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Electron micrographs of radiolarian
shells are rendered here in high con-
trast. Radiolarians are single-celled
microscopic members of the plankton
community that lives in the surface
waters of the ocean. When they die,
their shells settle to the bottom of the
ocean, where they, along with the
shells of other animals in their phylum,
cover large areas. The skeletons are
constructed of opal often arranged in
delicate and complex architecture.
Susumu Honjo’s contribution to this
report on page 16 discusses contem-
porary populations of plankton, and
the contributions of William Berggren
(page 10), G. P. Lohmann (page 12),
and Bruce Corliss (page 14) consider
what can be learned from study of
plankton fossils. The photographs
from which the cover illustrations were
made were taken by Kozo Takahashi,
a Joint Program student in Honjo's
laboratory.
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NINETEEN eighty was an eventful
year during which we celebrated our fif-
tieth anniversary with many and diverse
activities involving the Corporation,
Associates, and the local community.
Two major international meetings were
held in Woods Hole to consider the past
achievements in oceanography and to
assess future developments.

Amid all these celebrations the work
of the Institution proceeded as vigor-
ously as ever and some of the accom-
plishments of the past year are
described in this report. One of the
important events of 1980 was the estab-
lishment of our Coastal Research Cen-
ter. The Institution is concerned with the
oceans of the world and, properly, most
of our research is in the ‘‘blue water.”
Yet we have always had special interests
on the continental shelf since Dr. Bige-
low’s work in the Gulf of Maine. The
study of this part of the seas often
appears parochial; yet, for practical as
well as scientific reasons, we need to be
able to generalize about the com-
plicated mixture of physical, chemical,
and biological events which occur along
the coast and on the continental shelf.
The new Center is intended to enhance
the Institution’s continuing research on
these problems. Three studies have
been defined — to synthesize (in collabo-
ration with colleagues from other
institutions) the widespread but frag-
mented knowledge of Georges Bank: to
evaluate the scientific basis for quan-
titative estimation of the role of particu-
late matter in the “‘assimilative capacity”
of coastal areas; to design new instru-
ment technology for coastal research.

Experimental studies play a crucial
role in research on the coastal region,
especially in relation to any pertur-
bations we may wish to impose. Thus
an immediate need for the work of the
Center was an expansion in facilities for
such experimental work. A special
building was designed for this purpose,
funds have been provided, and we

expect construction to be completed in
1981.

Director’s
Comments

The rapid establishment of the
Coastal Research Center as part of the
Institution’s activities emphasizes the
need to diversify our work, especially in
relation to the requirements of society
for information about the marine envi-
ronment. Undoubtedly, this will remain
a major factor in our future planning.
We see a renewed general emphasis on
engineering. And the seas are a prime
area where developments in technology
limit our use and our research in the
oceans. It is exhilarating to find that
one’s ivory tower is quite suddenly at
the center of major social controversy.
And oceanographers have responded
well to an almost bewildering variety of
externally posed problems.

But we should avoid allowing the bal-
ance to shift too far towards the provi-
sion of solutions to pressing environ-
mental problems. As well as these
immediate aspects, we must pursue the
development of our science as an
intellectual discipline. The branches of
science dealing with the physical and
biological environment are still some-
times regarded as relatively soft com-
pared with the rigor of the classical clis

John Steele

ciplines — a mixture of inadequate
hypotheses and uncertain data. I
believe this is a profoundly mistaken
view of the nature of geophysical and
ecological studies. At present, some of
the most exciting ideas in science con-
cern the dynamics of complex systems,
and these arise typically in environmen-
tal questions concerning turbulence and
ecosystem structure. We have come to
realize that some of the superficial
uncertainties, appearing often as a lack
of knowledge, may prefigure deeper
questions of indeterminacy. The best
known examples are in weather predic-
tion, but the same concepts are being
studied for aquatic and ecological sys-
tems. The intellectual and conceptual
development of this picture of an inher-
ently indeterminate reality may be more
significant, to society as well as to our-
selves (and to our funding), than appli-
cation of our present knowledge to our
immediate environmental problems.

Thus we must be involved in educa-
tion, not only of our future colleagues,
but of other scientists, as well as the
larger society. In the 19th century, the
traditional education of those destined
for leadership was the classical per-
fection of a dead language and its cul-
ture. More recently, pure mathematics is
used often to epitomize ideals of exact-
ness and of certainty. Are such ideals
appropriate in our present time, and to
be contrasted with a lack of clarity in our
scientific dealings with the environ-
ment? | believe that, in the future, we
can provide the sense of elegance, the
elements of rigor, together with the tex-
ture of a world exhibiting both mystery
and coherence.

John H. Steele
Director



Areas of Interest

Biology

THE broad aim of biological oceanog-
raphers is to study the temporal and
spatial distributions of populations of
marine organisms and their interactions
with each other and their environment.
The work is predominantly ecological in
nature and provides the basic informa-
tion required to understand how the
ocean works biologically. Among the
research interests of Institution biologists
are microbiology, planktonology, ben-
thic biology, physiology, animal behav-
ior, and aquaculture. Work on marine
pollution includes research on the
effects of drilling muds and hydro-
carbons. The “‘patchy” distribution of
many marine animals is under
investigation as are the physiological
adaptations of deep sea organisms to
sparseness of food, low temperatures,
and high pressures. Answers to ques-
tions 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 upwelling areas where deep
nutrient-rich waters replace surface
waters that are driven offshore by pre-
vailing winds, and in laboratory experi-
ments that complement field
investigations. The use of sound by
marine animals and their sensitivity to
electrical fields are being studied. Other
work concentrates on salt marsh ecol-
ogy and conservation, and there are
research projects on aquaculture and
waste water recycling and on the pro-
ductivity of a salmon river in Canada.

Geology &
Geophysics

THE tectonic, volcanic, and sedimen-
tation processes that determine the
shape and underlying structure of the
sea floor are studied by marine geolo-
gists and geophysicists. The structure,
evolution, and dynamics of the oceanic
crust and lithosphere are investigated by
applying the principles of structural
geology to direct and remote observa-
tions of the seabed, by petrologic and
geochemical analyses of rock samples,
and by various geophysical methods,
including seismology, gravity, magnet-
ism, and geothermal measurements.
Special attention is given to the diver-
gent plate boundaries where concen-
trated heat flow fuels a major hydro-
thermal circulation system and where
rocks originating deep in the earth are
brought up to the sea floor in transform
faults and in the axes of mid-ocean
ridges. Detailed studies are being made
of rifted continental margins and mar-
ginal basins and of the convergent plate
margins where oceanic crust sinks
beneath continents or island arcs creat-
ing deep sea trenches and the major
belts of earthquake and volcanic activ-
ity. Research on particulate flux, carbo-
nate and silicate dissolution, and other
processes involved in the transport of
biogenic material to the sea floor is vig-
orously pursued. The results are essen-
tial to a better understanding of the fos-
sil record which reveals historical
changes in climate and oceanic environ-
ment caused by the shifting of conti-
nents and oceans over the earth’s sur-
face through geologic time. Also
important to the deciphering of the fossil
record and to the understanding of sea
floor morphology is the study of sedi-
ment dynamics, including slumping, tur-
bidity currents, and the sculpting of
abyssal sediments by deep sea currents.
Research activity is focused also in the
shallower areas of the oceans where
marine geologists study the processes
that determine the shape and structure
of continental shelves and slopes and
processes that shape the coastal zone,

Chemistry

CHEMICAL oceanographers are con-
cerned with the composition of the
ocean environment. They seek to
understand the processes that have
brought seawater and sediments to their
present composition and that contribute
to the observed variability. They also
seek understanding of the extent to
which the environment may be
changed by both natural and man-
made phenomena operating on a vari-
ety of time scales. Input from rivers and
reactions at the air-sea, seawater-sedi-
ment boundaries and seawater-volcanic
rock interaction at spreading centers are
under investigation as chemists consider
the processes taking place at major
ocean boundaries. Some critical ques-
tions in chemical oceanography revolve
around transformations in particles as
they fall from the surface waters to the
bottom of the water column. The gen-
esis and composition of the oceanic
crust and its interaction with seawater is
important to a general understanding of
the oceanic system. Work on the fluxes
of organic carbon includes determina-
tion of the amount of organic carbon
produced in surface waters, the distribu-
tion, nature, and biogeochemistry of
specific organic compounds in the
marine environment, and studies of
processes responsible for formation and
diagenesis of organic matter in sedi-
ments. While studying radioactive iso-
topes in the ocean whether as a natural
occurrence or as a form of pollution,
chemists are also finding the known
decay rates of the isotopes useful as
indicators for stuclying rates of water cir-
culation and of biological and chemical
processes that change the composition
of seawater.



Physical
Oceanography

OCEAN currents, their driving forces,
and their interactions are the major
interests of physical oceanographers.
Such properties as variations in temper-
ature, salinity, pressure, and large and
small scale motions of the waters are
measured with a variety of instruments
lowered from ships, moored in place, or
set to drift with the currents. Their data
are plotted and analyzed toward an
understanding of why and how the
waters move as they do. Exchanges of
energy between air and sea present
important questions as one affects the
other and their interaction becomes part
of the world climate. Effects of bottom
and coastal topography on ocean circu-
lation systems are under investigation,
and the technology of extended-period
measurement is constantly upgraded so
that trends can be followed. Large and
small current systems are modelled
toward the ultimate goal of under-
standing the structure and movement of
the world’s oceans and the interaction
of the sea with its boundaries.

Ocean
Engineering

MOST of the endeavors of the Ocean
Engineering Department center about
the fact that the oceans are in constant
motion of many scales. This motion is a
representation of the forces acting on
the ocean, and understanding these
forces and the resultant movement is a
challenging problem. Measurement of
this motion is equally challenging, rang-
ing from measurements of flow and tur-
bulence within centimeters of the bot-
tom in order to understand the effects of
waves and currents on sediments to
tracking the motion of neutrally buoyant
floats being carried by deep currents
over hundreds of kilometers in the
ocean. The techniques for making these
measurements combine some of all of
the engineering and scientific dis-
ciplines, as does interpreting the results.
Mechanical structures and moorings are
needed for some systems, laser and
high frequency acoustics are used in
measurements of small space scales,
low frequency acoustics is used for large
space scales; all require high quality
engineering. Acoustics is also used as a
tool to examine the structure of the bot-
tom and the transport of material, inert
or alive, by the movement of the water.
Exploration of the deep ocean bottom,
particularly along the great ridge sys-
tems of the seas, poses special problems
in engineering and navigation, uses of
photography and television, signal
transmission, instrumentation, and sub-
mersibles. Computers are an everyday
tool in the ongoing programs. Improve-
ments in in situ long term instruments
are being made as the technology of
low power, small size solid state equip-
ment advances. Both of these require
depth in the understanding of signal
processing theoretically and practically.

Marine Policy &
Ocean Management

THE Marine Policy and Ocean Man-
agement program supports research by
marine and social scientists on the
social, economic, and political aspects
of problems generated by man’s use of
the sea. The program supports a small
marine policy staff and offers advanced
fellowships to individuals from such
fields as anthropology, economics,
international affairs, law, political sci-
ence, and the marine sciences who are
interested in applying their training and
experience to marine policy and ocean
management questions. The program
also sponsors lectures, workshops, and
seminars on policy-related subjects.
Present research in the Program focuses
on six categories: coastal zone manage-
ment issues, fisheries management, off-
shore energy development, ocean min-
eral resource issues, ocean waste
disposal policies, and marine science
issues.



These photographs were taken on Oceanus Voyage 85 in May 1980
during a cruise for the Long Term Upper Ocean Study (LOTUS) by
Chief Scientist Mel Briscoe. At left, Clayt Collins attaches flashing
light to surface discus float for LOTUS test mooring. Above, Eric
Spencer and Pat O'Malley apply identifying graphics to top fioat of
sub-surface mooring. Bottom photo shows splash created by float
launch. Below, Jeff Simon, photographer on assignment for Life
magazine, gets bird's-eye view of float launch. Life featured the
Institution’s 50th anniversary in August 1980 issue.
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DURING the first year of the new dec-
ade, several WHOI scientists have been
heavily involved in the start-up phases
of some major multi-institutional and
multi-disciplinary programs. These
include the Transient Tracers in the
Ocean program (TTO), the Warm Core
Rings Experiment, and the Coastal
Ocean Dynamics Experiment (CODE).
The TTO program is designed to study
the rate at which deep water is being
formed from surface water in the
world’s oceans by determining the dis-
tribution of chemical and radioactive
transient chemicals introduced by man.
The results of this work will form an
important base for our future under-
standing of many ocean/atmosphere
interactions including pollutant distribu-
tion, the carbon dioxide problem, and
climate.

The Warm Core Rings Experiment
will involve biologists, chemists, and
phuysicists in the study of the warm core
rings that spin off the northwest bound-
ary of the Gulf Stream. Physicists will
study the dynamics of the rings (e.g.,
why do they form? why do they per-
sist?) while biologists and chernists study
the environmental evolution of the
warm water trapped in the ring cores
and the nature of the interaction
between the contrasting warm and cold
water environments.

CODE is a major systematic study
designed to determine the mechanisms
involved in driving the circulation of
coastal regions of the oceans. How do
winds, tides, the motion of the deep
ocean and other forces interact to form
the complex patterns of currents and
contrasting water types characteristic of
many continental shelf regions?

These programs will add to the grow-
ing number of multi-institutional
endeavors that, during the last decade,
have come to be a major fraction of our
total research effort. A brief discussion
of one of the ongoing multi-institutional

Reports on
Research

projects, the High Energy Benthic
Boundary Layer Experiment
(HEBBLE), begins our report for 1980.

However, despite the increase of
larger programs, some very significant
research is being accomplished by indi-
viduals and smaller groups of scientists,
and we devote most of our report this
year to brief discussions of some of
these achievernents.

A fascinating record of the earth’s
past history is entombed within the sedi-
ments of the deep sea floor. In three
articles we see how an understanding of
the taxonomy, stratigraphy, and bio-
geographic distribution patterns of two
particular groups of microfossils, fora-
minifera and calcareous nannoplank-
ton, contributes to our knowledge of the
history of past changes in climate and
oceanic circulation.

Berggren describes how the similar
distribution patterns of agglutinated
benthic foraminifera in two geographi-
cally widely separated areas and geo-
logically distinct settings are interpreted
in terms of a present day ecologic
model. Lohmann demonstrates the use
of calcareous benthic foraminifera and
nannoplankton in two case studies, one
dealing with the development of stag-
nant (unoxygenated) bottom waters in
the deep Mediterranean Sea and the
other with distribution patterns in the
Pacific Ocean during the Miocene
Epoch as a reflection of past climatic
changes. Corliss discusses the intimate
relationship between deep sea benthic
foraminifera and hydrographic proper-
ties of water masses to evaluate the his-
tory of the Antarctic Circumpolar
Current during the past 1.5 million
years.

The accumulation of fossilized ani-
mals and plants in sediments is a com-
plex function of many factors. Some of
the most important factors are the
changes that take place as dead organ-
isms settle through the ocean water col-

umn, and the contributions of Deuser
and Honjo describe studies of these
effects.

An understanding of the fluxes of
chemicals through the ocean is one of
our goals. In recent years we have
learned that the studies of both natural
and artificial radioisotope distributions
in the ocean provide a powerful tool for
reaching this goal. The article by Bacon
describes the use of one such tracer and
points to the discovery of an ocean
boundary adsorption process that may
be of great significance in controlling the
oceanic distribution of many reactive
heavy metals.

Studies of the motion of the deep
ocean have always been a strong com-
ponent of our work, and the contribu-
tions of Price, Webb, and Bradley and
of Stommel describe two new thrusts in
this area. Similarly, aquaculture studies
have been a steady part of our efforts
for a number of years, and Ryther and
Naiman present two of the recent
programs.

Studies in marine policy and ocean
management have been a growing part
of our overall effort. With the increased
utilization of the ocean and its resources
by both government and industry and
with the growth of regulations, marine
science has become one of the founda-
tions for management decisions. Sev-
eral important economic and social
problems are currently under coopera-
tive investigation by members of the
Marine Policy and Ocean Management
program and Institution scientists. The
last article, by Finn, describes one of
these concerned with the management
of coastal resources.

Derek Spencer
Associate Director for Research



The HEBBLE Project

Charles Hollister, Brian Tucholke,

Albert Williams 3rd, and Richard Chandler

THE dynamic interaction of the sea-
bed with the water flowing just above it
is of interest not only for characterizing
present environmental conditions, but
also for interpreting paleoceanographic
history through buried sedimentary
sequences. While the simplest bed
response to a flow is adjustrment toward
equilibrium with that flow, this response
is complicated by a host of factors
including sediment grain-size distribu-
tion, electrochemical cohesion, existing
bedforms, organic binding, and
incipient cementation. These in turn are
controlled by sedimentary mineralogy,
processes that initially delivered the
debris to the sea floor, in situ biologic
reworking, and the intra-sediment geo-
chemical framework. When the flow
over the bed in itself is variable, and it

both resuspends and deposits sediment,

we are faced with sorting out and inter-
preting a mixture of flow and seabed
parameters, some of which are and
some of which are not in equilibrium.

The High Energy Benthic Boundary
Layer Experiment (HEBBLE) is aimed
at significantly increasing our under-

8

Brian Tucholke, seated, and, from left, Charley Hollister, Sandy Williams, and Rick Chandler.

standing of the geological effects of
strong ocean bottom currents in the
deep-ocean benthic boundary layer,
generally defined as within 100 meters
of the sea floor. This multi-institutional
effort is the joint project of sedimentol-
ogists, physical oceanographers, biolo-
gists, and ocean engineers combining
their skills (see table) to address the sci-
entific problems of sediment transport in
a high energy flow such as the Western
Boundary Undercurrent in the North
Atlantic. At a March 1978 planning
meeting, the investigators identified
major fields of interest; these included
long-term measurements of ocean floor
bedforms, sediment properties, turbu-
lent flow structure, suspended sediment
concentrations and fluxes, mixed layer
thickness, and horizontal density
gradients in a carefully surveyed site.
The experimental plan integrates state-
of-the-art models of momentum and
sediment transport with refined.
innovative instrumentation and careful.
controlled laboratory experiments. The
program is supported under the aus-
pices of the Office of Naval Research

with technical assistance from the Jet
Propulsion Laboratory through the
Technology Transfer Division of NASA,

Selecting a study area for HEBBLE
proved to be a relatively simple task.
Our interest in deep-sea high energy
flow necessitated concentration on the
best available examples: deep western
boundary currents in a topographically
uncomplex region. Furthermore, most
bottom current and sedimentary-
bedform data collected in such areas
came from the western North Atlantic.
most notably through the efforts of sci-
entists at WHOI and the Lamont-
Doherty Geological Observatory. Bot-
tom photographs taken in the 1960s on
the continental rise 250 miles south of
Nova Scotia depicted very definite
smoothing and ‘‘crag and tail’” line-
ations, suggesting the presence of a
geologically significant bottom current
system flowing toward the southwest.
Sediment cores from the same area
revealed sediment structures, textures,
and grain sizes peculiar to high energy
regimes, and correlation of these two
data sets provided substantive evidence
of strong, relatively uniform flow over
hundreds to thousands of years.
Although the Blake-Bahama Outer
Ridge exhibited many of these charac-
teristics, the presence of turbulence-
inducing furrows in the sea floor led us
to discard it as a primary site for reasons
of topographic complexity.

Beginning in July 1979 HEBBLE
investigators have conducted four ocea-
nographic cruises to the candidate site
on the lower continental rise 250 miles
east of Nantucket. We have examined
the regional geologic framework, begun
continuous monitoring of the abyssal
currents and tested instrument systems
in preparation for long-term experi-
ments. The cruises have already yielded
some fascinating and unexpected
results.

Most of the nearly 100 camera sta-
tions taken to date on the continental
rise have revealed small-scale {centime-
ters) crag and tail bedforms occurring
with larger (10 centimeter) two-dimen-
sional longitucinal ripples. The simplest
bed{orm region, apparently without rip-



ples but with lineations, lies at about
4,600 meters water depth. Detailed
analysis of the smallest bedforms visible
in the photographs shows deviations in
individual direction that suggest flow
variability on short time scales (days to
months), but the dominant flow com-
ponent is WSW parallel to the bath-
ymetric contours. In deeper water,
ripples that probably take months or
years to form are also oriented parallel
to the regional isobaths, providing fur-
ther evidence of a contour-following
current system.

In general, the bottom boundary
layer appears to be well mixed with
respect to temperature (it is isothermal)
and turbidity. Thickness of this layer is
highly variable, with a range of 15 to
160 meters and an average of approx-
imately 60 meters. Potential temper-
atures in the mixed layer below four
kilometers depth vary between 1.753
and 1.840°C, arange of less than
0.1°C.

An array of current meters has been
used to measure velocity between 0.3
centimeters and 15 meters above the
bottom; heated wires (such as those
used in anemometry) and an acoustic
vector current meter are now in use (a
laser Doppler velocity meter will be
used to extend the velocity profile down
to one centimeter in 1981). These
measure the stress indirectly at a single
height above the bottom and can be
used to estimate the bottom shear stress
from a profile of single point measure-
ments. The results are being compared
to stress estimates from the velocity pro-
file obtained with Savonius rotors.
Under low flow conditions (6 centime-
ters per second at one meter above bot-
tom), the Reynolds stress estimate of
bottom shear stress and the velocity
profile estimate agree reasonably well.
Under these conditions, however, there
is negligible suspension of particulate
matter and the bedform roughness does
not change. While agreement between
the two methods is gratifying in this
simple case. we have not yet measured

Institution
Woods Hole
Oceanographic
Institution

Lamont-Doherty
Geological
Observatory

University of
Rhode Island

Florida State
University

University of
South Florida
Jet Propulsion
Laboratory

University of

New Hampshire
Scripps Institution
of Oceanography

University of Washington
Massachusetts Institute

of Technology

Wayne State University
Oregon State University

Investigator

In situ verification of the HEBBLE sediment transport
model is the central theme of this multi-disciplinary pro-
gram. Modern current-produced bedforms (“‘crag and
tail”) were photographed with a stereo camera system
at 5-kilometer depth. The contour map at 0.2 millimeter
scale was then drawn of the features photographed.
Aerial photogrammetric techniques will be employed to
determine sediment flux caused by high stress fluid
events.

HEBBLE Project Principal Investigators

Specialty

C. Hollister (Director)  photogrammetry

Y. Agrawal
M, Orr

3. Swift*

B. Tucholke*
A. Williams
P. Biscaye
W. Gardner”
M. Richardson*
A. Shor*

E. Laine”

A. Silva

M. Wimbush

D. Thistle
G. Weatherly

K. Carder
G. Gust

D. Collins

J. Irish
P. Lonsdale

A. Nowell
C. Paola”
J. Southard
J. Yingst
R. Zaneveld

laser Doppler velocimetry in turbulence studies
acoustic backscattering

settling velocity and photogrammetry
bedforms and sedimentology

current velocity and Reynolds stress
turbulent mixing

suspended particle concentration
current velocity and resuspension
bathymetric interpretation

seismic stratigraphy

geotechnical properties

boundary layer hydrodynamics

sedimentological bioturbation
mixed layer current measurement and modeling

settling particle holography
turbulence structure determination

NASA technology transfer
(autonomous instrumentation,
image processing, data handling)

bottom pressure gradients

site survey and sonar
interpretation

near bottom flow modeling

bottom roughness parameterization
critical erosion stress

biogenic sedimentoiogy

optical transmissometry

“Present or former students in the MIT-WHOI Joint Program in Oceanography



the effect of stronger flow on the stress.
Repeated or longer deployments are
being designed to capture more ener-
getic events.

A series of conductivity-temperature-
depth sections taken across the current
axis in September 1979 revealed the
presence of a thin (less than 100 kilo-
meters across, hundreds of meters high)
“filament’’ of colder, less saline water
traveling at 20 centimeters per second
or more toward the southwest along the
4 900 meter isobath. Preliminary data
invites speculation concerning the origin
of this water; high silica content and
1.7°C temperatures have led
investigators from Florida State Univer-
sity to classify it as errant Antarctic Bot-
tom Water. If this proves to be the case.
we hope to spark a lively discussion and
possibly a reconsideration of modern
theories of North Atlantic bottom
circulation.

Major periods of extremely turbid
water (so-called ‘‘benthic storms’’) were
recorded during late summer 1979 by
an Oregon State University transmisso-
meter placed near the current axis. The
sudden changes in suspended particle
concentration evidenced by the sharp
boundaries of the storms, particularly at
the trailing edge. indicate that the clouds
are finite in size and are being advected
by currents; the more gradual change at
the leading edge suggests the possibility
of local resuspension of sediments. The
turbidity encountered during one of
these storms in August surpassed all
previously recorded suspended sedi-
ment levels anywhere in the deep
ocean. Suspended matter concentra-
tions as high as 12,000 micrograms per
liter have been measured — values
nearly 100 times higher than those in a
normal near-bottom nepheloid (par-
ticle-laden) layer.

Plans for 198l include a 30-day
Deep-Tow survey of selected portions
of the HEBBLE study area, as well as

Studies in Agglutinated Benthic Foraminifera

William Berggren

FORAMINIFERA are single-celled
amoeboid marine organisms, which, in
most instances, build a shelled test of
calcium carbonate. The group forms a
significant constituent of many marine
sediments. It ranges back through time
to the Early Paleozoic, about 450 mil-
lion years ago. Informally, three sub-
groups of foraminifera are distin-
guished: planktonics, larger-sized
benthics, and smaller benthics.

The benthic foraminifera come in two
kinds, those with calcareous shells and
those with agglutinated shells. The latter
use an organic-type glue that is essen-
tially an unknown substance to cement
foreign particles on the sea floor. This
group is of particular interest to us as
part of a larger study on the use of ben-
thic foraminifera as stratigraphic and
paleoecologic tools in petroleum explo-
ration. The study began as a result of a
chance coincidence. While visiting the
Woods Hole Oceanographic Institution
in 1976, Felix Gradstein of the Canadian
Geological Survey in Halifax, Nova
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Scotia, noticed, while comparing micro-
fossil samples from oil wells on the east-
ern Canadian continental shelf with
samples of comparable age from oil
wells in the North Sea, that virtually
identical agglutinated assemblages of
benthic foraminifera characterized both
areas. Further comparison of these
assemblages with samples from the
“flysch”* sediments of the tectonically
active basins of the Carpathian Moun-
tains of Southern Poland revealed fur-
ther similarities. We suddenly realized
that these complex and enigmatic
microfossils apparently enjoyed wide-
spread geographic distribution under
what appeared to be dissimilar geologic
settings, and we set about investigating
them. At that time comparatively little

*Flysch: from the Swiss-German dialect =
“terrain that slips.” The term flysch refers to
orogenically controlled sediments formed in
foredeeps during the active. uplift phase of
geographic belts. Characteristic clastic sedi-
ments are shales and fine grained
sandstones.

continued in situ current meter. neph-
elometer, and transmissometer meas-
urements. Progress will continue in
refining instrumentation for long-dura-
tion data collection. which is the next
step in our characterization of the
region. The culmination of HEBBLE is
presently scheduled for about 1985
when a suite of instruments will be
lowered to the bottom for autonomous
sampling and recording “‘events’ for a
period of at least six months. By the end
of that time we hope to have a complete
set of biological. geological, and phys-
ical oceanographic parameters by which
we can characterize high energy proc-
esses in the bottom boundary layer. The
results are intended to be extrapolated
to other such areas that are now known
to be active on the western sides of all
major ocean basins.

work had been done on this group out-
side of eastern Europe where these
faunas are found extensively developed
in the Carpathian and Caucasus
Mountains.

This project has now been underway
for about three years. We have been
fortunate in receiving financial support
from a consortium of domestic oil com-
panies; this aid has been recently aug-
mented by the support of the Nor-
wegian National Oil Company, Statoil.

A”&M
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U Twenty-one agglutinate-shell benthic fora-
minifera from a single site show the morphologic
heterogeneity of this group. Actual sizes of
these forams range from 0.5 to 1 millimeter.

We have concentrated in the early
stages of this project in coming to grips
with the complex taxonomy (i.e.. learn-
ing how to properly organize and clas-
sify the various forms) of this morpho-
logically heterogeneous group. Next we
have attempted to determine the strat-
igraphic range of the various taxa in an
attempt to determine whether some of
them might be useful as index forms for
purposes of correlation either locally
(intrabasin) or regionally (transoceanic
or interoceanic).

Although we have made definite
progress understanding the taxonomy
(see upper figure) and stratigraphy of
agglutinated benthic foraminiferal
assemblages, we have been confronted
by a dilemma in accounting for the fac-
tors governing their distribution in space
and time. For instance, agglutinated
benthic foraminiferal assemblages com-
mon in the Paleogene sediments of the
North Sea Basin and Eastern Canadian
margin disappear essentially simultane-
ously with similar assemblages in the
deepest part of the [L.abrador Sea about
37 million years ago. Paleowater depths
in these areas were about several hun-
dred meters and over three kilometers
respectively. We have definite evidence
that depth is not a controlling factor:
these assemblages are found in sedi-
ments which can be shown to have
been formed at depths ranging from a
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rosive waters) are critical to the devel-
opment of the predominantly aggluti-
nating assemblages. Nevertheless,
similar conditions may develop in
reducing substrates associated with high
organic matter and poor circulation.
Predominantly agglutinated assemn-
blages are probably favored in such
substrates and/or in areas with the reqg-
uisite hydrographic properties.

A major faunal change occurs about
37 million years ago at the boundary
between two geologic epochs known as
the Eocene (below) and the Oligocene
(above). Agglutinated foraminiferal
assemblages — virtually the sole faunal
constituents of the organic-rich shales in
the North Sea and Canadian margin —
disappear at that time and are replaced
by shallow water calcareous benthic
and planktonic faunas.

In the deep Labrador Sea similar
agglutinated assemblages disappear
simultaneously under rather uniform
environmental conditions {lower figure
p.11). The fact that lithology and percent
organic carbon remain relatively con-
stant across the faunal change in the

deep Labrador Sea suggests that these
properties may not be critical to the
development of predominantly aggluti-
nated assemblages.

We speculate that the initiation of
cold, oxygenated bottom waters in the
northern North Atlantic, inferred from
sediment distribution patterns, may
have been responsible for the replace-
ment of the agglutinated assemblage in
the deep Labrador Sea by a calcareous
assemblage. This event may be related.
in turn, to a global oxygenation event
associated with a major cooling and
change in deep water circulation in the
ocean that is currently receiving the
attention of paleoceanographers at sev-
eral institutions.

In the North Sea and Eastern Cana-
dian margin the disappearance of the
agglutinated assemblage about 37 mil-
lion years ago may have been due to
sediment infilling and change of the
restricted basin setting to oxygenated,
shallower conditions. Thus the change
in these areas would be related to local
tectonic and sedimentologic changes.
The temporal congruity of this major
extinction event which is seen to have
occurred under vastly different spatial
conditions renders difficult an inter-
pretation based on a single. unifying

Fossil Records of Ocean Experiments

G.P. Lohmann

VICKY CULLEN

Pat Lohmann

THERE are many experiments that
would increase our knowledge of the
ocean if only they were feasible. For
example, we would have a much better
understanding of how the growth of
polar ice caps influences world climate
and ocean circulation if only we could
experimentally vary their size and
shape, or even melt them away entirely.
We would learn a great deal about the
dynamics of the ocean’s surface and
deep circulation if we could study the
effects of altering the geometry of the
ocean basins, or of opening and closing
connections between oceans, or of
drastically changing the ocean’s salinity.
But besides the obvious physical diffi-
culties preventing us from conducting
such experiments. they would have to
be watched for thousands of years just
to allow the ocean to fully respond. For-
tunately, many of these experiments

cause. The paradox remains and spurs
us on in our future research in seeking
an explanation.

The next phase of our study will
involve an integration of stratigraphic
data with geologic-geophysical data
from oil companies in an attempt to
delineate the paleoecology and paleo-
bathymetric distribution patterns of
agglutinated taxa. Depositional condi-
tions in the North Sea during the inter-
val of 60 to 35 million years ago ranged
from shallow water muddy deltas to
deep sea fan deposits (not unlike those
accumulating today in the deep distal
margins of the Nile and Ganges deltaic
systemns). We have spent the past two
summers visiting oil companies in the
circumn-North Sea area and have
received considerable cooperation from
several of them which we believe will
enable us to gain an understanding of
the relationship of the paleogeographic
distribution of various taxa to specific
palecenvironments. In this way we
hope to make the agglutinated benthic
foraminifera a useful tool in stratigraphic
and paleoenvironmental studies associ-
ated with exploration for petroleum in
flysch basins around the world.

have already been done and records of
them rermnain.

There have been dramatic changes in
the geometry of the ocean basins, in the
distribution of ice, and in the character
and sources of deep water over the past
100 million years, and records of these
natural experiments are preserved as
fossils in marine sediments. Although
the marine fossil record is incomplete
and often ambiguous. it provides a
unique record of large scale ocean
experiments that might be easily
designed but could never realistically be
carried out. With all its difficulties, the
fossil record gives the paleontologist
one important advantage over col-
leagues in other marine sciences, acces-
sibility to time. As a marine micro-
paleontologist, I have been trying to
interpret this record in oceanographic
terms.

We recently studied the oceano-
graphic changes associated with stag-
nating in the Mediterranean Sea. Today
surface waters in the eastern Mediterra-



nean, which are made more dense by
evaporation, sink and flow out at depth
through the Straits of Gibraltar into the
Atlantic. This water is replaced by Atlan-
tic water flowing in at the surface. The
result is to flush out the deep Mediterra-
nean with oxygen-rich surface water.
This style of circulation can be stopped
or even reversed by making the surface
of the Mediterranean less salty, produc-
ing either stagnation or inflow of deep,
oxygen-poor Atlantic water. In either
case, oxygen would be depleted in the
deeper parts of the Mediterranean as
their access to surface water was
restricted.

Both the marine sediments and fossil
record show that such changes have
happened many times over the past five
million years. We can view each time
this happened as an experiment that
allows us to study the effects of com-
pletely altering the circulation of a major
sea. The ultimate effects on the Mediter-
ranean have been periodic annihilations
of bottom dwelling organisms and
deposition of black, organic sediments,
but the fossil record also shows the
sequence of changes that led up to each
stagnation and then caused
recirculation.

Fossil surface-dwelling, planktonic
foraminifera that we recovered from the
black, organic oozes show that the sur-
face circulation that existed at times of
stagnation can be produced simply by
intensifying certain aspects of the
present-day circulation (see upper fig-
ure). Increasing the flow of fresher water
from the Black Sea effectively puts a lid
over the eastern Mediterranean and
prevents surface waters from sinking.

Fossil bottom-dwelling foraminifera
from this same area show that the
resulting stagnations developed slowly
and that anoxia of the bottom waters
and annihilation of benthic organisms
were the final result of a gradual, contin-
uous process. As the Mediterranean
stagnates, the ‘‘normal” benthic fauna
retreats to shallower water and
“anoxic’’ faunas, more tolerant of
oxygen-poor waters, replace them (see
left figure). Finally, as bottom waters
become depleted in oxygen below
some critical level, even these ‘‘anoxic”
faunas are forced out and black sedi-
ments accumulate. As the Mediterra-

nean recirculates, first the “‘anoxic”
faunas, then the ‘“‘normal” faunas

return. In the fossil record we studied. a

MODERN SURFACE CIRCULATION OF THE
MEDITERRANEAN SEA
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Hatched area shows modern distribution of fossil planktonic fauna associated with ancient stagnations
of the Mediterranean. Today it is associated with the outflow of brackish water from the Black Sea. Dur-
ing stagnations this fauna, and presumably the brackish water, covered the eastern Mediterranean.
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Distribution of fossil benthic fauna is shown in a
sediment core recovered from about 2,500
meters in the eastern Mediterranean. The
sapropels are black, organic sediments depos-
ited during stagnations. These anoxic sedi-

ments contain no remains of benthic organisms,

but there is a distinct “anoxic” fauna associated
with immediately adjacent sediments. A “nor-
mal” benthic fauna characterizes sediments
deposited during recirculation and reoxygena-
tion of deep waters.

complete cycle of stagnation and recir-
culation lasts about 25,000 years and
the most recent fauna recovered from
the sea floor indicates that even today
the deep Mediterranean has not fully
recovered from its last stagnation 8,000
years ago.
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Modern distribution of fossil benthic faunas
show that the fauna associated with deposition
of Mediterranean sediments under oxygenated
conditions at 2,500 meters in the past is today
restricted to relatively shallow, more oxygen-
ated water. The fauna most closely associated
with organic sediments deposited during stag-
nation of the Mediterranean are now living in
deep water.

A major limitation of our studies is
that the ecology of many organisms is
not well enough known to allow under-
standing of the environmental signifi-
cance of their fossil remains. Determin-
ing this is often the greatest challenge in
reconstructing past ocean environ-
ments. In our studies of the Mediterra-
nean we were able to determine the
environmental significance of the fossil
record directly by comparing the fossil
faunas we found with their modern liv-
ing counterparts (see figures). In general
this cannot be done since most older,
fossil organisms are extinct.

We are currently reconstructing the
Miocene oceanography of the Pacific
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Ocean between 5 and 25 million years
ago as part of the CENOP (Cenozoic
Paleoceanography) project sponsored
by the National Science Foundation.
This period of time is especially inter-
esting because it was during the
Miocene that the southern polar ice cap
grew, giving us the opportunity to study
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Late Miocene nannoplankton assemblages dif-
ferentiated latitudinally by climate and
bathymetrically by selective dissolution.

its effects on climate and ocean circula-
tion. Also during the Late Miocene
(between 5.5 and 5.0 million years
ago), circulation between the Mediterra-
nean and the world oceans was tempo-
rarily blocked. This gradually allowed
the Mediterranean to dry up and
removed nearly six percent of the
ocean’s salt in the process.

In our study we have been using fos-
sil nannoplankton as paleoceano-
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graphic indicators. These nannoplank-
ton are the remains of planktonic
marine calcareous algae. Since most
Miocene nannoplankton are now
extinct, we have had to infer their envi-
ronmental significance by reconstruct-
ing their original geographic distribu-
tions (see figures left). As plants,
nannoplankton must live within the
photic zone near the surface of the
ocean, so the fact that they reflect latitu-
dinal climatic differences was expected.
But because they are composed of cal-
cite they tend to dissolve on the sea
floor, some more easily than others,
depending on their construction.

We found that certain tropical nanno-
plankton are especially fragile so that
dissolution shifts the composition of
shallow, undissolved assemblages
toward more resistant species and pro-
duces a distinct dissolved assemblage in
deeper water. As a result the fossil
Miocene nannoplankton record
changes in both climate and dissolution,
and we are now using this knowledge to
reconstruct both climate and dissolution
histories of the late Miocene Pacific
Ocean.

Quaternary Paleocirculation of
the Antarctic Circumpolar Current

Bruce Corliss

THE Quaternary was a time of major
climatic change characterized by
oscillations of Northern Hemisphere ice
sheets during the last 1.8 million years.
During glacial periods, the ice sheets
covered extensive areas in North Amer-
ica and Eurasia, the areal extent of polar
sea ice was expanded, sea surface tem-
peratures were generally cooled by 1 to
2°C, and the pole to equator thermal
gradients were steepened. Interglacial
intervals had climatic conditions similar
to the present climate with reduced
extent of sea ice and warmer temper-
atures than glacial intervals. An impor-
tant aspect of Quaternary paleocean-
ography is to determine the deep and
bottom water circulation during this
interval and to assess the influence of
deep circulation upon the earth’s cli-
mate and oceanic processes.

A study is presently underway to
determine the history of the Antarctic
Circumpolar Current during the Qua-
ternary by analyzing deep-sea ben-
thonic foraminifera in sediment cores
from the southeastern Indian Ocean
sector of the Southern Ocean. The Ant-
arctic Circumpolar Current flows east-
ward around Antarctica between
approximately 40° and 65°S and is orie
of the major currents in the ocean with a
transport on the order of 125 Sverdrups
(1 Sverdrup equals one million cubic
meters per second). The current

extends from the surface to about 4,000
meters, and serves to mix the deep
water in the ocean, contributing signifi-
cant amounts of circumpolar water to all
of the deep ocean basins. Recent stud-
ies have shown that it is possible to
reconstruct deep-water circulation
through the analysis of benthonic fora-
minifera: distinct assemblages of fora-
minifera are associated with different
deep and bottom water masses in the
oceans. These assemblages probably
reflect the different hydrographic prop-
erties of each water mass. The history of
bottom or deep water circulation at any
one area can be determined by analyz-
ing the benthonic foraminifera found in

Bruce Corliss

VICKY CULLEN



deep-sea sediment cores. The presence
of a particular assemblage indicates the
presence of the associated water mass
at that time.

Analysis of one core, E49-18, taken
from 3,253 meters on the Southeast
Indian Kidge revealed the presence of
two faunal assemblages. The first
assemblage dominated by Globocas-
sidulina subglobosa is found during
warm interglacial times and is similar to
the fauna found in the area at the pre-
sent time. The second assemblage,
dominated by Melonis barleeanum,
Melonis pompilioides, and Uvigerina. is
present during glacial intervals. This
assemblage has not been reported any-
where in the present-day oceans, and
this may indicate that a deep water mass
is present within the Antarctic Circum-
polar Current during glacial times that is
quite different from any deep water that
is found at present. The faunal data sug-
gest that this *‘Glacial Deep Water” may
have had less oxygen than the present
day Antarctic Circumpolar Current
water as a result of the water being older
with a longer residence time. Analysis
of three other subantarctic cores
supports the faunal interpretation made
in E49-18.

The presence of a Glacial Deep
Water in the Southern Ocean may be
linked to North Atlantic circulation
changes during glacial periods. North
Atlantic Deep Water presently forms in
the Norwegian Sea and flows south to
the Southern Ocean where it becomes
an important component of the Antarc-
tic Circumpolar Current. Several work-
ers have presented benthonic foramini-
feral evidence that suggests the
production of North Atlantic Deep
Water decreases or stops during glacial
times and is replaced by Glacial Deep
Water in the North Atlantic. The cessa-
tion of North Atlantic Deep Water may
influence the nature of the circumpolar
current by changing the hydrographic
properties of its deep water, and it may
account for the presence of Glacial
Deep Water in the Southern Ocean as
inferred from the benthonic foramini-
feral data. The faunal data in the cores
from the southeast Indian Ocean show
that the North Atlantic and Southern
Ocean circulation changes are directly
linked. The glacial faunas are similar
and the timing of the faunal changes
also coincide in both areas. Thus, Gla-
cial Deep Water may be present
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Oxygen isotope stratigraphy, benthonic foraminiferal data, and percentage of cal-
cium carbonate is plotted for core E49-18. The isotopic curve reflects the glacial-
interglacial oscillations of Northern Hemisphere ice volume with glacial periods
indicated by high oxygen-18 values. Principal component analysis of the benthonic
foraminifera was used to identify faunal assemblages: negative values indicate the
importance of the Melonis assemblage, and positive values indicate the impor-

tance of the G. subglobosa assemblage.

throughout the Atlantic and Southern
Oceans and be an important com-
ponent of deep water circulation during
the ice ages.

Fluctuations in the amount of calcium
carbonate in bottom sediments have
been recorded in all of the oceans and

appear related to glacial-interglacial cli-
matic cycles. Comparison of the ben-
thonic foraminiferal record and carbon-
ate cycles in E49-18 show that low
carbonate intervals correspond to the
presence of Glacial Deep Water. Thisis
coincident with the idea that the Glacial
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The Youngest Microfossils

Susumu Honjo

IN recent decades intensive
investigation of microfossils in deep
ocean sediments has uncovered fasci-
nating details of the ocean’s geological
past environment. The most usetul
microfossils are the remains of pelagic
{open ocean) plankton. Their distribu-
tion and evolution are controlled by the
regional and local water masses. which
reflect the climate of the planet. Each
microfossil carries rich but complex sig-
nals that represent the oceanic environ-
ment which groomed that individual
plankton. Micropaleontologists can
decifer the signals and translate them
into indications of past ocean temper-
ature, salinity, distribution of sea ice,
and many other oceanographic and cli-
matic parameters.
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Study of the living counterpart of
microfossils has recently begun to be
known as neontology. A neontologist
utilizes biological, ecological methods
but is interested only in the hard, miner-
alized tissue of the animal. Oddly
enough, little is known about living
plankton communities compared to the
massive information available on micro-
fossils, particularly those found in Ceno-
zoic sediment. PARFLLUX, a Woods
Hole Oceanographic Institution pro-
gram designed to assess the net particu-
late sedimentation through deep ocean
layers, has made major strides forward
in neontology.

There are basically two reasons why
an accurate representation of the open
ocean community is difficult to obtain.

¢ Schematic drawing shows Southern Ocean
circulation at present and interglacial times and
glacial intervals.

Deep Water is old water with low oxy-
gen and higher carbon dioxide than the
North Atlantic Deep Water or the Ant-
arctic Circumpolar Current water and.
therefore, is more corrosive to deep-sea
carbonates. These data suggest that car-
bonate cycles observed in sediments
from the Southern Ocean beneath the
circumpolar current may be controlled
by changes in deep circulation during
the Quaternary.

In February 1980 additional piston
core material was taken during Atlantis
Il Cruise 107 to the South Atlantic sec-
tor of the Southern Ocean. These cores
taken near the Meteor Seamount
beneath the circumpolar current will be
analyzed in 1981 to continue the on-
going research to determine the circula-
tion history of the Antarctic Circumpolar
Current.

First, because of their relatively small
standing crops and patchy distribution,
a plankton sample collected by a plank-
ton net is not adequate for a precise
comparison with its sedimentary
counterpart. Second, recent research
indicates that the major part of the verti-
cal transport of small particles is carried
out by aggregates of particles. Small
skeletal remains do not settle down indi-
vidually through the water column but
rather thousands of them are packed
into a larger particle in the near surface
water layer, usually as the feces of zoo-
plankton which graze on phytoplank-
ton. Aggregates sink through the deep
water column and arrive at the abyss
within a few days to a few weeks.
However, large fecal aggregates may
be eaten several times by animals living
in the deep water. This is called cop-
raphagy. Indigestible particles, such as
some silicate and carbonate skeletons,



may pass through the guts of many ani-
mals before they reach the sea floor.
and digestible particles have many
chances to be removed from the
descending rain of debris. Particles
which are not incorporated into the
larger fast-settling particles may change
their characteristics through chemical
reaction with seawater or even dis-
appear before they reach the bottom.
For example, Acantharia skeletons,
which are built of a soluble mineral
called celestite, are rarely eaten by zoo-
plankton. Thus, they are not protected
while they settle, and they dissolve very
quickly in the upper regions of the
ocean.

While aggregates are almost impos-
sible to collect by such devices as towed
nets or briefly lowered collection bottles,
the large, cone-shaped, floating PAR-
FLUX sediment traps moored for sev-
eral months in one place have provided
many precious samples from deep
water stations in temperate to tropical
climatic zones of the Pacific and Atlantic
Oceans over the past five years. The
samples have been studied intensely by
scientists from several disciplines includ-
ing mineralogy. radiochemistry, and
organic geochemistry, and their studies
have begun to reveal exciting frontiers
in ocean particle science. For example.
the rate of introduction of organic car-
bon to the sea floor has now been
assessed by the use of sediment traps.
Organic carbon is the vital food supply
used by benthic organisms.

A team of micropaleontologists,
experts in various taxa of microfossils.
investigating the “'most recent” micro-
fossils collected in PARFLUX traps have
identified at least 12 well-preserved
major micropaleontological taxa and
found that the modern community
appears to be far more complex than its
microfossil counterpart. For example,
usually only several radiolarian species
are found in an abyssal sediment
sample while, surprisingly. more than
150 species may be found in a sediment
trap deployed just above the abyssal
collection site.

The plankton’s exquisite micro-
architecture is being revealed by the
scanning electron microscope, and
studies are underway on taxonomy and
morphology as well as geochemistry,
isotopic and trace element composition.
and other areas of inquiry.

Scanning electron micrographs show siliceous
skeletons of diatoms and radiolarians collected
during sediment trap experimentis. They are
enlarged here about 50 to 100 times. Photo-
micrographs are by Kozo Takahashi.

Sus Honjo is shown aboard RV Knorr following recovery of sediment trap after 16 months on mooring.
Apparatus at left rotates a new sample cup under collection cone every two months.
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Seasonality in the Particle

Flux to the Deep Sea

Werner Deuser

SINCE April 1978 we have been inter-
cepting the rain of particles sinking from
the surface of the Sargasso Sea near
Bermuda with a sediment trap moored
3,200 meters below the sea surface and
1,000 meters above the sea floor. The
trap consists of a funnel with a top cross
section of 1.5 meters and a collection
cup at the bottom which is sealed at a
predetermined time. Every two months
we collect two to six grams of material
accumulated in the cup. About 90 per-
cent consists of the remains and prod-
ucts of organisms — skeletal parts of tiny
algae and of mostly small animals,
organic matter, and fecal pellets. Most
of the remainder is wind-blown dust.
Almost all types of particles and chem-
ical constituents we have identified thus
far, be they of biological or other origin,
arrive in our trap in seasonally varying
amounts. The peak arrival time in deep
water coincides with the peak of algal
productivity in the surface water in late
winter and spring. The lows of both
deep-water particle flux and algal pro-
ductivity occur in late summer and fall.
While the total amounts of material we
catch vary by about threefold, the flux
of the skeletal remains of some organ-
isms, such as certain foraminifera. may
vary by more than a thousandfold in the
course of the year.

The more important findings of our
study thus far can be summarized as
follows:

(1) Although the deep sea is always
dark and unchangingly cold, its animals
are coupled to the seasonal changes of
the surface ocean through an annual
cycle in the quantity of food available to
them. Their food is the organic matter
raining down from above. In the sub-
tropical Sargasso Sea we find about
four times as much coming down in
spring as in late summer and fall. This
seasonally fluctuating food supply may
be the explanation for annual growth
bands and seasonal breeding cycles
reported for some deep-sea animals.
Until now, these had been puzzling
phenomena.

{2} The numbers, types. and isotopic
compositions of skeletal parts of many
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planktonic plants and animals undergo
significant changes in the course of the
year. For example, the abundances of
many species of planktonic foraminifera
and the oxygen isotopic composition of
their calcium carbonate skeletons
respond to the annual temperature
cycle of the surface ocean. Both of these
signals are almost immediately trans-
mitted to the sea floor through the sink-
ing of the skeletons. Understanding the
significance and extent of their varia-
tions in today’s environment will lead to
the deciphering of seasonal variations of
past environments, through analysis of
fossil specimens, and to a better under-
standing of climatic variations.

(3) Animals and plants living in the
ocean appear to be very efficient in
rermoving particles from the water by fil-
tering or by aggregating them into larger
particles which rapidly sink to the bot-
tom. Even atmospheric dust particles,
which fall into the ocean and individ-
ually might spend years sinking to the
sea floor, appear to be rapidly filtered

60 7
7]
CALCIUM 2
/) CARBONATE //
LEFT BAR : One tenth é
of the net photosynthetic
carbon production by /)
> algae in the surface g
X water penetrated 7
Q by sunlight . /)
& RIGHT BAR : Maferial
W cotlected in sediment é
Q trap at o depth of /
3,200 meters /
5
§ -
3 -
7
7, 7
g |7 -
I / g /)
D L v / /
S 30 ;/ /
) 7 / 7
Q@ / 7
2; 2 / /]
5( 20} 1 7
N / 7
o /
~ 7
~l
~!
~
3
10

i kS E: 2
A'M J"J A'STO'N'DIJ F' M A
1978

M'J'JA'S O

1979

Werner Deuser

out of the water by small animals in their
constant search for food. The
indigestible particles are ejected as parts
of fecal pellets which, because of their
much greater size, sink much more rap-
idly. Because of their high content of
highly adsorptive organic matter, these
pellets, as well as other organic remains
of plants and animals, may gather up
additional material during their descent.
(4) Even extremely fine particles sink
into deep water in a matter of weeks as
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passengers in or on larger aggregates. [t
appears that the bulk of the sediment on
the sea floor arrives in the form of such
relatively large, fast-sinking particles.

Lead-210 as a Tracer of
Reactive Heavy Metals

Michael Bacon

DISTRIBUTIONS of certain natural
radioactive elements in seawater are of
special interest because of the informa-
tion they can yield about rates of geo-
chemical processes that remove chem-
ical species from the ocean. Such
information is fundamental to our
understanding of how seawater compo-
sition is controlled, and it is of consid-
erable practical importance in predicting
how fast the ocean can cleanse itself of
heavy-metal burdens imposed by
human activities.

Lead-210 is a naturally-occurring
radionuclide belonging to the uranium
decay series. Because of its suitable
radioactive half-life (22.3 years), itis a
particularly valuable geochemical tracer
for studying the fate of reactive ele-
ments in the ocean. Two modes of lead-
210 supply to the ocean exist: (1)
deposition on the sea surface from the
atmosphere, where lead-210 originates
from decay of radon-222, a radioactive
gas that emanates from the continent:
and (2) production throughout the
water column following radioactive
decay of radium-226, a radioactive
alkaline earth dissolved in seawater.
Rates of supply by both processes can
be determined with acceptable accu-
racy. Thus we have, in effect, a natural
tracer experiment occurring in which
lead-210 is being added to the ocean at
a known, constant rate. Qur task is to
measure the distribution of lead-210
that results and, from that distribution,
to deduce the rate at which lead-210
undergoes removal from the water col-
umn and to locate the sites at which the
removal reactions occur.

Lead is a reactive element in the
sense that it is removed from the ocean
rapidly (turnover time less than 100
years or so). Concentrations of ordinary
stable lead in deep ocean water are

This rapidity of transport and the
efficient removal of particles from the
water by organisms imply an ability of
the ocean to cleanse itself rapidly of par-
ticulate inputs, be they natural or man-

extremely low and can be measured
only with great difficulty. From earlier
studies it was estimated that the resi-
dence time of lead-210 in the deep
ocean is approximately 50 years, and it
was generally believed that removal
occurs by chemical adsorption at solid
surfaces followed by transport with the
flux of sinking particles to the sea floor.
Studies in our laboratories, however,
have indicated that too little lead-210 is
found in the sinking particulate matter

made, and to transmit them promptly to
the sea floor, the ultimate repository of
the earth’s surface.

to account for the entire removal flux of
lead-210. and we believe that much of
the removal occurs by reaction at the
sediment/seawater interface. The verti-
cal section of lead-210 in the Atlantic
Ocean illustrated below supports such a
hypothesis. It shows gradients of
decreasing concentration toward the
bottom and toward the side boundaries
that can be explained only if significant
losses of lead-210 occur at the
boundaries.

The exact mechanism by which lead-
210 is taken up at the ocean boundaries
is not known, but we believe that the
process involves coprecipitation with
manganese and iron oxides forming at,
or near, the sediment/seawater inter-
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Distribution of lead-210 on the New England continental shelf in September 1977.
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Mike Bacon

face. Evidence for such a process is
given by the results shown at left from
the Cariaco Trench, an anoxic basin on
the continental shelf north of Vene-
zuela. There the deep anoxic water con-
tains large amounts of hydrogen sulfide.
In such a basin there is continuous
redox (oxidation-reduction) cycling of
manganese and iron such that oxide
particles are continually forming just
above the oxygen/hydrogen sulfide
interface, as shown by the high concen-
trations of particulate manganese in that
zone. The high concentrations of dis-
solved manganese below the boundary
are caused by reduction to the more
soluble Mn(Il). Upward mixing and
reoxidation to insoluble Mn(IV) com-
plete the cycle. Lead-210 shows very
low concentration in the Cariaco
Trench, not only in the deep water,
where sulfides form, but also in the zone
of manganese oxidation. Similar redox
cycling occurs in marine sediments, and
in organic-rich hemipelagic sediments
near continental margins the redox
boundary lies close to the sediment/
seawater interface. Such areas may play
an especially important role in con-
trolling the distribution and ultimate
geochemical fate of a variety of heavy
metals, radionuclides, and other chem-
ical substances in the ocean. Recent
work in our laboratories indicates that
this is the case for the actinide elements
thorium and protactinium as well as for
lead-210. In future work we hope to be
able to define more clearly the relation-
ship between redox cycles in the sedi-

VICKY CULLEN



ment column and scavenging of radio-
nuclides from the water column.

The geochemical significance of
ocean margins can also be seen in the
distribution of lead-210 in surface
waters, as illustrated in the vertical sec-
tion across the New England continental
shelf. High concentrations offshore are

SOFAR Float Program

sustained mainly by the input of lead-
210 from the atmosphere. Over the
shelf, much lower concentrations are
found indicating that removal of lead-
210 is much faster there than it is off-
shore. The enhanced removal may be
due to high biological productivity. high
fluxes of particles in the coastal zone, or
reaction at the sea floor. We are pres-

James Price, Douglas Webb, and Albert Bradley

OCEAN currents may be described in
either of two ways. The more common
Eulerian* description gives the history
of velocity at fixed points. Moored cur-
rent meter measurements pioneered at
WHOI during the 1960s provide ocean-
ographers with an Eulerian description
of ocean currents at an ever-increasing
number of locations throughout the
world’s ocean. The alternative
Lagrangian* description of ocean cur-
rents gives the position history of water
particles. For research on some theo-
retical and practical problems — for
example, the dispersal of pollutants —
this Lagrangian description is most nat-
ural. SOFAR floats and Autonomous
Listening Stations {ALSs) developed at
WHOI during the 1970s are a unique
means for making long-term, La-
grangian measurements of deep ocean
currents.

SOFAR floats are ballasted to be
neutrally buoyant at a target depth. typi-
cally within the 700 to 2,000 meter
range. They drift freely with the current
and thus serve to tag the surrounding
water. The floats are tracked by pow-
erful, low-frequency acoustic signals
which they transmit three times daily.
These signals are partially trapped
within the sound speed minimum layer
(or sound fixing and ranging. SOFAR,
channel) and propagate great distances
without suffering bottom or surface
reflection. The signals are received by
ALSs deployed in a network surround-
ing the experimental area. The useful
maximum signalling range of SOFAR
floats is about 2,000 kilometers. and

*Euler and Lagrange were 18th century
European mathematicians who made major
contributions to the theory of fluid
mechanics.

their lifetime is up to three years. ALSs
must be serviced at least annually to
recover data and replace batteries and
mooring hardware.

ently determining the seasonal varia-
tions of lead-210 concentration in the
Gulf of Maine and will attempt to deter-
mine how the removal rate of lead-210
in the coastal waters responds to
changes in biological productivity and
other oceanographic variables.

A recent deployment of SOFAR
floats and ALSs was made during a
1978 POLYMODE experiment in the
Sargasso Sea southwest of Bermuda.
Twenty floats were deployed in a cluster
at 1.300 meters depth (see figure right).
The subsequent motion of those floats
clearly shows the currents associated
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with a powerful, large-scale planetary
wave. The float cluster oscillated along a
line northeast to southwest with a
period of about 50 days. Note that
when the float cluster changed speed
and direction (panels 2 to 3, and 5 to 6).
the change began on the right side of
the cluster and propagated leftward
across the cluster. Detailed analyses
indicate that this wave had phase prop-
agation toward the northwest at about 5
kilometers per day. and that its wave-
length was about 340 kilometers. Other
observations indicate that the currents
associated with this wave were nearly
uniform from the surface to the 5,300-
meter ocean bottom. The mass trans-
port per half wavelength was corre-
spondingly large, approximately 75 x
10°m?sec (Sverdrups), comparable
to the transport of the Gulf Stream at
this latitude. Problems we are now
investigating include finding the energy
source for such planetary waves. Pos-
sible sources include the Gulf Stream,
which can apparently generate such
waves as it meanders, and intense baro-
clinic (surface intensified) currents
within the Sargasso Sea.

SOFAR floats and ALSs are today
being used to explore the currents of the
deep Gulf Stream and the North Atlan-

SOFAR floats are loaded aboard Oceanus.
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tic subtropical gyre. Qur field is new
enough that within the next several
years we will more than double the
number of deep ocean Lagrangian
measurements made to date. Still fur-
ther ahead, SOFAR floats and ALSs will

be used in an investigation of a naturally
occurring tracer, the high salinity Medi-
terranean outflow, and to determine the
dispersal that can be expected at pos-
sible ocean nuclear waste disposal sites.
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The Beta-Spiral

Henry Stommel

AS our knowledge of the physics of
ocean circulation grows, we are gradu-
ally becoming able to map out various
regions, or provinces, in the ocean
where different kinds of dynamical bal-
ances prevail. Thus, we now recognize
that there are regions of strong eddy
activity and quiescent regions with weak
eddy energy. The quiet regions include
the eastern portions of sub-tropical
gyres. In the North Atlantic this means
the region between 20°N and 40°N on
the eastern side of the Mid-Atlantic
Ridge. Conventional scientific wisdom
indicates that this region is governed by
what is called a “linear vorticity dynam-
ical regime.”” At any one location the
currents veer with depth in what has
come to be called ““the beta-spiral.” It is
one more manifestation of the effect of
the variation of the Coriolis parameter
(sideways drift caused by the earth’s
rotation) with latitude. QOther manifesta-
tions are the western intensification of
circulations to form currents like the
Gulf Stream, the westward migration of
mid-ocean eddies, and a general ten-
dency for oceanic turbulence to be con-
verted from disorderly chaotic motions
to more orderly wavelike phenomena.
Since the fall of 1978, David
Behringer of NOAA and I have con-
ducted three surveys of a region of the
subtropical gyre in the North Atlantic
southwest of the Azores in order to
obtain some highly resolved data about
the so-called beta-spiral. The object has
been to discover whether the dynamical
constraints involved are steady enough.
realistic enough, and well encugh con-
ditioned in a mathematical sense to be
useful for determination of the absolute
velocity field in the ocean from hydro-
graphic stations alone. In the course of
the work an excellent body of data has
been accumulated which can help in
interpreting the distribution of passive
tracers like salinity and oxygen and of
radioactive tracers. Our research area is
in an excellent position for observation
of tracers such as tritium/helium-3 and
carbon-14 that are introduced onto
density surfaces in the wintertime when
the bottom of the mixed layers is sealed
off from the surface by the growth of the

SALINITY TONGUE
AT 790 METERS

SALINITY TONGUE
AT 3530 METERS

Beta spiral field work has been concentrated in a triangular area 600 miles on a side southwest of the
Azores. lllustration shows southward deflection of the high salinity tongue of Mediterranean water

extending into the research area.

shallow spring thermocline. As it is
pumped down by convergence of wind-
drift in the upper layer in regions slightly
to the north, its traverse through the
area can be traced over a period of
more than three years. Meaningful
interpretation of its movement is made
possible by the simplicity of the flow
patterns, the nearness of the source
region, and the availability of independ-
ent estimates of the level of eddy diffusi-
vity from salinity distribution.

As a result we have developed a
pretty clear idea of how water in the
upper 500 meters of the subtropical
gyre is pumped down from the surface
layer, how fast it moves, its rate of pro-
duction and mixing (the paths it fol-
lows), and how it depends upon sea-
sonal variability of the properties and
depth of the mixed layer. We believe
that the new work has led to a better
understanding of the central provinces
of the ocean. For example, the area of
our concentration straddles the Mediter-
ranean outflow at thermocline depth,
and the data is good enough to reveal a
southward deflection of the high salinity
tongue of Mediterranean water within
the thermocline. There is an interannual
wobble of the subtropical gyre amount-
ing to about 100-mile excursions in the
north/south direction for periods longer
than a year (and this is consistent with
the limited data from the POLYMODE
cluster B slightly to the west), but more

data is required to verify this, since our
data seems to span less than one
period.

In the next few years Drs. Price. Rich-
ardson, and Schmitz plan to place a
number of SOFAR floats in the beta-
spiral region to verify the direction and
the amplitude of the mean velocities
that have been calculated there by the
beta-spiral method.

Hank Stommel
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Biomass
John Ryther

THE cultivation of photosynthetic
crops for the specific purpose of con-
verting their biomass to fuel is a new
and, as yet, untried concept. The basic
technology for such an undertaking is,
of course, available in agriculture and
the related fields involved in the produc-
tion of food and fiber. However, the
monetary value of plants grown for such
purposes is normally an order of magni-
tude or more greater than their potential
value as fuel, even if all of their stored

i <(ﬁ A
Gracilaria tikvahiae netted from culture in
Woods Hole.

energy were recoverable. Because of
that, and in view of the increasing world
demand for food and fiber, it therefore
seems unlikely that crops presently in
production will find competitive use as
an energy source in the foreseeable
future, with the exception of temporary
or localized surpluses and those por-
tions of cultivated plants that are not
now utilized and are currently treated as
waste.

It follows, then, not only that species
not presently cultivated must be grown
for energy crops, but also that they must
be grown in areas that are not suitable
for the cultivation of food and fiber. Fur-
ther, and most important, they must be
produced within the framework of an
entirely new budgetary concept, one
that is based upon energy rather than
exclusively financial considerations, for
the energy required to prepare and ferti-
lize the land, grow, harvest, and process
the crop, and convert it to fuel must be
less than the energy content of the fuel
produced. Finally, energy crops must be
highly productive. All of the systems
analyses that have been conducted to
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date of proposed fuel crops have agreed
that the major economic and energy
cost involved is in the production of the
feed stock and that yield — organic mat-
ter produced per unit of area and time —
is the single most sensitive parameter in
the equation.

The macroscopic algae, or seaweeds,
appear to satisfy most of these require-
ments. Certainly, the oceans are the
largest uncultivated and underutilized
pastures on earth. Some few species of
seaweeds do have commercial value as
food in eastern countries or for their
contained chemicals — hydrocolloids
such as agar, alginic acid, and carragee-
nan - but these markets are small.
Others find limited use as low-value
products for feed, compost, or fertilizers.
Most have no commercial value, and
some are considered an aesthetic nui-
sance when they grow or accumulate to
high densities in heavily populated bays
and estuaries.

For the past five years we have
examined the potential of seaweeds as
an energy crop, first at the Woods Hole
Environmental Systems Laboratory and
more recently at the Harbor Branch
Foundation in Ft. Pierce, Florida, where
the plants will grow throughout the
year. After screening over 50 species of
indigenous algae for such characteristics

z i

Screening tanks for evaluating growth potential
of different seaweed species at Harbor Branch
Foundation in Florida.

JOHN RYTHER

as sustained growth rate, ease of han-
dling, and freedom from chronic cultiva-
tion problems, we concentrated on the
red seaweed Gracilaria tikvahiae, a
semitropical species that lives through
the year in Florida and as a summer
annual in Woods Hole. Gracilaria has
the added advantage that it contains the
polysaccharide agar and is already com-
mercially harvested and even cultivated
in some parts of the world for that prod-
uct. Our selection of the species, how-
ever, was based on its exceptionally
high growth rate and the fact that a
clone collected from the drift algae com-
munity in the Indian River, near Ft.
Pierce, has remained sterile and has
grown only vegetatively for over three
years. Most seaweeds stop growing and
usually fragment or disintegrate when
they periodically become sexually

John Ryther

reproductive and develop fruiting
bodies. Annual yields of our clone of G.
tikvahiae, grown under intensive culti-
vation with 25 or more exchanges of
enriched seawater per day, under vigor-
ous aeration sufficient to maintain the
seaweed in suspension, and with the
incremental growth harvested back
each week to maintain the culture at its
optimal density, has averaged nearly 35
grams dry weight per square meter per
day. That yield extrapolates to 127 dry
metric tons per hectare per year (52
tons per acre per year), making it the
most productive photosynthetic plant
for which reliable data are available.
However, the highly energy intensive
culture methods used to obtain those



high vields would not be cost-effective,
economically or in terms of energy bal-
ance. Passive, nonintensive methods of
growing the same seaweed on the bot-
toms of ponds in Southern Taiwan
result in yields an order of magnitude
lower (about 15 tons per hectare per
year). We are now studying the growth-
limiting factors that determine yields in
the two culture systems in the hope that
we may be able to reduce cost and
energy inputs while maintaining high
vields.

Also for the past three years, we have
continuously fermented Gracilaria in
homemade anaerobic digesters produc-
ing biogas containing 60 percent meth-

ane at a mean rate of 0.4 liters per gram
volatile solids and with a bioconversion
efficiency of 48 percent. A major
accomplishment has been the recycling
of nutrients from the digester residue
back into the seaweeds with an overall
efficiency of 73 percent. Nitrogen fertili-
zer alone represents over half the total
energy cost of conventional agriculture,
so nutrient recycling of digester residue
is a logical and necessary procedure.
Efforts are continuing to increase the
recycling efficiency.

Another important discovery during
the past few months is the fact that
Gracilaria, and other seaweeds, that are
nutrient-starved can soak up and store
enough inorganic nitrogen and phos-
phorus to double their internal concen-
tration of these elements in no more
than six to eight hours, in the light or the

Experimental Sea Ranching of Brook Trout

Robert Naiman

BROOK trout (Salvelinus fontinalis),
occurring naturally in seawater along
the Atlantic coast as far south as Cape
Cod and inland from Georgia to Hud-
son Bay, have been widely introduced
throughout the world as a highly
esteemed and popular game fish.
Where the trout have free access to the
ocean their life history is similar to that
of the well known salmon. In sea run-
ning populations, brook trout usually
move to the ocean for feeding in late
spring and summer and return to rivers
in autumn for spawning and over-
wintering. Often these anadromous fish
are considerably larger than those
remaining in freshwater for their entire
life.

The idea of sea ranching brook trout,
instead of more conventional salmon
species, grew out of the considerable
research conducted over the past 13
years by John Gibson, Richard Haed-
rich, Geoff Power, and others on
salmonid ecology at the Institution’s
Matamek Research Station in Quebec.
They found that anadromous brook
trout occurred in the area, occasionally
reached large sizes (up to five pounds).
apparently returned to rivers each year
instead of making extensive migrations

and remaining at sea for longer periods
such as Atlantic salmon do. and they
appeared to return to their river of ori-
gin. These characteristics made them a
prime candidate for developing a mod-
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erate effort, high vield fishery which
could quickly supplement the rapidly
declining stocks of Atlantic salmon. With
this background the objectives of our
study were (a) to enhance the produc-
tion of brook trout over river popu-
lations by increasing the growing season

FREDERICK WHORISKEY

dark, following which the plants are able
to grow at their maximum rate for peri-
ods of one to two weeks (depending
upon solar radiation) in water contain-
ing no measurable nutrients until they
double in biomass and their internal
nutrient concentration is again reduced
by half. This, plus the ability of the sea-
weeds to reassimilate the nutrients from
the residue of their own digestion,
makes possible a new closed-cycle strat-
egy for seaweed energy farming that will
be tested and evaluated in the coming
months.

and food availability through exploita-
tion of underutilized food resources at
sea, (b) to compare growth and produc-
tion in natural and artificial sea trout
populations, and (c) to explore the suit-
ability of sea ranching brook trout as a
small scale enterprise.

The Matamek Research Station
proved to be an ideal location for con-

A natural sea run brook trout about 16 inches
long is shown from the Matamek River. Sea
trout in this region can be as large as 5 pounds.

ducting such an experiment. The Mata-
mek River, protected for scientific
research by the Province of Quebec,
does not have a natural population of
sea run brook trout due to an impassible
waterfall near the ocean which blocks
access to spawning grounds. Meanwhile
the nearby Moisie River has a large, nat-
ural, sea run population.

During late spring and summer of
1978 and 1979, brook trout from the
upper Matamek River were tagged and
released in the estuary and allowed free
movement between the waterfall and
the sea. Fish were recaptured two to
four months later as they returned to
freshwater. Averaged over two years,
34 percent of the released fish were
recaptured. Best returns were in the
two- and three-year-old fish with 38
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Total growth as percentage increase of body weight and mean daily
growth rate during the summer season are shown for tagged sea run
brook trout and tagged brook trout remaining in the river. Tagging
slowed growth during the experiments, so growth of untagged brook
trout from Matamek Lake and the Matamek River are given for

comparison.

percent and 62 percent recaptured,
respectively. In contrast, tagged Atlantic
salmon smolts leaving the Matamek
River typically vield returns of only one
percent or less. Straying of transplanted
brook trout to other rivers was negligible
(less than one percent). All year classes
developed sea run brook trout but the
largest percentages occurred in older
fish (over two years) where 15 to 75
percent of a particular year class
returned with a sea trout morphology.
Sea run trout fed heavily on small crus-
taceans and sand launce, and growth
rates for all age classes were greater
than five times those of brook trout
remaining in the river. In addition, sea
run fish were much heavier for a given
length than river fish of comparable age,
presumably as a function of an
increased food supply at sea.
Comparisons of our results with data
on other anadromous species of trout
and char underscore the high potential
for sea ranching as a moderate effort,
high vield aquaculture technique. Suc-
cesstful sea ranching of brook trout
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would greatly increase salmonid pro-
duction for sport or commercial pur-
poses in the coastal zone. From the
studies completed it is clear sea run
brook trout exhibit tremendous growth
compared to river fish, they circumvent
problems associated with high density
hatchery rearing, they have a depend-
able food resource at sea, they exhibit a
high percent return, they do not enter
the high seas fishery, they are a native
fish, and they have the taste and color
of a salmon. All these factors make sea
ranching of brook trout attractive where
enhanced production of salmonid fishes
is desired, particularly in view of the
projected low cost compared to other
methods.

Despite the successes of the first two
years there are still a number of prob-
lems to be investigated before a full
scale sea ranching project can be real-
ized. Several of these are currently
being examined by members of our
research team. Postdoctoral Scholar
Linn Montgomery and Research Assist-
ant Frederick Whoriskey are investi-
gating movements and growth of natu-
ral sea run brook trout in the Moisie
River system relative to food availability

in the sea. At present, we know
extremely little about the life of brook
trout at sea, when they naturally leave
and return to rivers, how they exploit
their marine food supply, or the carrying
capacity of estuaries for increased stocks
of these fish. Geoff Black, a research
assistant at the Matamek Research Sta-
tion, is identifying key parasites which
will be used to indicate whether trout
caught in freshwater have spent some
time at sea. Finally, our most difficult
problem is being attacked by Stephen
McCormick, a WHOI-MIT graduate stu-
dent. During the field experiments
young fish, typically less than two years
old, moved immediately back into
freshwater where they grew slowly. This
suggested that the physiological mecha-
nisms necessary for survival and growth
in seawater were not yet available to
young fish. Assisted with funds from the
NOAA Sea Grant Program, Steve is
now examining the physiological basis
for the ability of juvenile brook trout to
survive (osmoregulate) upon exposure
to seawater and to grow well in that
medium. The main objective of this
study is to determine the optimal size-
age combination allowing satisfactory
salinity tolerance and a subsequent
migration to, and growth in, seawater.

Already at the end of its third year,
and supported by the Matamek
Research Program, Province of Que-
bec, the WHOI Education Office, and
Sea Grant, the sea ranching project will
continue for at least two more years.
This coming field season we will be
examining other natural populations for
variations in life history patterns in
response to drainage basin and estuar-
ine geomorphology and hydrology. In
the final year an economic evaluation is
planned as well as an extensive analysis
of the tremendous data base already
compiled. With the project’s com-
pletion, we anticipate having enough
key problems solved and enough basic
information to implement a larger scale
project where our newly gained insights
will be applied to the enhancement of
salmonid production in the coastal
zone.



Organizing the Federal Effort
to Manage Marine Resources:
Georges Bank and Other Cases

Daniel Finn

THE authority of the federal govern-
ment offshore has grown progressively
since 1899, when Congress authorized
the Army Corps of Engineers to regulate
discharges and construction in Ameri-
can waters that could obstruct naviga-
tion. The greatest single leap was the
Truman Proclamation of 1945 which
claimed control over the continental
shelf of the United States and allowed
the federal government, through the
Department of the Interior, exclusive
supervision of the development of outer
continental shelf oil and gas resources.
Other federal programs were enacted as
knowledge of the characteristics and
values of marine resources increased
and developments occurred which
appeared to threaten those values.
Congress in 1972 established wide-
ranging permit programs administered
by the Environmental Protection
Agency (EPA) and the Corps to control
activities in wetlands, estuaries, and off-
shore waters. In the same year the EPA
was given authority to control ocean
dumping originating at U.S. ports, and
the Coast Guard was given broad
authority to regulate oil tankers and
other vessels operating in U.S. waters.
In 1976, another major extension of
federal jurisdiction was made when
Congress enacted the Fishery Manage-
ment and Conservation Act providing
for regulation by the United States of
most of the fishery resources within two
hundred miles of the coast. The
National Oceanic and Atmospheric
Administration (NOAA) was created by
order of President Nixon in 1970, but
until this year — with the passage of acts
regulating the development of ocean
thermal energy conversion (OTEC)
facilities and deep seabed mining for
maganese nodules — the agency has not
had major regulatory responsibilities
except for fisheries.

As federal authority grew
incrementally in the absence of a cen-
tralized administration. a variety of pro-
grams came to be established within
many different federal agencies. Fears

that federal agencies administering such
single-purpose programs would not give
sufficient consideration to the environ-
ment led to passage of the National
Environmental Policy Act (NEPA) in
1969. Later, Congressional recognition
that regulatory programs alone would
not necessarily provide sufficient pro-
tection for valuable marine resources
led to passage of resource protection
statutes like the Endangered Species
Act (1973) and Marine Mammal Pro-
tection Act (1972). Programs like
coastal zone management and marine
sanctuaries were also established to pro-
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Areas proposed or actually leased on Georges
Bank: (A) the 178 tracts originally presented in
Interior’s final environmental statement; (B) the
128 tracts later proposed by Interior, including
the 12 tracts deleted (open boxes) upon agree-
ment with NOAA: (C) the 63 tracts actually
leased.

vide for comprehensive management of
the resources of especially valuable
marine areas — state coastal zones and
certain specially designated areas of the
ocean. While such statutes provided a
basis for more effective protection of
marine resources they also provided
many occasions for federal agencies to
disagree about marine resource policy.
Under NEPA, agencies may provide
their opinions on the environmental
aspects of actions proposed by other
agencies. The Endangered Species Act
empowers NOAA to provide its opinion
on whether proposed actions could
jeopardize marine species. The designa-
tion of a marine sanctuary by the
Department of Commerce on the
advice of NOAA could override the
decisions of other federal agencies, such
as the Department of the Interior in
administering its oil and gas devel-
opment program.

The interrelationships of these federal
programs became a major issue in the
litigation over oil and gas leasing on
Georges Bank. Several New England
states and environmental organizations
persuaded the First Circuit Court of
Appeals that in issuing leases the Inte-
rior Department was required to avoid
unreasonable risks to fisheries and even
to consider the possibility that the Com-
merce Department might designate a
marine sanctuary in the area that could
affect how oil and gas operations were
conducted. After this decision, Interior
proceeded with its leasing plans, but
NOAA., on behalf of the Commerce
Department, extensively criticized Inte-
rior's plans on the basis of the potential
effect of drilling on the fisheries and
even — on petition by the Conservation
Law Foundation, a plaintiff in the law-
suit — began to consider designating
Georges Bank as a marine sanctuary in
order to override Interior’s plans. NOAA
had also previously provided its opinion
that oil and gas operations could affect
endangered whales sometimes
observed in the area. After this dis-
agreement, NOAA and Interior con-
cluded an agreement that permitted oil
and gas leases to be issued. Although
Interior made some concessions, the
agreement appeared to many not to
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resolve all the issues NOAA had raised.
The agreement was upheld in court,
however. Leases have now been issued
and the lawsuit has recently been settled
—under terms which require the gov-
ernment to reconsider designation of a
marine sanctuary in the future. Mean-
while, an interagency biological task
force has been established to help mon-
itor the effects of oil operations.

The conlflict that has arisen in the
Georges Bank and other cases among
federal agencies administering marine
programs suggests that a more orderly
administrative process should be
devised. Although government reorgan-
ization — putting various marine pro-
grams under one roof — could perhaps
reduce political conflict, it would not
necessarily resolve the real conflicts that
exist among the objectives of the federal
programs. Relationships among federal
agencies ensure that a broader range of
concerns are addressed in making deci-
sions that affect marine resources. But
to avoid unproductive administrative
stalemates and delays due to litigation,
ways should be found to normalize the
process of interagency consultation.
These could include long-term coopera-
tive programs of study and manage-
ment, the use of hearings and rulemak-
ing in conflicts, and formal interagency
dispute resolution procedures including
referral of disagreements to high-level
committees, commissions, or the
President.

In the case of the marine sanctuaries
program, its nature requires special
efforts at coordination. Although it pro-
vides an opportunity to achieve com-
prehensive management of especially
valuable marine areas, conflict between
NOAA and other agencies is probable
because the program can be used to
override the actions of these agencies.
This can be observed in the Georges
Bank case in which NOAA began con-
sideration of a marine sanctuary after
Interior had been proceeding toward its
lease sale for several years. It would
appear desirable, therefore, for the
administrators of the marine sanctuaries
program to institute a regular schedule
of designations based on scientific and
management studies. The objectives of
the program should be further clarified
to determine in what situations designa-
tion is appropriate and what activities
should be regulated and how.
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THE eighth Henry Bryant Bigelow
Medal was presented 18 June 1980 to
Microbiologist Holger Windekilde
Jannasch, a Senior Scientist in the
Institution’s Biology Department, by
Chairman of the Board Charles F.
Adams in ceremonies at the Clark
Laboratory.

The award citation reads: “‘in recog-
nition of his creative contributions to
marine microbiology by providing us
with an understanding of the funda-
mentals of microbial processes in the
sea and the dynamics of oceanic food
chains.”

The following tribute to Holger
Jannasch was presented by Assistant
Scientist Judith M. Capuzzo:

“Microbial processes dictate the rate,
magnitude and nature of biological pro-
duction in the sea. How these processes
operate and interact with other trophic
levels in diverse oceanic environments
is fundamental to understanding the
functioning of oceanic food chains.
Through innovative laboratory and field
research during the past two decades,
Dr. Holger W. Jannasch has documen-
ted the significance of bacteria in these
broad areas of marine biological
research.

“Holger’s research programs in
microbiology have produced a wealth
of truly remarkable scientific informa-
tion on the occurrence, physiology,
metabolism and significance of bacteria
in the marine environment. His contri-
butions to the development of chem-
ostat culture techniques are an achieve-
ment in themselves, and his use of
chemostats has resulted in significant
findings pertinent to interpreting the
responses of bacteria to low nutrient
concentrations and the uptake and utili-
zation of organic compounds. Appli-

Bigelow
Medal

cations of this technique have also been
used to elucidate such diverse phenom-
ena as heterotrophic activity, psychro-
philic vs. mesophilic competition, sulfur
transformations and the influence of
particulate matter on bacterial
metabolism.

“In addition to his laboratory studies
of microbial physiology, Holger has also
demonstrated a unique ability for plan-
ning and conducting cleverly conceived
scientific experiments at sea. His work in
the deep ocean is an excellent example
of his innovative approach to the study
of microbial activity. With the use of the
DSRV Alvin and the design and devel-
opment of highly sophisticated free-
vehicles instrumented for collection,
pressure retention, culturing and sub-
sampling undecompressed bacterial
populations from great depths, Holger
and his co-workers successfully con-
ducted the first in situ experiments of
microbial decomposition in the deep
sea. Through these experiment they
have identified the effect of pressure on

Holger Jannasch

ELIZABETH FYE

Chairman Charles F. Adams presents the
Bigelow Medal to Holger Jannasch at Clark
Laboratory ceremony.

microbial metabolism and documented
the extremely slow rates of microbial
decomposition in the deep sea. These
results provide insights into the fragile
nature of deep sea food chains as well
as sobering thoughts for using the ocean
as a repository for society’s wastes.

“The recent discovery of dense
assemblages of benthic animals in the
vicinity of thermal vents in the Gala-
pagos Rift area at a depth of 2,500
meters was complemented by an
equally exciting discovery of the role of
bacterial chemosynthesis in the food
chain dynamics of this area. Measure-
ments by Holger and his co-workers of
living microbial biomass and in situ
growth rates of microbial populations in
the vent areas have indicated that
chemosynthetic primary production,
based on the utilization of sulfur com-
pounds, is the principal source of
organic matter for these exceptionally
dense animal populations. Further elu-
cidation of the complexity of this system
and quantification of chemosynthetic
production awaits future research and
Holger will no doubt remain in the fore-
front of these continuing efforts.

“In short, Holger’s achievements
have not only led to an understanding
of the fundamentals of microbial proc-
esses in the sea but have also provided
impetus and direction for future
advancements in the field of marine
microbiology.”
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1980 DEGREE RECIPIENTS

Massachusetts Institute of Technology/
Woods Hole Oceanographic Institution
Joint Program in Oceanography/
Oceanographic Engineering

Doctor of Philosophy

LARRY E. BRAND

B.A., University of Texas

Special Field: Biological Oceanography

Dissertation: Genetic Variability and
Differentiation in Niche Components of
Marine Phytoplankton Species

NANCY A. BRAY

B.S., University of California, Berkeley

Special Field: Physical Oceanography

Dissertation: Seasonal Variability in the
Intermediate Waters of the Eastem
North Atlantic

SCOTTR. BRIGGS

AB., Sc.B., Brown University

Special Field: Marine Geology

Dissertation: A Study of Middle Ground Shoal
(41° 28'N, 70°41' W) Sand-Wave
Migration and the Local Mean-Velocity
Field

ALAND. CHAVE

B.S., Harvey Mudd College

Special Field: Marine Geophysics

Dissertation: Application of Time Series
Analysis to Geophysical Data

MICHAEL S. CONNOR

B.S., Stanford University

Special Field: Biological Oceanography

Dissertation: Snail Grazing Effects on the
Composition and Metabolism of Benthic
Diatom Communities and Subsequent
Effects on Fish Growth

ERICA. D’ASARO

AB., S.M,, Harvard University

Special Field: Physical Oceanography

Dissertation: Structure and Dynamics of the
Benthic Boundary Layer Above the
Hatteras Abyssal Plain

MICHAEL G. FITZGERALD

B.S., University of New Orleans

Special Field: Marine Geology

Dissertation: Anthropogenic Influence on the
Sedimentary Regime of an Urban Estuary
—Boston Harbor

LEE-LUENG FU

B.S., National Taiwan University

Special Field: Physical Oceanography

Dissertation: Observation and Models of
Inertial Waves in the Deep Ocean

JOY A. GEISELMAN

B.A., Carleton College

Special Field: Biological Oceanography

Dissertation: Ecology of Chemical Defenses of
Algae Against the Herbivorous Snail,
Littorina Littorea, in the New England
Rocky Intertidal Community
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KENNETH E. GREEN

B.S., Massachusetts Institute of Technology

Special Field: Marine Geophuysics

Dissertation: Geothermal Processes at the
Galapagos Spreading Center

SUSAN M. HENRICHS

B.S., University of Washington

Special Field: Chemical Oceanography

Dissertation: Biogeochemistry of Dissolved
Free Amino Acids in Marine Sediments

DOUGLAS S. LUTHER

S.B., Massachusetts Institute of Technology

Special Field: Physical Oceanography

Dissertation: Observations of Long Period
Waves in the Tropical Oceans and
Atmosphere

MARY J. RICHARDSON

B.A., Smith College

Special Field: Marine Geology

Dissertation: Composition and
Characterizations of Particles in the Ocean:
Evidence for Present Day Resuspension

DEAN H. ROEMMICH

B.A., Swarthmore College

Special Field: Physical Oceanography

Dissertation: The Application of Inverse
Methods to Problems in Ocean Circulation

JOHN SHAI-FU SHIH

B.S., M.S,, Stanford University

Special Field: Marine Geology

Dissertation: The Nature and Origin of Fine-
Scale Sea-Floor Relief

ALEXANDER N. SHOR

B.A., Harvard University

Special Field: Marine Geology

Dissertation: Bottom Currents and Abyssal
Sedimentation Processes South of Iceland

ROBERT F. STALLARD

B.S., Massachusetts Institute of Technology

Special Field: Chemical Oceanography

Dissertation: Major Element Geochemistry of
the Amazon River System

NEIL R. SWANBERG

B.S., University of California, Davis

Special Field: Biological Oceanography

Dissertation: The Ecology of Colonial
Radiolarians: Their Colony Morphology,
Trophic Interactions and Association,
Behavior, Distribution, and the Photo-
synthesis of their Symbionts

Doctor of Science

JOHNM. TOOLE

B.A., University of Maine, Orono

Special Field: Physical Oceanography

Dissertation: Wintertime Convection and
Frontal Interleaving in the Southern Ocean

Ocean Engineer

STEPHEN P. KOCH

B.S.E., Purdue University

Special Field: Oceanographic Engineering

Dissertation:Propagation and Attenuation
Characteristics of Multilayered Media

FRANK MEDEIROS

Deans Hollister, left, of WHOI and Wadleigh of
MIT with June graduate Lee-lueng Fu.
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Dean Roemmich, left, is escorted to platform to
receive his degree by Assistant Dean Peirson.
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Joy Geiselman and her advisor, John Teal,
were all smiles at the post-graduation reception.

SHELLEY LAUZON

is given by Cecil Green.



DURING my first complete year as
Dean, we have been involved in a num-
ber of new and exciting activities that
have made the year both a learning
experience for me and a time in which |
hope we have laid a solid foundation for
the immediate future. My concern and
energies have been directed towards
strengthening and solidifying the still
very young (only 12 years old) graduate
education program.

Two very important activities took
place during the year that will serve to
help us meet some of the challenges
facing graduate education in science in
these days of tightening budgets and
shrinking talent pools. We completed,
along with our colleagues at the Mas-
sachusetts Institute of Technology, a
thorough in-house review of the
MIT/WHOI Joint Program in Oceanog-
raphy/Oceanographic Engineering. We
also convened in Woods Hole a two-
day meeting of the major academic offi-
cers in charge of the graduate education
programs in oceanography at eleven
prominent oceanographic institutions
presently offering doctoral degrees in all
the principal fields of oceanography.
The purpose, to discuss mutual con-
cerns and problems in ocean science
graduate education and to learn more
about each other, was certainly
attained. The success of this first
“Deans’ Retreat” will most likely foster
annual meetings to be hosted in turn by
each of the participating institutions.

From both of these activities, we
gained an even greater realization of the
seriousness of the shortage of qualified
applicants for the physical sciences and
engineering. Accordingly, we embarked
on a modest experimental recruiting
effort, during which certain staff mem-
bers, including myself, visited a dozen
universities and spoke to well over 100
prospective marine science students.

Dean’s
Comments

We concentrated our efforts on students
in math, physics, geology, and chemis-
try, as these are the areas where there is
clearly a dearth of qualified applicants
and a lesser tendency to consider ocea-
nography as a possible career choice.
Also, itis in these areas, as well as engi-
neering, that the best students are being
courted by industry, mainly petroleum
companies, at very attractive salaries.
We are optimistic that our recruiting
efforts will bring favorable results soon
and also expect that our colleagues
across the country will be making similar
efforts at encouraging students to enter
the field of ocean science.

Although small by most standards,
the Joint Program has an excellent rep-
utation for quality students. We can be
proud of the fact that in addition to hav-
ing the highest acceptance rate, the
Joint Program has attracted the highest
percentage of holders of National Sci-
ence Foundation Graduate Fellowships,
and carries an overall drop-out rate sig-
nificantly lower than that of our com-
petitor schools. Students in the Joint
Program also tend to take about one
year less to complete the Doctoral
degree than do students enrolled with
the other major oceanography schools.

During this year, the 50th Anniver-
sary year of the Institution and the tenth
year after the first formal Joint Program
commencement in Woods Hole, we
held our second formal graduation
exercises. A record number of gradu-
ates, seventeen, received degrees dur-
ing the 1979-80 academic year, and six-
teen of the program’s over 100 alumni
returned to participate in the exercises
along with more than 100 corporation
members, faculty, and staff of both
institutions. The program highlight was
an inspiring address by Cecil Green,
who emphasized “‘collaboration and
giving credit,” two themes which [ feel

could easily be used to describe the
MIT/WHOI Joint Program education
effort.

Though my efforts have been
devoted in large part to the graduate
program, our continuing programs in
support of Postdoctoral Scholars,
Marine Policy Fellows, Summer Stu-
dent Fellows, Minority Trainees, and
volunteer Guest Students were as
strong as ever in 1980. [ was particularly
pleased to have the occasion at the Fall
Associates’ Day of Science to give spe-
cial thanks to the Associates, who have
been so supportive of the popular and
extremely valuable Summer Student
Fellowship Program for under-
graduates. Although still not as success-
ful as we would like, the Minority Train-
eeship Program is unique among the
programs of oceanographic institutions
as the only such opportunity for college
level members of the minority groups.

Financial support for the Education
Program is of increasing concern. We
hope to be able to adjust to the chang-
ing climate for funding by reaching out
to new and different sources. In this
vein, it was particularly exciting to see
the inception of the new Coastal
Research Center this year, which brings
a timely focus on this area of study. The
Center has already contributed to the
Education Program through its support
of both Graduate Students and Post-
doctoral Scholars and will certainly be
playing an important role in keeping the
Education Program viable in the future.

Charles D. Hollister
Dean of Graduate Studies
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Ashore & Afloat

THE year-long celebration of the
Institution’s 50th anniversary in 1980
got off to an exciting start 8 January
with the premiere of ““Dive to the Edge
of Creation,”” an hour-long public tele-
vision feature documenting DSRV
Alvin’s 1979 expedition to the hot vents
and their unusual animal communities
on the Pacific's Galapagos Rift. The
film, the first of four 1980 National
Geographic specials, won an Emmy
Award for individual achievement in an
informational program and featured
Associate Scientists Robert D. Ballard
and J. Frederick Grassle.

Dr. Frank Press, science and technol-
ogy advisor to President Jimmy Carter,
brought White House greetings to the
300 persons attending the 50th anniver-

A growing need within the Institution
for a focal point for scientific work on
nearshore problems was met with the
establishment of the Coastal Research
Center. Director John H. Steele
announced the appointment of Senior
Scientist John H. Ryther as the Center’s
first director and Associate Scientist
John W. Farrington as chairman of the
Center’s planning committee. Later in
the year, a grant of $120,000 from the
Charles E. Culpeper Foundation was
announced to support planning activi-
ties for the Coastal Research Center,
and a $350,000 challenge grant from
The Kresge Foundation was received to
help fund construction of an experimen-
tal laboratory at the Center, to be devel-
oped around existing facilities of the
Environmental Systems Laboratory.

in 1939 aboard the square rigger Passat
documented the last grain race around
Cape Horn by commercially operated
square riggers. A 50th Anniversary Film
Festival in February and March featured
such marine classics as “‘Moby Dick”
and “‘African Queen.”

The second International Ocean
Dumping Symposium in April attracted
more than 200 scientists from nine
countries to Woods Hole for four days
of discussions on the technical and sci-
entific problems associated with dis-
posal of dredged and radioactive
wastes.

The Institution’s 50th Anniversary
Open House 10 May drew an estimated
3,000 persons to Quissett Campus and
village facilities to view exhibits and
films, speak with staff members, and
tour R/'V Knorrand R/V Lulu.

Among the many visitors to the
Institution during 1980 were A. Thomas

e Drawings show views of

the Coastal Research

Laboratory to be con-
structed on the Quissett
Campus in 1981 as part of
the Coastal Research

WEST ELEVATION

sary dinner and dance 15 January at
Boston’s Copley Plaza Hotel. The win-
ter meeting of the Corporation was held
earlier in the day, the anniversary of the
first Corporation meeting. The occasion
happened to coincide with Alvin’s
1,000th dive, made for the National
Oceanic and Atmospheric Adminis-
tration on the Galapagos Rift.

A grant of $1.75 million from The
Andrew W. Mellon Foundation was
announced at the dinner and dance by
Noel B. McLean, campaign chairman of
the Institution’s $52 million fund raising
drive. The grant helped to establish the
Coastal Research Center and provided
initial support for a permanent fund in
support of innovative research in
oceanography.
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Laboratory.

NORTH ELEVATION

A Falmouth High School student,
Ted Inoue, received the Institution’s
$750 college scholarship for a spectros-
copy and astronomy project he entered
in the Falmouth Science Fair 15 March.

Several hundred persons attended a
50th anniversary public lecture, ‘‘Last of
the Grain Ships,” by yachtsman Elliot
Knowlton 12 March. A short film taken

i
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An ice sculpture of Alvin formed the cocktail
party centerpiece for the 50th anniversary din-
ner dance at the Copley Plaza in Boston.

BOSTON GLOBE

Young, director of NASA’s Goddard
Space Flight Center, and the Center’s
Director of Applications, W. H.
Meredith, who met with Director Steele
and other staff members to discuss
remote sensing by satellites. Jean
Claude Pujol from France’s Centre
National pour I'Exploitation des Oceans
(CNEXO) met with members of the
Directorate and the deep submergence
group to discuss submersible design and
operation. In June officials from the
State Department involved in the Law



of the Sea treaty negotiations met with
Institution staff members to discuss the
treaty’s impact on marine scientific
research. Thirteen members of Con-
gressional committees concerned with
National Science Foundation (NSF)
appropriations spent two days in Woods
Hole in August as part of the annual
inspection of NSF-supported activities.
A two-day Nantucket Shoals Workshop
on Remote Sensing cosponsored by the
Institution and the Naval Research Lab-
oratory was attended by twenty-five sci-
entists from private and government
laboratories. The National Academy of
Sciences Ocean Policy Committee,
chaired by Corporation President Paul

Associate Scientist John Milliman was U. S. Sci-
entific Project Coordinator for the first American
research cruise in Chinese waters in more than
30 years. NOAA’s RV Oceanographer worked
with a Chinese vessel in May for studies of sedi-
ment dynamics, biology, and ocean chemistry in
the East China Sea. Photo shows Milliman with
Chinese colleagues on Shanghai pier.

JEFFREY ELLIS

Open House visitors
examine exhibits at the
Clark Laboratory.

M. Fye, met in Woods Hole 7 to 10
September for a series of workshops
and panels on the Law of the Sea treaty
and other topics; Senior Scientist David
A. Ross is chairman of the Academy’s
Ocean Sciences Policy Committee.
Representatives of New England banks
and banking interests attended a one-
day symposium on marine policy issues
in November. Trustees of the New Eng-
land Aquarium held their fall meeting at
the Institution and were addressed by
Associate Director for Research Derek
W. Spencer on current research activi-
ties. Semi-annual presentations were
organized for members of the
Institution’s Ocean Industry Program
and the Naval War College’s Naval Staff
Course for foreign officers.

Ambassador Tommy Thong Bee
Koh, permanent representative of the
Republic of Singapore to the United
Nations, presented the twelfth J.
Seward Johnson Marine Policy Lecture
4 June on “‘Should the United States
Ratify the New Law of the Sea Treaty?”

Presentation of the eighth Henry
Bryant Bigelow Medal to Senior Scien-
tist Holger W. Jannasch 18 June com-
menced two days of activities held in
conjunction with the Annual Meeting of
the Trustees and Corporation. Follow-
ing the medal presentation, the new
Geosciences Research Center was dedi-
cated to former Chairman of the Board
Noel B. McLean. The McLean Labora-

tory was constructed with a $1.55 mil-
lion grant from the Fleischmann Foun-
dation and will house the Institution’s
extensive collection of deep sea rocks,
sediment cores, and other geological
samples collected by the Geology and
Geophysics Department during the past
fifty years. The first occupants of the
new building arrived in late August, and
movement of the samples began in
October.

DSRV Alvin and her tender R'V Luiu
returned to Woods Hole 15 February
after a 15-month absence to work in the
Pacific. The vessels underwent several
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Ambassador Koh discussed ratification of the
Law of the Sea treaty in Johnson Lecture.

months of maintenance and repair in
the spring, and new buoyancy material
was added to the sub during a month-
long lay-up in September.

RN Knorr rescued a Belgian sailor in
May when his 30-foot sloop, Nanesse,
struck an unknown object and sank
near Bermuda.

The 40-foot Asterias, built in 1931 for
a total cost of $6,559.91, was sold for
$15,000 in a sealed bid auction in July
to Ocean Research Equipment, Inc. of
Falmouth. Her replacement, the 46-foot
Asterias, was put into service 1 July.

RN Atlantis I returned to Woods
Hole 17 November after a thirteen-
month, 52,560-mile voyage in the
South Atlantic Ocean, her first research
cruise since conversion from steam to
diesel power.

Director John H. Steele was one of
79 individuals elected to membership in
the American Academy of Arts and Sci-
ences. Senior Scientist James R. Heirtz-
ler was elected a Fellow of the American
Association for the Advancement of Sci-
ence in recognition of “‘meritorious con-
tributions to the advancement of sci-
ence.”’ Senior Scientist Henry M.
Stommel was one of three recipients of
the first Archibald G. Huntsman Award,
established in 1980 by the Bedford
Institute of Oceanography in Nova
Scotia to honor Protfessor Huntsman,
once a Trustee and Member of the
WHOI Corporation.
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Senior Scientist David A. Ross was
appointed Director of the Marine Policy
and Ocean Management Program, suc-
ceeding Senior Scientist Robert W.
Morse who had been director since
1977.

Corporation President Paul M. Fye
was one of ten recipients of the 1980
Fellows Award from the Marine Tech-
nology Society for contributions to
marine science and technology. Dean
Emeritus H. Burr Steinbach was hon-
ored with the dedication of the 1980
Symposium of the Society of General
Physiologists, held in Woods Hole in
August.

A dozen unusual craft participated in
the “*Anything But a Boat Regatta’” 9
August in Great Harbor as part of the
continuing 50th anniversary celebra-
tion. An estimated 200 persons watched
as the flotilla attempted to complete the
race course powered by swim fins, snow
shovels, pedals, and even a lawn
mower motor. The winner was a raft of
fourteen spheres lashed together and
powered by a precision crew of fourteen

i L Ll
Anything-But-a-Boat Regatta winner “Lotta
Balls” rounds the marker in Great Harbor.

employees of Ocean Research Equip-
ment, Inc. of Falmouth.

Eight hundred employees and their
guests attended the Employee’s 50th
Anniversary Clambake 17 August on
the Fenno House grounds.

More than 300 Associates, Corpo-
ration Members, and guests aboard RV
Knorr and another 100 aboard Cape
Cod Princess departed Woods Hole 16
September for a day at the first of the
America’s Cup Races off Newport,
Rhode Island. Everyone enjoyed the
adventure as Freedom beat the challen-
ger Australia.

Scientists and marine historians from
all over the world gathered in Woods
Hole in late September for two weeks of
meetings on the past, present, and
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future of oceanography. The Third
International Congress on the History of
Oceanography convened 22 Septem-
ber with an afternoon session on the
history of the Institution. Seventy
papers were presented during the five-
day meeting. The proceedings are col-
lected in a volume entitled Oceanogra-
phy: The Past coedited by Senior Scien-
tist Emeritus Mary Sears and Yale
Professor Emeritus of Biology Daniel
Merriman, who was Congress Chair-
man (and a crew member on the
maiden voyage of Atlantis ). Evening
speakers included Rear Admiral Ross N.
Williams, Oceanographer of the Navy;

Noel McLean, right, views exhibit on his years
with Institution at McLean Lab dedication.

[. Bernard Cohen of Harvard Univer-
sity; Corporation Member George
Moses; and Scientist Emeritus Kenneth
O. Emery. The concluding speaker 26
September was Ambassador Hamilton
Shirley Amerasinghe, President of the
Third United Nations Conference on
the Law of the Sea, who presented the
thirteenth J. Seward Johnson Marine
Policy Lecture, “The Law of the Sea
and Its Contribution to International
Peace.”

Discussions of the past led to the
present and future when Senior Scien-
tist Peter G. Brewer convened on 29
September a symposium entitled *“Will
We Use the Oceans Wisely - The Next
Fifty Years in Oceanography.” This was
the final event in the 50th anniversary
celebration. Papers presented during
the four-day symposium considered
problems on the small or local, oceanic
regional, global, and human scales.
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Afternoon panel sessions considered
environmental problems and public pol-
icy, military and security uses of the
ocean, ocean science and the inter-
national regime, and institutional and
educational challenges. The pro-
ceedings are being assembled in a com-
panion volume to that of the Congress
entitled Oceanography: The Present
and Future.
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A host of colleagues gathered in September to
celebrate publication of a volume in honor of
Henry Stommel’s 60th birthday. Here Stommel,
right, chats with Koji Hidaka of Japan and
Gerold Siedler of Germany.

A $150,000 grant from the Exxon
Education Foundation will support
planning activities for the Center for
Analysis of Marine Systems (CAMS).
Senior Scientist Peter B. Rhines was
appointed director of the Center, which
will bring scientists and those concerned
with marine policy questions together to
work on problems best studied by com-
puter simulation and modeling tech-
niques. Associate Scientist William J.
Jenkins was named chairman of the
CAMS planning committee.

More than 300 attended the Annual
Associates’ Day of Science 10 October.
In recognition of 1980 as the Year of the
Coast, morning speakers focused on
beach erosion, the ocean quahog as a
new resource, currents in the coastal
boundary layer, and the new Coastal
Research Center. Poster sessions were
popular attractions at the afternoon
open house in McLean Laboratory, and
visitors toured the Environmental Sys-
tems Laboratory and other facilities.

The Institution paid tribute to Senior
Scientist Alfred C. Redfield on his 90th
birthday 15 November with publication
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Disassembly for overhaul begins for Alvin in the high crane bay.

of The Tides of the Waters of New Eng-
land and New York. Scientists Emeriti
Mary Sears and William von Arx
assisted with publication of the limited
edition volume, which Dr. Redfield
began writing at age 85 and completed
at age 88.

Institution employees participated in
the second annual Falmouth Chamber
of Commerce Christmas parade 7
December and won second prize in the
nonprofit division for their entry.
“Hometown to the World.”” The float
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featured a globe, the Woods Hole draw-
bridge, and people in native costumes
representing the many nations visited
by Institution ships.

Thirty-year service awards were pre-
sented 19 December to Captain David
F. Casiles, Captain Arthur D. Colburn,
Sr., Steward/Cook Samuel F. Pierce,
Departmental Executive Assistant
Kaleroy L. Hatzikon, and Research
Specialist Karl E. Schleicher. Fourteen
refirees with 296 years of service to the
Institution were also honored.

S ttasngg,

R/V Knorr backs from the WHOI pier bound for the America's Cup race,
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The MBL Club served as general headquarters for both meetings.
Florence Mellor, far left, was registrar.

Foreign registrants attend history session.

AMY RADER

Dan Merriman presides at a history session.
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Art Maxwell extracts the famous Albatross
Award from its packing case. Award was pre-
sented posthumously to John Isaacs of Scripps
at the congress.

Photos on this page were taken at the Third
International Congress on the History of Ocea-
nography and a 50th anniversary symposium
entitled “Will We Use the Oceans Wisely — the
Next 50 Years in Oceanography.” Both were
held in Woods Hole in the fall of 1980.

A mid-week poster session was held for symposium participants.
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As of 31 December 1980

Michael P. Bacon, Assistant Scientist
Donald C. Bankston, Analytical Inorganic
Geochemist: Instructor, Mathematics.
Cape Cod Community College
Vaughan T. Bowen, Senior Scientist
Peter G. Brewer, Senior Scientist
John C. Burke, Chemist
Anne E. Carey, Research Associate
Charles H. Clifford, Research Associate
Alan C. Davis, Research Associate
Werner G. Deuser, Associate Scientist
John W. Farrington, Associate Scientist
Adjunct Research Professor,
University of New Orleans
Center for Bio-Organic Studies

VICKY CULLEN

Alan P. Fleer, Research Associate

Nelson M. Frew, Analytical Mass
Spectrometrist

Robert B. Gagosian, Associate Scientist

John M. Hunt, Senior Scientist

William J. Jenkins, Associate Scientist

Cindy L. Lee, Assistant Scientist

Hugh D. Livingston, Analytical
Radiochemist: Senior Research Specialist

Dempsey E. Lott I, Research Associate

Paul C. Mangelsdorf, Jr., Physical
Chemist. nonresident

Don R. Mann, Research Associate

Zofia J. Mlodzinska, Research Associate

Michael J. Mottl, Assistant Scientist

Gale E. Nigrelli, Research Associate

Edward T. Peltzer IIl, Research Associate

Peter L. Sachs. Research Associate

Richard M. Sawdo, Research Associate

41



Bob McDevitt and Marv Stalcup disrobe a CTD.

Frederick L. Sayles, Associate Scientist
David L. Schneider, Research Associate
Brian W. Schroeder, Research Associate
Bruce W. Tripp, Research Associate
Mary B. True, Research Associate
Stuart G. Wakeham, Assistant Scientist
Jdean K. Whelan, Analytical Organic
Geochemist
Oliver C. Zafiriou, Associate Scientist

Geology &
Geophysics
Department

John [. Ewing, Department Chairman.
Senior Scientist
David G. Aubrey, Assistant Scientist
William A. Berggren, Senior Scientist
Adjunct Full Professor, Brown University
Adjunct Docent, University of Stockholm
Carl O. Bowin, Senior Scientist
James E. Broda, Research Associate
Wilfred B. Bryan, Associate Scientist
Elizabeth T. Bunce, Scientist Emeritus
Bruce H. Corliss, Assistant Scientist
Charles R. Denham, Associate Scientist
Henry J. B. Dick, Associate Scientist
Jetfrey P. Ellis, Research Associate
Kenneth O. Emery, Scientist Emeritus
Henry Bryant Bigelow Oceanographer
Robert G. Goldsborough, Research Associate
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Bilal U. Haq, Associate Scientist
Program Associate. Ocean Sediment Coring
Program, Division of Earth Sciences.
National Science Foundation;
Adjunct Associate Professor (Docent},
University of Stockholm;
Visiting Scientist,
University of Paris
and University of Stockholm
James R. Heirtzler, Senior Scientist
Susumu Honjo, Associate Scientist
Adjunct Professor, Syracuse University
David A. Johnson, Associate Scientist
Jeffrey A. Karson, Assistant Scientist
Lloyd D. Keigwin, Jr., Assistant Scientist
Robin S. Keir, Assistant Scientist
Donald E. Koelsch, Electronics Engineer
George P. L.ohmann, Associate Scientist
Research Associate, Lamont-Doherty
Geological Observatory
John D. Milliman, Associate Scientist
Nonresident Staff Member, West Indies
Laboratory, Fairleigh Dickinson University
Thomas F. O'Brien, Research Associate
Kenneth E. Prada, Electronics Engineer
G. Michael Purdy, Associate Scientist
David A. Ross, Senior Scientist:
Sea Grant Coordinator: Director.
Marine Policy and Ocean Management
Program; Visiting Instructor,
Dept. of International Law.
The Fletcher School of Law and
Diplomacy, Tufts University
Hans A. Schouten, Associate Scientist
Ralph A. Stephen, Assistant Scientist
Brian E. Tucholke, Associate Scientist
Visiting Senior Research Associate.
Lamont-Doherty Geological Observatory
Elazar Uchupi, Senior Scientist
Allyn C. Vine, Scientist Emeritus
Keith von der Heydt, Research Associate
Richard P. von Herzen, Senior Scientist
Warren E. Witzell, Sr.. Hydroacoustics
Engineer
Earl M. Young, Research Associate

GEORGE KNAPP

Ocean Engineering
Department

Earl E. Hays, Department Chairman.
Senior Scientist
Yogesh C. Agrawal, Assistant Scientist
John J. Akens, Research Associate
Robert D. Ballard, Associate Scientist
Lincoln Baxter Il, Applied Physicist
*Stanley W. Bergstrom, Research
Associate
Henri O. Berteaux, Staff Engineer
David S. Bitterman, Jr., Research
Associate
Paul R. Boutin, Research Associate
Albert M. Bradley, Research Associate
Peter R. Clay, Research Associate
Clayton W. Collins, Jr., Research
Associate
Yves dJ. F. Desaubies, Associate Scientist
Kenneth W. Doherty, Research Associate
James A. Doutt, Research Associate
George V. Frisk, Assistant Scientist
Roger A. Goldsmith, Research Associate
William D. Grant, Assistant Scientist
Robert C. Groman, Research Associate;
VAX Systems Supervisor
Frederick R. Hess, Electronics Engineer
Mary M. Hunt, Research Associate
Maxine M. Jones, Research Associate
Peter E. Kallio, Research Associate
Richard L. Koehler, Electrical Engineer
William S. Little, Jr., Manager.
Information Processing Center
John F. Loud, Research Associate

Bill Grant loosens block on USGS catamaran.
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William M. Marquet, Instrumentation
Engineer; Senior Research Specialist:
Manager. Deep Submergence
Engineering Section

Robert W. Morse, Senior Scientist
Adjunct Professor,

Brown University: Board of Overseers.
Bowdoin College

Richard T. Nowak, Acoustics Engineer

Marshall H. Orr, Associate Scientist

Kenneth R. Peal, Manager.

Electronics Service Group

George H. Power, Computer Analyst

Melvin A. Rosenfeld, Senior Scientist

Paul N. Sears, Research Associate

Arnold G. Sharp, Mechanical Engineer

Woollcott K. Smith, Research Statistician.
Senior Research Specialist

Robert C. Spindel, Associate Scientist

Jesse H. Stanbrough, Research
Physicist

Constantine D. Tollios, Computer
Engineer

Barrie B. Walden, Research Associate

Robert G. Walden, Electronics Engineer:
Manager, Ocean Structures,

Moorings & Materials Section

Douglas C. Webb, Electrical Engineer:
Senior Research Specialist;

Manager, Instrument Section

Ehud Weinstein, Assistant Scientist
Visiting Professor, Tel Aviv University

Albert J. Williams 3rd, Associate Scientist

Valentine P. Wilson, Research Associate

Clifford L. Winget, Electromechanical
Engineer

Physical
Oceanography
Department

Valentine Worthington, Department
Chairman, Senior Scientist

Robert C. Beardsley, Associate Scientist

Keith F. Bradley, Research Associate

Alvin L. Bradshaw, Applied Physicist

Kenneth H. Brink, Assistant Scientist

Melbourne G. Briscoe, Associate
Scientist

John G. Bruce, Jr., Research Associate

Harry L. Bryden, Associate Scientist

Dean F. Bumpus, Scientist Emeritus

Alfred J. Ciesluk, Research Associate
Gabriel T. Csanady, Senior Scientist
Jerome P. Dean, Electronics Engineer
Gifford C. Ewing, Scientist Emeritus
Nicholas P. Fofonoff, Senior Scientist
Professor of the Practice of Physical
Oceanography, Harvard University:
Associate of the Center for Earth &
Planetary Physics, Harvard University
Frederick C. Fuglister, Scientist Emeritus
Daniel T. Georgi, Assistant Scientist
Dale B. Haidvogel, Assistant Scientist
Honorary Research Fellow.
Harvard University
Nelson G. Hogg, Associate Scientist
Terrence M. Joyce, Associate Scientist
James R. Luyten, Associate Scientist
John A. Maltais, Research Associate

Sandy Williams and Dave Aubrey

Michael 5. McCartney, Associate
Scientist
James R. McCullough, Instrument
Engineer
William G. Metcalf, Scientist Emeritus
Robert C. Millard, Jr., Physical Oceanographer
Gerald J. Needell, Research Associate
W. Brechner Owens, Assistant Scientist
Berthold H. G. Pade, Research Associate
Richard E. Payne, Research Associate
Joseph Pedlosky, Senior Scientist
Professor, University of Chicago
James F. Price, Assistant Scientist
Peter B. Rhines, Senior Scientist:
Director, Center for Analysis
of Marine Systerns
Fellow. Christ’s College.
University of Cambridge
Philip L. Richardson, Associate Scientist
Karl E. Schleicher. Oceanographic
Engineer
Raymond W. Schmitt, Assistant Scientist
William J. Schmitz, Jr.. Senior Scientist
#Elizabeth H. Schroeder, Research
Associate
Allard T. Spencer. Design Engineer
Marvel C. Stalcup. Physical
Oceanographer
Henry M. Stommel, Senior Scientist
George H. Tupper, Research Associate
James R. Valdes, Research Associate
William S. von Arx, Scientist Emeritus

Arthur D. Voorhis, Associate Scientist
Bruce A. Warren, Senior Scientist
+ Ferris Webster, Senior Scientist

Robert A. Weller, Assistant Scientist

John A. Whitehead, Jr., Associate
Scientist

Geoffrey G. Whitney, Jr., Research
Associate

Alfred H. Woodcock, Oceanographer
nonresident; Research Affiliate,
Department of Oceanography.
University of Hawaii

Marine Policy &
Ocean Management

David A. Ross, Senior Scientist.
Director, Marine Policy
and Ocean Management

Thomas M. Leschine, Policy Associate

Susan B. Peterson, Policy Associate

Leah J. Smith, Policy Associate

Judith Spiller, Policy Associate

H. Burr Steinbach, Dean Emeritus.
Special Consultant in Marine Policy
Emeritus Professor of Zoology.
University of Chicago:
President Emeritus. the Oceanic Institute

Postdoctoral
Investigators

Robert F. Anderson (Chemistry)

Larry E. Brand (Biology)

Nancy A. Bray (Physical Oceanography)

William B. Curry (Geology & Geophysics)

Edward P. W. Horne (Physical
Oceanography)

Jean E. Maguire (Biology)

W. Linn Montgomery (Biology)

Hsien-Wang (Dick) Ou (Physical
Oceanography)

Mary J. Richardson (Geology &
Geophysics)

Dean H. Roemmich (Physical
Oceanography)

Edward G. Ruby (Biclogy)

James G. Sanders (Biology)

John M. Toole (Physical
Oceanography)

Craig S. Tucker (Biology)

Daniel G. Wright (Physical
Oceanography)

+ Leave of Absence
#Disability Leave of Absence
*Deceased. 1 June 1980
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Full-Time Support Staff

Departmental Assistants

Biology
Department

David A. Andrews
L. Susan Brown-Leger
Catherine M. Cetta
John P. Clarner
Nancy J. Copley
Thomas A. DeBusk
Mark R. Dennett

+ Jennifer G. Derby
Margaret S. Dimmock
Elaine M. Ellis
Rene E. Eppi
Margaret M. Francis
Dale D. Goehringer
Anita H. Gunning
David M. Kulis
Bruce A. Lancaster
John S. Lively
Stephen J. Molyneaux
Karen E. Moore
Linda Morse-Porteous
Arleen M. Navarret
Jane M. Peterson
James F. Remillard, Jr.
Carol B. Riley
Dianne M. Steele
Rodman E. Taylor. Jr.
Richard G. Van Etten
Suzanne B. Volkmann

Frederick G. Whoriskey, Jr.

Deborah H. Wiebe
Bruce R. Woodin
Bonnie L. Woodward

Chemistry
Department

Jane B. Alford
Christine N. Anderson
Rebecca A. Belastock
Richard D. Boudreau
Lynette Brady
Barbara J. Brockhurst
Christine C. Burton
Susan A. Casso
Peggy A. Chandler
William R. Clarke
Judith C. DeSanti
Philip A. Desjardin
Ted E. Desrosiers
Wayne H. Dickinson
Allan G. Gordon
Joanne E. Goudreau
Linda B. Graham
Nancy A. Hayward
Dorothy S. Jordan
Joaquim B. Livramento
Deborah M. Maloof
Anne-Marie Michael
Douglas E. Moore
Brenda L. Olson
Charles A. Olson
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Marcia W. Pratt

Edith H. Ross

Deborah K. Shafer
Margaret M. Sulanowski
Lolita D. Surprenant
Martha E. Tarafa
Carolyn C. Taylor

May Reese

Geology &
Geophysics
Department

Donna F. Allison
Molly D. Allison
Pamela R. Barrows
Stephen T. Bolmer, Jr.
Kathy L. Brockett
Cynthia Brown-Stanton
Richard S. Chandler
John F. Connell
Jane A. Dunworth
Anne S. Edwards
John D. Eusden. Jr.
Harlow G. Farmer 11
Pamela V. Foster
Stephen R. Gegg
David H. Gever
David J. Goldstein
Leon A. Gove
Carlton W. Grant, Jr.
Robert E. Handy
Marleen E. Harlow
Darryl J. Keith

Nina C. Lian

Karen D. Littlefield
Steven J. Manganini
Julie A. Milligan
Carolyn C. Nielsen
Marshall L. Otter
George L. Pelletier
Sandra M. Pelletier
John Porteous
Laurie A. Raymond
Leon W. Schuyler
Wayne D. Spencer

Clifford O. Wieden Il
Christine M. Wooding
Frank B. Wooding

Ocean Engineering
Department

Thomas B. Aldrich
Leon A. Amado
Bruce R. Cole
Aganoris Collins
Carol Collins

Robin G. Congdon
Thomas Crook
Stanley R. Deane
Edward A. Denton
Bruce P. Deslauriers
Paul M. Dragos
Christopher V. Dunn
Emily Evans
Kenneth D. Fairhurst
Richard A. Filyo
William F. Freund. Jr.
Bruce W. Garifales
George W. Gibson
Matthew R. Gould
David H. Graham
Mary Guillemette
Christine L. Hammond
Ann C. Henry
Catherine M. Herrity
Channing N. Hilliard. Jr.
Elizabeth J. Howard
Carl Karaffa

John N. Kemp
Stephen P. Liberatore
Karl E. Lindstrom
Robert G. Lowe
William J. McMahon
George A. Meier

Ed Mellinger

Mary M. Moffett
Clayton B. Morehouse
Alfred W. Morton
Charlotte A. Muzzey
Stephen E. Nolan
Theodore d. Offley
Patrick O’Malley
Dennis L. Parker
Clara Y. Pires

Betsey G. Pratt

Ann C. Rams
Stanley G. Rosenblad
Robert J. Ruth
Warren J. Sass
Catherine O. Scheer
Frederick J. Schuler
Angela J. Sousa
William E. Terry. Jr.
James W. Totten
Karlen A. Wannop
Susan F. Witzell

TOM BOLMER

Dave Gever

Physical
Oceanography
Department

R. Lorraine Barbour
Karin A. Bohr

James H. Churchill
Erika A. Francis
Robert E. Frazel
Barbara Gaffron
Nancy R. Galbraith
Elizabeth D. Guillard
Doris . Haight
William H. Horn
Gretchen E. Hund
George P. Knapp Il
Ronald J. Kroll
Cynthia H. Lanyon-Duncan
Roderigue A. LaRochelle
Robert G. Lavoie
Ellen Levy

Craig D. Marquette
Robert E. McDevitt
Theresa K. McKee
Carol A. Mills

William M. Ostrom
Nancy J. Pennington
Joseph R. Poirier
Mary E. Raymer
John B. Reese

Mabel M. Reese
Mervie Schimmelman
Samuel T. Simkins

R. David Simoneau
Ann Spencer

Robert J. Stanley
Susan A. Tarbell
John H. Thomson
Richard P. Trask
Toshiko T. Turner
Gordon H. Volkmann
Audrey L. Williams
Scott E. Worrilow
Marguerite E. Zemanovic

Marine Policy &
Ocean Management

Ann R. Goodwin
Rosamund C. Ladner
Ethel F. LeFave

Ann Martin

+ Leave of Absence



Administrative Staff

Deborah H. Annan ... Assistant Editor. "“Oceanus™
danice R Battee ... Payroll Administrator
Constance A. Brackett. ... Education Administrator
H. Lawrence Clark ... Executive Assistant/ UNOLS
George E. CONWAY ... Controller
Vicky Cullen ... Publications & Information Manager
William M. Dunkle, dr. ... Research Associate. Data Library
Eric H. Frank. Jdr. .o Systemns & Procedures Manager
Arthur G, Gaines, dr. ... Marine Science Advisor
Ellen M. Gately ... Sea Grant Administrator
Gordon K. Glass. ... Executive Assistant/Ocean Engineering
Kaleroy L. Hatzikon ... Executive Assistant/Marine Policy & Ocean Management
Arthur T. Henderson ... ..o Procurement Manager
John L. Heyl o Development Director
Hartley Hoskins ... Coordinator, Ocean Industries Program
Charles S. Innis. Jr. ... Executive Assistant to Directorate
Susan Kadar ... Executive Assistant‘Chemistry
Shelley M. Lauzon ... Publications & Information Writer
Charlene R Lewis ... Marine Policy Administrator
JackN. Lindon ... Assistant Personnel Manager (Benefits & Marine Employment)
Shirley-Anne LOonG ... Personnel Administrator
William H. MacLeish..................... I PP P PP PRI Editor. “Oceanus™
Barbarad. Martineau ... Executive Assistant'Biology
Carolyn B. Miller ... Affirmative Action Administrator & Housing Coordinator
A Lawrence Peirson Il ... Assistant Dean & Registrar
Eleanor P. Picard ... . ... .. Sponsored Programs Administrator
R David Rudden, Jr. . ... Senior Accountant
Paul R Ryan .. ... Associate Editor, *'Oceanus”
C.L.RoySmith ... Executive Assistant'Geology & Geophysics
Susan M. Smith ... Executive Assistant'Special Studies Centers
Eloise M. Soderland ................. Executive Assistant/Physical Oceanography
Eric W. Spencer ... Safety Officer
Thomas R. Stetson ... UNOLS Executive Secretary
Maurice d. Tavares. ... Assistant Sponsored Programs Administrator
Harold R. VanSiclen, Jr. ... Deputy Controller
L. Hoyt Watson ... Executive Assistant’/Associates Program
Andrew L. Wessling. Jr. ... Services Manager
Carolyn P. WINN ... Research Librarian
Bemnard L. Zentz.........ooi i Personnel Manager
Administrative #Russell G. Graham

Nancy H. Green
Carolyn S. Hampton
Nancy E. Hazelton
Joan B. Hulbert
Colleen D. Hurter
Philomena S. Jenney
Valerie A. Jonas
Judith L. Kleindinst
Virginia A. LeFavor
Mary Jane Lyons
#Loretta M. Martin
Pamela C. Mattson
Philip E. McClung
Tina C. Mendousa
Lois G. Mercado
Cynthia A. Miller
David J. Miller
Mozart P. Moniz
Theresa G. Monroe
Cheryl C. Murphy
Susan E. Newton
Barbara A. O'Neil
Anna Maria Peirson
Doreen M. Perito
Florence T. Pineault
Ruth N. Poppe
Patricia A. Pykosz
Alexsandra A. Quigley

Personnel

Abbie Alvin
Julie A. Andrade
Nadine N, Athearn
Dorothy J. Berthel
Eleanor M. Botelho
Linda J. Botelho
Sharon L. Callahan
Michelle E. Churchill
Charlotte M. Cohen
M. Theresa Condon
Cynthia J. Correia
Nancy V. Cunningham
Mildred W. Dean
Laura A. Fernandez
#Cyril L. Fennelly
Larry D. Flick
Jeanne A. Fuller
Donna M. Garcia
Lauren Goodell

Harry Oakegd

Pamela L. Saunders
Marion J. Sharpe
Lisa C. Sherback
Sandra A. Sherlock
Albert C. Sherman
Marie E. Sorbera

#Ruth B. Spivey
Evelyn M. Sprague
Karen E. Taylor
Mildred M. Teal
Patricia A. Thomas
Alice I. Tricca
Judith A. White

#Lynn T. Whiteley
Linda C. Wicks
Grace M. Witzell
Jane P. Zentz
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Services Personnel

Edgar L. Aiguier
*Robert M. Alexander
Norman E. Anderson
Janice M. Baker
Raul Berrios
Richard A. Blake
Frederick V. Brown
Dale A. Bryant
Bernard J. Cassidy
Patricia G. Cave
Michael P. Coen
James P. Corr
Jean E. Cowland
John A. Crobar
Judith O. Cushman
Ruth H. Davis
Homer R. Delisle
Mark R. Doucette
Patricia E. Farley
Catherine H. Ferreira
Steven R. Ferreira
David L. Fish, Jr.
#Marion B. Fish
Victor F. Fontana
Elizabeth R. Fye
James E. Gifford
David L. Gray
James E. Gray
Frederic R. Heide
Mark V. Hickey
Robert J. Hindley
Howard A. Holland
Lawrence M. Johnson
Robert F. Kelley
Percy L. Kennedy, Sr.
Stella J. Livingston
Samuel J. Lomba
Roland G. Masse
Stefan E. Masse
Edwin McGuire
Frank Medeiros
Kathleen A. Medeiros
#Dorothy Meinert
Juanita A. Mogardo
Patricia A. Mogardo
Cynthia Moor
Beverley Morrison
Joseph F. Motta
Jay R. Murphy
Eugene A. Pineault
Mandy Power
Peter C. Previte
John M. Ranney
Carol A. Rogers
Eben A. Sage
Albert Santiago, Sr.
Judith M. Silva
Roland R. Simmons
Donald P. Souza
John W. Stimpson
#James A. Swan
Lucinda M. Tear
Jean D. Walker
Robert Wichterman
Richard A. Young

#Disability Leave of Absence

+ Leave of Absence
* Deceased 30 April 1981
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Facilities and Marine Operations Staff

Robertson P. Dinsmore................ooooiii Chairman. Facilities and Marine Operations Department
Edward L. Bland, Jr. ..o Research Associate
David F. Casiles ... Master, RV ATLANTIS Il
Arthur D. Colburn, Jr. ... Boat Operator, ASTERIAS
Richard H. DImmock ... Port Engineer
dJohnD. Donnelly ... Manager, ALVIN/LULU Operations
Richard S. Edwards ... Marine Superintendent
George G. Ellis ... Pilot, DSRV ALVIN
Emerson H. Hiller... ... Master, RV KNORR
Ralph M. Hollis ... o Pilot, DSRV ALVIN
Paul C. Howland ... Master, RV OCEANUS
David G. Landry ... Master. RV LULU
Walter E. Lathbury ... Chief Engineer, RV ATLANTIS 1
dJonathan Leiby . ... Naval Architect
Jack W MceCarthy ..o Chief Engineer, RV LULU
Paul R. Mercado ... Chief Engineer, R’V OCEANUS
dJames R Mitchell ... . Facilities Manager
Donald A. Moller ... Marine Operations Coordinator
Terrence M. RIOUX . ... Diving Supervisor
Emilio SOto . ..o Chief Engineer, R’V KNORR
J.Paul Thompson ... Assistant Facilities Manager

Facilities Personnel

Edward F. Acton
Edgar L. Aiguier, Jr.
Francis D. Andrews
Ernest E. Baker
Richard W. Bowman
Frederick A. Brauneis
Richard J. Breivogel
Steven A. Cardoza
David F. Carr

Ernest G. Charette
Charles Clemishaw
James E. Coddington
Arthur Costa

Ronald C. Craft
Donald A. Croft
Pearl R. DeMello
William B. Dodge
Anthony Ferreira
Linda B. Ferreira
Michael J. Field
Curtis Gandy IlI
Patricia A. Grace
Douglas T. Grosch
John F. Johnson
Chester R. Jones
John A. Keizer
Donald F. LeBlanc
Lonnie Lewis
Wayne F. Lobo
John A. Lomba
Ernest Mayberry
Clarence R. McNiel
Anthony G. Mendousa
Gordon A. Newton
Charles E. Pacheco
Charles J. Peters. Jr.
Edward J. Phares
Joseph F. Pucci
Thomas D. Rennie

Jack Johnson works on van refrigeration unit.

John E. Rice

John P. Romiza
Glenn E. Sharpe
Thomas H. Smart
Edward N. Stutz
William R. Tavares, Jr.
Barbara M. Vallesio
David M. Ward
Robert G. Weeks
Haskel E. White
John C. Williams
Carleton R. Wing
Ronald E. Woods
Martin C. Woodward
Carleton F. Young

ALVIN/LULU
Operations

Robert W. Barton
George Broderson
Robert S. Brown
William A. Courcy
Craig D. Dickson

#Meletus Duerson
Kevin C. Grady
Phillips Harrington

#Bernard E. Kilbreth
Peter A. Medeiros
Michael E. Mirto
Joseph Ribeiro

+ Bradford S. St. Coeur
Margaret P. Stern
Gary J. Witty

Marine Operations

Edward H. Chute
Kittie E. Elliott

Carole R. Merson
Stephen G. Page
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Marine Personnel

Michael A. Asquino
Robert W. Baker
Mitchell G. Barros

+ Stephen S. Bates
Kenneth E. Bazner
Richard J. Bowen
Edward R. Brodrick
Harry F. Clinton
Arthur D. Colburn Il
Martha E. Coneybear
[Lawrence P. Costello
Jerome M. Cotter
Stephen W. Cotter

+Glenn L. Cox
Steven M. Cross

#William C. Davis
Mark X. DelLang

+Ellen R. Farris

#Eugene Fortes

+ Gilberto R. Garcia
John M. Gassert
Robert L. Gordon
Edward F. Graham, Jr.
Joseph A. Guzaj
Richard M. Hanley
David L. Hayden
Henry P. Hirschel
John S. Hurder
Albert C. Jefferson
dJohn P. Kamataris
J. Kevin Kay
Millard Klinke
John T. Lobo

+ Tomas M. A. Macedo

+Mark T. Maloof
John W. Martin

#Robert P. Martin

+ David H. Megathlin
Robert G. Munns
Harry E. Oakes
Conrad H. Ocampo
Michael Palmieri, Jr.
Angel Perez
George E. Pierce
Samuel F. Pierce
Harry Rougas

+ Terrence R. Schieding

+ Thomas C. Sheeran
Richard F. Simpkin
Ernest G. Smith, Jr.

+Harry H. Stanton
John K. Sweet, Jr.
William L. Sylvia, Jr.
Frank D. Tibbetts
Steven F. Tomkiewicz
Herman Wagner
Joseph Warecki
Ernest C. Wegman

+ Michael J. Zukovich

#Disability Leave of Absence
+ Leave of Absence



Postdoctoral
Scholars 1980-81

Ann C. Bucklin
University of California,
Berkeley
William B. Curry
Brown University
Thomas Keffer
Oregon State University
Richard H. Lambertson
University of
Pennsylvania
Anton P. LeRoex
University of Cape Town,
South Africa
John W. Loder
Dalhousie University,
Canada
Peter S. Petraitis
State University of New
York, Stony Brook
John K. Volkman
University of Melbourne,
Australia

Marine Policy
and Ocean
Management
Research
Fellows 1980-81

John H. Annala
University of New
Hampshire

Myron B. Fiering*
Haruvard University

Daniel P. Finn
University of Hawaii Law
School

Richard L. Price
University of Oregon

Maynard E. Silva
University of California,
Santa Barbara

David R. Watters
University of Pittsburgh

Per Magnus Wijkman*
Stockholm University,
Sweden

James A. Wilson
University of Wisconsin
* Senior Fellow

Fellows, Students & Visitors

MIT/WHOI
Joint Graduate
Program
1980-81

Robert F. Anderson
University of Washington

Patricia M. Biesiot
Bouwling Green State
University

Brian J. Binder
Massachusetts Institute of
Technology

Robert L. Binder
University of
Pennsylvania

Martin B. Blumenthal
Princeton University

Mary Lee Bremer
Chico State University
University of Cincinnati

Michael J. Briggs
University of Texas
University of Southemn
California

Ellen D. Brown
Princeton University

Bruce J. Brownawell
DePaul University

Roger W. Burke
University of
Pennsylvania
Massachusetts Institute of
Technology

David A. Caron
University of Rhode
Island

Josko A. Catipovic
Massachusetts Institute of
Technology

Jerry Cheney
Lamar University

Teresa K. Chereskin
University of Wisconsin

Ching-Sang Chiu
Northeastern University

Ka Hou Chu
University of Califomia,
Berkeley

Jeremy S. Collie
University of York,
England

Robert W. Collier
Massachusetts Institute of
Technology

M. Elizabeth Conners
University of Michigan

Michael F. Cook
Texas A&M University

Bruce D. Cornuelle
Pomona College

John S. Crowe
Columbia University

Russell L. Cuhel
University of California,
San Diego

Peter R. Daifuku
Swarthmore College
Hein J. W. De Baar
Delft University of
Technology,
The Netherlands
Margaret L. Delaney
Yale University
William K. Dewar
Ohio State University
Gregory L. Duckworth
Rice University
Massachusetts Institute of
Technology
Edwin L. Ferguson, Jr.
Massachusetts Institute of
Technology
Jayne L. Fifield
Mt. Holyoke College
Scott M. Glenn
University of Rochester
Jeffrey T. Goodwin
Middlebury College
Peter D. Goreau
University of Bristol,
England
Melinda M. Hall
Duke University
Mark D. Handel
University of Chicago
Cheryl A. Hannan
San Jose State University
Eric W. Heineke
University of Cincinnati
Frances L. S. Hotchkiss
Oberlin College
Joshua K. Hoyt
Massachusetts Institute of
Technology
Hiroshi Kawahara
Humboldt State College
Alan V. Klotz
Rice University
Mark D. Kurz
University of Wisconsin,
Madison
Hsueh-tze Lee
Tufts University
Susan M. Libes
Douglass College,
Rutgers University
Stephen E. Lohrenz
University of Oregon
Walter E. Loy
Williams College
William R. Martin
Brown University
University of Washington
Stephen D. McCormick
Bates College
Karla J. McDermid
Stanford University

Anne E. McElroy
Brown University

Ann P. McNichol
Trinity College

Stephen D. Meacham
University of Cambridge,
England

Andre A. Merab
Massachusetts Institute of
Technology

Richard S. Mercier
University of Waterloo,
Canada

Kenneth G. Miller
Rutgers University

Margaret D. Miller
Swarthmore College

Douglas R. Mook
Massachusetts Institute of
Technology

Christopher Paola
Lehigh University

Randall J. Patton
University of California,
Berkeley

Neal R. Pettigrew
Louisiana State University

Stephanie L. Pfirman
Colgate University

Lawrence J. Pratt
University of Wisconsin
Subramaniam D. Rajan
College of Engineering,
India
Florida Atlantic University

Daniel J. Repeta
University of Rhode
Island

Kristin M. Rohr
Brown University

Leslie K. Rosenfeld
University of Washington

Lawrence P. Sanford
Brown University

Glenn F. Sasaki
University of California,
Berkeley

Edward K. Scheer
Massachusetts Institute of
Technology

Ping-Tung Shaw
National Taiwan
University, Taiwan
University of Rhode
Island

Samuel W. Smith, Jr.
Florida Atlantic University
Massachusetts Institute of
Technology

Paul E. Speer
Williams College

Arthur J. Spivack
Massachusetts Institute of
Technology

Stephen A. Swift
Dartmouth College
Oregon State University
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Kozo Takahashi
University of Washington
Lynne D. Talley
Oberlin College
Anne M. Trehu
Princeton University
John H. Trowbridge
University of Washington
Massachusetts Institute of
Technology
Karen L. Von Damm
Yale University
Brian R. Wolf
Rensselaer Polytechnic
Institute
William R. Young
Australian National
University, Australia
Victor Zlotnicki
University of Buenos
Aires, Argentina

Summer
Student

Fellows

Thomas S. Beard
Williams College

Thomas J. Bevilacqua
Villanova University

Andrew S. Borovick
Humboldt State
University

William J. Burke
Notre Dame University

Karen E. Doble
Florida State University,
Tallahassee

Ralph V. Evans
Rice University

Neil A. Gershenfeld
Swarthmore College

Peter H. Haynes
Cambridge University,
England

Mary J. Holbrook
Dalhousie University

Daniel T. Kaplan
Swarthmore College

Nevin dJ. Kelly
Princeton University

Henry L. Levin
Oberlin College

Catherine Loudon
Brown University

Stephen P. Meacham
Cambridge University,
England

Robert S. Pickart
Susquehanna University

Laura J. Robertson
Yale University

William E. Schmidt
Camegie-Mellon
University

Judith A. Varner
Duke University
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Minority
Trainees in
Oceanography

Lucius Clark
Jackson State University
Baron T. Denniston
University of
Massachusetts
Cornelius Griggs
Jackson State University
Barbara L. Wall
Michigan Technical
University

Geophysical
Fluid Dynamics
Summer
Seminar

Fellows:

Hassan Aref
Comell University
Richard Deininger
Massachusetts Institute of
Technology
M. Cristina Depassier
Columbia University
Richard W. Gregory-Allen
Massachusetts Institute of
Technology
Ross W. Griffiths
Australian National
University, Australia
James D. Meiss
University of Washington
Spahr C. Webb
Scripps Institution of
Oceanography
William R. Young
MIT/WHOI Joint Program

Staff Members and
Lecturers

William Blumen
University of Colorado

John Boyd
Harvard University

B. T. Chu
Yale University

Glenn R. Flierl
Massachusetts Institute of
Technology

Roger H. Gans
University of Rochester

Roger Grimshaw
University of Melbourne,
Australia

Myrl C. Hendershott

Scripps Institution of
Oceanography

Raymond Hide
GFD Laboratory,
Meteorological Office,
Bracknell, Berkshire,
England .

Martin Hohenberg
Bell Laboratories, Murray
Hill

Louis N. Howard
Massachusetts Institute of
Technology

Kenneth Hunkins
Lamont-Doherty
Geological Obseruatory

Raymond Pierrehumbert
Massachusetts Institute of
Technology

Andrew Ingersoll
California Institute of
Technology

Joseph S. Keller
Stanford University

Martin Lesser
University of Rochester

Willem V. R. Malkus
Massachusetts Institute of
Technology

Anthony Maxworthy
University of Southemn
Cdlifornia

James C. McWilliams
National Center for
Atmospheric Research

Mark Nelkin
Comell University

Larry Redekopp
University of Southern
Cdlifornia

Peter B. Rhines
Woods Hole
Oceanographic Institution

Paola Rizzoli
Laboratorio Dinamica
Grandi Masse, Venezia,
Italia

Ettore Salusti
Instituto di Fisico,
Universita Roma, Italia

Ron B. Smith
Yale University

Thomas Spence
Texas A&M University
Edward A. Spiegel
Columbia University

Melvin Stern
University of Rhode
Island

George Veronis
Yale University

John A. Whitehead
Woods Hole
Oceanographic Institution

Visiting
Scholars

Daniel E. Morse
University of California,
Santa Barbara

Kenneth Bruland
University of California,
Santa Cruz

Russ E. Davis
Scripps Institution of
Oceanography

Leopold Felsen
Polytechnic Institute of
New York

Kevin C. Burke
State University of New
York, Albany

Bruce Frost
University of Washington

John A. Orcutt
Seripps Institution of
Oceanography

William F. Ruddiman
Lamont-Doherty
Geological Observatory

Ray B. Krone
University of California,
Davis

Visiting

Investigators

Cynthia G. Bryden
U. S. Geological Survey,
Woods Hole

James T. Carlton
Biology Department,
Woods Hole Oceanographic
Institution

Paul M. Hammer
Indiana University

Alain Y. Huc

Laboratoire Geologie Appliqueé,

Universiteé Orleans, France
David C. Hurd
University of Hawaii
Stuart L. Kupferman
University of Delaware
Richard Limeburner
Physical Oceanography
Department, Woods Hole
Oceanographic Institution
Susan H. Lohmann
Sea Education Association
Paul C. Mangelsdorf, Jr.
Swarthmore College
lan N. McCave
University of East Anglia,
United Kingdom
William G. Metcalf
Physical Oceanography
Department, Woods Hole
Oceanographic Institution
Kathleen O’ Neill
Johns Hopkins University
Cynthia H. Pilskaln
U. S. Geological Survey.
Woods Hole



Bryce Prindle

Babson College

Alison Rieser

Marine Policy & Ocean
Management Program.
Woods Hole Oceanographic
Institution

Esfir Saperson

Geology & Geophysics
Department, Woods Hole
Oceanographic Institution

Edward R. Sholkowitz

University of Edinburgh.
Scotland

Jacek K. Sulanowski

Bridgewater State College

Thomas L. Torgersen

Chemistry Department,
Woods Hole Oceanographic
Institution

Guest
Investigators

Juan Acosta

Spanish Oceanographic
Institute, Madrid

John S, Allen, Jr.

Oregon State University

Alison S. Ament

Biology Department,

Woods Hole Oceanographic
Institution

Marie-Pierre Aubry
University of Pierre and
Marie Curie, Paris

Yossef Azov

Technion-Israel, Institute
of Technology. Haifa, Israel

Arthur B. Baggeroer

Massachusetts Institute of
Technology

Hugh W. Bergh

University of the Witwatersrand.
Johannesburg, South Africa

William D. Bridge

Lamont-Doherty
Geological Observatory

Bradford Butman

U. S. Geological Survey.
Woods Hole

Douglas R. Caldwell

Oregon State University

James T. Carlton

Biology Department.
Woods Hole Oceanographic
Institution

Allan J. Clarke

University of Washington

Michael Connor

Biology Department.
Woods Hole Oceanographic
Institution

John D. Crawford
Stony Brook University.
New York

James A. Davis
Swiss Federal Institute
of Technology. Dubendorf.
Switzerland

Jennifer S. Derby
Biology Department.
Woods Hole Oceanographic
Institution

Bruno S. DiCarlo
Zoological Station of
Naples, Italy

LeRoy Dorman
Scripps Institution of
Oceanography

Linda Dybas
Knox College

Kjell Eimhjellen
Norwegian Institute of
Technology, Trondheim

Hugues Feinberg
University of Pierre and
Marie Curie, Paris

Richard A. Fralick
Plymouth State College.
New Hampshire

Pieter A. M. Gaemers
Geological and Mineralogical
Institute of the University
of Leiden. The Netherlands

Quentin H. Gibson
Cormnell University

Richard M. Goody
Harvard University

Marvin Grosslein
National Marine Fisheries,
Woods Hole

George F. Heimerdinger
Environmental Data
Service, NOAA

Pedro Herranz
Spanish Oceanographic
Institute, Madrid

Henry Herrmann
Attorey-at-Large. Boston

Peter F. Hooper
Northeastern University

Edward P. W. Horne
Physical Oceanography
Department. Woods Hole
Oceanographic Institution

Robert Howarth

Marine Biological Laboratory.

Ecosystems Center
Edward Hug

Naval Underwater Systems

Center. New London
Adrianna lanora

Zoological Station of

Naples. Italy

Hans-Jorg Isemer
Institute of Meteorology.
Kiel, West Germany
Vera Kalmijn
Biology Department.
Woods Hole Oceanographic
Institution
Hideo Kawai
Kyoto University. Japan
Ruth E. Keenan
Science Applications. Inc..
McLean. Virginia
Susan S. Kilham
University of Michigan
Maria Luise Koening
Federal University of
Pemambuco, Recife. Brazil
Stuart Kupferman
Sandia Laboratories,
Albuquerque. New Mexico
William Li
Bigelow Laboratory for
Ocean Sciences
Joseph C. Liddicoat
Lamont-Doherty Geological
Observatory
William G. Melson
Smithsonian Institution
Peter Mikhalenesky
U. S. Navy
Nicholas W. Millard
Institute of Oceanographic
Sciences. England
Gilbert L. Mille
National Center for
Scientific Research, France

Margaret W. Miller

University of South Alabama.

Mobile

Luis Najera
Spanish Oceanographic
Institute, Madrid

Frederick Olmsted
Biology Department.
Woods Hole Oceanographic
Institution

Takashi Onbe
Hiroshima University. Japan

Alan Oppenheim
Massachusetts Institute of
Technology

Hsien-Wang (Dick) Ou
Lamont-Doherty Geological
Obseruvatory

Thormas H. Pearce
Queen's University.
Ontario. Canada

Paul Philp
Commonuwealth Scientific
and Industrial Research
Organization. Minerals
Research Laboratories.
Australia

Alberto R. Piola
Naval Hydrographic
Service. Argentina

David Potter
U. S. Navy

Carl A. Price
Waksman Institute.
New Jersey

Donald Prothero
Lamont-Doherty Geological
Obseruvatory

Allan R. Robinson
Harvard University

Jose Sanz
Spanish Oceanographic
Institute. Madrid

Amelie Scheltema
Biology Department.
Woods Hole Oceanographic
Institution

Jae Hyung Shim
Seoul National University.
Korea

Takayoshi Shiozawa
Govermment Industrial
Research Institute.
Hiroshima, Japan

Michael Sissenwine
National Marine Fisheries.
Woods Hole

Peter C. Smith
Bedford Institute of
Oceanography, Halifax.
Nova Scotia

Sean Solomon
Massachusetts Institute
of Technology

Hubert I Staudigel
Massachusetts Institute of
Technology

Takashige Sugimoto
Tohoku University. Japan

Keisuke Taira
Ocean Research Institute,
University of Tokyo. Japan

Arnold H. Taylor
Institute for Marine

Environmental Research.
England

Kjell Tjessem
University of Bergen.
Norway

Jefferson T. Turner
Southeastern Massachusetts
University

Ruth D. Turner
Harvard University

John Walsh
Brookhaven National
Laboratories

Woltgang Weiss
University of Heidelberg.
West Germany

Terry Whitledge
Brookhaven National
Laboratories

Peter Worcester
Scripps Institution of
Oceanography
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Zuo-Sheng Yang
Shandong College of
Oceanography. People's
Republic of China

James B. Zaitzeft
National Environmental
Satellite Service, NOAA

Guest Students

Katrina S. Abbott
Trinity College
M. Abigail Ames
University of Virginia
Vernon L. Asper
University of Hawaii
Paul E. Belanger
Brown University
Scott P. Birdwhistell
University of Hawaii
Carol C. Birney
Smith College
Neil W. Blackstone
Yale University
Harvard University
Barbara A. Block
University of Vermont
Troya H. Bogard
Carleton College
Jorge Butenko
Massachusetts Institute of
Technology
Debbie A. Carlton
University of California,
Dauvis
Colleen M. Cavanaugh
Harvard University
David A. Cohen
Falmouth High School
Bruce R. Currier
University of
Massachusetts
Ruth J. Davenport
University of
Massachusetts
Benjamin G. Dawson
Princeton University
Elizabeth H. Day
St. Lawrence University
Lisa N. Dell Angelo
Mt. Holyoke College
Donald W. Denbo
Oregon State University
Michael J. Donato
University of Washington
Taylor Eighmy
Tufts University
Linda E. Epstein
Wheaton College
Charlotte M. Fuller
Florida Institute of
Technology
Richard P. Gibbs
St. Mary's College
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David S. Goldberg
Massachusetts Institute of
Technology

Jeremy P. Goldberg
Harvard University

Lee Goodell
Brown University

Richard K. Grosberg
Yale University

Nancy Harriss
Andover Academy

William J. Henley
Long Island University,
Southampton

Wayne [. Horton
Falmouth High School

Jennifer K. Johnson
Columbia School for Girls

Rhonda M. Kavee
Mamaroneck High
School

Michael B. Kingston
Long Island University,
Southampton

Melinda S. Labranche
Wells College

Dale F. Leavitt
University of Maine,
Orono

Anthony S. Lent
Tufts University

Roxanne Marino
University of Hartford

Janet M. McGarry
Weston High School

Jeffrey A. Muss
Massachusetts Institute of
Technology

Melinda G. Neilsen
Hampshire College

Melissa M. Norman
Boston University

Thomas W. Nunn
Tufts University

Ana M. Pajor
The Johns Hopkins
University

Reed A. Payne
Long Island University,
Southampton

Joel A. Pecchioli
Long Island University.
Southampton

Heidi A. Picher
Massachusetts Institute of
Technology

Cynthia H. Pilskaln
Harvard University

Jon A. Schmidt
Southeastern
Massachusetts University

Teresa E. Smith
Manchester High School

Amy M. Stone
Mt. Holyoke College

Chang-Kou Tai
Harvard University

Jeffrey F. Thompson

Sandia Preparatory
School

Above, Alvin is
reassembled after post-
overhaul testing; right,
Knorr A. B. Frank
Tibbetts; below, a quiet
moment on the fantait of
Atlantis II.

Muriel E. Trickett
Rutgers University
Douglass College

Jeffrey K. Van Peski
The Meeting School

Rita L. Uttaro
University of
Massachusetts

Nina M. Vassalotti
Bates College

Katherine Wellman
Brown University

Clark F. Wickersham
Moses Brown High
School

Special Student

Thomas Meeks
Kingsborough
Community College
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R/V Atlantis [l

Vovage
107-IV

107-V
107-VI

107-VII

107-VIII

107-1X

107-X

107-X1

107-X11

Cruise Period

17 Jan-31 Jan

5Feb-27 Feb
5 Mar-7 Apr

12 Apr-16 May

22 May-20 Jun

26 Jun-25 Jul

5 Aug-6 Sep

13 Sep-16 Oct

22 Oct-17 Nov

SHELLEY LAUZON

SHELLEY LAUZON

Janeiro.

Principal Objectives. Area of Operations

Physical oceanography in the Drake Passage for ISOS
Program

ISOS in Drake Passage

Petrology. geophysics, and coring along the Atlantic plate
boundary from Drake Passage to Bouvet Triple Junction

Geological and geochemical studies of the islands of
Tristan da Cunha and adjacent ridge sediment

Moored and hydrographic observations in Vema
Channel to measure the flux of Antarctic botiom water
and the dynamics of flow through passages

Geophuysics. coring. photography. ragnetics, and hydro-
graphy to study late Cenozoic abyssal circulation

Southern Ocean Water Mass Renewal and Circulation
Studies: hydrographic data in the southwestern
Argentine Basin, Western Scotia Sea, and northern
Drake Passage

Determination of the horizontal distribution of convective
mixed layer depth in the sub-Antarctic zone as related to
the formation of Antarctic Intermediate Water

Transit

Above left, the new Asterias gets dockside outfitting;
left, a welcome-home sign for Atlantis I/ after her long
South Atlantic voyage; above, A-ll Second Mate Dave
Megathlin, left, and Radio Officer Butch Smith in Rio de

Total Nautical Miles for 1980 — 38.004 miles
Total Days at Sea — 272 days

Ports of Call

Punta Arenas.
Chile

Punta Arenas

Cape Town,
South Africa

Rio de Janeiro.

Brazil

Rio de Janeiro

Mar del Plata,
Argentina

Punta Arenas

Punta Arenas

Woods Hole

Chief Scientist
Nowlin {TAMU)

Nowlin (TAMU)
Dick

Humphris-
Lohmann

Hogg

Johnson

Georgi

McCartney

Voyage Statistics
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R/V Knorr

Voyage
77-1

77-11

78

79-1
79-11

79-111

80

81-1
81-1

82
83
84

85

36

Cruise Period

24 Feb-20 Mar

24 Mar-20 Apr

25 Apr-4 May

17 May-20 May
23 May-19 Jun

24 Jun-18 Jul

24 Jul-17 Aug

22 Aug-29 Aug

30 Aug-11 Sep

16 Sep
20 Sep-9 Oct
16 Oct-11 Nov

16 Nov-6 Dec

9 Dec

R/V Oceanus

Vovage
78-1

78-11

78-111

78-IV
78-V

79

52

Cruise Period

18 Jan-8 Feb
12 Feb-18 Feb

21 Feb-7 Mar

10 Mar-4 Apr
10 Apr-26 Apr

1 May-9 May

Principal Objectives. Area of Operations

Heat flow and seismic reflection to study the variability of
heat flow with sediment thickness on late Mesozoic oce-
anic crust

High resolution seismic reflection and refraction experi-
ments to determine quantitative estimates of the small
scale variability in seismic structure of normal ocean crust

Detailed reconnaissance of the temporal and spatial vari-
ability of high energy fluid events and resulting sedimen-
tary bedforms on the Scotian Continental Rise for
HEBBLE Project

Transit

Mapping of sea floor structure and lithologic units in the
Kane Fracture Zone, Alvin support

Research on the structure and constitution of the oceanic
lithosphere of Oceanographer Transform Fault and its
temporal and spatial evolution, Alvin support

Site surveys for Glomar Challenger drilling on the
Atlantic coastal margin

Atlantic Coastal Ecosystem Investigation: study of rate
processes and distribution of chemical properties,
biological populations, and circulation of water masses
on the continental shelf of the Middle Atlantic Bight and
adjacent estuaries

America's Cup Race
Continuation of HEBBLE Project

Pilot cruise for Transient Tracers in the Ocean program,
CTD survey for Gulf Stream Extension experiment

Recovery of moorings for Gulf Stream Extension experi-
ment, Long Term Upper Ocean Study. and University of
Rhode Island experiment

U.S. Nawy inspection

Principal Objectives. Area of Operations

Marine geochemistry of radioactive elements in the west-
ern North Atlantic

Test and evaluation of air deployed oceanographic
mooring automatic anchoring concept

Study of the response of the upper ocean to the annual
cycle of atmospheric forcing in the western equatorial
Atlantic

CTD measurements for beta-spiral calculations

Hydrographic observations across the core of Labrador
Sea Water near Grand Banks

Site surveys and installation of test moorings for Long
Term Upper Ocean Study at 34°N. 70°W

Total Nautical Miles for 1980 — 25,500 miles

Total Days at Sea — 237 days

Ports of Call
St. George,

Bermuda

Woods Hole

Woods Hole

St. George

Ponta Delgada,

The Azores

Woods Hole

Woods Hole

Governor’s
Island, NY
Woods Hole

Woods Hole
Woods Hole
Woods Hole

Woods Hole

Woods Hole

Total Nautical Miles for 1980 — 34,880 miles

Chief Scientist
Sclater (MIT)

Purdy

Williams

Bryan
Bryan

Crane (LDGO)

Ewing

Rowe
(Brookhaven)
Walsh
(Brookhaven)

Watson
Hollister/
Williams

Brewer

Fofonoff

Dinsmore

Total Days at Sea — 245 days

Ports of Call

Bridgetown,
Barbados

Belem. Brazil

Recife, Brazil

Ponta Delgada,

The Azores
Woods Hole

Woods Hole

Chief Scientist

Bacon
Walden

Katz (LDGO)

Stommel
McCartney

Briscoe



80

81

82
&3

34

85

86-1

86-11

87

88

89

90

11 May-19 May

23 May-1dJun

16 Jun-27 Jun
1Jul-12 Jul

21 Jul-28 Jul

2 Aug-11 Aug

15 Aug-1 Sep

2 Sep-14 Sep

22 Sep-15 Oct

23 Oct-31 Oct
6 Nov-18 Nov

24 Nov-3 Dec

Conventional and high pressure sample collection for
studies of heterotrophic activity of deep sea microbial
populations

Study of sediment transport processes on Georges Bank
for USGS

Biology of gelatinous zooplankton in the Sargasso Sea

Collection and culturing of phytoplankton

Study of deep sea microbial populations. collection of
zooplankton, gravity coring

Continuation of Long Term Upper Ocean Study

Marine geochemistry of organics in particulates in sea-
water and surface samples on the slope. rise. and
Bermuda Rise

Biogeochemical and geochemical studies of the water
column and surface sediments at stations in the western
North Atlantic

POLYMODE float program: recovery and resetting of
autonomous listening stations, deployment of SOFAR
floats

USGS sediment transport work on Georges Bank,
Lydonia Canyon, south of Nantucket. off New Jersey

Study of ocean processes in acoustic variability and
acoustic tomography

USGS sediment transport work on Georges Bank

DSRYV Alvin and R/V Lulu

The submersible Alvin is a Navy-owned national oceanographic facility
supported by NSF. ONR. and NOAA and operated by this Institution.

Lulu Vovage
103-VI

103-VII¥ V|
104-1

104-11

104-111
104-IV
105

106
107-1
107-11

107-11
107-IV
107-v

107-VI

Cruise Period

1Jan-21 Jan

26Jan-15Feb

15 May-19 May
24 May-25 May

26 May-23 Jun

27 Jun-20 Jul
24 Jul-8 Aug
15 Aug-22 Aug

27 Aug-5 Sep
1 Oct-13 Oct
17 Oct-2 Nov

7 Nov-8 Nov
9 Nov-14 Nov

18 Nov-20 Nov

2¢ 1 Dec
/2/:'; Nov-30-Nev

5 Dec-16 Dec

Principal Objectives. Area of Operations
9 dives for geological work on the Galapagos Rift

Transit to Woods Hole with stop at Miami. Florida

Transit
2 test dives near Bermuda

9 dives for geology and chemistry in the Kane Fracture
Zone

10 dives for geology in Oceanographer Fracture Zone
& dives for biology at Deep Ocean Station #2
3 dives for biology in Oceanographer Canyon

9 dives for geology of Lydonia Canvon
7 dives for geology in Wilmington Geotechnical Corridor

10 dives for geology on Blake Escarpment

4 dives for indoctrination and training
6 dives for biology in the Tongue of the Ocean

3 dives for biological resettlement work near DSDP Hole
#98

Transit

Biology at Virgin Islands Deep Ocean Station

Woods Hole

Woods Hole

Woods Hole
Woods Hole

Woods Hole
Woods Hole
St. George,

Bermuda

Woods Hole

Woods Hole

Woods Hole
Woods Hole

Woods Hole

Jannasch

Butman (USGS)
Madin

Murphy
(Bigelow)
Wirsen

Briscoe

Bacon
Farrington

Valdes

Butman (USGS)
Frisk

Butman (USGS)

Total Nautical Miles for 1980 — 12.924 miles
Total Days at Sea — 192 days

Total Dives — 89

Ports of Call

Balboa,
Panama

Woods Hole

St. George.
Bermuda

Ponta Delgada.

The Azores
St George
Woods Hole
Woods Hole

Woods Hole
Norfolk, VA

Nassau.
Bahamas

Nassau
Nassau

Nassau

Christiansted.
St. Croix

Christiansted

Chief Scientist

Malahoff
(NOAA)

Donnelly

V/i !
Fox (SUNY)

Grassle

Cooper
Uzmann{NOAA)

Slater (USGS)
Lambert (NOAA)
Dillon (USGS)

Maxwell
Grassle

Hecker (LDGO)

Grassle
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In Memoriam

Alona E. Evans
27 Feb. 1917 - 23 Sept. 1980

DR. Alona E. Evans had served as a
Member of the Corporation since 1975.
She had been a member of the Welles-
ley College faculty since 1945 and was
named the Elizabeth Kendall Professor
of Political Science in 1966. A specialist
in international criminal law and the
American criminal justice system, Dr.
Evans was the first woman elected to
the Board of Editors of the American
Joumal of International Law, and in
1980 she was also the first woman to be
named president of the American
Society of International Law. She wrote
extensively on extradition, aircraft
hijacking, and the legal status of political
refugees.

Dr. Evans completed A. B. and Ph.D.
degrees at Duke University, and she
was the recipient of an American Asso-
ciation of University Women Achieve-
ment Award in 1971.

Philip B. Armstrong
26 March 1898 — 12 January 1981

DR. Philip B. Armstrong was elected a
Member of the Corporation in 1950
and became an Honorary Member in
1974. His long association with the
Marine Biological Laboratory began in
1925 when he was a student con-
ducting investigations in embryology.
He later served MBL as trustee and
clerk of the corporation and he served
as director of the laboratory from 1950
to 1966, an important period of growth
and recovery from the effects of World
War 1.

Dr. Armstrong received a B.S. from
Massachusetts State College and com-
pleted an M.D. at Cornell University,
where he then spent 10 years as instruc-
tor and assistant professor of anatomy.
Following two years on the faculty of
the University of Alabama medical
school, Dr. Armstrong went to the Col-
lege of Medicine of the State University
of New York at Syracuse where he
spent the remainder of his career. For
many of his active years and throughout
his retirement he maintained a summer
home in Woods Hole.
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Above left, collectors from the New Eng-
land Aquarium sort mud samples; above
right, Stephanie Pfirman keeps records
during survey work at Nauset Inlet;
above, Maxine Jones and Martin Blu-
menthal do computer work in the main
lab on Oceanus Voyage 85; right,
George Broderson changes sander disc
during Alvin overhaul work .

SHELLEY LAUZON

SHELLEY LAUZON

VICKY CULLEN
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Sources of Support for Research & Education

University of Alaska

Alcoa Aluminum Company

Alcoa Foundation

Alden Electronic & Impulse Recording
Equipment Company, Inc.

Alden Products Company

American Gas Association

American Geological Institute

American Geophysical Union

American Meteorological Society

American Optical Corporation

Amoco International Oil Company

Arco Oil & Gas Company

Associates of the Woods Hole
Oceanographic Institution

Associated Scientists at Woods Hole

The Atlantic Companies

Bank of New York

Benthos, Inc.

Bigelow Laboratory for Ocean Sciences

Boston University

University of British Columbia

Brookhaven National Laboratory

Cabot Corporation Foundation

California Institute of Technology

University of California

University of Cambridge

Centre National pour I'Exploitation des
Oceans

Charlies’ Fund

Chemical Bank

Chevron Oil Field Research Company

Chicago Bridge & Iron Company

University of Chicago

Chubb Corporation

CIBA-GEIGY Corporation

Citibank, NA

University of Cincinnati

Cities Service Company

Columbia University

Combustion Engineering, Inc.

Comité Conjunto Hispano Norteamericano
para la Cooperacién Cientifica y
Tecnolégica

Commonwealth Travel, Inc.

Conoco, Inc.

Cornell University

Charles E. Culpeper Foundation, Inc.

Deepsea Ventures, Inc.

University of Delaware

Charles Stark Draper Laboratory, Inc.

Dresser Foundation, Inc.

Edo Corporation

EG&G International

Empresa Nacional Adaro de Investigaciones
Mineras, S.A.

Exxon Education Foundation

Falmouth Coal Company, Inc.

Compagnie Francaise des Petroles
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The Firestone Tire & Rubber Company

First National Bank of Boston

University of Georgia

Getty Oil Company

Gulf Oil Foundation

Gulf Research & Development Company

Gulf States Utilities Company

John Hancock Mutual Life Insurance
Company

John A. Hartford Foundation, Inc.

Hakuto Company

Harbor Branch Foundation

Harvard University

University of Hawaii

University of Heidelberg

Hercules, Inc.

The Johns Hopkins University Applied
Physics [aboratory

Hubbs-Sea World Research Institute

INCO, United States, Inc.

International Atomic Energy Agency

International Business Machines
Corporation

International Telephone & Telegraph
Company

International Union for Quaternary
Research

Christian A. Johnson Endeavor Foundation

Joint Oceanographic Institutions, Inc.

Kennecott Corporation

University of Kiel

Arthur D. Little, Inc,

George B.H. Macomber Company

Magnavox Government & Industrial
Electronic Company

Markem Corporation

Malone Gill Productions

Marine Research Inc.

Marathon Oil Company

Marine Biological Laboratory

Commonwealth of Massachusetts

Massachusetts Institute of Technology

University of Miami

University of Michigan

Missouri State University

Mobil Oil Corporation

Morgan Guaranty Trust Company of New
York

National Academy of Sciences

National Geographic Society

New England Aquarium Corporation

New England Farm & Garden Association
Inc.

New England Power Company

New England River Basins Commission

University of New Hampshire

New York Community Trust

New York State University

New York University

NL Industries, Inc.

Norton Company

Olin Corporation Charitable Trust

Oregon State Board of Education

Penikese Island School

Pew Memorial Trust

Phelps Dodge Corporation

Phillips Petroleum Company

PPG Industries Foundation

)

Raytheon Company
Rhode Island Hospital Trust National Bank
University of Rhode Island
Sandia Laboratories
Sea Education Association, Inc.
Seoul National University
Shell Oil Company
Francis P. Shepard Foundation
Sippican Corporation
Société Nationale
Society of Economic Paleontologists and
Mineralogists
Sohio Petroleum Company
Solar Energy Research Institute
Squibb Corporation
State Mutual Life Assurance Company of
America
St. Joe Minerals Corporation
Stauffer Chemical Company
The Tai-Ping Foundation
Teledyne, Inc.
Texaco, Inc.
Texaco Philanthropic Foundation, Inc.
Texas A & M University
University of Texas
Textron, Inc.
Time, Inc.
Institut und Museum fiir Geologie und
Peleontologie der Universitét Tiibingen
Union Oil Company
Union Oil Company of California
United States Government
Department of Commerce
National Oceanic & Atmospheric
Administration
National Marine Fisheries Service
National Sea Grant Program
Department of Defense
Department of the Army
Corps of Engineers
Defense Mapping Agency
Department of the Navy
Office of Naval Research
Department of Energy
Energy Research & Development
Administration
Environmental Protection Agency
Department of the Interior
Bureau of Land Management
U.S. Geological Survey
National Aeronautics & Space
Administration
National Institutes of Health
National Science Foundation
Department of State
Department of Transportation
U.S. Coast Guard
U.S. Steel Foundation, Inc.
Washington State University
University of Washington
Western Electric Company
West Point-Pepperell Foundation, Inc.



Financial
Highlights

Financial Statements

The Institution’s total operating revenue increased 6% in 1980, compared with 12% in 1979.
Unrestricted income increased 20% in 1980, compared with 39% in 1979. Excess current unre-
stricted funds of $1,290,000 were transferred to Unexpended Plant Funds, an increase over the
$250,000 transferred in 1979.

Funding for sponsored programs was derived from the following sources:

Increase
1980 1979 (Decrease)
National Science Foundation:
Science Projects ... ....... ... .. ... $ 7,739,000 $ 7.291,000 6.1%
Facilities Projects .. ......... ... .. ... ... .. .. ... .. ... 6,271,000 7,073,000 (11.3%)
Office of NavalResearch .. ........ ... ... ... ........ .. 7,044,000 6,822,000 3.3%
Departmentof Energy ................... ... . ... . ... 1,206,000 1,233,000 (2.2%)
National Oceanic & Atmospheric Administration ........ .. 1,361,000 1,188,000 14.6%
Other Government . ........................ ......... 2,507,000 2,022,000 24.0%
Restricted EndowmentIncome ... ... ... .. . .. ... .. ... 350,000 332,000 54%
Other Restricted Giftsand Grants . . . .................... 1,966,000 1,350,000 45.6%
$28,444,000 $27,311,000 4.2%
Other statistics of interest are:
Full-time Equivalent Employees . . .. .............. ... .. 780 762 2.4%
Total Compensation {including
overtime & employee benefits). .. ... ... ... $17,888,000 $16,223,000 10.3%
Retirement Trust Contribution ...... ... ... .......... 1,880,000 1,680,000 11.9%
EndowmentIncome(net) ....... ... ... . ... ... ... ... 1,965,000 1,920,000 2.4%
Additions to Endowment Principal . ... ............ ... . 1,054,000 47.000
Endowment Principal (year-end at market value) . .. .. ... .. 41,954,000 36,457,000 151%

Five-year comparison of selected financial data adjusted for effects of CPI changes, shown in
average 1980 dollars (thousands):

1980 1979 1978 1977 1976
Sponsored Research ................ ... .. $28,444 $31,004 $31,481 $29.329 $29.307
Unrestricted Income. .. ... ............. ... 3,155 2979 2374 2,555 2.254
Total Operating Expenses . ... ............. 31,265 33,986 34,524 32,353 31,927
Physical Plant Operating Costs . .. ........ .. 2,015 1,939 2,058 2,126 2,041
General & Administrative Costs .. .......... 3,627 3,853 3,938 3,835 3,895
Education Program Costs . .. ... .......... 1,390 1,444 1,204 1,309 1,432

Gifts and grants from private sources including the 1,216 Institution Associates totaled
$3,072,000 in 1980 of which $2,138,000 was restricted as follows:

Addition to Endowment Principal $  829.000
Laboratory Construction 500,000
Marine Policy & Ocean Management 350,000
Benthonic Foraminifera Studies 100,000
Education Program 52.000
Center for Analysis of Marine Systerns 50,000
Coastal Studies Center 40.000
Other Research Programs 217,000

$2,138,000

Funds availed of in support of the Education Program were derived principally from
endowment income received in 1980 totaling $966,000. And, in addition to other funds
restricted for education, unrestricted funds of $175,000 were availed of. Research contracts
and grants provided student support in the amount of $298,000.

Your attention is invited to the Financial Statements and the notes accompanying them,
audited by Coopers & Lybrand.
Joseph Kiebala, Jr.
Assistant Director for Finance & Administration
Edwin D. Brooks, Jr.
Treasurer
George E. Conway
Controller
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Report of the
Certified Public
Accountants

To the Board of Trustees
of Woods Hole
Oceanographic Institution:

We have examined the
balance sheets of Woods
Hole Oceanographic
Institution as of December
31,1980 and 1979, and
the related statements of
changes in fund balances,
and of current fund reve-
nues, expenses and trans-
fers for the years then
ended. Our examinations
were made in accordance
with generally accepted
auditing standards and,
accordingly, included such
tests of the accounting
records and such other
auditing procedures as we
considered necessary in
the circumstances.

In our opinion, the finan-
cial statements referred to
above present fairly the
financial position of Woods
Hole Oceanographic
Institution as of December
31, 1980 and 1979, the
changes in its fund bal-
ances, and its current fund
revenues, expenses and
transfers for the years then
ended, in conformity with
generally accepted
accounting principles
applied on a consistent
basis.

CovpuNLy o]

Boston, Massachusetts
March 20, 1981

60

Balance Sheets,
December 31, 1980 and 1979

ASSETS
Current Fund Assets (Note A):

Cash........... ... .. ... ... .. .

Short-term investments, at cost

which approximates market .. . ... . ...

Reimbursable costs:

Billed ....... ...

Deferred charges and prepaid

EXPENSES .. ... ...
Duetoplantfund ............... . ... .

Due to endowment and similar

funds ... ...

Endowment and Similar Fund Assets
(Notes A and B):

Investmentsat market. . .......... ... ..

Annuity Fund Assets (Note A):
Investments, at market (cost $70.513

in 1980 and $70,528 in 1979) .. ... ...
Cash................. ... ... .. ...

Plant Fund Assets (Note A):

Land, buildings and improvements . . . . .
Vessels and dock facilities . . .. ........ ..
Laboratory and other equipment. . ... ...

Less accumulated depreciation .. ... .. ..

Duefromcurrentfund ... .. ... . .. ..

LIABILITIES AND FUND BALANCES
Current Fund Liabilities and Balances:
Accounts payable and other accrued

eXPenses .. ... ... ...
Accrued vacation. .. ... ...
Deferred subscription revenue . . ... ... ..
Deferred researchrevenue .. ........ ...
Unexpended balances of restricted funds .

Unrestricted balances designated for:

Income and salary stabilization. . .. .. ..
Ocean industry program . .. ..........
Fiftieth Anniversary Fund . ... ... ... ..
Workingcapital ....................

Total unrestricted balances . . . ... ...

Endowment and Similar Fund
Liabilities and Balances:
Endowment:

Incomerestricted. ... ..
Income unrestricted .. ... ...
Termendowment ... ....... ... ... ..

Quasi-endowment:

Restricted . .......... .. .. ... ... ...
Unrestricted .. ............ ... .. ..

Annuity Fund Liabilities and Balance:

Annuities payable ... ... ... ...
Fundbalance................. ... ...

Plant Fund Balances:

Investedinplant .. .. .. R

Unexpended:

Restricted . ............. ... ... ...
Unrestricted . .............. ... .. .

Total unexpended balances . .. . .. ..

1980 1979
$ 1.740.108 $  699.191
5.050.000 5,635,000
2.501.154 1.269.388
1.448,127 2.658.842
194.924 183.397
532.911 306.228
301.055 257.808
(3.647.365) (2.855.761)
(3.043) (140)
8,117,871 8,153,953
41.401.407 36.218.153
549,841 238,661
3.043 140
41,954,291 36,456,954
87.713 73.752
2,573 3.396
90,286 77.148
17.257.421 15.941.206
7.362.401 7.356.418
2,881,719 2.669.031
27.501.541 25,966,655
9,360,268 8.566.609
18,141,273 17,400,046
3.647.365 2.855.761
21,788,638 20,255,807
$71,951,086  $64,943,862

1980 1979
$ 1251466  $ 1.467,792
907.951 813,320
107.064 82,773
{74.039) 688,089
2.814.826 2.061.908
2.288.368 2.114.040
218,259 191.632
396.776 412,207
207,200 322,192
3.110.603 3.040.071
8.117.871 8,153,953
25.052.059 21.358.092
3.234.866 2.875.237
3.970.510 3.552.904
6.281.323 5.615.524
3.415533 3.055,197
41,954,291 36,456,954
26.651 27.838
63.635 49.310
90.286 77,148
18.141.273 17.400.046
1.090.000 1.504.515
2.557.365 1.351.246
3.647.365 2,855,761
21,788,638 20,255,807
$71,951,086  $64,943,862

The accompanying notes are an integral part of the financial staterments.



Statement of

Current Fund
Revenues, Expenses
and Transfers

for the years ended
December 31, 1980
and 1979

Revenues 1980
Sponsored research:
Government . .. ................. $26.625.841
Nongovernment. . ............... ~1817.921
28.443.762
Education funds availed of ... ... .. .. 1,215,885
Total restricted ... ......... 29.659.647
Unrestricted:
Fees. ... .. ... . ... . ... . ... 375.997
Endowment and similar fund income 522.985
Gifts. . ... ... 934,431
Tuition. . .................. ... 336.606
[nvestmentincome. ... ........... 614.154
Oceanus subscriptions ... ......... 204,949
Other. ... ... .. ... ............... 165,635
Total unrestricted ... .. ... .. 3,154,757
Total revenues. . ... .... .. 32,814,404

Expenses and Transfers
Sponsored research:

Salaries and fringe benefits . ... ... . 8.705.149
Ships and submersibles . .. .. ... .. 6.5655.716
Materials and equipment . . ... ... .. 3.623.029
Sub-contracts .. ................. 964.845
Laboratory overhead . . ........... 1.5566.735
Other... ............. . ......... 3.876.035
General and administrative . . . ... .. 3.162.253
_28.443.762
Education:
Facultyexpense . ................ 290.393
Studentexpense ................ 496.739
Post-doctoral programs ... . ... ... 228,850
Otherexpense .................. 242,078
General and administrative . .. ... .. 132.325
_1.390.385
Unsponsored research . ............. 663.501
QOceanus magazine . . ............... 255,598
Other activities .. ............. ... .. 397.084
General and administrative . ... .. .. .. 115159
1431342
Total expenses . .......... 31,265,489
Nonmandatory transfers:
To plant fund, unexpended. . . ... .. ~1.290.000
Total expenses and non-
mandatory transfers. . . .. 32,555,489
Net increase in unrestricted
currentfund . .. ... ... ... 0L $ 258915
Designated for:
Income and salary stabilization . .. . . 174.328
Ocean industry program ... ....... (9.748)
Fiftieth Anniversary Fund ... ... ... 209.676
Workingcapital .............. ... (115341}
$ 258915

The accompanying notes are an integral part of the financial statements.

1979

$25.629.474

1681927

27.311.401
1121145
28,432 546

230.117
517.781
880.601
316.338
440.653
151.255

2624193
31,056,739

8.173.696
4.870.204
2.978,553
2.724.305
1.657.499
3.755.560
3.151,584

27.311,401

280.307
469.620
273.547
128.405
119.766

1271645

592.276
236.126
416.922

~110.285

 1.355.609

29,938,655

250000
30,188,655

$ 868,084

172.594
58.666
344.949
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Statement of Changes in
Fund Balances for the years

ended December 31, 1980
and 1979
Current Fund Plant Fund
Endowment and Annuity Invested in Total
Restricted Unrestricted Total  Similar Funds Fund Plant Unexpended Funds
1980
Increases:
Gifts, grants, and contracts:
Government ............... $26,625,841 $26,625,841 $26,625,841
Nongovernment............ 2285817 $ 934,781 3,220,598 $ 828,518 $ 504,645 4,553,761
Endowment and similar funds
investment income (Note D) . . 1,442 388 522,985 1,965,373 1,965,373
Net increase in realized and unrealized
appreciation . .............. — 4,443 257 4,443 257
Other....................... 95,349 1,697,341 1,792,690 $14,325 1,807,015
Total increases . .......... 30,449,395 3,155,107 33,604,502 5,271,775 14,325 504,645 39,395,247
Decreases:
Expenditures (including $594,458 of
tunded depreciation) .. ... ... (29,659,647) (1,605,843) (31,265,490) 594,458  (30,671,032)
Depreciation (Note A) ......... — $  (856,272) (856,272)
Total decreases. . ......... (29,659,647) (1,605,843) (31,265,490) (856,272) 594,458 (31,527,304)
Net change before transfers. 789,748 1,549,264 2,339,012 5,271,775 14,325 (856,272) 1,099,103 7,867,943
Transfers — additions {(deductions):
Transfers to unrestricted funds . . (36,375) 36,375 - —
Transfers to endowment and
similarfunds .. ............ . (455)  (225,107) (225,562) 225,562 —
Transferstoplantfund .. ....... (1,290,000) (1,290,000} 1,290,000 —
Plant asset additions. . ......... — 1,597,499 (1,597,499) —
Total transfers. . .......... (36,830) (1,478,732) (1,515,562) 225,562 1,597,499 (307,499) —
Change in fund balance for the year 752,918 70,532 823,450 5,497,337 14,325 741,227 791,604 7,867,943
Fund balance, December 31, 1979 2,061,908 3,040,071 5,101,979 36,456,954 49,310 17,400,046 2,855,761 61,864,050
Fund balance, December 31, 1980 $ 2,814,826 $ 3,110,603 $ 5925429 $41954,291 $63,635 $18,141,273  $3,647,365 $69,731,993
1979
Increases:
Gifts, grants, and contracts:
Government ... ............ $25,629,474 $25,629,474 $25,629,474
Nongovernment............ 1,967,492  $880,601 2,848,093 $ 46,598 $1,625,000 4,519,691
Endowment and similar funds
investment income (Note D) . . 1,402,443 517,781 1,920,224 1,920,224
Net increase in realized and unrealized
appreciation .. ............ — 1,376,706 1,376,706
Other....................... 1,225,811 1,225,811 $ 3,446 1,229,257
Total increases 28,999,409 2,624,193 31,623,602 1,423,304 3.446 1,625,000 34,675,352
Decreases:
Expenditures (including $586,213 of
funded depreciation) ........ (28,432,546) (1,506,109) (29,938,655) 586,213  (29,352,442)
Depreciation (Note A) . ... ... .. — $ (819,660) (819,660)
Total decreases. . ......... (28,432,546) (1,506,109} (29,938,655) (819,660) 586,213 (30,172,102)
Net change before transfers 566,863 1,118,084 1,684,947 1,423,304 3,446 (819,660) 2,211,213 4,503,250
Transfers — additions {(deductions):
Transfers to endowment and
similarfunds ............. .. (308) (308) 308 —
Transferstoplantfund. . ... .... (250,000) (250,000) 250,000 —
Plant asset additions. . ......... —_ 694,782 (694,782} —
Total transfers. . ... ....... (308)  (250,000) (250,308) 308 694,782 (444,782) —
Change in fund balance for the year 566,555 868,084 1,434,639 1,423,612 3,446 (124,878) 1,766,431 4,503,250
Fund balance, December 31, 1978 1,495,353 2,171,987 3,667,340 35,033,342 45864 17,524,924 1,089,330 57,360,800
Fund balance, December 31, 1979 $ 2,061,908 $3,040,071 $ 5,101,979 $36,456954 $49,310 $17,400,046 $2,855,761 $61,864.050

The accompanying notes are an integral part of the financial statements.
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A. Summary of Significant
Accounting Policies:

Fund Accounting

In order to comply with the internal des-
ignations and external restrictions placed
on the use of the resources available to
the Institution, the accounts are main-
tained in accordance with the principles
of fund accounting. This procedure clas-
sifies resources into various funds in
accordance with their specified activities
or objectives.

Investments

Investments in securities are stated at
market value determined as follows:
securities traded on a national securities
exchange are valued at the last reported
sales price on the last business day of the
year, securities traded in the over-the-
counter market and listed securities for
which no sales prices were reported on
that day are valued at closing bid prices.
Investments for which a readily determi-
nable market value cannot be estab-
lished are stated at a nominal value of
$1; income from such investments is not
significant.

Net investment income is distributed to
all funds in the year received and for
pooled investments, income is dis-
tributed on the unit method. Unre-
stricted investment income is recognized
as revenue when received and restricted
investment income is recognized as reve-
nue when it is expended for its stated
purpose. Realized and unrealized gains
and losses are attributed to the principal
balance of the funds involved.

The Institution follows the accrual basis
of accounting except that endowment
and similar fund investment income is
recorded on a cash basis. The difference
between such basis and the accrual basis
does not have a material effect on the
determination of investment income
earned on a year-to-year basis.

Contracts and Grants

Revenues associated with contracts and
grants are recognized as related costs are
incurred. Beginning with fiscal 1978, the
Institution has negotiated with the gov-
ernment fixed rates for the recovery of

certain indirect costs. Such recoveries
are subject to carryforward provisions
that provide for an adjustment to be
included in negotiation of future fixed
rates.

Gifts

Gifts are recorded in the applicable
funds when received. Noncash gifts are
generally recorded at market value on
the date of gift although certain noncash
gifts for which a readily determinable
market value cannot be established are
recorded at a nominal value of $ until
such time as the value becomes known.
Unrestricted gifts are recognized as reve-
nue when received and restricted gifts
are recognized as revenue as they are
expended for their stated purposes.

Plant

Plant assets are stated at cost. Depreci-
ation is provided at annual rates of 2% to
5% on buildings, 3 4% on Atlantis Il
and 5% to 33 ¥4% on equipment.
Depreciation expense on Institution-pur-
chased plant assets amounting to
$594,458 in 1980 and $586,213 in
1979 has been charged to operating
expenses. Depreciation on certain gov-
ernment funded facilities (Atlantis II,
Laboratory for Marine Science and the
dock facility, amounting to $261,814 in
each year) is accounted for as a direct
reduction of the plant asset and invested
in plant fund. Title to the research vessel
Atlantis [l is contingent upon its contin-
ued use for oceanographic research.
The Institution consolidates available
cash from the Plant Fund with other cash
in the Current Fund for investment.

Annuity Funds

On the date of receipt of annuity fund
gifts, the actuarially computed value of
the future payments to annuitants is
recorded as a liability and any excess
amount of the gift is credited to the fund
balance. The actuarial values of the liabi-
lities are recomputed annually.

Reclassification of 1979 Balances
Certain balances in the 1979 financial
statements have been reclassified to con-
form with the 1980 presentation.

Notes to
Financial
Statements

B. Endowment and Similar Fund Investments:

The cost and market value of separately invested and pooled investments are as
follows:

December 31, 1980 December 31, 1979

Cost Market Cost Market
Separately invested:
Government and
government
agencies .. ... $ 2,193,066 $ 1,734,250 $ 2,520,228 $ 2,177,000
Bonds ......... 4,580,691 4,088,751 3,308,747 2,999,000
Common stocks . 10,583,332 14,120,000 11,785,518 12,602,100
Cash .......... 79,981 79,981 66,563 66,563
Total separately
invested ....... 17,437,069 20,022,982 17,681,056 17,844,663
Pooled investments:
Pool A
Government and
government
agencies ... .. 2,141,275 1,962,000 2,209,548 2,023,000
Bonds ......... 2,859,328 2,412,426 2,060,573 1,837,000
Common stocks . 7,859,838 10,310,447 8,656,255 9,328,403
Real estate .. ... 39,733 39,733 42775 42,775
Cash .......... 249,840 249,840 139,229 139,229
13,150,014 14,974,446 13,008,380 13,370,407
Pool B
Government and
government
agencies ... .. 1,840,550 1,567,500 1,719,969 1,528,000
Bonds ......... 824,410 732,700 596,573 523,000
Common stocks . 3,542,946 4,433,600 2,981,382 3,157,848
Cash .......... 220,020 220,020 32,896 32,896
6,427,926 6,953,820 5,330,820 5,241,744
Total pooled
investments . . .. 19,577,940 21,928,266 18,339,200 18,612,151

Total investments . $37,015,009 $41,951,248 $36,020,256 $36,456,814

C. Pooled Investment Units:
The value of a pooled investment unit was as follows:

Pool A Pool B

December31,1980 .................. $.9749 $.9312

December31,1979 .. ... ......... ... $.8724 $.8329
The pooled investment income per unit was as follows:

Pool A Pool B

1980. . .o $.0468 $.0446

1979 $.0450 $.0522

D. Endowment and Similar Fund Income:
Income of endowment and similar funds consisted of the following:

1980 1979
Dividends........................... $1,059,791 $1,020,275
Interest . ........ ... ... ... .... 972,031 973,277
Other ... ............... . ... .. ... 2,994 2,994
2,034,816 1,996,546
Investment management costs. . ........ (69,443) (76,322)
Net investmentincome .. ............ $1,965,373 $1,920,224

E. Retirement Plan:

The Institution has a noncontributory defined benefit trusteed retirement plan cov-
ering substantially all full-time employees. The Institution’s policy is to fund pension
cost accrued which includes amortization of prior service costs over a 30-year period.
Retirement plan costs charged to operating expense amounted to $2,011,000 in 1980
and $1,765,000in 1979, including $131,000 and $85,000, respectively, relating to
expenses of the retirement trust. As of the most recent valuation date, (January 1,
1980) the comparison of accumulated plan benefits and plan net assets is as follows:

Actuarial present value of accumulated plan benefits:

Vested . ... $13,428,566
Nonvested . ... ... .. .. 205,088

$13,633,654
Net assets available for plan benefits . ................ ... ... $13,136,065

The assumed rate of return used in determining the actuarial present value of accumu-
lated plan benefits was six and one-half percent compounded annually.
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Third Mate Denis Howard and banjo on Knorr 80.
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Tommy O'Brien catches up on paper work on Knorr 80.
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R/V Knorr begins test cruise for Transient Tracers program.
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