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aquarium by Laurence P. Madin (©).
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Direcior’'s Comments

New ideas, new technologies, and new
facilities are at the heart of the advances in
oceanography and in the leading role of
this Institution. Can we continue to main-
tain our scientific creativity in a4 time when
funding is tight in both the public and pri-
vate sectors and when we must consider
new sources for support of our work? I
believe the basic health of the Institution is
robust and there are many recent accom-
plishments we can point to with pride.

We have completed the experimental
facilities for the Coastal Research Center,
and they are now in use for experimental
work on coastal dynamics. Some of the
work done through this Center was the
subject of an industrial seminar in 1983,
presented at the Institution by members of
our staff along with MIT colleagues.

The requirements of our organic geo-
chemists for special advanced facilities are
being met by a new chemistry building
scheduled for dedication in mid-1983.
These specially outfitted laboratories will
greatly enhance the ability of our chemists
to understand the ocean and man’s in-
fluence on it as they explore the subtle
changes in its chemical balance.

There are other specialized facilities
which enable us to extend greatly the
range of our research activities. For exam-
ple, we have installed in the basement of
McLean Laboratory a specially shielded
chamber for measuring very low levels of
radioactivity. This facility enables us to
increase our understanding of the distribu-
tion of isotopes in the deep ocean and thus
to enhance our knowledge of abyssal cir-
culation in the ocean. At the other extreme
we have obtained funding from the
National Aeronautics and Space Adminis-
tration for a satellite facility which will
increase our ability to use new sources of
data available through remote sensing. Our
computer facilities have been considerably
increased by the addition of another VAX
that will link up with the satellite facility
and provide a wide range of data analysis
techniques. Institution staff members are
also defining programs to combine the
conventional techniques of moorings and
deep floating drifters with remote sensing
to give both horizontal and depth distribu-
tions of various properties. Taken together,
these three technologies form the basis of
an oceanographic observing system capa-
ble of sampling the full, four-dimensional
structure of the ocean — a capability here-
tofore unavailable to the research
community.

In recent months, there have been sev-
eral very exciting oceanographic develop-
ments in which the Institution has played a
major or a lead role. The technique of
acoustic tomography which enables the
mapping of the internal structure of the
ocean from knowledge of the paths of
acoustic signals over hundreds or thou-
sands of kilometers has been tested suc-
cessfully by a group of scientists, including
members of our Ocean Engineering
Department. The knowledge of warm core
rings shed by the Gulf Stream along the
margin of the North American continent
has been explored as a chemical, biologi-
cal, and physical phenomenon. This has
required multi-ship operations with new
equipment and special problems in
organization. The Institution has plaved a
leading role, both in the science and in the
organization of these major expeditions.
Problems concerning the transfer of
organic matter from the near surface of the
ocean to deep water are intimately related
to a whole range of questions concerning,
for example, carbon dioxide removal from
the atmosphere and pollutant transfers
from land to sea. We have developed pro-
grams using sediment traps to measure
these organic transfers and to characterize
their chemistry. These programs have
been very successful in providing informa-

tion that is leading us to reassess the whole
process of organic production and transfer
in the deep ocean.

As the mid-life refit of Atlantis IT contin-
ued during 1982, funds were awarded by
the National Science Foundation to convert
the ship for handling of the submersible
Alvin. This will greatly improve and extend
the submersible’s capability to operate in
distant waters along with a full comple-
ment of scientific staft to work on material
collected by the submersible. We are also
looking to a new generation of vehicles for
exploring the deep ocean. Such vehicles
being developed may not contain human
beings, but will enable the scientists on the
surface to be in intimate, almost psychic,
contact with the deep ocean.

At this present time we are conscious
that the world of science may not grow in
terms of numbers of people and possibly
in quantity of funds. Yet, within these limi-
tations, we must remain creative in our
ideas and innovative in our methodologies.
Many of these new concepts and tech-
niques summarized here may not come to
fruition for several vears, but they will
ensure continuity for advances at the Insti-
tution and for the expansion of our scienti-
fic horizons.

Jobn H. Steele
Director

Frank Medeiros

Opposite: The WHOI pier in the
summer of 1982 with, counter-
clockwise from upper left, R/V
Knorr, R/V Oceanus, R/V Gyre

( Texas A&M University), and R/V
Atlantis II in port.

WHOI Board Chairman Charles E
Adams, left, and Director John H.
Steele break ground for new chemis-
try laboratory.
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Areas of Interest

Biology

The broad aim of biological oceanogra-
phers 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 information required to
understand how the ocean works biologi-
cally. Among the research interests of Insti-
tution biologists are microbiology, plank-
tonology, benthic biology, physiology,
animal behavior, and aquaculture. Work
on marine pollution includes research on
the effects of drilling muds and hvdrocar-
bons and the biochemical responses of
animals to these pollutants. 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, high
pressures, and deep sea thermal vents.
Answers to questions about the food sup-
ply in the oceans are sought in studies of
particles falling from the surface waters
through the water column to the bottom of
the sea, in studies of upwelling areas,
through investigations of sulfur oxidizing
organisms in the deep sea and shallow
coastal ponds, and in laboratory experi-
ments that complement field investiga-
tions. The uses of sound by marine mam-
mals, mechanisms of fish swimming and
gill ventilation, and the behavior of large
marine animals followed by tagging are
being studied. Other work concentrates on
salt marsh ecology and conservation, and
there are research projects on aquaculture
and waste water recycling and on the pro-
ductivity of a salmon river in Canada.

Chemisiry

Chemical oceanographers are concerned
with the composition of the ocean environ-
ment. They seek to understand the proc-
esses that have brought seawater and sedi-
ments 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 phenom-
ena operating on a variety of time scales.
Input from rivers and reactions at the air-
sea, seawater-sediment 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 questions in chemical oceanogra-
phy revolve around the vertical transport
and transformations in particles as they fall
from the surface waters to the bottom of
the water column. The photochemistry of
the surface ocean and the marine atmo-
sphere is critical to our understanding of
the global sources and sinks for many
gases. The genesis and composition of the
oceanic crust and its interaction with
seawater is important to a general under-
standing of the oceanic system. Studies
concerning the interstitial water chemistry
of deep sea sediments help us to better
understand the diffusive flux of ions
between sediments and the oceans. Work
on the fluxes of organic carbon includes
determination of the amount of organic
carbon produced in surface waters, the dis-
tribution, nature, and biogeochemistry of
specific organic compounds in the marine
environment, and studies of processes
responsible for formation and diagenesis
of organic matter in sediments. While
studving radioactive isotopes 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 use-
ful as indicators for studyving rates of water
circulation, the in situ rates of chemical
processes in the sea, and rates of biological
and chemical processes that change the
composition of seawater. Stable isotopic
studies in rocks can be used as geochemi-
cal and petrological indicators of large
scale terrestrial mantle processes.

Geology and Geophysics

Marine geologists and geophysicists study
the processes which form and affect the
earth beneath the sea, as reflected in its
underlying structure and composition. The
sedimentary and volcanic material of the
seabed is investigated by direct sampling
and remote observation. Coring, dredging,
or drilling techniques are commonly used
to obtain samples, which are further classi-
fied in the laboratory by petrological
descriptions, geochemical analyses, and
measurement of physical properties. Geo-
physical methods include the fields of seis-
mology, gravity, magnetism, and geother-
mics. The establishment of plate tectonics
as the primary kinetic process creating and
shaping ocean basins has focused attention
at the boundaries where plates interact. At
divergent plate boundaries, or mid-ocean
ridges, the processes which bring up hot
materials to create ocean crust and litho-
sphere are studied in detail. Investigations
of rifted continental margins of different
geological ages are important to under-
stand how continental plates initially break
apart. Finally, subduction of oceanic litho-
sphere beneath either continental or other
oceanic lithosphere is a process which is
intimately associated with the creation of
deep sea trenches and back-arc basins,
accompanied by the important geological
phenomena of earthquake belts and vol-
canic island arcs. Research is actively pur-
sued on processes of particulate flux in the
ocean (‘marine snow"), carbonate and sili-
cate dissolution, and other phenomena rel-
evant to the transport of biogenic material
to the sea floor. The results are essential to
a better understanding of the fossil record,
which in combination with studies of its
oxvgen isotopic variation reveal changes in
climate and ocean environment over
periods of thousands to millions of years.
The study of the dvnamics of sediment dis-
tribution on the ocean floor is important to
deciphering the fossil record and inter-
preting sea floor morphology. Marine
geologists also study near-shore and
shallower regions such as continental
shelves and coasts where earth, ocean, and
atmosphere dynamically interact to pro-
duce complex and rapidly-changing
morphology.



The increasing sophistication of ocean
projects, especially within the last decade,
has led to an unprecedented demand for
special engineering knowlege and skills.
The field of ocean engineering is a com-
plex hybrid of many of the classical engi-
neering disciplines such as electrical,
mechanical, civil, chemical, and marine
engineering. Its purview is broad and
inter-disciplinary. Ocean engineers are
conducting research and developing
instrumentation in almost every field of
oceanography. Mechanical, electrical,
acoustical, chemical, optical, civil, marine,
and ocean engineering talents are used to
develop techniques for measuring oceanic
processes and for answering basic scienti-
fic questions about the marine environ-
ment. Measurement programs span ocean
time scales of vears to milliseconds and
ocean space scales of kilometers to milli-
meters. Electronic data handling and pro-
cessing circuits using microprocessors and
state-of-the-art devices are developed for
these programs. Instrument housings and
anchoring and mooring svstems are
designed, fabricated, and deploved at sea.
Acoustic techniques are applied to meas-
urement problems. Manned and
unmanned deep submersible systems are
engineered for search and discovery. Tech-
niques for using the earth orbiting satellite
as an observational tool are being devel-
oped together with image enhancement
and image processing algorithms. Informa-
tion processing, whether applied to acous-
tic systems, satellite images, geophysical
time series or general data reduction is the
primary concern of a large segment of the
department. Research is conducted in
hvdrodynamics, signal processing theory,
applied mathematics, acoustic tomography
and propagation, deep submergence engi-
neering, arctic acoustics, coastal processes
and benthic currents, and instrumentation
techniques. Programs in mooring materials
and design, electronic and microprocessor
applications, optical measurement, remote
observation and sampling, and arctic
instrumentation engineering support these
and other scientific projects throughout
the Institution. The technological sophisti-
cation of modern ocean science demands
the application of special engineering
knowledge and skills. The solution of chal-
lenging problems requires creative combi-
nations of wide ranging ocean engineering
principles.

Physical Oceanography

Physical oceanography is the study of the
physics of the ocean. Its central goal is to
describe and explain the complex motion
of the ocean which occurs over a very wide
range of scales. Variations of the tempera-
ture and salinity, the driving eftects of the
winds, the rotation of the earth, and the
pull of the sun and the moon all contribute
to these motions. There are both grand
persistent currents like the Gulf Stream
and transient waves and eddies of almost
all sizes and speeds, from high frequency
acoustic and surface gravity waves, to
slower internal gravity waves hidden from
the sea surface. Large regions of the oceans
are dominated by the mesoscale eddylike
vortical patterns of flow that display visual
and dvnamic similarity to atmospheric
weather patterns. As in the atmosphere,
relatively intense frontal svstems exist.
Important mixing and stirring across these
fronts are accomplished by a variety of
phvsical processes, some of great subtlety
like the phenomenon of “salt fingers™
whose sizes are on the centimeter scale.
Important scientific questions also arise in
considering the interaction of the ocean
with the atmosphere. The ocean and the
atmosphere drive each other in an as vet
poorly understood way; exchanges of
energy between the air and sea are impor-
tant in determining the climate of both the
armosphere and the oceans. Physical proc-
esses in coastal regions are strongly
affected by atmospheric forcing and bot-
tom topography, and the current and wave
systems in this complicated region are of
vast importance to the local climate and
ecology. Physical oceanography staff mem-
bers are involved in experimental, theo-
retical, laboratory, and numerical investi-
gations of many parts of the svstem of
oceanic motions. Small programs and
large international projects are underway,
and multi-disciplinary efforts are increas-
ing. All of these studies have the ultimate
goal of understanding the structure and
movement of the world’s oceans, the inter-
action of the sea with its boundaries, and
the physical role of the ocean in relation to
other branches of oceanography.

Marine Policy &
Ocean Management

The Marine Policy and Ocean Management
Program is a multi-disciplinary effort that
provides an opportunity for individual
scholars to conduct research regarding the
problems generated by man’s increasing
use of the ocean. The Policy Program main-
tains a staff of Policy Associates in addition
to the Postdoctoral and Senior Research
Fellows who are appointed for terms of
one to two vears. Fellowships are offered
to individuals from such fields as anthro-
pology, economics, international affairs,
law, political science, and the marine sci-
ences who are interested in applving their
training and experience to marine policy
and ocean management questions. The
Program sponsors workshops, confer-
ences, and seminars on important and
timely marine policy issues. Present
research themes in the Program include:
coastal zone management and pollution
problems; fisheries management issues;
marine mineral management studies, espe-
cially on polvmetallic sulfides; marine
policy problems and opportunities in
developing countries; implications of the
Law of the Sea Treaty for U. S. ocean man-
agement and science; use of scientific
information in decision making and policy
planning; and U.S. and Canadian marine
research and management issues, espe-
cially those in the Arctic.
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Reporis on Research

Large Oceanographic
Programs

In recent years, certain oceanographic
problems have been defined on scales that
require the cooperative work of many
investigators. A number of Institution sci-
entists are involved in these multi-
institutional, multi-disciplinary projects.
The three large programs briefly discussed
here are Transient Tracers in the Ocean,
Gulf Stream Warm Core Rings, and the
Coastal Ocean Dvnamics Experiment.

R/V Knorr was engaged for seven
months of 1981 in the North Atlantic Ocean
on an extended vovage for the Transient
Tracers in the Ocean (TTO) program. Dur-
ing an extensive sampling program, some
stations she had made for the Geochemical
Ocean Sections Study (GEOSECS) in
1972-73 were reoccupied. TTO is based on
the premise that the oceans are important
both in global climate and in the uptake of
man-made substances, particularly the
potential climate modifier carbon dioxide.
Prediction of future changes requires
quantitative understanding of the physico-
chemical dynamics of the oceans, and the
TTO researchers representing five Ameri-
can institutions as well as several foreign
ones have recently proposed a 10-vear pro-
gram to continue to measure transient
(man-made, time varving) tracers in the
ocean as a basis for such prediction. The
major thrust of the program is to obtain a
series of “snapshots” of the distribution of
several transient substances and use their
differing natures, time histories, and
boundary conditions to help unravel the
complex oceanic processes responsible.
Over the next ten vears, the Transient Tra-
cers scientists plan to expand a series of
regional scale surveys already begun which
will be combined to provide a tracer map
of the entire world. A large scale prognos-
tic model is the ultimate goal. In addition
to the North Atlantic work in 1981, field
work has been done in the equatorial Paci-
fic, and in late 1982 R/V Knorr was again
emploved to begin work in the equatorial
Atlantic. A South Atlantic study will follow.

The observations of bomb-test-
produced tritium, helium-3, and carbon-14
made during the GEOSECS expeditions
provided the first picture of the pathways
by which these substances invade the
oceans. The atmospheric bomb testing was
carried out in the late 1950s and early
1960s, and its products could be seen in
the early 1970s in the oceanic thermocline,

the zone where the water temperature
decreases very rapidly with depth, and, via
the deep North Atlantic overflows, in the
abyvss of the North Atlantic. Further under-
standing of the response time of the deep
ocean to surface events has come with ini-
tial analysis of TTO 81 cruise data that indi-
cates reflection of atmospheric fluctuations
in the North Atlantic and Norwegian and
Greenland Seas by reduction in salinity
and increase in temperature of deep North
Atlantic water on a time scale of less than a
decade.

Intitution scientists participating in the
TTO program are William Jenkins and
Peter Brewer, who is currently on leave as
a program manager at the National Science
Foundation, of the Chemistry Department,
and Peter Rhines and Ray Schmitt of the
Physical Oceanographyv Department.

The multdisciplinary program to study
warm core Gulf Stream rings involves
more than 25 principal investigators and 13
different institutions. Warm core rings are
the dominant form of oceanographic vari-
ability in the Slope Water off the East Coast
of the United States. A warm core ring is
formed when a meander separates to the
north of the Gulf Stream. The resulting
ring tvpically has a diameter of 100 to 200
kilometers. Its central core usually has the
physical, chemical, and biological proper-
ties of the Sargasso Sea, and a Gulf Stream
remnant forms the high velocity region
surrounding the core. These rings tvpically
survive as independent phenomena for six
months before coalescing with the Gulf
Stream.

The objective of the Warm Core Rings
program is to study the dynamics and evo-
lution of warm core rings in order to
understand fundamental oceanic processes
in a semi-closed hyvdrographic regime and
to contribute to the understanding of the
role rings play in transport and exchange
in the region between the shelf water and
the Gulf Stream, There are seven main
components to the program: 1) experi-
mental and descriptive physical oceanogra-
phy, 2) application of remote sensing to
ocean studies, 3) chemical distributions
and processes, 4) biological spatial pat-
terns, 5) effect of entrainments on fish pop-
ulations, 6) plankton physiology, and 7)
analytical and numerical modeling.

WHOI Research Vessels Knzorr and
Oceanus were two of the four principal
platforms used in a 1982 time series study
of warm core rings. Four cruises were
scheduled over a six-month period to

Right: Conductivity/temperature/depth array
with water sample rosette is launched for
Warm Core Rings research.

investigate the structure and dynamics of a
warm core ring over its life span. Informa-
tion from research ships of opportunity,
satellites, and aircraft overflights also con-
tributed to the work. The birth of Ring 82-
B, the second warm core ring to form in
1982, was observed by satellite in February
just south of the central portion of Georges
Bank. The ring was extensively sampled
and studied until it coalesced with the Gulf
Stream off Cape Hatteras in mid-
September.

Since the ring had disappeared by the
fourth scheduled cruise in late September,
early October, 82-H was followed instead
from the late meander stage through
pinching off. After the ring formed, an
intense gale passed through the area, and
major transformations in the ring's surface
structure could be seen as a result of the
storm.

Among the findings of the Warm Core
Rings work to date are: Satellite and aerial
remote sensing provide quantitatively use-
ful information on the temperature and
chlorophyll structure and characteristics of
warm core rings. The researchers have
observed larger changes in the physics,
chemistry, and biology of a ring in a week's
time than thev had expected would occur
in several weeks to months. These rapid
changes were caused by Gulf Stream inter-
actions (a ring may come in contact with
the Gulf Stream several times in its life
span) and were evident in the increase in
the populations of cold water zooplankton,
whose physiological rates are high com-
pared to their warm water counterparts.
Large chemical fluxes have been seen in
the center of the ring. The stratification in
the water column and its variation with
time have been monitored since it plays a
very important role in chemical and bio-
logical processes in a ring.

WHOI phvsical oceanographers Terry
Jovce and Ray Schmitt have been principal
investigators for studies of the velocity
structure and mass field (temperature and
salinity distribution) in rings and the
changes in these properties over time.
They are also concerned with the effects of
mixing versus advection. From the Biology
Department, Dick Backus is investigating
mid-water fish distribution in rings, Tim
Cowles is studying macrozooplankton
grazing and egg production, and Peter
Wiebe’s research centers on micro-
zooplankton distribution and life history.
Wiebe also serves as vice chairman of the
program.
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Reporis on Research

The general objective of the Coastal
Ocean Dynamics Experiment (CODE) is to
study the response of coastal water to wind
stress in a simple geomorphological set-
ting. Scientists from six institutions initiated
a four-vear project in 1980 to investigate
the dominant physical processes governing
wind-driven currents over the northern
California continental shelf. A series of two
four-month, densely-instrumented, small-
scale field experiments were carried out in
the spring and summer of 1981 and 1982 1o
obtain high quality measurements of rel-
evant physical variables. These are being
used to construct accurate kinematic and
dynamic descriptions of the response of
shelf water to strong wind forcing over
time periods of two to ten days. Dense
moored arrays of meteorological buoys,

current meters, tide and bottom pressure
sensors, and vertical temperature and
temperature/conductivity chains were
deploved, extensive hyvdrographic and
Doppler acoustic current survevs were
conducted by RV Wecoma of Oregon State
University, and a number of Lagrangian
experiments were conducted using a new
radio-tracked drifter. The heavily instru-
mented Queen Aire aircraft from the
National Center for Atmospheric Research
was used to obtain direct observations of
wind, wind stress, and other meteorologi-
cal variables in the marine boundary layer
off the northern California coast.

A more lightly-instrumented, long-term,
large-scale component of CODE is
designed to help separate the local wind-
driven response from motions generated

either offshore by the California Current
svstem or in some distant region along the
coast. It is also intended to help determine
the seasonal cycles of atmospheric forcing,
water structure, and shelf circulation over
the northern California shelf. William
Grant and Albert Williams 3rd of the WHOI
Ocean Engineering Department have been
principal investigators concerned with bot-
tom stress measurements as well as swell
and wind-wave climate work in CODE.
Robert Beardsley of the Physical Oceanog-
raphy Department has served as overall
program coordinator and principal investi-
gator for the work on long-term current
and temperature measurement as well as
the buoy wind and current measurements
in the two small-scale experiments.

Below: A vector measuring current
meter is launched during field work
for the Coastal Ocean Dynamics
Experiment (CODE ) aboard R/V
Wecoma (Oregaon State University)
in the Pacific.

Right: Mooring flotation is readied
for placement for CODE.
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Gelatinous Plankton
G. Richard Harbison

Gelatinous organisms are among the most
prevalent animals in the open ocean.
There are many reasons for gelatinous
structure. Among them are the need to
maximize body surfaces to capture widely-
dispersed food; the decreased need for
reinforced structures because there js little
likelihood of colliding with anything in the
middle of the ocean; ease in staying afloat;
no demand for protection against the
harmful effects of sunlight; and protection,
to hide from predators. By studving their
role in the open sea, we can obtain infor-
mation about their environment through
examination of their adaptations to it.

To this end, T have been studving two
major groups of gelatinous zooplankton,
salps and ctenophores, along with other
planktonic organisms that live in associ-
ation and interact with them. While both
salps and ctenophores are unfamiliar crea-
tures to most people, they are, in fact,
widespread and abundant, and often
important ecologically.

Salps are barrel-shaped animals, ranging
in size from about half a centimeter to 30
centimeters in length. Filter feeders, thev
USE 2 MuCous net to strain microscopic
particles from the water. While studving
their rates of feeding and their responses

to differing kinds and concentrations of
food, I have found that they feed verv well
at concentrations of particles similar to
those found in the open sea. At higher con-
centrations their feeding mechanism
breaks down; a bolus of food is formed
that blocks the esophagus, preventing the
further ingestion of food. The concentra-
tions of food at which the feeding mecha-
nism is disrupted are so low that food con-
centration may be a major factor infl-
uencing the distribution of these salps,
effectively serving to restrict them to the
open ocean. It appears that too much,
rather than too little, food is detrimental to
their survival. At normal concentrations of
particles found in the open sea, the
filtering mechanism works perfectly, but at
higher concentrations such as are usually
found close to shore, the feeding mecha-
nism ceases to function properly. There-
fore, these salps may starve to death if food
is too plentiful. This conclusion appears so
paradoxical and contrary to what is gener-
ally believed to be the case for planktonic
animals that I have experiments planned to
see if elevated food concentrations actually
result in decreased ingestion.

Whatever mechanisms may serve to
exclude most salps from coastal waters,
there can be no question that they are
extremely good at removing particulate
material from the water. In addition to pro-

cessing large volumes of water, they are
slow-moving and relatively large, so that
they are attractive food sources to a consid-
erable number of other oceanic animals.
Crustaceans are often found in association
with salps. Two groups, cvclopoid cope-
pods and hyperiid amphipods, are major
predators and parasites. Some of these
crustaceans have such strong feeding pref-
erences that they are only found on single
species of salp. Lawrence Madin of WHOI,
John Hanssen of Loyola University, and 1
are examining some of the factors that
serve to establish and maintain this high
degree of specificity. In addition to crusta-
ceans, planktonic molluscs and fishes are
also important salp predators. One genus
of oceanic fish, Tetragonurus, appears to
be very tightly associated with salps, at least
in the early stages of its life, and highly
selective in its feeding habits. These fish
live in salps, eat the crustacean parasites,
and also eat the stomachs of the salps, their
teeth being speciallv modified for this pur-
pose. We have examined Tetragonurus
stomach contents and found nothing but
the remains of salps and related tunicates
along with remains of the crustacean para-
sites that live on them. When presented
with a variety of gelatinous animals in the
laboratory, these fish would eat only salps,
refusing ctenophores, jellyfish, and
siphonophores.

Martin Jones

Left: The ctenophore Ocyropsis
maculata feeds on large crustaceans
and larval fishes by grasping them
with jts large muscular oral lobes.

Below: Rich Harbison
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Less is known about oceanic cteno-
phores than about salps, largely because
their delicate structure makes them dif-
ficult to collect. Ctenophores superficially
resemble salps, being gelatinous and usu-
ally transparent, vet the two groups are not
related. Most ctenophores use cilia to pro-
pel themselves through the water; in fact,
they are the largest animals that emplov
cilia for this purpose. My past work with
ctenophores has shown their ingenious
and varied methods of capturing food,
especially the use of tentacles covered with
adhesive cells. Some of my present work is
directed toward learning more about their
roles in the open ocean, the rates at which
they capture prey, and how food they cap-
ture is translated into growth and repro-
duction. Ctenophores can become quite
large — some species grow up to six feet
long — and a number of animals live on
them as parasites and predators. Hyperiid
amphipods are also found on ctenophores,
but these are very different from the ones
that parasitize salps. Other common para-
sites are hemiurid flatworms and alciopid

worms. The latter are sometimes so large
in comparison to their hosts that thev are
perhaps better thought of as predators.
Tryving to discover what kinds of animals
prey on ctenophores is very difficult, as it is
much harder to identify the remains of
ctenophores in stomachs than the remains
of salps.

Since a plankton net can tear the delicate
ctenophores into unrecognizable frag-
ments, they must be collected more gently,
In the upper waters of the open sea, cap-
turing them with jars while scuba diving
works well, but at greater depths (and it
must be remembered that the open ocean
is over 4 kilometers deep, on average) spe-
cial collecting devices operated from sub-
mersibles must be used. When these deli-
cate deep-sea forms are collected, they
usually are undescribed species. While div-
ing in Alvin in the Panama Basin, I saw
ctenophores as deep as 4,000 meters, and I
recently collected a species in the Santa
Barbara Basin off California, using the
Wasp (a deep diving suit developed for the
oil industry). The latter had been pre-

viously known only from Slope Water off
the northeast coast where Laurence Madin
and I collected it with Alz#m in 1976. The
ctenophore, Bathyocyroe fosteri, was very

abundant in the Santa Barbara Basin below

about 500 feet, vet its presence there had
not previously been detected. T am con-
vinced that many, if not most, species of
ctenophores live in the deep ocean, but
remain unknown and undescribed. Until
we develop improved methods to count,
collect, and study them, their importance
in the open ocean ecosvstem will also
remain unknown.

Most plankton ecologists have studied
crustaceans, as these animals are relatively
rugged, and many are easily collected with
plankton nets. Now that improved tech-
niques are being developed, it is possible
to begin to study the more fragile forms. 1
believe these animals have much to tell us
about the nature of the open ocean as an
environment. As our ability to study the
gelatinous forms increases, it is likely that
our present conception of life in the open
sea will be significantly altered.

Right: Salps have alternation of gen-
erations, and both generations of Rit-
teriella amboiensis are shown in this
photo. The large solitary produces
aggregates by asexual budding. The
aggregates in this species are
arranged so they look like a zipper.

Below: Two small fishes (7etragonu-
rus cuvieri) are living in these Pegea
confoederata aggregates. These fish
have specially modified teeth for cut-
ting out the stomachs of salps.

Doug Biggs

Russell Reichélt



13

Assessing the Trophic
importance of Gelat-
inous Herbivores and
Carnivores

Lavrence P. Madin

During the last ten to twelve vears, in situ
zooplankton studies using scuba and sub-
mersibles have provided a wealth of new
information on the biology of gelatinous
animals and other organisms and struc-
tures which could not be sampled or
detected with conventional approaches.
The widespread distribution and periodic
high abundances of pelagic tunicates, siph-
onophores, ctenophores, and others has
been documented in various parts of the
ocean, and laboratory-based studies of
physiology and feeding behavior have
made possible extrapolations of the poten-
tial impact of some of the gelatinous ani-
mals on their ecosystems.

It is also possible, with in situ methods
to make more direct estimates of the effect
of a population of gelatinous animals on
the rest of the plankton community. Two
categories of data are necessary: the abun-
dance and size distribution of the gelat-
inous animals at the study site, and the
rates of the processes of interest. Some
processes of immediate interest are feed-
ing, growth, and, in the case of salps, defe-
cation. Whether herbivores or carnivores,
animals have their most immediate impact
by feeding. Over longer time scales,
growth rates and fecundity of different spe-
cies will influence how they respond to
fluctuations in food levels and to predation
or competition from other species. Herbi-
vores like salps produce compact fecal pel-
lets composed of the phytoplankton and
other small particles they have collected
and partially digested. The pellets sink

much faster than do the small particles
individually, and they can contribute signi-
ficant amounts of nutrients and energy to
deeper waters.

All of these rates can be measured in the
laboratory, but often with some artificial
constraints on the behavior of the animal.
Measurement of feeding rates can be tricky
in a lab experiment, especially for oceanic
predators like ctenophores, because of the
difficulty of mimicking the concentration,
diversity, and patchiness of prey they
would normally encounter in the ocean.

An alternative method for determining
feeding rates is to collect organisms under-
water, preserve them (or their stomachs)
immediately, and then examine the num-
bers and kinds of organisms they have
eaten. These data can be expressed as rates
by dividing the number of prey found by
the time required for the organism to fully
digest the prey. These times are measured
in the laboratory for prey of different sizes
and kinds. Basically the same method is
used in fisheries research to estimate feed-
ing rates of fish. Feeding by gelatinous
predators is easy to assess this way, since
most of the prey are crustaceans which
leave recognizable exo-skeletons behind
after digestion. These remains also provide
qualitative data on the kinds of prey eaten
by different predators. In groups like siph-
onophores and ctenophores, it can be seen
that different species display considerable
selection of prey on the basis of size, mor-
phology, or both. Ctenophores, for exam-
ple, all use basically similar sticky cells for
actually catching prey, but have evolved
divergent mechanisms for arranging these
cells, for concentrating prey items, and for
transporting them once caught. Gut con-
tents analysis shows, for example, that the
largest ctenophore, Cestiim veneris, which
may be over a meter long, eats mostly
copepods under I millimeter in length,

while the relatively small Hormiphora, up
to 20 millimeters long, eats larger crusta-
ceans, some nearly half the size of the
ctenophore. Yet a third genus, Lampea,
specializes in salps as prey, most of them
larger than the ctenophore itself.

A variation of this method can be used
for herbivorous animals like salps. Instead
of exoskeletons, pigments, which result
from degradation of chlorophyll during
digestion of phytoplankton cells, are meas-
ured and used as an index of gut fullness,
Turnover time of the gut contents can be
measured in the laboratory and expressed
as a rate of gut filling or ingestion; by com-
paring the concentration of plant pigments
in the water around the herbivore, inges-
tion can be expressed as filtration rate.

Salps are better suited to this method
than crustacean herbivores. They are true
filter feeders which continuously ingest a
wide range of particulate food, and they
are large enough that their guts can be
excised and analyzed singly.

By collecting 20 to 30 individual salps
underwater and determining their feeding
rates in this way, we can extrapolate to the
impact of all the salps in the area if the
abundance and size distribution is known
from a trawl sample. We are presently
using this approach at stations within three
characteristic areas of the North Atlantic —
the Sargasso Sea, the Gulf Stream, and the
Slope Water — to assess the importance of
salps in these trophic regimes.

Abiologically interesting complication
to this method of estimating feeding is the
fact that many ctenophores, siphono-
phores, and medusae do most of their
feeding at night. While the same in situ
methods can be used at night, the logistics
and safety requirements are slightly differ-
ent. We have built a set of specialized
nighttime diving gear incorporating hel-
mets with lights and two-way underwater

© G.R.. Dietzmann

Larry Madin in the laboratory of
Atlantis Il
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communication that allows all the divers to
talk to one another even when they cannot
see bevond their hands. At many of our sta-
tions in the last two vears, the abundance,
diversity, and activity of the nighttime fauna
has been much greater than what we see
during the day. One reason for this differ-
ence is, of course, the appearance at night
of vertically migrating zooplankton, some
of them destined to be prey of the gelat-
inous predators in surface waters, others
predators themselves. The assessment of
predation rates of many gelatinous carni-
vores must take day and night differences
into account if it is to be anywhere near
realistic.

Another difficulty with gelatinous pred-
ators is the estimation of their abundance.
While salps are sturdy enough to be sam-

pled in nets, the ctenophores and siphono-
phores are mostly destroved. Counts of
their numbers have to be made by divers.
One approach we are currently developing
is the use of a large illuminated frame
which is pushed ahead of a swimming
diver. It defines a known area and makes
the transparent animals more visible, espe-
cially at night. As organisms appear in the
frame, the diver visually counts and identi-
fies them, recording the tallies on audio
tape. Using a small flowmeter, the diver
can also measure the distance the frame
has moved through the water to calculate
the volume searched.

Field studies like these can give us real-
time and real-place information on the
effects of various gelatinous plankters, par-
ticularlyv the rates and selectivity of their

feeding. Laboratory experiments with
many of the same or similar animals can
provide more specific results on feeding
capabilities under defined circumstances,
as well as measurements of other energetic
parameters like respiration and growth.
The two approaches, telling us what ani-
mals can do, and what they do do at certain
times and places, together give us much
greater confidence in assigning levels of
ecological impact to these organisms.

Below: During a night dive, Larry
Madin injects fixative into a jar con-
taining a collected ctenophore to
preserve stomach contents.

This ctenophore, Eurbampbaea vex-
illigera, was photographed at night
with a full stomach.
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Planktonic Ciliates
Diane K. Stoecker

Ciliated planktonic protozoa (mostly tintin-
nids and oligotrichs) are an ubiquitous,
microscopic component of the zooplank-
ton; their importance, relative to larger
zooplankters, in the pelagic food webs is a
point of interest and controversy. Although
the biomass of ciliates in the plankton is
proportionately small compared to cope-
pods and other macroplankters, their
impact on phytoplankton dynamics may
sometimes be comparable. This impact is
due both to their high numbers, often
thousands of ciliates per liter in coastal
waters, and to their high feeding rates per
unit biomass.

The smaller planktonic ciliates (less than
30 microns in size) may primarily eat nan-
nophytoplankton (2 to 20 microns in size)
and ultraphytoplankton (less than 2
microns in size) which are not efficiently
grazed by crustacean zooplankton. How-
ever, these smaller ciliates are probably
eaten by the larger zooplankton, and,
therefore, smaller ciliates may be an
important trophic link between the very
small phytoplankton, which often account
for the bulk of the primary productivity in
the oceans, and the higher trophic levels.
Also, many of the larger ciliates (up to a

few hundred microns in size) consume
phytoplankters of a size that is efficiently
consumed by copepods and other macro-
plankton. Thus the planktonic ciliates may
be both a trophic link to larger zooplank-
ton and in competition with larger zoo-
plankton for phytoplankton.

In my laboratory we are investigating the
ecological roles of the larger, plankton-
eating, planktonic ciliates. Our approach
combines sampling and experimentation
in the field with laboratory experiments,
using phytoplankton and ciliates cultured
in our laboratory. The field work has con-
centrated on the ciliates in local estuaries
and ciliates in productive, coastal waters of
the Gulf of Mexico. We are finding that
some ciliates are associated with blooms of
specific phytoplankters and that these cili-
ates can selectively feed on these species of
phytoplankton: e.g,, the tintinnid, Favella
(see photographs), is a predator on dino-
flagellates both in New England waters and
in the Gulf of Mexico. This selective preda-
tion by ciliates may have an important in-
fluence on the species composition and
the dvnamics of algal blooms. In addition,
we have found that some of the larger cili-
ates, i.e., Favella, are predators both on
smaller ciliates and on the phytoplankton
upon which these smaller ciliates feed.
Such triangular trophic structure, in which

one species is both a predator on and the
competitor of another species, may be
common among the ciliates since many
can engulf particles of a size almost equal
to their own. Our early investigations indi-
cate that this phenomenon may be a criti-
cal factor in the regulation of ciliate grazing
pressure, and we are studving this further.
We have also found that common, omnivo-
rous copepods prey on planktonic ciliates,
perhaps preferring them to phytoplankton,
and that macrozooplankton, particularly
copepod, predation mav exert a control on
ciliate populations.

In local estuaries, we have carried out
experiments to determine the in situ
growth rates of planktonic ciliates. The data
generated by these experiments indicate
that in situ net growth rates are very vari-
able, but they are often lower than the
maximal rate which can be reached in cul-
ture. A comparison of laboratory and field
results suggests that suboptimal food den-
sities, predation among ciliates, and para-
sitism are all factors which reduce the net
growth rate of ciliates. Also, during our
long term culturing of planktonic ciliates,
we have observed that life cvcle events can
influence both their feeding and growth
rates. In Favella, conjugation appears to be
necessary to maintain viability (first photo).
We have also observed conjugation in field

Vicky Cullen

-
o
X~
o
o
]
=
)
]
=
o
(o]

20 microns

Diane Stoecker

—

A0 mitiohs

Far left: Diane Stoecker

Left above: Conjugating pair of tin-
tinnid Favella.

Left below: Favella cyst.

Below: Favella parasitized by dino-
flagellate Dubosquella.
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samples which were collected as blooms
were ending, leading us to suspect that
conjugation often precedes cyst formation
(second photo). It is believed that cyst for-
mation may be an important mechanism
by which ciliates can survive in a dormant
state when conditions are unfavorable, and
germination of cysts may synchronize the
appearance of ciliates in the plankton with
that of their prey. The feeding rates and
growth rates of cilates are an integral part
of much of our research, and we endeavor
to glean any information relevant to the
factors affecting them as we proceed in our
investigations.

In the Gulf of Mexico our work has
focused on the ciliates which may be
important in food webs that support larval
Gulf menhaden and spot. The first-feeding
fish larvae have a very small oral diameter,
and ciliates, which are very small animal
food, may be important in their diet. We

are investigating this by doing laboratory
experiments to determine larval fish pref-
erence when ciliates, algae, and copepod
nauplii (juvenile stages) are available as
food.

We are currently expanding our
research in the Gulf of Mexico and in local
estuaries to determine the effects of natural
and induced trace metal perturbations on
ciliate/phytoplankton interactions. Trace
metal regimes partly control the distribu-
tion and abundance of many phytoplank-
ters. As ciliates are specialists on particular
algal groups, thev may be sensitive to
changes in the species composition of the
phytoplankton. Conversely, if some ciliates
are more sensitive to trace metal perturba-
tions than their algal food, changes in trace
metal chemistry may reduce ciliate grazing
on phytoplankton. Uncoupling of ciliate/
phvtoplankton trophic relationships could
have an important impact on the dvnamics

of phytoplankton communities, and this is
being investigated.

How nutrients are made available to
phytoplankton, the primary producers, is
vet another aspect to be considered in
understanding the dynamics of plankton
communities. In many planktonic commu-
nities, nutrient regeneration is thought to
supply the bulk of nitrogen and phosphor-
ous needed to sustain primarv productiv-
ity. The role of ciliates in nutrient regenera-
tion may be an important one. Ciliates
directly restore nutrients by releasing
nitrogen and phosphorus; they indirectly
restore nutrients by producing fine sus-
pended particulate matter which is remi-
neralized in the upper part of the water
column. We are now beginning to investi-
gate this aspect of the ciliates’ function in
the plankton.

Below: Joel Goldman, left, in labora-
tory with Research Assistant Mark
Dennett.

Right above: Diagram shows a con-
ceptual scheme of how the total pool
of nutrients (N) controls the com-
bined biomass of phytoplankton

(P) and grazers (G) in an enclosed
portion of oceanic surface water, but
not the rates (R) by which grazing
and nutrient regeneration occur.
Thus, even though there is a three-
fold increase in N and P+G in the
food chains shown, the rates of phyto-
plankton growth, grazing, and nutri-
ent regeneration would remain constant.

Shelley Lauzon
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Left: This diagram shows a concep-
tual scheme of the spinning wheel-
microbial food chain within a
discrete organic aggregate. Growth
of the autotrophs would be fueled
by sunlight, or photosynthetically
active radiation (PAR), whereas bac-
teria would rely on dissolved organic
matter (DOM) released by the auto-
trophs and micrograzers for their
energy source. Phagotrophic micro-
flagellates would graze on both the
autotrophs and bacteria and regen-
erate nutrients directly or through
bacterial action.
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Oceanic Nutrient Cycles
Joel €. Goldman

Surface waters of oceanic regions charac-
terized by permanent thermoclines have,
in the past, been described as “biological
deserts” because they contain very low
concentrations of measurable biomass and
are lacking in detectable nutrients. The
physical features of such a system preclude
any major mechanism by which nutrients
from deeper, nutrient-rich waters can
enter the euphotic zone. 1t is generally
believed that both the growth rates of indi-
vidual organisms and the total productivity
of the community are severely nutrient-
limited in such an enclosed environment.
This perception of the open ocean has
been hased, to a large extent, on the choice
of temporal and spatial scales upon which
the pertinent biological and chemical
measurements typically are made. For
example, subsamples obtained from well-
mixed, large volume samples (liters to tens
of liters) commonly are used at sea both
for a variety of analytical measurements
and for long-term (tens of hours) bottle
incubations to determine rates of primary
production and nutrient turnover.

One of the major limitations in using
discrete, large-volume samples to repre-
sent water-column biological activity is that
the chosen temporal and spatial scales are
based more on convenience than on the
best representation of the real world of

organisms. In waters seemingly void of
nutrients and consistently low in biomass
and in which up to 80 to 90 percent of the
available nutrients are believed to be recy-
cled within the euphotic zone, phyvtoplank-
ton growth would have to be balanced
both by herbivore grazing and by con-
comitant nutrient regeneration. Such a sys-
tem is akin to a spinning wheel. As seen in
the top figure at left, the rate at which this
wheel spins is dependent not on the total
nutrients and biomass of the svstem, but
only on the tight coupling between phyto-
plankton and grazer components. The
combined biomass of such a system is
clearly a function of the total pool of avail-
able nutrients, however.

Itis my view that this wheel may be spin-
ning at rates approaching the maximum
possible so that the growth rate of individ-
ual phytoplankton cells is not limited by
nutrient availability, but only by how fast
the fixed quantity of nutrients is processed
and turned over by heterotrophic organ-
isms. Several lines of reasoning have led
me to this view. First, there appears to be a
remarkable consistency in the gross chemi-
cal composition of particulate matter in
oceanic surface waters, which frequently is
characterized by the “Redfield propor-
tions” of C,, [N, P, (that is, for every atom of
phosphorus, there are 106 atoms of carbon
and 16 atoms of nitrogen). In contrast,
these proportions are found in laboratory
cultures of phytoplankton only when nitro-
gen or phosphorus begins © become non-

limiting and the growth rate approaches
the maximum possible. Second, marine
phytoplankton appear to have such a tre-
mendous affinity for inorganic nutrients
like ammonium, nitrate, and phosphate
that they can grow under laboratory condi-
tions at rates approaching the maximum
possible when ambient concentrations of
these nutrients are below detection limits.
And third, during recent years some revo-
lutionary insights have been made into the
functioning of oceanic food chains. Among
these new ideas is the notion that micro-
heterotrophic processes involving proto-
zoa and bacteria, rather than direct macro-
zooplankton grazing, regulate the flow of
energy and nutrients beyond the autotroph
step. Pertinent to this argument is the
growing realization that very small (about
10 microns) organisms, both autotrophic
and heterotrophic, make up a very signi-
ficant fraction of the plankton in oceanic
waters and are responsible for the bulk of
both primary productivity and nutrient
regeneration. The major grazer of small
phytoplankton in such a system would not
be large zooplankton such as copepods,
but, rather, small herbivorous protozoa
such as microflagellates. Although we
know virtually nothing of the predator-
prey relationships between small auto-
trophs and equally small heterotrophic
micro-flageliates, there is increasing evi-
dence that these voracious protozoans are
the main grazers of bacteria in the ocean.

A
CLASSICAL OCEANIC FOOD CHAIN
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Comparison of the classical oceanic
food chain concept with a more con-
temporary concept. In the classical
concept, phytoplankton (auto-
trophs) are the major food source
for macrozooplankton, whereas the
contemporary idea is that aggrega-
tions of organic matter upon which
both small autotrophic and equally
small heterotrophic organisms
adhere are the major food source for
the macrograzers. Nutrients (dashed
lines) are regenerated both inside
and outside of the aggregate, and
organic matter is transported by sink-
ing (solid arrows) to deeper waters
both as aggregates and as the waste
products (fecal pellets) of the
Macrograzers.
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If we accept the spinning wheel
hypothesis as a reasonable description of
oceanic food chain dynamics, then we
must consider the possible environmental
conditions under which such a rapid and
continuous sequence of events could
occur. At one end of the spectrum is the
generally prevailing view of oceanic life
that microbes are randomly dispersed and
truly planktonic. In such a system auto-
trophs would be forced to depend on
undetectably low nutrient concentrations
that were homogenously distributed in
time and space through molecular diffu-
sion; similarly, microflagellates would rely
on chance encounters with their prey (bac-
teria and phytoplankton). Intuitively, such a
bleak, desertlike environment would not
seem capable of supporting rapidly grow-
ing and nutritionally sufficient microbial
populations, given the sparse numbers of
microorganisms generally believed to be
present in the euphotic zone of the open
ocean.

Another view of oceanic microbial life,
one consistent with the rapidly spinning

wheel hypothesis, is that microbes are not
distributed homogenously in the water col-
umn, but rather are intimately associated
with microscopic organic aggregates which
are unevenly distributed in surface waters
and which are formed by complex
physical-chemical processes. These minute
flocculated masses of organic material,
which small autotrophs, protozoa, and bac-
terfa can adhere to and colonize, are ever
present in marine waters, but in varying
numbers. Conceptually, each aggregate can
be thought of as 4 “floating oasis™ in the
biological deserrt, providing, as seen in the
second figure, the necessary physical sur-
face upon which awtached organisms can
concentrate nutrients from the surround-
ing seawater and then cycle them effi-
ciently within a discrete, but enriched,
microenvironment. From this perspective,
the microenvironment surrounding indi-
vidual microbes is the important determi-
nant of how fast the wheel is capable of
spinning.

The ability to adhere to a surface in an
otherwise nutrient-poor environment may

thus be an adaptive feature of successful
oceanic organisms. In addition, it may not
only represent an important way that
primarily-fixed organic matter is packaged
into large enough particles to be con-
sumed readily by macrograzers (e.g., cope-
pods) that otherwise could not graze on
small individual organisms, but it also may
be a mechanism by which transport of this
material to deeper waters can be facilitated
through rapid sinking (see figure page 17).

Thus the sparse “biological desert” of
the open ocean may appear that way only
because we have not, until now, made the
right kinds of measurements. Improved
techniques are needed for measuring very
low concentrations of nutrients, for collect-
ing and enumerating the small and fragile
aggregates and associated organisms, and
finally for making rate measurements of
primary production and nutrient turnover
on spatial and temporal scales that repre-
sent the “oases” rather than the averaged
whole of the ocean desert.

The Role of Nitrogen in
Phytoplankton
Dynamics

Patricia M. Glibert

Though relatively sparse, phytoplankton
play a central role in the oceans as primary
producers and ultimately as food for all
other members of the food web, Like all
other plants, the rate of growth for phyto-
plankton in the sea depends upon the
availability of sufficient nutrients and suit-
able light and temperature. It is generally
assumed that the rate of phytoplankton
growth in the sea is limited by the availabil-
ity of nitrogen because the concentrations
of all forms of nitrogen are so low as typi-
cally to be unmeasurable. These low nutri-
ent concentrations, combined with the
sparse nature of phytoplankion cells, have
made it difficult to measure phytoplankton
growth rates directly. It has long been
thought that phytoplankton must indeed
grow very slowly because they are starved
for nutrients.

Recently, however, an alternative
hypothesis was advanced by Joel Goldman
of WHOI and James McCarthy of Harvard
University. It suggests that phytoplankton
may obtain sufficient nitrogen in waters

seemingly devoid of this nutrient by utiliz-
ing ephemeral patches of nitrogen which
may arise from the processes of zooplank-
ton excretion and bacterial remineraliza-
tion. By exploiting these patches, phyto-
plankton may perhaps grow at rates much
faster than previously thought without
increasing their abundance as long as thev
are eaten at the same rate as they are
reproducing. My research has focused on
understanding the potential role of these
transient nutrient patches in phytoplankton
nutrition, and ultimately phytoplankton
growth.

The most sensitive methodology for
studying the nitrogen cycle is the use of the
heavy isotope of nitrogen, 5N, as a tracer.
By exposing natural assemblages of phyto-
plankton, zooplankton, and bacteria in
ocean water to a known concentration of
an PN-labelled nutrient (such as ammo-
nium or nitrate), one can simultaneously
follow with time the rates of phytoplankton
utilization and zooplankton and bacteriat
release. This is shown schematically in the
upper figure at right. The analvtical de-
termination of the quantity of N in the
sample involves distilling the seawater,
using specially designed apparatus, fol-
lowed by analysis with a mass spectro-
meter. We have used this method in both

coastal and oceanic waters, and our results
have demonstrated that phytoplankton are
indeed able to use the nitrogen released
by zooplankton or bacteria at essentially
the same rate that it is produced by excre-
tion processes. Most recently, experiments
of this type were conducted on RV Knorr
cruise 94 in conjunction with Laurence
Madin in order to determine whether
regional differences could be determined
between Sargasso Sea, Gulf Stream, and
Gulf Stream Ring waters. Samples from
that cruise are still being processed, but,
when finished, thev will more than double
the total available information on in situ
rates of nitrogen cycling in the Atlantic.
The lower figure illustrates another
aspect of our work on phytoplankton nutri-
tion. Once nitrogen is taken up by a phyto-
plankton cell, it may have one of several
fates: it may immediately be used to build
structural material, such as protein, or it
may be stored for future protein synthesis.
By using N tracer techniques, combined
with chemical fractionation (e.g., separat-
ing protein from the cell), we can obtain
an indication of the nutrient history of the
cell. For example, cells which are essen-
tially starved for nitrogen will use nearly all
the available nitrogen for making cell pro-
tein, whereas cells which are growing



under nutrient-rich conditions may store
more nitrogen in non-growth-related
compounds.

As stated earlier, nutrients are not the
only factors influencing the growth of a
phytoplankton cell. Light and temperature
can also have a strong impact, particularly
when conditions are extreme, such as in
winter. Ultimately a complete understand-
ing of phytoplankton dynamics will
depend on consideration of all these
factors.

An example of the interdependence of
environmental effects comes from a col-
laborative study conducted this past vear
with Joel Goldman in Vinevard Sound, off
the coast of Woods Hole. We showed that
during the winter (water tempera-
ture —0.5°C) phytoplankton photosynthe-

sis and nitrogen uptake occurred at the
highest rates under very shaded light,
whereas during the summer (water tem-
perature 24.0°C) highest rates of photosyn-
thesis and nitrogen uptake were ohserved
under full sunlight. Ultimately a species
which cannot adapt to seasonall\ varying
light and temperature will be replaced bya
species which can. Thus, these interactive
effects mayv help to explain the succession
of species observed throughout the vear
and why a particular species may demon-
strate explosive growth at various times,
This spring we will be examining these
factors in the context of growth of the “red-
tide” dinoflagellate, Gomyaulax: tama-
rensis, in collaboration with Donald Ander-
son. Additionally, over the next several
years a project is planned (in collaboration

with Joel Goldman, Laurence Madin, and

several other WHOI scientists) to address
the rates of nitrogen cycling in the Sargasso
Sea and the temporal and spatial variability
between coupled chemical and biological
processes and availability of particulate
material in deeper waters. At the same time
We are pursuing newer, more sensitive
techniques for analyzing the very small
concentrations of nitrogen in the oceans.

Zooplankton Consumption
of Phytoplankton

/ (become labelied with 15N} YD

Zooplankton Excretion and

Bacterial Decomposition
(no 15N fabel)
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Phytoplankton Uptake

of Nitrogen
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(known amount of
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Left above: Schematic diagram shows
patterns of labelling with >N tracer.
A YN labelled compound (such as
ammonium) added to seawater will
first be taken up by phytoplankton
(1), then zooplankton will consume
the phytoplankton (2). Simultane-
ously, the zooplankton and bacteria
will be releasing nitrogen (3), but
this will not be labelled in SN
because it will reflect phytoplankton
previously in the guts of the animals.
The result is a decrease in the
amount of dissolved 5N (4).

Left below: Diagram represents the
possible fates of nitrogen inside the
cell as storage components or as
growth-related structural
components.

Below: Pat Glibert
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Dinoflageliates:
Strategies for Survival

Donald M. Andersen

The dinoflagellates are one of the most
important classes of phytoplankton within
the diverse marine planktonic assemblage.
Of more than 1,500 living species, approxi-
mately half are photosynthetic (autotro-
phic) and thus are capable of using the
energy in sunlight to convert carbon diox-
ide and water into the organic carbon that
constitutes the basis of the marine food
chain. The remainder are heterotrophic —
incapable of photosynthesis and instead
fulfilling energy and nutritional needs
through the consumption of dissolved or
particulate organic matter.

In addition to their importance as car-
bon sources at the base of the marine food
web, the dinoflagellates are noteworthy for
the magnitude and impacts of their
blooms. Many species tend to accumulate
in concentrated populations, often result-
ing in discolored water or “red tides.”
Although many of these red tides are rela-
tively harmless and may in fact represent a
concentrated source of food for other
marine organisms, in some cases they can
be extremely dangerous. This is true along
the coast of Florida, for example, where

red tide blooms of the dinoflagellate
Prychodiscus brevis cause massive fish kills
and extensive losses to recreation and
tourist industries. In other parts of the
United States and the world, species of the

genus Gonyaudax bloom less spectacularly

(i.e, often without red water), but their
occurrence is nevertheless dangerous
because of the associated outbreaks of
paralvtic shellfish poisoning (PSP). This
results when shellfish ingest the dino-
flagellates as food, retaining and accumu-
lating a potent neurotoxin which can then
be fatal to people.

The dinoflagellates are an extremely
successful class of phytoplankton. This is
evident not only in their widespread distri-
bution and occasional dominance in
marine waters, but also because they are
one of the more primitive algal classes and
thus have survived millions of years of nat-
ural selection. Much of the resedrch in my
laboratory is directed towards an under-
standing of the ecological strategies of sev-
eral bloom-forming dinoflagellates. Due to
the complex ways in which these organ-
isms interact with their biological and
physical environment, our studies span a
wide range of disciplines.

One of the more important attributes of

many of the organisms we study is that they

include dormant cvst stages in their life

cvcles. The figure below gives an example
of the cysts and associate motile stages of
two dinoflagellates. Accumulations of cysts
in sediments have been recognized as
“seedbeds” from which these organisms
can inoculate the overlving waters through
germination. Cysts also facilitate geo-
graphic dispersal and ensure survival
through environmental extremes. The
existence of living dinoflagellate species
whose cysts can be found in early Tertiary
sediments is strong evidence of the effec-
tiveness of this strategy in responding to
short- and long-term environmental
fluctuations.

For many vears, scientists were unable
to induce cyst formation in laboratory cul-
tures of marine dinoflagellates and thus
were forced to glean whatever information
they could directly from sediment samples.
Although this made certain physiological
studies impractical, a great deal was
learned about the distribution and diver-
sity of cysts in various sedimentary envi-
ronments. We have expanded the goals of
such field studies and are presently using
sediment samples to map the distribution
of certain cysts and to correlate these pat-
terns with measurements of relevant
chemical and hydrographic parameters. In
a collaborative project with scientists from
the University of Delaware and The Johns

Photos show dinoflagellate resting
cysts and their corresponding motile
stages: (a) The cyst of Gyrodinium
uncatenum, surrounded by mucilage
and detritus. Diameter = 42 microns.
(b) Swimming, vegetative cell fol-
lowing germination from cyst in

(2). 50 by 40 microns. (¢) Cysts of
Gonyaulax tamarensis. Notice the
central band containing lipid and
starch reserves. Each cyst is approxi-
mately 50 x 25 microns. (d) Motile
G. tamarensis cells. Note the chain
of four cells following division. Also
note the large, dark cell which is also
G. tamarensis but is a zygote imme-
diately prior to its transformation
into a cyst. This large cell is the
result of the sexual fusion of two
smaller cells.

Don Anderson
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Hopkins University, we demonstrated that
the dense accumulations of the dino-
flagellate Gyrodirum uncateruom in the
Potomac River were the result of persistent
estuarine frontal features that retained and
recirculated the Gyrodinium populations.
Cysts formed by this species settled to the
sediments in areas determined by the
water circulation near the frontal conver-
gences, creating a concentrated “seedbed”
for future blooms. Thus the locations of the
initial inoculum and the subsequent
blooms could be predicted from a knowl-
edge of estuarine circulation patterns.
Studies like these require quantitative
assessment of the cyst distribution. To this
end, we developed sampling and process-
ing techniques that preserve the vertical
and horizontal structure of cyst distribu-

tions. Where most previous sampling
efforts concentrated on the flocculent sur-
face layer of sediments (under the assump-
tion that cysts are relatively light and would
thus accumulate above the more dense
sands and clays), we found a variety of ver-
tical cyst profiles, many with peak abun-
dances five or six centimeters below the
surface. The fate of cysts at these depths
and their role in seeding blooms are topics
for continuing study.

One important aspect of our field
research program is that we take advantage
of the unique characteristics of nearbv
Cape Cod salt ponds. These small embay-
ments provide ideal growth conditions for
dinoflagellates and they also have
restricted tidal flushing and thus permit a
population to be studied from initiation

through cyst formation and decline. Thus
we can monitor not only the vegetative,
dividing cells of a species but the stages
that are precursors to cyst formation or the
product of cyst germination as well. Part d
of the first figure shows how morphologi-
cally distinct some of these stages are. One
of our objectives has been 1o test the
widely-held assumption that cyst formation
is a response to adverse conditions. By fol-
lowing one Gonyaulax population
throughout a bloom sequence, we found
that zygotes (precursors to cysts) appeared
when nutrient concentrations were rela-
tively high and when temperature and
other growth factors were near optimal. It
now appears that the cells anticipate “hard
times” ahead and thus initiate encystment
sufficiently early to accumulate nutrient
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Left: Plots show time course of cyst formation in Gonyaulax tamar-
ensis. (a) Total motile cells through time. Note that the cell number
increases exponentially through day 10 and remains constant there-
after. (b) Life cycle stages. Zygotes appear in large numbers on day
11, followed six days later by cysts. (¢) Internal carbon pool show-
ing carly diel fluctuations and general decrease as exponential
growth ceases. (d) Internal nitrogen pool and C/N ratio. (e) Ex-
ternal nitrogen concentration. This sequence demonstrates that
zygotes have appeared just as internal nitrogen pools reach
subsistence levels, several days after external supplies were ex-
hausted. Knowing that the gametes that fused to make each zygote
were present 2 to 3 days earlier, we see that the induction of sexu-
ality occurred when the nitrogen per cell was twice the subsistence
level (i.e., where no growth occurs) and external nutrients were
well above detection limits. Thus these cells appear to be going into
cyst formation well before any nutrient starvation occurs.

Below: Don Anderson
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reserves to sustain a prolonged resting
period in the sediments.

Despite the obvious value of field meas-
urements in addressing these issues, the
inability to conduct laboratory studies on
encystment remained a serious constraint
to our understanding. After extensive
effort, we can now manipulate certain
dinoflagellates through their entire life
cycle. This has opened up a wealth of
experimental opportunities that we are
only beginning to tap.

The figure on page 21 demonstrates the
results of our first encystment studies in
culture. In this case we wanted to monitor
the life cycle stages over very small time
intervals to see how the transformations
correlated with both external and internal
cues (e.g., changes in ambient nutrient
concentrations or internal nutrient pools).
Our preliminary data tend to confirm the
field observations, in that cyst formation
began when external nutrients were well
above detection limits and internal pools
were more than double the subsistence
levels that are indicative of nutrient starva-
tion. Our next efforts will be directed
towards the development of quantitative
cytological techniques that will permit us
to use DNA per cell or some other physio-
logical parameter to pinpoint the onset of
the cyst formation process. Qur present
reliance on external morphology is not suf-
ficiently precise.

These are but a few examples of the
ongoing studies directed at an understand-
ing of the factors regulating dinoflagellate
dynamics in natural waters. Our efforts
necessarily span several scientific disci-
plines and take us from the planktonic to
the benthic environment. Our hope is that
this comprehensive approach will lead to
an understanding of the subtle factors that
regulate the growth and distribution of this
important algal class in the oceans.

Dormant Eggs of
Marine Copepods

Nancy H. Marcus

The elucidation of factors that control the
temporal and spatial patterning of marine
species is a fundamental problem in bio-
logical oceanography. Copepods are
important members of the zooplankton
community in most areas of the marine
system. Many species have broad spatial
distributions that often encompass an
extensive latitudinal gradient. Along such a
gradient, as well as within any one region,
environmental factors vary, often on a sea-
sonal basis, so that periods of active
growth, development, and reproduction
are timed to coincide with the occurrence
of favorable conditions, and periods of
inactivity, migration, and dispersal are syn-
chronized to unfavorable conditions. This
pattern is most typical of temperate-boreal
coastal waters in which environmental
fluctuations are typically greater than in
tropical or open ocean regions. During
periods of extreme temperatures or salin-
ities, food scarcity, or predator abundance,
some copepod species disappear entirely
from the plankton. For many of these spe-
cies, their perpetuation in a region year
after year is due to an influx of individuals
from offshore or other geographic popula-
tions. An alternative mechanism, which
until recently has largely been ignored, is
the renewed development of dormant
benthic stages following the resumption of
favorable conditions.

The production of dormant benthic eggs
by planktonic marine copepods was first
postulated 45 years ago, but only within the
last ten years have investigators demon-
strated their existence. At the Woods Hole
Oceanographic Institution this problem
first received attention in the mid-seventies
bv George Grice, Victoria Gibson, and
Thomas Lawson. They showed for two
local species, Labidocera aestiva and Pon-
tella mead, that two types of eggs are pro-
duced, a subitaneous egg that hatches
within a few days at optimal temperatures
(e.g, 1510 20°C), and a dormant egg which
hatches only after a delay period of several
weeks or months. It is now evident that the
eggs or cysts of many marine planktonic
organisms (e.g., copepods, cladocerans,
tintinnids, dinoflagellates) exist in the bot-
tom sediments of coastal waters.

For the past five years we have been
studying the dormancy response of L. aes-

tiva collected from several locations along
the East Coast of the United States. The
range of this species extends from Woods
Hole, MA, south to Florida. By rearing indi-
viduals in the laboratory, we have shown
that the type of egg produced by a female
is determined by a temperature-compen-
sated photoperiodic response. Short day-
length periods (of less than 12 hours of
light) induce the production of dormant
eggs, whereas longer davlengths induce
subitaneous egg production. For a given
photoperiod, colder temperatures induce
production of a higher proportion of
dormant eggs. The specific temperature
and photoperiodic conditions that induce
dormant egg production varies among
females both within and between popula-
tions. The results suggest that adaptation to
seasonal fluctuations and local environ-
mental patterns leads to genetic different-
ation of these organisms that spend their
entire life cycle as plankton. In Woods
Hole, where seasonal fluctuation of envi-
ronmental factors is considerable, produc-
tion of dormant eggs occurs in the fall. This
response is critical for perpetuation of the
species, since individuals disappear
entirely from the plankton during the win-
ter. The dormant eggs remain viable in the
bottom sediments and hatch the following
spring as water temperatures increase.
Dormant eggs can be induced to hatch in
the laboratory by chilling them at 5°C for 2
to 4 weeks, followed by warming at 19°C.
After such treatments the eggs hatch within
2to 3 days. In Florida, on the other hand,
seasonal variation is moderated and L. aes-
tiva exists vear-round in the plankton.
Females do not produce dormant eggs in
the field, nor do they produce them in the
laboratory under conditions that are effec-
tive for individuals from Woods Hole.
Intense selection for an optimat life history
pattern in these ecologically different geo-
graphic areas apparently overrides the
homogenizing effects of any interbreeding
that may occur between the populations.
Through evolutionary time such selection
may ultimately lead to the formation of dis-
tinct species.

Research to date has demonstrated that
the highest densities of copepod eggs (ca.
105m?) occur in sediments with a high per-
centage of silt and clay sized particles less
than 63 microns in diameter. These results
suggest that eggs produced at different
times and places gradually accumulate in
specific areas on the sea bottom. For L. ces-
tiva and other species with similar life his-



tory cycles, accumulations of eggs at such  ing the distribution, abundance, and viabil-  terns of their hatching should directlv in-
high densities on the sea-bottom must pro- ity of copepod eggs on the sea bottom, and  fluence the population dvnamics, genetic

vide an important source for recruitment  evaluating the influence of phvsical, bio- structure, and species diversity of plank-
of nauplii (juvenile stages) into the plank-  logical, and chemical factors on these tonic communities.
tonic population. Over the next few vears  parameters. For the eggs that reside in the
our research will be focused onelucidat- sediments the temporal and spatial pat-
3 Left: Labidocera aestiva adults,
S female above, male below.
:
§ Below: Subitaneous, dormant, and
z

non-viable egg production (percent)
by females reared under different
light conditions at 13.5 to 15.5°C
(white), 17.0 to 19.0°C (black), and
23.0 to 25.0°C (dots). At 13.5 to
15.5°C and 18 hours of light only
subitaneous egg production was
determined.

Below left: Nancy Marcus
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Crustacean Development
and Metamorphesis

Judith M. Capuzzo

Early development in marine crustaceans
is characterized by a sequence of distinct
morphological stages, increasing in com-
plexity in both internal and external form
from the time of hatching of the egg to
metamorphosis of the postlarval or juve-
nile stage. Although development in the
crustaceans is extremely complex and
diverse among various groups, several
trends are apparent in crustacean develop-
ment and are illustrated in the figure
below. The nauplius larva is the basic
developmental form that may be trans-
formed to a more complex developmental
stage after molting. During early periods of
development in more primitive groups,
such as barnacles and copepods, develop-
mental stages are primarily free-swimming
planktonic forms, whereas in more
advanced forms, such as lobsters and crabs,
early developmental stages are embryonic
and the larvae hatch at a more advanced
morphological form. In addition larval
stages of more advanced forms are remi-
niscent of adult stages of more primitive
forms and reflect evolutionary relation-
ships of the various groups.

Research on larval development in
marine crustaceans has traditionally
focused on the morphological and behay-
ioral aspects of development and meta-
morphosis. More recently, attention has
been directed to the physiological and bio-
chemical aspects of crustacean develop-
ment. In our faboratory we have focused
our studies on the early development of
the American lobster, Homarus ameri-
canus, with particular emphasis given to
the physiological and biochemical changes
associated with the transition from the egg
to larval development and metamorphosis
to the postlarval form. Larval development
in the lobster was described by Herrick as
early as 1896 and is illustrated in the figure
on the next page. In the first three larval
stages there is a gradual development of
the swimmerets and a forward movement
of the maxiilae, maxillipeds and pereio-
pods. These mysid stages swim using the
thoracic legs and flexions of the tail and
with the head pointed in a downward posi-
tion. In the last larval stage (stage 4) the
swimmerets become operable, the other
appendages are positioned similar to the
adult, and the body is in a straight position
during swimming with the claws extended
in front of the head. The morphological
and behavioral changes in stage 4 larvae
are correlated with the onset of a bottom-

dwelling existence; stage 4 lobsters are
active swimmers but may continue to be
found among the plankton for several days
before seeking a suitable benthic habitat.
With the molt to stage 5 (the first postlarval
stage) there is a complete shift from a
pelagic to benthic habitat.

In our studies of the metabolic changes
associated with this developmental
sequence, we established that changes in
metabolic activity during larval develop-
ment of the lobster do not vary as a func-
tion of body size alone. Changes in meta-
bolic rates indicate an increased energy
demand of successive larval stages that re-
flects the physiological compensation for
the rapid morphological and behavioral
changes taking place. Successful develop-
ment and metamorphosis of larval lobsters
are dependent on the balance and efficient
utilization of energy reserves, with the
catabolism of lipid and protein being of
primary importance. Glenn Sasaki, a
WHOIMIT Joint Program student working
in my laboratory, is currently investigating
the changes in lipid composition and lipid
utifization of successive developmental
stages of the lobster to elucidate the transi-
tion in energy utilization and storage pat-
terns from embryonic to postlarval devel-
opment. Using both light microscopy and
electron microscopy, Patricia Biesiot,

Right: Trends in crustacean
development.
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another WHOIMIT student, is studying the
morphological aspects of lipid storage in
the developing hepatopancreas of larval
lobsters. It is apparent from our investiga-
tions that cyclical changes in physiological,
biochemical, and morphological param-
eters are evident within the molt cycle of
each developmental stage and strongly
suggest that these developmental pro-
cesses are under endogenous hormonal
control. We are currendly initiating studies
to address the structural and physiological
aspects of ecdysone (the molting hor-
mone) synthesis in early larval stages and
the role it plays in controlling develop-
mental processes.

In an additional aspect of our work, we
are evaluating how exposure to environ-
mental pollutants may affect developmen-
tal processes in marine crustaceans. Expo-
sure of larval lobsters to petroleum
hydrocarbons results in decreased rates of
lipid synthesis and utilization and inhibi-
tion of the molting process, possibly due to
a deficiency in ecdysone synthesis. Our
studies will continue to attempt to identify
the toxicological mechanisms responsible
for the disruption in energetics and devel-
opment of larval crustaceans associated
with pollutant exposure.

Bioenergetics of Marine
Bivalve Molluscs

Roger Mann and
Scott M. Gallager

Bivalve molluscs are important members
of the benthic community from the inter-
tidal zone to the deep ocean bottom and
from polar to equatorial latitudes. They
support commercial fisheries, are the focus
of many aquaculture ventures, and are
commonly found in marine fouling com-
munities. There is, therefore, both aca-
demic and practical interest in examining
the quantitative bioenergetics of marine
bivalve molluscs.

The adult bivalve is characterized as a
sedentary animal living on or just below
the water/substrate interface. By contrast,
the larval forms are usually planktonic for
all or part of their development from egg
to metamorphosis. During their planktonic
development bivalve larvae meet their
energy requirements from reserves of lipid
and, to a lesser extent, protein (figure next
page).

These reserves are either furnished
directly from the adult with the egg (leci-
thotrophic development) or maintained by
feeding on phytoplankton (planktotrophic
development). Analytical procedures to

measure lipid and protein contents of
developing larvae are relatively slow and
complex. Recently, we have developed a
simple, rapid technique to qualitatively
examine lipid content visually using a lipid
specific stain. In laboratory experiments
we have found the technique to be sensi-
tive to changes of only a few nanograms of
lipid per larvae. In conjunction with meas-
urements of feeding rate and energy
expenditure through respiration and
growth, we believe that this technique can
be used as a valuable tool to assess the
“health” of bivalve larvae. We have intro-
duced the technique to the commercial
bivalve culture industry where it is now
being used on a regular basis. In the near
future we hope to use the technique in the
field where we feel it has application in
both the study of natural variability of nutri-
tional status of zooplankton and in examin-
ing the influence of man’s activity on those
zooplankton through pollution.

The transition from planktonic to ben-
thic existence at metamorphosis is accom-
panied by a change from a lipid-protein to
a carbohydrate based energy metabolism.
This facilitates respiration in the low oxy-
gen environments where many adult
bivalves live. Adult bivalves usually obtain
their energy from phytoplankton, which
are retained during filter feeding, or from
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ment of the American lobster,
Homarus americanus.
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detritus during deposit feeding. The role of
dissolved organic material (DOM) in the
nutrition of soft bodied marine inverte-
brates has long been a subject of active
debate. Recent advances in analytical
instrumentation, notably high performance
liquid chromatography, has opened the
door to critical experimentation in this
subject area. Initial results suggest that
DOM may indeed be important to adult
bivalves, but more work is needed before
generalizations can be made. A number of
adult bivalves also appear to obtain at least
part of their energy requirements from
symbiotic relationships with microorgan-
isms. The best known of these is the giant
clam Tridacna from the Southwest Pacific
which harbors photosynthetic zoo-xan-
thellae in its exposed siphonal tissue.
There is strong evidence to suggest that

giant clams of the genus Calyprogena from
the deep ocean “hot” vents have a symbi-
osis with chemosynthetic sulfur oxidizing
bacteria. We have examined a third group
of bivalves which have bacterial symbionts.
These are the wood boring clams of the
family Teredinidae, more commonly
known as shipworms (an unfortunate mis-
nomer, although it is not difficult to under-
stand why early observers failed to detect
or note the significance of the much
reduced valves in the shipworms).

The shipworms bore into, ingest, and
digest wood in the marine environment.
Not only are they a significant fouling prob-
lem but they are also important in the deg-
radation and recycling of large woody
debris that enters the oceans from terres-
trial systems. In laboratory systems we
were surprised to find that growth rate of

adult shipworms maintained in wooden
blocks in seawater was not influenced by
the addition of phytoplankton to that
seawater, even though the added phyto-
plankton was filtered by the shipworms.
Long term measurements of physiological
activity of adult shipworms indicated that a
large portion of the energy expended by
actively boring shipworms is devoted to
the boring process per se rather than
pumping of water across the gills or main-
tenance metabolism (figure below). Two
questions were evident. How did the ship-
worm break down the cellulose content of
the wood to assimilable simple sugar
which could be used to offset the tremen-
dous energy cost associated with boring,
and how did the shipworm in the system
without added phytoplankton satisfy its
dietarv nitrogen requirements? The latter

Below: Increase in lipid content of
cultured larvae of the shipworm
Teredo navalis during larval devel-
opment (solid line ). The broken
lines describe periods during which
larvae were removed from the cul-
ture and starved for periods of three
days. Note the depletion of the lipid
energy reserve on starvation. The
arrow indicates that S0 percent of
the population have begun the
metamorphosis to the adult stage.

Upper right: A continuous recording
of oxygen consumption, boring, and
filtration activity by an adult ship-
worm. Note that filtration and boring
can function independently and that
oxygen consumption decreases
markedly on cessation of boring.

Lower right: Scott Gallager, left, and
Roger Mann, second from left, talk

with participants in a workshop they
conducted on the lipid staining technique.
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question is particularly relevant in that
nitrogen is a basic building block of pro-
tein, yet wood is very low in nitrogen con-
tent. The answer came when Ruth Turner
and Bradford Calloway of Harvard Univer-
sity and John Waterbury of the Department
of Biology at WHOI isolated a bacterium
from the gills of the shipworm. This
unique bacterium, still to be formally
named and described, can both fix nitro-
gen and degrade cellulose to simple
sugars. Very large numbers of these bacte-
ria have now been found in the gills of sev-
eral shipworm species. The shipworm pro-
vides an environment conducive to the
growth and survival of the bacteria while
the bacteria aid the shipworm in wood
digestion and provision of dietary nitro-
gen. Future collaborative work with
Turner, Calloway, and Waterbury is
focused on a better understanding of the
quantitative importance of this symbiosis
to the energy requirement of the adult
shipworm and describing the means by
which the svmbiosis is maintained from
generation to generation of shipworm.
The life styles of the larval and adult
bivalve mollusc offer many contrasts. Bio-
energetics studies offer a means by which
these life styles can be compared quantita-
tively both to one another and to other
components in marine ecosvstems,

The Dynamics of Deep-
Sea Benthic Communities

J. Frederick Grassle and
Howard L. Sanders

The qualitative description of deep-sea
benthic communities was not possible
until the development of new trawling
techniques in the mid-60’s, and even now
there are only a handful of quantitative
descriptions of deep-sea bottorn communi-
ties. The taxonomic work that is the basis
of future deep-sea studies is nearing com-
pletion for many of the major taxa col-
lected over the last two decades by Woods
Hole ships from the major Atlantic Ocean
basins,

With good taxonomy as the key, we are
now studying the dvnamics of deep-sea
communities. The deep-diving submers-
ible has been used to establish bottom sta-
tions marked with long-term transponders
so that we can conduct experiments on the
bottom lasting from several weeks to sev-
eral years. During the Galapagos Rift expe-
dition, individual mussels were marked in
situ and picked up 11 months later. The
increase in size of the animals during this
time interval provided one measure of
growth. After 5 years on the deep-sea floor

off New England we have brought back
trays of sediment used to study rates of
colonization, and we have sampled around
concentrations of wood over even longer
time intervals. The deep sea is a good place
to conduct ecological experiments for two
reasons: 1) the fauna does not change radi-
cally with distance and 2) large-scale phys-
ical disturbance is very uncommon. It is
therefore possible to see similar popula-
tion responses despite different times of
placement and slightly different locations
on the bottom, and to draw general con-
clusions about recolonization rates in the
deep sea.

Rates of colonization of new substrata
are low in the deep-sea when compared
with shallow-water benthic communities.
The most rapid response occurs when
there are concentrations of potential food.
The richest sources of food coming into
the community, such as dead carcasses of
fish, are rapidly consumed by large sca-
venging fish and invertebrates. Longer-
lasting sources of food such as wood and
algae result in population increases of rela-
tively opportunistic species of inverte-
brates. Most of the deep-sea community,
however, is dependent on a more steady
rain of particles, often in the form of zoo-
plankton fecal pellets, that settle out of the

Rise.

Vicky Cullen

Left: Fred Grassle, right, chats with French colleagues aboard R/V
Melville (Scripps Institution of Oceanography) at the end of an
April 1982 research voyage to a hot vent area on the East Pacific

Below: Howard Sanders, second from left, joins a group examining
fresh samples from East Pacific Rise hot vents aboard Melville.

Vicky Cullen
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overlying water column onto the bottom.
The arrival of large lumps of food on the
bottom and the subsequent activities of big
animals result in disturbance of the sur-
rounding community. Each local patch
recovers slowly, resulting in patchy distri-
bution of the fauna. Other disturbances are
produced by the activities of fish and inver-
tebrate predators. In contrast to other envi-
ronments each source of disturbance
affects only one small spot at a time and,
for any given place on the bottom, is infre-
quent. The elevated diversity of deep-sea
species at the larger, apparently more
homogeneous, spatial scales (such as the
areas sampled by trawls) may, in part, be
maintained by this mosaic of small-scale
disturbances. Species that specialize on
occasional windfalls from the surface grow
rapidly to maturity and produce many off-

spring, whereas species from the greater
part of the seafloor, that may be undis-
turbed for a hundred vears or more, grow
slowly and produce few offspring at a time.
The discovery of the unusual hydrother-
mal vent communities living around hot
springs on the Galapagos and East Pacific
Rise rifts provides a test of these ideas.
Here there is a rich food supply of micro-
organisms living indirectly on energy from
deep within the earth. Hvdrothermal vents
support as rich a concentration of animal
mass as has been observed in any environ-
ment. The animals are unusual and cannot
live away from the chemical environment
provided by hydrothermat circulation.
Since the hydrothermal circulation does
not persist for more than a few decades at
any one site, we would expect rapid
growth to maturity and the production of

large numbers of offspring. This was con-
firmed in the two large bivalve species
(clam and mussel) which live little more
than a decade, growing as much as an inch
avyear. As in most ephemeral environments
the diversity of species is low. The rela-
tively few species that have adapted to the
vent environment are spectacularly differ-
ent from other known species. The most
difficult unanswered question concerning
vent communities concerns the distances
traveled and behavior of the larval forms
that must colonize each new vent. Rates of
larval dispersal and the genetic connected-
ness of communities and populations
across the broad expanse of seafloor
remains unknown for any of the deep-sea
environments.

Right: An elevator platform carrying
two boxes of fauna-free sediment is
prepared for launch from R/V Lulu.
The submersible Alvin is used to
locate the platform once it is on the
bottom by ranging on the cylindrical
transponder’s signals, and the boxes
are opened with the sub’s mechani-
cal arm. The boxes are retrieved
after periods ranging from two
months to several years for popula-
tion counts.

Below: One of the colonization
boxes was photographed near a sea
urchin from Alvin with lid in open
position.
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1982 Degree Recipients

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

Doctor of Philosophy

MARY L. BREMER

B.A, Chico State University

M.S,, University of Cincinnati

Special Field: Marine Geology

Dissertation: Abyssal Benthonic Foraminifera
and the Carbonate Saturation of Sea Water
and A Benthonic Foraminiferal Carbonate
Saturation History for the Cape Verde Basin
Jfor the Last 550,000 Years

ROGER W. BURKE

B.A, B.S. University of Pennsvlvania

Special Field: Oceanographic Engineering

Dissertation: Free Surface Flow Through Salt
Marsh Grass

JERRY CHENEY

B.S., Lamar University

Special Field: Biological Oceanography

Dissertation: The Spatial and Temporal Abun-
dance Patterns of Chaetognaths in the West-
ern North Atlantic Ocean and Associated
Sampling Problems

TERESA K. CHERESKIN

B.S., University of Wisconsin

Special Field: Physical Oceanography

Dissertation: The Development of Non-Linear
Surface and Internal Wave Groups

FRANCES L. S. HOTCHKISS

AB., Oberlin College

Special Field: Physical Oceanography

Dissertation: Observed Circulation and Inferred
Sediment Transport in Hudson Submarine
Canyon

MARK D. KURZ

B.S., University of Wisconsin, Madison

Special Field: Chemical Oceanography

Dissertation: Helivum Isotope Geochemistry of
Oceanic Volcanic Rocks. Implications for
Manile Heterogeneity and Degassing

LAWRENCE]J. PRATT

B.S. & M.S., University of Wisconsin,

Madison

Special Field: Physical Oceanography

Dissertation: The Dynamics of Unsteady Strait
and Sill Flow

DANIEL J. REPETA

B.S., University of Rhode Island

Special Field: Chemical Oceanography

Dissertation: Caroternoid Transformations in
the Oceanic Water Column

PING-TUNG P. SHAW

B.S., National Taiwan University

M.S., University of Rhode Island

Special Field: Physical Oceanography

Dissertation: The Dynamiics of Mean Circula-
tions on the Continental Shelf

KOZO TAKAHASHI

B.S., Hokkaido University

B.Sc. & M.S., University of Washington

Special Field: Marine Geology

Dissertation: Vertical Flux, Ecology and Disso-
lution of Radiolaria in Tropical Oceans:
Implications for the Silica Cycle

LYNNE D. TALLEY

B.A, Oberlin College

Special Field: Physical Oceanography

Dissertation: Instabilities of Thin, Baroclinic Jets

ANNE M. TREHU

B.A., Princeton University

Maitrise, University of Paris VII

Special Field: Marine Geophysics

Dissertation: Seismicity and Structure of the
Orozco Transform Fault from Ocean Bot-
tom Seismic Observations

Ocean Engineer

MICHAEL F. COOK

B.S., Texas A. & M. University

Special Field: Oceanographic Engineering

Dissertation: Damping Estimation, Respornse
Prediction, and Fatigue Calculation of an
Operational Single Pile Platform

EDWARD K. SCHEER

B.S., Massachusetts Institute of Technology

Special Field: Oceanographic Engineering

Dissertation: Estimates of Crustal Transmission
Losses Using MLM Array Processing

Frederica Valois

Joint Program Student Beth Snow-
berger is at work on a microbiologi-
cal cruise aboard R/V Cape Florida
(University of Miami ).
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Dean’s Comments

Enroliment of Women

Women comprised 46 percent of our 1982
entering class of graduate students, as com-
pared to 29 percent in 1981. Increased per-
centages of women in our other education
programs reveal a similar trend: oceanog-
raphy is growing in popularity among
women, both at WHOI and nationwide. A
recent survey done by the National Science
Foundation showed that the 1982 to 1981
percentage increase for women oceanog-
raphers at the professional level was the
highest (27 percent) of all fields of sciernce.
The second highest gain for women was 22
percent in computer science, Likewise, in
our undergraduate Summer Student Fel-
lowship Program more than half (51 per-
cent) of the 1982 applicants were women.

There is a less pronounced upward
trend in women applicants to our Postdoc-
toral Scholarship Program. Between 1961,
the first year of the Program, and 1974,
only three of the 63 successful candidates
were women; however, since 1975 we
have accepted an average of 23 percent
women, which is considerably higher than
the percentage of women in the applicant
pool (13 percent). From our overall total of
I2 women Postdoctoral Scholars (90 per-
cent accept our offers), four are now on
our resident scientific staff: Drs. Judith
Capuzzo, Nancy Marcus, Diane Stoecker,
and Patricia Glibert, all in the Biology
Department.

All three programs show a steady
increase in women applicants, but the rate
of increase at the postdoctoral level is
slower than at the other two levels, indicat-
ing a much greater drop-out rate for
women than for men in the field of ocean-
ography. What is most encouraging overall
is the general upward trend of women

applicants at all three levels, and especially
the consistency of the trend at the graduate
and postdoctoral levels,

Steinbach Remembered

Friends and employees of the Woods
Hole Oceanographic Institution were sad-
dened to learn of the passing of H. Burr
Steinbach late last year. As a fitting culmina-
tion to his distinguished accomplishments,
he served as the principal architect and
founding dean of the MIT/WHOI Joint Pro-
gram. After a great deal of thought and with
the approval of the Steinbach family, we
are paying tribute to Dr. Steinbach’s dedi-
cation to students by naming our Visiting
Scholars program in his honor. This pro-
gram, which was created by Burr at the
outset of his tenure as the Joint Program’s
first dean, allows students to invite leading
international scientists to spend time at the
Institution. The Visiting Scholars hold
informal discussions with students, give
lectures, and provide opportunities for stu-
dents to seek scientific and career advice
from practicing professionals. The gratify-
ing response we have had to this
announcement shows the high esteem in
which Burr was held by his many friends,
colleagues, and students of the Joint
Program.

Dean’s Retreat

In January 1982 the University of Hawaii
was host to the second meeting of the
major academic officers in charge of doc-
toral programs in oceanography. This
Deans’ Retreat was attended by the deans
or their representatives of the following
schools: Dalhousie University, University of
Delaware, University of Hawaii, Lamont-
Doherty Geological Observatory, MIT/
WHOI, Oregon State University, Scripps

Joint Program Student Steve McCor-
mick checks tanks of fishes he main-
tains for work on survival and growth
of young brook trout in seawater.

Vnck Cullen

Institution of Oceanography, Texas A&M,
and University of Washington.

The principal findings of the meeting
include: 1) There is a nationwide shortage
of qualified applicants to the physical, geo-
physical, and engineering subdisciplines of
oceanography. 2) There is a nationwide
downward trend in the number of applica-
tions to all fields of oceanography that is
especially noticeable in the field of biologi-
cal oceanography. 3) There is a noticeable
increase in the quality of undergraduates
applying to oceanography graduate pro-
grams. This appears to be due in part to an
increased awareness of the need for a
strong basic science background in order
for a student to be competitive in the very
selective admissions process for graduate
school. 4) All graduate programs repre-
sented provide the successful applicant
with financial support equivalent to tuition
waiver as well as a stipend. Rates of support
vary considerably, depending on the area,
with none considered a living wage; how-
ever, there are an increasing number of
generous fellowships being provided in
very specific areas of interests (physics,
dynamics, acoustics, robotics, etc.) by the
Department of Defense. 5) There was a
strong concensus that oceanography
schools may have to recruit more vigor-
ously if the number of applicants continues
to fall. A booklet describing career oppor-
tunities in oceanography was felt to be the
most cost-efficient way of doing this, and I
have just finished a draft of such a booklet,
which the American Geophysical Union
has agreed to publish in 1983,

The 67 percent acceptance rate in the
Joint Program is still the highest among the
major oceanographic institutions, and we
are very proud of this. The 95 percent
acceptance rate of Postdoctoral Scholars,
and the 90 percent rate for Summer Stu-
dent Fellows suggests that placement in all
of our education programs is sought. This
is an encouraging sign when there is a
nationwide decrease in enrollment in most
science programs,

The MIT/WHOI Joint Program now has
138 graduates who continue to enjoy fine
job opportunities in their choice of career
options. Twenty-three percent have chosen
industry, 12 percent are emploved in gov-
ernment research laboratories, and the
majority (56 percent) hold positions in
educational and/or nonprofit research
institutions. The remainder (10 percent)
are either working out of the field or are in
the military service.
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Trends in National Science Foundation
oceanographic funding were outlined by
Director John H. Steele at the winter meet-
ing of the Corporation 14 January at Bos-
ton’s Copley Plaza Hotel. Senior ScientistL.
Valentine Worthington of the Physical
Oceanography Department spoke of his 41
vears of research on circulation in the
North Atlantic.

The new year saw the helm of Ocearnuss
magazine change hands as Editor William
H. MacLeish stepped down after nine vears
to devote more time to writing about the
oceans. MacLeish will remain a consultant
and was succeeded by Managing Editor
Paul R. Ryan.

Associate Director for Research Derek
W. Spencer chaired a series of Institution
staff meetings in February exploring the
implications of closer relations with indus-
try and with more applied government
agencies. The committee’s report recormn-
mended the Institution proceed actively to
solicit industry-sponsored research.

On 1 February Senior Scientist John M.
Teal succeeded Senior Scientist Ralph F.
Vaccaro as chairman of the Biology Depart-
ment. Vaccaro had been acting chairman
since October 1981, when George D. Grice
left the post to become Associate Director
for Scientific Operations.

Some 140 Associates and guests
attended the annual spring dinner 30

March at the Museum of Science in Boston.
Four poster sessions were presented and a
short film of early Atlantis cruises was nar-
rated by Associates Program Executive Sec-
retary L. Hoyt Watson. The New York din-
ner scheduled for early April was cancelled
due to inclement weather.

Roger Hayward, a Falmouth High School
sophomore and son of Chemistry Depart-
ment Research Assistant Nancy A. Hayward,
received the Institution’s $750 college
scholarship for an aerodynamics project he
entered in the Falmouth Science Fair 27
March.

Departmental visiting committees began
aseries of meetings in Woods Hole in April
1o evaluate the Institution’s work for the
Trustees. Visiting committees for the
Chemistry Department met in April, Ocean
Engineering in May, and for Geology and
Geophysics, Physical Oceanography, and
Biology inJune.

Former CBS anchorman Walter Cronkite
made a dive in Alvirz 17 April during
the“Oasis” expedition to the East Pacific
Rise. The dive, along with an interview with
Geologist Robert D. Ballard conducted in
Woods Hole in May, was aired on the CBS
news program “Universe” in July.

The site was cleared in the spring for the
Institution’s $2.1 million Advanced Chem-
istry Laboratory on the Quissett Campus.
Ground was officially broken 18 June and

work progressed on schedule through the
summer and fall. Construction should be
completed in late spring 1983.

Annual meeting activities got under way
17 June when a group of Trustees assem-
bled in Woods Hole to discuss the role of
Trustees in the Institution and to consider
closer involvement of Trustees and Corpo-
ration Members in Institution activities.
The following day, 67 Trustees and Corpo-
ration Members attended the Annual Meet-
ing of the Corporation; Assistant Scientist
HenryJ. B. Dick gave the science presenta-
tion on “Exploring the Oceanic Mantle by
Dredge, or Just What Do You Do With Four
Tons of Rock Once You Have 1t?” Special
exhibits open during the afternoon were
the new radiocarbon facility in McLean Lab-
oratory, the VAX computer center in Clark
Laboratory, and Argo/Jason instrumenta-
tion on the pier. Associates joined the
group to hear Associate Scientist Roger L.
Mann speak on “Aquaculture: Past, Present
and Future” later in the afternoon. Ground
was then broken for the Advanced Chemis-
try Laboratory between Clark Laboratory
and Fenno House. Approximately 380
attended the combined Trustees, Corpora-
tion Members, and Associates dinner that
evening under a tent on the Fenno House
grounds. Retiring Associates President
Townsend Hornor was honored for his 14
vears of service to the Institution; he was

——
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Left: Associate Scientist Bob Naiman
talks with Associates at the annual
Boston dinner about work at the
Matamek Research Station.

Right: Townsend Hornor, Associates
president for 14 years, took the mic-
rophone at the 1982 Boston dinner.
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succeeded bv Corporation Member James
S. “Spike” Coles.

A handsome addition to the Institution’s
summer Exhibit Center was a two-piece
plate tectonics display from Chevron,
US.A., adivision of Standard Oil Company
of California. The pieces had been part of a
traveling exhibit celebrating Chevron’s
100th birthday. Nearly 10,000 persons vis-
ited the Exhibit Center between 16 June
and 4 September.

Among the many groups and individuals
to visit the Institution during 1982 were
five delegations of scientists from the
People’s Republic of China. Ambassador
Huan Javewardene, leader of the SriLanka
delegation to the Third United Nations
Conference on the Law of the Sea, met with
several WHOI staff members in March to
explore the prospects of establishing rela-
tions with Sri Lanka’s National Aquatic
Resources Research and Development
Agency. Five scientists/engineers from the
National Taiwan University visited in March
to look at RV Ocearus and similar vessels
their government may build. Dr. C. Barry
Raleigh, director of Lamont-Doherty Geo-
logical Observatory, addressed 60 staff
members on plate tectonics research in
April. Eighty members of the Harvard Club
of Cape Cod held their monthly meeting at
WHOI in April and heard Senior Scientist
John M. Teal speak on salt marshes. Some

35 representatives from the U. S. and
abroad attended a Cooperative Marine
Policy Workshop in the spring sponsored
by the Marine Policy Program. Representa-
tives from 13 oil companies attended a May
meeting hosted by Senior Scientist William
A. Berggren to discuss the five-vear study of
benthic foraminifera they are funding
being conducted by Institution micropa-
leontologists. Global habitability was the
topic of a two-week workshop in Woods
Hole in June sponsored by NASA which
resulted in a report on “Global Change:
Impacts of Habitability, Scientific Basis for
Assessment;” Director John H. Steele and
Research Specialist Robert R. P. Chase were
members of the workshop executive com-
mittee. The Chief of Naval Research, Rear
Admiral Leland S. Kollmorgen, met with
the Director and members of the scientific
staff 16 June; Oceanographer of the Navy
Rear Admiral John B. Mooney paid a visit in
July. Another Navy visitor during the sum-
mer was Herbert Rabin, Deputy Assistant
Secretary of the Navy for Research, Applied
and Space Technology, who reviewed
Navy-supported programs at the Institu-
tion. Semi-annual presentations were orga-
nized for the Institution’s Ocean Industry
Program and the Naval War College’s Naval
Staff Course for Foreign Officers.

The Marine Policy Reading Room in Cro-
well House was dedicated 24 August to

Marine Policy Executive Assistant Kaleroy L.
Hatzikon, who passed away in March.

A number of personnel and office
moves took place during the vear to pro-
vide more laboratory and office space for
science programs and to improve facilities
for supporting operations. Two of the
major moves were the relocation from the
Blake Building of the Purchasing and Prop-
erty Offices to the GEOSECS Warehouse
and Shipping & Receiving to the Quissett
Warehouse on the Quissett Campus, and
the relocation of the Personnel Office to
the Blake Building,

The second installment of a $150,000
grant from the Mobil Foundation in sup-
port of the Institution’s Center for Analysis
of Marine Systems was received during the
summer. The grant is appropriated in
equal sums of $50,000 per year for three
vears.

The third annual “Anything But a Boat
Regatta” attracted more than 1,000 specta-
tors and 18 contestants 29 August to Great
Harbor. Fourteen paddling people aboard
“Ocean Craps” from MacDougall's Boat-
vard easily brought their craft to victory,
but not without joining the rest for a
drenching with water ballons and a pump-
powered fire hose aboard the unexpected
obstacle “Death Star.”

Caribbean Carnival was the theme of the
annual Employee Picnic following the boat

Below: Construction of a new
advanced chemistry facility began in
1982.

Right: More than 10,000 visitors
viewed the Institution’s summer
exhibit center.

Shelley Lauzon
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race 29 August. More than 500, many in
costume, danced to the music of a steel
band and enjoved limbo and other games
on the Fenno House grounds.

RN Luelre with Alvin aboard arrived in
Woods Hole 19 August to a gala welcome
after 390 days, most of them spent in the
Pacific. Zulu departed Woods Hole 25 July
1981 and steamed 20,878 miles in the
interim, while Al completed a record
133 dives in 1982. The previous record was
117 dives in 1979.

RV Arlantis 1] spent the vear at the Insti-
tution pier undergoing maintenance and
repair as part of the ship’s mid-life refit and
overhaul begun in 1980. A $1.7 million
proposal for conversion of Atlantis 17 for
Alvin operations was approved by the
National Science Foundation, Office of
Naval Research, and the National Oceanic
and Atmospheric Administration in Octo-
ber. An over-the-stern handling system, a
fantail hangar for Avin, and an upgraded
bow thruster to improve Atlantis II's
maneuverability will be installed on the
ship, and the sub will be adapted to a sin-
gle point hoist during its annual overhaul
in early 1983. The multi-beam echo soun-
der, Sea Beam, will also be installed on the
ship. Plans to replace RV Ll resulted
from the need to increase the endurance,
range, speed, laboratory space, and per-
sonnel accommodations for Alvin oper-

ations. Zuze will remain at the pier in
Woods Hole until the new Atlantis [l/Alvin
system is operational and will then be
offered back to the Navy for possible use
bv its submersibles.

Biological, chemical, and physical ocean-
ographic studies as part of the Warm Core
Rings experiment occupied a good deal of
RN Knorr’s time during 1982. At vear’s end,
the ship was at sea on a four-month voyage
in the South Atlantic undertaking chemical
studies for the Tropical Atlantic Study.

Senior Scientist Robert C. Spindel was
awarded the AB. Wood Medal and Prize in
February from the British Institute of
Acoustics for his work in ocean sound
propagation.

Senior Scientist Henry M. Stommel was
presented the Prince Albert 1% Medal for
his work in oceanography by Princess
Grace of Monaco during February ceremo-
nies in New York. (The award was made in
1978 but the medal had not been pre-
sented until this vear.)

Anewly discovered copepod from the
South Pacific, Paracandacia worthingtoni,
was named for retiring Physical Oceanog-
rapher L. Valentine Worthington by Associ-
ate Director for Scientific Operations
George D, Grice, Jr. The former Biology
Department chairman had found the
unknown species in a collection sent to
him for identification.

Senior Scientist Holger W', Jannasch
received the Fisher Scientific Company
Award for Applied and Environmental
Microbiology at the annual American Soci-
ety for Microbiology (ASM) meeting in
March. ASM cited Jannasch’s work in pres-
sure instrumentation and studies at hydro-
thermal vents in the Pacific.

Senior Scientist William A. Berggren was
presented the Mary Clark Thompson
Medal and prize from the National Acad-
emy of Sciences in April for his work in
geology and paleontology. The medal has
been presented about every four vears
since 1919.

Two Institution senior scientists were
among the six to receive top awards from
the Americal Geophysical Union (AGU) at
its spring meeting in May, Physical Ocean-
ographer Henry M. Stommel received the
William Bowie Medal for “outstanding con-
tributions to fundamental geophysics and
for unselfish cooperation in research.”
Geophysicist John L. Ewing received the
Maurice Ewing Medal for “significant con-
tributions to the understanding of ocean
processes and outstanding service to
marine science.” The Maurice Ewing
Medal, named for Ewing’s brother, is pre-
sented jointly by AGU and the U. S. Navy.

The National Science Foundation (NSF)
presented its Distinguished Service Award
to Facilities and Marine Operations Chair-

Vicky Cullen
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Left: Newsman Walter Cronkite made
a dive in Alvin for his “Universe”
program,

Below: Dr. Steele addresses group
assembled for dedication of Marine

Policy Reading Room to Kaleroy
Hatzikon.
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man Robertson P. Dinsmore in May for
“the high degree of exceptional service he
has provided to the National Science Foun-
dation and oceanographic community
through his exemplary leadership.” The
award, a medal and certificate, is NSF's
highest civilian award. Dinsmore stepped
down from his post at WHOI in July to
work part-time on the design of a new
research vessel for the 1990s and on long-
range Institution planning; he was suc-
ceeded by Alvin/Luiu Operations Manager
John D. Donnelly, who will serve as Man-
ager of Marine Operations.

Senior Scientist John M. Hunt became
the first American to receive the Alfred
Treibs Medal from the Geochemical Soci-
ety at its October meeting. Hunt was cited
for his “pioneering research in the applica-
tion of organic geochemistry to the explo-
ration for petroleum,” for his “contribu-
tions to the administration of science in
building a leading center of organic geo-
chemistry at Woods Hole,” and for his
book, Petrolersm Geochemistry, which “has
become a standard reference work.”

Scientist Emeritus Allyn C. Vine was one
of 55 individuals elected to the National
Academy of Engineering.

Associate Scientist John A. Whitehead
was named a Guggenheim Fellow for
1982-1983 and spent the year at the Univer-
sity of Cambridge, England, pursuing geo-

physical fluid dynamics studies.

Three more departments had new chair-
men by the fall. Senior Scientist Robert C.
Spindel succeeded Senior Scientist Earl E.
Hays 18 October in Ocean Engineering;
Hays had been chairman for 11 vears and
spent another eight vears directing other
departments. Senior Scientist Robert B.
Gagosian took the reins of the Chemistry
Department in late October from Senior
Scientist Geoffrey Thompson, who had
been chairman since 1978 and wished to
devote more time to research. On 31 Octo-
ber, Senior Scientist Richard P. Von Herzen
succeeded Senior Scientist John L Ewing as
chairman of the Geology and Geophysics
Department. Ewing left the Institution in
July for a position with Gulf Oil Company;
Scientist Emeritus Elizabeth T. Bunce
served as department chairman in the
interim.

Some 90 Associates and guests enjoved
the September whale watch off Province-
town, and nearly 300 Associates and guests
attended the annual Day of Science in
Woods Hole 8 October. Biology was the
theme for two morning lectures and two
afternoon lectures. Luncheon was served
in a tent on the Iselin Mall in the village.
Visitors had an opportunity to board RV
Lulu prior to her departure for a series of
vear-end dives in the Bahamas and heard
Associate Director for Scientific Operations

George D. Grice speak on RN Atlaytis [T/
Alvin conversion plans.

Thirty-year pins were presented 17
December to Senior Scientist Richard H.
Backus, Research Specialist Alvin L. Brad-
shaw, Captain Paul C. Howland, and Prop-
erty Clerk Gordon H. Volkmann. Ten
retirees with a total of 200 years of service
to the Institution were also honored.

A $1.1 million two-vear grant from The
Pew Memorial Trust received late in the
year provided $400,000 to establish an
Ocean Engineering Research Laboratory
and $700,000 in continued support for the
Marine Policy and Ocean Management Pro-
gram. The Ocean Engineering Research
Laboratory will be established within the
Ocean Engineering Department and will
provide a suitable environment for con-
ducting state-of-the-art engineering
research applied to the oceans. It will
enable the Institution to enlarge its role in
fostering a strong engineering research
effort,

Anne Lannak
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Bostwick H. Ketchum
1912-1982

The Ketchum Lecture has been established by
the Institution in memory of Bostwick H.
Ketchum, a major figure in oceanographic
research, who died 15 July 1982. A memorial tri-

bute to him was held in Woods Hole 23 Octo-
ber. The lectureship will support an annual lec-
ture by an internationally recognized
oceanographer or bring to the Institution a
younger scholar for a longer visit.

An ecologist before the word was popular,
Buck Ketchum urged mankind to learn to live
in harmony with the environment rather than
trying to dominate it. He played a principal role
in the work done at the Woods Hole Ocea-
nographic Institution during and after World
War IT on marine fouling. He was the leader of a
group of scientists in Woods Hole whose pio-
neering research provided the basis for the pre-
sent understanding of the productivity of the
oceans. One of his great strengths was his broad
view of oceanography. He followed the style of
his distinguished mentor, Alfred Redfield, in
being equally at home in the physical, chemical,
and biological realms. His 70 scientific papers
span a broad range of topics from estuarine
physics to deep ocean biology. In recent years
he turned his attention to the increasing prob-
lems of the coastal zone and the need for
research in this area. He was an outstanding sci-
entist at the international level, a strong force in

the development of biological oceanography in
Woods Hole, and a respected member of the
Community.

Dr. Ketchum was associated with the Woods
Hole Oceanographic Institution for more than
four decades beginning with summer cruises
on RV Atlantis in 1934 as he began his graduate
education at Harvard University. Born in Cleve-
land, Ohio, he had done his undergraduate
education at St. Stephen'’s College of Columbia
University. He completed his Ph.D. at Harvard
in 1938, where he continued for a vear as a
Research Assistant. Following a vear of teaching
atLong Island University, he returned to Woods
Hole in 1940 and held successive positions as
Associate Marine Biologist, Marine Microbiolo-
gist, Senior Biologist, Senior Scientist, Associate
Director, and Member of the Corporation. He
was concurrently Lecturer and then Asociate
Member of the Department of Biology at Har-
vard from 1960 to 1977, when he retired. He
was a member of many scientific organizations,
served on countless committees and advisory
bodies, and was president of the Ecological
Society of America and the American Society of
Limnology and Oceanography.
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+ Peter G. Brewer, Senior Scientist

John C. Burke, Chemist

Anne E. Carey, Research Associate

Susan A. Casso, Research Associate

Charles H. Clifford, Research Associate

James K. Cochran, Assistant Scientist

Alan C. Davis, Research Associate

Werner G. Deuser, Senior Scientist

Ellen M. Druffel, Assistant Scientist

Below: Frank Carey

Right: Jim Craddock and Dick Backus

L. Hoyt Watson

Peter Wiebe



John W Farrington, Senior Scientist,
Director-Coastal Research Center
Adjunct Research Professor,
University of New Orleais
Cernter for Bio-Organic Studies
Alan P. Fleer, Research Associate
Nelson M. Frew, analytical Mass Spectrometrist.,
Senjor Research Specialist
John M. Hunt, Senior Scientist
William J. Jenkins, Associate Scientist
Cindy Lee, Associate Scientist
Hugh D. Livingston, Analytical Radiochemist,
Senior Research Specialist
Dempsey E. Lott I1], Research Associate
Don R, Mann, Research Associate
ZofiaJ. Mlodzinska, Research Associate
Michael J. Mottl, Associate Scientist
Gale E. Nigrelli, Research Associate
Edward T. Peltzer 111, Research Associate
Peter L. Sachs, Research Associate
Richard M. Sawdo, Research Associate
Frederick L. Savles, Associate Scientist
David L. Schneider, Research Associate
Edward R. Scholkovitz, Associare Scientist
Brian W. Schroeder, Research Associate
Geoffrey Thompson, Senior Scientist
Research Associate, Deperiment of
Mineral Sciernces, Smithsonicut histitition
Bruce W' Tripp, Research Associate
Mary B. True, Research Associate
Stuart G. Wakeham, Associate Scientist
Jean K. Whelan, Analytical Organic Geochemist
Oliver C. Zafiriou, Associate Scientist

Geology & Geophysics
Depariment

Richard P. Von Herzen, Department Chairman,
Senior Scientist
David G. Aubrev, Associate Scientist
William A Berggren, Senior Scientist
Adjunct Fuldl Professor, Brown University
Professor, University of Stockbolin
Carl O. Bowin, Senior Scientist
James E. Broda, Research Associate
Wilfred B. Bryan, Senior Scientist
Elizabeth T. Bunce, Scientist Emeritus
Bruce I'1. Corliss, Assistant Scientist
William B. Curry, Assistant Scientist
Charles R. Denham, Associate Scientist
Henry J. B. Dick, Associate Scientist
+Jeffrev P. Ellis, Research Associate
Kenneth O. Emery, Scientist Emeritus,
Henry Bryant Bigelow Oceanographer
+John I Ewing, Senior Scientist
Robert G. Goldsborough, Research Associate
+ Bilal U. Haq, Associate Scientist
Adjunct Associcte Professor (Docent),
Cniversity of Stockholm
James R. Heirtzler, Senior Scientist
Susumu Honjo, Associate Scientist
Adjunct Professor, Syracuse University
David A. Johnson, Associate Scientist
Jeffrev A. Karson, Assistant Scientist
Llovd D. Keigwin, Jr., Assistant Scientist
Donald E. Koelsch, Electronics Engineer
George P. Lohmann, Associate Scientist
John D. Milliman, Senior Scientist
Nonresident Staff Xlember, West Indies
Laboratory, Fairleigh Dickinson Universiy

G. Michael Purdy, Associate Scientist
David A. Ross, Senior Scientist,
Sea Grant Coordinator, Director-
Marine Policy and Ocean Management Program
Edward K. Scheer, Research Associate
Hans A Schouten, Associate Scientist
Ralph A Stephen, Associate Scientist
Brian E. Tucholke, Associate Scientist
Visiting Senior Research Associcte,
Lamont-Doberty Geological Observatory
Elazar Uchupi, Senior Scientist
Allyn C. Vine, Scientist Emeritus
Warren E. Witzell, Sr., Hvdroacoustics Engineer

Ocean Engineering
Department

Robert C. Spindel, Department Chairman,
Senior Scientist

Yogesh C. Agrawal, Assistant Scientist

John J. Akens, Research Associate

Robert D. Ballard, Associate Scientist

Lincoln Baxter IT, Applied Physicist

Henri O. Berteaux, Staff Engineer

Paul R. Boutin, Ocean Engineer

Albert M. Bradley, Instrumentation Engineer

Peter R Clay, Research Associate

Clayton W. Collins, Jr., Research Associate

Thomas W Danforth, Research Associate

Yves J. F. Desaubies, Associate Scientist

Kenneth W. Doherty, Research Associate

James A. Doutt, Research Associate

Paul M. Dragos, Research Associate

George V. Frisk, Associate Scientist

Roger A. Goldsmith, Research Associate

James Newman

Left:. Paul Dragos

Above: Kirk Cochran

éhelfe); Lauzon
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Scientific & Technical Staff

William D. Grant, Associate Scientist
Robert C. Groman, Research Associate,
VAX Systems Supervisor
Earl E. Hays, Senior Scientist
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. Liule, Jr., Manager-
Information Processing Center
John F. Loud, Research Associate
James F. Lynch, Assistant Scientist
William M. Marquet, Instrumentation Engineer,
Senior Research Specialist, Manager-Deep
Submergence Engineering Section
Edward C. Mellinger, Research Associate
+ Robert W. Morse, Senior Scientist
Board of Overseers, Bowdoin College
Richard T. Nowak, Acoustics Engineer
+Kenneth R Peal, Computer Systems Staff Engineer
George H. Power, Computer Analvst
Kenneth E. Prada, Electronics Engineer,
Senior Research Specialist, Manager-
Engineering Technologies
Warren J. Sass, Research Associate
Arnold G. Sharp, Mechanical Engineer
Allard T. Spencer, Design Engineer
John L. Spiesberger, Assistant Scientist
Jesse H. Stanbrough, Research Physicist
William E. Terry, Jr., Research Associate
Constantine D. Tollios, Computer Engineer
Keith von der Heydt, Research Associate
Barrie B. Walden, Research Associate,
Manager-Submersible Operations
Robert G. Walden, Electronics Engineer,
Senior Research Specialist,
Manager-Ocean Structures,
Moorings & Materials Section
Douglas C. Webb, Electrical Engineer,
Senior Research Specialist,
Manager-Instrument Section
Ehud Weinstein, Associate Scientist
Visiting Professor, Tel Aviv Uniiversity
Albert]. Williams 3rd, Associate Scientist
Valentine P. Wilson, Research Associate
Clifford L. Winget, Electromechanical Engineer
Earl M. Young, Research Associate,
Manager-Electronics Service Group

Physical Oceanography
Department

Nicholas P. Fofonoff, Department Chairman,
Senior Scientist
Professor of the Practice of Physical
Oceanography, Harvard Universily;
Associate of the Center for Earth &
Planetary Physics, Harvard Uniiversity
Robert C. Beardsley, Senior 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
Robert R. P. Chase, Manager-Remote Sensing
Applications Program; Project Leader-Buoy Group
James H. Churchill, Research Associate
Alfred J. Ciesluk, Research Associate
Gabriel T. Csanady, Senior Scientist
Jerome P. Dean, Electronics Engineer
Gifford C. Ewing, Scientist Emeritus
Frederick C. Fuglister, Scientist Emeritus
Dale B. Haidvogel, Associate Scientist
Associate, Division of Applied Sciences
Harvard University
Nelson G. Hogg, Associate Scientist
Terrence M. Joyce, Associate Scientist
Thomas Keffer, Assistant Scientist
Richard Limeburner, Research Associate
Kelly G. Luetkemeyer, Research Associate
James R Luyten, Associate Scientist
Michael S. 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, Associate Scientist
Richard E. Pavne, Research Associate
Joseph Pedlosky, Senior Scientist,
Henry L. Doherty Oceanographer
Professor, University of Chicago
James F. Price, Assistant Scientist
Peter B. Rhines, Senior Scientist
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
Marvel C. Stalcup, Physical Oceanographer
Henry M. Stommel, Senior Scientist
John M. Toole, Assistant 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
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
Valentine Worthington, Scientist Emeritus

Marine Policy &
Ocean Management

David A. Ross, Senior Scientist,
Director-Marine Policy
and Ocean Management
James M. Broadus ITI, Policy Associate
Thomas M. Leschine, Policy Associate
Susan B. Peterson, Policy Associate
Richard F. Price, Policy Associate

Postdocioral

investigators

David C. Chapman (Physical Oceanography)
Jerry Cheney (Biology)

Cabell S. Davis I1I (Biology)

Anne E. Giblin (Coastal Research Center)
Bach-lien Hua (Physical Oceanography)
Chih-an Huh (Chemistry)

Thomas Keffer (Physical Oceanogzaphy)
Anton P. LeRoex (Geology & Geophysics)
Kenneth G. Miller (Geology & Geophysics)
Douglas C. Nelson (Biology)

Lawrence J. Pratt (Physical Oceanography)
Jennifer E. Purcell (Biology)

Daniel J. Repeta (Chemistry)

Jurg K. Schneider (Chemistry)

Lynne D. Talley (Physical Oceanography)
William R Young (Physical Oceanography)

+Leave of Absence |
#Disability Leave of Absence
*Deceased, 15 July 1982
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Full-Time Support Staff

Deparimental
Assistants

Biology Department

Valerie A. Barber

L. Susan Brown-Leger
Catherine M. Cetta
John P. Clarner
Nancy]. Copley

Mary Ann Daher
Linda H. Davis

Mark R. Dennett
Margaret S. Dimmock
Barbara S. Farr
Margaret M. Francis
Diana G. Franks
Charlotte M. Fuller
Dale D. Goehringer
Linda B. Graham
David M. Kulis

Bruce A. Lancaster
John S. Lively

Elaine M. Lynch

Mary Jane Lvons
Stephen J. Molyneaux
Ellvn T. Montgomerv
Karen E. Moore
Roderick Morin
Linda Morse-Porteous
Jane M. Peterson
Rosemarie F. Petrecca
James F. Remillard, Jr.
Dianne M. Steele
Sally C. Strahle
Rodman E. Tavlor, Jr.
Richard G. van Etten
Deborah H. Wiebe
Bruce R. Woodin
Bonnie L. Woodward

Chemistry
Depariment
Jane B. Alford

Lary A. Ball

Rebecca A. Belastock
Scot P. Birdwhistell
BarbaraJ. Brockhurst

Christine C. Burton
Elizabeth A. Canuel
Peggy A. Chandler
Lynette B. Clarke
William R. Clarke
Carolyn Cronin
Judith C. DeSanti
Philip A. Desjardin
Wayne H. Dickinson
Lee Goodell

Sheila M. Griftin
Katherine M. Hammar
Terence R. Hammar
Margaret F. Harvey
Nancy A. Hayward
Marilyn R Hess
Joaquim B. Livramento
Gary P. Newhart
Peggy A O'Brien
Joanne G. Olmsted
BrendalL. Olson
Charles A. Olson
Marcia W. Pratt
Kathleen B. Raycroft
Edith H. Ross
Deborah K. Shafer

Margaret M. Sulanowski

Lolita D. Surprenant
Martha E. Tarafa

Geology
& Geophysics
Depariment

Molly D. Allison
Pamela R. Barrows
Corina D. Blumer
Stephen T. Bolmer, Jr.
Maureen E. Carragher
Richard S. Chandler
+John F. Connell
Neal W. Driscoll
Anne S. Edwards
Emily Evans
Pamela V. Foster
C. Eben Franks
Virginia A Fry
Stephen R. Gegg
David J. Goldstein
Leon A. Gove

Carlton W. Grang, Jr.
Karen D. Hall

Robert E. Handy
Marleen H. Jeglinski
Steven J. Manganini
Ann Martin

Julie A. Milligan
Dorinda R. Ostermann
George L. Pelletier
Laurie A. Raymond
Abigail A. Spencer
Wavne D. Spencer
Alice I Tricca

Samuel M. Welch
Christine M. Wooding
F. Beecher Wooding

Ocean Engineering

Depariment

Thomas B. Aldrich
Leon A. Amado
Steven E. Bellerose
Emile M. Bergeron
Leonard A. Boutin
Sharon L. Callahan
Rodney M. Catanach
Bruce R Cole
Aganoris Collins
Carol Collins
Thomas Crook
Marguerite FF. Dace
Stanley R. Deane
Edward A. Denton
Alan R. Duester
Christopher V. Dunn
Kenneth D. Fairhurst
Richard A. Filyo
Penny C. Foster
William F. Freund, Jr.
David H. Gever
Allan G. Gordon
Matthew R. Gould
Larry S. Greenberg
Mary Guillemette
Christine L. Hammond
Ann C. Henrv
Channing N. Hilliard, Jr.
Andrew W. Keene

John N. Kemp
Remmert H. Kokmever
Stephen P. Liberatore
Karl E. Lindstrom
Karen D. Littlefield
Robert G. Lowe
Christine M. Lynch
Jane E. Marsh
Gretchen McManamin
George A. Meier
*Mary M. Moffett
Alfred W. Morton
Charlotte A. Muzzey
James B. Newman
Teresal. Nielsen
Patrick O'Malley
Cvnthia N. Pilskaln
John E. Pinette
Betsev G. Pratt
Ann C. Rams
Gordon D. Rose
Stanlev G. Rosenblad
Catherine O. Scheer
Frederick]. Schuler
Leon W Schuyler
George D. Stetten
Suzanne B. Volkmann
Karlen A. Wannop
Dana S. Wiese
Susan F. Witzell
Martin C. Woodward

Physical
Oceanography
Department
R Lorraine Barbour
Karin A, Bohr
Dolores H. Chausse
Clara Deser

Jane A Dunworth
Erika A. Francis
Robert E. Frazel
Barbara Gaffron
Nancy R. Galbraith
Elizabeth D. Guillard
William H. Horn
George P. Knapp 111
Ronald J. Kroll
Cynthia H. Lanyon

obert Spindel

Opposite page: Fritz Fuglister
meets computer (and is joined
by George Knapp in the last
frame).

This page, far left: Ann Spencer
works in laboratory aboard R/V
Thomas Thompson (University
of Washington) on Pacific
cruise.

Near left: Steve Liberatore works
electronic magic.
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Full-Time Support Staff

Roderigue A. LaRochelle
Robert G.Lavoie
EllenLevy

Mary Ann Lucas

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

William M. Ostrom
Nancy]. Pennington
Joseph R. Poirier
Mary E. Raymer

John B. Reese

Mabel M. Reese
Thomas A. Sgouros, Jr.
Samuel T. Simkins

R. David Simoneau
Brian Skelly

Ann Spencer

Robert J. Stanley
Susan A. Tarbell

John H. Thomson
Richard P. Trask
Toshiko T. Turner
Cynthia T. Tynan
Audrev L. Williams
Scott E. Worrilow

A. Cleo Zani
Marguerite E. Zemanovic

Marine Poliicy &
Ocean Management
Ingrid E. Desilvestre

Julie A. Early

Ann R Goodwin

Rosamund C. Ladner

Ethel F. LeFave

Katherine F. Wellman

Coastal Research
Center

Steven A. Simpson
Elizabeth A. Suwijn

+Leave of Absence
*Deceased, 13 February 1982

Administrative Staff

Janice R Battee ... ... . e Payroll Administrator
Constance A, Brackett ... ... . . Education Administrator
VickyCullen ... o Publications & Information Manager
Paul Dudley Hart ... ... ... Development Director
William M. Dunkle Jr. .. ... ... Research Associate, Data Library
CErcHLUFrank, Jr. ..o Svstems & Procedures Manager
Arthur G. Gaines, JI. ... ... Marine Science Advisor
Ellen M. Gately . ... Sea Grant Administrator
Gordon K. Glass ......... ..o Executive Assistant/‘Ocean Engineering
*KalerovL. Hatzikon . ........ .. ... .. ....... Executive Assistant’Marine Policy & Ocean Management
Arthur THenderson . ... ... Procurement Manager
Hartley Hoskins . ... ... Coordinator, Ocean Industries Program
Charles S. Innis, Jr. . .. oo Executive Assistant to Director
SusanKadar. ... Executive Assistant’Chemistry
JudithL. Kleindinst . ... ... Executive Assistant/Biology
Shelley ML Lauzon ... ... o Publications & Information Writer
Virginia A LeFavor. . ... ... Financial Analyst/Auditor
Charlene RLEWIS ... ... o o Marine Policy Administrator
Jack NLLINdOn . ..o Assistant Personnel Manager (Benefits)
Shirley-AnneLong . ... Personnel Administrator
+William H. MacLeish .. ... .. Contributing Editor, Ocearies
Benjamin M. McKelway .. ... ... Assistant Editor, Ocearues
CarolynB. Miller . ... . Affirmative Action Administrator
MozartP.Moniz. ... ... o Assistant Procurement Manager
Alawrence Peirson Il .. ... . L Assistant Dean & Registrar
R DavidRudden,Jr.............................. Assistant Controller for General Accounting & Auditing
Paul R RVAN . ..o, Editor, Oceanuts
CLRoySmith....... ... o Executive Assistant/Geology & Geophysics
SusanM.Smith ... .. o Executive Assistant/Special Studies Centers
Eloise M. Soderland ......... .. ... ... ... ... .. ......... Executive Assistant/Physical Oceanography
Eric W Spencer . . ..o Safety Officer
MauriceJ.Tavares ... ... ... Sponsored Programs Administrator
HaroldR VanSiclen,Jr. ............ ... ... ... ....... Assistant Controller for Accounting Operations
Daniel W.Vecchitto . .. ... oo i Associate Development Director
GaryB.Walker .. ... Controller
LHovtWatson. . ............co i, Executive Assistant/Associates Program & Security Officer
Carolyn P.WINN . . ..o Research Librarian
BernardL. Zentz ... ... . Personnel Manager

Administrative Linda]. Botelho #Cyril L. Fennelly

P l Phyllis M. Casiles Catherine H. Ferreira
ersonne Charlotte M. Cohen Steven R. Ferreira

Abbie Alvin Mildred W. Dean Larry D. Flick

Julie A Andrade
Dorothy]. Berthel
Kendall B. Bohr
Eleanor M. Botelho

Patricia M. DeBoer
Homer R. Delisle
Susan E. Ellis
Margherita C. English

Jeanne A. Fuller

Elizabeth R. Fye

Donna M. Garcia
**Russell G. Graham

[
e
Ll
P2
[
QO
=
o
o

Peter Wiebe
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Nancy H. Green
Monika Grinnell
Carolyn S. Hampton
Susan K. Handwork
Nancy E. Hazelton
Catherine M. Herrity
Joan B. Hulburt
Colleen D. Hurter
Philomena S. Jenney
Valerie A. Jonas
Gayle M. Judd

Susan F. Knox
#Loretta M. Martin
Nancy A. Marsh
Roland G. Masse
Joan E. Maxwell
Marie E. McCann
Philip E. McClung
Joanne M. McDonald
David J. Miller
Elizabeth A. Miller
Theresa G. Monroe
Chervl C. Murphy
Laura A. Murphy
Barbara A. Newell
Susan E. Newton
Nancv L. Pena
Doreen M. Perito
Florence T. Pineault
ClaraY. Pires
Kathleen A. Ponti
Ruth N. Poppe

John Porteous
Patricia A. Pykosz
Alexsandra A. Quigley
Marion J. Sharpe
Lisa C. Sherback
Sandra A. Sherlock
Evelyn M. Sprague
Karen E. Taylor
Mildred M. Teal
Patricia A. Thomas
Gordon H. Volkmann
#Lynn T. Whiteley
Grace M. Witzell
Marilyn E. Wright
Claire R Xander
Richard A. Young
Jane P. Zentz

Facilities, Services and Marine Operations Staff

JOhn P. BizzOz€ro ... o Chief Engineer, RV ATLANTIS II
EdwardL. Bland, Jr. ... ... .. Research Associate, ALVIN/LULU Operations
David F.Casiles ... ... Master, Marine Operations
Ernest G. Charette . .. ... ... . . ... Assistant Facilities Manager
Arthur D. Colburn, Jr. ... oo Boat Operator, ASTERIAS
Richard H. DImmock. ... ..o Port Engineer
Robertson P.Dinsmore . . ... i Consultant for Marine Operations and Planning
JohnD.Donnelly. ... Manager, Marine Operations
Richard S.Edwards ... ... .o Marine Superintendent
Emerson H. Hiller .. ... Master, RN KNORR
Ralph M. HOILS ..o Chief Pilot, DSRV ALVIN
Paul C.Howland . ... ... .o Master, R\ OCEANUS
David G.Landrv. . ..o Master, R’V LULU
JonathanLeiby . ... .. Naval Architect
Barbara]. Martineau ............. Executive Assistant/Facilities, Services and Marine Operations Department
Jack W McCarthy . ... oo Chief Engineer, R\ LULU
Willlam E-McKeOn .. ..o oo Assistant Facilities Manager
PaulR Mercado . ... ..o Chief Engineer, R\ OCEANUS
JamesR Mitchell . ... .. Facilities Manager
Donald A Moller . . ... .. Marine Operations Coordinator
Shaun M. Nerolich . . ... ... Pilot, DSRV ALVIN
Terrence ML RIOUX . .. ... Diving Supervisor
Emilio SO0 . . oo Chief Engineer, R\ KNORR
Donald P.SOUZA ... ... Graphic Services Supervisor
BarrieA Walden . ... o Manager, Submersible Program
OISO @ .
Fﬂ¢||||'|es Teresa A. Coughlin Donald F. LeBlanc

Edward F. Acton
Edgar L. Aiguier, Jr.
Nadine N. Athearn
Ernest E. Baker
Charles M. Baldic
Thomas A. Bouche
Richard W, Bowman
John R Bracebridge
Frederick A. Brauneis
Richard]. Breivogel
Dale A. Bryant
EdwardJ. Burke, Jr.
Frank Cabral, Jr.
Paul Canale

Charles Clemishaw
Debra Coddington

#James E. Coddington

Arthur Costa

Ronald C. Craft

Gordon E. Crandall, Jr.

Donald A. Croft
Jonathan Croft
William B. Cruwys
David G. Daniels
Pearl R. DeMello
Michele A. Delisle
Stephen C. Drake
Daniel B. Dwyer
Anthony Ferreira
Linda B. Ferreira
Michael J. Field
Curtis Gandy ITI
Douglas T. Grosch
John A Keizer
Fred W. Keller

Christopher F. Kennedy

Lynda K. Kingsley
Donald Kingsley

Wayne F. Lobo
John A Lomba
Edwin McGuire
Anthony G. Mendousa
Beverley Morrison
Michael H. Mott
John R Murphy, Jr.
William J. Murphy
Gordon A. Newton
#Maria Oliveira
Robin L. Oliver
Charles E. Pacheco
Charles]J. Peters, Jr.
Edward]. Phares
Joseph F. Pucci
John M. Ranney
Thomas D. Rennie
John E. Rice
John P. Romiza
Lewis . Saffron

Vicky Cullen

Shelley Lauzon

Opposite page, far left: Nan Gal-
braith in the Oceanus lab.
Opposite, center: From left, Sam
Raymond of Benthos, Charlie
Innis, Eddie Scheer, and Robert
Zimmerman welcome Lulu home.
Opposite, right: Al Morton, left,
and Harry Rougas aboard Knorr.
This page, left: John Romiza at
work on the pier.

This page, right: Dan Dwyer,
left, and Ed Acton in the instru-
ment shop.
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Full-Time Support Staff

Derrie A. Silva
Thomas H. Smart
Edward N. Stutz
James P. Sullivan
William R. Tavares, Jr.
Peter F. Taylor
Barbara M. Vallesio
Robert G. Weeks
Haskel E. White
John C. Williams
Carleton R. Wing
Ronald E. Woods
Martin C. Woodward
Carleton F. Young

Services
Personnel

Norman E. Anderson
Janice M. Baker
Frederick V. Brown
Bernard]. Cassidy
James P. Corr
Bernard C. Crampton
John A. Crobar

Judith O. Cushman
David L. Fish, Jr.
James E. Gifford
Robert J. Hindley
Howard A. Holland
Mary Jane Januszkiewicz
Lawrence M. Johnson
Percy L. Kennedy, Sr.
Samuel J. Lomba

Jay R Murphy

Eben A. Sage

Albert Santiago, Sr.

Roland R. Simmons Garv]. Witty Albert C.Jefferson
Robert Wichterman Charles G ]onés
hi . Alvin/Lulu John P. Kamataris
Graphic Services o J. Kevin Kay
P P ; Operations TohnT Lobo
ersonne Kenneth S. Axelson Tomas M. A. Macedo
Donna S. Carson Jonathan Borden Robert P. Martin

Maura Connor

Ruth H. Davis
Catherine A. Ferreira
DavidL. Gray

Phvllis C. Hartley

Frederick R. Heide
Mark V. Hickey
Robert F. Kelley
Thomas N. Kleindinst
William N. Lange
Stefan E. Masse

Frank Medeiros
Joseph F. Motta

Carol A Rogers
Lucinda M. Tear

Food Services

Audrey C. Nelson
Sheila T. Payne
Patricia E. Thompson

L]
Operations
Steven W. Allsopp

JohnJ. Antonangeli, Jr.

Mitchell G. Barros
Robert W. Barton
Gunter H. Bauerlein
Edward H. Chute
Robert J. Corey
Richard A. Dionne
Kittie E. Elliott
Peter M. Finnegan
Mark S. Garafano
Peter R. Hoar
Carole R. Merson
Stephen G. Page
Douglas .. Shores
Jon S. Stivers

+Jerel W, Chamberlain
Don C. Collasius
Craig D. Dickson
James E. Hardiman
Roger W. Hunt

#Bernard E. Kilbreth

Brian]. Litleheld
Roger H. Maloof
David I. Olmsted
Joseph Ribeiro
David M. Sanders
William J. Sellers
Margaret P. Stern
Wayne Sylvia

Wayne A. Bailey
Robert W. Baker
Stephen S. Bates
Kenneth E. Bazner
Lawrence T. Bearse
Richard J. Bowen
Edward R. Brodrick
Harry F. Clinton

+ Arthur D. Colburn I
Lawrence P. Costello
Jerome M. Cotter

Stephen W. Cotter
Glenn L. Cox
Roger J. Dube
Peter M. Flaherty

#Eugene Fortes

Gilberto R. Garcia

John M. Gassert
Edward F. Graham, Jr.
Joseph A. Guzaj

David L. Hayden
Alfred C. Henser
Henry P. Hirschel

+John S. Hurder

David H. Megathlin
Harry E. Oakes
Conrad H. Ocampo
Peter P. O'Reilly
Michael Palmieri, Jr.

#George E. Pierce

#Samuel F. Pierce
Harry Rougas
Richard F. Simpkin
Ernest G. Smith, Jr.
Harry H. Stanton
John K. Sweet, Jr.
William L. Svlvia, jr.
Frank D. Tibbetts
Steven F. Tomkiewicz
Herman Wagner
Joseph Warecki
Ernest C. Wegman, Jr.
Stephen T. Wessling

#Disability Leave of Absence

+Leave of Absence
“Deceased, 31 March 1982

“*Deceased, 23 Julv 1982

Left: Lulu comes home with
Ken Axelson, Navy Pilot Dave
Brown, Shaun Nerolich, Jim
Hardiman, Dave Sanders, and
Dave Olmsted aboard.

Right: Atlantis II Bosun Ken
Bazner at ship’s crane.

David Gray

Vicky Cullen



Fellows, Students, & Visitors

MIT/WHOI
Joint Graduate
Program
1982-1983

Yehuda Agnon
Hebrew University, Israel
VernonL. Asper
Messiab College
University of Hawaii
Colin W. Baker
Oberlin College
University of Michigan
John A Barth
University of Colorado
+Livia M. Benavides
Trinity College
Sarah L. Bennett
Colorado State University
Gaboury Benoit
Yale University
Patricia M. Biesiot
Bowling Green State University
Brian J. Binder
Massachusetts Institute of
Technology
Martin B. Blumenthal
Princeton University
Barbara V. Braatz
Smiith College’
Esther C. Brady
University of Massachusetts,
Amberst
Ellen D. Brown
Princeton Urniiversity
Bruce]. Brownawell
DePaul University
Michael S. Bruno
New Jersey Institute of
Technology
University of California,
Berkeley
Kenneth O. Buesseler
University of California, San
Diego

William J. Burke
University of Notre Dame
Karen E. Cady-Pereira
University of Sdo Paulo, Brazil
David A. Caron
University of Rhode Island
Josko A. Catipovic
Massachusetts Institute of
Technology
Paola Cessi
Unversity of Bologna, Ttaly
Ching-Sang Chiu
Northeastern University
Ka Hou Chu
Uniiversity of California,
Berkeley
Jeremy S. Collie
Uniiversity of York, United
Kingdom
John A Collins
Urniversity College, Cork,
United Kingdom
University College of North
Wales, United Kingdom
M. Elizabeth Conners
University of Michigan
Bruce D. Cornuelle
Pomona College

HeinJ. W. De Baar
Delft Uriversity of Technology,
The Netheriands
MargaretL. Delaney
Yale University
William K. Dewar
Obio State Uniiversity
Carol E. Diebel
Bakersfield Junior College
Humboldt State Uriversity
Mavis L. Driscoll
Urniiversity of California,
Berkeley
Gregory L. Duckworth
Rice University
Massachusetts Institute of
Technology

Edwin L. Ferguson, Jr.
Massachusetts Institute of
Technology

Glen G. Gawarkiewicz
Massachusetts Institute of
Technology

Scott M. Glenn
University of Rochester

Jeffrey T. Goodwin
Middlebury College

Margaret R. Goud
Stanford University

David W. Graham
Florida Institute of Technology
Unigversity of Rhode Island

Melinda M. Hall
Dutke University

Mark D. Handel
University of Chicago

Cheryl A. Hannan
San Jose State University

Eric W. Heineke
University of Cincinnati

Janet G. Hering
Cornell University
Harvard Unipersity

Joshua K. Hoyt
Massachusetts Institute of
Technology

Rui Xin Huang
University of Science & Tech-
nology, China

Dean M. Jacobson
Occidental College

John P. Jasper
University of Chicago

John P. Jemsek
University of Notre Dame

Michael A. Kaminski
Rutgers University
Jagiellonian University,
Poland

Hiroshi Kawahara
Humboldt State College

Maureen A. Kennelly
Harvard University

Alan V. Klotz
Rice Uniiversity
Melissa M. Lakich
Harvard University
Hsueh-tze Lee
Tufis University
Susan M. Libes
Douglass College of
Rutgers University
Sarah A Little
Stanford University
Stephen E. Lohrenz
University of Oregon
William R. Martin
Brown University
Uniiversity of Washington
Stephen D. McCormick
Bates College
Karla ]. McDermid
Stanford University
Anne E. McElroy
Brown University
Ann P. McNichol
Trinity College
Stephen P. Meacham
Queens College, University of
Cambridge, United Kingdom
Andre A. Merab
Massachusetts Institute of
Technology
Richard S. Mercier
University of Waterloo,
Canada
Kenneth G. Miller
Rutgers Uniiversity

+ Margaret D. Miller

Swarthmore College

Douglas R. Mook
Massachusetts Institute of
Technology

Boris Moro
Uniiversity of Zagreb,
Yugoslavia
State Urniiversity of New York,
Story Brook

Robert Spinde!

Shelley Lauzon

Left: Paul Boutin steadies acous-
tic tomography gear.

Right: Wayne Dickinson at the
Apple IL
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Fellows, Students, & Visitors

Haim Nelken
Hebrew University, Israel
Christopher Paola
Lebigh University
Stephanie L. Pfirman
Colgate Uniiversity
Robert S. Pickart
Susquebanna Uniiversity
Rui V. Ponte
University of Rhode Island
Subramaniam D. Rajan
College of Engineering, India
James B. Riley
Yale Uniiversity
Elizabeth M. Robinson
Reed College
Kristin M. M. Rohr
Broun University
Leslie K. Rosenfeld
University of Washington
Lawrence P. Sanford
Brown University
Glenn F. Sasaki
University of California,
Berkeley
Jill V. Scharoid
Michigan Technological
Uniiversity
GlenT. Shen
Massachusetts Institute of
Technology
Elizabeth A. Snowberger
Washington University

Kevin G. Speer
University of California, Santa
Barbara
Paul E. Speer
Williams College
Arthur J. Spivack
Massachusetts Institute of
Technology
Peter J. Stein
Massachusetts Institute of
Technology
William K. Stewart
Florida Atlantic University
Cape Fear Technical Institute
Stephen A. Swift
Dartmouth College
Oregon State University
Douglas R. Toomey
Pennsylvania State Uniiversity
John H. Trowbridge
University of Washington
Thomas W’ Trull
University of Michigan
Eli Tziperman
Hebyew University, Israel
LisaA. Urry
Tufts Uniiversity
Daniel Vaulot
Ecole Polytechnique, Fravice
Ecole National du Genie Rural
des Eaux et des Forets, France
Martin R. Vennell
University of Auckland, New
Zealand

Karen L. Von Damm
Yale University

Sophie Wacongne
University of Pierre and Marie
Curie, France

John 1. Wilkin
University of Auckland, New
Zealand

Joanne M. Willey
University of Pennsylvania
Uniersity of Pennsylvania,
School of Nursing

Brian R. Wolf

Rensselaer Polytechnic Institute

Victor Zlotnicki
University of Buenos Aires,
Argentina

+ Leave of Absence

Postdoctoral
Scholars
1982-1983

Paul V. Doskey

University of Wisconsin
Christina M. Emerick

Oregomn State University
Sherwood Hall

University of Alaska
Lisa A. Levin

Scripps Institution of

Oceanography

Douglas G. Martinson
Columbia University (LDGO)
Douglas]. Sherman
University of Toronto, Canada
Loren Shure
Scripps Institution of
Oceanography
Peter L. Tyack
Rockefeller University

Marine Policy
and Ocean
Management
Research
Fellows
1982-1983

Conner L. Bailey, Jr.
Cornell University
Robert E. Bowen
University of Southern
California
James M. Broadus III
Yale University
*Michael C. Healey
University of Aberdeen,
Canada
*Timothy M. Hennessey
University of Rhode Island
*Robert . Knecht
University of Rbode Island

Right: Joint Program Student
Scott Glenn on a Coastal Ocean
Dynamics Experiment cruise.

Below: Joint Program Student
Josh Hovyt, right, talks with Al
Bradley aboard Asterias.

e
T

Vicky Cullen

James Newman
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William L. Laheyv
University of Wisconsin Law
School

“Linda B. Miller

Columbia University

Ivon D. Pires-Filho
University of Virginia School of
Law

Kurt M. Shusterich
University of California, Santa
Barbara

Maynard E. Silva
University of California, Santa
Barbara

William E. Westermever
Uriversity of Southern
California

*Senior Fellow

Summer
Student
Fellows

Alan H. Bornbusch

Williams College
Karrie Champneyvs

San Francisco State University
Thomas H. Fleming

University of Hawaii
Melisa A. Fry

University of Minnesota
Frank C. Hansen

Yale University
Linda A. Hicke

Humboldt State University
Richard C. Leavitt

Reed College
Niels L. Lindquist

University of Flovida
Kevin R. McManus

University of Rhode Isiarid

Urnversity of Washington
Robert N. Oerter

Swarthmore College
Nancy K. Sanders

Northern Arizona University
Richard P. Signell

Uniiversity of Michigan
Edwin K. Silverman

Washington University
David A. Smeed

Emmanuel College, United

Kingdom
William S. Spitzer

Harvard University
Michael B. Sundel

Yale Uniiversity

Harvard Law School
Richard K. Taft

Clarkson College of

Technology

PeterJ. Vogel

University of Connecticut
Robert R. Zimmerman

Reed College

Minority
Trainees in
Oceanography
Claudia J. Alexander

University of California,

Berkeley
Phyllis Y. Ha

University of Hawaii, Manoa
HeidiLynn Mitchell

Amberst College

Visiting Scholars
Charlotte P. Mangum
College of William & Mary
Clarence S. Clay
University of Wiscorsin
Henry Elderfield
University of Leeds, United
Kingdom
Donald W Forsyth
Brown University
Meryl C. Hendershott
Scripps Institution of
Oceanography
Wallace S. Broecker
Columbia University (LDGO)
Mark A. Donelan
Canada Cenire for Inland
Waters, Ontario
David M. Karl
University of Hawaii, Manoa
James D. Smith
University of Washington

Geophysical
Fluid Dynamics
Summer
Seminar

Fellows:

Grant R Bigg
University of Adelaide,
Australia
Dave Broutman
Scripps Institution of
Oceanography
Stephan Fauve
Ecole Normale Superieure,
France
Peter H. Havnes
Queens College, Uniited
Kingdom

Walter A. Robinson
Columbia University

Theodore G. Shepherd
Massachusetts Instituite of
Technology

Mark S. Swenson
Scripps Institution of
Ocearnography

Masaaki Takahashi
Kyushu University, Japan

Staff Members

& Lecturers:
David Andrews
University of Oxford, England
Hassan Aref
Brown University
Wallace Broecker
Columbia University, LDGO
John Church
Commonwealth Scientific and
Industrial Research Organiza-
tion, Australia
Gabriel T. Csanady
Woods Hole Oceanographic
Institution
Michael Davey
Uniiversity of Cambridge,
Jniited Kingdom
Henry Day
Stanford University
Russ E. Davis
Scripps Institution of
Oceanography
Kenneth Denman
Inistitute of Ocean Sciences,
Sidney, B.C.
Ellen Druffel
Woods Hole Oceanographic
Institution
Alan J. Faller
University of Maryland
Manuel E. Fiadeiro
Yale Uniiversity
Glenn Flierl
Massachusetts Institute of
Technology
Isaac Held
Princeron University
Mvrl C. Hendershott
Scripps Institution of
Oceanography
Jackson R. Herring
National Center for
Atmospheric Research
Greg Holloway
Institute of Ocean Scierices,
Sidney, B.C.
Louis N. Howard
Florida State Uniiversity

Roger Hughes
Commornwealth Scientific and
Industrial Research Organiza-
tion, Australia

William J. Jenkins
Woods Hole Oceanographic
Institution

Thomas Keffer
Woods Hole Oceanographic
Institution
Joseph B. Keller
Stanford University
Kathryn Kelly
Scripps Institution of
Oceanography
Hugh D. Livingston
Woods Hole Oceanographic
Institution
Willem V. R. Malkus
Massachusetts Institute of
Technology
Lee-Or Merkine
Brown University
Donald B. Olson
University of Miami
Joseph Pedlosky
Woods Hole Oceanographic
Institution
James F. Price
Woods Hole Ocearnographic
Institution
Peter B. Rhines
Woods Hole Oceanographic
Institution
Philip Richardson
Woods Hole Oceanographic
Institution
Stephen Riser
University of Washington
Paola M. Rizzoli
Massachusetts Inistitute of
Technology
H. Thomas Rossby
University of Rhode Isiand
Claes Rooth
University of Miami
Rick Salmon
Scripps Institution of
Oceanography
Jorge Sarmiento
Princeton University
William Smethie
Columbia University (LDGO)
Edward A. Spiegel
Columbia University
John H. Steele
Woods Hole Ocearnographic
Institution
Melvin E. Stern
University of Rhode Island
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Fellows, Students, & Visitors

K K. Tung
Massachusetts Institute of
Technology
George Veronis
Yale University
Pierre Welander
Uriiversity of Washington
Peter H. Wiebe
Woods Hole Oceanographic
Institution
John A, Whitehead
Woods Hole Oceanographic
Institution
J. S. Wroblewski
Dalbousie University, Canada
Toshio Yamagata
Princeton University
Shinichiro Yanase
Okayama University, Japan
William Young
Scripps Institution of
Oceanography

Visiting
Investigators

Marie-Pierre Aubry-Berggren
National Center of Scientific
Research, Paris

Paul E. Belanger
U. §. Geological Survey,
Woods Hole

Donald W. Bourne
Marine Biological Laboratory,
Woods Hole

David C. Brewster
U. S. Geological Survey,
Woods Hole

Paul M. Hammer
Indiana University

Mark D. Kurz
Chemistry Department,
Woods Hole Oceanograpbic
Institution

Susan H. Lohmann
Sea Education Association

Paul C. Mangelsdorf, Jr.
Swarthmore College

Ian N. McCave
University of East Anglia,
United Kingdom
William G. Metcalf
Physical Oceanography
Deparrment, Woods Hole
Oceanographic Institution
Bryce Prindle
Babson College
Robert J. Quinn
Harvard School of Public Health
Nick Staresinic
Coastal Research Cernter,
Woods Hole Oceanographic
Institution
Jacek K. Sulanowski
Bridgewater State College
Walter H. Wheeler IV
US. Geological Survey,
Woods Hole

Guest

investigators

Abdul Nabi Al-Ghadban
Kuwait Institute for Scientific
Research

John A Allen
University Marine Biological
Station, Scotland

John S, Allen, Jr.

Oregon State University

Arthur B. Baggeroer
Massachusetts Institute of
Technology

Rodey Batiza
Washington University,

St. Louds

Paul E. Belanger
Brown University

Paul D. Boehm
Energy Resources Company,
Cambridge

William C. Boicourt
The Jobns Hopkins University,
Chesapeake Bay Institute

Vaughan T. Bowen
Chemistry Department,
Woods Hole Oceanographic
Institution

Charles W. Bovlen
Rensselaer Polvtechiic [nstitute
David Brown
LTJG, U S. Navy, San Diego
David Brownlee
Chesapeake Biological
Laboratory,
University of Marviand
Ann Bucklin
The Laboratory, Citadel Hill,
Plymouth, England
Bradford Butman
U S. Geological Survey,
Woods Hole
H. Michael Byrne
Pacific Marine Evuironmmental
Laboratory, Seattle
Mark Cane
Massachusetts Institute
of Technology
Thomas R. Capo
Marine Biological Laboratory,
Center for Neurobiology &
Bebavior
James T. Carlton
Biology Departmen,
Woods Hole Oceanographic
Institution
Christina Chen
Dutke University
Sallie W. Chisholm
Massachusetts Institute
of Technology
Donna R. Christie
Florida State University
Allan]. Clarke
Florida State University
JonathanJ. Cole
Geology & Geophysics
Department,
Woods Hole Oceanographic
Institution
Curtis Allan Collins
National Science Foundation
Marie-Helene Cormier
University of Rhode Island

Kemin Dao

Institute of Oceanology, Tsingtao,

People’s Republic of China

David A. Egloff
Oberlin College

Robert Evans
Urniversity of Miami

Myron B. Fiering
Harvard University

Olcott Gates
State University of New York,
Fredonia

Quentin H. Gibson
Cornell University

Graham S. Giese
Provincetoun Center for
Coastal Studies

Richard M. Goody
Harvard University

Marvin Grossline
National Marine Fishertes Service,
Woods Hole

Robert R. L. Guillard
Bigelow Laboratory for Ocean
Sciences,
Bootbbay Harbor

Paul A. Gurbut
Ministry of Agriculture,
Fisheries & Food,
Lowenstoft, England

S. Austin Haley
SPED-Trout Project,
Martha’s Vineyard Regional
High School

George F. Heimerdinger
Environmental Data
Service, NOAA

Harold Hemond
Massachusetts Institute
of Technology

John D. Hightower
Naval Ocean Systems Center,
Kailua, Howaii

Manfred G. Hofle
Limnology Institute of the
University of Konstanz,

West Germany

Robert Howarth
Marine Biological Laboratory,
Ecosystems Center

Right: Oceanus Bosun Whitey
Warecki secures mooring flota-
tion scheduled for use during a
Halloween cruise.

Far right: Brenda Olson, left, Ed
Sholkovitz, and Anne Carey

experience the joys of using sedi-

ment for experiments.

Shelley Lauzon

Shelley Lauzon
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Anwarul Huq
International Center for
Diarrboreal Disease Research,
Dhaka, Bangladesh
Ian A Johns
Commonwealth Scientific
and Industrial Resecrch
Organization, Australia
Adrianus J. Kalmijn
Biology Department, Woods Hole
Oceanographbic Institution
Vera Kalmijn
Biology Department, Woods Hole
Oceanographic Institution
Ruth E. Keenan
Science Applications, Inc.,
MclLean, Virginia
J. Patrice Klein
Zoological Station,
Villefranche-sur-Ver,
France
Gunnar Kullenberg
Bigelow Laboratory for Ocean
Sciences, Boothbay Harbor
Elroy O. LaCasce, Jr.
Bowdoin College
Richard H. Lambertsen
College of Veterinary Medicine,
University of Florida,
Gainesville
Ole S. Madsen
Massachusetts Instituie
of Technology
Bjorn A. Malmgren
Stockbolm University, Sweden
Christopher S. Martens
University of North Carolina
at Chapel Hill
Donald M. McDowell
Matamek Research Station,
Sept-iles, Quebec
James R. McGoodwin
University of Colorado,
Boulder
W. Kendall Melville
Massachusetts Institute
of Technology
Richard E. Meunier
National Academy of Sciences
Ocean Policy Commiittee,
Marine Technical Assistance
Group
Jean-Louis Michel
Services Technique des
Equipments
Profonds, La Seyne-sur-Mer,
France
Douglas C. Nelson
Biology Department, Woods Hole
Oceanographic Institution

A. Conrad Neumann
University of North Carolina
at Chapel Hill

Arthur R M. Nowell
University of Washington,
Seattle

Frederick Olmsted
Biology Department,

Woods Hole Oceanographic
Inistitution

Kathleen O'Neill
National Center for Atmospheric
Research, Boulder

Alan Oppenheim
Massachusetts Institute of
Technology

Henry Parker
Southeastern Massachusetts
University

Judith Pederson
University of Massachuselts,
Boston

Robert D. Prusch
Gonzaga University, Spokane

Adrian F. Richards
Lehigh University

Frederic M. Richards
Yale University

Stephen C. Riser
University of Washington,
Seattle

John H. Ryther
Urniversity of Florida,
Gainesville

Amelie Scheltema
Biology Department,
Woods Hole Oceanographic
Institution

Jurg K. Schneider
Swiss National Science
Foundation, Switzeriand

Detmar Schnitker
University of Maine at Orono

Eckart H. Schumann
National Research Institute
Jfor Oceanology,
Stellenbosch, South Africa

Michael Sissenwine

Nettional Marine Fisheries Service,

Woods Hole

David €. Smith
Naval Ocean Systemns Center,
San Dicgo

Stephen D. Sulkin
University of Maryland,
Horn Poinit Environmental
Laboratory

Claus P. J. Suverkropp
University of California at
Santa Barbara

Pierre Tillier
Oceanography Center of
Bretagne, France
Hiroyuki Tominaga
Water Research Institute,
Nagoyva University, Japan
Noriko Tominaga
School of Science,
Nagoya University, Japan
Ruth D. Turner
Harvard University
John Walsh
Brookbaien National
Laboratories
James A. Wilson
Marine Policy and Ocean
Management Program,
Woods Hole
Oceanograpbic Institution
Terry Whitledge
Brookhaven National
Laboratories
Baoren Wu
Shandong College of
Oceanology,
People’s Republic of China
Qinchun Xie
Second Institute of the National
Bureau of Oceanography,
Hangzhou,
People’s Republic of China
Zuo-Sheng Yang
Shandong College of
Oceanography, People's
Republic of China
Yincan'Ye
Second Institute of the National
Bureau of Oceanography,
Hangzhou,
People’s Republic of China
Jing San Zhao
Second Institute of the National
Bureau of Oceanography,
Hangzhou,
People’s Republic of China

Guest Students

Fred M. Allen
Hervard University
Craig . Anmuth
Oberlin College
Robert A, Arkowitz
Dutke Uripersity
Andrea L. Bagdigian
Florida Institute of Technology
David S. Battisti
Florida State Uniiversity
Jorge Butenko
Massachusetts Institute of
Technology

Colleen M. Cavanaugh
Harvard University
CynthiaJ. Crowdis
Wheaton College
M. Carmela Cuomo
Yale Uniipersity
Gregg R Dietzmann
Uriversity of Minnesota
Dorothy E. Grice
Carleton College
Edwin D. Grosholz
Brown University
Brian L. Howes
Boston University Marine
Program
Jennifer L. Karas
Amberst College
Miriam E. Katz
Uniaversity of South Carolina
Scharine Kirchoff
Mount Holyoke College
Leonard]. Laufer
Loomis Chaffee
Dale F. Leavitt
University of Maine, Ororno
Daniel R. Martin
New England College
Michael R. Messick
Skidmore College
Ellyn T. Montgomery
Colby College
Scott S. Nolan
Framingham State College
Stephen J. Oliver
Kalamazoo College
Federico Pardo-Casas
National University of
Engineering, Peru
John T. Pirie
The Hotchkiss School
Kathleen B. Raycroft
St. Lawrernice University
Frederick A. Scarborough
Middlebury College
Theodore G. Shepherd
Massachusetts Institute of
Technology
Timothy W. Strout
Gould Acadermny
Maureen R. Sullivan
Regis College
Cynthia D. Trowbridge
Cornell University
Jacqueline F. Webb
Boston University Marine
Program
Yvette A. Wieder
University of Colorado
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Voyage Statistics

R/V Atlantis Ii

Atlantis 11 was at the Institution pier during 1982 for continuation of the mid-life refit and overhaul begun in 1980 and for conversion to handle
DSRV Alvin. The work, which extended into 1983, included installation of an over-the-stern submersible handling system, a fantail hangar for
Alvin, an upgraded bow thruster, and Sea Beam, a multi-beam echosounder.

R/V Knorr

Voyage Cruise Period
92-1 28Jan -1 Mar
92-11 6 Mar -7 Apr
93 19 Apr - 6 May
94 18 May - 5 Jun
95 12 June - 29 Jun
96 7Jul-30Jul

97 7 Aug - 24 Aug
98 24 Sep - 17 Oct
991 26 Oct - 7 Nov
99-11 11 Nov - 27 Nov
99-111 30 Nov - 21 Dec
99-IV 28 Dec - 31 Dec

Principal Objective, Area of Operations

Monitoring microearthquake activity on the Mid-
Atlantic Ridge, determination of structure of
uppermost kilometer of crust and crust thickness

Continued geological and geophysical
studies on the Mid-Atlantic Ridge

Biological, chemical, and physical oceanographic
studies of a warm core ring in the slope water of
the northwest Atlantic for the Warm Core Rings
experiment

Collection, observation, and laboratory experi-
mentation with gelatinous zooplankton in the
Sargasso Sea

Continuation of Warm Core Rings experiment

Coring, hydrographic, and photographic studies on
the Nova Scotian Continental Rise for the High

Energy Benthic Boundary Layer Experiment (HEBBLE)

Continuation of Warm Core Rings experiment
Continuation of Warm Core Rings experiment

Chemical studies of seasonal changes in
sedimentation rates and composition in the
deep North Atlantic

Chemical studies in the Cariaco Trench,
Caribbean Sea

Hydrographic studies in the tropical and
equatorial Adantic, geochemical measurement
in the Amazon River freshwater plume for the
Tropical Atlantic Study

Continuation of studies on circulation and mixing
processes in the tropical and equatorial
Atlantic for the Tropical Adantic Study

Total Nautical Miles for 1982 — 26,575 miles

Total Davs at Sea — 244 davs

Ports of Call
(Destination)

San Juan,
Puerto Rico

Woods Hole

Woods Hole

Woods Hole

Woods Hole
Woods Hole

Woods Hole
Woods Hole

San Juan, Puerto Rico

San Juan, Puerto Rico

Belem, Brazil

Dakar, Senegal

Chief Scientist

Purdy

Purdy

Kester (URID)

Madin

McCarthy (Harvard)
Hollister

McCarthy (Harvard)
Wiebe

Deuser

Bacon

Sarmiento (LDGO)

Key (Princeton)

Right: Asterias heads out to test
a Loran-C drifting buoy and
drogue.

Far right: Kevin Kay, Dick
Edwards, and Paul Mercado
attend to adjustments on
Oceanus.

Vi;:ky Cullen

Peter Wiebé



g i,

i

G

- e .

e
et .

ey

g ,

’ i
ot ;
e

Ceearneis departs Woods Hole
an Vovage 127 for acoustic
tomaography work in Seprember
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Voyage Statistics

R/V Oceanus

Voyage

112

113

114

115

116

117

118

119
120
121
122
123
124
125
126-1
126-11
127
128

129

130

131

132

Cruise Period

SJan-6Jan

25Jan - 4 Feb

8 Feb - 9 Feb

16 Feb - 4 Mar

11 Mar - 16 Mar

29 Mar - 10 Apr

18 Apr - 3 May

6 May - 14 May
19 May - 6 Jun
14 Jun-1Jul
6Jul - 15 Jul
19Jul - 20 Jul
21]Jul -29 Jul

6 Aug - 23 Aug
27 Aug -7 Sep
10 Sep - 23 Sep
28 Sep - 9 Oct
12 Oct- 12 Oct

20 Oct. - 20 Oct
28 Oct. - 4 Nov.

9 Nov - 16 Nov

19 Nov - 30 Nov

4 Dec-13 Dec

Principal Objectives, Area of Operations

Zooplankton sampling for studies of histories
of key slope water species south of Cape Cod

Recovery and deployment of current meter and
tripod moorings on the Continental Shelf near
Georges Bank and Lydonia Canyon

Zooplankton sampling for studies of life histories
ofkey slope water species south of Cape Cod

Collection, observation, and laboratory experi-
mentation with gelatinous plankton in the
Sargasso Sea

Continuation of time series study of life
histories of key slope water species south of
Cape Cod

Determination of concentration, distribution, and
contribution of cyanobacteria to primary productivity
in the Sargasso Sea, Gulf Stream, and Slope waters

Biological, chemical, and physical oceanographic
studies of a warm core ring in the
North Atlantic for the Warm Core Rings experiment

Mooring deployment for the Long Term Upper Ocean
Study (LOTUS) at 39°30°N, 70°W and 34°N, 70°W

Recovery and resetting net of Autonomous Listening
Stations (ALS) in the North Atlantic

Continuation of Warm Core Rings experiment

Recovery and deplovment of subsurface moorings,
tripods, and surface buoys in the vicinity of
Georges Bank, Lydonia Canyon, and Oceanographer Canyon

Recovery of Bottom Ocean Monitor mooring on the
Continental Shelf

Collection of sediment and biological samples for
Georges Bank Sediment and Organism Monitoring
Program

Continuation of Warm Core Rings experiment

Biological studies in the Carson Canyon area of the
Grand Banks

Collection of benthic invertebrates and deep water
fishes in Carson Canyon area of the Grand Banks

Deployment of mooring array and transponders for
acoustic tomography experiment off the Florida Coast

To shipyard
From shipvard

Recovery and deployment of moorings, SOFAR float
launch, CTD stations, and XBT section for Long Term
Upper Ocean Study (LOTUS) in the western North
Atlantic

Recovery and deployment of subsurface moorings,
tripods, and surface moorings in vicinity of Georges
Bank and Lydonia Canyon

Collection of sediment and biological samples for
Georges Bank Sediment and Organism Monitoring Program

Recovery of mooring array and transponders set
during Voyage #127; deployment and recovery of
short-term mooring in the western North Atlantic

Total Nautical Miles for 1982 — 21,146 miles

Total Days at Sea — 229 days

Poris of Call
(Destination)
Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

Woods Hole

St. John's,
Newfoundland

Woods Hole

Woods Hole

Chief Scientist

Cowles

Butman (USGS)

Cowles

Madin

Cowles

Watson

Wiebe

Briscoe

Valdes

Wiebe

Butman (USGS)
Biscaye (LDGQ)
Hampson
Wiebe

Jannasch
Copeland (MBL)

Spindel

Newport, Rhode Island

Woods Hole
Woods Hole

Woods Hole

Woods Hole

Woods Hole

Briscoe

Butman (USGS)

Grassle

Spindel



Robert Kelley

DSRV Alvin and R/V Lulu

Voyage

111-VIIT

111-IX

111-X

111-X1

111-X11

111-X111

111-X1v

111-XV
111-XVI

111-XVII
111-XVIIT

111-XIX

112

113

114-1
114-11

114-111

114-IV

114V
114-V1

114-V1I

114-VIII

114-IX

Cruise Period

5Jan - 23 Jan
28Jan - 14 Feb
19 Feb - 2 Mar
S Mar - 15 Mar
2 Apr-6Apr
11 Apr- 28 Apr

2 May - 16 May

19 May - 30 May

2Jun-16Jun

19Jun - 29 Jun
5Jul-30]Jul

5Aug - 19 Aug

25 Aug -3 Sep
9 Sep - 20 Sep

90ct-17 Oct
18 Oct - 27 Oct

31 Oct - 3 Nov

3 Nov - 10 Nov

11 Nov - 13 Nov
14 Nov - 18 Nov

21 Nov - 28 Nov

1 Dec - 4 Dec

4 Dec-17 Dec

R/V Oceanus

Principal Objectives, Area of Operations
10 dives for biological and geological
investigations in the Guaymas Basin

10 dives for geological and volcanological
studies on the East Pacific Rise

11 dives for biological investigations in the
Cataling, San Clemente, and Cortes Basins

9 dives for biological studies in the
Catalina Basin

3 dives for biological studies in the
Santa Barbara Channel

10 dives for biological investigations at
hydrothermal vents on the East Pacific Rise

9 dives for continued biological studies at
East Pacific Rise hydrothermal vents

Transit

10 dives for biological investigations in

the Panama Basin

Transit

9 dives for chemical studies on the Mid-Atlantic
Ridge

8 dives for training, chemical investigations,

corrosion studies, equipment recovery at
Deep Ocean Station #2

6 dives for biological and geological studies
in Oceanographer Canvon

8 dives for biological and geological
investigations in Lydonia Canvon

Transit

8 dives for geological investigations of the
sea floor west and south of Grand Bahama Island

3 dives to investigate recolonization in sediments
in the Northeast Providence Channel

Transit

3 dives for training and indoctrination

5 dives for biological studies at Deep Ocean
Station #2

8 dives for engineering tests of a large
ared imaging system

3 dives for geological investigations in
the Puerto Rico vicinity

Transit

R/V Knorr

Total Nautical Miles for 1982 — 17,104 miles
Total Days at Sea — 229 davs
Total Dives — 133

Ports of Call Chief Scientist
(Destination)
Mazatlan, Mexico Lonsdale (S1O)
San Diego Lonsdale (S1O)
San Diego Childress (USCB)
San Diego Smith (SIO)
San Diego Smith (SIO)
Mazatlan, Mexico Smith (SIO)
Manzanillo, Mexico  Smith (SIO)
Puntarenas, Costa Rica
Balboa, Panama Grassle
San Juan, Puerto Rico
St. George’s, Rona (NOAA)
Bermuda
Woods Hole Sayles,
Tupper
Williams (KAPL)
Woods Hole Uzmann (NMES)
Ve SRR
Woods Hole Hecker (LDGO)
Freeport, Bahamas
Freeport Neumann (UNC)
Nassau, Bahamas Hecker (LDGO)
Frederiksted,
St. Croix
Frederiksted Walden
Frederiksted Grassle
Frederiksted Ballard

Yabucoa, Puerto Rico  Sasscer (UPR)

Woods Hole

R/V Atlantis H
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Trustees & Corporation

Board of Trustees
Officers
CHARLES F. ADAMS
Chairman

PAUL M. FYE
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Director

KENNETH S. SAFE, JR.

Treasurer

JOSEPH KIEBALA, JR.
Clerk

Honorary Trustees

ALAN C. BEMIS
JOHN P. CHASE
CECIL H. GREEN
CARYL P. HASKINS
HOWARD C. JOHNSON
J. SEWARD JOHNSON
NOEL B. MLEAN
DANIEL MERRIMAN
HENRY A. MORSS, JR.
ALBERT E. PARR
E. R. PIORE

**ALFRED C. REDFIELD
ROGER REVELLE
DAVID D. SCOTT
MARY SEARS
ROBERT R. SHROCK
MARY BUNTING SMITH
ATHELSTAN F. SPILHAUS
FRANCIS C. WELCH
ALFRED M. WILSON
E. BRIGHT WILSON

To serve until 1986

EDWIN D. BROOKS, JR.
JAMES S. COLES
WILLIAM EVERDELL
ROBERT A. FROSCH
JOHNF. MAGEE
DAVID B. STONE

To serve until 1985

PAUL M. FYE
EDWINW. HIAM
LILLI S. HORNIG
JOSEPH V. McKEE
NANCY S. MILBURN
GUY W. NICHOLS

To serve until 1984

ARNOLD B. ARONS
TOWNSEND HORNOR
AUGUSTUS P. LORING
H. GUYFORD STEVER
JEROME B. WIESNER
*CARROLL L. WILSON

To serve until 1983
RUTH M. ADAMS

W. VAN ALAN CLARK, JR.

MELVIN A. CONANT
THOMAS A. FULHAM
W. H. KROME GEORGE
MAHLON HOAGLAND

Ex officio

CHARLES F. ADAMS
JOSEPH KIEBALA, JR.
KENNETH S. SAFE, JR.
JOHN H. STEELE

Corporation
Members

CHARLES F. ADAMS

Raytheon Company

Lexington, MA

RUTH M. ADAMS

Dartmouth College

Hanover, NH

ROBERT M. AKIN, JR.

Hudson Wire Company

Ossining, NY

ARNOLD B. ARONS

University of Washington

Seattle, WA

GLENN W. BAILEY

Bairnco Corporation

New York, NY

ALAN C. BEMIS

Concord, MA

GEORGE F. BENNETT

State Street Investment
Corporation

Boston, MA

FREDERICK S. BIGELOW

Norwich, VT

HARRIS J. BIXLER

Chomerics, Inc.

Woburn, MA

CHARLES A. BLACK

Woodside, CA

GERALD W. BLAKELEY, JR.

Blakeley-King Investment Co.

Boston, MA

JOAN T. BOK

New England Electric System
Westboro, MA

RANDOLPH W. BROMERY

University of Massachusetts
Ambherst, MA

EDWIN D. BROOKS, JR.
Ropes & Gray
Boston, MA

HARVEY BROOKS

Harvard University
Cambridge, MA

LOUIS W CABOT

Cabot Corporation

Boston, MA

HENRY CHARNOCK

The University
Southampton, England
JOHN P. CHASE

Harbor Capital Management
Boston, MA

HAYS CLARK

Greenwich, CT

W. VAN ALAN CLARK, JR.
Sippican Ocean Systems, Inc.
Marion, MA

DAYTON H. CLEWELL
Darien, CT

GEORGE H. A. CLOWES, JR., M.D.
New England Deaconess Hospital
Boston, MA

ROBERT H. COLE

Brown University
Providence, RI

JAMES S. COLES

New York, NY

MELVIN A. CONANT

Conant & Associates
Washington, DC

RALPH P. DAVIDSON

Time Incorporated

New York, NY

THOMAS]J. DEVINE

New York, NY

STEWART S. DIXON
Wildman, Harrold, Allen & Dixon
Chicago, IL

JAMES D. EBERT

Carnegie Institution of Washington
Washington, DC

HAROLD E. EDGERTON
Cambridge, MA

Right: Carol Mills cleans marine
growth from a Coastal Ocean
Dynamics Experiment (CODE)
buoy aboard R/V Wecoma
(Oregon State University).

Far right: Chris Dunn is pre-
pared for rough weather during
CODE.

David Simoneau
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Institution

Woods Hole, MA
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Amberst College
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JOHNA. GIFFORD
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NELSON S. GIFFORD
Dennison Manufacturing Co.
Waltham, MA

PROSSER GIFFORD

The Wilson Center

Washington, DC

NANCY R. GRAHAM

Quasha, Richter & Simon

New York, NY

PAUL E. GRAY

Massachusetts Institute of
Technology

Cambridge, MA

CECIL H. GREEN

Dallas, TX

GEORGE D. GRICE

Woods Hole Oceanographic
Institution

Woods Hole, MA

DONALD R. GRIFFIN

The Rockefeller University

New York, NY

PAUL R. GROSS

Marine Biological Laboratory

Woods Hole, MA

T. C. HAFFENREFFER, JR.

Haffenreffer & Company

Boston, MA

CARYL P. HASKINS
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HOLLIS D. HEDBERG

Princeton, NJ

HALSEY C. HERRESHOFF
Bristol, RI

E. W HIAM

Tucker, Anthony & R. L. Day, Inc.
Boston, MA

MAHLON HOAGILAND
Worcester Foundation for
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The Johns Hopkins University
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CHARLES D. HOLLISTER
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Institution
Woods Hole, MA
LILLI S. HORNIG
Higher Education
Resource Services
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TOWNSEND HORNOR
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Waltham, MA
CLAUDE W. HORTON
Granger, TX
WESTON HOWLAND
Blackstone Management Corp.
Boston, MA
DOROTHEA JAMESON HURVICH
University of Pennsylvania
Philadelphia, PA
COLUMBUS O'D. ISELIN, JR.
London, England
FRANK B.JEWETT, Jr.
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HOWARD C. JOHNSON
South Freeport, ME

HOWARD W. JOHNSON

Massachusetts Institute of
Technology
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Harbor Branch Foundation, Inc.
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Wellesley College

Wellesley, MA

JOSEPH KIEBALA, JR.
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STANLEY LIVINGSTON, JR.
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AUGUSTUS P. LORING
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ROBERT M. LOVE

Pomfret, CT

KENNETH C. MACDONALD
University of California
Santa Barbara, CA

Shelley Lauzon

Knorr departs as a Steamship
Authority ferry comes into
Woods Hole where Atlantis IT
and Cape Horida (University
of Miami) are tied up.
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1982 Sources of Support for Research & Education

ALCOA Foundation

Alden Electronic & Impulse
Recording Equipment Com-
pany, Inc.

George 1. Alden Trust

Alden Products Company

Aluminum Company of America

American Geological Institute

American Meteorological Society

American Gas Association

Amoco Production Company

Arco Oil & Gas Company

Associated Scientists at Woods
Hole

Associates & Corporation Mem-
bers of the Woods Hole Ocea-
nographic Institution

Associates of Cape Cod, Inc.

Atlantic Richfield Company

Babvlon Tuna Club

The Bank of New York

Battelle Columbus Labs

Beatrice Foods Company

Benthos, Inc.

Bigelow Laboratory for Ocean
Sciences

John P. Bizzozero

Boston University

Brookhaven National Laboratory

Cabot Corporation Foundation,
Inc.

University of California

Government of Canada

Centre National pour 'Exploita-
tion des Oceans

Chemical Bank of New York

Chevron US.A. Inc.

Chubb & Son Inc.

CITIBANK N.A.

Cities Service Company

Colgate-Palmolive Company

College of the Atlantic

Columbia University

Combustion Engineering, Inc.

Commonwealth Travel, Inc.

COMSAT

State of Connecticut

Conoco, Inc.

Cooper Industries, Inc.

Cornell University

Charles E. Culpeper Foundation,
Inc.

University of Delaware

The William H. Donner Founda-
tion, Inc.

Charles Stark Draper Laboratory,
Inc.

The Camille & Henry Dreyvfus
Foundation, Inc.

EDO Corporation

EG&G Washington Analytical
Services Center, Inc.

The Ruth H. and Warren A.
Ellsworth Foundation

Empresa Nacional Adaro de
Investigaciones Mineras, S.A.

Exxon Company

Exxon Company, USA.

Exxon Education Foundation

Falmouth Bank & Trust Company

Falmouth Coal Company

Florida State University

Cie. Frangaise des Petroles

French Government

FMC Foundation

General Electric Company

Getty Oil Company

Gulf Oil Corporation

Gulf Oil Foundation

GulfResearch & Development
Company

Gulf States Utilities Company

University of Hamburg

John Hancock Mutual Life Insur-
ance Company

Harvard University

Gilbert H. Hood Family Trust

The Hunt Foundation

Industrial National Bank of Rhode
Island

Institute of Oceanographic
Sciences

International Business Machines
Corporation

International Federation of Insti-
tutes for Advanced Studies

International Copper Research
Association, Inc.

International Light Tackle Tourna-
ment Association

International Union for Quater-
nary Research

The International Women'’s Fish-
ing Association

O’Donnell Iselin Foundation

The Jephson Educational
Trust No. 2

The Johns Hopkins University

Joint Oceanographic Institutions,
Inc.

Kendall Foundation

Kennecott Corporation

Atwater Kent Foundation, Inc.

The Arthur D. Little Foundation

George B. H. Macomber Company

Magnvox Government & Indus-
wrial Electronics Company

Marathon Oil Company

Marine Biological Laboratory

Marine Environments Corporation

Town of Marion, Massachusetis

Markem Corporation

Town of Mashpee, Massachusetts

Massachusetts Institute of
Technology

University of Massachusetts

The Andrew W, Mellon
Foundation

The MITRE Corporation

Mobil Foundation, Inc.

Mobil Oil Corporation

The Ambrose Monell Foundation

Museum flir Geologie (West
Germany)

National Geographic Society

New England Farm and Garden
Association, Inc.

New England Power Company

New England Power Service
Company

North Atlantic Treaty Organization

Northeast Algal Association

Norton Company Charitable
Corporation

Ocean City Light Tackle Club

Ocean City Marlin Club, Inc.

Oceaneering International, Inc.

Olin Corporation Charitable Trust

Oregon State University

Town of Orleans, Massachusetts

University of Paris

Pew Memorial Trust

Phelps Dodge Foundation

Ellis L. Phillips Foundation

Phillips Petroleum Company

Henry B. Plant Memorial Fund

Polaroid Foundation, Inc.

Port Aransas Rod and Reel Club

Poseidon Research, Inc.

PPG Industries Foundation

PSE&G Research Corporation

Raytheon Company

Rhode Island Hospital Trust
National Bank

University of Rhode Island

Riegel Textile Corporation
Foundation

Rockwell International
Corporation Trust

Sailfish Club of Florida

San Diego State University

Sager Electrical Supply Company,
Inc.

Sandia National Laboratories

William E. Schrafft & Bertha E.
Schraftt Charitable Trust

Sea Education Association, Inc.

Shawmut Bank of Cape Cod

Shell International Petroleum
Mij. BV

shell Oil Company

Francis P, Shepard Foundation

Sippican Ocean Systems, Inc.

Socidte Nationale ELF Aquitaine

Society of Economic Paleontolo-
gists and Mineralogists

Sohio Petroleum Company

Solar Energy Research Institute

University of South Carolina

The Seth Sprague Educational and
Charitable Foundation

Squibb Corporation

The Standard Oil Company
State Mutual Life Assurance Com-
pany of America
Stauffer Chemical Company
St. Joe Minerals Corporation
The Tai-Ping Foundation
Texaco Inc.
Texaco Philanthropic Foundation
Inc.
Texas A & M University
Texas Instruments Foundation
The Textron Charitable Trust
Textron, Inc.
Time, Inc.
Union Oil Company of California
Union Oil Company of California
Foundation
United States Government
Department of Agriculture
Department of Commerce
National Oceanic & Atmos-
pheric Administration
National Marine Fisheries
Service
National Sea Grant Program
Department of Defense
Department of the Army
Department of the Navy
Office of Naval Research
Department of Energy
Energy Research & Devel-
opment 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
United States Steel Foundation,
Inc.
University Corporation for
Atmospheric Research
Vincent Associates
Western Electric Company
West Point-Pepperell Foundation
Inc.
University of Wisconsin
Yale University

)
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Financial Statements

Highlights

The Institution’s total operating revenue increased 1% in 1982 to $38,318,740 com-
pared with a 16% increase and total revenues in 1981 of $37,961,310. Excess current
unrestricted funds of $1,200,000 were transferred to Unexpended Plant Funds.

Income for sponsored programs was derived from the following sources:

Increcse

1982 198171 (Decrease)

National Science Foundation:

Science Projects ......... ... .. ... .. $10,300,000 $ 9,014,000 14.3%

Facilities Projects .. ............... .. .. ... .. 6,421,000 7,858,000 (18.3%)
Office of Naval Research ............ . ... ... .. 7,808,000 7,311,000 6.8%
Departmentof Energv .. ................. ... .. 701,000 1,022,000 (31.49%)
National Oceanic & Atmospheric Administration . . 1,735,000 1,881,000 (7.8%)
Other Government ......... ... ... . ... ... 2,033,000 1,636,000 24.3%
Restricted Endowment Income. ... ....... .. .. .. 457,000 313,000 46.0%
Other Restricted Gifts, Grants, and Contracts . . . . . . 3,600,000 4,137,000 (13.0%)

$33,055,000 $33,172,000 (.4%)

Other statistics of interest are:
Full-time Equivalent Emplovees . ............ . .. 800 813 (.3%)
Total Compensation (including

Overtime & Benefits). .......... ... .. .. ... . $21,269,000 $20,141,000 5.6%
Retirement Trust Contribution . ............ ... . 1,932.000 1,873,000 3.2%
Endowment Income (net). . ............... 2,969,000 2,372,000 25.2%
Endowment Principal (vear-end at market value) . . 52,793,000 42,371,000 24.6%
Capital Expenditures .......... .. ... ... . . . ... 1,816,000 2,080,000 (12.7%)

Gifts and grants from private sources including the 1,336 Institution Associates
totaled $2,127,000 in 1982 of which $1,384,000 was restricted as follows:

Addition to Endowment Principal .. ....... ... ... $ 137,000
Laboratory Construction ................... ... ... 135,000
Marine Policy & Ocean Management ......................... ... ... .. 350,000
Ocean Engineering Research Center ....................... ... ... .. ... . 250.000
Benthonic Foraminifera Studies . ......... ... ... ... .. ... ... 120,000
Education Program .......... S 46,000
Center for Analysis of Marine Systems . .................... ... ... ... . 100,000
Coastal Studies Center . ............... ... 40,000
Other Research Programs ............. ... ... ... .. ... ... 206,000

$1,384,000

Funds availed of in support of the Education Program were derived principally from
endowment income received in 1982 totaling $1,508,000. In addition to other funds
restricted for education, unrestricted funds of $305,000 were availed of for the Educa-
tion Program. Research contracts and grants provided student support in the amount
of $515,000.

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
Kenneth S. Safe, Jr.

Treasurer
Gary B. Walker

Controller
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Balance Sheets, December 31, 1982 and 1981

ASSETS
Current Fund Assets (Note A):
Cash.........o
Short-term investments, at cost
which approximates market ...... . ... ..
Accrued interest . ... .

Billed................... ... .. ..

Deferred charges and prepaid

EXPENSES .. ... ...
Deferred fixed rate variances. ... ... ... . ...
Due (to)/from other funds ... ...... . ... . ..

Endowment and Similar Fund Assets
(Notes A and B):
Investments, at market:
Bonds .......... ... ... .

Total investments (cost $37,864,530

in 1982 and $34,959,561 in 1981) ......
Cash and cash equivalents ............. . .
Due (to)from currentfund . . ...... .. ... ..

Annuity Fund Assets (Note A):
Investments, at market (cost $67,255
in1982and $71,729in 1981) ......... ...
Cash ...

Plant Fund Assets (Note A):
Land, buildings and improvements . . ... .. ..
Vessels and dock facilities ........ .. ... ..
Laboratory and other equipment. .. ... ... ..
Construction in progress .. ........... . ...

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

Due fromcurrentfund . ......... ... .. . ..

1982 1981
$(206,598) $ 1,235,688
9,815,000 6,885,001
50,981 80,519
773,076 1,958,498
344,955 991,278
123,503 111,086
594,770 611,766
76,140 166,361
1,572,330 849,764

(4,011,319) (3,681,536)
9,132,838 9,208,425
15,361,934 15,093,394
33,339,147 23,107,670
110,944 141516
48,812,025 38,342,580
3,960,444 4,034,464

20,050 (5,768)
52,792,519 42,371,276
97,280 83,124
2718 2,338
99,998 85,462
18,914,176 18,471,506
7,363,584 7,362,401
3,441,500 3,691,554
1,065,112 44,974
30,784,372 29,570,435
10,687,476 10,242,165
20,096,896 19,328,270
3,991,269 3,687,304
24,088,165 23,015,574
$86,113,520 $74,680,737

LIABILITIES AND FUND BALANCES 1982 1981
Current Fund Liabilities and Balances:
Accounts payable, other accrued
expenses and deferred revenues. .. .. .. .. $1,142,157 $2,291,891

Accrued payroll related liabilities 1,549,298 1,151,832
Unexpended balances restricted for:
SponsoredResearch .. ........ ... .. . .. 1,978,008 2,024,581
Education Program. ......... ... ... .. 581,329 372532
Total restricted balance ........... .. 2,559,337 2,397113
Unrestricted balances designated for:
Income and salarv stabilization ... ..., ... 2,733 720 2,487,168
Ocean industry program ... ............ 289,064 204,797
Uarestricted current funds. ... ....... ... 543,619 454,647
Fiftieth Anniversary Fund ... ........ ... 315,643 160,97~
Total unrestricted balances ......... .. 3,882,046 3,367,589
9,132,838 9,208,425
Endowment and Similar Fund
Liabilities and Balances:
Endowment:
Incomerestricted . ........... ... ... . .. 31,887,114 25,577,009
Income unrestricted .. .. ...... ..., .. ... 4,034,639 3,228,246
Termendowment............ ... . .. .. . 4,891,543 3,939,117
Quasi-endowment:
Incomerestriceed .. .......... ... ... . .. 7,771,385 6,238,368
Income unrestricted . . ., ........... .. .. 4,207,838 3,388,536

52,792,519 42,371,276

Annuity Fund Liabilities and Balance:

Annuities payable . ....... ... 24,400 25292
Fundbalance................ ... ... .. . .. 73,592 60,170
99,998 85,462
Plant Fund Balances:

Investedinplant ... ......... .. .. .. .. 20,096,896 19,328,270

Unexpended:
Restricted ......... ... .. ... ... . .. — 752,906
Unrestricted ....... ... . ... ... . ... 3.991,269 2.934,398
Total unexpended balances . ........ . 3,991,269 3,687,304

24,088,165 23,015,574
$86,113,520 $74,680,737

The accompanying notes are an integral part of the financial statements
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Statement of Current Fund Revenues,
Expenses and Transfers for the years
ended December 31, 1982 and 1981

Revenues 1982 1981
Sponsored research:

GOVEIMMENL .. ..o $28,997.875 $28,722,154
NONGOVEINMENT . .\ vvveoeee e e 4,057,323 4,450,148
33,055,398 33,172,302
Education funds availedof. . .......... ... 1,543.083 1,300,753
Total restricted ............... 34,598,481 34,473,055
Unrestricted:
FEES . vttt 329532 311,204
Endowment and similar fund income ... 739,657 596,400
Gifts. .. 743,158 916,003
TUItiON ... 515,884 470,932
Investment income . ................. 954,900 887,132
Oceanus subscriptions. .. .......... ... 203,618 209,545
Other. .. ... 233510 96,979
Total unrestricted ........... .. 3,720,259 3,488,255
Totalrevenues ... ........... 38,318,740 37,961,310
Expenses and Transfers
Sponsored research:
Salaries and fringe benefits . ......... .. 10,664,731 10,145,935
Ships and submersibles . . ....... ... ... 5,711,909 7,218,272
Materials and equipment. . ............ 4,794,727 4,264,553
Subcontracts . .. ... .o 1,475,814 1,219,275
Laboratory cost. .............. .. ..... 2,539,980 1,837,220
Other. ... 4,681,775 4,842,483
General and administrative . ... ... .. .. 3,186,462 3,644,564
33,055.398 33,172,302
Education:
Faculty expense ..................... 385,819 324,006
Student eXpense. .. ... 773,395 667,827
Postdoctoral programs. ... ............ 286,380 276,451
Other eXpense .. .....ooveeenn .. 185,018 165,756
General and administrative .. ........ .. 217,924 140,086
1,848,536 1,574,126
Unsponsored research. ....... ... ... .. 550,966 609,919
Oceanus Magazine . . ................... 261,874 281,320
Other activities . . ...................... 590,809 485,074
General and administrative . .......... ... 132,432 94,172
1,536,081 1,470,485
Total expenses .............. 36,440,015 36,216,913
Nonmandatory transfers:
To quasi-endowment fund . ........... 10,332 -
To plant fund, unexpended . ........... 1,200,000 1,000,000
Total expenses and
nonmandatory transfers . . . 37,650,347 37,216,913
Net increase in unrestricted
currentfund ... ........... ... ... .. $ 668,393 $ 744,397
Designated for:
Income and salary stabilization . ... ... .. 246,552 198,800
Ocean industry program .............. 178,203 46,537
Unrestricted currentfunds . ........... 88,972 247 447
Fiftieth Anniversary Fund. .. ...... ... . 154,666 251,613
$ 668,393 $ 744,397

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

Report of the Certified Public Accounts

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, 1982 and
1981, and the related statements of changes in fund balances,
and of current fund revenues, expenses and transfers for the
years then ended. Our examinations were made in accor-
dance with generally accepted auditing standards and,
accordingly, included such tests of the accounting records
and such other auditing procedures as we considered neces-
sary in the circumstances.

In our opinion, the financial statements referred to above
present fairly the financial position of Woods Hole Ocea-
nographic Institution as of December 31, 1982 and 1981, the
changes in its fund balances, and its current fund revenues,
expenses and transfers for the years then ended, in confor-
mity with generally accepted accounting principles applied
on a consistent basis.

&‘Bfﬂ/l»d_ y'2 ,? W
Boston, Massachusetts
March 29, 1983
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Statement of Changes in Fund Balances for
the years ended December 31, 1982 and 1981

1982
Increases:

Gifts, grants and contracts:
Government ...............
Nongovernment............

Endowment and similar funds
investment income (Note D) . .

Net increase in realized and
unrealized appreciation. . . . . .

Other.......................

Decreases:
Expenditures (including $739,365
of funded depreciation). . . . ..
Depreciation (Note A) .........
Other.......................
Total decreases .........

Net change before
transfers .. ............
Transfers — additions (deductions):
Current revenues to plant fund . .
Current revenues to endowment
Current revenues to innovative
researchfund ..............

Total transfers ..........

Change in fund balance for the year
Fund balance, December 31, 1981 .

Fund balance, December 31, 1982 .

1981
Increases:

Gifts, grants and contracts:
Government ...............
Nongovernment .. ..........

Endowment and similar funds
investment income (Note D). .

Net increase in realized and
unrealized appreciation. . . . . .

Other.......................

Decreases:
Expenditures (including $624,465
of funded depreciation). . . . ..
Depreciation (Note A) .........
Total decreases .........

Net change before
transfers . ..........,.

Transfers — additions (deductions):
Current revenues to plant fund . .
Fiftieth Anniversary to endowment

and similar funds ...........
Fiftieth Anniversary to plant fund
Plant asset additions . . . ........

Change in fund balance for the year
Fund balance, December 31, 1980 .

Fund balance, December 31, 1981 .

Current Fund Plant Fund
Endowmentand  Annuity Invested in Total
Restricted  Unrestricted Total Similar Funds Funds Plant Unexpended Funds
$28,690,477 $28,690,477 $28,690,477
3,715,232 $ 743,158 4,458,390 $ 136,359 $ 134,751 4,729,500
2,228,882 739,657 2,968,539 2,968,539
— 10,273,911 10,273,911
78,334 2,237,443 2,315,777 $15,422 2,331,199
34,712,925 3,720,258 38,433,183 10,410,270 15,422 134,751 48,993,626
(34,598,481) (1,841,534) (36,440,015) 739,365 (35,700,650)
$(1,001,179) (1,001,179)
(105,514) (105,514) (346) (105,860)
(34,703,995) 1(1,841,534)  (36,545,529) (1,001,525) 739,365 _(36,807,689)
8,930 1,878,724 1,887,654 10,410,270 15,422 (1,001,525) 874,116 12,185,937
(1,200,000) (1,200,000) 1,200,000 —
(641) (10,332) (10,973) 10,973 -
153,935 (153,935) _
1,771,137 (1,771,137) —
(986) 986 —
153,294  (1,364,267) (1,210,973) 10,973 1,770,151 (570,151) —
162,224 514,457 676,681 10,421,243 15,422 768,626 303,965 12,185,937
2397,113 3,367,589 53,764,702 42,371,276 60,170 19,328,270 3,687,304 71,211,722
$ 2559337 _ $3882046 _$ (441383  §52,792519 $75592  $20,096,896  $3,991269  $83,397,659
$28,027,140 $28,027,140 $28,027, 140
4,130,081 $ 916,003 5,046,084 $ 539,349 $ 400,000 5,985,433
1,775,935 596,400 2,372,335 2,372,335
- (365,184) (365,184)
122,630 1,975,852 2,098,482 $(3,465) (150,000) 1,945,017
34,055,786 3,488,255 37,544,041 174,165 (3,465) 250,000 37,964,741
(34,473,055) (1,743,858)  (36,216,913) 624,465 (35,592,448)
— $(892,564) (892,564)
(34,473,055) _(1,743,858)  (36,216,913) (892,564) 624,465  (36,485,012)
(417,269) 1,744,397 1,327,128 174,165 (3,46%) (892,564) 874,465 1,479,729
(1,000,000) (1,000,000) 1,000,000 —
(242,376) (242,376) 242,376 —
(245,035) (245,035) 245,035 —
— 2,080,412  (2,080,412) —
(444) (444) 444 (851) 851 —
(444) (1,487,411) (1,487,855) 242,820 2,079,561 (834,526) —
(417,713) 256,986 (160,727) 416,985 (3,465) 1,186,997 39,939 1,479,729
2,814,826 3,110,603 5925429 41,954,291 63,635 18,141,273 3,647,365 69,731,993
$ 2397113 _ $3367,589  $ 5,764,702  $42,371276  $60,170 $19,328270  $3687,304  $71,211,722

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

Notes to Financial Statements

A. Summary of Significant
Accounting Policies:

Fund Accounting

In order to comply with the internal desig-
nations and external restrictions placed on
the use of the resources available to the
Institution, the accounts are maintained in
accordance with the principles of fund
accounting. This procedure classifies
resources into various funds in accordance
with their specified activities or objectives.
Investmernts

Investments in securities are stated at mar-
ket 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 vear; securi-
ties traded in the over-the-counter market
and listed securities for which no sales
prices were reported on that dav are val-
ued at closing bid prices. Investments for
which a readily determinable market value
cannot be established are stated at a nomi-
nal value of $1; income from such invest-
ments is not significant.

Income, net of investment expenses, is dis-
tributed on the unit method. Unrestricted
investment income is recognized as rev-
enue when received and restricted invest-
ment income is recognized as revenue
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 de-
termination 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 govern-
ment fixed rates for the recovery of certain
indirect costs. Such recoveries are subject

to carrvforward provisions that provide for
an adjustment to be included in negotia-
tion 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 $l until such time as the value
becomes known. Unrestricted gifts are rec-
ognized as revenue when received and
restricted gifts are recognized as revenue
as they are expended for their stated
purposes.

Plant

Plant assets are stated at cost. Depreciation
is provided at annual rates of 2% to 5% on
buildings, 314% on Atlantis Il and 5% to 33
¥3% on equipment. Depreciation expense
on Institution-purchased plant assets
amounting to $739,365 in 1982 and
$624,465 in 1981 has been charged to
operating expenses. Depreciation on cer-
tain government funded facilities (Atlantis
11, 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 II is contingent upon its continued
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 liabilities are recom-
puted annually.

Reclassification of 1981 Balances

Certain balances in the 1981 financial state-
ments have been reclassified to conform
with the 1982 presentation.

B. Endowment and Similar Fund Investments:

The cost and market value of investments held at December 31, 1982 and 1981 are as
follows:

December 31, 1982 December 31, 1981

Cost Market Cost Market

Government and

government

agencies ........ $12,188,174 $13,482 335 $10,469,136 $10,396,270
Corporate bonds . .. 1,540,047 1,683,224 4,791,653 4,459,624
Convertible bonds . . 200,300 196,375 260,625 237500
Common stocks . . . . 23,835,809 33,339,147 19,292,646 23,107,670
Real estate .. ... .. .. - 45,501 45,501
Fiduciary Trust

Co.Fund ........ 100,000 110,944 100,000 96,015
Total investments . $37,864,530 $48,812,025  $34,959,561  $38,342,580

C. Pooled Investment Units:

The value of an investment unit at December 31, 1982 was $1.2011 as compared to the unit
value of $.9672 at December 31, 1981. The investment income per unit at December 31,
1982 was $.0677 as compared to the investment income per unit of $.0547 at December
31,1981,

D. Endowment and Similar Fund Income:

Income of endowment and similar funds consisted of the following:

1982 1981
Dividends ............... ... ... ... ... ... $ 710,187 $ 1,018,483
Interest ........ ... ... ... ... ... .. ...... 2,513,261 1,472,841
Other.. . ... ... . 2,994 2.994
3,226,442 2494318
Investment management costs ............... (257.903) (121,983)
Net investment income .. ................. $2,968,539 $2,372.335

E. Retirement Plan:

The Institution has a noncontributory defined benefit trusteed retirement plan covering
substantially all fulltime emplovees. The Institution’s policy is to fund pension cost
accrued which includes amortization of prior service costs over a 30-vear period. Retire-
ment plan costs charged to operating expense amounted to $2,072,000 in 1982 and
$2,045,000 in 1981, including $140,000 and $172,000, respectively, relating to expenses of
the retirement trust. As of the most recent valuation date (January 1, 1982), the comparison
of accumulated plan benefits and plan net assets is as follows:

January 1, January 1,
Actuarial present value of accumulated plan benefirs: 1982 1981
Vested ... $16,977,517 $15,386,694
Nonvested. .......... ... . ccooiviinn ... 954,693 321,223
Total actuarial present value of accumulated
planbenefits. ... $17,932,210 $15,707,917
Net assets available for planbenefits. ....... ... .. $19,202,572 $16,785

The assumed rate of return used in determining the actuarial present value of accumu-
lated plan benefits was six and one-half percent compounded annuaily.

Right: Sunset view of R/V Knorr
on a Warm Core Rings cruise.

Opposite: A Warm Core Rings
rosette sampler just below the
water’s surface.
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