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Field and laboratory studies will focus on Viral Hemorrhagic Septicemia Virus (VHSV) and 
lchthyophonus 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, blood chemical changes and 
pathogenicity produced by these organisms aione and in combination with exposure to 
stressors such as petroleum hydrocaroons. temperature and crowding. 
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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 lchthyophonus. 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 lchthyophonus 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 population 
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 I. hoferi are responsible for the herring mortality and lesions 
observed in Prince William Sound since 1993, and to monitor their recovery and identity 
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 mortality. Blood chemical 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 at similar disease problems. 

NEED FOR THE PROJECT 

A. Statement of Problem 

Pacific herring (Ciupea 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 expectea to be closed again in 1995. Following the population 
declines in herring, there have also been significant declines in marine birds and mammals 
which depend on herring as a forage food. Thus. the reduction in herring numbers in PWS 
has the potential for significant impacts throughout the ecosystem. Pacif.ic herring are also a 
major subsistence and economic resource in Prince William Sound. Several thousand 
pounds of herring and herring spawn on kelp are harvested annually for subsistence 



purposes and form an important part of the local native culture of Chenega and Tatitlek. 
There are also five commercial herring fisheries 1n PWS. The ex-vessel value of the herring 
fisheries m 1992 was $12.0 M and the average annual value 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 crude oil did cause damage to herring at the whole animal, genetic and 
biochemical level. The group also 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 
seasonal 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 will 
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 recovery would be relatively rapid once unaffected fish 
(eg. post-soill year classes) begin to dominate the spawning biomass. If however, the 
damage is more permanent (eg. heritable), it could 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 important 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 transport of potentially virulent strains of 
the pathogen(s} to other herring populations. Sanitizing vessels and equipment between 
fishing sites would prevent the spread of disease from one population to another. 

Consideraole research is needed to determine the role of VHSV, I. hoferi and possibly other 
organisms iri the orecipitous decline of the hernng stock in Prince William Sound. The role of 
chemicals (PAH, alkanes, etc) and environmental factors on disease resistance should also 
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 
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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: 
a) VHS virus is the cause of lesions and/or mortality observed in Pacific herring in PWS. 
b) Exposure to srressors can decrease rhe immune resistance· of herring to VHS virus. 
c) lchthyophonus hoferi is pathogenic (eg. cause disease) in Pacific herring. 
d) Exposure of herring to stressors can decrease their resistance to infection by I. hoferi. 
e) The combination of infection by VHSV or I. hoferi and stressors can cause morbidity and 

mortality in Pacific herring in excess of what would occur if they were exposed singly. 
f) Herring populations will begin to recover when the frequency of infection is reduced to 

pre-1993 levels. 

Objectives: 
FY96 
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 

lchthyophonus hoferi 
5. Fulfil Koch's Postulates for VHSV and /. hoferi in SPF Pacific herring. 
6. Establish an SPF model system for studying VHSV and /. hoferi under controlled 

conditions. · 

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 
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PROJECT DESIGN, Field Component (Univenity of California, 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 pathogens 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 herring. Are lesions, 
lchthyophonus, 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 thari fish of other year classes? Does a 
history of previous oil exposure correlate with prevalence and severity of disease? 

B. Medlods 

There is yet no indication that the importance of disease in the decline of PWS herring 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 VHSV 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 conditioq (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 to 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 

F¥96: 

early Oct., 1995 
(4 days) 

mid-Oct., 1995 
(4 days) 

mid-late March, 1996 
(3 days) 

( late March/early April, 
1996 (3 days) 

early-mid April, 1996 
(3 days) 

mid-late April, 1996 
(3 days) 

F¥97: 

early Oct., 1996 
(4 days) 

mid-Oct., 1996 
(4 days) 

early-mid April, 1997 
(3 ?ays) 

mid-late April, 1997 
(3 days) 

Location 

Sitka Sound 

Prince William 
Sound 

Sitka Sound 

Sitka Sound 

Prince William 
Sound 

Prince William 
Sound 

Sitka Sound 

Prince William 
Sound 

Prince William 
Sound 

Prince William 
Sound 

6 

Reproductive Stage 

peak condition/ gonadal 
development 

peak condition/ gonadal 
development 

prespawnmg 

spawning/post-spawning 

prespawnmg 

spawning/post-spawning 

Total Fish, FY96: 

peak condition/ gonadal 
development 

peak condition/ gonadal 
development 

prespawnmg 

spawning/post-spawning 

Number of Fish 

80 

80 

80 

160 

80 

180 

660 

80 

80 

80 

180 



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 prespawmng 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 froni 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 RIV Montague and chartered catch-vessel during Fall 
hydroacousric 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 
hydroacousric gear will be chartered to find fish; after fish are found, the RIV 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. Oocyte 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 orienta/is. 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 
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c. 

d. 

e. 

f 

g. 

line derived 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 J.1L 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 J.1L 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-J.tL 
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 he!llatology. Liver will not be archived if total liver weight is less than 0.4 g (e.g., from 
small fish). 
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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 is 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 I chthyophonus Ortholinea Viral 
Sample Date clupearnm hoferi orienta/is Hemorrhagic 

Septicemia virus 

1989 April (n = 40) 63 13 TNEa 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 = 1 05) 53 5.7 3.1 TNE 

1993 April NRb NR NR 2 of 3 5-fish 
pools 

1994 April (n = 212) 61 29 5.7 4.7 
(n = 233) 

aTNE = Tissue not examined 

bNR = not reported 

Samples from 1 ~94 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) i\nisakidae in the peritoneal cavity, 100%; (2) intestinal coccidian (Goussia sp. ?); 91%; 
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(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., Hemiuridae, 8.6%; and (9), intestinal trematodes, e.g., Lecithaster 
gibbosus, 5.7"/o. 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 lchthyophonus 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: Ichthyophonus, 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 Celrltomyxa 
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 /chthyophonus 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. ?) was in 91 o/o of intestinal 

10 



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 orienta/is); in 1994, prevalence of lchthyophonus 
was 20%, kidney was the best marker of increased plasma aspartate aminotransferase (AST), 
and the myxosporean Ortholinea orienta/is 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] 
c/upearum, focal necrosis, single cell necrosis, and cholangitis/biliary hyperplasia; in 1994, 
prevalence of lchthyophonus 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 c/upearum, 
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). 

l : 
_j 

Spleen: congestion, pigmented macrophage aggregates, granulomatous inflammation, lchthyophonus, 
ellipsoid hyperplasia/hypertrophy, and arteriolar focal intimal hyperplasia; in 1994, prevalence 
of lchthyophonus 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 difficult lesions. are encountered, the second 
pathologist is consulted. For histopathology, sections are coded for blind study; all 500 Spring 
samples will Qe 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 (94320S 
and 9 5320S), 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: 

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

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

B. score= l; 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). 

C. score = 2; none were moderate. 
D. score= 3; none were severe. 

II. 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. score = 0; sections had no tissue alterations that would impede analysis or photography 

of any part of the sections (type specimen = none). 
B. 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). 
C. score = 2; tissue alteration prevented analysis for lesions in some areas and 

photography would be unacceptable anywhere (type specimen= 94H74-159B). 
D. score = 3; tissue alterations were too extensive for histopathologic analysis (type 

specimen = none were severe). 

ITI. GD = glycogen depletion. A lesion in hepatocytes; hepatocytes normally have abundant 
cytoplasmic glycogen stores characterized by a large volume of clear, irregular, poorly 
demarcated vacuoles (= glycogen vacuoles). 

A. score = 0; hepatocytes had abundant glycogen vacuoles (type specimen = none). 
B. · score = l; glycogen vacuoles were smaller, but still larger than nuclei (type specimen = 

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

(type specimen= 94H74-l63B). 
D. · score= 3; glycogen vacuoles were absent for most hepatocytes (type specimen= 

. 94H74-62B). 

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

VI. 

VII. 

lymphocytes. 
A. score= 0; no macrophage aggregates (type specimen =none). 
B. score= 1; sections had <7 MAs greater than 60 JJ.m in diameter per lOOX field (type 

specimen = 94H74-4B). 
C. score= 2; sections had ~7 but <14 MAs greater than 60 JJ.m in diameter per 100X 

field (type specimen= 94H74-1B). 
D. score = 3; sections had ~14 MAs greater than 60 JJ.m in diameter per 1 OOX 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-l27B) 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 theLMA 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 lOOX field 

{type specimen= 94H74-7B). 
C. score = 2; the sections had ~I but <3 foci of granulomatous inflammation per 1 OOX 

field {type specimen= 94H74-2B, -141B). 
D. score= 3; the sections had ~3 foci of granulomatous inflammation per lOOX field 

(type specimens= 94H74-37B, -1278). 

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; ~ (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 (type 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-IB). 
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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specimen= 94H74-ll4B). 

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

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

94H74-IB). 
3. score= 2; 1-2 foci of parenchymal leukocytes per IOOx field (type specimen= 

none). 
4. score= 3; none were severe 

IX. ICH = hepatic lchthyophonus. 
A. score= 0; sections had no Ichthyophonus organisms (type specimen= 94H74-IB). 
B. score = 1; lchthyophonus present, but < 1 per 1 OOx field and minimal inflammation 

(type specimen = 94H74-166B). 
C. score = 2; ;?:1 lchthyophonus per 1 OOx field, but minimal inflammatory reaction (type 

specimen= 94H74-214B). 
D. score= 3; ;?:1/chthyophonus per lOOx field, with prominent granulomatous 

inflammation, or ;?:3 lchthyophonus foci per 1 OOx field, regardless of amount of 
inflammation (type specimens= 94H74-20B, -113B). 

X. COC =hepatic coccidian Goussia [Eimeria] clupearom. These coccidians were most common 
free in the parenchyma or in macrophage aggregates around bile ductules. Cysts were 
eosinophilic and about 18 x 12 J.lm, whereas trophozoites were pale, basophilic, and about 3 5 
J.lm in diameter. Even in severe cases, inflammation associated with E. c/upearom was 
minimal. 
A. score= 0; sections had no Goussia c/upearom (type specimen = 94H74-IB). 
B. score= 1; Goussia c/upearom present, but~ foci per lOOx field (type specimen= 

94H74-13B). 
C. score= 2; >2 but :::;6 foci of Goussia c/upearom per lOOx field (type specimen= 

94H74-2B). 
D. score= 3; >6 foci of Goussia c/upearom per IOOx field, and may be associated with 

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

XI. FN = focal necrosis. A lesion primarily of hepatocytes. Affected cells had hypereosinophilic 
coagulated cytoplasm, and pyknotic, karyorrhectic, or karyolytic nuclei. 
A. score = 0; No necrotic cells in the section. (type specimen = 94H74-1B). 
B. score = 1; total area of necr~sis was :::;400 J.lm in diameter (type specimen = 

94H74-139B). 
C. score = 2; total area of necrosis was >400 J.lm but s;I mm in diameter (type specimen 

= 94H74-117B). 
D. score= l; total area of necrosis was> 1 mm in diameter (type specimen = 

. 94H74-207B). 

XII. SCN = single cell necrosis. A lesion of hepatocytes. Affected cells h~d 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. 

( 

( 
x. -·· 

A. score = 0; No necrotic cells in the section. (type specimen = 94H74-1B). 
B. score= 1; <1 necrotic cell per 400x field (type specimen = 94H74-53B near mark). 
C. score= 2; 1-2 necrotic cells per 400x field (type specimen = 94H74-118B). 
D. score= 3; >2 necrotic cells per 400x field (type specimen= 94H74-117B, -193B). 

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; ~ foci of cholangitis or biliary hyperplasia, and foci were ~400 Jlm in 

diameter (type specimen= 94H74-61B). 
C. score = 2; >2 foci of cholangitis or biliary hyperplasia, or foci were >400 Jlm 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 variables (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 
lchthyophonus 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 ANOV A. 

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 relationships between two continuous 
variables, the correlation coefficient r will be calculated. For all analyses, comparisons will be 
considered significant when P<O.OS and highly significant when P<O.Ol. 

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 IlL 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) 

Fall Samples: 

Oct. 1 -Nov. 30, 1995: 

Nov. 1- Dec. 31,1995: 

Nov. 1 -Nov. 30, 1995: 

Nov. 1, 1995 - Feb. 28, 1996: 

Nov. 1, 1995 -Feb. 28, 1996: 

Nov. 1, 1995 -Feb. 28, 1996: 

Nov. 1 -Feb. 28, 1996: 

March 1- May 31, 1996: 

Spring Samples 

ACTIVfiY 

Collect Fall Samples 
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 

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

Histopathology and identification of Ortholinea orienta/is; 
Person in charge: Gary Marty, UC Davis, CA 

VEN analysis and leukocyte differential counts; 
Person in charge: Chris Kennedy, Simon Fraser Univ 

Statistical analysis; 
Person in charge: Thomas Farver, UC Davis, CA 
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DATES (report due on final 
date) 

March 1 - April 30, 1996: 

April 1996 

April - July 31, 1996: 

April - May 31, 1996: 

April - Sept. 30, 1996: 

April - Sept 30, 1996: 

April - Sept 30, 1996: 

April - Sept 30, 1996: 

Oct. 1996 - Jan. 10, 1997: 

ACTIVITY 

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); 
Persori 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 orienta/is; 
Person in charge: Gary Marty, UC Davis, CA 

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

Jan. 11, 1997 -April 15, 1997: Annual report writing 
Person in charge: Gary Marty, UC Davis, CA 

Nov. 1996 - indefinite: Opportunities for public comment 

B. 

1. 

2. 

Project Milestones and Endpoints 

Objective: Determine which pathogens cause lesions and determine the relation among Viral 
Hemorrhagic Septicemia virus (VHSV), lchthyophonus, macroscopic and microscopic lesions, 
plasma chemistries, and immune status. 
When objective will be met: the annual report, due April 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, lchthyophonus, 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 multi-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 April 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 1 0% 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 (96163-1) 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 iri 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 Penonnel (Field Component): 

Conine 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 (94320S and 95320S), and she was the primary histopathologist for analyzing gonads from those 
fish. 

Thomas B. Fmver, Ph.D., is professor 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 Teactting 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 
(95320S) 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. 

Fruver, 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, I.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. 1. 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 V a/dez oil spill. Can. J. Fish. A quat. Sci. 

Meyers, T.R., S. Short, K. Lipson, W.N. Batts, J.R. 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, 1. 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: II. Laboratory challenge with and without stressors. 

A. Objectives 
FY 96 
1. Establish SPF herring in the laboratory for use in definitive disease studies on 

VHSV and lchthyophonus hoferi · 

2. Fulfil Koch's Postulates for VHSV in SPF Pacific herring 

3. Fulfil Koch's Postulates for I. hoteri in SPF Pacific herring 

4. Establish an SPF model system for studying VHSV and I. hoferi. 

FY 96 • 97 
5. Describe the effects of physical and chemical stressors on Pacific herring in the 

absence of disease organisms. 

FY 97-98 
6. Describe the effects of physical ana 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. 

9. 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 will be carried out at the 
Marrowstone Island Field Station of the National Biological Survey. This facility is located on 
Marrowstone Island on Admiralty Inlet (Puget Sound, WA). Seawater will be pumped from 60 
ft below the surface of Admiralty Inlet through 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 cell 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 replaced 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 animals are damaged. As the larvae grow. the water 
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flow will be gradually :r:creased to accommodate the greater depuration of metabolites tram 
the larger fish. 

Flow-through natural seawater: 
A parallel set of two tanKs will be used to monitor the effectiveness of the seawater 
sterilization process. "T"he embryos and larvae will be treated as described above, except 
that the tanks will rece1ve 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 wate: ;s not associated •.vith heavy herring use. 

Physical isolation of c::1trol 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 taKen for histopathologic examination for lchthyophonus as well as other 
potential pathogens. 

Depurated effluent 
Water used for pathogen 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 95 thru 98) 

Task 1.1: Obtaining & hatching herring eggs 
Initially, herring eggs wli! be obtained from Prince William Sound in conjunction with ADF&G 
Spawn Deposition Surveys. Herring for the SPF study will be produced from artificially 
spawned eggs incubated 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 broadcast onto an artificial substrate, fertilized with milt 
from surface-sterilizeo males and allowed to incubate in sterile seawater until they hatch. 
Following fertilization. ::1e eggs will be transported by commercial air carrier to the University 
of Washington and the Marrowstone !slana Reid Station as previously described by Kocan et 
al (1995). A continger.cy or back-up system will consist of eggs obtained from Puget Sound 
herring and incubateo :n parallel with those obtained from Prince William Sound. This will. 
ensure that if problems arise with one set of embryos that the project will not be jeopardized. 
If both egg lots survive. then comparative oata between the two populations will be 
generated. 

Task 1.2; Rearing Herring Larvae to adults 
Newly hatched Pacific :ierring larvae will be reared in flow-through seawater systems with 
constant aeration in a system similar to that described by Talbot and Johnson (1972), and 
used by various Aquariums for the rearing of larval fish. Water temperature, pH and oxygen 
will be monitored daily. The water will be oeriodically conditioned with algal paste (as 
needed) according to :~e protocol describeo by Marliave and Whyte (Vancouver,B.C .. 
Aquarium), and the larvae fed brine shrimo hatched in sterile seawater and supplemented 
with omega-3 fatty ac:cs. Tetramin@ baby-fish food will be used as a supplement feed. 
Once the larvae reacr. 2 em they will be fee 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 surv1ve m captivity for at least 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 !slana 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 health of laboratory-reared herring. If these fish prove to be free of either 
VHSV or I. hoferi, they will be used in some of ~he 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. 

Uniform size and age class 
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 lchthyophonus 
Once larvae begin feeding, and prior to the initiation of experiments,. subsamples of larvae 
will be collected and screened histopathologically and by in vitro culture to verify that the fish 
are free of VHSV and lchthyophonus. {Fish Health Blue 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 exammation, 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 will be anesthetized in MS-222, sacrificed by severiog the 
spinal cord, and examinee 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 
buffered formalin, embedded in paraffin, sectioned on a rotary microtome (5 JJ.m) 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 ot lchthvaphonus 
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% NaCI, and 100 units of 
penicillin/streptomycin. The cultures will be inc:Jbated at 15-20 C and examined for the 
production of hyphae ana endospores. 
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Some cultures will be mamtained in serial passage for use during the remainoer 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 spleen tissue collected from 25 randomly selected fish will be 
filtered through a 0.45 11m filter and cultured on the EPC cell line at 15 C (pH 7.4-7.6). The 
cells will 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 will 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 Robert 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 will 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 adult 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 iEPC) cell line 
to titers of approximately 1 o7 plaque-forming units per mi. Replicate groups of 30 herring will 
be challenged by waterborne exposure to 102, 104 or 1 os PFU/ml 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 1 os PFU of VHSV per fish. Fish will be observed daily 
as above. After 21 days. virus will 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 subsample of infected h·erring after 21 days and tested for the 
presence of antibodies to VHSV by virus neutralization, Ouchterlony 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 lchthvophonus. 
I. hoferi isolated from Prince William Sound herring tissues will be grown in minimal essential 
medium plus 10% FBS (MEM-1 0) and used for initiating infections in experimental fish. 
Graded doses of in vitro cerived spores will be used to orally infect repli~ate groups of 30 
herring. Fish will be subsampled (1 0 ea) at 14 days and the remainder maintained in flowing 
sterile seawater for a total of 30 days post infection. Mortality and morbidity will be recorded 

Cc 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 reinfect new fish and complete Koch's 
Postulates. Based on the available literature (Sinaerman and Chenoweth 1993), it may be 
possible to obtain Jchthyophonus-free fish by capturing 0-age fish and maintaining them in 
pathogen-free seawater. This would remove some of the oressure 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 will be use as a oaseline for studies carried out in FY 96-97 
on "Challenge With Stressors". 

Task 3.3- Assay experimental fish for VHSV and Jchthyophonus. 
Moribund and diseased fish will be removed from rearing tanks daily. Samples of diseased • 
fish will be collected and assayed for levels of VHSV and /chthyophonus 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 and lchthyophonus isolated from 
diseased fish will be identified using standard methods. 

Task 3.4: Statistical Analyses 

Task 3.4.1 Analyses for larval rearing wm consist of: 
o %hatch 
o %larval survival to feeding 

· o % larval survival by month 
o larvaL growth rate by month 

Task 3.4.2 Analyses for effect of VHSV infection: 
o infection rate (% infected fish) 
o virus titer per fish 
o overt disease (eg. visible lesions) 
o mortality (control vs infected) 
o comparison of water-borne vs inoculation mfections 

Task 3.4.3 Analyses for effect of. lchthvophonus infection: 
o infection rate 
o infection intensity 
o overt disease (eg. visible and microscopic lesions) 
o mortality (control vs infected) 
o 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 s1m1tarly under identical conditions. 
Experimental fish wiii be evaluated for mortality, gross lesrons, microscopic lesions, VHSV or 
I. hoteri 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, juvenile 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 transferreo 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 lchthyophonus in order to have a control lor reference} test population and 
one with a known infection rate. Initially, 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 will 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, blood samples taken for evaluation of neutralizing 
antibodies and tissues prepared for virus isolation or histocathology. 

We will use concentrations of the North American strain of VHSV and of lchthyophonus hoteri 
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 densily of 30 fish per tank. Replicate groups of 
herring will be placed into flowing seawater aquana at 4-5 censities for challenge by VHSV or 
/chthyophonus {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 me assumption that both organisms are 
capable of producing disease in Pacific herring uncer the conditions tested. If it turns out that 
one of the organisms is not a pathogen in herring. :hen testing will proceed with only one 
organism. 
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Experimental conditions: 
Flow-rate ......... ; .............. ~ 50 gph 
Tanks: ............................ 200 gal 
Water: .............................. Steriie seawater 
Organisms: ...................... VHSV & I. hoferi 
Controls: ........................... Uninfected herring 
Temperature .................. ambient (6° - 1 0° C) 
pH .................................... ambient (8- 9) 
salinity ............................ ambient (25 ppt - 28 opt) 
replicates ....................... 3 I density 

Expected results 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 wild 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 wild 
PWS herring. 

Task 4.2.1: Chemical stress of pathogen-infected fish (FY 97, 98) 
Reolicate 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 
lchthyophonus hoferi which were shown to produce a low to moderate level (.s.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 naturally 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 include 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 levels 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(SJ on the immune system and ultimate susceptibility to the 
pathogens being tested. 

Serum will be collected from pre- and post-exposed fish and evaluated for changes in 
neutralizing antibodies to VHSV and /. hoferi. 
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Controls for chemical stessors w1il cons1st of pathogen-free fish exposed to the same 
concentrations of petroleum as rhe 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 
wiil be determined. 

Task 4.2.2: Pathogen challenge of chemically stressed fish (FY 97, 98} 
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. 

Fish 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 lchthyophonus 5 days later at a 
dose which produces .s. 20% mortality. The fish will be held for 30 days and observed for 
mortality and assayed for virus or lchthyophonus. 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 LLg/L (300 ppb) whole 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 /. hoferi. 

' \ 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. 
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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 will be used with multiple infective 
doses of pathogen. 
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Figure 3. Hydrocarbon stressed herring challenges with sub-lethal pathogen dose 

Expe d mental conditions: 
Flow-rate ........................ ~ 50 gph 
Temperature .................. ambient (8o- 10o C) 
pH .................................... ambient (8 - 9) 
salinity ............................ ambient (25 ppt - 28 ppt) 
replicates ....................... 3 per hydrocarbon-pathogen combination 
HC concentrations ....... 3 
Pathogen dose.............. s 20% mortality in non-stressed fish 
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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 s 20% mortality, concurrent infections will be 
produced by infecting fish with both organisms simultaneously 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 
No outside· contracts. Assistance by DOl - 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 will 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, lchthyophonus 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 A.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 

Oct '95- Dec. '95 

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

When larvae are large enough, begin viral and fungal exposures 
to determine susceptibility. 
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Jan - June 1996 

April- May 1996 

March-June 1996 

June-Sept. 1996 

May-Dec. 1996 

Continue or begin infectivity stu01es with VHSV and /. hoferi. 
Determine LCSO for both organisms, minimal infective dose, 
survival rate, lesions associated with infection by each organism. 
ana recovery or carrier rate. 

Begin new year of SPF fish from eggs for future studies. 

Re-isolate organisms and verify that monoxenic infections were 
preauced in order to fulfill Koch's Postulates. Begin blood 
chemistry on infected fish and physiological studies. 

Collect 0-age herring for stress exposures technique 
development. 

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). 

8. Project Milestones and Endpoints 

Oct. - Dec. '95 
March '96 
May '96 
March - Sept. '96 
Oct. - Dec. '96 
Jan. - March. '97 
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 & I. hoferi 
Fulfil Koch's Postulates for VHSV in model system 
Fulfil Koch's Postulates for I. hoferi in model system 
Describe effects of chemical stressors on herring 
Describe effects of physical stressors en 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 fer peer reviewed publications will begin as studies are 
completed and sufficient data 1s 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 ana 
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. 
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Statistical consultation (projec: aes1gn i 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 
exoerimental 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 form vivo virus studies. Filtered seawater facilities are 
a1so 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 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 will be collected by ADF&G personnel under authority of a 
scientific collector'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 
(A.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 A.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 bath the Field and Laboratory components 
of this project. Interactions will involve S.F.U. evaluation of blood chemistry from PWS fish 
~md 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 Wand SFU). 

PERSONNEL 

Richard M. Kocan, Ph.D. 
Over the past ten years I have nad extensive experience with petroleum induced toxicity in 
aouatic organisms .. Since 1990 I 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 I worked 
with the Alaska Department of Fish & Game in Cordova as ·a subcontractor on Herring 
Sublethal Effects (project #11 ), studying toxic and genetic effects of oil on herring embryos 
and larvae. Prior to working in Prince William Sound, I 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 lntalco 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 Klallam Indian Tribes and were funded by both the State 
and the various industries. 

In 1985, prior to working on oil reiated problems in Puget Sound. I spent several months 
studying with Drs. Westernhagen and Rosenthal at the Biologische Anstalt Helgoland in 
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Germany. There I worked on c::::a. flatfis- flounder. herring ana turbot embryos and larvae 
exposed :o petroleum contam::-:ated sec:s.Jrface m1crolayer m :ne Baltic Sea and North Sea. 

Over the years I have developed techmc~es which allow for "en site" exposure of animals in 
contaminated marine waters as well as :aooratory evaluation ot sediments for toxicity to 
marine venebrates and inverteorates. I ~ave access to flowing seawater research facilities at 
the University of Washington. :1e Natior.al Biological Survey field station on Marrowstone 
Island. Washington and have c:scussea :--:e use of the Prince William Sound Science Center 
facilities in Cordova with Dr. Gary Thomas. 

James A. Winton, PhD 
Or. James Winton received a PhD in Mic~obiology from Oregon State University in 1981 
where he studied fish diseases under the direction of Or. 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. DL.:1ng that period, he had faculty appointments in the 
Departments of Microbiology, General Sc:ence, and Fisheries and Wildlife. While at the 
Marine Science Center, he dia research ::m fish diseases. helped establish a diagnostic and 
certification service for private aquacult~~sts. and participated in international programs. His 
research interests include infec:ious diseases of fish, poikilothermic cell and tissue culture, 
and virus diseases of fish ana shellfish. 

In 1986 Or. Winton moved to 1:-e US Fis:- and Wildlife Service. National Fisheries Research 
Center in Seattle where he ser1es as the eader of a fish health research team consisting of 
more than 20 researchers. tecr.nicians. ~~aduate 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 21 affiliate professor at the University of Washington. 
he helps direct the research of graduate students working at the Center and provides lectures 
on fish viruses. In the past six :1ears, he -as taught the virology portion of two week Fish 
Disease Course at the Hatfielc Marine S::ence Center and pan of the Fish Health Long 
Course at the National Fisheries Center a: Leetown. W.Va. Dr. Winton served as co-editor of 
:he Fish Health Section Newsletter from · 984-1989 and is currently the subject editor for fish 
oathology for the Journal of Aoo1ied lch~:-:1ology and an editorial advisor for Diseases of 
Aquatic Organisms. He is a Cartified Fis~ Pathologist and a member of numerous scientific 
and honorary societies. He aiso ·serves :n the International Committee on Taxonomy of 
Viruses. the American Type Ci...ture Coliection Advisory Committee, and the Fish Disease 
Commission of the Office of lmernationa: :=pizootics in Paris, France. , 

During the last 5 years. Dr. Wir:on has ·.-.orked extensively with VHSV including his role in 
dentifying the first isolates of VHSV fror.-- ~Jorth America. Since that initial discovery, workers 
,n his laboratory have characterized the 'Jorth American isolates serologically and 
oiochemically, developed DNA orobes fc~ detecting and differentiat(ng isolates of VHSV, and 
conducted challenge experimems of eig:--: species of salmonid fish showing the North 
American strain of the virus was differem :nan the European type. Recently, he has assisted 
:n the characterization of the isolates of \ HSV from cod and herring in Alaska and has 
·.vorked closely with Or. Ted Meyers ana :--:e fish pathology staff of ADF&G with whom he 
shares authorship on several re:evant pa:ers. He is an author on more than 70 scientific 
:uolications:those dealing wir:-- VHSV c:·e 1isted below. 
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Marsha L. Landolt, PhD 
Dr. ~.t1arsha Landolt received a PhD in Pathology from George Washington University in 
1975. From 1970 until 1974 she was employed as a histopathologist by the Eastern Fish 
Disease Laboratory in Leetown, West Virginia (US Fish and Wildlife Service). She . 
conducted 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 1 975, 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, Or. 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 we~ as infectious diseases of 
fishes and has been supported by the National Institute of Environmental Health Sciences, 
Sea Grant, NOAA's Saltonstaii-Kennedy Program and the US Department of Agriculture. In 
collaooration with Dr. Richard Kocan she has conducted studies examining sublethal 
pathological and genotoxic effects arising as a consequence 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) 
and complex mixtures (sea surface micro layer). 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. Landolt 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 
reg~..::atory agencies and other entities. She has participated in several large-scale field 
stuc:es examining the prevalence ct idiopatnic diseases in fish that reside in contaminated 
emoayments. 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 
& Moore to evaluate flathead sole tissues and pink salmon alevins that were collected 
following the Exxon Valdes oil spill. 

Dr. ~ndolt is a member of the American Fisheries Society Fish Health Section and is 
Associate 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 II. 
Ph.D. University of Washington Dem. of Patnology. Post-doctoral fellowships at University of 
Miamr (Fia) and Univ. of Washington School ot Medicine. Two years e~perience working 
with P.l. (Kocan) on EVOS projects in 1991- ~ 993. Experience as environmental and water 
quality chemist and laboratory rearing of varrous fish species. Extensive experience with 
statrstical evaluation of experimental data. 



Ms. Mary Bradley, Prot. Staff. 
One year experience at Marrowstone Island mamtaining 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. 

I 
/~~~I <\ 1 .. ·· ., '--L) 
~-L&j) . .:~-k J \_ ·· 'lr CG:.v'v '-

Richard M. Kocan, Ph.D. 
University of Washington 
School of Fisheries HF-15 
Seattle, WA 98195 
ph (206) 685-2984 
FAX (206) 685-3275 
e-mail kocan@fish.washington.edu 

Su 1van, Ph.D. 
Ala a 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 
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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 combination 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 sampling; this corresponds to component #1 of the Request for Detailed 
Project Proposals. 

2) Testing of Koch's postulates for the roles of Viral Hemorrhagic Septicemia Virus and 
lchthyophonus 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 Reauest 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 stock 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 tne same herring stocks as Dr. 
Kocan to ensure full imegration of the studies in comoonents 2 and 3 outlined in the 
request for proposals. 

The endpoints that wiil be used to determine cause-effect relationships will be 
ecologically relevant stress responses as well as lethality. Conventional methods of 
evaluating stress to aauatic organisms often only examine one stress variable or a 
single level of organization and have been criticizea as 'lacking ecological realism' 
(Cairns, 1981; NRC, ; 981 ; Adams, 1990). The extraoolation of laboratory bioassays to 
the natural environment is difficult. It is therefore imoerative to use ecologically relevant 
endpoints in laboratory-based bioassays. The review by Adams (1990) suggests a 
bioindicator approach 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 JTP) and their effects on herring. In the long-term we will 
examine four major ecologically relevant classes; 1) immunological fitness, 2) 
reproductive fitness. 3) physiological fitness and, 4) biochemical fitness. 

The overall hypotheSiS oeing tested in this section ot the proposal is: 'The exposure of 
herring to VHSV, ITP ::roil or combinations of these oarameters reduces herring fitness 
in one or more of the following categones: 1) immunology, 2) reproduction, 3) 
physiology, and 4) biocnemistry.' 
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B. Methods 

Fish. Disease-free young ot 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. 

Exposure matrix. 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 oil, 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 (1990) 
and fish examined for fitness or disease incidence by Dr. Kocan's group. We will 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 effects 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 will be exposed to oil, VHSV and ITPunder 
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. 

VHSV ITP OIL 

VHSV ' 1. VHSV only 2. VHSV + ITP . 3. VHSV + OIL ! 
!TP 4. ITP only 5. ITP + OIL : 

OIL 6. OIL of!!L -------, 
, VHSV+ITP+OILI 

Controls 
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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 
I 

Immunocompetence Blood 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 Valdez 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). It is 
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 cell 
counts, phagocyte activity using the nitroblue tetrazolium assay and glass adherent 
phagocytes, lysozyme assay using the lysoplate method, and antibody titers (lgG}. 
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 al$0 be measured by a disease 
challenge with the marine bacterium Vibrio anguillarum to determine the potential for a 
secondary infection. Methods for these measurements are described 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 bioassay 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 obvious that a reduced 
swimming performance may result reduceo 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 systems 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 ot 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 }. 

iii) Biochemical Fitness. A wide variety of molecular and biochemical responses to 
adverse environmental stimuli have been described 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: otasma cortisol. plasma glucose and lactate, 
leucocrit and hematocrit. We will measure these hematological variables following 
exposure to oil, VHSV and ITP. Analytical methods are described in Johansen et at. 
{1994). 

The data from Freiberg and Farver (1995) 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 cells 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 1 00 field samples collected in PWS. 

iv) Reproductive Fitness. Any stressor, inc:uding disease and contamination, that 
interferes with the process of reproduction at the individuai or population level is likely to 



affect the survival of that specres in a habitat. Reproductive development is a 
continuous process and may oe 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 controlled laboratory 
conditions. 

C. Contracts and Other Agency Assistance 

BioWest Environmental Ltd. Vancouver, B.C. 
$26,000 

D. location 

CPK & WBC on herring blood: 

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 report. 

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 differeClt density conditions. Completion of data analysis for FY96 data. Begin 
data analysis on collected data for FY97. 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. '97 
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 & I. hoteri 
Fulfil Koch's Postulates for VHSV in model system 
Fulfil Koch's Postulates for /. hoteri 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 consultation (project design 1 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 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 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 alf effluents will be 
decontaminated. Samples w1il be collected by ADF&G personnel under authority of a 
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scientific collectors 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 
(A.M. Kocan, P.l.). Collection of herring eggs and O·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 A.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 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". 

Drs. 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 
Reoroduction" and "The Effects of Contaminants on Immunocompetence in Fish.' 



Christopher J. Kennedy, Ph.D. 
r · Dept. of Biological Sciences 

Simon Fraser University 
Burnaby, B.C. Canada VSA 1 S6 
pn (604) 291-5640 
FAX (604) 291-3496 
e-mail ckennedy@sfu.ca 

Joseph Sulliv n, Ph.D. 

' ' 

Alaska Dept. ish & Game 
333 Raspberry Ad 
Anchorage, AK 99518-1599 
ph (907) 267-2213 
FAX (907) 522-3148 
e-mail JoeS%fishgame@state.ak.us 
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IIG•~nfl•raJ Administration 

Project Total 

Resources 

Comments: 

1996 EXXON VALDEZ TRUS11:1: COUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

a}J.~ (qs 
V~if'-" 

This INTERIM budget includes costs for wDrk to be completed between 1 October 1995 and 1 February 1996 that mu&t be done to fulfill the FY 1996 
DPD. assuming that it wiU l>e approved during a review meeting i.1 the fa!l of 1995. 

Components includa: 
1. f:eld sampling G. Mart·(. UC Davis 
2. Field support and sampling - Wilette, ADF&G 
3. Analytical pathology studies - T. Meyers, ADF&G 
4. laboratory tasks - R. Kocan, UW 
5. Disease challenges- Kemedy, SFU 

Project Number: 96162 (INTERIM) (formerly 963205) 

~ 1996 Project Title: Investigations of Disease Factors Affecting Declines of 
Pacific Herring Populations in PWS 

FORM 3A 

AGENCY 
PROJECT I 

~ 
:J a 

Prepared: 
Agency: AK Dept. of Fish & Game 

101~~--------------------------------------------------~ 
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DETAIL 

8124/95 
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19S6 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

and Wildl TechU 
Fish and Wild I Tech II 9A 

0.2 
0.2 
0.2 

3 
2 

4,721 
3,370 
3,3 

21 

Over1imo 

4,094 
2,614 
2.614 

Proposed 
FFY 199 

~4/95 

1.4 

5.0 
3.3 
3.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.9 
0.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 



Contractual Costs: 
Description 

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

Contract with non-trustee agency - - Field (Marty) 

Contract with non-trustee agency - - lab (Kocan) 

Contract with non-trustee agency - - Challenge(Kennedy) 

Vessel Charter - Sitka (RN Medea, seiner, shipping) 

Vessel Charter - Cordova (Sampling vessel, shipping) 

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 

Sampling supplies 

Pathology lab supplies/ virology, bacteriology 

1996 

3 of 16 

Project Number: 96162 (INTERIM) (formerly 963205) 
Project Title: Investigations of Disease Factors Affecting Declines of 
Pacific Herring Populations in PWS 
Agency: AK Dept. of Fish & Game 

Proposed 
FFY 1996 

53.9 

64.5 

25.2 

7.1 

8.9 

Contractual Total $159.6 
Proposed 

FFY 1996 

1.0 

6.5 

Commodities Total $7.5 

FORM 38 
Contractual & 
Commodities 

DETAIL 

8/3/95 



New Equipment Purchases: 
Description 

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

Number Unit 
of Units 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 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 961 62 (INTERIM) (formerly 963205) FORM 38 

1996 Project Title: Investigations of Disease Factors Affecting Declines of Equipment 
Pacific Herring Populations in PWS DETAIL 
Agency: AK Dept. of Fish & Game 

4 of 16 13/95 



Comments: 

1996 

Prepared: 

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

Project Number: 96162 (formerly 96320 S) 
Project Title: Investigations of Herring Diseases in PWS - field portion 
Name: UC Davis - Marty 

5of16 ~------------------------------------------------------------_J 

FORM 4A 
Non-Trustee 

DETAIL 

8/2/95 



Davis to Seattle 

Davis to Sitka I Cordova 

Davis to Anchorage 

1996 

6 of 16 

benefits 

reporting 
benefits 

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

0.0 
0.0 

0.0 
0.0 

Project Number: 96162 interim 

Monthly 
Costs 

2,613 
667 

4,577 
1,233 

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

Overtime 

FORM 48 
Personnel 
& Travel 
DETAIL 

8/2/95 



Contractual Costs: 
Description 

Necropsy; 160 at $19 

Histopathology; 160 at $179 

plasma chemistries; 160 at $17 

Osmolalities 160 at $3 

lgM analysis 660 at $6.67 

!Commodities costs: 
Description 

1996 

7 of 16 

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

Project Number: 961 62 - interim 
Project Title: Investigations of Herring Diseases in PWS - field portion 
Name: UC Davis - Marty 

Proposed 
FFY 1996 

3.0 

28.7 

2.7 

0.5 

4.4 

Contractual Total $39.3 
Proposed 

FFY 1996 

Commodities Total $0.0 

FORM 48 
Contractual & 

Commodities 
DETAIL 

8/2/95 



1996 

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

Project Number: 96162 - interim 
Project Title: Investigations of Herring Diseases in PWS - Field 
Name: UC Davis - Marty 

8of16 ~-------------------------

Number 
of Units 

Unit 
Price 

Proposed 

FFY 1996 

FORM 48 
Equipment 

DETAIL 

8/2/95 



Comments: 

1996 

Prepared: 

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

Authorized 
FFY 1995 

Proposed 
FFY 1996 

Dollar amounts are shown in thousands of dollars. 

Project Number: 96162 (formerly, 963205) -- Interim 
Project Title: Investigations of Herring Diseases in PWS - Lab Studies 
Name: U of Washington (Kocan) 

9of 16 ~----------------------------------------------------------~ 

mated 
FFY 2002 

FORM 4A 
Non-Trustee 

DETAIL 

8/2/95 



personnel 
benefits 

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

Ticket 
Price 

4.0 
4.0 

Monthly 
Costs 

9,037 
2,209 

Herring review meeting - Kocan - Seattle I Anchorage, total 1578 

1996 
Project Number: 96162 - interim 
Project Title: Investigations of Herring Diseases in PWS - Lab Studies 
Name: U of W - Kocan 

lOot 16~------------------------------------------------------------J 

Overtime 

0 

Per Diem 

FORM 48 
Personnel 
& Travel 
DETAIL 

8/2/95 



Contractual Costs: 
Description 

Graduate Operating fees 

Services 

Commodities Costs: 
Description 

Supplies 

1996 

11 of 16 

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

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

Proposed 
FFY 1996 

1.5 

0.3 

Contractual Total $1.8 

Proposed 
FFY 1996 

2.7 

Commodities Total $2.7 

FORM 48 
Contractual & 
Commodities 

DETAIL 

8/2/95 



1996 

12 of 16 

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

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

Number 
of Units 

FORM 4B 
,Equipment 

DETAIL 

8/2/95 



Equivalents (FTEI 

Comments: 

1996 

13 of 16 
Prepared: 

1996 EXXON VALDEZ TRUSTI:t: l;liUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

Authorized 
FFY 1995 

Proposed 
FFY 1996 

Project Number: 96162 (formerly 96320 S) - Interim Request 
Project Title: Investigations of Herring Diseases in PWS - Challenge 
Name: Simon Fraser Univ. -- Kennedy 

FORM 4A 
Non-Trustee 

DETAIL 



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

benefits 
grad student 

benefits 

Ticket 
Price 

Vancouver to Alaska (5 trips; 2 meetings); Vancouver to Port Townsene trips) 

1996 

14 of 16 

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

nthly 
Costs 

1,833 
150 

1,000 
80 

Overtime 

Per Diem 

Proposed 
FFY 199 

FORM 48 
Personnel 
& Travel 
DE.T 

0. 
7. 



1996 EXXON VALDEZ TRUSTEI JNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

Contractual Costs: 
Description 

long distance, fax, postage, photocopy, etc 

Blood sample analysis 

Commodities Costs: 
Description 

Fish maintenaince; analytical reagents 

1996 

15 of 16 

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

Proposed 
FFY 1996 

0.1 

1.0 

Contractual Total $1.1 

Proposed 
FFY 1996 

4.2 

Commodities Total $4.2 

FORM 48 
Contractual & 
Commodities 

DETAIL 
,.., '"r 



motors and output box 

1996 

16 of 16 

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

2 at $750 

Project Number: 961 62 - Interim 

Number Unit 
of Units Price 

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

FORM 48 
Equipment 

DETAIL 

8/2/95 
~-------------------------





APEX: Apex Predator Ecosystem Experiment in Prince 
William Sound and the Gulf of Alaska 

Project Number: 
Restoration Category: 
Proposer: 
LeadTrustee Agency: 
Coperating Agencies: 
Duration: 
CostFY 96: 
Cost FY 97: 
CostFY 98: 
CostFY 99: 
Cost FY 00: 
Cost FY 01 
CostFY 02 
Geographic Area: 
Injured Resource/Service: 

ABSTRACT 

i4:i:6S Cf (& I ~ 3 
Research 
David Cameron Duffy, Project Leader. 
NOAA 
DOl, ADFG 
Five years 
$1,982,600 
$1,964,000 
$1,964,000 
$1,500,000 
$ 700,000 
$000 
$000 
Prince William Sound, Gulf of Alaska 
Common Murre, Pigeon Guillemot, Recreation and 
Tourism (candidate species: Black-legged Kittiwake) 

Several seabird species such as Common Murre, Pigeon Gullemot, Marbled Murrelet and Black-legged 
Kittiwake 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 saucture). On the other hand, other non-oil factors may be involved, such as predation, 
climate-driven ecosystem changes, or even 'random' penurbations. 

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 wjll examine the 
reproductive consequences of such limitations for pigeon guillemots Cepphus columba, black-legged 
kittiwakes Ri.ssa 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 
Wi,lliam Sound: cormorant spp., kittiwake, glaucous-winged gull, Arctic tern, Kittlitz' s and marbled 
murrelets, tufted and homed 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 Oil 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 guillemors. 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 effons 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 effons 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 
2. Planktivory is the factor determining abundance of the preferred forage species of seabirds 
3. Forage species differ in their spatial responses to oceanographic processes 
4. Productivity and size of forage species change the energy potentially available for seabirds 
5. Forage fish characteristics and interactions among seabirds limit availability of seabird prey 
6. Seabird foraging group size and species composition reflect prey patch size 
7. Seabird diet composition and amount reflect changes in the relative abundance and 

distribution of forage fish at relevant scales around colonies 
8. 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 

Funher 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 undenake a funher 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 infonnation per 
unit effon. For example, we may find that sampling within five kilometers of a kittiwake colony 
provides as much information as sampling within 40 k.m, 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) to 
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 warning of 
developing problems in Prince William Sound. 

COMMUNITY INVOLVEMENT 

Community involvement in this project will take several fonns. First, chaner boat captains and crews 
from several commonties 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 infonnation between researchers and the communities. 
Second, we plan to support a student to ask communities to share their knowledge 6f 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. 

FY96BUDGET 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 

Subtotal 
Gen. Admin. 

Total 

$ 625.8 
$ 61.8 
$ 1,038.6 
$ 74.1 
$ 36.0 
$ 1,836.3 
$ 146.3 
$ 1,982.6 



96163 Titles and Numbers 

I PROJECT 
COMPONENT 

I TITLE 
I 

96163 A Abundance 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 Puffm 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 I 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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.;;.,,,.,,,..,.,,,.. Administration 

Project Total 

Resources 

1996 EXXON VALDEZ TRUSl c:c: ~OUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

Comments: The primary objective of the 1994 Forage Fish Study was to test 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 productivity data. The 1996 APEX project will include related monitoring and 
research of seabirds and their forage fish prey. 

1996 

Prepared 4128195 

1 ot 81 

Project Number: 96163 
Project Title: APEX 
Lead Agency: 

FORM 2A 
PROJECT 
DETAIL 

4/28195 



ar.:"''""''·~• Administration 
Project Total 

me Equivalents (FTE) 

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

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 961631). 

1996 

Prep<l 1128195 
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Project Number: 96163A 
Project Title: APEX/Forage Fish Assessment 
Agency: NOAA 

FORM JA 
AGENCY 

PROJECT 
DETAIL 

4/28/95 



1996 
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1996 EXXON VALDEZ TRUSTI :>UNCIL PROJECT BUDGET 
October 1 • 1995 - September 30. 1996 

Price 
444 

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

Overtime 
0 20.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
0.0 
00 

0.0 
00 
0.0 
00 
00 
0.0 
00 
0.0 

FORM 3B 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 

Forage Fish Assessment Contract 

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

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

Commodities Costs: 
Description 

Contractual Total 

Proposed 
FFY 1996 

655.7 

$655.7 

Proposed 
FFY 1996 

Commodities T otaf $0.0 

1996 

4 ol 81 

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

FORM JB 
Contractua 

1 & 
Commod'i tie 

c. 

4/28195 



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

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 
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 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 96163A FORM 38 

1996 Project Title: APEX/Forage Fish Assessment Equipment 

Agency: NOAA DETAIL 

5 ol 81 4/28/95 



me Equivalents (FTE) 

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

Dollar amounts are shown in thousands of dollars. 

Comments: This project was first funded as a component of the Forage Fish Ecosystem Study (94163) then as the APEX project (95163A). 
The primary objective of this project is to collect hydroacoustic and net sampling data and to analyze these data and those collected by 
96163l. Indirect costs are 42.2% of total except equipment and student tuition. 

1996 

Prepa 128195 
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Project Number: 96163A 
Project Title: APEX/Forage Fish Assessment 
Name: University of Alaska Fairbanks 

FORM 4A 
Non­

Trustee 
DETAIL 

4/28/95 



P. Shoemaker 

Seward to Juneau 
to Anchorage 

Seward to Anchorage 
Fairbanks to Anchorage 
SeaUie to Anchorage 
Fairbanks to Seattle 

1996 
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-
1996 EXXON VALDEZ TRUSTf >UNCIL PROJECT BUDGET 

October 1, 1995- September 30, 1996 

Project Number: 96164A 
Project Title: APEX/Forage Fish Assessment 
Name: University of Alaska Fairbanks 

FORM 48 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 
vessel charter@ $3,000 per day x 65 days 

Subcontract to Biosonics 

Commodities Costs: 
Description 

Laboratory. field and office supplies 

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

Contractual Total 

Proposed 
FFY 1996 

195.0 
93.0 

$286.0 

Proposed 
FFY 1996 

5.0 

Commodities Total $5.0 

1996 
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Project Number: 96163A 
Project Title: APEX/Forage Fish Assessment 
Name: University of Alaska Fairbanks 

FORM 4B 
Contractua 

l & 
Commoditie 

c 

4/28/95 
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-1996 EXXON VALDEZ TRUSl ~ IUNCIL PROJECT BUDGET 
October 1. 1995 - September 30, 1996 

Project Number: 96163A 
Project TitlE:': APEX/Forage Fish Assessment 
Name: llniverf;ity of Alaska Fairbanks 

FORM 4B 
Equipment 

DETAJL 

4/28195 



"""~·-~··~t Administration 
Project Total 

Resources 

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

Dollar amounts are shown in thousands of dollars. 

Comments: Collect seabird activity data while simultaneously monitoring fish abundance to determine seabirds' relationship to forage 
resources, how seabird's foraging behavior responds to change in the forage resource, and if forage availability is limiting population recovery. 

1996 

Prepar 128195 
10 of 81 

ProjPct NumbPr: 961638 
Project Title: APEX/Seabird Interactions 
Agency: 001 

' . ..,. 
'---------·· -----· -----

FORM 3A 
AGENCY 

PROJECT 
DETAIL 

4128195 



D. Irons 

-
1996 EXXON VALDEZ TRus· ;OUNCIL PROJECT BUDGET 

October 1, 1995- September 30, 1996 

Bio. Tech. 
Research Assistant (grad. student) 
•Project Manager 
•expediter 

12.0 
5.0 
5.0 
2.0 
3.0 

emergency travel and travel to scientific meetings 

1996 

11 ot 8 1 

Project Number: 961638 
Project Title: APEX/Seabird Interactions 
Agency: DOl 

-

Overtime 

15.0 
11.0 
9.9 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
0.0 

3.9 
1 6 
00 
0.0 
00 
0.0 
0.0 
0.0 
00 
00 
00 

FORM JB 
Personnel 
& Travel 

DETAIL 

4128195 



Contractual Costs: 
Description 

safety training 
emergency repair equipment 
equipment on maintenance 

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

telephone, film processing, postage and freight, publication page charges 

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

Commodities Costs: 
Description 

Scientific supplies (film, waterproof notebooks, guidebooks, charts) 
rain gear, rubber boots. and gloves for 3 people 
duplication costs 
office supplies (computer disks, paper, pens) 

Proposed 
FFY 1996 

2.5 
0.5 
0.1 
2.1 

Contractual Total $5.2 
Proposed 
FFY 1996 

01 
0.6 
0.4 
0.2 

Commodities Total $1.3 

1996 
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Project Number: 961638 
Project Title: APEX/Seabird Interactions 
Agency: DOl 

FORM 3B 
Contractua 

1 & 
Commoditie 

c 

4/28/95 



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

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

binoculars 2 350 1.4 
data entry system upgrade I I 1.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
00 
0.0 

Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total $2.4 

Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 961638 FORM 3B 

1996 Project Title: APEX/Seabird Interactions Equipment 

Agency: DOl DETAIL 

13 ol 81 4/28/95 



' 
1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 

October 1, 1995- September 30, 1996 

Authorized 
FFY 1995 

Equivalents (FTE) 
Dollar amounts are shown in thousands of dollars. 

Resources 

Comments: This project is designed to understand the Prince William Sound food web and its effects on injured species. 

1996 

Prepan 28/95 
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Project Number: 96163C 
Project Title: APEX/Fish Diet overlap 
Agency: NOAA 

FORM 3A 
AGENCY 

PRO,JECT 
DETAJL 

t/28195 



M. Sturdevant 
B. Wright 

Juneau to Anchorage 
Juneau to Fairbanks 

1996 
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-
1996 EXXON VALDEZ TRUSlw;;;w;;; ~OUNCIL PROJECT BUDGET 

October 1 . 1995 - September 30, 1996 

" Program Manager 

Project Number: 96163C 

GS9/6 
GS12/5 

Price 
350 
444 
500 

Project Title: APEX/Fish Di~t overlap 
Agency: NOAA 

-2 
1 3 225 

27.2 
5.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 

1.2 
0.0 
0.0 
0.0 
0.0 
00 
0.0 
00 
00 
00 

FORM 38 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 

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

When a non-lrustee organization is used. lhe form 4A is required. 

Commodities Costs: 
Description 

sample bottles. formalin, and microscope work supplies 

Proposed 
FFY 1996 

Contractual Total $0.0 

Proposed 
FFY 1996 

4.5 

Commodities Total $4.5 

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

-------- -- ----------------------------~ 

FORM 38 
Contractua 

l & 
Commoditie 

4128195 



-
1996 EXXON VALDEZ TRUSl OUNCIL PROJECT BUDGET 

October 1. 1995- September 30, 1996 

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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

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

Project Number: 96163C FORM 3B 

1996 Project Title: APEX/Fish Diet overlap Equipment 

Agency: NOAA DETAIL 
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-'""''"'"r'"'' Administration 
Project Total 

Resources 

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

Dollar amounts are shown in thousands of dollars. 

Comments: This project is responsible for the actual processing of forage fish stomachs to determine fish diets. 

1996 

Prepared 4128196 
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Project Number: 96163C 
Project Title: APEX/Fish Diet Overlap 
Agency: ADF&G 

FFY2002 

FORM JA 
AGENCY 

PROJECT 
DE'l'AI L 

4/28/95 



PCN 116110 
PCN115103 

1996 
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1996 EXXON VALDEZ TRUSl :OUNCIL PROJECT BUDGET 

fisheries technician Ill 
fisheries technician Ill 
*lib. I 

October 1, 1995 ·September 30, 1996 

*Program Manager, FBIV 

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

6.0 
6.0 
6.0 
0.3 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
00 
00 
0.0 
0.0 
00 
00 
00 
00 
00 

FORM 38 
Personnel 
& Travel 

DETAIL 

4128195 



Contractual Costs: 
Description 

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

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 

Contractual Total 

Propose1' 
FFY 199ll 

$0.0 

Proposed 
FFY 1996 

Commodities Total $0.0 

1996 
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Project Number: 96163C 
Project Title: APEX/Fish Diet Overlap 
Agency: ADF&G 

FORM 3B 
Contractua 

1 & 
Commoditie 

c 

4/28/95 



New Equipment Purchases: 
Description 

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

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 Equipment Total $0 0 

Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 96163C FORM JB 

1996 Project Title: APEX/Fish Diet Overlap Equipment 

Agency: ADF&G DETAIL 
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neral Administration 
Project Total 

Comments: 

1996 

Prepared 4/26/96 
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1996 EXXON VALDEZ TRL : COUNCIL PROJECT BUDGET 
October 1, 1995- September 30, 1996 

Dollar amounts are shown in thousands of dollars. 

Project Number: 95163D 
Project Title: APEX/Puffins as Samplers 
Agency: DOl 

FORM JA 
AGENCY 

PROJECT 
DETAIL 

4/26/95 



volunteer air fares 

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

project assistant 
GS12/4 
GS9 

Price 

Monthly 
Costs 
5,000 
2,000 

float plane trips to study area 

100 
600 
250 200 

1996 
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Project Number: 961630 
Project Title: APEX/Puffins as Samplers 
Agency: DOl 

Overtime 

3 

15.0 
16.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1.8 
1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 

1996 EXXON VALDEZ TRUS1 __ _;oUNCIL PROJECT BUDGET 
October 1 . 1995 - September 30. 1996 

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

Commodities Costs: 
Description 

food 
fuel for skiffs 
sleeping bags and pads 
waterproof boat bags 
rain gear and rubber boots 
misc. camp gear (stoves. lanterns. tools. cook kits) 
scientific supplies (screens. sampling bags, preservatives, scales) 

Proposed 
FFY 1996 

Contractual Total $0.0 

Proposed 
FFY 1996 

3.5 
2.2 
08 
02 
0.8 
1.0 
1.0 

Commodities Total $9.5 

1996 
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Project Number: 961630 
Project Title: APEX/Puffins as Samplers 
Agency: DOl 

FORM 38 

Contractua 
. 1 & 

Commoditie 
c 

4/28/95 



. 
1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 

October 1. 1995 - September 30. 1996 

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

SSB radio, antenna, battery 2 1,100 2.2 
VHF radios 2 500 1.0 
generator 1 500 0.5 
bomb sheller tents 4 620 2.5 
inflatable boat (Zodiak Mark II 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 0.9 
binoculars 4 160 0.6 
burrow probe video system 1 6,200 6.2 
climbing equipment 1 1,000 1.0 

0.0 
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 Inventory 
Description of Units Agency 

.. 

Project Number: 961630 FORM 3B 

1996 Project Title: APEX/Puffins as Samplers Equipment 

Agency: DOl DETAIL 
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eneral Administration 
Project Total 

ull-time Equivalents (FTE) 

Resources 

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

Dollar amounts are shown in thousands of dollars. 

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

1996 

Prepared 4/26195 
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Project Number: 96163 E 
Project Title: APEX/Kittiwak~s 
Agency: DOl 

FORM JA 

AGENCY 
PROJEC'I' 
DETAIL 

4126195 



D. Irons 

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

Bio. Tech. 
Bio. Tech. 
• Project Manager 
·expediter 

Project Number: 96163E 

GS11 
GS5 
GS5 
GS12 
Grade4/2 

Project Title: APEX/Kittiwakes 
Agency: DOl 

12.0 
5.0 
5.0 
2.0 
3.0 

12 
6 

Monthly 
Costs 
4,750 
2, 
2, 
5,500 
3,300 

12.4 
12.4 
11.0 
9.9 
0.0 
0.0 
0.0 
0.0 

1.2 
2.0 
2.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 3B 

Personnel 
& Travel 

DETAIL 

'28/95 



Contractual Costs: 
Description 

delivery of fuel and supplies 
safety training for 3 people 
truck rental 
maintenance, cleaning, and repair 

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

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

Commodities Costs: 
Description 

food for 3 people for 120 days 
boat fuel: 150 gal/day for 60 days 
scientific and camp supplies. software updates. and office supplies 

Proposed 
FFY 1996 

8.1 
3.0 
2.0 
8.5 

Contractual Total $21.6 

Proposed 
FFY 1996 

5.0 
12.0 
6.7 

Commodities Total $23.7 

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

FORM 38 

Contractua 
l & 

Commoditie 

"" 

4/28/95 



New Equipment Purchases: 
Description 

radio lags 
emergency replacement equipment 

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

Number 
of Units 

Unit 
Price 

Proposed 
FFY 1996 

6.2 
2.0 
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 $6.2 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 96163E FORM 3B 

1996 Project Title: APEX/Kittiwakes Equipment 

Agency: DOl DETAIL 
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IIG~em~ral Administration 
Project Total 

me Equivalents (FTE) 

her Resources 

1996 EXXON VALDEZ TRUS. OUNCIL PROJECT BUDGET 
October 1, 1995 - ..... t"Jember 30, 1996 

Authorized 
FFY 1995 

Dollar amounts are shown in thousands of dollars. 

Comments: This study will monitor the feeding and breeding ecology of pigeon guillemols on Naked Island in Prince William Sound and 
census their population there and at other designated areas. 

1996 

Prepa1ed 4/28195 
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Project Number: 96163F 
Project Title: APEX/Guillemots 
Agency: DOl 

~--------------------------------------------------------J 

FORM JA 

AGENCY 
PROJECT 
DETAIL 

4/28/95 



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

D. Irons 

Price 
Anchorage to Whittier to transport boat 
.... "'"""'""~,., .. to Whittier for 4 people 

plane trips to study site 
ravel to scientific meeting 
emergency travel 

1996 
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Project Number: 96163F 
Project Title: APEX/Guillemots 
Agency: DOI 

1200 
100 
250 

12.0 
6.0 
5.0 
5.0 
2.0 
3.0 

16 
•4 

Overtime 
5 
17.6 
12.4 
12.4 
11.0 
9.9 
0.0 
0.0 
0.0 
0.0 
0.0 

1.6 
1.0 
2.0 
1.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 3B 
Personnel 
& Travel 

DETAIL 

/28/95 



Contractual Costs: 
Description 

delivery of fuel and supplies 
safety training for 3 people 
truck rental 
maintenance. cleaning, and repairs 
emergency equipment repair 

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

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

Commodities Costs: 
Description 

food for 3 people for 120 days 
boat fuel: 150g/day for 60 days 
scientific and camp supplies. software updates, and office supplies 

Proposed 
FFY 1996 

6.0 
4.0 
4.0 
7.1 
2.0 

Contractual Total $23.1 

Proposed 
FFY 1996 

4.0 
12.0 

7.3 

Commodities Total $23.3 

1996 
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Project Number: 96163F 
Project Title: APEX/Guillemots 
Agency: DOl 

FORM 3B 
Contractua 

l & 
Commoditie 

c::: 

4128195 



New Equipment Purchases: 
Description 

emergency replacement equipment 

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

Number 
of Unils 

Unit 
Price 

Proposed 
FFY 1996 

2.0 
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 $2.0 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 96163F FORM 3B 

1996 Project Title: APEX/Guillemots Equipment 

Agency: DOl DETAIL 
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nr.: •• n.,.,r.!lil Administration 
Project Total 

er Resources 

1996 EXXON VALDEZ tRt; :COUNCIL PROJECT BUDGET 
October 1, 1995- September 30, 1996 

Authorized 
FFY 1995 

Dollar amounts are shown in thousands of dollars. 

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 reproductive success of seabirds in the EVOS area. 

1996 

Prepared 4/28195 
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Project Number: 96163G 
Project Title: APEX/Seabird Energetics 
Agency: DOl 

FORM 3A 
AGENCY 

PROJECT 
DET/\IL 

4/28/95 



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

Price 

Project Number: 96163G 
Project Title: APEX/Seabird Energetics 
Agency: DOl 

Overtime 
5. 
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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 

1996 EXXON VALDEZ TRUSlt:.t:.l:OUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

Co Contract with the University of Alaska Cooperative Research Unit. 

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

Commodities Costs: 
Description 

Proposed 
FFY 1996 

168.4 

Contractual Total $168.4 

Proposed 
FFY 1996 

Commodities Total $0.0 

1996 
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Project Number: 96163G 
Project Title: APEX/Seabird Energetics 
Agency: 001 

FORM 3B 
Contractua 

l & 
Commoditie 

4/28/95 



New Equipment Purchases: 
Description 

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

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 bv placement of an R. New Equipment Total $0.0 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 96163G FORM 3B 

1996 Project Title: APEX/Seabird Energetics Equipment 

Agency: DOl DETAIL 
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ime Equivalents (FTE} 

Resources 

1996 EXXON VALD~ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1995 ·September 30, 1996 

Authorized 
FFY 1995 

Dollar amounts are shown in thousands of dollars. 

Comments: Assess the taxonomic and biochemical composition or seabird diets and determines the relationship of diet to nestling 
provisioning rates, chick growth energetics. and the reproductive success of seabirds in the EVOS area. 

1996 

Prepared 4/28195 
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Project Number: 96162G 
Project Title: APEX/Seabird Energetics 
Name: DOl 

FORM 4A 

Non­
Trustee 
DETAIL 

4/28/95 



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

presentation at national meetings 
Fairbanks to Anchorage 
per diem 
train Portage to Whittier 
train Portage to Whittier for 2 vehicles 

Project Number: 96163G 

Ticket 
Price 
1,000 

416 

18 
70 

1996 Project Title: APEX/Seabird Energetics 
Name: oar 

39 ol 61 

8 
2 

13 

Overtime 

155 

FORM 48 
Personnel 
& Travel 

DETAIL 

4/26/95 



Contractual Costs: 
Description 

project suppo 
vessel charter 
vehicle rental 
maintenance 

Commodities Costs: 
Description 

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

laboratory, boat, climbing and camp supplies 
mustang suits x 6 
fuel for boat 

Proposed 
FFY 1996 

5.0 
6.0 
3.9 
7.0 

Contractual Total $21.9 
Proposed 
FFY 1996 

20.9 
1.8 
9.2 

Commodities Total $31.9 

1996 

40 ol 81 

Project Number: 96163G 
Project Title: APEX/Seabird Energetics 
Name: DOl 

FORM 48 
Contractua 

1 & 
Commoditie 

.:::.. 

4/28/95 



,17' 
1outooaro motor, 40h.p. 
weatherports 

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

Project Number: 96163G 
Project Title: APEX/Seabird Energetics 
Name: DOI 

FORM 4B 
Equipment 

DETAIL 

4/28195 



......... ,, .. ,Administration 

Project Total 

me Equivalents (FTE) 

Resources 

1996 EXXON VALDEZ TRUS.II:I: COUNCIL PROJECT BUDGET 
October 1, 1995- September 30, 1996 

Authorized 
FFY 1995 

Dollar amounts are shown in thousands of dollars. 

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 4128/96 

42 of 81 

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

FORM 3A 

AGENCY 
PROJECT 
DETAIL 

4128195 



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

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

Overtime 

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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 

proximate composition contract 

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

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 

Proposed 
FFY 1996 

35.5 

Contractual Total $35.5 

Proposed 
FFY 1996 

Commodities Total $0.0 

1996 
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Project Number: 96163H 
Project Title: APEX/Proximate Composition of 
Forage Fish 
Agency: NOAA 

FORM 3B 
Contractua 

1 & 
Commoditie 

"" 

4/28/95 



New Equipment Purchases: 
Description 

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

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 

Existing Equipment Usage: Number Inventory 

Description of Units Agency 

Project Number: 96163H FORM 38 

1996 Project Title: APEX/Proximate Composition of Equipment 
Forage Fish DETAIL 
Agency: NOAA 

45 ol 81 4/28/95 



ime Equivalents (FTE) 

Resources 

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

Authorized 
FFY 1995 

Dollar amounts are shown in thousands of dollars. 

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

1996 

Prepared 4128195 
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Project Number: 96163H 
Project Title: APEX/Proximate Composition of Forage 
F'ish 
Name: Texas A&M University 

FORM 4A 
Non­

Trustee 
DETAIL 

4128195 
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1995 - September 30. 1996 

Project Number: 96163H 
Project Title: APEX/Proximate Composition of 
Forage Fish 
Name: Texas A&M University 

Overtime 

FORM 4B 
Personnel 
& Travel 

DETAIL 

/28/95 



Contractual Costs: 
Description 

Commodities Costs: 
Description 
laboratory and sample handling supplies 

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

Proposed 
FFY 1996 

Contractual Total $0.0 

Proposed 
FFY 1996 

3.5 

Commodities Total $3.5 

1996 

48 of 81 

Project Number: 96163H 
Project Title: APEX/Proximate Composition of 
Forage Fish 
Name: Texas A&M University 

FORM 4B 
Contractua 

l & 
Commoditie 

C" 

4/28/95 
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1995- September 30, 1996 

Project Number:· 96163H 
Project Title: APEX/Proximate Composition of 
Forage Fish 
Name: Texas A&M University 

'-, 

FORM 48 
Equipment 

DETAIL 

4/28/95 



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

Dollar amounts are shown in thousands 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 

Prepa1ed 4128195 
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Project Number: 961631 
Project Title: APEX/Project Management 
Agency: DOl 

.__ ___ - ---- - ----

FORM 3A 
AGENCY 

PROJECT 
DETAIL 

4128195 



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

Project Number: 96163! 
Project Title: APEX/Project Management 
Agency: DOl 

Overtime 
5.0 
5.5 
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 
0.0 
0.0 
0.0 

FORM JB 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 

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

contract with University of Alaska (use memorandum of understanding to transfer funds) 

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

Commodities Costs: 
Description 

Proposed 
FFY 1996 

104.8 

Contractual Total $104.8 

Proposed 
FFY 1996 

Commodities Total $0.0 

1996 
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Project Number: 961631 
Project Title: APEX/Project Management 
Agency: DOl 

FORM 3B 
Contractua 

1 & 
Commoditie 

c: 

4/28/95 



' 
1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 

October 1, 1995- September 30, 1996 

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 
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 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 961631 FORM 38 

1996 Project Title: APEX/Project Management Equipment 

Agency: DOl DETAIL 
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Subtotal 
ndirecl (36.2%) 

Project Total 

1-time Equivalents (FTE) 

Resources 

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

Dollar amounts are shown in thousands 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 

P1epared 4/28195 
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Project Number: 96163! 
Project Title: APEX/Project Management 
Name: University of Alaska Anchorage 

FORM 4A 
Non­

Trustee 
DETAIL 

4/28/95 



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

assistant PI 

Price 
Anchorage to PWS communities to complete information transfer 
Anchorage to Juneau 444 2 

1996 
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Project Number: 961631 
Project Title: APEX/Project Management 
Name: University of Alaska Anchorage 

5 

Overtime 

FORM 4B 

Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 
data compatibility contract 

Commodities Costs: 
Description 
supplies and phone 

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

Contractual Total 

Proposed 
FFY 1996 

5.0 

$5.0 

Proposed 
FFY 1996 

1.0 

. Commodities Total $1.0 

Project Number: 96163! 
Project Title: APEX/Project Management 
Name: University of Alaska ~nchorage 

FORM 4B 

Contractua 
1 & 

Commoditie 

4/28/95 
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1995- September 30, 1996 

Project Number: 961631 
Project Title: APEX/Project Management 
Name: University of Alaska Anchorage 

FORM 4B 
Equipment 

DETAIL 

4/28/95 



ent 
Subtotal 

IIGEme1ral Administration 
Project Total 

me Equivalents (FTE) 

1996 EXXON VALDEZ TRUSl t._ - .JUNCIL PROJECT BUDGET 
October 1, 1995- September 30, 1996 

Authorized 
FFY 1995 

Proposed 
FFY 1996 

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

1996 

Prepared 4128195 
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Project Number: 96163J 
Project Title: APEX/Barren Islands Murres and 
Kittiwakes 
Agency: DOl 

FORM 3A 
AGENCY 

PROJECT 
DETAIL 

4128195 



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

leader/bio. tech. 
bio. tech .. 

Project Number: 9616JJ 
Project Title: APEX/Barren Islands Murres and 
Kittiwakes 
Agency: DOl 

Overtime 
33.6 
23.2 
13.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
00 
00 

FORM 3B 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 
2 vessel days at $2.1 Klday 

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

4 resupply fixed wing charter fights @ $.25/lrip 
1 emergency helicopter trip 
1 SCA volunteer in Homer. 3 months 
cleaning and repair of radios and outboard motors 

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 
food for field camp 
field. climbing, and camping gear 

Contractual Total 

Proposed 
FFY 1996 

4.2 
1.0 
1.4 
3.4 
0.6 

~I 
Proposed 
FFY 1996 

3.1 
1.7 

Commodities Total $4.8 

1996 
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Project Number: 96163J 
Project Title: APEX/Barren Islands Murres and 
Kittiwakes 
Agency: DOl 

FORM 3B 
Contractua 

1 & 
Commoditie 

c 

4/28/95 



New Equipment Purchases: 
Description 

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

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 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 96163J FORM 3B 

1996 Project Title: APEX/Barren Islands Murres and Equipment 
Kittiwakes DETAIL 
Agency: DOl 

61 ot 81 4/28/95 



. 
1996 EXXON VALDEZ TROST OUNCIL PROJECT BUDGET 

October 1, 1995- September 30, 1996 

Resources 

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 Gulf of Alaska. 

1996 

Prepared: 4/28195 
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Project Number: 96163K 
Project Title: APEX/Large Fish as Samplers 
Agency: 001/USFWS 

FORM 3A 
AGENCY 

PROJECT 
DETAIL 

4/28/95 



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

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

'\""·. 

Overtime 

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 
0.0 
0.0 
0.0 
00 
0.0 

FORM JB 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 
1 SCA volunteer in Homer for 3 months 

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

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

Commodities Costs: 
Description 
sampling supplies and freight 

Proposed 
FFY 1996 

3.7 

Contractual Total $3.7 

Proposed 
FFY 1996 

2.0 

Commodities Total $2.0 

1996 
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Project Number: 9616JK 
Project Title: APEX/Large Fish as Samplers 
Agency: DOI/USFWS 

FORM JB 
Contractua 

l & 
Commoditie 

C"' 

4128195 



New Equipment Purchases: 
Description 

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

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 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

Project Number: 96163K FORM 38 

1996 Project Title: APEX/Large Fish as samplers Equipment 

Agency: DOl /USFWS DETAIL 

65 of 81 1/28/95 



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

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 Gulf of Alaska. 

1996 

Prepared: 4128195 
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Project Number: 96163K 
Project Title: APEX/Large Fish as Samplers 
Agency: 001/NPS 

FORM 3A 
AGENCY 

PROJECT 
DETAIL 

4128195 



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

Overtime 
3.7 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1------1-----,-1!-----::-h=- 0.0 

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

FORM JB 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 

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

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 

. 

Proposed 
FFY 1996 

Contractual Total $0.0 
Proposed 
FFY 1996 

Commodities Total $0.0 

1996 
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Project Number: 96163K 
Project Title: APEX/Large Fish as Samplers 
Agency: 001/NPS 

FORM 36 
Contractua 

1 & 
Commoditie 

"" 

4128195 



New Equipment Purchases: 
Description 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
Octobef1, 1995- September 30, 1996 

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 J!Urchases 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: 96163K FORM 3B 

1996 Project Title: APEX/Large Fish as Samplers Equipment 

Agency: OOI/NPS DETAIL 

69 of 81 4/28/95 



IIGIBOE~ral Administration 
Project Total 

me Equivalents (FTE) 

Resources 

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

Authorized 
FFY 1995 

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. 

1996 

Prepared 4/28195 
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Project Number: 96163L 
Project Title: APEX/Barrens Is. Survey & Historic 
Review 
Agency: DOl 

FORM 3A 
AGENCY 

PROJECT 
DETAIL 

4128195 



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

Project Number: 96163L 
Project Title: APEX/Barrens Is. Survey & Historic 
Review 
Agency: DOI 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 
Barren Islands vessel survey 

' ' 1996 EXXON VALDEZ TRUSlo...,; COUNCIL PROJECT BLIOGET 
October 1 , 1995 - September 30, 1996 

Proposed 
FFY 1996 

10.0 

When a non-trustee organization is used, the form 4A is required. Contractual Total $10.0 

Commodities Costs: 
Description 
vessel fuel 

1996 
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Proposed 
FFY 1996 

5.0 

Commodities Total $5.0 

Project Number: 96163L 
Project Title: APEX/Barrens Is. Survey & Historic 
Review 
Agency: DOl 

FORM 3B 
Contractua 

1 & 
Cornmoditie 

"" 

4/28/95 



New Equip_ment Purchases: 
Description 
Misc. computer software and hardware 

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

Number 
of Units 

Unit 
Price 

Proposed 
FFY 1996 

2.5 
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 $2.5 

Existing Equipment Usage: Number Inventory 
Description of Units Agency 

•. 

Project Number: 96163L FORM JB 

1996 Project Title: APEX/Barrens Is. Survey & Historic Equipment 
Review DETAIL 
Agency: DOI 
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Resources 

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

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 4128/95 

74 of 81 

Project Number: 96163L 
Project Title: APEX/Historic Review of Forage Fish 
Data 
Agency: NOAA 

FORM 3A 
AGENCY 

PROJECT 
DETAIL 

4/28/95 
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1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1995 * September 30. 1996 

Project Number: 96163L 
Project Title: APEX/Historic Review of Forage Fish 
Data 
Aqency: NOAA 

Overtime 

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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 

DETAIL 

4/28/95 



Contractual Costs: 
Description 

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

Proposed 
FFY 1996 

When a non-trustee organization is used, the form 4A is required. Contractual Total $0.0 

Commodities Costs: 
DescripUon 

1996 
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Proposed 
FFY 1996 

Commodities Total $0.0 

Project Number: 96163L 
Project Title: APEX/Historic Review of Forage Fish 
Data 
Agency: NOAA 

FORM 38 
Contractua 

1 & 
Commoditie 

c 

4/28/95 



< 

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

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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

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

Project Number: 96163L FORM 38 

1996 Project Title: APEX/Historic Review of Forage Fish Equipment 
Data DETAIL 
Agency: NOAA 

17 of 81 1/28/95 



UGE1ner·a1 Administration 
Project Total 

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

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 4/26/95 
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Project Number: 96163L 
Project Title: APEX/Historic Review of Forage Fish 
Data 
Agency: AlJF&G 

FORM JA 
AGENCY 

PROJECT 
DETAIL 

4/28/95 



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

biologist (Kodiak) 

Project Number: 96163L 

4.0 2,400 
0 

Project Title: APEX/Historic Review of Forage Fish 
Data 
Agency: ADF&G 

Overtime 

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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 3B 
Personnel 
& Travel 

DETAIL 

t/28/95 



Contractual Costs: 
Description 

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

Proposed 
FFY 1996 

When a non-trustee organization is used, the form 4A is required. Contractual Total $0.0 
Commodities Costs: 
Description 

1996 

80 of 81 

Proposed 
FFY 1996 

Commodities Total $0.0 

Project Number: 96163L 
Project Title: APEX/Historic Review of Forage Fish 
Data 
Agency: ADF&G 

FORM 38 

Contractua 
l & 

Cornrnoditie 
c 

4/28/95 



New Equipment Purchases: 
Description 

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

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 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

.. 

Project Number: 96163L FORM 38 

1996 Project Title: APEX/Historic Review of Forage Fish Equipment 
Data DETAIL 
Agency: ADF&G 
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MEMORANDUM TO: 

FROM: 

Re: 

August 2, 1995 

Traci Cramer 
Director of Administration 

Bruce Wright 
Program Manager 

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

Restoration Studv 96076: Effects of Oil on Straying 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 sai<uy 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 necessmy, 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 hatcbing (Januaty). 

3) Hydrocarbon analysis. Collection of gravel, water, and emb1yo 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 Survevs. Weekly carcass surveys of Sashin and Lovers Cove Creeks in October 



for estimation (mark/tecapturer ofptnlcsa:Imon 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, October-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 Fa 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 t'o 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, 96191B 

Line Item Costs ($K} 
Personnel 42.0 
Travel 19.2 
Contracts 0.0 
Commodities 5.3 
Equipment 0.0 
SUBTOTAL 66.5 

General Admin 6.3 

TOTAL $72.8 

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

Interim funding will be necesscuy 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 Janua1y 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 DOl ($K) 
Personnel 181.1 
Travel 7.0 
Contracts 0.0 
Commodities 0.0 
Equipment 0.0 
SUBTOTAL 188.1 

General Admin 27.2 

TOTAL $ 

cc: Dave Duffy 
Ron Heintz 
Dave Irons 
Byron Morris 
Jeep Rice 
Sandra Schubert 
Stan Senner 
Joe SuHivan 

215.3 

Alex Wertheimer 

NOAA ($K) ADF&G ($K) 
29.3 26.3 

7.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

36.3 26.3 

4.4 3.9 

$ 40.7 $ 30.2 

TOTAL ($K) 
. 236.7 

14.0 
0.0 
0.0 
0.0 

250.7 

35.5 

$ 286.2 



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

PROJECf TITLE Personnel Costs Travel Total 
(title/months) Costs 

95163 A Fish Survey & $ 5.8K (PM NOAA/1 months) $1.0K $6.8K 
Biology 

95163 B Bird/Fish Interactions 19.2 (PI/4 months) 0.5 25.2 
5.5 (PM DOI/1 month) 0.0 

95163 c Fish Diet Overlap 9.9 (PI/3 months) 4.5 
20.3 (tcchs./3 months) 0.0 
5.8 (PM NOAA/I month) 0.0 
1.2 (PM ADFG/.2 month) 0.0 41.7 

95163 D Puffins as Samplers 5.0 (PI/1 month) 1.0 
6.0 (Assis. PI/3 months) 0.0 12.0 

95163 E Black-legged 19.2 (PI/4 months) 1.0 
Kittiwakes 4.9 (2 techs./2 months) 0.0 

5.5 (PM DOI/1 month) 0.0 30.6 

95163 F Pigeon Guillemots 19.2 (PI/4 months) 1.0 
4.9 (2 techs./2 months) 0.0 
5.5 (PM DOJ/I month) 0.0 30.6 

95163 G Energetics 2.8 (PM NOAA/0.5 month) 1.0 3.8 

95163 H Proximate 
Composition 0.0 0.0 0.0 

95163 I Project Leader 35.0 (PI/2 months) 1.0 
2.5 (PM DOI/0.5 month) 0.0 
2.9 (PM NOAA/0.5 month) 0.5 

15.0 (Fish Symposium) 0.0 56.9 

95163 J Barren I. Murres & 12.6 (PT/3 months) 1.0 
BLKs 6.9 (bio. !ech./2 months) 0.0 20.5 

95163 K Fish as Samplers 4.2 (Pili month) 0.5 4.7 

95163 L Barrens & Historical 10.0 (Pl/2 months) 1.0 
2.1 (biologist NOAA/I mo) 0.0 
4.8 (biologists F&G/2 mo) 0.0 17.9 

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. 





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, C/upea 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 th3t there is good communication bet'.veen the Principal Investigators (Pis) within 
the Pacific herring studies and between these Pis 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 betv.:een Pis for Pacific herring projects and the Pis 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 1989. 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 spav.-ning 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 Brov.n 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 I). Restoration strategies v.;ill 
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 objecti1.cs 
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, \vhich, 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 Pis of other projects and that project 
activities are well coordinated. 

This project is intended to enhance communication and coordination among Pacific herring Pis 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 Pis 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 Pacitic 
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 spa'>Vning 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 repruuucti ve 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 I) 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 or 
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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 Pis. 

FY96 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 
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Table I. Exxon Valdez Trustee Council Pacific Herring Projects, 1996. 

Projt .:t No. Jlroject Title Principal Investigator Completion 

95074 Reproductive Impairment Rice 1997 

95165 Genetic S tnacture J. Seeb 1998 

95166 Herring Natal Habitat Willette 19981 

95320E Juvenile Salmon and Herring Willette 1998 
Integration 

95320N Sound Ecosystem Assessment Thomas 1998 
(SEA) Nekton-Plankton 
Acoustics 

95320S Investigations of Disease Kocan 1998 
Factors Affecting Declines of 
Pacific Herring Populations in 
Prince William Sound, Alaska 

95320T Juvenile Herring Growth and Norcross 1998 
Habitat Partitioning 

95320U Somatic a •1d Spawning Paul 1998 
Energetics of Herring and 
Pollock 

1 t-.1a1or .:ump. 'lll.'nts will be completed sooner. 
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PROJECT DESIGN 

A. Objectives 

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

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

3. Integration of critical evaluation among the Pacific herring study group Pis 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 

l. Coordination within Pacific herring studies. 

a. A discussion, network or forum will be established by the Program Manager among 
the Pis to enhance information exchange. Pis will be requested to provide brief (c g .. 
one page) summaries of activities whenever a significant event is completed (e.g .. J 

spa'Wning 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 :.mhT,; 

the researchers. 

c. An annual meeting of the TC Pacitic herring project Pis will be convened in eany IJJJ 

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 Pis 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. 

3. Integration of critical evaluation 

a. Two specialists in the fteld of herring biology will be contracted to review and pr1n: :;; 
critical comments on project proposals and project reports. 

b. The specialists will participate in the Pacific herring study review meeting and th~ 
Annual Restoration Workshop. 
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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, \\Titten 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 Mite 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 
aiiow 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: Adverise and contract herring specialists 

By December 15: Convene annual Pacific herring fall workshop to review results anJ J~;l~-~ 

conclusions 
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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 

I. 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 annu~ll 
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 ancl 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 m 
Prince William Sound is distributed and shared among all ecosystem study projects in Prince \\'iII iam 
Sound. Finally, results and conclusions from these studies will be communicated to individuals. 
communities and agencies outside the -I L. 

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

Professional Experience-
1994-present: 
1994: 

Assistant Program Manager, H&R Div., ADF&G 

1993-1994: 
1980-1993: 
1977-1980: 
1973-1977: 

Writing Team Member for fisheries, EVOS Restoration Plan EIS 
Regional Resource Development Biologist, CFMD Div., ADF&G 
Regional Biologist, FRED Div., ADF&G 
Chief Fisheries Scientist, Nalco/Hazelton Environmental Sciences 
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 
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eral Administration 
Project Total 

er Resources 

Comments: 

1996 EXXON VALDEZ TRUS. -- COUNCIL PROJECT BUDGET 
October 1, 1 ~95 - September 30, 1996 

Authorized 
FFY 1995 

Dollar amounts are shown in thousands of dollars. 

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 
dirqction of funding and/or tasks of the individual Pacific herring projects. 

1996 

Prepared: 1 of 4 

Project Number: 96164 
Project Title: Pacific Herring Program Coordinator 
Agency: AK Dept. of Fish & Game 

.'i 

FORM 3A 
AGENCY 
PROJECT 
DETAIL 

8/1/95 

(:(: 

~ 

~ 
~ 

~ 
~ 
~ 



.. .,. 

Anchorage 
Cordova 

Car Rental - $1 2/day x 20 

1996 

2 of 4 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1 ~95 - September 30, 1996 

10 

Project Number: 96164 
Project Title: Pacific Herring Program Coordinator 
Agency: AK Dept. of Fish & Game 

•'• 

20 

4 
6 

Overtime 

125 
125 
125 

FFY 19 
31.6 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

$31.6 

Proposed 
FFY 1996 

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

FORM 38 
Personnel 
& Travel 
DETAIL 
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1996 EXXON VALDEZ TRUS-1 :OUNCIL PROJECT BUDGET 
October 1, 19~5 ~ September 30, 1996 

Contractual Costs: Proposed 
Description FFY 1996 

Air charters -5 hrs @ $250/hr 1.3 
Telecommunications, postage, and courier service 

' 
1.0 

WAN (CFMD network) 0.5 
Copying and P-rinting "' 0.3 

When a non-trustee organization is used, the form 4A is required. Contractual Total $3.1 
vommoa1t1es t;osts: Proposed 
Description FFY 1996 

Field Gear 0.2 
Office/photo supplies 0.3 

~ 

' 

Commodities Total $0.5 

't 
FORM 38 

Project Number: 96164 Contractual & 1996 Project Title: Pacific Herring Program Coordinator Commodities 
Agency: AK Dept. of Fish & Game DETAIL 
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New Equipment Purchases: 
Description 

Computer 
Printer 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 19~5 - September 30, 1996 

~ . 

Those purchases associated with replacement equipment should be indicated by placement of an R. 
Existing Equipment Usage: 
De~Rription .. 

Project Number: 96164 
1996 Project Title: 

Agency: AK Dept. of Fish & Game 

4 of 4 

Number Unit Proposed 
of Units Price FFY 1996 

1 2,500 2.5 
1 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 

New Equipment Total $4.0 

Number Inventory 
of Units Agency 

,, 

.... 
'I 

FORM 38 
Equipment 

DETAIL 
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Genetic Discrimination of Prince William Sound Herring Populations 4-27 
430pm 

Project Number: 96165 

Restoration Category General Re::,toration 

Proposer: Alaska Department of Fish and Game 

Lead Trustee Agency: Alaska Department of Fish and Game 

Cooperating Agencies: None 

Duration: 2 112 years 

Cost FY 96: I05.8K 

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 commeru.d 
and ecological perspective. The timing of the Exxon Valdez oil spill (EVOS) overlapped the annual 
spring rr.igration of herring spavmers to near shore staging areas. Over 40% of the herring spawnm:::. 
staging, and egg deposition areas and over 90% of the documented summer rearing and feeding are..!" 
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 tra\·erseJ 
oil sheens and mousse while traveling northward and eastward. Eggs were deposited on oiled 
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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 sheen, 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 averagt! 
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 model 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 strayin!:! 
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. hut 
much of this variation may be environmentally mediated and has not been confirmed with genetic 
data (Safford and Boeke 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 sam~ 
area that are temporally isolated (Komfield et al. 1982). Allozymes define two distinct races of 
Pacific herring (Asian/Bering Sea and eastern North Pacific), with further subdivision between Gull 
of Alaska and more southerly North Pacific stocks (Grant and Utter 1984). Also, alloZ)·me mark.~r" 
were used to describe genetic divergence among local spawning populations of Pacific herring in thl.' 
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 (Komfield and Bogdanowicz 1987; Schweigert and Withler 1990; Dahk 
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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-spa\\ning 
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 torm 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 al10w 
fishery managers to make fine adjustments of fishing quotas to harvest the maximum available 
surph"ses with the lowest possible risk of over harvest, damage to the resource, or economic loss tn 
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 cfh1rt-­
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 I , 
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 t~! 
this study are to: 
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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 kno\.\n 
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 been 
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 laborator) 
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, Komfield 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 retentll~n 
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 9S 

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 
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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 
Travel 
Contractual Services 
Commodities 
Equipment 

Sub-total 
General Administration 

Total 

PROJECT DESIGN 

A. Objectives 

22.5 
2.2 

72.0 
.7 
00.0 
97.4 
8.4 
105.8 

Our overall objective is to provide a genetic basis for the stock model used by Alaska Department tlf 
Fish and Game to manage and restore the depleted herring resource in Prince William Sound. \\\· 
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 imormation 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 ,)f 
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 structur~ 
of adjacent spawning aggregates (up to four), including a co·nparison from across the kmm n 
genetic barrier of the Alaska Peninsula. 
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4. Evaluate the structure of Prince William Sound and related North Pacific populations for 
inter-annual stability. 

B. Ilethods 

I. 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. 

2. Genetic Analysis 

The preproposal for this project included allozyme analysis as well as DNA analysis because 
allozymes have previously been shJwn to discriminate t~mporally isolated populations su~h as 
those observed in Prince William Sound ( cf.. Komfield 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: l) 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 :1warded 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 evaluation 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 laboratory 
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 Seahte 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 spa~ning 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: 
June 15 - December 30: 

Award contract for FY 95 samples 
Complete laboratory analysis 

January - April, 1996: Evaluate lab results, plan for 1996 sampling 
Collection of samples April - May 30, 1996: 

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 

Annual report for FY 96 April 1997: 

B. Project Milestones and Endpoints 

December 30, 199 5: Complete screen of population samples collected during 1994-1995 
April 30, i 996: Compiete evaluation of population structure of populations collected during 

1994-1995 
Decemher 30, 1996: 
April 30, 1997 

December 30, 1997: 
April 30, 1998: 

Complete screen of population samples collected during 1996 
Evaluation of population structure of Prine" William Sound and other related 
populations collected through 1996; planning for mop-up sample collection fnr 
spawning aggregates missed in previous years 
Complete screen of population samples collected during year three 
Complete evaluation of stability of population structure across years 

C. Project Reports 

April 30, 1996: 
April 30. 1997: 
April 30, 1998: 

annual report in the form of manuscript submitted to journal. 
annual report. 
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 9625 5. 

Sharing of project results will be used to evaluate and revise current strategies for management of 
commercial herring fisheries if warranll:d. Project results will also be u~cd 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 collection and field sampling programs. No environmental 
effect of these programs occurs beyond that of traditional fisheries management data collection 
activities. These activities are within existing collecting permits or Federal special use permits 
issued to the Department of Fish and Game for scientific data collection. No other permits or other 
coordination activities are involved. This project recei\·ed 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 werage sizes of herring in each age class were some 
of the smallest on record. The total conu,,t:rcial 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 effectivem:ss 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 morality 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 abnormaliti~s 
(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. 

l'."EED FOR PROJECT 

A. Statement of Problem 

Adult Pacific herring on their way to PWS spawning area swam through oil from the TIV 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 to 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 stonns cause fonnation 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 abnonnalities in herring embryos and reduce the number of viable larvae. 

1. Egg mortality in the intertidal zone increases with air temperatures < ooc 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. 
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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. 

COM:MUNITY 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 
detennine 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 survivai'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 TIV 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 detennination. 

Spawn Deposition Suney 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 at. 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 Suney 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 samples for a team of experienced divas. 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 m2 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 (PUC), large brown kelp (LBK), and hair kelp (HJU(). One third 
of the calibrauon samples will be stratified 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 1992). 

Biomass Estimation. Analysis of the spawn deposition survey 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 

where 

B -
T -
B' = 

B=TB 1 

' 

estimated spawning biomass m tonnes, 
estimated total number of eggs (billions) deposited in an area, and 
estimated tonnes of spawning biomass required to produce one billion eggs. 

(I) 
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Estimates forT 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) 

where 

Var(B') 
Var(T) 

Var(B) = T2 Var(B) + B 2 Var(n- Var(n Var(B '), 

= an unbiased estimate of the variance of B', and 
= an unbiased estimate of the variance of T. 

(2) 

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 m2 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 

where 

L. 
N 
0.1o.s 

9 
10-6 
R 

= 
-
-
-
= 
= 

the shoreline length of the spawn-containing stratum in meters, 
L/0.1 °·5 = the total number of possible transects, 
0.3162 m = width of transect strip, 
average estimated total numher of eggs (thousands) per transect, 
conversion from thousands to billions of eggs, and 
estimated proportion of eggs disappearing from the study are.1 from the time of 
spawning to the time of the survey. 

(3) 

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 

where 
and 
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• M­
Y;= ili' 

n - number of transects actually sampled, 
- transect number, 

Mi - w/0.1°·5 = number of possible quadrants in transect i, 

(5) 

wi 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, Yi• will be computed as 

where 

j -
mi -

m, 

l:Yii 
- j'•l y.=--, 

z m. 
I 

quadrant number within transect i, 
number of quadrants actually sampled in transect i, and 

(6) 

Yij = adjusted diver-estimated egg count (in thousands of eggs) from the diver calibration 
model for quadrant j in transect i. 

The variance ofT, 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 samples. Theu:fore the estimaled variance of T, conditioned on R, is 

[N2(10-6)2[(1-f.) 2 ~(l-h) 2 /~ 211 --sl + s2 +--s3 
n II II 

2: m; 2: m; 
(7) 

Var(1)=---------i=_I ___ i_"'1---

(l-R)2 

where 
variance among transects, 
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variance among quadrants, 

II m, 
si=L: L Var(yii) = 

i=l j=l 

sum of the variances of the individual predicted quadrant egg counts from the diver 
calibration model, 

n 
~=- = 

N 

proportion of possible transects sampled, and 

proportion of quadrants sampled within transects (same for all transects). 

(8) 

(9) 

(10) 

(11) 

(12) 

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 perfonned 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 detennined 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 lognonnal. However, the choice of random component 
(dependent vs. independent variable) will be reversed from that of previous analyses and diver 
estimate rather than laboratory egg count will be assumed lognonnally 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 required to produce one billion eggs (B') will 
be estimated as 

where 

w = 

s -

F(Wr) -

-
B'=_!!_I()l - , (13) 

F(W) 

estimated average weight in grams of all herring (male and female) in the spawning 
population in an area, 
estimated ratio of total spawning biomass (male and female) to female spawning 
biomass, 
estimated fecundity at the average weight of females in the spawning population in an 
area, in numbers of eggs, and 

1 Q-6 grams to tonnes 
1 ()3 = conversion factor = 

1 (f9 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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s -
Var(B ~ =( 1 03)2([-_-f Var(W) 

F(W)_ 

w +[-_-]2Var(S) 
- F(Jtf) 
WS -

+[ ]2Var(F(Wj)) 
F(Jtf)2 -

- s w 
+ 2Cov(W,S)[-_-][-_-] 

F(W) :(*/) 

- - s ws -2Cov[W,F(*/)][-_-][ _ ] 
F(Wt F(F~W))2 

- w ws 
-2Cov[S~(JJJ)][-_-][ _ ]). 

F(W) F(W)2 

(14) 

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(Wr)]. 
Because the term involving Cov[W,F(Wr)l 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, Weigbt, Lengtb, Sex, and Fecundity: 

The largest porlion of this project element has traditionally been part of an existing agency prugram 
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 open u.gain 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 = 0.05) 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 gona<!_ weights will be measured and used to calculate average fecundity at the 
average female weight (F(Wr)) 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 
sampJes 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 defmed 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 Ra.tio. 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 = lip. The variance of S is 
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(15) 

where n is the number of fish in the AWL sample. 

Fecundity for Biomass ES!Jmates. Average fecundity for PWS will be estimated from a fecundity­
weight relationship as F(W r). 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) 

where 

2 
s 
Vf.J_ 
WF 
wi 
n 
q 

= 
-
= 
= 
= 
= 

the residual mean square from the fecundity-weight linear regression, 
the average weight of female fish in the spawning population, 
the average weight of females in the fecundity sample, 
the weights of individual females in the fecundity sample, 
the total number of females in the fecundity sample from each area. and 
the total number of females in the representative AWL sample or pooled samples 
from the corresponding area. 

(16) 

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; Thome 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 Thome (1983a). Thome's (1983a) empirical 

. relationship assumes the following logistical equation: 

a ~ ·h 
y=-=.;;. (17) 

w 

where a is the mean acoustic backscattering coefficient, W is the mean weight (in kg), I is the mean 
length (in em), and a and b are constants. Values for the constants (a and b) are obtained from data 
for a variety of fisheries presented by Thome using a linear regression of log101 versus 10 log (a/w), 
where 10 log (a/w) is referred to in Thome (1983a) as "target strength per kg." Average herrin~ 
length and weight data will be compiled from samples obtained by the purse seine catcher vessel. 
These measured data will be applied to Thome's (1983a) empirical relationship to obtain the ratio 'Y 
= alw and the mean backscatter coefficient (a). As a cross check, in situ measurements of target 
strength from dual beam acoustic data will be generated and compared with Thome's (1983a) 
empirical formula. 

Biomass estimation. Herring biomass will be calculated for each zigzag survey. The general 
calculation of the population density using echo integration for a single cell jk on a transect is given 
as 
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~.t (18) 

where {jjk is the population density (mass per unit volume), Pjk is the density of scatterers, wjk is 
mean weight of scatterers, C is acoustic constant (calibration settings ie. , gain etc.) eijk is the mean 
of the voltage squared, Pjk is percentage of cell jk within the water column, and Ojk 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 nsl 

EEPj.t 
B=j·t .t·t -A 

(19) 

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 ujk/wjk is independent of cell 
jk, hence, for all jk ujk/wjk is a constant 'Y, and 'Y is given by equation 1. With this assumption, 
equation 4 simplifies to: 

(20) 

and the herring biomass Bin an area is given as 

C L L -(ei);~<p;" 
B=- j .t -A (21) 

y nrs 

Egg Loss Study 

Analysis of previously collected inforntation on the proportion of eggs lost through physical removal 
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 1990 anu 1991 data: 

where 

a 

ADJijk 

transj 
depth~;: 

Tjk 

= a constant, 
- adjusted egg density estimates, 
= parameters representing the effect of transect j, 
= parameters representing the effect of depth k, 

(22) 

parameters controlling the functional form of the relationship between egg density and 
time (number of days after spawning), 

= the number of days after spawning occurred, and 
= normally distributed random variable with mean = 0 and variance = az. 
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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 

(23) 

In logarithmic form, the model comprised a linear analysis of covariance (ANCOV A) 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 (ANCOV A) 

arcsin(s)=IJ. +treat1+depth1 +dayi_+treat•depth11 + 

day•treaty+day•deptha; +day*treat*depthijt + 

trans(treat)u;) +eijld' 

(24) 

Future analyses may include replacing the treatment term used to differentiate between oil and 
control areas with a treatment term for habitat type. The egg loss and current egg survival models 
will eventually be synthesized into an embryo survival model that incorporates habitat type, 
predation, and the relationship of meteorological conditions on wave action. The ultimate goal, as 
outlined in the NHP portion of the SEA plan, will be to build a sound-wide embryo survival model 
relating habitat type, egg density, predation, and meteorological conditions. 

Systematic bias in diver estimate·s at egg loss sites will be assumed to be the same as· diver estimates 
for spawn deposition surveys and the model used will be identical. 

C. Contracts and Other Agency Assistance 

Through a competitive bidding process, one or more purse seine vessels will be chartered to capture 
fish for species and size composition of acoustic targets, AWL/fecundity samples, spawning adult 
herring for histopathology samples (project 96320S), and reproductive impairment samples for 
(project 96074). Depending upon the duration of the work and other competing uses, the ADF&G 
RIV Montague may be used as a sampling platform and as a scientific acoustics vessel either at no 
charge or at a standard rate of $1,200/d. In the event the R!V Montague is not available for use. 
another vessel will be secured on short term vessel charter agreement. This field work will occur 
over approximately 2 weeks during mid-April. 

Two vessels will be chartered through a standard competitive bid process as research platforms for 
spawn deposition surveys. These vessels will be used to house and transport SCUBA divers and 
their equipment. This portion of the project will last approximately 3 weeks from early to mid­
April through early-May. 
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Biometric and computer programming assistance for egg loss and recruitment studies will be 
contracted with the University of Alaska through a Reimbursable Services Contract. 

D. Location 

This project will be conducted entirely within PWS. Project results will directly affect the 
management of PWS herring fisheries. All major PWS communities, including Cordova, Seward, 
Valdez and Whittier, are directly affected by these fisheries since these communities house not only 
commercial fishers but also the various support services relating to vessel and gear repair and 
storage, as well as fish processing. Many native villages in PWS, such as Tatitlek and Chenega, 
also depend upon PWS herring for subsistence needs. Another benefit of the project will be the 
information gained during egg loss studies which may be extremely valuable in assessing critical 
habitat and energy needs of migratory birds using PWS. 

SCHEDULE 

A. Measurable Project Tasks for FY 96 

December 
February 
April 

May 

June 
September 
November 
April 1997 
June 1997 

Finalize FY96 Detailed Project Description 
1995 Biomass estimates - Dept. Forecast and Stock Assessment Reports 
Before onset of spawning: 
Conduct acoustic survey (5-7 d) 
Collect AWL, fecundity, disease, genetic stock ID, and bioenergetics samples 
After onset of spawning: 
Initiate dive surveys 
Assist reproductive impairment sample collection 
Submit FY97 Draft Detailed Project Description 
Compiete dive surveys 
Begin lab processing of diver calibration calibration and fecundity samples 
Complete calibration sample processing samples 
Finalize estimate of spawning biomass 
Finalize pniection of 1997 run biomass 
Submit FY96 annual report - biomass estimate 
Submit Final report for Egg Loss study 

B. Project Milestones and Endpoints 

The following milestones and endpoints will be achieved over the life of the project: 

September 1996 

October 1996 

December 1996 
January 1997 
February 1997 

Objective 1: Finalize estimate of spawning biomass of herring in 1996 using 
spawn deposition methodology. 

Objective 2: Finalize acoustic estimate of spawning biomass of herring in 
1996 & decide whether to continue or modify program. 

Objective 3: Test egg distribution\density model 
Objective 4: Test embryo survival model 
Objective 5: Test recruitment success model 
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c. Project Reports 

Scientific and technical aspects of the study will be subject to an internal peer review process within 
ADF&G's Commercial Fisheries Management and Development Division (CFMDD). Work plans, 
study design, and annual status reports will be subject to the peer review process established by the 
EVOS Board of Trustees and Chief Scientist. Significant findings presented in status reports and 
final reports will be submitted for publication in peer reviewed journals and presentation at scientific 
symposia as they are obtained. A final report will be submitted for FY96 by April 15, 1997. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

Project 96166 will be integrated closely with project 96320, SEA. Data management will be 
coordinated as outlined in SEA for integration of results. Other components of SEA will require 
sharing of information. Juvenile Herring Growth and Habitat Partitioning (96320T) will require 
location and abundance of spawn as well as information about age and size structure of sampled 
catches. Physical measurements taken for project 96166 may be useful to project 96320M. 
Information about spawn distribution will also be useful in drafting a study design for herring larval 
advection studies. 

Project 96166 will also share information and resources with Project 96165, Herring Genetic Stock 
Identification in PWS. Additional samples required for this project beyond FY96 collections will be 
collected during AWL sampling and results will be used to refine our definition of stock structure. 
This improved stock definition will aid in recovery monitoring and the formulation of fisheries 
harvest strategies. 

Other projects which will rely on sharing of resources with project 96166 for sample collection 
include Reproductive Impairment (96074), Somatic and Spawning Energetics of Herring/Pollock 
(96320U), and Disease Impacts on PWS Herring Populations (96320S). 

Finally, integration of research will require data sharing and coordination with Project 96163, 
Forage Fish Influence on Injured Species. Herring are an important forage species. Herring and 
other forage fish are predators, competitors, and prey for each other at various stages throughout 
their life histories. Understanding the population dynamics of all forage species will lead to a berter 
understanding of food availability, population fluctuations, and breeding success of birds and 
mammals that prey on them. 

ENVIRONMENTAL COMPLIANCE 

These activities are within existing collecting permits or Federal special use permits issued to 
ADF&G for scientific data collection. This project received a categorical exclusion under the 
National Environmental Policies Act (NEPA). Federal OSHA regulations covering hazardous 
materials handling and disposal, and lab safety training for personnel working with preservation 
chemicals will be followed. No other permits or other coordination activities are involved. 
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Mark Willette (Principal Investigator), Alaska Department of Fish and Game, Commercial 
Fisheries Management and Development Division, P.O. Box 669, Cordova, Alaska 99574, 
(907)424-3214. Education: 1985Master of Science, Fisheries Oceanography, University of Alaska 
Fairbanks. 1983 Bachelor of Science, Fisheries Science, University of Alaska Fairbanks. 
Professional Experience: March 1991 -present: Area Biologist with the Alaska Department of Fish 
and Game, Commercial Fisheries Management and Development Division in Cordova, Alaska. 
Supervised by Dr. Stephen Fried. Conduct various fisheries enhancement and evaluation projects in 
PWS including juvenile salmon growth studies, lake stocking, Iimnological investigations of sockeye 
salmon producing lakes, and quality control of coded-wire tagging at private hatcheries. Conduct 
fisheries oceanographic studies in PWS in cooperation with private hatcheries and University of 
Alaska investigators. Chairman of PWS Regional Planning Team. March 1986- February 1991: 
Fisheries Instructor/ Assistant Research Professor, University of Alaska Fairbanks, School of 
Fisheries & Ocean Sciences, Supervised by Dr. Don Kramer. Conduct research on the effects of 
oceanographic conditions on the growth and survival of juvenile salmon in PWS, fish bioenergetics 
in an arctic lagoon ecosystem, age and growth of juvenile fish in the Chukchi and Bering Seas, 
ocean temperature variability in the North Pacific Ocean and effects on pink salmon production, 
salmon feeding on the high seas. Design and implement a program of education, research, and 
public service to promote fisheries development in northwest Alaska. Teach college level course in 
oceanography. Teach a marine safety and vocational training courses in fisheries. Research 
Projects: Principal Investigator, Otolith Thermal Mass Marking of Hatchery Pink Salmon in Prince 
William Sound, 1995; Principal Investigator, SEA: Salmon Growth and Mortality, 1994-1995; 
Principal Investigator SEA: Salmon Predation, 1994-1995; Principal Investigator, Coghill Lake 
Sockeye Salmon Restoration, 1994-1995; Principal Investigator, Forage Fish Influence on Recovery 
of Injured Species - Fish Diet Overlap, 1994; Principal Investigator, Fish\Shellfish Study No. 4A, 
Early Marine Salmon Injury Assessment in Prince William Sound, 1991-1993; Co-investigator, 
Concep-tual Model of the Ecosystem of Kasegaluk Lagoon, Alaska, 1989-1990; Co-investigator, 
Distribution, Abundance, Age and Growth of Fishes in the Southeast Chukchi Sea and Kotzebue 
Sound, 1987-1988; Selected Publications: Willette, T.M. Impacts of the Exxon Valdez Oil Spill on 
the migration, growth, and survival oj juvenile pink salmon in Prince William Sound. In: 
Proceedings of the Exxon Valdez Oil Spill Symposium, American Fisheries Society Symposium 
Ser!es, (in press, 1995); R.T. Cooney, T.M. Willette, and S. Sharr. The effect of climat"' nn 
Pacific salmon production in the northern Gulf of Alaska: examining the details of a natural 
experiment. In: Proceedings of the International Symposium on Climate Change and Northern Fish 
Populations, Can. Spec. Publ. Fish. Aquat. Sci. (1992). Willette, T.M. and R.T. Cooney. An 
empirical orthogonal junctions analysis of sea suiface temperature anomalies in the North Pacific 
Ocean and cross-co"elations with pink salmon (Oncorhynchus gorbuscha) returns to southern 
Alaska. In: Proceedings of the 1991 Pink and Chum Salmon Workshop, (1991). Eggers, D.M., 
L.R. Peltz, B.G. Bue, and T.M. Willette. Trends in the abundance of hatchery and wild stocks of 
pink salmon in Cook Inlet, Prince William Sound, and Kodiak, Alaska. In: Proceedings of the 
International Symposium on the Biological Interactions of Enhanced Salmonids, Can. Spec. Publ. 
Fish. Aquat. Sci. (1991). Member: American Fisheries Society, Alaska Chapter. 
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Evelyn D. (Biggs) Brown (Co-investigator), M.S., Herring Fisheries Research Biologist, Alaska 
Department of Fish and Game, P.O. Box 669, Cordova, Alaska 99574. Education: Masters of 
Science, Fisheries and Aquacultural Engineering, Oregon State University, 1980; Bachelors of 
Science, Zoology and Chemistry, University of Utah, 1977. Professional Experience: Herring 
Research Project Leader, ADFG, 1988-1993; Sonar Project Leader-Mullet Project, Florida 
Department of Natural Resources, 1987-1988; Sonar Project Leader-Copper River, ADFG, 1985-
1987; Marine Biologist-Shipboard Duty, NOAA, 1983; Fisheries and Marine Biologist for 
Metlakatla Indian Community, Annette Island, Alaska, 1980-1982. Research Projects: Principal 
Investigator for Injury to PWS Herring After the Oil Spill, 1989-1993; Spawn Deposition Survey­
Underwater Research Program, 1988-1992; Mullet Study using Hydroacoustics, Manistee River, 
Florida, 1987 -1988; Miles Lake Salmon Enumeration Sonar, 1985-1987; Marine Mammal-Japanese 
Fleet Interaction Research, 1983; Annette Island Crab and Abalone Subsistence Harvest Plan, 1981; 
Annette Island Environmental Impact Statement for Timber Harvest Activities, 1981-1982; Annette 
Island Herring Management Plan, 1981-1982; Annette Island Salmon Stream Inventory and 
Recommended Escapement, 1981-1982; Annette Island Oyster Culture Commercial Feasibility 
Project, 1980-1981; Selected Publications: Biggs, E.D. et al. The Exxon Valdez oil spill and 
Pacific herring in Prince William Sound: a summary of lethal. sublethal and long-term effects from 
1989-1993. In: Proceedings of the Exxon Valdez Oil Spill Symposium, American Fisheries Society 
Symposium Series, (in press, 1993); Biggs, E.D. and F. Funk, Pacific herring spawning ground 
surv£ for Prince William Sound. 1988. with historic overview. ADFG Regional Informational 
Repo. ,, 2C88-07. Anchorage, Alaska. 45 p (1988). Member: American Fisheries Society, 
Alaska Chapter. 

Ed Debevec (Project Biometrician), CFMDD, ADF&G, P.O. Box 669, Cordova, Alaska 99574. 
Education: Master of Science, Statistics, Oregon State University, 1994; Bachelor of Science, 
Biological Sciences, University of Alaska Fairbanks, 1991. Professional Experience: Alaska 
Department of Fish ano Game since November 1994. Data analysis and study design for Prince 
William Sound pink salmon predator study. Selected Publications: Debevec, E.M. and S.F. 
MacLean, Design of greenhouses for the manipulation of temperature in tundra plant communities, 
Arctic and Alpine Research (1993). Armbruster, W.S., M.E. Edwards, and E.M. Debevec, Floral 
character displacement generates assemblage structure of western Australian triggerplants 
(Stylidium), Ecology (1994). 
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Dive master class ( 1 class @ $400) . 
CPR training (4 classes @ $100 per class) .., 
Dive physicals 

When a non-trustee organization is used,' the form 4A is required. 
.commodities Costs: 
Description 

1996 

3 of 4 

\ 

Project Number: 96166 (Interim) 
Project Title: Herring Natal Habitats 
Agency: AK Dept. of Fish & Game 

If 

Proposed 
FFY 1996 

0.4 
0.4 
1.8 

Contractual Total $2.6 
Proposed 

F;FY 1996 

Commodities Total $0.0 

FORM 3B 
Contractual & 
Commodities 

DETAIL 

7/24/95 



1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1 ~95 - September 30, 1996 

New Equipment Purchases: 
Description 

. 
'I .. 

I 

Those purchases associated with replacement equipment should be indicated by placement of an R. 
Existing Equipment Usage: (partial inventory) 
Description 

Wave and tide recorder with computer interface 
Alumaweld Sea Dory (20 ft) 
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Isotope Ratio Studies of Marine Ha .. a1s in Prince Wi11iaa Sound 

Project Number: 
Restoration Category: 
Proposer: 
Lead Trustee Agency: 
Cooperating Agencies: 
Duration: 
cost of FY 96: 
Cost of FY 97: 
Cost of FY 98: 
Cost of FY 99: 
Cost of FY 00: 
Cost of FY 01: 
cost of FY 02: 
Geographic Area: 
Injured Resource/ 
Service: 

ABSTRACT 

96170 
Research 
University of Alaska Fairbanks 
Alaska Department of Fish and Game 

3 Years 
$128,400 
$130,000 
$110,000 

Prince William Sound/Gulf of Alaska 

Harbor seals, nearshore ecosystem species, 
seabirds 

This project contributes to the studies by the ADF&G personnel to 
determine the reasons for the decline of harbor seal and steller 
sea lion populations in Prince William Sound (PWS). In addition, 
it contributes to the SEA program being conducted by the Prince 
William Sound Science Center and the Institute of Marine Science, 
UAF, ·to describe the food chains supporting important commercial 
fish species impacted by the Exxon Valdez Oil Spill. We seek to 
better - describe the trophic interactions and trophic status of 
marine mammals, birds and their prey species. The integrating 
methodology for this wide range of tasks is the use of stable 
isotope ratios as natural tracers of carbon and nitrogen transfers 
through the food webs. Through a mix of captive animal studies, 
comparison of isotope ratios in archived and current marine mammal 
tissues and their potential prey species in the PWS, insight into 
environmental changes causing the decline may be possible. We also 
will supply the isotope ratio determinations for other projects 
using this technique in the PWS ecosystem. over the 12 months of 
FY96 funding we anticipate the analysis of approximately 10,000 
samples in these related projects. 

INTRODUCTION 

Over the past two decades, isotope ratio analysis has emerged as a 
powerful tool in ecosystem research both on the process scale and 
as a validation technique for large-scale ecosystem models 
(Michener and Schell, 1994). In relevant applications to this 
study, Schell et al ( 1989a) described a geographic gradient in 
isotope ratios in biota across the Alaskan Beaufort sea and the 



Bering-chukchi seas and showed that this gradient could be applied 
to describing bowhead whale natural history. The isotopic gradient 
arises from the primary producers in the ecosystem and is passed up 
food chains to label consumers clear up to the top predators. 
Saupe et al. {1989) describes the parallel shifts in o13c in 
euphausiids and copepods across this region and Schell et al 
{1989b, 1993) discussed the effects of the gradient in forming 
oscillations in isotope ratios in whale baleen. Hobson and Welch 
(1992) 'used isotope ratios to describe the trophic relationships of 
birds and mammals to the available prey species in the Canadian 
Arctic. Further extension to benthos by Dunton et al {1991) and to 
fishes (Vinette, 1992) has confirmed that the isotopic trends are 
evident across the entire food web. In contrast to the primarily 
geographic control on carbon isotope ratios, nitrogen isotope 
ratios are influenced by trophic level. Vinette {1992) has shown 
that the o15N of euphausiid and copepods in the Bering, Chukchi and 
Beaufort seas are statistically indistinguishable but that when 
pelagic and benthic species of known feeding habits are compared, 
a predictable enrichment in 15N occurs of about 3. 3°/oo per trophic 
level increase. By assembling the trophic spectrum of species 
within an ecosystem it is possible to ascribe trophic status within 
the ecosystem. Hobson and Welch {1992) were able to used o15N 
values in the Barrow strait - Lancaster sound region to identify 
the roles of arctic cod (Boreogadus saida) and other prey species 
to top consumers. Higher trophic levels showed little change in 
o13c but varied by an average of 3.8°/oo between levels. Recently, 
Sease et al (1993) showed preliminary data that confirmed that sea 
lions occupy a high trophic status in North Pacific food webs and 
reflect a geographic gradient between Prince William Sound and the 
Washington coast. Schell {in press) has further shown that in the 
Bering sea lions are not as high in trophic status as spotted seals 
and span a wide trophic range between individuals. Whereas an 
individual animal may show little temporal change in trophic status 
as indicated by o15N values or regional feeding as evidenced by 
carbon isotope ratios along the length of vibrissae, there have 
been remarkable differences from one animal to the next in the few 
individuals examined to date. In comparing vibrissae with several 
years of growth, it is readily evident that some sea lions feed 
over at full trophic levels apart. This study expands upon our 
growing data base to provide a similar assessment of the trophic 
energetics of harbor seals in Prince William Sound and to assist 
other EVOS studies by providing isotope ratio analysis and 
interpretation for their studies. 

Funding for this work resumed in February 1995 (no interim funds 
from Oct. 94 were allocated) and as a result only preliminary 
findings are available at this time. We have completed the first 
major suite of prey species isotope ratio analyses and collected a 
wide spectrum of marine mammal samples from native harvests and 
through strandings and collections being conducted by the Alaska 
Department of Fish and Game. We have met with the chief 
veterinarian of the Mystic Marine Life Aquarium and they have 
kindly agreed upon protocols for undertaking experiments on captive 
sea lions and harbor seals aimed at determination of whisker growth 



rates, diet fractionation factors ar1s1ng from differing types of 
prey species, and seasonal cycles in isotope ratios arising from 
physiological effects. In addition, as part of a synergistic study 
on Bering Sea marine mammals, we have also conducted the first set 
of measurements of whisker growth rates on juvenile sea lions being 
raised at the Vancouver Aquarium in cooperation with Dr. Andrew 
Trites of the University of British Columbia. 

NEED FOR THE PROJECT 

A. statement of the Problem 

Harbor seals were undergoing an unexplained decline in numbers 
before the oil spill and the decline was further accelerated by the 
disaster. Since that time the population has not recovered and is 
still at a low level although now perhaps finally stabilized. No 
definitive cause and effect relationships have been found for the 
decline or failure to recover. This project uses stable isotope 
ratios as natural tracers to test hypotheses regarding shifts in 
diet or trophic status in the past decade as underlying reasons for 
the decline. 

A second need for this project is to provide isotope ratio analyses 
for this study and other restoration projects needing isotope 
abundance information. We anticipate receiving a total of 
approximately 10, 000 samples for isotope ratio analysis in the 
coming year. 

B. Rationale 

carbon isotope ratios serve as conservative tracers of energy 
supply between trophic levels (phytoplankton to zooplankton to 
fishes to top consumers). Seals, cetaceans, birds, etc., acquire 
the isotope ratios in proportion to the amount of food derived from 
each differing source. This, in turn, is reflected in the 
composition of body tissues and in keratinous tissues (cla¥Is, 
feathers, baleen, whiskers) as a temporal record when multiple 
sources of food are consumed over time and space. This allows the 
discerning of important habitats and food resources in animals that 
seasonally migrate or undergo periods of hyper- and hypotrophy. 

Nitrogen isotope ratios reflect both the food sources and the 
trophic status of that animal. As nitrogen in food is consumed and 
assimilated by a consumer, the heavy isotope is enriched by 
approximately 3 a with accompanying loss of the lighter isotope 
through excretion. The enrichment occurs with each trophic step 
and thus allows the construction of conceptual models and food webs 
and the assignment of relative trophic status to species for which 
dietary data are sparse. The data obtained from these measurements 
are unique in that they trace materials actually assimilated and 
thus can be used for more accurate ecosystem modeling. 



The availability of macrozooplankton forage for salmon, herring, 
and their predators varies in space and time because of changes in 
the physico-chemical processes in Prince William Sound. In the SEA 
context, the latter is known as the Lake/River processes (SEA 
hypothesis number 2}. When macrozooplankton are not available, 
macrozooplankton consumers are forced to switch prey, the 
Predator/prey relationships (SEA hypothesis number 3} shift in time 
and space. These shifts represent fundamental changes in the way 
the PWS ecosystem produces commercial species (i.e. herring and 
salmon}. A better understanding, particularly a quantitative 
understanding, is a prerequisite to determining protocols for 
restoration and recovery of these species. 

It can be postulated that the natural stable isotope abundances of 
PWS biota will shift because of changes in trophic level, food web 
structure, and primary productivity in the context of the SEA 
hypotheses, thu~ providing an independent tool to verify, quantify 
and model ecosystem processes. The tracer nature of the approach 
will enable the integration of ecosystem components. It will 
enable us to monitor both •top down• (predation) and •bottom-up• 
(food supply) controls on herring and salmon production. 

c. summary of Major Hypotheses and Objectives 

The major hypothesis to be tested is that: 

The isotope ratios of harbor seals are derived from prey taken from 
the Prince William sound ecosystem. Changes in the trophic 
structure of the food webs arising from either the oil spill or 
natural cycles will be evident through changes in isotope ratios in 
potential prey and seals. 

The objectives of this study are divided into three elements: 

1. A research component on marine mammals focusing on the trophic 
energetics and ecosystem dynamics of harbor seals conducted by 
Dr. Schell, PI, in cooperation with ADF&G personnel working as 
part of the marine mammal program. An additional effort using 
captive animals to calibrate the response to changing isotopic 
composition in diet and to determine vibrissae growth rates 
will also be unde~taken. This will entail the analysis of 
approximately 3000-4000 samples for carbon and nitrogen 
isotope ratios, a major increase over last year reflecting the 
very successful collection of samples from over 100 seals. 

2. A research component focusing on lower trophic levels having 
direct application to the testing of hypotheses regarding 
fisheries resources. This work will be conducted in 
cooperation with Dr. T. Kline of the Prince William Sound 
Science Center and is described in detail in his Detailed 
Project Description. Our own work on this aspect will entail 
analysis of over 1000 samples collected in the vicinity of 
marine mammal haulouts and feeding areas. It will also 
include samples from outside of PWS to provide information of 



potential shifts in isotope ratios ar1s1ng from migrations. 
Dr. Kline estimates the need for analysis on approximately 
2000 samples. Analytical costs for these latter samples are 
included in the separate proposal by Dr. Kline. 

3. A servicejresearch component supplying analytical services for 
carbon and nitrogen isotope ratios to other PI's involved with 
EVOS studies. This effort will entail consultation and 
analysis of selected samples to build upon the data base and 
to integrate the food web studies into a cohesive picture of 
the trophic dynamics. This task is anticipated to require 
approximately 20% of the analytical and research effort and 
has been embraced enthusiastically by other research 
components. We already have samples from 9 sea otters and 
collections of sea birds and prey are currently underway. 

The ancillary work from other participants will be coordinated 
through the UAF Stable Isotope Facility and will consist of 
approximately 1000 samples. If there appears to be more than 1000 
external samples collected, the PI will prioritize samples in 
consultation with the investigators. All work will be performed 
cooperatively and the data shared as outlined in the Detailed 
Project Descriptions of the cooperating studies. 

D. Completion Date 

This project is anticipated to be complete in 1998. The service 
aspects of the mass spectrometry for isotope ratios may continue 
beyond that date if demand warrants. 

COMMUNITY INVOLVEMENT 

The community involvement in this project is essential in that a 
large fraction of the samples will be provided via native harvests 
of marine mammals. Kate Wynne, of the USFWS has collected seal 
whiskers and tissues for this study in the past and we anticipate 
this assistance will continue. 

FY96 BUDGET (thousands) 

Personnel 83.7 
Travel 11.2 
Contractual 5.2 
Commodities 6.9 

Subtotall07.0 
Indirect Costs21.4 

Total 128.4 



PROJECT DESIGN 

A. Objectives 

The objectives to be completed during the period of this proposal 
are essentially the same as in our FY95 proposal and include: 

1. Collect samples of harbor seal vibrissae through continued 
cooperative work with the Alaska Department of Fish and Game 
in Prince William Sound. 

2. Collect samples of harbor seal prey species including forage 
fishes, salmon and herring in the vicinity of major haul-outs 
and high population densities. Samples of seal tissues will 
be collected from native hunters. These samples will be 
obtained through assistance by ADF&G personnel monitoring 
harvests and through the efforts of T. Kline. 

3 . Perform stable isotope ratio analyses on tissues and organisms 
collected during the sampling program. Through the use of 
carbon isotope data on taxa collected over geographical 
regions, the presence/absence of isotopic gradients useful in 
sorting out habitat dependencies will be determined. 

4 Assist other research programs in the Prince William Sound 
ecosystem study by conducting stable isotope ratio analyses on 
samples provided and aid the interpretation of results. This 
effort will require approximately 20% of the analytical and 
research effort. 

5. Through the use of nitrogen isotope ratios in collected taxa, 
assign trophic status to species in each region. Compare 
trophic status with predictive models based on conceptual food 
webs. 

6. Determine temporal changes in harbor seal trophic status and 
food dependencies by comparing isotope ratios along the 
lengths of vibrissae with prey availability __ and their isotope 
ratios. Through the use of captive animals being fed known 
diets, establish the relationships between whisker growth rate 
and temporal changes and the fractionation factors between the 
o13c and o15N values of diet and consumer. 

1. Compare the isotope-ratio derived food web models to 
predictions by the lake-river hypothesis and others being 
tested by the SEA project as an independent means of 
validation. 

METHODS 

The primary work will be divided into the sampling program and the 
subsequent analytical and synthesis tasks. Sampling of tissues for 
stable isotope analysis has been described for both bulk tissues 



(muscle, blubber) and temporally variable tissues (whiskers, claws, 
etc.) (Schell, et al. 1989; Michener and Schell, 1994). 

1. Analytical - - Vibrissae from seals either from Prince William 
Sound or captive animals are noted as to location in the face. 
The whisker is then segmented at 2.5 mm intervals with a razor 
and the subsamples placed in vials for later grinding and mass 
spectrometry. The subsamples obtained are dried and powdered 
for homogeneity and the isotope ratios of carbon and nitrogen 
determined with a Europa 20/20 mass spectrometer system. The 
sample is flash combusted at high temperature and the nitrogen 
and carbon dioxide gases separated and purified by gas 
chromatography. These are subsequently led into the mass 
spectrometer by capillary and the isotope ratios determined. 
The analytical replicability for the entire sampling process 
is better than ±0.05°/oo for both o13c and o15N. 

2. Sampling - - The acquisition of samples for isotope analysis 
will be conducted through several channels. Forage fish, 
pollock and other commercial species will be obtained through 
cooperative programs with the National Marine Fisheries 
service, the Alaska Dept. of Fish and Game, and from the 
Prince William sound Science center. As part of the 
cooperative effort with Dr. Kline, samples will be recorded 
and the analyses run on a coordinated suite of specimens 
collected over the geographic regions of the Sound and over 
the seasons. This will allow •within taxaR comparisons to 
determination shifts in trophic levels and discrimination of 
the effects of geographic shifts of isotope ratios in primary 
producers. 

samples of marine mammals, birds, etc., have been and will be 
obtained from archived materials, strandings, native harvests 
and in some cases, collection in the field. This effort will 
be closely coordinated with the us Fish and Wildlife Service, 
ADF&G, and the EVOS-sponsored efforts having field programs. 
Our experience in 1994 has already prc•iuced a wide variety of 
samples and there is reason to anticipate that 1995 will be 
even more productive as the requests for materials are 
communicated to field researchers. The small amounts of 
sample required for isotopic analyses means that little effort 
for preservation or transport is required. 

The application of isotope ratio work with marine mammals is 
relatively new and the technique is still in a process of 
calibration. We have been offered the opportunity to conduct 
captive animal experiments at the Memorial University of 
Newfoundland and the Mystic Aquarium in Connecticut using harp 
seals and harbor seals. We plan to conduct measurements of 
whisker growth rates and correlation experiments between seals 
and diets of known composition. Seal vibrissae will be marked 
and growth rates measured over the seasonal cycles to 
determine if physiological effects are translated into 
differing isotope ratios. This work will comprise only a 



limited amount of the total effort but will be essential, 
given this relatively new field of application. This work 
will be conducted by Ph. D. student Amy Hirons as part of her 
dissertation program. This project will support travel costs 
to Memorial University to establish experiment protocols and 
to acquire data and information from cooperating 
investigators. 

Tissues samples for analysis from cooperating investigators 
will be supplied to the P. I. in the form of dry powdered 
material to expedite handling and analysis. If samples must 
be prepared by the personnel in the PI's laboratory, a charge 
for preparation will be made to the investigator or a reduced 
number of samples will be run depending upon the difficulties 
involved. Similarly, glass fiber filtered samples will be 
charged at double the normal sample rate because of the 
accelerated destruction of the combustion furnace tubes from 
the melted glass particles. since almost all sample materials 
are dried tissues, no significant problems are anticipated in 
this respect. 

3. Synthesis of data - - The plots of isotope ratios of carbon 
and nitrogen along the lengths of vibrissae from harbor seals 
are known to show oscillations in isotope ratios in response 
to dietary changes over the season {Schell, 1993-4 data). As 
new data with supporting natural history information are 
acquired, the values at specific intervals will be compared 
with potential prey for likely matches. These will be 
compared with observational data and known feeding habits. 
From this information, sampling can be constrained to the most 
probable food sources and-further directed analyses performed 
to confirm or deny conceptual food web structure. In 
cooperation with ADF&G personnel, the stable isotope data will 
also be compared with fatty acid compositions in seal blubber 
to determine if other proxies for dietary components can be 
established. 

Additional synthesis efforts will be made in conjunction with 
modeling projects associated with the SEA program. The data 
we acquire is very valuable in that it is an independent means 
of validating food web and energy flow models to top 
consumers. If isotopic data are in conflict with that 
projected from the model calculations, it is usually the model 
that is off the mark. Although a complex ecosystem such as 
Prince William Sound with strong interactions between land and 
sea can give rise to varied isotopic abundances in the biotic 
components, the strong integrating effects that occur in 
building the 11 whole body" are very amenable to stable isotope 
tracers. 
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c. Contracts and Other Aqency Assistance 

None 

D. Location 

The research effort will be conducted in Prince William Sound with 
contrasting data obtained from samples from the Kodiak Island area 
and in the coastal Gulf of Alaska near Cordova. Comparative work 
involving prey items and marine mammals from outside Prince William 
sound will be made on cruises of opportunity in the Gulf of Alaska. 
Calibration experiments on whisker growth rates and diet/stable 
isotope ratio changes will be undertaken using captive harbor seals 
at research facilities in st. John's Newfoundland and at the Mystic 
Aquarium, Mystic Connecticut. The benefits of this project will be 
realized throughout the PWS and will be applicable to other areas 
of the state. 

SCHEDULE 

A. Measurable Project Tasks for FY96 

1 Oct. 95 - Feb. 1996: Prepare and analyze isotope ratio 
samples collected in 1994-1995. 

15 Feb. - 31 March 1996: synthesis and coordination for sampling 
in 1996, 

Apr. 1996 - Aug. 1996: 

Aug. 1996 - Sep. 1996: 

Annual report on FY96 {and prior) work. 

Field work and sampling, captive animal 
experiments. 

Analysis of samples Post field analysis 
and planning for 1997 zoata synthesis, 
identification of gaps. 

B. Project Milestones and Endpoints 

The milestones in this project are a blend of definitive goals and 
a continuing research process that will extend to the end of the 
funding period. Specific goals will be attained as follows: 

Captive animal studies of vibrissae growth rates and dietary 
effects on stable isotope ratios --- Now underway and completion 
anticipated in late 1996. 



Field collections of prey species over the geographic region, 
collections of whiskers and tissues from harbor seals -- Currently 
underway. Will continue through FY97, but will be more directed 
toward the end of the study as we fill data gaps. 

stable isotope analyses -- The laboratory work associated with the 
preparation of samples and the isotope ratio analyses will continue 
throughout the duration of this project but will become more 
focused as the end approaches. The major collection and data base 
construction will occur during FY96 and FY97. 

Modeling and synthesis of results will occur over the entire 
project in an iterative process with the emphasis building in FY97 
and continuing until the conclusion of the project. 

Assistance to other investigators -- This aspect is now underway 
and will continue throughout the project. It is anticipated that 
the maximum interaction will occur during FY97 and FY97. synthesis 
and interpretation of isotope ratio data will be ongoing. 

Project milestones and reporting periods: 

Oct. 1996 - Feb. 1997: 

Mar. 1997 - Apr. 1997: 

Apr. 1997 - Aug. 1997: 

Sep. 1997 Dec. 1997: 

Jan. 1998 - Mar. 1998: 

c. Project Reports 

Analysis of 1996 field season samples 
Preparation of journal manuscripts. 

Preparation for field, continue analyses 
Annual Report. 

Field work, continued analytical work. 

Analytical work, -synthesis and 
completion of captive animal expts. 

Final report, synthesis 
manuscript preparation. 

meetings, 

Results of this project will be made available via the following: 

Annual Reports: 

These reports will detail progress and preliminary findings 
and notable achievements. These are anticipated for the ends 
of FY96 and FY97. 

Final Report: 

A final Report will be provided. Technical results in these 
reports will be shared with EVOS collaborators. Thus they 
will be apprised of the development of the stable isotope 
methodology and the interpretation of the results. The PI's 
will provide expertise in interpretation of isotope results in 
other projects for which the isotope techniques are only a 



minor portion of the scientific effort. The final reports of 
the PI• s• will assist others in that they will provide 
independent means for validation of trophic models and energy 
flow descriptions of the Prince William Sound ecosystem. 

Peer-Reviewed Publications: 

Over the course of this study peer-reviewed publications will 
be generated for the open literature based upon the scientific. 
findings. These publications will generated by the PI• s as 
first author publications where the primary focus is on the 
findings produced by the isotopic techniques or as second 
author publications when the isotope work is a minor part of 
the scientific results. 

Papers at Scientific Society Meetings: 

We request support for travel to appropriate scientific 
meetings for dissemination of results and interaction with 
colleagues. It is anticipated that the Society for Marine 
Mammalogy or the American Society for Limnology and 
Oceanography meetings will be attended by the P.I. and 
graduate student Amy Hirons. 

Public Lectures: 

Interaction with the public will arise through formal and 
informal presentations of results. Synthesis meetings 
designed to explain the findings of ecosystem studie.s will be 
presented at meetings coordinated by the EVOS program and open 
to the publi~-. ·Informal presentation of results will occur­
through interaction with interested members of the public, 
press and scientific community. Classroom instruction will 
also involve integration of findings into the presentation of 
educational material. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

1. Resources and Services -- This study focuses on harbor seals, 
sea birds and the cetaceans of Prince William sound. Although 
the major effort is concerned with harbor seals, other marine 
mammal tissues will be collected in cooperation with those 
agencies handling or collecting those species. The principal 
cooperating agency personnel are Kathy Frost and co-workers 
with the Alaska Department of Fish and Game, with whom a wide 
variety of sampling efforts have already been undertaken and 
are continuing in 1995. Dr. Michael Castellini and Brian 
Fadely Lave also provided invaluable help by accessing 
whiskers from seals in their tagging program. 

2. Relations to Other Damage Assessment Work - - This study is 
closely coordinated with the modeling efforts and the pelagic 
food web studies being undertaken by the Prince William Sound 



Science Center personnel. Dr. Kline is responsible for most 
pelagic collections of food base organisms and is sharing 
these data to help construct the food web models. Dr. Schell 
is responsible for the marine mammal aspects and will collect 
additional forage species as required by his project (for 
example, samples of herring, capelin, sand lance, etc., in 
regions of high marine mammal density or active feeding). 
Stable isotope data provide an excellent means for validating 
models and testing food web linkages. This aspect of the work 
will be cooperative with many components of the SEA project. 

We are very fortunate to be simultaneously involved in an isotope 
study on marine mammals in the Bering sea. This project, which is 
supported by the North Pacific Universities Consortium and the 
Coastal Marine Institute, will provide a valuable amount of 
complementary data and assist in gathering insight as to the 
mechanisms involved in the marine mammal population declines. 

ENVIRONMENTAL COMPLIANCE 

The sampling and use protocols for the sampling and experimentation 
on vertebrates in the 1995 proposal were reviewed and approved by 
the University of Alaska institutional Animal Care and Use 
Committee. This assurance is valid for this proposal and will be 
reviewed for renewal in FY97. 

PERSONNEL 

Dr. D.M. Schell has been involved ~n stable isotope studies for 
over 25 years. His work has involved both natural abundance tracer 
studies and enrichment experiments. His work on bowhead whales and 
geographic gradients in stable isotope ratios has been published 
and subjected to rigorous reviews. The findings have continued to 
be upheld and have provided insight into bowhead whale natural 
history that was unattainable by other techniques. 

As P.I., Dr. D.M. Schell will oversee the Quality Assurance/Quality 
Control aspects of this project. We have established protocols for 
sampling and our working standards are cross-calibrated with other 
nationally recognized laboratories. Primary standards are from the 
National Technical standards Service. our mass spectrometer 
technician has been well-trained and has over eight years 
experience on three mass spectrometers. 

Dr. Schell oversees the Stable Isotope Ratio Mass Spectrometry 
Facility on the UAF campus. This consists of three working 
instruments which are dedicated to specific elements as demand 
requires. A Europa automated continuous flow system will be used 
for most samples but back-up analytical capability is available. 
Machine operations are the responsibility of Norma Haubenstock, 
technician, who has over eight years experience in the laboratory. 
We have budgeted additional funds for an assistant to prepare 



samples, load and operate the automated system and to aid in data 
processing and archiving for all users. 

Donald M. Schell 
Professor, Marine Science 
P.O. Box 757220, University of Alaska Fairbanks, Fairbanks, AK 
99775-7220 
Phone: 
FAX: (907) 
E-mail: 

(907) 474-7115 
474-7204 

ffdmsl@ims.alaska.edu 
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eneral Admillistration 
Project Total 

1-tfme Equivalents IFTEI 

Comments: 

1996 

Prepared: 1 of 8 

1996 EXXON V~LDEZ TRUS .;.~UNCil PROJECT BUDGET 

Authorized 
FFY 1995 

October 1, 1 !¥35 ~ September 30, 1996 

Proposed 
FFY 1996 

Project Number: 96170 
Project Title: Isotope Ratio Studies of Marine Mammals in Prince William 
Sound 
Agency: AK Dept. of Fish & Game 

FORM 3A 
AGENCY 
PROJECT 
DETAIL 

7/20/95 

l 
( 
J 

-
t 
r 
5 c 
r 

n 
( 
( 
l 

-
( 



1996 

2 of 0 

.1996 EXXON VALDEZ TR'{STEE COUNCIL PROJECT BUDGET 
October 1, 1995 • September 30, 1996 

18L 

Project Number; 96170 

angel Months 

Ticket 
Price 

Project Title: Isotope Ratio Studies of Marine Mammals in Prince William 
Sound 
Agency: AK Dept. of Fish & Game 

.. 

' 

Overtime 

L; 
c 
r 
I 

£\) 
..... 
I 

6.3 
..... 
1.0 
1.0 

0.0 U1 

0.0 ..... 
0.0 U1 

(.,.J 

0.0 -J 

T1 
::0 
0 
3: 

(fJ 
0 
D 

T1 -(fJ 
I 
p 

Gl 
D 
3: m 
D z n 
I 
0 
::0 
D 
Gl m 

-j 
0 

m c 
0 
(fJ 

FORM 3B 
-j 

n 

Personnel -u 
& Travet C9 

-J 
DETAil 

7/20/95 



1996 EXXON VALDEZ TRUST :oUNCil PROJECT BUDGET 
October 1, 19ffii • September' 30, 1996 

Contractual Costs: Proposed 
Description FFY 1996 

RSA issued to plan, implement and interpret results •. of stable isotope study 133.8 

"' -'4.•·. 

When a non-trustee or'ganilation is used, the form 4A Is required. Contractual Total $133.8 
Commodt11es co,cs: Proposed 
Description FFY 1996 

.-·.;~ 

. Commodities Total $0.0 

1996 

3 of 8 

.. :. .. 

Project Number: 96170 
Project Title: Isotope Ratio Studies of Marine Mammals in Prince William 
Sound 
A_gencv: AK Dept. of Fish & Game 

FORM 38 
Contractual & 
Commodities 

DETAIL 

7/20/95 

L; 
c 
r 
I 

[\J 
...... 
I 

...... 
\1) 
\1) 
Ul 

...... 
Ul 

v.J 
co 

11 
;o 
0 
3 

U1 
0 
D 

11 

U1 
I 

G1 
D 
3 
rn 
J) 
z 
n 
I 
0 ;o 
D 
G1 
rn 

-1 
0 

rn c 
0 
U1 

---; 
n 

Ll 

ISl 
co 



New Equipment Purchases: 
Description 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October t. 199~ - September 30, 1 996 

~ I 

"' 

Those purchases a.8sociated with replacement equipment should be indicated bv placement of an R. 

E)(lstlng Equipment Usage: 
Description 

.., 
'~t· 
. ' I 

Project Number: 
1996 Project Title: 

Agency: AK Dept. of Fish & Game 

4 of 8 

Number Unit Proposed 
of Units Price FFY 1996 

0.0 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

' 0.0 
New Equipment Total $0.0 

Number Inventory 
of Units Agency 

FORM 38 
Equipment 

' DETAIL 

7/20/95 

t..., 
c 
r 
I 

1\,) 
I-' 
I ..... 

ill 
ill 
U1 

..... 
U1 

w 
(lJ 

., 
;;o 
0 
:I 

U1 

i5 ., 
U1 
I 

1?0 

Cl 
J) 

ffi 

~ 
I 
0 ;o 
J) 
Cl rn 

-l 
0 

rn c 
0 
U1 

-l n 



Equivalents CFTEJ 

1996 

Prepared: 5 of 8 

1996 EXXON VAlDEZ TRus· ;;OUNCIL PROJECT BUDGET 
Octob4:sr I, 19§5 • September 30, 1996 

FFY 1995 

Project Number: 96170 
Project Title: Isotope Ratio Studies of Marine Mammals in Prince William 
Sound 
Name: University of Alaska 

FORM 4A 
Non-Trustee 

DETAIL 

7120/95 

T 
;;r 
c 
3 

fJ c 
I 

-fJ :r 
If' 

G" 
I 
-:; 
iT 
I 
2 
{ e 
A: 
I 
G 
[T 

c 

[T 
c c 
u 
-
( 



... 

1996 EXXON VALDI:Z TRUSTEE COUNCIL PROJECT BUDGET • 

Prf nci pal Investigator 
Technician 
Laboratory Asst. " 

Rff National Meeting $ 800/meeting 
Per diem @$1 00/day 

Fairbank5-Mystic, Conn. \.' 

diem @$101/dav 
Rff Fairbank&-Cordova @$640 
Rff Fairbanks-Anchorage@$416 
Per diem, 40 davs @$100/dav 

October 1, 1995 - September 30, 1996 

Project Number: 961 70 · 

1 

4 
2 

10 

4 

100 

1996 Project Title: Isotope Ratio Studies of Marine Mammals in Prince William 
Sound 
Name: University of Alaska 

6 of 8 

100 

101 

FORM 4B 
Personnel 
& Travel 
DETAIL 

7120/95 

L.; 
c 
r 
I 

f\) 
f-> 

I 
f-> 

\.D 
\.D 
(}1 

f-> 
(}1 

V.l 
\.D 

Ul 
0 
]) 

11 

Ul 
I 

Gl 
]) 
3 
m 
]) 
z 
n 
I 
0 
;u 
]) 
Gl 
m 

-1 
0 

m c 
0 
Ul 

--; 
n 

LJ 
f-' 
p 



1996 EXXON V~LDEZ TRU: buNCIL PROJECT BUDGET 
October 1, 1 $95 - ~eptember 30, 1996 

Contractual Costs: Proposed 
Oe!l-cription FFY 1996 
Communicati~ns 

,,. 0 ,7 
Main1enance visit, mass spettrome1ry factory service 4.0 .. I 

Shippng, expediting, Cordova-Fairbanks ~ 0.5 
' ... 

I 

I 

Contractual Total $5.2 
Commoditie!S Costs: Proposed 
Desct'Option FFY 1996 
Mass spectrometry gases, glassware 3.5 
Chemicals, lab glassware, expendables 1.4 
Data management software 0.8 
Field gear, ring nets, shipping containers 1.2 

. Commoc:ti~s Total $6.9 

Project Number: 96170 
1996 

.•. 
Project Title: Isotope Ratio Studies of Marine Mammals ;n Prince William 
Sound 

FORM 48 
Contractual & 
Commodities 

DETAIL 
Nj;lme: University of Alaska 
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Remote Video System Seabird Monitoring Project 

Project Number: 

Restoration Category: 

Proposer: 

Lead Trustee Agency: 

Cooperating Agency: 

Duration: 

Cost FY 96: 

Cost FY 97: 

Geographic Area: 

Injured Resource/Service: 

ABSTRACT 

ql€175 
Monitoring 

DOI-FWS (Alaska Maritime National Wildlife Refuge) 

USFWS 

None 

2 Years (FY 96 and FY 97) 

$38,700 

$13,100 

Field work will be conducted at East Amatuli Island and East 
Amatuli Light Rock in the Barren Islands, Alaska 

Common murres 

The project is designed to test the ability of a robotically controlled video monitoring system to remotely 
collect real-time productivity, nesting chronology, adult time budget, and chick feeding rate data on 
common murres and other seabirds (e.g., black-legged kittiwakes) more accurately and at lower costs 
than current methods allow at colonies with difficult access. The proposal is based on a prototype 
system that was designed and successfully tested for basic functions in Kachemak Bay and the Barren 
Islands in FY 94. Data will be collected both remotely and manually on the same sets of plots at the 
same study site using the same basic methods in conjunction with the APEX Barren Islands Seabird 
Study (Project 96163J), and the remotely and manually collected data will be tested for significant 
differences. 

INTRODUCTION 

This is a proposal to field test a robotically controlled video monitoring system that can remotely collect 
real-time proouctivity, nesting chronology, adult time budget, and chick feeding rate data on common 
murres and other seabirds (e.g., black-legged kittiwakes). The proposed work is based on a prototype 1-
camera system that was designed and successfully tested in Kachemak Bay and the Barren Islands in FY 
94. Preliminary Phase I field trials of the prototype unit focused on testing the basic design and function 
ofthe equipment in actual field situations. Because all of the trials were successful, we are requesting 
support to field test an upgraded state-of-the-art version ofthe video monitoring system during FY 96. 



These Phase II tests are designed to evaluate the system's ability to collect nesting chronology, 
productivity, and chick-feeding rate information on nesting murres and kittiwakes more accurately and 
at lower costs than current methods allow at colonies with difficult access. This will be accomplished 
by operating the video equipment at the same time personnel working on the APEX Barren Islands 
Seabird Study collect the same types of data manually on the East Amatuli Island - Light Rock study 
plots (the Barren Islands Seabird Study was funded in FY 95 as APEX Project 961631, and these studies 
will be conducted again in FY 96, if the APEX program is reauthorized after the FY 95 field season). 
Information on Phase I tests, new system refinements, and estimated costs for the proposed Remote 
Video Seabird Monitoring System Study are provided below. 

NEED FOR THE PROJECT 

A. Statement of Problem 

Currently, nesting chronology, productivity, chick-feeding rate, and adult time budget data for many 
species of cliff-nesting seabirds, including common murres, are collected by physically visiting 
observations posts and viewing nest sites on study plots on a regular schedule (usually every 2-3 days). 
This method of obtaining information can be labor intensive and costly at colonies with difficult access, 
because several people may be needed to collect the data. This method can also be dangerous, because 
at many locations observers have to boat to study sites, land on rock shelves or boulder beaches, and 
climb steep unstable slopes to reach observations posts many times during the nesting season (e.g., Nord 
Island in the Barren Islands). Furthermore, this method of collecting information is highly weather 
dependent, and unfavorable boating conditions at critical times during the breeding season (e.g., egg­
laying, chick-hatching) can degrade or destroy the value of the data sets (i.e., if gaps become too large 
between observations to calculate hatching dates). To help solve these problems, we are proposing to 
test a new version of the prototype video system in the Barren Islands during FY 96 to assess the 
effectiveness of this equipment in seabird monitoring studies. 

Although total populations of common murres nesting at the Barren Islands colonies have not changed 
significantly in size over the 6-year period following the TN Exxon Valdez oil spill, numbers of chicks 
per adult and productivity values were normal during 1992-1994 and 1993-1994, respectively (Dragoo 
et al. 1994; Roseneau eta/. 1995; Roseneau eta/., unpubl. data). However, productivity information is 
still needed at these colonies to meet restoration monitoring goals, and these and several other types of 
data are needed for the Trustee Council APEX projects to help describe relationships between seabirds 
and forage fish, and for energetics studies (e.g., nesting chronology, chick-feeding rates, and time 
budget indices of adults). Furthermore, these types of data may also be needed in coming years for 
long-term research projects. 

B. Rationale 

The project is needed because if the video monitoring system passes Phase II testing, it will give the 
Trustee Council the ability to collect information on timing of nesting events, productivity, chick­
feeding rates, and time budgets of adults at colonies with difficult access (e.g., Nord Island, Chiswell 
Islands) more efficiently and at lower costs, compared to current programs. These types of data are 
needed to help meet common murre restoration monitoring goals. They are also required for studies of 
relationships between seabirds, forage fish, and environmental variables (e.g., water temperatures), and 
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energetics studies of seabirds. In addition to reducing overall costs of collecting these types of 
information, the video monitoring system has high potential to markedly improve data quality, because 
observers will be able to collect information at optimum times of day on a much more regular basis (i.e., 
collecting data via the system will be much less weather dependent than visiting study plots by boat to 
collect it manually). Because the monitoring system can be easily modified to simultaneously collect 
and transmit other types of valuable information in conjunction with the video signal at relatively low 
cost (e.g., air and water temperatures, wind speeds), it also has high potential for use during more 
complicated studies assessing effects of environmental factors on nesting seabirds. Also, if the video 
system passes the Phase II tests, it may be useful to other types of ongoing and potential Trustee Council 
restoration work (e.g., monitoring use or behavior at marine mammal haul-outs and pupping areas) and 
similar research projects in other regions of Alaska and the world. 

C. Summary of Major Hypotheses and Objectives 

The project objective is to test the abilities of a robotically controlled, high resolution Hi-8 mm video 
monitoring system to collect productivity, nesting chronology, chick feeding rate, and adult time budget 
indices data on common murres and black-legged kittiwakes more accurately and at lower costs than 
current more labor intensive manual methods allow at difficult to access colonies. The objective will be 
met by operating the video equipment at the same time observers collect the same types of information 
manually on the East Amatuli Island - Light Rock study plots, and testing the video and manually 
obtained information to see if there are significant differences between data sets. 

D. Completion Date 

The proposed project will be completed in FY 97 (i.e., field work will be conducted in FY 96 and a 
report summarizing study results will be submitted to the Chief Scientist on May 15, 1997). 

COMMUNITY INVOLVEMENT 

A short article describing the FY 96 Remote Video Monitoring System Study will be prepared for the 
Trustee Council newsletter after the Phase II tests are complete. Photographs showing operation of the 
system will also be provided to Trustee Council staff for public viewing, along with a video tape that 
will describe the equipment and show it in use at the East Amatuli Island- Light Rock seabird colony. 
The results of the study will be available to the public in Homer and Anchorage, and information from 
the project will be presented to the public during Trustee Council-sponsored workshops in 1996-1997. 

FY 96BUDGET 

Cost breakdowns for the FY 96 Remote Video Monitoring System Study are shown on Forms 3A and 
3B, and are summarized below. Total estimated costs for FY 96 are $38,700.00, and estimated FY 97 
costs for producing a report summarizing system performance are $13,100.00. Renting primary 
components of the video system was chosen as the best alternative for conducting Phase II tests, because 
purchasing equipment would be more expensive. Although we have considerable faith in the system 
based on Phase I experiments, we believe the equipment should be thoroughly tested before any 
commitments are made to purchase it. Rental costs are shown in the Equipment section of the budget 



(see Form 3B). These rental costs total $19,800.00 and should not be construed as new equipment 
purchases. 

Personnel 8.3 
Travel 0.0 
Contractual 8.3 
Commodities 0.3 
Equipment 20.0 

Subtotal 36.9 
Gen. Admin. 1.8 

Total 38.7 

PROJECT DESIGN 

A. Objectives 

The overall project objective is to test the abilities of a robotically controlled, Hi-8 video monitoring 
system to collect productivity, nesting chronology, chick feeding rate, and adult time budget indices data 
on common murres and black-legged kittiwakes more accurately and at less expense than current more 
labor intensive manual methods allow at colonies with difficult access. The objective will be met by: 

1. Statistically comparing manual and remote methods of data collection on the East Amatuli 
Island - Light Rock study plots. 

2. Remotely collecting certain types of data (e.g., productivity information) at optimum times 
of day and comparing this information with the same types of data collected at other times of 
day. 

B. Methods 

During August 1994, we had the opportunity to field test a video monitoring system that demonstrated 
potential to collect a variety of data on nesting seabirds A robotically-controlled 8 mm video camera 
connected to a microwave video transmitter was placed on Nord Island near the observation post 
historically used to monitor productivity of common murres. During a series of tests, all basic camera 
functions (e.g., zoom in/out, focus) and a wide range of camera movements (both horizontal and 
vertical) were easily controlled from line-of-sight distances up to 1 km away. The camera was 
successfully turned on and off remotely from the Ushagat Island field camp, 6.4 km away, and from 
other line-of-sight points as far as 11.3 km away (e.g., from a vessel stationed opposite the north end of 
East Amatuli Island). Images of murres on the productivity plots were also successfully transmitted 
over these same distances to a video monitor equipped with a microwave receiver. Although neither the 
camera nor the monitor were high resolution units, the images were clear enough to easily count both 
adults and chicks on the Nord Island plots. Indeed, on 1 day when seas were too rough to land at Nord 
Island, observers stationed on a vessel 1 km away used the system to count adults and then zoom in and 
out and move the camera to check their respective nest sites one at a time for chicks. 
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Based on the success ofthe FY 94 tests, we are proposing to test the ability of a refined Hi-8 video 
monitoring system to collect productivity, nesting chronology, chick feeding rate, and adult time budget 
data in the Barren Islands during FY 96. The refined equipment is capable of transmitting and receiving 
clear, crisp video images and camera control signals over line-of-sight distances of 10 km (this distance 
was tested in Kachemak Bay in late 1994). It can also operate over longer line-of-sight distances and in 
situations that do not have line-of-sight conditions using relatively low-cost repeater stations. 

We propose to use the remotely controlled video monitoring system to collect real-time nesting 
chronology and productivity data at the East Amatuli Island - Light Rock murre and kittiwake study 
plots by the same basic methods that observers will use when they physically visit the plots. As during 
the FY 93 and FY 94 common murre restoration studies (Projects 93049 and 94039), nest sites will be 
mapped and viewed on a regular schedule (every 2-3 days) to determine presence or absence of eggs and 
chicks. Incubation and brooding postures of adults will be used to help determine if eggs or chicks are 
present. The primary difference will be that some observers will view nest sites on a high resolution 
monitor located several kilometers away instead ofviewing them from an observation post with 
binoculars and spotting scopes. Personnel using the video monitoring system will collect nesting 
chronology and productivity data at the same times of day information is obtained manually, and also at 
optimum times of day when fewer birds are present to allow efficiency and accuracy comparisons to be 
made between data sets. The video system will also be used to collect data on chick feeding rates and 
time-budget indices of adults for comparison with manually collected information. 

The study plot portion of the video system will consist of 2 small robotically controlled, weatherproof, 
CCD color video cameras connected to a microwave video transmitter and control signal receiver unit. 
The cameras will be equipped with low-lux telephoto lenses, and attached robotic units will provide a 
full range of camera movements and lens control at the required distances. The equipment will be 
powered by self-sustaining power supplies consisting of 12V batteries and solar panels similar to units 
that we have already successfully used to power time-lapse video cameras for long periods of time. 
Images will be transmitted from the cameras to a high resolution monitor and Hi-8 video recorder/editor 
at Amatuli Cove Camp via 2 small microwave- VHF repeater stations mounted on top ofEast Amatuli 
Light Rock and Valley Rise (see Fig. 1). Signals controlling camera functions (e.g., sleep/wake, zoom 
in/out, right/left/up/down) will be transmitted back to the cameras and robotic units through the same 
relay stations (the repeater units are necessary, because transmitting images and camera control signals 
requires line-of-sight conditions). 

Each of the robotically controlled cameras will be set up to view 5 of the 1 0 previously studied East 
Amatuli Island- Light Rock productivity. The cameras will function one-at-a-time (i.e., the system is 
designed to switch between cameras to minimize costs of transmitting and receiving video and control 
signals). Telephoto zoom lenses will be used to provide both distant views of plots suitable for counting 
adults and detailed close-up views of individual nest sites for determining presence or absence of eggs 
and chicks. The lenses will also have low-lux capability that will allow clear images of birds to be 
obtained during low light conditions (e.g., during late evening hours in late August- early September). 

The video system will be installed in mid-June, at the same time Amatuli Cove Camp is mobilized. 
Setting up and testing the system will require 5-6 days. The repeater stations and camera units will be 
removed when the field camp is demobilized in early September. Equipment removal will only require 
about 1 day. 
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Productivity and nesting chronology data will be analyzed by the same methods described by Roseneau 
et at. ( 1995 ), and analyses of chick feeding rate and time budget data will follow methods listed by 
Roseneau ( 1995). During data analyses, plots will be treated as sample units, and 2-tailed t-tests will be 
used to check the manually and remotely collected data sets for significant differences (significance 
level 0.05). 

C. Contracts and Other Agency Assistance 

A contract will be required for technical assistance during installation of the video monitoring system, 
because technical expertise is required to assemble and install the Phase II camera robotic systems and 
repeater stations, and make adjustments to the equipment during the experiments. The contract will also 
cover maintenance of the equipment during the study, and training of personnel to operate, adjust, and 
maintain the equipment. 

D. Location 

The FY96 work will be conducted at East Amatuli Island in the Barren Islands, about 75 km south­
southwest of Homer, Alaska between the Kenai Peninsula and the Kodiak archipelago. The project has 
potential to benefit studies of seabirds and marine mammals in the Gulf of Alaska, including the spill 
zone, and throughout the remainder of Alaska and elsewhere. No communities will be affected by the 
study. 

SCHEDULE 

A. Measurable Project Tasks for FY 96 

January I - March 31 : 

April I -May 15: 

May 16- June 14: 

June 15· 

June 16-25: 

June 26- September 7: 

September 8"- 12: 

September 15- 30: 

Arrange for equipment rental, technical assistance contract, and 
integration with other studies 

Arrange other logistical needs (transportation to study area) 

Prepare equipment for transport to Barren Islands study area 

Transport equipment and technical assistant to Amatuli Cove 
Camp 

Set up equipment at East Amatuli Island study plots 

Collect data. 

Remove equipment from study plots and return it to Homer 

Review and organize data 
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January 1 - May I, 1997: Prepare report and respond to in-house reviewer comments 

May 15, 1997: Submit final report to Chief Scientist for peer review 

B. Project Milestones and Endpoints 

Data collection portions of the project objectives listed in Part A of the Project Design section of this 
proposal will be met by September 1, 1996. Data analyses portions of these objectives will be met by 
January 1, 1997. The project will be complete when the final report is submitted on May 15, 1997. 

C. Project Reports 

The proposed study is not a multi year project that will require data collection beyond the FY 96 field 
season. Therefore, the final report will be submitted on May 15, 1997. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

The proposed Remote Video Monitoring System Study is highly coordinated with, and contingent upon, 
the FY 96 APEX Barrens Islands Seabird Study (Project 961631; ifthe FY 96 Barren Islands Seabird 
Study is canceled, the proposed work cannot be done because it will be too costly). All logistical needs, 
including boating equipment, camping supplies, transportation to and from the Barren Islands, and 
transportation within the study area will be provided by APEX Project 961631. Also, APEX Project 
961631 personnel will operate the video system after it is set up and use it to collect the data that will be 
compared with the information that they will obtain manually on the study plots. The proposed study is 
also coordinated and integrated with the National Biological Service - Minerals Management Service 
Kachemak Bay - lower Cook Inlet seabird ecosystem study that will be initiated by J. Piatt, NBS, in FY 
95 and continued in FY 96. Piatt, is currently contributing $15.0K to the FY 95 APEX Barren Islands 
Seabird Study, and he has agreed to provide $15.0K to help fund the FY 96 portion of this project and 
help defray some of the logistical costs that will, in turn, help reduce costs of the proposed Remote 
Video Monitoring System Study (Piatt is interested in the outcome of the video monitoring experiments 
because the system could make it easier to work at some of his other Gulf of Alaska study sites). The 
Alaska Maritime National Wildlife Refuge (AMNWR) will contribute some key pieces of equipment to 
the proposed Phase II effort to help cut overall video system rental costs (21-inch high resolution color 
monitor; Hi-8 video recorder/editor; video controller unit; all power supplies, including batteries and 
solar panels). 

ENVIRONMENTAL COMPLIANCE 

The proposed project is a non-intrusive study that relies on use of video cameras. No permits are 
required, and based on review of CEQ regulation 40 CFR 1500-1508, this project has been determined 
to be categorically exempt from the requirements ofNEPA, in accordance with 40 CFR 1508.4. 
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PERSONNEL 

The project manager, project leader, and field team leader are well qualified to undertake the proposed 
FY 96 study. Brief resumes of these key personnel are provided here. 

A. Project Manager- G. Vernon Byrd 

Vernon Byrd received a B.S. degree in wildlife management from the University of Georgia in 1968, did 
post-graduate studies in wildlife biology at the University of Alaska-Fairbanks in 1975, and completed a 
M.S. degree in wildlife resources management at the University ofldaho in 1989. His thesis, entitled 
"Seabirds in the Pribiloflslands, Alaska: Trends and monitoring methods", explored statistical 
procedures for analyzing kittiwake (Rissa spp.) and murre (Uria spp.) population data. Mr. Byrd has 
worked for the U.S. Fish and Wildlife Service for over 20 years, focusing on studies of marine birds in 
Alaska and Hawaii. His major interests center around monitoring long-term trends in seabird 
populations, including numbers ofbirds and reproductive performance at colonies. He has worked at 
murre colonies in the Aleutian Islands, the Bering and Chukchi seas, and western Gulf of Alaska. Mr. 
Byrd was a coauthor of the final T/V Exxon Valdez oil spill damage assessment report for murres. Also, 
he was project manager of the 1993 and 1994 common murre restoration monitoring studies (Projects 
93049 and 94039, respectively). Mr. Byrd has authored over 45 scientific papers and 50 U.S. Fish and 
Wildlife Service reports on field studies, and has made about 20 presentations on seabirds at scientific 
meetings. Mr. Byrd is the supervisory wildlife biologist at the Alaska Maritime National Wildlife 
Refuge, the premier seabird nesting area in the national public land system. 

Selected Publications 

Byrd, G.V., E.C. Murphy, G.W. Kaiser, A.J. Kondratyev, and Y.V. Shibaev. (In press). Status and 
ecology of offshore fish-feeding alcids (murres and puffins) in the North Pacific Ocean. 
Proceedings of"Symposium on the Status, Ecology, and Conservation ofMarine Birds of the 
Temperate North Pacific". Canadian Wildlife Service, Ottawa. 

Byrd, G.V., J.L. Sincock, T.C. Telfer, D.I. Moriarty, and B.G. Brady. 1984. A cross-fostering 
experiment with Newell's race ofManx shearwater. J. Wildl. Manage. 48:163-168. 

Byrd, G. V., and J.C. Williams. Whiskered Auklet. 1993. A chapter describing the biology of the 
species in The birds ofNorth America 76 (A Poole and F. Gill, eds.). The Academy ofNatural 
Sciences of Philadelphia. 12 pp. 

Byrd, G.V., and J.C. Williams. Red-legged Kittiwake. 1993. A chapter describing the biology of the 
species in The birds ofNorth America 76 (A Poole and F. Gill, eds.). The Academy ofNatural 
Sciences of Philadelphia. 12 pp. 

Day, R.H. and G.V. Byrd. 1989. Food habits of the whiskered auklet at Buldir Island, Alaska. Condor 
91:65-72. 

Springer, A.M. and G. V. Byrd. 1989. Seabird dependence on walleye pollock in the southeastern 
Bering Sea. Pages 667-677 in Proceedings of the International Symposium on the Biology and 
Management of Walleye Pollock. Alaska Sea Grant Rep. No. 89-1, Univ. of Alaska-Fairbanks. 
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B. Project Leader- David G. Roseneau 

David Roseneau received his B.S. degree in wildlife management and M.S. degree in biology from the 
University of Alaska- Fairbanks in 1967 and 1972, respectively. His thesis research was on the 
numbers and distribution of gyrfalcons, Falco rustico/us on the Seward Peninsula, Alaska. He joined 
the U.S. Fish and Wildlife Service in January 1993 and was project leader of common murre restoration 
monitoring Projects No. 93049 and 94039 in the Barren Islands during 1993 and 1994. Mr. Roseneau is 
also principal investigator of the 1995 APEX Barren Islands Sea Bird Study (Project 951631). Prior to 
1993, he was a consulting biologist for 20 years, and he has conducted and managed marine bird, raptor, 
and large mammal projects in Alaska and Canada for government agencies and private-sector clients. 
Mr. Roseneau has been involved in several large-scale murre (Uria spp.) population monitoring 
projects. During 1976-1983, ~s co-principal investigator ofNOANOCSEAP Research Unit 460, he 
conducted monitoring studies of murres and black-legged kittiwakes (Rissa tridactyla) at capes 
Lisburne, Lewis, and Thompson in the Chukchi Sea, and St. Lawrence, St. Matthew, and Hall islands in 
the Bering Sea. He also studied auklets (Aethia spp.) at St. Lawrence and St. Matthew islands, and 
participated in murre and kittiwake projects at Bluff in Norton Sound. In 1984-1986, he participated in 
follow-up studies of murres and kittiwakes in the northeastern Chukchi Sea, and during 1987-1988 and 
1991-1992, he helped conduct additional murre and kittiwake work at capes Lisburne and Thompson, 
and at Chamisso and Puffin islands. Mr. Roseneau is experienced in collecting and analyzing data on 
numbers, productivity, and food habits of seabirds; relating trends in numbers and productivity to 
changes in food webs and environmental parameters (e.g., air and sea temperatures, current patterns); 
and assessing potential impacts of petroleum exploration and development on nesting and foraging 
marine birds. He has broad knowledge of rock climbing techniques and has operated inflatable rafts and 
other outboard-powered boats in the Bering, Chukchi, and Beaufort seas and on various Alaskan rivers 
in excess of2,800 hrs. Mr. Roseneau has also accrued several hundred additional hours operating time 
in small boats and larger, more powerful vessels (e.g. 25 ft, 300-400 hp HydroSports and Boston 
Whalers) in Kachemak Bay, Prince William Sound, and Kenai Peninsula and Barren Island waters. 
During his career, Mr. Roseneau has authored and co-authored 70 reports and publications, including 23 
on Alaskan seabirds. 

Selected Seabird Publications 

Murphy, E. C., A.M. Springer, and D.G. Roseneau. 1986. Population status of Uria aalge at a colony in 
western Alaska: results and simulations. Ibis 128: 348-363. 

Murphy, E. C., A.M. Springer, and D.G. Roseneau. 1991. High annual variability in reproductive 
success of kittiwakes (Rissa tridactyla L.) at a colony in western Alaska. J. Anim. Ecol. 60: 515-
534. 

Murphy, E. C., D.G. Roseneau, and P.J. Bente. 1984. An inland nest record for the Kittlitz's murrelet. 
Condor 86: 218. 

Springer, A.M., E.C. Murphy, D. G. Roseneau, C.P. McRoy, and B.A. Cooper. 1987. Paradox of 
pelagic food webs in the northern Bering Sea-L Seabird food habits. Cont. Shelf Res. 7: 895-
911. 
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Springer, AM. and D.G. Roseneau. 1985. Copepod-based food webs: auklets and oceanography in the 
Bering Sea. Marine Ecol. Prog. Ser. 21: 229-237. 

Springer, AM., D.G. Roseneau, D.S. Lloyd, C.P. McRoy, and E.C. Murphy. 1986. Seabird responses 
to fluctuating prey availability in the eastern Bering Sea. Marine Ecol. Pro g. Ser. 3 2: 1-12. 

Springer, AM., D.G. Roseneau, E. C. Murphy, and M.I. Springer. 1984. Environmental controls of 
marine food webs: food habits of seabirds in the eastern Chukchi Sea. Can. J. Fish Aquat. Sci. 
41:1202-1215. 

C. Field Team Leader - Arthur B. Kettle 

Arthur Kettle received his B.A. degree in Human Ecology from the College of the Atlantic in 1984. 
Since that time, he has participated in several large-scale seabird projects at remote locations. He joined 
the U.S. Fish and Wildlife Service in May 1993, and is currently the field team leader for the APEX 
Barren Islands Seabird Study (Project 951631). In that capacity, Mr. Kettle is responsible for logistics at 
the Amatuli Cove camp. He is also responsible for ensuring that the data are collected according to the 
study design. Mr. Kettle was in charge ofthe East Amatuli Island camp during the 1993 and 1994 
common murre restoration monitoring projects (Projects 93049 and 94039). During these studies, his 
broad knowledge of boat-mooring systems and technical rock climbing techniques allowed him to 
safely collect productivity and chronology data from a series of study plots he established on East 
Amatuli Island in 1993 (a difficult technical task not accomplished during any previous pre- or postspill 
study). Mr. Kettle also collected murre productivity and nesting chronology data at Light Rock during 
Exxon-sponsored University of Washington Barren Islands studies in 1990-1992. Besides his murre 
work, he also participated in large-scale University ofWashington studies ofmagellanic penguins 
(Spheniscus mage/lanicus) in Argentina in 198 7-1991, and tufted puffins (Fratercula cirrhata) and fork­
tailed storm-petrels (Oceanodroma .furcata) in the Barren Islands during 1990-1992. Mr. Kettle has 
over 15 years experience safely operating small boats in both north Atlantic and Pacific ocean waters 
(Maine and Alaska). By September 1995, he will have completed his sixth consecutive field season 
operating outboard-powered inflatable and ridged-hulled craft in the Barren Islands. 

Selected Publications 

Boersma, P.D., J.K. Parrish, and A.B. Kettle. 1993. Common murre abundance, phenology, and 
productivity on the Barren Islands, Alaska: The Exxon Valdez oil spill and long-term 
environmental change. In BOOK TITLE, ASTM STP 1219._. (eds.); American Society for 
Testing and Materials, Philadelphia; 1993. 

d G. Roseneau, Project Leader 
DOI-FWS -
Alaska Maritime National Wildlife Refuge (U.S. Fish and Wildlife Service) 
2355 Kachemak Bay Drive (Suite 101), Homer, Alaska 99603-8021 
Telephone (907) 235-6546 
Fax (907) 235-7783 
e-mail: r7amnwr@mail.fws.gov 
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Figure 1. The FY 96 Remote Video Seabird System Monitoring Project study area in the 
Barren Islands. Real time productivity, nesting chronology, time budget, and chick feeding rate 
data will be collected from the Lonesome Cove productivity plots via a high resolution 8 mm 
video system that will transmit images from two remotely controlled robotic video camera units 
to the Amatuli Cove Camp via small microwave - VHF repeater stations located at East Amatuli 
Light Rock and Valley Rise. Signals controlling camera functions (e.g., sleep/wake, zoom 
in/out, right/left/up/down) will be transmitted from Amatuli Cove Camp back to the cameras via 
the same repeater link (dashed lines show approximate line-of-sight transmission pathways). 
Data collected by the video system will be compared with the same types of data collected on 
the same plots by a team of observers. 



eneral Administration 
Project Total 

11-time Equivalents (FTE) 

Resources 
Comments: 

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

The proposed project is closely tied to and dependent on the proposed FY 96 APEX Barren Islands Seabird Study (Project 96163). If this 
$95,900 study is approved, it will supply all logistical needs and most of the personnel needed to conduct the work. The exception is the 
Student Conservation Association volunteer. 

Estimated FFY 1997 costs are costs for producing a final report summarizing results of the FFY 1996 field work. 

Project Number: 
1996 Project Title: Remote Video System Seabird Monitoring Project 

Agency: 001-FWS 

Prepared: 1 of 4 

FORM 3A 
AGENCY 
PROJECT 

DETAIL 

4/30/95 



1996 

2 of 4 

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

Supervisory Biologist 
EVOS Coordinator/Program Manager 

Project Number: 
Project Title: Remote Video System Seabird Monitoring Project 
Agency: 001-FWS 

Overtime 
4.3 
2.5 
1.5 
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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 
DETAIL 

4/30/95 



1996 EXXON VALDEZ TRUSl :OUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

Contractual Costs: Proposed 
Description FFY 1996 

Technical Assistance Contract 4.9 
• To provide expert help during assembly of the camera robotic systems and during installation of these units and 

the microwaveNHF repeater stations. The contract will also cover maintainence of the eQuipment and training 
of personnel to operate and adjust the equipment. The contract will run 2 months @ $2,435/mo = $4,870. 

Student Conservation Association Volunteer Contract 3.4 
One SCA volunteer will be used to work with the cameras; cost is $3,120 for 12 wk contract plus $112/wk for 
each additional week. Need this volunteer for 14 weeks: basic cost $3,120 + $112(2) = $3,350 

When a non-trustee organization is used, the form 4A is reQuired. Contractual Total $8.3 
Commodities Costs: Proposed 
Description FFY 1996 

Hi-8 video tapes: 30 each @ $11/tape = $330 0.3 

Commodities Total $0.3 

1996 
Project Number: 
Project Title: Remote Video System Seabird Monitoring Project 
Agency: DOI~FWS 

FORM 38 
Contractual & 
Commodities 

DETAIL 

3 of 4 4/30/95 



New EQuipment Purchases: 
Description 

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

Video System tool kit (new purchase) 
RENTAL I 

Rental of remote video system equipment 
1. Two robotic video camera units with telephoto lenses: 3 mo @ $1,000/mo/ea = $6,000 
2. Two microwaveNHF repeater units: 3 mo @ $1,500/mo/ea = $9,000 
3. One VHF control signal transmitter : 3 mo @ $300/mo = $900 
4. One VHF control signal receiver: 3 mo @ $300/mo = $900 
5. One microwave transmitter: 3 mo@ $500/mo = $1,500 
6. One microwave receiver: 3 mo @ $500/mo = $1 ;500 

Those purchases associated with replacement equipment should be indicated by placement of an R. 
Existing EQuipment Usage: 
Description 

Inflatable raft 
Outboard motors 
Climbing equipment 
Solar Panels 
Video monitor 
Video recorder/editor 
Video recorder controller 

Project Number: 

Number Unit Proposed 
of Units Price FFY 1996 

1 200 0.2 
0.0 

1 syste 19,800 19.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

New EQuipment Total $20.0 
Number Inventor) 
of Units Agency 

1 001-FWS 
2 001-FWS 

1 set 001-FWS 
2 001-FWS 
1 001-FWS 
1 001-FWS 
1 001-FWS 

FORM 38 

1996 Project Title: Remote Video System Seabird Monitoring Project Equipment 
DETAIL Agency: 001-FWS 

4 of4 4/30/95 
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Restoration of Essential Wetland Habitat at San Juan Bay on Montague Island 

Project Number: tJ (a / 7 (, 

Restoration Category: General Restoration 

Proposer: USFS 

Lead Trustee Agency: USFS 

Cooperating Agencies: None 

Duration: 6 yrs. 

Cost FY 96: $67,500 

Cost FY 97: $130,350 

Cost FY 98: $100,000 

Cost FY 99: $50,000 

Cost FY 00: $50,000 

Cost FY 01: $5,000 

Geographic Area: Prince William Sound 

Injured Resource/Service: None 

ABSTRACT 

This project has the potential to create wetland habitats used by waterfowl and anadromous fish 
impacted by the oil spill in Prince William Sound. A study will be carried out in FY 96 to determine 
project feasibility from hydrologic, soils, geomorphology, fisheries, wildlife, and engineering 
perspectives. A detailed project plan will be developed if findings warrant. An environmental 
analysis will be conducted in FY 97. If the project is implemented, succession will be reversed in the 
uplifted lake at San Juan Bay on Montague Island. Flooding of the uplifted area will maintain the 
wetland component. Pools and ponds will be created in riparian and floodplain areas to restore 
associated aquatic vegetation. 

· INTRODUCTION 
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Past events associated with the 1964 earthquake drained the 250 ha lake within the San Juan Bay 
Drainage. Since the uplift, periodic flooding occurs during periods of high, nearly continuous rainfall 
or during periods of heavy rain combined with snow melt. With this altered water regime, the 
uplifted lake is undergoing a rapid succession from an estuary/wetland community to a 
spruce/hemlock community. At the same time, downcutting of the San Juan Creek has changed the 
character 9f the stream along a major portion of its course through the former lake bed. Pool habitats 
important for anadromous fish rearing have been reduced and adjacent sedge meadows are undergoing 
plant succession to shrub and forest communities. Opportunities exist for long term improvement of 
PWS waterfowl, furbearer and anadromous fish habitat within the stream and in the adjacent wet 
meadow zones. · 

NEED FOR THE PROJECT 

A. Statement of Problem 

This project has the potential to improve habitat for waterfowl and anadromous fish. This project 
falls within the category of habitat protection, acquisition, and manipulation of resources. This 
project will improve or supplement stream and lake habitats. 

B. Rationale 

The opportunity exists to crea:te wetland habitat to offset damages to wetland areas that were damaged 
during the spill and will take a long time to recover. Impounding water in the San Juan drainage will 
flood areas that were tidal estuaries prior to the 35 foot uplift associated with the 1964 earthquake. 
Flooding areas with freshwater will reverse succession and create wetland habitat that may be used by 
waterfowl and salmon. 

C. Summary of Major Hypotheses and Objectives 

A feasibility study will occur in FY 96. If the project is determined to be feasible from hydrologic, 
soils, geomorphologic, fisheries, wildlife, and engineering perspectives, then the project objectives 
will be: 

1. Maintain a wetland component by flooding the uplifted lake bed and reversing succession 
from a forested habitat type to a grass/sedge community. 

2. Create pools and ponds in riparian and floodplain areas to restore associated aquatic 
vegetation. 

D. Completion Date 

The feasibility portion of the project will be completed by January l, 1997. If the manipulative 
partion is implemented, it will be completed in 1998, and monitoring and other follow-up work will 
continue another 2 years through fiscal year 2000. Final report would be completed by January 1, 

2 



2001. 

CO:Ml\flJNITY INVOLVEMENT 

None. 

FY96BUDGET 

Personnel 41.9 
Travel 6.8 
Contractual 7.0 
Commondities 5.0 
Equipment 0.0 

Sub-total 60.7 
Gen. Admin. 6.8 

Total 67.5 

PROJECT DESIGN 

A. Objectives 

1. Maintain a wetland component by 'flooding the uplifted lake bed and reversing succession 
from a forested habitat type to an early succession grass/sedge community. 

2. Create pools and ponds in riparian and flood plain areas to restore associated aquatic 
vegetation. 

B. Methods 

This project will be accomplished by the following sequence of events: 

1. Determine Feasibility. 

This consists of conducting an hydrologic analysis to determine subsurface flow regimes, soils 
analysis to determine soils types. and a channel morphology analysis. Monthly surveys will 
determine wildlife and fish use of the area from spring through fall. 

2. Inventory Existing Habitat. 

Low level aerial photography of San Juan Bay area and vegetation surveys will be used to 
determine existing plant community type. 
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3. Design Project. 

After the feasibility and inventory studies are completed, vegetation objectives will be 
established specific to the targeted species. The engineering design will meet those objectives. 

4. Conduct Environmental Analysis. 

An environmental analysis will be conducted prior to a decision for any action. The scope of 
the analysis will depend on the results of public scoping and issues developed. 

5. Implement Project. 

If the decision is made to implement the project, it would take three years to complete. 
6. Monitoring. 

Monitoring will continue for three years after completion of the project to determine if the 
vegetation objectives were met. 

C. Contracts and Other Agency Assistance 

A contract will be let for large-scale aerial photography. 

D. Location 

San Juan Bay is located on southwestern Montague Island in Prince William Sound. 

SCHEDULE 

A. Measurable Project Tasks for FY 96 

A report of findings from the feasibility study will be completed for work done in FY 96. 

B. Project Milestones and Endpoints 

The following is the proposed schedule: 

January 1 -July 15, 1996: 
April1 -October 1, 1996: 
June 1 - 30, 1996: 
June 15 - 30, 1996: 
July 1 - 15, 1996: 
September 1 - 30, 1996: 
January 1- April1, 1997: 
1997- 1998: 

Hydrologic Analysis 
Wildlife Surveys 
Engineering Data Collection 
Soils Analysis 
Low aerial Photography 
Project Design 
Environmental Analysis 
Implementation 
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1997-2000: Monitoring 

C. Project Reports 

A feasibility report will be prepared. Annual progress reports will be prepared during project 
implementation. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

Coordination will occur after the feasibility study is completed. 

~ONMENTALCO~LMNCE 

. Given the scope of this project an environmental analysis will be required before a decision is made to 
implement. 

PERSONNEL 

Personnel needed to determine the feasibility of the project include a GS-11 Hydrologist, GS-11 Soils 
Scientist, GS-11 Wildlife Biologist, GS-11 Engineer, GS-7 Engineering Technician, GS-7 Wildlife 
Biologist, and a GS-5 Wildlife Technician. 

Ken Holbrook, Project Leader 
USPS Chugach National Forest 
3301 C Street, Suite 300 
Anchorage, AK 99503-3998 
Phone: (907)271-2819 
fax: (907)271-3992 

Ray Thompson, Project Manager 
USPS, Chugach National Forest 
3301 C Street, Suite 300 
Anchorage, AK 99503-3998 
Phone: (907)271-2536 
fax: (907)271-3992 
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neral Administration 
Project Total 

Full-time Equivalents (FTE) 

ther Resources 

Comments: 

1996 

Prepared: 1 of 4 

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

Authorized 
FFY 1995 

Proposed 
FFY 1996 

Project Title: Restoration and Mitigation of essential wetland Habitats in 
Prince William Sound 
Agency: USFS 

FORM 3A 
AGENCY 
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Dan Logan 
Dean Davidson 
Engineer 
Engineering Tech. 
Wildlife Tech. 
Wildlife Tech 

+ R. Thompson 

Air Charter to field site 

flights to anchorage 

1996 

2 of 4 

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

Hydrologist 
Wildlife Biologist 
Soils Scientist 
Engineer 
Engineering Tech. 

Tech. 

Program Manager 

Project Number: 
Project Title: Wetlands Restoration 
Agency: USFS 

GS/Range/ Months 

GS-11/6 1.5 
Gs-11/6 2.0 
GS-11/6 1.5 
GS-11/6 1.0 
GS-7 1.0 
GS-7 1.0 
GS-5 1.0 
GS13 1.0 

Price 
400 

200 2 

Monthly 
Overtime 

4,400 
4,400 
4,400 
4,400 
3,300 
3,300 
3,000 
5,928 

6 135 

4.4 
3.3 
3.3 
3.0 
5.9 
o.o 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 
DETAIL 
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1996 EXXON VALDEZ TRUS ::OUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

Contractual Costs: 
Description 

Aerial Photo Contract 
Report publication/printing 

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 

Field supplies 

1996 

3 of 4 

Project Number: 
Project Title: Wetlands Restoration 
Agency: U~FS 

Proposed 
FFY 1996 

5.0 
2.0 

Contractual Total $7.0 
Proposed 

FFY 1996 
5.0 

Commodities Total $5.0 

FORM 38 
Contractual & 
Commodities 

DETAIL 

5/1/95 
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New Equipment Purchases: 
Description 

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

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

Existing Equipment Usage: 
Description 

Project Number: 
1996 Project Titlle: Wetlands Restoration 

Agency: US.FS 

4 of 4 

Number Unit Proposed 
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 

New Equipment Total $0.0 
Number Inventory 
of Units Agenc'l 

FORM 38 
Equipment 

DETAIL 

'5/1 /95 
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Cutthroat Trout, Dolly Varden Char Habitat Restoration, Lake Elsner Area 

Project Number: 

Restoration Category: 

Proposer: 

Lead Trustee Agency: 

Duration: 

Cost FY 1996: 

Cost FY 1997: 

Cost FY 1998: 

Geographic Area: 

Injured Resource: 

ABSTRACT 

9Mt!8 • B 

General Restoration 

USFS, Cordova Ranger District 

USFS 

3 years 

$26.6 

Dependent on results of work in FY 1996 

Dependent on work in previous years 

Prince William Sound, Lake Elsner watershed, east of 
Cordova 

Cutthroat trout, Dolly Varden char 

Timber harvests in the Lake Elsner watershed, 13 miles east of Cordova, may have affected cutthroat 
trout and Dolly Varden char habitat. The Cordova Ranger District proposes to work with the Eyak 
Corporation to survey the area and determine if there are any existing or potential impacts: If problems 
are identified, plans for restoration projects will be developed. 

INTRODUCTION 

In recent years there has been increasing concern over the cutthroat trout and Dolly Varden char 
populations in the Prince William Sound area. Studies by the Alaska Department ofFish and Game show 
that these species were adversely affected by the Exxon Valdez oil spill (Hepler et al. 1993). Local 
fishermen have also reported decreased numbers of fish, which has led to sportfishing closures and 
reduced bag limits throughout the area. It seems that the best long-term method of preserving these 
stocks is to protect and restore the habitats these species utilize. 

At the present time it is not known whether timber harvest in the Lake Elsner watershed has affected their 
habitat or not. It is known, however, that harvest has occurred around streams and lakes with cutthroat 
trout and Dolly Varden char populations. The Cordova Ranger District proposes to work with the Eyak 



Corporation to identity any areas where restoration projects may be needed. Such work could include 
rehabilitating stream crossing sites, closing and reseeding roads that are no longer needed, or improving 
the riparian vegetation. If it is found that there are restoration opportunities, plans for rehabilitation 
projects can be developed for FY 1997. 

The role of the Forest Service would be to take the lead in contacting the Eyak Corporation and other 
concerned groups in order to develop a plan to survey the watershed and identity any possible impacts to 
fish habitat. If restoration work is necessary, the Forest Service could help develop proposals, assist with 
the permit process, and work on the environmental analysis. Since the work would be on Eyak 
Corporation land, the corporation would be responsible for hiring crews and carrying out the project in 
FY 1997. The role of the Forest Service at this point would be to provide technical assistance if needed. 

NEED FOR mE PROJECT 

A. Statement of Problem 

Studies by Hepler et al. ( 1993) showed not only that cutthroat trout had been adversely impacted by the 
Exxon Valdez oil spill, but also that many of the populations are quite small, making them more 
vulnerable to negative effects. The numbers of Dolly Varden char are generally higher, but their survival 
rates were found to be affected more by the oil spill than the cutthroat trout. Fishermen in the Cordova 
area have also reported that cutthroat trout populations have declined. It is not known to what degree 
either species has been affected or if they have made any recovery from the oil spill or other events. 
However, until more is known, it will be especially important to protect the stocks and habitat that remain 
and restore those areas which have been degraded. 

The area in the Lake Elsner watershed has been logged, but. it is not known if the fish habitat has been 
affected. It is possible that there are no problems. However, if there are areas where erosion from road 
crossings or other problems exist, it would be best to identity those problems now before they get worse 
This project would ensure that we are aware of any potential threats to fish habitat and have a plan to 
restore any degraded habitat . 

B. Rationale 

Although this area was not directly affected by the Exxon Valdez oil spill, Hepler et al. ( 1993) found that 
cutthroat trout and Dolly Varden char can stray considerable distances and move into different 
watersheds. Thus, it seems judicious to try to protect or restore habitat throughout the Sound. Protection 
of the habitat is also the best way to help maintain healthy populations and protect them against adverse 
impacts in the future, which is one of the objectives of the cutthroat trout/Dolly Varden char recovery 
plan. 

C. Summary of Major Hypotheses and Objectives 

The main objectives for FY 1996 are to develop a memorandum of understanding with the Eyak 
Corporation to conduct a joint survey of the Lake Elsner watershed, identity any problems that may 
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affect fish habitat, and develop a restoration plan, if necessary. If the Eyak Corporation agrees with this 
project, restoration work would be carried out in FY 1997 by crews hired by the corporation. At this 
point it is thought that most of the work would involve removing culverts at stream crossings that are no 
longer needed, rehabilitating stream banks at those sites, and controlling any erosion that introduce 
sediment into the streams. Monitoring would occur in FY 1998. 

D. Completion Date 

Restoration work should be completed in one field season (FY 1997), and the monitoring should be 
conducted in FY 1998. 

COMMUNITY INVOLVEMENT 

The restoration work and hiring ofthe crews would be conducted by the Eyak Corporation. The crews 
would most likely be composed of local residents and members of the Eyak tribe. Thus, the local 
community would be directly involved in the project. 

FY96BUDGET 

Personnel 20.2 
Travel 1.5 
Contractual 1. 5 
Commodities 0.3 
Equipment 0. 0 

Subtotal 23.5 
Gen.· Admin.. 3 .1 

Total 26.6 

PROJECT DESIGN 

A. Objectives 

The main objective for FY 1996 is to conduct stream surveys and other watershed analyses to identify 
factors which could have adverse effects on cutthroat trout habitat. It is thought that the most likely 
problems would be bank erosion at stream crossings or other factors leading to stream sedimentation. If 
problems are identified, a restoration plan would be developed. In FY 1997 the restoration work would 
be carried out. In FY 1998 the work would be monitored. 

B. Methods 

Streams in logged areas will be identified from recent aerial photographs. Crews will walk up each stream 
and note the following: 
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1. Presence of suitable spawning or rearing habitat. 

2. Bank erosion or other conditions which may lead to stream sedimentation. 

3. Adequacy of riparian vegetation for input of large woody material, shading. 

4. Presence of excessive slash or other logging debris. 

S. Other unfavorable conditions. 

Crews will also survey the roads to identify conditions which could affect streams located downhill from 
the roads. This could include: 

1. Culverts or ditches which concentrate runoff and are causing erosion. 

2. Destabilized slopes. 

3. Large bare areas which could be eroded. 

4. Roads which channel runoff and sediment to the streams. 

If problems are identified, the location will be recorded and a brief restoration prescription will be written. 
Restoration measures could include: 

1. Stabilizing or protecting eroding banks with rip-rap or log structures. 

2. Revegetating bare or eroded areas with native plants. 

3. Removing culverts and rehabilitating stream crossing sites. 

4. Closing unneeded roads and revegetating. 

It should be noted that buffer strips were left around most streams, so the work may be limited to stream 
crossing sites and other road work. 

C. Contracts and Other Agency Assistance 

No contracts would be needed for the actions proposed in FY 1996. Depending on how the Eyak 
Corporation would like to handle the restoration work, contracts might be needed in FY 1997. 

We would coordinate our efforts with the Alaska Department of Fish and Game, Habitat Division and 
incorporate any suggestions, advice, or ideas they may have. Otherwise, no other agency assistance is 
needed. 

D. Location 
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The project area would be in the Lake Elsner watershed, approximately 13 miles east of Cordova. 
Cordova C-4 quadrangle, T ISS, R IW, sections 16-21 and 28-33. The benefits of the project would be 
realized in a widespread area. Since this project will also protect coho and sockeye salmon, commercial 
and recreational fishers from Cordova and elsewhere will benefit. Other anadromous cutthroat trout or 
Dolly Varden char populations in Prince William Sound may benefit, depending on the amount of 
straying. The residents of Cordova would also benefit from the job opportunities created by this project, 
depending on how the hiring is conducted. 

SCHEDULE 

A. Measurable Project Tasks for FY 96 

October to December 1995: 
January to March 1996: 
May to July: 
July: 
August to September: 

Meet with participants, develop MOU. 
Hire study crew, develop data sheets, logistics. 
Conduct surveys, make initial prescriptions. 
Revisit sites, finalize work plans. 
Annual report. 

B. Project Milestones and Endpoints 

1. Surveys and prescriptions will be completed by July 1996. 

2. Restoration work will begin May 1997 and end in September 1997. 

3. Monitoring will be completed by July 1998. 

C. Project Reports 

Since this project does not include lengthy data analysis and the project work will occur in. the summer 
months, annual reports can be completed by the end of each fiscal year. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

At this point we do not foresee any opportunities for coordination or integration with other agencies or 
restoration efforts. 

Since this project would be on land owned by the Eyak Corporation, it would not be part of the normal 
Forest Service management responsibility. The Cordova Ranger District is proposing this project to 
promote the overall health of the cutthroat trout and Dolly Varden char populations in the area and to 
help maintain angling opportunities on non-Forest Service land to keep fishing pressure dispersed. 

ENVIRONMENTAL COMPLIANCE 
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The proposal for the actual restoration work would have to be reviewed by the State of Alaska Division 
of Governmental Coordination and the U.S. Army Corps ofEngineers. The Corps permit for the project 
should be covered by the Nationwide Permit Program, permit numbers 13 and 27, which authorize 
erosion control work and restoration of riparian areas. The U.S. Forest Service could conduct the NEPA 
review, which would necessitate a biological evaluation, public scoping, and a categorical exclusion. 

PERSONNEL 

Project Leader: 

Ken Hodges 
USDA Forest Service, Cordova Ranger District 
P.O. Box 280, Cordova, AK 99574 
(907) 424-7661 (telephone) 
(907) 424-7214 (Fax) 

Responsibilities: Plan surveys, train crews, analyze data, make recommendations for restoration work. 

Ken Hodges is a fisheries biologist on the Cordova Ranger District. He has a B.S. degree in fisheries from 
Humboldt State University. Before coming to the District in 1989, he had worked as a seasonal employee 
for the Oregon Dept. ofFish and Wildlife and conducted a one-year study on steelhead genetics in 
Northern California. In Cordova he has worked as a fisheries technician and now as a biologist. 

Project Manager: 

Ray Thompson 
USFS 
Chugach National Forest 
3301 C Street, Suite 300 
Anchorage, AK 99503 
phone (907) 271-2500 

Date Prepared 

Literature Cited 

Hepler, K.R., P.A. Hansen, and D.R. Bernard. 1993 Impact of oil spilled from the Exxon Valdez 
on survival and growth of Dolly Varden and cutthroat trout in Prince William Sound, Alaska. 
Alaska Department ofFish and Game. Anchorage, Alaska. 
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1996 EXXON VALDEZ TRUSlt:E COUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

Authorized 
FFY 19 

Equivalents (FTE) 

Comments: 
Costs for FFY 97 and FFY 98 will depend on the the amount of habitat rehabilitation required. This will be determined in FFY 96. 

1996 

Prepared: 

Project Number: seeee •8 '1 "ltl A-
Project Title:Cutthroat Trout, Dolly Varden Char Habitat Restoration, Lake 
Elsner 
Agency: USFS 

l~fij195L-------------------------·--------~------------~ 

FORM 3A 
AGENCY 
PROJECT 
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5/1/95 



• 

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

Months Monthly 

Project Leader 
J. Hodges Project Support 
GS-7 -one Fisheries Tech 
GS-5-one Fisheries Tech 
GS-4-one Fisheries Tech 
R.Thompson Program manager 

One trip to Anchorage for EVOS Workshop 
One trip to Anchorage for EVOS Workshop 

Project Number:. 960&8 a· 

Price 

224 
224 

0.7 
1.0 
1.0 
1.0 
1.0 
1.0 

1 
1 

1996 
Project Title: Cutthroat Trout, Dolly Varden Char Habitat Restoration, 
Lake Eisner Area 
Agency: USFS 

2 of 4 

Costs 
4,620 
3,864 
3,339 
2,058 
1,764 
5,928 

5 
3 

Overtime 199 
0 3.2 
0 3.9 
0 3.3 
0 2.1 
0 1.8 

138 
138 

5.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 

FFY 199 
0.0 
0.9 
0.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 
DETAIL 
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Contractual Costs: 
Description 

Report publication/printing 

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

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 

Hip Waders 

1996 

4@ $80.00 

3 of 4 

Project Number: 980i8 .Q 

Project Title: Cutthroat Trout, Dolly Varden Char Habitat Restoration, 
Lake Elsner Area 
Agency: USFS 

Proposed 
FFY 1996 

1.5 

Contractual Total $1.5 
Proposed 

FFY 1996 
0.3 

Commodities Total $0.3 

FORM 38 
Contractual & 
Commodities 

DETAIL 
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New Equipment Purchases: 
Description 

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

Number Unit 
of Units 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 
Existing Equipment Usage: Number Inventory 
Description of Units Agency 

0 

Project Number: 9i9S8 I 8 FORM 38 

1996 Project Title: Cutthroat Trout, Dolly Varden Char Habitat Restoration, Equipment 
lake Eisner Area DETAIL 
Agency: USFS 
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Cutthroat Trout, Dolly Varden Char Habitat Restoration, Port Fidalgo and Port 
Gravina Area 

Project Number: 

Restoration Category: 

Proposer: 

Lead Trustee Agency: 

Duration: 

Cost FY 1996: 

Cost FY 1997: 

Cost FY 1998: 

Geographic Area: 

Injured Resource: 

ABSTRACT 

General Restoration 

USFS, Cordova Ranger District 

USFS 

3 years 

31.6 

Dependent on the results in FY 1996 

Dependent on the results of previous years 

Prince William Sound, Port Fidalgo and Port Gravina area, 
20 miles northwest of Cordova. 

Cutthroat trout, Dolly Varden char 

Timber harvests in the Port Fidalgo and Port Gravina area, 20 miles northwest of Cordova, may have 
affected cutthroat trout and Dolly Varden char habitat. The Cordova Ranger District proposes to work 
with the Tatitlek Corporation to survey the area and determine if there are any existing or potential 
impacts. If problems are identified, plans for restoration projects will be developed. 

INTRODUCTION 

In recent years there has been increasing concern over the cutthroat trout and Dolly Varden char 
populations in the Prince William Sound area. Studies by the AJaska Department ofFish and Game show 
that these species were adversely affected by the Exxon Valdez oil spill (Hepler et al. 1993) Local 
fishermen have also reported decreased numbers of fish, which has led to sportfishing closures and 
reduced bag limits throughout the area. It seems that the best long-term method of preserving these 
stocks is to protect and restore the habitats these species utilize. 

At the present time it is not known whether timber harvest in the Port Fidalgo and Port Gravina area has 
affected their habitat or not, however, it is important to identify and fix problems, such as erosion around 



culverts or roads, before the situation gets worse. The Cordova Ranger District proposes to work with 
the Tatitlek Corporation to identifY any areas where restoration projects may be needed. Such work 
could include rehabilitating stream crossing sites, closing and reseeding roads that are no longer needed, 
or improving the riparian vegetation. If it is found that there are restoration opportunities, plans for 
rehabilitation projects can be developed for FY 1997. 

The role of the Forest Service would be to take the lead in contacting the Tatitlek Corporation and other 
concerned groups and developing a plan for examining the areas to see if problems exist. If restoration 
work is necessary, the Forest Service could help develop proposals, assist with the permit process, and 
work on the environmental analysis. Since the work would be on Tatitlek Corporation land, the 
corporation would be responsible for hiring crews and carrying out the project in FY 1997. The role of 
the Forest Service at this point would be to provide technical assistance if needed. 

NEED FOR THE PROJECT 

A. Statement or Problem 

Studies by Hepler et al. (1993) showed not only that cutthroat trout had been adversely impacted by the 
Exxon Valdez oil spill, but also that many of the populations are quite small, making them more 
vulnerable to negative effects. The numbers of Dolly Varden char are generally higher, but their survival 
rates were found to be affected more by the oil spill than the cutthroat trout. Fishermen in the Cordova 
area have also reported that cutthroat trout populations have declined. It is not known to what degree 
either species has been affected or if they have made any recovery from the oil spill or other impacts 
However, until more is known, it will be especially important to protect the stocks and habitat that remain 
and restore those areas which have been degraded. 

Although these areas have been logged, it is not known if the fish habitat has been affected. It is possible 
that there are no problems. However, if there are areas where erosion from road crossings or other 
problems exist, it would be best to identifY those problems now before they get worse. This project 
would ensure that we are aware of any potential threats to fish habitat and have a plan for restoring the 
degraded habitat. 

B. Rationale 

Although this area was not directly affected by the Exxon Valdez oil spill, Hepler et al. ( 1993) found that 
cutthroat trout and Dolly Varden char can stray considerable distances and move into different 
watersheds. Thus, it seems judicious to try to protect or restore habitat throughout the Sound. Protecuon 
of the habitat is also the best way to help maintain healthy populations and protect them against adverse 
impacts in the future, which is one of the objectives of the cutthroat trout/Dolly Varden char recovery 
plan. 

C. Summary or Major Hypotheses and Objectives 

The main objectives for FY 1996 are to develop a memorandum of understanding with the Tatitlek 
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Corporation to conduct a joint survey of the logged areas around Port Fidalgo and Port Gravina, identify 
any problems that may affect fish habitat, and develop a restoration plan, if necessary. If the Tatitlek 
Corporation agrees with this project, restoration work would be carried out in FY 1997 by crews hired 
by the corporation. At this point it is thought that most of the work would involve removing culverts at 
stream crossings that are no longer needed, rehabilitating stream banks at those sites, and controlling any 
erosion that introduce sediment into the streams. Monitoring would occur in FY 1998. 

D. Completion Date 

Restoration work should be completed in one field season (FY 1997), and the monitoring should be 
conducted in FY 1998. 

COMMUNITY INVOLVEMENT 

The restoration work and hiring of the crews would be conducted by the Tatitlek Corporation. Generally, 
other Native corporations have expressed a hiring preference for corporation members, Native Alaskans, 
and local residents. Thus, it is expected that the local community would be directly involved in the 
project. 

FY 96 BUDGET 

Personnel 23. 1 
Travel 1.5 
Contractual 1. 5 
Commodities 1. 9 
Equipment 0.0 

Subtotal 28.0 
Gen. Admin.. 3.6 

Total 31.6 

PROJECT DESIGN 

A. Objectives 

The main objective for FY 1996 is to conduct stream surveys and other watershed analyses to identify 
factors which could have adverse effects on cutthroat trout habitat. It is thought that the most likely 
problems would be bank erosion at stream crossings or other factors leading to stream sedimentation. If 
problems are identified, a restoration plan would be developed. In FY 1997 the restoration work would 
be carried out. In FY 1998 the work would be monitored. 

B. Methods 

Streams in logged areas will be identified from recent aerial photographs. Crews will walk up each stream 
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and note the following: 

l. Presence of suitable spawning or rearing habitat. 

2. Bank erosion or other conditions which may lead to stream sedimentation. 

3. Adequacy of riparian vegetation for input oflarge woody material, shading. 

4. Presence of excessive slash or other logging debris. 

5. Other unfavorable conditions. 

Crews will also survey the roads to identifY conditions which could affect streams located downhill from 
the roads. This could include: 

l. Culverts or ditches which concentrate runoff and are causing erosion. 

2. Destabilized slopes. 

3. Areas without vegetation which could be eroded. 

4. Roads which channel runoff and sediment to the streams. 

If problems are identified, the location will be recorded and a brief restoration prescription will be written. 
Restoration measures could include: 

1. Stabilizing or protecting eroding banks with rip-rap or log structures. 

2. Revegetating bare or eroded areas with native plants. 

3. Removing culverts and rehabilitating stream crossing sites. 

4. Closing unneeded roads and revegetating. 

It should be noted that buffer strips were left around most streams, so the work may be limited to stream 
crossing sites and other road work. 

C. Contracts and Other Agency Assistance 

No contracts would be needed for the actions proposed in FY 1996. Depending on how the Tatitlek 
Corporation would like to handle the restoration work, contracts might be needed in FY 1997. 

We would coordinate our efforts with the Alaska Department ofFish and Game, Habitat Division and 
incorporate any suggestions, advice, or ideas they may have. Otherwise, no other agency assistance is 
needed. 
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D. Location 

The project area would be in the Port Fidalgo and Port Gravina area, approximately 20 miles northwest 
of Cordova, Cordova C-7 quadrangle, T 13S, R 7W, sections 15-34 and R 8W, sections 13-34. The 
benefits of the project would be realized in a widespread area. Since this project will also protect coho, 
pink, and chum salmon, commercial and recreational fishers from Cordova and elsewhere will benefit. 
Other anadromous cutthroat trout or Dolly Varden char populations in Prince William Sound may 
benefit, depending on the amount of straying. The residents of Cordova would also benefit from the job 
opportunities created by this project, depending on how the hiring is conducted. 

SCHEDULE 

A. Measurable Project Tasks for FY 96 

October to December 1995: 
January to March 1996: 
May to July: 
July 
August to September 

Meet with participants, develop MOU. 
Hire study crew, develop data sheets, logistics. 
Conduct surveys, make initial prescriptions. 
Revisit sites; finalize work plans. 

Annual report. 

B. Project Milestones and Endpoints 

1. Surveys and prescriptions will be completed by July 1996. 

2. Restoration work will begin May 1997 and end in September 1997. 

3. Monitoring will be completed by July 1998. 

C. Project Reports 

Since this project does not include lengthy data analysis and the project work will occur in the summer 
months, annual reports can be completed by the end of each fiscal year. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

At this point we do not foresee any opportunities for coordination or integration with other agencies or 
restoration efforts. 

Since this project would be on land owned by the Tatitlek Corporation, it would not be part of the normal 
Forest Service management responsibility. The Cordova Ranger District is proposing this project to 
promote the overall health of the cutthroat trout and Dolly Varden char populations in the area and to 
help maintain angling opportunities on non-Forest Service land to keep fishing pressure dispersed. 
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The proposal for the actual restoration work would have to be reviewed by the State of Alaska Division 
of Governmental Coordination and the U.S. Army Corps ofEngineers. The Corps permit for the project 
should be covered by the Nationwide Permit Program, permit numbers 13 and 27, which authorize 
erosion control work and restoration of riparian areas. The U.S. Forest Service could conduct the NEPA 
review, which would necessitate a biological evaluation, public scoping, and a categorical exclusion. 

PERSONNEL 

Project Leader: 

Ken Hodges 
USDA Forest Service, Cordova Ranger District 
P.O. Box 280, Cordova, AK 99574 
(907) 424· 7661 (telephone) 
(907) 424-7214 (Fax) 

Responsibilities: Plan surveys, train crews, analyze data, make recommendations for restoration work. 

Ken Hodges is a fisheries biologist on the Cordova Ranger District. He has a B.S. degree in fisheries from 
Humboldt State University. Before coming to the District in I 989, he had worked as a seasonal employee 
for the Oregon Dept. ofFish and Wildlife and conducted a one-year study on steelhead genetics in 
Northern California. In Cordova he has worked as a fisheries technician and now as a biologist. 

Project Manager: 

Ray Thompson 
USFS 
Chugach National Forest 
3301 C Street, Suite 300 
Anchorage, AK 99503 
phone (907) 271-2500 

Date Prepared 

Literature Cited 

Hepler, K.R., P.A. Hansen, and D.R. Bernard. 1993. Impact of oil spilled from the Exxon Valdez 
on survival and growth of Dolly Varden and cutthroat trout in Prince William Sound. Alaska 
Department ofFish and Game. Anchorage, AK. 
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... "''or"'' Administration 
Project Total 

Comments: 

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

Authorized 
FFY 1995 

Proposed 
FFY 1996 

Estimates for FFY 97 and FFY 98 will depend on the amount of work required for habitat rehabilitation. This will be determined in FFY 96. 

1996 

Prepared: 11:ifi195 

Project Number: Sif545 e CfbLIID 
Project Title:Cutthroat Trout , Dolly Varden Char Habitat Restoration, Port 
Fidalgo and Port Gravina Area 
Agency: USFS 

FORM 3A 
AGENCY 
PROJECT 
DETAIL 
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• 

J. Hodges 
GS-7 -one 
GS-5-one 
GS-4-one 
R. Thompson 

' 
1996 EXXON VALDEZ TRUS', .... ...:OUNCIL PROJECT BUDGET 

Project leader 
Project Support 
Fisheries tech 
Fisheries tech 
Fisheries tech 
Program manager 

October 1, 1995 - September 30, 1996 

GS/Range/ 

GS-11 

Price 

Months 

1.4 
1.4 
1.4 
1.0 

Monthly 
Costs 
4,620 
3,864 
3,339 
2,058 
1,764 
5,928 

One trip to Anchorage for EVOS Workshop 
One trip to Anchorage for EVOS Workshop 

224 
224 

1 
1 

5 
3 

1996 

2 of 4 

Project Number: S6Q43 B 
Project Title: Cutthroat Trout , Dolly Varden Char Habitat Restoration, 
Port Fidalgo and Gravina Area 
Agency: USFS 

0 

Per Diem 

138 
138 

4.7 
2.9 
2.5 
5.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 
DETAIL 

5/1/95 



Contractual Costs: 
Description 

Report publication/printing 

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

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 

Hip Waders 4@ $80.00 
Food for 105 days @ $15.00 a day 

1996 

3 of 4 

Project Numberr9Geats 4'> 
Project Title: Cutthroat Trout , Dolly Varden Char Habitat Restoration, 
Port Fidalgo and Port Gravina Area 
Agency: USFS 

Proposed 
FFY 1996 

1.5 

Contractual Total $1.5 
Proposed 

FFY 1996 
0.3 
1.6 

Commodities Total $1.9 

FORM 38 
Contractual & 
Commodities 

DETAIL 
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New Equipment Purchases: 
Descriotion 

1996 EXXON VALDEZ TRUSl a;;.a;;. "'OUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

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 

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

0 

Project Number: 9&0 13 '""& FORM 38 

1996 Project Title: Cutthroat Trout, Dolly Varden Char Habitat Restoration, Port Equipment 
Fidalgo and Port Gravina Area DETAIL 
Agency: USFS 
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Second Growth Forest Habitat Enhancement for Injured Wildlife Species 

Project Number: Cf 0 17 g' 

Restoration Category: 

Proposer: 

Lead Trustee Agency: 

Duration: 

Cost FY 96: 

Cost FY 97: 

Cost FY 98: 

Cost FY 99: 

Cost FY 00: 

Geographic Area: 

General Restoration 

USFS 

USFS 

5 yrs 

$84,300 

$90,500 

$60,000 

$60,000 

$60,000 

Prince William Sound 

Injured Resources/Service: Bald Eagle, River Otter, Marbled Murrelet, Harlequin Duck 

ABSTRACT 

The Prince William Sound area has several watersheds on National Forest System lands' where timber 
harvest occurred in the early 1970's. These were done without an understanding of optimum stand 
structure for wildlife populations. This project has the potential to improve habitat for river otter, • 
marbled murrelet, harlequin duck and bald eagle by accelerating succession and developing forest 
stand structure beneficial to wildlife species faster than natural forest succession. Habitat for old­
growth dependent species such as river otter, marbled murrelet, harlequin duck, and bald eagle, 
whose populations were proven to be damaged by the 1989 Oil Spill, can be improved with this 
project. 

INTRODUCTION 

One possible way to counteract the effects of the 1989 oil spill is to restore habitat for injured species 
on land. Prince William Sound old-growth forests are characterized by the presence of large diameter 
trees, multilayered canopies, a range of tree diameters, and understory vegetation. These stands are 
generally well past the age of maturity as evidenced by dead and dying trees, snags and other downed 



woody material. These characteristics are important to several of the injured species during all or a 
portion of their life cycle. 

Approximately 2,525 acres of second growth in Prince William Sound are on National Forest System 
lands. Approximately 1, 733 acres have been harvested on Montague Island, 233 acres have been 
harvested on Hinchinbrook Island, and 122 acres were clearcut harvested in Puget Bay. Stands 
harvested range from pure Sitka spruce to stands composed of 40% Sitka Spruce and 60% hemlock. 
The majority of these harvested areas are located on lower slopes from 0 to 100 feet in elevation. 
Two of the areas on Montague Island extend to 700 feet in elevation. The harvested areas range in 
size from 4 acres to 201 acres with a mean size of 42 acres. Most of these areas are located along 
bays and streams which could provide habitat for the injured species if the necessary old growth 
components were available. 

Forest successional patterns after timber harvest vary with soil type and degree of soil disturbance. 
Sites revegetate rapidly. Conifer regeneration prevails where soil disturbance is slight to moderate, 
favoring western hemlock or Sitka spruce depending on severity. An alder stage is most likely to 
occur in areas of severe soil disturbance and in alluvial bottom-land sites. Residual shrubs respond 
dramatically. Their growth increases exponentially, with a peak in cover and biomass about 15 to 25 
years after the overstory is removed. Conifers begin to overtop shrubs by years 8 to 10 years. By 
year 15, crown closure begins, and it is complete by about year 25. Subsequent decline in vascular 
understory is rapid and elimination occurs in 25 to 35 years. This condition is projected to last to 
stand age 140 to 160 years and is attributed to subdued or low level light conditions caused by the 
forest canopy structure. Absence of an understory during the major part of the rotation is likely to be 
the single most important concern from a wildlife habitat standpoint if a second-growth forest is not 
managed. · 

NEED FOR THE PROJECT 

A. Statement of Problem 

Two of the most pressing problems of second growth management and wildlife are snow interception 
and understory development. These are a direct consequence of tree density and canopy closure in. 
young stands. Without management inputs, second growth stands will require 250 years to begin 
acquiring old-growth characteristics. Managing second growth in Alaska's coastal rain forest with 
emphasis for fish and wildlife has been a documented practice since the early 1980's in Southeast 
Alaska. Techniques used to advance succession and maintain the understory component in Southeast 
Alaska have not been applied to second growth forests in Prince William Sound. 

Non-commercial thinning is the major treatment available for altering these stand structure 
characteristics. Approximately 2,525 acres of second growth resulting from timber harvest in Prince 
William Sound is available for treatment. It is necessary to determine which acres should be treated 
to most benefit the injured species. During the past 20 years extensive research and trials have been 
made throughout Southeast Alaska to determine if the wildlife habitat value of second growth can be 
enhanced through silviculture techniques such as thinning, gap formation or pruning. Although much 
of this research may directly apply to Prince William Sound, it is essential that a careful assessment 
be conducted first before large commitments to management are made due to the potentially high costs 



and uncertain results. Because of the climatic, soils, and overall ecological conditions in the Sound 
relative to Southeast Alaska, it is possible that treatment response might be slower or perhaps 
fundamentally different. A survey of successional development and thresholds of canopy openings for 
the maintenance of understory diversity in these forests is needed to assess the potential for 
silvicultural improvement in habitat structure in the region. 

B. Rationale 

This project has the potential to improve habitat for harlequin duck, marbled murrelet, river otter and 
bald eagle by exploring ways to promote successional trends and provide components of old-growth 
stands earlier than 250 years from harvest. These wildlife species were proven to be damaged by the 
1989 Oil Spill. This project can rehabilitate habitats for those injured species. 

The results from the project will augment other thinning and stand development studies. the project 
will test how general and applicable the previous studies are to other regions and specifically to lower 
sites and a more extreme climatic condition. 

C. Summary of Major Hypotheses and Objectives 

Sitka spruce and western hemlock migrated to Prince William Sound about 3,000 years ago. The 
coastal forest in Prince William Sound is reduced in stature, productivity and species richness 
compared to Southeast Alaska. Forests in Prince William Sound have lower site indices than predicted 
from the latitude relationships of Harr and Harris. This may be attributed to the heavy snow packs. 
younger, shallower soils and relatively cool, short growing season. The heavy snow packs persist mto 
the growing period, effectively cooling the soils, reducing the biological activity, and slowing soil 
development. This difference may cause unexpected results during stand manipulation. In most cases 
and as experienced in Southeast Alaska, thinning by delaying crown closure sho~ld prolong existence 
of understory vegetation on cutover areas. 

Prescriptions for timber production and those for wildlife habitat improvement may be different 
depending on the desired stand structure. Thinning for wildlife objectives might maintain lower 
stocking levels of trees to encourage development and longevity of the shrub understory layer. Heavy 
thinning may release conifer regeneration which would defeat the purpose of the thinning from a . 
wildlife point of view. Wildlife thinning should be conducted early enough to maintain a vigorous 
understory layer. In contrast, thinning to meet timber production goals would be delayed until crown 
closure so competing plants and trees are shaded out. · 

The purpose of this project is to provide mitigation through habitat enhancement for 
identified injured wildlife species in Prince William Sound. The objectives are: 

1. Maintain understory vegetation components throughout the successional stages of second 
growth and manage for characteristics important to injured species. 

2. Increase successional trends in key wildlife habitat areas to develop old growth structure. 
Approximately 2,500 acres of second growth habitat will be evaluated for enhancement 
opportunities. 



3. Establish plots on a subset of sites to determine how quickly vegetation responds to treatment 
and to determine the overall successional pattern on productive sites. 

D. Completion Date 

This project will be completed in fiscal year 2000. 

CO.MMIJNITY INVOLVEMENT 

It is anticipated that as potential areas are identified for treatment, the public will be asked to 
participate in the identification of issues and concerns. Currently the Forestry Sciences Lab in Juneau 
has been involved in project identification and development. 

FY96BUDGET 

Personnel 49.9 
Travel 11.0 
Contractual 13.0 
Commodities 2.0 
Equipment 0.0 

Subtotal 75.9 
Gen. Admin. 8.4 

Total 84.3 

Travel costs consist of small aircraft charters, WCF boat rentals and field per diem besides 2 trips to 
Anchorage for principle investigator. Contractual is a contract for low aerial photography. In kind 
services consist of salary of participants from the Forestry Science Lab in Juneau and preliminary 
work completed by the District to date. 

PROJECT DESIGN 

A. Objectives 

Approximately 2,500 acres of second growth habitat will be evaluated for enhancement opportunities. 
Successional trends will be increased in key wildlife habitat areas to develop old growth structure. 
Following is a description of the injured species habitat requirements that this project will address. 
Site prescriptions will be made to enhance these habitat characteristics. 

River Otter QAwtra canadensis} 

Areas of riparian vegetation provide river otter resting and denning places as well as protective cover 
for traveling. Natural cavities in old-growth forests, rock cavities, and burrows or lodges of other 
animals are used for dens. Latrine sites are located along shorelines in old-growth forest areas and 
adjacent to suitable feeding areas. Old-growth forested areas are also used as resting places as otters 



travel along their home ranges. Home ranges vary with quality of habitat and can vary from 7 to 40 
kilometerS. 

Harlequin Duck (Histrionicns histrionicns) 

In May, paired harlequins congregate at mouths of anadramous fish stream and fly inland to search 
for nest sites. Typically nests are located along shallow rivers and streams with gravel or rocky 
substrates. Nest sites are located under dense vegetation on steep banks in mature forests. Harlequins 
may return to the same nest site in consecutive years. Slow stretches on lee sides of bends in streams 
are used by broods for feeding and resting. 

Marbled Murrelet (Bracbyramphns mannoratns) 

Current data suggests that most marbled murrelets nest in mature forests. Most have been located in 
large conifers, but ground nests have been recorded. They are solitary nesters and have been located 
as far as 40 to 50 km from the coast. 

Bald Eagle (Haliaeetns lencephalns) 

Bald Eagle nests are usually located in older, larger trees. Coastal areas with more than one nest per 
mile are considered to be good nesting areas. Nests are usually used for more than one season. Bald 
eagles prefer large diameter mature trees for nest and perch sites. Typical nest trees are at least 400 
to 500 years old. 

By accelerating the succession of harvested stands to obtain old-growth characteristics sooner than if 
no treatment was done may help offset the impacts of the spill in the long term. Following is the 
characteristics of the old-growth forest types which will be the desired future condition of the 
potentially treated stands. 

Sitka Spruce - Alluvial Forest Type. 

This forest type is most often associated with riparian ecosystems. Sitka spruce dominates the stand 
with western hemlock, mountain hemlock and Sitka alder occurring as minor components. Stands are 
relatively open grown with tree canopy cover ranging froq~ 30 to 60%. Stands are typically 
multilayered, with mid canopy layer trees growing in the open. The height of the upper canopy often 
ranges from 90 to 110 feet and large diameters range from 16 to 40 inches. Trees have been recorded 
exceeding 160 feet in height and diameters up to 63 inches on the best sites. Natural regeneration of 
spruce is sporadic and usually occurs only on microsites. Down material as "nurse logs" is important 
to conifer regeneration. Tall shrub cover (salmonberry, blueberry, and devil's club) dominates the 
ground vegetation, often exceeding 60% cover~ Forb cover (five leaf bramble, bunchberry, and 
skunk cabbage) is moderate. Soils are deep, generally well drained, with thin organic layers. Soil 
disturbance through flooding is frequent and restricts soil profile development. The thin organic 
layers are easily disturbed which favors re-establishment of salmonberry, devil's club, and alder. 
This forest type is usually associated with riparian habitats where it provides bank stability, cover and 
woody material input into streams. Devils club, currant, and salmonberry fruit production is 
relatively high. Salmon, skunk cabbage, and berry production cause this type to be heavily used by 



brown bear. Snags, though few in number·, tend to be relatively large and provide good habitat for 
cavity dwellers. 

Sitka Spruce - Other Forest Type. 

The Sitka Spruce - Other Old Growth Type is most often found in the hemlock spruce coastal zone. 
Many stands occur in a narrow band along the coast. Sitka spruce is the major tree component, 
however western hemlock and mountain hemlock are components of the overstory. Tree canopy 
cover ranges from 70 to 80%, is typically multilayered, and contains large branched, deep crowned 
hemlock and spruce. Western and mountain hemlock are dominant understory trees. The height of 
the upper canopy ranges from 70 to 110 feet and large trees diameters often range from 13 to 30 
inches. Shrub cover (blueberry, salmonberry, rusty menziesii and devils club} is moderate ( 40 to 
50%} and forb cover (five leaf bramble, bunchberry, foam flower, and skunk cabbage} often exceeds 
30%. 

Western Hemlock - WeD Drained Forest Type. 

The Western Hemlock- Well Drained Old Growth Forest Type is common to the coastal areas of 
southcentral Alaska. Most stands occur on well drained shallow soils formed by either colluvial or 
alluvial action and are located at elevations below 600 feet. Western hemlock dominates the overstory 
in this type but stands are rarely pure western hemlock. Regeneration consists primarily of western 
hemlock with sparse amounts of Sitka spruce and mountain hemlock. Tree canopy cover often ranges 
from 70 to 80%, is multilayered, and contains relatively large branched, deep crowned hemlock. The 
height of the upper canopy often ranges from 70 to 120 feet and large tree diameters range from 14 to 
35 inches. Shrub cover is usually moderate (40-50%} and is dominated by blueberry. However, it 
also contains salmonberry, rusty menzesii, and devils club. Forb cover (five leaf bramble, 
bunchberry, wintergreen and skunk cabbage} often exceeds 30%. On devil's club sites, herbaceous 
vegetation is abundant. Common ferns are lady, deer, and shield fern. Downed woody material is 
large and abundant, originating from both windthrow and tree breakage. Under natural conditions, 
stand closure occurs between age 30 and 40 years. Under these dense, closed canopy conditions, 
moss can dominate the understory through age 100 years. By age 150 years, the canopy has generally 
thinned to allow the understory to develop. If mineral soil is exposed, Sitka alder is likely to 
dominate the site for a period of time. Large spruce and hemlock trees effectively intercept snow., 
Understory vegetation is relatively abundant and generally available for forage during winter. Large 
standing trees provide good nest and forage sites for cavity dwellers. Large down woody material and 
elevated root systems are often present and provide good foiage, resting, and denning sites for a 
variety of wildlife. 

Mountain Hemlock - Low Elevation Forest Type 

The Mountain Hemlock - Low Elevation Old Growth Forest Type is often found on poorly drained 
soils with deep organic layers and often occupying coastal headwaters, lowland rolling hills, and 
muskegs. It occurs from sealevel to 500 feet elevation in Prince William Sound. Mountain hemlock 
is the dominant overstory tree. Western hemlock is the most consistent associated conifer and Sitka 
spruce is a minor component along beach fringes. The height of the upper canopy often ranges from 
50 to 70 feet and large tree diameter may range from 7 to 21 inches. Large trees as tall as llO feet 
and 40 inches diameter have been recorded on better sites. A dense tall shrub layer of blueberry 



along with rusty menziesii, salmonberry, and devil' s club often exists with a low shrub layer of 
crowberry and bog blueberry. The forb layer often includes skunk cabbage, five-leaf bramble and 
twisted stalk. Snags are highly variable both in size and number, and are considered short lived due 
to the species characteristics, high snow loads, wind, and avalanches. Tree ages range from 400 to 
600 years with a Krumholz appearance. Mountain hemlock forests are important habitats for deer and 
brown bear during the summer months. 

B. Methods 

This project will be accomplished by the following sequence of events: 

1. Inventory existing data base. This consists of compiling existing data on Prince William 
Sound second growth, establishing date of harvest, and entering information into GIS data 
base. It also consists of compiling existing information on injured wildlife habitat needs and 
entering appropriate information into the GIS data.base. 

2. Inventory existing habitat. This will be accomplished by low level aerial photography of all 
second growth sites and field sampling to determine existing vegetation community type and 
site potential. Field data collected will include use of data collection cards designed to sample 
old-growth to determine how much "old-growth" characteristic are still present in the stands. 
Plant association information, stem densities, species distributions, and percent ground cover 
by species will also be collected. Occurrence of insect and diseases will also be recorded to 
identify potential problems with prescribed treatments. Approximately one week will be spent 
surveying clearcuts from 14 to 42 years old in which vegetation structure and canopy 
architecture will be surveyed and measured. Radi~meters and other instrumentation will be 
used to determine how dense a canopy understory plants can grow under and how quickly 
vegetation responds to disturbance. Five or more sites will be examined along this canopy 
density and stand age gradient to determine the overall successional pattern on productive sites. 
Small plots will be established on a subset of sites to determine understory cover, biomass. and 
growth as related to stand age, density, size, and percent light penetration through the over 
story canopy. 

3. Define vegetation objectives. After the second growth areas have been described, vegetation 
objectives will be established specific to the targeted species. 

4. Prepare site prescriptions. Prescriptions will be developed identifying recommended treatment 
to meet the vegetation objectives. Treatment options could consist of pre-commercial thinning 
at varied spacing to maintain understory vegetation throughout the rotation. Coordination with 
people in Southeast Alaska working on similar projects will be maintained to gain insight for 
potential treatments. 

5. Conduct environmental analysis. An environmental analysis will be conducted prior to a 
decision as required by the National Environmental Policy Act. 

6. Implement prescriptions and establish study plots for monitoring. If the decision is made to 
implement the recommended treatment after the environmental analysis this project could be 



accomplished over the following three years. 

C. Contracts and Other Agency Assistance 

The Forest Sciences Lab in Juneau will be providing assistance in designing thinning regimes and 
installing permanent monitoring plots. 

D. Location 

The project will take place in Prince William Sound. Final location of the project will be determined 
during feasibility study. Potential locations include the northeast side facing side of Montague Island 
or Hinchinbrook Island. 

SCHEDULE 

A. Measurable Project Task for FY 96 

January 1 -February 15: 
June 1 - 15: 
June 1 - September 1: 
September 1 - 15: 
September 15- 30: 

FY 97 and beyond 
· November 1 - March 1: 
March 1 - May 15: 
summer 1997-2000: 

Inventory existing database 
Develop low aerial photography 
Inventory habitat 
Define vegetation objectives 
Write site prescriptions 

Conduct environmental analysis and documentation 
Prepare contracts and obtain bids 
Implement prescriptions by contract 

B. Project Milestones and Endpoints 

February 15, 1996: 
May 31, 1996: 
September 1, 1996: 

Complete inventory of existing data and map existing data using GIS 
Data needs determined and sampling design developed 
Prescription options developed by coordinating with FSL. Field work 
and data collection, analysis ~d summaries completed. 

September 15, 1996: Desired Future conditions defined, objectives developed. 
September 30, 1996: Prescriptions completed 
March 3, 1997: Environmental analysis complete 
1997: Contract prepared and awarded to implement prescription 

C. Project Reports 

Forestry Sciences Lab personnel will submit a summary report to the Cordova Ranger District on 
observations and implications to second growth management in the Fall of 1996. Preliminary data 
will be pooled with the data from Southeast Alaska to compare understory characteristics in relatior 
microclimate. 



COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

The preliminary results of this project will be incorporated by the Forestry Sciences Lab in Juneau 
with existing studies conducted in Southeast Alaska. Results can be compared to determine how 
general and applicable the results are to other regions and specifically to lower sites and a more 
extreme climatic condition. 

ENVIRONMENTAL COMPLIANCE 

An environmental analysis and documentation will be completed before any vegetation manipulation 
takes place. Analysis is anticipated to take place in FY 97. 

PERSONNEL 

Daniel W. Logan, Wildlife Biologist, Cordova Ranger District, has been employed with the Forest 
Service for 17 years. He has held positions in Sitka, Petersburg, Seward and Cordova as fisheries 
biologist, wildlife biologist and District Wildlife Staff Officer. Mr. Logan has Bachelor Degrees in 
Wildlife and Fisheries from Humboldt State University. 

Susan E. Kesti is a certified silviculturist for the Chugach National Forest. She has worked for the 
Forest Service for 18 years in Oregon, Sitka, Seward, and Cordova. Before working for the Forest 
Service, Ms. Kesti was a research assistant at the University of Idaho working on the Intensive 
Timber Culture Project. She has held positions as a Forester, Environmental coordinator, and District 
Timber Staff. She has a Bachelors Degree in Forestry from Michigan Technological University and 
has completed graduate level course work at the University of Idaho, University of Oregon, and the 
University of Washington. 

Project Leader: 

Daniel W. Logan 
USFS, Cordova Ranger District, Chugach National Forest_ 
P.O. Box 280 
Cordova, AK 99574 
(907)424-7661 
Fax (907) 424-7214 

Project Manager: 
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USFS 
Chugach National Forest 
3301 C Street, Suite 300 
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Relationships between in stream habitat attribute features and the USFS Alaska 
Region stream classification system channel types within Prince William Sound. 

Project Number: :ft...t 17C( 
Restoration Category: Research 

Proposer: USDA Forest Service 

Lead Trustee Agency: USFS 

Cooperating Agencies: 

Duration: 2 years 

Cost FY 96: $218,100 

Cost FY 97: $40,300 

Study Area: Prince William Sound 

Injured Resource/Service: Pink salmon, cutthroat trout, Dolly Varden trout. 

ABSTRACT 

Channel types represent similar hydrological and geological similar or reaches of stream, they should 
also be relatively good descriptions of what is present for in stream fish habitat. 
Channel type interpretations should provide a quantitatively replicable measure for presence of in­
stream spawning and rearing habitat. This project will further the understanding of the anadromous 
salmonid capability habitat relationships of the watersheds within PWS. 

INTRODUCTION 

Pacific salmon and trout of Prince William Sound (PWS) have complex life histories that depend on 
both marine and freshwater environments. Rates of salmon ~ortality are highest during their early 
stream dwelling life forms. Because the mortality is often related to the condition and availability of 
the in-stream habitat, it is critical that habitats limiting to juvenile salmon are protected or restored. 
Basin wide in stream habitat surveys are essential to predict those habitat conditions that limit 
survival. In remote areas of Alaska it is impractical to physically survey all streams within a 
geographic area, therefore , a hierarchical approach lends itself to remote sensing techniques. This 
hierarchical approach, aided by photo interpretation, significantly increases the efficiency of large 
scale habitat inventories. 

Preliminary data, collected on the Kenai Peninsula in 1991, suggests that channel types, as defined 
from aerial photographs, may be a predictor of at least several micro habitats found in a stream 
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channel. A multi-variate analysis of variance, indicated that channel types were a significant predictor 
(p<O.OOOl) for eight of thirteen micro habitats (e.g. rapids, plunge pools, and dammed pools) as 
modified from Bisson (1981). Further data collection, for the EVOS Trustee Council Channel Type 
Classification Study {90505, Part C) indicated that channel types are a significant predictor of the 
amount of spawning and rearing habitat in a given segment of stream. 

The existing data bases have been analyzed to finnly establish the relationship between aerial photo 
channel type interpretations, and the presence of in-stream spawning and rearing habitat. These 
analysis and report will serve as a basis for larger scale in-stream habitat surveys for oil spill affected 
areas in PWS. This project will further the understanding of the anadromous salmonid capability 
habitat relationships of the watersheds within PWS. 

NEED FOR THE PROJECT 

A. Statement of Problem 

Anadromous fish were injured by oil spill contamination from the Exxon Valdez oil spill of March 
1989. The oil spill affected anadromous fish in several ways; pink salmon had high egg and fry 
mortalities, reduced growth rates, and possible morphological abnonnalities; and sockeye salmon 
suffered poor smolt survival due to over-escapement. Salmon also have exacting freshwater habitat 
requirements and are vulnerable to human-caused changes in habitat quality. The fish have adapted 
to the variable conditions in stream environments, and have segregated into stocks that are specifically 
adapted to local landscapes and possibly to local watersheds. The quantity of fish habitat in any 
stream depends on the condition of the area that it drains. Thus, watersheds are the basic unit of 
forested landscapes, they control to a large extent the populations of anadromous fish present and 
numbers of fish. Prince William Sound contains many islands with small watershed and short stream 
systems that together are believed to contain numerous stocks of salmon and anadromous trout and 
char. The populations of individual stocks in these short stream systems are small malcing them 
highly vulnerable to watershed disturbances that affect the quality of freshwater habi~ts. Significant 
disturbance of habitat in these watersheds, coupled with poor marine conditions and continued 1ntense 
fish harvest could place these small populations at risk. Frissel, et al, 1986, advocated that 
classification of streams and the habitat contained would be useful in detennining the impacts of land 
use practices, assessing basin wide cumulative affects of management practices on stream habitats, and 
provide useful generalized infonnation on stream habitats ~rom site specific data. 

Inventories of habitat are a primary source of infonnation for the evaluation of watershed conditions 
and the management and protection of aquatic resources. Data collected in comprehensive surveys 
can be used for the basis of habitat restoration and improvement programs and can be used to monitor 
changes in the quality and quantity of resources. The proposed study would provide the relationship 
between channel type designations and the presence of in-stream habitat features, e.g. various types of 
pools, , useful for both anadromous salmonid rearing and spawning. These data would provide 
valuable infonnation in comparing relative values of all watersheds with PWS area, particularly those 
contained within comprehensive evaluation parcels. 
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B. Rationale 

Several survey methodologies have been developed to quantify and qualify habitat in section of 
streams (Bisson et al. 1982, Barber et al 1981, Hankin and Reeves, 1988). While these habitats 
surveys present a good estimation of what is present within that segment of stream, owing to habitat 
variability, the information is not a good predictor of overall habitat capability. Aquatic habitat 
inventory information on both habitat and fish provides important data for habitat protection and 
watershed analysis. If inventory procedures are quantitatively replicable, they become useful tools for 
monitoring trends in habitat condition over time. 

Natural and human disturbances have additive effects on freshwater habitat, so analysis of effects and 
planning for activities that cause disturbance should be at a large spatial scale. Many management 
plans and protective measures for fish habitat on public and private land, however, are still applied on 
a smaller project area basis. Although project-level analyses are important, more attention should be 
given to larger spatial and temporal analyses so as to improve cumulative effects analyses. 
Watershed-scale planning, analysis, and implement of management {such as logging) can better pace 
fish habitat protection in the proper context. Focus of the watersheds studied will be on large and 
small parcels proposed for acquisition. A GIS based analysis will provide a tool for efficient 
comparison of the numerous watersheds draining in Prince William Sound. The study will quantify 
the natural range of variability for in-stream habitat features for watersheds within PWS. These 
natural ranges in variability for stream channel habitat features can provide important quantitative and 
measurable objectives for anadromous fish and resident trout habitats, which in tum can provide 
information needed in determining changes in anadromous fish habitat capability. 

C. Summary of Major Hypothesis and Objectives 

We hypothesize that because channel types represent similar hydrological and geological similar or 
reaches of stream, they should also be relatively good descriptions of what is present for in stream 
fish habitat. If the channel types are good indicators of presence of in- stream habitat then we can 
establish natural ranges of variability for in-stream habitat features for channel types within PWS. 
We also hypothesize that if channel types are a good indicator of juvenile salmonid habitat, then mey 
also can be used to predict relative rearing densities within in-stream habitats. If this is true then 
channel type differences are a means of estimating relative .standing crops of juvenile salmon ids. 

D. Completion Date 

Final report will be completed by the end of FY 1997. 

COMI\1UNITY INVOLVEMENT 

The villages of Chenega and Tatitlek will be visited to discuss the objectives of the study, and to 
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discuss their traditional knowledge( if the village elders are willing) of the watershed proposed for 
study. 

FY96BUDGET 

Personnel 112.9 
Travel 1.4 
Contractual 77.5 
Commodities .5 
Equipment 2.2 

Subtotal 189.8 
General Administration 22.4 

Total 218.1 

PROJECT DFSIGN 

A. Objectives 

The purpose of the study is to characterize preselected habitat characteristics in an entire 
representative reach and /or watershed. The study will provide data from all habitat types and 
locations within a channel type or watershed. The study will identify all habitats and separate them 
into three levels; macro units, meso units, and micro units (Table 1). In addition to this application, 
visual observation techniques will be used to estimate juvenile salmonid densities in study streams 
using methods developed by Hankin and Reeves (1988). Finally, juvenile salmonid densities within 
habitat units and estimates total salmonid population by species will be evaluated. 

B. Methods 

' Field sampling will focus on stream reaches within watersheds identified as having significant 
spawning and rearing habitat value. These areas were identified in the Stream Channel Type study (in 
draft). All of these sites will be located within the oil spill area within Prince William Sound and be 
stratified by ecological subsection (Davidson, 1994) and ecological setting determined by mean 
geology, precipitation, and temperature. 

A minimum of 10 study watersheds will be located. Based on interpretations from l: 15000 scale 
color aerial photos, and 1:63,360 scale USGS topographic quadrangle map, all streams within the 
study watersheds have been previously channel typed (Paustian, 1992) and digitized into a 
Geographical Information System. Channel typed streams will be ground verified. Sample sites will 
be located by demarcating the upper and lower limits of the stream channel type segments on 
1:63,360 scale USGS topographic maps, and on the 1:15,000 scale color aerial photographs. 
Orienteering methods will be used to locate the downstream limit of the channel type break for each 
sample. For each channel type the field crews will sample habitat in two steps. The first will require 
sampling teams to classify individual habitat units by channel type and document visual observatior 
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habitat characteristics, such as water surface area and stream bottom composition. In the second step, 
the visual observations will be compared to actual measurement of habitat characteristics at a 
predetermined number of units. These measurements will be used to develop calibration ratios for the 
visual observations. These data will be entered into the Chugach National Forest database. 
Comparative analysis of the comprehensive evaluation parcels will be accomplished using models 
developed from habitat relations of the channel types. 

Survey methods for streams will be adapted from Hankin and Reeves ( 1988) as per Bryant et al 
( 1992). Each habitat survey will identify the length of stream surveyed for each channel type. 
Methods for estimating fish densities within PWS will follow methodologies established by Hankin 
and Reeves ( 1988). Methods for estimating total pool areas will be identified by methods developed 
by Bryant et al (1992). Here habitat type definitions are arrayed int three levels of detail (macro, 
meso, and micro levels). For example, all pools at any level must qualify as macro pools. Once this 
has been established they can be further divided into the "meso" categories of backwater or scour . 
Finally, pool types are even more detailed into subcategories organized under the meso categories of 
backwater or scour. Total area of micro habitats identified by Bisson et al. 1981 and total number of 
fish in the sample reaches (Channel types) will be estimated. Visual estimates of area will be made 
for all micro habitats within the stream reach, and visual estimates of fish numbers will be made for 
every fifth habitat feature. The visual estimates will all be calibrated against measured data. 

Habitat units will be separated into three levels of hierarchy. First is macro-units; pools, glides, 
riffles, and side channels. The second is meso-units, which are sub-divisions of macro-units. Micro­
units further divide channel units (Table 1). Habitat units will be identified by first giving them a 
channel type or reach number. All habitat units will be visually identified and recorded. A twenty 
percent sample will be used, and every fifth habitat feature will be measured. These habitat units will 
be measured with a tape. Area (sq. meter) will be derived from length and width measurements of 
the feature. 

To address the problem of micro habitat features differing substantially due to flow levels, total 
residual pool volumes will be measured. It is recognized that habitat units can vary significantly in 
relation to streamflow. So in addition to the three levels of habitat unit identification, residual pool 
depth measurements will also be taken. the concept was originally described by Bathhurst (1981) and 
is a excellent method of measuring pool depth independently of discharge. Essentially, the residual 
pool depth is equal to the difference between the pool's maximum water depth and the tail crest water 
depth. · 

Juvenile salmonids will be counted using snorkel surveys of twenty percent of the habitat units. The 
starting point will be randomly selected, and subsequent habitat features will be surveyed at regular 
intervals. Most cases a single diver will take counts in each habitat unit. In the case of larger habitat 
features, the habitat will be segregated into smaller units and sampled. Total fish counts are assumed, 
though some fish will be missed, so counts will be considered minimum. 

The third set of data measured will be substrate data. This is important in PWS where available 
spawning area is often used as an indication of salmonid production potential. To reduce variability 
of induced by observer bias, Wolman pebble counts (Wolman 1954) will be used to determine 
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distribution of substrates and size distribution by channel type, and to assess substrate condition and 
its relation to fish habitat needs. To be considered as spawning habitat either a portion of, or the 
entire habitat unit has to meet four criteria. That is average particle size of the substrate not greater 
than 125 mm. Silt and sand combined can not exceed thirty percent of the substrate composition. 
The substrate can not be highly compacted or Cemented together (the gravel must be readily moved 
by twisting ones foot). Last, those areas that meet the previous three criteria must be minimally two 
·square meters in size. The percent area with the habitat unit that meets all four criteria will be 
estimated. For those substrates that meet the spawning criteria, an estimate of percent composition 
for five sediment sizes (silt <0.06mm, sand 0.06 to 2mm, gravel 2 to 64mm, small cobble 64 to 128 
mm, and large cobble 128 to 256mm). 

Frequency distributions of macro, meso, and micro habitats will be calculated for all channel types 
sampled. Also, percent area of the habitat features by channel type will also be calculated. Multi 
variate analysis of variance testing (MANOV A) (SAS 1988) will be used to test the effect of channel 
type on the areas of in-stream habitat attribute features. Juvenile salmonid densities will be compared 
between habitat units. Single analysis of variance testing will be used to test the effect of habitat units 
(macro, Meso, and micro) on the salmonid densities. 

cy~nce 

Contract for charter vessel will be required. 

D. Location 

The survey area within which study sites will be located in at least ten watershed randomly selected 
within oil spill zone in Prince William Sound. Focus will be on the islands within western Prince 
William Sound and the mainland west of Long Point. 

SCHEDULE 

sks forA\¥ 96 

Field inventory would occur during summer of 1996. Da~ input and analysis October 1996 through 
February 1997. Report preparation and acquisition parcel comparison analysis would be completed 
by June 1997. 

Start-up to June 1: 
June 1 -August 31: 
September 1 - December 1: 
April 1997: 

nd EncQloints 

Arrange logistic (charter boat contract, equipment, hire temporanes) 
Conduct survey of lO watersheds 
Analysis of stream data 
Annual report on FY 96 work 
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The channel type habitat relations project will provide a GIS based tool allowing comparative 
evaluations of streams throughout the oil spill affected area. The Alaska Region Channel Type system 
is a unique system developed for classification of streams on National Forest system lands in Alaska. 
The streams of the EVOS areas have been classified using this system under a previous project 
(Stream Classification Study, Project Number 99505, Part C). The staff of the Chugach National 
Forest have extensive knowledge of this system, and are familiar with the techniques to estimate 
basin-wide fish habitat. 

oject Iaports 

Data analysis will be complete by February 1997. Draft report should be complete by June 1996. 
Peer review complete by August of 1996. With final report complete by end of FY 97, October 
1997. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

This project is an extension of previous projects designed to provide comparative evaluations of fish 
habitat within comparative evaluation parcels. 

~ONMrnNTALCOMPLMNCE 

No environmental assessments are required. 

PERSONNEL 

Project Co-leader: Steve Zemke received his B.S. in fisheries science from the University of Idaho m 
1973. Steve has worked for the Forest Service as a fisheries biologist in Regions 4, 6, and 10. He 
has extensive experience in planning, inventory, and enhancement of anadromous fish resources. 
From 1985 to 1991, he was fisheries program leader on the Ketchikan Area of the Tongass National 
Forest. One of the primary accomplishments of his tenure was the implementation of the Alaska. 
Region Channel type classification on the Ketchikan Area. He co-authored the 1994 Stream Channel 
Type Classification report for the EVOS area. 

Project Co-leader: Robert Olson received his M.S. in aquatic ecology from the State University of 
New York in 1983. Robert worked for the USFWS on Kodiak Island performing research on red 
salmon population dynamics. He has extensive Alaskan field experience, and has a detailed 
background in statistical analysis. He has also worked as the Chugach National Forest Fish Habitat 
Relationship Program Coordinator. He is extremely familiar with PWS and the Alaska Region 
channel type classification system. He co-authored the EVOS Stream Channel Classification report 
for the oil spill area. 

Robert Olson and Steven Zemke will each dedicate ten months to the project and will act as co-proJect 
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leaders and joint authors of the final project report. Field work will largely be accomplished by two 
crews of bio-technicians each composed of two fisheries biologists each. The four fisheries biologists 
will work for a total of four months each. One bio-technician will work an additional 3 months 
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Table 1. Habitat units and descriptions used in channel type survey From Bryant et al. 1992) 

Macro-units Meso-units Micro-units 

Pool (PL) - water is slower and deeper Baclcwater pool (Bw) -associated with Dammed pool (Om) -upstream of an 
than reach average; gradient less than an obstruction; flow diverges from obstruction: partially or completely 
1%. thalweg. blocks flow. 

Eddy pool (pp) -downstream of a 
completely blockin~t obstruction. 

Drawdown pool (Dd) -associated with Plunge pool (pp) -down-stream of a 
thalweg:flow rapid at entrance, slow in completely blocking obstruction. 
middle and accelerates at the exit. 

Lateral scour pool (Lsc) -along 
channel bank; may be associated with 
a channel constriction. 

Riffles (Rf) -streambed disturbs Mid-channel scour pool (Msc) • 
surface: less than 10% of streambed channel constriction causing scour 
breaks surface. near or mid channel. 

Riffles (r) -gradient from 2 to 4~: 
flow consistent over reach. 

Low gradient boulder riffle(Lbr) • 
gradient from l to 3 ~; areas of low 
velocity and larger substrate 
protruding from surface. 

Slip-face cascade (ps) -series of small 
falls and pools; pool lengths are less 
than on channel width. 

Step-pool cascade (ps) series of small 
falls and pools; pool lengths are less 
than one channel width. 

' 

Rapid/Falls (Fls) -high velocity ,high 
turbulence; ~tradient ~treater than S%. I 

Glide (Gl) -water depth less than 
channel width. 

Glide/run (GR) -flow slower and Run (Rn) -water depth close to or 
deeper than a riffle, but greater than a greater than channel width. 
pool. Surface smooth. 

Side channel (Sc) ·sub-channel of the 
main channel; water either flowing or 
standing; may be disconnected at low 
flows; source of water is the main 
channel. May be sub-divided into . 
meso- or micro-units. 
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Kenai Habitat Restoration & Recreation Enhancement Project 

Project Number: 
Restoration Category: 
Proposer: 
Lead Trustee Agency: 
Cooperating Agencies: 
Duration: 
Cost FY 96: 
Cost FY 97: 
Cost FY 98: 
Geographic Area: 
Injured Resource/Service: 

ABSTRACT 

96180 Rev,, ::.ed 
General Restoration 
ADNR/ADFG 
ADNR/ADFG 
DOl 
Three Years 
560.6 
879.6 
759.6 
Kenai Peninsula 
Pink salmon, sockeye salmon, Dolly Varden, commercial fishing, 
subsistence, recreation & tourism. 

Adverse impacts to the banks of the Kenai River total approximately 19 miles of the river's 166 mile 
shoreline. Included in this total are 5.4 river miles of degraded shoreline on public land. Riparian habitats 
have been impacted by trampling, vegetation loss and structural development. This riparian zone 
provides important habitat for pink salmon, sockeye salmon and Dolly Varden, species injured by the 
Ex.ton Valdez oil spill. The project's objectives are to restore injured fish habitat, protect fish and wildlife 
habitat, enhance and direct recreation and preserve the values and biophysical functions that the 1iparian 
habitat contributes to the watershed. Restoration/enhancement techniques will include revegetation, 
streambank restoration, elevated boardwalks, floating docks, access stairs, fencing, signs, and educational 
interpretive displays. 

INTRODUCTION 

The objectives of this project are to: 

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

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

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

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

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

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

NEED FOR THE PROJECT 

A. Statement of Problem 

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

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

The restoration strategy articulated in the restoration plan for recreation and tourism focuses on the: 
Preservation and improvement of the recreational and tourism values of the spill area. The Plan goes 
on to discuss strategies for promoting recovery of commercial fishing, recreation and tourism by: 
... increasing the availability, reliability, or quality of the resource on which the service depends. 
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What is needed within the Kenai River watershed is an integrated approach that protects resource 
habitats, restores degraded streambanks and riparian vegetation, maintains productivity and promotes 
appropriate, sustained human use of the river. 

B. Rationale 

The work proposed by this project is needed to protect and restore fishery resources. Continuing loss of 
habitat will exacerbate the injury caused by the spill to both resources and services and lead to 
diminished productivity. This, in tum, diminishes the value of the conunercial, subsistence and sport 
fisheries and the quality of recreation on the river with significant, adverse implications for the local 
economy. 

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

This project is designed to promote streambank stability, increase vegetative cover, and mitigate 
accelerated erosion and sedimentation for the benefit of pink salmon, sockeye salmon, Dolly Varden and 
other fish species that migrate and rear along the river's banks. Techniques used to achieve these goals 
may include the use of elevated, grated boardwalks, river access stairs, fishing platforms, spruce tree 
revetments and other riparian habitat improvement and protection techniques. These techniques will, at 
the same time, restore and enhance sportfishing. One example is elevated, grated boardwalks. constructed 
to protect revegetating streambanks, that will provide river access to anglers with a minimum of impact 
to the recovering habitat. Post-construction monitoring will examine the effects of the method and the 
amount of recreational use that occurs in the area. 

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

Each site under consideration for a restoration, enhancement or education project will be evaluated in 
terms of the condition of its habitats, character of adjacent lands, and historic public use. Improvements 
to access will reflect patterns of use as well as on-site and adjacent upland environmental sensitivities. 

C. Summary of Major Hypotheses and Objectives 

The project's major objective is to restore injured fish habitat and to establish public use patterns (i.e., 
sportfishing, camping, etc.) within the Kenai River watershed that are compatible with habitat protection 
for injured resources such as intertidal marshes, pink and sockeye salmon and Dolly Varden. The long 



term goal of the project is to protect fish and wildlife habitat, enhance recreation and preserve the 
functions and values that the riparian habitat contributes to the watershed. 

Construction of elevated, grated boardwalks; exclosures; floating docks; fencing;~gns; and ~ell 
designed public use facilities will facilitate restoration and protection of riparian vegetation, 
stabilize streambanks, and maintain/enhance fish habitat by mitigating the effects of human use. 

Recreational enhancements will promote continued use of project sites while allowing riparian 
habitat to recover. 

Construction of educational and interpretive displays will aid restoration efforts and provide the 
public with information that will help them to use the river in a manner that protects and sustains 
its resources. 

D. Completion Date 

The project is conceived to be a multi-year effort that will build on results determined from the 
monitoring of the previous year's work. Projected timeline: FY 96 to FY 99. 

COMMUNITY INVOLVEMENT 

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

'Kenai Peninsula Borough Assembly, and local interest groups. Whenever feasible, volunteers will be 
recruited from the local communities to work on the project. 

FY 96 BUDGET: 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 

Subtotal 
Gen. Admin. 

Total 

228.8 
15.8 

253.0 
11.0 
0.0 

508.6 
52.0 
560.6 
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PROJECT DESIGN 

A. 

1. 

Objectives 

Review existing information on: 
a) human impacts to the riparian zone on public lands in the Kenai River watershed in order 

to select project sites. 

b) recreational use patterns and infrastructure support in the Kenai River watershed. 

c) appropriate restoration and/or access and use of enhancement technique(s). 

2. Select and design the appropriate revegetation, rehabilitation and/or enhancement project for each 
site. 

3. Develop an evaluation process to prioritize project sites and define scope of work. 

4. Construct projects using a combination of competitively bid contracts and volunteer help, where 
feasible. 

5. Verify compliance with restoration designs and evaluate construction. 

6. Implement a monito1ing program to assess restoration and use of project sites. 

7. Design and construct educational and interpretive signs and displays . 
. :~ 

B. Methods 

The present condition of North America's native fish fauna is attributable, in part, to the degradation of 
aquatic ecosystems and habitat (FEMAT Report, 1993). Loss and degradation of freshwater habitats are 
the most frequent factors responsible for the decline of anadromous salmonid stocks (Nehlsen, et. al. 
1991). Along with habitat modification or loss, changes in water quality and quantity are often cited as 
causative factors for degradation of aquatic systems and declines in anadromous fish populations. 

The Kenai River Cumulative Impacts Assessment of Development Impacts on Fish Hahitat (Liepitz, 
1994) was designed to identify and evaluate the cumulative impacts of development actions including 
public and private land use impacts on Kenai River fish habitat. The study documented that : //./ 
percent to 12.4 percent ( 18.4 to 20.6 miles) of the river's 134 miles of upland and 32 miles of island 
shoreline and nearshore habitats have he en impacted hy bank trampling. vegetation denuding, and 
structural development along the river's banks. Degraded public land along the Kenai River includes 5.4 
miles of trampled riparian habitat and 3.5 miles of developed shoreline. 

During the first year of the project, we will review information from existing studies of the Kenai River 
on fish habitat, shoreline characteristics, streambank damage, streambank rehabilitation, land ownership, 
public use trends, development threats, habitat protection/recreation enhancements, infrastructure and 
public access. On-going and completed restoration projects on the river will also be inspected. This 
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infonnation will be supplemented with personal observations of ADNR and ADF&G staff who have 
expert knowledge of the river and its use by the public. These data will be used to document the existing 
condition of potential sites and used later as a baseline for monitoring project success. The data will also 
be used to develop an evaluation and ranking system to prioritize projects. ,. 

Although these data are useful for a broad, area-wide approach, they are not adequate for specific site 
design. Consequently, once a preliminary list of sites is selected, on-site verification/assessment will be 
carried out The final list of project sites will reflect the results of these assessments. Site specific project 
designs will reflect site characteristics including: topography, hydrologic variables, vegetation, soils, 
extent and type of degradation and historic use patterns. Designs may include elements that restore or 
enhance specific h·abitat values. For example, instream structures may be used to enhance fish habitat 
and/or angler access. Plant propagation and streambank restoration techniques will be selected on the 
basis of site characteristics, constraints and cost. Revegetation designs will attempt to re-establish the 
native, riparian plant communities. Grasses that have been successfully used for 1iparian and saltmarsh 
revegetation in Alaska include: bluejoint reedgrass (Calamagrostis canadensis), Bering hairgrass 
(Deschamsia beringensa), sloughgrass (Beckmannia syzigachne), sedges (Carex spp.) and beach wildrye 
(Elymus mol/is). 

Successful revegetation requires control of site impacts. Consequently, fences and/or signed closures 
may be required to protect undamaged sites from human impact or to prevent additional damage to 
recovering sites. Project areas will either be closed and posted during the course of revegetation, or 
environmental engineering techniques will be used that allow public access but protect the recovering 
habitat from additional adverse impacts. Habitat improvement and protection techniques to be 
considered include: 

'On-site Revegetation/Restoration 
Exclosures 
Spruce Tree Revetments 
Access Trails 

Signage 
Elevated Grating/Boardwalks 
Access Stairs Ladder 
Floating Docks 

The number of sites selected for revegetation or enhancement in a given year will be dependent upon the 
time necessary for completion, i.e., pennitting, construction and installation, and the availability of 
funding. The project intends to utilize volunteers to assist with construction and installation. The DNR 
Parks and Outdoor Recreation Division has an established network of contacts with volunteer 
organizations on the Kenai Peninsula. DNR has successfully used volunteers in trail construction and 
park maintenance efforts. Each site plan will include a maintenance element. Maintenance may include 
watering, fixing fences, replacing signs and/or repair of habitat enhancements. 

Educationallinterpretive displays will be designed, constructed and placed in strategic locations along the 
river. Signs will also be designed and located to prevent bank trampling in areas where revegetation 
efforts are occurring. 

A monitoring program will be used to evaluate the success or failure of each project. Monitoring 
parameters will be chosen that reflect site-specific restoration/enhancement objectives and may include 
habitat, vegetation and public use measurements. The assessment of the existing condition of each site 
will serve as the baseline for monitoring. Monitoring measurements will be obtained frequently early in 
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the project and could be used to amend the design if necessary. Once it is determined that 
restoration/enhancement is proceeding on an acceptable course and rate, monitoring measurements will 
be taken less frequently. Habitat and population monitoring parameters may include: vegetation diversity 
and cover, fish utilization and stream stability. Public use of the sites and impacts to adjacent areas will 
also be monitored. Site visitation shall be based on counts of individual people by field s'raff and proj~ct 
personnel. 

C. Contracts and Other Agency Assistance 

All components of the project will be carried out by personnel from ADF&G and ADNR. Construction 
work will be carried out by contractors on an "as-needed" basis depending on the project design. 
Volunteers supervised by agency staff will assist in the installation of prefabricated structures and in 
routine maintenance. 

D. Location 

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

SCHEDULE 

A. Measurable Project Tasks for FY 96 

Startup to April 15: 

April16 to May 15: 

Acquire and review existing data on Kenai River, 
Develop implementation strategy, i.e., applicability of techniques to 
different site conditions, 
Review planned, on-going and completed restoration projects in the Kenai 
River watershed, 
Develop site evaluation, ranking and priorization system, 
Conduct pre-construction site surveys, assessments and dam collection, 
Develop design plans for restoration, enhancement and education 
components, 
Apply for Title 16, Parks and COE permits for first priority sites, 
Conduct public scoping meetings and resource agency meetings and 
prepare environmental compliance documents, 
Harvest and store plant materials, 
Organize volunteer support. 
Review comments and revise environmental compliance documents, 
Respond to permitting issues and secure constr\.lction pennits, 
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Conduct construction work, e.g., floating docks, needed below the OHW 
elevation on first priority sites. 

May 16 to July 15: Construct bank stabilization and revegetation projects, conjij:UCt 
boardwalks, fencing, signage, etc 
Design and put-up signs and information displays .. 

July 16 to August 15: Inspect all project sites to check for compliance with design parameters, 
Monitor revegetation sites, 
Monitor public use of completed project and proposed sites for next year. 

August 16 to September 30: Continue monitoring, 
Prepare annual report. 

B. Project Milestones and Endpoints 

Startup to November 1 . 1995 

Review existing information on: 

a) human impacts to the riparian zone on public lands in the Kenai River watershed in order 
to select project sites. 

b) recreational use patterns and infrastructure support in the Kenai River watershed. 

c) appropriate restoration and/or access and use enhancement technique(s). 

November 1. 1995 to April15. 1995 

Select and design the appropriate revegetation, rehabilitation and/or enhancement project for each site. 

Develop an evaluation process to prioritize project sites and define scope of work. 

April 16. 1995 to July 15. 1995 

Construct projects using a combination of competitively bid contracts and volunteer help, where feasible. 

Verify compliance with restoration designs and evaluate construction. 

July 16. 1995 to August 15. 1995 

Implement a monitoring program to assess restoration and use of project sites. 

Design and construct educational and interpretive signs and displays. 
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August 16. 1995 to September 30. 1995 

Continue monitoring, 

Prepare annual report. 

FY 96 and Beyond 

Continuing work will include primarily permitting, construction and monitoring. Environmental 
compliance and public coordination efforts will also continue. 

C. Project Reports 

An annual report will be prepared detailing results of the previous year's effons including monitoring. 
This report will be submitted to the Chief Scientist in the Fall of each year. 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

Coordination will occur with agency staffs in DNR, ADF&G and the Kenai National Wildlife Refuge. 
Their expertise will be used in defining management objectives, developing criteria, evaluating and 
ranking potential project sites, conducting archaeological and historical reviews and clearances, 
performing design to include preparing plans and specifications, bidding construction projects, oversight 
of project construction, permitting, monitoring public use, and enforcing site restrictions. 

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

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

The intense public use pressures and development activities on the Kenai River threaten to overwhelm the 
limited budgets available to resource agencies attempting to manage the river for resource protection and 
sustained recreational use. That is why supplementary funding is so imponant. The proposed project, 
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along with those utilizing other available funds, provides a cost-effective method to protect streambanks 
and minimize further habitat degradation. 

ENVIRONMENTAL COMPLIANCE 

The revegetation and education elements of the project are categorically exempt from fonnal 
documentation in an Environmental Assessment or Environmental Impact Statement according to NEPA 
guidelines. In-stream construction of floating docks, boardwalks, access stairs or other in-stream 
structures will require an Environmental Assessment and a Title 16 permit. All permits will be obtained 
prior to commencement of on-site improvements. 
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PERSONNEL 

Project Leader 

Mark Kuwada- Habitat Biologist with the Alaska Department of Fish and Game for 15 years. Extensive 
experience in coordinating departmental policy and mitigating major project impacts; Project Manager for 
Federal OCS Oil and Gas Leasing Program; Susitna Hydroelectric Project; Bradley Lake Hydroelectric 
Project; Diamond Chuitna Coal Project ADF&G Response Coordinator, Exxon Valdez oil spill. ADF&G 
Title 16 permitter for southcentral Alaska and the Kenai River. 

Mark Kuwada, Project Leader 
Division of Habitat and Restoration 
AK Department of Fish & Game 
333 Raspberry Road 
Anchorage, AK 99518-1599 
(907) 267-2277 
FAX (907) 349-1723 

Lance Trasky, Project Manager 
Regional Supervisor 
Division of Habitat and Restoration 
AK Department of Fish & Game 

'''333 Raspberry Road 
Anchorage, AK 99518-1599 
(907) 267-2335 
FAX (907) 349-1723 

Project Leader 

TBD- DNR will appoint a project leader with the following qualifications: 
B.S. and graduate degree(s) in biology, zoology and/or fisheries. 
Extensive experience in field biology, pennitting, design and construction of restoration projects and in 
coordinating departmental policy with other state and federal resource agencies. The project leader will 
have a working knowledge of the natural resources and human uses of the Kenai River watershed. 

Marty K. Rutherford, Project Manager 
Deputy Commissioner 
Alaska Department of Natural Resources 
3601 C Street, Suite 1210 
Anchorage, AK 99503 
(907)-7 62-248 3 
FAX (907) 562-4871 
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Contractual 
Commodities 
Equipment 

Subtotal 
I Administration 

Project Total 

Full-time Equivalents (FTE) 

Resources 

1996 EXXON VALDEZ TRU :COUNCIL PROJECT BUDGET 
October 1, •1995 - September 30, 1996 

Comments: This budget reflects the use of a volunteer labor pool requiring housing and other logistical support. Additional volunte,ers will be utilized 
whenever possible from various organizations within the local community. Volunteers will contribute to three phases of riverbank restoration: 
1. Construction of boardwalks to minimize user impact, 2. Active revegetation of degraded shoreline on public lands, and 3. Passive restoration of 
impacted shorelines on public lands including the construction and installation of signs, fencing and other mechanisms to channel recreational use of sites 
designated for restoration and enhancement. 

1996 

Prepared: 

1 of 13 

"" . . ~ 

Project Number: q (o 160 
Project Title: Kenai Habitat Restoration and Enhancement 
Lead Agency: AK Dept of Natural Resources 

,,I 

1 FORM 2A 
PROJECT 

DETAIL 

8/11/95 



Bud 

Personnel 
I 

ntractual 
mmodities 

Equipment 
Subtotal 

eneral Administration 
Project Total 

Full-time Equivalents (FTE) 

esources 
Comments: 

1996 

Prepared: 

2 of 13 

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

are shown in thousands of dollars. 

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

Estimated 
FFY 2002 

FORM 3A 
AGENCY 
PROJECT 

DETAIL 

8/11/95 



TBD 

1996 EXXON VALDEZ TRU t COUNCIL PROJECT BUDGET 
October 1 ,"' 1995 - September 30, 1996 

Park Ranger II 
12.0 

2.0 

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

114 

1996 

3of 13 

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

20 150 

84.0 
9.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
l Personnel 

& Travel 
DETAIL 

8/11/95 



Contractual Costs: 
Description 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1,11995 - September 30, 1996 

Proposed 
FFY 1996 

Planning, organization and coordination of volunteers, including recruitment and on site support. Assumes a min. of 15.0 
6 volunteers/2 mos, housing, and monthly stipend. 
Alaska Conservation Corps, on site supervision of volunteers, coordination, site logistics. (This provides a reliable 24.0 
pool of supervisory personnel with construction experience necessary for efficient use of volunteer labor pool) 
Signage providing information on closures, alternative use, habitat restoration. 10.0 
Passive revegetation; largely labor intensive requiring minimal material and contractual costs. 10.0 
Consultant. plant materials center for preliminary consultation, assessment and monitoring as needed. 10.0 
Boardwalk Installation as needed on approximately 300 linear feet with appropriate river access provided to reduce 
river bank impact. (Estimate is based upon 300 feet @ $150.00 per linear foot, actuals may vary due 45.0 
to site specific considerations.) 
Equipment rental . 2.0 

When a non-trustee orQanization is used the form 4A is required. Contractual Total $116.0 
Commodities Costs: Proposed 
Description FFY 1996 

Field equipment as needed, may include: shovel~. picks, fencing supplies, and other hardware. Every effort will be made 5.0 
to utilize existing supplies currently on hand with Division of Parks and other agencies working in the Kenai area. 

Office Supplies (Includes paper, toner cartridges, data cartridges, mailing labels, large mailing envelopes etc.) 0.5 

Commodities Total $5.5 

Project Number: , FORM 38 

1996 Contractual & 
Project Title: Kenai Habitat Restoration and Enhancement Commodities 
Agency: AK Dept. of Natural Resources DETAIL 

4of 13 8/1 i/95 



1996 EXXON VALDEZ TRU :COUNCIL PROJECT BUDGET 
October 1, •1995 - September 30, 1996 

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 
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 Ec uipment Total $0.0 
ting Equipment Usage: Number Inventory 

Description of Units Aqencv 

Project Number: FORM3B 

1996 1 Equipment Project Title: Kenai Habitat Restoration and Enhancement 
Agency: AK Dept. of Natural Resources DETAIL 
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Bud 

Equivalents {FTE) 

Resources 
Comments: 

1996 

Prepared: 

6 of 13 

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

Project Number: 
Project Title: Kenai Habitat Restoration and Enhancement 
Agency: AK Dept. of Fish and Game 
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AGENCY 
PROJECT 
DETAIL 
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TBD 
TBD 
TBD 

1996 EXXON VALDEZ TAUS __ COUNCIL PROJECT BUDGET 
October 1, '995 • September 30, 1996 

Habitat Biologist Ill 
Habitat Permitter/Biologist 
Fish & Game Technician 

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

114 20 

1996 

7 of 13 

Project Number: 
Project Title: Kenai Habitat Restoration and Enhancement 
Agency: AK Dept. of Fish and Game 

l 

996 
7.5 

78.0 
13.0 
9.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 
DETAIL 

8/11/95 



Contractual Costs: 
Description 

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

Active revegetation as needed on approximately 1,000 linear feet of river frontage. (Costs may range from $50 to $300 per linear 
foot depending on existing site conditions; estimate reflects an average cost of $100 per linear foot) 
Passive r~vegetation; largely labor intensive requiring minimal materials and contractual costs. 

Signage providing information on closures, alternative use, habitat restoration. 
Equipment rental. 

Proposed 
FFY 1996 

100.0 

25.0 

10.0 
2.0 

When a non-trustee orqanization is used, the form 4A is required. Contractual Total $137.0 

Commodities Costs: i Proposed 
Description FFY 1996 

Field equipment as needed, may include: shovels, picks, fencing supplies, and other hardware. Every effort will be made 5.0 
to utilize existing supplies currently on hand with Division of Parks and other agencies working in the Kenai area. 

Office Supplies (includes paper, toner cartridges, data cartridges, mailing labels, large mailing envelopes etc.) 0.5 

Commodities Total $5.5 

FORM 38 

1996 
Project Number: ~~Contractual & 
Project Title: Kenai Habitat Restoration and Enhancement Commodities 
Agency: AK Dept. of Fish and Game DETAIL 
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1996 EXXON VALDEZ TAU E COUNCIL PROJECT BUDGET , 
October 1, 1995 - September 30, 1996 

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 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Those ourchases associated with replacement equipment should be indicated by placement of an R. New Ec uipment Total $0.0 
Existino Eauipment Usaoe: Number Inventory 
Description of Units Aqencv 

Project Number: ~ FORM 38 

1996 Project Title: Kenai Habitat Restoration and Enhancement Equipment 

Agency: AK Dept. of Fish and Game 
DETAIL 
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neral Administration 
Project Total 

ime Equivalents (FTE) 

1996 EXXON VALDEZ1RUSTEE COUNCIL PROJECT BUDGET 
October 1, 1 995 - September 30, 1 996 

Authorized 
FFY 1995 

Comments: This proposal is for a Fish and Wildlife Biologist and Recreation Planner to assist the project in fulfilling NEPA requirements and to coordinate 
and participate in the planning and site selection with ADF&G and ADNR. The Fish & Wildlife Service is a major landowner along the Kenai River and has 
actively participated in efforts to implement habitat restoration projects on the Kenai River. 

1996 

Prepared: 

10 of 13 

Project Number: 96180 
Project Title: Kenai Habitat Restoration and Enhancement 
Agency: US Fish & Wildlife Service 

1 FORM 3A 
AGENCY 
PROJECT 

DETAIL 

8/11/95 



Emily Dekker-Fiala 

1996 EXXON VALDEZ TRU~ :COUNCIL PROJECT BUDGET 
October 1, ·~995- September 30, 1996 

Outdoor Recreation Planner 
GS-11/12 
GS-9 

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

110 

1996 

11 of 13 

Project Number: 96180 
Project Title: Kenai Habitat Restoration and Enhancement 
Agency: DOl, US Fish & Wildlife Service 

Monthly 
Costs 
5,417 
3,998 

25 

Overtime 

178 

16.3 
12.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.2 
0.0 
0.0 
00 
00 
0.0 
00 
0.0 
0.0 
0.0 
0.0 

FORM 3B 
t Personnel 

& Travel 
DETAIL 
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Contractual Costs: 
Oescriotion 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 11995 - September 30, 1996 

When a non-trustee orqanization is used the form 4A is required. 
Commodities Costs: 
Description 

1996 

12 of 13 

Project Number: 96180 
Project Title: Kenai Habitat Restoration and Enhancement 
Agency: DOl, US Fish & Wildlife Service 

~·. 

Proposed 
FFY 1996 

Contractual Total $0,0 

Proposed 
FFY 1996 

Commodities Total $0,0 

FORM 38 
• Contractual & 

Commodities 
DETAIL 

8/11/95 



New Equipment Purchases: 
Description 

1996 EXXON VALDEZ l;RU~ 1 r::t: COUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

.~.' 

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

Project Number: 96180 
1996 Project Title: Kenai Habitat Restoration and Enhancement 

Agency: DOl, US Fish & Wildlife Service 

13 of 13 

Number Unit Proposed 
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 

New Ec uipment Total $0.0 
Number Inventory 
of Units Agency 

1 FORM 38 
Equipment 

DETAIL 
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Project Number: 

Restoration Category: 

Proposer: 

Lead Trustee Agency: 

Cooperating Parties: 

Duration: 

Cost FY 96: 
Cost FY 97: 
Cost FY 98: 
Cost FY99: 

Geographic Area: 

Injured Resource: 

ABSTRACT 

INTRODUCTION 

Coded Wire Tag Recoveries From Pink 
Salmon in Prince William Sound 

96186 

General Restoration and Research/Monitoring 

Alaska Department of Fish and Game 

Alaska Department of Fish and Game 

Prince William Sound Aquaculture Corp. 
Valdez Fisheries Development Assoc. 

4 years 

$260,500 
$260,500 
$260,500 
$ 85,000 

Prince William Sound 

Pink Salmon 

A mo~ Lt:JY'A..{)tcie 
~)P\) ~ ~ 
Wc:U\0.. lou d.qd­

J\fJ( ll bR_ p¥M.~ 
l~. 

Pink salmon play a major role in the Prince William Sound (PWS) ecosystem. Migrating 
pink salmon fry are an Jmportant Spring food source for various fish, birds and terrestrial 
mammals. Marine mammals, birds, and fish also prey on the ocean life stages of pink 
salmon and returning adult wild salmon comprise a large portion of the summer diet of 
terrestrial mammals and birds such as bears, river otters, wolverines, bald eagles, gulfs, 
and kittiwakes. Returning adult salmon also provide a pathway for the transfer of 
nutrients accumulated f·r:om htgh seas marine areas to near shore and terrestrial 
ecosystems. As the principal species harvested in the PWS salmon purse seine fishery, 
plnk salmon pfa.y a major roJe in the commercial fishing and fish processing industries 
which are the backbone of the economy in Cordova and other PWS communitk:Js. Ex­
vessel values for this fishery ranged from 10 to almost 40 million through the 1980's. 

PWS pink salmon returns originating from brood years subsequent to the March 24, 
1989, Exxon Valdez Oil Spill (EVOS) have been aberrant or weak, with the exception of 
those of 1994. Returns of wHd and hatchery pink salmon in 1 99 1 arrived late, had very 
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compressed run timing, and the fish were small and of poor commercial quaHty. Returns 
of pink salmon in 1992 and 1993 were far fewer than expected, while those of 1994 
were more in nne with expectations. The 1992 return of wild pink salmon was the fourth 
smallest even year return in the last 30 years and the hatchery return was less than one 
third of expec.ted. The 1993 return u.f vwild pink saknon WD$ the third smaJtost in the last 
30 years and the hatchery return was less than one fifth of expected. Both wild and 
hatchery returns of 1994 were a significant improvement over the preceding two years. 

There is a growing body of evidence which indicates that the EVOS was partiatly 
responsibJe for the weak pink s~:~lmon returns to PWS. Much of the spawning for wild 
pink salmon (up to 75% in some years) occurs in intertidal areas. Intertidal spawning 
areas are susceptible to marine contaminants and there is strong evidence the EVOS 
adversely affected spawning success and early marine survival in PWS. Mortalities of 
pink salmon embryos incubating in the intertidal portions of oiled streams in western 
PWS have been signlticantly higher than those which incubated in nearby unoiled 
streams slnce 1989 (Sharr et. al. 1994a, Bue et al. (in press}). Despite apparent 
roductions in the amount of observable oil in intertidal salmon spawning areas since 
1990, the differences in mortality between oiled and unoiled streams persisted in 1991, 
1992 and 1993 and were also observed in spawning areas upstream of oil influence 
(Sharr et. at. 1994b, Bue et at. (in press)}. These findings m~:~y be indicative of heritable 
genetic damage which has resulted in reproductive impairment among first and second 
generation fish originating from populations whose fry incubated in oiled streams in 1989 
and 1990. 

In addit~n to damage incurred during the embryo stages of development, pink sc:slmon fry 
and juveniles rearing in the western portions of PWS in 1989 also exhibited reduced 
growth and survival (WiUette and Carpenter, 1994). Becaus9 almost all wild and hatchery 
fry exit PWS through the straits and passages that were most heavily oiled, it is lil'e~y 
that at Jeast portions of almost all pink salmon populations ~n PWS were damaged as 
rearing fry and juveniles in 1989. There are presently no data to substantiate any 
heritable damage to populations which traveled and fed in oiled marine waters as fry in 
1989. Nevertheless, such a possibflity is plausible given the findings of Sharr et al. 
(1994c). 

A~though hatchery pink salmon production (see Attachment 1) in PWS began in the 
1970Js, the large returns associated with maximum permitted fry production did not 
occur untit the tate 1980's and early 1990's and coincided with the EVOS era. Returns 
of wild salmon are dominated by the larger returns from the more producttve hatchery 
populations and are therefrore heavily exploited in commercial, sport, and subsistence 
fisheries. To sustain production from wild populations, managers must insure adequate 
escapements of wild fish to their natal streams, and that the escapement occurs in a 
smooth fashion over the season so that the genetic make-up of the populations is 
maintained. To achieve these goats, mixed-stock fisheries must be managed to achieve 
exploitation rates appropriate for the less productive wild populations throughout the 
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season. Managers need, therefore, to be able to estimate the relative spatial and 
temporal abundance of wild fish in the diffarent fishing areas of PWS. 

This study will provide accurate, real-time and post-season estimates of hatchery and 
wild contributions to commercial harvests by date and f'IShlng district, anu also to 
hatchery cost-recovery harvests. Such catch contribution estimates, together with real­
time escapement estimates from an Alaska Department of Fish and Game (ADF&G) aerial 
survey program will be used inseason by fisheries managers to reduce exploitation on 
wild stocks and target effort on hatchery returns. Post season analyses of tag recovery 
data will be coupled with escapement data for wild populations to make estimates of 
total wild returns, which wilt in turn allow assessment of the effectiveness of various 
manogoment strategies. Post season analyses wiJI also identify time and area distribution 
trends for wild and hatchery fish in fisheries. This information is important for fisheries 
managers who must anticipate the effects of fishing strateg;es in future years if injured 
popW8tions are to be protected. Similar analyses of coded wire tag data funded by the 
Natural Resource Damage Assessment (NROA) and Restoration processes have been 
used to justify time and area fishery closures and effectively reduce exploitation on oiled 
populations in portions of southwestern PWS in 1990, 1991, 1992, 1993, and 1994. 

The results of the coded wire tag recovery project are also critical to the success of an 
integrated package of Sound Ecosystem Assessment (SEA) studies. The SEA proposal 
has roots In a broader SEA pion developed by the Prine& Witliam Sound Fisheries 
Ecosystem Research Planning Group {PWSFERPG}, a bioregional coaHtion of PWS 
scientists, resource managers, resource users, aquaculture associations, and 
communities, formed to "develop an ecosystem level understanding of the natural and 
man-caused factors influencing the production of pink salmon .. .in PWS". Many of the 
SEA prujects, such as d10.ie falling under the Salmon Growth Component and the 
Salmon Predation Component are dependent upon information provided by this coded 
wire tag study. 

In the absence of the improved management capabilities afforded by this project, salmon 
stocks ln west-ern PWS which have been injured and depleted through oil impacts may be 
over-exploited in the commercial, sport and subsistence fisheries. Population levels of 
stocks may be reduced below those needed for rapid recovery and in some instances 
may result in virtual elimination of impacted stocks. In the absence of the information 
provided to SEA plan, some of the projects under that plan will fail. 

NEED FOR THE PROJECT 

A. Statement of Problem 

B. Rational 

C. Summary of Major Hypotheses and Objectives 
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D. CompletJon Date 

COMMUNITY INVOLVEMENT 

FY 96 BUDGET 

Personnel 
Travel 
Contractual 
Commodities 
Equipment 

Subtotal 
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Total 
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PROJECT DESIGN 

. ~- Objectives 

Funds whiCh match those contributed by AOF&G, PWSAC1 and VFDA will contribute to 
the completion of the fonowtng objectives for the 1995 salmon season in PWS: 

1. Using undecoded-tag data, provide timely inseason estimates of the temporal 
and spatial contributions of tagged hatchery stocks of pink salmon to PWS 
commercial and hatchery harvests. 

2. A.c;s;ess the propenies of a new. faster. but potentially Jess reliable inseason 
e&timator of contributions of tagged hatchery stocks, which is based upon 
undecoded tags and estimates of tender loads (catches}. 

3. Using decoded-tag data, provide hatchery-specific estimates of the temporal 
and spatial contributions of tagged hatchery stocks to the commercial and cost· 
recovery harvests in PWS. 

4. Estimate marine survival rates for each uniquely coded hatchery release group 
of pink salmon. 

B. Methods 

Personnel policy, purchasing practices, field camp operations, safety procedures, and 
project administration wUI be in compliance the ADF&G Division of Commercial Fisheries 
Manual of Standard Operating Procedures (SOP). Data collection and estimation 
procedures are similar to those used in NRDA F/S Study #3. These procedures have been 
thoroughly reviewed by the NRDA peer review process and approved by the 
Management Team. 

Tag Recovery 

Commercial and Cost·Recovery Harvests 

Recoveries will be stratified by district, week, and processor. This stratification was 
chosen a.s a result of the findings of Peltz end Geiger (1990) who detected significant 
differences between the proportions of some tag codes among such strata. The 
differences indicate that processors tend to receive catches from onJy certain parts of a 
district and is believed to be the result of traditional tendering patterns. 

Recoveries of pink salmon tags from commercial end c:ost-recovery harvests will be mado 
as fish are pumped from tenders onto conveyor belts at land-based processors located in 
Cordova~ Valdez, Seward, Anchorage, Whittier and aboard a floating processor after 
each opening. Fish wm be sampled by technicians standing beside the belt. Each 
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sampled fish will be subjected to a visual and tactile examination for a missing adipose 
fin. It will never be possible for an observer to census all fish from a tender during the 
unloading process. However, on occasion, holding tanks in processing plants contain fish 
from onJy one tender. In those Instances it will be possible for an observer standing on 
the procwsing line to get a census of an entire tender load which was previou&ly sub 
sampled by technicians on the unloading conveyor. A Chi-square test of independence 
wiH be used to compare the rate of occurrence of adipose fin clips in the census with 
that observed in the random sample from the load. 

Data recorded for each tellder will include harvest type (i.e., commerciel or cost-recovory 
catchJ, fishing district(s) from which the catch was taken. catch date, processor, and the 
number of fish examined. Catch data will be obtained later from fish tickets. 

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

Brood Stock Harvests 

Tag shedding from release to return and differential mortality between tagged and 
untagged fish lead to discrepancies between marking rates at release and recovery. 
Hatchery brood stocks will be scanned for tags in order to estimate adjustment factors 
which can be used to account for the loss of tags from the population. Three 
assumptions inherent in the use of the brood stock for this purpose are a) it consists 
solely of fiSh reared at the hatchery, b} the propensity for a fish to lose a tag is similar 
for all fish marked at the same hatchery, and c} for a specific tag code, the marking rate 
in the commercjal fishery is the same as that in the brood stock. It is betteved that the 
first of these assumptions is v~ated at all facilities except at the W. Noerenberg 
hatchery (Sharr et. al. 1994f). Consequently, a historical average adjustment factor 
calculated from the brood stock from the W. Noerenberg hatchery is considered an 
SJ)Pf'Opriate quantity with which to adjust for tag loss and differential mortality. With 
respect to the second assumption, tagging practices vary little within a facility, and it is 
believed that the rate of tag Joss and tag·induced mortality are similar for aU fish tagged 
within a hatchery. Tho third assumption relates to the possibility of tag-;nduced straying 
of hatchery fish away from the brood. Some histological evidence to thts end was 
referenced in Sharr et al. (1994dt, and some more direct prenmmary evidence is 
discussed bY Sharr et al. (1994f). 

The edj,.,atment factor foro given year may be defined as that quantity which. when 
multi-pUed by the marking rate in returning fish, yields the marking rate at release. The 
factor is 1.0 when there is no tag Joss or differential mortality. The adjustment factor for 
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hatchery h, a,., will be estimated as the ratio of sampled fish in the brood stock to the 
xpandfld number of fish based on tags found in the sample: 

a = 
sn , 

h '/' x. (1) 
t--=. 
i. pi 

where 
T = number of tag codes released from hatchery h, 
P; = tagging rate at release for the Jth tag code (defined as number of tagged 

fish released with the ith tag code dwided by the total number of fish in 
release group 11, 

x, = number of tags of the ith code found ins,. and, 
s, = number of brooct stock fish examined In hatchery h. 

The historical {1989-1994 for inseason. 1989-1995 for postseason) average W. 
Noerenberg adjustment factor will then be used to adjust contribution estimates 
(Equation 2) if it can be shown that it was significantly greater than 1 .0 at the 90% 
level. 

While only the (historical) adjustment factor associated with the W. Noerenberg facUity 
will be used in any contribution estimation, brood stock samples will be taken during 
hatcllery egg-take operations at each of the four PWS pink sa·lmon hatcheries. 
Technicians, will examine approximately 95% of the fish through visual and tactile 
means for missing adipose fins. The number of fish sampled will be recorded and when 
adipose-clipped flsh are found, the heads will ba axcised and shipped on a weekly basis 
along W·ith sample data to the Tag Lab. 

Tag Extraction, Tag Decoding, and Data Archiving 

During the fishing season on sampling data and heads from adipose-clipped fish will be 
sent daily to the AOF&G Tag Lab. Data received at the Tag Lab will be logged and tag 
recovery sampl·ing forms edited a for accuracy and comp-leteness. Samples which affect 
critical fisheries decisions will be processed first. Tag lab staff witl locate and remove 
tags from heads, deoode e~tracted tags, and enter tag code and sample data into a 
statewide datllbase acceasible to biologists in Cordova. Completed tag rocovery data for 
prioritized samples will be transmitted electronically to Cordova project personnel within 
36 hours of the ·receipt of unprocessed data at the Tag Lab. In the following 1 2 hours 
Cordova pr:oject personnel witl integrate tag recovery and catch data from the ADF&G 
fish ticket reporting system to estimate hatchery and wild catch contributions. 
Cuntribution estimates are used by fisheries monagors to ;mplement the inseason 
management actions required. 
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Following the fishing season, processing of all lower priority tag recovery samples will be 
completed by the Tag Lab. AU tags recovered throughout the season will be examined a 
second time to insure that they have been properly decoded. All codes will be validated 
with a master PacifiC States Marine Fisheries Commission (PSMFC) list of codes 
potentially present ln Pa'"ifk; coasl fisheries. Fully edited tag code end sampling data 
from aU samples collected during the season will be forwarded to the Cordova office for 
final summarization and analyses. A complete historic database of coded·wire tag 
information from PWS tagging and tag recovery programs will be maintained by the 
ADF&G Tag Lab, the PSMFC and, the Cordova AOF&G. The ADF&G historic fish ticket 
catch database Is malntalned at the ADF&G Juneau headquarters office and in the 
Cordova area office. All coded wire tagging and recovery data and all fisheries harvest 
data are fraAiy available from any of these sources. 

Estimation of Contributions and Survival Rates 

Post-season Hatchery Contributions and Survival Rates 

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

where 
X;, = 
N, = 
S; = 
Pr = 
a,. 
L = 

number of group t tags recovered in ith stratum, 
total number of fish in ith stratum, 
number of fish sampled from ith stratum, 
proportion of group t tagged, 

= adjustment factor associated with hatchery h, and 

(2) 

number of recovery strata associated with common property, cost­
recovery, brood stock, special harvests and escapement in which tag coda 
twas found. 
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The contribution of release group t to unsampled strata, Curr will be estimated from 
contribution rates associated with strata which were sampled from the same district­
week open·tngs as the unsampJed strata: 

u 
Cu =I: N * 

t i:rl :i. 
I 

where 
number of unsampled strata, 
number of fish in ith unsampled stratum 

(3) 

u = 
N, = 
s = number of strata sampled in the period in which the unsampled stratum 

resides, 
contribution of release coded with tag t to the sampled stratum j 1 

and 
Ni = number of fish in jth sampled stratum. 

When a district-week opening is not sampled at all (an infrequent occurrence), the catch 
f.rom that opening will be treated as unsampled catch of the subsequent opening in the 
same district. 

An estimate of the contribution of tag group t to the total PWS return for 1995 will be 
obtained through summation of contribution estimates for sampled and unsampled strata. 
An estimate of the total hatchery contribution to the PWS return wm be calcutated 
through summation of contributions over all release groups. A variance approximation for 
~r , derived by Clark and Barnard ( 1 987) and simplified by Geiger ( 1988) will be: 

(4) 

Assuming that covariances between contributions of different release groups to a 
stratum can be ignored, summation of variance components over an tag codes will 
provide an estimate of the variance of the total hatchery contribution. Inspection of the 
formula given by Clark and Bernard ( 1987) for the aforamentioned covariances shows 
them to be negligible for large N and s, and to be consistently negative, so that when 
ignored, conservat-ive estimates of variance are obtained. Variances associated with 
unsampled.strata are believed to be small (Sharr et at., 1994d). 

The .survival rate of the release group coded with tag t ($,), will be estimated as: 
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where 
C~ - contribution of release coded with tag t to sampled strata, 
Cu, == contribution of release group coded with tag t to unsampled strata, 
R, = total number of fish in release group coded with tag t released from 

hatchery. 

(5) 

Assuming the total release of fish associated with a tag code is known with negligible 
error, and that the cumuJative variance contributions associated with the unsampled 
strata a-re small, a suitable variance estimate for~ is given by: 

(6) 

lnseason Hatchery Contributions 

lnseason fisheries decisions which must be made on very short notice require rapid, real 
time analysis of coded wire tag data. Three inseason estimates of hatchery contributions 
of pink salmon will be generated for each opening. The first and most timely estimate will 
be calculated using knowledge of numbers of tags (undecoded) found in a sample taken 
from the catch and an estimate of that catch. The presence of tags in adipose-clipped 
fish wifl be discerned by passing their excjsed heads over a scanner identical to those 
used by the Tag Lab. The estimate of the catch aboard tenders will be obtained from 
tender captains or processor operators. In the event that catch estimates cannot be 
obtained. a simple unweighted average (over sampled tenders) proportion of hatchary 
fiSh in the catch will be reported. Estimation using undecoded tags requires that 
assumptions be made about expansion (1/pf) and adjustment {a) factors (see Equation 2). 
For fishery openings in the western and northern portions of PWS, late run returns from 
PWSAC faciUties are assumed to be the only hatchery contributors. For openings in the 
Southwestern district, an expansion factor which is a weighted average of all expansion 
factors associated with tags released at the A.F. Koernlg, W. Noerenberg and Cannery 
Creek hatcheries in 1993, witt be used. The weighting scheme depends upon historical 
contributions of hatcheries to the district in question. A similar weighting scheme for 
expansion factors will be used for the Coghill and Northern districts and will invoJve 
historical contributions associated with the Cannery Creek and W. Noerenberg 
hatcheries. For openings in the eastern part of the Sound, returns to the VFDA Solomon 
Gulch facility are assumed to be the only hatchery contributors. With respect to an 
appropriate expansion factor for these openings, the average of an factors associated 
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with tags released from the Sotomon Gulch facility in 1993 will be used. An average 
historical (1989--1994) adjustment factor associated with the W. Noerenberg facility wilt 
be used for all inseason contribution estimates. These estimates can be made available 
at any stage of the unloading process, and only reQuire that some sampling has been 
conducted. The precision of the estimate is, of course, increased as more of the catch is 
sampled. Such readily available, but less precise estimates will play a stgnificant role in 
those fishery management decisions that have to be made before the more precise 
estimates which require exact catch ftgures and larger sample sizes are available. 
Calculations of in-season contributions will follow those used to generate post·season 
resuft& (Equation 2). The second estimator will be identical to the first, except that it 
witt be calculated only after sampling of an opening is completed and after exact tender 
loads have been reported. The result will be a less timely but more reliable estimate. 
The third estimator will be less timely still because it will rely on exact catch data and 
extracted and decoded tags. Use of code·speciflc expansion factors will, however, 
provide hatchery-specific contribution estimates and will mean a reduction in bias of the 
estimates resulting from use of average expansion factors. 

Alternatives 

Estimation of stock specific contributions to large commercial fisheries requires some sort 
of natural or man-induced mark which is characteristic of the stock or groups of stocks 
to be distinguished. Any mark to be used for estimates of stock specific catch 
contributions for Jnseason fisheries management must: ( 1) be naturally present in aU or a 
fixed portion of the populat;on or easy to apply permanently to a fixed portion of the 
population in the early tife stages before stock. mixing occurs, (2} be easy to distinguish 
in adult returns, (3} be present or can be applied to a large enough portion of the 
population such that significant numbers can be recovered among adult returns in a cost­
effective manner for accurate and precise estimates of catch contributions, and (4) not 
affect survival or behavior of fish. 

Until recently, coded wire tag technoJogy has been the only man-induced mar:k available 
which meet most of the abovo critaria. Although this technology has givAn us the 
opportunity to distinguish hatchery and wild fish in commercial harvests with reasonable 
accuracy and precision, it is not without problems. The pink salmon tagging program in 
PWS is the largest of its kind in the worJd and is pushing the limit of the technology for 
both application and recovery. Application in very small fish such as pink salmon may 
affect survival. may not be permanent (tag loss). and tagging ma·y affect behavior. Some 
methods exlst and are used to adjust for tag loss from differential mortality and tag 
shedding.. The effect of tag-induced straying, though thought to be small, is, however, 
diffteult to accommodate. On the recovery side, large and expensive sampling programs 
must be implemented to ensure sufficient precision of contribution estimates. 

An alternative mark which circumvents the above drawbacks would be desirable. The 
most likely alternative to coded wire tags are thermal or chemical otolith marks. Otolith 
marking methods meet an of the five criteria described above. Thermal marks have been 
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thoroughly tested in aft salmon species. They are permanent, are easily applied to every 
individual in a hatchery papulation and are less expensive to apply and recover relative to 
coded wire 1ags. Because they can be applied to every individual in the pop-ulation, 
contribution estimates based on thermal marks will be more accurate and precise than 
those based on cuded wire toga. Differential mortality of tasged fish will no longer be a 
problem. Because the mark is non intrusive, permanent tag loss through shedding and 
straying of tagged flsh wiH a~so be eliminated. A large scale otolith marking program for 
PWS hatchery pink salmon releases has been proposed for 1995 (Study 95320C). 
Recoveries of otolith marks from these releases can begin in 1997. 

Chemical marking of otoliths has not been tested in salmon to the same degree as 
thermal marking. but is wkiely used in other species. Chemical marking requires that 
young fish be fed or immersed in a chemical agent whJch leaves a recognizable band on 
otoliths or skeletal structures. Tetracycline is one widely used chemfca1 which deposits a 
diS.tinetlve skeletal or otolith growth band which is florescent under ultraviolet light. 
Because it is retained in the tissues, Food and Drug Administration permits for its use in 
fish destined for human consumption fish were initially difficult to obtain but permitting is 
now done on a routine basis for many species. The method has promise for marking 
wild fish where heated water is not available for thermal marks. 

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

C. Contrac:ts: 

Matching funds from PWSAC and VFDA will be conveyed to ADF&G through cooperative 
agr-eements. 

D. Loca·tion: 

By aiding restoration through improved fisheries management, this project wm benefrt 
wild pink salmon populations in PWS and other segments of the marine and terrestrial 
portions of the PWS ecosystem which are dependent upon pink salmon. Restoration 
through improved management will also benefit the salmon fishing fleets comprising 
those Cordovn, Valdez, Tatitlek, New Chenega, Whittier, and Seward. fish processing 
plants in Cordova, Valdez, Whittier, Seward, Anchorage, Kenai, and Kodiak. The project 
will employ local residents for data collection activities in fish processing plants located 
in Cordova, Valdez, Whittier, Seward, Anchorage, Kenai, and Kodiak, and at hatcheries 
in PWS. The project will also employ residents of Juneau for tag extraction and decoding 
activities performed by the AOF&G Statewide Tag Laboratory. Permanant ADF&G 
Biologists stadoned in Cordova and biometrics staff stationed in Anchorage will complete 
data analyses and reports. Goods and services required by the project will be obtained 
from vendors in the local communities where data are collected. 
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•SCHEDULE 

A. Measurable Project Tasks for FY 96 

B. Project Milestones and Endpoints 

C. Project Reports 

COORDINAnON AND INTEGRATION OF RESTORATION EFFORT 

ENVIRONMENTAL COMPLIANCE 

All sampJing activities for this project occur within fish processing plants or fish 
hatcheri8$. The ADF&G win coordinate with PWSAC and VFDA and the processing 
plants at which fish are unload~d with respect to locating samplers within their premises. 

PERSONNEl 

The Project Leader (Pl) for the project is a permanent full time Fisheries Biologist Ill (FB 
Ill), PWS Salmon Research Project Leader with the Alaska Department of Fish and Game. 
The PL will be responsible for writing project operational plans, administering project 
budgets, quality control of data collection, supervising data analyses and, co-authoring 
final reports. A permanent seasonal Fisheries Biologist II {FB II} will act as the Assistant 
Project leader (APL), supervise day to day project operations, maintain data quality, 
assist in data analyses, and coauthor final reports. The APL will be assisted by one 
permanent seasonal Fisheries Biologist I (FB 1). The FB I will be in charge of supervising 
day to day sampling activities in Cordova and will assist the Pl in supervising sampling at 
other porta, on floating processors, and at hatcheries. Non-permanent Fish and Wildlife 
Technician Ill's (FWT Ill} will be stationed in Cordova and Valdez and will assist the FBI 
as crew leaders. The crews in each port will be non-permanent FWT Ws. Each day, two 
persona on each crew will scan pink salmon at each processing plant. Under the 
supervision of the FBI, the FWT Ill's will conduct daily data logging, editing and 
archiving Kttvities in Cordova and Valdez. 

A Biometrician I from the ADF8r.G Commercial Fisheries and Development Division Region 
II office in Anchorage will provide biometrics support for the project. The Biometrician I 
will assist in experimental design, inseason and post season data analyses, and report 
writing. 

The PL, APL or, a project FB I will maintain daily phone contact with project technicians 
stationed in ports other than Cordova or Valdez and at several remote hatchery locations. 
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Copies of data forms from these sites win be faxed to Cordova daily and heads from 
sampled fish will be shipped once or twice weekly to Cordova via scheduted commercial 
flights or via chartered aircraft depending upon which is available. The PL, APL, or 
project Fisheries Biologist l's wm make routine supervisory visits to each sampling port 
via chartered or commercial aircraft et least twice monthly for sampltng quality control 
inspections, data collections, and industry contacts. The Biometrician twill travel to 
Cordova several times during the season to assist with inseason data analyses and 
occasionaUy post season to assist with fina1 data analyses and report writing. 
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s. Technical Support= 

Tag recovery data forms and heads from tagged fish will be shipped to the Cordova 
offace for ·logging, sorting, editing, and finaf shipment to the centralized ADF&G Coded 
Wir-e Tag Laboratory in Juneau, Ak. Tag Laboratory personnel wiH use speciaUzed 
equipment to detect, extract and decode tags. The Tag Laboratory uses a Honeywell 
minicomputer with an UL T1MATE operating system and PIC database software to 
construct, manipulate, and store the PWS data in a statewide coded wire tag database. 
A copy of the statewide database is also incorporated into a Pacific Coast database 
maintained by the CPSMFC} in Gladstono, Oregon. Summarized data from the Juneau tag 
laboratory and summaries of ADF&G fisheries sales receipts (fish tickets} are stored and 
analyzed on micro-computers in the ADF&G Cordova offices and on a mainframe in the 
ADF&G headquarters office in Juneau. All inseason and post season data analyses and 
reporting are completed on micro-computers using ABASE database management, LOTUS 
&pread&heeL. and WORDPERFECT word processing software. 

1. Resources and/or Associated Services: 

This restoration project Is designed to facilitate the recovery of wild pink salmon 
populations in PWS. The project is intended to provide fisherles managers with data 
pertaining to the composition of the catch. These data will be u$ed for improving the 
management capabilities In PWS fisheries, thereby reducing the exploitation rate on 
salmon stocks in western PWS which have already been stressed and depleted through 
on impacts. Improved management will enhance the chances that damaged wild pink 
salmon populations are not reduced below those needed for rapid recovery. The 
monitoring portion of this project will traCk the recovery of damaged popufations. 

2. Rotation to Other Damage Assessment/Restoration Work: 

The foundations for this project were firmly established in joint feasibility studies which 
were conducted by AOF&G ana non-profit aquaculture associations In PWS beg.inning in 
1986 and extending through 1988. Results of these studies have been summarized by 
Peftz and M.ifler ( 1990), Peltz and Geiger ( 1 990), and Geiger and Sharr C 19901. During 
the damage assessment process large scale tagging and recovery projects were 
instftuted and perfected by Natural Resources Damage Assessment (NRDA) Fish/Shellfish 
(F/S) Study #3. Damage assessment funds were expended for tagging hatchery releases 
of pink safmon in 1989 and 1990 and wild populations of pink salmon in 1990 and 1991 
(NRDA F/S Study #3). Tag recovery efforts for wild and hatchery pink salmon were 
funded by damage assessment funds in 1989, 1990, and 1991 {F/S Study #3) and by 
restoration funds in 1992 and 1993 (Restoration Studies SOA and 93067}. Results of 
damage assessment and restoration coded wire tag studies have been reporttiu by Sharr 

15 



MAY-04-1995 09!13 FROM SOA FISH & GAME ANCHORAGE TO CACI P.18 

et. al. {1·994d, 1994e and 1994f}. Following the toss of funds for further ta·ggi-ng of 
hatchery stocks of oink salmon in 1990, the private non-profit aquaculture associations 
in PWS have continued to tag pink salmon releases at their own expense. Tags applied 
to pink fry from the four pink salmon ha·tcheries in PWS in 1993. must be recovered. 
Prince Wilttam Sound Aquaculture Cofporation tPWSAC), Valdez Ffsheries Development 
Association (VFDA}, and the ADF&G have pooled their resources to come up with 
approx-Imately half of the funds reQuired to field a full fledged pink salmon tag recovery 
effort in 1995. The additional funds to complete tag recovery efforts and data analyses 
are to be provided by the EVOS Trustee Council. 

The pink salmon coded wire tag recovery project has complimented several other 
projects since 1989. Improved escapement estimates for PWS pink salmon from NRDA 
F/S Study 1 and restoration Study 608 were used in conjunction with catch contribution 
estimates from the cod.ed wire tag recovery projects to adjust fishery exploitation rates 
and achieve wnd stock escapements. Growth and survivt~l estimates from NROA F/S 
Study #4 could not have been obta•ned without F/S Study #3 which provided coded wire 
tagged fish of known origin and release timing. 

C. SCHEDULES 

Oate(s} Activity 

October 1,1994 February 16,1995 

January 15-June 20, 1995 

June 2o-Sept 30, 1995 

January 15, 1996 

Mav 30, 1.996 

D. EXISTING AGENCY PROGRAM 

Draft FY 94 report, Draft FY95 DPD 

Hire personnel, order supplies, create and 
test appropriate Jnseason spreadsheets 

Tag recoveries in cammcH'cial fisheries, 
cost recovery harvests, and brood stocks. 
lnseason· catch composition estimates by 
time and area. 

Draft Report 

Final Report 

The Alaska Department of Fish and Game permanent staff of biologists and biometricians 
write operational plans and provide overall supervision for this project. The Alaska 
Department of Fish and Game, PWSAC, and VFDA also provide matching funding for 
project operations. TheSe funding contributions fur the period October 1, 1994 through 
September 30., 1995 are as foflows: 

ADF&G $ SO.OK 
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PWSAC 
VFDA 

$100.0K 
$ 26.2K 

CRCI P.19 

In addition, data and personnei from ongoing AOF&G fisheries tatch and escapement 
monitoring and management proyn.trns will be used in conjunction with results of this 
study· to make fisheries catch contribution estimates and formulate stock specific 
ITI8nagAment strategies. 

E. eNVIRONMENTAl COMPLIANCE/PERMIT/COORDINATION STATUS 

F. PERFORMANCE MONITORING 

The AOF&G, Commercial Fisheries Management and Development Division (CFMO), 
Region II. Regional Research Supervisor supervises the Pl. the permanent full time 
Fisheries Biologist Ill PWS Salmon Research project leader for CFMD. The APl is an 
eteven month permanent season AOF&G employee and is supervised by the Pl. The APL 
has supervisory authority over the Fisheries Biologist l"s who In turn has supervisory 
authority over Fish and WiJd.life Technicians. A Biometrician assigned to assist the PL 
and APL is supervised by an ADF&G, Commercial Asheries Management and 
Development Division, Region II, Biometrician II. The PL and the project Biometrician 
coordinate through the reglonal Biometrician II, the Regional Biometrician m, and the 
Reg.lonal Research Supervisor. The various levels of supervision are depicted in figure 1 • 
The Pl and APL have equal knowledge of an aspects of this project and can exchange 
roles in the event of a personnel change. In addition. the Project Fisheries Biologist I has 
sufficient knowledge and experience with the project that she could be promoted to the 
APL position and trained in data analysis and report writing tasks very quickly. 
Biometrics responsibilities are interchangeable between the Biometrician 1 and the 
Biometrician II. Technician Ill crew leaders with the project can be replaced in the short 
term by the Fisheries Biologist I. Several Technician ll's have been with the project for 
more than one season and quality as easily trained replacements. 

Sampling materials. data forms, and sampling equipment wm be purchased or shipped to 
Cordova from the ADF&.G Statewide Coded Wire Tag Laboratory no later than June 1, 
1995. Sampling protocol, dato forms, data recording procedures and conventions, data 
editing procedures, and data transmission procedures are an in accordance with 
statewide standards established by the ADF&G Statewide Coded Wire Tag Laboratory. 
Data standards adopted by the AOF&G Statewide Coded Wire Tag laboratory are in 
accordance with those used by the PSMFC. All data are edited immediately upon 
completion of sampling and are edJted twice more by Statewide tag laboratory personnel. 
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Data sheets will be edited and .fogged and heads from these samples will be scanned 
immediately for estimates of the number of undecoded tags. Preliminary estimates of 
wild stoclc. cat-ch contrjbutions wm be made from this undecoded-tag data and these 
estimates will be made availabfe to fisheries managers as soon as possible. Samples 
trom district-period strata whiGh are at the centre of potentially controversial 
management decisions will be given priority as far as reporting and analysis are 
coneorned. As.sesAment of bias in the sampling of tender toads will be conducted when 
the o.pportunity for an independent total census arises. Data sheets and heads and 
copies of the data Jog will be shipped to Juneau for tag extraction on the day they are 
collected. Tag taboratory personnel cr()SS check an samples received with the 
accompanying copy of the data log and work overtime if necessary to insure that data 
editing, entry, tag extraction, tag decoding, and data transmission back to Cordova are 
compfeted within 36 hours of the time of sampfe receipt. Project biologists and 
biometricians in Cordova complete data analyses of decoded tag data and use this data 
to verify and update preliminary cat-ch contribution estimates be~secJ un undecoded tag 
data. Project biologists will visit each sampling port a minimum of once every two 
weeks to answer questions, and providA quality control supervision. 
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Following the fishing season processing of all lower priority tag recovery samples will be 
completed by the coded wire tag Jab. In addition, all data conected through the season 
are edited again for quality control, and all tags recovered throughout the season wHI be 
examined a second time to insure that they have been properly decoded. AU codes will 
be validated with a mastvr Pacific States Marine Fisheries Commission (PSMFC} list of 
codes potentially present in Pacific cast fisheries. Fully edtted tag code and sampling 
data from atl samples cotlected durlng the season wiff be forwarded to the Cordova office 
for final summarization and analyses. A complete historic database of coded-wire tag 
information from PWS tagging and tag recovery programs will be maintained by the 
AOF&G statewide coded wire tag laboratory, the PSMFC and, the Cordova ADF&G. The 
ADF&G historic fish ticket catch database is maintained by the AOF&G at the Juneau 
headquarters office and in the Cordova area office. All coded wire tagging and recovery 
data and aU fisheries harvest data are freely available from any of these sources. 

G. COORDINATION OF INTEGRATED RESEARCH EFFORT 

The monitoring, research and restoration objectives of this. project are integral to the 
success of broader ecosystem research and restoration effort described in part by the 
Soumt Ecosystem Assessment (SEA) plan. The SEA plan is a multi~disciptinary program 
designed to develo.p an understanding of the regulatory mechanisms which control the 
state of the PWS ecosystem. In its first year it has and will evaluate the interactions of 
pink salmon and herring with other components of the ecosystem. coded wire tag­
marked fish will provide a valuable tool for examining interactions between wild and 
hatchery sa1mon during their early marine residencies. The Safmon Growth cornpunent 
of SEA win utilize coded wire tag-marked juvenile pink salmon to (1) evaluate habitat 
overlap between hatchery and wild salmon, (2) compare size composition of wild and 
hatchery salmon in mixed stocks, and (3) develop a tagging program to estimate juvenile 
salmon mortality within PWS and in the Gulf of Alaska. The Salmon Predation 
component of SEA will utilize coded wire tag-marked juvenile salmon to determine if 
predators have a preference for wild versus hatchery fish. The program is also linked to 
other studies such as the Pink Salmon Egg and Alevin Mortality Project and the Otolith 
Mass Marklng Project. 

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

H. PUBLIC PROCESS 
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The general pubtlc has been involved in the development and evolution of the coded· wire 
tag program in PWS since its inception in 1986 as a cooperative effort between ADF&G 
and the PWS area private non·profit (PNP) aquaculture associations. These PNP's, 
operated by a broad constituency of commercial, sport, personal use, and subsistence 
fashers and community rttpreaentatives, review coded.wire tag project plans and results 
annually before approving subsequent funding. Operational plans and results of the 
coded wire tag program are also reviewed periodically by the PWS Regional planning 
team as well as interested fishing industry groups. As part of the Trustee Council NRDA 
and Restoration process the code-wire tag recovery project has also been subject to 
extensive peer review and annual public review and comment. Results of the coded-wire 
tag project have been presented at the March 1993 Oil Spin Symposium sponsored by 
the Trustee Council. the 1993 and 1994 Pink and Chum Workshop, and at the annual 
Spring meetings of the PWSAC board of directors in 1993 and 1994. 

I. PERSONNEL QUALIFICATIONS 

Fisheries Biologist m Project Leader- To be announced. 

Fisheries Biologist II AsSistant Project Leader - Renate Riffe 

Renate R•ffe has a Master of Science in Statistics from Colorado State University 
(1994), a 
Master of Science in Fisheries Management from the University of Alaska, Fairbanks 

(1987), and a Bachelor ot Science in Fishery Biology from Colorado Sti:lte University 
(1981 ). 
Since Octelber 1994 Renate Riff has worked on the coded wire tag oroject as an FBII 
Research Biologist in the capacity of Assistant Project Leader. Prior to her current 
posftion, (from June 1991 - October 1994), she was employed as a biologist with· 
AOF&G , Sport Fish Division in Fairbanks, A~aska, and asststed in projects concerning 
abundance estimation and popuJation evaluation of pike, grayling, humpback whitefish, 
feast cisco, rainbow trout, burbot, chum salmon, and king salmon. From May 1982-
January 1991, she worked as a technician with ADF&G, Commercial Fisheries 
Management and Development Division in Juneau, Alaska. Her primary duties mvolved 
sampJing commercial salmon fisheries and salmon escapements, with some report 
writing. She also developed discriminant function models for stock separation of 
LynnCanel sockeye salmon, by scale pattern analysis, doveloped a computer modAl 
which simulated migratory timing of salmon escapements, and evaluated truncated 
escapement counts. 

Fisheries Biologist I - Seawan Gehlbach 

Seawan Gehlbach has a Bachelor of Science in biology from the University of New 
Hampshire (1992). Ms. Gehlbach has worked on the coded wire tag project as an FBI 
for the past two fishing seasons. Het responsibilities include hiring and supervising 20 
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Fish and WHdlife Technician ll's that sample in eight ports around PWS. In the absence 
of a project FBI this previous season, she was also responsible for the duties of the 
current APl, and produced inseason data analysis for management staff and post 
season data analysis for the annual coded wire tag reports. Prior to her current position 
with ADF&G, she worked for Sport Fish Division in Juneau, 88 8 short torm Ftsh and 
Wildlife Technician II; her duties included collecting coded wire tag data and catch 
information for the sport fishery. Ms. Gehtbach has also worked for the Douglas Island 
Pink and Chum (DlPAC} hatchery in Juneau as a field observer, and later in the hatchery 
as a member of the incubation and broodstock collection crews. 

Biometrician l - Oavid Evans 

David Evans has a Bachelor of Science in soil science from the University of Nottingham 
(U.K.), a Master of Science and a Doctor of Philosophy degree in soil science from the 
University of Guefph (Ontario, Canada), and a Master of Science in statistics from 
Oregon State University. David has worked with the Alaska Department of Fish and 
Game since October. 1991. His primary responsibility has been analysis of coded-wire­
tag data from PWS. He has designed the statistical procedures and computer spread 
sheets used for inseason analysis of tag recovery data, has overseen most of the post 
season data analyses and has co-authored interim and final reports for the 1991 NRDA 
F/S Study #3, the 1 992 Restoration Study 60C, and the 1993 Restoration study 93067. 

J . BUDGET (attachef:i} 
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Figure 1·. Fishing districts and hatcheries of Prince Witliam Sound, Alaska 
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Commodities 
Equipment 

Subtotal 
General Administration 

Project Total 

Full-time Equivalents (FTE) 

Other Resources 

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

Authorized 
FFY 1995 

Proposed 
FFY 1996 

Estimated 
FFY 1997 

$256.9 

Dollar amounts are shown in thousands of dollars. 

Estimated 
FFY 2002 

$0.0 

Comments: This is a cooperative project between the Trustee council, Alaska Department of Fish and Game, Prince William Sound Aquaculture 
Corporation (PWSAC) and Valdez Fisheries Development Association (VFDA). Following is a breakout of funds provided by each entity: 

Trustee Council 
ADF&G 
PWSAC 
VFDA 

1996 

Prepared: 1 of~ 

$254.9 k 
$80.0 k 

$100.0 k 
$26.2 k 

Project Number: 96186 
Project Title: Coded Wire Tag Recoveries from Pink Salmon, PWS 
Agency: AK Dept. of Fish & Game 

FORM 3A 
AGENCY 
PROJECT 
DETAIL 

7/18/95 



* 

David Evans 
PCN 115062 

Seawan Gehlbach 
PCN 117021 

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

GS/Range/ Months 

17E 
18A 

FTII(Valdez) 9A 
FTII(Anchorage) 9A 
FTII(Kodiak) 9A 
FTII(Kenai) 9A 
FTIIHCordova) 9A 
FBI 14B 
FB-111 18L 

Price 
Fishery Biologist Ill and II travel to Anchorage for workshops 
Supervisory trips to Whittier 

224 
224 4 

Supervisory trips to Anchorage 224 4 
Supervisory trips to Seward 
Supervisory trips to Kodiak 
Supervisory trips to Kenai 

1996 

2 of tl 

224 3 
610 3 
300 4 

Proje<?t Number: 96186 
Proj~ct Title: Coded Wire Tag Recoveries from Pink Salmon, PWS 
Agency: AK Dept. of Fish & Game 

Monthly 
Costs Overtime 
5,198 0 
5,371 0 
2,159 4,922 
1,945 1,800 
2,120 1,580 
1,945 1,800 
2,439 3,593 
4,291 0 
6,333 0 

Daily 
Per Diem 

9 150 
8 150 
8 150 
6 150 
5 150 
7 150 

16.1 
12.5 

5.7 
3.7 
5.7 
8.5 

30.0 
6.3 
0.0 
0.0 
0.0 

$114.5 

Proposed 
FFY 1996 

2.0 
2.1 
2.1 
1.6 
2.6 
2.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

FORM 38 
Personnel 
& Travel 
DETAIL 

7118/95 



Contractual Costs: 
Description 
Tag Lab Costs 

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

Air Charters for brood stock sampling 
Air Charters for Supervision and Data Transport 
Dept. of Transportation Vehicle Rental 
Office Costs 
Renting Magnetic Tag Detectors 

When a non-trustee organization Is used, the form 4A is required. 
ICommod1t1es Costs: 
Description 
Rain gear, gloves, knives, sampling kits, supplies 

\ 

1996 

3 of 4 

Project Number: 96186 
Projef::t Title: Coded Wire Tag Recoveries from Pink Salmon, PWS 
Agency: AK Dept. of Fish & Game 

Proposed 
FFY 1996 

75.0 
2.0 

12.2 
3.4 
3.6 
4.4 

Contractual Total $100.6 
Proposed 

FFY 1996 
2.9 

Commodities Total $2.9 

FORM 38 
Contractual & 
Commonities 

DETAIL 

5/9/95 



New Equipment Purchases: 
Description 

1996 EXXON VALDEZ TFVJSTEE COUNCIL PROJECT BUDGET 
October 1, 1995 ·September 30, 1996 

Those purchases associated with re_pJacement equipment should be indicated by placement of an R. 
Existing Equipment Usage: 
,Description 

Project Number: 96186 
1996 Project Title: Coded Wire Tag Recoveries from Pink Salmon, PWS 

Agency: AK Dept. of Fish & Game 

4 of 4 

Number Unit Proposed 
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 

New Equipment Total $0.0 
Number Inventory 
of Units Agency 

FORM 38 
Equipment 

DETAIL 

5/9/95 





Otolith Thermal Mass Karkinq of Hatchery Reare4 Pink Salmon in Prince 
Williaa Soun4 

Project Number: 

Restoration Cateqory: 

Proposer: 

Lead Trustee Agency: 

Cooperating agencies: 

Association 

Duration: 

Cost FY 96: 

Cost FY 97: 

Cost FY 98: 

Cost FY 99: 

Cost FY 00: 

Cost FY 01: 

Cost FY 02: 

Geographic Area: 

Injured Resource/Service: 

ABS'l'RACT 

96188 ( VJas q s-?J -z.oc') 
General Restoration 

ADF&G 

ADF&G 

Prince William Sound Aquaculture 
corporation 
Valdez Fisheries Development 

Four years 

$95,200 

$100,500 

$100,500 

$48,800 (Closeout) 

$0 

$0 

$0 

Prince William Sound 

Pink Salmon 

This project will develop otolith mass marking as an inseason stock 
separation tool for pink salmon in Prince William Sound. Inseason 
stock composition data is used by fishery managers to protect damaged 
wild pink salmon stocks from overharvest in mixed-stock fisheries. 
Coded-wire tags are presently used for this purpose in the sound. 
Otoliths are small bones in the inner ear of fish. These bones can be 
marked through systematic changes in water temperature during egg 
incubation. The resulting marks are bands of light and dark material 
in the otolith similar to the bands in a tree. These induced marks 
can be used to identify hatchery-produced salmon in mixed-stock 
fisheries. Because all hatchery-produced salmon are marked using this 
technique, the cost of catch sampling is expected to be reduced, and 
the precision of inseason stock composition estimates is expected to 
be improved. The increased precision of stock composition estimates 
will improve the fishery manager's ability to protect damaged wild 
pink salmon stocks in mixed-stock fisheries. 
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This project will be conducted cooperatively by the Alaska Department 
of Fish and Game, Prince William Sound Aquaculture corporation 
(PWSAC), and Valdez Fisheries Development Association (VFDA). In 
1995, PWSAC and VFDA installed the necessary equipment to otolith mark 
all pink salmon embryos in the Armin F. Koernig, Wally H. Noerenberg, 
cannery Creek, and Solomon Gulch hatcheries. otolith thermal marking 
will begin after the embryos have passed the eyed stage of development 
in October 1995. Heated water will be introduced at the hatchery head 
troughs allowing treatment of millions of pink salmon embryos 
simultaneously. 

The project will be conducted over two pink salmon lifecycles, marking 
both odd- and even-broodline fish. Experience with two complete 
lifecycles is needed to fully develop a program that integrates 
induced banding code quality, otolith processing rates and costs, and 
statistical designs for catch sampling. The feasibility and cost­
effectiveness of sampling the commercial catch for otoliths will 
depend upon whether a representative sample can be collected from the 
fishery. several sampling techniques will be evaluated in 1996 using 
fin-clip experiments to determine if a truly random sample is obtained 
from each tender load of fish. 

When otolith marked fish return as adults in 1997 and 1998, 
approximately 13,000 pink salmon otoliths will be processed in each 
year to estimate stock composition and corresponding confidence levels 
in PWS fisheries. The catch sampling program will also evaluate the 
variation in stock composition among tenders as well as between _ 
processors. A cost function for catch sampling will also be developed 
to produce an optimum allocation of sampling resources among tenders 
and processors. Monte carlo simulation techniques will be used in 
conjunction with the data collected in this study to assess sampling 
power and refine sample sizes. It is anticipated that this project 
will overlap with coded-wire tagging for two years to alfow for 
thorough evaluation of the otolith technique. This overlap period 
will also enable fishery managers to refine wild and hatchery pink 
salmon harvest estimates obtained using the coded-wire tag method. 

INTRODUCTION 

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

Up to 75% of pink salmon spawning in PWS occurs in intertidal areas. 
In the spring of 1989 oil from the T/V Exxon Valdez oil spill (EVOS) 
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was deposited in layers of varying thickness in intertidal portions of 
many western PWS streams utilized by spawning salmon. Pink salmon 
eggs and fry rearing in these intertidal areas appear to have been 
adversely affected by the oil. Sharr et al. (1994a and 1994b) 
observed salmon embryo mortalities which were 67%, 51%, 96%, and 80% 
higher in oiled streams than in comparable and nearby unoiled streams 
in 1989, 1990, 1991, and 1992. Weidmer (1992) also observed a high 
incidence of deformities and elevated levels of cytochrome P-450 among 
fry in oiled streams in 1989. Willette (1993) reported reduced growth 
and survival of pink salmon fry and juveniles which reared in oiled 
marine waters of PWS in 1989. Mortality differences between oiled and 
unoiled streams in 1989 and 1990 were confined to intertidal spawning 
areas and may be attributed to direct lethal effects of oil. Large 
differences observed across all tide zones in 1991 and 1992 may be the 
consequence of damage to germ cells of the adults which originated 
from the 1989 and 1990 brood years when egg and larval exposures to 
intertidal oil were greatest. A consequence of this genetic damage 
may be persistent functional sterility and reduced returns per spawner 
for populations from oiled streams. 

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

Although hatchery pink salmon production in PWS began in the 1970's, 
returns from maximum permitted levels of fry production did not occur 
until the late 1980's and early 1990's and coincided with the EVOS 
era. Wild salmon populations injured by the EVOS are exploited in 
mixed stock commercial, sport, and subsistence fisheries which are 
dominated by returns from more productive hatchery populations. Wild 
pink salmon populations originate from hundreds of streams in PWS. 
Migratory timing and abundance of wild returns in marine fishing areas 
varies among populations. To sustain production from wild populations 
managers must insure that adequate numbers of wild fish from all 
portions of the wild return escape fisheries and enter streams to 
spawn. To achieve this goal, mixed stock fisheries must be managed to 
achieve exploitation rates appropriate for less productive wild 
populations. To this end, managers must be able to distinguish wild 
from hatchery fish and estimate their relative spatial and temporal 
abundance in fishing areas. 

In addition to their dominance in the catch, hatchery stocks may also 
complicate management of PWS fisheries by straying into streams and 
spawning with wild fish. The magnitude and range of straying by both 
hatchery and wild pink salmon stocks in PWS may significantly 
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influence the success or failure of restoration efforts directed at 
wild stocks. The definition of what constitutes a wild population and 
the scale of restoration efforts may change if significant straying 
also occurs among wild populations. If straying of hatchery fish is 
significant and does lower the fitness of wild populations, 
restoration efforts which concentrate on insuring that spawning 
escapement goals are met may fail if no attention is given to the 
origins of the escapement. 

HEED FOR TBB PROJECT 

A. Statement of the Problem 

Coded wire tags have been the tool of choice for applying unique marks 
to hatchery pink salmon in PWS. The methodology has been used 
extensively to estimate hatchery and wild stock contributions to 
commercial harvests and has also been used in preliminary straying 
research. Despite its usefulness, there are drawbacks to coded wire 
tag technology. Approximately 1 million coded-wire tags must be 
applied to pink salmon fry each year to obtain catch contribution 
estimates for returning adults. Tagging and recovery are both very 
labor intensive and the number of tags applied and recovered are 
sometimes inadequate for the levels of accuracy and precision desired. 
Coded wire tags are also intrusive, tags can be shed, and tagging may 
affect subsequent survival. Tag loss through shedding and 
differential mortality of tagged individuals affects subsequent 
estimates of adult returns based on tag recoveries. There is also 
recent evidence that poor placement of coded-wire tags may cause 
salmon to stray. 

B. Rationale 

This project will develop otolith mass marking as an inseason stock 
separation tool for salmon. Because of the cost and problems 
associated with coded-wire technology, other alternatives for marking 
larger portions of populations with relatively inexpensive non­
intrusive methods must be investigated. By marking most or all of the 
fish in a population, sample sizes at the time of tag recovery may be 
much smaller without affecting the accuracy and precision of 
contribution estimates. Non-intrusive marks which cannot be shed and 
which do not affect survival or behavior will also eliminate important 
sources of error in mark-recapture population and straying rate 
estimates. This data is essential information used by fishery 
managers to reduce fishery exploitation rates on damaged wild salmon 
stocks. Coded-wire tags are presently used for this purpose, but 
otolith marking is expected to provide more accurate information at a 
lower cost. Numerous studies have documented the induction of rings 
of light and dark material on fish otoliths by manipulation of water 
temperature during embryonic stages (Bergstedt et al. 1990, Brothers 
E.B. 1990, Munk and Smoker 1990, Volk et al. 1990). Each of these 
studies has provided information regarding the'magnitude of 
temperature differences and the duration of temperature cycles needed 
to produce otolith rings. Recognizing the need to develop mass 
marking technology for pink salmon in PWS, the Alaska Department of 
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Fish and Game (ADF&G) and Prince William sound Aquaculture Corporation 
(PWSAC) reviewed the feasibility of otolith thermal marking at PWS 
hatcheries as well as otolith recovery in the commercial fisheries 
(Geiger et al. 1994). This review identified development of an 
inseason otolith sampling and mass processing program as the area 
where additional work was needed to fully develop otolith thermal 
marking technology for application as a large-scale inseason 
commercial fisheries management tool. 

c. summary of Major Hypotheses and Objectives 

The rationale for this project is based on the hypothesis that otolith 
mass marking will provide a more cost effective and precise method for 
identification of wild and hatchery pink salmon in PWS. The principal 
objective of the project is to develop a large-scale inseason stock 
separation program using otolith thermal marks for use by fishery 
managers. The increased precision in stock composition estimates by 
time and area is expected to increase the manager's ability to protect 
damaged wild salmon stocks in mixed-stqck fisheries. 

D. Completion Date 

All objectives of this multi-year project are expected to be met by FY 
98. At that time, support for a fully developed inseason stock 
separation program will likely be shared by the ADF&G and the private 
sector. 

COMMON'I'l'Y INVOLVEMENT 

This project was developed through three months of ecosystem research 
planning by the Prince William Sound Fisheries Ecosystem Research 
Planning Group (PWSFERPG) as part of the sound Ecosystem Assessment 
(SEA) program. The PWSFERPG conducted public meetings each week in 
the fall of 1993. Scientists from the University of Alaska, 
University of Maryland, .. ~.rince William sound science center, PWSAC, 
ADF&G, and u.s. Forest~~rvice participated in the planning process. 
The resulting ecosystem research plan was reviewed by scientists from 
the United States and Canada at a public workshop held in Cordova, 
Alaska in early December 1993. The methods and results of this 
project will continue to be reviewed by various scientists within the 
Program Management component of SEA. 

This project is partially sponsored by the PWSAC, the regional 
private, non-profit (PNP) aquaculture association for PWS, and Valdez 
Fisheries Development Association, a small PNP association. 
Development of mass marking programs, such as the PWS coded wire 
tagging program, has been a cooperative effort between ADF&G and PWS 
area private non-profit (PNP) aquaculture associations since the early 
1980's. PNP's, operated by a broad constituency of commercial, sport, 
personal use, and subsistence fishers and community representatives, 
review coded-wire tag project plans and results annually before 
approving subsequent funding. Operational plans and results of mass 
marking projects are also reviewed periodically by the PWS/CR Regional 
Planning Team as well as interested fishing industry groups. As part 
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of the Trustee Council NRDA and Restoration process the code-wire tag 
mass marking and recovery project has been subjected to extensive peer 
review and annual public review and comment. Results of coded-wire 
tag projects were presented at the March 1993 Oil Spill Symposium 
sponsored by the Trustee Council, the 1993 Pink and Chum Workshop, the 
annual Spring meeting of the PWSAC board of directors in 1993 and, the 
Alaska Board of Fisheries in 1994. The PWSAC and VFDA board of 
directors as well as the PWS/CR Regional Planning Team have endorsed 
development of otolith thermal mass marking of hatchery salmon in PWS. 

J'Y '' 
BUDGET 

Personnel 
Travel 
Contractual 
Supplies 
Equipment 

subtotal 
Gen. Admin. 

Total 

PROJECT DESIGN 

A. Objectives 

59.2 
2.4 

16.9 
1.6 
5.0 

85.1 
10.1 
95.2 

A total of five major objectives will be achieved when the project is 
completed. Two of these will be achieved during FY 96 and all 
subsequent fiscal years: 

1. Apply otolith thermal marks to ali pink salmon embryos rearing 
in the AFK, WHN, CCH, and SGH hatcheries. 

2. Evaluate the quality of otolith thermal marks applied to pink 
salmon embryos at AFK, WHN, CCH, and SGH hatch~ries and collect 
voucher samples. ~~ • . . . 

The three remaining objectives will be achieved in FY 97 and 98: 

3. Evaluate methodology for collecting random samples from tender 
boats. 

4. Estimate stock composition of commercial catches of pink salmon 
using otolith thermal marks. 

5. Determine optimal allocation of sampling effort and estimate 
sample sizes. 

B. Methods 

Objective 1 

Pink salmon will be marked during the eyed egg to hatch stage at PWS 
hatcheries. This approach will eliminate the need to degas the 

6 



incubation water. Gas saturation is usually not a problem for salmon 
embryos prior to hatch. Salmon eggs maintain a positive internal 
pressure which allows them to tolerate total dissolved gases (TOG) up 
to 110-116%. It would be uncommon to have TOGs of greater than 110% 
in incubation process water, but it may be possible to drive TOGs this 
high through aggressive heating. TOGs will be monitored during the 
thermal marking process. After hatch, gas supersaturation may cause 
salmon alevins to develop gas bubble disease. Expensive degassing 
equipment would be required to otolith mark pink salmon alevins. 

A unique otolith thermal banding code will be used for each pink 
salmon hatchery in PWS. A unique hatchery mark will provide 
consistency in both application and recovery of the mark. The thermal 
mark will be applied in the eyed-egg to hatch zone of the otolith. 
The eyed-egg to hatch window occurs between October and December with 
an average length of 35 days. Approximately 22 days will be required 
to apply the thermal banding code at each hatchery. The hatchery­
specific codes will be composed of 5-7 thermal rings (Table 1). A 
single code for each hatchery will allow estimation of survival rate 
by hatchery. However, hatchery operators may also need to estimate 
survival rate for three treatment groups within each hatchery. In 
this .case, a treatment-group cQde composed of three thermal rings will 
be applied in addition to the hatchery-specific basemark to 
distinguish among treatment groups. 

Table 1. Proposed basemarks for PWS pink salmon hatcheries. The 
thermal schedule describes the actual temperature regime. 
The letter "H" refers to relatively hot water, while "C" 
refers to relatively cold water; the difference between the 
two temperature levels being 3.5 degrees Centigrade. The 
number directly before the thermal level is the number of 
rearing-hours at that level. Numbers in parenthesis before 
an "X" denote the number of repetitions. 

Facility Thermal Schedule Banding 
Pattern 

cannery Creek (3X)48H:24C,(1X)96H:24C,(JX)48H:24C III 
IIII 

WHN (4X)48H:24C,(1X)96H:24C,(2X)48H:24C IIII 
III 

AFK (5X)48H:24C II III 

VFDA (7X)48H:24C IIIIIII 
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Objective 2 

Quality control during mark application is an important part of the 
otolith thermal marking program. Quality control is related to mark 
decoding, since it will largely determine a reader's ability to 
properly identify the mark. The placement of the thermal banding code 
on the otolith is critical to mark quality. The banding code will be 
applied by lot (i.e. a group of eggs taken on a single day) or groups 
of lots, when embryos are at the appropriate stage of development. 
Each incubating appliance will be sampled to ensure the mark was 
correctly applied. We expect that developmental stage and thus 
basemark placement will differ among lots within the hatchery. 
Temperature recorders will be installed at various points in the 
incubation system during mark application to document temperature 
changes. 

A stratified-random sampling design will be used to estimate the 
proportion of unmarked otoliths at each PWS pink salmon hatchery 
(Cochran 1977). One month after mark application, a random sample of 
alevins will be taken from each lot, preserved in 100% ethanol, and 
sent to the ADF&G Otolith Laboratory in Juneau. Sample sizes will be 
selected in proportion to lot size, but a minimum of 100 alevins will 
be taken from each lot. At least thirty alevins will also be 
collected from each of 20 streams during the annual pre-emergent fry 
survey conducted by ADF&G. The samples will be used initially to 
validate that each hatchery-specific code was properly applied. Blind 
tests will then be conducted to estimate the proportion of alevins_ 
marked at each hatchery. A reader's ability to distinguish hatchery­
specific codes, and marked otoliths among unmarked otoliths will used 
to determine the proportion marked. The set of otoliths for the blind 
tests will be obtained from a random subsample of alevins (n=JOO) 
taken from each hatchery sample combined with 600 wild alevins (total 
1800 otoliths). Samples from all sources will be randomly combined to 
construct six test sets of otoliths (n=JOO). This test design will 
result in a composition of otolith types very similar to that 
encountered in samples taken from the commercial fishery when the fish 
return as adults. Two blind tests will be conducted with each of 
three readers. 

Blind tests will be conducted at the ADF&G Otolith Laboratory in 
Juneau. After the otoliths are extracted from the alevins, they will 
be fixed to a glass slide with thermo-plastic cement. A grinding 
wheel will be used to remove material from one side of the otolith and 
expose the internal structures. The depth of grinding will be 
monitored by repeated viewing under a dissecting microscope. After 
the internal bands are exposed, the thermal mark will be decoded under 
a compound microscope. 

Obiectiye 3 

The feasibility and cost effectiveness of sampling the commercial 
catch for otoliths will depend upon obtaining a truly random sample 
from the harvest. This project component will focus on development of 
a methodology for collecting random samples from tender boats 
unloading salmon onto conveyor belts at processing plants. Twenty 
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experiments will be performed during the 1997 fishery (FY 97) to 
determine whether random samples can be obtained. During each 
experiment, ADF&G technicians will (1) monitor the total number of 
salmon loaded on a tender, and (2) add 1,000 externally marked salmon 
(e .• g. with clipped dorsal fins) to the load. The placement of marked 
salmon in the load would be varied for different experiments. A 
sample of 510 salmon from each of these 20 tenders will be collected 
as salmon are unloaded and moved along conveyor belts into processing 
plants. If random samples are obtained, the estimate of the 
proportion of marked salmon in each tender load will fall within plus 
or minus 5% of the true proportion 19 out of 20 times. If our 
sampling design fails to meet this criterion, modifications will be 
made and further tests performed in 1997 and 1998. A more detailed 
description of otolith catch sampling experiments will be presented in 
th~ FY 97 detailed project description. 

Objective 4 

The stock composition of pink salmon catches will be estimated using 
otolith thermal marks in 1997 and 1998.' Technicians will sample all 
tender boats delivering PWS pink salmon to processors in southcentral 
Alaska. The catch sampling program for recovery of otolith thermal 
marks will be highly integrated with the existing coded-wire tag 
recovery program. A considerable cost savings will be realized as a 
result. Technicians will employ a tender boat sampling methodology 
developed during the 1996 season. Inseason mass processing of 
otoliths will be conducted at the ADF&G otolith laboratory in Juneau. 
A more detailed description of the otolith catch sampling and mass· 
processing program will be presented in the FY 97 detailed project 
description. 

Objective 5 

The proposed catch sampling program will estimate (1) the variance 
around estimates of the number of otolith-marked salmon within and 
among tender boats and among processors, and (2) the cost function for 
the otolith·sampling program. This information will be used to 
estimate sample sizes and to develop an optimum allocation of sampling 
resources among tenders and processors (Cochran 1963). A more 
detailed description of this component of the project will be 
presented in the FY 97 detailed project description. 

Literature Cited 

Bergstedt, R.A., R.L. Eshenroder, c. Bowen, J.G. Seelye, and J.C. Locke. 
1990. Mass-marking of otoliths of Lake Trout sac fry by 
temperature manipulation. In: Fish-Marking Techniques: 
Proceedings of the International Symposium and Educational 
Workshop on Fish-Marking Techniques, N. Parker, et al. (eds.), 
University of Washington, Seattle, Washington. 

Bernard, D.R. 1983. Variance and bias of catch allocations that use the 
age composition of escapements. Alaska Department of Fish and 
Game, Division of Commercial Fisheries, Informational Leaflet 
No. 227. Juneau, Alaska. 

9 



Brothers, E.B. 1990. Otolith Marking. In: Fish-Marking Techniques: 
Proceedings of the International Symposium and Educational 
Workshop on Fish-Marking Techniques, N. Parker, et al. (eds.), 
University of Washington, Seattle, Washington. 

cochran, W.G. 1977. Sampling Techniques. Third edition, John Wiley & 
Sons, Inc. New York, New York. 

cross, B.A. and B.L. Stratton. 1991. Origins of sockeye salmon in east 
side Bristol Bay fisheries in 1988 based on linear 
discrimination function analysis of scale patterns. Alaska 
Department of Fish and Game, Division of Commercial Fisheries, 
Technical Fishery Report No. 91-09. Juneau, Alaska. 

Dabrowski, K. and K. Tsukamoto. 1986. tetracycline tagging in coregonid 
embryos and larvae. Journal of Fish Biology 29:691-698. 

Fournier, D.A., T.D. Beacham, B.E. Riddell, and c.A. Busack. 1984. 
Estimating stock composition in mixed stock fisheries using 
morphometric, meristic, and electrophoretic characteristics. 
Can. J. Fish. Aquat. Sci. 41: 400-408. 

Geiger, H.J. 1990. Pilot studies in tagging Prince William Sound hatchery 
pink salmon with coded-wire tags. Alaska Department of Fish and 
Game, Division of Commercial Fisheries, Fishery Research 
Bulletin No. 90-02. 

Geiger, H.J., K. Munk, B.G. Bue, M. Willette. 1994. Technical Issues and 
costs of otolith marking Prince William Sound hatchery pink 
salmon for fisheries management. Alaska Department of Fish and 
Game, Division of Commercial Fisheries Management and 
Development, Regional Informational Report No. 5J94-07, Juneau. 

Hettler, W.F. 1984. marking otoliths by immersion of marine fish larvae in 
tetracycline. Transactions of the American Fisheries Society 
113:370-373 •. 

(,! 
~; 

Munk, K.M. and w.w. smoker. 1990. Temperature-induced marks in otoliths 
of pink salmon embryos. Juneau School of Fisheries and Ocean 
sciences Report 90-01. University of Alaska, Juneau, Alaska. 

Munk, K.M, w.w. Smoker, D.R. Beard, R.W. Mattson, 1993. A hatchery 
water-heating system and its application to 100% thermal marking 
of incubating salmon. Progressive Fish-culturist 55:284-288 

Peltz, Larry and Jack Miller. 1990. Performance of half-length coded wire 
tags in a pink salmon hatchery marking program. Fish Marking 
Techniques. American Fisheries Society Symposium 7:244-252. 

Secor, D.H., M.G. White, and J.M. Dean. 1991. Immersion marking of larval 
and juvenile hatchery-produced striped bass with 
oxytetracycline. Transactions of the American Fisheries Society 
120:261-266. 

10 



Sharr, s., B.G. Bue, S.D. Moffitt, and A. Craig. 1994a. Injury to salmon 
eggs and preemergent fry in Prince William sound. Federal/State 
Natural Resources Damage Assessment Fish/Shellfish Study Number 
2 Final Report, Alaska Department of Fish and Game, Cordova. 

Sharr, s., B.G. Bue, S.D. Moffitt, A. Craig, and G.D. Miller. 1994b. 
Injury to salmon eggs and preemergent fry in Prince William 
Sound. Federal/State Natural Resources Restoration study Number 
60A Final Report, Alaska Department of Fish and Game, Cordova, 
Alaska. 

Sharr, s., c.J. Peckham,· D.G. Sharp, L. Peltz, J.L Smith, M.T. Willette, 
D.G. Evans, and B.G. Bue. 1994c. Coded wire Tag Studies on 
Prince William Sound Salmon. Federal/State Natural Resources 
Damage Assessment Fish/Shellfish Study Number 3 Final Report, 
Alaska Department of Fish and Game, Cordova, Alaska. 

Thompson, Steven K. 1992. Sampling. Wiley-Interscience. New York. 344 
pp. 

Volk, Eric, Steven L.Schroder, and Kurk L. Fresh. 1990. Inducement of 
unique banding patterns as a practical means to mass-mark 
juvenile Pacific salmon. Fish Marking Techniques. American 
Fisheries Society Symposium 7:203-215. 

Wiedmer, M. 1992. Cytochrome P-450 induction of pink salmon (Oncorhyncus 
gorbuscha) eggs and larvae in Prince William Sound, Alaska: 
Effects of the Exxon Valdez oil spill, Alaska Department of Fish 
and Game, Habitat Division, Technical Report No. 92-3, Juneau, 
Alaska. 

Willette, T.M. 1993. Early marine salmon injury assessment in Prince 
William sound. Federal/State Natural Resources Damage 
Assessment, Fish/Shellfish study Number 4 Final Report, Alaska 
Department of Fish and Game, Cordova, Alaska. 

c. contracts and other Agency Assistance 
~~ 
':-" .. ,. 

The ADF&G Commercial Fisheries Management and Development Division 
will ensure (1) that information obtained from this project is 
adequately documented and catalogued, and (2) that biometrics review 
of project methods and data analyses is obtained. The ADF&G Otolith 
Laboratory will process all otolith samples collected during this 
project. Since this project is a cooperative study conducted jointly 
by the ADF&G, PWSAC, and VFDA, contractual service agreements will be 
needed for application of thermal marks at each hatchery. 

D. Location 

This project will be conducted in the PWS region. Embryos will be 
thermally marked at the AFK, WHN, CCH, and SGH hatcheries operated by 
PWSAC and VFDA. otolith code development and quality control work 
will be conducted at the ADF&G otolith Laboratory in Juneau. In 
future years, an otolith catch sampling program will be developed. 
catch sampling will likely occur in all PWS communities (e.g. Cordova, 
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Valdez, Whittier), as well as, in Anchorage, Kenai, and Kodiak. Data 
analyses and reporting will be completed by ADF&G staff in cordova and 
Anchorage. 

SCHEDULB 

A. Measurable Project Tasks for FY 96 

This project will be conducted over one pink salmon life cycle for 
both the odd- and even-broodline populations. Embryos will be otolith 
marked in the fall of 1995 and 1996. Salmon from the 1995 and 1996 
year classes will return to PWS as adults in the summers of 1997 and 
1999. The following tasks will be accomplished in FY 96: 

Start-up to December: Apply thermal marks to BY 95 embryos at four 
pink salmon hatcheries 

January - February: 

March - June: 
April 15: 
July - September: 

April 1997: 

Collect samples from incubators to evaluate 
thermal mark quality 
Process and evaluate otoliths 
Submit annual project report for FY 1995 
Analyze data, make recommendations, develop 
FY 97 DPD 
Submit annual project report for FY 1997 

B. Project Milestones and Endpoints 

The following milestones and endpoints will be achieved over the iife 
of the project: 

December 1995: 

December 1996: 

June 1996: 

June 1997: 

September 1997: 

February 1998: 

February 1999: 

c. Project Reports 

Objective 1 - Apply thermal marks to brood year 
1995 embryos 
Objective 1- Apply thermal marks to'brood year 
1996 embryos 
Objective 2 - Evaluate thermal mark quality for 
brood year 1995 
Objective 2 - Evaluate thermal mark quality for 
brood year 1996 
Objective 3 - Evaluate tender sampling 
methodology 
Objective 4 - Estimate harvest stock composition 
for b~ood year 1995 
Objective 5 - Estimate harvest stock composition 
for brood year 1996 

An annual project report will be submitted by April 15 of each year. 

COORDINATION AND INTEGRATION OF RESEARCH EFFORT 

The Otolith Mass Marking Project (96320C) is integrated with several 
other salmon restoration projects in PWS. This project will 
complement the Sound Ecosystem Assessment (SEA) program (Project 
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96320). SEA is a multi-disciplinary program designed to develop an 
understanding of the mechanisms regulating ecosystem function in PWS. 
SEA is focused on interactions of pink salmon and herring with other 
components of the PWS ecosystem. Otolith marked salmon will provide a 
valuable tool for examining interactions between wild and hatchery 
salmon during the early marine period. The Salmon Growth component of 
SEA will utilize otolith marked juvenile pink salmon to (1) evaluate 
habitat overlap between wild and hatchery salmon, (2) examine size 
composition of wild and hatchery salmon in mixed schools, and (3) 
develop a tagging program to estimate juvenile salmon mortality within 
PWS and the Gulf of Alaska. The Salmon Predation component of SEA 
will utilize otolith marked juvenile salmon to determine if predators 
select wild or hatchery salmon. 

Project 94192, Hatchery Salmon Straying, was deferred to 1997 to allow 
development of otolith thermal marking technologies in PWS. Without 
the availability of a non-intrusive mass marking methodology it is 
unlikely that reliable estimates of total return, survival, and 
straying rates for wild salmon populations can be obtained. 
Therefore, the'monitoring, research and restoration objectives of this 
project are also important to the Pink Salmon Genetics and the Pink 
salmon Egg and Alevin Mortality projects. 

The existing ADF&G fishery management program in PWS will provide 
salmon catch data needed to complete this project. An ADF&G 
preemergent fry program would provide otolith samples from wild salmon 
stocks in PWS. However, this program is not in the agency base budget 
and may not be operated in 1996. The ADF&G permanent staff of 
biologists and biometricians will write operational plans and provide 
overall supervision for this project. PWSAC and VFDA will use thermal 
mass marking to place unique marks on the otoliths of all pink salmon 
fry released from their facilities beginning in brood year 1995. The 
ADF&G Otolith Laboratory in Juneau will process all otoliths recovered 
from experiments and recovery operations. 

ENVIRONMENTAL COMPLIANCE 

This project has qualified for a categorical exclusion to the 
requirements of the National Environmental Policy Act. 

PERSONNEL 

MARK WILLETTE - Principal Investigator 
Alaska Department of Fish and Game,.commercial Fisheries Management 
and Development Division 
P.O. Box 669 
Cordova, Alaska 99574 
(907)424-3214 

EMPLOYMENT: 
March 1991 - present: Area Biologist with the Alaska Department 
of Fish and Game, Commercial Fisheries Management and 
Development Division in Cordova, Alaska, supervised by Dr. 

13 



Stephen Fried. Conducted various fisheries enhancement and 
evaluation projects in PWS including juvenile salmon growth 
studies, lake stocking, limnological investigations of sockeye 
salmon producing lakes, and quality control of coded-wire 
tagging at private hatcheries. Conducted fisheries 
oceanographic studies in PWS in cooperation with private 
hatcheries and University of Alaska investigators. Chairman of 
PWS Regional Planning Team. Principal Investigator for Natural 
Resource Damage Assessment Study FS4A: Injury Assessment for 
Juvenile Salmon in Prince William Sound; Restoration Project 
R105: Survey and Evaluation of Instream Habitat and Stock 
Restoration Techniques for Wild Salmon in Prince William Sound; 
Restoration Project 93024: Restoration of the Coghill Lake 
Sockeye Salmon Stock. 

March 1986 - February 1991: Fisheries Instructor/ Assistant 
Research Professor, University of Alaska Fairbanks, School of 
Fisheries & Ocean Sciences, supervised by Dr. Don Kramer. 
Conducted research on effects of oceanographic conditions on 
growth and survival of juvenile salmon in PWS, fish 
bioenergetics in an arctic lagoon ecosystem, age and growth of 
juvenile fish in the Chukchi and Bering Seas, ocean temperature 
variability in the North Pacific Ocean and effects on pink 
salmon production, and salmon feeding on the high seas. 
Designed and implemented a program of education, research, and 
public service to promote fisheries development in northwest 
Alaska. Taught college level course in oceanography as well as 
marine safety and vocational training courses in fisheries. 

EDUCATION: 
1985 Master of Science, Fisheries Oceanography, University of Alaska 

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

Fairbanks. 

PETER HAGEN - Cooperating Investigator (Otolith Laboratory Director) 
Department of Fish and Game, Commercial Fisheries Management and 
Development Division P.O. Box 20 

Douglas Alaska, 99824-0020 

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

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

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

EDUCATION: 
1994 Doctor of Philosophy (Candidate) Fisheries, University 
of Alaska, Fairbanks 
1986 Master of Science, Fisheries, University of Alaska, 
Juneau 
1981 Bachelor of Science, Fisheries science, University of 
Washington 
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KRISTEN M. MUNK - Cooperating Investigator (Otolith Laboratory 
Biologist) 
Alaska Dept of Fish & Game, commercial Fisheries Management and 
Development Division 
PO Box 240020 
Douglas, AK 99824 

EMPLOYMENT: 
Fisberies Biologist responsible for developing mass-processing 
techniques for recovery of otolith thermal marks, coordinating 
and conducting age analyses of groundfish structures, and 
supervising production of otolith processing and age structure 
information in the ADF&G-CFMD Otolith Lab. 

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

EDUCATION: 
1989 Bachelor of Science, Zoology, University of Hawaii 

DAVID EVANS - Cooperating Investigator (Biometrician) 
Department of Fish and Game, Commercial Fisheries Management and 
Development Division 333 Raspberry Rd. 

Anchorage, Alaska 99518 

EMPLOYMENT: 
October, 1991 - present: Biometrician I with Alaska Dept. of 
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Fish and Game. Primary responsibility has been analysis of 
coded-wire-tag data from Prince William Sound. Design of the 
statistical procedures and computer spread sheets used for 
inseason analysis of tag·recovery data. Oversight of most of 
the post season data analyses and co-author of interim and final 
reports for the 1991 NRDA F/S Study #3, the 1992 Restoration 
Study 60C, and 1993 Restoration studies 93137 and 93184. 

EDUCATION: 
1991 Master of Science, Statistics, Oregon State University 
1988 Doctor of Philosophy, Soil Science, University of 
Guelph (Ontario, Canada) 
1984 Master of Science, Soil Science, University of Guelph 
(Ontario, Canada) 
1981 Bzchelor of Science, Soil Science, University of 
Nottingham (U.K.) 

Mark W~llette, Inter~m Pr~nc~pal Invest~gator 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
P.O. Box 669 
cordova, Alaska 99574-669 
(907) 424-3214 (phone) 
(90 424-323 (FAX) 

I 
' 

Jo Sull~van, Fisher1es Program Manager 
Al k Department of Fish and Game 
Habitat and Restoration Division 
333 Raspberry Rd. 
Anchorage, Alaska 99518-1599 
(907) 267-2213 (phone) 
(907) 344-3148 (FAX) 

Date prepared 
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Subtotal 
General Administration 

Project Total 

Full-time Equivalents (FTE) 
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Comments: 

1996 

Prepared: 
1 of j~ 

1996 EXXON VALDEZ TjiU~ 11:.: COUNCIL PROJECT BUDGET 
October 1, 1 995 - September 30, 1 996 

Authorized 
FFY 1995 

Proposed 
FFY 1996 

Project Number: 96188 

Dollar amounts are shown in thousands of dollars. 

Project Title: Otolith Thermal Mass Marking of Hatchery Pink Salmon 
in Prince William Sound 

Agency: AK Dept. of Fish & Game 

Estimated 
FFY 2002 

$0.0 

FORM 3A 
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1996 EXXON VALDEZ TliUSTEE COUNCIL PROJECT BUDGET 
October 1, 1995 • September 30, 1996 

Personnel Costs: 
PM Name 

Vacant 
Kris Munk 
Vacant 
D. Evans 

* PCN 117021 

Position Description 
Fishery Biologist Ill 
Fishery Biologist I 
Fish & Wildlife Technician Ill 
Biometrician 
Fishery Biologist Ill 

Subtotal 

GS/Range/ 
Step 

18D 
14E 
11A 
19C 
18L 

Those costs associated with program management should be indicated by placement of an *. 
Travel Costs: Ticket 
PM Descri tion Price 

Cordova·Anch. to attend annual EVOS workshop 
Anch. - Cordova for biometrics support on catch sampling 
Juneau - Cordova for training of hatchery staff on mark appl. 

200 
200 
300 

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

Project Number: 96188 

Months 
Budgeted 

3.0 
1.0 
3.0 
3.0 
1.0 

11.0 

Round 
Trips 

1 
2 
1 

1996 Project Title: Otolith Mass Marking of Hatchery Pink Salmon in 
Prince William Sound 

Agency: AK Dept. of Fish & Game 

2 of j1 

Monthly 
Costs 
5,915 
4,676 
3,509 
6,095 
6,333 

26,528 

Overtime 
0 
0 
0 
0 
0 

0 
Personnel Total 

Total Daily 
Days Per Diem 

4 95 
6 95 
5 95 

Travel Total 

Proposed 
FFY 1996 

17.7 
4.7 

10.5 
18.3 

6.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

$57.5 
Proposed 

FFY 1996 
0.0 
0.6 
1.0 
0.8 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

$2.4 

FORM 38 
Personnel 
& Travel 
DETAIL 
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1996 EXXON VALDEZ T~U~ COUNCIL PROJECT BUDGET 
October 1, 1 995 - September 30, 1 996 

Contractual Costs: 
Description 

Air charter for training at hatcheries (5 hrs. @ 275 per hr) 
Fuel for otolit~ thermal mark application at Solomon Gulch Hatchery (5200 gals. @ $1 .0 per gal.) 
Fuel for otolith thermal mark application at three PWSAC hatcheries (1 0300 gals. @ $1.0 per gal.) 

When a non-trustee organization is used, the form 4A is required. 
Commodities Costs: 
Description 

Cell culture trays 
Acetate compression plate 
Grinding paper 
Glass slides - regular 
Glass slides - petrographic 
Slide boxes 
vials, storage alcohol 
Mise forceps and gloves 

1996 

3 of 4 

Project Number: 96188 
Project Title: Otolith Mass Marking of Hatchery Pink Salmon in 

Prince William Sound 
Agency: AK Dept. of Fish & Game 

Proposed 
FFY 1996 

1.4 
5.2 

10.3 

Contractual Total $16.9 
Proposed 

FFY 1996 

0.1 
0.1 

' 0.2 
0.2 
0.3 
0.3 
0.2 
0.2 

Commodities Total $1.6 

FORM 38 
Contractual & 
Commodities 

DETAIL 
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New Equipment Purchases: 
Description 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1 996 

Dissecting microscope (Wild M3z, 1 .OX apo objective) 

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

Boiler module (Temp. inc. 21 deg. F and 200 gpm) 
Boiler modules (Temp. inc. 21 deg. F and 200 gpm) 
Boiler module (Temp. inc. 21 deg. F and 200 gpm) 

Project Number: 96188 

1996 Project Title: Otolith Mass Marking of Hatchery Pink Salmon in 
Prince William Sound 
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We propose to construct a detailed genetic linkage map for pink salmon by analyzing the genetic 
transmission of several hundred DNA polymorphisms. The ability to genetically map the location of 
oil induced lesions will allow the thorough identification, description, and understanding of oil 
induced genetic damage. This research will also aid other recovery efforts with pink salmon, 
including estimation of straying rates, description of stock structure, and testing if marine survival 
has a genetic basis. 

INTRODUCTION 

We propose to construct a genetic linkage map for the pink salmon genome. Such a map 
would provide the necessary platform for identifying genetic damage in pink salmon inhabiting oiled 
streams following the March 1989 Exxon Valdez oil spill (EVOS). A detailed genetic map would 
also aid other recovery efforts with pink salmon, including estimation of straying rates, description 
of stock structure, and testing if marine survival has a genetic basis. 

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

This work will have important significance for ongoing work with pink salmon under the 
project Oil-Related Embryo Mortalities (Restoration Study 95191A). That project proposes to 
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identify germline mutations in pink salmon exposed to oil. As explained in the FY95 Detailed 
Project Description (95191A), genetic damage induced by oil may either be small changes in 
nucleotide sequence (microlesions) or large-scale changes in chromosome structure (macrolesions). 
Restoration Study 95191 A proposes to screen pink salmon DNA in order to detect such lesions. 
A detailed genetic map for pink salmon would be invaluable for interpreting the results of 
Restoration Study 95191A in several ways. First, it will be possible by following the inheritance of 
any DNA lesions to determine if they are micro- or macro-lesions. Second, these lesions can be 
mapped to determine if they are randomly spread throughout the genome or if they occur at 
mutational "hot spots" that are susceptible to oil induced damage. 

The construction of a detailed linkage map will also serve as a basis for understanding genetic 
aspects of pink salmon restoration and supplementation. This work will be performed on both odd­
and even-year pink salmon because of the known genetic differences between these fish. In addition, 
the outbreeding depression found in hybrids suggests that there are chromosomal differences between 
odd- and even-year fish (Gharrett and Smoker, 1991). 

NEED FOR THE PROJECT 

A. Statement of Problem 

Elevated embryo mortalities were detected in populations of pink salmon (Oncorhynchus 
gorbuscha) inhabiting oiled streams following the March 1989 Exxon Valdez oil spill (EVOS). These 
increased rates of mortality persisted through the 1993 field season, three generations after the oil 
spill, suggesting that genetic damage may have occurred as a result of exposure to oil during early 
developmental life-stages. The consequences of the putative genetic damage include impaired 
physiological function of individuals and reduced reproductive capacity of pink salmon populations. 

The aggregate of evidence from the field studies and incubation experiment suggests that the 
embryos exposed to oil in 1989 and 1990 accumulated deleterious mutations in the germline 
(reviewed in Detailed Project Description of Project 95191A). This hypothesis of genetic damage is 
consistent with previous field observations and laboratory experiments on the effects of crude oil on 
early life stages of fish. Long term intra-gravel oil exposures (7-8 months) to freshly fertilized eggs 
provide embryos sufficient time to accumulate polynuclear aromatic hydrocarbons (PAR's) from very 
low aqueous concentrations of crude oil. PAR's are abundant in crude oil and are potent clastogens 
(i.e. capable of breaking chromosomes). 

Mironov (1969) observed reduced survival of fish embryos and larvae exposed to very low 
aqueous doses (1 ul oil/1 seawater) of oil. Longwell (1977) reported genetic damage in pelagic 
embryos affected by the ArgoMerchant oil spilL Moles et al. (1987) confirmed that pink salmon 
embryos take up PAR's and demonstrated that the uptake was much greater in an intertidal 
environment than in strictly freshwater conditions. Biggs et al. (1991) found greater numbers of 
chromosome aberrations in larval herring which incubated in oiled areas than in non-oiled areas. It is 
likely that the same type of damage may have occurred in pink salmon, and this damage could have 
affected the germline of exposed individuals (Malkin 1994). 

B. Rationale 
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The recovery objective for pink salmon is healthy and productive populations that exist at 
prespill levels or levels in unoiled areas. An indication of recovery is when egg mortality in oiled 
areas match prespill or levels in unoiled areas. The genetic map we propose to construct will be 
essential for detecting and understanding causes of reduced egg and embryo survival in oiled areas. 

The genetic damage caused by exposure to oil may persist longer in populations of pink 
salmon than in other vertebrates because of the tetraploid nature of the salmonid genome. Salmonid 
fishes went through a tetraploid event some 25 million years ago that duplicated their entire genome 
(Allendorf and Thorgaard 1984). The extra genes in pink salmon may mask the effects of mutational 
damage caused by recessive deleterious alleles. The effects of these deleterious mutations may be 
uncovered in subsequent generations. 

This fundamental genetic information would be of great assistance for three of the four 
Components of the Pink Salmon Restoration Program: 

Toxic Effect of Oil on Pink Salmon: genetic mapping is essential for identifying genetic 
lesions induced by exposure to oil. 

Stock Separation and Management: the genetic markers identified in the course of this study 
will provide greatly increased power and resolution to identify stocks of pink salmon 
on a very fme scale. 

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

Information gained from this study will provide resource managers with insight into the 
magnitude and persistence of damages sustained by wild pink salmon due to EVOS. Efforts to 
restore damaged pink salmon populations depend upon the ability of fishery managers to identify 
sources of reduced survival and to monitor their persistence. The potential of long term oil 
exposures to cause genetic damage needs to be understood so that spawning escapement goals can be 
adjusted if necessary. In addition, verification of the genetic hypothesis would provide the first 
evidence that the germline of fish exposed to chronic or acute sources of oil pollution can be 
affected. 

Our results may have relevance for other fish species as well (e.g., Pacific herring, Clupea 
pallasz). Comparative gene mapping has shown that the linkage groups in a wide variety of 
vertebrates have been conserved. If we find that certain loci in pink salmon are mutational 
"hotspots" for oil induced damage, it would be possible to look for similar hotspots in Pacific herring 
or other fish species (e.g., rockfish, Sebastes). 

C. Summary of Major Hypotheses and Objectives 

Our primary objective is to construct a detailed genetic linkage map for pink salmon by 
analyzing the genetic transmission of several hundred DNA polymorphisms in pink salmon. We will 
use several types of different genetic markers. The primary type will be so-called random amplified 
polymorphic DNA's (RAPD's) using the polymerase chain reaction (PCR). Our goal is to map 
several hundred of these loci so that we have a detailed saturated linkage map. We will use these 
RAPD loci as a basis for mapping other DNA polymorphisms (e.g., microsatellite loci), as well as 
loci encoding protein polymorphisms (allozymes). 

3 



This genetic map will allow testing of several hypotheses of Project 95191A related to 
identifYing sites of genetic damage (lesions) induced by exposure to oil. The primary hypotheses are: 
(1) Genetic lesions have been induced by oil exposure; (2) These lesions are caused by point 
mutations (microlesions); (3) These lesions are caused by chromosomal breakage and deletions 
(macrolesions). 

Secondary objectives of this proposed research are to develop a large number of genetic 
markers for estimation of straying rates, stock separation, and management of pink salmon and for 
evaluating the success and potential detrimental effects of supplementation programs. A genetic map 
will also allow us to test the hypothesis that marine survival has a genetic basis to it. We also have a 
variety of specific genetic hypotheses that we will test as explained in the more detailed Project 
Design. 

D. Completion Date 

We propose to continue this work for five years. This will allow us to complete 
multigenerational studies of inheritance with pink salmon. New genetic markers will be developed in 
the first year of the study. However, it will take several years to map the markers in both males and 
females in both odd- and even-year fish. Different objectives will be met throughout the course of 
the research. This project would be carried out in collaboration with Dr. James E. Seeb, Alaska 
Department of Fish and Game. The primary laboratory aspects of this research would be carried out 
at the University of Montana. We propose to use the Alaska SeaLife Center Research Facilities at 
Seward when they are available. Such a facility will greatly strengthen genetic investigations with 
pink salmon by allowing multigenerational studies. We cannot estimate budget costs after the first 
two years without knowing the cost structure of using the Alaska SeaLife facility. 

COMMUNITY INVOLVEMENT 

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

FY 96 BUDGET 

Personnel 
Travel 
Commodities 
Equipment -

Subtotal 
Indirect Costs 

Total 

130.0 
4.5 

23.5 
22.0 

180.0 
60.0 

240.0 
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PROJECT DESIGN 

LITERATURE CITED 

Allendorf, F. W. and G. H. Thorgaard. 1984. Tetraploidy and the evolution of salmonid fishes. 
Pages 1-53 in B. J. Turner, ed. Evolutionary Genetics of Fishes. Plenum Publishing Corp., 
New York. 

Biggs, E., T. Baker, M. McGurk, J. E. Hose and R. Kocan. 1991. Injury to Prince William Sound 
Herring. State/Federal Natural Resources Damage Assessment Draft Preliminary Status 
Report. Unpub. rep. Alaska Department of Fish and Game, Cordova, AK. 

Gharrett, A.J. and W.W. Smoker. 1991. Two generations of hybrids between even-year and odd-year 
pink salmon (Oncorhynchus gorbuscha): A test for outbreeding depression? Can. J. Fish. 
Aquat. Sci. 48:1744-1749. 

Longwell, A. C. 1977. A genetic look at fish eggs and oil. Oceanus 20(4):46-58. 

Malkin, D. 1994. Germline p53 mutations and heritable cancer. Annual Reviews in Genetics 
28:443-465. 

Mironov, 0. G. 1969. The development of some Black Sea fishes in seawater polluted by 
petroleum products. Probl. Ichthyol. 9(6):1136-1139 

Moles, A., M. M. Babcock and S.D. Rice. 1987. Effects of oil exposure on pink salmon 
(Oncorhynchus gorbuscha) alevins in a simulated intertidal environment. Marine 
Environment Research 21:49-58. 

Postlethwait, J.H. and 14 other authors. 1994. A genetic linkage map for the zebrafish. Science 
264:699-703. 

SCHEDULE 

COORDINATION AND INTEGRATION OF RESTORATION EFFORT 

ENVIRONMENTAL COMPLIANCE 

Our laboratory is regularly screened by the Environmental Health Department of the 
University of Montana for compliance with all federal, state, and local environmental laws and 
regulations. 
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PERSONNEL 

Project Leader: FRED W. ALLENDORF 

BIRTH: 29 April 1947; Philadelphia, Pennsylvania 

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

EDUCATION: 

POSITIONS: 

1975-1976 

1976-1979 
1978-1979 

1979-1984 
1983-1984 

1984-1989 
1989-1990 

1992-1993 
1990-
1993-

B.S., Zoology, Pennsylvania State University, 1971 
M.S., Fisheries, University of Washington, 1973 
Ph.D., Genetics and Fisheries, University of 

Washington, 1975 (co-directors, Joe Felsenstein and Fred Utter) 

Lektor, Department of Genetics and Ecology, Aarhus 
University, Denmark 

Assistant Professor of Zoology, University of Montana 
NATO Fellow, Genetics Research Unit, University of 

Nottingham, England 
Associate Professor of Zoology, University of Montana 
Visiting Scientist, Department of Genetics, Univ. of 

California, Davis 
Professor of Zoology, University of Montana 
Program Director, Population Biology and 

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

Program, University of Montana 

HONORS: NATO/NSF Postdoctoral Fellowship, University ofNottingham, 
1978-1979 

European Molecular Biology Organisation (EMBO), Fellowship, 
University of Stockholm, 1979 

Distinguished Scholar Award, University of Montana, June 
1985 

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

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

_ Burlington Northern Faculty Achievement Award for Research, 
University of Montana, May 1991 

Elected Member, AAAS Council (Biological Sciences Division) 

MAJOR GRANTS: 
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National Science Foundation Research Grant, EPSCR, 
1980-1983, $70,000 

National Science Foundation Research Grant, Population 
Biology, 1980-1982, $60,000 

National Science Foundation Research Grant, Population 
Biology, 1983-1986, $121,000 

National Science Foundation, Faculty Research 
Opportunity Award, 1986, $10,000 

United States Department of Agriculture (USDA) 
Grant, Aquaculture, 1983-1985, $43,000 

National Science Foundation Research Grant, Population Biology, 
1986-1989, $148,000 

National Science Foundation, Dissertation Research Grant, 
Steve Forbes, 1988-1990, $9,850 

National Science Foundation Research Grant, 
Population Biology, 1989-1993, $150,000 

National Science Foundation Research Grant, Conservation 
and Restoration Biology, 1993-1996, $250,000 

ASSOCIATE EDITORSIDPS: Evolution (1987 -1990) 
Journal of Heredity (1986-1989) 
Progressive Fish Culturist ( 1986-1989) 
Molecular Biology and Evolution (1994- ) 

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

PROFESSIONAL SERVICE: 

Panel Member, Population Biology and Physiological Ecology, National Science Foundation 
(1987-1989) 

Panel Member, International Program, National Science Foundation (1987) 
Panel Member, Conservation and Restoration Biology, National Science Foundation 

(1991-1992) 
Council Member, The American Genetic Association (1986-1989) 

Genetics Nomenclature Committee, American Fisheries Society (1986-present) 
Member, Committee on the Protection and Management of Pacific 

Northwest Anadromous Salmonids, National Research Council (1992-present) 
Chair, Committee of Visitors, Systematic and Population 

Biology Programs, National Science Foundation (1993) 

PROFESSIONAL SOCIETIES: Society for the Study of Evolution 
American Society of Naturalists 
Genetics Society of America 
Society for Conservation Biology 
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American Association for the Advancement 
of Science 

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

FOREIGN POSITIONS/GRANTS: 

1975-1976 Postdoctoral research position, Department of Genetics 
and Ecology, Aarhus University, Aarhus, Denmark. 

Oct 1975 Visiting scientist, Department of Genetics, Stockholm 
University, Stockholm, Sweden. 

1977 Participating scientist, Biochemical investigations of the 
evolution of genes and enzymes (C. Markert, Yale University, P. I.). Aboard 
Research Vessel Alpha Helix in Caribbean Sea (Belize, Honduras, and 
Panama). Nov-Dec. 

1978-1979 NATO/NSF Postdoctoral Fellow, Laboratory of Professor Bryan 
Clarke, Genetics Research Unit, University of Nottingham, England. 

Sep 1978 Genetics Society of America Grant to attend XIV International 
Congress of Genetics, Moscow, USSR. 

1979 EMBO Short-term Fellow, Department of Genetics, Stockholm 
University, Stockholm, Sweden. May-Jun. 

Dec 1983 Genetics Society of America Grant to attend XV International 
Congress of Genetics, Delhi, India. 

Jan 1989 USDA supported visit to Republic of China (Taiwan) to confer and 
advise on genetics and conservation of biodiversity. 

Aug 1993 Selected to organize workshop on Conservation Biology and 
Genetics at the XVII International Congress of Genetics, Birmingham, England. 

BOOK CHAPTERS: 

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

Utter, F.M., H.O. Hodgins, and F.W. Allendorf. 1974. Biochemical genetic studies of fishes: 
potentialities and limitations. In: Biochemical and Biophysical Perspectives in Marine 
Biology, Vol. 1, pp. 213-238. 

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

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

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

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

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

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

Allendorf, F.W., N. Ryman, and F.M. Utter. 1987. Genetics and fishery management: Past, present, 
and future. In: Population Genetics and Fisheries Management, edited by N. Ryman and 
F.M. Utter. University of Washington Press, pp. 1-19. 

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

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

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

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

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

Allendorf, F.W., and R.S. Waples. In press. Conservation genetics of 
salmonid fishes. In: Conservation Genetics, edited by J.C. Avise and J.L. Hamrick. Chapman 
& HalL 

ARTICLES: 

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

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

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

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

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

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

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

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

Utter, F.M., F.W. Allendorf, and B.P. May. 1976. The use of protein variation in the 
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management of salmonid populations. Trans. 1st North American Wildlife and Natural 
Resources Conference. pp. 373-384. 

Utter, F.M., F.W. Allendorf, and B.P. May. 1976. Genetic delineation of salmonid populations. In: 
Salmonid Genetics: Status and Role in Aquaculture. T. Nosho and W. Hershberger, editors. 
University of Washington Sea Grant Publication. 

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

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

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

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

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

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

Utter, F.M., F.W. Allendorf, and B. May. 1979. Genetic basis of creatine kinase isozymes in 
skeletal muscle of salmonid fishes. Biochem. Genet. 17:1 079-1091. 

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

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

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

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

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

Allendorf, F.W. 1979. Protein polymorphism and the rate of loss of duplicate gene expression, a 
reply. Nature 279:456. 
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Allendorf, F.W., D.M. Espeland, D.T. Scow, and S. Phelps. 1980. Coexistence of native and 
introduced rainbow trout in the Kootenai River drainage. Proc. Montana Acad. Sciences 
39:28-36. 

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

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

Krueger, C.C., A. Gharrett, T.R. Dehring, and F.W. Allendorf. 981. Genetic aspects of fisheries 
rehabilitation programs. Canadian Journal of Fisheries and Aquatic Sciences 38: 1877-1881. 

Allendorf, F.W., and S.R. Phelps. 1982. Isozymes and the preservation of genetic variation in 
salmonid fishes. Ecological Bulletin (Stockholm) 34: 37-52. 

Allendorf, F.W., K.L. Knudsen, and G.M. Blake. 1982. Frequencies of null alleles at enzyme loci 
in natural populations of ponderosa and red pine. Genetics 100: 497-504. 

Phelps, S.R., and F.W. Allendorf. 1982. Genetic comparison of upper Missouri River cutthroat trout 
to other Sa/mo clarki /ewisi populations. Proc. Mont. Acad. Sci. 41: 14-22. 

Allendorf, F.W., K.L. Knudsen, and S.R. Phelps. 1982. Identification of a gene regulating the tissue 
expression of a phosphoglucomutase locus in rainbow trout. Genetics 102: 259-268. 

Simonsen, V., F.W. Allendorf, W.F. Eanes, and F.O. Kapel. 1982. Electrophoretic variation in large 
mammals: III. The ringed seal, the harp seal, and the hooded seal. Hereditas 97:87-90. 

Phelps, S.R., and F.W. Allendorf. 1983. Genetic identity of pallid and shovelnose sturgeon 
(Scaphirhynchus a/bus and S. platorynchus). Copeia 1983(3):696-700. 

Allendorf, F.W. 1983. Linkage disequilibrium generated by selection against null alleles at duplicate 
loci. American Naturalist 121:588-592. 

Daugherty, C.H., F.W. Allendorf, W.W. Dunlap, and K.L. Knudsen. 1983. Systematic implications 
of geographic patterns of genetic variation in the genus Dicamptodon. Copeia 
1983(3):679-691. 

Woods, J.H., G.M. Blake, and F.W. Allendorf. 1983. Amount and distribution of isozyme variation 
in ponderosa pine from eastern Montana. Silvae Genetica 32:151-157. 

Leary, R.F.,_F.W. Allendorf, and K.L. Knudsen. 1983. Developmental stability and enzyme 
heterozygosity in rainbow trout. Nature 101 :71-72. 

Thorgaard, G.H., F.W. Allendorf, and K.L. Knudsen. 1983. Gene-centromere mapping in rainbow 
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Elevated embryo mortalities were detected in populations of pink 
salmon inhabiting oiled streams following the March 1989 Exxon Valdez 
oil spill. These increased rates of mortality persisted annually 
through the 1993 field season, three generations after the oil spill, 
suggesting that genetic damage may have occurred as a result of 
exposure to oil during early developmental life-stages. The 
consequences of this putative genetic damage include physiological 
dysfunction of individuals and reduced reproductive capacity of wild 
pink salmon populations. The purpose of this project is to continue 
to monitor the recovery of pink salmon embryos in the field, to 
provide laboratory verification of the field results, and to verify 
and identify the occurrence of genetic damages. Results of these 
studies may provide the first evidence that the germline of fish 
exposed to chronic or acute sources of oil pollution can be damaged. 

INTRODUCTION 

Elevated embryo mortalities were detected in populations of pink 
salmon Oncorhynchus qorbuscha inhabiting oiled streams following the 
March 1989 Exxon Valdez oil spill (EVOS). These increased rates of 
mortality persisted annually through the 1993 field season, three 
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generations after the oil spill, suggesting that genetic damage may 
have occurred as a result of exposure to oil during early 
developmental life-stages. The consequences of this putative genetic 
damage include physiological dysfunction of individuals and reduced 
reproductive capacity of wild pink salmon populations. 

These effects would likely persist in populations of pink salmon for a 
longer duration than would be observed in other vertebrates because of 
the tetraploid nature of the salmonid genome. Salmonids evolved 
through a gene duplication event 25 million years ago (Allendorf and 
Thorgaard 1984). Pink salmon basically possess a duplicate set of 
chromosomes (tetraploid instead of diploid); although, some of the 
duplicates have been lost through subsequent evolutionary processes. 
However, the extra genes found for many loci would mask deleterious 
recessive alleles. The effects of these deleterious mutations would 
be uncovered in the homozygotes formed through the mating of 
heterozygotes in subsequent generations. 

The purpose of this study is to continue to monitor the recovery of 
pink salmon embryos in the field and to provide laboratory 
verification of the field results presented by Sharr et al. (1994a, 
1994b) and Bue et al. (in press). In this study we will (1) survey 
the same streams examined during the Natural Resource Damage 
Assessment (NRDA) process for pink salmon embryos in order to monitor 
recovery, (2) collect mortality data on pink salmon embryos produced 
from gametes taken from oil contaminated and uncontaminated streams in 
southwestern Prince William Sound (PWS) and incubated under identical 
conditions, and (3) test embryos and fry of oil-exposed ancestry for 
presence of genetic aberrations. 

NEED FOR-THE PROJECT 

A. statement of the Problem 

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

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

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

Genetic damage induced by genotoxins can be classified into two 
general categories: small changes to nucleotide sequence caused by 
base substitutions, deletions, or additions (microlesions); and 
changes in chromosome structure through inversions, larger scale 
deletions, or translocations (macrolesions). Increasing concern about 
the effects of chemicals in the environment has lead to a 
proliferation of assays developed to assess their genotoxic potential 
(reviewed in Landolt and Kocan 1983, Kocan and Powell 1985, Liguori 
and Landolt 1985). Because chemical agents that induce mutations in 
DNA are also likely to produce cytologically recognizable chromosome 
damage expressed as structural changes or "aberrations" (Evans 1976), 
cytogenetic techniques can be used to detect these kinds of damage. 

3 



Alternatively, microlesions may be detected by exposing detrimental 
recessive alleles through haploid androgenesis (Armstrong and Fletcher 
1983) or by directly examining the base-pair structure of the DNA 
molecule (e.g., Orita et al. '1989a, 1989b; Hovig et al. 1991). 

In previous Restoration Projects {94191, 93003, R60C) we used flow 
cytometry to test for the presence of macrolesions in pink salmon 
embryos exposed to oil. Flow cytometry is a rapid analysis technique 
used to score the presence of macrolesions through detection of 
distortions in DNA content among populations of cells {McBee and 
Bickham 1988). Flow cytometry has become an established method for 
measuring the physical and chemical characteristics of cells and has 
been used to detect clastogenic effects of environmental toxicants in 
several species (McBee and Bickham 1988; Bickham 1990; Lamb et al. 
1991), but we were unable to detect macrolesions in pink salmon 
exposed to oil using this method (Miller et al. 1994, Miller et al. in 
prep.). 

In Restoration Project 94191 we contracted with Washington state 
University {WSU) for a pilot study to examine the use of androgenetic 
haploids to expose deleterious microlesions. Androgenetic individuals 
are obtained by enucleating eggs with gamma radiation before 
fertilization. The resulting progeny are haploid, containing only a 
single set of chromosomes from the male parent and none from the 
female. Pre-hatch mortality curves for these haploids are directly 
related to the presence and number of deleterious mutations {Armstrong 
and Fletcher, 1983). Advantages of this technique over more classical 
techniques include rapid early detection, ability to detect the · 
effects of point mutations, and the ability to detect the presence of 
deleterious recessive alleles. The androgenesis technique is not 
widely used because of the requirement of a gamma radiation treatment. 
Initial resuLts from the pilot study show that androgenetic haploids 

- produced from sperm that has undergone low-dose irradiation to produce 
mutations do die at faster rates than hapl~ids produced from non­
irradiated sperm. The androgenesis screen will be extended to analyze 
pink salmon of known oiling history in Trustee Council Project 95191B 
and 96191B. 

Additionally, mutational load will be measured in replicates of oiled 
and non-oiled control treatments from Project 95191B by using an array 
of polymerase chain reaction (PCR) -based DNA assays. Primer 
selection for PCR will focus upon three potentially useful categories 
of loci: {1) introns that have shown to be conserved among salmonid 
species, show some intraspecific variation, and for which we have 
substantial baseline information (e.g., introns C and D of GH-1 and 
GH-2, Forbes et al. 1994; Linda Park, National Marine Fisheries 
Service, personal communication); (2) microsatellite loci that have 
high rates of natural mutation (Park and Moran 1994; Wright and 
Bentzen 1994); and (3) the hot spot regions {HSR A-D) that have been 
frequently associated with germline mutations in other species in the 
otherwise highly conserved tumor suppressor gene R21 (Malkin 1994). 
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B. Rationale 

In this project we propose to: (1) continue monitoring embryo 
survival rates in oiled and reference streams, (2) repeat the hatchery 
incubation experiment for odd-year populations spawning in eight oiled 
and eight reference streams, and (3) conduct laboratory studies to 
screen samples for DNA lesions not detectable by flow cytometry. The 
successful pilot study conducted by WSU will be expanded to include 
androgenic examination of sperm collected from males of known oiling 
history during Restoration Project 95191B. We will conduct an in­
house screen for elevated rates of mutation at mutational hot spots 
(cf., Orita et al. 1989a, 1989b; Forbes et al. 1994), and we plan to 
incorporate the expertise of a consultant laboratory expert in 
techniques such as restriction endonuclease fingerprinting (REF; Liu 
and Sommer 1995), denaturing gradient gel electrophoresis (DGGE; Hovig 
et al. 1991; Brunel 1994), or other as appropriate to assist in the 
identification of loci at which mutations have taken place. Results 
from component 3 will be used to evaluate the 1989 through 1992 study 
results of Sharr et al. (1994a, 1994b) and Bue et al. (in press). 

Information gained from this study will provide resource managers with 
insight into the magnitude and persistence of damages sustained by 
wild pink salmon due to EVOS. Efforts to restore damaged pink salmon 
populations depend upon the ability of fishery managers to identify 
sources of reduced survival and to monitor their p~rsistence. The 
potential of long term oil exposures to cause genetic damage needs to 
be understood so that spawning escapement goals can be adjusted if 
necessary. In addition, verification of the genetic hypothesis would 
provide the first evidence that the germline of fish exposed to 
chronic or acute sources of oil pollution can be compromised. 

c. Summary of Major Hypotheses an4 Obj~ctives 

In addition to monitoring pink salmon embryo mortalities at oiled and 
non-oiled study sites, in this project we will investigate the 
hypothesis that embryos exposed to oil in 1989 and 1990 accumulated 
deleterious mutations in the germline. We hypothesize that the 
elevate . .! embryo mortalities that persist in post-1990 year classes, in 
the absence of exposure to oil, may be the result of genetic damage 
acquired during embryonic development. 

D. Completion Date 

The population monitoring components of this study should be continued 
until the methodology used to monitor is unable to detect a difference 
in pink salmon embryo mortality between oil contaminated and 
unimpacted streams. Results to date indicate that recovery is likely 
ongoing. However, we recommend that this project continue until both 
odd- and even-broodline pink salmon exhibit no difference in embryo 
mortality between oiled and non-oiled study sites for two consecutive 
years based upon the statistical tests described below. 
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COMMUNITY INVOLVEMENT 

Laboratory analyses and reporting are technical pursuits that will be 
conducted by or supervised by professional scientists. Wherever 
possible, local-hire will be used to fill field positions required for 
sampling or for routine laboratory positions. People from the 
communities in PWS will have an opportunity to participate in this 
project as employees of the ADF&G which gives local residents priority 
in hiring for state employment. The laboratory portion of the project 
will be moved to the Alaska Sealife Center in Seward when that 
facility is available. 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 
Travel 
Contractual 
Commodities 
Equipment 

Subtotal 
Gen. Admin. 

Total 

PROJECT DESIGN 

A. Objectives 

244.8 
15.6 
136.2 
31.2 
0.5 
428.3 
46.3 
474.6 

rhe objectives of_ this project are to monitor the recovery of damaged 
pink salmon populations and to test the hypothesis that germline 
damage is responsible for the persistent embryo mortalities observed 
in streams that were oiled. Working objectives are: 

1. 

2. 

3. 

Component 1. Recovery Monitoring of Injury to Pink Salmon 
Embryos in Prince William Sound. 

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

b. Estimate embryo mortality of pink salmon embryos in both oil 
contaminated streams and noncontaminated reference streams. 

component 2. Controlled incubation to evaluate the effect of 
physical stream characteristics. 

a. Determine if the elevated mortalities of pink salmon embryos 
observed in oiled streams can be attributed to environmental 
factors. 

Component 3. Laboratory examination of pink salmon gametes and 
embryos of crude-oil- exposed ancestry to assess 
genetic damage. 
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a. Test for correlations between oil-exposed ancestry 
and mutations detected through DNA assays of 
selected introns, microsatellite loci, and 
mutational hot spot regions. 

b. Determine if elevated occurrence of deleterious recessive 
mutations can be detected in haploid androgens of oil­
exposed ancestry. 

4. combining Field Observations and Laboratory Results. 

a. Determine if the elevated embryo mortalities observed in 
oiled streams in 1991 are explained by genetic damage to 
1989 and 1990 embryos. 

B. Methods 

1. Recovery Monitoring of Injury to Pink Salmon Embryos in Prince 
William Sound 

a. Data Collection 

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

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

(2) Embryo sampling had been done in past years. 
(3) Streams with low to no oil im~act, i.e., reference streams, 

were selected in the immediate vic1nity of high oil impact 
streams to control for possible variability in embryo 
survival due to environmental conditions. 

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

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

The following data were collected for each tide zone transect during 
embryo sampling: 

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

absorption for fry. 

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

Pink salmon embryos were separated from chum o. keta and coho ~ 
kisutch salmon embryos by their smaller size. Chum salmon embryos 
were separated from coho salmon embryos· by their greater development~ 
and different coloration. An embryo was considered dead if it was 
opaque or discolored with coagulated lipids. Pink salmon fry were 
differentiated from chum salmon fry by their small size. Sampling 
often killed fry (especially newly hatched fry), so fry were only 
considered dead if decomposition was evident. 

b. Data Analysis 

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

~ij = ELEijk I ( 1) 
o. 3n1j 

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

~'ink salmon embryo mortality will be estimated for each stream using 
the following relationship: 

(2) Mij = E (DEaijt + DFaijk) 
E (LEaijt + DEaijt + LF eijt + OF eijt) 

where DEeijk..' DFeijk' LEeijk' and LFeijk.. are the number ~f dead embryos, 
dead fry, live embryos, and live try for the kth d1g from stream i, 
zone j, collected during embryo dig e, respectively. 

The Arcsin square root transformation will be examined as well as the 
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Legit transform of embryo mortality (ln (odds)). 

. - 1 [ E (DEeijk + DF aijlc) l Log1.t1j - n Tl ( ) 
~ LEaijk + LF eijlc 

(3) 

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

(4) 

The two treatments will be extent of oiling, (Of, 2 levels; oiled and 
non-oiled), and height in the intertidal zone (Z, 4 levels; 2.1, 2.7, 
and 3.4 m above mean low water, and upstream) bofh fixed effects. The 
data will be blocked by stream (Sk<ll), a random effect nested within 
extent of oiling. The interaction of extent of oiling and height in 
the intertidal zone will also be examined. Equality of variances will 
be tested using the F~x-test (Sokal and Rohlf, 1981), while normality 
will be visually assessed using normal quantile-quantile and box plots 
(Chambers et al. 1983). If the data distribution appears to be non­
normal, data transformations will be examined. If a significant 
difference due to oiling is detected (a= 0.05), four contrasts (oil 
vs. non-oiled for the four stream zones) and corresponding Bonferroni 
family confidence intervals (a = 0.10 overall) will be estimated. 

Extent of oiling for analysis will be based on visual observations-of 
streams (NRDA F/S study 1 and 2) and hydrocarbon results from mussel 
samples (NRDA F/S Study 1). Different groupings of oiled and non­
oiled streams will be analyzed if evidence of oiling is not 
consistent. 

2. Controlled incubation to evaluate the effect of physical stream 
characteristics 

a. Data Collection 

In this component of the project we collect, analyze, and report the 
results of the 1995 brood year as well as initiate work on the 1996 
brood year. We only intend to initiate new experimental matings 
during FY 96 if a difference is observed between embryo mortality in 
oil-impacted and unimpacted populations for the 1995 brood year. 

This experiment will allow us to determine if results observed in NRDA 
Study F/S 2 and Restoration studies R60C, 93003, and 94191 can be 
attributed to environmental factors. We will collect gametes from 
eight oiled and eight non-oiled reference streams from southwestern 
PWS, make intra-stream crosses, and incubate the resulting embryos in 
a controlled laboratory environment. Embryo mortality will be 
compared between the oiled and reference streams. If no difference is 
observed in this experiment, and if a significant difference in embryo 
mortality is detected between oiled and non-oiled streams during 1995 
field sampling, then environmental factors probably account for the 
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previous observations of elevated embryo mortalities. 

Gamete collection and fertilization procedures will occur over a four 
day period to obtain data from eight oiled and eight non-oiled 
streams. Gametes from 30 male and 30 female pink salmon will be 
collected from two oiled and two control streams during each sampling 

.day. The gametes will be flown to the Armin F. Koernig (AFK) hatchery 
where a random gamete pool will be assembled for each stream in a 
timely manner. 

The random gamete pool will be constructed by placing approximately 30 
eggs from each female (one teaspoon) into each of 30 cups. Each cup 
will then be fertilized by a different male. The 30 cups will be 
recombined into a large pail where the fertilized eggs will be mixed 
as they are rinsed. This method of creating a randomized gamete pool 
will insure that all possible crosses (30 x 30 = 900) will be present. 

A minimum of nine randomly selected aliquots of approximately 500 
embryos each will be collected from each intra-stream pool, placed 
into separate incubating vessels, and randomly placed into a common ·· 
incubator. 

Incubators will be periodically examined to count and remove dead 
embryos and score hatching success. The experiment will be terminated 
prior to the swimup stage at which time all larvae will be killed. 

b. Data Analysis 

The data will be analyzed as a fixed-effects randomized block design: 

(5) 

where Yijk is embryo mortality for sample day i, oil contamination 
level j, and stream k; ~ is the model mean; Bi is sampling day a 
blocking variable; Oj is the level of oil contamination (oiled or not 
oiled); and fiik is random error. The relative power of the test was 
estimated (Ne~er et al. 1990), and the sample size was found 
sufficient to detect a difference of less than 1.5 standard deviations 
at a=0.05 and 95% power. A test with high power is needed to protect 
against arriving at a false conclusion that the elevated embryo 
mortalities could be attributed to environmental factors when, in 
fact, they were not. 

The assumption of constant error terms will be tested using the F~x­
test (Sokal and Rohlf 1981) while normality will be visually assessed 
using scatter plots, box plots, and normal probability plots (Chambers 
et al. 1983). Appropriate transformations will be used to alleviate 
variance and normality concerns if they are detected. All suitable 
comparisons will be made using Bonferroni family confidence intervals. 
The SAS (SAS Institute Inc. 1988) General Linear Models Procedure will 
be used to analyze the data. 
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3. Laboratory examination of tissues from individuals of crude-oil 
exposed ancestry to assess genetic damage 

In this component we will measure the genotoxic response of pink 
salmon to exposure to Prudhoe Bay crude oil. Controlled oiling was 
conducted over two brood years at the Little Port Walter field station 
by the National Marine Fisheries Service (Restoration Studies R60C and 

/ 93003). Mutational load will be measured in replicates of oiled and 
non-oiled control treatments using both an array of sensitive DNA 
assays and an androgenetic screen for deleterious recessive mutations. 
Sperm and tissues from adults subjected to oil as embryos, as well as 
their progeny, will be analyzed. This study will span two generations 
in order to evaluate the validity of the germline mutation hypothesis. 

a. DNA Assays 

DNA will be extracted using Puregene DNA isolation kits for animal 
tissues (Gentra Systems, Inc. P.O. Box 13159, Research Triangle, N.C. 
27709-13159). This process includes: '(1) a buffered solution that~ 
protects the DNA from degradation; (2) a Proteinase K digest to 
deactivate the proteins; (3) an RNase treatment to digest RNA; (4) 
protein precipitation to remove Proteinase K, RNase, and denatured 
proteins; (5) isopropanol to precipitate the DNA; (6) 70% ethanol to 
wash the DNA; and finally (7) a hydration solution to rehydrate the 
DNA. 

After extraction, the DNA wjll be amplified using the polymerase chain 
reaction (PCR; Saiki et al. 1988; Kocher et al. 1989; Chapman and 
Brown 1990; Carr and Marshall 1991). Primer selection for PCR will 
include loci from three potentially useful categories: (1) introns 
that a~e known t~ be conserved among salmo~id species, sho~ some 
intraspecific variation, and of which we have substantial baseline 
information (e.g., introns c and D of GH-1 and GH-2, Forbes et al. 
1994; Linda Park, National Marine Fisheries Service, personal 
communication); (2) microsatellite loci that have been shown to have 
high rates of natural mutation (Park and Moran 1994; Wright and 
Bentzen 1994); and (3) hot spot regions (HSR A-D) that have been most 
frequently associated with germline mutations in the otherwise highly 
conserved tumor suppressor gene R21 in other species (Malkin 1994). 

Genetic data will be collected using automated DNA assays. Fragment 
analysis for detection of restriction fragment length polymorphisms 
(RFLP) will be done following the methods of Forbes et al. (1994), 
except that data will be collected on an Applied Biosystems 
Incorporated (ABI) model 373 series automated sequencer. Sequence 
analysis, including SSCP screening (cf., Orita et al. 1989b), will be 
conducted on an ABI model 377 automated sequencer. 

Additionally, a sister set of tissues will be provided to a cons•·lting 
laboratory, obtained through the state procurement process, to a~d in 
the screening for genetic damage. Responses to a Request for Proposal 
(RFP) will be reviewed to select the best complimentary approach which 
may include alternative techniques such as REF, DGGE, heteroduplex 
analysis (Delwart et al. 1993), amplified fragment length polymorphism 
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analysis (AFLP, Xue et al. 1993), or other approaches as identified 
through the peer-review process (cf., Brunel 1994; see rationale in 
Section d. Alternatives, below). 

b. Androgenesis 

Androgenesis is a treatment in which eggs are treated with radiation 
before fertilization with normal sperm. If no other treatments are 
applied, the resulting offspring contain one chromosome set from the 
male and none from the female parent. Such haploid individuals 
survive until about the time of hatching and then die. If an 
additional heat or pressure treatment is applied to block the first 
cell division in the fertilized egg, diploid androgenetic offspring 
can be produced. These individuals can survive, although they tend to 
be weak because of inbreeding. 

The relative survival of androgenetic haploids has been shown to be a 
sensitive measure of the presence of deleterious mutations carried by 
sperm from a given male (Armstrong and Fletcher 1983; Gary Thorgaard, 
Washington State University [WSU], unpublished data). The use of 
androgenetic haploids rather than androgenetic diploids is preferred 
because the diploids show poor pre-hatch survival due to the heat or 
pressure treatments. Additionally, androgenetic haploids are 
sensitive to recessive mutations that are lethal because both 
recessive and dominant mutations will kill haploid embryos, while only 
dominant mutations will kill normal embryos with one chromosome set 
from each parent. Recessive mutations are more likely to be the cause 
of the post-1991 embryo mortality, as dominant deleterious mutations 
would tend to be rapidly purged from the genome. 

In this project, eggs and sperm from pink salmon will be collected in 
Alaska by ADFG, and the androgenesis will be ~onducted at Washington 
State University using the Cobalt-60 gamma source at the WSU Nuclear ~ 
Radiation Center and WSU hatchery facilities. 

Survival of androgenetic haploid individuals produced from 30 males 
from LPW oil-exposed treatments will be compared with the survival of 
androgenetic haploids produced from 30 males from LPW non-oiled 
controls. Each trial will be replicated three times. Using 100-200 
eggs per replicate, about 20,000 unfertilized pink salmon eggs will be 
required. Use of the Cobalt-60 radiation source is the bottleneck of 
this experiment, so approximately 5,000 eggs will be shipped, with 
fresh sperm, to wsu at 4-5 day intervals to optimize application of 
the gamma-ray treatments. Sperm will be collected from individuals 
sampled for DNA assays (above), and results will be cross-referenced. 

c. Data Analysis 

Genetic variation will be scored for the informative categories: 
introns, microsatellites, and ~HSRs. Individuals from both oil­
incubated and clean-incubated groups (up to 50 individuals from each 
treatment and control replicate available from the Little Port Walter 
experiments, see Restoration Science Project 94191B) will be examined 
using a randomized design for corresponding loci. Categorical data 
analysis will be used to test for differences in frequencies of 
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genetic variants among treatments and controls. 

ANOVA and survival analysis will be used to test for differences in 
mortalities obtained from the three replicates of treatment and 
control androgenic haploids. 

4. Alternative Methodologies Considered 

We conferred with individuals from some of the leading laboratories in 
the country working in this field and synthesized the input of three 
peer reviewers over three years prior to establishing the above 
protocol. Through·this process we identified a number of procedures 
that are used to identify DNA damage in response to genotoxic 
challenge. 

DNA adduct analysis developed into use as a molecular dosimeter of 
response to genotoxic compounds (reviewed in Reichart et al. 1994; see 
also Malins and Gunesman 1994). The correlation of sediment 
concentrations of mutagenic PAHs and hepatic tumors lead investigators 
to the understanding that the presence and persistence of PAH-DNA 
adducts are factors that directly relate to the carcinogenicity of a 
compound (Poirer et al. 1991; Reichart et al. 1994). Collier et al. 
(1994) found a correlation between PAH in the sediment and DNA adducts 
in oyster toadfish. However, germline mutations have not been 
indicated, and DNA adduct analysis was not recommended as a line of 
investigation to pursue (J. E. Stein and T. K. Collier, National 
Marine Fisheries Service, personal communication). 

Several other short-term cytogenetic assays exist for evaluating the 
potential genotoxic effects of chemicals and compounds. These methods 
are designed to identify four general types of genetic changes: DNA 

· microlesions,.~NA macrolesions, primary DNA damage, and morphologic 
changes in target cells (Brusick 1987; however, some of tne most 
promising approaches rely upon tissue culture techniques not yet 
successfully developed for salmonid tissues--R. M. Kocan, University 
of Washington, personal communication). Sister chromatid exchange 
(SCE) measurement has become a common technique for cytogenetic assays 
of primary DNA damage (Hsu 1982). The micronucleus test (MNT) and 
anaphase aberration (AA) counts have become standard measures of DNA 
macrolesions (Evans 1976; Kocan and Powell 1985; Kocan et al. 1985). 
These techniques are capable of detecting and quantifying subtle 
chromosome changes. However we identified limitations to these 
approaches for our purposes: (1) physical separation of metaphase and 
anaphase chromosomes for visual scoring is required; (2) techniques 
for chromosome separation and isolation can be technically involved 
and are not standardized between laboratories; (3) visual scoring of 
the desired endpoints can be subjective; and (4) time involved for 
isolating and scoring chromosomes limits sample sizes to 100-200 cells 
which reduces statistical accuracy and precision. Consequently, these 
cytogenetic approaches were not recommended for inclusion in this 
study. 

Finally, flow cytometry has been demonstrated to be as sensitive as 
the AA test for detecting structural chromosome aberrations in 
dividing cells (Kocan and Powell 1985) and therefore provides a useful 
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technique for in vivo analysis of DNA macrolesions. Advantages of 
flow cytometry over other approaches are that it is less technically 
involved, easier to standardize, less time consumptive, and more 
statistically powerful. Flow cytometry can demonstrate the fate of 
chromosome/chromatid damage in subsequent generations of cells. For 
example, comparisons of G1 DNA content, G1 coefficient of variation, 
or presence of aneuploid cell populations can be used to test for the 
presence of chromosome damage (Cram and Lehman 1977; Bickham et al. 
1988). Changes in the proportions of cells within the cell cycle may 
reflect a cytotoxic effect of a substance (Fertig and Miltenburger 
1989). Flow cytometry allows analysis of large numbers of cells (103-
105) greatly increasing statistical power, a motivating force behind 
development of flow cytometry for cytogenetic testing (Deaven 1982). 
Sample preparation and measurement are reproducible, accurate, and can 
be completed in several minutes versus several hours for visual 
microscopic scoring (Otto and Oldiges 1980). 

In Restoration Projects R60C, 93003, and 94191, we probed for 
macrolesions using flow cytometry. Useful results correlated 
exposures of very early embryos to seawater to the development of 
mosaic and triploid genomes. Further study documented that those 
genome aberrations were not responsible for the elevated embryo 
mortality observed in this series of studies (Miller et al. 1994). 
However, because flow cytometry was not sensitive enough to detect 
germline damage in the pink salmon embryos of known oiling history, we 
are redirecting our efforts to focus on more sensitive screens for 
microlesions (e.g., sequence-based analysis of mutational hot spot~ 
regions using an array of approaches, Ike Wirgin, NYU Medical Center 
of Environmental Medicine, personal communication). Further, previous 
reports of macrolesions detected through flow cytometry may be 
documenting genetic damage that is subject to DNA repair mechanisms 
and.not persistent in the germline (cf., -Liquori and Landolt 1985; 
R.M. Kocan, University of Washington, personal communication). 

During our survey of the literature and contact with outside experts 
we identified that the technology for sensitive mutation screens is 
rapidly evolving. Modifications to the sensitive SSCP screen that we 
propose were released during the preparations of this proposal (Liu 
and Sommer 1995). A change in direction to focus upon a reverse­
transcriptase approach to the study of mutations present in mRNA at 
the time of embryo death was also suggested (Ike Wirgin, NYU Medical 
Center of Environmental Medicine, personal communication, February, 
1995). Because of the quickly changing nature of this technology, 
ADFG scientists decided to reshape the study to include the support of 
postdoctoral researchers and/or applications specialists from outside 
sources, eY.pert in technique development, to collaborate in the 
application of novel mutation screens. A number of university 
laboratories, the Applied Biosystems applications lab, and possibly 
the Environmental Conservation Division of the Northwest Fisheries 
Science Center, have expressed interest in collaboration. 
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c. contracts and Other Aqency Assistance 

The androgenesis subcomponent-initiated by Dr. Gary Thorgaard, 
Washington State University (WSU), will be continued with WSU as a 
sole-source contractor. WSU is uniquely suited to conduct such a 
project. The WSU Nuclear Radiation Center has Cobalt-60 gamma 
radiation source that Dr. Thorgaard is currently using to conduct 
deleterious-mutation studies on rainbow trout. Dr. Thorgaard's 
laboratory is widely recognized as one of the leading laboratories in 
the world in the field of androgenesis in salmonids; to our knowledge 
it is the only laboratory in North America capable of such study. 

We plan to replace the efforts of staff scientist Gary Miller, who has 
left ADFG, by supporting a post-doctoral position at one of the 
Alaskan universities through a Reimbursable Services Agreement. 

Finally, based upon discussions with peer reviewers and other experts, 
we programmed $50.5 K for a subcomponent to be awarded through the 
State of Alaska procurement process to provide for an applications 
laboratory to aid in the DNA assays using novel mutation screens. The 
cost was estimated based upon the current typical cost of funding a 
post-doctoral scientist at a university laboratory. 
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D. Location 

Component 1: 

Embryo sampling in PWS will be conducted in the fall on 31 
streams (Figure 1). These same 31 streams have been sampled 
annually since 1989. 

component 2: 

Gametes for the controlled incubation to assess physical 
stream characteristics will be collected from as many as 16 
streams in southwestern PWS - eight oiled and eight control. 
Embryo incubation will take place at the Armin F. Koernig 
hatchery in PWS. 

component 3: 

The exposure of gametes to oiled incubation substrate and 
their subsequent culture will be performed at the National 
Marine Fisheries Service Laboratory at Little Port Walter, 
Baranof Island, southeastern Alaska and are funded by 
Restoration Project 951918. DNA sequencing will be done at 
the ADFG Genetics Laboratory in Anchorage. Androgenetic 
haploids will be produced and cultured at Washington State 
University. Additional DNA analysis will be done at a 
consultant laboratory to be determined by RFP. 

SCHEDULE 

A. Me,surable Project Tasks for PY 96 

1. Component 1. Recovery Monitoring of Injury to Pink Salmon 
Embryos in Prince William Sound 

15 Sep - 30 Oct 1995: Embryo deposition sampling. 
30 Oct 1995 - 30 Mar 1996: Analysis of brood year 1995 embryo data 

and completion of first draft of 95191A 
report. 

30 oct 1996 - 30 Mar 1997: Analysis of brood year 1996 embryo data 
and completion of first draft of 96191A 
report (97191A). 

2. Component 2. Controlled incubation to evaluate the effect of 
physical stream characteristics 

1 Aug - 15 Aug 1995: 

15 Aug - 30 Aug 1995: 

30 Aug - 15 Nov 1995: 

Preparation for brood year 1995 AFK 
incubation experiment (95191A). 
Collect gametes and make crosses from 16 
PWS streams; begin incubation of brood 
year 1995 gametes at AFK (95191A). 
Monitor incubators and collect data for 
brood year 1995. 
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15 Nov 95 - 30 Mar 96: 

1 Aug - 15 Aug 1996: 

15 Aug - 30 Aug 1996: 

30 Aug - 15 Nov 1996: 

15 Nov 96 - 30 Mar 97: 

Analyze data for brood year 1995 and 
prepare first draft of 95191A report. 
Preparation for brood year 1996 AFK 
incubation experiment. 
Collect gametes and make crosses from 16 
PWS streams; begin incubation of brood 
year 1996 gametes at AFK. 
Monitor incubators and collect data for 
brood year 1996 (97191A). 
Analyze data for brood year 1996 and 
prepare first draft of 96191A report 
(97191A). 

3. Component 3. Laboratory examination of pink salmon gametes and 
embryos of oil-exposed ancestry to assess genetic 
damage* 

1 Oct - 30 Oct 1995: Initiate haploid androgenesis and novel 
mutation screen contracts. 

15 Aug - 30 Oct 1995: Obtain gametes, spawn second generation ·· 
(one generation from oiling event). Send 
milt to University of washington on 
contract to produce androgenetic haploids. 

15 Aug - 30 Oct 1995: Begin fertilized egg incubation. Begin 
analysis of embryos at ADFG genetics 
laboratory. 

30 Oct 1995 - 15 May 1996: Continue fertilized egg incubation. 
Continue analysis of tissues at ADFG 
genetics lab using mutation screens. 

15 May - 30 Sep 1996: Evaluate ADFG results, subcontractor 
results, draft annual report 

*All spawning, oiling, incubation, genetic sampling, and fish culture 
aspects will be done at Little Port Walter by the National Marine 
Fisheries Service under Restoration Project 95191B. 

B. Project Milestones and Endpoints 

Component 1. 

Annual review terminate project component if embryo mortalities are 
not significantly different between oiled and non­
oiled study sites for two consecutive years for both 
the odd- and two-even broodlines 

Component 2: 

Annual review terminate project component if results from laboratory 
studies of embryo mortality are the same as results 
from field study (e.g. component 1) 
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component 3: 

Annual review terminate project component if results from aggregate 
of laboratory studies confirm no finding of genetic 
damage; modify project if warranted by findings of 
ADFG and collaboratinq laboratories; expand project to 
examine genetic damage in other species if findings 
warrant 

c. Project Reports 

Field activities will continue for two generations past when injury to 
salmon embryos and fry can no longer be detected. Until field 
activities cease, the main product from this project will be an annual 
report which summarizes the results of the current-year embryo data. 
The most significant information on damages demonstrated in 1989 
through 1992 were presented in a close-out reports for NRDA Study #2 
and Restoration studies R60C and 93003. These results will also be 
published in a peer-reviewed journal. .When restoration field work is 
complete, a follow up journal article may be appropriate if there have 
been findings which add significantly to or alter results reported 
from the NRDA study. An annual project report for FY 96 will be 
submitted by March 30, 1997. 

COORDINATIOR AND INTEGRATIOR OP RBSTORATIOR EPPORT 

The field data collection for component 1 of this project is very 
specific to individual wild pink salmon streams and follows most field 
activities of SEA (95320} and other pink salmon related projects 
consequently extensive coordination of field activities is not 
feasible. However, the vessel used by this p~oject does coll~ct 
physical and biological oceanographic data for the ADFG, PWSAC, and 
University of Alaska Cooperative Fisheries and Oceanographic Project, 
and these data will be utilized by several SEA studies. 

Final edited data from all three components of this project will be 
stored electronically as computer databases, and final versions will 
be provided annually to the Information Modeling portion of SEA for 
incorporation into a centralized ecosystem database. 

ENVIRONMENTAL COMPLIANCE 

Embryo sampling will require an ADFG Title 16 permit and an ADFG 
bioloqical collections permit. An ADFG Fish Transport Permit will be 
required to obtain gametes from experimental streams and transport 
them to AFK hatchery for the controlled incubation component and to 
WSU for androgenesis studies. 
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PERSONNEL 

A. James E. Seeb, Principal Geneticist 
Commercial Fisheries Management and Development 
Alaska Department of Fish and Game 
Anchorage, Alaska 99518 (907) 267-2385 

PROJECT RESPONSIBILITIES: Design and supervision of lab work, 
analysis, reporting 

EDUCATION: 
B.S., Biology, 1974, University of Puget Sound 
M.s., Fisheries, 1982, University of Washington 
Ph.D., Fisheries, 1987, University of Washington 

PROFESSIONAL EXPERIENCE: 

1990-
1991-
1988-1990 
1987-1988 
1982-1986 
1980-1982 
1978-1980 

Principal Geneticist, CFMD Division, ADF&G 
Affiliate Associate Professor, u. of Alaska, Fairbanks 

Assistant Professor, Southern Illinois university 
Research Assistant Professor, University of Idaho 
Graduate Research Assistant, University of Washington 
Fish Biologist, Pacific Fisheries Research, Olympia,WA 
Fish Biologist, Washington Department of Fisheries 

SELECTED PUBLICATIONS: 

Seeb, J. E., L. W. Seeb, and F. M. Utter. 1986. Use of genetic marks 
to assess stock dynamics and management programs for chum salmon. 
Trans. Amer. Fish. Soc. 115:448-454. 

peeb, J. E., and L. W. Seeb. 1986. Gen~ mapping of isozyme loci in 
chum salmon (Oncorhynchus keta). J. Hered. 77:399-462. 

Seeb, J. E., L. W. Seeb, D. w. Oates, and F. M. Utter. 1987. Genetic 
variation and postglacial dispersal of populations of northern 
pike (Esox lucius) in North America. Can. J. Fish. Aquat. Sci. 
44:556-561. 

Utter, F. M., and J. E. Seeb. 1990. Genetic marking of fishes: 
overview focusing on protein variation. Am. Fish. Soc. Sym. 
7:426-438. 

Seeb, J. E., G. H. Kruse, L. W. Seeb, and R. J. Week. 1990. Genetic 
structure of red king crab populations in Alaska facilitates 
enforcement of fishing regulations. Proceedings of the 
International Symposium on King and Tanner Crabs. Alaska Sea 
Grant, Fairbanks, AK. pp 491-502. 

Seeb, J. E., and G. D. Miller. 1990. The integration of allozyme 
analyses and genomic manipulations for fish culture and 
management. In: D.H. Whitmore, Editor. Electrophoretic and 
Isoelectric Focusing Techniques in Fisheries Management. CRC 
Press, Boca Raton, pp 266-279. 
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Seeb, J. E., G. H. Thorgaard, and T. Tynan. 1993. Triploid hybrids 
between chum salmon female x chinook salmon male have increased 
seawater tolerance. Aquaculture 117:37-45. 

Utter, F. M., J. E. Seeb, and L. W. Seeb. 1993. Complementary uses 
of ecological and biochemical genetic data in identifying and 
conserving salmon populations. Fisheries Research. Fish. Res. 
18:59-76. 

Crane, P. A., L. W. Seeb, and J. E. Seeb. 1994. Genetic 
relationships among Salvelinus species inferred from allozyme 
data. Can. J. Fish. Aquat. Sci. 51(Suppl. 1):182-197. 

B. Mark Willette, Area Research Biologist 
Alaska Department of Fish and Game 
Commercial Fisheries Management and Development Division 
P.O. Box 669 
Cordova, Alaska 99574 
(907)424-3214 

PROJECT RESPONSIBILITIES: 

EDUCATION: 1985 

1983 

PROFESSIONAL EXPERIENCE: 

Design and superv1s1on of embryo 
surveys, analysis, report writing 

Master of Science, Fisheries Oceanography, 
University of Alaska Fairbanks 
Bachelor of Science, Fisheries Science, 
University of Alaska Fairbanks 

1991 - present Area-Resource Development Biologist, Cordova, 
Commercial Fisheries Management and Developent, ADFG 

1986 - 1991 Fisheries Instructor/ Assistant Research 
Professor, School of Fisheries & Ocean Sciences, 
University of Alaska Fairbanks 

1983 - 1985 Research Assistant, School of Fisheries & Ocean 
Sciences, University of Alaska Fairbanks 

1978 - 1983 Fish and Wildlife Technician, Commercial Fisheries 
Division, ADFG 

SELECTED PUBLICATIONS: 

Willette, T.M~ 1995 Impacts of the Exxon Valdez Oil Spill on the 
migration, growth, and survival of juvenile pink salmon in Prince 
William Sound. In: Proceedings of the Exxon Valdez Oil Spill 
Symposium, American Fisheries Society Symposium Series, (in 
press). 

R.T. Cooney, T.M. Willette, and s. Sharr. 1992 The effect of 
climate on Pacific salmon production in the northern Gulf of 
Alaska: examining the details of a natural experiment. In: 
Proceedings of the International Symposium on Climate Change and 
Northern Fish Populations, Can. Spec. Publ. Fish. Aquat. Sci. 
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Willette, T.M. and R.T. Cooney. 1991 An empirical orthogonal 
functions analysis of sea surface temperature anomalies in the 
North Pacific Ocean and cross-correlations with pink salmon 
(Oncorhynchus gorbuscha) returns to southern Alaska. In: 
Proceedings of the 1991 Pink and Chum Salmon Workshop. 

Eggers, D.M., L.R. Peltz, B.G. Bue, and T.M. Willette. 1991. Trends 
in the abundance of hatchery and wild stocks of pink salmon in 
Cook Inlet, Prince William Sound, and Kodiak, Alaska. In: 
Proceedings of the International Symposium on the Biological 
Interactions of Enhanced Salmonids, Can. Spec. Publ. Fish. Aquat. 
Sci. · 

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

PROJECT RESPONSIBILITIES: Supervision and conduct of hatchery 
matings, laboratory analysis, flow 
cytometric comparisons, coordination of 
laboratory and field efforts 

EDUCATION: 

B.S., 1986, Fisheries Science, Cornell University, Ithaca NY 
M.S., 1994, Zoology, Southern Illinois University, Carbondale IL 

PROFESSIONAL EXPERIENCE: 

1992- Fisheries Biologist, C.F.M.D._ ~ivision, ADFG 
Supervising laboratory analysis of genetic mar~ers for 
EVOS Trustee council study 93012 (Genetic stock 
Identification of Kenai River Sockeye Salmon). 
Conducting laboratory evaluations of genetically 
altered salmonids. Analyzing straying data from pink 
salmon and chinook salmon tag recoveries. 

1989-1992 Graduate Assistant, Southern Illinois University 
Conducted allozyme species identification, developed in 
~ ova storage techniques, and optimized triploid 
induction and gynogenesis protocols for moronids. 

1986-1989 Research Associate, Ohio State University 
Provided field and laboratory support for aquatic 
ecology studies on bioenergetics of essocids. 

PUBLICATIONS AND PRESENTATIONS: 

Habicht, c. 1993. Electrophoretic Identification of Morone species, 
and In Vivo ova storage, induced gynogenesis, and induced 
triploidy in white bass (M. chrysops). Masters Thesis, Southern 
Illinois University, Carbondale IL. 
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Seeb, L. W., J. E. Seeb, c. Habicht. 1993. Population genetic 
analyses facilitate restoration of sockeye salmon stocks damaged 
by the Exxon valdez oil spill. Presented at National Chapter 
American Fisheries Society, Portland, OR. 

Habicht, c. 1994. Gene conservation of triploids in the management 
of salmonids. Presented at North American Fish and Wildlife 
Conference, Anchorage, AK. 

Habicht, c., J. E. Seeb, R. B. Gates, I. R. Brock, and c. A. Olito. 
1994. Triploid salmon outperform diploid and triploid hybrids 
between coho salmon and chinook salmon during their first year. 
can. J. Fish. Aquat. Sci. 51(Suppl. 1):31-37. 

D. Brian G. Due, Biometrician II 
commercial Fisheries Management and Development 
Alaska Department of Fish and Game 
Anchorage, Alaska 99518-1599 {907) 267-2123 
BrianB%fishgame@state.ak.us 

PROJECT RESPONSIBILITIES: study design and analysis 

EDUCATION: B.S., Fisheries, 1978, University of Alaska, Fairbanks 
B.S., Biology, 1978, University of Alaska, Fairbanks 
M.S., Fisheries, 1986, University of Alaska, Fairbanks 

PROFESSIONAL EXPERIENCE: 

1988-
1987-1988 
1978-1987 
~974-1~77 

Biometrician II, CFMD, Alaska Dept. Fish and Game 
Biometrician I, CFMD, Alaska Dept. Fish and Game 
Fisheries Biologist r, CFMD, Alaska Dept. Fish and Game 
Fish and WildJife Technician, Alaska Dept. ~ish and Game 

SELECTED PUBLICATIONS AND PRESENTATIONS: 

Bue, B.G., s. Sharr, S.D. Moffitt, and A.K. Craig. Ir. Press. Effects 
of the Exxon Valdez oil spill on pink salmon embryos and 
preemergent fry. ln Rice, S.D., R.B. Spies, D.A. Wolfe, and B.A. 
Wright, editors. Exxon Valdez Oil Spill Symposium Proceedings. 
American Fisheries Society Symposium. Accepted Pending 
Publication. 

Geiger, H.J., B.G. Bue, s. Sharr, A.C. Wertheimer, and T.M. Willette. 
In Press. A life history approach to estimating damage to Prince 
William Sound Pink Salmon from the Exxon Valdez oil spill. In 
Rice, S.D., R.B. Spies, D.A. Wolfe, and B.A. Wright, editors._ 
Exxon Valdez Oil Spill Symposium Proceedings. American Fisheries 
Society Symposium. Accepted ?ending Publication 

Rowell, K.A., H.J. Geiger, and B.G. Bue. 1990. Stock identification 
of Pacific Herring in the Eastern Bering Sea trawl bycatch and in 
the Dutch Harbor directed food and bait fishery. Proceedings of 
the International Herring Symposium, Alaska Sea Grant Report No. 
91-01,Fairbanks. 
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Bue, B.G. and D.M. Eggers. 
salmon smolt. Alaska 
Commercial Fisheries, 
Anchorage. 

1989. An age-length key for sockeye 
Department of Fish and Game, Division of 
Regional Information Report No. 2D89-5, 

Bue, B.G. 1986. Effects of gill net selectivity on sockeye salmon in 
the Egegik and Naknek-Kvichak Districts, Bristol Bay, Alaska. 
Master's Thesis. University of Alaska, Fairbanks. 

Bue, B.G. 1986. Comparison of cable lay and center core gill net 
catches from the Port Moller offshore test fishery, 1985. Alaska 
Department of Fish and Game, Division of Commercial Fisheries, 
Bristol Bay Data Report No. 86-4, Anchorage. 

Bue, B.G., s. Sharr, G.D. Miller, and J.E. Seeb. 1995. Evidence of 
genetic damage in pink salmon inhabiting Prince William Sound, 
Alaska, three generations after the Exxon Valdez oil spill. 
Presented to the 1995 Pink and Chum Salmon Workshop, March, 1995, 
Bellingham, Washington. 

Bue, B.G. and R. Gates. 1991. Pink salmon escapement estimation 
using aerial observations. Presented to the Alaska Chapter of 
the American Statistical Association, September, 1991, Juneau. 
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Alaska Department of Fish and Game 
3 3 3 Raspberry Rd .. 
Anchorage, Alaska 99518 
907-267-2385 (phone) 
907-349-2231 (fax) 
JSEEB%FISHGAME@STATE.AK.US 
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Contractual 
Commodities 

Equipment 
Subtotal 

ry: 

al Administration 
Project Total 

uiJ.time Equivalents (FTE) 

Comments: 

1996 EXXON VALDEZ TRU~ COUNCIL PROJECT BUDGET 

Authorized 
FFY t995 

October 1, 1 ~95 - September 30, 1996 

Closeout budget for molecular genetics portion of Project 96191A. 

One man month of program manager is budgeted in the field portion of the 96191A project. 

1996 

Prepared: 1 of 5 

Project Number: 96191A - :t.,-tcr\'"' f1o{ec<A(~ -r-- Ce~'-'cl(cS 
Project Title: Investigating and Monitoring Oil Related Egg and Alevin 

Mortalities 

Agency: AK Dept. of Fish & Game 

FORM 3A 

AGENCY 

PROJECT 



* D. Moore 
J. McMahon 

cant 

Attend scientific meeting 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 19!)5 - September 30, 1996 

Program Manager 
Fish and Wildlife Technician II 
Fish and Wildlife Technician II 

18L 
9C 
98 

0.0 

~nr•l"'n:r<>ge/Cordova- Juneau (Attend meeting with NMFS per.) 
Project planning and implememtation. 

800 
444 
224 

1 
2 
3 

1996 

2 of 5 

Project Number: 96191A 

Project Title: Investigating and Monitoring Oil Related Egg and Alevin 

Mortalities 

Agency: AK Dept. of Fish & Game 

Monthly 
Costs 

6,333 
3,217 
3,100 

5 
6 
8 

Overtime 

0 
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95 
95 

Propose 
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0.0 
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9.3 

1.3 
1.5 
1.4 
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1996 EXXON VALDEZ TRU: : COUNCIL PROJECT BUDGET 
October 1, 1~95 - September 30, 1996 

Contractual Costs: 
Description 

DNA equipment repair ( $3.6) and maintenance agreements ( $1.0) 

Anchorage wet lab repair and maint. 
Air charter (Little Port Walter/Sitka ) 2 RT @ $ 0.5/RT 
Contract with New York University Medical Center for sequencing RNA transcriptors. 
Contract with University of Alaska Anchorage to support 9 mos. of post. doc. to evaluate genetic lesions 

using DNA sequencing. 

When a non-trustee organization is used, the form 4A is required. 
,Commod1t1es Costs: 
Description 
Laboratory chemicals ($6.5) and supplies ($2.2) 

Lab equipment repair and maintenance parts 

Anchorage wet lab supplies ($3.3), lab chemicals ($4.0) and supplies ($1.5) 

1996 

3 of 5 

Project Number: 96191A 

Project Title: Investigating and Monitoring Oil Related Egg and Alevin 

Mortalities 

Agef!c:y: AK Dept. of Fish & Game 

Proposed 
FFY 1996 

4.6 

2.0 
1.0 

50.5 
45.9 

Contractual Total $104.0 

Proposed 
FFY 1996 

8.7 

2.0 

8.8 

Commodities Total $19.5 

FORM 3B 

Contractual & 

Commodities 
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8/8/95 



1996 EXXON VALDEZ TRU ; COUNCIL PROJECT BUDGET 
October 1, 11995 - September 30, 1996 

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

!' 

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

Existing Equipment Usage: Number Inventory 

Description of Units Agency 

Project Number: 96191A FORM 3B 

1996 Project Title: Investigating and Monitoring Oil Related Egg and Alevin Equipment 
Mortalities DETAIL 
Agency: AK Dept. of Fish & Game 
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Subtotal 
eneral Administration 

Project Total 
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r Resources 

Comments: 

1996 EXXON VALDEZ TflU~ 1 t:t: COUNCIL PROJECT BUDGET 
October 1, 1995 - September 30, 1996 

Authorized 
FFY 1995 

Proposed 
FFY 1996 

Estimated 
FFY 1997 

$167.9 

Dollar amounts are shown in thousands of dollars. 

Estimated costs for 'Field Monitoring' and 'AFK Experiment close out' only 

• I 

Estimated 
FFY 2002 

$0.0 

Costs for FY96 and beyond are estimated assuming (1) that the incubation experiment will be discontinued after the 1995 brood year and (2) that field 
monitoring will continue to show no difference in embryo mortality between oiled and non-oiled sites for three additional years. FY99 costs are for close 
out only. 

1996 

Prepared: 1 of 4 

Project Number: 96191 A \',·~( J f1~,..,~~t ,·.v~ &. ,4(?K. ~,,J '(. 
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Agency: AK Dept. of Fish & Game 

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

Vacant Program Manager 
M. Willette Fishery Biologist Ill 
A. Craig Fishery Biologist I 
Vacant 6 - Fish and Wildlife Technician II & Ill 
D. Evans Biometrician II 
P. Trautman Field Office Assistant 

biometrics consultation and planning mtg. 
Attend pink and chum workshop 
Attend meeting with NMFS personnel 
Attend state AFS meeting 

Project Number: 96191 A 

G 

18L 
180 
14A 
11A 
19C 
11A 

Ticket 
Price 
200 
500 
500 
400 

Months 

1.0 
2.0 
8.0 

10.0 
4.0 
1. 

9 
3 
3 
3 

Monthly 
Costs 
6,333 
5,915 
4,144 
3,992 
6,095 
3,509 

13 
6 
9 
4 

1996 Project Title: Investigating and Monitoring Oil Related Egg and Alevin 
Mortalities 
Agency: AK Dept. of Fish & Game 

2 of 4 

0 
0 
0 

Daily 
Per Diem 

95 
95 
95 
95 

FFY 199 
6.3 

11.8 
34.5 
39.9 
24.4 

3.5 
0.0 
0.0 
0.0 
0.0 
0.0 

2.1 
2.4 
1.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
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Contractual Costs: 
Description 

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

Air charter for sample transport ( 12 hours @ $0.25/hour) 
Vessel charter for Fall Embryo Sampling (R/V Montague@ $1.2K/day for 25 days) 
Air charter for Fall Embryo sampling (12 hours@ $0.25/hour) 
D.O.T. vehicle rental (2 months@ $0.3/month) 

Proposed 
FFY 1996 

3.0 
' 30.0 

3.1 
1.2 

Air charter for transport of personnel/samples from field monitoring and hatchery rearing experiments (16 hours @ $0.25/hr. 4.0 
Hatchery space rental and room and board for incubation sampler ($1.0/month x 3.5 months) 
Air charter (Little Port Walter/Sitka ) 2 RT@ $ 0.5/RT 
Cordova outboard ($0.5), UV bactericidal depurators ($1.0), egg incubator ($1.0), repair and maintenance agreement 

When a non-trustee organization is used, the form 4A is required. 
[£ommodities Costs: 
Description 
Laboratory chemicals ($2.0) and supplies ($0.7) 
Data processing suppies 
lab equipment repair and maintenance parts 
Egg dig related field sampling supplies ($2.8), AFK hatchery wetlab supplies ($3.9) 

1996 

3 of 4 

I 

,, 

·Project Number: 96191A 
Project Title: Investigating and Monitoring Oil Related Egg and Alevin 
Mortalities 
Agency: AK Dept. of Fish & Game 

3.5 
1.0 
2.5 

Contractual Total $45.3 
Proposed 

FFY 1996 
2.7 
1.5 
1.5 
6.7 

Commodities Total $12.4 
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New Equipment Purchases: 

• 
P· 

1996 EXXON VALDEZ TRlJSTEE COUNCIL PROJECT BUDGET 
r:-lv(hAf T yOctober · l11·1 9a5 - September 30, 1996 

::. ~~~.... . ' ' ···- - • i 

i 
,{j i l 

. !'! 

•j 

: lc.o 

! I ~ .. : ,. 

'•'1 

Number 
of Units 

d~ . 

I 
; . ~ 

~ ::( . : 
1 ... 

Unit 
Price 

~ l '·· 

Proposed 
FFY 1996 

0.5 
1.6 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

'.'+'">"'·:.. . . V!~r-1! 0.0, 
.-:.-'HL .. : \ 'Tl:r:';\. t_,,·.,.:; ~;:·:~, ,,·. · •·.i t.l 0.01 

. ·· :::hir•tl ·T "'•ilhl .. ,! ..• ,;, 11::<:1! 1 r.· v 1 O.O: 
.,,:n-\·:UI .. ; i fH r ~.: ·, o.o; 

I ! 0.0 
Those purchases associatedjwitl') r.eplacemeot ~Quipment should Q,e indicated bv· placement of an R. ~ - New E"quipmenfTotal -· · -"" $2.1 

Existing Equipment Usage: :l 
-Description 1 • . ; 1 

. h ' .. _, 
Hydraulie try pumps · 

j:_; 
l .. 
., 

1996 

4 of 4 

: n ~ t ~ ·.:, 1 ... , .. ·ilt' •. . •:_,.,.. '1Ciolporl,;; vv··=·. ,,. -~""; ,, ... _,,.,.,.v: ·'!t,· .. -... nN.umber .. .:.·r·· l.nventory 

'" '" ..:: 

' ;1 

\ i'. 

Project Number: 96191 A 
Project Title: Investigating and Monitoring Oil Related Egg and Alevin 
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.. 
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:;,· 

·.· t·· : .. 
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A. Craig 
Vacant 
Vacant 
D. Evans 
P. Trautman .. PCN 117064 
J. McMahon 
Vacant .. PCN 116110 

1996 

2 of 4 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 199~ • September 30, 1 996 

Fishery Biologist Ill 18D. . 6~91·5 . 
Fishery Biologist II 16A I 

Fishery Biologist I 1·~A 

Data Analyst 18A' 
6 ·Fish and Wildlife Technician II & Ill 11A 
Biometrician I 17C 
Field Office Assistant 11A 
Program Manager 18L 
Fish and Wildlife Technician II 9C 
Fish and Wildlife Technician II 98 
Librarian I 17J 

15 

Project Number: 96191 A 
Project Title: Investigating and Monitoring Oil Related Egg and Alevin 
Mortalities 
Agency: AK Dept. of Fish & Game 

4,700 
4,144 
5,354 
3,992 
6,095 
3,509 
6,333 
3,217 
3,100 
5,530 

0 
0 
0 
0 
0 
0 
0 

11.8 
56.4 
34.5 

5.4 
49.9 
30.5 

3.5 
3.2 

38.6 
9.3 
1.7 

2.1 
2.2 
2.5 
6.2 
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Contractual Costs: 
Description 

1996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
October 1, 199.5 - September 30, 1996 

Air charter for sample transport (92 hours @ $0.25/hour) 
DNA equipment repair ($3.6) and maintenance agreements ($1.0) 
Vessel charter for Fall Embryo Sampling (RN Montague @ $1.1 K/day for 23 days) 
Air charter for Fall Embryo sampling (12 hours@ $0.25/hour) 
D.O.T. vehicle rental (2 months@ $0.3/month) 
Air charter for transport of personnel/samples from field monitoring and hatchery rearing experiemnts (16 hours @ $0.25/hr. 
Hatchery space rental and room and board for incubation sampler ($1.0/month x 3.5 months) 
Anchorage wet lab repair and maint. 
Air charter (Little Port Walter/Sitka ) 2 RT @ $ 0.5/RT 
Contract with New York University Medical Center for sequencing RNA transcriptors. 
Hatchery space rental and room and board for sampler 
Contract•wi~ Washington State University for deleterious mutation work 
Cordova outboard ($0.5), UV bactericidal depurators "($1.0), egg incubator ($1.0) repair and maintenance agreement 

Proposed 
FFY 1996 

23.0 
4.6 

25.3 
3.0 
0.6 
4.0 
3.5 
2.0 
1.0 

50.5 
1.2 

15.0 
2.5 

· -· ···-· -eontractuai,,Totar $136.2 

Labqratory chemicals ($6.5) and supplies ($2.2) 
Oat. processing supplies ($1.3) and software ($0.7) 
Lab ~quipment repair and maintenance parts 
Field supplies, nets, rain gear, gloves, boots, hatchery supplies 
Egg 

1
dig related field sampling supplies ($2.8), AFK hatchery wetlab supplies ($3.9) 

Anchorage wet lab supplies ($3_.3), lab chemicals ($4.0) and supplies ($1.5) 

l I 

Proposed 
FFY 1996 

8.7 
2.0 
2.0 
3.0 
6.7 
8.8 

i---· -- --CoJ!i_mod.ities .T.otal . _ ... _ $31.2 

. 
- - ·- -

1996 
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·.;1'996 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET 
··' 0 · · J. 11 · Jt~r,~::;-.:-otff:abW/1, 199fi•LcSepttitttb1r~'30/~9tf-;q -:~a suq \ilf:tqu 

New-Equipment Purchases: 

Fry pump-for·field monitoring (Component A) 

I 

'.,"2l 
·j~-:;~i l~bifl ~L:fUJ. - ,~•-...· ~'":~"~, ~·,'~" ' ;\ ., _~-~ p?:.Lf( ~Jtr~· /; •'··'t!·-- \~3 ~~q 

Description 

1996 

tJf'hJf~\ p~:JC: '"· :.~ ·.~> ~bOi;b' 

!::. tff W'J~us.·~;.. •.. ~,.t~ b~;..~2 

,.. ... ~.-..... ,.. .. _ 
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