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The Virginia Institute of Marine Science/School of Marine Science
(VIMS/SMS) of the College of William and Mary has three equally
important missions: to provide cutting-edge research, education and
advisory service in marine science. The Institute focuses largely,
though not exclusively, on coastal and estuarine marine environments
with emphasis on the Chesapeake Bay, its adjoining tributaries, and the
Middle Atlantic Bight. Founded in 1940 as the Virginia Fisheries
Laboratory, VIMS/SMS has evolved to become the largest marine
center in the nation focused on coastal and estuarine science. The

Institute is committed to generating new knowledge of coastal and
marine processes; providing practical management, engineering and
policy solutions to complex sets of marine-related problems and needs;
and providing the highest quality, graduate marine science education
available. '

VIMS/SMS is structured to facilitate:

e original basic research,
scholarship and graduate
education in each of the
traditional subdisciplines
of marine science;

e the highest level of inter-
disciplinary synergy with
an emphasis on solving
both basic and issue-driven
problems; and

e translating the knowledge
gained through research into
practical applications and
effective advisory service.



Research and education
programs are based in five depart-
ments: 1) Department of Biologi-
cal Sciences; 2) Department of
Environmental Sciences; 3)
Department of Fisheries Science;
4) Department of Physical Sci-
ences; and 5) Department of
Resource Management and Policy.
Within each department, scientists
from related disciplines maintain
programs that support departmen-
tal objectives. Research focuses on
areas such as disease in fish and
shellfish, plankton and nutrient
processes, ecology of various
marine plants and animals, pro-
cesses of pollutant transfer and
fate, water quality, shoreline
processes and structures, wave
dynamics, and marine geology and
geochemistry. This diversity
reflects the varied expertise of the
scientific staff.

Increasingly, scientific ques-
tions in need of solutions are
interdisciplinary and require the
integration of biological, chemical,
physical and geological oceanog-
raphy as well as ocean engineer-
ing. An overarching goal of
VIMS/SMS is to achieve and
maintain a national and interna-
tional position as a premier coastal
marine science institute with
particular emphasis on the genera-
tion, application, and communica-
tion of interdisciplinary knowl-
edge and understanding.

Interdisciplinary research
focuses on increasing fundamental
knowledge of the various pro-
cesses affecting marine environ-
ments, and seeking practical

solutions to current issues.
Institute programs are funded by
the Commonwealth of Virginia as
well as numerous federal agencies
such as National Science Founda-
tion, Department of Interior,
Department of Defense, Office
Naval Research, Naval Research
Lab, National Oceanic and Atmo-
spheric Administration, and

Environmental Protection Agency.

The comprehensive research
plan includes Core Research
Programs that are designed to
evolve and change in response to
emerging issues. Scientists from
various disciplines provide
research to support different
aspects of each program. VIMS
defines Core research on the basis
of issues or problems rather than
by department or discipline; all
Core Programs are interdiscipli-
nary.

Advisory service provides a
major avenue for conveying
scientific and technical informa-
tion to clients and the general
public. Faculty, students and staff
apply their knowledge to natural
resource and economic develop-
ment issues through interactions
with government agencies, locali-
ties, businesses, industries and the
general public. Institute scientists
also serve as advisors on regional,
national and international marine
related panels and boards.

The Sea Grant-supported
Marine Advisory Program (MAP)
is devoted to economic develop-
ment with emphasis on maritime
industries. The program actively
engages VIMS scientists in the
promotion of sustainable fisheries,
commercial fisheries development,
seafood utilization, and marine
aquaculture; and provides outreach
education at all levels.

National and
International
Partnerships

As a leader in the worldwide
community of coastal marine
scientists, VIMS/SMS has estab-
lished formal memoranda of
agreement with the Institute of
Estuarine and Coastal Research of
the East China Normal University;
Ocean University of Qindao,
China; the Korea Ocean Research
and Development Institute
(KORDI); New Zealand’s Na-
tional Institute of Water and
Atmospheric Research (NIWA);
and the School of Ocean Sciences
University of Wales-Bangor.
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Problems affecting estuaries and the coastal sea are formidable and
are accelerating as coastal areas become more populated, and conflicting
human pressures are applied to these fragile environments increase. Our
ability to cope with these problems depends in large part on the activity
and involvement of appropriately trained scientists, managers and policy

~ makers, which in turn necessitates that schools such as the School of

Marine Science produce students optimally trained to study and under-
stand the coastal environment.

Currently about 120 students are enrolled in the graduate program.
They are equally divided between Master of Science and Ph.D. candi-
dates. Students are drawn from colleges and universities nationwide,
International students comprise about 12% of the student body.

Because coastal and estuarine research requires an interdisciplinary
understanding of the environment, first-year students take a series of
four core courses designed to provide broad-based knowledge in marine
science. Advanced students may take a wide variety of lecture, seminar,
and laboratory courses, generally in their field of research interest. In
addition, William and Mary programs, such as the College’s Environ-
mental Science and Policy Cluster, provide opportunities for students to
work directly with faculty in the Law School, the Public Policy Institute,
and other groups within the social and natural sciences.

More than 500 SMS students have received advanced degrees in
marine science during the Institute’s nearly sixty-year history. Graduates
find work at academic and research institutes, management and regula-
tory agencies at the local, state and federal level, and in the corporate
and private sectors.

Internships can serve as an excellent way for students to gain real-
world experience as part of their interdisciplinary training at SMS/
VIMS. In recent years a large number of our Resource Management and
Policy students have received Knauss fellowships to intern in agency
and legislative offices in Washington, and other students have had both
research and teaching internships at various labs and schools around the
country.

The School of Marine Science also has an active and highly com-
petitive summer internship program for undergraduate students, funded
in part by the National Science Foundation. Students spend ten weeks at
VIMS working with their mentors on a variety of research projects. A
number of these summer projects have resulted in published papers in
peer-reviewed journals. Minorities and women are particularly encour-
aged to apply to this program.
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VIMS Administration and General Facilities

L. Donelson Wright
Dean and Director
Eugene M. Burreson
Director of Research and
Advisory Services
John D. Milliman
Dean of Graduate Studies
David A. Evans
Associate Dean of
Graduate Studies
Linda F. Caporale
Executive Assistant to the
Dean and Director
Carolyn Ridgway Cook
Director of Planning
and Budget
Wendell B. Goodwin
Director of Facilities
Management
Page Hayhurst
Associate Director of
Development
Jane A. Lopez
Director of Sponsored
Research Administration
Charles A. McFadden
Director of the Library
Newton J. Munson
Director of Information

Technology and Networking

Services

The role of the Institute is to provide sound scientific research that
contributes to new knowledge, to provide accurate, reliable data and
advice upon which policy makers and regulatory agencies can base
stewardship decisions, and to support and nurture the highest quality
graduate marine science education available.

The VIMS thirty-five acre
campus, located in Gloucester
Point at the mouth of the York
River, offers easy access to
Virginia’s estuaries, tidal and
nontidal wetlands as well as the
Chesapeake Bay and Atlantic
Ocean. A second campus, the
Eastern Shore Laboratory (ESL),
located in Wachapreague, Virginia
is surrounded by embayments, salt
marshes, barrier beaches, and
coastal waters. Facilities include
wet and dry labs for visiting
scientists, a seawater flume, and
dormitory space for forty visitors.
Widely recognized for its contri-
butions to bivalve aquaculture, the
ESL is also the primary site for
oyster reef restoration research.
Both campuses provide rich, living
laboratories for research and
teaching. Four hundred and fifty
scientists, students, and support
staff are engaged in activities
supporting the missions of the
Institute.

The Institute is well equipped
with state-of-the-art field and
laboratory technology to support
advanced research in disciplines
such as geochemistry, physical
oceanography, genetics, immunol-

ogy, pathobiology and toxicology.
Specialized equipment is de-
scribed in the following sections.
Instrument fabrication equipment
and calibration tanks for various
sensors enable scientists to engi-
neer, develop and maintain
specialized research equipment.
Facilities include six buildings
with flow through salt water
systems.

Chesapeake Bay Hall, a
60,000 sq. ft. research facility
opened in March 1997, was
designed and constructed to
support advanced research,
particularly in chemistry, immu-
nology, genetics, and aquatic
disease and toxicology. The

- building is equipped with environ-

mental chambers, tissue storage
lockers, a lead-lined lab, and a
state-of-the-art air handling



Department of Biological Sciences

Hugh W, Ducklow (Chair)

Loretta and Lewis
Glucksman Professor

Iris C. Anderson
Professor

Robert J. Diaz
Professor

J. Emmett Duffy
Assistant Professor

Leonard W. Haas
Associate Professor

Kenneth A. Moore
Research Assistant
Professor

Robert J. Orth
Professor

Mark R. Patterson
Associate Professor

Linda C. Schaffner
Associate Professor

Walker O. Smith, Jr.
Professor

Richard L. Wetzel
Professor

- Ting Dai
Assistant Research
Scientist

Helen L. Quinby
Faculty Research
Associate

Sylvie Mathot
Post-Doctoral
Research Associate

Michael Castagna
Professor Emeritus

William J. Hargis, Jr.
Professor Emeritus

George C. Grant
Professor Emeritus

Kenneth L. Webb
Chancellor Professor
Emeritus

The Department of Biological Sciences brings together biologists
and ecologists from a variety of disciplines including microbiology,
taxonomy, and ecosystem modeling. Faculty are engaged in research
aimed at elucidating patterns and processes in benthic and planktonic
systems over both space and time. Research is geared toward under-
standing the basic forces in these communities on the local and global
scales. Results often are used to assist managers with problems of local,
national, and international significance.

Benthic Ecology: Examines the
major processes governing the
structure and function of benthic
systems. Conducts ongoing studies
of processes influencing recruit-
ment, growth and production of
benthic organisms; function and
role of benthic communities in the
fate and transfer of organic matter
and sediments.

Nutrient Cycling: Focuses on
spatial and temporal control of
phytoplankton production by
phosphorus or nitrogen, and the
impact of various processes on the
food web. Sediment-related
processes and exchange with
overlying water studies form a
portion of this program.
Macrophyte Ecology: Concen-
trates on submersed and emergent
macrophyte species in shallow
subtidal, intertidal marine, brack-
ish, and freshwater areas. Current
studies focus on plant distribution
and abundance, restoration ecol-
ogy, dispersal mechanisms, and
plant response to environmental
variability and related factors.
Physical Biology: Interdiscipli-
nary studies investigate food

capture, bioenergetics, primary
and secondary production, and
allometry in invertebrates and
algae. Involved in ongoing col-
laborative work with institutes in
the Chesapeake Bay, the Gulf of
Maine, the Caribbean and Lake
Baikal, Russia.

Ecosystem Modeling: Develop-
ment of digital computer simula-
tion models as integrative and
synthetic tools for ecosystem
analysis to address basic and
applied management questions.
Biological Oceanography:
Emphasis on examining the
fundamental processes underlying
primary and secondary production
in marine ecosystems, primarily
offshore. Studies focus on under-
standing the physical processes
supporting primary production,
plankton dynamics, biotic
interactions structuring communi-
ties, vertical and horizontal
distributions, foodweb structure,
and the ecological role of higher
and lower trophic levels and
benthic-pelagic coupling.
Marine Plankton Ecology:
Examines the interactions among



various plankton groups (phy-
toplankton, bacteria, zooplankton)
and the environmental factors
which influence their growth
(nutrients, irradiance, trace
metals). Particular emphasis is
placed on the fluxes of carbon and
nitrogen within the various
organic and inorganic pools (both
dissolved and particulate), on the
biotic processes regulating these
transformations, and on the
ecology of harmful algal blooms.

Specialized Equipment

The department maintains state-of-the-art equipment for conducting
high quality field and laboratory research. Major facilities include
numerous dry laboratories, a greenhouse with running seawater, a
smaller wet laboratory facility, a seawater flume laboratory (located at
the Wachapreague facility), an image analysis laboratory, and a low
ambient temperature and light-controlled room. A variety of instrumen-
tation, including light meters, radiometers, transmissometers, oxygen
meters, anemometers, and other types of flowmeters, CTDs and
dataloggers, is available for environmental monitoring. An excellent
assortment of field sample collection gear is maintained by the depart-
ment. Bottom samplers include an assortment of box cores, grab
samples, and piston-type cores. Sediment-profile and surface cameras,
as well as a bottom sled with profiling plow, video, and still photogra-
phy capabilities, allow rapid bottom mapping.

Laboratory instrumentation includes: a fluorometer, gas chromato-
graphs fitted with thermal conductivity, flame ionization and electron
capture detectors, an emission spectrometer for N-15 analyses, a UV-
VIS spectrophotometer, an infrared gas analyzer, a nitrogen dioxide
detector, a multispectral light analyzer, and a nutrient autoanalyzer.
Dissecting, compound, and epifluorescence microscopes are maintained
within the department. There is ready access to scanning and electron
microscopes and complete preparation facilities. The department also
has access to state-of-the-art water chemistry, geochemistry, and envi-
ronmental chemistry laboratory facilities. Instrumentation and facilities
are available for studies involving radioisotopes. We are obtaining a new
flow cytometer with full sorting capability in the coming year.

The department maintains close contacts with the Department of
Physical Sciences and has access to their equipment for use in studies of
water column and benthic processes. Computer facilities range from in-
lab laptop units, to work stations supporting LANS, to an institute-wide
network. Computer users have ready access to external networks. Both
DOS and Macintosh systems are supported by the Institute’s computer
center.



Department of Environmental Sciences

Morris H. Roberts, Jr. (Chair)

Professor

Mohamed Faisal Abdel-Kariem

Professor

Fu-Lin E. Chu
Professor

Robert C. Hale
Associate Professor

Stephen L. Kaattari
Professor

Howard I. Kator
Associate Professor

Michael C. Newman
Professor

Martha W. Rhodes
Instructor

Jeffrey D. Shields
Assistant Professor

Craig L. Smith
Associate Professor

Michael A. Unger
Assistant Professor

Peter Van Veld
Associate Professor

Wolfgang Vogelbein
Assistant Professor

Andrew Dacanay
Post-Doctoral
Research Assistant

Shaban L. Kotob
Post-Doctoral
Research Associate

Philippe Soudant
Post-Doctoral
Research Assistant

Henry Aceto, Jr.
Professor Emeritus
Rudolf H. Bieri
Professor Emeritus
William J. Hargis
Professor Emeritus
Robert J. Huggett
Professor Emeritus
J. Ernest Warinner
Professor Emeritus
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The Department of Environmental Sciences combines the expertise
of chemists and biologists to study the fate and effects of hazardous
substances and pathogenic organisms in estuarine and marine systems.
Within the department, faculty expertise includes environmental
chemistry, biochemistry, toxicology, ecotoxicology, environmental
microbiology, pathobiology, histopathology, immunology, and risk
assessment. Collaboration within this multidisciplinary group provides
the opportunity to obtain a more complete understanding of how toxic
chemicals and pathogens move through the environment, what reactions
they undergo, and how toxic chemicals and pathogens interact to affect
organisms from the molecular to the population level of organization.
This information can be used for ecological risk assessment and thereby
made available to environmental managers in the Commonwealth, the
Chesapeake Bay region, and the nation in a readily usable form.

Environmental Chemistry:
Sources, distribution, transport,
fate, and bioavailability of organic
and elemental pollutants are
studied in marine and estuarine
environments. Recent research has
focused on such issues as sediment
partitioning, association with
dissolved organics, and photolysis
of anthropogenic chemicals.
Interactions of toxic chemicals
with marine life are explored
through collaboration of chemists
and biologists within the depart-
ment. New techniques are being
developed to separate, purify, and
identify various anthropogenic
compounds and their breakdown
products. Organic compounds
examined include antifoulants
such as tributyltin, complex
mixtures of polycyclic aromatic
hydrocarbons, and brominated fire
retardants.

Environmental Microbiology:
This diverse program 1) focuses
on the consequences of introduced
indicator microorganisms (bacteria
and virus) and human pathogens in
waters used for recreation, aquac-
ulture, and shellfish industries;

2) seeks to develop and validate
methods for detection of
allochthonous microorganisms of
public health significance, and to
understand their fate and autecol-
ogy in aquatic environments;

3) identifies processes in water-
sheds that contribute to eutrophi-
cation and microbial contamina-
tion of receiving waters;

4) engages in collaborative
research to understand the role of
bacteria in diseases of feral and
aquacultured species of fish.
Ulcerative diseases attributed to
Mycobacteria sp. and Pfiesteria



sp. are the focus of current
collaborative studies.

Aquatic Toxicology: Toxicity
effects are measured as 1) re-
sponses of individuals and popula-
tions to contaminated water and
sediment; 2) uptake and elimina-
tion of pollutants by individual
organisms; and 3) cellular, histo-
logical, subcellular, and molecular
mechanisms of uptake, internal
distribution, biotransformation,
and clearance of hazardous
chemicals. Through collaboration
with pathobiologists, the effects of
chemicals on disease resistance are
being identified. The program
attempts to link the responses of
organisms at various levels of
organization in order to develop a
basis for predicting population
effects from the subcellular and
molecular effects that can be
observed at concentrations below
those at which ecological effects
are identifiable.

Pathobiology: Major projects
focus on infectious diseases of fish
and oysters, effects of Pfiesteria,
and noninfectious diseases of fish.
A variety of immunological,
cytological, histological, and
biochemical techniques are being
applied to determine the
mechanism(s) by which pathogens
(such as Perkinsus marinus) cause
disease in the host organisms (e.g.,
the oyster) and to examine how
the hosts attempt to deal with the
invasion. Collaborative studies
involving researchers from all
departmental programs seek to
understand the impact of toxic
materials on host-parasite interac-
tions. The pathobiology group is
developing an Aquatic Animal
Disease Diagnostic Laboratory
using traditional histological and

modern molecular techniques to
identify diseases in feral animals.
Ecological Risk Assessment:
Assessment tools are applied to
evaluate the risk associated with
exposure to hazardous chemicals,
pathogens, and bacterial agents,
both individually and collectively
in complex mixtures. The goal is
to provide a conceptual frame-
work and quantitative tools that
will improve environmental
management by allowing resource
agencies to focus their limited
resources on those issues of
greatest importance and most
likely to be improved measurably
by effective management. The
research programs of the depart-
ment are grounded in two institu-
tional Core Programs: Risk
Assessment and Hazard Evalua-
tion, and Marine Diseases. There
are also significant interactions
with the Fate and Transport,
Water Quality, and Aquaculture
Core Programs.

Specialized
Equipment

The department has a wide
range of modern equipment, as
well as specialized facilities for
animal maintenance and toxicity
testing to support faculty and
students. Shared equipment use
among programs is common.

The chemistry laboratories
are equipped to characterize
organic chemicals and elemental
materials in diverse matrices.

For organic chemical analy-
sis, Soxhlet extractors, a
supercritical fluid extractor, and
an accelerated solvent extractor
are used to prepare organic
samples. Gel permeation chroma-
tography is used for purification.
Analytical instruments include
HPLCs, an infrared spectropho-
tometer, and gas chromatographs
equipped with flame ionization,
electron capture, electrolytic
conductivity, flame photometric,
and thermionic specific detectors.
A magnetic sector and two
quadrupole instruments with
electron ionization and chemical
ionization capabilities are
available. Samples are introduced
by gas chromatograph, solids
probe, or fast atom bombard-
ment.

For elemental analyses, freeze
drying and microwave digestion
can be used to prepare samples of
various types. Elemental analyses
are performed using transversely-
heated graphite furnace zeeman
background corrected or flame
(deutrium background corrected)
atomic absorption spectrometry.
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The biology laboratories have
light microscopes, inverted
microscopes, and a fluorescence
microscope. The electron micros-
copy laboratory has a Zeiss CEM-
902 Transmission Electron
Microscope and a LEO 435VP
Scanning Electron Microscope
fitted with an Iridium Microanaly-
sis system (IXRF Systems, Inc.).
Ancillary equipment includes an
ultramicrotome, glass knife maker,
critical point dryer, sputter coater,
and vacuum evaporator. The
histopathology laboratory can
conduct routine paraffin histology,
high-resolution light microscopy,
plastic histology, and immu-
nochemistry.

The immunology laboratories
have laminar flow biosafety
cabinets, dual chambered CO2
tissue culture incubators (37°C,
28°C and 17°C) and ultra pure
water systems. Radiometric
methods are supported by beta and
gamma counters, and a radiomatic
HPLC with radioisotope detector
system. Also available are scan-
ning densitometers, microplate
readers, cell harvesters, a lipid
analyzer, high speed refrigerated
centrifuges, and equipment for
IEF and 2-D electrophoresis and
western blotting. Mouse and
rabbit colonies are maintained for
the production of monoclonal
antibodies.
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The biochemistry laboratory
can analyze for various protein
and enzyme systems involved in
the biotransformation of toxic
organic substances. Equipment for
electrophoretic separation of
proteins and nucleic acids, and
immunoblot and radioimmune
assays are included. Other equip-
ment in this laboratory includes a
dual beam UV/VIS scanning
spectrophotometer, a liquid
scintillation counter, and laser
densitometer. Expanding molecu-
lar biology facilities are equipped
with a high speed centrifuge, a
thermocycler and associated
equipment for performing the
polymerase chain reaction, and
sequencing apparatus.

The environmental microbiol-
ogy laboratory is well equipped
with autoclaves, incubators, and a
large capacity Forma environmen-
tal room. Cells can be manipu-
lated, recovered, and purified
using a Sorval RC-5B refrigerated
centrifuge with various heads, a
BioSafety laminar flow cabinet, an
IEC refrigerated microfuge, an
Ultra-Turrax homogenizer,
Amicon ultrafilter cells, a Tekmar
Stomacher, and a Plas-Labs
anaerobic chamber. Zeiss
epifluorescence and Leitz

phase-contrast microscopes are
routinely used for strain character-
ization and direct enumeration.
Microbial isolates are identified
using a Biolog MicroStation
system. Specialized field gear used
for sample collection includes
Geotech portable “GeoPump”
peristaltic pumps, a small boxcore
for sediment collection, and a
Hydrolab H20 sonde/Surveyor 3
data logger for hydrographic data
collection.

A saltwater laboratory pro-
vides filtered estuarine water in
sufficient quantities for static or
flow through toxicity studies with
toxic substances in sediment,
suspended sediment or dissolved
in water with serial dilution as
needed. Circular and rectangular
fiberglass tanks as well as glass
aquaria are available for holding
animals before and during testing.
Culture facilities exist for inverte-
brates as well as fishes. Separate
laboratories house recirculating
freshwater systems to hold trout
for the immunology group.
Another separate facility is
available to maintain oysters and
for producing Perkinsus marinus-
infected oysters.



Department of Fisheries Science

John E. Graves (Chair)
Professor

Standish K. Allen, Jr.
Professor

Herbert M. Austin
Professor

Eugene M. Burreson
Professor

Mark E. Chittenden, Jr.
Professor

William D. DuPaul
Professor

John M. Hoenig
Associate Professor

Romuald N, Lipcius
Associate Professor

Mark W. Luckenbach
Associate Professor

Jon A. Lucy
Instructor

Roger L. Mann
Professor

John A. Musick
Professor

John E. Olney
Associate Professor

- Jacques van Montfrans
Instructor

Kimberly S. Reece
Assistant Professor

Quangi Zhang
Post-Doctoral
Research Assistant

Jay D. Andrews
Professor Emeritus
Dexter S. Haven
Professor Emeritus
Joseph G. Loesch
Professor Emeritus
Frank O. Perkins
Professor Emeritus
Willard A. Van Engel
Professor Emeritus
Frank J. Wojcik
Professor Emeritus

The Department of Fisheries Science supports studies in ecology,
population and molecular biology, pathology, and genetics. Programs
Jocus on stock assessment and life history of commercially valuable
fish, crab and mollusk species. The fishery genetics program investi-
gates regional and global problems, while the development of DNA
probes complements established methods and provides new avenues
for research on diseases that continue to decimate regional oyster

populations.

Crustacean Ecology: Studies
examine the behavioral ecology,
population dynamics, and
recruitment mechanisms of the
blue crab in the Chesapeake Bay
and spiny lobster in the Carib-
bean. Emphasis on predator-prey
interactions, population and
fisheries modeling, ecology of
natural and artificial reef systems,
and ecology of tropical fish and
queen conch.

Bivalve Ecology: Studies focus
on recruitment of bivalves,
particularly oysters, and the
effects of the environment on
physiology and behavior of larval
oysters and other bivalves, oyster
population assessments, and the
development of disease-resistant
hybrids.

Fisheries Oceanography:
Studies focus on the effects of
environmental variables (weather
and climate) on the survival,
recruitment, and distribution of
fishes and other marine organ-
isms.

Fish and Shellfish Pathology:
Ongoing research examines the

systematics, life cycles, ecology,
pathology, and control of impor-
tant disease agents in the Chesa-
peake Bay region. Current empha-
sis is on protozoan parasites of
oysters, blue crabs, and fishes.
Finfish Ecology: Studies of the
dynamics, recruitment, stock
structure, and life history of
marine, estuarine and anadromous
fishes, based on sampling fisheries
landings, surveys and tagging
studies. Data generated by this
program are directly applied to
stock assessment and fisheries
management by state and regional
agencies.

Chondrichthyan Biology:
Continuing studies into the
comparative morphology of sharks
and their relatives; population
dynamics, reproduction, feeding
strategies and energetics of coastal
and deep-sea sharks; and shark
fishery management problems.
Sea Turtle Ecology: Long-term
research conducted on the distri-
bution, abundance, ecology and
energetics of sea turtles; current
behavior and migration are studied
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using sonic, radio and satellite
tracking as well as nesting and sex
ratio studies.

Systematics: Focuses on the
morphology, evolution, taxonomy
and zoogeography of various
finfish groups.

Fisheries Genetics: Examines the
application of molecular genetic
techniques to address problems in
fisheries science. Studies focus on
analysis of stock structure, use of
molecular characters to identify
early life history stages of marine
organisms, and the evaluation of
taxonomic and biogeographic
hypotheses with molecular genetic
information.

Commercial Fisheries Develop-
ment: Research includes gear
selectivity and bycatch as well as
management and regulatory
strategies for seafood production,
processing, and utilization.
Marine Resource Economics:
Studies focus on marine resource
and environmental economics,
resource management, statistics,
game theory, risk and uncertainty,
and operations research analysis.
In addition, international trade,
economic development, popula-
tion dynamics, and the economics
of recreational fishing are exam-
ined.
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Specialized Equipment

Each research program in the Department has a fully equipped
laboratory, collection and sampling equipment, and extensive computer
capabilities.

The Fisheries Science Laboratory has available an Optimas image
analysis system, computerized scale projectors and a Biosonics digitiz-
ing system to provide automated morphometric measurements, rapid
analysis of hard structures for age determination, and automated count-
ing procedures. Automated fish measuring boards and a variety of
collections are also available.

The Crustacean Ecology Program maintains the GEM Lab with two
large (1800 gallon) benthic mesocosm tanks monitored by IR-sensitive,
computer controlled cameras with time-lapse image recorders.

The Bivalve Ecology Program’s laboratory is well equipped for
physiological and ecological studies with a UV-VIS spectrophotometer,
centrifuges, a fluorescence microscope, compound and dissecting
microscopes, and an image analysis system.

The Fisheries Genetics and Shellfish Molecular Biology Programs
maintain large laboratories with walk-in cold rooms, and are equipped
to perform a variety of genetic analyses. Major equipment includes an
automated DNA sequencer, five thermal cyclers, refrigerated centri-
fuges, ultracentrifuges, a vacuum concentrator, an automated x-ray
developer, and several ultracold freezers.

The Shellfish Pathology laboratory has a photomicroscope, a full
histology laboratory, and is adjacent to the electron microscope facility.

Nunnally Hall contains a fish collection with over 100,000 species
representing 247 families. This research and teaching collection incor-
porates extensive holdings from the Chesapeake Bay, the Middle
Atlantic Bight, Appalachian freshwater habitats, as well as an interna-
tionally recognized collection of deep-sea fishes. The Larval Fish
Laboratory houses a reference collection containing early life history
stages of over 120 families of marine, estuarine and freshwater fishes.
In addition, the program has considerable plankton collection equip-
ment, an in situ silhouette plankton camera, and 1.5 m diameter
mesocosms for in vivo experiments of larval fish trophic dynamics and
mortality.

Two wet lab facilities are available to department faculty and
students. The general wet lab contains a flow through system with
several wet tables and tanks. In addition, a special greenhouse/wet lab
houses the large sea turtle holding tanks, which are supplied with
recirculated filtered sea water. Adjacent to the sea turtle greenhouse is a
7,560 gallon tank used for research.

Monthly surveys of juvenile fishes and crabs are conducted through-
out the Bay and on three major rivers. Plankton studies, larval fish
research, and reproductive studies of recreational fishes are conducted
in the Bay as well as offshore. Trailerable vessels are used to conduct
field work within the Bay’s tributaries.



Department of Physical Sciences

Steven A. Kuehl (Chair)
Professor
James E. Bauer
Associate Professor
John D. Boon, ITI
Professor
John M. Brubaker
Associate Professor
Elizabeth A. Canuel
Assistant Professor
Catherine J. Chisholm-Brause
Assistant Professor
Rebecca M. Dickhut
Associate Professor
David A. Evans
Associate Professor
Carl T. Friedrichs
Assistant Professor
Carl H. Hobbs, II1
Associate Professor
Sung-Chan Kim
Visiting Assistant Professor
Albert Y. Kuo
Professor
Jerome P.-Y. Maa
Associate Professor
William G. MacIntyre
Professor
John D. Milliman
Professor
Harry Ven-chiech Wang
Assistant Professor
L. Donelson Wright
Chancellor Professor
Robert A. Gammisch
Marine Scientist Supervisor
C. Scott Hardaway
Marine Scientist Supervisor

Robert J. Byrne
Professor Emeritus

Maynard M. Nichols
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The Department of Physical Sciences includes the subdisciplines of
physical, chemical, and geological oceanography. Many of the educa-
tion and application aspects of quantitative methods are incorporated
here. This union facilitates a new level of interdisciplinary synergy,
appropriate to rapidly evolving needs and emphases. The global objec-
tive of the department is to generate, communicate, and apply knowl-
edge concerning physical, chemical, and geological processes that
operate in the coastal ocean and estuaries.

Chemical Fate and Transport:
Studies of the physical-chemical
properties and the naturally-
occurring transport and transfor-
mation pathways for chemical
contaminants within aquatic
ecosystems.

Surface Geochemistry: Studies
focus on reactions of anthropo-
genic (e.g., traizine herbicides,
organic compounds, chlorinated
hydrocarbons, radioactive and
toxic metal contaminants, and
refined fuels) and natural products
at the mineral-water, sediment-
water, and suspended particle-
water interfaces.
Biogeochemistry: Studies focus
on interdisciplinary science and
the chemistry of the Earth’s
surface, including interactions
among the atmosphere, oceans,
crustal minerals, and living
organisms.

Organic Geochemistry: Exam-
ines organic matter, including
factors controlling its production,
transformation, and ultimate fate.

Small Scale Physical Processes:
Studies focus on coastal fronts,
internal waves (including internal
tides), and the development and
breakdown of density stratification
to understand vertical and horizon-
tal fluxes in estuaries and on the
shelf.

Continental Shelf Dynamics:
Emphasis is on understanding the
physical mechanisms that cause
across-shelf transport of particles
and the formation of shelf sedi-
mentary strata.

Estuarine Dynamics: Addresses
both large-scale, long-term
transport processes and smaller-
scale, often localized, short-term
processes, using observation as
well as theoretical and computa-
tional tools.

Sediment Geochemistry and
Geochronology: Studies of
seabed processes that determine
the ultimate fate of particulate
materials and chemical species in
estuarine and coastal environ-
ments.
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Sediment Environments and
Stratigraphy: Examines the long-
term (hundreds of years) integra-
tion of the consequences of shelf,
including estuarine and riverine,
processes.

Shoreline Studies: Applied
research aimed at developing
proper responses to shoreline
erosion at specific sites via beach
nourishment and/or stabilization to
avoid the loss of highly valued
coastal property, and in some
cases, living coastal resources.
Dispersal of River Sediments in
Coastal Seas: Focuses on the
transfer processes and the fate of
river-derived sediment in coastal
seas.

Sediment Erosion and Deposi-
tion Processes: Various methods
are employed to quantify the
erosion and deposition rates of
sediment at the water-sediment
interface.

Coastal and Estuarine Numeri-
cal Modeling: Emphasizes the use
of numerical computational
methods to simulate the current,
water level, salinity, and tempera-
ture and their consequences on
environmental conditions such as
water quality, sediment, and larval
transport.

Water Waves: Focus on transfor-
mation processes and nearshore
wave climate prediction.

Bottom Boundary Layer Dy-
namics: Observational and
theoretical studies of turbulence,
mixing, stress, stratification, and
sediment and velocity profiles
within the lowest few meters of
the water column.
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Specialized Equipment

The department maintains state-of-the-art equipment for conducting
high quality field and laboratory research. Major field equipment
includes: Laser /In Situ Scattering and Transmissiometry (LISST); a
seabed hydraulic flume to carry out in situ experiments on sediment
erosion; a meteorological station with a precipitation collector for low
level organic contaminants; high volume air samplers; a rotating drum
surface microlayer sampler; and bottom boundary layer instrumental
tetrapod systems for measuring bed stress, waves and currents, sedi-
ment resuspension, and bed level changes. A variety of instrumentation
including tide gauges, current meters, conductivity-temperature-depth
(CTD) profilers, fluorometers, dissolved oxygen (DO) meters,
fathometers, dual-frequency side-scan sonars, variable frequency sub-
bottom profiling systems, directional wave gauges, turbidity sensors,
acoustic doppler current profilers (ADCP), and Kasten and box corers
are all available for field studies. Microwave and GPS navigation
systems are maintained by the department for accurate positioning of
research vessels.

The department houses extensive laboratory instrumentation,
including: a microwave-assisted solvent extraction system; a large-
capacity, refrigerated, programmable centrifuge; ultra-cold
(-80 degrees C) freezers; a Fisons EA1108 CHNS-O analyzer; a UV/Vis
spectrophotometer; gas chromatographs with flame ionization and
electron capture detectors; two quadrupole mass spectrometers; an
Inductively Coupled Plasma Atomic Emission Spectrophotometer
(ICP/AES); an EDS system with full SEM imaging capabilities; a
Powder X-ray Diffractometer; a Nitrogen Adsorption Surface Area and
Porosity Analyzer; a CHNSO elemental analyzer; a high performance
liquid chromatograph with UV absorbance and liquid scintillation
detectors; two laboratory flumes (recirculating and annular); five
intrinsic germanium gamma spectrometers; an eight-channel alpha
spectroscopy system; an X-ray radiography unit; a sedigraph automatic
particle analyzer; and a rapid sediment analyzer. Computer facilities
range from laptop units for field use, to work stations supporting LANs
to the institute-wide network. Computer users have ready access to
external networks. Pentium-PC, UNIX and Macintosh systems are
supported by departmental staff and by the Institute’s Information
Technology and Networking Services center.
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The Department of Resource Management and Policy’s interdiscipli-
nary research covers the spectrum of basic and applied science on
coastal resources. Scientists work closely with estuarine and marine
industries, the public, and state and federal agencies to integrate sound
scientific principles into the management of coastal resources. Research
in the department is conducted by both faculty and professional scien-

tific staff.

Wetlands Program: This pro-
gram provides basic and applied
research on tidal and nontidal
wetlands, with advisory support
and outreach education for local,
state and federal wetlands manag-
ers. Current research focuses on
methods to access wetland
functions, including applications
of remote sensing technologies,
development of targeting proto-
cols for wetlands preservation
and/or creation, and basic ecology
of nontidal wetlands.
Comprehensive Coastal Inven-
tory Program: Studies focus on
inventory and monitoring of
wetlands, shorelines and natural/
cultural resources in the coastal
plain, as well as basic and applied
research in Geographic Informa-
tion Systems and remote sensing
for natural resource management.
Current research focuses is on
development of use suitability
analysis protocols, habitat
restoration targeting protocols,
and watershed-level land use
planning/management.

Ocean and Coastal Law: Pro-
vides graduate educational and
advisory support to state agencies
and the General Assembly, and
conducts research on resource
management issues pertinent to
Virginia. Current research focuses
on shorezone land ownership
issues.

The Coastal Ecosystems and
Remote Sensing Program
(CERSP): Conducts basic and
applied research on detection and
characterization of changes in the
coastal environment. The program
emphasizes development of field
and remote sensing models and
algorithms necessary to assess
coastal ecological phenomena
such as erosion/ deposition, plant
community compositional
changes, effects on biota, and
changes in water quality. CERSP
strives to provide an interface
between science and policy by
ensuring that sound research is
followed by development of useful
management and policy protocols.
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Center for Coastal Management
and Policy: This center is an
administrative vehicle for manag-
ing interdisciplinary projects
involving personnel from Re-
source Management and Policy,
Virginia Institute of Marine
Science/School of Marine Science,
the College of William and Mary,
and other institutions.
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Specialized Equipment

The Wetlands Program maintains a supply of field sampling equip-
ment including soil probes, meteorological instruments, vegetation
surveying equipment, digital data loggers and portable computers.

The Comprehensive Coastal Inventory Program (CCI) uses Trimble
global positioning system equipment and Topcon total station survey
gear. CCI has developed a state-of-the-art distributed computer facility
consisting of high performance workstations operating in conjunction
with personal computers, digitizing stations, image scanner, and output
devices to facilitate a combination of geographic information systems
(GIS) and image processing techniques.

Capabilities exist for the analysis of photographic information
captured from video images, scanned photographs, or digital satellite
data. Tools are available for wave climate, shoreline response, and three
dimensional physical process modeling. To assist in the analysis of the
model data, CCI cooperates with the Department of Physical Sciences
in a computer visualization laboratory equipped to provide support in
areas such as flow visualization, 3-D volume rendering, and the devel-
opment of presentation graphics and animated sequences. CCI currently
uses the vector based GIS system ARC/INFO working in concert with
the raster image processing system ERDAS as the basis for its pro-
grams.

CERSP has a variety of instruments for field and lab studies,
including: an Analytical Spectral Devices, Model PS-II
spectroradiometer and field spec; a digital multi-spectral video devel-
oped by SpecTerra Ltd. and the U.S. Army Corps of Engineers Topo-
graphic Engineering Center; a LI-COR LI-6400 portable synthesis
system; and a Perkin-Elmer MPF-44B Fluorescence Spectrophotometer.
To process data from the instruments, CERSP relies on a variety of
computer equipment and programs, ranging from simple PCs to Sun
Workstations. Software includes ERDAS Imagine, Hypercube, ENVI,
and Adobe Photoshop.
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ore Programs enhance the effectiveness of the total research program through the integration of

Institute efforts and efficient utilization of resources. These programs are defined on the basis of issues

or problems rather than by academic disciplines or departmental foci. It is through such programs,
many of which interface with clients and society, that the Institute is able to make the most immediate and
direct contributions to economic development, resource management, and environmental policy formulation.
Other Core Programs primarily involve seeking solutions to fundamental interdisciplinary questions. These
programs address crucial scientific problems of an interdisciplinary nature that are on the cutting edge of
estuarine and coastal marine science.

Aq uac lth ure The Aquaculture Core Program focuses on the research and technol-
ogy needed to facilitate the development of an economically viable
commercial aquaculture industry in Virginia. In addition, the potential
for wild stock enhancement of marine shellfish and finfish using aquac-
ulture technology is being explored. The cornerstone of the Aquaculture
Core Program is the recently established Aquaculture Genetics and
Breeding Technology Center. Basic research on the domestication of
brood stock and selective (manipulative) breeding techniques is a
priority for the Center. Research into nutritional and environmental
requirements for larval and juvenile stages of aquaculture species,
requirements for growout in recirculating or open systems, and a realis-
tic evaluation of candidate species for aquaculture development are all
necessary.

In Virginia, the development of marine aquaculture has been led by
the growth in the hard clam (Mercenaria) and soft-shell crab industry;
accounting for over $12.8 million in sales in 1995. Total sales, including
clam, scallop and oyster seed exceeded $14.4 million. Although rela-
tively small when compared to the value of the wild fisheries for all
marine species ($87 million), the potential for growth is significant and
the economic impact to local communities is increasingly important.

E nv Lronmental The Risk Assessment and Hazard Evaluation Core Program straddles
RiS k Assessmen ¢ the continuum between basic research and environmental management.
Risk Assessment involves assigning probabilities to events to describe

& the likelihood of a particular outcome, a relatively recent practice in
, ecotoxicology that has received much attention during the past decade.
H az ard The same practice from economic or human health perspectives has a
. longer history and provides a statistical foundation for applications in
E valuatlon the environmental field. Hazard Evaluation involves describing and

quantifying effects resulting from a particular degree of exposure to an
environmental parameter.

We are expanding our research to include the development of
specific modeling capabilities to evaluate environmental risk, and
thereby provide strong management-oriented advice to such regulatory
agencies as the Virginia Department of Environmental Quality and the
U.S. Environmental Protection Agency. As this aspect of the program is
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developed, we anticipate that the models will be enlarged to include a
consideration of the socioeconomic dimension, which will further
strengthen the advice that we can provide. As this dimension is added,
this risk assessment information can be merged with information from
other Core Programs, notably Fisheries Stock Assessment, to broaden
and thereby enhance the scope of the advice that we can provide to
additional client agencies such as the Virginia Marine Resources Com-
mission.

The ultimate goal or mission of this program is to provide risk
managers with technical data and evaluative tools as a basis for sound
management of competing uses of the estuarine and coastal environ-
ment. Within five years, a basic framework for risk analysis applicable
to a range of conditions should be developed. The framework should be
understandable and useful to environmental managers to yield sound
management practices.

Fisheries Science is concerned primarily with the living resources of
the Chesapeake Bay and the mid-Atlantic coastal ocean, with special
emphasis on species of commercial and recreational value. Complemen-
tary investigations dealing with national and international fisheries
outside of the Commonwealth’s jurisdiction enhance the expertise and
recognition of Fisheries Science faculty, staff and students. To accom-
plish the sustainable harvest of fisheries, management requires informa-
tion based on a comprehensive research approach dealing with the
biological, economic, and social viability of alternative fisheries man-
agement options.

In the Commonwealth, the Virginia Marine Resources Commission
(VMRC) integrates biological, social and economic information in the
decision-making process relating to fisheries management of commer-
cial and recreational fisheries in its jurisdictional waters. Assessment of
biological viability is dependent on information provided by the Fisher-
ies Ecology & Stock Assessment (FESA) Core Program, which is
composed of three main programmatic areas: Fisheries Ecology, Stock
Assessment, and Stock Identification. The overall goal of the program is
the timely provision of knowledge and advice to state, regional, and
federal agencies for sound management. In addition, VIMS provides
information on the economic viability of management decisions through
the Fisheries Stock Assessment Core Program.

This is an applications-oriented Core Program with a long history of
involvement in state-mandated research and advisory service focusing
on the management and preservation of living and nonliving resources
of the Commonwealth. Living resources include the fauna and flora of
wetlands and marshes, ranging from the extensive tidal salt water
marshes of the Eastern Shore to the fringing marshes and tidal freshwa-
ter marshes of the Chesapeake Bay tributaries. A variety of habitats
found here are of key importance to commercial fisheries. Marshes also



act as filters of waterborne contaminants and play a key role in nutrient
transfer and water quality of estuarine systems. Among nonliving
resources are numerous waterways essential to commercial shipping and
recreational boating, and the public beaches that are one of the main-
stays of Virginia’s tourism industry. Adjacent to Virginia’s ocean
beaches is the important storm barrier buffer zone (coastal dunes).
Where natural barriers are no longer present, artificial structures such as
bulkheads and sea walls must provide coastal protection.

Goals of the program include 1) delineation of physical processes
and sediment dynamics governing shoreline and wetlands change and
systematic evolution; 2) development of improved strategies for coastal
protection and shorezone management; 3) improved understanding of
factors controlling (plant) species abundance and species diversity from
subtidal (littoral) to supratidal regions; 4) development of improved
technologies for establishing system boundaries, and quantifying areas
and sediment volumes of intertidal zones, wetlands and uplands regions;
5) improved understanding of the interactions between wetlands and
waterborne chemical constituents; i.e., functioning of wetlands as filters
or sinks. The common thrust for all of these goals is the eventual ability
to model or predict future change in shoreline and wetlands systems.
With improved predictive capabilities, we hope to pursue goal 6), to
establish effective management strategies for integral systems and their
contained natural resources.

Computer simulation models of natural systems have been important E COSYysS tem
tools used by estuarine and coastal marine scientists for the past several P
decades. Hydrodynamic and water quality models have been developed rocesses
using engineering principals (fluid dynamics) and applied to basic and & MO d e lm yes
applied problems, or problems that for most purposes have no direct
solution and can only be addressed using a numerical modeling ap-
proach. The models are used to predict the behavior of systems for
different management scenarios of interest to scientists and managers—
similar to the way cost-benefit analyses have been used in economics;

i.e., as a means to maximize benefit while minimizing costs (both
economic and ecological). However, engineering-based modeling
approaches traditionally do not portray or predict the behavior of living
resources with a high degree of confidence. Thus, the models have
limited use for direct impact assessment and prediction of ecological
responses to either natural events or man-induced perturbations. Ecosys-
tem process-based models directly address living resources/ecological
issues, but often lack the structure or mathematical rigor to address
hydrodynamics and large spatial scales.

In 1991, the Institute initiated an integrative and multidisciplinary
program to address regional and larger scale scientific issues. The
Ecosystem Processes and Modeling Core Program draws from the
professional staff of the marine science faculties in physics, chemistry,
geology, biology, and marine resources management. The comprehen-
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sive goal of the program is to integrate knowledge in these disciplines
concerning both management of coastal ecosystems and the acquisition
of new information necessary for understanding their dynamics within a
complex, large-scale framework. The overall focus of the Core Program
is on Virginia’s principal tributaries and their adjoining watersheds
(James, York and Rappahannock Rivers), as well as the lower Chesa-
peake Bay and its interactions with the Upper Bay and coastal ocean.

The program’s major focus reflects the application of interdiscipli-
nary and interdepartmental research to the development of simulation
models for predicting the behavior of the principal components of the
estuarine environment: emergent and submerged vegetation, water
column-benthic exchange processes, plankton processes, and chemical
fluxes. The primary organizational and system analysis tools in the
effort will be employed with the goal of developing realistic and testable
ecosystem process models coupled with hydrodynamic and water
quality models. Thus, one principal activity within the program is the
management (use) of existing data bases and the incorporation of new
information/data as they are made available.

For some time, aquatic diseases have been recognized as important
factors affecting the natural abundance of economically and ecologically
important aquatic organisms. Diseases are often the single most impor-
tant factor in limiting success in aquculture. Although some disease
outbreaks, in both wild and cultured populations, are caused by obligate
pathogens, many, if not most, are the result of the interaction between
potential pathogens, and hosts and environmental factors. When the
interaction of all these factors favors the host, (even with a potential
disease agent present), no disease will result. However, if the interaction
favors the pathogenic agent then a disease outbreak occurs. In aquatic
environments and in aquaculture, environmental factors are often
responsible for triggering disease outbreaks. For example, temperature
or salinity levels may influence the abundance or pathogenicity of
pathogens. Environmental stressors, such as anthropogenic chemicals,
diminish host defense mechanisms or provide portals of entry for
pathogens through open lesions. Some chemicals may be directly
deleterious and cause lethal wounds or tumors. Host factors such as
immunocompetence, overcrowding, or poor nutrition can also lead to
disease outbreaks, especially in aquaculture.

The overall goal of any disease research program is to understand
the agent, host, and environmental factors that result in disease out-
breaks, and to use this information to prevent or control diseases in
aquaculture or to manage around them in wild populations. This is a
daunting task because factors vary for each disease. Disease research is,
by necessity, interdisciplinary. Adequate understanding of the disease
process requires the involvement not only of disease specialists, but also
of specialists in host biology, environmental science, water quality,
immunology, biochemistry, pathology, genetics, and molecular biology.



Increasingly sophisticated research has led to an evolution in aquatic
disease research from descriptive morphological and ecological studies
to a growing emphasis on the dynamics of host/parasite relationships,
often at the cellular and molecular levels. Current research topics
include mechanisms of pathogenesis, host defense mechanisms, genetics
of host and pathogen, and the role of xenobiotics. Tools and techniques
originally developed for human or veterinary medicine are now com-
monly applied to aquatic diseases; and an emphasis on biochemistry,
molecular biology, and genetics in the investigation of host/parasite
dynamics is increasing rapidly. :

Disease research is one of the oldest programs at VIMS, and the
Institute has long been recognized as a center of excellence for research
on diseases of shellfish. Disease studies at VIMS have paralleled the
general evolution of research sophistication. The disease research
program began in the late 1940s with the discovery of the oyster patho-
gen Perkinsus marinus (Dermo) and intensified rapidly with the appear-
ance of Haplosporidium nelsoni (MSX) in the late 1950s. Most studies
conducted during the 1960s and 1970s were aimed at . nelsoni and
attempted to describe the pathogens’ morphology, life cycle, seasonal
abundance, and environmental requirements. An extensive monitoring
program, initiated in 1960 and continuing to this day, has provided
managers with critical data on the annual distribution of oyster diseases.
During the 1980s, as a result of prolonged drought conditions, research
emphasis focused on increasing our understanding of climate controlling
factors for both H. nelsoni and P. marinus. With the addition of expertise
in pathology/immunology/genetics, progress on many fronts increased
rapidly. Important new areas of emphasis were xenobiotic-induced
carcinogenesis in fish, molecular diagnostics, fish immunology, cell
culture, blue crab diseases, chemotherapy, virology, and molecular
genetics.

Because of the negative impact of diseases on the Chesapeake Bay
ecosystem and important industries, VIMS has recognized disease
research as a Core research program. Current faculty expertise places
VIMS in a position to enhance its leadership role in shellfish diseases; to
become a leader in finfish diseases; and to provide needed disease
diagnostic and control support for the emerging aquaculture industry.

The issue of water quality in estuarine and coastal waters is increas-
ingly important as land use patterns in the coastal zone continue to
change with population growth and development. In the broadest sense,
water quality processes may be defined as any aspect of the delivery and
fate of anthropogenically derived materials to a body of water and their
resulting impact on the biota. The Water Quality Processes and Model-
ing Core Program encompasses the study of all terrestrial, surface (point
and non-point), groundwater, and atmospheric inputs to coastal waters
which have a deleterious effect, either directly or indirectly, on living
resources.

Water Quality
Processes &

Modeling
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The program includes the following components: 1) the capability
for identification and quantification of deleterious materials, and the
routes and mechanisms in the airsheds and watersheds by which these
materials enter the receiving waters; 2) the circulation, transport and
biological/chemical transformations of these materials, through both
biotic and abiotic processes, in the receiving waters; 3) the study of the
processes and mechanisms by which these materials impact living
resources and water quality; 4) the study of the economic and societal
causes, consequences and management strategies related to deteriorating
water quality; and 5) development of mechanisms for effective delivery
of scientific information to management agencies and other clients.

Water quality processes must be understood well enough to allow
complex interactions to be resolved. The ultimate aim is to utilize our
knowledge of these processes and interactions to help develop water
quality management strategies. A frequently used approach is to develop
water quality models for use by scientists and managers to predict how
the system will change if constituents are altered. Especially important
are applications that investigate the water quality conditions which
would result from various proposed management scenarios in the entire
watershed. For example, such models are used to estimate the system
response as nutrients or toxic materials are either increased or reduced.

An understanding of the processes governing material flux and fate
is fundamental to comprehension of marine and environmental systems
ranging in scale from local estuaries to the global environment. Interac-
tions between biological, physical, and chemical processes determine
the fate of materials in aquatic systems. (In turn, the flux and fate of
various materials such as nutrients, contaminants, sediments, and carbon
greatly impact ecosystem health.) The relative importance of, and
interactions among, biogeochemical and physical processes that deter-
mine the flux and fate of various materials in estuaries and the coastal
ocean are not well understood. Moreover, both the episodic nature of
many phenomena and the sharp physical, chemical, and biological
gradients characteristic of environmental systems demand examination
of both short- and long-term processes. Only through comprehensive
understanding of material flux and fate in various environmental land-
scapes will quantitative modeling of anthropogenic impacts and risk
assessment be possible.

Multidisciplinary studies of processes that govern the transport,
cycling, and fate of biogeochemically important materials horizontally
from land to the ocean, as well as vertically across the air-water and
sediment-water interfaces are needed. The Material Flux and Fate Core
Program conducts basic research in the areas of transport, transforma-
tion, and fate of substances via abiotic and biotic processes in estuarine
and coastal environments. Biogeochemically important materials that are
studied include nutrients, contaminants, sediments, and the major and
minor elements. Research landscapes encompass watersheds, tributaries,



estuaries, and the ocean, as well as the linkages between these geo-
graphic regions.

The overall objectives of this highly interdisciplinary program are: 1)
to compute material mass balances for various biogeochemically impor-
tant materials within various landscapes; 2) to conduct long-term
monitoring to establish baseline flux and fate estimates of
biogeochemically important materials in the estuarine and coastal zone;
3) to examine the influence of episodic events such as hurricanes and
flood rains on material flux and fate in the estuarine and coastal zone; 4)
to determine the important mechanisms/processes controlling material
flux and fate within various landscapes of the estuarine and coastal zone;
and 5) to develop models of material flux and fate in the estuarine and
coastal zone.

The diversity of organisms present in ecosystems is critically linked
to the function of those systems. This includes productivity, foodweb
structure, and resistance to disturbance. Yet, these linkages are only
beginning to be understood in estuarine and coastal marine systems.
Understanding this diversity/function linkage should be a priority for
marine and estuarine ecological research for the foreseeable future.

Human activities, both direct and indirect, have led to the increasing
fragmentation and in some cases, almost total destruction, of habitats.
This fragmentation and loss of habitat is probably the most significant
threat to the maintenance of biodiversity in aquatic ecosystems.

Restoration of altered habitats has become the focus of many federal
and state agencies (e.g., rebuilding oyster reefs, marsh habitat develop-
ment). This offers an opportunity to manipulate and understand pro-
cesses and mechanisms governing the development of aquatic habitat.
Habitat restoration plans are generally based on a knowledge of critical
environmental parameters for a target organism or community. The
pattern and diversity of habitat types necessary to establish and maintain
a robust and desired system are increasingly important considerations.
Typically, this type of analysis and planning is accomplished using
geographic information systems (GIS) to manage and integrate the
necessary spatially referenced data bases.

Plankton is the nutritional foundation of all aquatic ecosystems and
includes viruses, bacteria (both autotrophic and heterotrophic), unicellu-
lar algae, protists (flagellates and ciliates), and an enormous diversity of
invertebrate taxa (especially crustaceans). In addition, the plankton
includes the temporary (or meroplanktonic) early life history stages
(eggs and larvae) of both invertebrates and fishes, as well as microor-
ganisms (viruses and bacteria) introduced into our waterways by anthro-
pogenic activities. Phytoplankton and zooplankton play integral roles in
the cycling of carbon, nitrogen and other bio-active elements, and in the
transfer of photosynthetically-fixed energy through the food web.

Biodiversity &
Conservation

Plankton &
Nutrient
Dynamics
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Because of its central role in aquatic food chains, fish production, and
public health, the study of plankton and nutrient dynamics is an essential
element of freshwater, estuarine, and marine research. Such studies are
directly relevant to issues surrounding harmful algal blooms and di-
noflagellate problems such as the recent Pfiesteria-related fish kills and
other human health concerns.

Phytoplankton populations can be strongly affected by eutrophica-
tion in coastal systems with significant negative effects on many compo-
nents of estuarine and marine environments. The interrelationships
between phytoplankton populations, and factors limiting their abun-
dance and photosynthetic production can vary both spatially and tempo-
rally; the understanding of these relationships is fundamental to the
study of plankton ecology. Understanding plankton ecology demands
knowledge of physical (i.e., light attenuation, currents and water column
properties), geochemical (i.e., nutrient dynamics, runoff and pollution)
and biological processes (i.e., evolution, reproduction, photosynthesis,
physiology, trophic transfers). The Core Program is directed at elucidat-
ing factors that regulate planktonic production and its fate. The program
contains three primary elements: zooplankton and phytoplankton
ecology, microbial ecology, and benthic-pelagic coupling.
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The VIMS Eastern Shore Laboratory, located in the seaside village
of Wachapreague, Virginia serves as a field station for research, teach-
ing, and advisory activities. This area is uniquely suited for field
research into coastal processes, and provides convenient access to the
eastern portion of the Chesapeake Bay as well as the barrier island, salt
marsh-lagoonal systems along Virginia’s Atlantic shore.

Widely recognized for its contributions to research in bivalve
aquaculture, the Lab also supports activities of scientists and students
from the Gloucester Point campus and other institutions. Over the past
year, 23 external groups visited the Eastern Shore Laboratory, for a total
of three hundred people.

Recent research activities at the facility include investigations into
nitrogen cycling in salt mashes, disease transmission between mollusks,
population dynamics of finfish and shellfish, chemical induction of
settlement in invertebrates, and hydrodynamic characteristics of
seagrass seeds.

Extensive wet laboratory facilities include running seawater tables
and large holding tanks. A hatchery for the culture of marine and
estuarine organisms is especially well suited for mollusk culture. An on-
site flume laboratory permits investigation of processes (hydrodynamic,
sedimentological, and biological) in the benthic boundary layer.

The role of Marine Advisory Services (MAS) is to be directly
responsive to the needs of industry and the general public, and to
provide information that will increase the public’s awareness of the
marine environment. MAS is associated with the Sea Grant Program, a
state/federal program administered through NOAA. Specialists from
MAS provide information and advice on a wide range of marine-related
programs and activities, and work closely with the recreational and
commercial fishing industries, marine trades, and other businesses, as
well as with governmental agencies, educational organizations, and
individuals. The direction of MAS research is dictated by industry and
government needs.

The Chesapeake Bay National Estuarine Research Reserve
(CBNERR) in Virginia, managed by the Virginia Institute of Marine
Science, is one of 25 National Estuarine Research Reserves (22 desig-
nated, 3 nearing designation) established under the Coastal Zone
Management Act. These Research Reserves are jointly funded and
administered by the states and the National Oceanic and Atmospheric
Administration. The Research Reserves form a protected area network
which serves to promote informed management of the nation’s estuarine
and coastal habitats through the promotion of research, monitoring and
education.

CBNERR in Virginia presently includes four components within the
York River Basin that span a salinity range from 18-22 ppt at the mouth
of the York (Goodwin Islands - 1607 acres in York County) to fresh
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(brackish) water in the Pamunkey River 37 miles from the York’s mouth
(Sweet Hall Marsh - 1393 acres in King William County). In between
are the Catlett Islands, 19 miles upriver from the mouth (910 acres in
Gloucester County) and Taskinas Creek 24 miles upriver from the
mouth (525 acres within York River State Park in James City County).

Approximately 25-30 research projects per year are active in
CBNERR. Since September 1995 CBNERR has been participating in
the National Estuarine Research Reserves system wide monitoring
program. At present two data loggers (one at Taskinas Creek and one
at Goodwin Islands) continuously record water quality data, and a
meteorological station collects weather and climate data at Taskinas
Creek. A second weather station is being established at Sweet Hall
Marsh in the fall of 1998. Two graduate fellowships per year are
provided by the National Estuarine Research Reserve System to
CBNERR to support thesis or dissertation research in the Reserve.

A $600,000 educational facility is under construction at Taskinas
Creek. The Reserve education program is also developing coastal
environmental programs for a wide variety of audiences including
coastal managers, decision-makers and non-science professionals in the
fields of business and law.

The Aquaculture Genetics and Breeding Center was established in
1997 to develop, adopt, and maintain an array of innovative applied
technologies for genetics and breeding of aquaculture species in service
to industry and science. The focus is to bring breeding technologies to
aquaculture industries. To do this we have established basic infrastruc-
ture to support long-term breeding efforts. This includes support person-
nel; two hatcheries (one high salinity and one medium salinity), and
grow out farms for oysters, clams, and scallops. In addition, we main-
tain a close relationship with industry users through our newly de-
scribed Breeding and Demonstration Associate, a position shared with
the Sea Grant Marine Advisory Services Program.

In addition to selective breeding programs for oysters and clams, we
will maintain a high priority on genetic manipulation techniques such as
induced polyploidy. We are actively engaged in the use of triploids as a
biological control for non-native species, for example. Additionally, our
molecular genetics unit focuses on aspects of shellfish and fish
genomics that will aid in the practical application of our breeding
programs. For example, we fully expect marker-assisted selection to
assist us in developing disease resistant strains. Additional activities of
the Center include studies of fish aquaculture in closed systems and the
development of a research network of oyster gardeners in the Chesa-
peake Bay.

The Center complements the formal training available in the Depart-
ment of Fisheries and is an integral component in the Aquaculture Core
Program of VIMS. Research opportunities for graduate students and
post-docs are available through Center programs or through research
grants awarded to the Center faculty. Internships for undergraduates are



also available at hatchery or field locations during the breeding season.
The Center publishes an industry update and advisory called the ABC
Primer about four times a year.

The Library utilizes powerful full-text indexing software, providing
more than 738,000 bibliographic records to patrons at VIMS and at the
William and Mary main campus. This tool, combined with the Web
interface, also gives the Library a growing presence on the Internet,
offering a bibliography of 30,000 items on the World Wide Web.
Additionally, a large number of books are not yet represented in the
database. As these and acquire other records are added, the bibliography
will continue to grow. The Library’s extensive journal collection has
remained stable in spite of sharp increases in subscription rates.

Library Holdings
Periodical Subscriptions: 527
Monograph Titles: 22,650
Bound Volumes (books and periodicals): 51,868
Maps and Charts: 4,775

Much of the Institute’s field work involves locations within the
Chesapeake Bay. This research is generally performed aboard one of
VIMS’ three larger vessels. These include the 65' R/V BAY EAGLE and
the 44' R/V LANGLEY, both equipped to deploy large scientific equip-
ment; and the 30' R/V FISH HAWK, specially equipped for trawl survey
work. This group of vessels is operated by Coast Guard licensed crews.
VIMS also maintains a fleet of trailerable vessels for estuarine work.

The VIMS full service dive center provides both training and
equipment for diving scientists. A diving safety officer administers the
program through the guidance and counsel of the Diving Control Board.
VIMS has been an organizational member of the American Academy of
Underwater Sciences (AAUS) since 1986, and is governed by their
standards.

The facility includes classroom space, equipment sign-out and
maintenance capabilities, an air fill station, and photo/video equipment.
Classes for diver training are held on a regular basis, and are taught in
accordance with AAUS standards.

The composition of the Dive Team is approximately half faculty/
staff and half students.

The Comprehensive Coastal Inventory Program (CCI) is managed
by the Center for Coastal Management and Policy. Using advanced
Geographic Information Systems (GIS) and Global Positioning Systems
(GPS) technology, CCI develops and maps coastal resource inventories
to address a broad spectrum of environmental planning needs.
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CClI inventories and monitors wetlands, shorelines and natural/
cultural resources within the coastal plain and upper watershed regions.
The program conducts basic and applied research in natural resource
management using GIS, GPS, and remote sensing techniques as its
principal tools. Current research focuses on the identification of proto-
cols for the analysis of use conflicts problems, habitat restoration
targeting protocols, status and trends analysis, and watershed-level land
use planning/management. The facility is equipped with 10 Unix
workstations, 2 Silicon Graphics machines, and a host of personal
computers all operating in a distributed network environment. The Unix
version of ArcInfo, ArcView, and Erdas are the primary software
packages. The facility is also equipped with high order Trimble GPS
receivers and several hand-held units. A GPS base station runs 24 hours
a day.

The Institute maintains the Commonwealth’s ichthyology collection,
which includes approximately 100,000 specimens in 247 families from
the Chesapeake Bay and contiguous waters, the continental slope, and
the abyssal plain of the western Atlantic; as well as a number of exotic
species including a 5-foot female coelacanth from the Comoros Islands
in the Indian Ocean. The collection has comprehensive and historical
coverage of freshwater species from Virginia and the southern Appala-
chians. More than 20,000 lots, of which 13,000 are computer cataloged,
are stored on specially constructed shelving that provides access to the
entire collection. The Institute also maintains a growing collection of
marine and estuarine ichthyoplankton from the Chesapeake Bay, the
Mid-Atlantic Bight, and Caribbean waters. The facility provides equip-
ment for processing acquisitions, x-ray studies, and performing necrop-
sies on large fishes, sea turtles and cetaceans.

ITNS provides the information technology infrastructure and re-
sources to support VIMS’ tripartite mission of research, education, and
advisory services. All buildings on the 35-acre VIMS campus are
connected to a high speed switched ethernet network. The VIMS
campus network is connected to the internet via a high speed link to
Network Virginia, which connects VIMS to the Wachapreague campus
on the Eastern Shore, the William and Mary main campus, and the
world.

Services such as electronic mail, web sites, internet news, databases,
file transfer, search engines, administrative systems access, user home
space, etc. are provided by a collection of Unix and Windows NT
servers. This environment provides students, faculty, and staff with a
robust variety of software tools and scientific data resources, facilitating
activities such as analysis, visualization, GIS mapping, genetic model-
ing, hydrodynamic modeling, etc.



Information is made available to the VIMS community, its advisory
constituency, and the world via the VIMS web site. One can get a good
“view” of VIMS through information provided on the VIMS website at
http://www.vims.edu.

For more than a decade, the Analytical Service Center (ASC) has
researched, developed, and refined methodologies for analysis in a wide
spectrum of environmental matrices. The quality of data is a direct result
of thorough statistical controls, documentation, and training. ASC
instrumentation is state-of-the-art with computer control/acquisition,
background correction, and optimization for saline matrix. Quality
Control criteria are monitored at the instruments and overseen by the
Quality Assurance Officer.

Characterization of the Chesapeake Bay and associated tributary
ecosystems highlight the research efforts of the center. The team has
extensive experience in monitoring research programs coordinated by
state and federal agencies as well as participation in coastal and open
ocean projects. Support personnel provide field services using tradi-
tional and modified sampling techniques and equipment. To meet the
immediate demands of researchers, costing and processing of samples
for nutrient analysis is available. The ASC provides a full cost analysis
to facilitate proposal preparation, and prices remain firm for two years
following submission.

The VIMS Office of Sponsored Programs assists the faculty and staff
in soliciting, negotiating, and managing research support from a variety
of funding sources. The office serves as the central point of contact for
sponsored research activities, and is charged with ensuring that all
awards are managed in compliance with appropriate financial and
administrative regulations.

The Publications Center provides publishing, photographic and
video support to the Institute.

Publication Graphics provides publication layout, design, and
computer graphics; produces 35-mm color slides and transparencies; and
provides full color copying. Center graphic designers also produce
interactive, multimedia presentations, videography, and computer-based
presentations. Custom photography, negative, print, color slide process-
ing, and photographic support are provided by the photo lab.
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