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ABSTRACT

The harbor seal (Phoca vitulina richardsi) population in Prince William Sound has not recovered
and may continue to decline. An underlying hypothesis is that ecosystem-wide changes in food
availability could be affecting harbor seal population recovery. To better understand the results
from field studies of harbor seal health, body condition and feeding ecology, we need data for
seals on diets that vary in nutritional composition. Working with the Alaska SeaL.ife Center, we
will determine how fatty acid profiles in the blubber of captive harbor seals change over time
during controlled diets of herring and pollock. In addition, we will assess the aerobic capacity
and lipid metabolism of skeletal muscle in harbor seals fed controlled diets and for wild harbor
seals in Prince William Sound. The results will augment already funded investigations of diet
and health to provide a more in depth understanding of the nutritional role and assessment of
dietary fat for harbor seals.
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ACCOMPLISHMENTS FOR THE FIRST 18 MONTHS (OCT. 1998 TO MARCH 2000)

Feeding trials for eight harbor seals began in early September 1998 at the Alaska SealLife Center.
Six seals (two groups of three) received an alternating diet of either herring or pollock. To date,
four feeding trials have been completed and the fifth is ongoing. Six feeding trials are planned.
A separate control group of two seals will receive a mixed diet of half herring and half pollock
throughout the study.

CROSS-OVER REPEATED MEASURES FEEDING TRIALS
FOR HARBOR SEALS

Period Feeding Herring Diet Pollock Diet
Trail #
Sept-Dec 1998 1 Seals A,B,C Seals D,E,F
Jan-April 1999 2 D,E,F AB,.C
May-Aug 1999 3 AB,C D,E,F
Sept-Dec 1999 4 D,E,F AB,.C
Jan-April 2000 5 AB,C D.,EF

At the mid-point and end of each feeding trial, blubber samples only were taken at two sites from
each seal. Skeletal muscle samples were also taken at the end of each trail. Half of each muscle
sample was placed in fixative, and the remainder along with the blubber samples were frozen at
—70° C. The muscle samples were sent to the University of California at San Diego where
analysis (% fiber type, volume density of lipid droplets and mitochondria, lipid enzyme
activities, and myoglobin concentration) is underway. Blubber samples are being analyzed for
fatty acid profiles at Texas A&M University. In June of 1999, we obtained extensive muscle,
blubber and splanchnic organ samples from eight harbor seals through the BIOSAMPLING
Program in Prince Williams Sound. These samples are under analysis at Texas A&M University
and will form the basis for two Doctoral and one Masters dissertation. Preparations have been
made for obtaining additional harbor seal samples from the BIOSAMPLING Program in June
2000. This collaborative effort with the Native community has been very successful for our
program.

INTRODUCTION

Understanding the feeding ecology and nutritional status of harbor seals is an essential
component of ecosystem-based research on the recovery of species impacted by the Exxon
Valdez oil spill in Prince William Sound. Until recently, determinations of prey preferences for
pinnipeds have been based on stomach content and fecal analyses, both of which can only yield
information on the most recent meals and may be biased due to differential rates of passage of
food items. A new technique using fatty acid profiles of blubber can provide details on
cumulative dietary history. It can also, in some cases, be used to determine foraging habitat. In
pinnipeds, as with other carnivores and monogastric animals, dietary fatty acids generally remain
intact through the digestion process and are deposited in adipose tissue with little or no
modification (1). As a result, differences in the fatty acid composition of carnivore blubber can
be used to infer dietary differences between individuals or populations and perhaps even species
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composition of the diet.

Previous research has shown that fatty acid signatures are significantly affected by spatial or
temporal heterogeneity in habitat and food webs (1). In a study of harbor seal foraging ecology
(Project 117-BAA; Harbor seal blubber and lipids) supported by the Restoration Program,
Iverson, et al (2) were able to distinguish individual species of fish using fatty acid signatures.
They also found fatty acid composition of these prey items to be correlated with body size as well
as location within a study area. Hence, analysis of fatty acids in pinnipeds and their prey should
provide details on the spatial scales of foraging and habitat use of both individuals and
populations. Evaluating how harbor seal blubber fatty acids change with diet during controlled
feeding studies where species composition of diet is known will improve the spatial and temporal
interpretation of fatty acid profiles of wild seals whose diet composition is unknown.

Muscle condition and metabolic function can be used as indicators of the health status of marine
mammals. Important indices of muscle function and health are aerobic capacity, the ability to
store oxygen in the form of oxy-myoglobin and the size of lipid stores. In a preliminary study
conducted by our laboratory (3), we observed that the volume density of mitochondria,
myoglobin concentration and citrate synthase activity in the swimming muscles of harbor seals
were elevated relative to terrestrial mammals and appeared to be an adaptation for aerobic
metabolism during diving. One objective of this study is to study the effect of diet on the aerobic
capacity, myoglobin concentration and lipid stores of skeletal muscles in harbor seals. In
addition, we will measure the activities of citrate synthase and B-hydroxyacyl CoA
dehydrogenase (an enzyme important for lipid metabolism) as indicators of aerobic capacity and
the B-oxidation of fatty acids, respectively.

The Restoration Program has supported the population monitoring component of health
assessment, diving behavior and food preferences of harbor seals in Prince William Sound.
Now, with controlled feeding studies of harbor seals underway at the Alaska SeaL.ife Center, we
will continue our studies of the effects of diet on fatty acid signatures in blubber and the
metabolic function of muscle, especially with regards to lipid. The results will improve our
understanding of harbor seal feeding ecology and the effects of diet on health and metabolism.

NEED FOR THE PROJECT
A. Statement of Problem

The Restoration Program has supported three harbor seal studies in Prince William Sound
(Project 001- Harbor seal condition and health status; Project 064- Monitoring habitat use and
trophic interactions of harbor seals; Project 117-BAA- Harbor seal blubber and lipids). One
objective of these studies has been to measure health and body condition indices related to
metabolic alterations that might occur in animals that were food deprived. Although these
studies collected much useful information, some researchers realized that controlled dietary
studies were needed to more completely interpret field data. In 1997, the Restoration Program
funded a captive study (Harbor Seal Recovery. Phase II: Controlled Studies of Health and Diet)
at the Alaska SeaL.ife Center that will quantify the nutritional value of several key Alaskan fish
species for harbor seals and will follow health indices over time in both healthy and
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rehabilitation animals. That project, which has been underway at the Alaska SeaL.ife Center for
18 months, will feed controlled diets of fish to harbor seals to examine changes in body
condition, health, assimilation efficiency and blood chemistry biomarkers. Of particular interest
will be the health and body condition effects of diets containing nutritionally poor (compared to
herring) fish such as pollock, the so-called “junk food” hypothesis for explaining the decline of
certain pinniped stocks. In the current study, we will continue (four feeding Trials are completed
and the fifth will be completed in May 2000) to take advantage of the controlled feeding studies
at the Alaska SeaL ife Center to examine the effects of diet on: 1) fatty acid markers in the
blubber, 2) muscle condition and 3) lipid metabolism. In addition, we will use samples of
blubber and muscle obtained by the BIOSAMPLING Program in Prince William Sound for
comparison with captive seals fed known diets. This important work will augment already
funded investigations of diet and health to provide a more in depth understanding of the
nutritional role and assessment of dietary fat for harbor seals.

B. Rationale

The harbor seal population in Prince William Sound has not recovered and may continue to
decline. An underlying hypothesis is that ecosystem wide changes in food availability could be
affecting harbor seal population recovery. To better understand the behavioral and physiological
results obtained from field studies of harbor seal health, body condition and feeding ecology
supported by the Restoration Program, we need comparable data for seals on diets that vary in
nutritional composition. In 1998, a captive study was begun at the Alaska SealLife Center to
quantify the health effects of feeding several key Alaskan fish species to harbor seals. We
propose to augment this study by examining changes in fatty acid profiles in seal blubber and
muscle lipid content during controlled feeding studies where fish species composition is known.
In addition, we will quantify the aerobic capacity and activities of enzymes that are crucial for
muscle lipid metabolism and which may be affected by nutritional stress.

C. Location

The experiments for this project will be conducted at the Alaska SeaL.ife Center in Seward. We
will collaborate with existing projects that will examine the detailed metabolic alternations in
stable isotope ratios (Schell/Project 170) and changes in body condition and health indices
(Castellini/Project 341) in harbor seals that occur under different feeding regimes.
COMMUNITY INVOLVEMENT AND TRADITIONAL ECOLOGICAL KNOWLEDGE
Native communities have assisted Field studies of harbor seals in conjunction with the

BIOSAMPLING program (Project 96244). We will continue that collaboration by analyzing
samples of muscle, blubber and other tissues taken as part of subsistence hunting.
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PROJECT DESIGN
A. Objectives

1. Determine how fatty acids in the blubber of captive harbor seals change over time during
controlled diets of herring and pollock.

2. Measure the content and composition of lipid in muscle of captive harbor seals fed controlled
diets and for wild harbor seals in Prince William Sound.

3. Assess the aerobic capacity and lipid metabolism of skeletal muscle in harbor seals fed
controlled diets and for wild harbor seals in Prince William Sound.

B. Methods

1. Hypotheses to be Tested.

1. Null hypothesis: Fatty acid profiles in the blubber of harbor seals are not affected by the
fatty acid composition of the diet.

Alternative hypothesis: Fatty acid profiles in the blubber of harbor seals will be directly
affected by the fatty acid composition of the diet and will change as the diet is altered.

Methodology: Feed controlled diets of different fish species to captive harbor seals.
Assess temporal changes in the fatty acid composition of the blubber by taking serial
biopsies. Compare with samples obtained from the BIOSAMPLING program of wild
harbor seals in Prince William Sound.

2. Null hypothesis: Mitochondrial volume density, myoglobin concentration, lipid content,
and the enzymatic activities of citrate synthase and B-hydroxyacyl CoA dehydrogenase
are not affected by diet.

Alternative hypothesis: These variables of muscle condition and function are affected by
changes in diet.

Methodology: Feed controlled diets of different fish species to captive harbor seals.
Assess temporal changes in these variables by taking serial muscle biopsies. Compare
with samples obtained from the BIOSAMPLING program of wild harbor seals in Prince
William Sound.

2. Harbor Seal Feeding Trials Conducted at the Alaska SeaLife Center (ASLC).

Animals. Eight harbor seals have been acquired by the ASLC for the feeding trials that began in
September 1998. Dr. Michael Castellini developed dietary protocols for EVOS Project 99341.
During the staggered feeding trials, the diet will be changed every four months. During these
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dietary manipulations, we will obtain serial blubber samples every two months and muscle
biopsies every four months from two sites on each animal.

Design for Feeding Trials. A detailed matrix of the feeding schedule developed by Dr. Castellini
is shown below. The procedure will use a cross-over repeated measures approach and will allow
statistical comparisons within any one group of seals between diet and season. Statistical
software (SYSTAT) will be used to analyze the cross-over method. However, there are several
considerations that must be addressed using this matrix.

CROSS-OVER REPEATED MEASURES ANOVA FEEDING TRIALS
FOR HARBOR SEALS

Period Herring Pollock Condition
Sept-Dec 1998 Seals A,B,C Seals D,E,F Molting
Jan-April 1999 D.EF AB,C Spring
May-Aug 1999 AB,C D,E,F Breeding
Sept-Dec 1999 D,E,F AB,.C Molting
Jan-April 2000 AB,C D,E,F Spring
May-Aug 2000 D.,E,F AB,C Breeding

This feeding matrix allows each group of seals to experience a different diet at similar
physiologically relevant times of the year. Group A,B,C for example, will receive a herring diet
during the molting season in Year 1 and a high pollock diet in Year 2. After training during the
summer of 1998, the seals accepted a pollock diet that was 100% pollock. Two additional
control seals will receive a diet of half herring and half pollock throughout the study.

A problem with cross-over ANOVA designs is that residual or carry-over effects from previous
treatments can complicate the analysis. We correct for this with long test periods and phased
cross-overs. That is, since each feeding trial will last for four months, several weeks of diet
switching will be allowed. This provides the additional advantage of allowing us to study the
impact of the phased switch on blubber and muscle lipid content and composition, and on muscle
lipid metabolism.

Blubber Biopsies. Blubber samples will be obtained through the full depth of blubber layer with
a 6-mm punch biopsy inserted through a small incision in the skin. Samples will be immediately
transferred to liquid nitrogen and stored at -70° C until analysis. Total lipids will be extracted in
chloroform according to Folch et al. (4) as modified by Iverson (5). Fatty acid methyl esters
(FAME) will be prepared from the purified lipid extracts using the Hilditch reagent (0.5 N
H,SO,4 in methanol). FAME for fish in the controlled diets will be obtained similarly from
homogenates of individual food items. The methyl esters will be analyzed by temperature-
programmed capillary gas-liquid chromatography. FAME will be identified and quantified using
a combination of standard mixtures, including those identified using chromatography and an ion-
trap mass detector. Individual fatty acids, expressed as weight percent of the total fatty acids,
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will be analyzed using classification and regression trees (CART) in S-plus (StatSci, Seattle), a
non-parametric multivariate technique for classifying data. CART uses a series of algorithms to
split data into groups as differently as possible, based on measures of deviance; the splitting
continues in a tree-like form until a classification is made at a terminal node.

Muscle Bigpsies. Two muscle samples of approximately 50 mg each will be collected with a 6 mm
biopsy cannula (Depuy, Warsaw, Indiana) from both the swimming ( M. longissimus dorsi) and
non-swimming (M. pectoralis) muscles. Control samples will be collected from the M. soleus, a
predominantly slow oxidative muscle, of laboratory rats (Sprague Dawley) euthanized by cervical
dislocation after 2-3 min of carbon dioxide anesthesia. Muscle samples will be placed either into
2% glutaraldehyde fixative or frozen in liquid nitrogen immediately upon collection. Samples will
remain in the fixative for a minimum of 48 hours but no longer then 14 days before being
transferred and stored in 0.1 M cacodylate buffer pH 7.4. Frozen samples will be stored at -70 °C
until analysis for citrate synthase activity, B-hydroxyacyl CoA dehydrogenase activity and
myoglobin concentration.

Electron Microscopy of Muscle Samples. Fixed muscle samples will be rinsed in cacodylate buffer
and post-fixed for 2 hours in a 1% solution of osmium tetra oxide. They will be stained ‘en bloc'
with 2% uranyl acetate overnight in a refrigerator. After dehydration with increasing concentrations
of ethanol (50-100%), they will be passed through propylene oxide and increasing concentrations of
epoxy (50-100%). The samples are finally embedded in fresh epoxy and allowed to polymerize
overnight at 60 ° C. Thick sections (1 mm) will be cut with a Leica Ultratome and stained with
toulidine blue to determine fiber orientation. Ultrathin (50-70 nm), transverse sections will be cut
and contrasted with lead citrate from four randomly chosen blocks per muscle. Micrographs will be
taken with a Phillips 201 transmission electron microscope. The number of micrographs per muscle
analyzed will range from 25 and 40, yielding relative standard errors of less than 10% in all
muscles. Determination of the volume density of mitochondria, myofibrils and lipid droplets will
be performed at a final magnification of x19,250 using standard point counting procedures (6, 7).

Citrate Synthase, B-hydroxyacyl CoA dehydrogenase and Myoglobin Assays of Muscle Samples.
Frozen muscle samples will be weighed and then homogenized at 0° C in 1 ml of buffer containing
1 mmol L™ EDTA, 2 mmol L™ MgCly, and 75 mmol L™ Tris-HCI, pH 7.6 at 25 ° C (8). The
homogenates will be spun at 2,900 g for 30 minutes at 4°C. 500 ml from each supernatant will be
prepared for myoglobin assay and the rest will be used for the analysis of citrate synthase. Citrate
synthase and B-hydroxyacyl CoA dehydrogenase will be assayed on a Beckman DU series 64
spectrophotometer according to the method of Reed et al. (1994). Assay temperature will be
maintained at 37 ° C using a constant temperature water bath and a water-jacketed cuvette holder.
The assay conditions for citrate synthase (CS; EC 4.1.3.7) will be 50 mmol L™ imidazole, 0.25
mmol L™ 5,5-dithiobis (nitrobenzoic acid, DTNB), 0.4 mmol L™ acetyl CoA, and 0.5 mmol L™
oxaloacetate, at pH 7.5; DA412, €412 = 13.6 (8). For B-hydroxyacyl CoA dehydrogenase (HAD; EC
1.1.1.35), the assay conditions will be 50 mmol L™ imidazole, 1 mmol L™ EDTA, 0.1 mmol L™
acetoacetyl CoA, and 0.15 mmol L™ NADH, pH 7.0 at 37° C; DAs4o, €340 = 6.22 (9). Enzyme
activities (mmol min ™ g™ wet mass muscle) will be calculated from the rate of change in
absorbance at the maximum linear slope. Myoglobin will be assayed according to the method of
Reynarfarje (1963) with the following modifications. A portion (500 ml) of the supernatant is
further diluted with 1 ml of phosphate buffer (0.04 M, pH 6.6). The resulting mixture is centrifuged
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for 50 min at 28,000 g at 4°C. The supernatant is bubbled with carbon monoxide for three min.
Spectrophotometric absorbance will be measured at 538 and 568 nm, and the concentration of
myoglobin in milligrams g™ wet mass of muscle will be calculated as:

(ADbs 533 - Abs 565) X 5.865 [(1.5/0.5) x (mass of sample)]

Statistical Analysis. Results will be expressed as the mean + one standard error. We will use a
cross-over repeated measures approach that will allow statistical comparisons within any one
group of seals between diet and season. Statistical software (SYSTAT) will be used to analyze
the cross-over method. The relative proportions of fatty acids from blubber samples of seals in
the controlled feeding study will be used as a basis for generating tree-based models (using S-
Plus; StatSci, Seattle) of groups or classes of samples such that new samples (obtained via
BIOSAMPLING) can be compared with the modeled classes to decide their membership, i.e.
obtain a classification of their "diet". Similarly, classification and regression trees will be used
to screen the set of prey fatty acids and choose a subset of those fatty acids which can be used to
classify the "diets" of seals based the patterns of fatty acid proportions in their blubber.

3. Blubber and Muscle Samples Obtained from the BIOSAMPLING Program in Prince William
Sound.

Samples from the main swimming muscles, blubber and splanchnic organs of 16 harbor seals
will be obtained during BIOSAMPLING Program. The entire muscle will be removed and
weighed, and three transverse sub-samples will be taken along the muscle bundle. Each sub-
sample of the swimming muscle will be precisely labeled for its orientation and location within
the animal. These will then be further sub-sampled along points on a circular grid using a
stainless steel borer, averaging 35 samples per muscle section. Cores of tissues weighing 200 and
300 mg will be removed for assay. A spectrophotometric technique will be used to determine
myoglobin, citrate synthase, and B-hydroxyacyl CoA dehydrogenase concentration (see above
for details). Detailed contour maps and statistical tests for all concentrations will be made using
a PC based program S-Plus (Stat-Sci, Seattle). Blubber samples will also be obtained from the
same approximate anatomical location as on animals used in the captive studies and stored
frozen at -70 °C. Blubber samples will be analyzed according to the protocols described in
Section 2 of this proposal. Samples will also be taken from the liver, kidneys, stomach, small
intestine, diaphragm and brain. They will be analyzed using the same techniques as the muscle
samples.

SCHEDULE

A. Measurable Project Tasks for FY 99 (October 1, 1998 - September 30, 1999),
FY 00 (October 1, 1999 - September 30, 2000) and FY 01 (October 1, 2000 - March 31,
2001)

Each feeding trial will take four months beginning in September, 1998.
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1998
September
September-December

1999
January-April

May-August

September-December

2000
January-April

May-August

September-December

2001
January-September

B. Project Milestones

Set up fatty acid analysis and muscle lipid and enzyme analysis
Trial 1 of staggered feeding protocol at ASLC. Obtain blubber and
muscle biopsies. Status- completed on schedule.

Trial 2 of staggered feeding protocol. Obtain blubber and muscle
samples. Status- completed on schedule.

Trial 3 of staggered feeding protocol. Obtain blubber and muscle
samples. Status- completed on schedule.

Obtain blubber and muscle samples from wild harbor seals in
Prince William Sound in conjunction with BIOSAMPLING
Program. Status- completed on schedule.

Trial 4 of staggered feeding protocol at ASLC. Obtain blubber and
muscle biopsies. Status- completed on schedule.

Trial 5 of staggered feeding protocol. Obtain blubber and muscle
samples. Status- underway and on schedule

Trial 6 of staggered feeding protocol. Obtain blubber and muscle
samples. Planned and on schedule

Obtain blubber and muscle samples from wild harbor seals in
Prince William Sound in conjunction with BIOSAMPLING
Program. Planned and on schedule.

Complete analysis of blubber and muscle samples.

Analyze data and prepare Final Report. Prepare and submit
manuscripts. Two manuscripts are anticipated at this time.

FY 99: Obtain blubber and muscle samples during first four feeding studies at ASLC
and the BIOSAMPLING Program in Prince William Sound.

FY 00: Continue to obtain blubber and muscle samples during feeding studies at ASLC,;
obtain blubber and muscle samples from seals in Prince William Sound in
conjunction with BIOSAMPLING Program.

FY 01 Complete analysis and prepare Final Report and manuscripts by September.

C. Completion Date

This project will finish on September 30, 2001.

Prepared 4/10/00

9 Project 01-441



PUBLICATIONS AND REPORTS

Since this is a new project, there are no current publications from the proposed research.
However, the results from a preliminary study of the aerobic capacity and lipid content of
muscles from harbor seals in Prince William Sound were be published in the Journal of Applied
Physiology in April 1999. We do not anticipate any referred articles in FY 00. However, by FY
2001 most of the data will be analyzed and manuscripts in preparation. Because samples will
continue to be collected through September 2000, we request an additional year (Oct. 2000 to
September 2001) to complete data analysis and prepare the Final Report and manuscripts. We
anticipate at least two publications by 2001 on the effects of diet on fatty acids in blubber and the
aerobic capacity and lipid metabolism in harbor seal muscle.

PROFESSIONAL CONFERENCES
The PI requests funds to attend the annual EVOS workshops each year.
COORDINATION AND INTEGRATION OF RESTORATION EFFORT

We are working in close coordination with Dr. Michael Castellini (Pl on Harbor Seal Recovery.
Phase I1: Controlled Studies of Health and Diet) and staff at the Alaska SeaL.ife Center (see
attached letter). Dr. Castellini is supervising the controlled diet studies. We have coordinated
our blubber and muscle samples with the veterinary staff at ASLC. Samples obtained from the
BIOSAMPLING program will be coordinated with Ms. Monica Riedel of the Alaska Native
Harbor Seal Commission.

PROPOSED PRINCIPAL INVESTIGATOR

Dr. Randall Davis

Dept. Marine Biology

Texas A&M University at Galveston
Galveston, TX 77553

Phone: 409-740-4712

Fax: 409-740-5002

email: davisr@tamug.tamu.edu

PRINCIPAL INVESTIGATOR

Randall Davis, Ph.D., specializes in the physiology and metabolism of marine mammals. He is a
Professor of Marine Biology at Texas A&M University and has worked in this field for over 20
years. In 1989, Dr. Davis was the Project Leader for Exxon’s Oiled Sea Otter Rehabilitation
Program in Prince William Sound.

Publications by Dr. Randall Davis relevant to the proposed research:

Kanatous SB, Davis RW, DiMichele LV, Cowan DF. (1999) High aerobic capacities in the
skeletal muscles of seals, sea lions and fur seals: An adaptation to diving hypoxia.
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Journal of Applied Physiology 86:1247-1256

Davis RW (1995) Cleaning and Restoration of the Fur. In: Emergency Care and Rehabilitation of
Oiled Sea Otters: A Guide for Large and Small Oil Spills Involving Fur-bearing Marine
Mammals. (TM Williams and RW Davis, eds). University of Alaska Press.

Davis RW, Beltz WF, Peralta F, Witztum JL. (1994) Role of Plasma and Tissue Lipids in the
Energy Metabolism of the Harbor Seal. In: Recent Advances in Marine Mammal Science.
(I Boyd, ed). Oxford University Press.

Williams, TM, Davis RW, McBain JF, Tuomi PA, Wilson RK, McCormick CR, Donoghue S.
(1995) Diagnosing and Treating Common Clinical Disorders of Oiled Sea Otters. In:
Emergency Care and Rehabilitation of Oiled Sea Otters: A Guide for Large and Small Oil
Spills Involving Fur-bearing Marine Mammals. (TM Williams and RW Davis, eds).
University of Alaska Press.

Castellini MA, Davis RW, Loughlin TR, Williams TM. (1993) Blood chemistries and body
condition of Steller sea lion pups at Marmot Island. Marine Mammal Science 9:202-208.

Davis RW, Pierotti VR, Hubl, ST, Lauer SJ, McLean JW, Witztum JL, Young SG. (1991)
Lipoproteins in Pinnipeds: Analysis of a High Molecular Weight Form of Apolipoprotein
E. J Lipid Res 32:1013-1023.

Davis RW. Advances in Rehabilitating Oiled Sea Otters: the Valdez Experience. (1991) Wildlife
J 13:30-41.

Davis RW, Castellini MA, Kooyman GL. (1991) Fuel homeostasis in harbor seals during
submerged swimming. J Comp Physiol 160:627-635.

Davis RW, Williams TM, Thomas JA, Kastelein RA, Cornell LH. (1988) The effects of oil
contamination and cleaning on sea otters 1l: metabolism, thermoregulation and behavior.
Can J Zool 66:2782-2790.

Williams TM, Kastelein RA, Davis RW, Thomas JA. (1988) The effects of oil contamination
and cleaning on sea otters I: thermoregulatory implications based on pelt studies. Can J
Zool 66:2776-2781.

Davis RW. (1987) Assessment of steady and non-steady state fuel homeostasis using the
constant isotope infusion method. In: Marine Mammal Energetics. (A.Huntley, DP
Costa, G Worthy, MA Castellini, eds). Soc. Mar. Mamm., Special Publ. 1.

Davis RW, Williams TM, Kooyman GL. (1985) Swimming metabolism of yearling and adult
harbor seals (Phoca vitulina). Physiol Zool 58:590-596.

Davis RW. (1983) Lactate and glucose metabolism in the resting and diving harbor seal (Phoca
vitulina). J Comp Physiol 153:275-288.
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OTHER KEY PERSONNEL

Dr. Odile Mathieu-Costello is a Research Physiologist at the University of California at San
Diego. She is internationally recognized for her research on ultrastructure and function of
skeletal muscle. Her role will include the electron microscopic determination of mitochondrial
volume density and lipid droplet density in muscle samples. No salary is requested as she is
supported by other funding.

Dr. Shane Kanatous is a NIH Post-doctoral Fellow at the University of California at San Diego.
He has conducted research on the aerobic scope and enzymatic adaptations in the skeletal
muscles of marine mammals. His role will be to measure the enzyme activities of citrate
synthase and B-hydroxyacyl CoA dehydrogenase in muscle samples. No salary is requested
because he is supported on a NIH Post-doctoral Fellowship.

Students (TBA). There are several students (Ph.D.) and Research Assistants in the Davis
laboratory who will participate on this project.
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2001 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 2000 - September 30, 2001

Budget Category:

Authorized
FY 2000

Proposed
FY 2001

Personnel

Travel

Contractual
Commodities
Equipment

Subtotal

General Administration
Project Total

Full-time Equivalents (FTE)

Other Resources

$0.0

$0.0

$87.4

$0.0

$0.0

LONG RANGE FUNDING REQUIREMENTS

$0.0 $87.4

$6.1

Estimated
FY 2002

$0.0 $93.5

1.0

$0.0

Dollar amounts are shown in thousands of dollars.

Comments:

July 2000. (wjh)

This revised budget was prepared following the recommendations of the EVOS TC FAX MEMO dated 18

FYO1

Prepared:

Project Number: 01441

Project Title: Harbor Seal Recovery Phase llI: Effects of Diet
on

Lipid Metabolism and Health

Agency: Alaska Department of Fish and Game
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2001 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 2000 - September 30, 2001

Authorized Proposed
Budget Category: FY 2000 FY 2001
Personnel $50,780.4
Travel $2,520.0
Contractual $7,800.0
Commodities $8,800.0
Equipment $0.0 LONG RANGE FUNDING REQUIREMENTS
Subtotal $0.0 | $69,900.4 Estimated
Indirect @ 25% $17,475.1 FY 2002
Project Total $0.0 | $87,375.5
Full-time Equivalents (FTE) 1.0
Dollar amounts are shown in thousands of dollars.
Other Resources | | | | |

Comments:

Indirect costs are calculated at 25% of Modified Total Direct Cost. The indirect cost rate was
renegotiated to 25% by the EVOS Trustee Council and Texas A&M University, Department of Health and
Human Services in July, 2000.

Fringes are calculated at 15.5% of Salaries and Wages for the Principal Investigator and Research
Assistant. 8.25% is the calculation

for the Graduate Research Assistant. Included in the fringe category is a fixed rate for medical
insurance. The rate is a calculation

based on the percentage of effort. The Principal Investigator is calculated at $412/mo. The Research
Assistant and Graduate

Research Assistant are calculated at $331/mo.

Project Number: 01441
Project Title: Harbor Seal Recovery Phase llI: Effects of Diet

FYO1 on

Lipid Metabolism and Health

Name: Texas A&M Research Foundation

Prepared: 4/11/00
Project No.: 01-441 20f6



2001 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 2000 - September 30, 2001

Personnel Costs: Months Monthly
Name Position Description Budgeted Costs Overtime
R. Davis Principal Investigator 3.0 9100.0
To Be Named Research Assistant 6.0 2338.4
To Be Named Graduate Research Assistant 3.0 3150.0
.3125/FTE
Justification:
Funding for R. Davis and a Graduate Student are similar to that
requested in Years 1 and 2.
However, relative to Years 1 and 2, we request an additional 6 mo
(12 mo total) for a Research Assistant to help analyze samples
and assist in preparation of a final report and two (2) manuscripts for
publication in peer-reviewed journals in FY 01.
Subtotal 12.0 14588.4 0.0
Personnel Total
Travel Costs: Ticket Round Total Daily
Description Price Trips Days Per Diem
To Anchorage, AK for EVOS Workshop 700.0 1 3 140.0
To Fairbanks, AK to coordinate Final Report with M. Castellini 1000.0 0 0 130.0
To National Scientific Meeting to present results 700.0 1 5 140.0
(Biennial Meeting of the Marine Mammal Society, 2001)
Travel Total

Project Number: 01441

FYO1 Project Title: Harbor Seal Recovery Phase llI: Effects of Diet
on Lipid Metabolism and Health

Name: Texas A&M Research Foundation

Prepared: 04/11/00
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2001 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 2000 - September 30, 2001

Contractual Costs:

Description
Electron Microscope Analysis (Subcontract to S. Kanatous): 153 tissue samples @ $16/samples (not including supplies)
Justification: As detailed in the original proposal, muscle samples from captive and wild harbor seals will be analyzed for

mitochondrial volume density using electron microscopy. Although some samples have been analyzed, the majoril
will be analyzed once all samples have been obtained by the Alaska Sealife Center in September 00.
||Gas Chromatograph Analysis (Texas A&M Univ. Gas Chromatograph Lab): 63 blubber and fish samples @ $80/sample
(includes all supplies)
Justification: As detailed in the original proposal, blubber and dietary samples from captive and wild harbor seals will be analyze
fatty acid signitures using gas chromatography. Although some samples have been analyzed, the majority
will be analyzed once all samples have been obtained by the Alaska Sealife Center in September 00.
Communications - Long Distance Phone Charges ($25/mo x 12 mo)
Justification: Funds for long distance phone charges are requested for communicating with the EVOS office in Anchorage and
M. Castellini (Calloraborating Pl on Harbor Seal Study) at U of A in Fairbanks.

Contractual Total

Commodities Costs:

Description
Expendable supplies and chemicals
Justification: Electron Microscope expendable supplies: 153 samples x $6/sample = $918

Analysis of tissue enzyme activities: 750 x $8/sample = $6000

Misc. expendable supplies and gases: $630

Liguid nitrogen and shipping of final frozen samples from Alaska Seal.ife Center

Justification:

Final blubber, muscle and dietary samples will be taken in late September or early October FY00 and shipped to

Texas A&M for analysis.

Publications and Page Charges for manuscripts that will appear in FY01

Justification: Manuscript 1: Effects of Diet on the Fatty Acid Signitures in the Blubber of Harbor Seals
Journal: Canadian Journal of Zoology
Submission/Publication Date: FY01

Manuscript 1: Effects of Diet on the Mitochondrial Volume Density and Fatty Acid Oxidation Potential in Harbor Sez
Journal: Journal of Experimental Biology
Submission/Publication Date: FY01

Commodities Total

Project Number: 01441

FYO1 Project Title: Harbor Seal Recovery Phase llI: Effects of Diet
on

Lipid Metabolism and Health

Prepared: 04/11/00
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2001 EXXON VALDEZ TRUSTEE COUNCIL PROJECT BUDGET
October 1, 2000 - September 30, 2001

Project No.: 01-441

New Equipment Purchases: Number Unit
Description of Units Price
Those purchases associated with replacement equipment should be indicated by placement of an R. New Equipment Total
Existing Equipment Usage: Number
Description of Units

Project Number: 01441
Project Title: Harbor Seal Recovery Phase llI: Effects of Diet

FYO1 on
Lipid Metabolism and Health
Name: Texas A&M Research Foundation
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