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John Steele stepped down as Director
at the end of January 1989 to join the
scientific staff as Senior Scientist based in
the Marine Policy Center. His Comments
reflect his nearly 12 years as Director of
the Woods Hole Oceanographic
Institution.

N the eleven years since I became

Director there have been major de-
velopments in ocean sciences, in the
public attitudes to this science, and in
our own view of the scientific process
at the Institution. This is an appropri-
ate time for me to review these
changes.

We have acquired new ways of
looking at the oceans. In 1978, the
SEASAT satellite carried an altimeter
to measure sea-surface elevation and
thereby give global information on
ocean currents. It operated for only
three months but provided a com-
pletely new kind of data compared
with traditional methods of lowering
instruments from ships. Another
satellite-borne instrument, the CZCS
(Coastal Zone Color Scanner), was
launched in 1978 and operated until
1987. It proved effective in measuring
color in the open ocean and so pro-
vided data on basic productivity at
global scales. The oceanographic com-
munity was unprepared technically
and conceptually to assimilate these
data, and much effort has been di-
rected during this last decade to
learning how to apply these results to
ocean problem:s.

The data from satellites gives, quite
literally, a superficial view of the
ocean. This new perspective has to be
combined with traditional methods.
From space, the satellite images not
only showed large scale features in the
ocean but also revealed complex,
smaller scale, and highly dynamic to-
pography. We have had to invent new
jargon — “rings,” “squirts,” “jets” —to
describe what we can now observe. At
the same time our abilities to work
within the ocean have increased tre-
mendously. Such technology as
acoustic tomography, subsurface drift-
ing floats, and long term moorings

provide data on the deep interior of the
sea without the restrictions of a ship’s
location. How do we combine these
different methods and develop new
ideas about ocean dynamics?

The global scale of the new data
sets, and thus of the scientific ques-
tions, requires greater collaboration
among scientists from diverse disci-
plines, separate institutes, and often
from different countries. We are seeing
the development of large programs
with correspondingly complex systems
of management, involving several
agencies within the U.5. as well as
international organizations and a pro-
liferation of committees.

Even more significant are the much
longer time scales. A remote sensing
instrument can take 10 years or longer
from initial design to launch. Establish-
ment of a set of ground stations is
often required, and, most difficult of
all, the data receipt and transmission to
the users must be integrated into an
overall scientific plan which includes
in situ systems and numerical model-
ing programs. This long term packag-
ing is very different from the tradi-
tional approach of the individual
investigator or the small group funded
for one to three years to answer well
specified questions. Such planning
requires a change in style not merely in
the funding agencies but also in the re-
search organizations.

This is critical for WHOI where
nearly all the research money has come
to our scientists based on their strong
record as individual researchers. Is
such a change in style desirable or
necessary for WHOI? Can we, within
the Institution, influence the patterns
of our activities? How should we re-
spond to the outside forces?

There are two very different kinds
of reasons for this long-term global
approach — the scientific interest and
the social concerns. Taking the latter
first, there is the question of how
climate may change as a result of the
addition by man of carbon dioxide and
other greenhouse gases. The predic-
tions are based on the known physical
and chemical processes in the atmos-
phere and on large numerical models

which can forecast possible effects over
the next 50 years or more. These
forecasts have had a significant public
impact. There are many uncertainties
but the most critical involve the role of
ocean processes. These models take the
ocean dynamics as fixed — partly
because of computing limitation but
also because we do not have sufficient
knowledge of how the ccean will
respond to changes in atmospheric
conditions. For this reason, we do not
have predictions of changes in ice
volume at high latitudes or in rainfall
patterns, two factors that are possibly
more significant for sea level and agri-
culture than global temperature
change.

These are the extrinsic reasons for a
large scale perspective of the oceans
that will give us knowledge of how the
ocean will respond to changes in
atmospheric conditions. But to depict
the changes which may occur, we
require an improved understanding of
the basic scientific processes. This
needs a more analytic research ap-
proach and depends on the abilities of
individual scientists to produce ideas,
better theories, and new instrumenta-
tion. This has been our traditional ap-
proach at WHOI. The achievements of
individuals have been our greatest
strength. Given the size of this new
endeavor, and the human and techni-
cal resources required, it is impossible
for any single organization, or even
any nation, to undertake the whole
scope of this research. This is espe-
cially difficult given the lack of signifi-
cant extra funding specifically for these
projects and the uncertainty in year-to-
year allocations. What, then should be
the involvement of an institution such
as WHOI in the long term process
from preliminary concepts to comple-
tion?

It is relevant that nearly all those
scientists who have devoted them-
selves to this lengthy process have
been in “hard money” positions at
universities, such as MIT or Harvard,
or in national laboratories. Our scien-
tists at WHOI have been involved in
planning committees and, at later
stages, in project management. Be-




cause of their scientific stature they are
essential to the success of the imple-
mentation. To a large extent their lack
of commitment in the early stages is a
free choice based on their own scien-
tific priorities. But to a significant de-
gree this is imposed by the time scales,
the style, and especially the criteria for
survival in a “soft money” environ-
ment. As I have found, it is not pos-
sible to impose such commitment from
above — nor is it appropriate to our re-
quirements for the demonstration of
individual excellence in research.

There is a more prosaic reason for
the patterns we see both within and
outside WHOIL. It is now much more
difficult to be assured of long term
funding from the main federal agen-
cies which support our work. In the
last decade the average success rate for
NSF grants has fallen from 70 percent
to 30 percent. ONR support is much
more erratic and unreliable now than a
decade ago. Younger scientists are
more aware of the issues of “security”
in a personal rather than a military
context. Thus, in selecting career
prospects, many look at the potential
for long term institutional support for
themselves and their research as a
factor in evaluating job options. So far
this has not significantly affected our
ability to attract and retain the best
scientific and technical staff. We have
shifted the emphasis of our private
fund-raising to endowment for sup-
port of people through chairs and
awards. These, combined with the edu-
cation endowment and programmatic
grants from private foundations,
provide a quarter of the support for
our scientific staff. But we will need to
do much more in this development
area if we are to make the Institutional
commitment that appears necessary.

I have focused on the “global”
programs because they exemplify two
changes in our science — tremendous
technical development and greatly
increased public interest in the costs as
well as the benefits of innovation.
These same factors operate in other
aspects of oceanography — the uses and
misuses of the coastal ocean, the need
for a better and more detailed knowl-

edge of the environment for naval
defense. The oceans are no longer
viewed as a separate and mysterious
part of the world but as an integral
component of our environment along
with the land and the air. Our research
has always been driven by practical
needs as well as by the inherent fasci-
nation of the oceans. The latter has pre-
dominated during the last decade
mainly because of the recent philoso-
phy for federal funding of science that
has stressed the role of central govern-
ment in support of basic research. This
philosophy appears to be changing
with a new emphasis on social con-
cerns particularly as they affect the
marine environment.

This pressure for applied oceanog-
raphy in its broadest sense must be
beneficial but it implies changes in the
way we carry out our research. The
combination of new technologies with
a much longer time scale for planning
could require — or impose — a different
style of operation. We can recognize
the impact these changes are already
having on the Institution. There is a
trend away from the mainly sea-going,
observational work. This is seen clearly
in the decreased number of Ph.D.
theses from the Joint Program that in-
volve collections of data at sea, with a
corresponding increase in theoretical
or modeling studies. Operations at sea
have traditionally been a major factor
in our preeminence. [ am sure this
must and will continue but probably in
a different context. Many of the pro-
grams will be national or international
in concept and planning. There is an
increase in the number of longer term
joint projects with other institutions.
We are bidding successfully for the
establishment of national or regional
facilities at Woods Hole. Our staff are
acting as coordinators on environ-
mental issues such as red tides.

Internally, the growth of the Institu-
tion has required the development of
formal management structures such as
the system of scientific departments
and the introduction of tenure. These
structures must fit the continually
evolving pattern of the science. Thus I
am sure there will be — in fact, must be

— further changes. We need a matrix of
disciplinary and cross-disciplinary
groupings to meet the scientific
developments. A greater Institutional
commitment to our scientists and to
the technical staff seems essential if we
are to compete successfully for the best
oceanographers and bring in new areas
of science and technology.

Yet the main thrust at the Institution
— our style — remains the support and
the reward of individual excellence in
research on the fundamental processes
in the ocean. The emphasis on devel-
opments in sea-going technology must
continue to be a prime motivation and
an essential part of our work. This style
has been maintained through a variety
of external changes in requirements for
oceanography and changes in sources
of funds over the last 50 years.

I believe that the freedom to follow
new ideas, the sense of community,
has developed along with the growth
of the Institution. I am sure we shall
continue to expand and enhance the
vision of our science of the seas under
new leadership. Above all, I hope that
doing research will continue to be fun.
Certainly, I have enjoyed my time as
Director. I must thank all those who
have worked with me to keep us pre-
eminent. I look forward to the future at
Woods Hole and to my own involve-
ment.

John H. Steele

Amy Rader

John Steele
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Ed Denton, left, and Alden Cook attach a direction-finding antenna to the mast of R/V Oceanus.




Craig E. Dorman became the sixth
Director on 1 February 1989. His
Comments look to the future of the Woods
Hole Oceanographic Insitution.

ETURNING to Woods Hole from

the Navy nearly two decades after
entering the Joint Program, I am im-
pressed by the continuity of WHOI's
traditional seagoing scientific excel-
lence and strong sense of community
in the face of funding variations, the
development of two campuses, and
vast increases in the sophistication of
oceanographic issues and techniques.
Cynthia and I are excited to be back,
and we welcome the challenges of the
next decade.

I spent most of my first weeks
walking through our facilities and
talking with WHOI people. The com-
mon threads I perceive are a delight in
the Institution, a pride in and sense of
responsibility for maintaining our role
as a world leader in ocean sciences,
and a commitment to be even better.
While it is much too early in my tenure
to speak of change — and any course of
action for the Oceanographic must be
thoroughly discussed and evaluated
by both staff and Corporation — certain
aspects of our future are clear:
¢ Qur strength will continue to lie in
the excellence of our people and in
their ability to extract information
from the sea and use it to understand
process and change.
¢ New technologies will enable our
scientists to ask better questions, and
the need to comprehend dynamics and
interactions throughout the oceans will
likewise drive technological advance.
Theory, experimentation and observa-
tion, analysis, prediction, and instru-
ment development must be tightly
coupled; each is today sufficiently
sophisticated that collaboration among
specialists in the various disciplines is
essential to progress.
¢ Our funding as well as our excel-
lence derives from the ingenuity and
drive of our individual scientists. The
entrepreneurial freedom to pursue the
most meaningful questions is at the

heart of our structure and must be

enhanced through mutual support as
well as Institutional support.

¢ As a research institution we must
help our scientists maintain both their
competitive edge and their long range
vision. Without Institutional support,
these may conflict. Costs and opportu-
nities must be carefully balanced and
resource allocations directed to enhan-
cing the total climate for science — ad-
dressing simultaneously the immedi-
acy of individual contracts and grants,
the direction of ocean science research
and education, and WHOI as a whole.
* We must maintain the excellence of
those who enable science, our techni-
cal, administrative, facilities, support,
and managerial staffs. We are blessed
with high quality, low bureaucracy
and people who care about each other.
We must continuously foster equity,
supportive relationships, and the sense
of community that historically has
been synonymous with WHOL

* Education has become an indemnible
thread in the WHOI fabric. It is a
critical component of our research
process and of individual as well as In-
stitutional growth. For the good of the
nation, the community, and ourselves,
our outreach, involvement, and our
teaching and mentoring skills must
expand.

e Our strengths complement those of
our neighbors and partners. We share
research and community interests and
needs with our local colleagues at the
Marine Biological Laboratory, the U.S.
Geological Survey, and the National
Marine Fisheries Service. The desire to
increase our mutually beneficial
interactions and our contributions to
our community is shared by us all.
Likewise we share with our Joint
Program partner, the Massachusetts
Institute of Technology, a growing
quest for individual and institutional
coordination in science and technology
as well as education.

e As a world leader in oceanography,
our role and interactions transcend
state and national boundaries. Our
ties with colleagues and institutional
partners across the country and
around the world will strengthen as

we grow. The national and interna-
tional contributions of our individual
scientists — as educators, spokesper-
sons, editors, coordinators, and panel
members as well as collaborators — can
be abetted by Institutional support.

¢ The Federal Government is increas-
ingly unable to support the totality of
our requirements, let alone our desires.
As a private institution, we have a
growing need to develop greater
independence in order to preserve the
intellectual freedom to ask and answer
the right questions with the best set of
tools. Science — especially our brand of
seagoing science — is expensive. But it
is also crucial to the competitive
posture of our nation, and to the health
of the world. There is a strong case, as
well as a critical need, for expanded
Institutional development and interac-
tion with industry.

Our five previous directors have
helped our scientists build the world’s
best place for ocean science. In particu-
lar, my immediate predecessor, John
Steele, has helped ensure that the
quality of our scientific, technical, and
support staff is unparalleled. He has
managed our resources prudently and
well. Cynthia and I appreciate the
beauty and strength of that heritage
and will do all we can to make the
Woods Hole Oceanographic Institution
an even better community.

Craig E. Dorman

Boursier Photography

Craig Dorman




Biology

The broad aim of
biological oceanographers is
to study the temporal and
spatial distributions of
populations of marine
organisms and their interac-
tions with each other and
their environment. The
work is predominantly
ecological in its attempts to
provide the basic informa-
tion required to understand
how the ocean works
biologically. Among the
specific research interests of
Institution biologists are
microbiology, biochemistry,
molecular biology, plank-
tonology, ichthyology,
benthic biology, physiology,
biogeochemistry, bioacous-
tics, mathematical ecology,
and animal behavior. Work
on marine pollution in-
cludes research on the
effects of hydrocarbons and
the biochemical and molec-
ular responses of animals to
these and other pollutants.
The “patchy” distribution of
many marine animals is
under investigation through

field and mathematical

modeling studies as are the
physiological adaptions of
deep sea organisms to
sparseness of food, low
temperatures, high pres-
sures, and deep sea hy-
drothermal vents. Answers
to questions about the food
supply in the oceans are
sought in studies of particles
falling from the surface
waters through the water
column to the bottom of the
sea, in studies of upwelling
areas, through investiga-
tions of sulfur oxidizing
organisms in the deep sea
and shallow coastal ponds,
and in laboratory experi-
ments that complement field
investigations. The uses of
sound by marine mammals,
the behavior of large marine
animals (tracked by mini-
ature acoustic telemetry
tags), the spatial and tem-
poral variations in abun-
dance and size distribution
of zooplankton (determined
using high frequency
sound), and the frequency
and intensity of spawning
by coral reef fishes (moni-
tored by passive underwater
listening devices) are being

studied. Other work con-
centrates on salt marsh
ecology and conservation
and on nutrient cycling in
coastal waters. The sym-
biotic relationships between
marine microbes and other
organisms (including wood-
borers) and between algal
components and their
microzooplankton hosts

are a recent focus. Gelati-
nous organisms of the
plankton (salps, cteno-
phores, and jellyfish) are
being studied with new
techniques that finally allow
us to begin to properly
evaluate the roles of these
organisms in the oceans.
The introduction of molecu-
lar biological tools and
techniques into the main-
stream of biological ocean-
ography is permitting many
of the above longstanding
but current problems to be
addressed in entirely

new ways. Recent effort
using these techniques
includes studies of jellyfish
bioluminescence, cancer in
flatfish in Boston Harbor,
and toxic dinoflagellate
blooms (“red and brown
tides”) in coastal waters.

Chemistry

The main goal of chemi-
cal oceanographers is to
understand the distribution
and transport of chemicals
within the oceanic environ-
ment and to assess the
physical and biological
factors that directly affect
them. They also use chemi-
cal and isotopic distribu-
tions in the water column
(i.e., tritium, helium-3,
freons, strontium-90, and
radiocarbon) as ways for
determining ocean circula-
tion itself. It is important to
know how fast the ocean
mixes in order to estimate
the absorption of anthropo-
genic pollutants into the
ocean. More and more,
chemical oceanographers
tailor experiments to
account for the ocean’s
temporal variability.
Climate, for instance, is
increasingly recognized as a
major factor controlling the
distribution of chemicals in
the ocean. Records of
chemicals in sediments,
shells, and corals serve as

Robert E. Frazel

This model cataract was created in Jack Whitehead's laboratory by
infroducing a stream of salt water into a rotating tank of fresh
water. The objective is to study the role played by giant undersea
cataracts in determining deep ocean temperature and salinity.
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This hardy, weather-resistant,
economical surface mooring is
being developed by Henri
Berteux and Alex Bocconcelli.

Diane Stoecker

i

The biology of planktonic ciliates,
including this Strombidium
species, is being studied in the
laboratory of Diane Stoecker.




integrators of past climatic
occurences on such diverse
time scales as El Nifio/
Southern Oscillation (a few
years) and glacial/intergla-
cial cycles (100,000 years).
Some of the questions under
investigation revolve
around the vertical trans-
port and transformations in
particles as they fall from
the surface to the bottom of
the water column, as well as
the processes responsible for
formation and changes in
organic matter in sediments.
The photochemistry of the
surface ocean and the
marine atmosphere is cri-
tical to our understanding of
the global sources and sinks
for many gases, as well as
alterations in the organic
matter in the surface water.
A recent revolution in the
tield of organic geochemis-
try involves the quantifica-
tion, source identification
(whether marine- or
terrestrially-derived), and
the molecular characteriza-
tion of dissolved organic
matter in seawater. The
genesis and compositon of
the ocean crust and its
interaction with seawater is

important to a general un-
derstanding of the oceanic
system. Such questions as
how long do hydrother-
mal events last and how
important are certain types
of vent systems in establish-
ing the chemical composi-
tion of seawater are being
addressed. Mantle pro-

cesses are being pursued
using stable isotopic studies
in rocks. Work on the inter-
stitial water chemistry of
deep sea sediments im-
proves our understanding
of the diffusive flux of ions
(natural or anthropogenic)
between sediments and the
oceans.

Geology and Geophysics

The primary research
objective of the scientists in
the Geology and Geophysics
Department is the under-
standing of the genesis of
present-day ocean basins
and continental margins.
Their interests include
rifting processes associated
with the opening of ocean
basins, magmatic processes
and hydrothermal circula-
tion at mid-ocean ridges,
structure and composition
of the crust forming the
foundation of ocean basins,
and how the crust varies in
space and time. Paleogeog-
raphy, paleoclimatology of
ocean basins as documented

in fossils, and the chemistry,
lithology, and seismic stra-
tigraphy of the sediments
are also studied. The mor-
phology of the seafloor and
how it relates to plate
tectonics, the nature of the
processes that control or
have controlled the deposi-
tion and erosion of sedi-
ments, and the dynamical
framework of geology’s
most fragile boundary, the
shoreline, are also under
investigation. As history is
concerned with forces that
have influenced the devel-
opment of social structure,
so earth scientists are con-
cerned with processes that

have produced our present
global environments. The
establishment of plate tec-
tonics as the primary kinetic
process creating and shap-
ing ocean basins focused
attention at the boundaries
where plates interact. At
divergent plate boundaries,
or mid-ocean ridges, this
includes processes that
bring up hot materials to
create ocean crust and lith-
osphere. Investigations of
rifted continental margins
are important to our under-
standing of how continental
plates initially break apart.
Finally, subduction of
oceanic lithosphere beneath
continental or other oceanic
lithosphere is a process
ultimately associated with
the creation of deep-sea
trenches and back-arc
basins, and accompanied by
the important geological
phenomena of earthquake
belts and volcanic island
arcs. Other research con-
cerns processes of particu-
late flux in the ocean (“ma-
rine snow”), carbonate and
silicate dissolution, and
other phenomena relevant
to the transport of biogenic

Tom Rossby, left, of the University of Rhode Island, and Doug Webb,

Shelley Lauzon

of Webb Research Corporation, received the 1988 Bigelow Medal
for their contributions to ocean technology, including development
of the SOFAR (sound fixing and ranging) float.

Rod Catanach

DSV Alvin made 200 dives in
1988, including Dive # 2000,
working in the Pacific from the
Washington coast to Mexico.




By December of 1988, the steel framework for an addition to the Clark Laboratory was in place.



material to the seafloor. The
results are essential to a
better understanding of the
fossil record, which, in
combination with studies of
its oxygen isotopic variation,
reveals changes in climate
and ocean environment over
periods of thousands to
millions of years. The study
of the dynamics of sediment

distribution on the ocean

floor is important to deci-
phering the fossil record
and interpreting seafloor
morphology. Marine geolo-
gists also study near-shore
and shallower regions such
as continental shelves and
coasts where earth, ocean,
and atmosphere dynam-
ically interact.

Ocean Engineering

The field of ocean engi-
neering encompasses a wide
range of scientific and
technical areas of research
and development. The
department maintains its
leading position worldwide
in sensor development and
technical support. Within
the past several years, the
department has grown into
a major center for research
in a wide spectrum of
scientific areas. The areas of
research include fluid
mechanics, physical ocean-
ography, acoustics, micro-
wave scattering, remote
sensing of the ocean, remote
sensing of animals in the
ocean and in the air, robot-
ics, biological processes,
image processing, signal
processing and estimation,
and the dynamics of ocean
cables. Active fluid mechan-
ics and physical oceanogra-
phy programs include
sediment transport in the
deep sea, on the continental
shelf, in estuaries, and in the
shoaling and surf zones; the
dynamics of internal waves;
the dynamics of boundary
layers at the bottom and the
surface; the study of large-
scale fluctuations of
temperature and currents;
and the biological processes

which influence benthic
transport. The acoustic
efforts include ocean
acoustic tomography at the
mesoscale and the basin-
scale, sound propagation in
the Arctic, scattering from
in-situ particles, remote
sensing of the roughness of
the bottom from scattering
data, and the study of the
acoustic properties of the
first few hundred meters of
the sea bottom. Microwave
backscattering from the air/
sea interface provides
information on gravity-
capillary wave spectral
densities, near-surface air
flow, short wave modula-
tions, surface currents, and

satellite imaging techniques.

Satellite data are processed
to study the wave spectrum
and wind speed at the
surface. The unmanned
submersibles program is
active in the robotics area.
Biologists study the
importance of applied fluid
stresses in the life cycles of
benthic fauna. A vigorous
engineering support effort
covers areas as diverse as
the deep manned
submersible Alvin, fast
vertical profiling vehicles,
free-drifting satellite data
telemetry platforms, acous-

tic telemetry systems,
acoustic sensors, low power
underwater computer

systems, mooring dynamics,
pressure housing, and
underwater imaging.

Physical Oceanography

Physical oceanography is
the study of the physics of
the ocean. Its central goal is
to describe and explain
oceanic motions occurring
over a wide range of scales,
from millimeters to mega-
meters, and seconds to
centuries. On a large scale,
the sun heats equatorial
waters and the ocean
transports this heat toward
the poles, thus smoothing
out the earth’s climate and
making large parts of it
habitable. Variations of
temperature and salinity,
the driving effects of winds,
the rotation of the earth, and
the pull of the sun and the
moon all contribute to these
motions. There are grand
persistent currents like the
Gulf Stream, and there are
transient waves and
turbulent eddies of almost
all sizes and speeds, from
high frequency acoustic and
surface gravity waves to
slower internal gravity
waves beneath the sea
surface. Large regions of the
oceans are dominated by
intermediate scale, eddying,
vortical patterns of flow,
embedded within the large
scale oceanic gyres, that
display visual and dynamic
similarity to atmospheric
weather patterns. As in the
atmosphere, relatively
intense frontal systems exist.
Important mixing and
stirring of the ocean is

accomplished by a variety of
physical processes, some of
great subtlety, like the
phenomenon of “salt
fingers” on the centimeter
scale and “subduction” on
the large scale. Important
scientific questions also arise
in considering the
interaction of the ocean and
the atmosphere, which drive
each other in an as yet
poorly understood way.
Exchanges of energy
between the air and sea are
important in determining
the climate of both the
atmosphere and the oceans.
Physical processes in coastal
regions are strongly affected
by atmospheric forcing and
bottom topography, and the
current and wave systems in
this complicated region are
of vast importance to local
climate and ecology.
Physical oceanographers are
involved in experimental,
theoretical, laboratory, and
numerical investigations.
Small programs involving a
few researchers as well as
large international projects
are underway, and
multidisciplinary efforts are
increasing. Our ultimate
goal is to understand the
structure and movement of
the world’s oceans, the
interaction of the sea with its
boundaries, and the physical
role of the ocean in the
global thermodynamic
engine we call Earth.




Coastal Research Center

The Coastal Research
Center (CRC) was founded
in 1979 to broaden our base
of knowledge and improve
our understanding of the
coastal ocean in order to
provide a basis for wise
management of coastal
resources. Interaction of
multi-disciplinary groups of
scientists is encouraged, and
the Center also supports
multi-organizational and
multinational efforts.

The CRC provides facili-
ties support for various
coastal research activities.
This includes laboratory and
office space and two re-
search flumes in the Coastal
Research Laboratory (CRL)
building. A small boat fleet,
ranging in length from 14 to
50 feet, is maintained for
nearshore research.

Currently, four principal
project areas are empha-
sized. One concerns the
coastal impacts of global cli-
mate change. Man’s addi-
tion of radiatively-active
trace gases to the atmos-
phere has raised the specter
of significant changes in glo-
bal climate, which could al-
ter temperature, precipi-
tation patterns, and water
and sediment budgets,
among other environmental
parameters. These global
changes will impact the
coastal zone at the local and
regional scale in such forms
as sea-level rise, storm cli-
mate changes, salinity intru-
sion into aquifers, and dis-
equilibrium of river deltas.
The CRC program is di-
rected towards predicting
and assessing the potential
coastal impacts of climate
change, and, in addition,
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Marine Policy Center and
CRC scientists are evaluat-
ing the potential costs and
responses to such impacts.
A second CRC project
area is assimilative capacity
of coastal oceans. This
multidisciplinary effort is
funded through Institution
Sea Grant funds as well as
private foundation funds.
The initial CRC assimilative
capacity effort focused on
contaminants in Buzzards
Bay and their transport
through that coastal system.
Recently, this effort has
expanded to other coastal
waters (including Massa-
chusetts and Cape Cod
Bays), emphasizing a cross-
disciplinary approach to
these problems. Increased
focus has also been placed
on toxic dinoflagellate
blooms, which are respon-
sible for the “red tide” and
related fisheries mortalities.
The other major CRC
emphases are on instrumen-
tation and rapid response.
The instrumentation effort
provides seed funding for
the development of new in-
strumentation for multidis-
ciplinary coastal research
programs. Two large sea-
water flumes completed un-
der the instrumentation
program are used for experi-
ments on turbulence, sedi-
ment resuspension and
transport, and interactions
with marine biota. The rapid
response program provides
funds for quick response to
marine “events.” Because
conventional funding
channels normally require
long lead times, opportuni-
ties to acquire baseline data
immediately after an

“event” are often lost. Rapid
response projects funded
recently include Black Sea
mixing using radionuclides
from the Chernobyl disaster
and the cause of a major
whale mortality off the
Massachusetts coast. In both
cases it was imperative that
initial data be collected im-
mediately if the event were
to be understood.

The Coastal Research
Center focuses on basic

scientific questions in the
coastal environment, but the
heavy demand on coastal
resources often requires that
these basic science investi-
gations be quickly translated
into policy and management
actions. The work of CRC
investigators therefore
serves as an important
bridge between scientific
research and the application
of research results to societal
problems.

Center for Marine Exploration

The Center for Marine
Exploration (CME) was
established in late 1986 to
foster new technologies, in-
cluding unmanned sys-
tems, for the deep ocean and
to provide a focal point for
marine scientists and others
exploring the deep sea. CME
has four primary goals:

* to provide scientists with
advanced engineering and
cost-effective techniques for
deep ocean exploration and
experiments,

° to provide marine archae-
ologists and other social
scientists opportunities to
utilize this technology for
cultural and historic
puposes,

® to increase public aware-
ness of the marine environ-
ment, and

* to stimulate career interest
in engineering and the
natural sciences.

The capabilities and pro-
mise of unmanned robotic
submersibles gained inter-
national attention with the
discovery of R.M.S. Titanic
in 1985. The Argo and Jason
Jr. prototype vehicles, devel-
oped in the Institution’s
Deep Submergence Labora-

tory, were deployed and
tested for the first time in
the search for Titanic in 1985
(Argo) and the detailed ex-
ploration of the wreck and
its interior in 1986 (Jason Jr.).
These systems will allow
many more scientists and
the public to participate in
marine exploration, to see
and experience the chal-
lenges, excitement — and
setbacks — of scientific
discovery.

In the spring of 1989, for
instance, 250,000 students in
the U.S. and Canada will
participate in a voyage of
discovery to the deep waters
of the Mediterranean Sea.
Using advanced “tele-
present” technology and
live satellite transmissions,
The Jason Project will ex-
plore active underwater
volcanoes and the remains
of ships lost beneath the
ancient trade routes of the
Mediterranean. Through a
unique collaborative effort
involving private industry,
scientific research facilities,
museums, and educational
organizations, color televi-
sion images will be trans-
mitted live for the first time




to a network of museums
for viewing by students and
the general public. A two-
way audio link will allow
viewers to address ques-
tions to Expedition Leader
Dr. Robert Ballard aboard
ship. The Jason Project fea-
tures advanced technologies
in robotics, fiber optics, tele-
vision production, computer
science, mechanical and
electrical engineering, and
satellite communications. It
marks the completion of the
Argo/Jason unmanned imag-
ing system and the begin-
ning of a new era in ocean
exploration.

A major scientific focus of
the Center is the continued
exploration of the 46,000-

mile Mid-Ocean Ridge, the
largest geological feature on
the earth. Research on this
vast underwater mountain
range has led to the ac-
cepted theory of plate tec-
tonics and seafloor spread-
ing, but the ridge system
remains largely unexplored
and little understood. The
Institution's’s Argo system
can image in just one week
an area of ridge terrain
equal to all that previously
viewed from manned
submersibles.

CME provides a meeting
ground where skilled tech-
nicians and experts in such
areas as materials science,
electronics engineering,
image processing, acoustics,

optics, mechanical engineer-
ing, computer sciences, ro-
botics, and telecommunica-
tions come together with
marine scientists to develop
the technology for un-
manned exploration of the

deep ocean. The objective is
to provide a scientific and
cultural window to the
deep ocean toward
furthering basic knowledge
and man’s ability to use the
marine environment wisely.

Marine Policy Center

The Marine Policy Center
is the multidisciplinary
social science and policy
research unit of the Woods
Hole Oceanographic Institu-
tion. Since its establishment
in 1971, the Center has been
a principal source of
independent, authoritative

assessment of national and
international marine policy
issues. A resident staff and
Research Fellows conduct
objective social science
research on issues of
importance to public policy.
Emphasis is placed on the
economics of ocean space

Terri Tallman

Jim Broadus, right, Marine Policy Center Director, and Art Gaines discuss a coastal resources management project.
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and on the role of science in
governmental and industrial
decision making.

The Marine Policy Cen-
ter’s threefold functions are:
® Research through the
efforts of an experienced
professional staff and
Research Fellows;
® Education through the
Fellowship program,
Institution seminars, and
interaction with students;

e Information exchange
through the sponsorship of
workshops and conferences.
Individually and as small
teams, the Marine Policy
Center staff engages in both
specialized disciplinary and
broader interdisciplinary
research projects in four
thematic areas: 1) marine
science and public policy, 2)
development and manage-
ment of ocean resources,

3) ocean jurisdictions, law
of the sea, and international
relations, 4) areawide
planning and management.
Recent research at the
Center has addressed such
diverse topics as benefits to
marine recreational fishing
from estuarine quality im-
provement, establishment of
new marine reserves, the
economic and legal status of
historic shipwrecks, Soviet
maritime Arctic policy,
comparative U.S.-Soviet
marine protection, the eco-
nomics of marine pollution,
the economics of the ocean
sector, and exploration
cycles for marine minerals.
Current study areas
include the dynamics and
structure of the international
marine electronics industry,
global warming and sea
level rise, the significance of

Terri Tallman

Bob Ballard, Director of the Center for Marine Exploration, describes
plans for The Jason Project in the Mediterranean Sea.
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the oceans to global biodi-
versity, and areawide plan-
ning and management.

Our Marine Policy and
Ocean Management Fellow-
ship Program offers Re-
search Fellowships to pro-
fessionals from the social
sciences, humanities, law,
or natural sciences to apply
their training to problems
that involve the use of the
oceans. In addition to their
research efforts, Fellows are
encouraged to participate in

Woods Hole seminars

and study groups and to
develop collaborative
research with members of
the scientific and technical
staffs at the Institution. Pro-
gram applicants must have
completed a doctoral level
degree or possess equivalent
professional qualifications
through career experience.
Opportunities also exist for
senior scholars on sabbatical
leave to participate in the
Center’s activities.

Sea Grant Program

The WHOI Sea Grant
Program supports research,
education, and advisory
projects to promote wise use
and understanding of ocean
and coastal resources. Since
1973, WHOI Sea Grant has
channelled the expertise of
Institution scientists toward
meeting the research and
information needs of users
of the marine environment,
especially in Massachusetts.

The WHOI Sea Grant
Program is part of the
National Sea Grant College
Program of the National
Oceanic and Atmospheric
Administration (NOAA).
Sea Grant is a network of 30
individual programs located
in each of the coastal and
Great Lakes states. It fosters
cooperation among
government, academia, and
industry; one-third of total
Sea Grant project support is
provided as matching funds
from nonfederal sources.

WHOI Sea Grant
supports 12 to 15 research
projects and a number of
smaller “New Initiative”
efforts aimed at taking the
first steps into promising
new areas, sometimes

involving sponsorship of
workshops and conferences.
Program thrusts generally
address local and regional
needs. Emphases include
fisheries degradation, water
quality, coastal processes
and erosion, and marine
resources development. Sea
Grant projects include:

e the physiology and
ecology of toxic red and
brown tides,

e growth and reproduction
dynamics of Iceland scallops
off Massachusetts,

e water quality studies of
coastal ponds in Falmouth
using local volunteers,

e effects of climate change
on extreme sea levels along
the U.S. coast,

e effects of suspended sedi-
ments on coastal currents,

e cyclical behavior in
marine minerals research
and development, and

¢ international marine
science cooperation.

WHOI Sea Grant’s major
product is publications — in
its 16-year history, the
program has supported
nearly 600 scientific publica-
tions, including journal
articles, theses, and books.




HE importance of the coastal

zone to our economy, environ-
ment, health, and national defense be-
comes increasingly more apparent as
this decade progresses. As landfills be-
come full, as human activities increase
along our shores, and as pressures
mount from an ever growing popula-
tion, coupled with aging sewage treat-
ment plants and lack of sewage treat-
ment, the importance of understanding
the processes controlling the coastal
environment increases dramatically.

The coastal zone is affected in a
number of important ways by man’s
impact on the overall global climate
system. Included in this are coastal
flooding due to acceleration in sea-
level rise potential, changes in storm
paths and precipitation patterns
caused by changing stability of the at-
mosphere, and changes in estuarine
circulation and evolution. It is most
important for the health of the coastal
zone to identify the likely impacts for
different climate change scenarios so
that we can respond with rational,
well-considered management plans
once a scientific consensus is suffcient-
ly well established. Recognizing the
need to address these problems, the In-
stitution created the Coastal Research
Center in 1979 to bring into focus this
area of research. This Center promotes
improved communication and more
formal interdisciplinary interactions to
study specific coastal research prob-
lems more effectively. The Institution’s
Sea Grant Program has also been very
valuable in this endeavor.

The need to better understand the
physical, biological, geological, and
chemical processes associated with the
coastal zone has also been addressed
by the National Science Foundation,
the Office of Naval Research, the
National Oceanic and Atmospheric
Administration, the Environmental
Protection Agency, and the Depart-
ment of Energy. They have supported
a number of major interdisciplinary
programs in which the Institution’s
scientists have participated. Over the
last decade, the results from the
Coastal Ocean Dynamics Experiment
(CODE), the Organization of Persistent

Upwelling Structures (OPUS), the
Coastal Transition Zone (CTZ), the
Sediment Transport Study on the Shelf
(STRESS), the Shelf Edge Exchange
Processes (SEEP), and the Shelf MIxed
Layer Experiment (SMILE) programs
have had a major impact on our under-
standing of the basic fluid, sedimen-
tary, and biological processes of the
coastal ocean. Plans are currently
underway by a group of coastal phy-
sical oceanographers to develop a
program (CoPO) to address the under-
standing of the processes dominant in
the transfer of matter, momentum, and
energy across the continental margin.
In order to more fully understand
the driving forces that control our
coastal environment, several of the
research questions being addressed by
Institution scientists are included in
the articles to be found in this year’s
annual report. These include the
origin, exchange, and transport of shelf
water for prediction of sea surface
oscillations in harbors in order to mini-
mize the damage to harbor facilities
and ships, how waves and currents
combine to generate the stress and
other conditions that erode and trans-
port sediment, and the role of estua-
rine and coastal processes in regulating
the biogeochemical cycles in the ma-
rine environment. Our understanding
of circulation and mixing is still very
limited, due in large part to the over-
whelming complexity of the response
of coastal waters to numerous forcing
variables such as tides, winds, run-off,
and atmospheric heat exchange.
However, new types of atmospheric
and oceanic instruments, such as
current and wave measuring devices
and buoys with meteorological sen-
sors, have been developed. To further
investigate the dynamics and the de-
tailed nature of the flow field, numeri-
cal models of tidal flow have been
developed using supercomputers.
Satellite oceanography, in conjunc-
tion with seagoing studies, is playing a
major role in furthering our under-
standing of the physical dynamics of
the coastal ocean. New structures
called “filaments” have been discov-
ered by remote sensing oceanography.

These filaments concentrate the cold,
upwelled water near the coast into a
thin jet which can extend hundreds of
kilometers offshore.

Biological implications of our
changing coastal environment are also
of serious concern. Red tide and now
brown tide events have proliferated to
a worrisome degree during the last
several years. The toxins from the
dense accumulations of single celled
marine plants in red tides have been
responsible for a series of outbreaks
which have seriously affected the
health of man and marine mammals
alike. Study of the organisms respon-
sible for these devastating outbreaks
involves a variety of investigations
ranging from field programs to deter-
mine the physical and biological
mechanisms underlying development
and transport of coastal blooms to
laboratory studies at the cellular and
molecular level.

As well as coastal concerns, this
year’s annual report presents research
on one of the most famous inland
bodies of water, the Black Sea. During
1988, WHOI launched a major interdis-
ciplinary, interinstitutional expedition
into this area. Significant advances in
theory and technology now allow
many questions raised on earlier
expeditions in 1968 and 1975 to be
addressed. Some of the major objec-
tives of this expedition were to recon-

Terri Tallman
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Bob Gagosian, Associate Director for
Research, infroduces the research reports.
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struct the environmental evolution of
the Black Sea and surrounding land
masses and to explore the relationship
between the chemistry of the oxic/an-
oxic interface with the biology of the
microorganisms living in this region of

the water column. The expedition was
very successful in increasing sediment
and water column chemistry and biol-
ogy sample data bases available to the
international research communities in-
terested in the Black Sea. Because some

The Origin of Shelf Water
in the Middle Atlantic Bight

David C. Chapman and Robert C. Beardsley

HE observed mean flow of water

over the continental shelf in the
Middle Atlantic Bight (MAB) is
alongshore to the southwest with a
transport of about 400,000 cubic meters
per second. The origin of the shelf
water, which tends to be colder and
fresher than the water found offshore
over the continental slope, as well as
the forces which drive it have been the
subject of study and some controversy
for nearly three decades. One possibili-
ty is that the shelf water in the MAB is
simply a mixture of local freshwater
runoff, which enters through the major
MAB estuaries, and the more saline
offshore slope water, but the annual
supply of freshwater is inadequate.
Another possibility is that the MAB
shelf water originates somewhere to

the north, for example from the St.
Lawrence River, and is the down-
stream extension of a density-driven
coastal current. However, the prevail-
ing idea in the 1970s and early 1980s
was that the MAB shelf water is pri-
marily offshore water forced onto the
shelf by the effects of the nearby Gulf
Stream and its associated recirculation.
When analysis of the stable oxygen
isotope '®O became relatively routine in
the early 1980s, it provided the means
for distinguishing among the possi-
bilities. Each freshwater source along
the east coast of North America has a
unique ®O signal that is different from
the nearly uniform 'O signal in the
deep offshore water. The shelf water in
the MAB, then, can be traced to its
freshwater point of origin. The first

Terri Tallman

Authors Dave Chapman and Bob Beardsiey discuss current views on the origin of shelf

water, the subject of both study and controversy for nearly three decades.
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of the results from this unique environ-
ment are very exciting, we have in-

cluded reports on some of this prelimi-
nary geological and biological data.

Robert B. Gagosian

Associate Director for Research

detailed use of 8O for this purpose
showed clearly that the shelf water in
the MAB is a downstream continuation
of the mean alongshore flow over the
continental shelf off Nova Scotia. This
eliminated the hypothesis that the
deep-ocean circulation offshore of the
MAB was forcing the mean flow. How-
ever, the research did not identify the
ultimate origin or driving mechanism
for the mean flow, because the same
questions can be asked about the mean
flow over the Scotian Shelf. Where
does it originate and what forces it?

Somewhat surprisingly, the 10
analysis in the MAB suggested that the
ultimate origin of the MAB shelf water
might, in fact, be well to the north,
even north of the Gulf of St. Lawrence.
Indeed, a recent careful examination of
the limited available 'O measurements
from the Labrador Sea and Baffin Bay,
along with available hydrographic
data, has led to the rather remarkable
conclusion that the MAB shelf water is
actually the downstream continuation
of an extraordinarily long (5,000 kilo-
meter) density-driven coastal current
which originates along the southern
coast of Greenland — by far the longest
coastal current known! We hypoth-
esize that the driving mechanism is the
buoyancy effect produced by glacial
meltwater and river runoff entering
the shelf along the coasts of Greenland
and Labrador. This has important dy-
namical implications, although we do
not yet understand how the current
can remain on the shelf over such a
long distance without mixing more
extensively with the deep-ocean water.
The exchange across the shelf is appar-
ently much weaker than has previous-
ly been assumed. We hope to answer
these and other questions in the future
as observational and modeling efforts
are directed toward the study of this
fascinating coastal current.
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Red Tides and Toxic Algal Blooms
Donald M. Anderson

HE last several years may be

remembered as the time that
man’s impact on the global environ-
ment caught the public eye in a power-
ful and ominous fashion. For some, the
signs of our environmental neglect
came with forecasts of global warming
trends and sea level rise, while others
experienced the more immediate and
personal impact of raw sewage and
medical wastes being washed up on
beaches. In my laboratory, these times
were marked by the need to respond to
a worrisome increase in “red tide”
events. This term is most often used to
describe the dense accumulation
(bloom) of tiny, single celled marine
plants (phytoplankton) that discolor
coastal waters, but it also refers to
events where the toxin produced by
certain algae accumulates in shellfish
or kills fish and other marine life, often
at cell concentrations that do not
discolor the water.

Researchers working on red tide
problems typically focus on regional
events that do not occur every year but
that that are somewhat predictable
because of their long histories. One

example is the bloom phenomenon
that causes Paralytic Shellfish
Poisoning (PSP), a common event in
New England that also occurs in many
other coastal areas of the US and the
world. Another is the Florida red tide,
which is caused by a different phyto-
plankton species. Its main impact is the
mortality of fish that wash up on
beaches and cause major losses for the
tourist industry.

On many occasions in recent years,
we have had to put aside our ongoing
research in order to deal with
unexpected outbreaks — those caused
by new species of algae or that involve
a new toxin, a new location, or even
the mortality of a previously unaf-
fected animal. For example, several
Canadians died and hundreds were
hospitalized in late 1987 after eating
mussels containing a new toxin of algal
origin called domoic acid. Although,
the initial outbreak was isolated near
Prince Edward Island, the toxin was
subsequently found in other Canadian
shellfish as well as in Maine scallops.
We are now developing the analytical
capability needed to define the geo-

graphic range of this toxin in the rich
shellfish growing regions of New
England not yet tested.

Concurrent with the Canadian
episode, 14 humpback whales washed
ashore in Cape Cod Bay, an unpre-
cedented mass mortality which we
eventually linked to the PSP toxin, not
in shellfish, but, suprisingly, in the
livers of mackerel eaten by the whales.
The mackerel presumably obtained
this toxin from zooplankton and other
small animals that graze on the toxic
algae, but 1987 was a year with vir-
tually no PSP in New England shell-
fish. The origin of the toxin, the man-
ner in which this important commer-
cial fish accumulated it without dying,
and the impact on other segments of
the food chain are all topics of further
investigation.

These are just two examples of
events that reinforced our growing
suspicion that something is changing
in coastal waters — that phytoplankton
are responding to a fundamental
change in their environment and that
bloom-forming, noxious species are
more often dominant. Red tides are not
new - they certainly predate man his-
torically. What is new is the manner in
which the number, magnitude, geo-
graphic extent, and species complexity
of such events have all expanded in
recent years. The examples above may
be natural phenomena that cannot be

ey

Greg Early, New England Aquarium

Humpback whales like this one washed ashore from Cape Cod Bay were victims of a "red
fide" foxin that was found concentrated in the livers of the mackerel they ate.
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Don Anderson checks 'red tide" samples in
his laboratory.




blamed on man in any way. Others,
however, are not so easily dismissed.
The obvious question is whether the
general expansion of the red tide phen-
omenon is the result of natural fluc-
tuations in the environment or is
instead an indication of human influ-
ences on a global scale. A related
question is whether man’s influence
occurs directly through pollution,
dredging, and other modifications to
the coastal zone or indirectly through
atmospheric phenomena such as acid
rain or the “greenhouse effect.”

Given the many different phen-
omena that fall under the “red tide”
umbrella, our core research program
necessarily involves a wide variety of
phytoplankton species and lines of
investigation, ranging from field pro-
grams to determine distributions of the
causative organisms in the marine en-
vironment to laboratory studies at the
cellular and molecular level. An exam-
ple of the former is a program funded
by Sea Grant and the Office of Naval
Research examining phytoplankton
blooms in the southern Gulf of Maine.
Our objective has been to determine
the physical and biological mechan-
isms underlying the development and
transport of certain coastal blooms. A
key to this program has been the si-
multaneous aquisition of biological
and physical data using a pump-CTD-
transmissometer system that gives us

vertical profiles of chlorophyll, light
transmittance, depth, temperature, and
salinity, in addition to samples for
nutrients and cell counts of the phyto-
plankton species of interest. The need
for such detailed vertical profiles is
related to the tendency of many phyto-
plankton blooms to be localized
phenomena, often occurring in thin
“lenses” well below the water surface
as a result of organism behavior such
as vertical migration, and physical
forcing such as density discontinuities
or upwelling. The figure at left below
shows an example of one of these
subsurface blooms situated 15 to 20
kilometers from Portsmouth, NH, at 10
meters. Other cruises showed that this
cell distribution was not just an isola-
ted event but was instead indicative of
a widespread coastal feature in that
region. In effect, the cells bloom in a
continuous, subsurface “ribbon” ex-
tending several hundred kilometers
alongshore. As we work toward un-
derstanding the mechanisms under-
lying this bloom localization, we will
collect additional field data in years
with different wind and rainfall pat-
terns and develop mathematical mo-
dels to help identify the most impor-
tant physical and biological processes.

A totally different type of project
was initiated in response to the sudden
appearance of the “brown tide,” a new
and serious threat to shellfish and

submerged aquatic vegetation re-
sources in the northeastern US. The
tirst outbreaks occurred in 1985, but
the problem has recurred in each sub-
sequent year. The tiny alga responsible
for the brown tide is a previously
undescribed chrysophyte given the
name Aureococcus anophagefferens,
which loosly translates to “small gol-
den sphere that causes the lack of
feeding.” The name derives from the
mortality of shellfish which starve to
death despite the presence of tremen-
dous concentrations of A. anophagef-
ferens cells. This very small nondescript
organism is easily confused with other
species under the microscope, so it is
exceedingly difficult to monitor na-
tural waters for brown tide cells except
when they are in bloom concentra-
tions. The Schumann Foundation sup-
ported a rapid response to this new
problem with initial funds for devel-
opment of an immunofluorescent
“tag” for A. anophagefferens. The
objective was to use immunological
methods from the medical sciences to
produce antibodies that would
“recognize” only A. anophagefferens,
allowing that species to be discrimin-
ated from others using fluorescence
microscopy. Protocols were developed
to preserve intact brown tide cells for
concentration and injection into rab-
bits, thus exposing the rabbit’s im-
mune system to the outer cell wall
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Plot shows a subsurface dinoflagellate bloom off Portsmouth, NH. Colored
regions depict cell abundance, and confour lines show areas of low turbulence.

D.M. Kulis

Left: Natural phytoplankton sample viewed with
standard light microscope. Right: Same sample after

freatment with brown tide antibody. Cells with green
"halo" are A. anophagefferens.
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proteins of A. anophagefferens. The last
figure shows how the blood serum
subsequently obtained from the rabbits
can be used in what is known as an
indirect immunofluorescent protocol
to identify A. anophagefferens cells in
natural water samples. The distinct
green “halo” in the figure shows that
the antibodies are binding specifically
to the cell wall. At dilutions that yield-
ed excellent labelling of the brown tide
cells, the antiserum did not cross-react
with any of the 48 cultures of co-
occurring or morphologically similar
phyoplankton species that we tested; it
therefore appears that we have devel-
oped a species-specific “tag.” A blood
sample from one rabbit provides suf-
ficient serum for the enumeration of
more than 50,000 separate samples. We
are currently working with the Suffolk
County Department of Health Services
and others on Long Island to train per-
sonnel and distribute the antiserum to
active research programs. Interesting-
ly, when we surveyed waters outside
the regions where the brown tide is a
recognized problem, we discovered
low concentrations of cells in
Massachusetts, Rhode Island, and
Connecticut. Further field work is now
needed to follow these small popu-
lations to determine what conditions
might trigger their growth into the
tremendous blooms that characterize
the brown tide elsewhere.

As a growing world coastal pop-
ulation demands more and more
marine food resources, this type of
research has increasing practical impli-
cations. If we are correct in our
interpretation that events over the past
years are indicators of a global expan-
sion of red tides and toxic episodes,
some of our research effort must
necessarily shift to investigations of the
causes for such a major change in
ecosystem dynamics. The expanding
biological response we are now wit-
nessing may reflect the cumulative
effect of decades of human abuse of
coastal waters. Given the lag times
inherent in such complex biogeo-
chemical systems, the fascinating
problems and challenges of this field
are likely to continue for many years.
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Cold Current Off California

Kenneth H. Brink

NE of the early accomplishments
of satellite oceanography was the

revelation that the ocean has a much
richer physical structure than anyone
ever expected. Originally, in the early
1970s, there was a good deal of skepti-
cism about the meaning of satellite im-
ages of sea surface temperature. After
all, the sensor only detected the tem-
perature in a thin (less than a centime-
ter) layer at the very surface of the
ocean. What reason was there to
believe that the complicated structures
revealed by the sensors really repre-
sen-ted anything more than anomalous
conditions at the very surface? Put
another way, did the surface tempera-
ture images really tell us anything
about what takes place in the bulk of

the water column?

An example of how satellite results
really changed our vision of the ocean
was in the California Current system,
off the west coast of the United States.
Traditionally, the system had been
viewed as simply a very broad (hun-
dreds of kilometers), slow moving drift
towards the south. This illusion was
dispelled in 1977 by Bernstein, Breaker,
and Whritner, who used satellite
temperature measurements to suggest
that the California Current system was
a very dynamic system filled with
eddies and meanders. They backed up
this suggestion by showing that in situ
measurements of the ocean corre-
sponded quite well with what had
been observed by satellite. Remotely

Courtesy of Dr. Mark Abbott, Oregon State University
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A satellite-derived image of sea surface temperature, representing July 18, 1988. The lighter
shades represent cold water, and the darker shades represent warmer water.




sensed data could no longer be dis-
missed as simply superficial noise.
While these findings were very impor-
tant, most oceanographers were
familiar with eddies and meanders, so
that no new oceanographic features
were exposed by their initial study.
New structures were not long in
coming, however. Several investigators
noticed narrow (20 to 40 kilometer),
long (200 to 400 kilometer) structures
of cold water which often extended
from the coast of California offshore
(figure at left). Since then, similar
features have also been observed in
such diverse locations as the western
coast of South Africa, and off Portugal.
These cold features seem to draw cold
upwelled water from near the coast to
great distances offshore. Nothing
about these features, now commonly
called “filaments,” was familiar to
oceanographers. They seemed to con-
centrate the cold, nearshore waters into
a thin jet in a way that no one could
explain. At first, it was tempting to dis-

miss the cold filaments as a superficial
artifact of the satellite sea surface tem-
perature measurements. A major step
was made, though, by Traganza,
Conrad and Breaker, who in 1981 pub-
lished the results of a preliminary ship-
based survey of one of the satellite-
observed filaments. They found that
the filament was not at all superficial,
and that it was accompanied by
important biological and chemical
signals. The filament appeared to be
more biologically productive than its
surrounding warmer waters. The stage
had now been set: filaments had been
recognized as a real, albeit completely
unexplained, aspect to the ocean.
During the early 1980s, some
detailed surveys of filaments were
made through such large programs as
CODE (Coastal Ocean Dynamics
Experiment), OPUS (Organization of
Persistent Upwelling Structures), and
also by independent investigators.
These surveys did much to sharpen up
our understanding of the structure of

filaments. It was found that, generally,
there is an energetic current flowing
seaward in the core of the filament.
Speeds are typically 1 to 2 knots, and
the currents extend down to depths of
100 to 200 meters, at least. Also, the
filaments usually had very well-
defined temperature fronts along their
southern edges. These results served
mainly to emphasize that filaments are
important oceanographic structures,
and to refine our ideas about their
typical behavior. Very little could be
learned from these “shapshot” obser-
vations about the evolution and causes
of these features.

In the mid 1980s, the Office of
Naval Research decided to concentrate
resources on the issue of cold fila-
ments. This encouragement led to the
creation of the Coastal Transition Zone
(CTZ) program, an interdisciplinary
group of about 25 scientists from
several institutions dedicated to
understanding filaments. The general
goal of the program is to characterize
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Ken Brink is one of the organizers of a developing program of
study known as CoPo (Coastal Physical Oceanography).

Cartoon shows the basic features of our current understanding of the
cold filaments off California.
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filaments and their variability and to
understand the mechanisms that lead
to their existence. Although the
program includes a vigorous modeling
effort, most of its resources are dedi-
cated to observational efforts, which
were concentrated in a 1987 pilot effort
and in a 1988 main program. The
diverse observational techniques
include satellite remote sensing, drifter
deployments, water sampling (for
temperature, salinity, nutrients, and
microscopic plants), moored current
measurements, turbulence measure-
ments, and sampling zooplankton
(small, drifting animals). The two field
years were both quite successful, in
that 1) cold filaments were “captured”
both times, and 2) the rate of data
return was excellent.

It is too early to state any final
results from the CTZ program, but the
1987 pilot measurements did lead to a
preliminary explanation for filamen-
tary structures (second figure). The
core of the California Current is a
narrow (about 30 kilometers wide)
southward jet. As it proceeds south-
ward, it meanders in much the same
way the jet stream does in the atmos-
phere (thus giving rise to changes in
the weather). When the current reaches
close to shore, it entrains some of the
cold, dense surface waters which arise
from coastal upwelling. These cold
surface waters are then carried off-
shore with the current core when the
meander turns westward. This expla-
nation so far leaves open the question
of why it is that, when the current
again meanders shoreward, we do not
see it in satellite images as the cold
filament turning shoreward also. The
answer, which was completely unan-
ticipated before the 1987 field work, is
that the cold surface waters sink as
they move offshore with the current,
and they are replaced by warmer, less
dense ambient waters. Thus, the
current is well-behaved, but the water
(which is what the satellite sees) sinks.
This explanation is well supported by
physical, biological, and especially
chemical measurements made at sea.

All told, the Coastal Transition Zone
program shows a nice example of the
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interplay of satellite oceanography
with more traditional techniques.
Remote sensing pointed out that there
was an interesting phenomenon to be
studied, but it gave a very incomplete
picture. A thorough seagoing study
filled in many of the holes, and led to
further surprises. It is still too early to
say whether our preliminary synthesis,
presented above, is the complete
answer to the filament problem, but as
we analyze the more complete 1988
data set, we have a good deal of

optimism that we will understand the
basic processes involved.
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Circulation and Dispersion

in Bays and Estuaries
Rocky Geyer

ONCERN for careful manage-

ment of our coastal resources is
broadly recognized as one of our
nation’s high priorities. In the oceano-
graphic research community, there is
an increasing focus on basic research
issues that will help meet the manage-
ment needs of the coastal environment
in the coming years. Among funda-
mental scientific problems relating to
research and management concerns
are nearshore circulation and mixing
of water, which influence virtually
every facet of local ecology as well as
sediment distribution, transport of
toxic materials, and dispersion of
sewage effluent. Our understanding of
circulation and mixing is still very
limited, due in large part to the over-
whelming complexity of the response
of coastal waters to numerous forcing
variables, including tides, winds, run-
off, and atmospheric heat exchange.

To address one of these issues, the

effect of tides on horizontal exchange
in embayments, several WHOI scien-
tists in Ocean Engineering and Physi-
cal Oceanography have investigated
the influence of a headland on tidal
circulation and dispersion. The study
involves an intensive field investiga-
tion of the flow around Gay Head, a
promontory at the mouth of Vineyard
Sound in southeastern Massachusetts,

where tidal currents sweeping around
the headland generate energetic ed-
dies, which in turn have a profound
influence on the mixing of water par-
cels. A satellite image of surface water
temperature in Vineyard Sound and
Buzzards Bay (opposite page, at right)
provides evidence of numerous tide-
generated eddies throughout the
region, including a prominent swirl of
warm water (arrow) extruding off the
tip of Gay Head into the entrance of
Vineyard Sound.

The task of measuring the detailed
spatial structure of a flow that also
varies rapidly in time is beyond the
capability of such traditional oceano-
graphic instruments as moored current
meters, which provide detailed infor-
mation at a few descrete points but tell
little of the spatial variability. A rel-
atively new type of current measuring
device, the acoustic Doppler current
profiler, or ADCP, provides a means of
obtaining a virtually continuous record
of the spatial structure of the currents
from a moving ship. The drawing at
right provides a schematic of the
ADCP operation on WHOI's coastal
research vessel, R/V Asterias. The
instrument sends acoustic pulses down
4 separate beams, then receives the
energy that echoes off small particles
in the water column. A combination of




analog and digital processing equip-
ment in the instrument precisely meas-
ures the frequency shift (or Doppler
shift) of backscattered sound resulting
from the relative motion of the par-
ticles to the instrument. Since on
average the particles are carried at the
speed of the fluid, the Doppler shift
provides a measure of the relative
speed of the water to that of the ship.
The speed of the ship is obtained by
the Doppler shift of the bottom echo,
which is then subtracted to obtain the
true speed of the water.

The measurement program at Gay
Head involved 8 cruises, each extend-
ing over a complete tidal cycle during
which R/V Asterias repeated a closed
track once per hour. Compiling the
results of all of these cruises, a map of
the current structure could be gener-
ated for any phase of the tidal cycle,
indicating the structure of the currents
at horizontal scales of several hundred
meters to ten kilometers. One such
map of the currents (top figure over-

leaf) indicates the current vectors at the
time of maximum flood into Vineyard
Sound. The current sweeps strongly
past the tip of the headland and is car-
ried by the inertia of the fluid toward
the interior of the channel, producing
an eddy on the downstream side of the
headland. The point at the tip of the
headland where the eddy meets the
outer flow is a point of flow separa-
tion, where fluid that originates near
the shore is carried into the interior of
the flow. The influence of the flow
separation on transport is clearly evi-
dent in the satellite image, which
shows a dark patch of fluid being ex-
truded off the tip of Gay Head.

The mechanism for formation of
these eddies is similar to separation in
steady flows, such as the stall phenom-
enon with airplane wings. However,
the time dependent nature of tidal flow
brings additional complexity to the
problem, as does the spatially varying
bathymetry. This study addressed the
mechanism of eddy formation in order

to determine the important physical
mechanisms responsible for the
evolution of the rotational flow. We
found that bottom frictional effects
near the tip of the headland generate
the “spin,” but overall tidal character-
istics determine the dimensions and
structure of the eddies.

To further investigate the dynamics
and the detailed nature of the flow
field, we have developed a numerical
model of tidal flow around a headland,
using a CRAY supercomputer to
provide the computational power
required to handle the large range of
spatial scales influencing the flow. This
model allows us to test our hypotheses
about the processes responsible for
eddy formation at the headland, and to
extend the results of the Gay Head
study to idealized headlands and other
case studies.

A further application of this model
is the investigation of dispersion
resulting from the complex flow
around the headland. Performing

>Satellite image of surface water temperature in Vineyard Sound
and Buzzards Bay shows evidence of eddies induced by tidal flow.
Arrow points fo a water parcel that has been carried by the tidal
current off the tip of Gay Head and is being wrapped into an eddy.

<The acoustic Doppler current profiler is mounted on the side of
Asterias for measurements of velocity structure in nearshore waters.
Four transducers at the base of the instrument fransmit narrow
acoustic beams and receive the backscattered signal. The instru-
ment converts the frequency of the backscattered signal to velo-
city, and a shipboard computer then stores and displays the data.
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dispersion “experiments” in a numeri-
cal model has decided advantages over
attempting the same experiment in a
real system, since one can track
virtually unlimited numbers of par-
ticles for many tidal cycles in a numeri-
cal model, while tracking real drifters
in a tidal flow is a laborious and
expensive undertaking. Figure 4 shows
one such numerical drifter release. It
illustrates the complex variations in
distribution of particles subjected to
tidal flow around a headland. Two
patches of particles are introduced to
the fluid at the same time, one just off
the tip of the headland, and the other
several kilometers further seaward.

After six tidal cycles, the seaward
patch has stretched slightly and has
been carried a few kilometers from its
release point. In contrast, the patch
that started just off the headland has
spread into many filaments that extend
throughout the region of the eddies.
The dramatic difference in the fate of
these two patches is a consequence of
flow separation, which provides a very
efficient mixing mechanism to flow
passing close to the tip of the head-
land. Patches of fluid that avoid the
straining influence of flow separation
may remain intact for many tidal
cycles, while those that pass close to
the headland may be stretched and

folded across a broad spatial area.

Tidal flow around headlands
provides an interesting example of
how physics may influence the fate of
waterborne contaminants, and how
one’s intuition about the nature of
transport processes may not reckon
well with the complex distributions
actually resulting from these decep-
tively simple flows. While our primary
interest is in basic research questions
involving the dynamics and kinemat-
ics of these flows, this research should
provide a better understanding of the
physical processes responsible for
mixing and transport of pollutants in
the nearshore environment.

Right: Current vectors one hour after maximum
flood in Vineyard Sound were determined by

compiling shipboard data from 8 cruises.

Strong flood currents are evident in Vineyard
Sound, but the current actually reverses in the
nearshore region north of Gay Head due to the

eddy generated behind the headland.

Below left: In this numerical simulation of

dispersion at the tip of a headland, two patches i
of particles are released, one just off the tip, and s
the other offshore. After five tidal cycles, the 3
offshore patch of particles has been stretched
slightly and carried to the east, but the inshore
patch has been dispersed througout the region

with a complex, flamentous distribution.

Below right: Rocky Geyer stands near R/V
Asterias at the WHOI pier.
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The Surface Boundary Layer
Over the Continental Shelf

Steven J. Lentz

HE surface boundary layer can be

defined as the portion of the ocean
that responds quickly and directly to
the input of momentum and energy
from the atmosphere. Several compo-
nents of this atmospheric forcing are
shown schematically below. Momen-
tum and turbulent energy from the
wind generate currents, waves, and
mixing in the surface boundary layer
which is also heated and cooled by
solar radiation (insolation), evapora-
tion, precipitation, and infrared radia-
tion (IR). This atmospheric forcing,
transmitted through the surface
boundary layer, is ultimately respon-
sible for much of the interior circula-
tion in the ocean and hence is an

important process to oceanography in
general. However, because of the
winds, currents, and waves, the
surface boundary layer is a difficult en-
vironment in which to make measure-
ments, and it has only been in the last
decade or so that instrumentation
capable of making accurate measure-
ments of the relevant oceanic and
atmopheric variables has been avail-
able. This advance in measurement
techniques has resulted in a number of
experiments which have improved our
understanding of the surface boundary
layer over the deep ocean.

Relative to the deep ocean, our
understanding of the surface boundary
layer over the continental shelf is poor.

Yet, the surface boundary layer plays
an even more important role in the
physics of the continental shelf than in
the deep ocean. The surface boundary
layer is typically a few tens of meters
thick. While this is a relatively small
fraction of the water column in the
deep ocean, which is typically 4,000
meters deep, it comprises a substantial
fraction of the water column over the
continental shelf, which is typically
less than 100 meters deep. The surface
boundary layer is also a very impor-
tant pathway for cross-shelf exchange
over the continental shelf. Because of
the Coriolis force (due to the earth’s
rotation), an alongshore wind tends to
drive an onshore or offshore flow in
the surface boundary layer over the
continental shelf. Both of these aspects
can be seen in the left figure on page 24
which shows wind vectors from a me-
teorological buoy and cross-shelf
currents (color) from current meters at
various depths below the meteorolog-
ical buoy. These instruments were
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Steve Lentz describes research in the surface boundary layer.

Schematic of various components of atmospheric forcing that
influence the surface boundary layer.
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deployed over the northern California
continental shelf (in 90 meters of
water) during the summer of 1982 as

part of the Coastal Ocean Dynamics
Experiment conducted by a multi-
institutional group of scientists and

engineers. Note the strong offshore
currents (dark green and blue) during
winds toward the south and the

This figure shows a time series plot of the wind stress (vector stick
plot at fop) and cross-shelf current as a function of depth (color
plot) from a mid-shelf mooring deployed over the northern
California shelf during the summer of 1982 as part of the Coastal
Ocean Dynamics Experiment. The orientation of wind vectors (stick
plot) indicates the direction of the wind - vectors pointing foward
the top of the page correspond to northward alongshore winds.
The length of the vectors indicates the strength of the wind. Color
contours of cross-shelf velocity are generated from instruments at
depths of §, 10, 15, 20, 35, 53, 70, and 83 meters. Yellows and reds
signify onshore flow (downwelling) while dark green and blues
signify offshore flow (upwelling). Note that the strong cross-shelf
currents occur primarily in the upper 20 to 30 meters of the water
column and correspond to wind events.

This is a time series plot of the wind stress (vector stick plot at top)
and water temperature as a function of depth (color plot) from a
mid-shelf mooring deployed over the northern California shelf
during the summer of 1982 as part of the Coastal Ocean Dynamics
Experiment and displayed in the same fashion as the adjacent
figure. Color confours of water temperature are generated from
instruments at depths of 1, 5, 10, 15, 20, 35, 53, 70, 83, and 90
meters. Yellows and reds signify warmer water while dark green
and blues signify colder water. Notice the tendency for the near-
surface water to warm due to solar heating when the upwelling
favorable winds cease, and the correponding presence of colder
water near the surface during upwelling favorable winds.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>