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ABSTRACT

Field and laboratory studies wiil focus on Viral Hemorrhagic Septicemia Virus (VHSV) and
Ichthyophonus hoferi, a pathogenic fungus, to determine their role in the disease(s) and
mortality observed in Prince William Sound herring since 1993. Herring in PWS will be
monitored three times per year for signs of disease and immune status. Specific Pathogen-
Free herring will be used to determine the degree of mortality, blcod chemical changes and
pathogenicity produced by these organisms aione and in combination with exposure to
stressors such as petroleum hydrocarpons, temperature and crowding.



INTRODUCTION

In 1993, over half of the 135,000 tons of spawning Pacific herring expected to return to PWS
failed to appear. Among those that that did return, 15-42% behaved abnormally and had
hemorrhages beneath the skin. Pathologists from ADF&G isolated VHSV from these herring
and from skin lesions of a Pacific cod caught nearby. At the same time, herring with similar
skin lesions were found near Kodiak Island, although the fishery there met predicted
expectations. In 1994 only 20,000 tons of herring returned to PWS and little or no spawning
occurred. In 1994 20% of spawning fish had moderate or severe external lesions. VHSV
was isolated from 11/233 (5.7%), ana 62/212 (29%) had Ichthyophonus. Samples are
currently being taken in PWS as well as Sitka Sound to determine the role of VHSV in the
etiology of the 1993 - 94 epizootics. By comparison, prevalence of /chthyophonus in PWS
herring from 1989 through 1992 was never more than 15%; hence it was considered a '
possible significant cause of morbidity in 1994, but the initiating cause of the popuiation
declines before 1993 spawning remains unknown,

This project consists of three components: 1) Field monitoring, 2) Laboratory disease and
stressor evaluation and 3) Biochemical and physiological changes. The study is designed to
determine whether VHSV or /. hoferi are responsible for the herring mortality and lesions
observed in Prince William Sound since 1993, and to monitor their recovery and identify
biomarkers which would indicate the presence of disease organisms. It will also examine the
possibility that exposure of herring to crude oil could reduce their resistance to infection by
pathogenic organisms. The project began in 1995 (95320S) with on-site monitoring and the
production of specific pathogen-free (SPF) herring for disease-stressor interaction studies.
Monitoring is continuing in PWS on pre and post-spawning herring as well as late summer
adults. Embryos from Prince William Sound herring are also being incubated in filtered and
u.v. sterilized seawater in order to produce SPF larvae. As these eggs hatch and the larvae
grow to appropriate size and age, they will be exposed to both VHS virus and /. hoferi, alone
and in conjunction with exposure to petroleum hydrocarbons. Following these exposures the
herring will be examined for survival. gross and microscopic lesions (disease), behavioral
changes and ultimately reproductive success. In addition to exposure to pathogens and
chemical stressors, herring will also be subjected to crowding conditions and temperature
extremes to determine if physical stresses could be partially responsible for the observed
disease and monality. Blood chemicai measurements will be done on wild and laboratory
reared herring to determine whether exposure to the various pathogens alters normal
physiologic functions and whether biomarkers could be identified which would aid in future
identification of similar disease problems.

NEED FOR THE PROJECT

A. Statement of Problem

Pacific herring (Clupea pallasi) are an injured biological resource in Prince William Sound
(PWS) classified as "not recovering”. Because of the population declines in 1993 and 1994,
commercial herring fishing was closed in both seasons, resulting in economic losses and
lost services. The fishery is expected to be closed again in 1995. Following the population
declines in herring, there have also been significant declines in marine birds and mammais
which depend on herring as a forage iood. Thus. the reduction in herring numbers in PWS
has the potential for significant impacts throughout the ecosystem. Pacific herring are also a
major subsistence and economic resource in Prince William Sound. Several thousand
pounds of herring and herring spawn on keip are harvested annually for subsistence
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purposes and form an important part of the iocal native culture of Chenega and Tatitlek.
There are also five commercial herring fisheries in PWS. The ex-vessel value of the herring
fisheries in 1992 was $12.0 M and the average annuai vaiue for the previous 10 years was
$8.3 M. In 1993, the ex-vessel value dropped to $2.0 M due to low abundance and the
prevalence of small fish with low market value. As of the spawning season of 1995, there

was no indication of recovery of this species.

B. Rationale

Following the Exxon Valdez oil spill (EVOS) in 1989 the Alaska Department of Fish and
Game (ADF&G) conduced studies on Pacific herring in Prince William Sound. Following -
these studies the the Herring Research Synthesis group reported to the Trustee Council that
Prudhoe Bay cruae oil did cause damage to herring at the whole animal, genetic and
biochemical level. The group aiso predicted that the most severely impacted age groups
would be the 1988 and 1989 year classes which would enter the spawning population in
.1992 and 1993. Based on its findings, and the available scientific literature, the group
predicted that damage to the herring's immune system could result in severe disease
outbreaks and possible neoplasia in subsequent years. By 1993 herring were considered
"recovered” and no herring studies were conducted in Prince William Sound. However, a
massive die-off occurred, as predicted, accompanied by the presence of viral hemorrhagic
septicemia virus (VHSV) and ultimately over 75% of the spawning population was lost.

Identification of the organisms responsible for herring mortality, and the conditions
associated with the observed diseases is critical to successful management. Constant
seasonail monitoring of the disease status of herring will determine whether the disease(s) is
abating, or if losses continue. Studies on the specific causes of the observed lesions wili
identify the organisms and conditions causing the loss of herring. If herring were damaged
as the result of exposure to crude oil or its components, it is important to determine if the
damage is short term or permanent. Short term damage could have produced the high level
of mortality observed since 1992, but reccvery would be relatively rapid once unaffected fish
(eg. post-spill year classes) begin to dominate the spawning biomass. If however, the
damage is more permanent (eg. heritable), it couid take much longer for the pathogen(s) and
hosts to develop a benign relationship compatibie with long term co-existence without high
mortality rates. Biochemical and physiologic studies will identify biomarkers indicative of the
presence of disease(s) and enable managers to recognize potential problems before they

occur.

During the recovery period management practices can be used to protect severely depleted
spawning stocks during recovery. Selective harvesting of specific year classes might also be
used to speed recovery. It is also impontant to avoid crowding herring into confined areas
where transmission would be increased, thus producing a pool of infected individuals which
could transmit the pathogens to uninfected individuals. It is also important to devise
management practices which prevent inadvertent transpon of potentially virulent strains of
the pathogen(s) to other herring populations. Sanitizing vesseis and equipment between
fishing sites would prevent the spread of disease from one population to another.

Considerable research is needed to determine the role of VHSV, /. hoferi and possibly other
organisms in the precipitous decline of the herring stock in Prince William Sound. The role of
chemicals (PAH, alkanes, etc) and environmentai factors on disease resistance should aiso
be examined. This will require field surveys of the distribution of pathogens as well as
experimental infections to fulfil Koch's postulates. and controlled exposures to chemical



stressors to determine the role of petroleum hydrocarbons on the disease resistance of
herring.

C. Summary of Major Hypotheses and Objectives (FY 96 - 98)

Hypotheses:

VHS virus is the cause of lesions and/or mortality observed in Pacific herring in PWS.
Exposure to stressors can decrease the immune resistance of herring to VHS virus.
Ichthyophonus hoferi is pathogenic (eg. cause disease) in Pacific herring.

Exposure of herring 10 stressors can decrease their resistance to infection by /. hoferi.
The combination of infection by VHSV or /. hoferi and stressors can cause morbidity and
mortality in Pacific herring in excess of what would occur if they were exposed singly.
Herring populations will begin to recover when the frequency of infection is reduced to
pre-1993 levels.

Objectives:

FY 96

1. Investigate the impact of disease on herring population size and age structure.

2. Determine the relationship between organisms and lesions, plasma chemistry and
immune status.

3. Determine the role of reproductive stage on herring health.

4. Establish SPF herring in the laboratory for use in definitive disease studies on VHSV and

Ichthyophonus hoferi

Fulfil Koch's Postulates for VHSV and /. hoferi in SPF Pacific herring.

Establish an SPF model system for studying VHSV and /. hoferi under controned

conditions.
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D. Completion date

September 30. 1998

COMMUNITY INVOLVEMENT

An annual progress report will be presented at a Restoration Science Workshop to be held in
Anchorage each January. Principal investigators will be available to speak with the media
and public while actively working in PWS and by phone during the remainder of the year.

Fishermen interested in learning more about disease identification and sanitizing vessels
and equipment can contact the principle investigators.

FY 96 BUDGET

Personnel 2638 34,2
Travel 2+8 8.0
Contractual ’ 46268 549.2
Commodities 205 15.0
Equipment ~ 4.1 6.0
Operating fees -8-8

Subtotal 4496 (0bH
Indirect costs 94+8 28.6

Total 5188 L350
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PROJECT DESIGN, Field Component (University of Califomia, Davis)
A Objectives

The field component of this proposal has three objectives to help determine why herring populations
are not recovering in PWS:

1. Determine which péthogens cause lesions and determine the relation among Viral Hemorrhagic
Septicemia virus (VHSV), Ichthyophonus, macroscopic and microscopic lesions, plasma
chemistries, and immune status.

2. Determine the role of reproductive stage on the general health of herning. Are lesions,
Ichthyophonus, and VHSV more severe during a given reproductive stage?

3. Investigate the impact of disease on herring population size and structure of herring. Are fish
of a particular year class more likely to be diseased than fish of other year classes? Does a
history of previous oil exposure correlate with prevalence and severity of disease?

B. Methods

There is yet no indication that the importance of disease in the decline of PWS herning has
diminished. Therefore, field sampling to continue to document the dynamics of this epizootic is a high
priority of the project. The most important pathogen contributing to morbidity of Pacific herring in
1993 was thought to be VHSV, whereas Ichthyophonus was thought to be most important in 1994.
Both diseases involve multiple organs, and interaction with other parasites and lesions must be
explored. Further, a new disease may emerge as most important in 1995 and beyond. Parasites are a
normal component of wild fish populations, but under conditions of stress, parasite pathogenicity can
increase. Ancillary studies such and immune function as plasma chemistries are needed to determine
the effect of parasites on fish health.

In order to test the hypothesis that a given disease is significant, complete histopathology is required.
Our basic assumption is that VHSV and Ichthyophonus are important pathogens, but that the full
cause of population decline is unknown and may involve other pathogens through direct or synergistic
effects. To determine the role of disease, we propose intensive examination of relatively few fish as
opposed to cursory examination of many fish. For example, in 1994 we learned that moderate to
severe external lesions were fairly good indicators of VHSYV infection but were relatively poor
indicators of Ichthyophonus status. External examination takes about 20 seconds per fish (i.e.,
examination of many fish would be inexpensive), but limiting examination to external lesions in 1994
would have failed to identify about one half of the sick fish in the population.

To test the hypothesis that reproductive stage affects pathogenesis, sampling is needed during
prespawning, spawning, and postspawning (Fall), and during the period of gonadal development and
peak condition (Fall). To test the hypothesis that fish that were yearlings at the time of the spill (i.e,,
1988 year class) are more susceptible to disease than are other year classes, a minimum sample size of
300 would be ideal (Fritz Funk, ADFG, personal communication). In 1994, 233 fish were sampled
and the age structure was similar 10 more extensive age-weight-length measurements taken by ADFG
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on 450 fish. Therefore, we propose sampling 240 fish in the Spring for age analysis; smaller year
classes will be combined to increase statistical power of age-specific analyses, if needed. Data from
the 80 fish sampled in the Fall will be used to compare population disease prevalence between and
within sites. A sample size of 80 is sufficient to have 95% confidence that disease with a prevalence
>4% will be detected in at least one fish sampled (Becker and Grieb 1987). Power analysis cannot be
done for determining sample size for comparing Sitka Sound and PWS because no baseline data are
available from Sitka Sound. After results from the first year of comparative study are available,
sample size for the second year of comparative study might be changed to increase power of statistical

tests.

To best characterize the condition of herring in Prince William Sound and Sitka Sound, herring will
be subjected to complete necropsy using the following sampling schedule (as field conditions allow)

over the course of three years of study:

Dates Location Reproductive Stage Number of Fish
FY96:
early Oct., 1995 Sitka Sound peak condition/ gonadal 80
(4 days) development
mid-Oct., 1995 Prince William peak condition/ gonadal 80
(4 days) Sound development
mid-late March, 1996 Sitka Sound prespawning 80
(3 days)
late March/early April, Sitka Sound spawning/post-spawning 160
1996 (3 days)
early-mid April, 1996 Prince William prespawning 80
(3 days) Sound
mid-late Apnl, 1996 Prince William spawning/post-spawning 180
(3 days) Sound '
Total Fish, FY96: 660
FY97:
early Oct., 1996 Sitka Sound peak condition/ gonadal 80
(4 days) development
mid-Oct., 1996 Prince William peak condition/ gonadal 80
(4 days) ~ Sound development
early-mid April, 1997 Prince William prespawning 80
(3 days) Sound
mid-late April, 1997 Prince William spawning/post-spawning 180

(3 days)

Sound




Dates Location Reproductive Stage Number of Fish

Total Fish, FY97: 420
FY98:
mid-Oct., 1997 Prince William peak condition/ gonadal 80
(4 days) . Sound development
early-mid April, 1998 Prince William prespawning 80
(3 days) Sound
mid-late April, 1998 Prince William spawning/post-spawning 180
(3 days) Sound
Total Fish, FY98: 340
Total Fish, 3-year study: 1420

Herring will be sampled by gill net, purse seine, or cast net. To minimize effects of capture and
holding, fish will be held no longer than four hours before necropsy during spring sampling. For Fall
samples, herring will be captured by purse seine daily and held in large containers (10 L of water per
fish). If fish cannot be captured alive in the Fall, then plasma chemistries will be eliminated from the
analysis at a savings to the project. In PWS, necropsies will be done on anesthetized fish on a
chartered vessel. The vessel will accompany the R/V Montague and chartered catch-vessel during Fall
hydroacoustic surveys that are proposed as part of project 96320-N (hydroacoustics) and 96166 (natal
habitats). In Sitka, Spring samples will be necropsied in an AK Dept. of Fish and Game garage in
Sitka. Sitka does not normally have a Fall hydroacoustic survey. Therefore, a vessel equipped with
hydroacoustic gear will be chartered to find fish; after fish are found, the R/V Medea, a large research
vessel, will be used to catch the fish and for on-vessel necropsy.

During necropsy, each fish will be anesthetized in tricaine methane sulfonate (Finquel®) and visually
screened for external lesions, which are ranked as none (0), mild (1), moderate (2), or severe (3).
Measurements on each fish include body weight, standard length, age (from scales), liver weight, and
gonad weight. Otoliths are archived for later use if information on annual growth rates is desired.
Samples will be taken for several types of analysis (listed in order of priority):

a. Histopathology (fix in 10% neutral buffered formalin) - gill, spleen, liver, gonad, heart,
stomach, intestinal tract, exocrine pancreas, kidney, skeletal muscle, skin, brain, and other
gross lesions. All tissues will be examined for lesions, which are scored as described for gross
lesions and using the type specimens developed in 1994. Qocyte stages will be quantified by
counting a representative sample on the slide prepared on histopathology. Also, a touch prep
of anterior kidney from each fish is made on a glass slide, stained, and examined for the
myxosporean Ortholinea orientalis. Histopathology will be done under the direction of Dr.
Gary Marty at the University of California, Davis.

b. Virus isolation (put in plastic bags, on ice) - anterior kidney, spleen, and any severe skin
lesions. Although VHSV grows well on non-herring cell lines, other viruses might not. A cell



line denived from Pacific herring will be used to attempt isolation of other, yet unknown
viruses. Virus isolation will be done under the direction of Dr. Ted Meyers at the ADFG Fish
Pathology in Juneau (Meyers et al. 1994).

Hematology - blood will be drawn from the caudal vein into a Lithium-heparinized syringe.
Packed cell volume (PCV) is determined on site. A smear is made for analysis of erythrocyte
morphology (for diagnosis of Viral Erythrocytic Necrosis) and for white blood cell differential
counts. Plasma is refrigerated for no more than 72 h, or frozen, for analysis of osmolality,
total protein, albumin, cholesterol, glucose, total bilirubin, ALP, ALT, AST, CPK, GGT,
sodium, potassium, chloride, phosphate, bicarbonate, lactate, and calcium. Determination of
osmolality requires 50 uL of sample, to be analyzed on a Micro Osmometer Model 3MO-plus
from Advanced Instruments (Norwood, MA). All other analytes can be done with 200 uL of
sample using a Monarch-plus analyzer from Instrumentation Laboratories. To minimize
protein denaturation, all enzyme levels are determined at 25° C. Dr. Chris Kennedy at Simon
Fraser University will oversee screening of blood smears for Viral Erythrocytic Necrosis and
will perform white blood cell differential counts. Other samples will be archived for later
analysis, if warranted. '

Bacteriology - for each fish with severe gross lesions, a sterile loop is stabbed into the anterior
kidney and then streaked on Trypticase Soy Agar (TSA) and Marine agar for bacterial
isolation. Ulcers will be preserved for histopathology and virology, but they will not be
cultured (superficial bacteria can be diagnosed on histopathology).

Immunology - As a basic measure of immune status, differential leukocyte counts will be done
on blood smears (under the direction of Dr. Christopher Kennedy, Simon Fraser University).
Absolute leukocyte numbers will be estimated from the smear. Other immune function tests
have not previously been developed for Pacific herring, but an ELISA assay specific for
herring IgM is being developed in FY95 (95320S), with analysis to begin in FY96. ‘A 100-uL
sample of plasma from each fish will be frozen and later analyzed for immunoglobulins.
Lymphocyte mitogen stimulation assays were considered, but special needs of the assay (e.g.,
sterile collection of cell suspensions) were determined to be too great for conditions on vessels
available for this project. Plasma cortisol values have been shown to rise in other species
within minutes of capture (capture stress); because herring will be held up to 4 h before
necropsy, and cortisol determination is not readily automated, cortisol determinations will not
be done on field-caught samples.

Body condition - A wedge of dorsal body musculature is removed from just caudal to the
operculum of each fish and frozen in a 1.5-mL Eppendorf tube. Stable isotope analysis will be
done only if indicated by other results.

Cytochrome P450 induction - Liver (0.1-0.2 g) is frozen and archived in 1.5-mL Eppendorf
tubes. Analysis will be done only if indicated by results from virus isolation, histopathology,
and hematology. Liver will not be archived if total liver weight is less than 0.4 g (e.g., from
small fish). '



h. Age, weight, and length (AWL) measurements - Additional herring (to total 450 per sample
period at each site) will be sampled for age, body weight, standard length, and gonad weight.
These additional fish will not be subjected to complete necropsy or be examined by the

pathologists.

The ADFG fisheries laboratory in Cordova, Alaska, will catch fish for necropsy, collect age and
length data, prepare formalin and containers for tissue fixation, provide data recorders for each

pathologist on site, and ship all samples.

Results from virus isolation will be reported as a VHSV titer. Results from analysis for Viral
Erythrocytic Necrosis (blood smear) and histopathologic analysis will be reported for each lesion, and
semiquantitatively ranked on a four-point scale (0,1,2, or 3) as described for gross lesions. Results

from immunoglobulin ELISA assays will be reported as percent absorbance.

This study s designed to diagnose any type of disease that is causing morbidity in herring. Results
will be compared with previous years of study. The following table lists Prevalence (%) of parasites
and virus in adult Pacific herring in Prince William Sound, Alaska, 1989-1994:

Goussia  Ichthyophonus  Ortholinea Viral
Sample Date clupearum hoferi orientalis Hemorrhagic
Septicemia virus
1989 April (n = 40) 63 13 TNE® TNE
1990 October (n = 99) 60 15 6.1 TNE
1991 April (n = 59) 54 5.1 17 TNE
1991 October (n = 48) 54 2.1 15 TNE
1992 April (n = 105) 53 5.7 3.1 TNE
1993 April NR® " NR NR 2 of 3 5-fish
pools
1994 April (n = 212) 61 29 5.7 4.7
(n = 233)

*TNE = Tissue not examined

®NR = not reported

Samples from 1994 had several other parasites, but in previous years appropriate tissues for
comparisons were not examined. In order of decreasing prevalence, other parasites in 1994 samples
included: (1) Anisakidae in the peritoneal cavity, 100%; (2) intestinal coccidian (Goussia sp. ?); 91%,;



(3) gall bladder myxosporean Ceratomyxa auerbachi, 19%; (4) branchial monogenetic trematodes
Gyrodactylus spp, 13%,; (5) branchial ciliated protozoans, mostly Trichodina spp., 12%; (6) renal
intratubular ciliated protozoan, species unidentified, 11%,; (7) branchial Epitheliocystis, 10%; (8)
gastric intraluminal trematodes, e.g., Hemiunidae, 8.6%; and (9), intestinal trematodes, e.g., Lecithaster
gibbosus, 5.7%. Proposed for 1996 through 1998, prevalence of these parasites will again be
determined, and associated lesions and alteration in plasma chemistries will be described. Study in
1994 found little association between parasites and disease except for Ichthyophonus and VHSV.

Several lesions and other observations will be scored for each organ; listed below are those lesions
and significant findings from 1994 samples:

Brain: I/chthyophonus, meningeal eosinophilic granular leukocytes, and granulomatous meningitis; in
1994, prevalence of Ichthyophonus was 8.0%, brain Ichthyophonus was the best marker of
increased plasma creatine phosphokinase (CPK), and granulomatous meningitis was nine times
more likely in VHSV(+) fish than in VHSV(-) fish.

Gall bladder: intraluminal myxosporean (Ceratomyxa auerbachi); in 1994, prevalence of Ceratomyxa.
auerbachi was 19%, but the parasite was not associated with alterations in plasma chemistries.
Examination of the gall bladder is included with the liver (i.e,, no extra expense for analysis).

Gill (for purposes of this study, the gill is composed of arches, filaments, and lamellae):
Ichthyophonus, gill arch inflammation and/or hematopoiesis, lamellar hyperplasia, monogenetic
trematodes (e.g., Gyrodactylus spp.), foreign body granulomas, Epitheliocystis, and ciliated
protozoans (e.g., Trichodina spp.); in 1994, prevalence of Ichthyophonus was 13%, branchial
trematodes were increased in fish with moderate to severe external lesions, and gill arch
inflammation was six times more likely in VHSV(+) fish than in VHSV(-) fish.

Gonad: Ichthyophonus, eosinophilic granular leukocytes, focal granulomatous inflammation, pigmented
macrophage aggregates, seminiferous tubule distension (male only), hyalinized vessel walls
(female only); oocyte stage (yolked and non-yolked eggs); in 1994, prevalence of
Ichthyophonus was only 1.4%, and other lesions were minimal. However, several plasma
chemistries were significantly correlated with gonad weight.

Gross Lesions: caudal fin fraying, caudal fin reddening, fin base reddening, focal skin reddening,
diffuse skin reddening, iris reddening, number of peritoneal Anisakidae, and gonadal fullness.

Heart: Ichthyophonus, atrial phagocyte hypertrophy, myocardial mineralization, thrombosis,
epicarditis, and focal parenchymal leukocytes; in 1994, prevalence of Ichthyophonus was 18%,
and myocardial mineralization was 27 times more likely in VHSV(+) fish than in VHSV(-)
fish. :

Intestine: Ichthyophonus, arteriolar focal intimal hyperplasia, foreign body granuloma, submucosal
eosinophilic granular leukocytes, Anisakidae, steatitis, intestinal coccidian (Goussia sp.?), and
intraluminal trematode (e.g., Lecithaster gibbosus); in 1994, prevalence of Ichthyophonus was
8.5%, and focal arteriolar intimal hyperplasia was 5 times more likely in VHSV(+) fish than in
VHSV(-) fish. Further, a new coccidian parasite (Goussia sp. 7) was in 91% of intestinal
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sections, but the parasite was not associated with significant alterations in plasma chemistries.

Kidney (trunk): pigmented macrophage aggregates, granulomatous inflammation, Ichthyophonus,
hematopoietic cells (relative area/volume), congestion, intratubular mineral, tubular epithelial
vacuolation, tubular dilation, intratubular protozoan (probably ciliates), interstitial cell necrosis,
and intratubular myxosporean (Ortholinea orientalis); in 1994, prevalence of Ichthyophonus
was 20%, kidney was the best marker of increased plasma aspartate aminotransferase (AST),
and the myxosporean Ortholinea orientalis was associated with renal granulomatous
inflammation and increased scores for renal macrophage aggregates.

Liver: hepatocellular glycogen depletion, pigmented macrophage aggregates, granulomatous

' inflammation, Ichthyophonus, eosinophilic granular leukocytes (in perivascular or
_pericholangial connective tissue), lipidosis, focal parenchymal leukocytes, Goussia [Eimeria]
clupearum, focal necrosis, single cell necrosis, and cholangitis/biliary hyperplasia; in 1994,
prevalence of Ichthyophonus was 16%, and focal hepatic necrosis was 11 times more likely in
VHSV(+) fish than in VHSV(-) fish. Several lesions were associated with changes in plasma
chemistries. Further, 13% of the fish had abundant sporulating oocysts of Goussia clupearum,
but these parasites were not associated with increased plasma chemistries.

Pancreas (exocrine): pigmented macrophage aggregates, and zymogen granule depletion; in 1994, all
fish with severe external lesions had severe zymogen granule depletion,

Skin and Skeletal muscle: Ichthyophonus, myodegeneration and necrosis, perivascular leukocytes,
myositis, and arteriolar focal intimal hyperplasia.; in 1994, prevalence of Ichthyophonus was
18%, but most lesions were mild. Ulcers had filamentous bacteria: a possible third cause of
mortality (after Ichthyophonus and VHSV).

Spleen: congestion, pigmented macrophage aggregates, granulomatous inflammation, Ichthyophonus,
ellipsoid hyperplasia/hypertrophy, and arteriolar focal intimal hyperplasia; in 1994, prevalence
of Ichthyophonus was 18%, and several lesions were associated with alterations in plasma
chemistries. Further, splenic congestion was a biomarker of poor egg viability in herring
sampled from Rocky Bay in PWS in 1992 (Kocan et al. In review).

Stomach: Ichthyophonus, foreign body granuloma, submucosal eosinophilic granular leukocytes,
serositis, intraluminal trematodes (e.g., Hemiuridae), and focal parenchymal leukocytes; in
1994, prevalence of Ichthyophonus was 10%, and severe infiltrations of gastric submucosal
eosinophilic granular leukocytes were nine times more likely in VHSV(+) fish than in VHSV(-
) fish, ‘

Quality control and quality assurance are part of all examinations. For necropsy examination, two
pathologists are on site at all times; when questionable or difficuit lesions.are encountered, the second
pathologist is consulted. For histopathology, sections are coded for blind study; all 500 Spring
samples will be coded as one group, and the 160 Fall samples will be coded as a second group.
Tissues from each fish are assigned a random number and tissues are examined in ascending
numerical order. The first 15 specimens of each organ are examined by two pathologists and lesions
are scored independently. The pathologists then compare scores and modify diagnoses as necessary to
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come to a consensus. One pathologist then scores all specimens of a given organ and assigns type
specimens for later review. To maximize comparability of results to 1994 and 1995 results (943208
and 953208), type specimens described for the 1994 data will provide the basis for diagnoses in 1996
and beyond. The University of California, Davis, has three pathologists available to read sections and
a fourth pathologist available for review; in the event of personnel change, remaining pathologists will
increase effort on this project.

Type specimens developed on samples in 1994 (94320S) will be followed whenever possible;
examples from the liver follow:

L

1L

Iv.

Atly = Autolysis (a check for adequacy of fixation). Changes in membrane integrity begin

A.

B.

C.
D.

immediately after death.

score = 0; no membrane changes, erythrocytes stained intensely (type specimen =
94H74-1B).

score = 1; loss of membrane integrity; hepatocytes had fragmented nuclei and pale
basophilic cytoplasm; changes were probably due to autodigestion from leakage of bile
(type specimen = 94H74-73B).

score = 2; none were moderate.

score = 3; none were severe.

Art = Artifact. Tissue changes that were not inherent in the tissue sampled. Sources of
artifact included handling at necropsy, processing, sectioning, and staining. Artifact is scored
on the basis that it impedes interpretation of tissue morphology. Examples of artifact include
splits, bubbles, or knife marks in tissues.

A

B.

C.

D.

score = 0; sections had no tissue alterations that would impede analysis or photography
of any part of the sections (type specimen = none).

score = 1; tissue alterations were present, but most areas could still be photographed
without artifact, and analysis for lesions was unaffected (type specimen = 94H74-1B).
score = 2; tissue alteration prevented analysis for lesions in some areas and
photography would be unacceptable anywhere (type specimen = 94H74-159B).

score = 3; tissue alterations were too extensive for histopathologic analysxs (type
specimen = none were severe).

GD = glycogen depletion. A lesion in hepatocytes; hepatocytes normally -have abundant

9 >

cytoplasmic glycogen stores characterized by a large volume of clear, irregular, poorly
demarcated vacuoles (= glycogen vacuoles).
score = 0; hepatocytes had abundant glycogen vacuoles (type specimen = none).

“score = 1; glycogen vacuoles were smaller, but still larger than nuclei (type specimen =

none).
score = 2; glycogen vacuoles were smaller than or about equal to nuclear diameter

(type specimen = 94H74-163B).

~ score = 3; glycogen vacuoles were absent for most hepatocytes (type specimen =
_94H74-62B).

LMA = liver macrophage aggregates. A lesion in the hepatic stroma or capsule. Macrophage
aggregates were pigmented yellow-brown to green-brown, and occasionally contained
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lymphocytes.

A. score = 0; no macrophage aggregates (type specimen = none).

B. score = 1; sections had <7 MAs greater than 60 pm in diameter per 100X field (type
specimen = 94H74-4B).

C. score = 2; sections had 27 but <14 MAs greater than 60 um in diameter per 100X

field (type specimen = 94H74-1B).
D. score = 3; sections had >14 MAs greater than 60 um in diameter per 100X field (type

specimen = 94H74-14B). '

LGR = liver/hepatic granulomas (or focal granulomatous inflammation). Focal hepatic
granulomatous inflammation, composed of nonpigmented macrophages, was distributed
throughout the parenchyma, commonly associated with portal tracts. Often, nonpigmented
macrophages expanded pre-existing LMAs (e.g., 94H74-141B). As with LMAs, LGRs
occasionally contained eosinophilic granular leukocytes (EGLs). Cytoplasmic staining in
granulomas varied from mostly eosinophilic (94H74-127B) to mostly basophilic (94H74-124B).
LGR did NOT include inflammation scored as part of the Ichthyophonus score [see below] or
pigmented macrophage aggregates scores as part of the LMA score [see above].

A. score = 0; no granulomatous inflammation (type specimen = 94H74-1B),

B. score = 1; the sections had <1 focus of granulomatous inflammation per 100X field
(type specimen = 94H74-7B). :

C. score = 2; the sections had 21 but <3 foci of granulomatous inflammation per 100X
field (type specimen = 94H74-2B, -141B).

D. score = 3; the sections had >3 foci of granulomatous inflammation per 100X field

(type specimens = 94H74-37B, -127B).

EGL = eosinophilic granular leukocytes (in perivascular or pericholangial connective tissue).
Note that EGLs associated with liver macrophage aggregates (LMA) and liver granulomas
(LGR) were incorporated into scores for those lesions and were NOT included in this score.
Here, EGLs in the connective tissue were not directly associated with any foreign
material/body, but were usually associated with lymphocytes.

A score = 0; <2 (and usually zero) EGLs per perivascular or pericholangial section (type
specimen = 94H74-31B).

B. score = 1; >2 but <25 EGLs per perivascular or pericholangial section (type specimen
= 94H74-4B).

C. score = 2; >25 EGLs per perivascular or pericholangial section, and EGLs extended to
the margins of the surrounding parenchyma (tvpe specimens = 94H74-96B, -152B)
D. score = 3; none were severe

LIP = lipidosis. A lesion in hepatocytes; excess lipid appears as clear, round, well-demarcated,

cytoplasmic vacuoles (= lipid vacuoles).

A. score = 0; hepatocytes had no lipid vacuoles (type specimen = 94H74-1B).

B. score = 1; less than 33% of hepatocytes in the section had lipid vacuoles (type
.specimen = 94H74-21B).

C. score = 2; 34-66% of hepatocytes in the section had lipid vacuoles (type specimen =
94H74-2B). _
D. score = 3; more than 66% of hepatocytes in the section had lipid vacuoles (type
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IX.

XII.

specimen = 94H74-114B).

FPL = focal/multifocal parenchymal leukocytes. Leukocyte aggregates were usually less than
500 um in diameter and were composed mostly of lymphocytes and sometimes macrophages.

1. score = 0; no focal parenchymal leukocytes (type specimen = 94H74-32B).
score = 1; <1 focus of parenchymal leukocytes per 100x field (type specimen =
'94H74-1B).

3. score = 2; 1-2 foci of parenchymal leukocytes per 100x field (type specimen =
none).

4. score = 3; none were severe

ICH = hepatic Ichthyophonus.
A. score = 0; sections had no Ichthyophonus organisms (type specimen = 94H74-1B).

B. score = 1; Ichthyophonus present, but <1 per 100x field and minimal inflammation
(type specimen = 94H74-166B).

C. score = 2; 21 Ichthyophonus per 100x field, but minimal inflammatory reaction (type
specimen = 94H74-214B).

D. score = 3; 21 Ichthyophonus per 100x field, with prominent granulomatous

inflammation, or >3 Ichthyophonus foci per 100x field, regardless of amount of
inflammation (type specimens = 94H74-20B, -113B).

COC = hepatic coccidian Goussia [Eimeria] clupearum. These coccidians were most common
free in the parenchyma or in macrophage aggregates around bile ductuies. Cysts were
eosinophilic and about 18 x 12 um, whereas trophozoites were pale, basophilic, and about 35
um in diameter. Even in severe cases, inflammation associated with E. clupearum was
minimal.

A. score = 0; sections had no Goussia clupearum (type specimen = 94H74-1B).

B. score = 1; Goussia clupearum present, but <2 foci per 100x field (type specimen =
94H74-13B).

C. score = 2; >2 but <6 foci of Goussia clupearum per 100x field (type specimen =
94H74-2B). |

D. score = 3; >6 foci of Goussia clupearum per 100x field, and may be associated with

inflammation (type specimen = 94H74-23B).

FN = focal necrosis. A lesion primarily of hepatocytes. Affected cells had hypereosinophilic
coagulated cytoplasm, and pyknotic, karyorrhectic, or karvolytic nuclei.
A. score = 0; No necrotic cells in the section. (type specimen = 94H74-1B).

B. score = 1; total area of necrosis was <400 pm in diameter (type specimen =
94H74-139B). '
C. score = 2; total area of necrosis was >400 pm but <1 mm in diameter (type specimen
= 94H74-117B).
D. score = 3; total area of necrosis was >1 mm in diameter (type specimen =
_94H74-207B).

SCN = single cell necrosis. A lesion of hepatocytes. Affected cells had pyknotic nuclei and
condensed cytoplasm that often stained more deeply eosinophilic than normal cells. Because
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of cytoplasmic collapse, individual necrotic cells were sometimes surrounded by a clear ring or
halo. SCN must be differentiated from artifact. Even slightly rough handling results in cells
with dark-staining cytoplasm, but nuclei were not pyknotic and cytoplasm tends to stain
basophilic. '

score = 0; No necrotic cells in the section. (type specimen = 94H74-1B).

score = 1; <1 necrotic cell per 400x field (type specimen = 94H74-53B near mark).
score = 2; 1-2 necrotic cells per 400x field (type specimen = 94H74-118B).

score = 3; >2 necrotic cells per 400x field (type specimen = 94H74-117B, -193B).

Tow»

XIII. CBH = cholangitis/biliary hyperplasia. Cholangitis had lymphocytic exocytosis, with variable

amounts of bile ductule hyperplasia and fibrosis.

A. score = 0; no cholangitis or biliary hyperplasia (type specimen = 94H74-32B).

B. score = 1; <2 foci of cholangitis or biliary hyperplasia, and foci were <400 pum in
diameter (type specimen = 94H74-61B).

C. score = 2; >2 foci of cholangitis or biliary hyperplasia, or foci were >400 um in
diameter (type specimen = 94H74-112B).

D. score = 3; none were severe.

For statistical analysis, lesions with a score of none (0) will be used as controls. In PWS Spring
samples, 240 fish will be sampled at random and used for all analyses. In addition, 20 fish will be
selected because of severe lesions; these fish will be used to determine causes of morbidity, but will
not be used for population prevalence calculations. The primary hypothesis to test is that fish with
lesions are different from controls. The association of categorical vanables (e.g., none, mild,
moderate, and severe) with continuous variables (e.g., CPK values) will be determined using one-way
analysis of variance (one-way ANOVA). For example, the CPK values for fish with a liver
Ichthyophonus score of zero will be compared to livers with mild, moderate, and severe
Ichthyophonus; when necessary, categories will be combined to ensure that each group has at least 8
fish. Category-specific means and standard errors will be calculated for each continuous variable and
compared using Tukey's Studentized range method. Levene's test for equality of variances will be
used to evaluate the validity of the ANOVA.

The association of selected categorical variables (e.g., Ichthyophonus scores versus scores for hepatic
focal necrosis) will be evaluated using Chi-square methods for categorical data analysis; comparisons
will be considered valid only if individual expected cell frequencies are >1 and no more than 20% of
the cells have expected cell frequency <5. Odds ratios will be calculated for standard (2x2) two-way
contingency tables only. To measure the strength of the linear relanonships between two continuous
variables, the correlation coefficient r will be calculated. For all analyses, comparisons will be
considered significant when P<0.05 and highly significant when P<0.01.

Adjustments for age, gender, sampling day, and hold time will be done as necessary using multiple
regression. For comparison of lesion scores and blood values by reproductive stage and site of
capture, principal components analysis will be used. ‘Similar analysis was done for the damage
assessment part of fish histopathology studies funded by the Trustee Council, and results were used to
separate oiled from clean sites.
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C. Contracts and Other Agency Assistance

Plasma chemistry analysis, other than osmolality, will be done by Med Veterinary Lab Partners, 2231-
A Commerce Ave., Concord, CA 94520 (phone: 800-432-9939; FAX: 510-689-5991); they can run 17
analytes at 25° C with only 200 pL of plasma. The State of Alaska does not have a veterinary
diagnostic laboratory, and two other laboratories either were more expensive or had equipment that
could only be run at 37° C (too warm for coldwater fish enzymes). Med Veterinary Laboratory does
not have a machine capable of osmolality determinations, but they will send plasma samples to UC
Davis for osmolality. Other agencies will not be involved in this project. :

D. Location

Prince William Sound and Sitka Sound, Alaska. Information from this study will be of benefit to
fisheries managers as they consider alternatives for managing herring fisheries.

SCHEDULE

A. Measurable Project Tasks for FY96

DATES (report due on final

date) ACTIVITY
Fall Samples:
Oct. 1 - Nov. 30, 1995: Collect Fall Samples
Person in charge: Gary D. Marty, UC Davis
Nov. 1 - Dec. 31, 1995: Scale analysis (age);
Person in charge: Mark Willette, ADFG, Cordova, AK
Nov. 1 - Nov. 30, 1995: Plasma chemistries;

Person in charge: Craig Ruhe, MVL, Concord, CA

Nov. 1, 1995 - Feb. 28, 1996:  Virology (includes blind passes and laboratory report) and
bacteriology; Person in charge: Ted Meyers, ADFG, Juneau, AK

Nov. 1, 1995 - Feb. 28, 1996: IgM assay; Person in charge: Ronald P. Hedrick, UC Davis, CA

Nov. 1, 1995 - Feb. 28, 1996: Histopathology and identification of Ortholinea orientalis;
' Person in charge: Gary Marty, UC Davis, CA

Nov. 1 - Feb. 28, 1996: VEN analysis and leukocyte differential counts;
Person in charge: Chris Kennedy, Simon Fraser Univ

March 1- May 31, 1996: Statistical analysis; :
- Person in charge: Thomas Farver, UC Davis, CA

Spring Samples
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DATES (report due on final
date)

ACTIVITY

March 1 - Apnl 30, 1996:

April 1996

Apnl - July 31, 1996:

Apnl - May 31, 1996:

Apnl - Sept. 30, 1996:

April - Sept 30, 1996:

April - Sept 30, 1996:
April - Sept 30, 1996:

Oct. 1996 - Jan. 10, 1997:

Jan. 11, 1997 -Apnl 15, 1997:

Nov. 1996 - indefinite:

Collect Spring Samples
Person in charge: Gary D. Marty, UC Davis

Visit native harvesters in Tatitlek and lead an open discussion for
fishers in Cordova (Person in charge: Gary D. Marty, UC Davis)

Scale analysis (age);
Person in charge: Mark Willette, ADFG, Cordova, AK

Plasma chemistries;
Person in charge: Craig Ruhe, MVL, Concord, CA

Virology (includes blind passes and laboratory report) and
bacteriology; Person in charge: Ted Meyers, ADFG, Juneau, AK

VEN analysis, leukocyte differential counts, and CPK isozyme
analysis; Person in charge: Christopher Kennedy, SF Univ.,, BC

IgM assay; Person in charge: Ronald P. Hedrick, UC Davis, CA

Histopathology and identification of Ortholinea orientalis,
Person in charge: Gary Marty, UC Davis, CA

Statistical analysis;
Person in charge: Thomas Farver, UC Davis, CA

Annual report writing
Person in charge: Gary Marty, UC Davis, CA

Opportunities for public comment

B. Project Milestones and Endpoints

1. Objective: Determine which pathogens cause lesions and determine the relation among Viral
Hemorrhagic Septicemia virus (VHSV), Ichthyophonus, macroscopic and microscopic lesions,
plasma chemistries, and immune status.

When objective will be met: the annual report, due Apnl 15, 1997, will provide information
progressing towards this objective, but the most complete information will not be available
until after the multi-year study is completed and the final synthesis report is submitted April

15, 1999.

Objective: Determine the role of reproductive stage on the general health of herring. Are

lesions, Ichthyophonus, and VHSV more severe during a given reproductive stage?

When objective will be met: the annual report, due April 15, 1997, will provide the first
information progressing towards this objective, but the most complete information will not be
available until after the mult-year study is completed and the final synthesis report is
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submitted April 15, 1999.

3. Objective: Investigate the impact of disease on population size and structure of herring. Are
fish of a particular year class more likely to be diseased than fish of other year classes? Does
a history of previous oil exposure correlate with prevalence and severity of disease?
When objective will be met: based on study from 1994-1996, the annual report, due April 15,
1997, will provide information progressing towards this objective, but the best information will
not be available until after the multi-year study is completed and the final synthesis report is
submitted Apnil 15, 1999. :

C. Project Reports

Annual reports will be submitted to the Chief Scientist on April 15, 1997 (FY96) and April 15, 1998
(FY97). A final report will be submitted after field work is completed in FY98: April 15, 1999.

After publication of results from study in 1994 (94320S), publication of additional results will be most
useful at the end of the multiyear study. The Journal of Aquatic Organisms is probably most
appropriate for these data.

COORDINATION AND INTEGRATION OF RESTORATION EFFORT

This project was included in 95320, the Prince William Sound System Project, because major
fluctuations in the population size of PWS herring may have repercussions on many other injured
resources in PWS. Reduction of the herring population to 10% of what might have been expected
undoubtedly has a significant impact on those resources for which herring are a major dietary
component. Understanding the population dynamics of herring in PWS will be addressed by the
coordinating information on diseases (96320-S, this subproject) with many other projects and
subprojects of 96320. Herring spawn deposition (ADFG project) and reproductive impairment (96074)
address several aspects of recruitment. Herring genetics (95165) will determine whether there is more
than one stock in PWS. Zooplankton in the ecosystem (96320-H) will determine what is available for
herring to eat. Forage fish (96163-I) and avian predators (96320-Q) examine the relationship between
herring and those species that feed on them. Most other parts of 96320 also provide some information
on the factors which affect herring populations as well as other parts of the Prince William Sound
ecosystem. Synthesizing the results of all of these projects and subprojects should document the
reasons for major changes in herring population size, structure, and health status.

Specific interactions are as follows: 1) fish captured at the same time as disease samples will be
available for reproductive impairment (96074), genetics (96165), and age-weight-length studies
conducted under normal ADFG management or research studies; 2) the Fall hydroacoustic surveys
(96320N) and natal habitats (96166) will be used to locate and capture fish for Fall disease samples in
PWS; and 3) the University of California, Davis (Dr. Gary D. Marty) is under contract with NOAA to
examine tissues from herring adults exposed to hydrocarbons at the Auke Bay Laboratory (95074);
examination by the same pathologist will ensure comparability of field and laboratory studies.
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Normal agency management overlapping with this project is limited to age-weight-length studies of
prespawning and spawning fish, and ADFG is supporting that part of the project with non-Trustee
funds. Also, ADFG is supporting all salaries of personnel doing virology for the project at the Juneau
Fish Pathology Laboratory; this is consistent with the goal of ADFG to monitor Alaskan fish for
disease. The purpose of normal ADFG study is to follow normal population trends. But the decline
in PWS herring numbers since the spill is unprecedented in the history of Alaskan herring fisheries.
Therefore, the detailed study we propose has never been required for management decisions. If
components of this study prove cost effective (e.g., examining fish for external lesions), we will
recommend their incorporation into protocols for normal population monitoring. Attempts to obtain
matching funds from non-Trustee Council sources have not been made.

ENVIRONMENTAL COMPLIANCE

The National Oceanic and Atmospheric Administration (NOAA) is the lead federal agency for

National Environmental Policy Act (NEPA) compliance for this project. This project has previously
been granted categorical exclusion because it is essentially a laboratory study without environmental
consequences. Samples will be collected by the ADFG personnel under the authority of a scientific

collector’s permit issued by ADFG.

PERSONNEL
Project Leader (Field Component):

Gary D. Marty, DVM, and Diplomate, American College of Veterinary Pathologists, will be
responsible for design of pathology studies, on-site necropsy evaluation, reading histologic
preparations, and final report writing. Dr. Marty has the required fisheries background (B.S. and
M.S. in fisheries biology) to integrate the many parts of this study, and he performed these duties on
project 94320S and 95320S.

Other Key Personnel (Field Component):
Corrine R. Davis, DVM, will do on-site necropsy evaluations, read histologic preparations, and
develop an immunoglobulin assay. Dr. Davis preformed necropsies on Pacific herring in 1994 and

1995 (943208 and 95320S), and she was the primary histopathologist for analyzing gonads from those
fish.

Thomas B. Farver, Ph.D,, is pfofeSsor of biostatistics and has done extensive consulting on problems
of statistical epidemiology, including project 94320S and 95320S. He will oversee statistical analysis.

Ronald P. Hedrick, Ph.D., is a professor and Chief of the Aquatic Medicine Service, Veterinary
Medical Teaching Hospital, University of California, Davis. Dr. Hedrick is certified as a Fish
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Pathologist by the Fish Health Section of the American Fisheries Society and has extensive experience
with infectious diseases and immunology of fish. He is overseeing development of the IgM assay
(953208) and will oversee immunoglobulin analysis as part of this project.

David E. Hinton, Ph.D., is professor and director of the Aquatic Toxicology Laboratory at the
University of California, Davis. Dr. Hinton has extensive experience in fish toxicology and
histopathology. He will be in charge of project administration at the University of California, Davis..

Theodore R. Meyers, Ph.D., is certified as a Fish Pathologist by the Fish Health Section of the
American Fisheries Society. Dr. Meyers has been Principal Pathologist for the AK Dept. of Fish and
Game since 1985. Dr. Meyers and the laboratories he supervises have been involved in the detection
and diagnosis of VHSV in Alaskan fisheries since 1990, detecting the virus in cod and herring from
PWS and in herring from other parts of Alaska. Dr. Meyers is the designated principal investigator
for virology and bacteriology on this project. ‘

Relevant Publications:

Dominguez J., R.P. Hedrick, J M. Sanchezvizcaino. 1990. Use of monoclonal antibodies for detection
of infectious pancreatic necrosis virus by the enzyme-linked immunosorbent assay (ELISA).
- Diseases of Aquatic Organisms. 8:157-163.

Farver, T.B., W.G. Cumberland, and D.W. Hird. 1991. Use of staggered panels in sampling designs
to increase the efficiency of estimating the number of incident cases of diseases in food animal

populations. Prev. Vet. Med. 10:299-310.

Hose, J.E., M.D. McGurk, G.D. Marty, D.E. Hinton, E.D. Biggs, and T.T. Baker. In Press. Sublethal
effects of the Exxon Valdez oil spill on herring embryos and larvae: morphologic, cytogenetic,
and histopathological assessments, 1989-1991. Can. J. Fish. Aquat. Sci.

Kocan, R.M., G.D. Marty, M.S. Okihiro, E.D. Brown, and T.T. Baker. In Review. Reproductive
success and histopathology of individual Prince William Sound herring three years after the
Exxon Valdez oil spill. Can. J. Fish. Aquat. Sci.

Meyers, T.R., S. Short, K. Lipson, W.N. Batts, JR. Winton, J. Wilcock, and E. Brown. 1994,
Association of viral hemorrhagic septicemia virus with epizootic hemorrhages of the skin in -
Pacific herring Clupea harengus pallasi from Prince William Sound and Kodiak Island,
Alaska, USA. Dis. Aquat. Org. 19:27-37.

Meyers, T.R, J. Sullivan, E. Emmenegger, J. Follet, S. Short, W.N. Batts, and J.R. Winton; 1992.
Identification of viral hemorrhagic septicemia virus isolated from Pacific cod Gadus
macrocephalus in Prince William Sound, USA. Dis. Aquat. Org. 12:167-175.
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PROJECT DESIGN: Il. Laboratory challenge with and without stressors.

A, Objectives
FY 96 :

1. Establish SPF nerring in the laboratory for use in definitive disease studies on
VHSV and Ichthyophonus hoferi .

2. Fulfil Koch's Postulates for VHSV in SPF Pacific herring
3. Fulfit Koch's Pcstulates for 1. hoferi in SPF Pacific herring
4. Establish an SPF model system for studying VHSV and /. hoferi. .

5. Describe the effects of physical and chemical stressors on Pacific herring in the
absence of disease organisms.

Y -
6. Describe the effects of physical and chemical stressors on the course of disease
produced by VHSV and /. hoferi
7. Describe the immune response and blood chemical changes associated with
infection by VHSV and /. hoferi.
8. Describe how exposure to chemical and physical stressors can affect the
course of disease produced by VHSV and /. hoferi.

S. Describe the course and outcome of multiple infections in Pacific herring.

B. Methods

o Quarantine Facility (In place and available at NBS: see attached letter)

Virus-free water source

The majority of the herring rearing and exposure studies wiil be carried out at the
Marrowstone Island Field Station of the National Biological Survey. This facility is located on
Marrowstone Island cn Admiralty Inlet (Puget Sound, WA). Seawater will be pumped from 60
ft below the surface of Admiraity Inlet thrcugh a sand filter and U.V. sterilization system
before being used in the study. This is an area of fast flowing water with no herring spawning
activity within several miles. The treated water will be cultured for bacterial, fungal and viral
contaminants using standard microbiological techniques and celi cultures susceptible to
VHSV. Monitoring of the water will take piace prior to the study and monthly throughout the

study period.
Flow-through sterile seawater

During incubation the seawater will be constantly monitored for dissolved oxygen and pH
and adjusted if any change from optimum conditions occur. At the time of hatching the water
will be repiaced at the rate of two full exchanges per day to remove perivitelline fluid, chorion
husks and other proteinaceous materials which might act as microbial growth media. This
low flow rate is adequate to sustain the newly hatched larvae as well as remove any toxic
metabolites, but not so high that the animais are damaged. As the larvae grow, the water
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flow will be gradualiy :ncreased to accommodate the greater depuration of metabolites from
the larger fish.

Flow-through natural seawater:
A paralle! set of two tanks will be used to monitor the effectiveness of the seawater

sterilization process. The embryos and larvae will be reated as described above, except
that the tanks will receive raw unfiltered seawater. .This should give an indication of the
effectiveness of filterea incubation water on the natural transmission of pathogens to larval
herring when the water is not associated with heavy herring use.

Physical isglation of ccntrol and treated fish

During the course of the studies, SPF herring will be separated from test fish by both physical
barriers within the wet lab as well as separate water supplies. All equipment used to handle
fish will be maintainea separately for each tank and stored in disinfectant when not in use.
Subsamples of fish wiil be taken monthly and examined for VHSV by infectivity cell culture
assays, and tissues tzxen for histopathologic examination for ichthyophonus as well as other
potential pathogens.

ffl
Water used for pathcgen and toxin exposure will be chemically disinfected before leaving
the Marrowstone facility to ensure that pathogens are not escaping the facility and entering
the natural marine waters of Admiralty Inlet. After the water is treated it enters a settling pond

before draining into Acmiralty Inlet.

Task 1: Fish (FY &3 thru 98)

Task 1.1: Obtaining % hatching herring eqgs

Initially, herring eggs wiil be obtained from Prince William Sound in conjunction with. ADF&G
Spawn Deposition Survevs. Herring for the SPF study will be produced from artificially
spawned eggs incubaied in sterile seawater as described by Kocan et al (1995). Spawning
adults will be capturec by net and their surface sterilized with iodophore and alcohol. Eggs
will be removed from :~e females and broeadcast onto an artificial substrate, fertilized with milt
from surface-sterilizec males and allowed to incubate in sterile seawater until they hatch.
Following fertilization. :ne eggs will be transported by commercial air carrier to the University
of Washington and the Marrowstone Islana Field Station as previously described by Kocan et
al (1995). A contingercy or back-up system will consist of eggs obtained from Puget Sound
herring and incubatea :n parallel with those obtained from Prince William Sound. This will
ensure that if problems arise with one set cf embrycs that the project will not be jecpardized.
If both egg fots survive. then comparative gata between the two poputations will be

generated.

k 1.2: Rearing Herrin !
Newiy hatched Pacific nerring larvae will be reared in flow-through seawater systems with
constant aeration in a system similar to that described by Taibot and Johnson (1972), and
used by various Aquanums for the rearing of larval fish. Water temperature, pH and oxygen
will be monitored dailv. The water will be periodically conditioned with algal paste (as
needed) according to :~e protocol describea by Marliave and Whyte (Vancouver,B.C. |
Aquarium), and the larvae fed brine shrimo hatched in sterile seawater and supplemented
with omega-3 fatty acics. Tetramin@ baby-fish food will be used as a supplement feed.
Once the larvae reacn 2 cm they will be fea frozen adult brine shrimp and live lab-reared
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daphnia for the duration of the studies. Larvae should grow at about 10 mm per month, and
have been shown to survive in captivity for at ieast 2 years (Talbot and Johnson 1972).

Pilot larval rearing studies will be conducted on 0-age class herring larvae captured by tow
net just off the shore at the Marrowstone Islana Field Station. This will be accomplished by
use of a charter vessel and the NBS skiff stationed at Marrowstone Island. The larvae will be
used to establish the protocols necessary to rear SPF larvae from the artificial spawn
described above as well as to establish methodology for handling, dosing, sampling and
evaluating the healith of laboratory-reared herring. |f these fish prove to be free of either
VHSV or I. hoferi, they will be used in some of the stress-related experiments.

Puget Sound herring are sexually mature and actively spawn at 2 years, while Prince William
Sound fish first spawn at 4 years-old. If this is a genetic rather than geographic difference, -
SPF spawning herring could be available in 2 years by using Puget Sound fish for
reproductive (spawning fish challenge) studies.

niform size and age cla
Fish will be segregated by age class throughout the course of these studies. Each age class

will also be graded and further segregated by size in order to minimize variability among
treatment groups and controls. Fish from different sources (eg. PWS and PS) will not be -
mixed, with the possible exception of studies intended to show contact transmission of

pathogens in the laboratory.

Task 2: Verification of SPF for VHSV and /chthyophonus

Once larvae begin feeding, and prior to the initiation of experiments, subsamples of larvae
will be collected and screened histopathologicaily and by in vitro culture to verify that the fish
are free of VHSV and Ichthyophonus. (Fish Heaith Biue Book of the American Fisheries
Society, Thoesen, 1994). This screening will continue for all stocks of natural or artificially
spawned fish throughout the course of these studies. -

Task 2.1: Histopathology

For histopathological examination, 25 randomiy selected fish will be sampled from the
population. Tissues that are particularly sensitive to one or both pathogens (i.e. kidney, liver,
spleen, heart) will be anaiyzed. Additional tissues (gill, muscle, gonad, brain, g.i. tract,
pancreas) will be collected, preserved and stored for later examination should that be
deemed necessary. The fish wiil be anesthetized in MS-222, sacrificed by severing the
spinal cord, and examinec for the presence of grossly visible lesions. The target tissues, as
well as any obvious lesions. will be removed during necropsy, preserved in 10% neutral
butfered formalin, embedded in paraffin, sectioned on a rotary microtome (5 um) and stained
with hematoxylin and eosin (Luna, 1974). Tissues will be examined by light microscopy. For
the sake of consistency, the results of the laboratory study will be reported using the
terminology and scoring system developed for the Component 1 field study (Marty et al.,
1994). :

Task 2.2: In vitro culture of Ichthyophonus

Kidney, liver, and heart tissue will be aseptically removed from 25 randomly selected fish.
The tissue will be cut into small pieces (2 mm3), immersed briefly (1-2 sec) in ethanol and
placed in tissue culture flasks containing Eagles minimal essential medium (MEM)
supplemented with 10% fetal bovine serum. 3.5%% NaCl, and 100 units of
penicillin/streptomycin. The cultures will be incubated at 15-20 C and examined for the

production of hyphae ana endospores.



Some cultures will be maintained in serial passage for use during the remainger of the study.
Endospores and possible resting spores will be harvested. quantitated and used for
experimental inoculations.

Task 2.3: In vitro culture of VHSV

Homogenates of kidney and spieen tissue collected from 25 randomly selected fish will be

fitered through a 0.45 um filter and cultured on the EPC cell line at 15 C {pH 7.4-7.8). The
cells willi be examined for evidence of cytopathic effect. Cultures will be maintained for 14-21
days, and may be blind passaged after 14 days. Should cytopathic effects be observed, the
identity of the causative agent wiil be determined by serum neutralization assays.

Task 3: Challenge without stressors (FY 96)

Koch's Postulates. A series of of experimental criteria first applied by Robenrt Koch, are
necessary to establish the causal relationship between a specific microorganism and a
specific disease. These criteria include:

1. The microorganism must be present in every case of the disease.

2. The microorganism must be isolated from the diseased host and
grown in pure culture.

3. The specific disease must be reproduced when a pure culture of the
microorganism is inoculated into a healthy susceptible host.

4. The microorganism must be recoverable from the experimentally
infected host.

The first two criteria wi.ll be or have already been met by isolating both VHSV and /. hoferi
from Prince William Sound herring and establishing them in pure culture. Criteria 3 and 4

are described below.

Task 3.1: Challenge herring with VHSV.

The North American strain of VHSV obtained from aduit herring in Puget Sound. Washington
in 1994 will be used in this study. This virus is identical to that isolated from Prince William
Sound herring. The virus will be grown in the epithelioma papullosum cyprini (EPC) cell line
to titers of approximately 107 plaque-forming units per mi. Replicate groups of 30 herring will
be challenged by waterborne exposure to 102, 104 or 106 PFU/mI seawater in a static bath
for 1 hr. Exposed fish and unexposed controls will be held for 21 days and examined daily for
mortality or signs of disease. Additional replicate groups.of 30 herring will be challenged by
intraperitoneal injection of 102, 104 or 106 PFU of VHSV per fish. Fish will be observed daily
as above. After 21 days. virus wili be re-isolated and new SPF fish will be exposed to
complete Koch's Postulates. These will be treated as in the original group of infected fish.

Blood will be collected from a subsampie of infected herring after 21 days and tested for the
presence of antibodies to VHSV by virus neutralization, Quchteriony gel diffusion or ‘
countercurrent electrophoresis. This information will be use as a baseline for studies carried
out in FY 96-97 on "Challenge With Stressors".

Task 3.2: Challenge herring with /chthyophonus.

I. hoferi isolated from Prince William Sound herring tissues will be grown in minimal essential
medium plus 10% FBS (MEM-10) and used for initiating infections in experimental fish.
Graded doses of in vitro cerived spores will be used to orally infect replicate groups of 30
herring. Fish will be subsampled (10 ea) at 14 days and the remainder maintained in flowing
sterile seawater for a total of 30 days post infection. Mortality and morbidity wiil be recorded
at this time and the fish sacrificed for histopathology and re-isolation of the organism.
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Organisms isolatea these fish will be used to reiniect new fish and complete Koch's
Postulates. Based on the available literature (Sincerman and Chenoweth 1993), it may be
possible to obtain Ichthyophonus-free fish by capturing 0-age fish and maintaining them in
pathogen-free seawater. This would remove some of the pressure on production of enough

SPF fish during FY 95.

Blood will be collected from a subsample of infected herring after 30 days and tested for the
presence of antibodies to . hoferi by ouchterlony gel diffusion and counter current
electrophoresis. This information wiil be use as a paseline for studies carried out in FY 96-97

on "Challenge With Stressors".

Task 3.3 - Assay experimental fish for VHSV and ichthyophonus.

Moribund and diseased fish will be removed from rearing tanks daily. Samples of diseased
fish will be collected and assayed for leveis of VHSV and Ichthyophonus by standard
methods. Additional material will be collected from diseased fish and processed for
histopathological examination. At the end of the challenge period, samples will be collected
from surviving fish for virology and histology. The virus ana Ichthyophonus isolated from
diseased fish will be identified using standard methods.

Task 3.4: OStatistical Analyses

Task 3.4.1 Analyses for larval rearing will ccnsist of:
% hatch

% larval survival to feeding

% larval survival by month

larval growth rate by month

o

0O 00

Task 3.4.2 Analyses for effect of VHSV infection:
o infection rate (% infécted fish)

O virus titer per fish

0 overt disease (eg. visible iesions)

0

0

mortality {control vs infected)
comparison of water-borne vs inoculation infections

Task 3.4.3 Analyses for effect of /ch:hzognonug infection:

0 infection rate

0 infection intensity

0 overt disease (eg. visible and microscopic !es:ons)
© mortality (control vs infected)

0 comparison of water-borne vs feeding infections
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Task 4: Density as a stressor (FY 96 -> 98)

Task _4.1: density + pathogens .

Ideally, it would be desirable to use SPF fish that nave been experimentally infected with a
known dose of pathogens for the density dependant disease studies. Once density
dependent disease conditions are established uncer controlled conditions, then wild-caught
fish could be tested to determine whether they resoond simitarly under identical conditions.
Experimental fish wiil be evaluated for monality, gross lesions, microscopic lesions, VHSV or
I. hoferi infection and behavioral changes. Blood samples will be collected and evaluated by
Dr. Chris Kennedy (Simon Fraser) for biochemical changes. Any observed lesions will be
compared with those seen in PWS in wild herring.

If laboratory reared fish are of suitable size and age prior to the end of year-1, they will be
used for the initial study. Otherwise, juveniie wild fish (>5 gm) will be captured by tow net from
Puget Sound and transported to the Marrowstone island Field Station. Fish will be acclimated
in a 1,000 gal tanks for two weeks, then transferrea to 200 gal tanks for density dependant
disease studies. Half of the fish will be untreated and half will be inoculated with a known
dose of VHSV or Ichthyophonus in order to have a control {or reference) test population and
one with a known infection rate. |nitially, fish densities wiil be 25, 50, 100 and 250 fish per
200 gal, with two replicate tanks per density. Densities will be modified later if warranted.
Flow rate, temperature and feeding schedule wiil be constant for all tanks. Fish will be
observed several times per day and moribund or cead fish removed for 30 days. At this time
fish will be sacrificed as described above, bicod samples taken for evaluation of neutralizing
antibodies and tissues prepared for virus isolation or histopathology.

We will use concentrations of the North American strain of VHSV and of Ichthyophonus hoferi
which are shown in Task 3.1 and 3.2 to produce a iow to moderate level (20%) of mortality
by intraperitoneal injection into fish held at a density of 30 fish per tank. Replicate groups of
herring will be placed into flowing seawater aguana at 4-5 censities for challenge by VHSV or

Ichthyophonus (Fig. 1).

Experiments on density-stressed infected fish wiii begin in FY 96 following the establishment
of Koch's Postulates. These studies are based on ine assumption that both organisms are
capable of producing disease in Pacific herring uncer the cenditions tested. If it turns out that
one of the organisms is not a pathogen in herring. :hen tesiing will proceed with only one

organism.



DENSITY DEPENDANT STRESS
Fish ! tank

.chthyophonus-infected fish

Figure 1. Scheme for studying density-dependant stress on bontrol and
infected Pacific herring.



A

imental conditions:

Flow-rate ........ccceeinrne. >50gph

Tanks: ...oooooeeeeieiiee 200 gal

Water: .....cooovevvieee Steriie seawater
Organisms:.......ccceeeeurnnne. VHSV & I. hoferi
Controls:......ceeveeeeeciennnene. Uninfected herring
Temperature .................. ambient (6° - 10° C)

PH o, v, ambient (8 -9)

salinity ......cccooevveeiinnn, ambient (25 ppt - 28 ppt)
replicates .........coeeveenne. 3/ density

Expected resuits from the Density (without stressor studies):
Effect of density on SPF herring survival, growth and health
Effect of density on SPF herring infected with a single pathogen
Effect of density on wiid herring infected with a known pathogen
superimposed on their natural pathogens.

Task 4.2: pathogens with stressors (FY 96, 97)

Studies on challenge infections with stressors will begin in FY96 following the completion of
the density dependent disease studies. Once optimum densities for fish survival in the
absence of pathogens have been determined, (eg. Task 4.1-controls) studies will commence
on the effects of stressors on pathogen-infected fish. Experimental fish will be evaluated for
mortality, gross lesions, microscopic lesions, VHSV or . hoferi infection and behavioral
changes. Blood samples will be collected and analyzed by Dr. Chris Kennedy (Simon Fraser)
for biochemical changes. Any observed lesions will be compared with those seen in wiid

PWS herring.

Task 4.2.1: Chemical stress of pathogen-infected fish (FY 97, 98)

Replicate groups of 25 herring wiil be placed into flowing seawater tanks at optimum density
for infection by intraperitoneal injection of three doses of the North American strain of VHSV or
Ichthyophonus hoferi which were shown to produce a low to moderate level (<20%) of
mortality in herring held at a density of 30 fish per aquarium at ambient temperature seawater
in Puget Sound (approximately 8-9°C). Chemical stressors will be added to the system 5 days
post-infection by means of a metered pump. It has been demonstrated that crude oil
introduced to a population of naturaily infected herring will cause an increase in infection rate
(Exhibit 8; Carls & Meyers). Consequently, components of crude oil known to have
immunosuppressive activity will be used for the chemical stress of pathogen-infected fish.
Tests will inciude but are not restncted to whole Prudhoe Bay crude oil and its components

Chemical stressor concentrations will vary with the solubility of the compound(s) being tested
and the established toxic leveis reported in the literature. Both PAH and alkanes have been
shown to be immunosuppressive in vertebrates, but have not been investigated in fish. This
experiment will define their effect(s) on the immune system and ultimate susceptibility to the

pathogens being tested.

Serum will bé collected from pre- and post-exposed fish and evaluated for changes in
neutralizing antibodies to VHSV ana /. hoferi.



Controls for chemical stessors wiil consist of pathogen-free fish exposed to the same
concentrations of petroteum as the infected fish. Controls will be run in parallel with the test

fish and be of the same age, size and origin (Figure 2).

Analytical evaluation: Water from each test tank will be collected in acid washed glass
vessels and analyzed for petroleum hydrocarbons and individual hydrocarbon groups.
Following exposure, a subsample of fish will also be collected for tissue analysis of
hydrocarbon content.  The effect of oil exposure on previous infections by VHSV and /. hoferi

- will be determined.

T 4.2,2: P hail f icall [ fish (Fy 97, 98) g
In this study herring will first be chemically stressed by exposure to crude oil, then infected
with a known sub-lethal dose of the two pathogens.

Fisn will be set up in tanks supplied with sterile seawater at 30 fish per tank and exposed to
three concentrations of petroleum hydrocarbons at concentrations which do not produce overt
signs of distress. The fish will then be exposed to VHSV or Ichthyophonus 5 days later at a
dose which produces g 20% mortality. The fish wili be held for 30 days and observed for
mortality and assayed for virus or Ichthyophonus. Concentrations of the oil components will be
calculated based on the data reported by Carls and Meyers (Exhibit 8) and the scientific
literature. These would begin at the proportion of each component expected to be present in
300 ug/L (300 ppb) whoie crude oil, and include 3 ten-fold dilutions. Actual concentrations
will be determined by chemical analysis of water collected during the exposure period.

Serum will be collected from pre- and post-exposed fish and evaluated for changes in
neutralizing antibodies to VHSV and 1. hofer.

Controls will consist of tanks receiving no pathogen challenge (hydrocarbon only) and tanks
receiving raw (non-sterile) seawater. The general design of this study (without replicates) is

presented in Figure 3.



Uninfected
controls

Decreasing
pathogen
dose

highest

lowest

Figure 2. Oil stress of pathogen-infected fish

Scheme for exposing Pacific herring to Prudho Bay crude oil with and without
pathogens. Multiple doses of hydrocarbon wiil be used with multiple infective
doses of pathogen.



Crude Oil PATHOGEN

Concentration
| . <
, \
300 ppb none | lchthyophonus -
(3 reps) ; seawaler
;
|
v
0 b rnw
3(3 PP ] lchthyophonus seawaler
reps
i
v . .
raw
3ppb none lchthyophonus seaveter
(3 reps)

Figure 3. Hydrocarbon stressed herring chaillenges with sub-lethal pathogen dose

Flow-rate .......occceevecnne. > 50 gph

Temperature .................. ambient (8° - 10° C)

pH e e rree e ambient (8- 9)

salinity ..oooeeeeeiencieenne ambient (25 ppt - 28 ppt)

replicates .......ccocveveeennnee 3 per hydrocarbon-pathogen combination
HC concentrations ....... 3

Pathogen dose .............. < 20% mortality in non-stressed fish



Task 5: Co-infections (FY 97, 98)

A non-lethal dose level for both pathogens will be established in Component 2. Once this
data is available on pathogen doses producing < 20% mortality, concurrent infections will be
produced by infecting fish with both organisms simuitaneously and in sequence. Specific
conditions related to the implementation of this task have not been worked out at this time, but
once preliminary data on dose related mortality and disease is generated a more
comprehensive study plan can be designed. The basic exposure scheme will be modeled on

that described under Component 2.
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C. Contracts and other agency assistance A
No outside contracts. Assistance by DOI - NBS will continue throughout the project period.

D. Location
Field collections will be made in Prince William Sound, Alaska in conjunction with ongoing

ADF&G activities or under .contract with local fishermen during the normal fishing season(s). As
much of the needed material as possible will be collected on-site in Prince William Sound,
while the remainder wili be obtained from Puget Sound by the University of Washington School
of Fisheries and Friday Harbor Labs, the National Biological Survey, and the Marrowstone
Island Field Station (Puget Sound, WA). These laboratories have the necessary containment
facilities for working with VHS, Ichthyophonus and other pathogens, and the seawater systems
for carrying out the in vivo VHS-free portions of the study. Collection of herring eggs and 0-age
herring in Puget Sound will be done under contract to the Mr. Charles Eaton (R.V. Kittiwake)
under a scientific collector's permit issued to R.M. Kocan by the Washington Dept. of Fisheries.
Blood samples collected from experimental fish at the quarantine facility will be transported to
Simon Fraser University for final analyses by Dr. Chris Kennedy.

SCHEDULE
A. Measurable Project Tasks for FY 96

May-Dec. 1995 Culture herring larvae and determine their SPF status for future
work. Collect data on growth, survival, disease susceptibility, etc.
Improve husbandry techniques where possible.

Oct '95- Dec. '95 When larvae are large enough, begin viral and fungai exposures
to determine susceptibility.
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Jan - June 1996 Ccntinue or begin infectivity stuaies with VHSV and /. hoferi.
Determine LC50 for both organisms, minimal infective dose,
survival rate, lesions associated with infection by each organism.
ana recovery or carrier rate.

April - May 1996 Begin new year of SPF fish from eggs for future studies.

March-June 1996 Re-isolate organisms and verify that monoxenic infections were
procduced in order to fulfill Koch's Postulates. Begin blood
chemistry on infected fish and physiclogical studies.

June-Sept. 1996 Collect 0-age herring for stress exposures technigue
development.

May-Dec. 1996 Analyze data from infectivity - disease - survival studies and begin
studies on stress effects on infected fish. Density effects, oil
effects, etc. Begin immune suppression studies on experimental
fish for comparison with data from wild fish (PWS).

B. Project Milestones and Endpoints

Oct. - Dec. '95 Establish initial SPF herring for later studies

March '96 Establish SPF model for studying VHSV & 1. hoferi

May '96 : Fulfil Koch's Postulates for VHSV in model system

March - Sept. '96 Fulfil Koch's Postulates for /. hoferi in model system

Oct. - Dec. '96 Describe effects of chemical stressors on herring

Jan. - March. '97 Describe effects of physical stressors on herring

March - Sept. '97 Describe effects of stressors & pathogens on herring

Oct. - Dec. '97 Collect and analyze blood samples from experimental fish
Jan. - June '98 Evaluate immune response in chemically stressed fish
June - Sept. ‘98 Evaluate immune response in physically stressed fish
Aug. - Dec. '98 Evaluate immune response in fish with multiple infections

C. Project Reports

Prepération of manuscripts for peer reviewed publications will begin as studies are
completed and sufficient data is available. Pre-prints and reprints of these will be forwarded
to the Trustee Council and Chief Scientist as they are received.

Dec. '95 , Progress report for FY 95
Dec. '96. Progress report for FY 96
Dec. '97 Progress report for FY 97
Dec. '98 Final report for FY 95 through FY 98

COORDINATION AND INTEGRATION OF RESTORATION EFFORT

Alaska Dept. of Fish and Game wili contribute to this project by supplying a working platform
for artificial spawning of herring in PWS, assistance in capturing and spawning the fish and

transportation of embryos between the collection site, Cordova and the airport. The Nationai
Biological Service (NBS) will contribute Dr. Winton's salary as well as space and equipment.
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Statistical consultation (project cesign / data analyses) will be obtained through the UW
Center for Quantitative Science. Computer services (data entry, data analysis, word
prccessing) will be provided by SOF and NBS. Histological processing of tissue samples will
be done through the UW Dept. of Pathology and histopathological evaluation of tissues from
experimental infections and chailenges will be conducted at SOF. Cell culture, virology and
molecular biology facilities will be provided by NBS. Filtered seawater facilities for
contaminant exposure studies are available at the Marrowstone Island Field Station (NBS),
as is sternile (VHSV-free) seawater for in vivo virus studies. Filtered seawater facilities are
also available at Friday Harbor Laboratories (UW).

ENVIRONMENTAL COMPLIANCE

The National Oceanic and Atmospheric Administration (NOAA) is the lead federal agency for
National Environmental Policy Act (NEPA) compliance for this project. This project has been
granted categorical exclusion tecause it is essentially a laboratory study without
environmental consequences. Fish infected with pathogens wiil be housed in an approved
government facility designed and approved for pathogen studies and all effluents will be
decontaminated. Samples will be collected by ADF&G personnel under authority of a
scientific cotlector's permit issued by the ADF&G. Permits needed for work in the State of
Washington are granted by Washington. Dept. of Fish & Game to the Univ. of Washington
(R.M. Kocan, P.l.). Collection of herring eggs and 0-age herring in Puget Sound will be done
under contract to the Mr. Charles Eaton (R.V. Kittiwake) under a scientific collector's permit
issued to R.M. Kocan by the Washington Dept. of Fisheries. Animal Care Committee approval
of the study has been granted at the Univ. of Washington. Studies conducted by Simon
Fraser University (SFU) will be coordinated with both the Field and Laboratory components
of this project. Interactions will involve S.F.U. evaluation of blood chemistry from PWS fish
and laboratory infected fish. Some studies wilt be conducted by SFU personnel at the
Marrowstone Island facility because of its isolation and containment features. Data will be
ccntinually reviewed and synthesized by all three groups (U.C. Davis, U of W and SFU).

PERSONNEL

Richard M. Kocan, Ph.D.
Over the past ten years | have nad extensive experience with petroleum induced toxicity in

aquatic organisms. Since 1990 | have been actively involved in the Exxon Valdez oil spill
studies in Prince William Sound and have served as a peer reviewer for salmonids, rockfish,
shellfish and herring during the Damage Assessment and Restoration phases of the program,
as well as an expert witness for the State of Alaska and NOAA. From 1990 to 1993 | worked
with the Alaska Department of Fish & Game in Cordova as a subcontractor on Hetrring
Sublethal Effects (project #11), studying toxic and genetic effects of oil on herring embryos
and larvae. Prior to working in Prince William Sound, | worked on oil related problems in
Puget Sound associated with near-shore damage and evaluation of oil originating from
several shore-based oil operations. These include the Cherry Point shoreline where Texaco,
BP Petroleum, ARCO and Intalco Aluminum Co. are located, as well as Fidalgo Bay, where
Texaco has a transfer dock and refinery. These studies were originated by the State of
Washington'and the Lummi ana Ki laltam Indian Tribes and were funded by both the State

and the various industries.

In 1985, prior to working on oil related problems in Puget Sound. | spent several months
studying with Drs. Westernhagen and Rosenthal at the Biologische Anstailt Helgoland in
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Germany. There | worked on cza. flatfis~ flounder. herring ana turbot embryos and larvae
exposed :c petroleum contam:~ated sezsJrface microlayer in :ne Baltic Sea and North Sea.

Over the years | have develored technic.es which allow for "cn site" exposure of animals in
contaminated marine waters as well as iaporatory evaluation of sediments for toxicity to
marine vertebrates and inverteorates. | ~ave access to flowing seawater research facilities at
the University of Washington. :ne Natiorzi Biological Survey field station on Marrowstone
Island. Washington and have c:scussec :ne use of the Prince William Sound Science Center

facilities in Cordova with Dr. Gary Thomazs

James R. Winton, PhD

Dr. James Winton received a PhD in Microbiolegy from Oregon State University in 1981
where he studied fish diseases under the direction of Dr. John Fryer. After graduation, he
remained on the faculty and directed the ‘ish health research activities at the Hatfield Marine
Science Center in Newport, Oregon. Dunng that period, he had faculty appointments in the
Departments of Microbiology, General Science, and Fisheries and Wildlife. While at the
Marine Science Center, he dic research cn fish diseases, helped establish a diagnostic and
certification service for private aguacultursts, and participated in international programs. His
research interests include infectious disezses of fish, poikilothermic cell and tissue culture,

and virus diseases of fish ana shellfish.

fn 1986 Dr. Winton moved to 1~e US Fis~ and Wildlife Service, National Fisheries Research
Center in Seattle where he serves as the eader of a fish health research team consisting of
more than 20 researchers, tecnnicians, craduate students and visiting scientists working on
:nfectious diseases of Pacific saimon anc rout. The Center is now part of the Department of
Interior, National Biological Survey. As &~ affiliate professor at the University of Washington,
ne helps direct the research of graduate swudents working at the Center and provides lectures
on fish viruses. In the past six vears, he ~as taught the virology portion of two week Fish
Disease Ccurse at the Hatfielc Marine Szience Center and pan of the Fish Heaith Long
Course a1 the National Fisheries Center z: Leetown, W. Va. Dr. Winton served as co-editor of
he Fish Health Section Newsisiter from - 284-1989 and is currently the subject editor for fish
oathology for the Journal of Apolied Ichi~vology and an editorial advisor for Diseases of
Aguatic Organisms. He is a Csnified Fis~ Pathologist and a member of numerous scientific
and honorary societies. He aiso 'serves zn the International Committee on Taxonomy of
Viruses, the American Type Ci.ture Coliection Advisory Committee, and the Fish Disease
Commission of the Office of Intarnationa: =Zpizootics in Paris, France.

During the last 5 years, Dr. Wirton has worked extensively with VHSV including his role in
dentifying the first isolates of \V'HSV fror~ North America. Since that initial discovery, workers
'n his laboratory have charactenzed the *lorth American isolates serologically and
oiochemically, developed DNA orobes ic- detecting and differentiating isolates of VHSV, and
conductea challenge experimerts of eigr: species of salmonid fish showing the North
American strain of the virus was dlfferen* nan the European type. Recently, he has assisted
:n the characterization of the isolates of VHSV from cod and herring in Alaska and has
vorked closely with Dr. Ted Mevers ana :-e fish pathology staff of ADF&G with whom he
snares authorship on several re:evant pazers. He is an author on more than 70 scientific
suplications.-those dealing witr VHSV z-2 iisted below.
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Marsha L. Landolt, PhD

Dr. 'Aarsha Landolt received a PhD in Pathology from George Washington University in
18735. From 1970 untii 1874 she was employed as a histopathologist by the Eastern Fish
Disease Laboratory in Leetown, West Virginia (US Fish and Wildlife Service). She .
congucted research on a variety of infectious diseases affecting trout and salmon and was an
instructor in the Laboratory’s Long and Short Courses on Fish Disease. From 1974 to 1975
she served a Pathology Clerkship at the National Zoological Park in Washington, D.C. In that
capacity she performed post mortem examinations of all collection animals that died and
concucted comparative pathological analyses on amphibian, reptilian, avian and mammalian

tissues.

In 1275, Dr. Landolt became a faculty member at the University of Washington School of -
Fisheries. She attained the rank of Professor in 1986. As a faculty member, Dr. Landolt has
taugnt undergraduate and graduate level courses in fish and invertebrate pathology, and she
has supervised the thesis research of more than 20 graduate students. Her research at the
University of Washington has focused on non-infectious as wel as infectious diseases of
fishes and has been supported by the National Institute of Environmental Health Sciences,
Sea Grant, NOAA's Saitonstall-Kennedy Program and the US Department of Agriculture. In
collaporation with Dr. Richard Kocan she has conducted studies examining sublethal
pathological and genoctoxic effects arising as a conseqguence of exposure of fish to
environmental contaminants. Drs. Landolt and Kocan have also studied teratogenic effects
that develop following exposure of fish embryos to pure compounds (e.g. benzo(a)pyrene)
ana complex mixtures (sea surface microlayer). For the past six years, she has collaborated
with Dr.Jim Winton on studies of IHN virus and bacterial kidney disease. In addition to her
professorial duties, Dr. Landoit has held several administrative posts. From 1983-1991 she
was Associate Dean of the College of Ocean and Fishery Sciences. Since 1991 she has
served as Director of the UW School of Fisheries.

Dr. Landolt is an experienced histopathologist whose expertise is frequently sought by
regu:atory agencies and other entities. She has participated in several large-scale field
stucies examining the prevalence cf idiopathic diseases in fish that reside in contaminated
empayments. These studies have been sponsored by the US Environmental Protection
Agency, the Municipality of Metropolitan Seattle and the Washington Department of Ecology.
Currently, she is the histopathologist for the Puget Sound Ambient Monitoring Program, a
stucy supported by the Washington Department of Fish and Wildlife . Because of her
knowledge and experience, Dr. Landolt was asked by the Exxon Corporation and by Dames
& Mocore to evaluate flathead sole tissues and pink salmon alevins that were collected

follewing the Exxon Valides oil spill.

Dr. _andolt is a member of the American Fisheries Society Fish Health Section and is

Asscciate Editor of the Journal of Aquatic Animal Health. She is an author on more than 50
scientific publications. Publications pertinent to the proposed study are listed below.

Key personnel (other than P.L's)

Dr. Tom Mehl. Res. Technologist .
Ph.D. University of Washington Dept. of Patnology. Post-doctoral fellowships at University of

Miarmi (Fla) and Univ. of Washington School of Medicine. Two years experience working
with P.1. (Kocan) on EVOS projects in 1991- 1993. Experience as environmental and water
quanty chemist and laboratory rearing of various fish species. Extensive experience with
statistical evaluation of experimentai data. :



Ms. Mary Bradley, Prof. Staff.

One year experience at Marrowstone Istand maintaining saltwater facility with sterile
seawater equipment. Experience with fish blood collection, fish diseases, necropsy, data
collection and record keeping, use of Excel spread sheets, maintenance of u.v. sterilizers,
carbon filters, sand filters fluid metering pumps and water chilling equipment. Previous
experience with Washington State Dept. of Fisheries Shellfish Lab and Coast Oyster Co.
(Quilcene, WA). Monitored seawater systems. heaters, filters, maintained algae cultures,
quantitated shellfish larvae and cultured spawning oysters.

— ‘-u’k} -~*<_. \]. \‘
Richard M. Kocan, Ph.D.
University of Washington
School of Fisheries HF-15
Seattle, WA 98195

ph (206) 685-2984
FAX (208) 685-3275
e-mail  kocan@fish.washington.edu

R Al

Josggh Sujfivan, Ph.D.

Alagka Dept. of Fish & Game

333 Raspberry Rd

Anchorage, AK 99518-1599

ph  (907) 267-2213

FAX (907) 522-3148

e-mail  JoeS%fishgame@state.ak.us

t/hg,./v\. *4/ )(.,/{(
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Sufvival, Performance and Reproduction in the Pacific herring
(Clupea pallasi)

Christopher J. Kennedy &
Anthony P. Farrell

Sir'nbn Fraser University
Dept. of Biological Sciences
Burnaby, B.C. V5A 156

(604) 291-4475
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PROJECT DESIGN

A, Objectives

Given the above information base, it is not clear at this time whether VHSV, ITP, or oil
exposure, or some ccmbination causes a decline in nerring survival, performance or

reproductive fitness. These issues can be resolved with the three-tiered experimental
approach outlined as components 1, 2 and 3 in the request for proposals:

1) Further field sampiing; this corresponds to component #1 of the Request for Detaiied
Project Proposals.

2) Testing of Koch's postulates for the roles of Viral Hemorrhagic Septicemia Virus and
Ichthyophonus in causing disease in PWS herring; this corresponds to component
#2 of the Request for Detailed Project Proposals.

3) Laboratory experiments to document cause-effect and interactive relationships for
oil, VHSV and ITP on herring survival, performance and reproduction and biological
and abiotic factors such as density and temperature which may modify effects; this
corresponds to components #2 and #3 of the Request for Detailed Project Proposals.

To execute this 3-tiered approach, a collaboration and integration of studies is
necessary with Dr. Richard Kocan at the University of Washington and Dr. Gary Marty at
University of Davis. It is also agreed that for the entire project to reach a successful
endpoint it must span several years. For fiscal year 1995 it is further agreed that Dr.
Marty performs field sampling and pathology, whereas Dr. Kocan works on setting uo a
disease-free herring siock and estimates the infection rate of local herring populations.

- Drs. Kennedy and Farrell's research focus will be studies on the acute and chronic
effects of oil, VHSV and ITP exposure. We will use the same herring stocks as Dr.
Kocan to ensure full integration of the studies in components 2 and 3 outlined in the

request for proposals.

The endpoints that wiil be used to determine cause-eifect relationships will be
ecologically relevant siress responses as well as lethality. Conventional methods of
evaluating stress to aguatic organisms often only examine one stress variable or a
single level of organization and have been criticizea as 'lacking ecological realism'
(Cairns, 1981; NRC, 1981; Adams, 1290). The extrapolation of laboratory bioassays to
the natural environment is difficult. 1t is therefore imperative to use ecologically relevant
endpoints in laboratory-based bioassays. The review by Adams (1990) suggests a
bioindicator approacr to assessing stress as involving measurements of a suite of
selected stress responses at several levels of biological organization ranging from the
subcellular and biochemical levels to those at the ecosystem level. We will use such an
approach to elucidate the causal relationship between potential stressors (oil
contamination, VHSV and ITP) and their effects on nerring. In the long-term we will
examine four major ecologically relevant classes; 1) immunoiogical fitness, 2)
reproductive fitness. 3) physiological fitness and, 4) biochemical fitness.

The overall hypothesis pbeing tested in this section of the proposal is: 'The exposure of
herring to VHSV, ITP cr oil or combinations of these parameters reduces herring fitness
in one or more of the following categories: 1) immunoiogy, 2) reproduction, 3)
physiology, and 4) biochemistry.’
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B. Methods

Fish. Disease-free young cf the year from PWS will be raised by Dr. Kocan's group and
should be available in approximately December 1995. At 5-6 g these juveniles will be
suitable for sublethal toxicological testing and disease challenges. Our work (Johansen
et al. 1995; Kennedy et al. in press) has successfully used rainbow trout of this size
range in determining the sublethal toxicity of several natural wood products and
antisapstain chemicals. As a fall back position, should the raising of herring from eggs
fail, local (Washington) juvenile herring for which the background disease state will be
determined will be used. Local adult herring for which the background disease state will
be determined will be used to examine the effects on reproduction. Herring will be kept
at the sea water facilities at Marrowstone Biological Station, Port Townsend, WA.

ix. The experimental matrix (Figure 1) has seven (7) exposure cells and a
control cell. The 3X3 design takes into account the three variables, oil contamination,
VHSV and ITP singly or in various combinations. The exposures are: 1) VHSV only, 2)
VHSV and ITP, 3) VHSV and oil, 4) ITP only, 5) ITP and oii, 6) oil only, 7) oil, VHSV, and
ITP and 8) control fish which are pathogen-free and not exposed to any of the three
variables. Each exposure cell will utilize approximately 40 fish. Statistics to be used will
be performed by the statistics department at Simon Fraser University. This exposure
scenario will allow the determination of the relevant parameter or combination which
reduces herring fitness. These experiments will be performed in conjunction with the
experiments performed by Dr. Kocan. VHSV and ITP exposures will be done
simultaneously using predetermined doses (Dr. Kocan's group will determine these in
component #2) of the pathogens. Dr. Kocan's group will examine disease parameters
in these fish and our group will examine herring fitness as outlined previously. Fish will
be exposed to oil using the dosing apparatus described in Johansen and Geen (1390)
and fish examined for fitness or disease incidence by Dr. Kocan's group. We wiil begin
our study with cells 1, 4 and 6 of Figure 1, which examine the effects of oil only, VHSV
only and ITP only. When the effects of oil, VHSV and ITP on herring fitness are
determined, the eftects of the stressors of density and temperature will be determined.
In all likelihood, some of the cells may be eliminated for the density and temperature
studies. In these experiments, herring wiil be exposed to oil, VHSV and ITP under
different densities and temperature regimes. Dr. Kocan's group will examine disease

conditions in these experiments.

Figure 1. Various exposure scenarios and parameters. Superimposed upon this matrix
are various doses and modulators such as density and temperature factors. v

VHSV ITP OlL

VHSV 1. VHSV only 2. VHSV + TP 3.VHSV +OIL |
TP : — 4. ITP only 5 1TP + OIL ¢
OlL — — 8. OlL only

s VHSV+{TP+OIL }
{
; Controls

1
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Fitness measurements, Figure 2 illustrates the generic set of fitness tests and
measurements that will be performed on Pacific herring following exposure to a given

stress parameter. Four replicate trials will be performed for each exposure cell to test for
each of the endpoints of 1) immunological fitness, 2) physiological fitness (by swimming
performance), 3) biochemical fitness. and 4) reproductive fitness. In FY 96, all four
parameters will be examined.

Figure 2. Generic fitness tests to be examined in each of the exposure scenarios

mentioned in Figure 1.

Eight Exposure Scenarios

]
. I ] 1

immunocompetence 8lood Chemistry Swimming Performance Reproduction

In detail, the areas of fitness to be examined are:

i) Immunological Fitness. Fish combat pathogenic microorganisms by an immune
system which is comparable to other vertebrates. There is little direct evidence to link the
contamination event of the Exxon Vaidez with the increased occurrence of VHSV or ITP -
in herring in PWS. it has been shown that exposure to contaminants can affect the
immune system of fish and compromise their ability to resist disease (Adams, 1990). ltis
also known that stress in general reduces disease resistance.

We will assess immunocompetence in fish following exposure to the stressors by
measuring several immunological indicators, such as differential white blood ceil
counts, phagocyte activity using the nitroblue tetrazolium assay and glass adherent
phagocytes, lysozyme assay using the lysoplate method, and antibody titers (IgG).
Since it has been suggested by Meyers et al. (1993) that the progressive ulcerating skin
lesions which occur in herring during an VHSV epizootic may act as portals of entry for
secondary microbial infections, immunocompetence will aiso be measured by a disease
challenge with the marine bacterium Vibrio anguillarum to determine the potentiai for a
secondary infection. Methods for these measurements are descnbed in Johansen et al.

(1994) and Stolen et al. (1992).

ii) Physiological Fitness. Many stress-induced physiological events alter the capacity of
fish to perform various physiological functions. Performance tests can be viewed as a
form of bicassay that measures the capacity of fish to carry out essential life processes
such as the ability to swim. These tests are particularly powerful tools for assessing
stress as they incorporate several levels of biological organization and are therefore
integrative in nature (Schreck 1990). In this section, we will examine the effects of the
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stressors on the swimming performance of nerring. Ultimately swimming performance
affects the ability of herring to forage and avoid predation.

One of the signs of VHSV infection in fish is lethargy and listlessness and frenzied
swimming in circles at the terminal stages of disease. It is cbvious that a reduced
swimming performance may result reduced survival due to predation and an inability to
secure food. Swimming involves the integrated effects of numerous physiological
processes. Estimating maximum aerobic swimming ability can provide a sensitive index
to general health and stress in fish and an index of the ability to avoid predation (Adams
et al., 1990), since many physiological sysiems have to work maximally in a coordinated

fashion.

Maximum aerobic swimming performance will be examined by determining the critical
swimming speed of fish following exposure to oil, VHSV or ITP. In addition, schooling
behavior will be noted. The assessment of swimming performance seems particularly
relevant for the present study. ITP infection is high in both skeletal muscle and cardiac
muscle of herring sampled from PWS (Freiberg and Farver. 1995), both of which are
critical to swimming. It is likely that the ITP infection causes significant muscle tissue -
damage since high serum CPK levels correlate with ITP infection (Freiberg and Farver,
1995). We predict that cardiac ITP infection and damage will be particularly damaging to
swimming performance and survival. Methods of determining swimming performance
are described in Nikl and Farrell et al. (1991).

i1} Biochemical Fitness. A wide variety of molecular and biochemical responses to
adverse environmental stimuli have been cescribed for teleosts (Thomas 1990).
Biochemical alterations can be used as sensitive indicators of stress and show a more
rapid response to environmental stressors than most other biological measurements.
As well, measurements of molecular and biochemical indicators can often provide
specific information on the nature of the stressor and its mechanism of action.
Biochemical parameters which have been shown to be good indicators of stress
induced by contaminant exposure include: plasma cortisol, plasma giucose and lactate,
leucocrit and hematocrit. 'We will measure these hematological variables following
exposure to oil, VHSV and ITP. Analyticai methods are described in Johansen et al.

(1994).

The data from Freiberg and Farver (19395) indicate that measurements of creatine
phosphokinase (CPK) in various tissues is highly correlated with fish lesions. ‘In fish,
CPK levels are elevated in ITP-infected herring indicating cellular damage in infected
tissue. It is possible to measure CPK isoforms to identify the specific tissues damaged
(CPK1, CPK2, CPK3: brain. cardiac and skeletal). Since we predict that cardiac tissue
damage may have a proximate linkage to nerring survival. we will measure also
measure these isoforms electrophoretically.

A contribution to the field sampling, component #1: Support services will be supplied to
the analysis of the field samples in each year. The measurement of differential white
blood celis is an indicator of the immunological status of fish and will be measured in
blood smears sampled by Dr. Marty in PWS and SS. Due the strong statistical
relationship between CPK and lesions in herring, the various isoforms of this enzyme
will be measured in 100 field samples collected in PWS,

iv) Reproductive Fitness. Any stressor, inciuding disease and contamination, that
interferes with the process of reproduction &t the individuai or population level is likely to
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affect the survivai of that species in a habitat. Reproductive development is a
continuous process and may pe subject to the effects of environmental perturbations at
several stages of an organisms life cycle. Through this development there are several
parameters which may be useful indicators of reproductive 'fitness' in fish. In the
proposed experiments, mature herring will be exposed to oil, VHSV and ITP. The
following parameters in herring will be examined for possible effects; 1) sperm motility,
2) egg characteristics such as egg number, size, volume buoyancy, 3) if fertilization in
the laboratory is successful: hatching characteristics such as percentage hatching,
altered weight and length ana. 4) survival of larvae to fry stage. These characteristics
have been measured in herring from PWS and will establish cause-effect relationships
between oil, VHSV and ITP and reproductive alterations under controlied laboratory

conditions.
C. Contracts and Other Agency Assistance

BioWest Environmental Ltd. Vancouver, B.C. | CPK & WBC on herring blood:
$26,000

D. Location

The experiments described will be performed in conjunction with Dr. Kocan's group at
the Marrowstone Biological Station, Port Townsend, WA. PWS herring eggs will be
collected in Alaska by Dr. Kocan and raised at Marrowstone Biological Station. Any
procedures with animals will be authorized by Simon Fraser University's Animal Care

Committee.

'SCHEDULE
A. Measurable Project Tasks for FY 96

FY96: Exposures of juvenile herring to oil, VHSV and ITP only and analysis of
measurements in each category of 1) biochemistry, 2) swimming performance, 3)
immunology and 4) reproduction indices in mature herring. Data analysis and relevant
statistics will begin on collected data. Analyze differential white blood cell counts and
creatine phosphokinase isozymes in field samples collected by Dr. Marty's group.
Annual progress repon.

Project supervision: Dr. C.J. Kennedy: logistics, report writing, exper. supervision
Project supervision: Dr. A.P. Farrell; exper. logistics, report writing; data interpret.
Technician: A. Wood: exposures and fitness measurements;analysis of field samples
Technician:unknown: fitness measurements, particularly reproduction

Graduate student: unknown: exposures and fitness measurements; data analysis

FY97: Exposures of juvenile herring to combinations of oil, VHSV and ITP and analysis
of measurements in each category of 1) biochemistry, 2) swimming performance, 3)
immunology and 4) reproduction indices in mature herring. Begin exposures of herring
- under different density conditions. Completion of data analysis for FY96 data. Begin
data analysis on collected data for FY297. Analyze differential white blood cell counts
and creatine phosphokinase isozymes in field samples collected by Dr. Marty's group.

Annual progress report.
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B. Project Milestones and Endpoints

Oct. - Dec. '95
March '96

May '96

March - Sept. '96
Oct. - Dec. '96
Jan. - March. '87
March - Sept. '97
Oct. - Dec. '97
Jan. - June '98
June - Sept. '98
Aug. - Dec. '98

C. Project Reports

Establish initial SPF herring for later studies

Establish SPF model for studying VHSV & /. hofen

Fulfil Koch's Postulates for VHSV in model system

Fulfil Koch's Postulates for . hoferi in model system
Describe effects of chemical stressors on herring
Describe effects of physical stressors on herring

Describe effects of stressors & pathogens on herring
Collect and analyze blood samples from experimental fish
Evaluate immune response in chemically stressed fish
Evaluate immune response in physically stressed fish
Evaluate immune response in fish with multiple infections

Preparation of manuscripts for peer reviewed publications will begin as studies are
completed and sufficient data is available. Pre-prints and reprints of these will be forwarded
to the Trustee Council and Chief Scientist as they are received.

Dec. '95
Dec. '96
Dec. '97
Dec. '98

Progress report for FY 95

Progress report for FY 96

Progress report for FY 97

Final report for FY 95 through FY 98

COORDINATION AND INTEGRATION OF RESTORATION EFFORT

Alaska Dept. of Fish and Game will contribute to this project by supplying a working platform
for artificial spawning of herring in PWS, assistance in capturing and spawning the fish and
transportation of embryos between the collection site, Cordova and the airport. The National
Biological Service (NBS) will contribute Dr. Winton's salary as well as space and equipment.
Statistical consuitation (project design / data analyses) will be obtained through the UW
Center for Quantitative Science. Computer services (data entry, data analysis, word
processing) will be provided by SOF and NBS. Histological processing of tissue samples will
be done through the UW Dept. of Pathology and histopathological evaluation of tissues from
experimental infections and challenges will be conducted at SOF. Cell culture, virology and
molecular biology facilities will be provided by NBS. Filtered seawater facilities for
contaminant exposure studies are available at the Marrowstone Island Field Station (NBS),
as is sterile (VHSV-free) seawater for in vivo virus studies. Filtered seawater facilities are

also avaiiable at Friday Harbor Laboratories (UW).

ENVIRONMENTAL COMPLIANCE

The National Oceanic and Atmospheric Administration (NOAA) is the lead federal agency for
National Environmental Policy Act (NEPA) compliance for this project. This project has been
granted categorical exclusion because it is essentially a laboratory study without
environmental consequences. Fish infected with pathogens will be housed in an approved
government facility designed and approved for pathogen studies and all effluents will be
decontaminated. Samples wiil be collected by ADF&G personne! under authority of a
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scientific collector's permit issuea by the ADF&G. Permits needed for work in the State of
Washington are granted by Wasnington Dept. of Fish & Game to the Univ. of Washington
(R.M. Kocan, P.1.). Collection of herring eggs and 0-age herring in Puget Sound will be done
under contract to the Mr. Charles Eaton (R.V. Kittiwake) under a scientific collector's permit
issued to R.M. Kocan by the Washington Dept. of Fisheries. Animal Care Committee approval
of the study has been granted at the Univ. of Washington. Studies conducted by Simon
Fraser University (SFU) will be coordinated with both the Field and Laboratory components
of this project. Interactions will invoive S.F.U. evaiuation of blood chemistry from PWS fish
and laboratory infected fish. Some studies will be conducted by SFU personnel at the
Marrowstone Island facility because of its isolation and containment features. Data will be
continually reviewed and synthesized by all three groups (U.C. Davis, U of W and SFU).

PERSONNEL

Dr. Kennedy is an Assistant Professor in the Department of Biological Sciences at
Simon Fraser University. Dr. Kennedy has over 15 years experience in aquatic
toxicology with special emphasis on fish biochemistry and physiology. He has strong
research experience in subcellular, organismal and ecosystem level studies in aquatic
toxicology as well as in analytical chemistry. He has produced 20 primary research
publications and several reports under contract. .As well, Dr. Kennedy has written two
chapters on xenobiotics in the new book series "Biochemistry and Molecular Biology of

Fishes".

Dr. Farrell is a Professor in the Department of Biological Sciences at Simon Fraser
University. Dr. Farrell has extensive experience in fish physiology, aquatic toxicology
and coordinating ecosystem level projects. He has produced over 100 primary research
publications and several toxicology reports under contract. In addition, he is one of the
editors for the world renowned treatise 'Fish Physiology” and edited a 300+ page report
entitled "Towards Environmental Risk Assessment and Management of the Fraser River

Basin".

Ors. Farrell and Kennedy have collaborated on several projects which have direct
relevance to the proposed project with a central theme being the assessment of
contaminant-induced stress on survival characteristics of fish. These projects were
funded by Canadian Federal and Provincial Environmental agencies and include
'Biological Indicators of Stress in Fishes', 'Towards Criteria Development for
Didecyldimethyl Ammonium Chloride’, 'The Effects of Contaminants on Fish
Reproduction” and "The Effects of Contaminants on immunocompetence in Fish.’
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Christopher J. Kennedy, Ph.D.
Dent. of Biological Sciences
Simon Fraser University
Burnaby, B.C. Canada V5A 156
on (604) 291-5640

FAX (604) 291-3496

e-mail  ckennedy@sfu.ca
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Joseph Suliivin,/Ph.D.V

Alaska Dept. ish & Game

333 Raspberry Rd

Anchorage, AK 99518-1599

ph (907) 267-2213

FAX (907) 522-3148

e-mail JoeS%fishgame@state.ak.us
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1996 EXXON VALDEZ TRUS1EE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996
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Authorized | Proposed
FFY 1995 FFY 1996
Persannel $19.0
Travel 4.0
|Contractual $159.6
[Commaodities 87.5
Equipment $0.0 LONG RANGE FUNDING REQUIREMENTS
: Subtotal $0.0 $190.1 Estimated Estimated Estimated Estimated Estimated Estimated
General Administration $14.0 ] FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001 FFY 2002
Project Total $0.0 $204.1
Full-time Equivalents (FTE) 0.1
Dollar amounts are shown in thousands of dollars.
Other Resources | | ] | | ] ]

FROM SOA FISH & GAME ANCHORAGE

AUG-24-19395 @7:58

Components include:
| 1. F-eld sampling - G. Marty, UC Davis

i 2. Field support and sampling - Willette, ADF&G
| 3. Analytical pathology studies - T. Meyers, ADF&G
\ 4. Laboratory tasks - R. Kocan, UW

1996

Prepared:
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—

a—

‘ This INTERIM budge! includes costs for work to be completed between 1 October 1995 and 1 February 1996 that must be done to tulfill the FY 1996
! DPD, assuming that it will be approved during a review maeting in the fal of 1995,

|
|

Project Number: 96162 {INTERIM) (formerly 9632085)
Project Title: Investigations of Disease Factors Affecting Declines of
Pacific Herring Populations in PWS
Agency: AK Dept. of Fish & Game
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

ﬂPe«sonnel Costs: ri GS/Range/ Months Monthly Proposed
PM |Name Position Description ! Step Budgeted Casts Overtime FFY 1996
*  |Hauser Asst. Program Manager 20M 1.0 7,432 7.4
vacanl Fish Bio Il 16A 0.2 4,721 4,094 5.0
vacant Fish and Wildl Techil 9A 0.2 3,370 2,614 3.3
vacant Fish and Wild! Tech I 9A 0.2 3,370 2,614 3.3
0.0
0.0
0.0
0.0 |
0.0
0.0
0.0
' Subtotal 1.6 18,893 9,322
hose costs associated with program management should be indicated by ptacement of an *. Personnel Total $19.0
3 — _————— ———
Teravel Costs: Ticket Round Total Daily Proposed
PM |Description Price Trips Days Per Diem FFY IQ%“
0.0
Cordova - Sitka 600 3 21 100 3.9
vehicle rental 25 2 0.1
0.0 |
0.0
0.0
0.0 I‘
0.0
0.0
0.0 |
0.0
0.0
Those cosis associated with program management should be indicated by placement of an *. Travel Total $4.0
20t '4/95
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

ﬁContractual Costs: Proposed
[[Description FFY 1996
Contract with non-trustee agency - - Field {Marty) 53.9
Contract with non-trustee agency - - Lab (Kocan) 64.5
Contract with non-trustee agency - - Challenge(Kennedy) 25.2
Vessel Charter - Sitka {R/V Medea, seiner, shipping) 7.1
Vessel Charter - Cordova {Sampling vessel, shipping) 8.9
When a non-trustee organization is used, the form 4A is required. Contractual Total $159.6
Proposed
Description FFY 1986
Sampling supplies 1.0
Pathology Lab supplies/ virology, bacteriology 6.5
Commodities Total $7.5
Project Number: 96162 (INTERIM) (formerly 96320S) FORM 3B
1996 Project Title: Investigations of Disease Factors Affecting Declines of Contractual &
Pacific Herring Populations in PWS Commodities
Agency: AK Dept. of Fish & Game DETAIL

3of 16 8/3/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

New Equipment Purchases:

Number
of Units

Unit
Price

Proposed
FFY 1996

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

Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equipment Total

$0.0

Exisﬁng Equipment Usage:

Description

Number
of Units

Inventory
Agency

——

1996

4 of 16

Project Number: 96162 (INTERIM) (formerly 96320S)

Project Title: Investigations of Disease Factors Affecting Declines of

Pacific Herring Populations in PWS
Agency: AK Dept. of Fish & Game

FORM 3B
Equipment
DETAIL

/13/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Authorized Proposed
Budget Category: FFY 1995 FFY 1996
Personnel $0.0
Travel $5.7 §
Contractual $39.3
Commodities $0.0 - ‘ -
Equipment $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $0.0 $45.0 Estimated Estimated Estimated Estimated Estimated Estimated
indirect $8.9 FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001 FFY 2002
Project Total $0.0 $53.9
Full-time Equivalents (FTE) 0.0 N L SN T T
Doliar amounts are shown in thousands of dollars.
Other Resources | | ] | | | |
Comments:
Project Number: 96162 (formerly 96320 S) FORM 4A
1996 Project Title: Investigations of Herring Diseases in PWS - field portion Non-Trustee
Name: UC Davis - Marty DETAIL

Prepared: 5 of 16 8/2/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

Position Description

statistics
benefits

reporting
benefits

Subtotal

Months
Budgeted

Monthly
Costs Overtime

Proposed
FFY 1996

0.0
0.0

0.0
0.0

2,613
667

4,577
1,233

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

0.0

9,090 0

Personnel Total

$0.0

Travel Costs:

Dascription

Ticket
Price

Round
Trips

Total Daily
Days Per Diem

Proposed
FFY 1996

Davis to Seattle

Davis to Anchorage

Davis to Sitka / Cordova

210

1112

550

10 150

0.0
0.2
0.01
2.9
0.6
2.6
0.0
0.0
0.0
0.0
0.0
0.0

Travel Total

$5.7 |

1996

6 of 16

Project Number: 96162 interim

Name: UC Davis - Marty

Project Title: Investigations of Herring Diseases in PWS - field portion

FORM 4B

Personnel
& Travel
DETAIL

8/2/85



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 19986

ﬂContractual Costs: Proposed
{[Description FFY 1996
Necropsy; 160 at $19 3.0
Histopathology; 160 at $179 28.7
plasma chemistries; 160 at $17 2.7
Osmolalities 160 at $3 0.5
igM analysis 660 at $6.67 4.4

Contractual Total $39.3

Proposed
FFY 1996

Commodities Total $0.0

- FORM 4B
Project Number: 96162 - interim Contractual &

1996 Project Title: Investigations of Herring Diseases in PWS - field portion Commodities
Name: UC Davis - Marty DETAIL

7 ot 16 8/2/95




1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

HNew Equipment Purchases: Number Unit Proposed
Description of Units Price FFY 1996
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total $0.0
Existing Equipment Usage: - Number
Description of Units

i

FORM 4B
1996 Project Number: 96162 - interim Equipment
Project Title: Investigations of Herring Diseases in PWS - Field DETAIL
Name: UC Davis - Marty

8 of 16 8/2/95




1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Authorized
FFY 1995

Proposed
FFY 1996

Contractual
Commodities
Equipment
Subtotal
Indirect
Project Total

Full-time Equivalents (FTE)

Other Resources

$44.9

$1.6

$1.8

$2.7

$0.0

LONG RANGE FUNDING REQUIREMENTS

$0.0 $51.0 Estimated Estimated Estimated Estimated

$13.5 FFY 1997 FFY 1998 FFY 1999 FFY 2000

Estimated
FFY 2001

Estimated
FFY 2002

l

$0.0

$64.5

Tl

Dollar amounts are shown in thousands of doliars.

l l l l I

Comments:

1996

Prepared:

9 of 16

Project Number: 96162 (formerly, 96320S) -- Interim
Project Title: Investigations of Herring Diseases in PWS - Lab Studies
Name: U of Washington (Kocan)

FORM 4A
Non-Trustee
DETAIL

8/2/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

Personnel Costs:

Name Position Description

personnel
benefits

}

Subtotat

H

L

fTravel Costs:

|Description

Months
Budgeted

Monthly
Costs

Overtime

Proposed
FFY 1996

4.0
4.0

9,037
2,209

0

0.0
36.1
8.8
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

8.0

11,246

0

Price

Trips

Total
Days

Personnel Total

$44.9

Daily
Per Diem

Proposed'
FFY 1996

Herring review meeting - Kocan - Seattle / Anchorage, total

i
|
|
|
|
|
|
|
|

1578

1

1.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Travel Total

$1.6

1996

Name: U of W - Kocan

Project Number: 96162 - interim
Project Title: Investigations of Herring Diseases in PWS - Lab Studies

10 of 16

FORM 4B
Personnel
& Travel
DETAIL

8/2/95




1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

[[Contractual Costs: Proposed
{[Description FFY 1996
Graduate Operating fees 1.5
Services 0.3
Contractual Total $1.8
Commodities Costs: Proposed
Description FFY 1996
Supplies 2.7
( Commodities Total $2.7
] ) ) FORM 4B
1996 Pro!ect N.umber: 9€.516? - interim . . . Contractual &
Project Title: Investigations of Herring Diseases - Lab Studies Commodities
Name: U of W - - Kocan DETAIL

11 of 16 8/2/95




1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

[[New Equipment Purchases:

Description

Number
of Units

Unit Proposed
Price FFY 1996

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.6
0.0

New Equipment Total $0.0

Existing Equipment Usage:

Description

Number
of Units

EThose purchases associated with replacement equipment should be indicated by placement of an R,

1996

12 of 16

Project Number: 96162 - interim
Project Title: Investigations of Herring Diseases - Lab Studies
Name: U of W - - Kocan

FORM 4B
Equipment
DETAIL

8/2/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
Octaober 1, 1995 - September 30, 1996

Authorized Proposed [ESEEENEEIEENTIT NN A S I RIS T N
Budget Category: FFY 1995 FFY 1996
1
|Personnel $12.2
ITravel $2.5
IContractual $1.1
Commodities $4.2 _ . Ll
Equipment $1.5 LONG RANGE FUNDING REQUIREMENTS
i Subtotal $0.0 $21.5 Estimated Estimated Estimated Estimated Estimated Estimated
Hindirect $3.7 FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001 FFY 2002
! Project Total $0.0 $25.2
|
IFull-time Equivalents (FTE) v
': Dollar amounts are shown in thousands of dollars.
iOther Resources | ] | | | | |
} Comments:
|
[
i
i
|
|
I
i
[
é
|
)
|
L o
Project Number: 96162 (formerly 96320 S) - Interim Request FORM 4A
1996 Project Title: Investigations of Herring Diseases in PWS - Challenge Non-Trustee
Name: Simon Fraser Univ. - - Kennedy DETAIL
13 of 16 872/9%
Prepared:




1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

ﬁPersonnel Costs:

Position Description

technician

benefits

grad student

benefits

Subtotal

Months
Budgeted

Monthly
Costs

Overtime

Proposed
FFY 1996

4.0
4.0
4.0
4.0

1,833
150
1,000
80

0.0
7.3
0.6
4.0
03
0.0
0.0
0.0
0.0
0.0
Q.0
0.0

16.0

3,063

0

Personnel Total

$12.2

Ticket
Price

Round
Trips

Total
Days

Daily
Per Diem

Proposed
FFY 1996

0.0
2.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

ll

Travel Total

$2.5

14 of 16

Project Number: 96162 - interim

Project Title: Investigations of Herring Diseases in PWS - Challenge

Name: Simon Fraser Univ - Kennedy

FORM 4B
Personnel
& Travel

DETAL.




1996 EXXON VALDEZ TRUSTE! JNCIL PROJECY BUDGET
October 1, 1995 - September 30, 1996

|[Contractual Costs:

. Proposed
[[Description FFY 1996
long distance, fax, postage, photocopy, etc 0.1
Blood sample analysis 1.0
Contractual Total $1.1
Commodities Costs: Proposed
Description FFY 1996
Fish maintenaince; analytical reagents 4.2
Commaodities Total $4.2

FORM 4B
Project Number: 96162 - - - interim

Contractual &
Project Title: Investigations of Herring Diseases in PWS - Challenge

Commodities
Name: Simon Fraser Univ - Kennedy DETAIL
15 of 16
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

[New Equipment Purchases:

Number

Description

of Units

Unit Proposed
Price FFY 1996

l

electric motors and ocutput box

2 at $750

0.0
1.5
0.0
0.0
0.0
0.0
6.0
0.0
0.0
0.0
0.0
0.0
0.0

Those purchases associated with replacement equipment should be indicated by placement of an R.

Gxistmg Equipment Usage:

New Equipment Total $1.5

Descnptton

Number
of Units

1996

16 of 16

Project Number: 96162 - Interim
Project Title: Investigations of Herring Diseases in PWS - Challenge
Name: Simon Fraser Univ - Kennedy

FORM 4B
Equipment
DETAIL

8/2/95
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APEX: Apex Predator Ecosystem Experiment in Prince
William Sound and the Gulf of Alaska

Project Number: 9HE G163

Restoration Category: Research

Proposer: David Cameron Duffy, Project Leader.
LeadTrustee Agency: NOAA

Coperating Agencies: DOI, ADFG

Duration: Five years

Cost FY 96: $1,982,600

Cost FY 97: $1,964,000

Cost FY 98: $1,964,000

Cost FY 99: $1,500,000

Cost FY 00: $ 700,000

Cost FY 01 $000

Cost FY 02 $000

Geographic Area: Prince William Sound, Gulf of Alaska
Injured Resource/Service: Common Murre, Pigeon Guillemot, Recreation and

Tourism (candidate species: Black-legged Kittiwake)

ABSTRACT

Several seabird species such as Common Murre, Pigeon Gullemot, Marbled Murrelet and Black-legged
Kitriwake have not recovered from the Exxon Valdez oil spill. This project tests the hypothesis that
ecosystem-level changes in the food environment of Prince William Sound may be responsible for
nonrecovery of seabirds. In addition, commercial fishing, subsistence, and tourism have been lost or
reduced by the spill. Several other species such as Harbor Seal and Pacific Herring have not recovered.
All of these may be affected by changes in the food environment. At a still larger scale, resoration
efforts such as salmon hatcheries or enhanced fisheries may have effects at the ecosystem level that need
to be identified, so that such efforts can be fine-tuned to ensure the long-term help and viability of
Prince William Sound.

This study will use seabirds as probes of the trophic (foraging) environment of Prince William Sound
and will compare their reproductive and foraging biologies, including diet, with similar measurements
from the Barren Islands, an area with more suitable food. These measurements will be compared with
hydroacoustic and net samples of fish to calibrate seabird performance with fish distribution and
abundance. We will use fish samples to compare diet, energetics and reproductive parameters of the
different forage-fish species to determine whether competitive and predatory interactions or different
responses to the environment may be favoring the abundance of one fish species over another. Finally,
we will use seabird performance, including diet, and stomach samples from predtaory fish such as cod
and halibut to develop methodology for long-term monitoring of the recovery of Prince William Sound
and for an overall understanding of how the Sound works, in conjunction with research efforts funded
by the Trustee Council and other organizations.

INTRODUCTION

The spill from the oil tanker Exxon Valdez resulted in significant mortality of several seabirds and in
acute massive damage to Prince William Sound (PWS) and the Gulf of Alaska (GOA). Five years



following the spill, several species have not recovered . This may be the result of lingering effects of the
oil spill (toxicity of prey, sublethal effects of oil exposure to organisms, or enduring changes to
ecosystem structure). On the other hand, other non-oil factors may be involved, such as predation,
climate-driven ecosystem changes, or even 'random’ perturbations.

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

We propose to study the distribution and abundance of prey species through acoustic sampling in
relation to food, environmental conditions and possible competitors, then to examine the physical,

* behavioral and competitive limits to access to these forage species for seabirds. We will examine the
reproductive consequences of such limitations for pigeon guillemots Cepphus columba, black-legged
kittiwakes Rissa tridactyla, tufted puffins Lunda cirrhata , common murres Uria aalge, and predatory
fish. By examining the diet and reproductive consequences for a surface-feeder (kittiwake), a benthic
diver (pigeon guillemot), two pelagic divers (puffin and murre), and large fish, we should be able to
build up a picture of the forage base for the entire seabird community, setting the stage for a long-term,
low-cost monitoring program.

NEED FOR THE PROJECT

A. Statement of Problem

Numerous seabird species have declined between surveys in the 1970’s and the 1990’s in Prince
William Sound: cormorant spp., kittiwake, glaucous-winged gull, Arctic tern, Kittlitz’s and marbled
murrelets, tufted and horned puffin, and pigeon guillemot . Colony trends for kittiwakes have been
inconsistent with changes in total numbers, although kittiwake productivity has dropped between 1984 -
1989 and 1990 - 1993. The population of pigeon guillemots in PWS has decreased from about 15,000 in
the 1970's to about 3,000 in 1993. Based on censuses taken around the Naked Island complex , pre-spill
counts were roughly twice as high as post-spill counts. Pigeon guillemots are listed as “Not recovering”
in the 1994 Exxon Valdez Qil Spill Restoration Plan.

Common murres were among the species most damaged by the oil spill, but most of the oiled birds
nested outside PWS. Murres are also listed as “Not recovering” in the 1994 Exxon Valdez Oil Spill
Restoration Plan, although their reproduction appears normal.

The best evidence for a shift in trophic resources for seabirds within Prince William Sound comes from
pigeon guillemots. No long-term diet data sets exist for other species or, like black-legged kittiwakes,
diet exhibits great year to year variability. In 1994, sand lance accounted for only about 1% of prey
items fed to guillemot chicks at Jackpot Island and about 8% at Naked Island ; in contrast, in 1979 the
sand lance component at Naked Island was about 55%. Gadids were much more prevalent in the diet of
guillemot chicks on Naked Island in 1994 (ca. 30%) than they were in 1979-1981 (< 7%).

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



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

B. Rationale

Both scientific theory and common sense suggest that ecosystems change over time and that changes to
one species or other component of the ecosystem may reverberate through the entire ecosystem.
Climate variations, fishing, or an oil spill may trigger changes that can take years to become apparent.
Similarly, restoration efforts following the Exxon Valdez oil spill might increase injured species that
are predators or competitors of other injured species, preventing recovery. By studying only the species
level, we may miss such effects. An ecosystem approach, such as the APEX study of the upper-trophic
level predators of Prince William Sound, is designed to look for such indirect links and to give us an
understanding of the ecological context lacking from much of the Council’s earlier single-species work.
In conjunction with Sound Ecology Project and the Nearshore Vertebrate Project, APEX will give us a
basic understanding of the ecological processes that may affect future changes and restoration efforts in
the Sound and will help us determine when we have finally restored a sustainable and healthy Prince
William Sound.

C. Summary of Major Hypotheses and Objectives

Our objectives are to 1. understand the relation between forage fish and seabird populations; 2. to
understand what factors determine the relative abundance of forage species, and 3. to develop a long-
term monitoring effort for the Sound. These objectives are expressed through a series of hypotheses.

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

Working Hypotheses
1. The trophic structure of PWS has changed at the decadal scale
Planktivory is the factor determining abundance of the preferred forage species of seabirds
Forage species differ in their spatial responses to oceanographic processes
Productivity and size of forage species change the energy potentially available for seabirds
Forage fish characteristics and interactions among seabirds limit availability of seabird prey
Seabird foraging group size and species composition reflect prey patch size
Seabird diet composition and amount reflect changes in the relative abundance and
distribution of forage fish at relevant scales around colonies
Changes in seabird reproductive productivity reflect differences in forage fish abundance as
measured in adult seabird foraging trips, chick meal-size and chick provisioning-rates
9. Seabird reproductive productivity is determined by differences in forage fish nutritional
quality
10. Seabird species within a community react predictably to different prey bases

o Nowbswhe

Further development of these hypotheses and their breakdown into working hypotheses and tasks is
presented in the appendices.

D. Completion Dates
By the end of 1995, we will have tested the major assumption that food is affecting or limiting recovery
of several seabird species, through a comparison of Prince William Sound and the Barren Islands. In



1996 and 1997, we will undertake a further test of this between the two areas to assess interannual
variability. At the end of the three years, we will have a minimal sample size of three to test for such
variability between the two sites. If there is no variability between years or sites, or if variability is
extreme, we would discontinue the study. However, we plan to continue through FY 2000 to obtain a
sample size of six, the minimal size at which statistical power becomes reasonable. We plan the same
timeline for comparison of diet and reproductive measures for seabirds at different sites within Prince
William Sound.

For forage fish, we expect that three years of sampling (FY 95-97) through hydroacoustics will allow us
to determine if trends in distribution and relative abundance of forage fish can be detected within the
Sound and if these can be linked to seabird foraging and reproductive parameters and to diets of
predatory fish. We will then reduce sampling levels to those that appear to give the most information per
unit effort. For example, we may find that sampling within five kilometers of a kittiwake colony
provides as much information as sampling within 40 km, or that single inshore samples in June for
guillemot food are as effective as repeated samples.

We plan to use three years of data on forage fish eneregtics, diet and reproduction (FY 1996 - 1998) 1o
assess between-year variability and to explore whether these can be linked to trends in hydroacoustic
data. Thereafter, we will reduce sampling to a few selected variables for testing schemes for long-term
monitoring.

By FY 1999, we expect to have a bird and fish monitoring scheme that can be field tested during FY
1999 and FY 2000 through calibration with ongoing projects. We then expect the monitoring to continue
as a separate project, with a budget of $100 K - 200 K, as a means of providing early waming of
developing problems in Prince William Sound.

COMMUNITY INVOLVEMENT

Community involvement in this project will take several forms. First, charter boat captains and crews
from several communties will be involved in collecting the diet samples from predatory fish, Second, we
plan to seek student interns from spill-area communities to participate in the island-based seabird

_ projects. This will allow a direct interchange of information between researchers and the communites.
Second, we plan to support a student to ask communities to share their knowledge of past changes in
distribution and abundance of seabirds and forage fish in the Sound, as well as their suggestions on why
such changes occurred. These may help us develop further hypotheses that can be tested during our field
work.

We also plan a series of winter visits to communities to explain what we are doing and to ask for
suggestions on how our work can be improved or expanded. This will also help us recruit interns, with
the cooperation of the elders and the schools.

FY 96 BUDGET
Personnel $ 6258
Travel $ 618
Contractual $1,038.6
Commodities $ 741
Equipment $ 360
Subtotal $1,836.3
Gen. Admin. $ 1463
Total $1982.6



96163 Titles and Numbers

PROJECT TITLE

COMPONENT

96163 A Ab_undance and Distribution of Forage Fish and their Influence on
Recovery of Injured Species

96163 B Foraging of Seabirds

96163 C Fish Diet Overlap Using Fish Stomach Content Analysis

96163 D Distribution of Forage Fish as Indicated by Puffin Diet Sampling

96163 E Black-legged Kittiwakes as Indicators of Forage Fish Availability

96163 F Factors Affecting Recovery of Pigeon Guillemot Populations

96163 G Diet Composition, Reproductive Energetics, and Productivity of
Seabirds

96163 H Proximate Composition and Energetic Content of Selected Forage
Fish Species in PWS

96163 1 APEX Planning and Project Leader

96163 J Barren Islands Seabird Studies

96163 K Using Predatory Fish to Sample Forage Fish

96163 L Historical Review of Ecosystem Structure in the PWS/GOA

Complex and Abundance and Distribution of Forage Fish in the
Barren Islands
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1996 EXXON VALDEZ TRUSTcc VOUNCIL PROJECT BUDGET
October 1, 1895 - Seplember 30, 1996

Authorized | Proposed PROPOSED FFY 1996 TRUSTEE AGENCIES TOTALS 1
Budget Category: FFY 1995 | FFY 1996 ADEC| _ ADF&G ADNR USFS DOI NOAA}
$0.0 $0.0 $00| $1.0647

$95.9
Personnel $356.8 36258 B A
Travel $46.0 $61 8

Contractual $748.5 $1,0386
Commodities $56.9 $74.1 e R SRR
Equipment $50.2 $36.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $1,258 4 $1,836.3 | Eslimated | Estimated | Estimaled | Estimated | Estimated | Estimated
General Administration $95.4 $146.3] FFY 1997 | FFY 1998 | FFY 1998 | FFY 2000 | FFY 2001 FFY 2002 ,
Project Total $1.3538 $1,98286 $1.964.0 $1.964.0 $1,964.0 $/00.0 $0.0 $0.0
e e
Full-time Equivalents (FTE) 49 14 o) iy it : S >

Dollar amounts are shown in thousands of dollars.
Other Resources $0.0 | $0.0 | $0.0 | $0.0 | $0.0 | $0.0 | $00 | $0.0
Comments: The primary objective of the 1994 Forage Fish Study was to teslt techniques and collect data in PWS to aid in designing sampling

methods for subsequent years. In 1995 the Apex Predator Ecosystem Experiment (APEX) will conduct simultaneous seabird and
hydroacoustic surveys in conjunction with collections of seabird produclivily data. The 1996 APEX project will include related monitoring and
research of seabirds and their forage fish prey.

Project Number: 96163 FORM 2A
1996 Project Title: APEX PROJECT
LLead Agency: DETAIL

Pirepated 4/28/95 _

1 of 81

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1985 - Seplember 30, 1996

Authorized | Proposed
Budget Category FFY 1995 | FFY 1996
Personnel $428 $20.0
Travel $9.0 $6.9
{Contractual $460.8 $655.7
Commodities $1.0 $0.0 . o PR R
Equipment $3.5 $0.0 LONG RANGE FUNDING REQUIREMENTS i
Subtotal $517.1 $682.6 | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated |
iGeneral Administration $28.1 $286 | FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001 FFY 2002 |
| Project Total $545.2 $711.2 $700.0 $7000]  $700.0 $700.0
. —
Full—time Equivalents (FTE) 06 03

Dollar amounts are shown in thousands of dollars.

|

|

Other Resources

Comments: This project was first funded as a component of the Forage Fish Ecosystem Study (94163) then as the APEX project (95163A).
NEPA compliance =0, Report writing costs = included in contract, community interaction activities = in program management time and travel

(see 981631).
‘ FORM 3A
Project Number: 96163A AGENCY
1996 :‘:[‘O]QC(} Title: APEX/Forage Fish Assessment PROJECT
gency: NOAA DETAIL
Preps 128/95

2 ot 81

4/28/95



1996 EXXON VALDEZ TRUSTI
October 1, 1995 - September 30, 1996

.

JUNCIL PROJECT BUDGET

PM

HPersonnel Costs:

Name

Position Description

GS/Range/
Slep

Months
Budgeted

Monthly
Costs

Overtime

Proposed
FFY 1996

B. Wright

Program Manager

Subtotal Fi s

GS12/5

4.0

5,000

0

a

gram management should be indicaled by

5,000

ob

placement o

Per

sonnel Total

200
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00

“$200

Those costs associated with pro
Travel Costs:
PM |Description

Ticket
Price

Tolal
Days

Daily
Per Diem

Proposed
FFY 1996

Juneau to Anchorage

444

15

225

6.9
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0

1996

3 of 81

lThose costs associated with program management should be indicated by placement of an *.

Travel Total

$6.9 |

Project Number:
Project Title:
Agency: NOAA

96163A

APEX/Forage Fish Assessment

FORM 3B
Personnel
& Travel
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

4 of 81

Contraclual Costs: Proposed
iDescription FFY 1996
iForage Fish Assessment Contract 655.7
Wnen a non-trustee organization is used, the form 4A is required. __ Contractual Total $655.7
[Commodities Costs: Proposed
IDescription FFY 1996
Commodities Total $0.0 |
FORM 3B
Project Number: 96163A Contractua
1996 Project Title: APEX/Forage Fish Assessment 1 &
Agency: NOAA : Commoditie

4128795



——

1996 EXXON VALDEZ TRUS COUNCIL PROJECT BUDGET

Oclobgr 1, 1995 - Seplember 30, 1996

Description

Number
of Units

Unit Proposed
Price] FFY 1996

|New Equipment Purchases:

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

[Those purchases associated with replacement equipment should be indicaled by placement of an R.

New Equ

ipment Total $0.0

[Existing Equipment Usage:

Number Inventory

lIDescription

of Units Agency

!

1996

5 of 81

Project Number: 96163A
Project Title: APEX/Forage Fish Assessment
Agency: NOAA

FORM 3B
Equipment
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BRUDGET
October 1, 1995 - September 30, 1996

Dollar amounts are shown in thousands of dollars.

Authorized { Proposed
[Budget category: FFY 1995 | FFY 1996
|Personnel $123.0
Travel $38.6
Icontractual $288.0
jCommodities $5.0 S E e e DB i
E quipment $9.3 LONG RANGE FUNDING REQUlREMENTS ;
' Subtotal $463.9] Estimated | Estimaled Estimated | Estimated | Estimated | Estimaled *
findirect $191.8 ] FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001 FFY 2002 |}
| Project Total $460.8 $655.7 $650.0 $650.0 $650.0
IFull-time Equivalents (FTE) 21.0} -

I

l

i 96163L. Indirect costs are 42.2% of total except equipment and student tuition.

1996

128195
6 of 81

Piepa

Project
Project
Name:

Number:
Title:

96163A

APEX/Forage Fish Assessment
University of Alaska Fairbanks

FORM 4A
Non-
Trustee
DETAIL

4128195



1996 EXXON VALDEZ TRUSTE
October 1, 1995 - September 30, 1996

—

JUNCIL PROJECT BUDGET

7 of 81

Personnel Costs: Months Monthiy Proposed
Name Position Description Budgeted Costsj  Overlime] FFY 1996“
L. Haldorson Pl 4.0 8,000 0 320
A. Paul fish biologist 20 7.000 0 14.0
K. Coyle fish biologist 100 5,000 50.
. McDonald fish biologist 2.0 6,000 12.0
P. Shoemaker fish biologist 30 5,000 15.0
0.0

0.0

00
0.0
00
0.0

£ 0.0

Subtotalja 21.0 31,000

Personnel Total $123.0

Travel Costs: Ticket Round Total Daily Proposed
Description Price Trips Days Per Diemj FFY 1996
Fairbanks to Juneau 570 4 8 265 44
Seward to Juneau 700 8 8 265 7.7
Juneau to Anchorage 444 4 6 265 34
Seward to Anchorage 700 4 8 265 4.9
Fairbanks to Anchorage 416 4 8 265 38
Seallle to Anchorage 1.112 4 12 265 7.6
Fairbanks to Sealtle 1,200 3 12 265 68

00
0.0
0.0
0.0
0.0
Travel Total $38.6 |
. FORM 4B
Pro;}ect Ngmber: 96164A . personnel
1996 Project Title: APEX/Forage Fish Assessment & Travel
Name: University of Alaska Fairbanks DETAIL

4/28/95



.

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
Qctober 1, 1995 - September 30, 1996

Contractual Costs: Proposed]
Descnptlon FFY 1996
vessel charler @ $3,000 per day x 65 days 195.0
Subcontract to Biosonics 93.0
Contractual Total $288.0 |
Commodities Costs: Proposed]
[iDescription FFY 1996!
| Laboratory, field and office supplies 5.0
i i Commodities Total $5.0 ||
FORM 4B
Project Number: 96163A Contractua

1996

Name:

Project Title:

1 &
Commoditie

L4

APEX/Forage Fish Assessment
University of Alaska Fairbanks

8 of 81

4128195



iy,

1996 EXXON VAL.DEZ TRUS1. JUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

[[New Equipment Purchases: Number Unit Proposed“

{[Description of Units Price] FFY 1996

mid-water trawl 1 2,500 2.5

small purse seine 1 6,000 6.0

gigabyle hard drive 1 800 0.8

0.0

0.0

0.0

0.0

0.0

0.0

00

00

00

0.0

Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total $9.3 ]
Existing Equipment Usage: Number
Descriplion of Unils

1996

9 of 81

Project Number: 96163A
Project Title: APEX/Forage Fish Assessment
Name: University of Alaska Fairbanks

FORM 4B
Equipment
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL. PROJECT BUDGET
October 1, 1995 - September 30, 1996

{Fuli-ime Equivalents (FTE)

lOther Resources

Dollar amounts are shown in thousands of dollars.

Authorized | Proposed
FFY 1995 | FFY 1996
$56.4 $104 9
$6.2 $8.8
i $3.0 $5.2
HCommodities 313 $13
lEquipment $7.7 $24 LONG RANGE FUNDING REQUIREMENTS
| Sublotal $746 $1226 | Estimaled | Estimated | Estimaled | Estimated | Estimated | Estimated
General Administration $8.7 $161] FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 | FFY 2002
| Project Total $83.3 $138.7 $139.0 $139.0 $139.0
23

|

|

l

Comments: Collect seabird activity data while simuitaneously monitoring fish abundance to determine seabirds’ relationship to forage

1996

128/95

Prepar
100t Bt

Project Number:

Project Title:
DO1

Agency:

96163B

APEX/Seabird Interactions

FORM 3A
AGENCY
PROJECT
DETAIL




1996 EXXON VALDEZ TRUS’

F__

SOUNCIL PROJECT BUDGET
Octlober 1, 1995 - September 30, 1996

Personnel Costs:

PM

Name

Position Description

-“GSiRangei
Step

Months
Budgeted

Monthly
Costs

Overtime

Proposed
FFY 1996

B. Ostrand

D. rons

Pl

Bio. Tech.

Research Assistant (grad. student)
*Project Manager

*Expediter

Subtotal fi s

GS11/3
GS5

GS12
Graded/2

12.0
5.0
50
20
3.0

4,750
2,400
3.000
5,500
3,300

57.0
12.0
15.0
11.0
9.9
0.0
0.0
0.0
0.0
0.0

18,950

0

placement of an ".

Personnel Total

Those costs associatled with program management should be indicated by
Travel Costs:

PM

Description

Ticket
Price

Total
Days

Daily
Per Diem

Proposed
FFY 1996}

Anchorage to Whittier
Anchorage/Cordova to Valdez
emergency travel and travel to scientific meetings

100
200

12
12

225
225

33
39
16
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0

[[Those costs associaled with program inanagement should be indicated by placement of an *.

Travel Total

$8.8

|

1996

11 ot 81

Project Number: 96163B
Project Title:

Agency: DO1

APEX/Seabird Interactions

FORM 3B
Personnel
& Travel

DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

§

{Contractual Costs: Proposed
Description FFY 1996
safety training 25
emergency repair equipment 0.5
equipment on maintenance 0.1
telephone, film processing, postage and freight, publication page charges 21
I
hen a non-truslee organization is used, the forin 4A is required. Contractual Total $521
[Commodities Costs: ~ Proposed
IDescription FFY 1996
Scientific supplies (film, walerproof notebooks, guidebooks, charls) 01
rain gear, rubber boots, and gloves for 3 people 06
duplication costs 04
office supplies (computer disks, paper, pens) 0.2
_ Commodities Total $1.3
FORM 3B
Project Number: 96163B Contractua
1996 Project Title: APEX/Seabird Interactions 1 &
Agency: DOI ' Commoditie

12 of 81

4/28/95



1996 EXXON VALDEZ TRUS

N

October 1, 1995 - September 30, 1996

COUNCIL PROJECT BUDGET

Number

New Equipment Purchases:
Description

Unit Proposed

of Units

Price FFY 1996

binoculars
data entry system upgrade

2

350 1.4

{ ‘ 1.0

00
0.0
0.0
0.0
0.0
0.0
0.0
00
00
00
0.0

[Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equ

ipment Total $2.4

[Existing Equipment Usage:

Number Inventory

Descriplion

of Units Agency

1996

13 of 81

Project Number:
Project Title:
Agency: DOI1

96163B
APEX/Seabird Interactions

FORM 3B
Equipment
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
QOctober 1, 1995 - September 30, 1996

Authorized | Proposed
Budget Category FFY 1995 | FFY 1996
Personnel $10.0 $322 §
ravel $5.0 $150¢

Contractual $0.0 $0.0
Commodities $45 $4.5
Equipment $0.0 $0.0 LONG RANGE FUNDING BEQU!REMENTS

Subtotal $19.5 $51.7 ] Estimated | Estimated | Estimated | Estimated } Estimated | Estimated
General Administration $.5 $481 FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001 FFY 2002

Project Total $21.0 $56.5 $56.0 $56.0 $56.0

K % 5 @
Full-time Equivalents (FTE) 0.8 . ;
Dollar amounis are shown in thousands of dollars.
Other Resources | | | | ] ] |
Comments: This project is designed 1o understand the Prince William Sound food web and its effects on injured species.
. FORM 3A
Project Number: 96163C AGENCY
1996 Project Title: APEX/Fish Diet Overlap PROJECT
Agency: NOAA DETAIL

Prepar: 28/95

14 of 81

$/28/95



N

1996 EXXON VALDEZ TRUSTcc OUNCIL PROJECT BUﬁGET

October 1, 1995 - Seplember 30, 1996

ﬂPersonnel Caosts:

Name

Position Description

GS/Range/
Step

Months

Budgeted

Monthly
Costs

Overtime

Proposed
FFY 1996

M. Sturdevant
B. Wright

Pl
* Program Manager

Subtotal}:

Travel Costs:

GS9/6
GS12/5

BT
2%

placement df

8.0
1.0

3,400
5,000

272
50
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0

9.0

8,400

Y

Personnel Total

$32.2

PM

Description

PM
Those costs associated with program management should be indicated by

Ticket
Price

Round
Trips

Total
Days

Daily
Per Diem

Proposed
FFY 1996

Juneau o Cordova
Juneau to Anchorage
Juneau to Fairbanks

350
444
500

10

36
6
3

225
225
225

2.2
1.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

00L

116 ||

Hmose costs associated with program management should be indicated by placement of an *.

Travel Total

$15.0

1996

15 of 81

Project Number:
Project Title:
Agency: NOAA

96163C

APEX/Fish Diet Overlap

FORM 3B
Personnel
& Travel
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

“Contractual Costs: Proposed
Description FFY 1996
When a non-lrustee organization is used, the form 4A is required. Contractual Total $0.0 |
Commodities Costs: Proposed’l
Description FFY 1996
sample bottles, formalin, and microscope work supplies 45
I Commodities Total $4.5
FORM 3B
Project Number: 96163C Contractua
1996 Project Title: APEX/Fish Diet Overlap 1 &

Agency: NOAA

Commoditie

(g

16 of 81

4/28/95



1996 EXXON VALDEZ TRUST OUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

New Equipment Purchases:
Description

Number
of Units

Unit
Price

Proposed
FFY 1996

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

[Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equ

ipment Total

$0.0

Existing Equipment Usage:

Number

Descriplion

of Units

Inventory
Agency|

Project Number: 96163C
1996 Project Title: APEX/Fish Diet Overlap
Agency: NOAA

FORM 3B
Equipment
DETAIL

17 of 81

4/28/95



.

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Authorized | Proposed
Budget Category: FFY 1995 | FFY 1996
Personnel $30.0 $66.6
Travel $0.0 $0.0
Contractual $0.0 $0.0
Commodities $0.0 $0.0 K O SRR s
Equipment $0.0 $0.0 LONG RANGE FUNDING REQIHREMENTS
Subtotal $30.0 $66.6 | Estimated | Estimated | Estimated | Estimated | Estimated | Estimaled
General Administration $4.5 $100] FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 FFY 2001 FFY 2002
Project Total $345 $76.6 $77.0 $77.0 $77.0
Full-time Equivalents (FTE) 16} :
Dollar amounts are shown in thousands of dollars.
Other Resources | | | | | I
Comments: This project is responsible for the actual processing of forage fish stomachs to determine fish diets. “
I
. FORM 3A
Pro?ect Nt'xmber: 96163(5‘ ‘ AGENCY
1996 PrO)eCf': Title: APEX/Fish Diet Overlap PROJECT
Agency: ADF&G DETAIL

Prepared 4/2B/96

18 of 81

4/28/95



1996 EXXON VALDEZ TRUS] ;OUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

{iPersonnel Costs: GS/Range/ Months Monthly Proposed
nPM Name Position Description Step Budgeted Costs Overlime] FFY 1996

fisheries technician |l 6.0 3,400 204
fisheries technician il 6.0 3,400 20.4
fisheries technician I 60 3,400 204
PCN 116110 *Lib. | 03 5,530 1.7
PCN115103 * Program Manager, FBIV 05 7,432 3.7
0.0
0.0
00
0.0
0.0
0.0
00

OO0 000

Subtola 18.8 23,162 0
Those costs associated with program imanagement should be indicated by placement of an *. Personnel Total $66.6

Travel Costs: Ticket Round Total Daily Proposed
PM |Description Price Trips Days Per Diem{ FFY 1996
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
00
[[Those costs associated with program management should be indicated by placement of an * Travel Total $0.0 |

. FORM 3B
Project Number: 96163C

) : ) ) Personnel
1996 Project Title: APEX/Fish Diet Overlap & Travel
Agency: ADF&G DETATI

19 of 81 4/28/9%



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Contractual Costs: Propose«’
Description FFY 1990,
When a non-trustee organization is used, the form 4A is required. Contractual Total $0.0 |
Commodities Costs: Proposed
Description FFY 1996
l.
it Commaodities Total $0.0
FORM 3B
Project Number: 96163C Contractua
1996 Project Title: APEX/Fish Diet Overlap 1 &
Agency: ADF&G Commoditie
o

O

20 ot 81

4/28/95



1996 EXXON VALDEZ TRUS 1cc COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

New Equipment Purchases:

Number

Description

of Units

Unit Proposed
Price] FFY 1996

0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

|Those purchases associaled with replacement equipment should be indicated by placement of an R. New Equ

ipment Total $0.0

Number Inventory

Existing Equipment Usage:
Description

of Units Agency

!l

1996

21 of 81

Project Number: 96163C
Project Title: APEX/Fish Diet Overlap
Agency: ADF&G

FORM 3B
Equipment
DETAIL

4/28/95



1996 EXXON VALDEZ TRUL

: COUNCIL PROJECT BUDGET
October 1, 19985 - September 30, 1896

Authorized | Proposed
Budget Category: FFY 1995 | FFY 1996
Personnel $10.0 $31.0
Travel $3.3 $6.2
Contractual $0.0 $0.0
Commodilies $74 $9.5 o
Equipment $19.3 $20.9 LONG RANGE FUNDING REQUIREMENTS
Subtotal $40.0 $67.6 | Estimated Estimated Estimated | Estimated | Estimated Estimated
General Administration $1.5 $47) FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 FFY 2002
Project Total $415 $723 $72.0 $72.0 $72.0
Full-time Equivalents (FTE) 0.9 ifé_ <

Dollar amounts are shown in thousands of dollars.

Other Resources | I L
Comments:
. FORM 3A
Project Number: 95163D AGENCY
1996 Project Title: APEX/Puffins as Samplers PROJECT
Agency: DOI DETAIL

Prepared: 4/28/96

22 of 81

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

PM

“Personnel Costs:

Name

Position Descriplion

GS/Range/
Step

Months
Budgeted

Monthly
Costs

Proposedl||

Overtime FFY 1996

J. Piatt

Pt
project assistant

Subtotal k&

Those costs associated with program management should be indicated by

Travel Costs:

GS12/4
GS9

SRR R

placement of

3.0
8.0

5.000
2,000

15.0
16.0
0.0
0.0
0.0
0.0
0.0
oo
0.0
0.0
0.0
0.0

7,000

0

an*.

Personnel Total

PM

Description

Ticket
Price

Round
Trips

Totat
Days

Proposedj}
FFY 1996

Daily
Per Diem

Anchorage to Whitlier
volunteer air fares
float plane trips (o study area

100
600
250

12

200

225 33
1.8
3 11
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Those costs associated with program management should be indicated by placement of an *.

1996

23 of 81

Travel Total

$6.2

Project Number:

96163D

Project Title: APEX/Puffins as Samplers

Agency: DOI

FORM 3B
Personnel
& Travel

DETAITL

4/28/95



1996 EXXON VALDEZ TRUS1 __ OUNCIL PROJECT BUDGET
Oclober 1, 1995 - September 30, 1996

[Contractual Costs: Proposed]
[Description FFY 1996
When a non-trustee organization is used, the form 4A is required. Contractual Total $0.0
Commodities Costs: Proposed
iDescription FFY 1996
food 35
fuel for skiffs 22
sleeping bags and pads 08
waterproof boat bags 0.2
rain gear and rubber boots 0.8
misc. camp gear (stoves, lanterns, tools, cook kits) 1.0
scientific supplies (screens, sampling bags, preservatives, scales) 1.0
Commodities Total $9.5
FORM 3B
Project Number: 96163D Contractua
1996 Project Title: APEX/Puffins as Samplers "1 &
Agency: DOI , Commoditie
[ad

24 of 81 4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

New Equipment Purchases: Number Unit]  Proposed
Description of Unils Price] FFY 1996
SSB radio, antenna, battery 2 1,100 2.2
VHF radios 2 500 1.0
generator 1 500 0.5
bomb shelter tents 4 620 25
inflatable boat (Zodiak Mark Il or equivalent) 1 3,000 3.0
outboard motors (25 h.p. and 15 h.p)) 1 3,000 3.0
exposure suits 3 300 09
binoculars 4 160 06
burrow probe video system 1 6,200 6.2
climbing equipment 1 1,000 1.0
00
0.0
0.0
Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total $20.9
[Existing Equipment Usage: ) Number|  Inventony||
iDescription of Units Agency
Project Number: 96163D FORM 3B
1996 Project Title: APEX/Puffins as Samplers Equipment
Agency: DOI DETAIL

25 of 81 128195



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Authorized Proposed

Budget Category: FFY 1995 | FFY 1996

Personnel $54.2 $102.7 | I8

Travel $5.7 $8.7 [

Contractual $12.0 $216 |

Commodities $1456 $23.7 e e o

Equipment $10.2 $8.2 LONG RANGE FUNDING REQUIREMENTS
Subtotal $96.7 $164.9 | Estimated | Eslimated | Estimaled | Estimated | Estimated | Estimated

General Administration $9.0 $16.9 | FFY 1997 FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 FFY 2002 ||
Project Total $105.7 $181.8 $182.0 $182.0 $182.0

Full-time Equivalents (FTE) 2.3l§§ % o

Dollar amounts are shown in thousands of dollars.
Other Resources 1 | | | i | |

Comments: This component will collect information on kittiwake foraging and reproductive parameters thal indicate food stress.

Project Number: 96163 E O ey
1996 pig?ezt T‘j"glel:.APEX Kittiwak v
. je . lo]e- /Kittiwakes PROJECT
gency: D DETAIL
Prepared 4/28/95

26 of 81 4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

(lPersonnel Costs:

GS/Range/

Pm

Name

Position Description

Step

Months
Budgeled

Monthly
Costs

Overtime

Proposed
FFY 1996

D. Irons

PI

Bio. Tech.

Bio. Tech.

* Project Manager
*Expediter

GS11
GS5
GSS5
GS12

Graded/2

12.0
50
5.0
20
3.0

4,750
2,480
2,480
5.500
3,300

Subtotal i

27.0

18,510

ols

Those costs associated with program management should be indicated by placement of an *.

Travel Costs:

Per

sonnel Total

57.0
12.4
12.4
11.0
9.9
0.0
0.0
0.0
0.0
0.0
0.0
0.0

$102.7

Ticket

PM

Description

Price

Round
Trips

Total
Days

Daily
Per Diem

Proposed
FFY 1996

Anchorage to Whittier to transport boat
Anchorage {0 Whittier

float plane trips to study site

emergency travel and travel to scientific meeting

1200
100
250

360

3

3.5
1.2
20
20
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0

“Those costs associated with program management should be indicated by placement of an *.

1996

27 of 81

Travel Total

$8.7

Project Number:
Project Title:
Agency: pDoI

96163E

APEX/Kittiwakes

FORM 3B
Personnel
& Travel

DETAIL

'28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

Contractual Costs: Proposed]|
Description FFY 1996
delivery of fuel and supplies 8.1
safety training for 3 people 3.0
truck remal 20
maintenance, cleaning, and repair 85
{When a non-trustee organizalion is used, the form 4A is required. Contractual Total $216
Commodities Costs: Proposed||
Description FFY 1996
food for 3 people for 120 days 50
boat fuel. 150 gal/day for 60 days 12.0
scientific and camp supplies, software updates, and office supplies 6.7
i
Commodities Total $23.7
FORM 3B
Project Number: 96163E Contractua
1996 Project Title: APEX/Kittiwakes 1 &

Agency: DOI

Commoditie

S

28 of 81

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUbGET

October 1, 1995 - September 30, 1996

e
o

New Equipn:ent Purchases:

Description

Number
of Units

Unit Proposed
Price] FFY 1996

radio lags
emergency replacement equipment

6.2
20
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0

New Equ

ipment Total $8.2

|Those purchases associated with replacement equipment should be indicated by placement of an R.
lIExisting Equipment Usage:

[Description

Number
of Unils

Agency

lnvemaryh

1996
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Project Number: 96163E
Project Title: APEX/Kittiwakes
Agency: DOI

FORM 3B
Equipment
DETAIL

4/28/95



1996 EXXON VALDEZ TRUS .

DUNCIL PROJECT BUDGET
October 1, 1995 - . ,lember 30, 1996

- Authorized | Proposed

Budget Category: FFY 1995 | FFY 1996

Personnel $71.8 $120.3

Travel $6.4 $9.4

Contractual $13.0 $23.1

Commodities $17.3 $233 e ;

Equipment $7.0 $2.0 _ LONG RANG ]
Subtotal $115.5 $178.1 | Estimated | Estimated | Estimated | Eslimated | Estimated | Estimated |

General Administralion $11.7 $19.7 | FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001 FFY 2002 |
Project Total $127.2 $197.8 $198.0 $198.0 $198.0

Full-time Equivalents (FTE) 18 2.8¢%

Other Resources

Dollar amounls are shown in thousands of dollars.

|

|

|

Comments: This study will monitor the feeding and breeding ecology of pigeon guillemots on Naked Island in Prince William Sound and

census their populalion there and at other designated areas.

1996

Prepared 4/28/95
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Project Number: 96163F
Project Title: APEX/Guillemots
Agency: DOI

FORM 3A
AGENCY
PROJECT
DETATL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL. PROJECT BUDGET
October 1, 1995 - Seplember 30, 1996

Personnel Costs: GS/Range/ Months Monthly Proposed
PM |Name Position Description Step Budgeted Cosls Overtime] FFY 1996H
L. Hayes Pi GSs11 12.0 4,750
Bio. Tech. GS7 6.0 2,933
Bio. Tech. GS5 50 2,480
Bio. Tech. GSS 5.0 2,480
D. Irons *Project Manager GS12 20 5,500
*Expediter Grade4/2 3.0 3,300
Subtotalfi e 33.0 21,443 0
Those costs associated with program management should be indicaled by placement of an *. Personnel Total $1203

Travel Costs: Ticket]  Round Total Daily] Proposed]

PM {Description Price Trips Days Per Diem{ FFY 1996
Anchorage to Whitlier (0 transport boat 1200 2 480 3 38
Anchorage o Whittier for 4 people 100 16 16
float plane trips lo study site 250 "4 1.0
travel to scientific meeling 20
emergency travel 1.0

0.0
0.0
00 |
00
0.0
0.0
0.0
Those costs associated with program management should be indicated by placement of an *. Travel Total 194
Project Number: 96163F FORM 3B
1996 progect Title: APEX/Guillemots Personnel
) ’ & Travel
Agency: DOI : DETAIL

31 of 81 , 128/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
Oclober 1, 1995 - September 30, 1996

Contractual Costs: Proposed
Description FFY 1996“
delivery of fuel and supplies
safety training for 3 people
truck rental u
maintenance, cleaning, and repairs 7 1
emergency equipment repair 20 J
|When a non-truslee organization is used, the form 4A is required. Contractual Total $23.1
Commodities Costs: Proposed
Description FFY 1996
food for 3 people for 120 days 4.0
boat fuel: 150g/day for 60 days 12.0
scientific and camp supplies, software updates, and office supplies : 7.3
l
i Commodities Total $233
FORM 3B
Project Number: 96163F Contractua
1996 Project Title: APEX/Guillemots 1 &
Agency: DOI Commoditie
<
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

Existing Equipment Usage:

New Equipment Purchases: Number Unit

Descriplion of Unils Price
emergency replacement equipment

Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total

Number lnventory

33 of 81

IDescription of Units Agency
|
~ |
Project Number: 96163F FOI.’»M 3B
1996 Project Title: APEX/Guillemots Equipnent
Agency: DOI DETAIL

4/28/95



1996 EXXON VALDEZ TRL

Commaodities
Equipment

= COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1998

Authorized | Proposed
Budget Category: FFY 1995 | FFY 1996
$0.0 $5.5
$0.0 $0.0
$148.4 $168.4
$0.0 $0.0 el e S N :
$0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
Sublotal $148.4 $173.0 | Estimated | Estimated | Estmated | Estimated | Estimated | Estimated
General Administration $10.4 $126| FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 | FFY 2002 H
Project Total $158.8 $186.5 $187.0 $187.0 $187.0
E 0
Full-time Equivalents (FTE) 0.0 0.1} gl

Other Resources

Dollar amounts are shown in thousands of dollars.

l

I

Comments: Assess the taxonomic and biochemical composition of seabird diets and determines the relationship of diet to nestling

provisioning rates, chick growth energetics, and the reproduclive success of seabirds in the EVOS area.

1996

Prepared 4/28/95
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Project
Project
Agency:

Number:
Title:
DOI

96163G
APEX/Seabird Energetics

FORM 3A
AGENCY
PROJECT
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - Seplember 30, 1996

Personnel Costs: ~ GS/Range/ Months Monthly

PM |Name Position Description Step| Budgeted Coslts Overtime

¢ ID. lrons Project Manager G812 1.0 5,500

Subtotal e 1.0 5,500 0
Those costs associated with program management should be indicated by placement of Personnel Total $55
Travel Costs: Ticket Round Tolal Daily Proposed
Description Price Trips Days Per Diem{ FFY 1996

00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Those cosls associated with program management should be indicated by placement of an *. Travel Total $0.0

. . FORM 3B
1996 I;ig?ect Ngmbex:. 96163G ‘ ’ Personnel
ject Title: APEX/Seabird Energetics & Travel
Agency: DOI ‘ DETAIL

4/28/95



1996 EXXON VALDEZ TRUS Tt COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Contractual Costs: Proposed
Description FFY 1996
Co Contract with the Universily of Alaska Cooperalive Research Unil. 168.4
[When a non-trustee organization is used, the form 4A is required. Contractual Total $168 4 J
[Commodities Costs: ] Proposed
{IDescription FFY 1996

1
l |
|

Commodities Total $0.0
FORM 3B
Project Number: 96163G Contractua
1996 Project Title: APEX/Seabird Energetics 1 &
Agency: DOl Commoditie
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

Oclober 1, 1995 - September 30, 1996

Eﬁ__ew Equipment Purchases: -

{Description

Number
of Units

Unit
Price

Proposed}

FFY 1996

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0

Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equ

ipment Total

$0.0

[Existing Equipment Usage:

Number

Description

of Unils

Inventory
Agency

1996
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Project Number: 96163G
Project Title: APEX/Seabird Energetics
Agency: DOI

FORM 3B
Equipment
DETAIL

28/95



<

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1896

Authorized | Proposed
Budget Category: FFY 1995 | FFY 1996
Personnel $0.0 $65.7
Travel $0.0 $8.5
Contractual $148.4 $219
Commodities $0.0 $31.9
Equipment $0.0 $25.1 LONG RANGE FUNDING REQUIREMENTS
Subitotal $148.4 $153.1 | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated
Indirect (10%) N.e.. $15.3 | FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001 FFY 2002
Project Total $148.4 $168.4 $168.0 $168.0 $168.0
Full-time Equivalents (FTE) 0.0} 5

Other Resources

Dollar amounts are shown in thousands of dollars.

I

l |

I

Comments: Assess the taxonomic and biochemical compaosition of seabird diets and determines the relationship of diet to nestling

provisioning rates, chick growth energetics, and the reproduclive success of seabirds in the EVOS area.

1996

Prepated 4/28/95
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Name:

Project Number: 96162G
Project Title: APEX/Seabird Energetics
DO1I

FORM 4A
Non-
Trustee
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

Personnel Costs: Months Monthly Proposed
Name Position Description Budgeled Costs}] Overime| FFY 1996
graduate student 114

graduate student 114

field crew leader 49

field tech. 44

field tech. 44

field tech. 4.4

benefits 104

student tuition 14.4

0.0

0.0

0.0

0.0

0.0 0 of

Personnel Total $65.7
Travel Costs: Ticket Round Total Daily Proposedl
|Description Price Trips Days| PerDiem| FFY 1996
presentation at national meetings 1,000 3 3.0
Fairbanks to Anchorage 416 8 33
per diem 13 155 20
train Portage to Whittier 18 8 01
train Portage to Whitlier for 2 vehicles 70 2 0.1
0.0

0.0

0.0

0.0

0.0

0.0

0.0
Travel Total $8.5 ||

. FORM 4B
Pro?ect Nl.xmber: 96163G . . pPersonnel
1996 Project Title: APEX/Seabird Energetics & Travel
Name: DOI DETAIL
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

Oclober 1, 1995 - September 30, 1996

Contractual Costs: Proposed
Description FFY 1996
project suppo 50
vessel charter 6.0
vehicle rental 39
maintenance 7.0
i Contractual Total $21.9
Commodities Costs. Proposed
Description FFY 1996
laboratory, boat, climbing and camp supplies 20.9]
mustang suits x 6 1.8
fuel for boat 9.2
i
Commodities Total $31.9
FORM 4B
Project Number: 96163G Contractua
1996 Project Title: APEX/Seabird Energetics 1 &
Name: DOI Commoditie
<.
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

New Equipment Purchases: Number Unit Proposed
Description of Unils Price] FFY 1996
Boston Whaler, 17° 1 15.000 15.0
outboard motor, 40h.p. 1 4,500 45
weatherports 2 2,800 5.6
0.0
0.
0.
0.0
0.
0.0
0.0
0.0
0.0
0.0
Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total
Existing Equipment Usage: Number
Description of Units
Project Number: 96163G FOBM 4B
1996 Project Title: APEX/Seabird Energetics Equipment
Name: DOI DETAIL
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1996 EXXON VALDEZ TRUS 1 COUNCIL PROJECT BUDGET
Oclober 1, 1995 - September 30, 1996

Authorized | Proposed
Budget Category: FFY 1995 | FFY 1996
Personnel $0.0 $5.0
Travel $0.0 $0.9
Contractual $0.0 $35.5
Commodities $0.0 $0.0
Equipment $0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $0.0 $41.4 ] Estimated Estimated | Estimated | Estimated ™ Estimated Estimated
General Administration $0.0 $32) FFY 1997 | FFY 1998 | FFY 1989 | FFY 2000 | FFY 2001 FFY 2002
Project Tolal $0.0 $44 6 $45.0 $450 $45.0
Full-time Equivalents (FTE) 0.0 0.1}

Other Resources

Dollar amounts are shown in thousands of dollars.

I I

species in the EVOS study area. This is a proposal issued submitted under the Broad Agency Announcement.

\Commens This project of the APEX investigation will determine the proximate composition and energetic content of selected forage fish

1996

Prepared 4/28/96
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Project Number: 96163H

Project Title:

Forage Fish

Agency:

NOAA

APEX/Proximate Composition of

FORM 3A
AGENCY

PROJECT
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

“Personnel Eosts:

GS/Range/]  Months Monthly

Name

Position Description Step]  Budgeted Cosls

Overtime

Proposed
FFY 1996

B. Wright

Program Manager GS12/5 1.0 5,000

5.0

Subtotal[%

1.0 5,000

Ok

iThose costs associated with
Travel Costs:

program management should be indicated by cement of an *.

Personnel Total

Ticket Total

PM

Description

Price Days

Daily
Per Diem

Proposed
FFY 1996

Juneau to Anchorage

444 1 2

225 0.9

0.0
0.0
0.0
00
0.0
0.0
0.0
00
00
0.0
0.0

{Those costs associated with program management should be indicated by placement of an *.

Travel Total

$0.9

1996

Project Number: 96163H
Project Title: Proximate Composition of Forage Fish
Agency: NOAA

FORM 3B
Personnel
& Travel
DETAIL
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4/28/95



s

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - Seplember 30, 1996

Contractual Costs: Proposed
Description FFY 1896
proximate compaosition contract 3556
f
uWhen a non-trustee organization is used, the form 4A is required. Contractual Total $355 |
Commodities Costs. Proposed
Description FFY 1996
Commodities Total $0.0
Project Number: 96163H CoFr?tR:ac:;tBua
1996 Project Title: APEX/Proximate Composition of 1 &

Forage Fish

Agency: NOAA Commoditie

=
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - Seplember 30, 1996

New Equipment Pun:hasms:=

Description

ﬁ:mber
of Units

~ Unit Proposed
Pricej FFY 1996

00
0.0
6.0
0.0
0.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0

Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equ

ipment Total $0.0

Existing Equipment Usage:

Descriplion

of Unils Agency

Number]  Inventory{

1996
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Project Number: 96163H

Project Title: APEX/Proximate Composition of
Forage Fish

Agency: NOAA

FORM 3B
Equipment
DETAIL

4/28/195



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
Oclober 1, 1985 - Sepltember 30, 1996

Authorized | Proposed

Budget Category: FFY 1995 | FFY 1986

Personnel $0.0 $18.0

Travel $0.0 $3.0 K

Contractual $0.0 $0.0 |

Equipment $0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $0.0 $24.5 | Estimated | Estimated | Estimated | Estimated | Estimated

Indirect (45%) $0.0 $11.0] FFY 1997 FFY 1998 FFY 1999 FFY 2000 FFY 2001
Project Total $0.0 $35.5 $36.0 $36.0 $36.0

Full-time Equivalents (FTE) 0.0 3.6f%

Other Resources

Dollar amounts are shown in thousands of dollars.

I

| | I | l | I

Comments: This project of the APEX investigation will determine the proximate composition and energetic content of selected forage fish
species in the EVOS study area. This is a proposal issued submitted under the Broad Agency Announcement.

1996

Prepared 4/28/95
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Project Number: 96163H FORM 4A
Project Title: APEX/Proximate Composition of Forage Non-

Fish Trustee
Name: Texas A&M University DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Personnel Costs:

Position Description

Pt

Subtotal

Months
Budgeted

Monthly
Cosis

Overtime

Proposed
FFY 1996

36

5,000

3.6

5,000

Personnel Total

18.0
00
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

iTravel Costs:

Descriplion

Ticket Round
Price Trips

Total
Days

Daily
Per Diem

Proposed
FFY 1996

i Texas to Anchorage

1,500 2

30
0.9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

1996
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Travel Total_

53.0]

Forage Fish

Project Number:
Project Title:

96163H

APEX/Proximate Composition of

Name: Texas A&M University

FORM 4B
Personnel
& Travel

DETAIL

/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

ﬂ(:ontractual Costs: Proposed
Description FFY 1996
| Contractual Total $0.0
Commodities Costs: Proposed|
Description FFY 1996
laboratory and sample handling supplies 35
Commodities Total $3.5
. 4B
Project Number: 96163H CanOthMactua
1996 Project Title: APEX/Proximate Composition of 1 &
Forage Fish e
. . Commoditie
Name: Texas A&M University -

48 of 81 4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

Oclober 1, 1995 - September 30, 1996

New Equipment Purchases:
Description

Number
of Units

Unit Proposed“

Price] FFY 1986

0.0
0.0
0.0
0.0
0.

0.

0.0
0.0
0.0
0.0
0.0
0.0
0.0

Existing Equipment Usage:

Those purchases associated with replacement equipment should be indicated by placement of an R. New Equ

Descriplion

ipment Total $0.0

Number
of Units

Project Number: 96163H

1996 Project Title: APEX/Proximate Composition of
Forage Fish

Name: Texas A&M University
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FORM 4B
Equipment
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Commodities
Equipment

Other Resources

Dollar amounts are shown in thousands of dollars.

Authorized | Proposed
Budget Category: FFY 1895 | FFY 1996
$23.7 $10.5
$24 $0.0
$64.3 $104.8
$0.0 $0.0
$0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $120.4 $115.3 | Estimated | Estimated | Estimated | Estimated | Estmated | Estimated
eneral Administration $10.2 $89] FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 FFY 2002
Project Total $1306 $124.2 $115.0 $115.0 $115.0
Full-time Equivalents (FTE) 02§

l

ecosysterm assessment.

Comments: This component of the APEX project will provide scientific oversight, coordination, performance tracking, and integration of
results. The program management employed will have elements that have been used effeclively in other large, mullidisciplinary programs for

1996

Piepated 4/28/95
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Project Number:
Project Title:
DO1

Agency:

961631
APEX/Project Management

FORM 3A
AGENCY
PROJECT
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Personnel Costs: GS/Range/ Months Monthly
PM |[Name Position Description Step| Budgeted Costs|  Overtime
* |D. lrons Project Manager GS12/5 1.0 5,000
. Program Manager GS12 1.0 5,500

Sublota 2.0 10,500 0
Those costs associated with program managemenl should be indicated by placement of an *. Personnel Total $10.5

Travel Costs: ~ Ticket Round Total Daily] Proposed
PM |Description Price Trips Days Per Diem| FFY 1996
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
00
0.0
0.0
0.0
Those costs associated with program management should be indicated by placement of an *. Travel Total $0.0

Proj b 61631 S
roject Number: 9 Personnel

1996 Project Title: APEX/Project Management & Travel
Agency: DOI ' DETAIL
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

Oclober 1, 1995 - September 30, 1996

Contractual Costs: Proposed
Description FFY 1996
contract with University of Alaska (use memorandum of understanding to transfer funds) 104 .8
When a non-trustee organization is used, the form 4A is required. Contractual Total $104.8 I]
Commodities Costs: Proposed
Description FFY 1996
Commodities Total $0.0
FORM 3B
Project Number: 961631 Contractua
1996 Project Title: APEX/Project Management 1 &
Agency: DOI ' : Commoditie
52 of 81

4/28/95



1996 EXXON VALDEZ TRLiSTEE COUNCIL PROJECT BUDGET
Qclober 1, 1995 - September 30, 1998

New Equipment Purchases: Number Unit Proposed
Description of Units Price] FFY 1996
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
00
0.0
IThose purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total $0.0

Existing Equipment Usage: Number inventory
Description of Units Agency

Project Number: 961631 FOI}M 3B
1996 Project Title: APEX/Project Management Equipment
Agency: DOI DETAIL
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Authorized | Proposed
Budget Category: FFY 1995 | FFY 1996
Personnel $58.2 $66.0
Travel $5.0 $7.0
Contractual $5.0 $5.0
Commodities $1.0 $1.0
Equipment $0.0 $0.0 _ LONG RAN_SSE FUNDIN(?_ REQUIREMENTS
Subtolal $69.2 $79.0 | Estimated | Estimated | Estimated | Estimated Estimated | Estimated
Indirect (36.2%) $25.1 $25.81 FFY 1997 FFY 1998 | FFY 1998 | FFY 2000 | FFY 2001 FFY 2002
Project Total $94.3 $104.8 $105.0 $105.0 $105.0

Full-time Equivalents (FTE)

Other Resources

1.0

Dollar amounts are shown in

AR AR AR,

housands of dollars.

| |

Comments: This component of the APEX project will provide scientific oversight, coordination, performance tracking, and integration of
results. The program management employed will have elements that have been used effectively in other large, multidisciplinary programs for

ecosystem assessment.

1996

Prepared 4/28/95
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Project Number:
Project Title:

Name:

961631
APEX/Project Management
University of Alaska Anchorage

FORM 4A
Non-
Trustee
DETAIL




1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Months Monthly Proposed
Position Description Budgeted Costs Overlime| FFY 1996"
Pl o 6.0 8,000 48.0
assistant Pl 6.0 3,000 18.0
0.0
0.0
0.0
0.0
0.0,
0.0
0.0
00
0.0
0

12.0 11,000 1) &
Personnel Total .

Ticket Round Total Daily] Proposed |
Description Price Trips Days Per Diem| FFY 1996
E® 1 Anchorage to PWS communities to complete information transfer 5.0

Subtotal

&1 Anchorage to Juneau 444 2 5 225 2.0
= . 0.0

0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0
Travel Total $7.0

i

e . 631 FORM 4B
Project Number: 96163 Personnel

1996 Project Title: APEX/Project Management & Travel
Name: University of Alaska Anchorage DETAIL
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

COﬂtl’ﬂClﬂﬂTCOStS: Proposed
Description FFY 1996
ata compatibility contract 5.0
l _ Contractual Total $5.0 |
Commodities Costs: Proposed
Description FFY 1996
supplies and phone 1.0
Commodities Total $1.0§
FORM 4B
Project Number: 961631 Contractua
1996 Project Title: APEX/Project Management 1 &
Name: University of Alaska Anchorage Commoditie

56 ol 81 4/28/95
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - Seplember 30, 1996

New Equipment Purchases:

Description

Number
of Units

Unit
Price

Proposed
FFY 1996

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

Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equ

ipment Total

$0.0 |

Number

of Units

1996
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Project Number:
Project Title:
Name:

961631
APEX/Project Management

University of Alaska Anchorage

FORM 4B
Equipment
DETAIL

4/28/95



1996 EXXON VALDEZ TRUS k... _ DUNCIL PROJECT BUDGET
Oclober 1, 1985 - September 30, 1996

Authorized | Proposed
Budget Category: FFY 1995 | FFY 1996
Personnel $19.4 $69.8
Travel $6.4 $2.3
Contractual $34 $10.6
Commodities $3.8 $4.8
Equipment $0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $33.0 $87.5 | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated
General Administration $3.1 $11.2] FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 | FFY 2002
Project Total $36.1 $98.7 $99.0 $99.0 $99.0
Full-time Equivalents (FTE) 09 1.8

Other Resources

Dollar amounts are shown in thousands of dollars.

l

i

Comments: This component is designed to collect data on common murres, kitliwakes, and puffins on the Barren Islands (which is in the
EVOS area) that witl be used in a mulli-species analysis of seabird produclivity and energetics.

1996

Prepared 4/28/95
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Project Number:

96163J

Project Title: APEX/Barren Islands Murres and

Kittiwakes
Agency: DOI

FORM 3A
AGENCY
PROJECT
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Personnel Costs: GS/Range/ Months Monthly Proposed
PM [Name Pasition Description Step Budgeted Costs Overlime FFY 1996
D. Roseneau Pl GS1113 8.0 4,200
camp leader/bio. tech. GS7/2 8.0 2,800
bio. tech.. GS6/1 50 2,600

Subtota 21.0 9,700 Ofsiiae
Those cosls associated with program management should be indicated by placement of an *. Personnel Total
Travel Costs: ~ Ticket Round Total Daily Proposed
PM |Description Price Trips Days Per Diem| FFY 1996

meelings in Anchorage 10 225 23
. 0.0
J

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Those cosls associaled with program managemenl should be indicated bz glacement of an *, Travel Total $2.3

Project Number: 96163J FORM 3B

1996 Project Title: APEX/Barren Islands Murres and Personnel
Kittiwakes ‘ & Travel

Agency: DOI DETAIL
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - Seplember 30, 1996

[[Contractuai Costs: Proposed
Description FFY 1996“
2 vessel days at $2.1K/day 42
4 resupply fixed wing charter fights @ $.25/trip 1.0
1 emergency helicopter trip 1.4
1 SCA volunteer in Homer, 3 months 3.4
cleaning and repair of radios and outboard motors 0.6
When a non-trustee organization is used, the form 4A is required. Contractual Total $10.6 |
[Commodities Costs: Proposed

{Description FFY 1996
food for field camp 31
field, climbing, and camping gear 1.7

Commodities Total $4.8 ||
Project Number: 96163J CoFr?thMac3tBua
1996 Project Title: APEX/Barren Islands Murres and 1 &
Kittiwakes s
Commoditie
Agency: DOI -
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

New Equipment Purchases:

Description

Number
of Units

Unit Proposed
Price FFY 1996

0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0

Those purchases associated with replacement equipment should be indicaled by placement of an R.

New Equ

ipment Total $0.0 |f

Existing Equipment Usage:

Number Inventory '

Descriplion

of Units Agenc

1996
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Project Number: 96163J

Project Title: APEX/Barren Islands Murres and
Kittiwakes

Agency: DOI

FORM 3B
Equipment
DETAIL

N N

4/28/95



1996 EXXON VALDEZ TRUST

Commodities
Equipment

Other Resources

OUNCIL PROJECT BUDGET
Qctober 1, 1985 - Sepltember 30, 1996

Dollar amounts are shown in thousands of dollars.

Authorized | Proposed
Budget Category: FFY 1995 | FFY 1996
$4.1 $8.4
$0.4 $0.5
$36 $3.7
$2.0 $2.0
$0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $10.1 $14.6 | Estimaled | Estimaled | Estimaled | Estimaled | Estimated | Estimated
General Administration $0.9 $15] FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 | FFY 2002
Project Tolal $11.0 $16.1 $16.0 $16.0 $16.0
Full-time Equivalents (FTE) 0.1 0.2}

| l

Il

1996

Prepared: 4/28/95
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Comments: Forage fish will be obtained from the stomachs of sport caught large fish predators to test the feasibility and effectiveness of
obtaining low cost, spatial and relative abundance data on forage fish in the Guif of Alaska.

Project Number: 96163K
Project Title: APEX/Large Fish as Samplers
Agency: DOI/USFWS

FORM 3A
AGENCY
PROJECT
DETATL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Name Position Description

GS/Range/
Slep

Months
Budgeted

Monthly
Costs

Proposed]|
Overtime FFY 1996

D. Roseneau Pl

Subtotal

Those costs associated with program management should be indicated by

GS11/4

placement of

20

4,200

8.4
0.0
0.0
00
0.0
0.0
0.0
0.0
00

2.0

4,200

0

Personnel Total

Description

Ticket
Price

Round
Trips

Total
Days

Daily Proposedl‘
Per Diem FFY 1996

Homer to Seward

275

1

225 05
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0

Those costs associated with program management should be indicated by placement of an *.

Travel Total $0.5

Project Number: 96163K

1996 Project Title: APEX/Large Fish as Samplers

Agency: DOI/USFWS
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FORM 3B
Personnel
& Travel

DETAIL
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGEY
October 1, 1995 - September 30, 1996

Contractual Costs:

Proposed

Description FFY 1996
1 SCA volunteer in Homer for 3 months 37
[When a non-trustee organization is used, the form 4A is required. Contractual Total $3.7
Commodities Costs: Proposed
Description FFY 1996
sampling supplies and freight 20

| Commodities Total $2.0 |

FORM 3B

Project Number: 96163K Contractua
1996 Project Title: APEX/Large Fish as Samplers 1 &
Agency: DOI/USFWS

Commoditie

=
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1998

New Equipment Purchases: RNumber Unit Proposed
Description of Units Price] FFY 1996

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0

Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total $0.0 H

Existing Equipment Usage: Number inventory
Description of Unils Agenc

Project Number: 96163K FO. 3B
1996 Project Title: APEX/Large Fish as Samplers Equipment
DETAIL

Agency: DOI/USFWS
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1996 EXXON VALDEZ TRUSTEE COUNCIL. PROJECT BUbGET
October 1, 1995 - September 30, 1996

Authorized | Proposed

Budget Category: FFY 1995 | FFY 1996

Personnel $36 $3.7

Travel $0.0 $0.0

Conlractual $0.0 $0.0

Commodities $0.0 $0.0

Equipment $0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $3.6 $3.7 | Estimated | Estimaled | Estimated | Estimated | Estimated | Estimated

General Administration $05 $06 ] FFY 1997 | FFY 1998 | FFY 1998 | FFY 2000 | FFY 2001 | FFY 2002
Project Total $4.1 $4.3 $5.0 $5.0 $5.0

Full-time Equivalents (FTE) 03 03

Dollar amounts are shown in thousands of dollars.
Other Resources i | | ] | ] |

Comments: Forage fish will be obtained from the stomachs of spost caught large fish predators to test the feasibility and effectiveness of
obtaining low cost, spatial and relative abundance data on forage fish in the Gulf of Alaska.

. FORM 3A
Project Number: 96163K AGENCY
1996 Project Title: APEX/Large Fish as Samplers PROJECT
Agency: DOI/NPS ' DETAIL

Prepared: 4/28/95
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Personnel Costs:

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
Qctober 1, 1995 - September 30, 1996

Name

Posilion Descriplion

GS/Range/
Step

Months

Budgeted

Monthly
Costs

Proposed
Overtime FFY 1996

NPS volunteer

Subtotal

i Travel Costs:

Those cosis associate with

program management should be indicated by

placement of

40

925

37
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

4.0

925

) B

Personnel Total $37

IPM | Description

" Tickel
Price

Round
Trips

Total
Days

Daily Proposed
Per Diem FFY 1996

00
0.0
00
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0

00

1996
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‘hose cosls associaled with program management should be indicated b! glacemem of an *.

Travel Total $0.0 ||

Project Number: 96163K

Agency: DOI/NPS

Project Title: APEX/Large Fish as Samplers

FORM 3B
Personnel
& Travel

DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - Seplember 30, 1996

Contractual Costs: Proposed
Description FFY 1996
[When a non-trustee organization is used, the form 4A is required. Contractual Total $0.0 |

ommodities Costs:

Description

Proposed
FFY 19986

1996
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. Commodities Total $0.0 Jf
FORM 3B
Project Number: 96163K Contractua
Project Title: APEX/Large Fish as Samplers 1 &
Agency: DOI/NPS Commoditie

4/28195



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

[New Equipment Purchases: Number] Unit
Description of Units Price

Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equ

ipment Total

[Existing Equipment Usage:
| ] ]

Number

iDescription

of Units

Project Number: 96163K
1996 Project Title: APEX/Large Fish as Samplers
Agency: DOI/NPS

FORM 3B
Equipment
DETAIL
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Authorized | Proposed

Budget Category: FFY 1995 1 FFY 1996
Personnel $8.0 $20.0
Travel $1.2 $3.1
Contractual $10.0 $10.0
Commodities $50 $5.0
Equipment $2.5 $2.5 _ LONG RANGE FUNDING REQUIREMENTS

Subtotal $26.7 $40.6 | Estimated | Estimated | Estimaled | Estimated | Estimated | Estimated
General Administration $1.9 $3.7] FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 FFY 2002

Project Total $28.6 $44.3 $44.0 $44.0 $44.0
Full-time Equivaients (FTE) 03 03

Dollar amounts are shown in thousands of doliars.

Other Resources | | | | 1 ] |

Comments: The primary function of this component will be to expand the Minerals Management Service's Cook Inlet/Gulf of Alaska forage
fish study. This component will also coordinate the continuation of the historic review of the ecosystem structure in the Prince William
Sound/Gulf of Alaska complex. Included in this review will be obtaining and synthesizing several forage fish data sets.

Project Number: 96163L FORM 3A
1996 Project Title: APEX/Barrens Is. Survey & Historic AGENCY
Review PROJECT
Agency: DOI DETAIL
Prepared 4/28/95
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Persom\el Costs: GS/Range/ Months Monthly Proposedn
{PM |[Name Position Description Step Budgeted Cosis Overtime FFY 1996
{ J. Piatt Pi 3 4.0 5,000 20.0 |
x 0.0
0.0}
x 0.0]
00]
0.0}
0.0}
z : 4.0 5,000 0
L hose costs associaled with program management should be indicated b _;Li_a_;cemenl of an *. Personnel Total
Travel Costs: Tickel Round Total Daily
PM |Description Price Trips Days Per Diem
‘ Anchorage o Seatlle 1112 2 4 225
|
i
|
|
|
|
{Those cosls associated with program management should be indicated by placement of an °. Travel Total $3.1
Project Number: 96163L FORM 3B
1 996 Project Title: APEX/Barrens Is. Survey & Historic Personnel
Review & Travel
Agency: DOI DETAIL
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1996 EXXON VALDEZ TRUS ... COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

onntractual Costs:

72 of 81

Proposed
iDescription FFY 1996
Barren Islands vessel survey 10.0
;
=
}
When a non-trustee organization is used, the form 4A is required. Contractual Total $10.0
Commodities Costs: Proposed
Description FFY 1996
vessel fuel 50
| Commodities Total $5.0
Project Number: 96163L c F:tR: c3tBua
1996 Project Title: APEX/Barrens Is. Survey & Historic °© ) a&
Review Co ditie
Agency: DOI mmoq 1t

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

INew Equipment Purchases:
Description

Number
of Units

Unit Proposed
Price] FFY 1996

EMisc. computer software and hardware

25
0.0
0.0
0.0
0.0
0.0
6.0
00
0.0
0.0
0.0
0o
0.0

Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equ

ipment Total $25 |

Existing Equipment Usage:

Number inventory

Description

of Units Agency

1996
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Project Number: 96163L

Project Title: APEX/Barrens Is. Survey & Historic

Review
Agency: DOI

FORM 3B
Equipment
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL. PROJECT BUDGET
October 1, 1995 - September 30, 1996

Authorized | Proposed
Budget Category FFY 1995 | FFY 1996 :
Personnel $6.2 $8.4 | L
Travel $0.0 $0.0
Contractual $0.0 $0.0 ?
Commodities $0.0 $0.0 | ‘ R A , ’
Equipment $0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $6.2 $8.4 | Estimated | Estimated | Estimated | Estimated | Estimated | Estimated |
General Administration $09 $13| FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 | FFY 2002 |
Project Total $7.1 $9.7 $10.0 $10.0 $10.0
Full-time Equivalents (FTE) 03 0.3}

Other Resources

Dollar amounts are shown in thousands of dollars.

Comments: This component will continue the historic review of the ecosystem structure in the Prince William Sound/Gulf of Alaska complex.
Included in this review will be obtaining and synthesizing several forage fish data sets.

1996

Prepared 4/28/95
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Project Number:

96163L

Project Title: APEX/Historic Review of Forage Fish

Data
Agency:

NOAA

FORM 3A
AGENCY
PROJECT
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - Seplember 30, 1996

Personnel Costs:

iPM jName

Position Description

GS/Range/
Step

Months
Budgeted

Monthly
Cosls

Overtime

Proposed
FFY 1996

|

i
{
1
{

i

i
!
I
|
i
|

biologist

Sublotal

iTravel Costs:

PM |Description

GS9

4.0

2,100

2,100

of

Ticket
Price

Those costs associaed ith program management should be indicat placement of an *.

Personnel Total

Total
Days

Daily
Per Diem

84
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

% S

SRR
$8.4

Proposed
FFY 1996

!
|
|
|

|
|

0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
00
0.0
0.0

Those cosls associated with program management should be indicated by placement of an *.

1996
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Project Number: 96163L

Project Title: APEX/Historic Review of Forage Fish

Data

Agency: NOAA

Travel Total

$0.0

&

FORM 3B
Personnel

Travel
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Contractual Costs: } Proposed
Description FFY 1996
When a non-trustee organization is used, the form 4A is required. Contractual Total $0.0 |
Commodities Costs: Proposed
Description FFY 1996
Commodities Total $0.0
Project Number: 96163L CoFr?thI'qa;tBua
1996 Project Title: APEX/Historic Review of Forage Fish 1 &
bata Commoditie
Agency: NOAA s
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1996 EXXON VALDEZ TRiJSTEE COUNCIL PROJECT BUDGET
October 1’, 1995 - September 30, 1996

New Equipment Purchases:

e s
— o

Number

of Units

Unit Proposed
Price] FFY 1996

0.0
0.0
0.0
0.0
0.0
0.0
0.0
00
0.0
0.0
0.0
0.0
0.0

Those purchases associated with replacement equipment should be indicated by placement of an R. New Equ

ipment Total $0.0

Existing Equipment Usage:

Number Inventory

[Description

of Units Agency

1996
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Project Number: 96163L

Project Title: APEX/Historic Review of Forage Fish
Data

Agency: NOAA

FORM 3B
Equipment
DETAIL

H28/95



1996 EXXON VALDEZ TRUS . __ COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1998

Authorized Proposed

Budget Category: FFY 19985 | FFY 1996
Personnel $16.6 $16.8

ravel $0.0 $0.0
iContractual $0.0 $0.0
Commodities $0.0 $0.0
Equipment $0.0 $0.0 LONG RANGE FUNDING REQUIREMENTS
1 Sublotal $16.6 $16.8 | Estimated | Estimated | Estimated | Estimated | Estmated | Estmated
IGeneral Administration $2.5 $2.5| FFY 1997 | FFY 1998 | FFY 1999 | FFY 2000 | FFY 2001 FFY 2002
| Project Total $10.1 §$193 $19.0 $190 $19.0
IFull-time Equivalents (FTE) 06 0.6}
‘ Dollar amounts are shown in thousands of dollars.
fOther Resources 1 | { |

f Comments: This component will continue the historic review of the ecosystem structure in the Prince William Sound/Gulf of Alaska complex.
 Included in this review will be oblaining and synthesizing several forage fish data sets.

1996

Prepared. 4/28/95
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Project Number: 96163L

Project Title:

Data
Agency:

ADF&G

APEX/Historic Review of Forage Fish

FORM 3A
AGENCY
PROJECT
DETAIL

4/28/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

Position Description

GS/Range/
Slep

Months
Budgeted

Monthly
Costs

Overtime

Proposed
FFY 1996

biologist (Homer)
biologist (Kodiak)

16
16

3.0
4.0

2,400
2,400
0

1.2
9.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Sublotalf

ram management should be indicated by

o

placement of

7.0

4,800

of

Personnel Total

$16.8

PM |Description

Ticket
Price

Round
Trips

Total
Days

Daily
Per Diem

Proposed
FFY 1996

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

|

1996
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[Those costs associated with program management should be indicated bz glacemem of an *.

Travel Total

$0.0

Project Number:

Data

Agency: ADF&G

96163L

Project Title: APEX/Historic Review of Forage Fish

FORM 3B
Personnel
& Travel

DETAIL

1/28/95



1996 EXXON VALDEZ TRUSTL. vOUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

Contractual Costs: Proposed
Description FFY 1996
When a non-trustee organizalion is used, the form 4A is required. Contractual Total $0.0 |
iCommodities Costs: Proposed
[Description FFY 1996
1
t
| Commodities Total $0.0 ||
Project Number: 96163L CanOtR:a;tBua
1996 Project Title: APEX/Historic Review of Forage Fish 1 &
Data c s
Agency: ADF&G Commocdltle
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996

iNew Equipment Purchases:

; Description

Number
of Units

Unit Proposed
Price}] FFY 1996

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

New Equ

ipment Total $0.0 |

Number Inventory

of Units Agency

1996
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Project Number: 96163L

Project Title: APEX/Historic Review of Forage Fish

Data
Agency: ADF&G

FORM 3B
Equipment
DETAIL

128/95
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August 2, 1995

MEMORANDUM TO: Traci Cramer
Director of Administration

FROM: Bruce Wright
Program Manager

Re: Interim Budgets (Oct. 1, 1995 to Jan. 31, 1996)

Restoration Studv 96076: Effects of Oil on Straving and Survival

Project 96076 is a continuing research program with on-going field and laboratory
activities during the period October 1, 1995 through January 31, 1996. These activities
focus on the maintenance, monitoring, and evaluation of the pink salmon embryos
exposed to oiled gravel; the collection of water, gravel, and embryos for hydrocarbon
analysis; and the development of methods for enumerating escapements from carcass
mark/recapture techniques. The continuation of the project also requires planning and
logistic arrangements for the large-scale tagging operations in the spring of 1996, data
analysis and preparation of the annual report, and presentations at the January
workshop. The interim costs include satary and contracts for personnel costs, travel to
support field operations and to Anchorage for Trustee Council workshops and reviews,
and essential supplies. A list of tasks to be accomplished over the interim period follows.

1) Maintenance and monitoring of incubation system. Daily monitoring of flow rates to
100 incubators, cleaning of incubators as necessary, and monitoring and maintenance of
seawater and freshwater supply systems.

2) Evaluation of treatment effects. Assessment of survival of embryos to eyed-stage (late
October-early November) and to hatching (January).

3) Hydrocarbon analysis. Collection of gravel, water, and embryo samples at eyed stage
and hatch stage, and analysis of samples collected at earlier spawning in FY 95.

4) Sashin Creek weir operation. Continued operation of Sashin Creek weir until late
October to enumerate total escapement of pink salmon to Sashin Creek. This requires
daily fish counts and weir cleaning.

5).Stream Surveys. Weekly carcass surveys of Sashin and Lovers Cove Creeks in October




for estimation (mark/recapturey of pink salmon escapement, These surveys are needed to
develop techniques and statistical models for enumeration of escapement in streams sampled
for returning strays and must be done in conjunction with the weir escapement enumeration
for the 1995 return.

6.) Planning, logistic support, data analyses, report preparation. Ongoing, Octdber-January.
COSTS BY LINE ITEM, 96076

Line Item Costs ($K
Personnel $6.8
Travel 10.9
Contracts 3.6
Commodities 13.8
Equipment 0.0
SUBTOTAL 97.1
General Admin 10.6
TOTAL $107.7

Restoration Study 96191B: Damage to Pink Salmon Fry and Pre-emergent Fry Incubated
in Oiled Gravel (Laboratorv Study).

Below are the interim budget requirements for this study. The primary objective of this

project is to determine if pink salmon that incubate in oiled gravel ultimately experience
impaired reproductive ability. Exposures for the 1993 brood were complete in the spring
of 1994, and the adult fish will be mature at the end of FY95.

During the interim portion of FY96 we will begin evaluating the reproductive success of
the 1993 brood. In addition, we will be writing our annual report, and perparing for the
annual meeting in Anchorage. Labor costs include a half-time technician to culture the
developing eggs, and PI to prepare the annual report. The travel budget reflects the
need for two trips to Little Port Walter, to observe the survival to “eyeing” among the
progeny of the 1993 brood, and later, to assist the hatchery technician when larvae begin
hatching. In addition, we have included the cost of the trip to the annual meeting in
Anchorage and the cost of another trip to Anchorage to meet with investigators from
Restoration Study 96191A.



COSTS BY LINE ITEM,

961918

Line Item
Personnel
Travel
Contracts
Commodities

Equipment
SUBTOTAL

General Admin

TOTAL

Costs (3K
42.0
19.2

0.0
5.3
0.0
66.5

6.3

$72.8

Restoration Study 96163 A-L: Apex Predator Ecosystem Experiment (APEX)

Interim funding will be necessary for data analysis, report and workshop preparation, and
development of the FY96 proposal based on the November 30-December 1, 1995

workshop review.

The attached APEX interim budget will allow for personnel and travel costs to
accommodate data analysis, reporting, and travel (see tables below). The two contracts,
96163A and 96163G extend beyond January 31, 1996 already, so no interim funding will
be requested. Program management costs will, however, be necessary. Project 96163H
was not funded in FY95 so no interim funding will be requested.



COSTS BY AGENCY and BY LINE ITEM, 96163 A-L

Line Item DOI ($K) NOAA (3K) ADF&G ($K) TOTAL ($K)
Personnel 181.1 29.3 26.3 .236.7
Travel 7.0 7.0 0.0 14.0
Contracts 0.0 0.0 0.0 0.0
Commodities 0.0 0.0 0.0 0.0
Equipment 0.0 0.0 0.0 0.0
SUBTOTAL 188.1 36.3 26.3 250.7
General Admin 27.2 4.4 3.9 35.5
TOTAL $ 215.3 $ 40.7 $ 30.2 $ 286.2
cc:  Dave Duffy

Ron Heintz

Dave Irons

Byron Morris

Jeep Rice

Sandra Schubert
Stan Senner
Joe Sullivan
Alex Wertheimer



96163 A-L Interim Budget for Oct. 1, 1995 to Jan. 31, 1996

PROIJECT TITLE Personnel Costs Total
(title/months)
95163 A Fish Survey & $ 5.8K (PM NOAA/1 months) $ 1.0K
Biology
95163 B Bird/Fish Interactions] 19.2 (PI/4 months) 0.5
5.5 (PM DOI/1 month) 0.0
95163 C Fish Diet Overlap 9.9 (P1/3 months) 4.5
20.3 (techs./3 months) 0.0
5.8 (PM NOAA/1 month) 0.0
1.2 (PM ADFG/.2 month) 0.0
95163 D Puffins as Samplers 5.0 (PI/1 month) 1.0
6.0 (Assis. P13 months) 0.0
95163 E Black-legged 19.2 (P1/4 months) 1.0
Kittiwakes 4.9 (2 techs./2 months) 0.0
5.5 (PM DOV/1 month) 0.0
95163 F Pigeon Guillemots 19.2 (P1/4 months) 1.0
4.9 (2 techs./2 months) 0.0
5.5 (PM DOJV/1 month) 0.0
95163 G Energetics 2.8 (PM NOAA/0.5 month) 1.0
95163 H Proximate
Composition 0.0 0.0 0.0
95163 1 Project Leader 35.0 (P1/2 months) 1.0
2.5 (PM DOV/0.5 month) 0.0
2.9 (PM NOAA/0.5 month) 0.5
13.0 (Fish Symposium) 0.0 56.9
95163 J Barren I Murres & | 12.6 (P1/3 mouths) 1.0 “
BLKs 6.9 (bio. tech./2 months) 0.0 205
95163 K Fish as Samplers 4.2 (P1/1 month) 0.5 4.7
95163 L Barrens & Historical { 10.0 (P1/2 months) 1.0
2.1 (biologist NOAA/1 mo) 0.0
4.8 (biologists F&G/2 mo) 0.6 - 179
General
Admin.
236.7* 14.00 250.7*
TOTAL

PI = principal jnvestigator

PM = program manager

* General administration will be added to these costs. See summary tables below.
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PACIFIC HERRING PROJECTS COORDINATION

Project Number: 96164

Restoration Category: Research

Proposer: ADF&G

Lead Agency: ADF&G

Cooperating Agencies: UAF, NOAA, PWSSC
Duration: 4 years

Cost FY 96: $49.200

Cost FY 97: $49.200

Cost FY 98: $49.200

Cost FY 99: $49,200

Cost FY 00:

Cost FY 01:

Cost FY 02:

Geographic Area: Prince William Sound
Injured Resource/Service: Pacific Herring/Commercial fishing/ Subsistence
ABSTRACT

The purpose of this project will be to enhance coordination, integration and critical review of projects
that are designed to study different aspects of Pacific herring in the Prince William Sound ecosystem;,
to better understand the interactions of the components of the ecosystem; and, to aid in the recovery
of the injured resource and lost services.

INTRODUCTION

Pacific herring, Clupea harengus pallasi, play a vital role in the ecosystem and economy of Prince



William Sound (PWS). Within the ecosystem, they occupy the middle link of the food chain as they
provide an energy source for many other species as forage for other fish, birds, sea mammals and
invertebrates. Since the Exxon Valdez oil spill, this link was broken and the Pacific herring
populations are depressed. Consequently, a number of research and monitoring projects were
proposed and funded by the Trustee Council (TC) in an attempt to better understand the dynamics of
the Pacific herring in PWS and to aid the restoration of the Pacific herring populations.

As the number and complexity of the Pacific herring studies expanded, it became apparent that there
is a need to assure that there is good communication between the Principal Investigators (PIs) within
the Pacific herring studies and between these Pls and PIs of other study programs. The purpose of
this project is to provide greater organization and coordination among the projects that study Pacific
herring and their role in the PWS ecosystem. The scope of this project will also include a broader
perspective to assure good communications between Pls for Pacific herring projects and the Pls of
other PWS ecosystem projects (e.g. APEX; Nearshore Predators; SEA). It will employ the services
of recognized fisheries experts who specialize in herring biology to incorporate their overview,
review and comments from an external perspective into hypotheses, reports and proposals.

NEED FOR THE PROJECT
A. Statement of Problem

Pacific herring, Clupea harengus pallasi, has been identified by the TC as a resource that was injured
but has not recovered . The oil spill occurred as the Pacific herring were spawning in 1985. Studies
of injuries to adult Pacific herring began immediately and histopathological damage was measured in
adults in 1989 and 1990. Over 40% of the PWS spawning areas were oiled. Physical and genetic
abnormalities in newly hatched Pacific herring larvae and reduced hatching success were observed.

The spawning populations in 1993, 1994 and 1995 have been much below expectations for PWS.
Pathological studies have indicated an elevated incidence of the pathogens, viral hemorrhagic
septicemia (VHSV) and Ichthyophonus. These have been implicated in the cause of the mortality
and possible suppression of the recovery but it is unknown if the disease incidence is in response to
oil exposure in 1989 and 1990 or if it is in response to other disturbances to the ecosystem.

B. Rationale

Since the oil spill and the crash of the Pacific herring populations in PWS, there has been
considerable interest in Pacific herring damage assessment and restoration. A Draft "Stock Model for
Pacific Herring in Prince William Sound" was prepared by Brown and Wilckck (1994) to propose a
hypothetical stock structure and a detailed description of the assumptions upon which it was based.
Studies funded by the TC have attempted to assess the role of Pacific herring in the PWS ecosystem.
the impacts of the ecosystem on Pacific herring and the enhancement of management studies to
monitor Pacific herring populations and the recovery status (Table 1). Restoration strategies will
depend on understanding the cause of the 1993 crash, the role of interactions within the ecosystem
and the best available stock status information. Each Pacific herring project has different objectives
and the PIs for these projects have diverse backgrounds and expertise and they work for different
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agencies or organizations. Some projects are components of other TC-funded programs such as the
Prince William Sound Ecosystem Assessment (SEA) Program. All Pacific herring projects are
important to other components of the Prince William Sound ecosystem as well because Pacific
herring are a vital link of the food web that may affect populations of both producers (e.g.
zooplankton) and consumers (e.g. marine mammals, birds and fish predators). All are affected by the
primary productivity of the ecosystem, which, in tum, is driven by oceanic currents. Some of these
complex interactions are indicated in Figure 1. Consequently, it is imperative that Pacific herring
project PIs communicate well with each other and with Pls of other projects and that project
activities are well coordinated.

This project is intended to enhance communication and coordination among Pacific herring Pls and
with PIs of other projects that study resources that are interrelated and affected by the recovery of
Pacific herring. This will assure that projects and tasks within projects will be complementary and
not overlapping, and that information derived from Pacific herring projects will be shared with Pls of
other projects and that data that they need will be collected. Extra quality assurance will be provided
by inviting constructive criticism from experts outside the oil spill process.
C. Summary of Major Hypotheses and Objectives
The purpose of this suite of projects is to determine and model the interactions of Pacific herring
with other components within the PWS ecosystem to understand the impacts of depressed Pacific
herring stocks and approaches that may aid the restoration of this injured species. Objectives
addressed by the various projects (specific objectives are listed within each DPD of each project)
include:

- Spawning biomass and spawning deposition

- Mortality factors and survival rate of Pacific herring eggs

- Role of disease in population control

- Juvenile growth, habitats and migration

- Energy cycles for overwintering survival and reproductive success

- Stock identification and management applications

- Role of oil in long-term damage

- Assessment of Pacific herring reproductive impairment status
D. Completion Date
The overall goal of this project will be met when the results and objectives from each of the
individual projects have been met (Table 1) and incorporated into the SEA Model and conclusions
are reported in a final synopsis review report. These conclusions will also be shared for

incorporation into summary reports of other programs and projects that describe the components of
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the PWS ecosystem. This overall goal is expected to be completed in FY 1999,

COMMUNITY INVOLVEMENT

Individual projects within the Pacific herring study group and within the SEA program will have
their own plan to involve residents from the spill area communities and to incorporate
local/traditional knowledge. Obviously, there is strong interest in Pacific herring population recovery
status and the overall recovery of the ecosystem in Prince William Sound. Hypotheses, results and
conclusions derived from these projects will be communicated to the residents indirectly through the
TC and directly by individual Pls.

FY%6 BUDGET

Personel 14.9
Travel 10.7
Contractual 20.0
Commodities 0.0
Equipment 0.0

Subtotal 45.6
Gen. Admin. 3.6

Total 49.2



Table 1. Exxon Valdez Trustee Council Pacific Herring Projects, 1996.

Proju.t No. Project Title Principal Investigator Completion H
95074 Reproductive Impairment Rice 1997 "
95165 Genetic Structure J. Seeb 1998 "
95166 Herring Natal Habitat Willette 1998! “
95320E Juvenile Salmon and Herring Willette 1998 ]

Integration
95320N Sound Ecosystem Assessment Thomas 1998 i
(SEA) Nekton-Plankton
Acoustics
953208 Investigations of Disease Kocan 1998
Factors Affecting Declines of
Pacific Herring Populations ia
Prince William Sound, Alaska
95320T Juvenile Herring Growih and Norcross 1998 "
Habitat Partitioning
95320U Somatic and Spawning Paul 1998
Energetics of Herring and
Pollock

' Major components will be completed sooner.



PWS Herring Research in the Near Future

. |
 Proposied Price FY94 FY935 . | FYS6 _Fy9r FYgs
Priorty |Project No. ’roject E loment/Task Resposibility Total |Heming|Fall |Win 'Spr lSun Fall Win] Spr lSun Fali{Win Spr]§un] Fall[Win[Spr]Sun FalllWinI Spr !Sun Future
ADF&G  Age/SexSize Structuie ADF&G (Wilcock) 252 $»-Ongoing
ADF&G Commerciil Fishery Management ADFAG (Donald:on) 1975 50 Wm
ADF&G  Spring Aenal Surveys ADF&G (Donald-on) 505 >0r'9°ino
i : ADFAG (vanous . )
ADFAG Forecast, Slock Assif.smorm Biometrics salaries) ? 30 - - ~>ongo|m
6 95165 Genetic Stcck 10 ADFG (Seeb! 105 4 X if pol disgrele |t giocks distrete. Depends on restdts of intial studies
1 95051 Large Scalh CWT Taging NRC (June) 2319 ? 7 Requires long term commitment
1 95166 Spawn Dejostion Survey ADFA&G (Wilcouk) 5128 QA DTN MDD SN NN A NNANR N Modity {o suit ecological
Jg study goals or replace with sonar fo
. biomass est
RecruunertEnvirun Factors modeling Sub UAJ (Quitn) ? Modity as needed
GIS Dig tuzing of 11 storc Spawn Maps Sub PWSSC AP ¢+ » -+ - s e eesesnssacasnecesestensenoroasassornt b brantaton P Annual updates afler set up
{Scheel)
. Modei survival eventually, dwation
Epg Los vMortalty L X Sumval model ?uccessfu depends on resulls
Hering Embry > Survivel Model Sub UAJ (Quinn)
Cyt: genetic Atnormalilies Sub (Hose)
E 9g lrc sbation Study Sub (Hose, Ko:an)
1 95320Q Avien Predat.cn CRD! (Bishop) 99 —————————
2 ’—9565_7“ “Larvel Drift Advectic n UAF (Norcross) - ‘-_" B e - 1 ) - Neod ocean stata model 1st
1 95320N  Nearshora Acoustics Project PWSSC (Thomas) 6352
1 g5320E Hermng ani Saimon | Negated Study ADFAG (Willette) 943 1
1 953207 Juvenule G:owth and Habdat Partitioreng IADFAG (Brown) and 340 3 Ongoing, annual modifications
’ Sub UAF
1 95163 Abund /Oisin Forage Fish NOAA Sub toUAJ 12946 32365 .
ol {Pau, Halcorson) A
1 95320U  Bioenergel cs of Heir ng UAF (Paul) 99 4 70
Stav vation St hes e
Quuirterly Con iion Samples » Eun(uany, only quariery sampling
His'yric Grovah Data Analysis MNP RSO
1 95120-BAA Proximate Composi'iin of Forage Fish AM University 43 ? ?
—_— FUNE (Worthy) - — _
a 95320V Humback \Vhala P ‘ation NGOS (Matki1) 2798 ? pfior inial study. ann.ally estimate
Dlgem and Ecotoxicolo jy
1 953205 Dis-+ase - I 1 18nce of VHS RFP Proces: 3799 (X Conclude o stions persist
1 95074 Ruj roductivie tmpairment NOAA (Rice) 1975
ADF&G Totad 1557
Tiusiaes Totat 3336 7

Figure 1 Pacitic herriag rescarch projects i P'riince Wilhar Sound




PROJECT DESIGN
A. Objectives

1. Coordination and integration of hypotheses, objectives, tasks, schedules, data collections and
conclusions among Pls within the Pacific herring studies.

2. Coordination and integration of hypotheses, objectives, data needs and conclusions among PIs
of other PWS ecosystem research projects.

3. Integration of critical evaluation among the Pacific herring study group Pls by specialists in
the field of herring biology who are presently not associated with the TC research.

4, Prepare a final synopsis review report that integrates information from all of the Pacific
herring studies and the other PWS ecosystem studies.

B. Methods
1. Coordination within Pacific herring studies.
a. A discussion, network or forum will be established by the Program Manager among

the Pls to enhance information exchange. Pls will be requested to provide brief (e.g..
one page) summaries of activities whenever a significant event is completed (e.g.. a
spawning event or a data collection trip) to share important findings or observations.

b. Quarterly reports will be assembled as a Pacific herring package and distributed amor:
the researchers. :

c. An annual meeting of the TC Pacitic herring project Pis will be convened in eariy 1
to discuss annual findings and compare results and draft conclusions.

d. During the Annual Workshop, a special session will be convened for the TC Pacific
herring project Pls to review results and conclusions, proposals and hypotheses for the
next FY, data gaps, work schedules, common tasks and special needs.

2. Coordination and integration with other ecosystem research studies will occur with
presentations and participation during the Annual Restoration Workshop and invitations to
other PIs to participate in the Pacific herring special session.

Integration of critical evaluation

Wl

a. Two specialists in the tield of herring biology will be contracted to review and prov: .«
critical comments on project proposals and project reports.

b. The specialists will participate in the Pacific herring study review meeting and the
Annual Restoration Workshop.



c. The herring specialists will be selected to assure that they have different backgrounds
to provide a broad scope of coverage to accommodate the broad range of topics and
review needs of the diverse Pacific herring projects. Selection Criteria will include:
publication record, specialty area, reputation as a scientist, written and oral
communication ability, committment and availability.

4, Final synopsis report. One of the herring specialists, the Program Manager or one of the
Pacific herring PIs will be designated to write a final synopsis report to summarize and
integrate the results and conclusions from all of the Pacific herring studies.

5. Communication The Program Manager for the Alaska Department of Fish and Game
(ADF&G) will assure that the means of communication for integration, coordination and
review will be established and maintained and that contracts are administered. The Program
Manager will be responsible to prepare the agenda and make arrangements for the Pacific
herring workshops.

C. Contracts and Other Agency Assistance

Contracts will be required for two specialists in herring biology. Specific tasks will include:
*Review and comments for Pacific herring project proposals.

*Review and comments for Pacific herring draft progress reports.

*Travel and per diem to participate in a Pacific herring review meeting and the Annual
Restoration Workshop.

It is expected that these tasks can be accomplished in approximately one month annually. This will
allow one week, twice yearly, to review materials and prepare for the workshops and one week.
twice yearly, to participate in the workshops.

D. Location
The Pacific herring projects are focused within Prince William Sound. Collectively, they will

provide critical information to help to understand linkages between the components of the Prince
William Sound ecosystem.

SCHEDULE
A. Measurable Project Tasks for FY96

Start-up to November 15:  Advertise and contract herring specialists

By December 15: Convene annual Pacific herring fall workshop to review results and dratt
conclusions



January/February: Convene special session of the Annual Restoration Workshop to review
results and conclusions, proposals for FY 1997 sampling schedules and
data needs.

B. Project Milestones and Endpoints

l. The objectives of coordination and integration of hypotheses, conclusions, work schedules and
data collections as well as review and critical comment for project proposals and project
reports will be accomplished each year.

2. The objective of preparing a final synopsis review report that is expected to be met at the end
of the period of study for these projects in 1999.

C. Project Reports

Each Pacific herring project will remain as a separate entity and each will have a schedule for annual
and final project reports. This project will, however, is expected to provide a final synopsis review
report in FY1999.

COORDINATION AND INTEGRATION OF RESTORATION EFFORT

The purpose of this project is to create a means for coordination and integration with other
restoration efforts and the SEA model. The primary intent is to increase efficiency, information
exchange and collective expertise among the PIs within the Pacific herring projects group. The
secondary intent is to assure that this increased expertise and the knowledge about Pacific herring in
Prince William Sound is distributed and shared among all ecosystem study projects in Prince William
Sound. Finally, results and conclusions from these studies will be communicated to individuals.
communities and agencies outside the Tt¢.

It will be the responsibility of the Program Manager for ADF&G to assure that the lines of
communication are established and maintained and contracts are administered.
ENVIRONMENTAL COMPLIANCE

Compliance with the National Environmental Policy Act (NEPA) will be required for this project.
This will most likely result in a decision as a Categorical Exclusion (CE) and the most likely lead
federal agency will be the National Oceanographic and Atmospheric Administration (NOAA).
PERSONNEL

William J.Hauser:

Education-
B.S., Zoology, University of Wisconsin, 1965

8



M.S., Fish and Wildlife Management, Montana State University, 1968
Ph.D., Zoology, University of Maine, 1973

Professional Experience-

1994-present: Assistant Program Manager, H&R Div., ADF&G

1994: Writing Team Member for fisheries, EVOS Restoration Plan EIS
1993-1994: Regional Resource Development Biologist, CFMD Div., ADF&G
1980-1993: Regional Biologist, FRED Div., ADF&G

1977-1980: Chief Fisheries Scientist, Nalco/Hazelton Environmental Sciences
1973-1977: Research Biologist, University of California, Riverside

Name of proposed Project Leader
William J. Hauser

Alaska Dept. of Fish & Game
Habitat and Restoration Division
333 Raspberry Rd.

Anchorage, AK 99508

Ph: (1-907) 267-2172

Fax: (1-907) 522-3148

EMail:

Name of proposed Project Manager
Joseph R. Sullivan

Alaska Dept. of Fish & Game
Habitat and Restoration Division
333 Raspberry Rd.

Anchorage, AK 99508

Tel:  (1-907) 267-2213

Fax: (1-907) 522-3148

E-Mail:

Date prepared



1996 EXXON VALDEZ TRUS.._ COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

[ Authorized Proposed
Budget Category: FFY 1995 FFY 1996
Personnel $31.6
Travel . $5.0
Contractual $3.1
Commodities $0.5
Equipment $4.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $0.0 $44.2 | Estimated Estimated Estimated Estimated Estimated Estimated
General Administration $5.0] FFY 1997 FFY 1988 FFY 1999 FFY 2000 FFY 2001 FFY 2002 "
Project Total $0.0 $49.2
Full-time Equivalents (FTE) ' 0.5
Dollar amounts are shown in thousands of dollars.
Other Resources | | | | i | R |

Comments:

Note: This budget accounts for half-time funding for a full-time "Pacific Herring Program Coordinator”. The balance of the funding will be provided by re
direction of funding and/or tasks of the individual Pacific herring projects.

| &
N
R
N
N
Project Number: 96164 ZOGREY\I g\/,\ %

1996 Project Title: Pacific Herring Program Coordinator PROJECT

Agency: AK Dept. of Fish & Game DETAIL
Prepared: 1 of 4 —



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET

October 1, 1995 - September 30, 1996
Personnel Costs: GS/Range/

PM

Name

Position Description

Step

Months
Budgeted

Monthly
Costs

Overtime

Proposedil
FFY 1996

Pacific Herring Program Coordinator

PO

-

|

Subtotal

20A

hose costs associated with program management should be indicated by placement of an

T
Travel Costs:

Description

6.0

5,265

31.6
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

- 0.0
0.0

0.0

5,265

o

Ticket
Price

Total
Days

Personnel Total

Daily
Per Diem

~ Proposed
FFY 1996

“PM

|

Cordova

Car Rental - $12/day x 20

Anchorage - {Annual Rest Sci Workshop, Herring Review)
Anchorage

444
444
352

10

20

125
125
125

1.6
1.4
1.8
0.0
0.0
0.0
0.2
0.0
0.0
0.0
6.0
0.0

1996

20of4

Those costs associated with program management outd b icate y placem of an *,

Project Number: 96164

Agency: AK Dept. of Fish & Game

Project Title: Pacific Herring Program Coordinator

$5.0

FORM 3B

Personnel
& Travel
DETAIL

8/1/95



1996 EXXON VALDEZ TRUS ;OUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

|

Contractual Costs: T a Proposed
Description FFY 1996
Air charters -5-hrs @ $250/hr 1.3
Telecommunications, postage, and courier service . ’ 1.0
WAN (CFMD network) . 0.9

ll Copying and Printing ' ? 0.3

When a non-trustee organization is used, the form 4A is required. Contractual Total $3.1

ICommoames COS'IS: Proposea
i{Description FFY 1996
Field Gear 0.2
Office/photo supplies 0.3
I
_ _ _ Commodities Total $0.5
FORM 3B
Project Number: 96164 Contractual &
1996 Project Title: Pacific Herring Program Coordinator Commodities
Agency: AK Dept. of Fish & Game * DETAIL

3of 4 8/1/95



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 1995 - September 30, 1996

{INew Equipment Purchases:

Description

Number
of Units

Unit Proposed
Price FFY 1996

Computer
Printer

1
1

2,500 2.5
1,500 1.5

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

Those purchases associated with replacement equipment should be indicated by placement of an R.

New Equipmént Total $4.0

Existing Equipment Usage:

Deseription

Number
of Units

Inventory
Agency

1996

4 of 4

Project Number: 96164
Project Title:
Agency: AK Dept. of Fish & Game

_*

FORM 3B
Equipment
DETAIL

8/1/95
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Genetic Discrimination of Prince William Sound Herring Populations 4-27
430pm

Project Number: 96165

Restoration Category General Restoration

Proposer: Alaska Department of Fish and Game
Lead Trustee Agency: Alaska Department of Fish and Game
Cooperating Agencies: None

Duration: 2 172 years

Cost FY 96: 105.8K

Cost FY 97: 120.0K

Cost FY 98: 97.0K

Geographic Area: Prince William Sound

Injured Resource/Service: Pacific herring

ABSTRACT

The Prince William Sound herring fishery has been in catastrophic decline since 1992. The Alaska
Department of Fish and Game recovery effort includes incorporating a knowledge of genetically
derived population structure into harvest management. In this continuing project we are delineating
the structure of Prince William Sound population(s) and related North Pacific populations using both
nuclear and mitochondrial DNA analyses. Tests for temporal and spatial diversity within years and
temporal stability across years will be done.

INTRODUCTION

Pacific herring Clupea pallasi are a major resource in Prince William Sound from both a commercia!
and ecological perspective. The timing of the Exxon Valdez oil spill (EVOS) overlapped the annual
spring migration of herring spawners to near shore staging areas. Over 40% of the herring spawniny.
staging, and egg deposition areas and over 90% of the documented summer rearing and feeding arcas
were lightly to heavily oiled prior to the spawning events. As a result, herring encountered oil
during each of their four life stages in 1989 and, to a lesser extent, in 1990. Adult herring traversed
oil sheens and mousse while traveling northward and eastward. Eggs were deposited on oiled



shorelines and were "dipped" in sheen through tidal action while incubating. Larvae that hatched
contained lipophilic petroleum hydrocarbons in their yolk sacs and encountered sheen near the
surface while in their most sensitive state. Post-larval or juvenile herring swam through and
remained near lightly to heavily oiled shorelines, regularly encountering shecn, mousse and dissolved
oil components through the summer while feeding in shallow near shore bays and passes.

The Prince William Sound herri g fishery has been in catastrophic decline since 1992. In 1993, the
total observed spawning population was less than one-third of preseason predictions; and the average
sizes of herring in each age class were some of the smallest on record. Only limited commercial
herring fishing occurred. Preliminary pathology results implicated viral hemorrhagic septicemia
(VHS) as a potential source of mortality and stress. In 1994, as in 1993, the spawning population
was below preseason predictions. No recovery was evident in 1995. Aerial surveys since 1993
indicated that the population was below threshold harvest levels. The ex-vessel value of the herring
fisheries in 1992 was $12.0 million. In 1993, the ex-vessel value dropped to $2.0 million, and
herring abundance was so low that no commercial harvest has been permitted since.

Alaska Department of Fish and Game is mobilizing a recovery effort that includes pathology,
genetics, early life history, and oceanographic investigations. The Department drafted a stock model
(Brown and Wilcock 1994) to provide a basis for restoration management. However, that mode] is
based upon several assumptions about the population structure of and recruitment to Prince William
Sound spawning groups. This proposal was designed to evaluate those assumptions which include
genetic homogeneity of herring stocks within the Sound and no recruitment to those stocks from
outside of the Sound.

Incorporating genetically derived population structure is crucial to the success of any fisheries or
restoration program. Consistent exploitation of mixed populations has to lead to the demise of the
least productive stocks. Unfortunately, defining the population structure of herring has been
particularly difficult. There is evidence that herring home (Wheeler and Winters 1984), but straying
may also be substantial. Morphological and meristic differentiation of herring from discrete
geographic regions has been used as evidence for the existence of genetically distinct populations. but
much of this variation may be environmentally mediated and has not been confirmed with genetic
data (Safford and Booke 1992; King 1985).

Allozyme electrophoresis has proven to be the most useful tool for delineating the population
structure of many commercially important species in Alaska. But, previous surveys of herring using
this technique have generally revealed differentiation only over broad geographic regions (Grant
1984; Grant and Utter 1984; cf., Grant et al. 1987) or between spawning populations within the same
area that are temporally isolated (Kornfield et al. 1982). Allozymes define two distinct races of
Pacific herring (Asian/Bering Sea and eastern North Pacific), with further subdivision between Gult
of Alaska and more southerly North Pacific stocks (Grant and Utter 1984). Also, allozyme markers
were used to describe genetic divergence among local spawning populations of Pacific herring in the
vicinity of northern Japan (Kobayashi et al. 1990).

Additional techniques to study the structure of natural populations have became available in recent
years as a result of advances in molecular biology. Restriction fragment length polymorphism
(RFLP) analysis of mitochondrial DNA provided some evidence of genetic differentiation among
Atlantic and Pacific herring (Kornfield and Bogdanowicz 1987; Schweigert and Withler 1990; Dahle
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and Eriksen 1990); however the utility of these and more recently developed techniques to detect fine
genetic structure in Pacific herring has not been properly assessed. Peer reviewers of preproposal
95165 recommended that, of the molecular techniques then considered by our laboratory, that we
focus upon microsatellite markers (in nuclear DNA) as being potentially most useful markers for
investigation of fine structure. In consideration of those comments, and in consideration of the fact
that nuclear and mitochondrial loci evolve in response to different pressures, we propose to use a
combination of both mitochondrial and microsatellite approaches to more accurately define the stock
structure of herring from the EVOS-affected area (e.g., Taylor and Bentzen 1993; Bentzen et al.
1994). The data can also be used to estimate the population composition of non-spawning
aggregations contributing to the fisheries in Prince William Sound.

NEED FOR THE PROJECT
A. Statement of Problem

The Prince William Sound herring fishery is in serious decline. The lack of commercial harvest
since 1993 has had severe negative impacts on individual fishermen as well as the economies of the
communities within Prince William Sound.

B. Rationale

Pacific herring is a major resource in Prince William Sound (PWS) from both commercial and
ecological perspectives. During the last 15 years the five commercial herring fisheries in PWS had
an average annual combined ex-vessel value of $8.3 million (Donaldson et al. 1993). Pacific herring
provide important forage for many species including some species severely injured by the Exxon
Valdez oil spill. Predator species include humpbacked whales, seals, sea lions, gulls, sea ducks,
shorebirds, halibut, salmon, rockfishes, and other fishes. In addition, several thousand pounds of
herring and herring spawn-on-kelp are harvested annually for subsistence purposes and tform an
important part of the local native culture of the villages of Chenega and Tatitlek.

The goal of this project is to improve the accuracy of current stock assessment methods, thus
improving resource management. Improved accuracy of stock distribution information will allow
fishery managers to make fine adjustments of fishing quotas to harvest the maximum available
surpli'ses with the lowest possible risk of over harvest, damage to the resource, or economic loss ta
the fishing industry. This information is also needed to help interpret oil spill damage results.
Because commercial and subsistence herring harvests represent substantial contributions to local
economies, intensive management is expected to benefit all communities in PWS. Restoration eftorts
can be directed and evaluated through improved fishery management and continued resource
monitoring.

C. Summary of Major Hypotheses and Objectives

The major hypothesis of the Brown and Wilcock (1994) stock model that we plan to test are that (1
genetic homogeneity exists within Prince William Sound and (2) the Prince William Sound
population is genetically isolated from other Gulf of Alaska populations. The working objectives o!
this study are to:



1. Screen population samples (collected from spawners) using both nuclear and mitochondrial
DNA approaches. Techniques will include both RFLP analysis of mitochondrial regions
amplified by polymerase chain reaction (PCR) and analysis of microsatellite loci (analysis of
regions with variable number of tandem repeats, VNTR).

2. Evaluate the null hypothesis that a single panmictic population of herring exists in Prince
William Sound. Tests will include four putative population samples from both spatial and
temporal isolates within the Sound.

3. Evaluate the structure of Prince William Sound populations within the context of the structure
of adjacent spawning aggregates (up to four), including a comparison from across the known
genetic barrier of the Alaska Peninsula.

4, Evaluate the structure of Prince William Sound and related North Pacific populations for
inter-annual stability.

D. Completion Date

The duration of this project was anticipated to be two and one-half years (see Projects 94165 and
95165). This period was to cover field collections from two spawning seasons and subsequent
laboratory analysis. We anticipated that laboratory analysis would be complete in FY 95 and
reporting to be complete in FY 96.

However the start date, and thus the completion date, of this project have been elusive. The Trustee
Council first made funds available during FY 94 (Project 94165). The field season that year was
truncated due to the surprise run failure, inadequate samples were obtained to meet project most
project objectives, and project start was deferred one year. No Trustee Council funds were spent on
the project in FY 94. We are in the middle of the field season for FY 95 (Project 95165) at the
writing of this proposal, 96165. Some spatial isolates from within Prince William Sound have becen
successfully sampled, but temporal isolates remain elusive because of the current run failure.
Sampling from outside of the Sound is in progress and appears adequate. We will initiate laboratory
analyses with the aid of a contractor, but we are certain that FY 95 sampling will not be complete
enough to meet all four project objectives.

At least two years of complete sampling are required to confirm year-to-year stability of population
structure. For example, Kornfield et al. (1982) observed within-year temporal variation and within-
year spatial variation in Atlantic herring populations that were not stable across year classes. Such
annual variation may indicate substructure variability due to changes in larval flushing/larval retention
patterns like those described in Brown and Wilcock (1994). Thus, management recommendations
made on only one year’s genetic data may not be valid. Based upon sampling difficulties due to the
run failure, we now believe that reporting of this project will not be complete until the end of FY 9%.
The cover sheet for this proposal retlects place-holder budgets for FY 97 and FY 98, and those
requests will be made if annual project results and Chief Scientist recommendations so indicate.

COMMUNITY INVOLVEMENT



Laboratory analyses and reporting are technical pursuits that will be conducted by or supervised by
Ph.D. scientists. Wherever possible, local-hire will be used to fill field positions required for
sampling or routine laboratory positions. The project will be moved to the Alaska Sealife Center in
Seward, should the project duration overlap with the availability of that facility. Again, local hire
will be used when possible, and ADFG plans to participate in all of the educational and outreach
programs scheduled for the Center.

FY 96 BUDGET

Personnel 22.5
Travel 2.2
Contractual Services 72.0
Commodities 7
Equipment 00.0

Sub-total 974
General Administration 8.4

Total 105.8
PROJECT DESIGN

A. Objectives

Our overall objective is to provide a genetic basis for the stock model used by Alaska Department of
Fish and Game to manage and restore the depleted herring resource in Prince William Sound. We
propose to test for genetic heterogeneity among spawning aggregations of Pacific herring within
Prince William Sound, adjacent to Prince William Sound, and between year classes within and
adjacent to the Sound. Achieving this objective will provide inrormation to enable resource
managers to better understand herring population dynamics and develop harvest strategies that will
speed the recovery process. In addition, it will aid local resource users to make appropriate pre-
season plans based on accurate and precise herring projections.

The working objectives of this study are to:

l. Screen samples collected from spawning aggregates using both nuclear and mitochondrial
DNA approaches. Techniques will include both RFLP analysis of mitochondrial regions
amplified by polymerase chain reaction (PCR) and analysis of microsatellite loci (analysis of
regions with variable number of tandem repeats, VNTR).

2. Evaluate the null hvpothesis that a single panmictic population of herring exists in Prince
William Sound. Tests will include four putative population samples from both spatial and
temporal isolates within the Sound.

3. Evaluate the structure of Prince William Sound populations within the context of the structure
of adjacent spawning aggregates (up to four), including a conparison from across the known
genetic barrier of the Alaska Peninsula.



Evaluate the structure of Prince William Sound and related North Pacific populations for
inter-annual stability.

I Tethods
Field Collections

Earlier versions of this proposed project focused solely upon populations within Prince
William Sound. Peer reviewers recommended expanding the project to include outgroups
from the Gulf of Alaska and the Bering Sea and to include tests for inter-annual stability (cf.,
Kornfield et al. 1982, see below).

Field collections of spawning Pacific herring will target eight representative sites within and
adjacent to Prince William Sound. The collection sites within Prince William Sound will be
chosen to maximize the potential genetic differentiation among temporally and spatially
isolated spawning aggregations. Tissue extracts from muscle, liver, eye, and heart will be
collected and preserved in liquid nitrogen until transport to -80° C freezers for archival to
facilitate the option for allozyme electrophoresis at a later time. Two years of sampling will
be conducted at each site to test for inter-year stability of genetic diversity measures.

The within-Sound sampling effort will target Rocky Bay, a southcentral spawning isolate; Port
Gravina, a southeast isolate; and Tatitlek Narrows, a northeast isolate. Samples will be
collected from both early- and late-spawning stocks in Rocky Bay. Early- and late-spawning
isolates will be collected from Port Chalmers and archived for analysis during subsequent
years (if further analysis of temporal isolation is deemed appropriate). One-hundred
individuals will be subsampled from each aggregation during the sampling for Trustee Council
Project 95166 Herring Natal Habitat. Consequently, age and other data will be collected
from the individuals analyzed for genetic variation, facilitating further correlation analyses
between population data and genetic variation.

Sampling outside of Prince William Sound will include Kodiak Island, populations thought to
share an ancestral tie with Prince William Sound populations (John Wilcock, Alaska
Department of Fish and Game, personal communication) and a Bering Sea population known
to be genetically isolated from the other Gulf of Alaska stocks (Grant and Utter 1984). One-
hundred individuals will be collected from up to four of these outgroup populations.

Genetic Analysis

The preproposal for this project included allozyme analysis as well as DNA analysis because
allozymes have previously been shown to discriminate temporally isolated populations such as
those observed in Prince William Sound (cf.. Kornfield et al. 1982). and they delineate a
restriction in gene flow between Bering Sea and Gulf of Alaska populations (Grant and Utter
1984). Peer reviewers recommended that year one of the study focus on techniques such as
microsatellite analysis to maximize the probability of identifying genetic differences (as
described herein). Through further public review we decided that we should collect and
archive samples for allozyme analysis because the area affected by EVOS is adjacent to the
genetic barrier zone identified by allozymes and the loss of the opportunity to compare
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allozyme results to DNA results would be irretrievable (W. S. Grant, National Marine
Fisheries Service, personal communication). Depending upon year-one results, allozymes
may be reconsidered for subsequent analyses.

Alaska Department of Fish and Game plans to seek assistance from an outside laboratory for
the genetic analyses following standard State of Alaska procurement procedures for FY 95
analyses. A request for proposal will be issued for the molecular analyses to be conducted
under a Reimbursable Services Agreement (RSA) with an Alaskan University or under
contract from another outside laboratory. At this writing the request for proposal is pending
final Trustee Council approval for Project 95165, and no analyses have been done.

Because mitochondrial and nuclear genomes evolve in response to different pressures, it is
expected that the successful respondent will incorporate both approaches into the year-one
screen described in this proposal. The investigator will be expected to focus upon an analysis
of microsatellite loci at the recommendation of the Trustee Council’s chief scientist. Details
of the specific molecular techniques to be investigated will be chosen based on: 1) a review
of the current literature and recently available research results, and 2) qualifications and
expertise of respondents.

Alaska Department of Fish and Game plans to evaluate the option of conducting FY 96
analyses in-house (e.g., following methods described in Trustee Council Proposal 96191) after
reviewing the results of project 95191 and other Department obligations.

C. Contracts and Other Agency Assistance

Alaska Department of Fish and Game laboratory staff is fully committed to other projects during the
period that FY 95 analyses will be conducted. Laboratory analysis will be awarded through an RSA
or through a contract awarded through the State of Alaska procurement process. FY 96 analyses may
also be awarded to a contractor, depending upon an evatuation of FY 95 results and an evaluation
contract efficiency.

Alaska Department of Fish and Game Genetics Laboratory has utilized the services of subcontractors
on a number of Trustee Council projects. Four outside contractors were utilized for laboratorv
components of Trustee Council Projects 94191 and 94255. All of the laboratory analysis for Trustee
Council Project 94320D was awarded on contract to a collaborating agency with a similar genetics
program, Washington Department of Fish and Wildlife. Contracting some projects has increased
efficiency of conducting our Trustee Council-funded research. However, costs of contracting have
generally exceeded the costs of in-house research; the major exception is that graduate student
research funded at universities agreeing to a 20% overhead cap has been cost-effective.

Contracting laboratory analysis will become less efficient for the department with the completion of
laboratory facilities at the Alaska Sealite Center in Seward, and future contracts to outside-of-Alaska
laboratories will only be awarded if the work cannot be done in the Seward facility. Some of the
university subcontractors are submitting proposals to conduct projects as principal investigators (see
genetics proposals to the Trustees by University of Alaska and University of Montana), and we look
forward to the potential opportunity for collaboration on those projects. We propose to continue
using graduate student research as an effective tool for developmental research, and we will consider
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other opportunities for contracting if they present useful advantages to the State of Alaska and
Trustee Council restoration program.

D. Location

Field research will be conducted primarily within the confines of Prince William Sound; exact
locations will depend upon the distribution of spawning herring. Sampling outside of Prince
William Sound will be conducted by ADF&G area staff as appropriate. Laboratory sampling,
archival, and data analysis will be conducted at the ADF&G area office in Cordova and regional
office in Anchorage.

SCHEDULE

A Measurable Project Tasks for FY 96

Start-up of 95165 to May 30, 1995: Collection of samples

May 30 - June 15: Award contract for FY 95 samples

June 15 - December 30: Complete laboratory analysis

January - April, 1996: Evaluate lab results, plan for 1996 sampling

April - May 30, 1996: Collection of samples

May 30 - June 15: Award contract or begin laboratory analysis of 1996
samples in house

June 15 - December 30: Complete laboratory analysis

January - April, 1997: Evaluate lab results, plan for 1997 sampling

April 1997: Annual report for FY 96

B. Project Milestones and Endpoints

December 30, 1995: Complete screen of population samples collected during 1994-1995

April 30, 1996: Complete evaluation of population structure of populations collected during
1994-1995

December 30, 1996: Complete screen of population samples collected during 1996

April 30, 1997 Evaluation of population structure of Princ~ William Sound and other related

populations collected through 1996; planning for mop-up sample collection for
spawning aggregates missed in previous years

December 30, 1997: Complete screen of population samples collected during year three

April 30, 1998: Complete evaluation of stability of population structure across years

C. Project Reports

April 30, 1996: annual report in the form of manuscript submitted to journal.
April 30, 1997: annual report.
April 30, 1998: final report in the form of manuscript submitted to journal.

COORDINATION AND INTEGRATION OF RESTORATION EFFORT
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A. Existing Agency Program

The Alaska Department of Fish and Game spends approximately $500.0K from State of Alaska
general funds annually on genetics studies. For this project, salaries and benefits of principal
investigators J. Seeb and L. Seeb are fully funded by general funds; project leader S. Merkouris is
funded for two months from Trustee Council funds.

The Department remains heavily committed to the conduct of this study and other EVOS studies.
even though limited personnel resources mandate that we seek assistance from an outside source for
the FY 95 laboratory analyses described herein. Approximately $50.0K of State of Alaska general
funds was programmed for the study of saltwater-mediated mosaicism as the mechanism for embryo
mortalities identified during implementation of Trustee Council Projects 93003 and 94191 (Miller et
al. 1994). State of Alaska general funds support the basic operation of and enhancements to the
genetics laboratory for EVOS projects including the procurement of an Applied Biosystems

. Incorporated automated DNA sequencing system capable of subambient temperature operation
required for studies of genetic variation including RFLP analysis ($132.0K).

Staff scientists and technicians are trained in an array of genetics analyses including allozyme and
PCR-based mitochondrial and nuclear approaches. The Department maintains fourteen

-80° C freezers in area offices throughout the state for archival of genetic samples for allozyme and
DNA analyses.

B. Other Coordination

Collection of specimens and biological data will be coordinated by ADF&G’s ongoing herring
research program in Prince William Sound and with the EVOS project 96166 Herring Natal Habitats.
Tissue archival and biometric analyses will be coordinated among all Trustee Council projects related
to genetics including 96320D, 96191, and 96255.

Sharing of project results will be used to evaluate and revise current strategies for management of
commercial herring fisheries if warranted. Project results will also be used to improve our
understanding of results from previous oil spill damage assessment studies.

Data collection techniques will be coordinated through the inter-agency consortium of laboratories
that cooperates on similar projects of conservation genetic nature on salmonids and other marine fish
in the North Pacific Ocean. Alaska Department of Fish and Game is hosting the annual inter-agency
meeting in Anchorage during May, 1995, where participating scientists will coordinate approaches.

ENVIRONMENTAL COMPLIANCE

The studies proposed provide for data coliection 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
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Environmental Policies Act.
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ABSTRACT

The 1989 Exxon Valdez oil spill coincided with the spring migration of Pacific herring Clupea
pallasi to spawning grounds in Prince William Sound (PWS). Studies of oil spill injuries to herring
documented damage from oil exposure in adult herring, reduced hatching success of embryos, and
elevated levels of physical and genetic abnormalities in newly hatched larvae. The PWS herring
spawning population has drastically declined since 1993, and pathology studies implicated viral
hemorrhagic septicemia (VHS) and ichthyophonus as potential sources of mortality as well as
indicators of stress. The current project will continue to provide estimates of spawning herring
abundance through SCUBA and hydroacoustic studies, and to investigate the lethality of suspected
pathogens and the role of environmental contaminants in disease transmission through laboratory and
field studies.

INTRODUCTION

The Exxon Valdez oil spill coincided with the spring migration of Pacific herring Clupea pallasi to
spawning grounds in Prince William Sound (PWS). Adult herring swam through oiled waters on
their way to nearshore staging areas. Studies of oil spill injuries to herring were initiated in 1989
and research continued through 1992. Significant histopathological damage was measured in adults
collected in oiled areas in both 1989 and 1990 confirming exposure of the fish to toxins. Oiling of
over 40% of the spawning areas (42 of 98 miles used) caused elevated levels of physical and genetic
abnormalities in newly hatched larvae and reduced hatching success of the embryos. Over 80% of
the summer rearing and feeding areas of herring were oiled in 1989, based on oil trajectory and
historic fisheries records from 1914 to the present.

In 1993, the herring population in PWS collapsed. The total observed spawning population was less
than one third of preseason predictions and the average sizes of herring in each age class were some
of the smallest on record. The total comu..crcial harvest for that year was one of the lowest on
record. Pathology studies from the spring of 1993 implicated viral hemorrhagic septicemia (VHS)
as a potential source of mortality and stress. In 1994, the total observed spawning population was
below threshold biomass required to conduct commercial harvest and no fishing occurred.

Pathology studies indicated the presence of both VHS and a second potentially lethal pathogen,
ichthyophonus. Pathology studies continued in 1995 and will include laboratory investigations of the
lethality of suspect pathogens and the role of environmental contaminants in disease transmission.

This project will provide a direct measure of adult herring abundance necessary for monitoring
recovery of the injured PWS herring population. The project will also develop embryo survival
models that will improve the accuracy of spawn deposition biomass estimates. The project will be
conducted in several parts. ADF&G will perform the field collection and data analysis constituting
the continuation of herring spawn deposition surveys. A second field component will be continuating
investigation of the feasibility and cost effectiveness of estimating biomass of spawning herring
using acoustic surveys as an alternative to spawn deposition surveys. Acoustic surveys will be
subcontracted through a competitive bid process and will rely on ADF&G base funding for much of
the vessel and personnel costs. The University of Alaska (UA) will perform 1) data analysis and
modeling of egg loss data collected through 1995, 2) modeling of embryo survival, and 3) modeling
of recruitment in relation to biological and environmental variables. A new component of this



project will be entry of aerial survey, harvest, spawn deposition, and egg loss data into a geographic
information system (GIS) database.

During spawn deposition surveys, SCUBA divers will estimate the abundance and distribution of
herring eggs. This information will be incorporated with aerial observations of spawn distribution
and basic biological information (age composition, sex ratios, average size, and fecundity) to
estimate adult spawning biomass. Estimates of spawning biomass are used to forecast spawning
returns the following year and form the basis of herring fishery management in PWS.

Biomass of herring migrating to PWS spawning grounds will also be estimated acoustically by
expanding echo integrated voltages by analytically determined target strengths. Dual or split beam
in situ measurements and fish species composition and average size from seine hauls will be used to
evaluate and correct for target strength assumptions. Acoustic biomass estimates will be compared
with spawn deposition biomass estimates to examine issues relating to accuracy, reliability, and cost
effectiveness of these methods.

A model which predicts egg loss will provide an indirect means to estimate the number of herring
embryos physically removed from spawning areas by predation and wave action. Results from egg
loss studies through 1995 will be used to identify important factors to include in models that can
predict egg loss. Estimation of egg loss is useful for two purposes: (1) to improve the accuracy of
spawn deposition biomass estimates by accounting for eggs lost between the time of spawning and
the time of spawn surveys, and (2) to enable estimation of total embryo survival. Total embryo
survival to the larval life stage will be used as the initial input of population abundance in life
history models developed under project 96320, Sound Ecosystem Assessment (SEA). Data collected
for this component of the current project will also be used to test hypotheses outlined in the Natal
Habitat section of SEA.

Since it is not practical to measure all sources of egg moral'ity each year, total embryo survival
models will be used to relate mortality to more easily measured or estimated variables and
characteristics of spawning habitat. Factors directly affecting the survival of embryos to larvae
include wave action, predation, dessication during low tide, occurrence of cytogenetic abnormalities
(which result in nonviable hatched larvae), pathogens, and pollution (which may elevate cytogenetic
abnormality levels). These sources of direct mortality may be modified by environmental and
biological variables such as wind direction, severity of storms, number of predators, availability of
eggs to predators, type of substrate on which eggs are deposited, height of tidal fluctuation, water
temperature, and air temperature. The degree to which these factors affect survival depends largely
upon the characteristics of the habitat selected for egg deposition.

NEED FOR PROJECT
A, Statement of Problem

Adult Pacific herring on their way to PWS spawning area swam through oil from the 7/V Exxon
Valdez oil spill, eggs incubated in the oil, and larvae and juvenile herring may have been exposed
to oil in rearing and feeding areas. Histopathological damage was found in adult herring collected
in oiled areas in both 1989 and 1990, mortality of young herring was significantly greater in oiled
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areas in 1989 and 1990, and sublethal effects were measurable in larvae and adults in 1989 and
1990. Persistent sheening and suspended oil-sediment droplets leaching from beaches and cleaning
operations in 1989 and 1990 continued to expose adult and juvenile herring to oil. Laboratory
exposures of pre-spawning adult herring to oil show high concentrations of oil in the ovarian tissue.
Laboratory studies measuring the effect of known doses of oil on newly hatched larvae provided a
direct link between estimated doses of oil measured in PWS and the level of injury observed in
samples collected from the field. In addition, measurements of oil in mussel tissue collected
adjacent to spawning beds was significantly correlated to several indices of injury in herring larvae
from those beds, the highest correlation being with the genetic injury endpoints.

Although herring survival varies tremendously under normal conditions, abundance for the 1989
year class was extremely low and results to date strongly implicate the oil spill as a major cause.
One hypothesis is that injury to germ tissue caused by exposure to oil would result in non-viable
embryos and larvae. A pilot experiment to measure the ability of herring from this age class to
produce viable offspring was conducted in 1992 and hatching success of eggs collected from fish
spawning in previously oiled areas was less than half that of eggs collected from fish spawning in
pristine areas. Additionally, there were approximately twice as many abnormal larvae from fish
spawning in previously oiled areas.

In 1993, the total observed spawning population was less than one third of preseason predictions and
the average sizes of herring in each age class were some of the smallest on record. The total
commercial harvest for that year was one of the lowest on record. Pathology studies from the
spring of 1993 implicated viral hemorrhagic septicemia (VHS) as a potential source of mortality and
stress. In 1994, the total observed spawning population was below threshold biomass required to
conduct commercial harvest and no fishing occurred. Pathology studies indicated the presence of
both VHS and a second potentially lethal pathogen, ichthyophonus. Pathology studies have
continued in 1995 and will include laboratory investigations of the lethality of suspect pathogens and
the role of environmental contaminants in disease transmission.

B. Rationale

This project provides estimates of spawning herring abundance and a better understanding of some
of the factors which contributed to the collapse of the population. This information is needed for
monitoring recovery of the injured Prince William Sound (PWS) herring population. Project results
can be used to judge recovery of the herring resource, including recovery to population levels
sufficient for sustainable commercial harvest, and can also serve as the basis for setting harvest
strategies. In addition, this project provides information about the abundance and survival of early
life history stages which will improve our understanding of the ecological importance of herring in
the PWS ecosystem.

C. Summary of Major Hypotheses and Objectives

The primary goal of this project is to monitor the recovery of Pacific herring which spawn within
PWS, while a secondary goal is i0 improve our understanding of significant causes of mortality
during early life history stages. Although project 96166 has not been included as a component of
SEA, this secondary goal directly addresses the main hypothesis of the Natal Habitat portion of
SEA which states that high energy coastal storms, temperature extremes, and predation control
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density independent mortality and modify processes causing density dependent mortality of herring
embryos. The effect of these physical and biological processes on the survival of the embryos
varies with habitat.

The following subhypotheses are posed to direct the implementation of field work that will test
components of this main conjecture:

A. High energy storms cause formation of waves that physically remove eggs from
herring spawning grounds. Waves remove eggs directly by dislodging them from
vegetation to which they have been adhered and indirectly by dislodging vegetation
containing attached eggs.

1.  Egg loss is positively correlated to the duration and intensity of wind-generated waves.

2.  Egg loss due to wave action is modified by the species of vegetation to which eggs are
attached, the water depth in which eggs are deposited, and egg density.

3.  Site specific wave action is correlated with regional climatological conditions.
B.  Temperature extremes cause increased egg mortality. Elevated spring temperatures and
increased ultraviolet radiation from increasing spring sunlight cause increased morphologic

and cytogenetic abnormalities in herring embryos and reduce the number of viable larvae.

1. Egg mortality in the intertidal zone increases with air temperatures < 00C and >
13.50C.

2. Egg mortality increases with continuous exposure to water temperatures < 40C.

3. Incidence of cytogenetic and morphologic abnormalities and proportion of nonviable
hatched larvae are increased at the upper and lower extremes of the ranges of temperature,
salinity, and ultraviolet radiation typically occurring in PWS.

C. Birds are the single most important predators on herring eggs.

1.  The distribution, timing, and abundance of gulls, seaducks, and shorebirds is positively
correlated with the dispersion, timing, and abundance of herring spawn. Species
composition of avian predators is dependent on spawn location and timing of spawn.

2.  Herring spawn is a major component in the diet of bird species foraging in herring spawn.

3.  Viable herring eggs are preferred prey compared to dead and decaying spawn.

4.  Avian consumption of spawn is greatest in the intertidal zone and varies with tidal height.

5. Egg loss resulting from avian predation occurs at higher rates in years when eggs are
scarce.

96166 - DPD Final Draft 5 April 1995



D. Completion Date

The egg loss component of the project will be completed in FY96. However, monitoring of the
abundance, age composition and size composition of the PWS Pacific herring spawning population
will be continued until the population has recovered.

COMMUNITY INVOLVEMENT

Since the dramatic decline of the PWS herring spawning population in 1993 there has been vigorous
public support for herring research from PWS communities as well as various pkrivate and
professional organizations. The Public Advisory Group (PAG) for the Trustee Council has also
voiced support for these studies. Spawn deposition surveys have been recognized by commercial
fishermen, fishery managers, and peer reviewers as a valuable tool for stock assessment in the
absence of direct methods of estimation. Accurate and precise estimates of stock abundance are
needed for ecosystem based studies of processes that affect abundance. In addition to peer review
through the EVOS process, herring stock assessment and embryo survival studies have received
critical review through the intensive SEA research planning and public review effort. The
ecosystem approach to PWS studies adopted by the SEA planning group recognized the commercial
and ecosystem importance of herring and included them as a co-target species for study along with
pink salmon.

Some people from communities in PWS will have an opportunity to directly participate in this
project by providing logistical support for field sampling. Two vessels will be chartered as research
platforms for spawn deposition surveys, while one or more purse seine vessels will be chartered to
capture fish for various purposes (e.g. identification of acoustic targets, disease studies, biological
characteristics of spawning population).

FY 96 BUDGET
Personnel 186.1
Travel 4.2
Contractual 199.5
Commodities 10.0
Equipment 2.4
Subtotal 402.2
Gen. Admin. 41.9
Total 444.1

PROJECT DESIGN

A. Objectives
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The overall goal of this project is to monitor the spawning population of Pacific herring in PWS to
determine when this injured population has recovered. The project has seven specific objectives in

FY96:

1.  Estimate the biomass of spawning herring in PWS using SCUBA diving spawn deposition
survey techniques such that the estimate is within + 25% of the true value 95% of the time,
and describe the age, sex and size composition of the spawning population.

2.  Investigate the feasibility of estimating biomass of spawning herring using acoustic surveys
and net sampling.

3.  Compare estimates from spawn deposition with estimates from acoustic surveys.

4.  Test a model of the relationship of spawn timing, spawner density and abundance to egg
distribution and density.

5. Test a model relating sound-wide embryo survival to habitat utilized, egg density, and
meteorological conditions.

6. Test a model relating historic recruitment success to biological and environmental variables.

While the overall goal of the project will not change in future years, specific objective might be
altered to better achieve this goal. Estimation of the spawning herring population biomass, as well
as its age,sex and size composition, will continue to be the most important objective of this project.

B. Methods
Spawn Deposition Survey and Biomass Estimation

The survey design of the existing ADF&G spawn deposition project was modified for NRDA studies
in 1989 to more accurately assess response of the PWS herring population to the 7/V Exxon Valdez
oil spill. Beginning in 1989, the spawn survey was conducted to obtain biomass estimates within +
25% of the true biomass 95% of the time. Study design alterations included increasing the number
of (1) SCUBA divers, (2) survey transects, and (3) skiff and diver surveys used to correct aerially
mapped spawning area boundaries.

Biomass estimates based on spawn deposition surveys consist of three major components: (1) a
spawn deposition survey; (2) age-weight-length (AWL), sex ratio, and fecundity sampling; and (3)
egg loss determination.

Spawn Deposition Survey Design. Survey design has been described in detail by Biggs and Funk
(1988), and closely follows the two-stage sampling design of surveys used in British Columbia
(Schwiegert et al. 1985) and Southeast Alaska (Blankenbeckler and Larson 1982, 1987). These
surveys use random sampling for the first stage (transects) and systematic sampling for the second
stage (quadrants within transects). Random sampling for the second stage is not feasible because of
underwater logistical constraints (Schwiegert et al. 1985). Additionally, our surveys will be
stratified by area to account for geographic differences and the potential of sampling discrete herring
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stocks. Areas surveyed may include Southeast, Northeast, North Shore, Naked Island and
Montague Island (Figure 1).

Mean egg densities along each transect will be combined to estimate an average egg density by area.
Spawning bed width along each of the transects will be used to estimate average spawning bed width
by area. Average width, average density, and total spawning bed shoreline length (from aerial
surveys) will be used to estimate total number of eggs deposited in each summary area surveyed.
Average fecundity and sex ratio, derived from AWL sampling, and estimates of total number of
eggs deposited will be used to calculate herring population numbers and biomass. Based on
variances obtained from the 1984, and 1988 to 1992 surveys, a minimum sampling goal of 0.035 %
of all potential transects within the spawning area should ensure that the estimated biomass is within
25% of the true biomass 95% of the time. Based on the size of the sampling quadrant, there are
3,163 potential transects per kilometer. Therefore, 100 km of herring spawn would require 110
transects to meet our goals for accuracy and precision. Confidence intervals will be calculated
assuming that total egg estimates follow a normal distribution.

Spawn Deposition Survey Sampling Procedure. The general location of spawning activity will be
determined from milt observed during scheduled aerial surveys that are part of an existing agency
program. This information will be compiled and summarized on maps showing spawning locations
and the number of days on which milt is observed. Total linear miles of shoreline containing herring
spawn will be estimated from aerial survey maps and corrected by skiff and diver reconnaissance at
the time of dive surveys. Skiff surveys will be performed close to shore at low tide by both walking
along exposed intertidal areas and by viewing the shoreline from the skiff.

Each shoreline area containing herring spawn will be divided into the narrowest resolvable segments
on the map scale (approximately 0.18 km). The total number of potential transects will be
calculated from the total shoreline km of observed spawn. A minimum of 0.035% of all potential

- transects will be selected for dive surveys. Random numbers will be assigned to each potential
transect and rounded to the nearest number divisible by 0.18 km to enable mapping of shoreline
segments. Shoreline segments will be randomly selected and used to locate transects. Each
transect selected will be assigned a sequential transect number and charted on waterproof field maps.

Diving on herring spawn will begin about 5 days after spawning has ceased to allow water turbidity
due to milt to decrease and for the large numbers of sea lions usually present near spawning herring
to disperse. Two three-person dive teams will complete the surveys. Each team will consist of a
lead diver to count eggs (typically the person most experienced at this survey task), a second diver
to record data, and a third diver on the surface performing as a tender. Diving and tending duties
will be rotated daily. Based on information from previous PWS surveys, two diving teams can
generally complete 6 to 12 transects daily under favorable weather conditions and in areas with
average spawning density and distribution. A sample size total of 100 or more transects will require
from 10 to 20 days of diving, depending upon weather and location of spawn. This time includes
collection of diver calibration sampies for a team of experienced divers. If inexperienced divers are
hired, training will require about one additional week.

Location for each survey transect will be fixed as the dive skiff approaches the shore and before
bottom profiles, bottom vegetation, or herring spawn are visible from the skiff. The tender will
choose a shoreline feature to use as a reference point such as a tree, rock, or cliff located above the
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high tide line within the randomly selected shoreline segment. The sampling transect will extend
seaward perpendicular to shore from this fixed reference point along a compass course.

Divers will estimate the numbers of eggs deposited within a sampling quadrant placed at regular
intervals along the length of the transect. The sampling quadrant will consist of a 0.1 m? PVC pipe
frame with a depth gauge and compass attached. The first quadrant location will be randomly
selected within the first 5 meters of spawn. Succeeding quadrant locations will be systematically
spaced every 5 meters along the compass course until the apparent end of the spawn is found.
Within each quadrant, the lead diver will estimate the number of eggs in units of thousands (K)
within the quadrant, communicating the numbers through hand signals to the second diver to record.
Number of eggs as well as vegetation type, percent cover, substrate, and depth will be recorded
using a large weighted carpenter’s pencil on water-proof plastic paper data forms attached to a
clipboard. Divers will verify the end of the spawn by swimming at least an additional 20 m past the
end of the spawn until a steep drop-off is encountered or vegetation is no longer present. Becker
and Biggs (1992) documented methods used for diver surveys in greater detail including sample data
forms, key codes for vegetation types, standard operating procedures for ADF&G diving, chemical
recipes for sample preservatives, and other practical information.

Diver calibration samples will be collected throughout the dive survey and stratified by diver,
vegetation type within four broad categories, and by egg density over three broad categories. Both
divers will independently estimate the number of eggs on removable vegetation in each calibration
quadrant. All egg-containing vegetation within the quadrant will be removed and placed in
numbered mesh bags. The number of loose and attached eggs left after removal will be estimated
by the lead diver and recorded. Based on accuracy estimated for previous survey results,
approximately 80 calibration samples will be needed for each uncalibrated diver (less than three
years survey participation) and 40 for each calibrated diver (three or more years survey
participation). One quarter of the total samples will be taken for each of the four vegetation
categories: eelgrass (EEL), fucus (FUC), large brown kelp (LBK), and hair kelp (HRK). One third
of the calibrauon samples will be straufied over three ranges of egg densities: low (0-20,000),
medium (20,000-80,000), and high (> 80,000) within each vegetation category. Calibration samples
will be preserved in Gilson’s solution and labelled (Becker and Biggs 1952).

Biomass Estimation. Analysis of the spawn deposition survev data will be similar to methods used
in 1988 (Biggs and Funk 1988), 1989-1992 (Biggs et al. in press). The biomass estimator will be

B=TB’, (1
where
B = estimated spawning biomass in tonnes,
T = estimated total number of eggs (billions) deposited in an area, and
B’ = estimated tonnes of spawning biomass required to produce one billion eggs.
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Estimates for T and B’ will be derived from separate sampling programs and will be independent.
The estimated variance for the product of the independent random variables T and B’ will be
(Goodman 1960)

Var(B)y=T*Var(B') +B*Var(T)-Var(T)Var(B'), 2)
where
Var(B’) = an unbiased estimate of the variance of B’, and
Var(T) = an unbiased estimate of the variance of T.

Total Number of Eggs (T). The total number of eggs deposited in an area will be estimated from a
two-stage sampling program with random sampling at the primary stage, followed by systematic
sampling at the secondary stage, using a sampling design similar to that described by Schwiegert et
al. (1985). To compute variances based on systematic second stage samples, it will be assumed that
eggs will be randomly distributed in spawning beds with respect to the 0.1 m? sampling unit. While
this assumption will not be examined, in practice the variance component contributed by the second
sampling stage will be much smaller than that contributed by the first stage, so violation of this
assumption would have little effect on the overall variance. The total number of eggs (T), in
billions, in an area will be estimated as

T=Ny107/(1-R), &)
where
P = the shoreline length of the spawn-containing stratum in meters,
N = L/0.1%° = the total number of possible transects,
0.1%3 = 0.3162 m = width of transect strip,
g = average estimated total number of eggs (thousands) per transect,
10° = conversion from thousands to billions of eggs, and
R = estimated proportion of eggs disappearing from the study are. from the time of

spawning to the time of the survey.

Average total number of eggs per transect strip (in thousands) will be estimated as the mean of the
total eggs (in thousands) for each transect strip using

Yi (4)

where
and

96166 - DPD Final Draft 5 April 1995



Ji=My, (5)

n = number of transects actually sampled,

i = transect number,

M, = w;/0.1%° = number of possible quadrants in transect i,

W; spawn patch width in meters measured as the distance along the transect between the
first quadrant containing eggs and the last quadrant containing eggs, and

Yi = average quadrant egg count in transect i (in thousands of eggs).

Average quadrant egg count within a transect, y;, will be computed as

y..
%/ )
Y i ’
m;
where
j = quadrant number within transect i,
m, = number of quadrants actually sampled in transect i, and
Yii = adjusted diver-estimated egg count (in thousands of eggs) from the diver calibration

model for quadrant j in transect i.

The variance of T, ignoring the unknown variability in R, is similar to that given by Cochran (1963)
for three stage sampling with primary units of equal size. In this case the expression is modified
because the primary units (transects) do not contain equal numbers of secondary units (quadrants),
and the variance term for the third stage comes from the regression model used in the diver
calibration sampies. The.ciore the estimated variance of T, conditioned on R, is

[N?(lo*ﬁ[(l;f*) s liB e Th g
xmxm ™
i=1 i=1

Var(T)=

(1-Ry?

where
variance among transects,
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variance among quadrants,

n m

5=y Y Var(y) = (10)

i=1 j=1

sum of the variances of the individual predicted quadrant egg counts from the diver
calibration model,

n
hey = (11
proportion of possible transects sampled, and
i, ' '
J AN (12)
M,

proportion of quadrants sampled within transects (same for all transects).

Diver Calibration. Divers will be calibrated to correct systematic biases in their estimates of
numbers of eggs. This calibration consists of the derivation of the relationship between diver
estimates of eggs within a quadrant and actual counts obtained in the laboratory on the same eggs.
Calibrations will be performed for each combination of diver and vegetation category as defined by
the structural and phylogenetic similarities of egg-bearing plants. The four vegetation categories are
designated eelgrass, fucus, hair kelp and large brown kelp (Becker and Biggs, 1992).

Diver bias will be determined using methods described in an as-yet unpublished report of the 1994
calibrations (personal communications. Ed Debevec, ADF&G, Cordova). The analysis will follow
that described in the 1994 detailed project description in that the distribution of the random
component will be assumed to be lognormal. However, the choice of random component
(dependent vs. independent variable) will be reversed from that of previous analyses and diver
estimzte rather than laboratory egg count will be assumed lognormally distributed. Analysis of
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variance of Log(Diver Estimate), along with graphical methods, will be used to assess the
significance of year, diver, and vegetation factors. The final model relating diver estimates to
laboratory egg counts will be that which is simplest but retains suitable precision and lack of bias.
Within the analysis of variance, attempts will be made to account for the repeated measures nature
of the diver estimates, possibly using a split-plot analogy. Prediction of laboratory counts from the
diver estimates made in the main spawn survey will, as a result of the designation of dependent and
independent variables, be made in an inverse way. Variances of predicted laboratory counts will be
estimated by the bootstrap method.

Spawning Biomass per Billion Eggs (B’). Data from the herring sampling program for AWL, sex
ratio, and fecundity will be used to estimate the relationship between spawning biomass and egg
deposition. Once the age composition and sex ratio of a spawning population will be determined,
the average weight of the females in that population will be calculated. The relationship between
fecundity and female weight will be used to calculate total numbers of eggs deposited and tonnes of
herring spawners. The tonnes of spawning biomass requu'ed to produce one billion eggs (B’) will
be estimated as

LT 13)
F(W)
where
W = estimated average weight in grams of all hcrrmg (male and female) in the spawning
population in an area,
S = estimated ratio of total spawning biomass (male and female) to female spawning
3 biomass,
F(W)) = estimated fecundity at the average weight of females in the spawning population in an
area, in numbers of eggs, and
10 grams to tonnes
10° = conversion factor = =
10° eggs to billions

Because average weight, sex ratio and fecundity will be all estimated from the same herring
samples, the estimates will be not independent. The variance of B’ is approximately:
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Because S will be estimated from pooled or single AWL samples (depending on availability of fish),
it will not be possible to estimate the covariance terms containing S, Cov(W,S) and Cov[S,F(W))].
Because the term involving Cov[W,F(W/)] has been shown to be very small in previous analyses and
probably contributes little to Var(B’), these covariance terms will not be included in the estimate of
Var(B’).

Herring Age, Weight, Length, Sex, and Fecundity:

The largest portion of this project element has traditionally been part of an existing agency program
conducted annually by ADF&G using volunteer commercial seine vessels to capture herring for
basic biological sampling. Because commercial herring fishing  not likely to be opcn again in
1996, AWL samples will be collected from major concentrations of spawning herring using purse
seine vessels under short term vessel charter in conjunction with acoustic surveys. Sampling will
generally occur soon after concentrations of herring appear in nearshore areas and are accessible to
purse seines. Samples will be taken periodically from major herring concentrations throughout PWS
during the spawning migration. AWL samples collected during the peak of spawning in each
summary area, as determined from aerial survey sightings of milt and herring schools, will be used
to estimate age and sex composition as well as average herring size from all major biomass
concentrations in each area.
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AWL sampling will be stratified by date and area for test fishing catches in each spawning area.
Sample size for each stratum will be set to simultaneously estimate proportions by age when
sampling from a multinomial population (Thompson 1987). The goal will be to select the smallest
sample size for a random sample from a multinomial population such that the probability will be at
least 1-a (precision = 0.0S5) that all the estimated proportions will be simultaneously within 5%
(accuracy = 0.05) of the true population age proportions. A sample size of 450 herring per stratum
will be set to ensure that this level of precision and accuracy would be obtained for any number of
age classes and proportions when less than 5% of the collected scales will be unreadable. Wilcock
et al. (In press) provide a thorough description of PWS herring AWL sampling program procedures.

From an analysis of 5 years of fecundity data for PWS herring (personal communication, Tim
Baker, Alaska Department of Fish and Game, Anchorage), Baker found that for a given year the
relationships between herring weight and fecundity were very similar among areas, but less so
among years for a given area. Year was found to be significant as were all interaction terms with
year in an analysis of co-variance. As a result, we determined that it is probably important to
collect fecundity data from PWS every year, but within a year, samples can be pooled across areas.
Fecundity samples will be subsampled from all female herring in AWL samples and stratified by
fish length. Egg and gonad weights will be measured and used to calculate average fecundity at the
average female weight (F(W))) from expression (12).

A fecundity sampling goal was set such that fecundity estimates would contribute no more than 1%
to the confidence interval width of the biomass estimate. This was achieved for surveys from 1988
through 1990 and 1992 during which area stratum sample sizes ranged from 100 to 400 fecundity
samples and the standard error represented from 1.5 to 2.8% of the mean fecundity estimate. A
sample size of 150 to 200 herring pooled across areas should be sufficient to maintain the coefficient
of variation below 2.0%. To collect females over the range of possible sizes, we will sample 20 to
30 fish within each 10 mm length category from 181 to 250 mm standard length. In addition, we
will collect 20 to 30 females 180 mm or smaller if available.

The female gonad weight will be assumed to be the equivalent of the weight of the ovaries removed
from each female. Gonadal somatic index will be defined as the percentage of total herring weight
represented by gonad weight and will be calculated by dividing the gonad weight by body weight of
each fish sampled.

Mean Weight and Sex Ratio. Mean weight and sex ratio will be estimated from AWL samples
collected from each spawn deposition summary area. AWL samples collected during peak spawning
in each area will be pooled to estimate mean weight and sex ratio for that area. Average weight and
sex ratio for PWS will be estimated as a weighted average of estimates from all areas. Average
weight and sex ratio for each area will be weighted by the escapement biomass estimate based on
spawn deposition surveys for that area.

Sex ratio, S, will be calculated as the ratio of the number of herring of both sexes in AWL samples

to the number of females. The binomial distribution is applicable to estimating the proportion, p, of
females in AWL samples, where S = 1/p. The variance of S is
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Var()=2-0=1), (15)
n
where n is the number of fish in the AWL sample.

Fecundity for Biomass Estimates. Average fecundity for PWS will be estimated from a fecundity-
weight relationship as F(Wy), and used in equation 12 to estimate biomass from spawn deposition.
The variance of estimated average fecundities will be approximated by the variance of predicted
means from the fecundity-weight linear regression (Draper and Smith 1981)

7 W2
Var[F(W))=s*[~ +2 R/ (16)
nq }: (W -WF)?
where
s = the residual mean square from the fecundity-weight linear regression,
W, = the average weight of female fish in the spawning population,
WF = the average weight of females in the fecundity sample,
W, = the weights of individual females in the fecundity sample,
n = the total number of females in the fecundity sample from each area, and
q = the total number of females in the representative AWL sample or pooled samples

from the corresponding area.

A linear relationships between female body weight and fecundity will be used because Hourston et
al. (1981) found that female body weight at spawning explained 70% of the variation in fecundity
among individuals while length and age only explained another 2% of the variation.

A secondary purpose for determining average fecundity annually, will be to obtain information about
natural fluctuations in reproductive potential in relation tn fish size, fish growth, and environmental
conditions. This information will be important for ecosystem studies such as project 96320 (SEA)
that will test hypotheses about constraints to fishery production in PWS. For example, sea surface
temperature appears to be an important natural factor affecting reproductive potential of herring.
Tanasichuk and Ware (1987) found that sea surface temperatures 60 to 90 days before spawning best
accounted for variations in size specific fecundity for herring in British Columbia, Canada. Using
five years of PWS fecundity data, Biggs et al. (in press) showed egg production to be a function of
fish body weight and to be strongly correiated with sea surface temperatures 13 to 15 months prior
to spawning. Egg weight was best correlated with sea surface temperatures 4 to 9 months prior to
spawning and fecundity decreased as water temperatures increased.

Acoustic Survey and Biomass Estimation

Standard acoustic techniques (Urick 1975; Thormne 1983b; Ehrenberg and Lytle 1972) for
echointegration and dual beam processing of target strength will be used to independently estimate
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the biomass of herring present near spawning grounds during the spring migration. Energy reflected
from fish concentrations will be measured and converted to fish density using measurements of
energy reflected from single fish (target strength) and knowledge of the sample volume (transducer
directivity). Net sampling will be conducted to subsample the acoustic targets to verify species,
size and obtain other biological information on the insonified fish (Thomas 1992).

The acoustic survey will employ one commercial purse seiner under short term vessel charter to
assist in searching for herring schools and to conduct net sampling. The scientific echosounding
equipment will be located aboard the ADF&G research vessel Montague for acoustic mapping of
biomass. The acoustics vessel will be outfitted with either a BioSonics 70 or 120 Khz echo sounder
with a dual beam pre-amplified transducer mounted on a 1.2 m BioSonics Biofin in a down-looking
configuration. The Biofin will be towed at a depth of about 2 m at approximately 5 m off to one
side of the vessel. The catching vessel will be equipped with a seine approximately 30 m deep
typical of the gear-type used in the commercial sac roe herring fishery.

Survey Design. The acoustic survey will be a multistage sampling design (Cochran 1967).
Historical information about location of spawning, aerial surveys of herring schools, and wide scale
searches using ship’s searchlight (sweeping) and down-looking echosounders will be used to locate
concentrations of herring schools in a first stage search. The second stage of sampling will be to
map school groups and measure the density using the scientific echosounder. Acoustic survey
transects will be run in a zigzag fashion over the school groups and will be replicated during both
day and night for large school groups.

-

Acoustic Parameters. Target strength information for herring will be derived from average length
to target strength (in decibels) per kg fish after Thorne (1983a). Thorne’s (1983a) empirical
. relationship assumes the following logistical equation:

=a " (17)

where ¢ is the mean acoustic backscattering coefficient, W is the mean weight (in kg), | is the mean
length (in cm), and a and b are constants. Values for the constants (a and b) are obtained from data
for a variety of fisheries presented by Thorne using a linear regression of log,,l versus 10 log (a/w),
where 10 log (o/w) is referred to in Thorne (1983a) as "target strength per kg." Average herrine
length and weight data will be compiled from samples obtained by the purse seine catcher vessel.
These measured data will be applied to Thorne’s (1983a) empirical relationship to obtain the ratio y
= g/w and the mean backscatter coefficient (o). As a cross check, in situ measurements of target
strength from dual beam acoustic data will be generated and compared with Thorne’s (1983a)
empirical formula.

Biomass estimation. Herring biomass will be calculated for each zigzag survey. The general
calculation of the population density using echointegration for a single cell jk on a transect is given
as
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(18)

Elso

where 3 is the population density (mass per unit volume), p; is the density of scatterers, w;, is
mean weight of scatterers, C is acoustic constant (calibration settings ie., gain etc.) ei, is the mean
of the voltage squared, P, is percentage of cell jk within the water column, and ¢; is mean
backscattering coefficient for targets within cell jk. '

The biomass for a region of surface area A is determined by using a set of line transects along
which a total of nrs point estimates of biomass per unit area is obtained. Specifically,

nrs nst

)ID M 19)
sz-l k=1 'A
nrs

where nrs is number of reports (along the line transects), nst is number of depth strata, and A is
survey area.

Herring biomass estimates will follow Thorne (1983a), assuming that o,/w;, is independent of cell
Jk, hence, for all jk o,/w; is a constant v, and v is given by equation 1. With this assumption,
equation 4 simplifies to:

fi,ﬁ%(ef),&f’,* : o)

and the herring biomass B in an area is given as

c 12 ; e),P,

Y nrs

@1

B 4

Egg Loss Study

Analysis of previously collected information on the proportion of eggs lost through physical remaoval
and the mortality rate of remaining eggs will be summarized and reported in FY96. Important
factors in egg loss will be identified through this analysis and used to guide future study design to
estimate egg loss indirectly through modeling and annual measurement of these important factors.

Prior to 1994, an assumed constant of 10% egg loss for surveys generally conducted 5-6 days after
spawning was used based upon values recommended in the literature (Haegele et al. 1981,
Blankenbeckler and Larson 1982). Other investigators (J. Schweigert, personal communication,
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Canadian Department of Fisheries and Oceans, Nanaimo, B.C.; Biggs et al. in press) estimated egg
loss rates, but did not include collection of data to relate egg loss to habitat, environmental
conditions or predation. Beginning in 1994, egg loss study design for this project has included
modifications to identify important factors in egg loss to facilitate modeling. Identification of
important factors included measurements to describe habitat characteristics, physical and
oceanographic environmental conditions, and avian predation. In 1995, wave energy at spawning
sites and local meteorological conditions were also recorded in conjunction with egg loss estimates.

Measurements of physical conditions and observations of habitat characteristics gathered for egg loss
sites during previous field seasons will be tested for correlations with meteorological conditions and
with rates of egg loss to address hypotheses A and B. Physical measurements and observations
included air and water temperature, salinity, precipitation, wind speed and direction, wave height
and wave direction and were collected by survey divers during each egg loss site visit. Gradient,
substrate and vegetation were collected at each site during setup. Electronic recording instruments

. were also used to gather data on environmental conditions including temperature, wave height, and
tide height at fixed locations during incubation. The University of Alaska will incorporate these
physical and meteorological data into egg loss and embryo survival models.

For the current proposed project, regional meteorological and oceanographic data will be gathered
from shipboard surveys, moored instrumentation, and existing data products from government
agencies. Project personnel will work with SEA investigators for the acquisition and archival of
data products. These measurements will be used to model the effect of meteorological conditions on
wave activity and the resulting effects on egg loss and embryo survival. Data analysis will be the
primary responsibility of the University of Alaska with assistance and support from project
personnel and SEA investigators.

Egg Loss Data Analysis. Development and selection of appropriate statistical analyses for egg loss
are currently in progress. If no refinements to previous techniques are deemed appropriate, an
exponential decay model will be used to estimate loss in numbers of eggs over time for bias
corrected similar to that used for the 1950 and 1951 data:

AD. sz:e 2, :ramfe depm,e ‘fk{“y’uk)e e&.’ (22)
where
o = a constant,
ADJ;, = adjusted egg density estimates,
trans; = parameters representing the effect of transect j,
depth, = parameters representing the effect of depth k,
Ti parameters controlling the functional form of the relationship between egg density and
time (number of days after spawning),
days;, = the number of days after spawning occurred, and
ik = normally distributed random variable with mean = 0 and variance = ¢2.
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A multiplicative model will be chosen because egg numbers will be expected to vary with location
(transect) and depth. All interactive terms will be included in the model. After a logarithmic
transformation, equation 22 became

log,(ADJ,)=0 +trans;+depth, + (days ;) +€ ;. (23)

In logarithmic form, the model comprised a linear analysis of covariance (ANCOVA) with two
factor effects (transect and depth) and 1 covariate (number of days after spawning). SAS (1987)
procedure for general linear models (GLM) will be used to obtain least squares estimates of the
parameters. Estimates of eggs over time (days) were then made for each transect and depth.

The egg survival model used to track the data collected in 1989 through 1991 in PWS took the form
of the following analysis of covariance (ANCOVA)

arcsin(s) =y +treat, +depth, +day +treat *dept Lyt
dayxtreat;+daydepth, +daytreat xdepth , + (24)
trans(treat) 0 €

Future analyses may include replacing the treatment term used to differentiate between oil an