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DIRECGTOR’S REPORT

In last year’s Annual Report, I chose to discuss three main themes which tend to
co-ordinate a great variety of investigations. These were: 1) the dynamic processes of
the ocean characterized by the movement of the waters, 2) the chemical and biological
systems on which marine life depends including the effects of man-made pollutants,
and 3) the investigations of the structure of the earth beneath the ocean bottom and
the resources contained therein. A full understanding of the ocean requires an inter-
disciplinary approach and an ultimate consolidation of the results of the various dis-
ciplines. Nevertheless, some of our scientists work in relative independence studying
particular processes, either in the laboratory or at sea, while others engage in large-scale
studies involving the activities of many people. In any case, the health of the Institution
is reflected by the scientific accomplishments and publications of all of our scientists
and by the caliber of the students we introduce to the intricacies of oceanic processes.
These are the output, the “product” of our Institution, of which we are justifiably
proud.

This year, I would like to speak about the type of environment which is necessary
to encourage and nourish the spirit of scientific curiosity which is the foundation of
all good research. Above all, a stimulating intellectual atmosphere is essential for
creative expression, and this continues to be abundantly supplied by both our Staff
and our students. Also, however, appropriate facilities, outstanding personnel, both on
the stafl and in support positions, and adequate financial support are all essential to
maintain the strength of an Institution like ours, but no one of these alone is sufficient.

The completion of the Clark Laboratory and the move of a substantial proportion
of our personnel to the Quissett Campus has added significantly to our facilities and
has produced a major change in the development of the Institution. The building
was named in honor of Edna McConnell Clark and W. Van Alan Clark and was
dedicated on October 11, 1974. It had long been apparent that the central part of
the village of Woods Hole was over-crowded, especially in the summer, and that the
architecture was dominated by large laboratory buildings, not only of the Institution
but also of the Marine Biological Laboratories and the National Marine Fisheries
Service Laboratory and Aquarium. A new major building was originally planned for
the Challenger property near the center of Woods Hole but it was recognized that
future building there would be seriously limited by lack of space.

The Trustees of the Institution have long been aware of the crowded conditions in
Woods Hole and of the need for additional land nearby. In 1968, the Trustees acquired
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title to the Edward Fenno estate and shortly thereafter they added an adjacent parcel
owned by the Webster family. The combined tract of 183 acres forms our new Quissett
Campus. As 1 pointed out in my presentation at the dedication ceremonies, “It was in
the winter of 1970 that we finally made the difficult decision to separate part of our
activities from the village and develop these beautiful acres which our Trustees with
great foresight had acquired for the Institution”. This new building increases our
assignable laboratory and office space in the major Institution buildings by an addi-
tional 70 percent and has done much to meet our critical needs for research and
teaching facilities.

Planning and building a major facility is a long and complex process. After extensive
discussions with the Trustees’ Executive Committee, Quissett Campus Committee,
and the Staff Council, it was decided that parts of all departments should be housed
in the Clark Laboratory to avoid the isolation that might have resulted had different
groups been consolidated in the center of Woods Hole or at Quissett. Since the Clark
Laboratory is about a mile and a half from the laboratories in Woods Hole, some
difficulties in communication have inevitably arisen. Lectures and seminars held in
both locations and frequent operation of a shuttle bus during working hours have
alleviated, but not solved, these problems.

The Quissett Campus itself is a beautiful area. The Clark Laboratory is surrounded
by woods with the waters of Vineyard and Nantucket Sounds a short stroll away. From
the Conference Center on the fifth floor, there is not only a magnificent panoramic
view of the Sounds but also, looking westward, the waters of Buzzards Bay are in the
near distance. The atmosphere is conducive to contemplation and, as summer returns,
we expect to find our scientists holding heated discussions under the trees or walking
through the woods as they wrestle with perplexing problems.

As part of the ceremonies for the dedication of the Clark Laboratory a group of
distinguished scientists from Woods Hole and other laboratories discussed ““The Sea
Floor” and “Ocean Variability” in seminars held on the 9th and 10th of October.
A seminar on the morning of October 11 discussed “Science and Its Institutions: What
Does the Next Decade Hold?”. These stimulating discussions formed an appropriate
background not only for the dedication of a new laboratory building but also for the
recognition of the accomplishments of one of our esteemed colleagues. The Sixth
Bigelow Medal was awarded to Henry Stommel in recognition of his great contribu-
tions to oceanography. Although “Hank” is Professor of Oceanography at M.I.T., we
are pleased that he still retains his close connection with Woods Hole and are proud
to have him listed as a non-resident member of our Scientific Staff.

The size of our Scientific and Technical Staffs remained the same during 1974 at
slightly over 200, equally divided between the two staffs. During 1974, we had an
additional 29 individuals working in the Institution as Post-Doctoral or Visiting Investi-
gators. During the year, 14 staff members have been promoted and 11 new appoint-
ments were made to the Scientific Stafl, two of whom were previously Post-Doctoral
Investigators. Three new Department Chairmen were appointed. George Grice suc-
ceeded Richard Backus as Chairman of the Department of Biology; Derek Spencer
succeeded John Hunt in the Department of Chemistry and Valentine Worthington
replaced Ferris Webster who had been serving both as Acting Chairman of the Depart-
ment of Physical Oceanography and as Associate Director for Research.
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In February of 1974, we completed an intensive study of the non-Staff employees.
This group includes about 375 employees in the services, office, facilities and depart-
mental assistant categories. The goal of this review was to make it possible to attract,
retain and motivate the excellent people needed to keep the Institution functioning
smoothly. The procedure involved writing a job description for every position in the
Institution and assigning each job to a category or “grade”. One objective of the
review was to devise a system of fair and equitable salary ranges which would reflect
the proficiency, education, experience and contributions of the individual Institution
employees.

The financial support for our research program has continued healthy, though the
rate of increase in recent years has barely kept pace with inflation. In 1974, the
National Science Foundation provided 42 percent of our funding and the Office of
Naval Research 33 percent. The remaining 25 percent consisted of funding by other
government agencies and our private income.

In common with all other activities in the country, the fuel crisis of 1974 had an
impact on our activities. Ashore, a vigorous campaign to curtail use of fuel and elec-
tricity resulted during the winter months in a saving of about 25 percent in terms of
energy but, because of rising prices, no savings in terms of cost. The most serious
impact was the increased fuel costs for our research vessels. Because the increased costs
had not been anticipated in budgeting for the ships, it proved necessary to lay up each
of our major vessels for a period of about one month toward the end of 1974. Even so,
our three major ships sailed almost 100,000 miles and provided more than 800 days at
sea during 1974, about 87 percent of the comparable statistics for 1973. In addition
to this, the psrv/ALvVIN made 60 dives, 5 of which were for test purposes and the bal-
ance for scientific investigations.

In the fall, the continued support for ALVIN and the catamaran support vessel LULU
appeared tenuous. We were fortunate in being able to obtain joint support for the
next three years from the Office of Naval Research, the National Science Foundation
and the National Oceanic and Atmospheric Administration. ALVIN received the new
distinction of becoming a National Facility under the University-National Ocean-
ographic Laboratory System. This will assure continued availability of this important
national asset which has already proved its value in so many ways.

The negotiations for the Law of the Sea were watched with great interest. The
decisions reached, particularly with regard to the width of the territorial sea and the
contiguous economic zone or patrimonial sea, will surely have profound effects on the
ways we conduct our research program. It seems probable that coastal states will
strongly influence, if not control, activities within a zone two hundred miles wide.
A review of our ship operations for a five-year period showed that about thirty-eight
percent of the time spent at sea by Woods Hole vessels has been within 200 nautical
miles of the coasts of other countries.

The United States position would not require consent by the coastal state, except
in the territorial sea, but would recognize the legitimate concerns of coastal nations by
establishing a series of obligations which would be binding on the nation conducting
or sponsoring the research. These obligations would include requiring reasonable ad-
vance notice of the intent to engage in research off the shores of a coastal state and
assurance that the research will be conducted by a qualified institution with a view
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to purely scientific investigations. Provision for participation by scientists of the coastal
state would be required, all data and samples would be shared with the coastal state
and significant research results would be suitably published. Furthermore, the coastal
state would be assisted in assessing the data and results and the research would be con-
ducted so that there was compliance with all international environmental standards.
It is felt that this approach would achieve a better balance between the interests of
coastal nations and the international scientific community than would a consent regime.

Agreement, however, has not been reached on the extent to which scientific research
within the economic zone or patrimonial sea will be controlled by the coastal state.
Many nations want to require prior consent for all research within waters under their
jurisdiction. This provision would not be unduly burdensome if permission were cus-
tomarily granted, although it would require additional advance negotiations. If,
however, permission is capriciously denied, as has already happened occasionally, the
cruise plans might need drastic revision. In our opinion, of course, the country denying
permission would suffer the loss of the potential benefits of the research.

In conclusion, I am pleased to report that the Institution remains in a strong and
healthy condition. The more than 200 scientific publications issued during 1974 reflect
the continued contributions of our Scientific Staff to all aspects of our fundamental
knowledge about the oceans (Appendix III). The strength of the Institution depends
directly upon the vigor and enthusiasm of all of our personnel; qualities which we
continuously strive to encourage and maintain.

As I have stated before, we must, in the future, decide to be even more responsive
to the needs of society. To use the oceans wisely requires a full understanding of
oceanic processes and it is encumbent upon us to interpret our scientific studies in
ways which will permit wise policy decisions. Our Marine Policy Program is one
approach to societal problems concerning the oceans and our increasing studies of
marine pollution, its importance and what should be done about it, is another. We
intend to broaden our work in applied oceanography and ocean technology and I have
confidence that we will, as we have done in the past, accept these newer challenges
and thus retain our position of leadership and excellence in ocean activities.

Pavr M. Fye
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RESEARCH ACTIVITIES

During the first decade of the Institution’s history, individual staff members wrote
a brief statement about their work, and these were included as an appendix in the
Director’s Annual Report. Following the report for the year 1941, an effort has been
made to present a summary of the investigations carried on at the Institution. In
recent years, each of the five Department Chairmen has summarized the work in his
Department for the Annual Report. With the expansion of personnel and the increase
in the complexity and diversity of the investigations, this has become increasingly
difficult and the tendency has been to treat a lot of disparate problems in a rather
superficial way.

For the current annual report, it was decided to select a few programs for which
1974 marked a landmark in their development. This permits a more detailed descrip-
tion of the development of the program, of the objectives of the research and of some
of the results which have been obtained. As is pointed out in the Director’s Report,
the two hundred or so scientific publications issued in 1974 are the best clue to the
diversity and variety of our research even though publication follows completion by a
year or more. If the present approach proves to be useful, it is likely that over the
course of a few years, a series of annual reports will give information about all aspects
of our scientific investigations.

The text of this section of the report has been prepared by Alvin Bradshaw, Harry
Bryden, George Grice, James Heirtzler, Derek Spencer, John Teal, John Whitehead,
Peter Wiebe and Albert Williams. In many cases, the text describes not only the
investigations conducted by the author, but also results obtained by their collaborators.
The drafts submitted have been compiled and edited by Bostwick Ketchum.
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ALVIN looking down into narrow fissure caused by tectonic activity near center of rift valley.

A Close Look at the Mid-Atlantic Ridge

For over ten years earth scientists have
recognized that the outer part of the earth is
composed of relatively few giant plates that
move with respect to one another. These
plates are created at the mid-ocean ridges
and are consumed in the great marginal
trenches. Material from deep within the
earth wells up at the exact center of the
mid-ocean ridges, as in the Rift Valley in
the North Atlantic, affixes itself to the
plates, and moves away from the center
line with the two drifting plates. It is here,
presumably, that minerals and ores get
emplaced in the earth’s crust. Whether, or
how, this happens has never been clear
because of the difficulty in working in the
great depth of water under which the
spreading center lies. The axial area of the
Mid-Atlantic Ridge is, as its name implies,
a vast linear mountain range. In the North
Atlantic it has an axial valley about 30 miles
wide. The wall of this valley drops irregu-
larly to an inner valley floor that is 1-2
kilometers wide.
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The summer of 1974 was the final and
climactic year of a four-year program to
study a small section of the Mid-Atlantic
Rift Valley. Over 25 cruises of oceano-
graphic vessels provided ever more detailed
information of the Rift Valley floor south-
west of the Azores. The French American
Mid-Ocean Undersea Study (FAMOUS)
was, as the name implies, an international
and an inter-institutional endeavor with
some 15 different ships and 40 senior scien-
tific personnel participating. French, Amer-
ican, and other scientists were able to map,
sample, and study features on the order of
a few tens of meters in size and to lay the
foundation for manned submersible dives
which were carried out in a coordinated
fashion by Woods Hole’s ALviN and the
French arcuIMEDE and cyaNa, from June
to September 1974.

In the initial phases of Project FAMOUS
it was necessary to make some broad surveys
to be sure that the area to be closely studied




was, in fact, typical. In preparation for the
diving season a 30-mile long section of the
Rift Valley, and the north and south
bounding fracture zones, were studied with
all the tools that the marine geologist and
geophysicist had available, including some
very special ones: precision underwater
benchmarks and navigation system, narrow
beam bathymetry to produce five fathom
(10 meter) contour charts, precisely posi-
tioned heat probes for water temperature
and bottom heat flux, precision micro-
earthquake epicenter location, large area
bottom photography, comprehensive side
scan surveys by massive surface towed
transducers, and deep-towed instrument
packages to provide an array of near bot-
tom data. In addition there were the more
conventional gravity, magnetic, seismic pro-
filing, dredging and coring and current

observations. The structure beneath the sea
floor was also studied by explosive seismic
refraction techniques using both ocean floor
and floating seismic recorders. These, and
other measurements, provided an inten-
sively known area into which the research
submarines could dive in 1974.

Using Ponta Delgada in the Azores as a
base, ALvIN with its tender LuLU, and the
R/v XNORR worked in the designated FA-
MOUS area for more than two months on
a prearranged program with the two
French submersibles and their tenders.
aLvIN completed 17 dives to depths of
about 9,000 feet, with 15 of these being in
the Rift Valley and 2 being in the south-
ern fracture zone. She covered 29 kilo-
meters on the seafloor, collected 867 Ibs.
of precisely located rocks and specimens,
and took approximately 17,000 precision

Variety of pillow lavas, showing bulbous type and elongate or Cousteau pillows.
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The Mid-Atlantic Rift Valley.

photographic shots. More important were
the observations made by five trained div-
ing scientists. The KNORR established the
navigation networks, made 45 rock dredges,
took about 30,000 bottom photos, and
many bottom water temperature measure-
ments while tracking the camera over
about 80 kilometers. Sonobuoy and ocean
bottom seismic observations were made
while the submersibles were making some
of their dives. The French teams completed
27 dives covering a total of 53 kilometers
on the seafloor where they also obtained
numerous samples. At the same time 18
miles west of the Rift Valley the cLomar
CHALLENGER drilled deep holes into the
oceanic basement.

Although more than two dozen papers
have already appeared from the individual
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predive surveys it will take months and
years before all the major results will be
known. Volumes of collected works and
scientific photo atlases are being under-
taken.

From the submersible observations a
number of facts became clear. It appears
that two geologic processes are dominant
in the inner Rift Valley floor. These are
volcanism (although with some different
aspects than land volcanism) and fissuring.
The volcanism was mainly evident as pil-
low lavas squeezed through orifice points
in the seabed, creating a feature a meter
or so0 in size. On steeply inclined surfaces
these tended to be tubular structures elon-
gated downhill and to have hollow centers.
There also appeared to be more massive
lava flows but these were difficult to dis-
tinguish from constructions of a large
number of pillows. Nearly all of the vol-
canism was confined to the central 100
meters of the Rift Valley floor, and, in
particular, to a series of hills along the
center line. Fissures paralleled the direction
of the Rift Valley and generally became
wider the further they were from the cen-
ter. These fissures were quite straight, cut-
ting individual pillows. They varied in
width from a few centimeters to many
meters. The underlying volcanic activity,
although it only reached the seafloor along
the center line, was apparently quite close
to the seafloor everywhere in the Rift
Valley and working in concert with the
spreading plates to form a new crust of
the earth.

On her way home from the Azores,
ALvIN made 8 more dives with 7 of these
being on seamounts along the New Eng-
land Seamount chain.
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(Left) Laboratory water-flow experiment resembling an actual dewnsity field of water in a section (right) stretching

from Greenland to Iceland.

Fluid Motion on a Rotating Earth

Steady oceanic and atmospheric cur-
rents are significantly affected by the rota-
tion of the earth. This effect, called the
Coriolis force, acts at right angles to the
direction of flow, such that fluid would
tend to turn to the right in the northern
hemisphere and to the left in the southern
hemisphere. It is greatest at the North and
South Poles, and vanishes at the equator.
Surfaces of constant density generally tilt
at right angles to large oceanic currents,
and this cross-stream tilt is 2 manifestation
of the Coriolis force. The cross-stream pres-
sure gradient counteracts the Coriolis force.
The magnitude and direction of such a cur-
rent can be measured by determining this
cross-stream pressure gradient, and a tech-
nique called the method of geostrophic
sections has been extensively used for the
past 60 years to estimate the mass flux of
the major oceanic currents.

Analyzing a current by the method of
geostrophic sections can only be done if
the pressure field can be accurately deter-
mined, and if the effects of time depend-
ence, acceleration of the fluid, and curva-
ture of the current are understood. In
meteorology the pressure field is measured
directly with a barometer, but in oceanog-
raphy this cannot be done. Instead it is
estimated by measuring the temperature
and salinity of the water, finding the result-
ant density field, and finally by calculating
the pressure from hydrodynamic equations.
We will describe here two laboratory activ-
ities now in progress at the Woods Hole
Oceanographic Institution. The first in-
volves some simplified laboratory and theo-
retical models of flows through constric-
tions, in order to clarify the hydrodynamic
equations. The second involves precision
experiments to determine more accurately
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the equation of state in support of analysis

of field data.

Flows through Constrictions
Dynamical problems in oceanography
such as the one described above, are similar
to those in meteorology, planetary physics,
and stellar dynamics. A vigorous sub-dis-
cipline of fluid dynamics has grown in the
past half century called geophysical fluid
dynamics, with the objective to understand
The Woods Hole
graphic Institution has a distinguished his-

such flows. Oceano-
tory in this field, and many significant ideas
on Gulf Stream dynamics, oceanic circula-
tion, and mixing processes have arisen at
Woods Hole.

Activity in geophysical fluid dynamics is
high. We are fortunate that the Geophysi-
cal Fluid Dynamics Summer Institute, also
located here, provides intensive cross-fer-
tilization between all disciplines involved
in geophysical fluid dynamics:
physics, planetary physics, meteorology,
oceanography, and now with the general

astro-

acceptance of mantle movement, solid
earth geophysics. Various people from
more theoretically-oriented institutions visit
Woods Hole for new ideas. Woods Hole
staff and students of both theoretical and
laboratory persuasion are working in this
area. The laboratory facilities — totaling
three turn-tables, a flume, and precision
temperature regulation equipment, are
constantly in demand.

The year-round activity centers around
dynamics of oceanic flows and comparison
with data collected at sea. Oceanographers
have fruitfully conducted intensive meas-
urements in the vicinity of bathymetric
constrictions such as straits at the surface,
or sills in subsurface ridges, and there have
been at least 20 Woods Hole ship expedi-
tions to such places in the past two decades.
Recently the fluid dynamics of flows
through narrow and/or shallow constric-
tions has been studied theoretically and in
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the laboratory. The behavior of such flows
has long been understood in the absence of
rotation, but the earth’s rotation modifies
the flow through many oceanic straits and
sills, and so the main thrust of such studies
has been to understand the role of rotation.

The inclusion of rotation necessitated a
major modification to the classical “non-
rotating” theories. At the present time, a
number of tractable approaches have been
uncovered, and laboratory experiments
confirm the theories which have been de-
veloped. A photograph of a laboratory
experiment in which water flows outward,
over a “weir” towards the reader is illus-
trated on page 19. The surface of the
water tilts upwards to the left, creating a
pressure gradient contrary to the Coriolis
force, just as oceanic currents have long
been observed to do. Sufficiently good com-
parison between experiment and theoreti-
cal predictions indicated that the problem
was being handled correctly, and that the
fluid dynamics of such flow could now be
understood. In addition, even such a sim-
ple flow resembles some ocean flows as
shown by the density field of water in a
section stretching from Greenland to Ice-
land. The shaded area is water generally
considered to originate in the Norwegian
Sea. This section is located at the crest of
a sill, and over this sill the cold dense
Norwegian Sea Water spills southward over
the sill into the deep North Atlantic Basin,
and goes on to form North Atlantic Deep
Water. The tilting of the lines of constant
density in the deep part of the sill resem-
bles the tilting of the water in the labora-
tory experiment. Even more interesting is
the fact that the theoretical predictions of
the tilt and velocity agree reasonably well
with observed tilts and current.

A second ‘“‘constriction-dominated” flow
which has been analyzed theoretically and
simulated in laboratory experiments occurs
at the Strait of Gibraltar where dense
salty Mediterranean Water flows outward




near the bottom, and less dense, fresher
Atlantic Water flows inward at the top.
Again, the theory, laboratory experiment,
and field observations indicate that the
essential fluid dynamics is now understood.

The most recent geometry studied con-
sists of a wide, shallow weir between two
deeper basins. This is a modification of a
well-known “weir” problem in hydrody-
namics, first solved in 1716. This geometry
is caused by ridges in the ocean, and by
mountain chains in the atmosphere. The
recently developed theories indicate that
the principal applications for this geometry
might be in the atmosphere.

The Equation of State

Oceanographers long have inferred cur-
rents from measurements of temperature
and salinity as mentioned above. This cal-
culation requires a knowledge of the rela-
tionship between density and temperature,
salinity and pressure. This relationship, de-
termined from laboratory measurements,
is called the equation of state for sea water
and is a fundamental part of the descrip-
tion of the ocean as a dynamic and thermo-
dynamic system. Presently, oceanographic
calculations use an equation of state based
on measurements by Knudsen and Ekman
at the turn of the century. Modern instru-
ments allow more precise measurements
to be made so a study is underway to for-
mulate a new and more accurate equation
of state.

Laboratory Evaluation

There are two parts to this study. The
first is to evaluate experimental data by
objective statistical tests. From such an
evaluation inconsistent data can be elimi-
nated from consideration and gaps in the
experimental measurements can be de-
fined. Recommendations then can be made
as to what measurements are needed. Dur-
ing the last year an analysis of specific
gravity measurements at atmospheric pres-
sure was made. The second part of this

study is to make the necessary laboratory
measurements with sufficient precision and
accuracy that the new equation of state
will be a significant improvement on the
old equation. As part of the program to
complete the data sets, direct measure-
ments have been made of thermal expan-
sion and compressibility of both sea water
and distilled water. These measurements
are required to verify the accuracy of com-
pressibilities derived indirectly from sound
speed measurements.

Because the new equation of state is
intended for international usage, the high-
est standards for both laboratory measure-
ments and analytical formulation must be
maintained. The final selection will require
careful and critical efforts of oceanog-
raphers throughout the world.

In situ Changes

Calculation of the density field in the
ocean depends upon the assumption that
the relative proportion of the major constit-
uents remains constant. While this assump-
tion is demonstratively correct, except for
calcium, some minor constituents vary
greatly, particularly between surface and
deep ocean water. We have used data col-
lected in the GEOSECS (Geochemical
Ocean Sections Study) to evaluate the
effect of the increased alkalinity, total
COs, silica and dissolved gases, found in
deep ocean water, on the salinity/con-
ductivity/density relationship. Through an
evaluation of existing data on the partial
equivalent conductances and partial molal
volumes of the various components, the
density anomaly of deep ocean waters is
significantly affected by changes in alka-
linity, in total COy and in silicate, all of
which vary with depth.

In the Pacific Ocean density as calcu-
lated from conductivity measurements is
in error by —0.012%, because of these
combined changes. Salinity, derived from
conductivity, is in error by +.008%. when
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considered as a conservative tracer because
silicate is not ionized and does not affect
the conductivity. In the deep waters of the
Pacific these combined effects lead to an
adjustment of about 500 m in the depth of
a surface of equal density.

As a consequence of these considerations
it is necessary to reevaluate the belief that
the change in alkalinity of deep ocean
waters reflects simply the dissolution of cal-
cium carbonate. Our evaluation of recent
GEOSECS data suggests that this is not so.
The ocean has an apparent excess of cal-
cium; in the Pacific, this equals 20-60
micromoles Ca/kg. We suggest that this
results from a flux of acid radicals which
are biologically produced in photosynthesis
in the surface layers and oxidative decom-
position of organic material in deeper
water. Free nitric and phosphoric acids
are released in the decomposition process.
Thus the observed change in alkalinity in
the deep sea water provides an upper limit,

but not a direct measure of the amount of
CaCOj; that has been dissolved. The cor-
rections applied from consideration of the
nitric and phosphoric acid fluxes are only
a partial solution since other reactions in-
volving sulphur and iodine will also con-
tribute. A thorough re-evaluation of the
oceanic carbon dioxide-carbonate system is
required.

Geochemical Tracers of

Ocean Circulation

Our present understanding of the mean
circulation of waters in the deep ocean is
based largely on the distributions of tem-
perature, salinity and dissolved oxygen gas.
A large number of other properties of sea-
water whose distributions within the sea
provide evidence regarding physical, chem-
ical and biological processes have yet to be
systematically explained. The reason is that
we have not had the combination of accu-
racy of measurement and extent of geo-
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Approximately longitudinal section of potential temperature and tritium from Denmark Strait through Sargasso Sea.
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graphic coverage that has been achieved for
salt, heat and dissolved oxygen. Included
in the list of these properties are a number
of radioisotopes whose distributions carry
quantitative time imprints. The purpose of
the Geochemical Ocean Section Study
(GEOSECS) is to make a global survey
with the highest possible precision of the
distribution of all the chemical and isotopic
properties of seawater which offer insight
into the operation of the ocean system, and
to derive from these distributions as much
information as possible about physical mix-
ing, respiration, particle formation and dis-
solution, and atmospheric exchange.

The first objective has been largely ac-
complished for the Atlantic and Pacific
oceans. The shipboard programs were
completed in 1974 and an atlas of sections
and profiles of ten hydrographic and chem-
ical properties is in preparation. Measure-
ments of stable and radioactive isotopes
some trace elements and particulates are
continuing at various laboratories. Al-
though many of these data are in a pre-
liminary form we can illustrate their poten-
tial for the GEOSECS purposes. The fall-
out isotopes tritium, strontium-90, cesium-
137 and transuranics have been intro-
duced into the ocean largely as a result of
nuclear tests carried out during the late
1950’s and early 1960°s. Their distribution
in the ocean in 1972, when the GEOSECS
sampling was started in the North Atlantic
represents somewhat more than a decade
of vertical and horizontal mixing, and they
provide a powerful means of predicting the
dispersal of other soluble and particulate
pollutants added to the sea by man. The
distribution of tritium in a section from
65°N to 27°N in the western North Atlan-
tic based on data from Ostlund shows the
penetration of “new” tritium bearing bot-
tom waters. Documentation now exists to
show that ratios of either Sr% or Cs!37 to
tritium change with latitude in the surface
ocean water. This is due to differences in
the delivery mechanisms of these nuclides

to the ocean surface. Strontium® and
Cs'37 are delivered in precipitation or as
“dry fallout” while tritium is delivered in
formed precipitation and by molecular ex-
change. These mechanisms vary with lati-
tude. In addition to its use as a tracer
of the formation of deep water in the
North Atlantic Ocean, the tritium dis-
tribution may be combined with measure-
ments of the rare gas isotope helium-3 to
give a unique dating tool for recent ocean
water. Tritium decays to helium-3 with a
half-life of 12.26 years. Measurement of
the excess helium-3 attributed to in situ
decay of tritium, combined with determina-
tion of the amount of tritium, yields an age
since last in contact with the atmosphere.
Preliminary measurements of this pair of
isotopes indicates that recently overturned
water with an age of 1-2 years exists to
depths of about 1000 m at 55° to 60°N in
the Labrador Sea, while ‘Labrador Sea
Water’, at 1200-2000 meters, south of 50°N
has ages of 5-15 years.

An important aspect of the non-con-
servative behavior of chemical species in
seawater is the formation and dissolution
of particulate matter. Considerable knowl-
edge of the rates of formation, dissolution
and removal of particles and of the rates
of incorporation of various species into
particles will be necessary before we can
attain a reasonable predictive capability of
the distribution of chemical elements in the
ocean. Efforts toward these goals include
systematic determinations of the distribu-
tion of total particulates and particulate
elements and measurement of parent-
daughter radioactive isotopes in both dis-
solved and particulate states. Of particular
interest is our work on the radium-226,
lead-210, polonium-210 series. The results
from two profiles in the North Atlantic
indicate that Pb?1° is rapidly removed from
the water column following its production
by decay of dissolved Ra?2%. Above approx-
imately 500 meters, there is an excess of
Pb?1? supported by delivery of this nuclide
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from the atmosphere. Below this depth,
the water column is systematically depleted
in Pb?'% a result that probably arises in
large part [rom the scavenging effect of
sedimenting particles. Near bottom fea-
tures in the profiles, however, suggest an
accelerated rate of scavenging associated
with the sediment-water interface. There
is evidence of even more rapid turnover in
the case of Po?'® which is generally de-
pleted relative to Pb?'® throughout the
water column. However, a profile in the
western tropical Atlantic shows two max-
ima in the Po?10/Ph?'¢ ratio, both maxima
containing measured values greater than
unity. One of these maxima is associated
with the high salinity water found at a
depth of about 100 m in this region and
the other is found just above the core of
low salinity water of Antarctic origin.
These features suggest the presence of
strong in situ sources for polonium that
are yet to be identified.

Vertical Mixing in the Sea

Water characteristics vary from the
oceanic scale to the millimeter scale with
gradients in the horizontal being gradual
and those in the vertical generally abrupt.
We now understand the variability of salin-
ity, temperature, and dissolved oxygen on
the oceanic scale. But we do not yet have
a good understanding of patchiness of any
characteristic on the smaller scales. This
will be essential to understand the mecha-
nisms of mixing and to interpret the dis-
tribution of specific elements and radio-
isotopes in the ocean.

Molecular diffusion becomes important
when large gradients exist at scales smaller
than 10 centimeters, a scale where the term
microstructure is used. The existence of
such gradients implies that mixing is oc-
curing. Mixing always passes through two
stages. The first is stirring wherein material
with different characteristics is brought in-
to close proximity. The gradients become
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greater as the scale becomes smaller. Dur-
ing this stage there is little change in the
distinct characteristics of the material. The
second stage is diffusion. In this stage the
characteristics change toward a mean
value and the volume which was originally
stirred tends to become homogeneous.

The physical process of mixing is rarely
observed and the details are usually sub-
merged in an eddy diffusion coefficient
which relates mixing rates to changes in
the mean gradients. Eddy diffusion is
orders of magnitude larger than molecular
diffusion and depends on the nature of the
mixing process.

It is not easy to imagine how stirring
occurs'in the interior of the ocean. There
seem to be two serious contenders, inter-
mittent stirring which results from differ-
ences in velocity between adjacent layers
and continuous stirring which results from
double diffusion such as that produced by
salt fingers. Both kinds of stirring are now
known to occur.

Salt Fingers

Salt fingers were demonstrated to occur
in our laboratory (see illustration page 25)
when warm, salty water was carefully
floated above cool, less salty water in a
tank. A thick interface developed between
the layers where warm water exchanged
heat with the cool water and sank while
the cool water gained heat and rose. A
perturbation of the interface grew to a
salt fingering region. Salt diffusion is slower
than heat diffusion by a factor of 100 so
the sinking water became cool and salty
and thus dense while the rising water be-
came warm and fresh and thus buoyant to
continue to drive the convection. The flow
occurred in vertical columns which were
square packed in top view and linearly
oriented in side view, with adjacent col-
umns moving in opposite directions. This
is the steady state nature of the stirring.
Diffusion along the length of the inter-




s
Mgﬂ e o
e e
gg%g ww
B #
Do ee B ega L et i, %
i & <ﬁ(*ﬁ«mﬂ&>a e wn g et
St 1l e B
. a0 e %“,«‘z« &w‘:f‘ sl
o
0 e e Sl I sl i i
g oy Pl My

e
N e
* i
e

TOP VIEW 3
4 INCHES

!
SIDE VIEW

Laboratory simulated salt fingers.

penetrating columns completes the mixing
process in the interface.

Subsidiary stirring occurs in the layers
on either side of the interface, generated
by the buoyancy liberated in the salt finger
interface. That is, warm, fresh water pro-
duced at the upper edge of the interface
drives a large scale convection in the upper
layer and cold, salty water produced at the
lower edge of the interface drives a similar
convection in the lower layer. This can be
seen in the lower portion of the side view.
The stirring is continuous because the en-
ergy which drives it is present in the initial
distribution of salt in the water column.

Salt Finger Detector
Salt fingers in the interface refract
light in a regular pattern when a colli-

mated beam is directed horizontally along
the diagonal rows of the checkerboard ar-
rangement of the columns. Tank tests in
1970 showed that such a regular pattern of
refraction only occurred when this diag-
onal alignment prevailed; but in a large
tank, random orientations of locally square
packed domains make it highly probable
that such a diagonal alignment will be
present at least in some region.

The pattern of refraction can be de-
tected in several ways all of which fall
under the general category of “‘schlieren
optics”. Shadowgraph is one of the sim-
plest and is also quite effective at making
the pattern visible. In shadowgraph, the
collimated beam of light is refracted by
the transparent object (here salt fingers)
and then allowed to illuminate a screen.
The nonuniformities of illumination on the
screen ‘“‘shadow” the index of refraction
variations in the object. Diagonal rows of
salt fingers produce vertical bands with
regular spacing equal to the diagonal spac-
ing of the checkerboard array of the fingers
and the vertical extent of the bands is the
height of the columns. This shadowgraph
pattern is a signature of salt fingers.

A seagoing instrument to detect salt fin-
gers was built which photographs these pat-
terns and also records temperature and
salinity profiles. Since salt fingers are easily
disrupted by a probe, the instrument was
made to sink slowly, free of any connection
with the surface ship, in order to minimize
the disturbance. We can see salt fingers with
this equipment both in our laboratory and
at sea.

Mediterranean Outflow

The proper place to look for salt fingers
in the ocean is a region where warm, salty
water overlies cool, fresh water. The Medi-
terranean outflow is such a region. In the
Mediterranean Sea, evaporation exceeds
precipitation so that Atlantic Water enter-
ing the Mediterranean becomes more sal-
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ine. Eventually it leaves by spilling across
the sill at Gibraltar, but because of its
excess salinity, it sinks to a depth of about
1200 m and spreads west into the Atlantic
as a salty layer, warmer than the water
below.

This type of temperature interface was
observed in the Mediterranean outflow
and salt fingers were demonstrated by
shadowgraphs. The sequence of images
showed an abrupt transition from an amor-
phous pattern above, to a strongly banded
pattern within, and then again to an amor-
phous pattern below the interface. Pre-

sumably the salt fingers and the associated
buoyancy flux at the interface produced
the mixed layers on either side.

Over several days of observation, a
“staircase” was observed to grow, appar-
ently downward from the interface. This
consisted of mixed layers about 12 meters
thick separated by interfaces or groups of
interfaces 10 to 30 centimeters thick. With-
in each interface, salt fingers were demon-
strated as vertically banded images. At its
maximum extent, the staircase occupied
several hundred meters.
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Images above, within and
below the interface.
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(reographical and Seasonal Distribution of Plankton

The large-scale patterns of the distribu-
tion and abundance of many oceanic or-
ganisms are reasonably well known. The
distribution patterns generally follow the
patterns of water mass distribution, indi-
cating they are determined to a consider-
able extent by external physical-chemical
parameters. However, in spite of our ex-
tensive knowledge about the large-scale
abundance patterns, we still cannot spe-
cify the factors which ultimately limit the
distribution of any oceanic, planktonic
organism.

Classically, two strategies have been used
to study the causal factors responsible for
the development and maintenance of bio-
geographic patterns of plankton organisms.
Transect sampling of transition regions
permit the investigator to observe sharp
changes in the abundances of species while
simultaneously monitoring the physical-
chemical environment. Repetitive sampling
of a species and its environment within its
home range to observe seasonal or yearly
change is an alternate approach.

While both approaches have yielded val-
uable insights into the factors which are

strongly correlated with species occurrence
and/or abundance, interpretation of causal
mechanisms has not been possible. One
problem in transition zone studies is that
many variables are changing more or less
simultaneously in concert with species
abundance. Without ancillary field or labo-
ratory studies to study the functional rela-
tionship between an environmental param-
eter and a species, significant correlations
cannot be used to imply a causal relation-
ship. In their home range, species are gen-
erally not subjected to environmental
stresses beyond their tolerance limits. Thus,
even if species abundances are correlated
with changes in their environment, it is
difficult to interpret correlated factors as
those which are likely to regulate their
presence or absence in other geographic
areas.

The Biology of
Gulf Stream Rings

The Gulf Stream, the dominant current
in the North Atlantic, has been studied for
decades by physical oceanographers of the
Institution. For many years it has been
known that large, cyclonic eddies are fre-
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quently encountered south of the main
stream, but the formation of one was first
1950 during
Cabot”, the first multiple ship survey of the
Stream. A large meander of the Stream ex-
tending southward more than 2° of latitude
was observed on June 10, and nine days
later the long narrow neck of this meander
separated from the main body of the Gulf
Stream and Edgar, as the eddy was chris-
tened, was born. These eddies south of
the Stream enclose a core of sea water

observed in “Operation

of slope origin, with the populations of
organisms characteristic of the source sea
water, which are thus isolated from their
natural environment. These Gulf Stream
cold core eddies or rings appear to provide
a third alternative to study factors respon-
sible for the maintenance of biogeographic
boundaries.

Gulf Stream rings thus consist of swiftly
moving Gulf Stream water around a core
of sea water of different origin. Rings
forming to the south or east of the Gulf
Stream entrap cold water of slope origin.
Rings forming to the north or west of the
Gulf Stream contain warm core water of
Sargasso Sea origin. The cyclonic or cold
core rings are estimated to form about five
to eight times a year. They are massive
structures, ranging in size from 100-180 km
in diameter when newly formed and they
have been known to persist as physically
identifiable structures for periods in excess
of one year.

Organisms of Slope Water or Subarctic
Water origin may be isolated within the
cold core ring structure. Many Slope Water
organisms are distinct from species living
in the northern Sargasso Sea although
they occupy similar ecological niches. Thus
the formation of a ring could be the begin-
ning of a large-scale invasion of one oceanic
community by another with the concomi-
tant intercommunity interaction. In es-
sence, the time dependent events associated
with the formation and decay of a cyclonic
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ring could constitute a large-scale natural
ecological experiment which offers the pos-
sibility of being able to separate major
effects of the physical-chemical environ-
ment on the structure and function of an
oceanic community from biological inter-
actions between species.

As a result of recent oceanographic
cruises to two rings three months of age and
two rings of 10 to 12 months of age, data
on the floral and faunal uniqueness within
rings of different ages and the variation in
biological composition are becoming avail-
able. The first stage in the investigation of
rings is necessarily descriptive. Observa-
tions of temperature, salinity, and plant
nutrients have been taken to define the
rings and to assist in the interpretation of
the biological data. Measurements of the
standing crop or biomass of the phyto-
plankton, zooplankton, and fish, and the
turnover rate or primary productivity of
the phytoplankton were made.

Cold core rings are easily detected by
their temperature structure (see page 27).
Although the ring surface temperatures
warm to adjacent Sargasso Sea tempera-
tures within 2 or 3 months after formation,
temperatures at 200 m and deeper remain
colder than surrounding waters for months
or longer.
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The change in the physical structure of
the rings is reflected in the change in the
biota. Although we have not yet sampled
a ring immediately after formation, our
work in a large meander and in two rings
of approximately three months in age has
suggested that the plant and animal bio-
mass and species composition in newly
formed rings is nearly identical to the
Slope Water giving rise to the ring core.
Indeed, even after three months, the
amount of chlorophyll e, a measure of
phytoplankton biomass, can still exceed
the amount found in the adjacent Sargasso
Sea waters by 50-60 percent (see graph
below).

formed in late summer and sampled in

This was the case for a ring

mid-November of the same year. A num-
ber of factors, however, appear to influence
the degree of contrast observed and as a
result rings of similar age do differ sub-
stantially in standing crop of plant mate-
rial. Thus, for example on the February
cruise to a 3%, month old ring, we found
virtually no difference in plant biomass
between the ring and surrounding area.
This, we believe, was in large part a result
of strong vertical mixing of the surface
waters (upper 200 m) caused by winter
storm activity.

In the older rings the plant chlorophyll
was essentially the same as in the surround-

ing waters on one cruise and approximately
653% higher on the other. The differences
in plant biomass in these older rings also
appear to be a reflection of seasonally in-
fluenced processes. In this case, the ring
with the high amount of chlorophyll was
sampled in the spring at a time when the
“spring bloom” was underway. At this time
more nutrients were available within the
ring and primary productivity was higher.
The other ring was sampled in late sum-
mer, a time when phytoplankton activity
and standing crops generally reach a sea-
sonal low in most temperate areas.

Such disparate results are not evident in
the zooplankton. The biomass of zooplank-
ton in young rings was higher than in the
Sargasso Sea by 40-90 percent. In the two
older rings, the zooplankton biomass was
lower than in the younger rings but higher
than in the Sargasso Sea. The data now
available on the fish biomass from the vari-
ous rings are more limited, but show a
similar pattern to that of the zooplankton,
one of decline in biomass towards Sargasso
Sea levels with increasing age of the rings.

Our knowledge about the effect of
change in ring structure on species compo-
sition is less extensive. Many samples re-
main to be analyzed but an interesting pat-
tern is already unfolding. Phytoplankton
species counts in samples from the three-
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month-old November ring showed not only
greater biomass, but also significant differ-
ences between the species composition with-
in the ring and the Sargasso Sea. However,
the phytoplankton species composition in
the ring also differed significantly from
that observed in the Slope Water. In fact,
the ring species had a closer aflinity with
the Sargasso Sea species than with those in
the Slope Water. In the ten-month-old Sep-
tember ring, the phytoplankton biomass
differed little from that of the Sargasso Sea
and there were no significant differences in
the number of species, their abundance, or
in species composition within and outside
of this older ring.

Among the zooplankton, 32 species of
euphausiids have been identified from the
Slope, ring, and Sargasso Sea samples. Five
species, Euphausia krohnii,
phanes norvegica, Nemaioscelis megalops,
Thysanoessa gregaria and T. longicaudata,

Meganyti-

are characteristic Slope Water forms and
were numerically dominant in all Slope
Water samples and many ring samples thus
far collected. They were almost entirely
absent from the Sargasso Sea samples. The
opposite pattern is seen in tropical-sub-
tropical forms such as FEuphausia brevis,
Nematoscelis microps, Stylo-
cheiron affine, and S. suhmit which are
most abundant in the Sargasso Sea and
older rings. They occur in the Slope Water
only in very low numbers. In contrast, the

N. tenella,

more cosmopolitan species T hysanoessa
parva, Stylocheiron carinatum, Euphausia

tenera and E. hemigibba were found in
considerable abundance in each type of
water.

These relationships appear to change
with the age of the ring. In the younger
rings the euphausiids show strong affinity
to those of the Slope Water, and generally
weak affinity to those in the Sargasso Sea.
The older rings, however, show a reverse
pattern. The younger rings, with high af-
finity to the Slope Water contain, on the
average, 3.2 times more individuals than
the older rings with high affinity to the
Sargasso Sea species. This may reflect the
gradual change in the environmental con-
ditions within the ring.

Superimposed on the generalizations dis-
cussed above are large variations in oceanic
populations which add significantly to the
complexity of marine ecosystems. A Slope
Water indicator species is always found to
be the most abundant at some point within
the ring, but no one species appears con-
sistently as the dominant one. The species in
the Sargasso Sea and in the Slope Water
exhibit a similar pattern of shifting domi-
nance. The status of the Sargasso Sea and
Slope Water populations at the time of ring
formation thus appear as critical determi-
nants of the initial biological structure of
rings and their subsequent evolution. This
makes it difficult to understand the general
features of the decline of the Slope Water
community within rings. Also some cold
core rings are re-united with the Gulf
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Abundance of dominant euphausiids.
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Stream after a variable period of weeks to
months, which may be a mechanism by
which expatriated individuals could be re-
united with similar individuals in their
home range. If, as appears to be the case,
populations of Slope Water species living in
the rings are under increasing environ-
mental stress, this stress may provide a pro-
gressive selection of particular genotypes
which can survive the rigors of this chang-
ing environment. Cold core rings may there-
fore be a means by which genetically altered
populations are introduced into the parent
population. Investigations into this part of
the problem hold promise for the future.

Our present understanding of the biol-
ogy of cold core rings leads us to conclude
they may have a major impact on the
ecology of the plankton in the Western
North Atlantic. They are clearly large-
scale interaction sites for planktonic com-
munities normally separated in this part of
the Atlantic by the Gulf Stream. Paleo-
circulation studies also suggest that the
process of ring formation and decay has
been of importance many thousands of
years into the past.

Seasonal Occurrence
of a Planktonic Copepod.

From numerous plankton investigations
conducted since the early 1900’s the cope-
pod species, their abundance and period
of occurrence are well known between
Cape Hatteras and Cape Cod. About 50
species of planktonic copepods occur in
these temperate inshore waters. Although
the species that are present in winter are
generally quite different from those that
dominate in summer it is not known what
controls their seasonal occurrence.

Four explanations have been offered to
account for the secasonal appearance of a
species in temperate areas after a period of
prolonged absence. 1) It was brought in
by currents; 2) it was present all the time

Male Labidocera aestiva.

but in an immature and thereby unrecog-
nizable stage; 3) it was present but in
greatly reduced numbers; and 4) it has a
dormant egg stage that hatches upon re-
turn of favorable conditions. Few or no
data are available to substantiate any of
these explanations for marine copepods.

One species which exhibits a marked
seasonal pattern is Labidocera aestiva, a
large and easily recognizable species. It
was originally described from specimens
collected near Woods Hole in 1901 and
subsequently has been shown to occur as
far south in inshore waters as northern
Florida. However, north of Cape Hatteras
it is present only from late spring to late
fall; there being no reeords of its occur-
rence in winter and it has no known win-
tering immature stages. In the Woods Hole
region it occurs during the months of June
to mid-December. Through a recently con-
cluded field and laboratory study sufficient
information has now been obtained to ex-
plain the appearance and occurrence of
L. aestiva in temperate waters.
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Adults of L. aestiva annually appear in
Woods Hole plankton in June. When col-
lected with nets and isolated from other
plankton animals, females readily lay eggs
in the laboratory. These eggs hatch, most
of them within forty-eight hours, at culture
temperatures of 18°C. The nauplii which
hatch from the eggs can be reared to adults
by feeding them first the dinoflagellates
Gymnodinium and Gonyaulax and later
the young of brine shrimp. The develop-
ment time in laboratory cultures is approx-
imately 25 days at 15°C and 18 days at
20°C. Females collected from June through
August will produce eggs that readily
hatch.

In mid-September eggs laid by isolated
females frequently fail to hatch despite
being maintained for prolonged periods at
temperatures equivalent to those at which
they were living when collected. The eggs
laid by females obtained in October and
November rarely hatch even when they are
warmed to the temperatures of August
(21°C). Scanning electron micrographs
show that eggs are morphologically iden-
tical to those laid in summer but obviously
they must be different biochemically as
they do not hatch under similar conditions.
They are about 100 microns in diameter
and sink on being laid.

In order to ascertain whether the eggs
produced by fall females are viable, groups
of them were placed in small jars and sus-
pended at a depth of 15 meters from the
Institution pier. Others were placed in
laboratory incubators and maintained at
2° and 6°C. Egg viability was tested every
30 days for a period of 180 days by warm-
ing the eggs to 18°C and recording the
number of nauplii that hatched. The high
rate of hatching of those eggs suspended
beneath the Institution pier (as shown in
the table on page 33) clearly demonstrates
that prolonged incubation at winter tem-
peratures does not greatly reduce egg via-
bility. Seventy percent or more of the eggs
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hatched in seven of the ten batches. Simi-
lar high viability was observed in those
maintained in laboratory incubators. When
eggs laid in summer were similarly incu-
bated at 2° and 6°C none of them hatched.
Observation of other eggs laid in the fall
and suspended beneath the pier and exam-
ined frequently in April and May revealed
that initial hatching of eggs occurred in
May when water temperature was between
11° and 14°C. Since it has been shown by
culture experiments that it requires about
25 days for nauplii to become adults at
temperatures of 15°C the first appearance
of adults in June plankton is thereby ac-
counted for.

The observation that eggs laid in the fall
require a prolonged period of incubation
comparable to that which occurs in nature
through winter suggests that temperature
is involved in initiating events that lead to
hatching. Additional experiments were
therefore carried out to determine the in-
fluence of temperature on hatching. Eggs
laid in the laboratory in November (water
temperature 12°C) divided into
groups and placed at temperatures lower
(2°,6°, 9° 11°C) and higher (20°) than

that at which they were laid as well as at

were

the laying temperature. At intervals they
were warmed to 18°C. In order for hatch-
ing to occur it was found that they had to
experience a period of reduced tempera-
tures. A minimum period of 10 days at
lower temperatures usually resulted in a
hatch of 50% of the eggs. Incubation for
longer periods, 20-30 days, improved the
hatching rate. The reduced temperature
could be as little as 1° or as great as 10°
lower than that at which they were layed.
None of the eggs maintained at or above
the laying temperature hatched during
these experiments. It is concluded that fall
eggs can remain viable long enough to
permit them to survive winter conditions
but they require a period of reduced tem-
peratures (“‘thermal shock”) to initiate the




hatching process. These laboratory obser-
vations have been corroborated by the
finding of viable eggs in the sediment in
March, the month of lowest water tem-
peratures in the Woods Hole area.

Thus, the seasonal occurrence of L.
aestiva in temperate waters depends on the
presence of dormant resting eggs. The
observed distribution of this species cou-
pled with these experimental data show it
to be remarkably adapted to temperate
areas. The young hatch in late spring from
dormant eggs that were laid the previous
fall and which persisted in the bottom sedi-
ment. These eggs serve to repopulate the

area after its winter disappearance from
the plankton. Several generations occur
through the summer as summer eggs read-
ily hatch on being laid. In September,
winter or resting eggs appear coincidentally
with the onset of declining water tempera-
tures. For these winter eggs to hatch two
conditions are necessary: a minimum peri-
od of a few days at a reduced temperature
followed by an increase in temperature.
This combination not only permits the eggs
to persist throughout winter but also pro-
tects them from premature hatching as it is
unlikely that unusual temperature oscilla-
tions of this type occur in bottom waters in

fall.

Incubation Date Wateor temp. Hatoéohed
(Days) c After Warming

30 Dec. 19 5.6 70

60 Jan. 18 2.0 80

ag Feb.17 2.2 70
120 Mar. 19 3.7 60
150 Apr.18 8.0 80
165 May 3 10.0 80
170 May 8 102 100
175 May 13 1.0 60
180 May 18 126 50
185 May 23 1338 70

Hatching of eggs of Labidocera aestiva laid in November and incubated in Woods Hole Harbor.
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Man’s Interaction with the Ocean Environment

made in the extent of our understanding

Human activities interact with the ocean
in many ways. Pollutants in sewage, indus-
trial wastes, agriculture and other man-
modified sources may reach the sea through
direct discharge, via the rivers and estu-
aries or through atmospheric transport.
Some of these pollutants have only local
effects, while others are global and are
detectable in all parts of the world oceans.

For several years we have been investi-
gating the distribution of fallout radioiso-
topes, originating in bomb tests, in the sea.
Also, natural and petroleum hydrocarbons
and the chlorinated hydrocarbons distri-
butions have been evaluated. More recently
we have been considering the effectiveness
of salt marshes as ultimate sinks or recy-
cling mechanisms for the elements in do-
mestic pollution. The present status of
some of these investigations is described
below.

Radiochemistry

In our continuing studies of radioactivity
in the ocean considerable progress has been
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of the distribution of transuranic elements.
In the past year, we have reported and
submitted for publication radiochemical
procedures for plutonium, americium and
curium in environmental samples. In addi-
tion, we have developed a purely radio-
chemical method for plutonium-241 and
another for americium-242m.

The release and dispersion of transuranic
elements, particularly Pu?9:240 represents
one of the greatest hazards to the environ-
ment and man. These nuclides are known
to be very toxic to living things; many
decay only very slowly and so require at-
tention for tens or even hundreds of thou-
sands of years and we have very little basis
for prediction of their behavior in the
environment. Our work is directed toward
furthering our understanding of the be-
havior of the transuranic nuclides. At this
time, we have a respectable body of data on
Pu?%%240 in seawater, marine sediments and
organisms and less information on the
other nuclides.




No matter how it is introduced to sea-
water, plutonium appears to associate rap-
idly with particulate matter. The extent of
the association varies depending on the
chemical form of the plutonium introduced
and on the chemical and physical environ-
ment with which it is interacting.

In the open Atlantic Ocean profiles of
plutonium concentration versus depth tend
to show one or more subsurface maxima,
generally at depths quite different from
those characterized by high concentrations
of such soluble tracers as tritium, strontium-
90 or cesium-137. Further, as with other
fallout nuclides, the concentrations of plu-
tonium in the North Atlantic Ocean are
higher than in the South Atlantic with a
maximum occurring in the 40°-50°N lati-
tude band. In two experiments, so far, we
have found about 70% of the plutonium in
open ocean water samples removable by
filtration through 0.45 micron filters.

In both open ocean and shallow water
sediment cores, we have found plutonium
penetration to surprising depths. Measure-
able plutonium at a depth of 8 to 14 cm is
not unusual. Earlier data on plutonium in
sediments seemed to indicate a rather sim-
ple relationship, between the depth of the
overlying water column and the fraction of
the predicted plutonium fallout that had
reached the sediment, that could be ex-
plained by postulating three or four popu-
lations of particles settling at different
rates. However, more recent data indicate
that surface productivity and the redistri-
bution of bottom sediments are at least two
factors that disturb the simple relationship.

In shallow water marine sediments, there
appears to have been a progressive redis-
tribution of plutonium, presumably to the
overlying water. Cores collected in 1964
showed one or more major buried peaks
of Pu concentration, and very jagged pro-
files, with the details of vertical distribution
differing strongly from core to core. How-
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Plutonium in near-shore sediment.

ever, the total integrated Pu was about
equal to the estimated delivery. Since 1964,
there appears to have been a steady smooth-
ing of the curves of Pu concentration ver-
sus depth, a reduction of maximum pene-
tration and by 1973 a definite loss of Pu
from the sediment. We believe that the
process responsible must be migration up-
ward, in the interstitial solution, of Pu in
a reduced form. In the years of high rates
of fallout delivery, this was overbalanced
by bioturbation processes achieving a rapid
downward translocation of freshly deliv-
ered plutonium attached to sediment par-
ticles. These data clearly suggest that plu-
tonium continues to be available to benthic
biota for considerable periods of time even
after it has reached the sediments and been
buried to some depths.

Studics of plutonium concentrations in
marine organisms do not support the con-
clusions of earlier laboratory experiments
that indicated the ability of both plants
and animals to discriminate against pluto-
nium. In Sargassum, the mean concentra-
tion relative to seawater is about 20,000; in
attached marine plants concentration fac-
tors of 100 to 1000 are common; both
plankton and benthic animals have con-
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centration factors of about 1000; filter
feeding animals show concentration factors
of about 300 to 400 and predators on them
about 1000 to 1500. Concentration factors
in fish are lower, averaging about 5 for
muscle tissue and about 50-75 for bone,
liver and intestine.

Although direct releases of americium-
241 to the environment have been record-
ed, its principal source is from the beta
decay of Pu?#! which is a significant con-
stituent of weapons grade plutonium and
a major constituent of the plutonium from
nuclear power generation.

At the present time, we have little data
on Am?* but what is available indicates a
strong tendency for Am?#! and Pu?%240 to
covary both in seawater and sediments.
However, their ratio proves by no means
constant and it is clear that some separa-
tion of plutonium and americium is taking
place in the marine environment but by
processes that we do not yet understand.
It is important that this problem be inves-
tigated because Am?¥! promises to be a
major part of the radiobiological hazard of
the wastes from such “advanced” nuclear
power technologies as the liquid metal-
fueled breeder reactors.

Hydrocarbons

Various organic chemicals have been
widely distributed by man’s activities. In
the broad field of marine organic geochem-
istry, work has continued in several areas—
the origin and fate of hydrocarbons, the
recognition of petroleum contamination,
the dispersal of petroleum products in the
marine environment and the distribution
and factors controlling polychlorinated
biphenyls (PCB’s) in the ocean.

Work on the origin and fate of hydro-
carbons has recently concentrated on the
occurrence and nature of polycyclic aro-
matic hydrocarbons (PAH) in soils and
recent marine sediments.
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The analyses of these samples demon-
strate an unanticipated complexity of the
PAH fraction. The principal series, from
which only unsubstituted hydrocarbons and
some alkyl derivations have been known to
occur in environmental samples, stretch
over a wide molecular weight range. The
minor series, previously unknown from
recent sediments, cover an equally wide
carbon number range. They are interpreted

as napthenologs and thienologs of the basic
PAH series.

The striking complexity of the PAH
fractions resembles in some respects that of
fossil fuels, however, marked differences
from crude oil and ancient-sediments oc-
cur. The fact that similar series of alkyl
homologs having similar molecular weight
ranges occur in a wide variety of samples
from distinct depositional environments
suggests a more uniform source. The com-
position of the PAH fraction and its distri-
bution is not incompatible with the hypoth-
esis of formation in natural fires, dispersal
by atmospheric transport and delivery to
the soils and sediments.

We have completed analyses of sediment
samples taken in the western North Atlan-
tic in the area around Bermuda and ap-
proaching the continental shelf of the
United States. In this study, we have con-
centrated on the types of biogenic hydro-
carbons present and have attempted to
trace their origins by comparing their com-
position to the known composition of hy-
drocarbons in organisms. Abyssal plain
sediments have a n-alkane distribution
similar to that reported for land plants
and animals. This is true even for sedi-
ments 400 to 600 miles southeast of Ber-
muda. There is no clear predominance of
hydrocarbons from marine phytoplankton,
zooplankton or fish found in the abyssal
plain sediments. If it is assumed that the
traces of specific hydrocarbons in the sedi-
ments, such as n-hexadecane, originate
solely with marine organisms in the over-




lying water column, then only 0.5 to 3%
of the organic matter produced in the
euphotic zone ever reaches the abyssal sedi-
ments. Detectable petroleum contaminants
in abyssal sediments are not present. How-
ever, both PCB and DDT have been found
in most North Atlantic sediments including
those of the abyssal plains. Preliminary
data would suggest a flux of about 2 x
10%g/m?/yr of PCB’s to the sediment
surface.

Research has continued into methods of
identification of low level petroleum con-
tamination in marine organisms and sedi-
ments. A comparison of extraction meth-
ods, specifically, soxhlet extraction, homog-
enization and alkaline digestion in metha-
nol, indicates that the soxhlet extraction
technique is significantly more efficient for
hydrocarbons but only slightly so.

Samples of clam homogenate (Merce-
naria mercenaria) spiked with 10ppm
AP1 No. 2 fuel o1l have been analyzed. Gas
chromatographic analysis indicated that
the lower molecular weight hydrocarbons
of the spike were lost during the analysis.
Further, the passive tagging parameters of

the No. 2 fuel oil were altered by inter-
ference from hydrocarbons already present
in the clams prior to spiking.

A program of hydrocarbon analysis of
sediment cores from the continental mar-
gin and estuarine areas of the northeastern
U. S. indicates that there is a record of
increasing petroleum contamination in the
marine environment preserved in these
cores. These data, together with Pb#1® dat-
ing will be useful for quantifying the extent
of petroleum contamination.

Salt Marshes and Pollution

Salt marshes lend themselves ideally to
environmental research for a number of
reasons, the most basic of which is their
simplicity. This simplicity results from the
effects of tidally caused alternation of land
and sea environments. As examples, ex-
tremes of temperature and salinity occur
irregularly; in winter ice damages plant
parts above ground; marsh plants with
land ancestry have to grow watered by sea
water. It is these extremes which reduce
the salt marsh ecosystem to the relative
simplicity of few dominant species of plants

Great Sippewissett Marsh — taller grasses show fertilized area.
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and animals. It is possible to concentrate
on fewer species when manipulating the
marsh experimentally and a better under-
standing of the interactions between the
total salt marsh ecosystem and the individ-
ual species of which it is comprised can be
achieved.

It has been postulated that salt marshes
contribute large amounts of organic matter
in the form of dead and partially decayed
plant material (detritus) to the surround-
ing waters. This organic matter serves as a
source of food for estuarine animals and
contributes to the high productivity of
waters surrounding the marshes. Also, the
marshes remove elements from the water
and can serve as a purifying mechanism for
sewage wastes. We are studying the re-
moval of nutrients, heavy metals and other
pollutants by salt marshes, but we are not
yet ready to recommend that they be used
for tertiary or even secondary sewage treat-
ment, due largely to the possible spread of
pathogenic bacteria and viruses that might
result.

We began experiments on Great Sippe-
wissett Salt Marsh in 1970 in cooperation
with the Boston University Marine Pro-
gram at the Marine Biological Laboratory.
The goals of the research are to under-
stand the function of the marsh and to pre-
dict how disturbances of the environment
can affect both the marsh and surrounding
waters. For example, what limits plant
growth on the marsh and marsh produc-
tivity; what are the effects of sewage pol-
lution on salt marshes; and what are the
mechanisms for the export of organic ma-
terial from marshes to the surrounding
water?

Our basic experimental manipulation
consisted of fertilizing marsh plots with a
commercial fertilizer made from sewage
sludge. Supplemental plots were fertilized
with urea and phosphate to isolate the
effects of these major nutrients and to
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serve as controls for the potentially injuri-
ous materials, such as heavy metals, pesti-
cides, and hydrocarbons contained in the
sewage sludge.

Fertilization with mixtures containing
bound nitrogen increased the growth of
marsh grass about twofold over the con-
trols, but other elements in the fertilizers
had no measurable effect. At a low level of
fertilization several years were needed for
the grass to reach its maximum growth but
at the higher levels the increase occurred
within one year. No differences in produc-
tion appeared between plots fertilized with
sewage sludge fertilizer and those to which
urea had been added.

The nitrogen budget of salt marshes
helps to evaluate the impact of pollution
and the upper limits of tolerance. The high
levels of fertilization have produced no
visible harmful effects on the grass or algae
which support the salt marsh food web.
The salt marsh is able to retain most of the
added nitrogen and other elements in the
fertilizers whether or not they are poten-
tially harmful. In a practical sense this
means that marshes are useful in removing
pollutants from coastal waters and in limit-
ing the extent to which human activities
cause eutrophication at the edge of the sea.

In a pristine salt marsh, nitrogen is sup-
plied to the marsh plants principally by
nitrogen fixation by blue-green algae living
on the marsh surface from the abundant
supply of free nitrogen in the air. The
algae fix nitrogen only in light, but bacteria
associated with the roots and rhizomes of
the marsh grasses fix nitrogen throughout
the day and night. Fixation is highest in
the summer when marsh soils are warm.
The fixed nitrogen supports the growth of
grasses at a level below their maximum
potential growth over most of the marsh.
Nitrate and other forms of combined nitro-
gen are also added to the marsh in rain and
in ground water, including that leaching




Tall Spartina alternifiora by tidal creek.

from nearby cesspools. However, these ad-
ditions amount to less than one percent of
the added nitrogen that marshes can re-
tain, The extra nitrogen stops nitrogen
fixation by algae and bacteria and supports
increased plant production, containing
more protein. These processes increase the
ability of the marshes to absorb nitrogen.
The increase in production and the in-
creased protein content of that production
and the detritus which results from it are
the most important consequences of fertili-
zation of the salt marsh.

Some of the bound nitrogen is lost from
the marsh by export to the estuaries either
in soluble form or in particles. Some fixed
nitrogen dissolves in the water as it leaks
from the fixing organisms or is released
when they decay or are eaten. This extra,
tidally transported nitrogen becomes avail-
able twice a day to the grasses growing
along the crecks and provides them with
enough fertilization so that they are able to
attain maximum growth. This tidal supply
of nitrogen is the principal pathway by

which the tides subsidize salt marsh pro-
duction. A larger loss occurs through de-
nitrification, a process by which denitrify-
ing bacteria in anoxic mud convert nitrate
to nitrogen gas which then escapes to the
atmosphere. Fertilization increases denitri-
fication. This return of nitrogen to the air
is probably the most important process by
which the salt marshes contribute to the
global nitrogen balance.

The distribution of plants on the marsh
is to a large extent controlled by the nitro-
gen supply. Salicornia and Distichlis are
opportunists and respond quickly to chang-
ing conditions. Spariina alterniflora and
S. patens are slower to respond but under
good conditions out produce and crowd
out the former species.

We have also changed the growth form
of Spartina alterniflora by our experiments.
A dwarf form, about 10 c¢m tall, grows on
parts of the marsh with poor drainage back
from the creeks. A tall form with larger
stems and leaves held more vertically than
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that of the dwarf form, grows along the
tidal creeks where marsh production is
greatest. The two were thought to be dif-
ferent varieties of grass, so dissimilar were
they. During the four years of the experi-
ments the dwarf form in the highly ferti-
lized plots has gradually changed into the
tall form. The process is not yet fully com-
plete, however. This aspect of the distribu-
tion of plants upon the salt marsh is also a
function of the nitrogen cycle on the marsh.

The increased marsh production sup-
ports increased production of marsh ani-
mals. Herbivorous insects, which are not
normally a very conspicuous or important
part of the marsh ecosystem, are increased
sevenfold by the enrichment experiments.
The amphipods and mussels on the surface
of the marsh, the small arthropods of many
sorts that live within the upper layers of
marsh surface, and the animals that live
within the creeks associated with the ex-
perimental marsh plots also increased. The
oxygen uptake of the organisms living in a
creek draining a fertilized marsh plot in-
creased because of the increased productiv-
ity of the experimental marsh, and the
increase in production of estuarine animals.

Another experiment modified predation
by excluding the marsh minnow, Fundulus,
from the experimental plots. This minnow
lives in the tidal creeks at low tide but
moves up with the flood and swims into
the marsh at high tide to feed. It is ex-
cluded by putting a simple fence across
the creek. Trapping behind the fence at
low tide enables us to remove the few
minnows which do get around the fence.
Asa result of reduced predation, the amphi-
pods and snails both increased in numbers
beyond the increase previously seen as a
result of the changes in productivity. Their
distribution on the marsh also changed,
showing that their relative abundance from
place to place on the surface was a result
of predation rather than some other sort
of zonation. For example, snails are readily

eaten by Fundulus until they reach a
length of 1 cm. But the minnows feed
most in the low marsh where the spaces
between S. alterniflora plants are larger
and can be foraged through more easily.
In marshes with minnows, only large snails
are found in the low marsh. All the
younger stages are confined to the high
marsh where the closely spaced S. patens
stems restrict fish movements. In the
marshes where fish are excluded, all sizes
of snails occur throughout the marsh area.

Pollution of marshes also adds heavy
metals in the sludge-based fertilizer. Some
metals such as lead are retained almost
fully while cadmium is lost in appreciable
quantities. The differences are largely due
to chemical properties of the metals in the
various comnpounds they form in the marsh.
Lead is mostly bound in the sediments as
the very insoluble sulfide. Cadmium forms
soluble complexes with chlorides in sea
water and so is lost. The latter then shows
up in shellfish associated with the fertilized
plots, although in amounts too small to be
hazardous to themselves or to other animals
feeding on them. Lead is also lost from the
marsh in the grass. Apparently the oxygen
which supplies the Spartina roots also oxi-
dizes the lead sulfide to soluble lead sulfate
which is absorbed by the plants in small
amounts. A part of the lead, contained in
the plant tissues, is exported from the
marsh when the plants die and wash out.
This amounts to only a few percent of the
added lead but is a significant process in
the redistribution of heavy metals that find
their way into salt marshes.

Hydrocarbons and pesticides are also
contained in the sludge-based fertilizer and
we hope to work out the mechanisms by
which these contaminants are handled by
the marshes. Such studies should have spe-
cial significance for areas such as the Hack-
ensack Meadows which are highly polluted
with industrial wastes but whose conserva-
tion and protection is of great concern.




At this time the only damage to the
marsh ecosystem which we have discovered
from the fertilizer additions involves the
death of fiddler crabs, larval tabanids and
other biting flies. The cause seems to be
traceable to pesticides contained in the
sludge. Aldrin and Dieldrin were responsi-
ble for the original results obtained but
these have since declined in the fertilizer
after their use became restricted. However,
there are other pesticides as yet unidenti,-
fied which continue to keep these animals
at low population levels. This result pro-
vides us with another experiment in preda-
tor reduction since the larval flies are vora-
cious feeders on other mud dwelling insects.
We also have plans for using the change in
numbers of fiddler crabs to measure their
effect on the distribution of substances in
the marsh as a result of their feeding and
burrowing activities.

After five years of our marsh experi-
ments we have learned a great deal about

the limits of production on the marsh,
about the factors that determine the distri-
bution of marsh animals and plants, and
about the responses of salt marshes to pol-
lutants. We have only begun to exploit the
possibilities of these experiments, however.
Feeding by birds, ecls and bluecrabs on
both marsh animals and minnows that
feed on the marsh have yet to be worked
out so that we can better understand the
role of predation in marsh functioning.
We hope to look into further details of the
carbon budget of the marsh, especially with
regard to the gas exchanges between air
and water. The sulfur budget of fertilized
and control plots should be compared. As
with all good research we have, in the
process of providing answers to our orig-
inal questions, found many more questions
yet to answer. We have also established a
series of marsh areas where there are dif-
ferent productivities and different animal
populations with which to answer these
provocative questions.

Student in short Spartina alterniflora.(Inset) dwarf; fertilized (formerly dwarf) and tall S. alterniflora,
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Students maneuver CTD with rosette sampler on R/V KNORR cruise to Mediterranean in early 1975,

Report of the Dean of Graduate Studies

The educational programs at the Institution derive their strength by being
integrated with our research life. Not only do our programs draw their sub-
stance from oceanographic research, but the research programs themselves
are invigorated by the questions raised by talented people who wish to learn.
The Institution’s educational programs range from those aimed at inspiring
oceanographic interests in high school students to those providing advanced
training opportunities for postdoctoral students with our principal program
being the Joint Graduate Program with the Massachusetts Institute of
Technology.

In 1974 all of our programs flourished with record-high levels of participa-
tion:

— Total graduate programs enrollment increased to seventy-five, after add-
ing fifteen new students and graduating three doctorates during 1974.
Although the program attracted about ten percent fewer applicants in
1974 than in the previous year (a national trend), the quality level of the
applicants remained very high. The Joint Graduate Program with M.1.T.
has benefited from a reorganization of the academic-administrative lead-
ership of the program, with the restructuring of the M.1.T./W.H.O.L
Education Committee, under the co-chairmanship of Dr. Frank Press,
Director of the Joint Program at M.I.T. and myself, to include all depart-
ment chairmen at both M.I.T. and Woods Hole whose departments are
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actively involved in the program. This change has provided an opportu-
nity to involve formally departments at M.I.T. that previously have not
been active participants, such as the Departments of Nutrition and Food
Science, Civil Engineering, and Electrical Engineering. We anticipate
that as interest in the program broadens other departments will become
more actively involved.

— The Postdoctoral Scholars program continued to draw a large number of
applications from new science Ph.D.’s who wish to explore a possible
career in oceanographic research. Eight fellowship awards were made in
1974. We believe this program to be an essential one for the Institution at
a time when the number of young and talented scientists is high and the
number of openings for scientists in teaching institutions is limited.

— Seventeen summer student fellowships were awarded in 1974. These
awards, made competitively from some two hundred applications,
allow promising undergraduates to work with our stafl on research
projects proposed by the students. The final research reports delivered by
these students, as in the past, demonstrated remarkably high levels of
both talent and effort.

— The successful sixteenth summer session of the Geophysical Fluid Dy-
namics Seminar had as its central topic “General Circulation of the
Oceans”. Ten advanced graduate students and postdoctoral fellows par-
ticipated by attending lectures, presenting seminars and working closely
on selected research topics with the eighteen faculty and stafl participants.

— The summer Visiting Scholars program was particularly successful in
1974. For each of nine weeks during the summer a visiting scientist was
invited by the graduate students to come for a week and give one or two
seminars and meet with students informally and at social affairs arranged
by students. Such scientists, often with their families, live in an apartment
in the Student Center where they can easily share in the activities of the
Institution. Crowded evening discussions with beer and blackboards were
a regular feature of the Student Center’s lounge during the summer.

— The Secondary School program was more active in 1974 than it had been
in recent years. A series of lectures presented by members of the Woods
Hole staff attracted audiences up to one hundred students and teachers
from secondary schools both on and off Cape Cod.

— The Marine Policy and Ocean Management program, which provides
opportunities for social scientists to work on marine problems, had nine
postdoctoral participants in the fall of 1974. An innovation for the pro-
gram was the initiation of a multidisciplinary study of the impact of
possible offshore oil drilling on the fishing industry of the northeast coast.
The study, involving several policy fellows and members of the scientific
staff, should be completed in the sumnmer of 1975.

It is not common today in the midst of an educational recession for a grad-
uate Dean’s report to be anything but pessimistic about the immediate future,
and so one might question the general optimism of the above remarks. The
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sharply diminished requirement for new faculty in universities coming at a
time when Ph.D. output was at an all-time high has created a severe “over-
production” of the Ph.D.’s in many fields. Because of the high cost of graduate
study and the severe financial pressure on universities today, most universities
are cutting back rather stringently on Ph.D. enrollment. What seems to be the
situation in oceanography?

In general it is not easy to make reliable forecasts about professional man-
power. (Indeed the collection of individual decisions made by students in their
own career choices generally contains more wisdom in guessing the future than
most forecasts.) However, there is little doubt that in many fields, such as
physics, there is an “oversupply” of Ph.D.’s which may persist for some time
when measured against the job markets which traditionally employ Ph.D.’s.
The situation with oceanography, however, is not so clear. In the first place, it
1s not obvious how to make estimates of the supply functions for professional
manpower in oceanography. The “supply” cannot be measured by the number
of Ph.D.’s awarded in oceanography since these represent only a fraction of
those who eventually become oceanographers — many others, of course, com-
ing from such fields as biology, chemistry and geology. The “demand” for
oceanographers depends upon industrial and governmental activities, as well
as universities. Past evidence suggests that the most important single factor in
determining the future demand for oceanographers is governmental expendi-
tures on ocean-related research (which secondarily involves both academic
and industrial employers). With increasing national interests in resources,
pollution, waste disposal and energy, all of which have large oceanic compo-
nents, there has been a steady increase in such expenditures over the past
decade. Forecasts indicate future growth in these expenditures, both by gov-
ernment and by industry.

Thus there does not seem to be cause for immediate concern that our
investments in graduate education may not be well utilized in the future. The
principal worry perhaps should be about the types of specializations which
will be most needed in the future. At the present time, for example, the demand
would appear to be greatest (or the supply is shortest) for oceanographers
with specialties in geology and geophysics.

The record of placement of our recent Ph.D. graduates seems to bear out
these observations. A total of thirty-three degrees have been awarded in the
Joint Program through 1974, twenty-six doctorates and seven Ocean Engineer
degrees. With the exception of two graduates who chose to leave the field
entirely, three who returned to Navy duty, and one who returned to graduate
school, the remaining twenty-seven have been successful in finding employ-
ment in their chosen field. In summary, nine hold faculty appointments, twelve
have research positions with either oceanographic institutes or government
research laboratories, and six are working for industry in research capacities.

Of the twelve that have graduated in the last two years, six specialized in
marine geology or marine geophysics; five hold research appointments, two at
Lamont-Doherty Geological Observatory, two with geological survey groups,
and one with an oceanographic research center in Israel. These are all staff
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appointments, in two cases following a postdoctoral year. Two physical ocean-
ographers graduated, and one has a staff appointment as a research scientist at
Bedford Institute of Oceanography and the other is a Physical Oceanog-
rapher for an environmental firm. The sole chemical oceanographer who
graduated in this period spent a postdoctoral year at the Chalmers Tekniska
Hogskola Institutionen for Teknisk in Sweden and is now at the Geologisch-
Paliontologisches Institut, University of Hamburg, West Germany. The two
Ocean Engineer degree recipients accepted research positions in industry, one
with Sanders Associates and one with Exxon Production Research.

It is too early to pass judgment on the professional success of our graduates,

but we certainly can say that they have taken the first step to a successful career.

RoserT W. MORSE
Dean of Graduate Studies

Joint Woods Hole Oceanographic Institution/
Massachusetts Institute of Technology
DEGREE RECIPIENTS -— 1974

Doctor of Science

PeTER C. SMmITH

Sc.B., Brown University

M.S,, Brown University

Special Field: Physical Oceanography

Dissertation: The Dynamics of Bottom Boundary Currents
in the Ocean

Doctor of Philosophy

DonarLp W. ForsyTHu
B.A., Grinnell College
Special Field: Marine Geophysics

Dissertation: Anisirophy and the Structural Evolution
of the Oceanic Upper Mantle

Davip L. WiLriaMSs
B.A., University of Texas
Special Field: Marine Geophysics

Dissertation: Heat Loss and Hydrothermal Circulation
Due to Sea-Floor Spreading
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OCEANUS launching, December 1974.

Ashore and Afloat

The Environmental Systems Laboratory

was dedicated on June 20 at the time of
the Annual Meeting of the Trustees and
Members of the Corporation in Woods
Hole. Dr. Paul Fye introduced the pro-
gram which included brief remarks by Dr.
John Ryther, head of the Laboratory, and
an address by Dr. Athelstan Spilhaus, a
former Institution staff member and cur-
rently a consultant to the National Oceanic
The
4,800 square foot building houses labora-
tories, office space and facilities to pump,
heat and cool the sea water used in aqua-

and Atmospheric Administration.

culture studies. The primary characteristics
of the facility are the outdoor ponds for
the growth of algae and raceways in which
various marine animals which feed upon
the algae can be maintained.

A building was also constructed to pro-
vide permanent quarters for the United
States Geological Survey for their marine
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investigations on the Atlantic and Gulf
Coasts of the United States. Site clearing
began on January 11th and construction
started in mid-February. The building was
partially occupied in October before it was
completed. It will provide space for about
30 investigators with the U.S5.G.S.

In addition to the Clark Laboratory,
which was dedicated on October 11th
(Pages 11 to 12), there are now four newly
constructed smaller buildings on the Quis-
sctt Campus. Plans have been started for
an additional building to serve as a ware-
house.

The Institution has continued the oper-
ation of the University-National Oceano-
ographic Laboratory System (UNOLS)
on behalf of the 16 member oceanographic
laboratories. UNOLS has been operating
since 1971 as a planning and coordinating
mechanism for oceanographic facilities,
primarily the 30 research ships operated by




the members. It also provides a forum for
meetings and workshops on common prob-
lems and interests of the university labo-
ratories.

Our new research vessel, ocEaNUS, was
launched at Peterson Builders Inc., Stur-
geon Bay, Wisconsin, on December 19th.
The christening of oceanus and the
launching of her sister ship wecowma,
which will be operated by Oregon State
University, is scheduled for May 31, 1975.
At the time of launching, ocranUs was
45 percent completed. Interior finishing is
underway now and delivery to the Institu-
tion is scheduled for late fall, 1975. After
reaching our own dock in Woods Hole, it
is anticipated that the installation of the
necessary scientific equipment will require
about three months before the ship can be
actively used in oceanographic research.
OCEANUS is 177 feet in length with a beam
of 33 feet and displacement of 960 tons,
and will be capable of operating world-
wide except for regions of ice. Cruising

The Clarks, Dr. Fye and Selectman Payne at dedication.

speed is expected to exceed 14 knots, and
the variable pitch propeller and bow
thruster will provide slow speed maneuver-
ability essential for operations at ocean-
ographic stations. She will carry a crew of
13 and a scientific party of 12 with oper-
ating costs about half those of our larger
ships.

The ATLANTIS 1, GHAIN and KNORR
provided about 800 days at sea during 1974
(Appendix IV) and 741 scientists, techni-
cians and students participated in the re-
search investigations. Of these participants,
42 percent were from other United States
and foreign laboratories, somewhat more
than usual, demonstrating the value of
institution vessels as national and inter-
national facilities. These cruises provided
a total of over 14,000 man-days of scientific
effort at sea. Of the research projects spon-
sored, 56 percent were supported by NSF,
24 percent by ONR and the remaining 20
percent by other Federal, or non-Federal,
activities.

kA

Research Cruises—1974.
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The
Henry Bryant Bigelow Medal

awarded to
Henry Melson Stommel

In recognition of his contributions to our
understanding of ocean circulation and dynamics
For his continuing intellectual leadership in
theoretical and experimental marine science and
For his profound influence on the advance of
oceanography throughout the world

by the
Board of Trustees of the Woods Hole Oceanographic Institution

October 10, 1974

We have the privilege today to honor Henry Melson Stommel, one of the
world’s most distinguished physical oceanographers, with the award of the
HENRY BRYANT BIGELOW MEDAL.

Thirty years ago, Dr. Stommel started his career here at the Woods Hole
Oceanographic Institution and we have had to struggle to keep up with him
ever since. Lively and spirited with a marvelous sense of humor, he very soon
influenced every aspect of life in Woods Hole. Whether it was in a small group
meeting in his office, traveling together to a meeting at Brown University or
Harvard or M.LT., or with a larger group in a class or at the “Journal Club”,
there was always a sense of excitement, originality, and good fellowship.

Early in his career, Henry Stommel developed a remarkably clear and per-
ceptive view of physical oceanography. Developments in this field over the
last two decades seem almost blueprinted in his formal and informal writings
of the early 1950’s. He was most influential in attracting the very best scientists
to Woods Hole and to the field of physical oceanography. It would be impos-
sible to list here the names of all those that came to attend the seminars to
prepare for teaching in the field, to do research on particular problems, and in
some cases to become members of the staff of the Institution. One of the
eventual results of this inspired leadership was the starting of the Geophysical
Fluid Dynamics Seminars that are held bi-weekly at Harvard, M.I T, and
Woods Hole alternately.

Although many of his papers have dealt with the Gulf Stream and in 1958
he published the textbook on the subject, Professor Stommel’s work and
interests were never confined to one subject or one portion of the world ocean.
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Top ranking scientists from many countries are numbered among his collabo-
rators and the international body of oceanographers owes much to his success
in cross fertilizing the entire field. An example of this is his editorship, together
with Kozo Yoshida, of the large comprehensive treatise on the physical aspects
of the Kuroshio. And when Stommel perceived that some of the most impor-
tant and fundamental problems of oceanography were beyond the grasp of
any single laboratory or research group, he set about to generate concentrated
multi-institutional attacks on them. With his tact, enthusiasm, and intellectual
stimulation, he has recently been able to engage the participation of many
oceanographers in several large international projects and much of the con-
tribution which these projects have made to oceanography must be credited
to his initial leadership.

In writing about Peter Martyr and his early Gulf Stream descriptions,
Henry Stommel perhaps characterized himself — “he has a very blessed gift:
skepticism about his own ideas”. [The Gulf Stream, The Scientific Monthly,
Vol. LXX, No. 4 p. 242].

Stommel has always valued simple rational arguments to develop his and
our concepts of how the ocean behaves. He always chose against sophistication
and pretentiousness in his writing. Yet his grasp of the world ocean is complex
and multi-dimensional and he has contributed original ideas in nearly every
aspect of physical oceanography.

Although Henry accepted a professorship at Harvard and then at M.I'T.,
we have continued to consider him as being at the hub of the Physical Ocean-
ography Department here at the Woods Hole Oceanographic Institution.

-— Freperick C. FUGLISTER

HENRY MELSON STOMMEL
Professor of Oceanography
Massachusetts Institute of Technology
Physical Oceanographer

(non-resident)

Woods Hole Oceanographic Institution
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William W. Rubey
19 December 189812 April 1974

William Rubey became a Member of the Woods Hole Oceanographic Institution
in 1959. He was elected a Trustee in 1966 and an Honorary Trustee in 1970. He
was well known to the scientists of the Institution as a member of the Visiting
Committee for the Departments of Chemistry and Geology and Geophysics in 1962,
1963, 1964, and 1972,

Rubey received his A.B. and Ph.D. at the University of Missouri and soon afterward
joined the U.8. Geological Survey where he remained until retirement as Research
Geologist in 1960. He taught geology courses at Yale University, California Institute
of Technology, and Johns Hopkins University, and following retirement from the
Survey, he became professor of geology at the University of California at Los
Angeles. His active role in national and professional affairs included, at one time or
another, chairman of several committees of the National Research Council, member
and councilor of the National Academy of Sciences, president of the Geological
Society of America, a director of the Lunar Science Institute, and a trustee of the
Science Service Corporation and Carnegie Institution. In these positions and in his
service on innumerable government and university committees, Rubey was well
known for his ability to absorb the pertinent information and to make a calm
reasoned appraisal of the solution to the problem at hand. The judgment was so
graciously given that it generally was accepted by all.
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He published a score of very well respected articles — nearly all during his years
with the U.S. Geological Survey. Probably best known of these to oceanographers is
his Geological Society of America presidential address in 1951, “Geologic History
of Sea Water”. This broad-ranging speech and publication drew upon information
from astronomy, geophysics, geochemistry, paleontology, and biochemistry to show
that the oceans were born and are being slowly and continuously augmented by
juvenile waters carrying salts and volatiles in solution from solidifying rocks of the
earth’s interior. Maintenance of a roughly uniform water line on the continents is
due to a coupling of the increasing volume of ocean water with the rising of conti-
nents as new crust is added to their bottoms and their surfaces are removed by
erosion.

Service to geology and to science in general was recognized in many other ways.
He received three honorary degrees, the gold Penrose Medal of the Geological
Society of America, and the National Medal of Science that is the highest govern-
ment recognition available to a scientist.

Rubey’s good advice and other contributions to the Woods Hole Oceanographic
Institution will be sorely missed.

William S. Richardson
10 October 1923 -

William S. Richardson was presumed lost at sea with four other colleagues on board
R/V GULF STREAM during a research cruise in the Gulf of Maine on or about January
7, 1975. He was Director of the Nova University Laboratory of Physical Ocean-
ography and formerly a scientist at the Institution from 1952-1963.

Dr. Richardson was a highly respected scientist and while at Woods Hole developed
pioneering and innovative programs in current measurements, buoy technology and
airborne instrumentation. The cause of the loss of the R/v cuULF sTREAM with all
hands remains unknown.

C. Lloyd CGlaff
15 October 1895 —28 March 1974

Lloyd Claff was elected a Member of the Corporation in 1955. He contributed also
as a member of a Biology Department visiting committee in 1968 and was an
occasional sea-goer on Institution vessels. His great mechanical ability served him
well in two worlds — as president of the family business, M. B. Claff and Sons,
manufacturers of shoe boxes in Brockton and as an amateur bio-medical researcher,
largely at the Marine Biological Laboratory, where he was Trustee and Clerk of
the Corporation. He held patents for machinery used in box-making and developed
a number of devices useful in medicine, foremost of which was one for preventing
irregular beating of the heart. Dr. Claff was a graduate of Bowdoin College (1918)
and was given an honorary degree (Sc. D.) by his alma mater in 1958.
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William Maurice Ewing
12 May 1906 —4 May 1974

The death of William Maurice Ewing on May 4, 1974 at Galveston, Texas following
a severe stroke was a great loss to his family, to his many friends around the world
and to the field of earth sciences. Born in 1901 at Lockney in the Texas Panhandle
he studied physics at Rice Institute while doing part-time work in commercial geo-
physics. Throughout his four decades of leadership he retained his Texan manner-
1sms and unique sense of humor.

While an instructor at Lehigh University in the early 30’s his aggressive geophysical
research caught the attention of Richard Field and William Bowie of the American
Geophysical Union who helped persuade Ewing to apply new geophysical tech-
niques to the study of the ocean and convinced the Woods Hole Oceanographic
Institution to furnish time on aTLANTIS. Thus starting in 1935, Ewing with the first
of his many graduate students and co-workers began their long association with the
young oceanographic institution. Ewing’s first and major interest in ocean research
was advancing knowledge about fundamental geologic differences between oceans
and continents. To better achieve that understanding he successfully intrigued and
led a large number of students and co-workers. Many of the not so obvious co-
workers involved were sailors, administrators, naval officers and politicians who
sensed and caught the excitement and the importance that things should be done:
and be done now!

Ewing supplemented his early seismic work on the continental shelf with com-
plementary observations on land. This was followed by trips on ATLANTIs developing
techniques for making seismic observations and bottom photographs in the deep sea.
He also made expeditions on submarines measuring gravity to better understand
how the sea and the land met.

With the outbreak of World War 1T the Institution’s new director, Columbus Iselin,
in cooperation with Ewing, obtained government help permitting year round opera-
tions at Woods Hole and for Ewing’s small group at Lehigh to come to Woods Hole
to work on submarine warfare problems. During those war years Ewing developed
or contributed to many aspects of civilian and military oceanographic theory and
techniques. These included bathythermograph usage, sonar prediction, submarine
diving, countermining and particularly the existence of the acoustic SOFAR sound
channel in the deep ocean.

In 1946 Ewing moved to Columbia University where he started the Lamont Geo-
logical Observatory, and later acquired the vEma and r/v conrap. Ewing and an
increased number of students and co-workers were then able to expand the global
aspect of geophysics that became a hallmark of his philosophy. Thus, the new
laboratory became one of the world’s great oceanographic institutions, with interests
ranging from the ocean to the moon, from ice ages to submarine landslides and
ocean ridges to plate tectonics.

In 1972 Ewing retired from Columbia and moved to the University of Texas.
Death caught him in typical full stride, building up the laboratory both afloat and
ashore. Along with many national and international honors Ewing left a legacy of
students, ideas, friendships and oceanographic traditions.

52




m««( ‘t‘““ (“ o

gm . B . . i
L : A <
ﬁ%« <<“a§‘<f<< e . < < ‘ “waw
[ «« . “i (ga«( ‘0 W gg‘ : M«wﬂ i e i . -
<° o L - o . . .
L e ety <<<
e L @;?%@w&«
L . «&%‘«(W«MWNM«« . Wﬁgﬁ
( o L e
. L

. . .
e L méww -
: . o e T
B ‘m“‘ fﬁw <**<§°ﬁ . W«}iﬁ «W %
. o
Lt

o . .

M«M@

B
.
-

Living filter sewage treatment — spray irrigation for hay.

»«K<

Vector Magnetometer.

z£0




L e

e g,g« :
.

a

On the move . .,

54

W“w‘ii

i

s
i

e

. «w .

L

% .

- ﬁs:%q

.

o “@i
?4 i

igj‘f@?( i

%gf@azifﬁw‘ <

o

.




Personnel™

PastM.Fye. . . . . . . .
ARTHUR E. MAXWELL. . . . .
ROBERT W. MORSE . .o
FERrRIS WEBSTER . . . . . .
Bostwick H. KETcHUM . . . .
Davip D. Scort .o

FrREDERICK E. MANGELSDORF

ALFRED C. ReDFIELD, Senior Oceanographer

(Emeritus)
Professor of Physiology (Emeritus),
Harvard University

Appendix 1

Director

Provost

Dean of Graduate Studies and Associate Director
Associate Director for Research

Associate Director

Assistant Director for Administration

Assistant Director

Wirriam C. SCHROEDER, Emeritus Scientist
H. Burr SteEiNBACH, Dean Emeritus

Resident Scientific and Technical Staff

Department of Biology

Ricuarp H. Backus, Senior Scientist
Associate in Ichthyology, Harvard University

Frawncis G. CAREY, Associate Scientist
Epwarp J. CARPENTER, Associate Scientist
GEORGE L. CLARKE, Marine Biologist,

non-resident
Professor of Biology, Emeritus, Harvard University

Cuarres H. CLirrorp, Research Associate

Naruanter Corwin, Analytical Chemist

James E. Crappock, Marine Biologist

R. Joun GiBson, Assistant Scientist

Cameron E. GIF¥orb, Aquaculturist

JoeL C. GoLDMAN, Assistant Scientist

J. FREDERICK GRASSLE, Associate Scientist

GEORGE D. GRrICE, JR., Department Chairman
Senior Scientist

RorEerT R. L. GUILLARD, Senior Scientist

Ricuarp L. HaepricH, Associate Scientist
Associate in Ichthyology, Harvard University

GEeorGE R. HaMmPsonN, Research Associate
G. Ricuarp Harrison, Assistant Scientist
Joun E. HucueNIN, Research Associate

Epwarp M. HuLBURT, Associate Scientist

Horcer W. JaNNAScH, Senior Scientist
Privat Docent in Microbiology,
University of Gottingen

Aprianus J. Kavmayn, Associate Scientist
Joun W. KANWISHER, Senior Scientist
Wirriam B. KerrFoor, Assistant Scientist
ANDREW KONNERTH, JR., Research Associate
KenneTH D. LaAwson, Jr., Research Associate
TuoMmas J. LAwson, Jr., Research Associate

Joun M. Mason, Jr., Research Associate
Frank J. MaTHER 111, Associate Scientist
B. Joan R. MrrcHELL, Research Associate
Pamera T. Porront, Research Associate
Cuarvres C. ReEmsenN 111, Associate Scientist
GiLeerT T. Rowe, Assistant Scientist

Jouw H. RYyTHER, Senior Scientist

DENNis J. SaBoO, Assistant Scientist

Howarp L. SANDERS, Senior Scientist
Consultant in Marine Ecology,
Marine Biological Laboratory, Woods Hole;
Research Affiliate of the Marine Sciences Research
Center, State University of New York, Stony Brook;
Associate in Zoology, Harvard University

Ruporr S. SCHELTEMA, Associate Scientist
WirLvriam E. Scuevivy, Biological
Oceanographer, non-resident

Associate in Mammalogy, Museum of Comparative
Zoology, Harvard University

Brian W. SCHROEDER, Research Associate
Mary SEars, Senior Scientist

KenneTH L. SMITH, JR., Assistant Scientist
Joun J. STEGEMAN, Assistant Scientist
Craic D. Tavyror, Assistant Scientist

Joun M. Tearv, Senior Scientist

KenneETH R. TENORE, Assistant Scientist
Jo~ H. TutrLE, Assistant Scientist

Rarru F. Vaccaro, Associate Scientist
FrepericA W. VaLors, Microbial Chemist
Wirriam A. WATKINS, Bioacoustic Engineer
STaNLEY W. WATSON, Senior Scientist
PeTER H. WIEBE, Assistant Scientist

Asa S. Wing, Research Associate

CarL O. WiRsSEN, Jr., Research Associate

Department of Chemistry

DownaLrp C. BanksToN, Research Associate
Max BLuMER, Senior Scientist

VaucHaN T. BowEN, Senior Scientist
PETER G. BREWER, Associate Scientist
Joun C. BurkeE, Research Associate

WEeN Man Cuang, Research Associate

*As of 31 December 1974.

WERNER G. DEUSER, Associate Scientist
JouN W. FARRINGTON, Assistant Scientist
NeLsoN M. FrREw, Assistant Scientist
RosEerT B. GAGOS1AN, Assistant Scientist
GeorcE R. HarvEy, Associate Scientist
Joun M. Hun, Senior Scientist




Wirriam J. JENKINS, Assistant Scientist

Hucu D. LiviNGgsToN, Analytical Radiochemist
DonaLp R. MaNN, Research Associate

PeETER L. Sacus, Research Associate

JereEMY Sass, Research Associate

RicsarD M. SAwDo, Research Associate

FrepERICK L. SAYLES, Associate Scientist

Department of Geology and Geophysics

Tuomas C. ALDRICH, Research Associate
RorerT D. BALLARD, Assistant Scientist
Joun C. BECKERLE, Associate Scientist

Wirriam A. BERGGREN, Senior Scientist
Visiting Professor, Brown University;
Research Associate, Department of
Micropaleontology, American Museum of
Natural History

Carwr O. Bowin, Associate Scientist

WIiILFRED B. BRYAN, Associate Scientist

FrizaseTH T. BUuNCE, Associate Scientist
IBarrie DavrE, Research Associate

RaymonD E. Davis, Research Associate

CuarLES R. DENHAM, Assistant Scientist

Aran H. Driscovry, Research Associate

Wirriam M. DunkLE, Jr., Research Associate

KexneTH O. EMERY, Senior Scientist

RosERT G. GoLDSBOROUGH, Research Associate

U. Z. Birar uL Hao, Assistant Scientist

JamEes R. HemrzLER, Department Chairman,
Senior Scientist

CuARLES D. HOLLISTER, Associate Scientist

SusumMmu Honjo, Associate Scientist

Department of Ocean Engineering

Lincorn Baxter I, Applied Physicist

StanLEY W. BERGSTROM, Research Associate

Davip S. BrrrerMAN, JR., Research Associate

Epwarp L. BLAND, JR., Research Associate

Paur R. Bourin, Research Associate

ALBERT M. BRADLEY, Research Associate

Crayron W. CorLrLins, Jr., Research Associate

C. Dana DENSMORE, Research Associate

StEPHEN C. DEXTER, Assistant Scientist

Joun D. DonnNELLY, D.S.R.V. Pilot

Donarp L. Dorson, Research Associate
1JamEes A. Dourr, Research Associate

WirL.LARD Dow, Electronics Engineer

RoBERT G. DREVER, Electronics Engineer

Eric H. FRANK, JR., Research Associate

RoceRr A. GoLpsMmiTH, Research Associate

Farr E. Hays, Department Chairman,

Senior Scientist

Freperick R. Hess, Research Associate

Davip S. Hosom, Research Associate

Mary HunT, Research Associate

MaxiNe JoNES, Research Associate

PeTER E. KarLL10, Research Associate

RicaarD L. KoEHLER, Research Associate

Wirriam S. LiTTLE, JR., Research Associate

WirLriam M. MARQUET,

Instrumentation Engineer

JamEs W. Mavor, Jr., Mechanical Engineer

Marvin J. McCawmrs, Research Associate

Pavr T. McELRroY, Assistant Scientist

10n Leave of Absence

Derexk W. SPENCER, Department Chairman,
Senior Scientist
WirLiaMm G. STEINHAUER, Research Associate

GEOFFREY THOMPSON, Associate Scientist
Research Associate, Smithsonian Institution

LEE S. WATERMAN, Research Associate
Orver C. ZAFIRI0U, Associate Scientist

HartrEy Hoskins, Research Associate
Davip A. JouNsON, Assistant Scientist
SypNEY T. Knott, Hydroacoustics Engineer
Dowarp E. KoevLsch, Electronics Engineer
GEroRGE P. LoBMANN, Assistant Scientist

1 Bruck P. LuYENDYK, Assistant Scientist
Joun D. MiLrLIMmAN, Associate Scientist

1 Warter D. NicuoLs, Research Associate
Davip M. OweN, Research Associate
Joseru D. PurvLirs, Associate Scientist
KenneTH E. PrRADA, Research Associate

Davip A. Ross, Associate Scientist
Visiting Instructor, Fletcher School of Law and
Diplomacy; Visiting Instructor, Massachusetts
Institute of Technology

CoriN P. SUMMERHAYES, Assistant Scientist
Erazar Ucnurl, Associate Scientist
ALLyN C. VINE, Senior Scientist

1 RicuARD P. VoN HERZEN, Senior Scientist
Davip WaLL, Associate Scientist
WARREN E. WrrzeLL, Hydrocoustics Engineer
EarL M. Youne, Research Associate

PauLr C. MurrAy, Research Associate
Ricearp T. Nowax, Acoustics Engineer
MarsuAarLL H. OrRg, Assistant Scientist
N. N. PANICKER, Assistant Scientist
Ken~eETH R. PEAL, Research Associate
RoBERT P. PORTER, Assistant Scientist
GeorGE H. Power, Computer Analyst
MELviIN A. RoSENFELD, Manager, Information
Processing Center, Senior Scientist
Ar~oLD G. SuARP, Research Associate
LAWRENCE A. SHUMAKER, Manager, Deep
Submergence Engineering & Operations
Section, Oceanographic Engineer
Woorrcort K. SmrTH, Research Associate
RosERT C. SPINDEL, Assistant Scientist
Jess H. StanBroUGH, Jr., Research Physicist
FosTEr STRIFFLER, Research Associate
ConsTANTINE D. Torvrios, Computer Engineer
Barrie B. WALDEN, Research Associate
RoBERT G. WALDEN, Manager, Ocean
Structures Moorings & Materials Section,
Electronics Engineer
RocGER S. WALEN, Research Associate
Dovucras C. WEBB, Manager, Instrument
Section, Electrical Engineer, Senior
Research Specialist
JacQUELINE WEBSTER, Computer Analyst
ALBERT J. Wirriams I, Assistant Scientist
VALENTINE P. Wirson, D.S.R.V. Pilot
1 CriFrorp L. WINGET,
Electromechanical Engineer




Department of Physical Oceanography

Kertu F. BRADLEY, Research Associate
ALvIN L. BRADSHAW, Applied Physicist
MELBOURNE G. BRISCOE, Assistant Scientist
JorN G. BRUCE, Ir., Research Associate
Dean F. Bumpus, Senior Scientist

AnDREW F. BUNKER, Associate Scientist

JosepH CHASE, Associate Scientist
Visiting Lecturer, State College at Bridgewater

GasrieL T. Csanapy, Senior Scientist
C. GoprrEY DAY, Research Associate
JeroME P. DEAN, Research Associate
Girrorp C. EwING, Senior Scientist

Nicroras P. FOFONOFF, Senior Scientist
Gordon McKay Professor of the Practice of
Physical Oceanography, Harvard University

FreperICK C. FUGLISTER, Senior Scientist
James E. GIFFORD, Research Associate
Rosert H. HEINMILLER, Buoy Engineer
NEeLson G. Hoce, Assistant Scientist
TerENCE M. JoYCE, Assistant Scientist

Evr1 J. Katz, Associate Scientist

james R. LUYTEN, Assistant Scientist

Jouw A. MALTAIS, Research Associate
GEeRrARD H. MARTINEAU, Research Associate
JamEes R. McCuLLOUGH, Instrument Engineer
WiLLiam G. METCALF, Associate Scientist
RoeerT C. MILLARD, JR., Research Associate
ArtHUR R. MILLER, Associate Scientist
DonarLp A. MOLLER, Research Associate

BerTuOLD H. G. PADE, Research Associate
CHARLES E. PARKER, Research Associate
RicuarD E. PAYNE, Research Associate
PeTER B. RHINES, Senior Scientist

Parrip L. RICHARDSON, Assistant Scientist
TrOMAS B. SANFORD, Associate Scientist

PeTER M. SAUNDERS, Associate Scientist

Karr E. SCHLEICHER, Oceanographic Engineer
WiLLiaM J. SCHMITZ, Jr., Associate Scientist
ErizaBeTH H. SCHROEDER, Research Associate
Ariarp T. SPENCER, Design Engineer
MarvEL C. STALCUP, Physical Oceanographer
RoBERT J. STANLEY, Research Associate

HenNrY M. STOMMEL, Physical Oceanographer,
non-resident
Professor of Oceanography,
Department of Meteorology,
Massachusetts Institute of Technology

Rory THOMPSON, Associate Scientist

Gorpon H. VOLEMANN, Research Associate
WILLIAM S. VON ARX, Senior Scientist

AnrTHUR D. Voorzis, Associate Scientist

Bruck A. WARREN, Associate Scientist

JounN A. WHITEHEAD, Jr., Associate Scientist
GrorrFrEY G. WHITNEY, JR., Research Associate

ALFRED H. W0ODCOCK, Oceanographer,
non-resident

L. VALENTINE WORTHINGTON,
Department Chairman

W. Repwoop WRIGHT, Assistant Scientist

Postdoctoral Investigators in 1974

RicHARD P. BLAKEMORE (Chemistry)

Yves J. F. DESAUBIES
(Physical Oceanography)

Joun G. FARMER (Chemistry)
Nicuoras S. FISHER (Chemistry)
Fpwin F. Forn (Physical Oceanography)

HowarD J. FREELAND
(Physical Oceanography)

Epwarp R. GONYE, Jr. (Biology)

LoreN R. Haury (Biology)

StanLEY P. HAYES (Physical Qceanography)
Davip C. JUDKINS (Biology)

Departmental Assistants*

Department of Biology

Anderson, Susan J.
Azarian, Debra M.
Banashak, Duane D.
Bireley, Linda E.
Bowker, Paul C.
Bowman, Pamela E.
Boyd, Steven H.

#+Full Time Employees

Bray, Teresa A.
Breeding, Robert E.
Chesney, Edward J., Jr.
Clarner, John P.

Cole, Linda M.

Collins, Anne C.
Davidson, John A.

MicHAEL S. MCCARTNEY
(Physical Oceanography)

Lynpa S. MURPHY (Biology)
CurrsToPHER P. ONUF (Biology)
BrucE M. RosisoN (Biology)
RicHARD S. SCOTTI (Physical Oceanography)
JamEs D. SULLIVAN, Jgr. (Biology)
Craic D. Tavyror (Biology)
RupoLr C. TJALSMA
( Geology and Geophysics)
James M. VAUGHN (Biology)

Davip L. WILLIAMS
(Geology and Geophysics)

Dennett, Mark R.
Fllis, Elaine M.
Garner, Susan P.
Gibson, Victoria R.
Gilmer, Ronald W.
Griffith, Robert W.
Gunning, Anita H.
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Administrative and Service Personnel **

Aiguier, Edgar L.
Anders, Wilbur J.
Anderson, Joseph
Augusta, Susan E.
Babitsky, Ellen J.
Backus, Denise
Barnes, Lynda R.
Barnes, Susan M.
Battee, Howard
Battee, Janice R.
Becktol, George
Berthel, Dorothy J.
Billings, John A.
Botelho, Eleanor M.
Botelho, Linda J.
Bourne, Wallace T.
Bowman, Richard W.
Brauneis, Frederick A.
Breivogel, Richard J.
Brown, Norma H.
Burt, Sandra J.
Campbell, Eleanor N.
Carlson, Gustaf A.
Carver, Kenneth W.
Cassidy, Bernard J.
Chalmers, Agnes C.
Charette, Ernest G.
Christian, John A.

Clemishaw, Charles W.

Clough, Auguste K.
Coneybear, Edna W.
Corr, James P.
Costa, Arthur

Craft, Ronald C.
Creighton, James E.
Crinkley, Kathryn L.
Crobar, John A.
Croft, Donald A.
Croft, Harold E.
Crouse, Porter A.
Dastous, Roland L.
Davis, Francis L.
Davis, Robert C.
Dean, Mildred W.
DelLisle, Homer R.
DeSanti, Judith C.

Dinsmore, Robertson P.

Dodge, William B.
Drew, Roberta E.
Eastman, Arthur C.
Eggleston, Fred S., Jr.
Fennelly, Cyril L.
Fernandes, Alice P.
Ferreira, Anthony
Ferreira, Steven R.
Field, Michael J.
Fleming, Ruthanne
Fontana, Victor F.
Fredriksen, Mauritz C.
Fuglister, Cecelia B.
Gallagher, William F.
Galvin, Yvonne S.
Gandy, Curtis, II1
Gervais, Linda A.
Gibson, Laurence E.
Graham, Russell G.

**Full Time Employees

[N}

Green, Nancy H.
Greenawalt, Charles A.

Greenawalt, Maureen A.

Grosvenor, Richard C.
Gunter, Carol A.
Halbert, John R., Jr.
Hatzikon, Kaleroy L.
Henry, Ann E.
Hindley, Robert J.
Holland, Howard A.
Ingram, Ruth C.
Jenkins, Delmar R.
Jenney, Philomena S.
Johnson, Harold W.
Joseph, Charles R.
Kelley, Robert F.
Kennedy, Percy L., Sr.
Korgen, Judith K.
Lajoie, Therese S.
LeBlanc, Donald F.
Lewis, Daniel M.
Livingston, Stella J.
Lobo, Wayne F.
Long, Shirley-Anne
Lowe, Robert G.
Lumsden, George W.
Magowan, Joan K.
Martin, Donald J.
Martin, Loretta M.
Martin, Olive

Masse, Roland G.
Matthews, Francis S.
Mayberry, Ernest H.
McClung, Philip E.
Medeiros, Frank
Meinert, Dorothy
Mendousa, Anthony G.
Mendousa, Tina C.
Merson, Carole R.
Mikolajczyk, Walter C.
Moniz, Mozart P.
Moore, Karen E.
Motta, Joseph F.
Muller, John T.
Murphy, Cheryl C.
Murphy, William E.
Oakes, Harry E.

Page, Stephen G.
Peters, Charles J., Jr.
Phares, Edward J.
Picard, Eleanor P.
Pocknett, Marie D.
Price, Nancy G.
Pucci, Joseph F.
Pykosz, Patricia A.
Quigley, Alexsandra
Ramsey, William S., Jr.
Reeves, Jeannette W.
Reeves, A. Stanley
Rennie, Thomas D.
Rice, John E.

Rioux, Robert R.
Ross, David F.
Rubino, Barbara J.
Rudden, R. David, Jr.
Ruffen, Kenneth T.
Sage, Eben A.
Schneider, Gloria F.
Sharpe, Michael S.
Simmons, Roland R.
Singer, Joseph M.
Smart, Charlotte M.
Smart, Thomas H.
Souza, Carol J.
Souza, Donald P.
Sprague, Evelyn M.
Staltare, Michelle E.
Stimpson, John W.
Stone, Louise D.
Swan, James A.
Tavares, Maurice J.
Thayer, Mary C.
Vallesio, Barbara M.
Walker, Jean D.
Weeks, Robert G.
White, Haskel E.
Whitmore, Wendy
Wildes, Nancy K.
Woodward, Fred C., Jr.
Woodward, Martin C.
Woodward, Ruth F.
Young, Carleton F.
Zmuda, Laura A.
Zwinakis, Jeffrey A.




Afterdeck and bridge of R/V KNORR.

Marine Staff

HerBerT L. BaBBITT

Ricrarp H. DimMock .

Ricuarp S. EpwaRrDs
EmEersoN H. HiLLER

JonaTHAN LEIBY

StanrLeY O. McDANIEL
BarreTT H. MCLAUGHLIN .
MicHAEL PALMIER]T, JR.

Jorn F. Pixe .

Raymono H. Rioux .

Master, R/V ATLANTIS II

Port Engineer

Marine Superintendent

Master, R/V KNORR

Naval Architect

Chief Engineer, R/ V CHAIN

Chief Engineer, R/ V KNORR
Master, R/ V CHAIN

Port Captain

Chief Engineer, R/V ATLANTIS II

The following were in the employ of the Institution on December 31, 1974.

Marine Personnel
Allison, John W.
Bailey, James A.
Baker, William R.
Bauerlein, Gunter
Bazner, Kenneth E.
Bizzozero, John P.
Brennan, Edward J.
Brodrick, Edward R.
Bumer, John Q.
Butler, Dale T, Sr.
Casiles, David F.
Casiles, Phyllis B.
Clarkin, William H.
Clinton, Harry F.
Colburn, Arthur D., Jr.
Cotter, Jerome M.
D’Anjou, Peter J.
Devine, Kevin M.
Dunn, Arthur J.
Ellis, Floyd J.
Farnsworth, Donald C.
Flaherty, Peter M.

Flegenheimer, Richard C.

Flynn, Dana M.

Folsom, Kenneth R. O’Neil, Thomas F.
Fortes, Eugene B. O'Reilly, Peter P.
Frawley, J. Michael O’Toole, John E.
Gassert, John M. Pierce, George E.
Gifford, C. Gregory Pierce, Samuel F.
Gordon, Robert L. Pope, Christopher M.
Hartke, David L. Ribeiro, Joseph
Howland, Paul C. Rogers, Richard D.
Jefferson, Albert C. Rougas, Harry
Johnston, Alexander T. Sainz, Alfonso B.
Kilbreth, Bernard E. Sepanara, James M.
Leahy, James E. Sequeira, Jorge A.
Lineaweaver, Toby T. Small, Charles E.
Linehan, John F., Jr. Smith, Martin G.
Lobo, John T. Smith, Robert E.
Madison, William J., Jr. Soucy, Trefton A.
Manley, Thomas F. Stack, William M.
Martin, John W. Sture, Armas V.
McAuliffe, J. Brian Sweet, John K., Jr.
Metzger, Donald J., Jr. Sylvia, William L., Jr.
Moye, William E. Vogel, Carl E.
Munns, Robert G. Volovski, Donald S.
Murphy, George E. Warecki, Joseph

Mysona, Fugene J.
Ocampo, Conrad H.

61




Fellows, Students and Visitors

Appendix 11

Rossby Fellows

Joun C. Swarrow (1973-74)

Institute of Oceanographic Sciences, England

Ancus D. McEwan (1974-75)
Commonwealth Scientific and Industrial
Research Organization, Victoria, Australia

Senior Fellows

Ricaarp B. BiLDER
Law School, University of Wisconsin-Madison

Epwarp L. MILES
Warburg Fellow
Center for International Affairs
Harvard University

GUNNAR RANDERS
Former Assistant Secretary General for NATO

Postdoctoral Scholars
Awardees 1974-75

SYED A. ALI

Rensselaer Polytechnic Institute
RoseErRT W. GRIFFITH

Brooklyn College
RicuArD J. HOFFMAN

Stanford University
LAURENCE P. MADIN

University of California at Davis

James R. PaAYnNE

University of Wisconsin
BrraN D. PETRIE

Dalhousie University, Canada
Granam M. Purpy

Cambridge University, England
Hsuea-WEN YEL

Case Western Reserve University

Marine Policy and Ocean Management
Scholars and Fellows 1974-75

Davip W. ALLEN
Oregon State University
RoserT E. BLack
Clark University
Dan CioBANU
Harvard Law School
Fletcher School of Law and Diplomacy
James M. FRiEDMAN
University of Chicago Law School
VicTtor A. GALLARDO
University of Southern California, Los Angeles
University of Rhode Island

SaveEp MouaMED HosNt
Legal Petroleum Consultant, Kartoum, Sudan
New York University Law School
LawrencE G. MALLON
University of Miami Law School
Hucon WaALDEMAR NIEMOTKO
Columbia University School of Law
University of Poznan School of Law, Poland
Susan B. PETERSON
University of Hawaii
Lean J. SmMITH
Johns Hopkins University

Jan-Orar WiLLums
Massachusetts Institute of Technology

Woods Hole Doctoral Program

TraoMAS J. GOREAU

California Institute of Technology
PaiLie M. GSCHWEND

California Institute of Technology

AnDrEw E. Jaun

University of California, Davis
PeETER B. ORTNER

Yale University

M.I.T.-W.H.O.1. Joint Graduate Program
1974-75 Academic Year

James A, AusTIN, JR.
Ambherst College
MicuAEL P. Bacon
Michigan State University
MARIANNE BETZ-WISER
University of Liege, Belgium
DoucrLas C. Bigags
Franklin & Marshall College
James K. B. Bisaop
University of British Columbia, Canada
Epwarp A. BoyLE
University of California, San Diego
Larry E. BRanND
University of Texas
Scort R. Brices
Brown University
Harry L. BRYDEN, Jr.
Dartmouth College
Kataryn A. BUurNs
Michigan State University
Ricuarp H. BurRrouGHS
Princeton University
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Braprorp BuTmaN

Cornell University
RoeerT B. CAMPENOT

University of California, Los Angeles
Arain CoLiN DE VERDIERE

Ecole de Physique Chimie de Paris, France
Jean Nicuors DriscoLL

Pomona College
JamEes L. Duraam

United States Naval Academy
JonaTHAN EREZ

Hebrew University
CHARLES FRIKSEN

Harvard University
Eric Firinc

Massachusetts Institute of Technology
Cuarres N. FrLage

Massachusetts Institute of Technology
Rogcer D. Froop

Massachusetts Institute of Technology
WiLrorp D. GARDNER

Massachusetts Institute of Technology




M.IT.-W.H.O.IL Joint Graduate Program (Continued)

Jov A. GEISELMAN

Carleton College
KenneTH E. GREEN

Massachusetts Institute of Technology
Dare B. HampvoGEL

Massachusetts Institute of Technology
PeTER J. HENDRICKS

University of California, San Diego
Ross M. HENDRY

University of Waterloo, Canada
RoeerT L. HoucHTON

Hope College
RoserT W. HowARTH

Ambherst College
Susan E. HumpHRIS

University of Lancaster, England
RicuarDp J. JAFFEE

Brown University
Kou Kim

Seoul National University, Korea
Joun R. KREIDER

Lehigh University
GwEeEN GraBowskr Krivi

Bucknell University
Epwarp P. LaiNE

Wesleyan University
Bruce W. LarsoN

Southeastern Massachusetts University
Kevin D. LEAmAN

University of Michigan
H. Davip LeEsLiE

University of Wisconsin
STEVEN J. LEVERETTE

Gettysburg College
Kerta E. Lovnen

Massachusetts Institute of Technology
Doucras S. LurHER

Massachusetts Institute of Technology
KENNETH C. MACDONALD

University of California, Berkeley
Pauvr W. May

Southern Missionary College
Tracy K. McLELLAN

Massachusetts Institute of Technology
AURELIO MERCADO, JR.

University of Puerto Rico
MARLENE A. NoBLE

Princeton University
C. GREGORY Parrs

Rensselaer Polytechnic Institute

Jan A. PECHENIK
Duke University
Joun W. PEIRCE
Dartmouth College
KenNNETH A. POEHLS
University of California, Los Angeles
Davip L. PorTER
University of Maryland
JamEes G. RicHMAN
Harvey Mudd College
GEORGE RODENBUSCH
Rice University
Barry R. Rubppick
University of Victoria, Canada
Ebpmunnd SamMBUCO
Johns Hopkins University
RicHARD S. ScuaBOWSKY
University of Rhode Island
Susan ScuuLtz TaAPscorTT
Swarthmore College
Mary I. ScranTON
Mount Holyoke College
Jouw S. Sura
Stanford University
ArLeEXANDER N. SHOR
Harvard University
RoBERT F. STALLARD
Massachusetts Institute of Technology
Nicuovras S. STARESINIC
University of Pittsburgh
Danisr H. STUERMER
University of California, Santa Barbara
Paur F. SurLivan
United States Naval Academy
Wirriam G. Sunpa
Lehigh University
NEerL R. SWANBERG
University of California, Davis
Curistoruir R. TapscoTT
Princeton University
Jonn S. Tocuko
The Cooper Union
Kevin M. ULMER
Williams College
Joun Kim VANDIVER
Massachusetts Institute of Technology
Georce T. F. Woneg
California State College
RoserT A. YoUunc
Brooklyn College

Summer Student Fellows, 1974

Braprorp C. BErRk

Ambherst College
Apam B. Borison

Yale University
Caror ANN BrownN

Baylor University
LAWRENCE P. BURKHARD

Pennsylvania State University
Perer G. DovLE
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Voyage Statistics for 1974

R/V ATLANTIS II

VOYAGE
NO. DEPART
80 13 Jan
81 1 Feb
82-0 19 Feb
1 6 Mar
1I 29 Mar
11 Apr
I 20 Apr
1V 15 May
v 1 Jun
83-1 8 Jun
1T 6 Jul
84 7 Aug
85-1 26 Aug
11 14 Sep
16 Sep
IIT 26 Sep
v 12 Oct
R/V CHAIN
VOYAGE
NO. DEPART
115-11
III 14 Jan
IV 15Feb
A\ 23 Mar
VI 22 Apr
14 May
VII 22 May
1 Jun
IX 24]Jun
116 22 Jul
1171 15 Aug
II 2 Sep
I 26 Sep
27 Sep
IV 200ct
\% 14 Nov

ARRIVE
14 Jan
8 Feb
3 Mar
25 Mar
10 Apr
16 Apr
12 May
29 May
4 Tun
3 Jul
30 Jul
22 Aug
12 Sep
16 Sep
24 Sep
8 Oct
23 Oct

ARRIVE
10 Jan
11 Feb
15 Mar
18 Apr
14 May
18 May
29 May
22 Jun
1 Jul
10 Aug
29 Aug
20 Sep
27 Sep
15 Oct
12 Nov
17 Nov

PORTS
Staten Island Woods Hole
Woods Hole Woods Hole
Woods Hole Las Palmas
Las Palmas Las Palmas
Las Palmas Nouadhibou
Nouadhibou  Las Palmas
Las Palmas Las Palmas
Las Palmas Las Palmas
Las Palmas Dakar
Dakar Recife
Recife Bridgetown
Bridgetown Woods Hole
Woods Hole St. George's
St. George’s St. George's
St. George's St. George's
St. George’s St. George's
St. George’s Woods Hole

PORTS
Dakar Cape Town
Cape Town Cape Town
Cape Town Cape Town
Cape Town Rio de Janeiro

Rio de Janeiro
Rio de Janeiro
Recife
Fortaleza
Bridgetown
Woods Hole
Woods Hole
Miami

Miami

Key West

St. George’s
St. George’s

Rio de Janeiro
Recife
Fortaleza
Bridgetown
Woods Hole
Woods Hole
Miami
Miami

Key West
St. George’s
St. George's
Woods Hole

AREA OF
OPERATIONS
Antarctic South of Cape
of Good Hope

South Atlantic Crossing
Brazilian Coast

Sargasso Sea
Buoy Line
East of Bahamian Shelf

Bermuda Waters

Appendix IV
Total Nautical Miles for 1974 — 31,418
AREA OF CHIEF
OPERATIONS SCIENTIST
Return from shipyard
Continental Shelf Harvey
Northwest Coast of Kelley
Africa Shelf Waters Dugdale
Kelley
Kelley
Barber
Haedrich
Transit to Dakar Piety
S. Equatorial Waters Katz
Brazilian Waters Katz
Sargasso Sea Carpenter
New England Seamounts Thompson
and Bermuda Waters Farrington
Farrington
Sargasso Sea Teal
Continental Shelf Wiebe

Total Nautical Miles for 1974 — 38,316

CHIEF
SCIENTIST

Summerhayes
Bowin
Hoskins
Sayles
Johnson
Johnson
Milliman
Milliman
McDowell
Heinmiller
Spindel
Porter
Nowak
Nowak
Stanbrough
Stanbrough
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COOPERS & LYBRAND

CERTIFIED PUBLIC ACCOUNTANTS

To the Board of Trustees of

Woods Hole Oceanographic Institution:

We have examined the balance sheet of Woods Hole Oceanographic Insti-
tution as of December 31, 1974, and the related statements of current fund
revenues, operating expenses and transfers, and changes in fund balances for
the year then ended. Our examination was made in accordance with generally
accepted auditing standards and, accordingly, included such tests of the
accounting records and such other auditing procedures as we considered
necessary in the circumstances. We previously examined and reported upon
the financial statements for the year ended December 31, 1973.

In our opinion, the aforementioned financial statements (with investments
stated at market) (pages 85 to 87 inclusive) present fairly the financial posi-
tion of Woods Hole Oceanographic Institution at December 31, 1974 and 1973,
its current fund revenues, operating expenses and transfers for the years then
ended, and the changes in its fund balances for the year ended December 31,
1974, in conformity with generally accepted accounting principles applied on
a consistent basis after restatement for the change, with which we concur, in
the method of accounting for investments as described in Note C to the
financial statements.

The supplemental schedule included in this report (page 88), although not
considered necessary for a fair presentation of the financial position and
current fund revenues, operating expenses and transfers, is presented primarily
for supplemental analysis purposes. This additional information has been
subjected to the audit procedures applied in the examination of the basic
financial statements and, in our opinion, is fairly stated in all material respects
in relation to the basic financial statements taken as a whole.

« Ay brand

Boston, Massachusetts
March 28, 1975
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