen on liquid nitrogen and returned to Anchorage for storage at -80° C,
Samgpling will be done in coordination with other restoration programs in order to
reduce costs and facilitate cross-referencing of biological data. For example, some
suitable samples from odd-year papulations are already available from tissue
collections made as a part other studies such as RB0C. Samples for even-year

g populations were to be collected as a part of study 94185; however, as that

.pro}ect was not funded by the Trustees for 1994, field sample collections will be

integrated between 94191 and this project in 1994,

Laboratory Analysis

Genetic data will be collected using the techniques of allozyme electrophoresis on
all samples (Utter et al. 1987, Seeb et al. 18987). An extensive allozyme
screening will be undertaken to maximize the potential number of available gene
markers. Tissue-buffer combinations will be based on existing pink salmon staining
schedules {Table 2} A pre-oilspill data base of allozyme frequencies exists for
Prince William Sound pink salmon which faciiitates analyses of potential changes
of poapulation structure and gene flow {Seeb and Wishard 1977). Data will be
merged into the state and federal inter-agency databases.

Altozyme techniques will follow those of Harris and Hopkinson {1976}, May et al.
{1878}, and Aebersold et al. (1987); nomenclature will follow the American
Fisheries Society standard {Shaklee et al. 1990). Gels will be scored using an
online scoring program developed by ADF&G Genetics Laboratory. This Windows
‘based application {Microsoft Windows 3.1} provides extensive documentation of
~_resuits and error checking capability and facilitates rapid collation, analysis, and
.re;}orting of genetic data in order to ensure rapid turnaround, complete
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documentation, and immediate availability of summary statistics. A photographic
record of each gel will be made.

Another Windows based application {Microsoft Windows 3.1) developed by
ADF&G Genetics Laboratory, will be used to calculate allele frequency estimates,
1o test for conformation of genotype frequencies to Hardy-Weinberg expected
frequencies using likelihood ratios, and calculate Nei's (1978) genetic distance and
Cavalli-Storza and Edwards {1967} genetic distance. This application will also be
used to perform hierarchical analyses using G-Statistics {modified from Weir 1282}
1o determine if significant population substructuring exists among Prince William
Sound pink saimon based on the following parameters: even versus odd year,
upstream versus intertidal spawning location, early versus {ate run, and geographic
jocation of spawning.

We will estimate genetic relationships by deriving a neighbor-joining tree {Saitou
and Nei 1987) with Cavalli-Sforza and Edwards {1867} genetic distance and a
UPGMA tree {Sneath and Sokal 1873) with Nei's {1378) genetic distance.
RESTSITE (Nei and Miller 1980} and BIOSYS-1 (Swofford and Selander 1981} will
be used to caiculate the neighbor-joining and UPGMA trees, respectively. The
stability of these trees will be tested using Lanyon’s jackknife {1985},

A pilot study using DNA technigues will be conducted on a subset of samples.
DNA will be extracted from liver and heart tissue {Chapman and Brown 1380,
Bermingham et al. 1891} using proteinase-K and RNase-A digestion,
phenol/chloroform extractions and ethano! precipitation (Sambrook et al. 1989)
from a subsample of the individuals used in the allozyme analysis, After
extraction, the DNA will be amplified using the polymerase chain reaction (PCR)
{Saiki et al. 1988, Kocher et al. 1989, Chapman and Brown 1890, Carr and
Marshall 1991). Primer selection for PCR will include the universal cytochrome-b
primers {Kocher et al. 1989} and inciude those from the ND5/6 and ND3/4 regions
of mtDNA (Cronin et ai. 1993). These regions have proven useful in other
populations identification studies within the genus Oncorhynchus {Cronin et al.
1893}, and we have detected restriction fragment length polymorphisms in a
preliminary examination of pink salmon in our laboratory (Tables 3 and 4).
Amplified DNA will be cut with up to 27 restriction enzymes and separated on
agarose gels {Table 5). Fragments will be visualized under UV light, and a
photagraphic record will be made of each gel.

Since genes which are encoded by the mitochondrial gencme are inherited as a
single unit {i.e,, analogous to linked loci}, the restriction sites detected for each
enzyme, for all regions examined, will be pooled as composite haplotypes. The
frequencies and distributions of these composite haplotypes will then be used to
examine the structure of salmon populations.

Nuclestide {d) and haplotype (h) diversity measures (Nei, 1387} will also be
calculated for all populations using the restriction enzyme analysis package (REAP)

6




of McElroy et al. {1990}, These measures estimate the number of nucleotide
substitutions per site between DNA sequences {i.e., sequence divergence) and the
amount of DNA polymorphism within populations, respectively. These values will
then be used to calculate an overall genetic distance (Nei, 1978) between
populations, which in turn, will be used to generate a branching diagram using the
Fitch and Margoliash {1967) least-sguares algorithm in the PHYLIP (Felsenstein,
1993} package. This dendrogram will depict relationships among the populations.

5. Location:

The field portion of this project will be conducted in Prince William Sound {based
out of Cordoval, and the laboratory work and data analyses will be completed in
Anchorage. The project outcome will influence the long-term viabilities of wild
populations in Prince William Sound which will in turn affect the economies of the
fishing communities therein.

6. Technical Support:

Administrative support is provided by the Administrative, Habitat, and Commercial
Fisheries Management and Developmenmt (CFMD) Divisions staff of the Alaska
Department of Fish and Game. The project leaders are fully funded with general
funds from the State of Alaska. This study is integrated with other studies

. conducted by the CFMD Division. Consequently, all other technical, logistical,
biometrical, and other support have been consolidated into the normal operations
of these Divisions for efficiency in completing the objectives of these studies.

7. Contracts:

Becaue of the current state hiring freeze, Alaska Department of Fish and Game
Genetics Laboratory is evaluating personnel requirements for this and other
commitments such as the genetic stock identification of Cook Inlet sockeye salmon
(EVOS study 94255). If personnel are available to perform the laboratory portion
of the allozyme analysis, this portion of the project will be done in house. lf not, a
contract to do the laboratory portion of the allozyme analysis will be awarded to a
guatlified bidder following the state bidding process.

D. SCHEDULES
Lab analyses {(odd-year samples) Mar. 1994 - Feb. 1985

Data analyses {odd-year samples) Dec. 1994 - May 1995
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Additional field collections July - Aug. 1984

Draft status report for FY 19394 Mar. 1995
Final status report for FY 1994 June 1995
Lab analyses {even year samples) Mar. 1995 - Feb. 1996
Data analyses (even year samples) Sept. 1995 - May 1996
Draft status réport for FY 1995 May 1996
Final report Sept. 1996

E. EXISTING AGENCY PROGRAM

ADF&G spends approximately $30.0K annually on PWS field studies and $500.0K
annually on other non-oilspill-related genetics studies.

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

The studies proposed provide for data collection and field sampling programs. No
environmental effect of these programs occurs beyond that of traditional fisheries
management data collection activities. These activities are within existing
collecting permits or Federal special use permits issued to the Department of Fish
and Game for scientific data collection. No other permits or other coordination
activities are involved. This project received a categorical exclusion under the
National Environmental Policies Act.

G. PERFORMANCE MONITORING

The performance monitoring of this project is through the checks and balances of
the State of Alaska Accounting System within the Commercial Fisheries
Management and Development, Habitat and Restoration, and Administration
Divisions of the Department of Fish and Game and the Department of
Administration. Contractual compliance, personnel hiring, EEO compliance, and
other administrative provisions are within the State of Alaska hiring and
administrative chains of command and covered in standard operating procedures
and administrative regulations. Filling new position follows state hiring guidelines
when permanent vacancies occur. Project time frames for reports and analysis are
maintained through proper planning and integration of these activities within the
existing administrative structure of the Commercial Fisheries Management and

Development Division. . .




The scientific and technical aspects of the study are subject to internal review
within the Commercial Fisheries Management and Development Division.

. Publications are submitted through an internal peer review process with the major
findings submitted to peer review journals. Reports, work plans, and study design
are subject to the peer review process established by the EVOS Board of Trustees
and Chief Scientist office.

This study provides the basis for the management programs being developed under
other oilspill restoration projects. Interim annual status reports will be generated
with publications being provided in peer review journals and scientific symposia, as
significant findings are obtained. The final report will be issued upon completion of
the final year of field data collection.

H. COORDINATION OF INTEGRATED RESEARCH EFFORT

in order to conserve funds, some field sample collections were opportunistically

and 1992. Additional sample collections in 1924 will be integrated between
94181 and this project in order to most efficiently utilize resources.

Collections will represent populations of concern identified in part by pink salmon
coded wire tag study 94184,

I L PUBLIC PROCESS

This project was originally conceived through the peer review process. in 1391,
reviewers of other EVOS pink-salmon-related projects recommended that the
population structurg analysis be an essential component of restoration monitoring.

This project also has had strong support from the Prince William Sound

Aquacuiture Corporation and the Cordova fishing community since it was first
drafted in 1991, '
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Table 1. Pink salmon producing tributaries in Prince William Sound targetted for
genetics sampling. Tributaries are uniformly distributed around the Sound, and 28

.spawmng aggregations will be sampled each year according to annual abundance
of spavwning adults.

Tributary Anadromous Stream Cat. No.'
Hartney Cr. 221 - 10~ 10020
Koppen Cr, 221 - 20 - 10350
Beartrap R. 221 - 30 - 10480
Oisen Cr. 221 - 30 - 105618
Whalen Cr. 221 - 40 - 10800
Indian Cr. 221 -80- 11170
Siwash Cr 221 - 60 -11430
Long Cr. 222 - 10 - 12140
Wells R. 222 - 20 - 12430
Jonah Cr. 222 - 2012580

Blackbear Cr.

222 - 30-12760

Coghill R, 223 -~ 30-13220
Mills Cr. 223 - 10 - 14210
Swanson Cr. 223 - 10 - 14320
.‘ Paulson Cr. 224 - 10 - 14550
W. Finger Cr. 224 - 40 - 14850
MeClure Cr, 224 - 40 - 14880
Jackson Cr. 226 - 20 - 16130

'Catalog of Waters Important for Spawning, Rearing or Migration of Anadromous

Bainbridge Cr.

226 - 20 - 18300

Hayden Cr. 226 - 40 - 168770
Herring Cr., 226 - 10 - 16882
Quadra Cr. 227 - 10 - 17110
Witby Cr. 227 - 20 - 17440
Rocky Cr. 227 - 20 - 17590

Constantine R.

228 - 60 - 18150

Cook Cr. 228 - 40 - 18280
Hardy Cr, 228 - 20 - 18340
Canoe Cr. 228 - 30 - 18480

Fishes. Habitat Division, ADF&G, Juneau, AK.
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Table 2. Enzymes or proteins to be analysed for genetic variation. Enzyme

- nomenclature follows Shakiee et al. {19801, and locus abbreviations are given. g
Information provided by Washington Department of Fisheries, stewards of the .
Washington/British Columbia/Alaska interagency database for pink salmen

poputation genetics.

Enzyme or Protein Enzyme Locus Tissue
Number
Aspartate aminotransferase 2.6.1.1 SAA 7-1,2 Heart

SAAT-3 Eye

SAAT-4  Liver
mAA T 7 Hgéért
MAAT-2  Liver
kmAA 7-3 Liver

Acid phosphatase -3.1.3.2  ACP1 Liver
Adenosine deaminase 3.5.4.4 ADA-7 Heart
; ADA-2 Heart
Aconitate hydratase 4.2.1.3 mAH-1,2  Heart
T - mAH-3 Heart
mAH-4 Heart
SAH Liver
Adenylate kinase 2.7.4.3 AK Muscle
Alanine aminotransferase 2.6.1.2 ALAT Muscle
Creatine kinase 2.7.3.2  CK-A7  Muscle
CK-A2 Muscle
| CK-8  Eye
CK-C1  Eye
CK-C2  Eye
Esterase-D 3.1.1.-  ESTD Heart
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. Enzyme or Protein

Enzyme Locus Tissue
Number
Fructose-biphosphate 4.1.2.13 FBALD-3 Eve
aldolase
FBALD-4 Eye
Fumarate hydratase 4.2.1.2 FH Muscle
B-N-Acetylgalactosaminidase  3.2.53 BGALA Liver
Glyceraldehyde-3-phosphate  1.2.1.12  GAPDH-7  Muscle
dehydrogenase
GAPDH-2  Heart
GAPDH-3  Heart
GAPDH-4 Eye
GAPDH-5  Eye
Guanine deaminase 3.5.4.3 GDA-1 Liver
| GDA-2  Liver
N-Acetyl-A-glucosaminidase 3.2.1.83  AGLUA Liver
Glycerol-3-phosphate 1.1.1.8 G3PDH- Muscle
dehydrogenase 1,2
G3PDH-3  Heart
G3PDH-4  Heart
@ucose«&phcspham 5.3.18 GP1-B1,2 Muscle
isgmerase
GPI-A Muscle
G}utathione reductase 1.6.4.2 GR Eye
Hydroxyacyig%utathiane 3.1.2.8 HAGH Liver
hydrolase
L-iditol dehydrogenase 1.1.1.14  IDDH-1 Liver
| IDDH-2  Liver
Isocitrate dehydrogenase 1.1.1.42  miDHP-T  Heart

{NADP +}

19



Table 2. Continued

Enzyme or Protein Enzyme Locus Tissue
Number
miDHP-2  Heart
SIDHP-§ Liver
SIDHP-2 Liver
L-Lactate dehydrogenase 1.1.1.27 LOH-A1 Muscle
LDH-A2Z Muscle
LDH-B1 Eye
LDH-B2 Liver
LDH-C Eve
aMannosidase 3.2.1.24 aMAN Liver
Malate dehydrogenase 1.1.1.37 sMOH- Liver
Al 2
sMDH- Heart
81,2
mMOH-1 Muscle
mMDH-2  Muscle
Malic enzyme (NADP +} 1.1.1.40 SMEP-1 Muscle
mMEP-1 Muscle
mMEP-2 Muscle
Mannose-&phosphate £.3.1.8 MPI Heart
isomerase
Dipeptidase 3.4.-.- FPEPA Eye
Tripeptide aminopeptidase 3.4,-.- PEPB-1 Heart
Peptidase-C 3.4.-.- PEPC Eye
Proline dipeptiase 3.4.13.9 PEPD Heart
Peptidase-LT 3.4.-.- PEPLT Muscle
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Table 2. Continued

Enzyme or Protein Enzyme Locus Tissue
Number
Phosphogluconate : 1.1.1.44 PGDH Liver
dehydrogenase
Phosphoglucomutase 54.2.2 PGM-1 Heart
PGHM-2 Heart
Phosphoglycerate kinase 2.7.2.3 PGK-1 Muscle,
Liver
PGK-2 Muscle,
Liver
Purine-nucleoside 2.4.2.1 PNP-T Eye
phosphaorylase
Superoxide dismutase 1.15.1.1 sSQD-1 Heart
mSOD Heart
Triogse-phosphate isomerase 5.3.1.1 TPI-1,2 Eye
TRI-3 Eve




Table 3. Distribution of mtDNA haplotypes among six populations of pink salmon {(Qncorhiynchus gorbuscha) from Prince
William Sound. Frequencies of the haplotypes are in brackets”.

Caomposite Haplotype®

Population Year N P1 P2 P3 P4 P5 PE P7

Chenega Creek 19892 20 13 {0.65} 3 {0.15) 3 {0.15) - 1 {0.05) - -

Duck River 1982 20 15 (0.78) 1 {0.05) 3 {0.15) 1 {0.05) - - -

Fish Creek 1992 20 15 {0.75) 4 {Q.20y - - - 1 {0.05) -

Duck River 1991 20 8 {0.40) 11(0.85} - - - - 1 (0.05)

Humpback Creek 1991 20 14 {0.70) 4 {0.20} - - - - . 20,10}
1 {0.55) - - - - -

Swanson Creek 1891 20 8 {3.45) 1

* Data may not be used without written consent from authors,

® Haplotypes were determined from polymorphic enzymes (8stl) [, Hinf I, Apa |, and EcoR V, respectively)
and are as follows: P1=AAAA, P2=BAAA, P3=ABAA, P4=BBAA, P5=ACAA, PE=BAAB, P7=BABA.
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Table 4. Approximate fragment sizes and number of sites for the
16 restriction enzymes used on six populations of pink salmon from Prince William

. Sound®.

Enzyme Haplotype Fragment sizes {kb) # of Sites
Apa I a 1300, 1100 1
B 1300, 650, 450 2
Bam H I A 2400 0
Bcl I A 1750, 650 1
BStE IT A 2000, 400 1
Bsty I A 1650, 750 1
B 1150, 750, 500 2
bDpn II A 1300, 400°, 300 3
EcoR I A 2025, 375 1
EcoR V A 2400 : 0
. B 1500, 900 1
Hae IIT A 675%, 550, 500 3
Hind IIT A 2250, 150 1
Hinf I A 725, 450, 325°, 200°, 175 6
B 1050, 450, 325, 200°% 175 5
C 450, 400, 325°, 200°% 175 7
Kpn I A 2400 0
Pst I A 2400 0
Rsa I 2 1605, 265° 3
Stu I -3 900, 825, 675 2
Xba I A 2400 0

Data may not be used without written consent from authors.
* Two comigrating fragments of the same length.
.‘”‘ Three comigrating fragments of the same length.
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Tabhle 5.

Restriction enzymes that will used in to screen for mtDNA
restriction fragment length polymorphisms in pink salmon populations

inhabiting Prince William Sound.

Restriction Enzyme

Recognition Site

OO0 w3 GV U e L DS R

Apa I
BamH I
Bcl I
Bgl 1
Bgl II
BgtE IX
BstU I
Ppn 11
EcoR I
EcoR V
Hae II1
Hha I
Hind IIIX
Hinf I
Kpn
Mse
Msp
Nei
Pat
Sac
Sac
Saus
Sca
stu
- Tag
Xba
¥ho

I
I

b b b ON M b B R b e B

GCGGCC'C
GIGATCC
T'GATCA

GGCNNNN*'NGGC

A'GATCT
G'GTNACC

CECG

GATC
Gt1AATTC
GAT ! ATC
Garee
GCG'C
A'AGCTT
GIANTC
GGTACYC
TYTAA
Creee
cC* 866
CTGCA'G
GAGCT'C
CCGC' GG
G1GNCC
AGT 'ACT
AGGtCCT
TYCGA

T CTAGA
C'TCGAG
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APPENDIX A
7 March 19%4

. Collection of Finfish Genetic Samples
ADF&G Genetics Laboratory, Anchorage

i. General information

We use tissue samples from muscle, liver, heart, and eye from individual fish to
determine the genetic characteristics of a particular run or stock of fish, The most
important thing to remember in collecting samples is that tissues need t0 be as fresh and
as ¢old as possible at all times. :

i, Sample size

A sample size of 50-100 adult fish is preferred for the baseline electrophoretic study.
Samples of juveniles are statistically less desirable and sample sizes will need to be larger
than for adults; generally a sample size of 150-200 juveniles is necessary.

. Tissue sampling
A. General set up

We use four tissues {muscle, liver, eye, and heart} for protein electrophoresis
and liver for DNA analysis. Working fast is necessary, so it is best to try 1o

. get set up in as comfortable a place as possible. You might use a portable
table, piece of plywood, or anything to give you a surface at a good height.
Before sampling {night before?}, label tubes using tab markers or adhesive
tabels {provided in sampling kit}, Place the prepared tubes in the racks
provided, Four separate tubes, corresponding 1o the four tissues, should be
labeled for each individual. The following code should be used:

Species code * see instructions for each project
Location code * see instructions for each project
individual # # i.e. 01, 02, 03....100

Tissue M,LE H {muscle, liver, eye, heart}

B. Use of liguid nitrogen

We will be using s liquid nitrogen container to immediately freeze the

tissues. Inside the liquid nitrogen container are 6 cylindrical canisters, We

have shipped special test tubes called "cryotubes™ in which to place the
. samples. These ¢ryotubes have plastic seals and screw on caps to
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withstand liquid nitrogen storage. Five 1o six tubes are stored in a cane.

The working time of the liquid nitrogen comainer under normal conditions is
81 days {(3BVHC) or 50 days (18HC). To prolong the liquid nitrogen,
samples can be pre-frozen {if a freezer or dry ice is available} and added in a
group to minimize the number of times the container is opened. The liquid
nitrogen level can be checked periodically with a flashlight or actuslly
measured with a stick (2.3 fiters/inch in 35VHC; 1.25 liters/inch in 18HC).

~ "Large” 35 VHC container;
30 canes will fit in each of the six canisters. 5 cryovials will fit on a cane
comfortably or & in a pinch. Total capacity is B00 - 1080 tubes.

"Small" _18HC container:
17 canes will fit in each of the six canisters. 5 to 6 c¢ryovials will fiton a
cane. The total capacity is 510 - 612 tubes.

Safety with liquid nitrogen:

1. Wear gloves, protective eyewear, and protective footwear when placing
samples in contginer. Liquid nitrogen boils at ~186°, and it will spit and boil
when samples are added.

2. Do not tip the tank over as it does not seal. .

3. Keep lid on liguid nitrogen container at all times when you are not placing
samples in if.

4. Use a small cocler with ice, snow, or blue ice to hold canes until an
adequate number are collected to be put in liquid nitrogen container.
Depending on the conditions and the speed of sampling, place samples in
fiquid nitrogen within about one hour of sampling.

5. Use liquid nitrogen only in well ventilated areas {usually not a problem in
the field}. Avoid directly breathing the vapor.

6. Hazardous Materials Forms need to be filled out when shipping a filled
fiquid nitrogen container by air cargo.

B. Actual sampling
Please take samples from freshly killed fish, We find it easiest to set up four

canes simultaneocusly and organize the samples in canes by tissue. Thus,
muscle tissue from fish 1-5 would all be in one cane,
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Fitl the tubes approximately 3/4 full or to the 1.8 ml mark, leaving air space
at the top. Overfilling the tubes can cause them to burst when frozen,
Please minimize the amount of blood, dirt, skin, and fat in the sample.

1. Muscle

Muscle samples should be "white™ muscle, not muscie from along the lateral
line. Use a piece of muscle dorsal to the lateral tine. If you have trouble
getting the tissue into the tubes, cut it into smaller pieces.

2. Liver

The liver is {generally) located on the fish’s left side, just behind the pectoral
fin. An L-shaped incision slicing down ventraily behind the pectoral fin then
caudally along the belly works well. Please do not include the gall bladder
{the small green/yeliow sac of fluid attached 1o the liver}.

3. Heart

Once you have taken the liver, it is gasy 1o get the heart by just opening the
belly incision towards the head.

4., Eye

There are two ways to take the eyes. If the eyes are small encugh
{juveniles), they can be placed intact into a cryotube. This is the easiest
method, if they are too large, you must pipette out the liquid and black
retinal fluid, Using a sharp scalpel, cut a small siit in the surface of the eye,
then insert a pipette into the stit and suck out the fluid and black retinal
material. Squirt this into the cryotube.

We appreciate your help with the sampling. I you have any guestions,
please give us a call.

Laboratory {Lori Wagoner) 267-2454
Chris Habicht 267-2168
Jim Seeb 267-2385
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B. INTRODUCTION

This project is a2 component of the Sound Ecosystern Assessment {(SEA) program.
SEA is a multi-disciplinary effort to acquire an ecosystem-level understanding of the
maring and freshwater processes that interact to constrain levels of fish, and marine
bird and mammal production in Prince William Sound (PWS).

The purposes of this project are to (1) determine to what extent variations in predation
affect the survival of juvenile pink salmon (and other age-0 fish), and {2) identify and
describe the mechanisms that cause variations in predation. Pink salmon runs to PWS
failed in 1992 and 1993. These salmon run failures have drastically affected the
economy of the PWS region which is largely based on the salmon resources. it is
essential that we develop an understanding of the processes that are causing these
events. This information is needed to develop a strategy to restore salmon runs in
PWS, if possible.

At the present time, it is not clear 1o what extent cit-spil impacts or environmental
conditions may have contributed 1o the run failures in PWS. Restoration project 84191
{(injury to Salmon Eggs and Pre-emergent Fry in PWS) will determine if genetic
damages to pink salmon may have contributed to the run failures observed in PWS
during the past two years. The proposed project will determing to what extent changes
in the PWS ecosystem may have contributed to the run failures. In 19982, pink salmon

returns were low in Kodiak, Lower Cook inlet, and PWS, but pink salmon returns in : .

1993 were low only in PWS. Low returns of hatchery-produced salmon in both years
indicates that the failures were likely caused by processes occurring during the
juvenile fifestage. Damage assessment studies on juvenile pink saimon in PWS have
demonstrated that growth during the juvenile lifestage is related to survival to adult
{Willette 1983). Growth rates of juvenile salmon were estimated in 1991 and 1992
after the fish were released from hatcheries. Juvenile growth and ocean temperatures .
were low in PWS during the early marine period in 1891, However, in 1992 juvenile
growth and ocean temperatures were near average; although, zooplankton abundance
was very low. The growth of juvenile fishas is believed to be related to survivai,
because slow-growing individuals are vulnerable to predators for a longer time (Parker
1971, Healey 1982; West and Larkin 1987). The growth and mortality rates of juvenile
salmon released into PWS in 1992 suggests that a change in predation rate may
have contributed 1o the observed run failures.

C.  PROJECT DESCRIPTION

This is a multi-year project designed 1o test two hypotheses regarding mechanisms

that may regulate predation on juvenile salmon and other age-0 fish in PWS,

Regulation of prey population size by a predator requires that prey mortality rate

increase with prey population size {i.e density-dependent mortality; Holling 1959). .
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intense predation immediately after ocean entry may have contributed to poor survival
of relatively large release groups of hatchery-reared coho salmon (Bayer 1986, Olla

. and Davis 1988, Pearcy 1992). Learned behavior or response to environmental cues
may cause predators to aggregate in areas where prey are consistently abundant
(Ware 1871, Godin 1978). Alternatively, predation on a prey population may increase
when the preferred prey of potential predators is not available (Werner and Hali 1974,
Ringler 1979, Winfield et al. 1983). in the northern Gulf of Alaska, predators such as
juvenile walleye pollock {Armstrong and Winslow 1968} that prefer magrozooplankion
(Clausen 1983, Dwyer et al. 1987, Bailey 1983) may switch 1o age-0 fish when
macrozooplankion abundance is low. Macrozooplankton abundance was very low in
PWS in 1992 indicating that predators may have switched to juvenile salmon. The
following hypotheses will be tested by the project:

Hypotheses:

1. The predation rate (mortality rate) on juvenile salmon is greater when
juvenile salmon abundance is high.

2. The predation rate on juvenile salmon is greater when macrozooplankton
abundance is low.

During the first year of this project, basic information will be obtained regarding the
identity, distribution, and behavior of salmon predators. Data obtained during the first
year will be used to refine field sampling techniques and sampling designs. Field and
experimental studies will be conducted in future years to (1) monitor intra- and inter-
annual changes in predation rate, and (2) test the density-dependent and prey-
switching hypotheses. ‘

1. Resources and/or Associated Services:

This project will focus on the fish and marine birds that prey on juvenile pink salmon
(Oncorhynchus gorbuscha) in PWS. important fish predator species may include
walleye pollock {Theragra chalcogramma), Pacific cod {Gadus macrocaphalus),
sablefish (Anoplopoma fimbria) Pacific herring (Clupea harengus palfasi) and coho
salmon {Oncorhynchus kisutch). Logcstzca! support will be provided to staff from the
U.8. Fish and Wildlife Service who will identify marine bird predators and develop
preliminary estimates of predation rate. The economic survival of the communities in
the PWS region is dependent on restoration of the salmon resource. Attempts to
restore the salmon resource cannot proceed without understanding the cause of these

run faiiu:es

The information obtained from the study will also contribute to our understanding of
the mechanisms affecting population dynamics of ather juvenile fishes (forage fish)
.that serve as food for apex predators (marine birds and mammails). Analyses of fish
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stomach contents will provide information regarding predation on Pagcific herring,
capelin {Mallotus villosus), Pacific sandlance (Ammodytes hexapterus), and others.
Samples of forage fish {(sandlance, capelin, stc.) will be collected for later stomach
contents analysis within project 94163 (Forage Fish). This data will be used to
evaluate the carrying capacity of PWS for juvenile fishes.

2. Relation to Other Damage Assessment/Restoration Work:

This project is a component of the Sound Ecosystem Assessment (SEA) program.
SEA is a multi-disciplinary program designed to develop an understanding of the
mechanisms regulating ecosystem function in PWS. During its first year, SEA will
focus on the interactions of pink salmon and herring with other components of the
PWS ecosystem. Several other projects complement SEA by providing SEA
researchers with the data or tools needed to examine ecosystem function. These
projects include Qil-related Egg and Alevin Mortality (94191), Pink Salmon Coded-wire
Tag Recovery (94184), Pink Saimon Otolith Marking (84187), Pink Salmon Genetics
{94189), Forage Fish Influence on Recovery of Injured Species (94163}, Herring
Spawn Deposition and Reproductive impairment {94166), and Herring Genetic Stock
Identification (94165). This project is also related to damage assessment project FS#4
Early Marine Salmon Injury Assessment in PWS. .

3. Objectives:

This project will achieve the following three objectives during the first year of study.
1. identify the principal predators on juvenile salmon.

2. Determine the distribution, abundance, species and size composition of fish
predators along the juvenile salmon migratory pathway.

3. Recommend methods for improving field sampling techniques, sampling
designs, and hypothesis testing capabilities. .

4. Methods:
Objective 1:

identification of the principal fish predators on juvenile saimon will require estimation of

the juvenile salmon consumption rate for each potential predator species along the

juvenile salmon migratory pathway. Fish biomass, food consumption rate (daily. ration),

and diet composition must be estimated for each potential predator specias fo

estimate juvenile salmon consumption rate. The Nearshore Fish component of the .
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SEA program will estimate fish biomass using hydroacoustic techniques. The Salmon
Predation component of SEA will estimate predator species and size composition, food
consumption rate, and diet composition.

A stratified random sampling design will be employed to estimate the juvenile salmon
consumption rate during six ten-day sampling periods {Table 1). Technigues
developed by Mehl and Westgard (1883) will be used, i.e.

where G, is the consumption (grams) of juvenile salmon by a predator belonging to
size group j during time period i in strata k, DR, is the daily ration (%body weight per
day) durmg the ten-day sampling period, By is the biomass (grams) of the predator
species within the stratum, and P, is the proportion by weight of juvenile salmon in
predator stomachs within the stratum Total juvenile salmon consumption rate will be
estimated by summing among all important predator species. Variances will be
estimated and confidence intervals placed about the juvenile salmon consumption rate
estimate for each predator species, as well as the total consumption estimate.

The daily ration of salmon predators will be estimated from diel feeding periodicity
studies conducted once during each ten-day sampling period. Three random samples
{3 net sets) of 30 individuals each will be collected in a single area at midnight (0000
hrs), 0400 hrs, 0800 hrs, 1200 hrs, 1600 hrs, 2000 hrs, and midnight. Samples will be
processed as described above. The daily ration (DR, % body weight per day) will be
estimated for each ten-day sampling period (i) by

DR z; S{1-67 (2

i

1 s“”‘

where t is the duration of each time interval (j) over which stomach samples are
collected, S, is the mean stomach contents weight as a percent of fish body weight
within time period j, m is the total number of j time intervals in a 24-h day, and R is
‘instantaneous temperature-specific gastric evacuation rate (Elliot & Persson 1978).
Water temperature will be measured at the depth where fish were captured.
Temperature-spacific gastric evacuation rates have been estimated for walleye poiliock
(Dwyer et al. 1986, Smith et al. 1989) and Atlantic cod (Ursin et al. 1985).

Field studies will be initiated on April 1 and continue until July 22 (Table 1).
Approximately 180 million juvenile salmon will be released from the Wally H.
Noerenberg {(WHN) Hatchery beginning in late April through late May. The high
abundance of juvenile salmon near the hatchery will increase the likelihood of
.encountering salmon in predator stomachs. Estimates of juvenile salmon consumption
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- rate will be made for six ten-day sampling periods {Table 1) in two study areas in

" northwest and southwest PWS (Figure 1). The first four surveys will be conducted in
northwest PWS prior to June 15 when juvenile salmon released from the WHN
Hatchery will ikely be abundant in the area (Willette 1993). The last two surveys will
be conducted in southwest PWS priar to July 22 when juvenile salmon from all
hatcheries in PWS will likely be abundant in the area.

Prior to the salmon fry release at the WHN Hatchery {April 12-15), a detailed predator
distribution survey will be conducted in the Northwest Study Area adjacent to the
hatchery {see Nearshore Fish component). A mid-water traw! vessel will collect
hydroacoustic data in offshore areas. Two seine boats working in conjunction with two
small hydroacoustic survey boats (Nearshore Fish component) will survey predator
distribution in nearshore habitats. Net samples will be collected from selected schools
of fish to determine the variability in species and size composition within and among
schools. Preliminary analyses of the hydroacoustic and net data will be conducted fo
select sample sizes and develop a stratified sampling design to minimize variance
estimates of abundance, species and size-class composition (Cochran 1977).

After the first fry are released from the WHN Hatchery {late April), six predation rate
surveys (ten days each) will be conducted to estimate the juvenile salmon
consumption rate. The stratified random sampling program will be designed to
minimize the variance estimate of predator biomass (Bazigos 1978} and the proportion
of predator stomach contents weight comprised of juvenile salmon. As a result, strata
will be established based upon the abundance of predators and wvem&e salmon in the
study area {Smcth and Gavans 1993) Ju\femfe saimm abundanse will be est:mated

patterns from earlier studses (Willette 1993). it is expected that these criteria will result .

in strata established by time of day (day; night), depth, habitat type (nearshore;
offshore}, and geographic location (i.e., areas). During the first year of study, the
number of strata and sample sizes within strata will be liberal. Hydroacoustics will be

used to estimate predator biomass within each strata and locate schoals of fish for net .

sampling (see Nearshore Fish component). The Schools will be randomly sampled
within each strata. -

surveys. An apprommataly 25 m traw! vessel will sampia fish in oﬁshore areas using a

40 m x 28 m mid-water wing trawl equipped with a net sounder. The cod end of the
the trawl will be lined with approximately 2.0 cm stretch-mesh web to retain small
specimens. Data from the net sounder will be used to insure that the number of fi sh
caught in each set does not greaﬂy e’xceedrequired samp e sizes. A smaller mid-
fish in deep water areas. Two purse se ne vesse!s will sampie sa!mon predators in

- nearshore areas. Each vessel will fish a small-mesh purse seine approximately 250 m
x 30 m with 2.0 cm stretch mesh web. The small-mesh seines will also be used to
capture small fish that may compete with juvenile salmon for food, as well as, larger
juvenile saimon later in the season. Approximately 150 m variable-mesh gill nets (1.5
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cm 1o 10 om stretch mesh) will be deployed in shallow nearshore habitats that cannot
be effectively sampled with purse seinas. These samples will be used primarily o 4
identify potential predators and generally not for stomach contents analysis. . .

Processing of fish samples from each net set will occur in two stages following
procedures outlined by Livingston (1889} and Dwyer et al. (1887). On board the
sampling vessel, length will be measured for a randomly selected subsample {n=60)
from each species in the catch. if a large number of fish are caught, species
composition will be estimated from a random sample of 300 individuals. Fish body
weight will be estimated from length-weight regression equations developed for each
species from a sample of 300 individuals randomly selected from a range of sizes,
Stomach contents analysis will be conducted on a randomiy selected subsample
{n=15) of fish from each species. In cases where distinct size classes scour within
species, stomach contents analysis will be conducted for a subsample {n=15} from
each size class. Size related shifts in diet toward piscivory have been noted in several
species of gadoid fishes, including Pacific cod (Gadus macrocephalus) {Livingston
1989}, walleye pollock (Theragra cf?algagramma} {Dwyer et al. 1887), Atlantic cod
(Gadus mwhua} (Daan 1973), Pacific whiting (Merluccius productus) (Livingston
1983}, and silver hake {Meruccius bilinearis) {Langton 1982). Stomach contents
analysis will be conducted on board the sampling vessels for large fish and later in the
laboratory for small fish. Fish showing evidence of regurgitation will not be included in
‘the sample. Sex and sexual maturity will be recorded for fish processed for stomach
analysis. For large fish, total stomach contents wet weight will be measured to the
nearest gram. invertebrate prey in the gut will generally be identified to the family
level. Fish in the gut will be identified to the lowest possible taxonomic level, measured
to the nearest millimeter, and weighed to the nearest 0.1 grams. Stomachs of small
fish will be removed, placad in cloth bags, and labelled regarding location of capture,
length, sex, and sexual maturity. Stomachs will be preserved in 10% formalin and later
transferrad to 50% isopropyl alcohol, Later in the laboratory, total stomach contents
wet weight will be measured to the nearest milfigram. Prey itams in the gut will be
identified to the lowest possible taxonomic level. Fish in the gut will be measured 1o
- the nearest millimeter and weighed to the nearest milligram. Juvenile salmon will be
distinguished from other juvenile fishes in the gut by body or otolith morphology. Diet
composition will be expressed as a proportion of total stomach contents weight. k
Stomach fullness will be expressed as a proportion of fish body weight. A preservative
adjustment equation will be determined from a random sample of approximately 60
stomachs weighed {fo the nearest .01 g) before and after 40 days of preservation,

The age composition of potential fish predator populations will be estimated from
otolith analysis and length-frequency data. Length modes are clearly separated for
ages 1-3.among juvenile walleye pollock from the northwest Gulf of Alaska {Smith et
al. 1884). Otoliths will be collected from a random sample of 300 individuals from each
specges over a range of sizes. Fish age will be estimated from otoliths read by clearing
with 50% glycerin solution or by the break-and-burn method. A normal curve
separation technique will be employed to assign length categories to age groups
- {MacDonald and Pitcher 1979). Age assignments will be validated from a sample .
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{n=60} of otoliths that were not used to build the model.

. Objective 2:

Four broad-scale predator surveys will be conducted to determine the spatial
distribution, abundance, and species and size-class composition of fish predators
along the juvenile salmon migratory pathway {Table 1). The Nearshore Fish
component of SEA will employ hydroacoustic techniques to map the abundance of fish
predators from the WHN Hatchery to the Gulf of Alaska {Figure 1). The surveys will be
conducted by an gpproximately 25m mid-water trawl vessel. The Salmon Predation
component of SEA will sample selected fish targets with a 40 m x 28 m mid-water
trawl net (described above). A spatial statistics method, such as Kriging (Clark 1979),
will be used to develop contour maps of predator density. Fish samples will be
processed to estimate species and size composition of hydroacoustic targets using the
methods described in objective (1).

Objective 3:

Analysis of variance and multiple comparison tests and an analysis of gain in precision
will be conducted to identify strata that can be combined in future years {Smith and
Gavaris 1993, Cochran 1877). Post-stratification techniques based on predator and
juvenile salmon abundance estimates will be applied to the 1994 data to heip develop
an improved stratification scheme that approaches optimal allocation (Jolly and

. Hampton 1880). The relative contribution of each component {(daily ration (DR),
predator biomass (B), and proportion of salmon in the diet (P}) to the estimated
variance of the salmon consumption rate will be computed to identify where gains in
precision can be made by increasing sample sizes.

Feeding characteristics of each predator species identified under objective (1) will be
determined by examining graphically the individual components (DR, B, and P) of
juvenile salmon consumption rate. Multivariate analysis of variance grocedures will

also be employed {e.g., Johnson and Wichern 1988). Multiple regression analysis will
be used to provide a preliminary assessment of the two ;}ff:s;ec:t hypothases. Juvenile
salmon predation rate will be used as the depandent variable in the modat with
juvenile salmon abundance and macrozooplankion abundance (from the Zooplanktor
component} as independent variables.

5. Location:

This project will be conducted in PWS which has experienced failures in both wild and
hatehery salmon runs in 1882 and 1993. The gconomy in the PWS reg'an is based

dez, Cordova) in this regzon is dependent on the saimon resource. During me first
he project will focus samp%mg effort in western PWS which is known to

.he a major migratory pathway for juvenile salmon exiting the Sound.
8



6. Technical Support:

Hydroacoustic estimates of preda‘{or abundance, biomass, and size compaosition will be
provi ided by me Nearshore Fish ccmponent of SEA Bata archiving services wi i& be

archived. This service will be provided by the made ing and data managemeni
component of SEA,

7. Contracts:

Three vessels will be comracted w pmvzde logi stsc:ai suppert for predator surveys in

, Dceaﬂcgraphy, Nearsm{e F:sh Zoagaianktnn and Przmary Pmduc’{zon components of

the SEA program. A mid-water trawl vesse! will collect samples of saimon predators in
offshore areas of the Sound. This vessel must have adequate dry laboratory space for
hydroacoustic gear and wet laboratory space for stomach contents analysis, Two
purse seine vessels will be contracted to collect samples of predators in nearshore
areas. The vessel contracts will be awarded through competitive bid.




D.  SCHEDULES

. The field season for this project will be from April to July of each year. Laboratory and
data analysis will be conducted during the remainder of the year {Table 1).

Table 1; Schedule of project activities related to 1994 field season.

Time Period Activity

Aprit 16 - April 26 Northwest PWS Survey
May1 -May 10 Northwest PWS Survey
May 15 - May 25 Northwest PWS Survey
June 1 - June 10 Northwast PWS Survey
June 18 - June 27 Southwest PWS Survey
July 11 - July 22 Southwest PWS Survay
Predator Distribution Surveys
Aprit 1 - April 7 Western PWS Survey
Aprit 12 - Aprit 15 : Northwest PWS Survey
May 11 - May 14 Waestern PWS Survey
Jung 11 - June 15 ‘ Western PWS Survey
.Juiy 6 -.July 10 Waestern PWS Survey
Laboratory & Data Analyses :
6/1/94 - 12/31/94 , Conduct stomach contents
- : analysis and read ololiths.
171795 ~ 3/31/85 Analyze data and prepare annual
B report.

E.  EXISTING AGENCY PROGRAM

The Prince William Sound Aquaculture Corporation (PWSAC) will provide logistical
support to this project. Bunk space, shower facilities, and water will be provided to
project vassels and crews at PWSAC hatcheries as needad. PWSAC will also apply
coded-wire tags 1o nearly 1,000,000 juvenile pink salmon that will be released into
PWS during April, 1994. These fish will provide an essential tool for researchers
examining growth, migration, and predation on juvenile salmon in PWS, The ADFG is
responsible for managing the pink salmon resource in the PWS area. The depantment
ates pink salmon catch and escapement and forecasts returns from a pre-
index program. These activities provide essential data needed to
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estimate the survival of pink salmon returning to PWS each year.

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

This project will qualify for an exclusion from the requirements of the National
Environmental Policy Act. The project will not cause a significant environmental

impact.

G. PERFORMANCE MONITORING

An annual report detailing the resuits from the previous year's investigations will be
submitted by April 1 of each year.

H. COORDINATION OF INTEGRATED RESEARCH EFFORT

This project will be highly integrated with several other components of the SEA
Program as well as other projects in the FY84 workplan, Within the SEA Program,
Physical Oceanography, Nearshore Fish, Zooplankton, and Phytoplankton components
of SEA will share research platforms with the Salmon Predation Project. Within the
Physical Oceanography component of SEA, conductivity, temperature, depth (CTD}
profilers and Acoustic Doppler Current Profilers (ADCP) will be deployed from the mid-
water traw! vessel that will be chartered as a part of Salmon Predation. Within the
Nearshote Fish component of SEA, hydroacoustic gear will be deployed from the mid-
water trawl vessel and a dry lab will be provided on the vessel for a hydroacoustic
technician, Within the Zooplankion and Phytoplankion components, zooplankton and
water samples will be collected using nets and water bottles from the mid-water trawl
vessel. Each of the two seine vessels chartered by Salmon Predation will provide
logistical support (bunks, maeals, eic.) for an associated small hydroacoustic boat. The
hydroacoustic technician will be responsible for CTD deployment. Fishery biologists on
each seine vessel will coliect zooplankton samplas for the Zooplankton component.
Salmon Predation will provide a research platform for one marine bird observer in
cooperation with the USFWS component of the Forage Fish Project (94163). An
additional marine bird observer will be accomddated on each of the seine vessels if
possible. Salmon Predation will also collect age-weight-length data from forage fish
-and provide stomach samples for the Forage Fish Project. The Pink Salmon Coded-
wire Tag Recovery Project will provide data on survival rates of pink salmon raleased
from PWS hatcheries. This data is essential to quantify the effect of predation on
juvenile salmon survival rates. The Otolith Mass Marking Project (84187} will develop
a new mass marking tool for pink salmon in PWS. Mass marking of juvenile salmon
will greatly improve the feasibility of studies designed to examineg interactions between
wild and hatchery salmon during the early maring period and later during spawning. All
data collected as part of Salmon Predation will be provided to the Information and
Modeling component of SEA. The data will be essential for development and
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implementation of scosystem models.

L PUBLIC PROCESS

This project was developed through three months of ecosystem research planning by
the Prince William Sound Fisherles Ecosystem Research Planning Group
(PWSFERPQG). The PWSFERPG conducted public meetings each week in the fall of
1993. Scientist from the University of Alaska, University of Maryland, Prince William
Sound Science Center, Prince William Sound Aguacutture Corporation, Alaska
Department of Fish and Game, and U.S. Forest Service participated in the planning
process. The resulting ecosystem research plan was reviewed by scientist from the
United States and Canada at a public workshop held in Cordova, Alaska in early
December 1893. The methods and results of Salmon Predation will continue fo be
reviewed by various scientists within the Program Management component of SEA. A
workshop will be held in the fall of 1994 to review the first year’s results from Salmon
Predation and other components of SEA. Results reviewed at the workshop will be
preliminary, because all samples from the 1994 season will not be processed before
December 31, 1994,
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J. PERSONNEL QUALIFICATIONS

Mark Willette

Alaska Department of Fish and Game

Commercial Fisheries Management and Development Dzv:s;on
P.O. Box 663

Cordova, Alaska 989574

{907)424-3214

EMPLOYMENT.

March 1991 - present: Area Biologist with the Alaska Department of Fish and
Game, Commercial Fisheries Management and Davelopment Division in
Cordova, Alaska. Supervised by Dr. Stephen Fried. Conduct various fisheries
enhancement and evaluation projects in PWS including juvenile salmon growth
studies, lake stocking, limnological investigations of sockeye salmon producing -
fakes, and quality control of coded-wire tagging at private hatcheries. Conduct
fisheries oceanographic studies in PWS in cooperation with.private hatfcheries
and University of Alaska investigators. Chairman of PWS Regional Planning
Team. Principal Investigator: Natural Resource Damage Assessment Study
FS4A: Injury Assessment for Juvenile Salmon in Prince William Sound;
Restoration Project R105; Survey and Evaluation of Instream Habitat and Stock
Restoration Techniques for Wild Salmon in Prince William Sound; Restoration .

Project 93024: Restoration of the Coghill Lake Sockeye Salmon Stock.

March 1986 - February 1991: Fisherigs Instructor/ Assistant Reseach Professor,
University of Alaska Fairbanks, School of Fisheriss & Ocean Sciencss,
Supervised by Dr. Don Kramer. Conduct research on the effscts of
oceanographic conditions on the growth and survival of juvenile salmon in
PWS, fish bicenergetics in an arctic lagoon ecosystem, age and growth of
juvenile fish in the Chukchi and Bering Seas, ocean temperature variability in
the North Pacific Ocean and effects on pink salmon production, salmon feeding
on the high seas. Design and implement a program of education, research, and
public service to promote fisheries development in northwest Alaska. Teach
coflege level course in oceanography. Teach a marine safety and vogational
training courses in fisheries.

EDUCATION:

1985 Master of Science, Fisheries Oceanography, University of Alaska
Fairbanks.

1983 Bachelor of Science, Fisheries Science, University of Alaska Fairbanks.
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Stan R, Carlson

Alaska Department of Fish and Game

Commercial Fisheries Management and Development Division
34828 Kalifornsky Beach Rd, Suite B

Soldotna, Alaska 99669

{907)262-9368

EMPLOYMENT:

January 1993- present: Biometrician for the Alaska Department of Fish and
Game, Limnology Section, Commercial Fisheries Management and Develop
Division, Soldotna, Alaska. Supervised by Dr. Dana Schmidt. Conduct
statistical data analyses to evaluate factors that affect dynamics of the biota in
lake ecosystems. Design limnological experiments and determine methods to
gstimate zooplankton and salmon abundance. Develop and approve methods
to estimate hatchery contributions to the fishery. Develop, review, and conduct
statistical analyses for projects related to the impact of oil on commaercial fishery
species. Provide biometrical consulting to area and regional biologists and
statewide limnologists.

November 1991 - January 1993: Mathematical Statistician for the National
Marine Fisherigs Service, Auke Bay Laboratory, Juneau, Alaska. Supervised by
. Mr. Steven igneill. Conduct statistical studies on community attributes of pelagic
fauna in the north Pacific Ocean. Provide biometrical consulting, technical
- editing, and collaborative input on projects such as salmon bycatch and climate
change studies.

January 1989 - May 1891: Statistics Teacher, Experimental Statistics
Department, New Mexico State University, Las Cruces. Supervised by Dr.
Michael Ames. Instruct laboratory courses in statistics for undergraduate
science majors.

May - August 1990: Research Specialist (statistician), Department of
Entomology, Plant Pathology, and Weed Science, New Mexico State University.
Dr. Ellis Huddleston, Supervisor. Provide statistical modsling, analysis, and
design of experiments related to agricultural field studies and pest management
programs.

May - December 1988: Figld Biologist, Biology Department, New Mexico State
University. Supervised by Mr. Roger Skaggs. Conduct field population surveys
and habitat analyses of night birds in Lincoln National Forest, New Mexico.
Collect field data, supervise field personnel, and maintain data records,
Develop operational strategies and conduct follow-up statistical estimation
procedures.
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and cenduct angma fzeié research on desert msect ecoiogy

June 1983 - May ?985 Research Specsaixst Gardon Enwmnmeﬂtai Studies

@des;gn and implementation of field research primarily in the area of mﬁutzon
biomonitoring.

EDUCATION:
1991 Master of Science, Experimental Statistics, New Mexica State University.
1988 Master of Science, Biology {ecology), New Mexico State University.

1983 Bacheior of Arts, Environmental Biology, University of Montana,

K. BUDGET

Table 2. Budget summary for the Salmon Predation component of the SEA
program in FY94, FY95, and FY96 and beyond. Budgets for FY95 and
beyond may change as information from the first year of smdy is applied
to refine the methodology. ,

Line ftem | FY94 FY95 FY96 and beyond
Personnel 229.5 339.3 339.3

Travel 1.7 3.3 - 3.3

Contractual 617.7 618.5 - B19.5

Supplies 10.2 20.2 ' 20.2

Equipment 97.6 0.0 0.0

Total 956.5 882.3 982.3

Indirect Costs 418 58.3 58.3

Grand Total 8998.3 1,040.6 1,040.6
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Project Tiia: . ASSESSMENT OF JUVENILE SAL MON PREDATION IN PRINCE WILLIAM SOURD

Agancy. Alaska Dopatment of Fish and Gams

Project Description: This project is a component of the Sound Ecosystern Assessment (SEA} fxogamSEA Is 2 muttt~disciplinary effort to acquire an
soosystern—~laveal undarstanding ofthe marine and reshwalyr processes that interact to consiraln levels of fish and mardne by dand mammal production in Prince
Wittam Sound (PWS). This project will test tow hypotheses regar ding maohanisms Hiat may regulale pradation on juventte salmon and otheags~§ tish in PWS.
During tha frst year of study, the project will (1) identily the princips predators on fuventte saimon and othsy age~Q fishes, (2) determing the disribution
abundance, specias and size compaslition of fish pradators along the juvenile salmon migratary pathway,and (3) recommang methods for improving tield sampliing
{echnlquas, sampling designs, and hypothesis testing capabifities, A mid~water tawl vesse! and twe purse seine vessols will be chartered to provide fogistical
support the projedt. These vessels will also provids logisticsl support tor the Physkeal Oceanography, Nearshore Fish, Zooplanikion, and Prirsary frodustion
campanents of the SEA progam This project will aiso ocollsct sampies of juvenite ish for restaration project 94163 (Forage Fishy,

Proposed Sum
Budget Category 1 ~Feb~54 FY 86 &
31~Sept~54 FY a5 Heyond
Personnel $229,292.¢ 53392850 3334,285.0
Trava! 51,6500 §3,300.0 $3,300.0
Conrachuat $617,750.0 56188010 $61€,501.0
Commaiiios $10,200.0 $20,200.0 §23,200.0
Egutpmant $87,800.0 $0.0 0.0
Capitat Quitay 0.0 $0.0 $0.0
Sub-~total 3956,492.0 5982, 256.0 $982,286 0

Genarat Adminial ation 541,768.0 558,300.0 A58.300.0

Prafect Tatal $808,280.0 $1,040,586.0 31,040,586.0
Fufi~time Equivalents (FTE) 37 5.8 5.8

Budgst Yea Proposed Personnsh
: Monihs

Posiion Budgeled Cost Comment
Fishery Biologist IV Q7 $4.522.0 Project Manager
Fiahery Binlogist i} 25 $14,265.0 Projett Laader
Fishery Slokgist it 6.0 $28,200.0 Arrange vesse! charter and senduct Yawl survay
Flahary Bioiagist 35 333.040.0 Conduct itawi sunvey and condugl siomach analysis
Fishery Tachrictar # 35 283,025.0 Cardlus! trawd suevey and conguet stomach armiysis
Fishary Tochniclan ¥ a8 $23,028.0 Gonvduct rawl survey and conduct stomach analysis
Fishory Technician # 35 PR3025.0 Conduct traw! survey and conduct stamact analysig
Fishary Tachniclan § a5 $23.0250 Gonduct rawt survey and tonduct stomach analysis
Fishery Technician #l 20 $7.000.0 Set~up and mainiain database
Fishery Technician 8 20 $7.000.0 Conduct stomach conlents analysis on redators
Fighery Technician Bl 20 $7.0600.0 Confuct stornach contenls analysis on redators
Fishery Techriclan B 20 £7.000.0 Conduct stomach conients analysls on pradators
Fishery Techniclan # 25 $8,750.0 Conduct stomach contents analysis on peadalons
Fishery Tachnician # 2.0 $6,140.0 Data antry
Biometician il 25 $14.2750 Design sampling program and analyze data

Totat $409,202.00




Project Title: ASSESSMENT OF JUVENILE SALMON PREDATION IN PRINCE WILLIAM SOUND

Fravel:

Two round irips betwesn Soldotna and Oc«réové to have blometrician review data collection procedurss in the feld,

Per Diem for biometriclan

Contractual:

Alr charter flights 1o transport stafl from Cordova 1o the vessels,
Charter of a 70" frawl vessel o conduct mid—water fraw! sampling of juvenile salmon predators
Charter of 42"+ purse seine vessel to sondust nearshore sampling of fuvenile salmon predators

Commaedities:

Offics suppliss

Laborstory supplies

Fisld supplies {groceries, food, fuel, otc)}
Utlities

Equipment:

One 486 1BM compatatible computer for data entry and analysis,
Dissecting microscoepes for slomach contents snalysis (2)
Small~mesh purse ssinss (2}

Mid~water tfrawl net (1)

Total

Total

Totat

Total

Cost

7000
$050.0

$1,850.C

$4,000.0
$358 750.0
$127,500.0
$127,500.0

-
SE1RTECD

$1,600.0
$4,000.G
$3,00.0
$1,800.0

$16,200.0
$6,000.0
35,600.0
$56,000.0
$3¢,000.0

$97,800.0
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EXXON VALDEZ OIL SPILL PROJECT DESCRIPTION - ECOSYSTEM STUDY

Title: Trophic interactions of harbor seals in Prince William
Soun

Projecﬁ'zdentification Number:

Lead Agency: ADF&G

Cooperators: University of Alaska, NOAA/NMFS

Cost of Project, FY¥Y584: $2;,QGQ Cost of Project, FY%5: 524,000
Project Startup Date: 5/94 Duration: 2 vyears

Gaographic Area: Prince William Sound |

Introduction: Harbor seals in Prince William Sound and the northern
Gulf of Alaska are declining for unknown reasons {(»60% decline
since 1984} . In PW3 the decline was exacerbated by the Exxon
Valdez oil spill. There has been no indication of recovery
following the gpill. Because of the significant and unexplained
decline, harbor seals are currently being considered for listing as
depleted under the Marine Mamwal Protecticn Act.

Harbor sgeals are apex predators of forage fishes and to a lesser
extent octopus and shrimps., Seals in PWS probably consume & to 10
million pounds of prey annually,. Harbor seals are preyed upon by
killer whales and harvested by subsigtence hunters in PWS. They
bear their young on terrestrial haulocuts or glacial ice where they
are subject to disturbance by boats and aircraft.

To date, the cause of the ongoing decline in PWS and the northern
Gulf is unknown. The following guestions have been posed about
possible causes of the decline:

1) Is the cause anthropogenic?
2} Is it due to reduced productivity or to disease?
3) Is it related to availability of prey?

Cther EV0OS restoration studies (94064, 94244) are addressing
guestions 1 and 2. Monitoring surveys provide information about
pup production and trend of the population. Satellite tagging
studies are providing information about site fidelity and location
and depth of feeding. 4  subsistence monitoring study is
quantifying mortality due to harvest. Based on these studies, pup
production appears to be normal and adults on haulouts appear to be
healthy. However, surveys during pupping indicate a continued
decline while those during melting suggest numbers have stabilized
since 1983%. Tagged seals show marked fidelity to haulouts sites
and feed near these sites. There appears to ke little seasonal
movement . Subsistence hunters harvest about 300 harbor seals
annually. Killer whale predation, harvest by subsistence hunters,



and incidental take by fishermen wmay be contributing to the
decline, but are probably not the primary.cause.

The possible effects of prey availability have not been addressed
by studies to date. However, changes in the availability of prey
have been postulated as possible causes for recent declines of
harbor seals, Steller sea lions, and sea birds in the Gulf of
Alaska and the Bering Sea.

PROJECT DESCRIPTION

1. Regources and/or Associate Services: The resources/services
which may benefit from this study include harbor seals, subsistence
users, tourists and others who view or photograph harbor seals, and
fisheries whose management may be affected by the status of harbor
seals. Information from this study will be incorporated into
ecosystem models to help better understand the trophic ipteractions
between marine mammals and forage fishes such as herring.

Ongoing studies are providing information to document trend in
harbor seal abundance, to identify important haulout and feeding
habitat, to evaluate site fidelity, to learn about feeding
behavior, and to gquantify the subsisgtence harvest. While such data
are important for interpreting trophic impact of harbor seals,
none of these ongoing studies directly address the trophic

interactions of harbor seals and the possible effects of prey §

availability on their status and trends.

Because harbor seals are being considered for listing as depleted
under the Marine Mammal Protection Act, they have a high political
profile, It is essential to obtain data that will improve
understanding of the decline and to do anything possible to reverse
the declining trend through preotection of habitat or food
regources. Under federal law, subsistence is the priority use of
wmarine mammals. If data are not adequate to determine that
subsistence takes and fisheries removals are sustainable, wore
restrictive regulations for PWS fisheries could result.

2. Objectives: This study is designed to invegtigate the trophic
ecology of harbor seals and to assess the role of prey availability
in the ongoing decline. It will integrate information about harboxr
seal trophodynamics with other studies of key ecosystem components,

Hypothesis: The decline in harbor sesal numbers in PWS in the
last decade has occurred primarily because of changes in the
availability of their prey, particularly forage fishes.

The objectives are:
1} Integrate information from ongoing satellite tagging studies

about areas where harbor seals feed and depths at which they feed
with information about the distribution and abundance of key




species of forage fishes. (Tagging information from 94064 and
forage fish information to come from geparate study.)

2} Use fatty acid signatures to elucidate the trophic ecology of
harbor sealab Marine mammal diets are high in particular fatty
acids which mwmay be sgpecific to particular prey species.

Differences in fatty acid composition in seals can lead to
identification of prey types, establishing species composition of
diets, and tracing trophic relationships among species. Lipid
analysis would be conducted on harbor seal blubber, serum, and if
available milk, in conjunction with lipid analysis of prey (forage
fishes, octopus, shrimps). This will enable a determination of
~which prey are utilized by seals and of their relative contribution
to the diet/energy budget.

3} Provide samples to a proposed stable isotope study and
integrate results of stable isotope analysis of seal tissue with
analyses of other components of the pelagic ecosystem. | This will
help describe carbon flow and establish key trophic links in PWS.
Results will be integrated with results of lipid analysis to trace
trophic relationships of harbor seals, to evaluate the nature of
trophic pathways, and to examine trophic differences betwesn
juveniles and adults.

3. Methods: Information from Study 94064 {(Habitat use, behavior,
and monitoring of harbor seals) will be integrated with detailed
information about the distribution, abundance and depth of forage
fisheg {(including herring, salwon and othexrs) in PWS., Information
on harbor seal numbers, biomass, and per capita food consumption
will be compiled and made available for input intce trophic models
of PWS.

In conjunction with satellite tagging conducted under project
94064, samples of harbor seal serum and blubber will be ccollected.
These tissuee will be analyzed for fatty acid composition using
high-performance liquid chromatography {(HPLC) . Forage fishes which
are potential prey species of harbor seals, as well as some
zooplankton preved upon by fishes, will also be analyzed for fatty
acid compeosition using HPLC. Samples will be provided by
investigators of forage fish and zooylankcon studies. Fatty acid
‘signatures of prey species will be compared to fatty acid
compogition of seal blubber and serum in order to estimate the tLype
and relative proportions of different prey consumed b} the szeals.

An estimated 20-30 samples will be collected from seals during two
periods, May and September, as part of project 94064. It will be
possible to compare early summer diets with fall diets, as well as
to compare the diets of juveniles and adults. Samples are also
available from harbor seals collected in PWS following the EVOS.
These samples will be analyzed as part of this project.

If a stable isotope study is being conducted in PWS as part of an
overall scosystem study, samples of harbor seal tissue will be
provided for analysis. It is estimated that 20-30 samples will be
obtained. Harbor seal investigators will work with investigators



from cther disciplines to interpret the results of stable isctope
analyses. Preliminary work with stable lgotope analysis in harbor
seals and sea lions has provided useful information about trophic
differences between juveniles and adults and about the trophic
status of different species in different geographic areas.

4. Location: The study will be conducted in Prince William
Sound. Samples will be collected from all seals that are
satellite~tagged and from fishes and plankton that are collected in
PWS as part of other studies.
5. Technical Support: Computer and statistical support will be
provided by project personnsl from Wildlife Conservation.

§. Contractsa: Fatty acid compoesition will wmost likely be
analyzed at the University of Alaska Fairbanks. We will work
cooperatively with Dr. Michael Castellini, a marine mammals
physiologist at UAF, and one of his graduate students.  The

analyses will be done under a Reimbursable BServices” Agreement .

between ADF&G and the Institute of Marine Sciences at UAF. The RSA
will be processed by the Division of Wildlife Conservation.

SCHEDULES
This project will be conducted during 1994 and 19%5. Seals will be
sampled during April/May and again in September concurrent with

satellite tagging activities conducted under project 94064.
Laboratory analyses will be conducted following the field season.

EXISTING AGENCY PROGRAM

The Division of Wildlife Congervation is conducting an ongoing
restoration study entitled “Habitat Use, Behavior, and Monitoring

of Harbor Seals in Prince William Sound, Alaska.® This study will
be active during 19%94. The proposed study of the trophic

interactions of harbor seals in PWS is designed to supplement
project 94064 by providing information on diet composition of
harbor seals and integrating inforwmation about seal movements with
information about distribution and abundance of forage fishes.
There will bhe no additional cost for field work or sampling. All
seal samples will be obtained during field work conducted as part
of study 94064.

ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

NCAA has determined that the harbor seal study {(34064) qualified
for categorical exclusion (CE} and does not reguire an
environmental assessment. As reguired by the Marine Mammal
Protection Act, ADF&G has been authorized under Permit No. 770 to
instrument and take samples from harbor seals during the peried




under terms of tchat permit. All MMPA permit applications are
reviewed by federal agencies and the U.S. Marine Mammal Commission
and are available for review by state agenciles and the public
through a Notice «f Receipt published in the Federal Register.

. 1982-1995. The procedures required for thig study are allowed

PERFORMANCE MONITORING

The PWS harbor seal trophics project will be coordinated by
principal investigator Kathryn J. Frost, who is a Marine Mammals
biclogist with the ADF&C Division of Wildlife Conservation. Other
key pexrsonnel from ADF&G will be Lloyd Lowry, Marine Mammals
Coordinator; Reb Delong, Analyst Programmer; and Jay Ver Hoef,
Biometrician II. This project will be fully coordinated and
integrated with project 94064, Fatty acid analyses will be done in
cooperation with Dr. Mike Castellini at UAF. The investigators
will c¢oordinate with other PW8 investigators whe are studying
forage fishes and zooplankton.

-

BUDGET ($K)

(May 1, 1994 to September 30 1924}

Pergonnal £.5
Travel 1.0
Contractual {(RSA) 1%.0
Commodities 1.5

' Equipnent 0.0
Capital Outlay 0.0
General Administration 2.0
Total 26.0
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.8.' INTRODUCTION

The proposed Sound Ecosystem Assessment program (SEA) targets the prediction of
recruitment success of pink saimon and herring from the perspective of ecosystem process
controls. Specifically, the SEA hypothesis states that the physical oceanographic forcing on
the circulation of Prince William Sound alternates between years of strong through-flow, river-
like conditions, and relatively stagnant, lake-like conditions. The consequence of these
alternate states is a high biomass of large zooplankion in lake years that are the primary
nourishment for target fish and their predators {this has been termed the "middle-out” food
web control). In alternate river years, the large zooplankton are sparse and predation on the
target species predominates (the “"top-down” control). Ecological theory provides yet another
possibility, that of "bottom-up” control, where the production of upper trophic level species is
modulated by variations in nutrient-driven phytoplankton production.

The structure and compaosition of the zooplankton community could be determined by the
total amount of phytoplankion primary production and/or by the species composition of the
phytoplankton community. For example, a phytopiankton population dominated by large
diatoms may suppert an abundance of large oceanic copepods, whereas a phytoplankton
population dominated by smaller flagelfates may result in a reduced number of larger
copepods, or in a shift to a zooplankton community dominated by smaller neritic copepod
species. In this component, we will provide the nutrient and phytoplankton data that are
.essenﬁa} to evaluate the influence of phytoplankton dynamics on the food web.

A central tenet of the SEA hypothesis is that there is variable advection of Gulf of Alaska
waters into Prince Willlam Sound. This advection affects not only zooplankton populations,
but ailso the Prince William Sound phytoplankion populations. Strong advection may
confound the effects of in s Prince Willlam Sound primary production with Gulf of Alaska
production. We propose to use satellite-derived sea-surface temperatures to monitor the
movement of Guif of Alaska surface waters into Prince William Sound and, after September
1994, to use satellite-measured surface chlorophyll concentrations to determine the effect of
advection on the observed chiorophyli field.

C. PROJECT DESCRIPTION
1, Resgurces and/or Associated Services:

All components of the marine ecosystem study will benefit from this project. Primary
production is the basis of the food web and, in a general way, all subsequent energy
transfers are ultimately based on the phytoplankton growth in the Sound or the biomass
imparted in the oceanic water mass. Many species in PWS have suffered declines in recent
years. in particular, the pink salmon and herring populations in the Sound have been
damaged and are not recovering. Also harbor seals, predators of these and other fishes, are
continuing to experience a population decline (Pitcher, 1890). While many ideas have been
proffered about the causes of mortality and/or fow production, food cannot be ruled out, and




hence phytoplankton production is directly or indirectly implicated. Surprisingly, at least to us;
there has been almost no work on phytopiankton in Prince William Sound since the earliest
impact studies in the 70's, and it was not until 1993 that a complete cycle of phytoplankton
was measured (via the CFOS buoy). Throughout the oil spill recovery period there has been
no measurement of ambient nutrient conditions or phytoplankton biomass and production, so
what is often considered a major deterministic variable of food webs in other marine systems
has been ignored in damage and restoration studies.

2. Relation to Other Damage Assessment/Restoration Work:

This project is one part of the multi-component SEA and Related Studies program in Prince
William Sound, which has been designed to provide a comprehensive ecosystem-based
understanding of population trends in the upper trophic levels, specifically in pink salmon,
herring, marine bird, and marine mammals. Within SEA, the Phytoplankton and Nutrient
project will work most closely with the Physical Oceanography/Meteorology, Zooplankton, and
'Ecosystem Data Base and Modeling projects. The phytoplankton and nutrient work proposed
here will provide data for the examination of the temporal and spatial variability in the
chemical and primary production fields, and for the testing of the hypothesis of "bottom-up”
control of the Prince William Sound ecosystem.

3. Objectives:

This study is designed to investigate the pattern, amount, and type of phytopiankton growth
and the major inorganic nutrient fields associated with the growth processes. Our hypothesis
is that variations in the phytoplankton are transferred to the zooplankton and that such
variations are a function of oceanographic conditions that control the supply of inorganic
nutrients.

The specific objectives are:

1) To measure the timing, and biomass of the phytoplankton cycle;

2) To measure the primary production of the phytoplankton;

3) To determine the spatial and temporal patterns in phytoplankton distribution using satellite
imagery;

4) To determine the species composition of the phytoplankton community;

5) To measure the distribution and quantity of the major dissolved nutrients including
nitrate+nitrite, ammonium, phosphate and silicate;

6) To contribute phytoplankton and nutrient data to the SEA ecosystem
model.

4. Methods:

Field work will be done in conjunction with other projects that require a vessel. We estimate
the need for 2 people on each cruise to accomplish the work .program. In 1994, if sufficient
vessel time is not available, we will conduct a portion of the work in conjunction with the \D



'jzooplankton project from a shore base at the PWSAC Esther Island hatchery. Timing of the
~.__“field work should be arranged to cover the spring phytoplankton increase period. Based on

N

the limited historical data and the excellent record obtained in 1993 by the CFOS buoy the
sampling period should begin in mid-March and extend to mid-June. Discrete sample times
can be integrated with the assistance of the continuous chlorophyll record obtained from the
CFOS buoy sensor array and satellite data. :

a) Phytoplankton Biomass, Spatial and Temporal Patterns:

Phytoplankton biomass will be determined using the standard chlorophyll technique
(Parsons ef al., 1984) as determined by a Turner Designs Fluorometer. Data will be
collected at specific locations that allow mapping the areal pattern and at selected depths
that describe the water column profile. At each location (station) water samples will be
collected with a Niskin Sample Bottle and an aliquot (usually 1 liter) will be filtered to collect
the contained plankton. The chlorophyll in the sample will be extracted with the appropriate
solvent and the fluorescence of the solution measured quantitatively with the fluorometer.
Chlorophyll units will be converted to carbon units using carbon to chlorophyil ratios
determined from the field samples.

b) Phytoplankton Primary Production:
The biomass pattern provides a picture of what is present, but it does not provide
information on the phytoplankton dynamics. For example, a phytoplankton population with a

chlorophyll concentration due to strong grazing by the zooplankton community. To determine

’the actual primary production rate, we will use a labeled inorganic carbon tracer to measure
direct uptake of carbon by phytoplankton photosynthesis. As with chlorophyll, the
measurements will be on samples from discrete depths that represent the phytoplankton
community distribution in the water column. We will use the standard techniques for deck
incubations (Strickland and Parsons, 1972) with more recent modifications to avoid
contamination (Fitzwater et al., 1982; Chavez and Barber, 1987). Field sampling wili be
based at PWSAC salmon hatcheries or, when available, conducted aboard ship with
incubations performed using natural or artificial light, depending on the location and
capabilities of the site. Since these are time-dependent measurements, they will be done
once per day.

’/avrelatively low chlorophyll value may be growing rapidly, but not exhibiting an increase in

c¢) Phytoplankton Community Composition: '

While biomass and rate measurements provide information on the availability of food,
they do not give insight on the potential quality of phytoplankton as food. This requires a
more detailed examination of the composition of the community. The composition of the
phytoplankton community may be as important as the total primary production in determining
zooplankton species and abundance. We will take 25 ml aliquots and preserve them in
Lugol's solution for later species identification using inverted microscopy (Sournia, 1978).
Beginning in 1995, we will monitor the distribution of the phytoplankton and other particulates
using a WET Labs dual path absorption and attenuation meter. This instrument can easily

. be configured to provide continuous attenuation and chlorophyll absorption measurements



from an underway vessel. We will analyze the resuiting distribution of phytoplankton and j
other particulates to monitor spatial and temporal changes in chlorophyll concentration and

particle size distribution (Spinrad, 1986). -

d) Satellite Image Analysis:
Satellite images are a powerful integrative tool. Once we obtain some field samples for

ground truth data, images can be valuable sampling mechanisms to examine the pelagic
ecosystem on a broad geographic scale and over the entire year. We will use NOAA
Advanced Very High Resolution Radiometer (AVHRR) imagery from the University of Alaska
Fairbanks High-Resolution Picture Transmission (HRPT) ground station. This station has
been operational since 10 August, 1993. The AVHRR data will be processed to produce
- sea-surface temperature images of the and regions. We will use these images to monitor
the inflow of water to Prince William Sound and to determine the spatial extent of water
masses identified by the field program. This information will be made available to all SEA
investigators. We will acquire ocean color imagery of Prince William Sound from the Sea-
viewing Wide Field-of-view Sensor (SeaWiFS) after the launch of the SeaStar satellite in
September, 1994. We will examine images of chlorophyil distribution from the SeaWiFS data
using both Terascan and Seapak (McClain et al., 1992) image processing software. We will
analyze the chlorophyll and sea-surface temperature images to determine the spatial and
temporal variability in the surface water masses and phytoplankton in the Sound throughout
- the year. The satellite data will allow us to put the field data into the correct spatial and

temporal context. D. Eslinger will be responsible for providing the processed AVHRR (and
SeaWiFS imagery to NASA approved SeaWiFS investigators) as part of the Ecosystem Data @
Base and Modeling project. -

e) Nutrient Fields: A '

Phytoplankton require the major inorganic nutrients -- nitrogen, phosphorus and silica —
for growth. Nutrients are supplied by the general oceanographic circulation and land run-off.
Since phytoplankton also require light, the problem is understanding how the nutrients are
supplied to the illuminated zone of the sea. Here we will gather quantitative data on the
distribution of nutrients throughout the phytoplankton growth season. We expect that the
depletion of nutrients will be the major factor that defines the period of high phytoplankton
growth. In the field, water samples wiil be collected with Niskin Bottles at standard depths
over the upper 100 m (deeper if deemed necessary). A small aliquot (250 ml) is to be
filtered and frozen for later chemical analysis. Chemical determination of the quantity of
dissolved nitrogen (as nitrate, nitrite and ammonium), phosphate and silicate will be
measured using prescribed methods with an Alpkem Auto-Analyzer (available) in our
laboratory in Fairbanks. ‘

f) Data Sharing:
All data from this project wili be available electronically to the modeling project. We also

expect to interact extensively with the modeling effort and the development of a coupled
physical and primary production sub-model.



.5. Location:

Prince Willlam Sound and UAF.

6. Technical Support:

Nutrient analysis and phytoplankton species identification will be performed at the Institute of
Marine Science Marine Ecosystem Laboratory at UAF using existing facilities. Field
observations of chlorophyil will initiaily be performed using a Turner Designs flow-through
fluorometer. In FY 95, funds will be requested (this proposal) for a WET Labs dual beam
attenuation and absorption meter to obtain high precision measurements of particle and
chiorophyll concentrations. Satellite image analysis will be performed at the IMS Remote
Sensing Laboratory at UAF utilizing both Terascan and Seapak analysis packages.

7. Contracts:
None,
8. References:
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. i
D. SCHEDULES: L >

This project will be conducted in 1994 and 1995. The field season will concentrate on the
period March--June. All laboratory analysis of samples will occur following the field season.
Satellite observations will begin in 1994 and continue throughout the duration of the project.

E. EXISTING AGENCY PROGRAM:

There is presently no agency program to determine the distribution and spatial and temporal
variability of phytoplankton production and nutrient concentrations in Prince William Sound,
Alaska.

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION
STATUS:

Use of radioisotopes for the determination of primary productivity is covered under the license
of the University of Alaska, and will be performed in accordance with all Federal and State

and University requirements.
G. PERFORMANCE MONITORING:

This cbntract will be supervised by Drs. C. Peter McRoy and David L. Eslinger, Institute of ;
Marine Science, University of Alaska Fairbanks. —

H. COORDINATION OF INTEGRATED RESEARCH EFFORT:

The SEA phytoplankton and nutrient project will interact with other SEA projects by
contributing information on the timing and intensity of the spring phytoplankton bloom, the
character and composition of the bloom, and the spatial extent and variability of the bloom
and nutrient concentrations. We will interact with the physical and meteorological
components to determine the effects of advective and mixing processes on nutrient and
phytoplankton distributions. We will collaborate with the zooplankton project to determine the
importance of in situ Prince William Sound primary production in determining the zooplankton
dynamics and how this interacts with the river/lake hypothesis. We will work closely with the
data and modeling project to provide appropriate parameter measurements and field "truth"
data with which to check the model, and will help in the development of a nutrient,
phytoplankton, zooplankton component for the model.

I. PUBLIC PROCESS:
R. T. Cooney: An Integrated EVOS-Sponsored Ecosystem Approach to Marine Fish, Bird

and Mammal Issues in Prince William Sound: Sound Ecosystem Assessment (SEA) and
Related Studies (Project 94320 Summary).

>



.J. PERSONNEL QUALIFICATIONS:

Dr. C. Peter McRoy received a masters degree from the University of Washington in 1966
and a doctoral degree from the University of Alaska in 1970. Since that time he has been a
faculty member of the University of Alaska. He has been a full professor since 1978, and
has been an invited visiting professor at San Francisco State University, the University of
Tokyo, and the University of Hawaii. He is a member of eleven professional societies and
has received the Diamond Award from the Botanical Society of the America. Dr. McRoy
teaches at the graduate level in the Marine Science and Limnology program of the School of
Fisheries and Marine Sciences at UAF. He has worked on large, inter-disciplinary, multi-
university, international projects such as the Processes and Resources of the Bering Sea
Shelf (PROBES) program and, recently, the Inner Shelf Transfer and Recycling (ISHTAR)
program. Dr. McRoy has published over 55 manuscripts in the referred literature and is
author of 8 book chapters.

Dr. David Eslinger received his Ph.D. from Florida State University in 1990. He has since
been a National Research Council Research Associate at the NASA/Goddard Space Flight
Center from 1980 to 1992. He has been an Assistant Professor at the University of Alaska,
Institute of Marine Science since 1992. Dr. Eslinger teaches Biological Oceanography and
Satellite Oceanography at the graduate level in the Graduate Program in Marine Science and
Limnology of the School of Fisheries and Marine Sciences at UAF. Dr. Eslinger is a member
of five professional societies and was awarded a NASA Graduate Student Researcher
Award. He has cruise experience on five cruises in the North Atlantic. He has presented
nine papers at national and international meetings, has two published manuscripts and three
others in preparation or in press. Currently, Dr. Eslinger is examining coupled biological and
physical models of the Bering Sea Shelf, the relation of ocean color to groundfish biomass,
and the occurrence and biological effects of mesoscale eddies in Alaskan waters. He is also
the SeaWiFS Coordinator for the HRPT satellite downlink station located at the University of
Alaska Fairbanks.




EXXON VALDEZ TRUSTEE COUNCIL

Project Description: Sound Ecosystem Assessment {SEA): Plankton Dynamics - Phytoplankton and nutrients

Proposed Proposed Sum
1 1-Mar-94 1-Oct-94 , FY 98 &
Budget Category 30-Sept-94 | 30-Sept-95 FY 94 FYos5 | Fy9e | Fy 97 | Beyond
Personnel®3 119.8 141.8 119.8 141.8
Travel - 5.6 5.6 5.6 5.6
Contractual 6.3 3.8 6.3 3.8
Commodities 11.3 11.3 11.3 11.3
Equipment 0.0 18.8 0.0 18.8
Capital Outlay 0.0 0.0 0.0 0.0
Sub-total 142.9 181.2 142.9 181.2
General Administration 0.0 0.0 0.0 0.0
Project.Total 143.0 181.3 143.0 181.3
Full-Time Equivalents (FTE) 3.4 2.8 3.4 2.8
Months
Budget Year Proposed Personnel: Budgeted Cost Comment
McRoy, C. P. 2 $24,816 Project leader, principal scientist
Eslinger, D. 3 22,510 Asst. project leader
Bergeron, B. 5 23,513 Field work/laboratory
Research Assistant 7 13,316 Ph.D. Studen
Research Assistant 7 11,628 M. S. Student

lIndirect costs at a rate of 20% of Total Project Costs (TPC) have been included in each budget category.
2Tuition for the graduate student is listed in the personnel category.
3Includes leave accrual and benefits for all eligible personnel.
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B. INTRODUCTION

urface zooplankton populations in Prince William Sound are dominated by calanoid
copepods {Damkaer, 1977}, During April and May of sach year, the biomass of large
calanotds in the upper 20-m is characterized by two prominent genera, Neocalanus and
Cafanus. Neocalanus spp. occur as the progeny of deep overwintering populations
hypothesized as seeded into the Sound by surface and deep circulation each year
{Cooney, 1988:; Cooney and Covie, 1988). Calanus marshallae also overwinters in the
region, but migrates to the surface as adults in the spring to feed and then reproduce.
Both genera represent some of the largest calanoid copepods in the Subarctic Pacific.
Their morphologies and life histories have been extensively studied {Fulton, 1973; Miller,
et al., 1984; Miller and Clemons, 1988; Miller, 1988; Peterson, 13288).

The results of previous studies in the region indicate a major role for large calanoids in
fand webs supporting pink salmon {(and probably herring} in Prince William Sound {Cooney
et al., 1981; Urquhart, 1979, Barnard, 1981}). More recent calculations associated with
the development of a carbon budget for the region (SEA Plan; December 1983} also
suggest that macrozooplankion may be much more important than previously suspected
as a forage resource for other fishes, marine mammals and birds. If this is so, interannual
and longer-period trends in spring-time stocks of macrozooplankton should drive
detectable variability in production trends at higher trophic levels in the region,

Since 1881, salmon hatchery measuremems of March-Jdune upper-layer zoopiankton
‘emed volumes have exhibited a consistent increase in early to mid-Aprid, a maximum in
arly May, and significant reductions by late May and early June. Although this "bloom™
of large calanoids is predictable in time, its magnitude and duration are guite variable.
Over the 13 vears of the AFK Hatchery record, an annual food day index has varied by
about two orders of magnitude.

During this same period, the annual survival of wild pink salmon brood years
{returm/spawner} has been highly correlated with the eariy-season calanoid bloom
axperienced by fry in most years {10 of 13), This statistical coincidence supports a
paradigm about cceanographic factors influencing the production of pink salmon - namely
that growth during the fry stage modifies losses to predators (Bax, 1983; Hartt, 1980;
Healy, 1982; Holtby st al., 1880; Walters et al., 1978). The faster the growth, the less
time fry spend in the smallest, most vulnerable sizes, and the higher their survival and the
subseguent adult production.

Recgi‘i’t observations by Willette {unpublished) on relationships between early marine
growth rates for hatchery released pink salmon fry in Prince William Sound demonstrate
that growth rates are closely tuned to upper-layer temperatures, but not to zooplankton
biormass. This surprising finding, coupled with the SEA carbon budgst for the pelagic
ecaosystem of Prince Willlam Sound, fed to the conjecture {by SEA) that springtime
macrozooplankton biomass in the region modulates consumer relationships. In years of
high zooplankton abundance, most consumers can adopt planktivory as the major feeding
trategy. In contrast, when upper layer macrozooplankton is weak, consumers have to
ift to piscivory., The result iz that good zooplankton years provide an scological refuge

2



for O-class fishes {salmon, herring, other species} from predators, Conversely, when
upper-layer macrozooplankton stocks are low, consumers are forced to derive more of .

their energy from small fishes.

Where the species composition of springtime macrozooplankton stocks has been
investigated in the Sound {Tuttle, unpublished M.S. thesis draft), interannual differences
in standing stock appear to be associated with year-to-year fluctuations in the
Neocafanus/Calanus guild rather than changes in other, smaller calanocids. Analyses of
interannual differences in springtime zooplankton biomass {(settled volume} as a function
of oceanographic variables {Cooney and Salmon, unpublished) identified a strong
statistical correlation with wind-driven oceanic convergence computed for the continental
shelf south of Hinchinbrook Entrance. For the 13 year hatchery plankton watch data set,
70 percent of the interannual variability is accounted for by fluctuations in the upwaelling
index computed for 60N 1486 W. In vears of reduced springtime convergence,
Neocalanus and Calanus tend toward higher biomass., The opposite is generally observed
under stronger wind-driven convergence - reduced upper-laver stocks of Neocafanus and

Calanus.

The SEA Plan formalized these cbservations as the lake/river and prey switching
hypotheses. Under strong wind-forcing and onshore oceanic flow in April and May,
flushing of the Sound’s upper-layers becomes well developed - "riverlike” - and surface
populations of Neocafanus/Calanus are transported out of the region. The result is a shift
to piscivory by all consumers with the smallest fishes in the assemblage targeted for the
highest losses. Under reduced onshore flow, springtime upper-layer flushing is reduced .
and the resulting “lakelike” nature of the region retains surface populations of the larger
calanoids more efficiently, Under these conditions, energy derived by planktivory drives
the system, and smaller fishes {0-class and others) enjoy “sheitering” and reduced losses
to predation. This physical mechanism for prey switching has fundamental implications
for all consumers in the pelagic ecosystem of the region.

C. PRQJECT DESCRIPTION
1. Resources and/or Associgte Services:

Pink salmon and herring populations, and some marine bird and mammal species are listed
by the EVOS Trustee Council as injured resources whose recovery status is uncertain.
The work proposed in this detailed project plan, in coilaboration with other SEA and
related studies projects, will provide the Trustees and their agents with information about
the mechanisms forcing ecosystem dynamics that can be used to more accurately
evaluate damage and design appropriate restorative measures, Unless the mechanics of
the Prince Willlam Sound ecosystem are clearly understood, actions taken to restorg pink
salmaon, herring, and marine bird and mammal populations may be ineffectual, or even
damaging to other populations in the region.




2. Relation to Other Damage Assessment/Restoration Work:

This project is one part of the multi-component SEA and Related Studies program in
Prince William Sound designed as an ecosystem approach to understanding pink salmon,
herring, and marine bird and mammal population trends. Within SEA, the Zooplankion
project will work closely with the Physical Oceanography/Meteorology, Nearshore Fishes,
Salmon Growth and Survival, Salmon Predators, Hatchery Experimental and Manipulation,
and Ecosystem Data Base and Modeling projects. The zooplankton work proposed here
will provide data for eventual tests of the Lake/River and Prey/Predator hypotheses.

3. Objectives:

1} Use continuing PWSAC salmon hatchery plankton watch collections to describs
the timing, duration, magnitude and species composition of springtime upper-layer {20 m)
zooplankton stocks in northern and western Prince William Sound.

2} Use shipboard collections of zooplanktan 1o describe how ontogenetic and diel
shifts in the vertical distributions of macroplankters influence trophic coupling between
higher-tevel consumers,

3} Provide direct measures of the species composition and indices of abundance of
macrozooplankton in layers and swarms detected and censused acoustically and with
optical plankton counters by other SEA investigators.

. 4} Work cooperatively with SEA biological cceanographers 1o determine how the
timing, magnitude and duration of the springtime phytoplankton bloom influences the
timing, distribution, and developmental rates of surface macrozooplankton populations,

5} Work cooperatively with SEA physical oceanographers, fisheries scientists,
modelers and marine bird and mammal biologists to affect formal tests of the lake/river
and prey-switching hypotheses proposed by SEA,

8) Provide taxenomic assistance {when requested) to ADF&G laboratory
technictans processing zooplankion collections at the Limnology Laboratory in Soldatna
and establish a voucher collection of major species and life-history stages.

This project is designed specifically to provide collaborative information on the trophic
ecology of consumer populations in Prince William Sound, namely the investigation of a
zooplankton-modulated prey-switching mechanism hypothesized as setting levels of
carrying capacity for juvenile fishes gach year. In so doing, the work will be guided by

- the following conjectures:

Hypothesis 1: The species composition and standing stock of springtime

upper-layer macrozooplankton is derived from overwintering populations resulting from
local production and seeding (previous summer} from the adjacent Gulf of Alagka. These

.to ks are reduced by rates of wind and buoyancy-driven flushing in the April and May.
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Hypothesis 2: Levels of upper-laver springtime macrozoopiankton stocks in Prince
William Sound shift consumptive processes between piscivory and planktivory each year
strongly influencing the survival of O-class fishes {including pink salmon and herring).

4, Methods:

Direct Sampling with Nets

Macrozooplankton studies in 1984 and 1995 will be conducted abeoard a variety of
vessels and from PWSACL hatcheries in Prince Wiliam Sound from March through July,
and then from the research vessel Alphs Helix in November or December (Figure 1}.
Several standard nets (ring, bongo, Tucker, MOCNESS} will be employed to obtain
quantitative indices of species composition and abundance. In general, the mesh size of
these nets will be 0.333-mm. This mesh size provides samples of most of the life-history
stages of ecologically important macrozooplankters in the region but is large enough to
avoid serious clogging by phytoplankton, ‘

Zooplankton will be sampled twice weekiy at 3 PWSAC salmon hatcheries from March
through June (Figure 2}. Vertical tows from 20 m to the surface constitutes the
standardized methodology in place for the plankton watch since 1981. More than one
tow may be composited {average 3} at times when upper-layer plankton is weak to assure
that enough material is collected for accurate settled volume measurements. Following
this procedure, samples will be preserved in 10 percent formalin for later processing at
the University of Alaska Fairbanks. These samples and records of the volume sampled
{m3}, and sampling times and locations will be forwarded from each of the participating
hatcheries at the end of the seasonal plankton watch.

Zooplankton will also be sampled during seine and trawling operations for salmon fry and
their predators throughout the April-July field season to characterize zooplankton forage
populations. Most samples will be taken with vertical {1/2-m nets} or horizontal tows
{metered 60-cm bongo nets) in the upper-layers of the water column. These samples will
be used to track the life history stages and general abundance of the dominant
macrozooplankiers along the migratory route of the juvenile pink salmon. In FY94, the
northwest corner of the Sound near the PWSAC Esther isiand hatchery will be studied
most intensively. In FY85, both the northwest and southwest regions will be intensively
investigated. The general migration of pink salmon fry is thought to occur from north to
south along the western boundry of the region. Fry are often found feeding in large
schools near the southern passages of the sound in late June and July, presumably
staging for their ocean feeding migration. More detailed information on the horizontal and
vertical extent of upper-layer macrozooplankton populations will be obtained by acoustic
and optical-counting methods{see below].

Samples used to describe vertical profiles of abundance {die! and seasonal}l will be

obtained from closing vertical tows (0.5 and 0.75 Puget Sound nets) and with a .

MOCNESS {multiple opening-closing net environmental sensing system} sampler activated
through a conducting cable. During the spring and summer, a deep index profile will be
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obtained weekly at @ UAF historical hydrographic station in the deepest part of the region
{Lone Island ~ 28) using vertically towed closing nats {to 750 mj. The MOCNESS system

RV Alpha Helix) will be used in the late fall or aarly winter {much less predictable

weather} to census overwintering populations prior to their reproductive activities.
Station 28 will be sampled with the MOCNESS {same depth strata as closing vertical
tows), but other portions of the deep central basin will also be visited, The purpose of
the fali/winter cruise is to begin monitoring levels of interannual variability in the
overwintering population size.

in cases where specific statistical hypotheses are being tested, sufficient replication will
be undertaken to measure laboratory subsampling error, field sampling error, and levels of
variability associated with location, time of day, depth and year. ANOVA and other
parametric and nonparametnc techniques will be employed as the statistical tools.

in the laboratory, whole samples will be sorted for large or otherwise obvious plankters.
The morg numerous taxa will be identified and enumerated in subsamples. Between 150
and 200 organisms will be examined in subsamples to assure that the biologically
important organisms are accounted for. Particular attention will be given to Neocalanus
and Cafanus. Here, the late copepadite stages {3-aduit) will be identified and counted

separately.

Acoustic and Optical Sampling

Mets will be used to identify zooplankters associated with swarms and layers that are also
being censused by optical plankton counting and high-frequency acoustics. In special
cases, the sizes (lengths) of copepods and other taxa will be measured for comparison
with size information obtained by continuous optical methods. A high-frequency (420
kHz} quantitative acoustic system will be used aboard the trawler {and other vesseis as
needed} to measure acoustically determined biomass {ADB) adjacent to and along the
migratory pathways of pink salmon leaving their natal areas (hatcheries and wild) for open
ocean fesding areas. General levels of volume scattering and conversions to ADB will
provide measures of upper-level (0-50 m) macrozooplankton populations seasonally and
by day and night. This information will be compared with net samples take at the sams
times and places to identify the major sound-scatterers {see Nearshore Fishes for details
on acoustic sampling}.

An optical plankton counter {OPC) is available on {oan from Alaska Department of Fish
and Game. This instrument will be operated simultaneousty with the MOCNESS {for
comparative purposes} and more routinely with the acoustic and net sampling programs.
The optical counter is capable of providing numbers and sizes of zooplankters :
encountered along its tow path. An "aqua-shuttie” and special winch will be used 1o
deploy and fish the OPC along sampling transects {see details of optical piankmn counting
in the ¥nfcrmation Services and Modeling project).

Acausuc and optically- measured piankton mfcrmat;on wzii be used o evaiuate meso and

henamena {fronts, ¢ clines, shears). This information wilt be made avadabie 1o the
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modeling companent in near "real time” {10 days at most} for nowcastng and predictive
purpoeses.

All zooplankton data sets (nets, acoustic, optical) will be made available to all the other
components of SEA as part of ‘the comprehensive data base for the program. The
zooplankton project leader and other personnel will interact with other investigators in the
field and laboratory as needed to test hypotheses concerning lake/river-driven prey
switching and other mechanisms. Several zooplankton people will be in the field during
the sampling season to assure that the appropriate samples are acquired each year.

5. Location:
Prince William Sound
6. Technical support:

For FY¥24, a small portion of the samples taken to support the seine and trawling

aperations, and all hatchery plankton watch and verticai profile sampies will be processed

at the University of Alaska. The remainder of the FY94 zooplankton samples will be

processed by the ADF&G Limnology Laboratory in Soldatna in FY95 (new project phased

into SEA in FY85). In general, the University of Alaska (this proposal} will process all

- hatchery watch, vertical profile and MOCNESS samples each year. The remaining

samples {up to 2000 annuslly) will be processed by ADF&G. , .

7. Contracts;
None
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D. SCHEDULES

Dates {(FY84 and FY385) Activity

December - February Stage for field season

15 March - 15 July Field ssason

1 August - 30 November Data analysis, integration

15 September Freliminary report

15 - 20 October PWS System Planning Workshop
1 December - 1 January Final Report preparation

15 January Final Raport and deliverables

E. EXISTING AGENCY PROGRAM

There are no present agency or other programs {outside the PWSAC annual plankton
watch} collecting zooplankten in Prince William Sound. SEA and related studies will
request the addition of the zoopiankton sample processing project {ADF&G limnology
faboratory; $100.0K) for FYB85,

F. ENVIRONMENTAL COMPLIANCE/PERMIT/CODRDINATION STATUS

The zooplankton project does not foresee special needs in terms of compliance, permits
or coordination status as part of the SEA and related studies project for Prince William .
Sound. ' ,

G. PERFORMANCE MONITORING

This project will be supervised by Dr. R. Ted Cooney, Assoc. Professor of Marine Science,
University of Alaska Fairbanks. He will work coopsratively with other SEA and related
studies projects to obtain information on the distribution, abundance, biomass and species
compaosition of zooplankton in Prince William Sound. These projects include physical
oceanography/meteorology, nearshore fishes, phytoplankton productivity, salmon growth
and survival, salmon predators, and modeling.

in the field, Dr. Cooney will be joined by Mr. Ken Covyle {Research Associate; UAF) and
Mr. Chris Stark (Marine Technician; UAF) to collect zooplankton and coordinate the
interactions between other SEA and related studies projects. Mr. Coyle is an
accomplished zooplankton taxonomist and field investigator with expertise in acoustic and
net sampling {including the MOCNESS). Mr, Stark is also a competent taxonomist and
field assistant, having experience with the forage resources for juvenile pink salmon.
These three individuals will supervise other UAF field and laboratory personnel {field aid
and graduate students} needed to acquire and process the samples for this project.
Standard oceanographic field and {aboratory methods wiil be employed.

Collaction of acoustic data will be the responsibility of the SEA Nearshore Fishes study
{Dr. Gary Thomas; Prince William Sound Science Center), and optical plankton counting
will be part of the data base/modeling program (Dr. Vince Patrick; University of
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Marviand}. These individuals and their associates will work with the zooplankton project
leader to produce syntheses of the zooplankton data {nets, acoustic and optical} for
pretiminary and final reports.

Formal tests of SEA hypotheses using information from the zooplankton project wiil be
affected cooperatively using the SEA and related studies data base. Conclusions about
the role of macrozooplankton in the ecology of Prince William Sound will be based on
data synthesis and integration activities of alt investigators. Jtis am;mpated that most
publications for the reviewed scientific literature will be joint efforts.

H. Coordination of integrated Research Effort.

The SEA zooplankton project will interact with other SEA and related studies projects by
contributing information to several of the hypothesis-driven components including the
Lake/River Program, the Prey/Predator Program, the Herring Overwintering Program, the
Wild/Hatchery interaction Program, and the Modeling Program {Table 1},

For the Lake/River Program, the zooplankton project wiil provide measures of the standing
stock of macrozooplankton overwintering and reproducing in the deep water, and
subsequent levels of abundance of progeny in the upper layers in the spring. Working
copperatively with the physical oceanography project {seasonal transports), the time and
duration of seeding the region with zooplankton from the bordering Guif of Alaska will be

: detsrmir&ed, as well as estimates of how upper-layer stocks are flushed from the Sound in
.the spring. Estimates of zooplanktan production supported by local primary productivity

will be obtained by cooperation with the phytoplankton and numems pr(}ject as a means
to judge the importance of the alleged seeding process.

Far the k?:sy/?mdatcr ngram, the zooplankton project will provide information about the
prey for juvenile salmon and their predators, critical for understanding how prey-switching
may be influencing fry survival during early marine residence. This will necessitate
working with the prey/predator and fry growth and survival projects {simultaneous fish
and plankton sampling), with the nearshore fish project {acoustic census of predators and
macrozooplankton and prey), hatchery projects {plankton watch sampling) and the

- modeling project {optical plankton counting, data synthesis and integration). Zoop!ankton

field personnel will ride the trawler {and/or semers) to undertake and supervise the
piankmn sampimg

Zoapianmon sampies w:ii be taken in support of the herrmg overwmtermg program Thzs

countzng. Fordﬁyéi nteractmn will be with the nearshore fish project ciurmg the fall and
~winter months. Zooplankton will furnish nets and assist with sample design. The project

feader will also zateract ‘with the modsling component and other projects to test

a;}ac:w af Prmce William Sound for ;uvemie salmon and other pianktweres The
@opianktsn project will provide estimates of local plankton forage gopuiatmns for this
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purpose. The project will work cooperatively with hatchery releases and manipulations
{numbers and timing of fry releases relative to fry food), with the forage fish study to .
determine numbers of planktivores (fishes), with the prey/predator program to determine
predator stocks and their food requirements, and with the nearshaore fishes project to

interpret multi-time {daily, seasonally and interannually) and space scale estimates of

forage {zooplankton} and consumer populations. Tests of hypotheses about compestition

for food fwild and hatchery stocks) will be addressed with the modeling component and

project data synthesis activities. ‘

The zooplankton component will contribute information to the overall SEA and related
studies data base and modeling program for tests of all hypotheses requiring an
understanding of upper-layer plankton species compgosition, production, standing stock
and diel, sgasonal and interannual variability.

{. Public Process

‘The SEA program was develaped in the public arena by fishermen and other resource

users, and by scientists from the agencies, and the academic and non-profit sectors in

Prince William Sound and elsewhere in Alaska. The SEA Plan and the concepts it

presented was rigorously peer reviewed and discussed in a public workshop held in

Cordova in December, 1993. A summary version of the SEA implementation plan

{including zooplankton) was presented to, reviewed and endorsed by the Public Advisory

Group of the EVOS Trustee Council in January, 1994, The plan was conceptually :

accepted {with revision} by the Trusteses at a January 31 public meeting in Anchorage. .

SEA and related studies plans to conduct an annual workshop each year to review
progress and plan future field programs. This workshop will be open to the invited public,
members of which will be asked for their comments and suggestions about the research.

J. Personne}l Qualifications

Dr. Cooney received his doctoral degree in Biological Oceanography in 1871 from the
University of Washington. Since that time he has been a facuity member at the
University of Alaska Fairbanks, first in Fisheries Bioloegy and later in Marine Science. He
received tenure in 1978 and is standing for promotion to full professor this year, In his
academic capacity, Dr. Cooney teaches at the graduate level in the Marine Sciences and
Limnology Program, although his primary responsibility is research. In this pursuit, Dr.
Cooney is known for contributions to the literature in the areas of zooplankton ecology
and fisheries oceanography. He has worked with the pink salmon ecosystem of Prince
William Sound since 19786, most recently as the principal investigator of the Cooperative
Fisheries and Oceanographic Studies (CFOS) program. Together with scientists from
Alaska Department of Fish and Game and the Prince William Sound Aquaculture
Corporation, CFOS has investigated oceanographic factors influencing the production of
pink and chum salmon in Prince William Sound. The results of that work have been
instrumental in structuring the SEA Plan and the implementation program that has
followed. Dr. Cooney has published 6 book chapters, and 30 manuscripts. Heis a .
member of Sigma Xi (Scientific Research Society), the American Geophysical Union, the
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Amaerican Association for the Advancement of Science, the Oceanographic Society and

.zhe American Fisheries Society.
Mr. Ken Covyle received his M.S. degree in Oceanography in 1974 from the University of
Alaska Fairbanks. Since that time he has served in a technical capacity {zooplankton,
marine acoustics} and most recently as a Research Associate. He is presently in a
doctoral program under the supervision of Or. R, Ted Cooney. Mr. Coyie is an
acknowiedged expert on marine Amphipoda. His most recent research activities have
involved collaborated efforts with Dr. George Hunt {UC-Irvinel, These activities have
’nciuded macrozooplankton and forage fish studies associated with marine bird colonies in
the Pribilof and ‘Aleutian islands. Mr. Coyle has 23 manuscripts in the sc:entxf:c
titerature. He is a founding member of the Crustacean Society.

Mr. Chris Stark is a graduate student {Fisheries Biology) and marine technician in the
Institute of Marine Science. He has zooplankton taxonomic expertise and field experience
with ;uvamie salmon forage resources as part of Alyeska funded hatchery studies in Pcrt
Valdez.
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K. Budget

EXXON VALDEZ TRUSTEE COUNCIL

Project Description:  Sound Ecosystem Assessment (SEAj: The role of zooplankton in the Prince William Sound Eco;S@é:Stem
Proposed Proposed Sum
1 1-Mar-84 1-0ct-94 FY 88 &
Budget Category 30-Sept-94 30-Sept FY 94 Fyes | fyas | Fy gy Bayond
Personnet? 218.3 262.1 218.3 262.1
Travel 18.8 20.8 18.8 20.8
Contractual 225 85.0 225 85.0
Coramodities 9.3 7.3 9.3 7.3
Equipment 39.4 12.5 | 38.4 2.5
Capitat Dutlay 0.0 0.0 0.0 0.0
Sub-total 384 387.5 38.4 387.5
General Administration 0.0 0.0 0.0 0.0
Project Total 3081 387.5 308.1 3875
Full-Time EBquivalents {FTE; 6.1 8.0 8.1 8.0
Amounts are shown in thousands ot dollars
o Months
{ Budget Ysar Proposed Personnel: Budgeted Cost® Commant
1. C. Cooney, Assoc, Professor R 564,444 Project leader, principal scientist
K. Coyle, Research Associate 5 34,121 Asst, progaxzt lzader, figld supervisor
C. Stark, Marine Technician 7 37,210 Field work/laboratory taxonomy
E. Stockmar, Lab Technician 6 25,818 Laboratory taxonomist
TBN, Field Tehnician & 25,8183 Field work/boat surveys
TBN Graduate Smdems, M.S. {21 14 31,238 Field work!boat BUFVEYS

’indz:ect costs at & s'ate of 20% of Total Project Costs {TPC} have been included in each budgat category.
Tuitmn for the graduate sttudent is listed in the personnel categary
*includes Ieave accrual and banafzts for alf eligible personnst. -




Travel: - 15 round wips, Fairhanks to Cordova/Seward — )
, for field work, science planning ’ - $15,000

1,500

Contrastual: ,, ; ' 3,000
B Y o , 8,000
oo MOCNESS maintenance fee ‘ 6.000
*CTD/Termperature logger calibrations - 8.000

RV Alpha Helix - 5 days FYas : ' 50,000

Cémmoditiasc Bottles and preservative/iab supplies | 4,300
Faul weather gear 2,000

Computer software {spreadsheet/database} 1,000

Telephone answering machine , 100

Eguipmaeant: Nats/flow meters B 25,000
Field notebook computer/printer 2,500

Otficer laser printer 1,000

Temperature fogger {2} 3,000
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Table 1. FY94 SEA and Related Project Integration

Program Elements*
Detailed Projects NHP LRP PPP HOP WHSI MP
PHYSICAL PROCESSES
Meteorology, Cceanography X X X X X X
Ocean State X X X X X
PLANKTON DYNAMICS
Phytoplankton, Nutrients X X X
Zooplankton X X X X X
FISH :
Juvenile Salmon Growth X X X X
Juvenile Salmon Predators X X X
Nsearshore Fish Distributions X X
Hatchery Experimental : X X X
Hatchery Manipulation X X X X
84184 CWT Recovery X X
84187 Ctolith Marking X X X
94189 Pink Salmon Genetics X X
94166 Herring Spawning X X
94163 Forage Fish injury X X
MARINE BIRDS, MAMMALS
94102 Murrelet Prey, Foraging X
94173 Pigeon Guillimot Monitoring X
Harbor Seal Condition X X
Avian Predation X X
ECOSYSTEM INTEGRATION
Stable Isotopes ' X X
Data Base, Modeis X X X X X X

* NHP Natal Habitat Program
LRP take River Program
PPP Prey Predator Program
HOP Herring Overwintering Program
WHSIP Wiid/Hatchery Stock Interaction Program
MP Modeling Program

15



SEA and Related Studies Field Logistics

Hatcheries

| RV Alpha Helix
~~~~~ Cceanography Charter - -
Forage Fish Charter

Herring Charter

Fry Skiff ,
FrySupport Seiner

“““““ Seiner2 L
Acoustic Skiff 2

[Seiner 1
"I Acoustic Skiff 1 |

de. weonmmam

[T ; mw‘ar 0 B 0 A

I | ; | { ' ! 2 . f i ! :zﬁzzz;z,::':,,‘ !
kJAM FEB  MAHR .APR MAY JUN JUL AUQ SER OCT NOV DEC

Figure 1.

SEA field logistics for FY94 field season.
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B. Introduction.

Stable isotope ratios of carbon can serve as effective tracers of energy supply
in the study area due to conservative transfer of carbon isotope ratios
between the lower tropic levels (phytoplankton to zooplankton to forage
fishes, etc.) of Prince William Sound and adjacent Guif of Alaska waters up to
the top consumers. The seals, whales and birds acquire these isotope ratios in
response to the importance of the food sources and record temporal signals in
keratinous tissues (claws, hair, feathen and reflect the major sources of their
food in the bulk body tissues (muscle and fat). Isotope ratio analysis of these
tissues can provide insight into bothhabitat usage and assist in quantifying
amounts derived from various areas. Nitrogen isotope ratios, in turn, provide
excelient definition of relative trophic level. The heavy isotope of nitrogen is
enriched by about 0.3% with each trophic level and thus can accurately
indicate the relative trophic status of species within an ecosystem.

B.1.1. The Problem: Pinniped Population Declines. _
The impetus for this work arises from the rapid decline of pinniped
populations, specifically steller sea lions and harbor seals, in the Gulf of Alaska,
Prince William Sound (PWS) and the Bering Sea. In spite of apparent strong

. correlations between the rapid rise of fisheries in the Bering Sea and Gulf of
Alaska and commercial pressure on herring and pollock stocks, no definitive
links or cause-and-effect relationships have been established. If populations of
marine mammals continue to decline, severe restrictions may be placed on
fisheries deemed likely to be impacting food resources to these marine
mammals. Stable isotope ration studies, which link both energetics and
feeding by specific top consumers, as well as providing a means to validate
conceptual food web models, are a powerful tool in deciphering both temporal
and spatial variation in ecosystem energy flow.

B.1.2. The Problem: Declining Production of Salmon and Herring in PWS.

The availability {}f macrozooplankton forage for salmon, herring, and their
predators varies in space and time because of changes in physica! processes in
hvpothe&s number 2). When macrozooplankton are not avatzame
macrozooplankton consumers are forced to switch prey, thus Predator/Prey
Relationships (SEA hypothesis number 3) shift in space and time, These shifts
represent fundamenmi changes in the way the PWS ecosystem produces

thoccts for restaratzon and recovery of these species.



B.2. The Stable isotope Approach.

The use of natural abundance ratios of stable isotopes in biological systems has . ,,
expanded rapidly in recent years and has proved extremely valuable in tracing
carbon and nitrogen in both terrestrial and aquatic ecosystems. Most

ecosystem studies depend upon two approaches: One is to construct budgets

or mass balances of a key element such as carbon and attempt to determine

which actions or processes in the natural history of the species of interest

dominate these budgets. The second approach is to measure key rates or

feeding processes and to relate the findings to the overall goal of assessing

energy intake from the habitat. Although the two approaches should ideally
coalesce into a coherent and complementary picture, this goal is difficult to

attain. There are mismatches between time and space scales of the two
source (tracen information and process information, they are ideally suited for
identification and measurement of the movements of carbon and nitrogen in
the ecosystem. Since they occur naturally, there are no concerns regarding
perturbing the system or the need for experimental manipulations that might
aiter behavior or ambient conditions.

It can be postulated that natural stable isotope abundance of PWS biota will

shift because of changes in trophic level, food web structure, and primary
producer in the context of the SEA hypotheses, thus providing an independent

tool to verify, quantify and model ecosystem processes. The tracer nature of .
the approach will enable the integration of ecosystem components. it will
enabie us to monitor both "top down” {predatory) and "bottom up" shifts (food
supply) in herring and saimon production.

This project s an interdisciplinary effort focused on the food web dynamics

supporting top trophic levels in Prince William Sound. The study would provide

a integrating function to projects focusing on several levels in the food chains

and will empioy the stable isotope ratios of carbon and nitrogen to trace

trophic transfers of carbon and nitrogen between levels. One focus will

concern building the data base regarding harbor seals whereas the remaining :
work wiil seek to build a comprehensive base of isotopic data for the Prince ke
William Sound region. in cases where regional gradients in isotope ratios exist,

it may also be possible to identify critical habitats used by marine biota.

B.3. Objectives.

Natural stable isotope abundances reflect (1) trophic level and {2} source of
assimilated matter and are thus a proxy for the change in diet specified in the
Lake/River-> Predator/Prey Relationships nypotheses. Stable isotope ratios will
thus be used as a biomonitor of salmon and herring production and shifts in
predation as tests of the SEA hypotheses. An example of how stable isotopes
might shift is provided in section C.4.




C. Project Description
. €.1. Resources and/or Associated Services.

sSpecies: Harbor seals and their forage species, herring, pink salmon and
related species and their forage species.

‘Beneﬁts: Determination of flow of material to (via forage) and away '{via
predatc}rs} from production of herring, salmon and related species.

Ben?éficiaries: Resource managers and restoration activities: ADF&G, etc.
c.2. Relaticn to other work.

The shifts in predator-relationships occurring as a result variations in the
physical environment represent fundamental changes in the way the PWS
ecosystem produces commercially important species. Because a guantitative
understanding understanding of these phenomena is a prereguisite to
determining protocols for restoration and recovery of these species, these
results will have direct application to all future rehabilitation and restoration
efforts..

C.3. Ohjectives.
.C.S.“"l Time Specific Objectives.

Fyeqa |
Spring ‘94: Establish sampling protocois on harbor seal tissues using archived

samples and sampies collected from specimens obtained in 1993. These
preliminary samples of vibrissae, claws, and tissues will be run to determine
optimum sampling intervals on tissues with temporat signals and to begin 4
building a data base for inter- and intra-specific variations. integrate and plan
with agencies regarding sampling of pink saimon, herring, zooplankton, and
other fishes and initiate sampling

summer ‘94: Field collection of harbor seal samples by ADF&G personnel.
Sampling of fishes and zooplankton (primarily by ADF&G personnel), initiate
isotopic analysis after conferring with other components in order to select
most effective samples



FY95

Fall - Winter ‘94: Undertake laboratory program to determme zsoto::)e ratios i
harbor seal tissues, fishes, zooplankton, and potential prey species. Compare
findings with isotope data from forage fishes and other potential prey species.
Participate in overwintering study by collecting sampiles for stable isotope
analysis. By comparing conceptual food webs with isotope data, design future
sampling to fill data gaps and to continue investigation of any discovered
trends.

Spring - Summer '95 Undertake a field sampling program similar to 1994 with
changes as determined by our 1994 results.

€.3.2. Measurable Objectives.

FY94: Collect/acquire samples
Analyze ~500 1994 samples

FY95: Analyze ~1500 1994 samples
Collect /acquire samples.

FY96: Analyze ~1500 19895 samples
Collect /acquire samples

€.3.3. Hypotheses.

Hypothesis 1. Carbon and nitrogen stable isotope ratios of biota from Prince .
William Sound can be used to identify major food sources to top trophic levels

and to assign trophic positions to specific consumers of given age classes and

habitat.

Hypothesis 2. Isotope ratios in consumers provide a means to validate
conceptual food web structures, identify trophic variability by individuals
within species, and to validate quantifi ed energy flows in ecosystem moc!e¥

C.3.4. Goals.

The proposed study would build upon our existing data base and add new data
to construct and test conceptual food webs supporting harbor seals (and other
species for which samples are, or become available) in Prince William Sound and
their prey organisms. The goal is to determine the trophic positions and to
define the natural history parameters accessible from isotope ratio data in light
of the observed declines in their populations. These include changes in trophic
level over the lives of seals, habitat dependencies, seasonal energetics and
trophic dynamics relative to other community organisms. As part of this goal,
we will integrate our analvtical work with the field and laboratory studies of
other investigators looking at food web structure, productivity of lower
trophic levels, and provide validation data for assessment of conceptual and
guantitative models.




Specific objectives of this project are:

.1. To determine the “N/"N and ™C/°C of species collected from the Prince
© William Sound ecosystem with a focus on those components important £to man
- or important in the food webs supporting these species. Herring and salmon
collected from PWS will be matched with regional isotope abundances in prey
species (zooplankton, forage fishes) to allocate food sources and to assess
trophic transfer efficiencies in specific areas of the sound.

bf}ay tfssaes {muscie am:i blubben iaeccme available from cencurrent studies by
ADF&G researchers, these samples will also be analyzed to determine energy
supplies on a semiguantitative basis.

3. Determine isotope ratios on prey species favored by marine mammals in
different regions of Prince William Sound. These data will allow estimation of
seasona! impsrtance of various prev species and the trophic ieveis of varsous

di fferemes between ndivzduai amma%s of a given age and also changes
trophic level over the lifespan.

4. synthesize the gata obtained in context with conceptual food webs to
.vai’idate feeding models and expand the natural history information.

5. Ctmmbute stable xsotope results to formal tests of the Lakefﬁwemrweﬁ
pmauct{on trends.

€.4. Methods.

C.4.1. Lower Trophic Levels: Fishes and Zooplankton.

€.4.1.1. sampling Strategy.

The sampling strategy is:

1. Collect synoptzc“sammes from the greater PWS using the available fleet
(ADF&G et al.} sampling effort. These same individual samples will receive

muitiple analyses (e.g. stomach content analysis) in addition to the tne stable
fsompe analysis described.

2. Postsezson analysis w;i! reveal where macmzeopiankmn were and were not
available to consumers tthis will be discussed among collaborators at the fall

workshop)




3. conduct a posteriori tests of trophic level and food web shifts on samples ,
from appropriate sites using the natural stabie isotope methodology .

sampling design:

Biotic Groupings:

1. Pink salimon

2. Herring

3. Macrozoopiankton

4. Other fishes that are predators and competitors of 1 & 2 ana other forage

species {e.g. sand lance)

rRegions:

1. Western PWS

2. Northwestern PWS
3. southwestern PWS

Timing:

1. Early season, spring bioom (April-May)

2. Late summer (July-August) i
3. Late Fall-early winter {October-November) Alpha Helix Cruise ‘

Because zooplankton availability at the various sites are not known ahead of
time, a broad-scale sampling effort with sufficient sample sizes at each
sampling site-time for post-season selection is required. This is important
hecause one objective is to observe shifts in feeding among the target species,
their prey and their predators in relation to zooplankton abundance. Thusa
mini mai sampling des;gn would mnStst of strat:fymg the sampling over space

mi mmai of 50 samples per biotic grouping is required for statistical va idaticm
to test for variation with respect to size (Kiine et al. 1993) and to determine
modalities occurring at a sampling site/time Kline et al. 1989). Monthly sampling
intervals has been identified in SEA. Sampling will occur in the following
regions: W. PWS, NW PWS, and SW PWS. Three sampling periods times three
sampling areas yield 9 time-space strata. The total minimal sample of 50 thus
adds up to 450 for the '94 season. A sample of 100 per stratum is preferred thus
900 samples per biotic grouping will be the target. The biotic groupings to be
sampled are: (1) pink salmon (uveniles and aduits), (2 herring, (3 :

: macrozooplankton (these will be sub-stratified by depth and taxonomic

classification (e.g. euphausids), (4} predatory and competitory fish of target

' species (true cod, tom cod, black cod, sand {ance, sculpinst. During the early
season, herring are not availabie and late, slamon are hot available. at these
times adattanai sampies will be taken of other biotic groupings to maintain an
aven sampling effort throughout the year. The four main biotic groupings
times 900 sampies each, will yield 3600 samples.




€.4.1.2. sample Analysis strategy.

."Of the 3600 fish and plankton sampies coliected, only ~1000 will be analvzed
following the a posteriori protocol. The selection of sampiles to be analyzed
will be based on questions generated by events occurring during the season.
Analysis will follow standard protocols at the stable isotope facility at UAF.

€.4.2. marine mammals, birds and cetaceans.

c.a 2 'L Fseid collections.

WG ;}ian to coordinate all sampling wi th Alaska Department of Fish and Game
persame{goilectmg and studving harbcr seais during the summer of '399&
during taggmg and physiology measwemams by agency personnel, Any d@a{j
animals found will be sampiled for body tissues as wells as keratinous tissues.
Preliminary determination of the reproducibility of isotopic data from one
wmsker or claw to anether will aiso be undertaken on samples from dead
aisa be onportumst;caiiv sampied in collaboration with agency investigators in
the field. We will undertake sampling of species or tissues from archived
samples where collections are inappropriate or need to be expanded. Vessels
of opportunity and under charter to project scientists will be emplovyed for

.‘s‘ammmg (sea below).
c.4.3. Anatvticai procedures.

The methodology involved in the isotopic analyses and the interpretation of
the data are documentead in several publications resuiting from prior work {See
Schell and Saupe, 1993). The UAF Stable 1sotope Facility has three isotope ratio
mass spectrometers including a new automated system which will facilitate
faster sample processing and allow maore repiication in small samples.

Sampling protocols in the field for zooplankton and fishes are well established
and will be used in any future sampling. Claws collected from phocid seals will
be sampied at close intervals along their lengths using dental drills under low
power microscopes. Sampiles from anesthetized seals will be collected by
clipping small portions from along claws using small wire clippers. vibrissae
fmm seals will be ¢l Qed in the ﬂaid and sampled in the %aboratery at ctc}sed

Whare samples of prey species are missing of few, we wil trv tc select ;:}mxv
sammes frcm t:i'}e same area (zoopiankmn benthes} wmch wil ename asj imilar



C.4.4. Basis for the Stable isotope Application.

The natural abundance of stable isotopes, e.g. "N/N and C/™C, is a very .
powerful tool for ecological analysis because of the conservative nature of
isotopic signatures in food webs (wada and Hatori 1991). The most extensively
measurad process that enriches N is the trophic level enrichment.

phenomenon &.g., the transfer of material and energy from piants to animals
or animals to animals). it is now well-established that consumers are enriched in
N by 0.34 + 0.10 % compared to their diet irrespective of taxon or ecosystem
iMinagawa and wada, 1984}, Even though the consistency of the enrichment is
not understood, the universality of it aliows one to determine the number of
trophic steps in a food chain from a given producer to consume (Fry, 1988;
Wada et al,, 1991).Thus change in ®N/“N ratio in biota over time will reflect
change in trophic level (TL. Shifts in herring and salmon diets that normally
consist of macrozooplankton argely reflecting allochthonous production

having been advected into PWS) to autochthonous production (e.g. PWS
benthos) will be evidenced by stable isotope ratios because (1) a greater
proportion of benthic production (enriched in ¥*C) will be needed to make up
the deficit (see below) and (2} restructuring of the food web will cause
concomitant shifts in “*N/YN (reflecting TL shifty with “¢/"*C treflecting
alternative prey). The shift in ®N/N will be especially notable in predators
because of the large TL shift (see Table 1 below). The numerical nature of stable
isotope data lend themselves to modeling, e.g. modeling effects of marine-
derived nitrogen using N Kline, 1991). The data can thus be used in .
collaboration with modeling efforts in SEA.

Table 1. Normal and shifted TL {trophic level) depending on availability of
macrozoopiankton prey from Appendix 1 and predicted shift in N based in
gstablished 0.34 % per trophic interaction enrichment in N tvinagawa and
wada, 1984). "N analvtical precision is at the 0.02 % level.

normai TL shifted TL Predicted % "N
BoX model component increase
1. Macrozoop 2.09 2.09 0
2. YOY Herring+ 3.02 3.00 0
3. YOY Saimon 319 3 0.08
4.1+ Fishes 300 3.95 030
5. Predators 3.16 480 056

The concomitant shift in N and *C can be analyzed using a two or three end
member mixing model Kline 1991, Kline et al. 1993). These results can also be
directly applied to modeling components in SEA.

9




The stable isotope approach is unique in its ability to integrate time and spatial

g scales to mesoscale levels. No other technigue currently availabie can generate

) such results. The natural fracer aspects of the approach emulatesw artificial
© tracer experiments without the burden of needing to generate signals or
experimental artifacts.

C.5. Location.

The sampling will be carried out throughout PWS as part of the cruise plan. All
analytical work will be carried out using the stable isotope facility at UAF.

€.6. Technical support.

NOB@ external to UAF,

C.7. Contracts.

All analyses will be preformed in-house to enable higher quality ci}ntmi
contmi!ed turn-around time, and lower costs.

p. Schedule.

The time line for this work wiil begin in spring 1994 with the retrieval and
analysis of archived sampiles from Prince William Sound collected by the Alaska
Department of Fish and Game. These samples will provide a background upon
which to design future and summer 1994 isotope ratios sampling in order to
contrast food web structure prior to and following the EVOS.

D.1. Pmiected activities upon commencement of funding.

Spring 1994 - Design sampling program in coordination with other principal
Investigators. Obtain archived samples of biota from Prmce William smunc!

be requested from the US Fzsh and Ws!dufe Semce and NOAA—NMFS

Summenr-fall 1994 - Conduct field sampling from charter ships and other vesséiéf
operating in PWS. Subsampling and preparation for isotopic ana%ys is will be
continued as time permits.

Fall - winter 1994-95 - The collected samples will be analyzed for *N/“N and

e/ and a conceptual trophic and food web model assembled for the Prince
willlam sound ecosystem with the focus on commercially important species
and on protected species such as harbor seals, birds, etc.

~ Spring - sammer 19985 - The data thained will be used in the prenmmary :

er sammmg will be undertaken in ciosad coo;:)eraticn with Gthe!" pmgef{:ts
10



nteract;ons by species of interest, Manuscrmts Gescr‘ ibing the results will be .
prepared for the open scientific literature,

Field-work: Fieid-work will coincide with other project components. For
example, fishes sampled for stomach content analysis can also be be analyzed
for stable isotopes. A P.1. will make visits to the vessels to instruct ;:Jersemei on
correct procedures and fcr in-season quality assurance. ;

Sampimg events: Sampling will ~0ccur according to the cruise schedule.

Sample stable isotope analysis will be carried out at UAF. Samples will need
to be transported from fleld sites and on-shore support facilities {ie. hatcheries)
to Fairbanks as frozen cargo {(All sample preservation for isotope analysis wiil be
by freezmg} ;

Data compilation and analysis will commence upon receipt of sampies.

D.2. Deliverables.

The deliverables for this work will include such reports as are required by the
EVOS scientific coordinating committee and papers published in the open

scientific literature. We will also present our findings at annual scientific :
meetings, at national meetings for peer review, and public forums. . .

Opportunities for public involvement will come through
presentations/seminars |

Construction: None
praft and final report submissions: Annual
project pPersonnel (respdnsibiliﬁes).
Schell will conduct the marine mammal stable isotope component
Kline will conduct the plankton and fish stable isotope component
The personnel will be responsible for analysis and publication of their

respective components. They will collaborate by exchanging data that support
each others components and to generate a synthesis paper.

Logistic Needs.
Field: vessels and Gears of 'a} it types, on-shore facilities for storage of samples

for transshipment to UAF, Pick up Pl at p{}rt on road system, l.e. valdez, Whitier
or seward, cruise partzc;patxen

11



E. EXisting Agency Program.
None
F. Environmental Compliance/Permit/Coordination Status.

ADF&G Smem: ﬂc Collection Pe‘rymit: Kiine will have own permit for this as well as

NEPA: None |

G. Performance Monitoring: Quality Assurance/Quality Control
Procedures/Measures. ,

Sample processing and mass spectrometry results are incorporated into a

rigorous in-house quality control and assurance program. Field sam;{}ies are
‘collected and kept In vials labeled at the collection site and stored in plastic
bags with external labels for cermboratzon A i but the smaiiest sam;:)ies are

and at the Gnivars ty of Texas and the Marme Bmmgxcai Labcratory, Woads
Hole, Massachusetts. Samples of baleen standard are routinely carried through
the eﬂtzre analytical procedure at regular intervais and whenever new reagents
or any change in procedure 0CCcurs.

anaiyses cim‘mg mass spetrmetrv for stable isotopes is me stamam pmcedure
at the ;uAF stable isotope facility

H. canrdziiifa’ifion of Integrated Research Effort.

12




Field:

Sampling vials and bags will be provided to people on vessels engaged in
sampling. These viais will have alphanumeric identifiers that will be used to
track samples through sample prepartion, mass spectrometry and data analysis
stages. These identifiers will be used to correlate isotopic data with other data.
it will be encumbent on the collaborating agencies to provide the investigators
with the following data for each sample:

Sample D

Sampling Date

station Number )
Location Code dat-long if applicable)
PWS region o
station name {(e.g. name of bay)
Depth where sample was taken

Set or haul number

Species name

Age of sampie {if a fish)

Fork tength {if a fish)

wet weight (f a fish)

A Pt will partcipate on an early cruise and one {ater in the summer of 1994 to
instruct ADF&G on sample handling procedures and to bring back sampiles to
UAF for initial stable isotope analyses. As analyses proceed, results pertaining to
each sample, e.g. stomach content analysis, lipid content or caloric value, will
pe merged to enable interdiscipinary comparison, this aspect should be

conducted at g workshop occurring in 1995 for 1994 samples.

Platform Sharing.

Fish and plankton sampling will be conducted within the auspices of other
biota sampling programs. Pertinent data of each sample (ie. data on each
individual fish will be shared among components; thus sampie id will be
consistent among components).

workshops.

workshops wiill be conducted to facilitate coliaboration and to direct analysis
efforts. Resuits of analyses will be exchanged at workshops and by
telecommunications. For example, stable isotope analysis emphasis can be
placed on samples acquired coincident with phenomena that we wish to
investigate in detail. As over-sampling will be conducted, sample selection will
come through consultation based on observations made on-site during the
sampling and remote sensing. The workshop will facilitate this coordination and
will provide a starting date for intensive sample analysis.

13




L. Public Process.

.{a T. Cooney: An integrated EVOS-Sponsored Ecosystem Approach to Marine
ToFish Bird and Mammal 1ssues in Prince Willlam Sound: Sound Ecosystem
Assessment (SEA) and Refated studies (Project 894320 summary)

J. Personnel gualifications.

Don schell has been inveolved with stable and radioisotope tracers in arctic and
subarctic ecosystems for over 25 years, Work has involved quantifying energy
and nutrient flows in food webs in such varied habitats as coastal Southeast
Alaska, the north Aleutian shelf, Kotzebue Sound and the coastal Beaufort Sea.
As a principal investigator on several NOAA-OCSEAP programs, he is used to
working on multi-investigator projects and shifting the focus of the study to
aid c}m,er;ignvestigamrs as pmbkems arise. Projects reczuiring stame isotope data

Penmsuia :am:i in the enarget ¢s Of feedmg bowhead Whaies The work on

whale feeding has now been expanded to include species in the Southern

Ocean with a3 focus on right whales and pygmy right whales. This work is
continuing. When compietmg projects, the data has always been synthesized

to vield final products that are of direct use o agency personnel and other
users.

.over the past decade, the results produced by Dr. Schell's research has
supported his request for the funding of two new mass spectrometers - a vo
series Hf and a new Europa automated sample preparation unit coupled to a
20/20 mass spectrometer system. These machines and our older VG s IRA 9 now
comprise the UAF Stable isotope Facility. This analytical capability will assure
that sampie throughput will be timely and that samples from Gther '
investigators can also be accommodated.

Tom Kline has been involved in stable isotope research since 1985. His use of
stable zssmnes fias been in fish ecology with emphas:s on salmonid fishes in

- ecosystems. 8:‘ Kime' Is also ieadmg an mvestagatmn to reiate fe&ﬁmg strategies
wth forms in North Slope saimonids. His on-going efforts include

borations with ADF&G, the North slope Borough, and BPX, The resulfs of

~these projects have been presanted in numerous scientific papers (written and
oral, see blographical sketch) as well as in public forums (speakmg to local

.Qrozms and classes).
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K. Budget

EXXON VALDEZ TRUSTEE COUNCIL

Project Description:  Sound Ecosystem Assessment (SEA) Contirming Food Web Dependencies in the Prince Wiliam sound
Ecosystem Using Stable 1sotope Tracers
Propused Proposed Sum
1 1~Mar-84 1--Qct-84 Fy 898 &
Budgat Categary 30-Sept-34 | 30-Sept FY 94 EY95 | FY9e | FY97 | Bevond
Personnel? 34.5 63.1 34.5 63.1
Travel 7 3.8 7 3.8
Contractual 15.1 25.0 15.1 250
Commodities 6.8 8.1 6.8 8.1
| Equipment 1.3 0.0 1.3 0.0
Capital Qutlay , 0.0 0.0 Q.0 Q.0
Sub-total 58.4 106.0 58.4 100.0
General Administration 0.0 0.0 0.0 00
Project Total 58.4 100.0 58.4 100.0
Full-Time Equivalents {FTE) 0.8 0.8 0.8 0.8 ,
, Amounts are shown in thousands ot
Months ‘
Budget Year Proposed Personnel: ‘Budgeted Cost® Comment
Donald M. Schell, Protessor ' 0.6 - 5,980 Project leader, principal scientist
Thomas C. Kiine, Post Doctoral Associate - 3.0 12,623 Asst. project leader, field supervisor
i N. Haubenstock, Technician 1.4 5,880 Mass spectrometry
M, Hobert, Technician .5 2,029 Laboratory

YIndirect costs at a rate of 20% of Total Project Costs (TPC) have been included in esachy'budge’t category.
’Includes leave accrual and benefits for all eligible personnel. '
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SEA Fig. 21 illustrates flow of C from primary production to various functional
components of salmon and herring production in PWS. This modei when
converted to canonical trophic levels illustrates how stable isotope abundance
can be used to monitor ecological shifts (Tables 1 and 2). In calculating trophic
level shifts it was assumed that the fractional component of C from alternative
sources had an egual fractional component of N from the same sources, i. e ‘
there is dlrect coupimg of C and N durmg tro;ah ::ﬂti‘ansfers Betause stabi

Table 1. Trophic levels of box model (SEA Fig. 21) cammnem‘s based on carbon
flow. Trophic levels (TL) shown in bold are assumed, others are calculated. TL are
calculated when macrozooplankton are replete (A) and when macrozoopianktcm

fevels are 10% of remete (B).

P

A. Normai: Repiete in Macrozooplankton, carbon flow as in SEA Fig. 21

grganism o source (Th) FIUX fraction  effectiveTL
(box-componant) , gCmyr-1 of diet ]
1. Macrozoop Phympiank n 120 91 , {911 L
Microzoop@ 12 09 (092 i .
total ~ 132 2.09
2.YOY Herring + Macrozoop(2.09) 2 2 {212.09
;;;;; ~Microzoop(2) 8 8 (82
total 1.0 3.02
3. Y0OY saimon Macrozoopi2.09 05 81 {.8112.08
YOY Herring +(3.02) 008 N (1)3.02
“Epibenthos(2) 006 J (D2
total 062 319
4, 14 Fishes Macrozoop(2.09 20.2 1.0 {.996)2.09
YOY Herring +(3.02) .08 004 {.004)3.02
OY salmont3.19) .0 0004 {.0004)3.19
total 20.29 3.09
5. Predators Macrozoopi2.09) 505 = .68 (68)2.09
YQOY Herring +(3.02) 02 003 (0033.02
YOY salmon(3.19) 004 D005 {,0005)3.19
1+ Fishes(3.09) 2.03 27 (27)2.03
Adult salmon(3.5) .36 .05 (05)3.5 ,
total - 7.464 3.16 | .
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B. Alternative:

Depauperate

in  Macrozoopiankton

{10% of normal

macrozooplankton amount in diets, remaining diet demand made up by other
components in same proportion as when macrozooplankton are replete).

organism Source {10 fiux fraction effective TL
1. Macrozoop pPriytoplank (1 120 .91 {911
Microzoop(2) 12 .09 {092
total 132 2.09 :
2.YOY Herring + )
Macrozoop(2.09 02 02 (022.09
demand 1.0
remainder - .58 : ‘
Microzooph@ .08 .98 {.98)2
30
3. YOY salmon Macrozoop(2.09 005 .08 (.08)2.09
demand 082
remainder 057
YOY Herring +(3.0)  .028 45 (,45)3.0
Epibenthos{2) 028 45 {452
3.42
. 4. 1+ Fishes Macrozoop(2.09) 2.02 A0 {(12.09
demand 20.29
remainder 18.27
YOY Herring +(3.0)  16.32 .80 (.813.0
YOY Salmon{3.42) 2.04 10 (1)3.42
3.95
5. Predators Macrozoop(2.09) 505 068 (.068)2.09
demand 7.464 '
remainder 6.959
YOY Herring+ 3.0y .058 008 (.008)3.0
YOY Saimon{3.42) 012 016 (,016)3.42
1+ Fishes(3.95) 5.85 .784 (.784)3,95
Adult salmon(3.5)  1.04 139 (1393.5
4.80
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Table 2. Normal and shiffed TL (trophic level depending on qvaiiabfiiw o‘
macrozooplankton prey from Table 1 and predicted shift in "N based in

established 3.4 per mil per trophic interaction enrichment in N tMinagawa and
Wada, 1984). o

normal TL shifted TL predicted per mil °N
Box model component Increase
1. Macrozoop 2.09 2.09 0
2. YOY Herring + 3.02 300 0
3. YOY Salmon 319 3.42 ' 0.8
4, 1+ Fishes 3.08 3.95 3.0

5. Predators 3.16 4.80 5.6
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B. INTRODUCTION

.Subsystems and their quantitative representation

The Sound Ecosystem Assessment {SEA)} Project Plan {Novembaer, 1993} provides a detailed
formulation of an ecosystem study with the ultimate goal of a quantitative representation with
predictive capabilities. From the outset the approach assumes that a single entity {e.q.,
species, subspecies, or population) can be properly understood only as a component of a
system. On the other hand, not every component of the ecosystem is equally tightly coupled
to every other component. Much of the SEA Plan is devoted to the identification of the
coupling or relationships between system componeants. In so doing, the Plan identifies the
relevant subsystem of the larger ecosystem. This identification is the first step toward a
quantitative description as well as a major conceptual simpilification of the scope of the
problem.

The SEA Project addresses two subsystems: (1) the subsystem associated with pink salmon
during the life stages of egg through the time of migration out of Prince William Sound and
{2) the subsystem associated with Pacific herring during the life stages of egg through the
third year juvenile. For each species and each life stage the SEA Plan dascribes the
processes whereby the components of the subsystem either are coupled to, act upon, or are
affected by cther components. That is, i identifies the predators, the competitors, the prey,
and the physical and chemical environmental variables that effect these populations.

Just how broad a subsystemn must be dealt with is determined by how far up, down, and

cross a food web there is significant coupling to the target species over the time intarvals of
interest. For some of the early life stages the subsystem is guite simple. For exampie,
throughout all of the pink salmon egg and alevin life stages predators, prey, and competitors
can be neglected; the subsystem is essentially that of the microclimate and stream hydrology
acting upon egg and alevin distributions.

The later life stages involve substantially more complex subsystems that extend down to
include primary production. These subsystems may have affects that extend {o apex
predators. In turn, apex predators may have effects that extend to primary production. The
major hypotheses of SEA are conjectures regarding the quantitative structure of the coupling
or regulating processes within the subsystem. These are the river-lake, pray switching, fry
growth, and herring overwintering hypotheses.

Primary objectives of SEA are quantitative representations of the two subsystems for pink
salmon and Pacific herring. The term quantitative representation is used here as a generic
identitier covering a broad range of complexity and sophistication. On the one hand, it refers
to quantitative descriptions of the past states of some system component based upon
measurements alone. On the other, it refers to a four dimensional numerical model of the
wind-driven ocean state with a space-time evolution model! for multiple, coupled trophic
levels. Quantitative representations with predictive capabilities are the goal.

The first issue is what can be measured and when. Fishery data is, in effect, measuremants
.at only a few times throughout a year {g.g., caich and hatchery release). The SEA field
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survey attempts {0 measure the state of the system throughout the time of residency of pink

salmon and Pacific herring in Prince William Sound. In addition, the survey makes

. measurements to determine the rate of change of the state of the system and the processes .
responsible for those changes.

The SEA field survay, together with other data sources, will provide information such as the
following regarding the state of the system:

from the SEA fleld survey (buoys, surface vessels, aircraft):
- ocean current vectors, temperature, salinity, sea state, fronts;
- plankton densities, distribution, species and cohort compaosition;
- fish densities, distribution, size and species composition, diat;
- bird and mammal counts, distribution, pradation.
fram the satellite downlink site:
- sea surface temperature (Advanced Very High Resclution Radiometer -
AVHRRY))
- pcean color and derived values (Sea viewing Wide Field of view Sensor -
SeaWiFS)
- meteorological data

There is a similar list, though much less complete, for the case of historical data.

A primary objective for FY34 is the integration of all of the data from all of the SEA projects
and all of the remote sources into a quantitative representation of the state of the system.
The mechanism for this integration is the interface {o the data. The interface provides an .
ecosystem view of the data that is consistent and independent of data source, project, or
measurement system. In particular, as seen through the interface data on fish, plankton,
ocean state, surface winds, and apex predators will share a common space and time
reference. In this form these data and time serias of these data can be explored and
analyzed with available software for scientific data visualization. Since the data consists of
muitiple variables defined on the three dimensional pelagic system, the three dimensional
display capabilities of scientific data visualization systems provide the means {o evaluate and
explore marine systems in ways analogous to the use of geographical information systems
for surfaces.

The second objective for FY34 is the approach and a project plan for the development and
application of deteministic modals. A deterministic model predicts how quantities will change
over a time interval and over some spatial region. Ocean current modeis are of this type, as
are the "physical-biclogical" models that address jointly the ocean transport of plankton,
phytoplankton production, and zooplankiton grazing. In addition, the
diffusion-advection-reaction models for fish are of this type. In their classical forms, such
models require the knowledge of initial values throughout the spatial region and the future
knowledge of boundary values.

These models are applied in ways that are suited to the data and to the prediction objectives.
The methods of data assimilation address the problem of insufficient data from observations
for initial conditions by incorporating observations over extended time periods. Stochastic
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methads are used when the boundary conditions or parameters cannot be adequately
_ specified over the time interval of interest. In FY94 the focus will be on the short term
redictions and issues associated with sparseness of data and initial conditions. The
avaelopment of methods for longer term forecasts will begin in FY35.

Models with some leve! predictive capability are implied by the notions of response,
restoration, and recavery S;Jec:zﬁcaify, the fdea of respense suggests some capabiiity fer
the ability to, adjust prégectsona in response o updated current mformanon Stmz arly,
restoration and recovery suggast capabilities for using active and passive strategies for
maving a system from one state {o another. These capabilities are the goals of this project.

C. PROJECT DESCRIPTION
For FY24 there are tive SEADATA projects:

- {1} Field data communications
{2) Data management
{3} Descriptive modei
{4} Numerical modeis
{8) Sampling technologies

The objectives of each SEADATA project are described. The time for completion of
phicctives is given as weeks or months After the StartUp (ASU) of the program.

SDY94#1. Field data communications.

This subproject will implement on a demonstration scale near real-time data communications
from the SEA fisld survey platforms to the SEA data ingestion site. The goal is to complete
during FY94 transmit capability for at least one of the moored sites, transmit and receive
capability for at least one of the SEA survey vessels, and a transmit capability suitable for
use with a vessel of opportunity.

During the first month after startup all of the data sources in SEA will be reviewed regarding
realtime communications with the principal investigator. The review will examineg technical
difficulty and significance to the FY94 objectives. The data sources to be included int the
FY94 real-time communications effort will be selected by the SEA 8cience Commiliee. An
approach and hardware design using off-the-shelf components will be finalized and
procurement will be basad upon requests for quotations.

2.5 mos After StartUp (ASU): communications for first buoy and survey vessel operational.
SDg4#2. Data management

All data re 3ted tasks arg coﬂemed into the Data management projact which, in turn, has



SD94#2.1. Coordination.

The objective of this subproject is the coordination of the Data management project with the .

naeds and interasts of the SEA participants and the Trustee Council. The goals are (1) to
identify and caonsult individuals with data expertise and responsibilities and (2) to establish a
vehicle for sustained coordination and consultation by forming an ad hec advisory group on
data issues. This initial consultation and review will be the basis for the selection of an
approach that is consistent and compatible with activities elsewhare.

5 wks ASU: approach finalized.

SD94#2.2. SEA data services.

This subproject is configured to incrementally build the FY94 resources for SEA data.
5D9442.2.1 Flat file database.

To start quickly and to focus early efforts elsewhere, the startup database will be a UNIX file
sarver and the native file system along with one or more of the widely used self-describing
data formats (CDF, HDF, NEONS). A server suitable for growth will be used.

3 wks ABU: specification and request for quotes.

6 wks ASU: delivery. .

5D9442.2.2. Data Ingestion

For each project and for each sensor or sampling effort, the procedures will be developed

with the principal investigator for moving data from the field to the SEA archive. There is a
broad array of issues: data formats and conversion, real-time versus physical media, media
type, raw versus reduced data, and processing of real-time data.

8 wks ASU: ingestion plan, hardware specifications and request for quotations (RFQ).

10 wks ASU: ingestion system and procedures operational.

SD84#2.2.3. Mass storage

10 wks ASU: Finalize requirements and configuration for SEA mass storage.

13 wks ASU: delivery |

5D94#2.2.4. Quality control and availability.

Establish procedures with principal investigators whereby data migrates (1) to new certi-
fication following checking and referencing and (2) from high availability storage (high speed .
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hard disks) to lower availability storage {on-line optical disks and off-line archive media). The
terminology adopted by the Earth Observation System (EQS) will be used to describe the

.evei of processing:

Level O. Unprocessed instrument data at full resolution.

Levsl 1.
1A. time referenced; georeterence and calibration information, applied if reversible.
18. nonreversible georeference and calibration processing applied.

Level 2, Darived ecosystem variables with time and location as Lavel 1.
Lavel 3. Level 1 or Level 2 mapped to uniform space-time grid,
Levael 4. Model output, analysis results, assimilated data sets.

Ongoing project.
SD94#2.2.5. Relational database.

The objective is to implament a relational search capability sufficient to support the SEA
project during FY94. The specific implementation will depend upon needs spacific to SEA as
weall as upon requirements for compatibility and coordination with other data systems. The
preliminary approach is to retain unchanged the initial data storage using scientific data
format files while using the relational data base for metadata and pointers to the files.

15 wks ASU: selection and order

.sma#z.z.e. Security plan.

The raquirement is to implement a system and procedures that (1) meet the reguirements set
forth in license agreements for data that are used in SEA and that (2) protect SEA from
malicious system entry and destruction.

18 wks ASLU: complete FY34 plan and implement

S0D944#2.3. Site access

The site access subproject establishes (1) the wide area connections neaded for
communications to sites with Internet access and (2) the local area network for SEA within

Cordova,

First prionity is for wide area connectivity for this will connect SEA operations in Cordova {o
all sites with Intemet access. In particular, this will mest the requirements of SEA for
connectivity to the University of Alaska and to essentially all universities worldwide, 1o an
increasing number of government agencies, to private companies involved in R&D, to
gateways to OMNET and BITNET, and to national and international data centers. Because of
this priority, wide area connectivity has been included in a request for time critical startup
funds. A memorandum discussing the technical background and the cost basis for the
request was provided to the Chisf Scientist. This memorandum is included as Appendix 1. It
.escribes the significance of this' connectivity to the efficiency and cost effectiveness of SEA.
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~ project. In particular, the implementation plan was prepared several months ago and was
submitted to NSF for cost sharing support under the program Connections to the NSFNET.
The proposal is still active. Additional information has been requested regarding servicas to
the Cordova Branch of Prince William Sound Community College. The final determination is
contingent upon funding for the balance of the project, specifically, the funds requested for
this subproject. The discussion in Appendix 1 reflects information available on February 17,
1894. Since that date, more information has become available and that is reflected in the
cost gstimates of this document. A final design approach will be determined after alf
technical and cost information is complste and, in particular, after a review of the best
approachas to minimizing the degrading effects of sateliite latancy.

The Internet connection has significance to the community beyend the functioning of the SEA

The FY34 objectives for a local area network are also discussed in Appendix 1. The objective
i5 to establish a limited scale local area network that connects the majority of the SEA
investigators in Cordova and that connects several of the principal Prince William Sound
Fisheries Ecosystem Research Planning Group (PWSFERPG) organizations. The
connectivity to the user organizations will provide those groups with access to the progress,
findings, and near real-time data of SEA. A portion of the NSF support is used to fund the
local area connection of the Community College.

8 wks ASU: dedicated 256kbs telecommunications link to intemnet.

12 wks ASU: limited scale local area networking of investigators and PWSFERPG.

SD84#2.4. Remote sensing data

For FY94 the effort will focus on Advanced Very High Resolution Radiometry (AVHRR) for
sea surface temperature {SST) and the soon-to-be launched Sea viewing Wide Figld of View
Sensor (SeaWiFS) for ocean color data. The objectives are the near real-time acquisition,
archiving, screening, and reduction, referencing, clipping, and mounting of AVHRR 88T {and
later SeaWiF8 ocean color) for the SEA area of investigation and to begin this effort as soon
as possible. There are three subprojects that will be ongoing.

SD94#2.4.1. Downlink and archive.
The dish and downlink site of the Geophysical Institute of UAF (GIUAF) will be used to
collect and tape all AVHRR passes with SEA coverage. After the SeaWiFS launch the

availability of only a single dish will mean occasional downlink schedule conflicts and the
congsequent loss of one pass for one sensor.

SD844#2.4.2. SEA data product.

Data will be screened (e.g., for cloud cover) and selected for a composite data image.
images are corrected and georeferenced and the SEA region clipped.

SD94%2.4.3. Distribution. - .




SEA image is mounted on the SEA data site and is transmitted to the SEA field survey.

.This subproject will be conducted by Dr. David Eslinger in collaboration with the Geophysical
institute.

SD94#2.5. Remote data sources

Thase are data sources for current data other than SEA data and satellite data. The primary
objective for FY94 is acquiring meteorological data in a format that can be readily integrated
into the SEA data and with sufficient timeliness to contribute to the adaptive sampling sffort.
it is anticipated that there will be significant limitations due to the currently available
rasolution for meteorological information on Prince William Sound and that results for FY94
will be an assessment and plan for improvements.

SD9442.6. Historical data
This long term objectives of this subproject are:

{1) assemble a digital index of historical data relevant to SEA,

(2) establish an off-line (tape) and low-availability on-line (CD-ROM) data base for
historical data available in digital form,

{3} select high priority data resources and complete necessary data processing 1o
integrate these data in the SEA data base,

For FY94, the objective is to complete these objectives for AVHRR and Coastal Zone Color
Scanner (CZCS). Cumulatively, much of work has been completed previously by SEA
coflaborators. During FY34 these investigators will collaborate to fill any gaps in the records,
compiete remaining data processing, and integrate these records into the SEA. The libraries
will be mounted in a distributed data base with redundancy as required by nonexistent or low
spaed data communications. This project will combine the prior work of the following
investigators:

(1) David Eslinger, (IMS-UAF). CZCS data for Alaska;
{2) Kevin Engle, (GI-UAF). AVHRR '
{(3) David Douglas, Gary Drew, (NBS Anchorage): AVHRR

The effort will be carried out during the last quarter of FY94 with completion during
September, 1994, it will be carried out by the above investigators under contract.

5D094#2,7. SEA data tools

The fundamental objective is accessibility and utility of the SEA data, models, and forecasts
for the SEA investigators and for those using the results of the investigations. Functionally,
these tools must identify the contents (browse tools) and explain access and use. They
should work in conjunction with higher level research tools and increase the productivity of
those tools. In particular, these tools provide a large part of the integration of the SEA data
.and results into a unified representation of the ecological subsystems.
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The objective for FY94 is a demonstration scale implemantation of such tools that is
sufficient for the efficient funoizamng of both the investigation and the distribution of results to
. users. This subproject will begin after a relational database is added (15 wks ASU) and will
continue over an sight week period during which time capabilities are incrementally added.

The approach will be to adapt interface and guery approaches used in

{1} the Environmental Center for Mesoscale Ocean Prediction (ECMOP) interface for
oceanographic data, developed at the Center for Air and Sea Technology, Stennis,
Mississippi

{(2) the Planetary Data Systems Small Body Nodes merfaca deve%oped at the University
of Maryland, College Park, Maryland.

These will be extended to address the three dimensional pelagic system by adapting
approaches used in the

(3) Science Planning and Operations Facility (SPOF) for International Solar Terrestrial
Program, developed for NASA by the Advanced Visualization Lab, University of
Maryland.

The SPOF tools provide a query and display interface for scheduling multiple satallites
according 1o their positions relgtive to the locations of predicted events in the
magnetosphere. The approaches will be adapted to the display, scheduling, and reporting of
the SEA survey vessels, buoys, and ships of opportunity relative to predzcted observed, and

historical cceanographic avents, .

SDS4#3. Descriptive model and interface

This subproject addresses

{1} the description of the state of the systemn given measured data and an incomplete
abstract definition or model of the system, and
(2) an interface to the data in terms of the system variables.

The measured data for this subproject is Level 2 data, that is, biological and physical
variables derived from Level 1 instrument and sampling data. (Level refers to the data
classification system used in the National Atmoshperic Space Administration's Earth
Observation System (NASA EOS). Level 1 refers to data that has been processed to include
instrument calibration and time and space referencing.) The derived variables include

from the SEA field survey {moored, ship, and aerial survey):
- ocean current vectors, temperature, salinity, sea state, front locations;
- plankton densities, distribution, species and cohort composition;
- fish densities, distribution, size and species composition, diet;
~ bird and mammal counts, distribution, predation.
from satellites:
- sea surface temperature, phytoplankton densities, sea state, sea surface .
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height;
- meteorological variables.

.The derivations of these variables depend upon a model for the instrument or sampling
method. There may be some dependence upon the system model, but in general the
derivations do not depend upon the way variables may be coupled.

The overall objective is to implement an interface to the derived variables in terms of their
description {or partial description) of the time varying state of the system. That interface is to
provide tools for display, query, and the computation of further variables that are functions of
the state of the system. In particular, the tools provide Level 3 processing of the data.
Spacitfically, display, query, and computation with multiple Level 2 variables having differing
space-time sampling necessitates interpolation and regridding using a common grid.

The objectives for FY84 are:

{1) visualization of the time varying state in the form of sequences of three dimensional
renderings of each of the SEA Level 2 variables;
{(2) support for adaptive field sampling.

SDY4#3.1. Visualization

The Level 2 variables include time-varying scalar fislds (temperature, salinity}, vector fisids
{ocean currents), densities with respect to volume (biomass per unit volume), and spatially
varying continuous (size} and discrete (cchon, sex) spectra. The spatial domain of definition
for each of these as system variables is the three-dimensional region of Prince William
Sound and the North Guif of Alaska. For each of the variables there are well developed
methods in scientific visualization for the dispiay of the values of the variable in a three-
dimensional region defined by the ocean surface and the bathymetry of the bottom. Scientific
visualization software from several sources provides extensive libraries of these methods. In
addition to the libraries, the software also providas an integrated application development
environment. The first task is to select the hardware and software and to implement the
visualization tools for each type of system variable,

However, unlike the system variable, the Level 2 derived variable is nearly always defined
only on a proper subset of the space-time domain of the system variable. For example,
temperatures derived from satellite measurements, towed thermistors, moored thermistors,
and acoustic tomography are defined only on the ocean surface, a curve, a point, and a
vertical plane, respectively. Fish density from trawls, acoustics, and LIDAR is defined on
points, vertical planes, and, for range-gated lasers, a volumetric region. In addition, the
domain for the derived variable may need to be viewed as time varying rather than a "snap
shot.” For example, the data on a vertical plane from an acoustic survey may have been
acquired over many hours. The further objective of this effort is the visualization of each
Level 2 variable on the appropriate spatial domain for a given time interval.

13 wks ASU: basic visualization capability, applied to bathymetry and several variables.
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18 wks ASU: visusalization of all Level 2 variables.

- 8D94#3.2. Support for adaptive sampling .

The obiactive is to develop the resources to meet the specific information reguirements of
adaptive field sampling strategies. For FY94 the objectives will be to provide

(1) near real-time support;
{2) transmission of reduced data to the field and decision aid {ools for field use;
{3} short term forecasts.

In general, the decisions regarding sampling strategies will ba based upon information about
the recent past and the present of several variables. They will also require some level of
prediction, even if it is no more than an estimate of the time during which the present state is
expected to persist. The purpose here is to establish, during FY94, support proceduras for
these requiraments based upon an stiective interface to available realtime data in
conjunction with partial, albeilt incomplete, modeiling resources.

The first issue is the common one of interpolation and regridding. it is the problem of
processing the data for several variables (Level 2) such that all data is defined on a
common, possibly regular, set of sampling points in space-time {Leval 3}. in addition to the
problem of interpolating any one variable, there is the further issue of consistency between
the intarpolated values of several variables that are coupled in some way. Without recourse
to dynamical models, the approach must remain a statistical one that depends upon the

statistics of past and present data. .

However, the approach here will be to reduce the impact of this problem by exploiting three
of thae central features of the SEA survey design:

(1) the use of sensors with high sampling rates along extended, connected subsets
{acoustics, echo and doppler), satellite and airbome sensors, and depth shuttling
towed sensors have high sampling rates along a vertical plane, ocsan surface, and
undulating curve within a vertical plana);

(2) simultaneously deployed multiple sensors with coincidence measurament domains
(common vertical plane for acoustics and towed sensors, satellite and low altitude
images of common regions at near time coincidence);

{3) simultaneous measurements from sensors with transversal measurement domains
{the vertical plane is transverse to the surface plane).

interpolation and regridding issues are of much less consequence within any one of the

domains with high sampling density. interpolation across the continuous, undulating path is

less problematic than interpolation across isolated vertical drop measurements, With

interpolation and regridding within a domain the variables are jointly given and provide a

partial description of the state of the system. The transversal domains provide two such

partial descriptions. In this situation, the problem is not that of differing sparse sample points

for sach variable. Instead, there are two sparse sets of two-dimensional planas {vertical

slices and the ocean surface at distinct times) on which partial descriptions of the state of the .
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system are given. The interface provides the means to view and manipulate this description
of the state. Specifically, interpclation between planas, whether subjective or formal, can now
& viewed as interpolation of the partial description and not of uncoupled variables.

This, in effect, defines a Level 3 data specification on the measurement domains. With
compression, and with possibly lossy compression within the domains, this data is a first
choice to use for transmission {o the field.

This same Level 3 data is the basis for computations of system relatad guantities that are
defined by models that depend only upon the system variables and not upon space and time
explicitly. Such quantities are the instantaneous Lagrangian drift of plankton {using ocean
current fields), the feeding rates of predators upon specific prey and prey mortalities {from
foraging modsis using predator and prey size and space distributions, light level,
temperature), dispersion rates (from distribution modeis using any or all of foraging rates,
energetics related rates, or temperature or light intensity preferences). As before, these
model based features can be computed on the sparse domains and can be visualized and
manipulated along with the Level 3 variables.

The models used to compute such features are some of the parts of a numerical model. The
computed features add a degree of projection into the future. Because the model is
incompletely defined, it cannot accurately predict the evolution of the state in time. Howaver,
with some caution and attention to the sizes of the computed rates it should be possible to
identify those processes likely to dominate and those of lesser consequence for the short
term. This type of insight and the ability to visually track such indicators in near realtime is

we goal for the Descriptive model and interface subproject for FY94. in addition to supporting

daptive strategies, this capability will be used to develop near realtime on-line visual reports

for the SEA participants.

5D84#4. Numerical models

The work of this subproject is the development of numerical models. The abjective is the
capability to predict the time evolution of populations of pink salmon and Pagcitic harring in
Prince William Sound during their early life stages. The ecosystem approach is, in effect, the
recognition that this objective necessarily implies the capability 1o predict the time avolution of
the ecological subsystems of Prince William Sound associated with these two species.

The approach is shaped by basic aspscts of the problem. A first such aspect is the
sparseness of data. It is argued that there are processes acting at fine spatial and fast
temporal scales that cannot be measured synoptically. As a result it is not possibig to
adequately characterize the present state of the system. if the present state cannot be
adequately known then it is problematic how to construct a statistical model or, given any
model, how 1o initialize it.

A complementary aspect is the incomplete information on the processes that determine the
system dynamics. A completely specified present state can be projected forward in only very
limited ways.
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The development of a dynamic maode! is relevant to both aspects. For the issue of sparse

data, the combination of available data and an accurate model of the system should provide

- more information than the data alone. It should be possible to use the additional information .
of the model as a means to effectively interpolate and extrapolate. For example, a better
representation of the present state should be possible, That, in tumn, should result in a belter

initial condition and, thereby, a more accurate forecast.

A mathematical framework

A mathematical and numerical formulation of the modslling problem and the acological
context of that formulation are described in the SEA Science Plan {Sound Ecosystem
Assessment, Initial Science Pian and Monitoring Program, Report Number 1, Draft,
November 24, 1993). The marine populations are represented in general by functions of
time, physical space, and a set of optional variables. The functions define densities with
respect 1o volume and a measure for the optional variables. That is, they defineg time varying
number of individuals per unit volume and per unit measure of the optional variablas. The
optional variables are those over which the popuiation is non-uniformly distributed, and may
be either continuous or discrete. Common examples are size and age. The physical and
chemical environment is represented by a vector of environmental variables, each variable a
function of time and space. These environmental variables are the usual ocean state
variables {current velocity components, temperature, salinity, pressure, density) along with
variables such as light level, dissolved oxygen, and turbidity.

The subsystem is then identified according to those variables and populations that can be

modelied as solely “foreing” relative to the target population, those that are coupled to the .
targat population, those for which the target population is forcing, and those that are none of

these three.

(1) A variable or population is referred to as "forcing” if its value affects the target
population but is not itself affected by changes in the target population.

{2} A first population is coupled to a second if a change in the first causes a change in
the second and conversely.

The modelling problem is simplified to the extent it is possible to identify a prici the
populations not coupled to the target population and only forced by it, for these can be
neglected. The problem is furthar simplified by approximating coupling by forcing wherever
possible. For SEA, the environmental variables are modelled as foreing only. One rule of
thumb that is cited is that of limiting a model to "plus/minus 1" trophic levels and to use
forcing for all else.

The time evolution of the population densities and the environmental variablas are
determined using two types of processes

{1) coupling processes: feeding and dispersion;
(2) within-population processes, e.qg., growth, swimming, reproduction, advective transpor,
egyg desiceation.
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Two coupling processes, (1) feeding and (2) dispersion, are used to determine the coupling
between two populations. That is, these two processes are the mechanisms whereby the

distribution of a first population relative to spatial position and to optional variables {e.q., size,
age, sex) changes in rasponse 0 a second population distribution. The actual change may
also depend on processes within-population such as growth, swimming speed, and
regeneration.

FY94 objectives
There are four objectives for FY94.

{1} subsystem identification;

{2) implementation plan for an ocean circulation model;

{3} implementation plan for a physical-biclogical modael;

{4} identification and representation of observations regarding feeding, dispersion,
mortality, and growth for near-shore and pelagic nekton.

SDY4#4.1. Subsystem identification.

The SEA Science Plan reviews the life stages for pink saimon and Pagcific herring during the
period of rasidency in Prince William Sound. Thase life stages are short intervals of weeks
to months and have relatively sharp transitions. The earliest of the stages are subsystems
that are simple in terms of coupled component and complexity of forcing factors. Later
stages are increasingly complex. The objective here is to formulate an appropriate
.subsystem approximation for each stage. The survey findings on coincident distributions,

W iceding, dispersion, and ocean state will be used to identify the populations that constitute
the subsystems for pink salmon and Pacific herring at sach life stage. The objective is the
identification of the components; this identification then determines the interaction processes
between those components that require description and modelling.

it will be likely that one such subsystem approximation will not suffice for all needs. A first
goal in SEA is a model sufficient to account for natural variability. The prudent approach is
simplicity and first order effects. A further goal is a model suitable for assessing the
consequences of a major perturbation to the system. In this case the first order
approximation may not adequately reflect the consequences. Yat another goal ig to predict
the consequences of long term sustained perturbation. One approximation may not be
appropriate for all time scales. Because of these muitiple requirements, the objsctive is to
also identify the more complex subsystems that may be needed for use with major one-time
perturbations (risk analysis, response) and with long term sustained perturbations
{restoration, enhancement). ‘

The following illustrate the system identification tasks.
{1) For wild pink salmon, the egg and alevin stages are to a good approximation
uncoupled. There is no feeding and negligible predation. This subsystem is affected

solely by processes associated with the stream hydrology. The modeliing objective is
. to relate stream processes and "stream type” to survival and to timing of outmigration
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of fry, and to develop methods whereby stream processes throughout the watershed
could be predicted from a combination of in situ sensors, remote sensing, and past
climatological data. The significance of this effort is that such a model will provide the .
initial conditions for the next lifestage, that of fry in the nearshore region. There is no
measurement aiternative. This model development will begin in FY395 and the initial
condition from hatchery stocks will be used in FY94.

{2) The herring egg stage is subject to the “forcing” processes of the intertidal ocean, and
the larva stage undergoes forced advective dispersion. There s no feeding until
several weeks into the larva stage. There is substantial predation, especially during
the egg incubation. The question is whather there is significant feedback: whether the
predator populations or distributions are affected by the egg or larva density {i.e., by
their extent and the number), Examples of such effects are changes in numbers of
predators due to switching to or from alternative prey, or changes from one year to the
next in the number of predators due to effects upon reproductive or rearing sucgess.

(3) The rivar-lake hypothesis describes a process whereby ocean circulation has a foreing
refationship upon a principal prey of the subject species. it does not say anything
about the rest of the system. Identifying the likely extent of the system with regard to
coupling and forcing from phytoplankton through fry and juvenile herring 1o their
predators must be done as the first step toward using the ocean circulation effects in a
dynamic model.

{4} Pacific herring at metamorphosis become a new component of an existing pelagic
system. Both the "before” and the "after” subsystems are the question hera. They are
iikely to extend from primary production through adult herring. in contrast, the
overwintering subsystem for age one through age three herring is simpler and may, for
tirst approximation, be simply forced by ccean temperatures.

SD94#4.2. Ocean circulation model.

Every biological process ralevant to SEA is a function of the ocean state variables. The
approximation that the environment is only forcing means that the ocean state can be
addrassed without regard for the biology. It is not possible, on the other hand, to predict
anything about the time evolution of the biology without a prediction of the ocean state. The
slow rate of changs for the ocean is not a way around this requirement, for there is then the
problem of adequately describing at sufficiently high resolution the state of the ccean. The
contemporary method for obtaining good representations of the ocean state is through data
assimifation, the combined use of measurements and dynamical models.

The objective for FYS94 is to review contemporary capabilities for modelling and to select the
one or more approaches needed to mods! the ocean dynamics of Prince William Sound and
its intaractions with the Gulf of Alaska. This review will include a survey of current activities
and recent results and communications with academic, government, and private research
centers. An implementation plan will be developed for a continuously running four
dimensional circulation model for Prince William Sound and the adjacent regions of the Guif
of Alaska. The plan will include the assimilation of data from SEA and from other observation
programs.
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The schedule for FY94 is
Aug 15, 1884 implementation plan completed
Sept 15, 1994: first steps of implementation plan completed.

The project will collaborate with Dr. Mark Johnson, UAF/IMS, for technical leadership. Dr.
Johnson is active in the field of occean circulation models with extensive experience in
Alaskan waters.

The project has the advantage of an extended network of rescurces by virtue of the
multi-institutional collaborations in SEA. The primary resource is UAF/IMS. A sscond is the
Rosenstiel School of Marine and Atmospheric Science (RSMAS), University of Miami. There
are collaborative relationships with investigators at RSMAS who are involved with the U. S.
Coast Guard project for ocean modelling to support an oil spill response system. A third
resourcs is the Prince William Sound Oil Spill Recovery Institute. The Institute maintains a
clearinghouse for spill related technological information at the Prince William Sound Science
Center. This clearinghouse containg comprehensive and current information on the ocean
modeiling activities of industry and government.

SD94#4.3. Physical-biological model.

The dispersion of nutrients and phytoplankton is determined by ocean eddy diffusion and
advection. The distribution of zooplankton is similarly determined except for some
independent vertical mobility. The recent advances in ocean circulation models and their
numaerical solution have led to efforts to model and simulate the time evolution of plankionic
populations in a subsystem, These time evolution models are often called physical-biological
models. (Much of the work prior to these focused on equilibrium distributions of these
populations.) Satellite ocean color scanners have provided synoptic scale data on
phytoplankton distribution. These data have been used in mods! validation and in data
assimilation trials. The less complex forms of the models address only plankton dispersion.
More complex models combine dispersion with regeneration and feeding.

They are hybrid models combining ccean circulation models with biological models for
foraging, natural mortality, regeneration. These models can address the mixed layer
temperature and depth, nutrient consumption and redistribution, phytoplankton production
and sinking, zooplankton grazing and diel migration, and advective transport. They can be
extended to include planktivore grazing with the addition of models for the foraging and
dispersion of the planktivores.

These are the models needed for the river-lake hypothesis.
The objectives for FY34 are
{1} Beview contemporary modelling approachas and their applicability to the subsystem
“associated with the zooplankion prey of pink salmon fry and juvenile herring;
{2} Formulate a model and a plan for its numerical solution as an extension of the ocean

circulation model;
. {3) Assess the feasibility and utifity of a lower level implementation of the modei that can
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be used with ocean state data from the SEA field observations and with available
satellite data for ocean temperature and color.

{4) I the finding in (3} is favorable, implement a data driven model of the time evolution of .
the plankton populations, up to but excluding plantivore grazing.

The schedule is:
July 1, 1994: review and model implementation plan complete.
Aug 1, 1994 simulations from a data-driven implementation of the model.

Dr. David Eslinger, UAFAMS, will be contracted to conduct this effort. He has developed
physical-biclogical models, applied them to historical data sets for the Bering Sea and the
Atllantic Bight, and has evaluated their performance using CZCS ocean color data. He is a
co-principal investigator for the SEA project for in situ measurements of the phytoplankton
populations and nutrient concentrations. He is also the technical lgad for the BEADATA
subproject to acquire and process remota sensing data, including forthcoming SeaWiF S
ocean color data.

SD94#4.4. Nekion processes.

According to the foregoing modal the observed distribution of phytoplankion reflects the past
transport and the mortality and regeneration along the way. iIn contrast, the observed

distribution of nekton can be modelled as a responsa to the present distribution relative to
alternative distributions. There is no consensus regarding responsas and possible

mechanisms, A simple formulation consists of a "preference” measure for an environmental .

variable such as temperature, light level, or temperature gradient {thermal front}. in these
cases the environmental variable is forcing the dispersion just as for phytoplankton. More
compiex formulations involve weighted measures of rates for one or more processes.
Examples here are rate of feeding, rate of net energy flux, rate of predator attack, gut
fuliness, and combinations of thesa.

There can be feedback. For example, thare is no feedback in the hypothetical example of
planktivore response to feeding rate and zooplankton response to light level. There is
feedback in the case of a predator and its prey both responding to some combined measure
of rates of feeding and rates of praedator attack. In such cases, diel migrations would be
expected if changes in light level have an effact upon feeding rate or upon rates of predator
attack.

The objectives for FYS84 are:

(1) identification of the "plus/minus 1* subsystem (i.e., the predators, competitors, and the
prey) for each postlarva life stage of pink salmon and herring as determined from the
SEA surveys.

(2) from the SEA data, the identification of the time varying distributions with respect to
space and size of each population in the two subsystems.

{3) preliminary, trial models for dispersion for each of the populations in the *plus/minus 1"

subsystem.
{4) numerical solutions for the trial models and the simulation of the time evolution of the .
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space and size distributions of the subsystem, with diel and within season variations.
{5) trial models for foraging and growth and the simulation of the time evolution of pink
saimon and herring feeding, growth, and predation mortality,

These objectives depend upon the data and visualization capabilities developed in SD24#3.1
and upon the SEA measurement approaches. The populations that are members of the
*plus/minus 1" trophic levels are identified by direct sampling in conjunction with the
simultaneous sensor measurements throughout the water column of the “plus/minus 1°
trophic levels. Prior information and SEA data are used to formuiate trial dispersion models.
Methods for numerical solutions are adapted or developed, and resulting simulations are
visualized and compared to the SEA data. Trial models for growth and foraging are used to
simulate fry and juvenile herring growth and predation mortality for various initial conditions,
changes to environmental variables, and for changes in predalor and prey abundances.
These trials are compared with the SEA survey results from coded wire tag studies for
salmon fry growth.

Schedule:
August 1, 1884: trial models for dispersion.
September 1, 1984: preliminary numerical methods and simulations.

The project will draw upon the collective knowledge of SEA regarding the distribution and
behavior of specific populations, the interpretation of observed overlapping distributions, and
results from field studies of diet and foraging. Dr. Doran M. Mason, University of Wisconsin
Limnology Laboratory, will collaborate with Dr. Vince Patrick in the development of
distribution-feeding-growth models. Dr. Ricardo Nochatte will also collaborate as an expert in
numerical methods for the classes of equations used in this project.

5D94#5. Sampling technologies

The issue addrassed in this subproject is the efficiency and cost effectiveness of the SEA
monitoring effort with respect to the resolution and scale of sampling. In both the
geosciences and in ecology the identification of the state of a system and the dynamics of
that system is fundamentally limited by the density and the scope of measurements in space
and time that can be realized for a given level of effort. There have been major advances in
sampling and measurement technologies that push back these limitations, and the rate at
which such advancas are made is increasing as more effort and attention is directed at these
problems. With regard to such advances, this subproject has two ongoing objectives:

{1} to serve as the vehicle whereby available technological advances relsvant 1o SEA can,
on a selective and prioritized schedule, be infroduced in a manner that does not impair
the ability of existing projects to fulfill their immediate monitoring responsibilitiss.;

(2} to provide the means whereby newly available advances or amerging technologies can
be reviewed and evaluated.

For FY24, the objsctives are the topics of the following five subprojects:
. 5.1, The addition of a towed platform, fitted with optical plankton counter, Conductivity,

18



Temperature, Depth (CTD), fluorometer, and flowmeter, providing a programmable,
depth varying, undulatory trajectory, and suitable for unattended deployment on
ships-of-opportunity; .

5.2. The addition of the optical plankton counter (OPC) to the SEA monitoring program;

5.3. The integration of the sensors, data-loggers, and near real-time communications for
the sensor packages to be deployed on the U.S. Coast Guard buoys;

5.4. A review and evaluation of the applicability of acoustic tornography in SEA,;

5.5. An exploratory program for the use of acoustic, multi-spectral, and thermal sensors,
both shipboard and airborne, in bird and mammal surveys.

SD94#5.1. Depth shutlling platform.

The objective is to specify and procure a commercially available towed platform capable of
carrying physical, chemical, and biological sensors along a preprogrammed trajectory of
periodically varying depths. Towed acoustic systems such as doppler current profilers and
echo sounders provide repetitive sampling of the water column along the path of the fowed
system. In contrast, physical and chemical measurements are often made only along
isolated vertical drops. This restricts measurements to the beginning and end of trawis and
plankton tows and necessitates stopping mid-transect with acoustic systems. Depth shuttling
platiorms permit the continuous deployment of physical and chemical sensors and the
repetitive excursion of the water column from the surface to depths up to 150 meters. This .
deployment scheme is of particular significance to SEA: the towed depth shuttiing approach
combined with towed acoustics is the only means currently available for making simultaneous
measurements throughout the water column of the ocean state, turbidity, light level,
phytoplankton density, zooplankton size spectra and biomass density, and fish size spectra
and biomass density. Such simultaneous measurements of spatial distribution, size structure,
and environmental variables are central to the identification and subsequent measurement of
interactions between and within trophic levels and processes controlling foraging, mortality,
growth and distribution.

The obijective for FY94 is to complete the spscification and procurement of a depth shuttling
vehicle. An initial product review has baen completed. Thus far, the "Aquashuttle” from
Chelsea Instruments, Ltd. is unique both in price and performance. Because of the lateness
of the start of SEA relative to the beginning of sampling in the northern hemisphere, there
remains only one uncommitied unit available for 1994 delivery. It is an immediate concern
whether SEA will be able to obtain a shuttle for FY34. Assuming a unit can be purchased,
there is a long delivery time of 15 weeks. During that time, vessel preparations will be
complated along with any custom fabrication for the fitting of sensors to the shuttle. At the
end of FY84 work will start for configuring the shuttle for use on ships-of-opportunity during
intervals of less frequent SEA field work.

As soon as possible ASU: specification and procurement.
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186 wks ASU: delivery;
18 wks ASLE completion of mechanical trials and supervised deployment; begin routine

use;
.Sept. 15, 1994; complete configuration for use on ships-of-opportunity.

{Revised delivery time as of 3/10/34: 9 wks after purchase order)

SDY9445.2. Optical Plankton Counter.

The objective is to extend the density and scale of zooplankion measurements through the
use of the FOCAL optical plankion counter. An optical plankton counter is being loaned {o
SEA by the Soldotna office of ADF&G. In towed applications, the OPC uses optical counting
and sizing technologies along with a flowmeter, depth sensor, clock, and Global Posttioning
Systam (GPS) to determine the local density and size structure of the zooplankton
community and the depth, time, and position of each measurement. It does not digtinguish
between species, and the detarmination of species compaosition requires direct sampling.

E. Jin of University of Toronto will carry out the integration of the FOCAL OPC and the
Aquashuttle and the use of these two in SEA. He has been using the FOCAL OPC on the
Great Lakes for more than four years. Since 1984 he has been the field and laboratory
manager of the plankton ecology program led by Gary L. Sprules. He has done exiensive
~ work in the areas of calibration and ground truth procedures, flow rate adjustments, and data
analysis, and on these issues ha has conferred directly with Dr. Alex Herman, Bedford
.imstitute, the inventer and developer of the OPC.

The objectives and scheduls for FY94 are:

10 wks ASU: complete calibration of the OPC and field operations trials.

17 wks ASU: the adaptation of the OPC {0 the Aguashuttle.

18 wks ASU: the development of procedures for field survey and for routine deployment with
the Aquashuttie.

SD944#5.3. U.5.C.G buoys: sensor packs.

The objective is to implement a prototype design for a sensor package with near real-time
communications with one buoy, and to later proceed with further implementation of two or
three additional buoys.

4 wks ASU: coordinate with SEA projects the sensors to be deployed in the initial package.
5 wks ASU: complete package design.

8 wks ASU: integrate with communications approach {see 1. Figld data communications).
9 wks ASU: delivery and deployment.

SD94#5.4. Acoustic tomography: review and evaluation.
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Tomography, in general, attempts to determine the pointwise properties of a medium from a
kKriowledge of the cumulative effects of that property along paths through the medium. in

- practice, the knowledge is usually limited to a finite set of paths. In oceanography, acoustic .
tomography is used to determine the speed of sound pointwise throughout the water column
between two moored transducers from a knowledge of the total time for sound {o travel from

one transducer to a second along the possible "multipaths” for sound between the two

transducers. From the relationship between sound speed and temperature and pressure, the
temperature through the water column can be estimated. This measurement provides
simultaneously and instantaneously what could be determined with a thermistor on an

Aguashutlle after many tens of hours.

The addition of a third transducer station increases the information by a factor of three
because one then has the temperature through the water column along each side of a
triangle defined by the three stations. With *moving ship tomography" the temperature can be
determined for each water column defined by the line between the current ship position and
a fixed transducer, but each one sequentiaily and not simuitaneously. Acoustic tomography is
an extremely cost effective means for synoptic scale, high resolution, real-time
measurements of the structure of the water column.

The usual methods for acoustic tomography rely on a sound channel and the consequent
multipaths. Prince William Sound is in most places too shallow for this approach. The
ohjective here is 10 assess whether the efficiencies and cost effectiveness of acoustic

- tomography can be realized in SEA through alternative schemes of the generation of multiple

paths.
This review will be conducted by Prof. Carlos Berenstein, Instifute for Systems Research, .
University of Maryland.

July 1, 1984: preliminary findings
August 30, 1994 final evaluation with recommendations regarding trials in FY35

SD8445.5. Sensor trials in conjunction with bird and mammal counts.

This subproject is to use conventional, direct observational assessmants of the abundance
and distribution of birds and mammals along with experimental recordings of acoustic signals
and the recording of video, panchromatic, multispectral, and thermal images. The objective is
to use the observational records of skilled observers along with the video and panchromatic
images as ground truth. The acoustic records and the multispectral and thermal images are
to be evaluated for their potential use in more autonomous survey schemes whergin species
identification, abundance, and distribution can be extracted from some combination of tha
recorded signals.

The objectives for FY34 are:
(1) develop and execute a survey plan using conventional observation methods.

(2} to complete an initial review of information on acoustic, optical, and thermal signatures
of the bird and mammal speciss of interest and the degree to which these signatures
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can be distinguished from background clutter.
(3} if promising approaches can be identified through loaned or leased equipment
. {a} supplement the observations with a video record and, as appropriate, a high
resolution panchromatic film record such that a trained human observer could
reproduce the counts of the original observers over the recorded field of view.

{(b) begin the creation of sequences of recorded observation sessions that contain
the reports of the expen observers, the video and fiim ground truth record, and
the recordings from special sensors.

{c) prepare a collection of special sensor records and a companion collection of
referenced ground truth recordings, and develop a plan for FY85 for joint
programs with acoustic and image signal processing labs to develop algorithms
for automatic generation of bird and mammal counts.
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E. EXISTING AGENCY PROGRAMS

.N:}t applicable

F. ENVIRONMENTAL COMPLIANCE/PERMIT/COORDINATION STATUS

The activities to be performed in SEADATA are in no known ways similar to, or precursors
for, activities with known or suspected environmental impact. SEADATA should qualify for a
categorical exclusion from the requirements of the National Environmental Policy Act.

G. PERFORMANCE MONITORING

SEADATA has two roles within SEA:
{1} thef generation of ecosystern information from project data and
(2) the implementation of the functionality to generate that information.

The review and oversight of the first role is at the level of the Prince William Sound Fisheries
Ecosystem Research Planning Group (PWSFERPG) and its Scientific Committes, In the first
role, SEADATA supports, facilitates, and coordinates all of the SEA projects. Consequently
the review is of the collective functioning of SEA. The second role is more technology
specific. The review here is at tha lavel of the Prince William Sound Science Center and the
subgroup of the Scientific Committee participating in modelling and data systems resouwrce
development.

The SEADATA milestones are in many cases tangible enhancements to SEA for
investigators, users, and sponsors. Wherever possible, the project has been organized to
deliver resources and results in increments with immediate utility 10 SEA. This provides both
the project manager and the project reviewers readily visible milestones with operational
significance.

The project leader is Dr. Vincent Patrick. In the event of his inability to fulfill these duties the
responsibility for the overall project will be assumed by Dr. Gary. L. Thomas. The
responsibility for each subproject will be assumed by the technical lead for that subprt:;}ect as
indicated in the Section C.

The pm)eat plan was devel oped with the aid of project management software, and these
management aids will be used in managing and tracking the project. Software that is X11
compatible will be used so that project accomplishments, schedules, slippage, changes, and
summary charts can be reviewed at any time by any participant using the Intemet.

H. COORDINATION OF INTEGRATED RESEARCH EFFORT

SEADATA is an integrated effort in terms of its goals and objectives and in terms of #ts
.;methods. The goals and objectives described in this project plan are the result of seven
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months of close collaboration with the members of the region sarved by the study, with the
on-site resource managers, with scientists based in the community, with scientists from the
- University of Alaska, and with administrators responsible for the oversight of the restoration
resources. The goals and objectives here were daveloped in the same crucible as the goals
and objectives of the field study projects of SEA. Quite sarly in this process the goals for
SEADATA were set: (1) to develop numerical models with predictive capabilities, and (2) to
pursue an approach that would as quickly as possible add guidance and direction to field
sampling strategies. SEADATA was planned alongside and along with ADF&G and UAF
plans for SEA projects and for SEA related projects.

SEADATA is coordinated with terrastrial data and modelling efforts conducted by the Oit Spill
Recovery institute and the Hazardous Substance Spill Technology Review Council.

By design SEADATA applies cross-disciplinary methods and technology to fulfill its functionat
missicn in SEA. The SEADATA plan provides for the coordinated application of expertise and
technology from six institutions in North America. The methods and technologies, the
collaborators, and the plan itself are shaped by six years experience with interdisciplinary
collaborations and technology transfers supporting marine and Great Lakes studiss.

In drawing from a broad interdisciplinary basis the plan incorporates tools and resources that
are commonplace in one discipline but that are new in another. The plan incorporates a
*show me” attitude and by design incrementally introduces new capabilities. These new
capabilitiss will be available to all networked SEA investigators, users, and administrators.

Much effort has been expended in acquiring cost sharing opportunities for SEA. In July a
proposal was submitted to NSF for assistance with wide area network costs. This effort
depends upon the integration of the SEA wide area communications with that of the Cordova
Branch of the Community College. That effort will go forward following the startup of
SEADATA. In another effort SEADATA is administering the introduction of optical plankton
counter {OPC) technology in the SEA field study. For FY94 the OPC will be on loan from
ADF&G Soldotna.

. PUBLIC PROCESS

The SEADATA project plan was formulated during the last half of 1993 as one component of
the PWSFERPG process. The project plan is the result of that process. During the fall of
1993 SEADATA approachss and technologies were presented in the public maeting forum of
PWGSFERPG. The approaches and technologies were illustrated through the use of scientific
visualizations of data from the Great Lakes and from the Chesapeake Bay. Following that
introduction the approaches and technologies wera integrated into the SEA planning process.

During January, 1994, the methods and technologies of SEADATA were prasented to the
Cordova Aquatic Marketing Association (CAMA). Scientific visualizations of six fisheries
ecosystems were presented: Chesapeake Bay blue crab; Chesapeake Bay anchovy; Lake
Ontario alewife and zooplankton; Coghill Lake salmon; and Prince Wiiliam Sound
overwintering Pacific herring. These visualizations were used 1o describe the objectives of
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SEA and the role of SEADATA in delivering an integrated, near real-time view of the Prince
William Sound ecosystemn. A video- taped demonstration of the ECMOP graphical intarface
as shown. In that video, the developer, Jamas Corbin of the Center for Air and Sga
P iechnology, Stennis, MS, described the use of the interface and demonstrated its use with
time series animations of Gulf of Mexico sea surface data, As described in Section C, an
FY94 goal of SEADATA is the implementation of a pelagic version of ECMOP for Prince
Witliam Sound.

During FY84 CAMA and Prince William Sound Aquaculture Corporation (PWSAC) will be the
first of the community sites to be connscted to the SEA local area network. The plan is to
provide both CAMA and PWSAC with X-terminal displays. With these they can display and
guery all of the SEADATA products, including 3-dimensional visualizations and animations of
the river-lake processes, near-shore fish distributions and dispersion, ocean currents at the
surface and at depth at Hinchinbrook Entrance, and the distribution of juvenile salmon and
thair predators. These will be available to any of the SEA community with internet access.
For example, the SEADATA products will be accessible by SEA users from a graphics
display terminal at UA- Anchorage and UA-Fairbanks.

J. PERSONNEL QUALIFICATIONS

This project will be conducted by an expert staff from academic, management and industry

sactors, These experts will be recruited by the Prince William Sound Science Center through

broad area and directed advertisement. The Science Center is an equal opportunity
mpioyer. ‘

Project Leader: Vincent Patrick, Ph.D.

Education:

1967 B.A. Physics Thiel College, Greenville, Pennsylvania
1982 M.A. Mathematics University of Maryland, College Park.
1987 Ph.D. Mathematics University of Maryland, College Park.

Professional Experience:
ACADEMIC
Research Associate, Institute for Systems Research, University of Maryland 1983-present
Asst. Research Scientist, Chesapeake Biological Laboratory, Univ. of Maryland, 1882-1983
New UNIX installation; visualization; Chesapeake Bay blue ¢crab survey.
Ressarch Associate, Advanced Visualization Lab, University of Maryland 1981-1892
Start-up and first year operations of the U. of Maryland Advanced Visualization Lab.
Asst. Research Scientist, Chesapeake Biological Laboratory, Univ. of Maryland, 1890-1991
Computer systems administrator {acting); new UNIX system and LAN.
Asst. Research Scientist, Chesapeake Biological Laboratory, Univ. of Maryland, 1988-1991
Underwater acoustics; introduce visualization.
. NON-PROFIT
.t\fﬁiiate Scientist, Prince Willlam Sound Science Center, Cordova, Alaska, 1993-present
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INDUSTRY ,
Senior Enginear, AIMS, Inc., Rockville, Maryland 1991-1992
. GOVERNMENT . ;;
Physicist, Center for Night Vision & Electo-Optics, U.8. Army ECOM, Ft. Belvoir, VA
1982-1086 Advanced Modelling Team 1968-1982 Image Intensifier Technology Team

Selected Publications:
D. M. Mason and E. V. Patrick. 1993, A model for the space-time dependence of feeding
for pelagic fish populations. Trans. Am. Fisheries Soc. 122(5):884-901.

B. J. Rothschild and E. V. Patrick. 1893, Generation of a phytoplankton maximum in a
grazing-extended logistic model, Fisheries Oceanography 2(3/4):223-230.

S. B. Brandt, D. M. Mason and E. V. Patrick. 1992, Spatially explicit models of fish growth
rate. Fisheries 17(2):23-35. {includes journal cover)

C. A. Berenstein and E. V. Patrick. 1982. Exact decenvolution for multiple convolution
operators-an overview, plus performance characterizations for imaging sensors. Proceedings
of the IEEE, Special Issua on Multidimensional Signal Processing 78:723-734.

S.B. Brandt, D.M. Mason, E.V. Patrick, R.L. Argyle, L. Wells, P. Unger and D.J.Stewart.
1890. Acoustic measures of the abundance and size of pelagic plankiivores in lake michigan.
- Canadian Joumal of Fisheries and Aquatic Sciences 48:894-908.

Patents:
Eight patents in the flelds of image intensifiers and ultrahigh vacuum processing

Memberships:
American Mathematical Society
Socigty for Industrial and Applied Mathematics

1. Project Staff: Ravi Kulkarni

Education:
1980, M.S. Electrical Engineering, University of Maryland

Professional Experience:
President, Grafikon, Ltd., a small consuiting firm specializing in advanced scientific
visualization, scientific data management, and discipline-specific graphical user interfaces.

Current activities:

NASA grant to develop a distributed database consisting of heterogenous data centers, the
Smail Bodies Nods (SBN) of the Planetary Data System (PDS/APL), and the Advanced
Visualization Laboratory (AVL) of the University of Maryland.

Ravi Kulkarni has contributed frequently to the definition and implementation of data .
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standards at NASA. In joint work with NASA he has evaluated scientitic data formats
{including HDF, CDF, and NetCDF) for suitability for NASA missions {(e.g. ISTP). He
designed the current generation Common Data Format (CDF) software for NASA/NSSDC.
He has participated in numerous workshops and conferences on data management and
visualization, including the NASA Office of Standards (NOST) data formats workshop, and as
a pansel member at Visual- ization 93. He is a co-developer of the International Halley Watch
{IHW} archive for SBN, and he developed the IHW graphical user interface that combined
rapid search with a "quick look” graphical view of the data.

With the AVL he is integrating advanced visualization tools (AVS, IBM Data Explorer) into
NASA's mission planning and data archivas at the National Space Scienca Data Center
{NSSDC) and with Science Planning and Operations Facility (SPOF) of the international
Solar Terrastrial Program (ISTP). He is especially interested in the comparison and
assimilation of model/simulation based data with observational data from remotefinsitu
satellites. He is a member of the American Geophysical Union.

2. Prolect staff: Edward H. Jin

Education:

1983, Bachelor of Science (Honors) Zoology, University of Toronto.

Area of concentration: Limnology, environmental ecology. Undergraduate Thesis: "Effects of
prey composition on the feeding of Chacborus flavicans larvas.” Supervisor: Dr. W. Gary
Sprules.

. Professional and Teaching Experience:

Research Assistant{Frashwater Ecology). Dept. Zoology, University of Toronto, 1984-
present.
Guest Lecturer and field instructor in Limnology. Lectured on zooplankton ecology in a senior
limnology course as well as providing demonstrations and instructions on field tachniques.
1986,87,90 - Teaching Assistant, University of Toronto. Directed and lectured in an
introductory ecology laboratory.

Selected Publications and Presentations: ,

Jin, E.H., D.M. Mason, W.G. Sprules and A.P. Goyke. 1993. A comparison of zooplankton
community structure betwsen Lakes Michigan and Ontario: Implications of planktivory. Can.
J. Fish Aguat. Sci.{submitted)

Sprutes, W.G., S.B. Brandt, D.J. Stewart, M. Munawar, E.H. Jin, and J. Love. 1891.
Biomass size spactrum of the Lake Michigan pelagic food web. Can. J. Fish Aquat. Sci.
48(1)%:105- 115, “

Jin, E.H. and W.G. Sprules. 1890. Distribution and abundance of Bythotrephes ceder-
stroemii (Cladocera: Cercopagidas) in the St. Lawrence Great Lakes. Verh. internat. Verein.
Limnol. 24:383-385.

Sprules, W.G. and E.H. Jin. 1980. Composition and size structure of zooplankton
. communities in the 8t Lawrence Great Lakes. Verh. Internal. Verein. Limnol. 24:378-382.
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Sprules, W.G., H.P. Riessen and E.H. Jin. 1980. Dynamics of the Bythotrephes invasion
of the St. Lawrence Great Lakes. J. Great Lakes Res. 16(3):346-351. .

Sprules, W.G., M. Munawar and E.H. Jin. 1888. Plankton community structure and size
spectra in the Georgian Bay and North Channel ecosystems. Hydrobiologia 163:135-140.

Jin, B.H. and W.G. Sprules. 1988. Effacts of prey composition on the feeding of Chacborus
flavicans larvae. Verh. Internat. Verein. Limnol. 23:2165-2169.

Zimmerman, AP, |. Creed, E.H. Jin, 5. Smith, L. Warren, and L. Wong. 1986. Limnological
survey of Grenadier Pond and Catfish Pond in High Park, Toronto. Report to the Ministry of
the Environment, Ontario, Canada.

Jin, E.HL, W.G. Sprules and J.D. Stockwell. 1824, Zooplankion assessment in the Great
Lakes - Calibration of an optical plankton counter. Qcean Sciences Meeting, San Diego,
USA.

Memberships:

Society of International Limnologists

American Society of Limnology and Oceanography
international Association of Great Lakes Rasearch
Partner, LIMNOTECH (an aquatic equipment company)

3. Project staff: Doran M. Mason, Ph.D,
Center for Limnology University of Wisconsin, Madison,Wisconsin .

Education:

1883, B.S. Michigan State University, East Lansing (Fisheries and Wiidlife)

M.8. State University of New York, College of Environmental Science

1994, Ph.D. University of Maryland, College Park - Marine Estuarine Envircnmental Studies

Professional Experience:

Chesapeake Biological Laboratory, University of Maryland, Sclomons, Maryland, Graduate
Raesearch Assistant, January 1989 - February 1994

Chesapeake Biological Laboratory, University of Maryland, Solomans, Maryland, Faculty
Research Assistant, March 1987 - January 1989

State University of New York College of Environmental Science and Forestry Syracuss,
New York, Graduate Research Assistant, June 1984 - March 1987

Publications: ’

Mason, D.M,, and 8.B. Brandt. Submitted. Spatially-explicit models of fish growth rate:

the role of spatial scale, foraging efficiency, and predator behavior. Environmental Biology of
Fishes.

Mason, D.M., A. Goyke, and S.B. Brandt. Submitted. A spatially-explicit bioenergetics
measure of environmental quality for salmonines: a comparison between Lakes Michigan and
Ontario. Canadian Journal of Fisheries and Aquatic Sciences.
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Goyke, A, 8.B. Brandt, and D.M. Mason,. Submitted. Distribution, abundance, and size
structure of pelagic planktivores in Lakes Michigan and Ontario. Canadian Journal of
isheries and Aquatic Sciences.

Brandt, S5.B., and D.M. Mason. In Prass. Landscape approaches for assessing spatial
patterns in fish foraging and growth. Proceedings of the Gutworkshop 1992

Mason, D.M., and P.V. Patrick. 1993. A mode! for the space-time dependence of feeding
for pelagic fish populations. Transactions of the Amaerican Fisheries Society 122(5):884-801.

Garcia-Moliner, G., D.M. Mason, C.H. Greene, A. Lobo, B. Li, J. Wu, and G. Bradshaw.
1993. Description and analysis of spatial patterns. In: S.A. Lavin, J. Steele, and T, Powell
{eds.}, Patch dynamics in terrestrial, marine and freshwater ecosystems. Biomathematics
Series, Springer-Verlag, New York.

Brandt, S.B., D.M. Mason, and E.V. Patrick. 1992, Spatially-explicit models of fish growth
rate. Fisheriags 17(2); 23-35,

Brandt, 5.B., D.M. Mason, E.V. Patrick, R.L. Argyle, L. Wells, P.A. Unger, and D.J. Stewart,
1991, Acoustic measuras of abundance and size of pelagic planktivores in Lake Michigan
Canadian Journal of Fisheries and Aquatic Science 48(5): 894-308.

Brandt, 5.B., D.M. Mason, D.B. MacNeill, T. Coates, and J.E. Gannon. 1987, Pradation
by alewives on larvae of yellow perch in Lake Ontario. Transactions of the American

.Fisﬁe{ies Society 116(4); 641-645.

Memberships:

American Fisheries Society

Computer Section of the American Fisheries Socisty
Ecological Society of America

International Association of Great Lakes Research

4. Project staff: Carlos A. Berenstein, Ph.D.

Education:
1970, Ph.D., New York University

Professional Experience:

B.Pierca Asst. Professor, Harvard University, 1970-73

Asst Profassor, University of Maryland, 1973-76

Assoc. Professor, Brandeis University, 1975-76

Assoc. Professor, University of Maryland, 1976-80

Professor, University of Maryland, 1980-present

Diractor, Center for Applied Mathematics, GMU, 1980-81

Visiting Professor, Paris, Orsay, Pisa, Bordeaux

‘Editor: Publications Matematiques, Multidimensional Systems & Signal Processing
.Managing Editor: J. Fourier Analysis Applications
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in the area of tomography specifically:
Taught a two semester course at the Univ. of Maryland, 1892,
invited to several special maetings AMS, Oberwolfach, SIAM,
Member of the organizing Committee of a special session on wavelets in bicengineering,
{EEE annual meeting in Nov 1994,
Boeing Lecture at Wichita St. U. on tomography/electrical impedance tomography.

Selected Publications:
Author/Editor: 9 books
About 120 papers

inversion formulas for the k-dimensional Radon transform in real hyperbolic spaces,, with
E. Casadiog“Tarabusi, Duke Math. J. 82 (1981), 613-632.

Computerized tomographic imaging for space plasma physics,, with M. Coplan st al., J.
Applied Physics 88 {1990}, 5883-5889.

Range of the k-dimensional Radon transform in real hyperbolic spaces,, with E. Casadio
“Tarabusi, to appear in Forum Math,

On the Radon and Riesz transtorms in real hyperbolic spaces,, with E. Casadio"Tarabusi,
Contemp. Math. 140 (1992), 1-21, E. L. Grinberg (ed.}, Amer. Math. Soc., Providence.

Computer Assisted Tomography Applied to Plasma Electron Distribution Functions,, with Ui
et al., SRC TR-92-38. .

Local inversion of the Radon transform in even dimensions using wavelets,, with . Walnut,
to appear in the proc. of the Vienna conference “75 Years of Radon Transform”.

The inverse conductivity problem and the hyperbolic X-ray transform,, with E. Casadio
“Tarabusi, to appear in the proc. of the Vienna conference “75 Years of Radon Transformy’,

5. Project staff: James M. Kirsch

Education:

1991, B.5., Electrical Engineering, State Univarsity of New York at Binghamton, T.J. Watson
School - Concentrations: Signal Processing, Computer Architecture and Programming,
Acoustics, Communications, MIDI

Dasign Projects: Electro-acoustical notch Filter TMSSZG«based DSP Microcomputer

New York State Licensed Intern Engineer

Professional Experience:
Faculty Research Assistant, 12/91 - present, Chesapeake Biological Laboratary, University of
Maryland, Solomons, Maryland
Create software {o process bicacoustical, geographical and physical data. Generate
algorithms for calibration, interpoiation and visualization. Operate sonar and plan
scientific cruises.investigate and implement new hardware/software technologies. Train .
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biologists and technicians in computer and sonar use.
Software Systems Engineer 9/90 -~ 12/91 General Electric Westover, NY

Generate testdatabases, software, and documentation for aircraft flight control .
computers. Assist senior engineers in the development of autepilot actuator systems.

Sound Engineer 8/87-7/31 Music Depantment SUNY Binghamton

Selected Publications and Presentations:

Brandt, S.B., and J. Kirsch. 1993. Spatially-explicit modsis of striped bass growth in the
mid-Chesapeake Bay. Transactions of the American Fisheries Society. In press.

Kirsch, J. 1882, Multifrequency Acoustic Visualization And information Retrieval (MAVAIR)
Systemn. Annual meeting of the Acoustical Society of America, New Crieans, LA.

Memberships:
Acoustical Society of America, 1991-Present
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K. BUDGETY

Budget for SEA-DATA Program

Line tem Fyud FYS5
Personnel 184.3 1757
Travel 27.9 23.4
Contractual 8.3 86.8
Commodities 21 10.9
Equipment 280.0" 188.6
Total 480.6 495.4
indirect costs** 53.0 71.2
PWSSC portion 533.6 566.6
UAF portion™* 119.5 tbd

Total PWSSC &

UAF 653.1 thd
NBS portion™*” 32.4 thd .
Grand Total 685.5 635.69

* Indirect costs = 24% of total direct costs less equipment; $62,400 in indirect costs on
equipment is waived contingent on ownership of equipment remaining with the Prince
William Sound Science Center.

**  Total overhead or General administration costs are 10% ($53,000/$533,600 = 10%).

¢ See attached “Form 3A-B" budget sheets for details of the Sciance Center and UAF
FY 94 budgsts.

T Appropriated directly to NBS by Trustee Council; see attachment to "Form 3A-B" for
budget details.
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APPENDIX 1

{5-page document titled
. ) T "y
“The requirements and plans for Internet connectivity in the SEA program’y

The requirements and plans for Internel connectivity in the SEA program

February 16, 1994

SUMMARY

Contemporary capabilities for the communication of data and multimedia informagon play funda-
mental roles in the SEA program. Ome of these capabilities is the Internet, something that in recent
months has been referred to as the “national information superhighway”. The Internet is now over
twenty years old and is & familiar tool throughout the science aand engineering communities. The pame
Imemnet collectively refers to the physical network, to the communications capabilities of thal network,
and to the vast array of data and information resoucces mounted on that network.  This collection
of capabilities is particularly csscotial w0 “large” science and techuology projects—that is, 1 projects
fnvolving o large nombegr of investigators, large spatial scales, fong Gme intervals, or large data sets.
~ The SEA program is in this sense a Jarge program. Specifically, in the SEA progrem the objectives,
the collsborations, the interdisciplinary stucnre and its coordingtion, the cost efficiencies of shared
and distributed data and computer resources, and the distribution of end products all very much depend
upon the Imernet.

This note describes

o those areas of SEA that depend upon Imternet access,

the existing Inmiprnet access,

the implementation plan for upgraded access,

costs for the upgrade,

the swams of 2 propossl o NSF for panial support of an upgrade that includes the Cordova
Branch of the Prince William Sound Comumumity College.

L B4

Q Q
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The requirements and plans for Internet connectivity in the SEA program

Areas of SEA dependent upon access 1o the Internet
SEA has tbe following communications requirements:

o The SEA program involves a large namber of investigators from a variety of home wstitutions
working in collaboration and with large data sets. Each investigator requires sooess © SBA
dats and SEA resuits, both current and historical, regardless of physical focation of either the
irvestigator or the data

o SBA data sources include the SEA ficld survey projects, a variety of sateliites, and meteorolog-
ical data centers. SEA data products include ecosysterp descriptions based upon the reduction
and imtegration of the data, model based refinements of these ecosystem descriptions, and
short term forecasts. During the sampling season these data producis are required in pear
real-time for use in model assisted adaptive sampling strategies. Sumnilar data products are
basic deliverables of SEA and are to be comumunicated in a variety of formats to the regional
commmnity and o receiving sites designated hy the Trustes Council Execntive Director and
the Chief Scientist

o The effective adminismration and coordination of SPA depends vpon similar comumunication
capabilities. In particular, collaburators within 3EA must be able to communicate in a
conference mode wherein SEA data and results can be interactively communicated along
with voice and video.

There are 2 variety of approaches o meeting these requirements. These approaches utilize the
internet in ways that are now routing. The issues discussed here ace not the specifics of the approaches
but rather

o the speed {or bandwidih} of the Internet connsction seedei to meet these requiraments
o the timing for the implementation of that connection,

+ speed

A typical data set in SEA for a dngle sensor will range in size from 100 kilobyies (100KB} o 10
megabytes (10MB). For example, 8 single AVHRR sea surface iemperature image, in its most reduced
form and clipped to cover only the geographic region of iaterest, is, after compression, from SMB to
IME and larger. A processed data set from a one hour acoustic transect for a single transducer is of
a similar size, with 10MB not uncommon in cases of high fish abundance. Time series data sets from
single sensons are smaller, but a moored sensor pack can consist of multiple thermistors and a sumber
of other sensors each generating time series,

These sizes must then be viewed in wrms of the oumbers of sensors, At the minimum we are
planging for one usable (sufficiently cloud free composity) AVHRR image and one usable SeaWIFS
image every other day. The SEA field survey will involve three vessels, esch with af least one acoustic
sensor genereting from £4 to 20 hours of dats cach day. One vessel will deploy along with the acoustic
sensers an undulating towed vehicle carrying a CTD, Huorimeter, and an optical plankton counter. One
vessel will also deploy an acoustic Doppler profiler. There is also the contimuous ime series dats from
at least one CFOS buoy, several custom sensor packages deployed at U. S. Coast Guard buoys, drifiers,
and a bottom tethered Doppler profiler.
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Tabde 1 The tme to ransfer 2 10 megabyte file assuming 100% efficiency, The spoeds of 256, 384, 512, end
1536 correspond 1o the multiples 4. 6. 8. end 24 respectively of 64Kbs, bat for dafa the actusl transfer rates ane
these multiples of 56Kbs, these latter rates are used for the time interval calcslatians.

speed im kiiobits per second theoretical ime for 10 megabyic file wansfer
1.2 18.5 hrs
uuuuuu 182 H 1.2 brs
w2 56 min
56 24 min
256 Gmip
e e i o
512 ' 3 min
1336 ! min

A conscavative estimate is that for each day a highly processed and comprussed data set contaimng
synoptic informstion on multiple trophic levels and the physical eavironment 15 at least 1OMB.

Internet conpectvity is available at & wide range of speeds. At the vary low cnd is the 1200
bits per second avaiisble with low cost modems. At the kHgher end is T1 service at 1.5 mepabits per
second (1.5Mbs). A source of confusion is the fact that telecommunication line speeds are typically
given in bits per second, whereas compuier data is typically expressed in bytes, with 8 bits per byte.
Counsequently T1 service at 1.5Mbs is roughly only 0.2 megabytes per second {(MBs). Table 1 shows
the theoretical fime required to transfer 10MB for 2 variety of connection speeds. These times are never
reglized. A practical guide is o expect two 1o three times the tme imerval shown.

Based upon the fosegoing and Table 1 a minimum speed is 256Kbs. This speed is also sufficient
for Internet video or apdio conferencing. It is also adequate for the use of cumendy availsble
“chalkboand” conferencing software, such as ShowMe and X/Tulescreen, whersin panicipants view
the same display on each monitor connected to the confereace. Any participant can modify the display
and esch participaot then sees hs display correspondingly modified. These factors are discussed later
in conjunction with factors affecting the implementatdon plan
« timing

The factors affecting the tming for initlating the effort 0 tring the required upgraded connection
on-ling are :

o the cost advamages of fully exploiting all available informarion resources in the design, the

adaptation, and the execution of the field survey,
o the communication of agar real-timne satellite imagery from UAR and the accessibility of SEA

data for analysis,
s lesd dme.
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» cost advantages ;

As discussed below, high speed commupicanons eosts are on the arder of & few thousand dollars
per moneh whereas fisld survey costs are a few hundred thousand dollers per month. The relative costs
of the communications are small compared 1o the role they play in providing sear real-ume data that
can be used 1o more oftimally direct the field sarvey elforts

« dats

SEA is coliaborating with the Geophysical Institute at UAF for AVHRR and SeaWIFS data
Through that collaboration SHA has cost effecive sccess o a downlink sitc and 1o rapid, op-site
data reduction. The Internet conuection provides the mesns by which reduced data can be made
immediately avatiable in Cordova and to SBA investigators. Although SeaWIFS will not be launched
umil the late summer, AVHRR images will be gvailable ot the commencement of SBA. Uniil the high
speed communications are available the data will have 1o be mailed or transferred using 8 high speed
modem and direct dial long distance. The latter approach will involve at feast @ half howr of attended
dma transfer for each image. The siuation regarding getting data out of Cordova will be similarly
limited. The lack of & high speed line all bt eliminawes the involvement of collaborators that are not
physically located in Cordova. It similarly precludes the use of svailable off-site high speed computing
resources, such as the Supercomprsing facility in Fairbanks

> lead time
The time to implemant the communications is three 1o fve weeks.

Existing access to the Interaet
The internet can now be reached from Cordova by

o modem aod local direct dial to a bank of 1200bps dedicated lines connectng the Cardova
Brasch of the Prince Williare Sound Compmnity College and the. University of Alasks
Computing Network (UACNK).

o modem and long distance direet digd 1o 9600bps modems at UAP.

Neither the Prince Willlam Sound Science Center por the Cordova Branch of the Commusity
College can be redched from the Intetnet

Plan for implementation
Access to the Internet at speeds of 56kbs and greater moquires

o 4 leased Digital Data Service (IS} line from Condova o 8 site providing access to the
Internct, a so called Imternet “point of presence”,

o the interface hardware at both ends of the DDS line,

o “memberskip” fess for the organization providing the regional network infrastructure,

During July and August of 1993 g detsiled implementation plan for 2 256kbs connection was
developed. This plan was the basis for a proposal to NSF for partial support under their Connection to
the NSFNET program. That proposal is still active and its status is discussed below.

The regional provider serving Alaska is NorthWestNet. The University of Alaska is establishing
and “aggregator” agreement with NorthWestNet whereby the Univessity provides Internet access to
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Alaska users through the Undversity network. The Universiey niwork extends from Fairbsoks to the
other campuses at 3 variety of bandwidihs and from Fairhanks to Seattde at T {1L.5Mbs) speed. The
Fairbanks to Anchorage connection provides data transmuission at 256kbs.

The implementation plan is w0 connect to the 1A Computing Network in Anchorage, the siie closest
to Cordova providing 256kbs speed w both Fairbanks and 1o Searde.

Caosts
Takle 2 shows the costs for two years. It separstes the omo-time first yesr charges from the
reoccurring charges. The tariffs are guoted on a monthly basis, however the able shows the annual

costs. The full two year costs are shown, for that is the periad for any NSF comrbution. The table
also shows the first year costs for a shortened first year. The line charges shown arg those that were
in effect on October, 1993, The I charges have been confirmed, but the local channel charges have
sot. In addition, the membership rates shows sre the full membership rate that would be &uposed by
NorthWestiet A more accurale membership charge for SEA under the University aggregator agreement
has been requested from the Urndversity but is got available ai this time.

NSF support
In July 1993 2 proposal was subminted by the Prince William Sound Science Center to NSE for
partial support for access to the Internet under the NSF program “Consections to NSFNET'. This
proposal received a preliminary review and is being beld. To proceed further with the proposal NSF
has requested that we provide by carly March
o evidence that the balance of the required fuads for the two year period of the grant have been
secured,
o a more complete description of the pardcipation of the Cordova Branch of the Community
College, w0 incinde,
o the sigaificance of the connection for the enhancement of ipstructional programs, including
those programs peique (0 § remote site,
o the manner in which the connection enfiapces facutty research and colleboratons,
provisions for network support,
provisions for user support and instruction to ensure full utilization of the Internet resources
by the College community,
and a commitment to assume the costs of maintaining the connecton following the two
years of NSE support,

We are completing work with Dean Penili to submit a modified proposal addressing the requests
from NSPF. The NSF Program Officer handling (s request is David A, Stgudi, NSFENET Bhvision,
TO3-306-1949. A successful proposal is expected to result in approximately $30,000 over the two year
support period.  Of this total $20.000 applies to items in Table 2 and $10,000 applies o itemns not
shown that are specific to coanections at the College.

[ABRN

2
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Tabie 2 Fwo year cost summary, The totals do ot roflect any possible conuribatian from NEF. ¥The nformation
on reembership charges is epproximas and updated costs will be provided 33 soon w5 they became pvailable. .

COSTS
» ‘ 1 .
LOC, ITEM now yeu yoar 2
recusring
LEBASED LINH
, instaliation charge $35
Anchr-os IXC Anchorsge-Cordova 236Kbps $28 888 $24,888
£2400/mo. ‘
Cordv Local Chaonel: $534/mo 3476 %6408 36408
Anchr Local Chanoel: $300/mo {est) $932 39,600 $9.600
Lessed lice SUBTOTAL $1503 $44,806 344396
HARDWARFE
MNonbWestNet Connection Service $15,000
Cordy router and CSU/DSU
Anchr router and CSU/MDSY
Hardware SUBTOTAL $13,000
REGIONAL CARRIER
membership $18,000~ 518,000+
TOTAL $16,503 544,896 $44,896
TOTAL excluding membership $61.399 $44 3%
TOTAL including membership $79.39% 362,396
TOTAL incl membership, yr1@7Tmos $60.677 362,896
5
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. EXXON VALDE TEE COUNCH

1984 Fedaral Fiscd™ ear Project Budget .
Cciober 1, 1893 - Septembar 30, 1884

Project Description:

Sound Ecosystem Assessment - An Ecosystem Study for Prince William Sound - [nformation Systems and Model Development (SEA-DATAJ,
for FYS4, there are five SEA-DATA projects: (1) Field data communications; (2) Data management; (3) Descriptive model; (4) Numerical
models; (5} Sampling technologies.

s i < AR

Budget Category: 1894 Project No. 1'84 Report/ | Remaining
‘95 frterim*} CostY?® Tatal
Authorized FFY 941 FFY 94 FFY gh FFY g5 FFY a8 Comment
. o . % $63,400 of indirect costs are
Parsonnal S 184.3 ' $ 50. $125.7 {$175.7 waived on eguipment based wpon
Travel $ 27.9 : 10.0 13.4 . 23.4 ownership residing with P®WSsC
~ U o 30.0 86 . R
Contractiss! 6.3 5.0 E’ (83 | 86.8 *%  SEADATA 19%4 Project Budget
Commodities 2.1 = ded 10.9 PESEC portion, $533%,800
oditie . i i ) d
Equipment - § 260,0% g 198.6  § 138.6 UAF portions, $119,500%%«
=QuIpme :, NBS portion, $32,400%%xx
Capital Outlay S 480.6 95,0 400.4 .1 495.4 SEADAYA Total, $653,100
Subtotal : a4 .
. g C.23.0 2.8 48.4 | 1.2 xxx gsee attached page for
General Administration S 533,.6%% | 5117.8 §6448.8 | $566.6%%%%%x detailed UAF SEADATA budget
Project Total ’ I . o
wxi% appropristed directly
. - - ta HBS by Trustee Council
Full-time Equivalents (FTE]
Dollar amounts are shown in thousands of doliars. **xak Total costs for SEADATA
S s in 95 with UAF and WBS portions
Budget Year Proposad Personnel: Reprifintrm | Reprtfintrm | Remaining 1 Remaining ars estimated at $63%,890,
Pasitien Desoription Months Costy Monihs Cast
sroect Maneger | $697% jmp. for 3.0 mom.:  524.3K (Personnel cont, from left col)
""“‘"?‘.m"“ﬁ...’iﬁiZ‘oii’r‘;i; e foo. s VS el ek Applisg Bath D SETIL e, for L5
Macins System Spetialist §4553 smo. Eon 3.5 wo¥.: 56.7K $ol Kata Apalyal Faxdy smo. foa 3.8
Data Bysteza Spentalisr $4323 /mo. for 3.0 mos.: S1Y.0% Bish Beologiet 1 YHELT Smo. lox i‘s
Computes Hywrmnt Admin 54112 fma. Lor 8.2 moa.:  B26.DX Applang Mk 3 $6792 Jwe. tur 2.0
Telecowm Eng  $6717 fmn. for 0.2 mes,:  SE.2K Muperical Awalysy #7583 fno. for 1.9
sof Davm Systems Eng  $10600 /mo. foc 1.0 mes.:  830.4N Fiap Ovesmograpber d  STIEY Jme. fox 8.4
Interface Frogranmex $5417 rmo. for  1.G mod. $5.4K pea {’;Q fl"’ﬁ:{i;’é sgff—}?f f:x iiﬁ bt
Iateriave Dasinngs  $I392 fmo. for 6.2 ews.: 21,7 SEGERPSY **g:éw;i“ S4550 fom for oG
i | NEPA Cost:
Personnel budget continues at night " -
in Comment secti Oct 1, 1994 - Jar 31, 1888
| ; WO personnel Total | **Feb 1, 1995 - Sep 30, 1995
81493 ' o :

| Project Number: 94320 FORM 3A
Project Title:  Sound Ecosystem Assessment SUB-

1 9% Page 2 of 13 Sub-Project: Information Systems and Model Development (SEA-DATA) SROJECT

Prince Williamm Sound Science Center , e

HUniversity of Alaska Fairbanks ' DETAIL

Primod: 32388 502 P Agency.




EAXON VALDEZ TRUSYEE COURNI

i b b

1594 Fegeral Fiscal Year Progpgt Budgat
Octobes 1. 19‘33 Septernber 3G, 1984 :
{Travel: iF{gmr" \pggxi Rearmoni i
A i . . . v 3224 P Remanis :
i I RT Covdova to Fairbanka 5456 saixr fare 8., - 3140 per dfem, $30/¢a csr veanal, 6 days: SIDLZ { pria 1 Y :
3 BT Cordova to hnchorage $224 mix fare ea., SITC per duem, 330/da ¢er reaslaly, 3 dayy: { : i
i ¢ RT Curdova to Wesbiagioen DC 91100 eir faxe ea., ; : !
i i ORT {ordova to Miamd $130% alr fars ea,, 597 per diem, §30/da car rventael, 3 dayus ! i
: ¢ BT fovdova 1o NoriolX VA $600 atr fare ex.. S5302 per dxwm, $30/da car vental, 2 days: s{ I
i Y ORT (ovdova 1o Stennis MS 3320G aiy fare ea.. S82 per diem, 530/da cer rental, 3 days: i ;
i AT togsn UF vo Coxdove 54900 sir faxe za., 3103 per diewm, 42 geys: 55.2 ;
g BT fhacago wo Covdova §900 atr Yare ea.. 22.% i
L BT {nrdiova Lo Yeirbanks $45€ air fare ®a., $340 per diem, 330/4a car genstal., 4 daye
T BT boulner o Sordova 5850 eir Yere es., 56,5
«i : ;
LS dashingren RO to Cordoves 1100 aiv fays za., $203 per diawm 6 Bayx §1.7 %
i VBT Madizon Wl Lo Uordovas 00 air fere aa., $103 per diewm, 18 dayy $2.6 3
; i i
| RT Miami 1o Cordovs 52200 2ar fare ea., 503 psr gtewm, 5 days $1.7 !
| ! ] j
¢ IPT Tofonts to Cardova §3200 ey faye ea., SIC3 per diam, T odays. 331 i :
TOTAL travel: RITLUYR - y - R
» Travet Total 327 DK |
Contractuat :
%
i :
g | |
i 1.
% %
: |
§ - . Y T % : 5
; Telephone, E-mall and facsimile $4f1.: K % s
s } i
: Mail, freight and sbipping $1.00K ;
Office equipment malntenance and repair %0.55K ; :
i
Contractual Totst | $6.3K :
SHILSS

rage

At s

Eriried:

e an

2 PM

EPm}eci Number:
Project Title
Sub-Project:

jAgency:
{

94320

Sound Ecosystem Assessment

Information Systems and Model Development (SEA-DATA}
Prince William Sound Science Center

Pllaiversity of Alagka Fairbanks
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Froeit Budgal

Oetnber

§<Z? sorunodiies

: Paper and office supplies $2.1 K (
| |
|

|
|
%
%
%,

. et
Commuodities Total 21K
mounment
Lpremnifty LAH hardware:
. xLd for ¥Cs, 5 patk 32 OK
o FULIORON foc uwennal Eaking 3y st on : Bub £X.0K t
fO¥ fwwd-rend Lime tway anD SHIE GALA Lelomunfy Cebie, SORASCLOLY LIRS S :
OTAL P uPs  §0,3X {
L oesras YRR :
LA BCRUANE. BMNARERONL | S TOUTEEVAS Mafanare: §5.0n 5
H WUCKALELI GO {A0CvErs  SI0 ¥ a4 LG H
{ EepwTminad  $% 0N : B1.3% i
: GO LEXl Yrive £3 BX TOTRL LRS- ¥4 ;
nacy QAcive $%.0X H
28y CHnam $2 UM SEICr AT e oIl £ viINRAIAEel 30N JevelOpRAnt NACUNEr% :
TAT Lape A iwe 5y oy wocdtataLine {sedves)  ST0 0K
measa &3.0% veyenasl  §5.0K ;
softvare 51D ON naee qrive  35.0F ! ; !
UES 506K wedis  bE.RE % i :
oin. Raantraasce  $27.0K setivage MG BLR DK ; H i
: TOTAL 559, 3% ko 55 e } | |
. X . eroduelIviny LLemy £5.0% H H ;
tessed Sele Pioe $256kUs. vilh horQverw, Hetwsik lees: PO T WERAC 519K 3 H
. st} 1.78 aeLwacx conferange  $3.U¥ ) :
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R miintecsnse  $i.8K wgE 5D SX ‘1 i
i 1T 303 TOTAL S&1. 88 t ‘
; loest channel Corsova  §3.4K i i
1 logal ohentel Amangre 5 SK Toetd vehlecle providiing Sepih annnii.ong: %
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BUDGET - SEADATA
ESLINGER
1 March ~ 30 September 1994

SALARIES AND BENEFITS Maos,
Eslinger, D. 2.00 $10,816
Technician 4 .50 $14 823
Benefits 8,501
TOTAL SALARIES AND BENEFITS $34.240

TRAVEL 30

SERVICES
Shipping (UPS) $807
Terrascan license 36,000
TOTAL SERVICES $6.807

SUPPLIES
Data charges 55,833
Tapes $1,000

TOTAL SUPPLIES $6,833

EQUIPMENT
Hard disks (8GB) $5,000
TOTAL EQUIPMENT $5,000
TOTAL DIRECT COBTS 852,880
INDIRECT COSTS (20% Total Project Cosis) $13,220

TOTAL FUNDING REQUIRED ‘ $66,100




BUDGET - SEADATA
JOHNSON
1 April - 30 September 1894

SALARIES AND BENEFITS

Mos.
Johnson, M. 1
Techunician : 3
M.S. Student 6

Benefits
TOTAL SALARIES AND BENEFITS

SERVICES
Clatical/Secretarial Support (Academic Servicas @$35/hn)
TOTAL SERVICES
TRAVEL
SUPPLIES
EQUIPMENT
LINEX Workstation
Printer
TOTAL EQUIPMENT
TUITION
TOTaL DIRECT COSTS
INDIRECT COSTS (20% TOTAL PROJECT COSTS)

TOTAL FUNDING REQUIRED

$5,740
$9,480
$7,279
$5,337

$3,880

36,000
$2.400

527,846

$3.,290
$0
$0

$8,400
$2,500
$42,736
$10.684

$53,420



NBS PORTION OF SEADATA
1 March - 30 September 1984

*NBS, Gary Drew

Sgientist(s) 2.5 Mos.  $18,800
Data, software $10,000
TOTAL COSTS NBS $28,800

“Archived and distributed data for SEA: archived AVHRR and other data for use in
the SEADATA descriptive model and data interface. NOTE: These funds are {0 be
passed directly to National Biological Survey, U.S. Department of the Interior by the

Trustiee Council.




