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Frank A. Howard
5 January 1890
25 September 1964

Mr. Howard was long associated with
scientific research not only through his
business connections with the Standard Oil
Company of New Jersey but also through
his philanthropic interests in establishing
the Sloan-Kettering Institute for Cancer
Research. He organized and became president of the Standard Oil Develop-
ment Company which later became the Esso Research and Engineering
Company. Such varied experience peculiarly fitted him to serve as a wise
counselor for other research organizations. Several of the Trustees, recognizing
these qualifications, nominated him and he became a Trustee of the Woods
Hole Oceanographic Institution at the annual meeting in August 1949. In
August of 1961 he was made an honorary Trustee.

He received a Bachelor of Science degree in mechanical engineering from
George Washington University in 1911 and later an LL.B. (1914) and a D.Sc.
(1961) from the same University. In the early days of his career he served as
an assistant examiner in the U.S. Patent Office and he practiced law for five
years. After his election to the board of managers of the Memorial Hospital in
New York in 1939 he was instrumental in developing support for a cancer
research project which later (1945) became the famous Sloan-Kettering
Institute. He served as Chairman of its scientific policy committee and of its
Board of Trustees.

Although his many activities did not always permit him to attend the annual
meetings of the Board of Trustees in Woods Hole, he contributed much to the
well-being of the Institution by serving conscientiously for many years on the
Audit Committee. More especially he gave freely of his wisdom. During the
early 1950s, the Institution began its recovery from the tumultuous growth of
the war years and started to build on a firmer foundation for the expansion
that continues today. The director frequently turned to Mr. Howard for
advice on a great variety of matters from buildings, to ships and potential
sources of funds. During his last appearance at an annual meeting he made
many recommendations concerning future building programs that are still
under active consideration. The Institution had his enthusiastic support until
the very end.

Thus, one of his outstanding characteristics — that of working diligently in
support of each area of his wide field of interest — provided the Institution
with the sort of assistance which cannot be measured but which will be well
remembered.
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Citation on Awarding the Bigelow Medal

to Bruce C. Heezen, 17 June 1964

“The geologic structure and history of
the crust of our planet has been pieced
together largely from evidence found in
the topography, stratigraphy, structure and
composition of rocks exposed to view on
land. The vast remainder, some three-
quarters of the earth’s crust, has been
obscure because of its remoteness from the
normal habitat of man and even more
importantly because it is overlain by miles
of ocean water. Thoughtful men have often
asked: What would the sea floor look
like if the oceans were to be stripped away,
and what geologic processes are peculiar to
the oceanic crust?

““The third Henry Bryant Bigelow Medal
honors the work on these questions by
Bruce Charles Although Dr.
Heezen came to the ocean only in 1947,
his energy and ability in both field and
laboratory have brought him to a position
of international respect in marine geology.
At the time of his introduction to the ocean,
the decade-old concept of turbidity cur-
rents had come to be widely discussed theo-
retically and studied in models, but field
data were generally lacking. His interests
in submarine canyons, continental rises,
and abyssal plains soon were joined with
observations of clean sands present in many
cores from the deep sea; all of which are
related in the turbidity current mechanism.
While others contributed to knowledge of
topography, sediments, and turbidity cur-
rents before and during his work, Bruce
Heezen was soon acknowledged as a leader
in the development of the concept and its
verification by field data. Closely related to

Heezen.
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this, and perhaps resulting directly from
his concern for dynamic processes, was the
production with Marie Tharp of the first
physiographic charts of the Atlantic and
Indian Oceans. Review of these charts, in
turn, led to the controversial idea of a
65,000 km rift zone which unites observa-
tions of topography, seismic activity, and
heat flow, all of which may provide signifi-
cant insight into the origin of the earth’s
crust.

“Bruce Heezen spent his youth in a
region distant from all oceans. He was born
11 April 1924 in Vinton, Iowa. In that
state he obtained his school and college
education, receiving the Bachelor of Arts
degree from Iowa State University in 1948.
It was in the summer of 1947, while work-
ing at the Woods Hole Oceanographic
Institution, that he discovered and entered
wholeheartedly the field of marine geology.



In 1948 he joined Maurice Ewing’s group
at Columbia University and became a char-
ter member of the staff of the Lamont
Geological Observatory where he rose from
Research Assistant in 1953 to Senior
Research Scientist in 1958. In 1960 he was
appointed Assistant Professor of Geology,
Columbia University. Along with his re-
search activities at Lamont, Dr. Heezen
earned both his M.A. in 1952 and Ph.D. in
1957 in the Department of Geology at
Columbia University.

“Well over one hundred scientific papers,
articles and reviews in several languages
bear Dr. Heezen’s name as author or co-
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author. The frequency with which he has
collaborated with others in domestic and
foreign scientific publication and the scope
of the subject matter covered is a tribute to
the breadth of his scholarly interests and
his flexibility as a man. But enmeshed in all
this lies a thread of scientific concern that
is Dr. Heezen’s own and which the Bigelow
Medal seeks to recognize; his enterprise in
putting before the eyes of us all a clear
conception of the physiography of nearly
half of the earth covered by oceans and his
enlightening interpretation of some of the
sedimentary and tectonic processes that can
be presumed to have governed the develop-
ment of these forms and structures.”

.
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Portion of the Heezen-Tharp physiographic chart of the South Atlantic Ocean.
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This Annua] Report salutes in warmth and gratitude our lay supporters,
The ASSOCIATES OF THE WOODS HOLE OCEANOGRAPHIC INSTITUTION.

Many great things have had simple beginnings. And so it was with the
Associates. The Institution had come out of the rugged years of World War IT
greatly strengthened and considerably larger than in the 30’s. But even by
1950 it had not Jogt the wartime reputation of being a secluded pPlace, walled
off in the confines of its own work. The general public kney nothing about the

In the beginning, early in 1952, there Were ten members, It js 5 revealing and
significant fact that, of the original ten, nine are still carried on the rolls of the
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Third annual meeting of the Associates of the Woods Hole Oceanographic Institution held in the ward-
room of ATLANTIS on 7 August 1954.

Associates. In the short thirteen-year span of the Associates’ Program, this
number has risen to well over 400 individual members and over 50 corporate
members.

Quite appropriately Mr. Swope served as President for the first four years.
In the period from 1955 through 1961, Mr. Noel B. McLean was President
and since that time he has served the Institution in a position of even greater
responsibility, as Chairman of the Board of Trustees. He was replaced by
Mr. Homer H. Ewing who is still active in this post. Mr. John A. Gifford has
been the Associates’ Secretary since the inception of the Program in 1952 and
because of the complexity and extent of the work involved in the position of
Treasurer, this post has continuously been filled by the Treasurer of the
Institution.

Three committees conduct much of the Associates’ business. An Executive
Committee is made up of five or more Associates, including the Director of
the Institution. The Industrial Committee, which was established in 1954,
arranges for corporation participation in the Associates’ Program. Mr. Charles
Francis Adams has served as its Chairman since that time. The Development
Committee, chaired by Captain Paul Hammond, has provided effective assist-
ance to the Institution in developing capital funds.

The Associates embody the spirit of the alumni of a college or university
with their sense of loyalty and their desire to provide moral and actual support
wherever possible. The work which they do for the benefit of the Institution is
widely varied and goes far beyond that of financial assistance alone.

A series of educational fellowships was started in 1955. Under this program,
funds were set aside to be awarded as annual grants to promising college
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Blanchard, now 4 member of the Institution’s Department of Theoretica]
Oceanography and Meteorology. The wisdom of his selection for 4 fellowship
has been amply demonstrated by his extensive Investigations of the interactions
between the ajr and the sea. Between the years 1955 anq 1962 a total of eleven
fellowships was awarded. Of these, nine have continued their studjes in the
field of Oceanography, Three have retained their affiliation with the Institu-
tion. In addition to Dr. Blanchard, they are Dr. David A. McGi of the
Department of Biology, and Dr. Bruce A. Warren of the Department of
Physical Oceanography. This is generous T€payment indeed for the funds and

educationa] budget has increased ten-fold,

During the Preparation of thig annual report, I found to my interest and
surprise that the Associates had proposed that ap appropriate meda] he
awarded annually to the individuaj making the greatest contribution to
Oceanography. The Henry Bryant Bigelow Medal, which we established in 1960,
has brought this excellent idea to tulfillment. The medal has been awarded
three times since its inception. The first award was made to Dr, Bigelow
himself, 1n 1962 the second award was made to Dr. John C. Swallow of the
National Institue of Oceanography in England, and ag¢ year, the third meda]
was awarded to Dr. Bryce C. Heezen of the Lamont Geological Observatory.

VEry numerous and we consider them gz healthy interchange of information
from which we derive great benefit,

The Associates have shown great interest in our science. An example of
this is the Sponsorship of a serjeg of lectures at Woods Hole by prominent
oceanographers from this country and abroad, Ip the first of these in 1954,
Dr. Gifford ¢, Ewing, then associated with the Seripps Institution of
Oceanography, presented a series of six Associates’ lectures on the subject of
physical Oceanography. In the years that followed, other lecturers came from
many renowned Institutions to Present learned discussions on g great variety
of oceanographic subjects,

During 1964 Interest in the Institution and g Associates’ Program had
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grown to a point where a new classification of membership was needed. This
is the Club membership. Under this category, yacht clubs, fishing clubs, and
other kinds of sports organizations may attain membership. To date, six clubs
have joined the individuals and corporations in the Associates.

Contributions of gifts in kind by the Associates have been both generous and
varied. In 1955, the General Foods Corporation, a Corporate Associate,
donated to the Institution a piece of property located in Boston Harbor.
A portable electric piano was contributed to the ATLANTIS to help the morale
of the crew during the off-hours on a long cruise at sea. Other gifts have
included generators, spars, and last year a gravity meter. Funds provided by
the Associates helped to produce the Institution’s educational movie,
“Science of The Sea,” and public education has been furthered by the
regular publication of “Oceanus.” However, no type of contribution has been
either more generous or more useful than the boats which have been given
to the Institution by the Associates. CARYN, ARIES, SABRINA, SIGMA T and
EUGENIE vir have all seen scientific service in the Institution fleet. Some of
the donated boats proved to be too light in construction for the arduous work
which oceanography imposes. With the consent of the Associate owner, these
were disposed of and the funds realized as a result of sale were put to other
oceanographic uses. Two of the boats, NoBskA and MERGANSER, still ride at
moorings at the Institution docks.

On the average, over the past five years, funds contributed by Associates or
obtained through their endeavors have provided monies equal to the income
of endowment funds exceeding three million dollars. We in the Institution are
indeed grateful for the opportunities these funds provide to test new ideas.
There is so little that we can say or do in appreciation: the annual dinner, the
annual cruise, the subscriptions to Oceanus and a royal welcome at all times
within the Institution. This is little indeed for the time, the interest and the
devotion which the Associates have given to the Institution.

Perhaps the Associates’ greatest contribution of all is their recognition of the
importance of the work done here. Recognition coming from outside the
Institution and from outside the scientific community is a continuing source of
encouragement. In the final analysis, despite the innate rewards of scientific
research there are few of us, who pursue knowledge for the sake of knowledge
alone or conduct scientific investigations for the sheer beauty of abstract
knowledge, who do not esteem the recognition and goodwill of our fellow-
men. Thus, we are greatly indebted to the Associates for their spontaneous
evaluation of our work.

Indeed, we salute our ASSOCIATES. We appreciate their past support,
we welcome their continued support, and we urge their even greater participa-
tion in our activities.
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Department of Applied ()ceanography

Cooperative effort at the Institution is
standard practice. It would be difficult in
many programs to distinguish personnel by
their departmenta] affiliations. The efforts
of the Department of Applied Oceanog-
raphy reflect thig situation with the work
extending into fields of major interest to a]]
other departments, The computer, for ex-
ample, is used by all departments and is
becoming an important too] in many re-
searches. Other efforts are just as encom-
Passing as the computer. Members from aj]
departments have turned in proposals for
the use of aLyin. These Investigators were
given preliminary dives ip ALVIN during
local operations in the late summer and fall.
Instrumentation development continued in

members of other departments, The major
items are discussed below.

Il nstrumentation

Much could be learned aboyt oceanic
circulation
(Swallow floats) with identifying acoustic
signatures could be scattered throughout
the area of interest (hundreds of miles
radius), and monitored at g single station
Or several stations, depending upon mode
of location. In liey of this, which is rather
an ambitious program, it seemed sensibje
to extend the range of Swallow floats by
increasing the effectiveness of the output
signal and the recording techniques, By
lowering the frequency of the output and
using the Precision Graphic Recorder as
a correlating signal receiver, the effective
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km. This enables 2 ship to track more floats
over a widespread area, with less time spent
in search to relocate instruments out of
range.

In some areas of the ocean, vertica] com-
bonents of velocity exist i the currents,
The magnitudes of these vectors determine
the turnover of nutrients and the general
circulation pattern but have not peep sus-
ceptible to direct measurements, A tenta-
tive design for a modified Swallow float that
senses vertical water motjop by vanes has
been developed and experiments are to be
carried out in early 1965, Although this
instrument may create more questions than
it answers, it is a step toward a better
understanding of the circulation,

The Geology Department useqd the
underwater—photography capability of the
Applied Oceanography Department in
time-lapse studies of sediment movement,
and in the design of a camera-grab sampler.
Underwater photographs were also taken
of the behavior of 4 current meter on g
mooring,

The use of the computer has brought
forth a need of appropriate recording tech-
niques so that large amounts of data may
be collected in » form easily processed by
the computer. Some of this must be con-
verted from analogue to digital form. Such
Problems have beep handled for the Biology
Department in plankton counting, for the
Geology Department in 5 sediment ana-
yzer and for the Department of Theoretical
Oceanography and Meteorology in atmos-
pheric studies,



General Electric 225 Computer

Diagrams of components for oceanographic buoy system on an enlarge- Adjustment of current meter.
ment of the readout film.

Laboratory model of compressed gas drive system for mechanical impact sound source and stroboscopic photo used for
velocity determination.
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A successful model of an air drive system
for the high intensity impact sound source
was assembled and tested.

Buoys — Moored and Drifting

The rather obvious problems of keeping
a “moored” buoy moored and a drifting
buoy located received their share of atten-
tion from the Department of Applied
Oceanography.

Tests with subsurface floats and wire
moorings indicated that two problems in
deep current measurements by moored cur-
rent meters can be greatly reduced. The
subsurface float eliminates high frequency
noise produced by action of a surface float,
and the metallic line must certainly dis-
courage the line “biters” that have raised
havoc with the synthetic line moorings.

New problems arise from these improve-
ments, however. Telemetry signals must be
brought to the surface for efficient trans-
mission. A system was designed and tested
that used a 1000-foot pennant rope to a
small low drag surface transmitter. Al-
though digital data from current meters
was satisfactorily passed from the subsur-
face mooring to the surface transmitter,
the radio transmission efficiency was low.
Recording current meters on subsurface
moorings do not need a surface float, and
preferably do not have one, provided that
an acoustic beacon or transponder on the
subsurface float informs the surface retriev-
ing vessel of the mooring’s location. Such a
device has been developed for use with the
subsurface moorings. In addition, tests have
been run on acoustical release mechanisms
under real operating conditions, The re-
trieval of a current meter mooring without
the anchor weight is reasonably simple, but
with the weight it requires real skill. In
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some cases the anchor weight plus line
weight can part the line. Timed releases
have worked reliably, but the “on schedule”
release of two moorings into the midst of a
“not scheduled” hurricane Gladys was con-
vincing evidence that “on demand” releases
were preferable.

The efficiency of the Consolan receiving
transmitting system for drifting or moored
buoys was improved. The radar actuated
strobe light was used on five cruises and
now successfully fills the need for a bright
light on buoys with a long life time.

Some consideration was given to other
types of buoy sets, with a long spar buoy
being quite attractive for several types of
operations.

Deep Currents

Twenty-five moorings were set in 1964
to study mooring behavior, instrument per-
formance and ocean currents, Thirteen of
the sets were specifically for current meas-
urements rather than system studies.

Currents near Bermuda were found to
exhibit large low frequency shifts above the
main thermocline. The periods cannot be
associated with tides or inertial motion, but
could be eddies set up by the island. Speeds
up to 25 cm/sec have been observed at 600
meters depth. Below the main thermocline
the currents were consistently weak (5 cm/
sec) and rotated with semi-diurnal tidal
frequency.

A series of buoys was set near 30°N to
examine inertial currents at that latitude,
The measurements revealed inertial cur-
rents in an apparently isolated subsurface
layer, raising questions concerning both
their generation and their role in the
dynamics of the ocean generally.



Acoustics and Optics

The multiple paths of long range sound
transmission in the Eastern Mediterranean
were studied in some detail in 1964. This
was a continuation of work started in 1961.
A precisely controlled repetitive sound
source and display on a Precision Graphic
Recorder took advantage of the correla-
tion gains in signal to noise ratio. The
results showed the effect of bottom topog-
raphy on bottom bounce paths quite clearly.
These measured paths were compared with
paths calculated from sound velocity data
and known bottom topography.

Although the knowledge of sound veloc-
ity profiles is increasing from direct meas-
urements, information from many areas
depend upon hydrographic data. Study of
methods to obtain the most reliable sound
velocity data from hydrographic stations
continued.

Pulsed lasers and high speed cameras
offer intriguing possibilities in underwater
photography, although this idea is still far
removed from being a sea-going system.
One dive of ALVIN was devoted to prelim-
inary measurements of the polarization of
the Zenith ray.

Information Processing Center

The computers in the Institution are not
limited to the GE 225. The Geophysics
Department has been operating an IBM
1710 aboard cxaIN for some time, and the
Physical Oceanography Department had a
G-15 aboard aTLanTis 1 for the Indian
Ocean cruise of 1963, and are now ready-
ing a PDP-5 for the Indian Ocean Cruise
of 1965. These sea-going computers are

capable of handling much data at sea, and
in many cases, completing the processing
of the data into final form at sea. Interpre-
tation and analysis often indicates more
numerical treatment of the data is needed
and this is usually carried out on the GE
225. Equipment modifications and com-
puter programs have been designed to make
these several computer systems compatible.

A series of Fortran programming courses
and one course in machine language pro-
gramming were given during the year.
These courses introduce the staff to the
computer and have accounted for many
new users.

As the computer load grows, eventually
it will be necessary to make some major
changes in equipment. At the same time,
the complexity of the problems approached
on the computer increases, and the profes-
sional programming staff must be aug-
mented.

VLF Navigation

The VLF (Very Low Frequency) Navi-
gation systems were aboard cHAIN and
ATLANTIS 1 for major cruises during the
year. This navigation system, which de-
pends on the phase relation between a
received signal and a local oscillator, is
sensitive to the variations in the ionized
layers of the upper atmosphere. At the
present time this system is experimental and
the cruises in 1964 served to point up the
parts of the system that need improving.
The possibility of combining this system
with a satellite navigation system is very
attractive and positive steps were taken in
this direction at the end of the year.
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ALVIN

In June 1964 ALVIN, the two man syb.
mersible, constructed for operations to
6000 feet, arrived at Woods Hole. After a
commissioning ceremony that attracted g
crowd of five hundred people from all over
the country, the fina] diving assembly was
completed, and arviy entered the water.

The first dive was very successful and
brought a feeling of accomplishment to
those who had been working on the pro-
gram. It was rather interesting to note the
€xXpressions on the faces of the engineers
who knew aLviy inside and out from design
to construction, when the craft behaved just
the way they had hoped.

After the first dive, the next phase of the
operation was for the pilots to become
familiar with handling the craft, The cur-
rents and visibility of the waters near
Woods Hole are not ideal for submersible
work, but are 5 good training ground. After
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several weeks of pilot experience, scientists
were taken along as observers, to acquaint
them with the possibilities of using ALvIN
in their work, In the three month operating
period, ALVIN made Seventy-seven dives and
carried fifty-four observers. The observers
were quite impressed with the maneuvera-
bility, the mechanical arm and the lack of
discomfort. The latter Is directly coupled
to length of the dive, however.

Some of the scientists brought along
equipment to make preliminary measure.
ments of subjects of interest to them. A
group from the Geology Department had
made a grab bucket ang scuba survey of
the harbor at Woods Hole, and were greatly
enthused over the opportunity to check
their work from ALVIN,

At the end of the year ALVIN was com-
pletely torn down for inspection and minor
refit prior to making the deep dives,

Earw E, Havs, Chairman



Department of Biology

Nutrient Chemistry
and Microbiology

An understanding of the mechanisms
which control the fertility of the sea by
necessity involves the study of factors which
control the formation, distribution, and fate
of organic matter. Considerable emphasis
has been placed on these problems in the
past, by a number of independent investi-
gators, all working on different aspects of
the same overall problem, and at various
levels in the trophic structure.

During the past year considerable infor-
mation has been obtained on the distribu-
tion of dissolved organic phosphorus in the
Indian Ocean. A pattern of distribution
markedly different from that in the South
Atlantic was found in which organic phos-
phorus was largely limited to the upper
1000 meters. In the South Atlantic, by
contrast, significant amounts occur to 4000
meters and below. Hopefully at the end of
the Indian Ocean program this year these
data will not only aid in an understanding
of deep water movement but will help in
an interpretation of oxidative changes in
organic matter which occur remote from
the region of formation of the water masses.

The half life of naturally occurring car-
bon compounds in deep oceanic waters
appears to be in the neighborhood of 300
years and, although this estimate is based
on several tenuous assumptions, data from
both the Atlantic and Indian oceans sug-
gest that this is not an overestimate. The
fact that no apparent correlation exists be-
tween primary production and the concen-

tration of these substances in surface water
suggests that the decomposition of newly
formed organic matter is extremely rapid
and occurs at the surface. Reservoirs of
carbon-containing compounds which are
formed, and carried from the surface into
deep waters probably consist of a refrac-
tory residual which results either from
differential decomposition of the sum of
producing organisms, or by biochemical
transformation of compounds from more
labile to refractory forms. This suppo-
sition is partly supported by laboratory
experimentation with aging cultures of
phytoplankton where parallel results were
obtained.

Meanwhile experiments on the excretion
of organic compounds by marine phyto-
plankton have demonstrated that growing
cells secrete only recently photoassimilated
carbon. The proportion of old to new car-
bon excreted increases rapidly when the
algae enter stationary-phase growth. Con-
siderable acrylic acid is stored by the alga
Phaeocystis pouchetii but little if any of
this material is excreted by actively grow-
ing cultures in spite of the fact that 30-60%
of the photoassimilate is excreted. An addi-
tional source of dissolved organic substance
is that released by the algae when they are
grazed by zooplankton. Feeding experi-
ments showed that approximately 15% of
algal carbon grazed appears in the media
as dissolved substances.

The capacity of phytoplankton to pro-
duce alkaline phosphates in a medium
depleted of orthophosphate has been dem-

27



onstrated. Several species grow equally
well on glucose 6-phosphate as with the
inorganic form, in every case hydrolyzing
the ester extracellularly and leaving the
glucose intact in solution. Success in stain-
ing cells capable of this activity has shown
that the enzyme is not produced simul-
taneously in all cells of the culture but
begins with a few cells and then progresses
throughout the entire culture,

A study of competition for nutrients by
phytoplankton cells of differing sizes, shapes
and settling velocities has been initiated, In
general it has been found that there is little
likelihood of competition between cells for
nutrients when the cell concentration is less
than 108/liter. Concentrations in the west-
ern North Atlantic rarely exceed 108 cells/
liter. Therefore it is concluded that the
dominance of a particular species does not
result from direct competitive exclusion.

The principal barrier to accurate esti-
mates of the rate of carbon synthesis by
phytoplankton has been caused by uncer-
tainties as to the interaction of photosyn-
thesis and respiration. Estimates of respira-
tion have been obtained by back extrapo-
lation of the photosynthesis-light curve to
zero light intensity, assuming the curve to
be linear. Careful measurements of the
photosynthesis: light relationship in phy-
toplankton at low intensities shows it not
to be a straight line but an “” shaped
curve. This finding is new for natural pop-
ulations and invalidates estimates of respi-
ration obtained by the above method. A
further implication is that photosynthesis
probably occurs at lower light intensities
and consequently greater depth than has
previously been assumed.
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The action of heterotrophic bacteria in
the sea is primarily responsible for the
destruction and turnover of organic mate-
rials. Thus, the study of these organisms
provides a most important link in under-
standing the rate of biological turnover and
the mechanisms involved. Earlier work on
this problem has revolved largely around
attempts at enumeration of the organisms.
More recently controlled open system
chemostats have proved more reliable and
have permitted enzymatic analysis for the
most important energy sources for bacterial
growth. Growth constants were determined
using lactic acid and glycerol as growth
limiting nutrients. The substrate saturation
constant was most indicative of the ability
of a species to metabolize at low nutrient
levels. Under certain conditions bacteria
did not grow below minimum cell densities
indicating the existence of a threshold con-
centration of the nutrient. This might ex-
plain the presence of readily oxidizable
organic compounds in sea water appar-
ently escaping bacterial decomposition, a
feature which was noted above from syste-
matic analyses of the deep water distribu-
tion of organic carbon in the Indian and
Atlantic oceans. An additiona] aspect of
this work, performed independently, has
been the use of radioactive isotopes, em-
ploying uniformly labelled organic com-
pounds, to determine the heterotrophic
potential of organisms in sity.

Biochemical studies have been continued
In an attempt to discover and isolate the
enzyme responsible for the capacity of
Nitrosocystis oceanus to oxidize ammonia.
In a few promising experiments ammonia
was oxidized and cytochrome-c reduced.
This has encouraged continued pursuit of



Diagram of Calanus hyperboreus creating water currents for feed-
ing on the diatom Coscinodiscus.
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Electromicrographs of diatoms which may now be counted in the water with other small particles and organisms while

underway. Later the data may be analyzed by computer.
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an ammonia oxidase system. Recently, eco-
logical studies have been initiated to dis-
cover new species of nitrifying bacteria and
to determine the rate at which nitrification
occurs in the ocean. The latter has been
greatly facilitated by the development of
new mass culture techniques in which it
is possible to obtain essentially pure cul-
tures of single organisms.

It has long been known that many pho-
tosynthetic organisms are obligate hetero-
trophs to a limited extent, such as their
requirement for certain vitamins. The most
important of these may well be vitamin Bis,
which occurs in the ocean in concentrations
of billionths of a part per billion and in at
least three natural forms. Studies have con.
tinued to determine the specificity of ma-
rine diatoms toward each of these types.
Thirteen centric diatoms isolated from dif-
ferent environments have now been exam.-
ined in some detail. A few species give clear
enough responses to each of these analogues
of the vitamin to make the differential bio-
assay of natural waters possible. It is also
clear that, while most centric diatoms have
absolute requirements for this vitamin, only
about half of the pennate ones have this
requirement. On the other hand, most pen-
nate diatoms require thiamine, while only
one centric species is known to require it.

Invertebrate Zoology

During 1964 a study of North Atlantic
epi- and bathypelagic copepods was com-
pleted and a comparable investigation ini-
tiated of Western Indian Ocean copepods.
As a result of the Atlantic work three new
genera and seventeen new species were
described and a great deal of information
obtained on both the vertical and spatial
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distribution of these organisms. The Indian
Ocean studies were undertaken not only to
describe the species present, but also, by
comparison with Atlantic Ocean species,
to determine how widely distributed the
bathypelagic forms are and the extent of
intraspecific variation found in those com-
mon to both oceans. Of the seventeen new
species described from the Atlantic, nine
have also been found in the Indian Ocean.
From studies thus far completed, it appears
that most bathypelagic copepods are very
widely distributed, a point of some dispute
in the literature.

Studies of the feeding behavior and ener-
getics of food conversion by marine cope-
pods have continued, A great deal of infor-
mation has been obtained on the mechan-
isms by which Calanus hyperboreus and C.
finmarchicus capture their food. This is
accomplished not only by their ability to
remove unicellular algae from suspension
by filter-feeding but also by “encounter”
feeding whereby larger particles are in-
gested after physical contact. Such par-
ticles are seized by coordinated effort of
the second maxillae and maxillipeds. Not
all individuals capture their prey with equal
facility—a great deal depending upon their
earlier diet. Animals conditioned to large
particle feeding were more deliberate and
more likely to ingest large particles than
animals conditioned to removing small cells
by filter mechanisms. Comparison of respi-
ration to filter-feeding rates indicates that
natural phytoplankton populations are sel-
dom sufficient to sustain the animals but a
mixed diet of phytoplankton and larger
particles may meet this demand.

Investigations of the distribution of ben-
thic organisms have been extended to



include shallow waters along the shores of
the Indian Ocean in addition to the abyssal
depths of the North Atlantic. An epifaunal
sled has been constructed and used with
success in the Sargasso Sea. Samples ob-
tained by surface skimming in this manner
were dramatically different from infaunal
studies. A graphic method of measuring
faunal diversity has been developed in
which a curve is drawn relating the num-
ber of species to be expected from a given
number of individuals. This permits com-
parison of samples of different sizes from
different regions. Since the points for any
given environment are restricted to its own
narrow sector of the graph each environ-
ment appears to have a unique number-
species curve. This lack of randomness
implies biological organization, the nature
of the organization being different in dif-
ferent environments.

Studies of marine invertebrate larvae has
been greatly enhanced by success in main-
taining several species of gastropods and
sipunculids alive in culture. Thus it is
possible to determine the identity of un-
known larvae by growing them through
metamorphosis until an identifiable form
is reached and also to tell something about
the length of their larval or free floating
life. A large number of samples have been
collected from the North Atlantic, and the
finding in these of a number of larval forms
in the Gulf Stream and throughout the
North Atlantic drift provides evidence of
the trans-oceanic transport of these species.

Fishes

The past year has proved most successful
in terms of the numbers of large pelagic
fishes tagged and recovered. Nearly 4,000

fish were tagged and the total of 213 re-
turns far exceeds the previous records of
75 in 1963 and 48 in 1962. A pattern of
movements typical of several species has
begun to emerge. For example, returns on
bluefin tuna and skipjack showed short
local movements and will be of value
chiefly for estimates of population size and
mortality. On the other hand returns from
white marlin indicate a distinct migratory
pattern. Specimens tagged off Maryland
were recaptured off Cuba. Others showed
movements from the Straits of Florida into
the western Gulf of Mexico and a rapid
early summer migration from North Caro-
lina to the southeast part of Georges Bank.
Returns for greater amberjack were again
numerous. While the majority showed little
or no local movement, two revealed migra-
tions longer than have ever been recorded
for this species, one covering almost the
entire south and east coasts of Florida and
the other from Jacksonville, Florida to the
vicinity of the Isle of Pines, Cuba.

Investigations into the systematics and
internal morphology of tunas and sword-
fish has been greatly facilitated this past
year by the installation of soft and hard
x-ray units. Using these techniques studies
are now nearing completion of species iden-
tification of larval and juvenile tuna by
contact microradiograms. In addition a
histological study of the two-chambered air
bladder unique in 5 of the 6 species of tuna
has been carried out. The gross and micro-
scopic morphology of these air bladders is
being compared with the uncomplicated air
bladder seen in other pelagic fish.

The systematics of rays and skates also
continues to receive attention. Collections
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of skates from the sub-antarctic region and
from the Gulf of Mexico-Venezuela region
have been obtained this year and provide
additional information for a long range
study of the zoogeography of these fishes,

Biophysics and Physiology

Several years ago it was experimentally
demonstrated that bubbles rising through
a water column concentrate dissolved
organic matter and carry it to the water
surface. Upon the collapse of the bubble,
forces exerted upon the organic film by
lateral compression cause these compounds
to be transformed into particles. This proc-
ess may help explain the paradox that pri-
mary productivity alone does not appear
to provide sufficient food to support exist-
ing zooplankton populations. Since par-
ticles should be more abundant at the site
of surface convergences, it is likely that
zooplankton abundance will also be greater
in these areas. The development of an in
situ particle counter coupled with a tem-
perature digitizer has made it possible to
detect these convergences as well as obtajn
counts of the particles from a rapidly mov-
ing ship. Preliminary data demonstrated
that the plankton is probably distributed in
clusters which are in some instances corre-
lated with surface convergences.

During the past year an investigation of
the role of light in the ecology of the sea
was extended. Great differences in the
transparency of water in different oceanic
regions has been demonstrated. As a con-
sequence, considerable variation exists in
the depths at which plants can photosyn-
thesize and at which animals can carry out
photic responses. In the clearest waters it
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is estimated that fishes and perhaps some
invertebrates can detect daylight at depths
as great as 1000 meters. Sensitive pho-
tometers are in use which are capable of
detecting luminescent flashes and, by ade-
quate shielding from incident light, these
measurements may be carried out during
the day as well as at night. It has been
demonstrated that the amount of flashing
varies with locality, depth, and time of day.
The diurnal vertical migrations of pelagic
populations are closely correlated with
changing light conditions. In certain in-
stances more flashing was recorded within
the scattering layer than above or below
it, particularly during periods of rapid
migration.

Spartina, a rooted plant of fresh water
ancestry which has adapted to the salt
water environment, commonly lives in
anoxic muds. It was found that oxygen is
supplied to the roots through gas spaces
running from the leaves down through the
stem. Calculations of diffusion rates based
on the size of the gas spaces and measured
gradients in the plants agreed with meas-
ured rates of gas transport through the
intact plant. Mechanisms by which this
plant regulates its salt and water balance
were also studied. It was demonstrated that
sea water salts are excluded at the roots.
Those salts which are transported to the
leaves are secreted by special glands, mak-
ing it possible for the plant to transpire
without building up internal concentra-
tions of sodium chloride,

Work has been completed on the ther-
mal physiology of several small species of
marine mammals. Telemetering gear was
developed with which the temperature and
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heart beat of the animals could be moni-
tored. On diving, a slowing of the heart
beat occurred in the harbor porpoise,
Greenland seal, harbor seal, bottle-nose
dolphin and pilot whale. During the slow
phase, however, the animal can apparently
induce extra heart beats at will. Earlier
experiments were repeated demonstrating
that the metabolic heat production of these
animals is two to three times higher than
comparable sized land mammals.

The thermal tolerance of benthic marine
invertebrates has been investigated in order

to determine the role of temperature in
explaining the zoogeographical distribu-
tion of these organisms. In general, ther-
mal tolerance agrees reasonably well with
the highest summer monthly mean tem-
perature at the southern limits of their
ranges. Best agreement was found for shal-
Jow water organisms. Intertidal species
show poor agreement, undoubtedly due to
the erratic temperature fluctuations they
are exposed to in nature.

Joun H. RyrHER, Chairman

Davip W, MENZEL, -
Assistant Chairman
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Department of Chemistry and Geology

Geology of the Continental
Shelf and Slope

During the second full year of this joint
program with the United States Geological
Survey the topographic studies of the At-
lantic Continental Shelf and Slope were
completed, and a model based on the con-
tours was constructed as shown in the ac-
companying figure. Nearly 1,000 surface
samples were collected and about 2,500
kilometers of “sparker” lines were run dur-
ing the 1964 cruises of the cosNoLp. The
field program in 1965 will concentrate on
the lithology and structure.

The Continental Margin from Nova
Scotia to the Florida Keys contains many
different topographic irregularities. The
glacial erosion and deposition which oc-
curred northeast of New York produced
an irregular surface on the Continental
Shelf and built up a shallower than usual
continental rise. From New York to Cape
Hatteras sub-aerial erosion on the shelf
followed by submarine erosion deeply in-
dented the continental margin. South of
Cape Hatteras the topography is controlled
by carbonate deposition.

The sediments on the ocean floor were
contributed to the ocean by glaciers, rivers,
organisms, and authigenic precipates.
There appear to be two distinct genera-
tions of deposits: present-day sediments
and those that are relict from the time that
the ocean began to transgress the conti-
nental shelf at the end of the last glacial
period about 20,000 years ago. The older
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sediment is coarse grained, iron stained,
and solution pitted. It contains shells of
ancient near inter-tidal oysters in places as
deep as 90 meters. A geological map of the
continental shelf and slope shows that Plio-
cene and Miocene strata dominate the
shelf, the upper part of the slope, and the
Blake Plateau. Lower on the slope are occa-
sional outcrops of Oligocene to Middle Cre-
taceous strata. Within the Gulf of Maine
are outcrops of Eocene to early Paleozoic
rocks, some of which are igneous. Other
studies being carried out in this program
include the mineralogy and texture of the
sediments, the composition of gravel and
sand size fractions, the mixing of fresh and
salt waters along the coast, organic contents
of the sediments, and the distribution of
Foraminifera, Ostracoda, and microbenthic
fauna on the shelf and slope. In addition
analytical facilities are being set up to de-
termine the distribution of major and minor
elements in sediments and their interstitial
waters. A direct reading emission spectro-
meter recently acquired by the department
under an Atomic Energy Commission Con-
tract will be used for this work.

Coastal Hydrodynamics

This project is concerned with determin-
ing the characteristics of breaking waves.
Measurements of the horizontal component
of velocity has enabled breakers to be clas-
sified into three groups based on differences
in depth of breaking, wave period and wave
phase. These are defined as syminetric,




asymmetric, and very asymmetric. The dif-
ferences in the velocity fields suggest that
breakers may be further characterized by
one or several vortex systems.

Coastal Geology

These studies have attempted to estab-
Jish boundary conditions for the dynamic
studies. Most successful was the work on
outer Cape Cod which showed that a coast
has two fundamentally different bottom
profiles. One of these, the profile of the
sea floor as seen by an echo sounder, is
related to the day to day or even hour to
hour sea state. The other profile, on which
the loose sand lies, is an erosion profile
related to an unknown combination of
overall sea state and it probably maintains
its geometrical shape from year to year. An
attempt will be made to relate this geom-
etry to measurable sea state parameters
such as wave height or length, amount of
storminess, etc. If the behavior of this pro-
file can be predicted it will be possible to
advise engineers about many problems
where sediment volume is serious.

Fossil Microplankton

Studies of the nature and distribution of
late Tertiary and Quaternary dinoflagel-
lates have been continued on sediments
from the Yucatan Basin, the Cariaco
Trench, and the experimental Mohole
drilling on the Guadalupe site. All three
areas contained interesting assemblages of
dinoflagellates including many new species.
Some species from the Yucatan Basin which
were known previously only from the
Quaternary were also found in Miocene
sediments of the Mohole, thereby extend-
ing their known age range.

During the initial phases of this program
it is planned to make a general survey of
fossil microplankton distributions in deep
sea cores from various parts of the world.
This will provide a framework of the dis-
tribution of post-Paleozoic species which
can then be used for more detailed strati-
graphic comparisons in specific areas.

Gear Development

During the past year a free-falling corer
was completed and successfully tested. This
is a device which is dropped at the surface
free, falls to the bottom, takes a gravity core,
then releases its ballast weight and floats to
the surface with the core, signaling its posi-
tion with an electronic flashing light. The
advantages of this device are that samples
can be taken without interrupting other
operations on the ship or requiring the ship
to stand by for a long period of time as with
conventional coring rigs. On cruise 44 of
the cmaIN 21 cores were obtained in 24
coring attempts.

Other gear developments included posi-
tive action valves for gravity corers, which
yield more undisturbed tops on cores; 2
recording tensiometer which gives better
control of the approach to bottom contact
in dredging and coring and a recording,
pressure actuated, opening and closing
device for plankton nets which was used
successfully at depths down to 1,000 meters.
A particularly useful device on CHAIN 44
was the radar reflecting moored buoy de-
signed by C. E. Parker. This unit has been
greatly improved over the past few years,
so that it is now possible to make closely
spaced survey lines over fine structures such
as are associated with the Mid-Atlantic
Ridge.
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Radio Isotopes

Water samples for the analysis of fallout
radioisotopes are now being collected in
the Atlantic by both U. S. and European
weather ships. In addition merchant ships
are collecting samples along the equator,
in Barbados, and the Azores. Large volume
water samples in vertical series from surface
to bottom were obtained at several stations
during cruises 9 and 13 of aTLANTIS 1T and
44 of cuaN. In addition collections of
plankton were made for the determination
of fission products. On cuaIN 44 about 35
cores were taken to ascertain the vertical
distribution of radioactivity in sediments.

Vertical profiles of strontium-90 concen-
tration continued to show that fallout to the
Atlantic Ocean has been from two to ten
times greater than on land at comparable
latitudes. Cerium-144 continues to be the
dominant fission product in the gamma
spectra of plankton and of sediment sam-
ples. Certain elements such as antimony-125
are found concentrated in the sediments but
are absent in the overlying water. This indi-
cates they leave the water column as rapidly
sinking particulate material.

Procedures have been developed for the
flame spectrophotometric analyses of cal-
cium, strontium, barium, cesium and potas-
sium. The use of charged particle activa-
tions in preference to neutron activations
is being investigated for the radiochemical
measurement of stable isotope ratios. New
approaches are also being used to unravel
the contributions of individual elements to
the complex gamma ray spectra obtained
from many samples. During the Interna-
tional Indian Ocean Expedition of the
ANTON BRUUN a series of uptake experi-
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ments were made using radioactive cobalt-
58 and cerium-144 with freshly collected
plankton. The specimens are now being
sectioned and autoradiographed to provide
a better understanding of the uptake of
fallout isotopes by plankton.

Trace Metal-Organic Interactions

Both zinc and cobalt when complexed
with amino acids are taken up by mont-
morillonite clays. The binding of the mono-
valent zinc glycine complex is as strong as
that of the divalent zinc ion. Some elements
are also strongly adsorbed by clays saturated
with organic compounds. The adsorption
of manganese is three times greater on clays
saturated with amino acids compared to
untreated clays.

Organic aggregates can be formed from
dissolved organic matter in sea water by
bubbling. The possibility of incorporating
trace metal ions in these aggregates was
studied by bubbling filtered sea water with
trace levels of zinc-65 and strontium-89.
The amount of metal uptake was negligible.
However, the problem is still being inves-
tigated since the organic matter in this
initial study may not be representative of
that available in all sea water samples at
all seasons.

Chitin Synthesis

The synthesis of chitin from glycogen in
insects has been defined as involving eight
enzyme catalyzed reactions. A similar pos-
sible pathway is now being investigated in
Crustacea. The presence of chitin synthe-
tase, the most important enzyme, has been
demonstrated for the first time in Crustacea
and a number of factors affecting its activ-
ity have been investigated. Some prelimi-
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nary work has also been done on two other
enzymes, glucamine transamidase and py-
rophosphorylase. These three enzymes are
among the most important and are being
studied most intensively through the inter-
molt cycle of the Crustacea.

Shell Morphology

Changes in the size and complexity of
the shells of gastropods of the same species
over short geological periods have been
interpreted to be the result of environmen-
tal changes such as an increase or decrease
in the salinity of the surrounding water,
Studies of the amino acid distributions in
the proteins of these various forms have
indicated that the mechanism of shell alter-
ation first involves the loss of certain acidic
and basic amino acids in the protein struc-
ture of the shell. The loss of these amino
acids leaves molecular holes in the proteins
and these are filled by mineralization. As
“evolution” progresses the shell proteins
become more and more effective mineral-
izers, so that the more advanced forms con-
tain very little protein compared to the
more primitive forms. Other fossi] organ-

Electron micrograph of coccolith.
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isms will be investigated to determine if the
change in acidic and basic amino acid dis-
tribution is a common phenomena asso-
ciated with alterations in shell morphology,

Hydrocarbons in the Seq

The hydrocarbon assemblage of mixed
marine zooplankton from the Gulf of
Maine has been studied in detail. In addi-
tion to pristane, previously reported, a large
number of olefinic hydrocarbons in the Cig
to Cyy range have been isolated. The Ci,
olefins include mixtures of mono-, di-, and
triolefins all with the carbon skeleton of
pristane. Four isometric Cyp diolefins have
been isolated and one Ca1 olefin with six
double bonds. The latter hydrocarbon
appears to be related to the Cy. hexaenojc
acid which has been isolated from men-
haden and other fish oils, Further work will
determine the fate and approximate half
lives of these hydrocarbons both in the food
chain and in the sea water. In view of the
instability of the highly unsaturated hydro-
carbons it is doubtful if many of these
polyenes will pass unaltered through the
marine food chain.

The recent discovery of organic phos-
phorus compounds containing a carbon-
phosphorous bond has.led to a search for
such compounds in marine invertebrates.
The sea anemone Metridium dianthus was
found to contain 2-aminoethylphosphonic
acid in both its proteins and lipids. In the
phyla Coelenterata and Mollusca this com-
pound may account for as much as 50% of
the total phosphorus of the organisms. The
full biochemical and geochemical signifi-
cance of these organic phosphorus com-
pounds remains to be established.

Joun M. Hunt, Chairman




Department of Geophysics

Interest in the ocean as a medium for the
transmission of sound has continued to be
predominant in the program of the depart-
ment during 1964. Nevertheless, intensive
and diverse programs in submarine geology
and geophysics, physical oceanography, and
submarine bioacoustics have been pursued
in the North Atlantic and Indian oceans, in
the Caribbean, Mediterranean and Red
seas, and off Antarctica. Attention has been
chiefly focused on

(1) the acoustic structure and temporal
changes of the deep water between Bermuda
and Puerto Rico.

(2) the geological structure and compo-
sition of sediments and shallower rocks of
the lithosphere in the Indian Ocean, in the
Mediterranean and Red seas, and within
the Puerto Rico Trench.

(3) the effect of mass distribution within
the Earth on local gravity in these same
regions.

(4) the acoustic properties of the ocean
floor and underlying strata in nearly all
areas visited.

(5) the behavior and distribution of
deep scattering layers and their faunas in
the open waters of the North Atlantic
Ocean.

(6) the behavior and phonation of ceta-
ceans and seals in Antarctica, New Zealand,
and local waters as well as that of certain
captive animals. Advantage has also been
taken whenever feasible to accumulate
additional data when traversing other areas.

Expeditions

The principal cruises were one of six
months duration to the Indian Ocean on
the cHAIN as part of the International
Indian Ocean Expedition, one of six weeks
to the Puerto Rico Trench on the aTLANTIS
11, one of two months on the cuaIn includ-
ing a visit to the Mid-Atlantic Ridge at
22°N and a geophysical survey of the Bar-
racuda Escarpment east of the Lesser An-
tilles. A six weeks’ voyage on the ATLANTIS
11 was also made to the Azores and back,
principally to collect fish and to observe the
deep scattering layers along the route.

Excellent seismic reflection, gravity,
and magnetic profiles were recorded
while crossing the Red Sea en route to
Aden. In the Indian Ocean, our expe-
dition took advantage of previous work of
American and European (largely British)
surveys to select meaningful transects of the
Somali Abyssal Plain and the Seychelles-
Mauritius Ridge. Under a variety of
weather conditions, including eighteen con-
secutive days of tropical storm, the Western
Indian Ocean was criss-crossed from Aden
across the Somali Plain to the Seychelles,
down the Seychelles-Mauritius Ridge to
Mauritius and thence back again. During
this period, seismic reflection, bathymetric,
sea-surface temperature, gravity, magnetic
and meteorologic measurements were ob-
tained with the ship underway. Rocks were
dredged at many points along the ridges
traversed, and long continuous strips of
overlapping photographs of the bottom
were made. Some of these were over rugged,
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rocky terrain; others over fascinatingly
complex patterns of sand ripples. The heat
flow from beneath the ocean floor was
measured whenever possible, and cores
were taken with them. At one location, an
oblique seismic-reflection profile was re-
corded to determine the seismic velocity of
the shallow layers of sediment. Collections
of granite were dredged near the Seychelles,
where there are anomalous granite out-
crops on the islands. Rock of this typerarely
occurs except on continents.

Somehow, despite commitments for sub-
sequent cruises, those who participated in
the Indian Ocean work have made pre-
liminary analyses of the data. These were
presented before a meeting of the Royal
Society of London early in December:

“It is considered that the northern por-
tion of the Somali Basin is a deep sedimen-
tary basin partially enclosed to the east by
a submarine ridge from which alkaline
gabbro has been dredged and to the south
by partially buried abyssal hills.

“On the evidence from seven crossings
of the Seychelles-Mauritius Ridge, it is pro-
posed that the Ridge comprises two sections.
The northern section, composed of nearly
horizontally stratified rocks, extends from
near the northern part of Saya de Malha
Bank to the Seychelles Platform. The south-
ern section is a linear, probably volcanic
ridge, that extends from north of Mauritius
through Saya de Malha Bank, and may
continue as a subsurface feature to the
northeast. The two sections abut near Saya
de Malha Bank, forming a continuous topo-
graphic feature.”

On the return, the eastern Mediterranean
was criss-crossed for a brief survey with
seismic reflection, gravity and magnetic
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techniques. Off Lebanon there were layers
of sediment over a rough basement. The
traverse south of Cyprus transected the
prograded submarine slope of the Nile delta
and another along a course to the northwest
revealed complexly fractured deposits of
layered rock to a deep, sediment-filled basin
southeast of Rhodes. East of Sicily, cores
were taken in a deep, flat basin covered
with sediment, where their distribution
suggests that it is in process of being filled
by clastic sediments transported by turbidity
currents. Photographs were made across a
submarine canyon off southern Italy in an
attempt to determine whether such cur-
rents were perceptible.

A detailed geophysical survey of the
Ligurian Sea was made, where a principal
zone of structural change from the ocean-
like basin of the western Mediterranean to
rocks of obvious European affinities had
already been established. Here there are
two major north-south striking faults. From
seismic reflection evidence the areas be-
tween the two faults and also between the
casternmost one and Italy are regions of
deposition and subsequent folding.

In the flat basin of the western Mediter-
ranean, similar profiles revealed structures
that appear to be diapiric and could well
be salt domes, if the intermediate rocks of
the basin (a layer having velocity of about
5.2 km/sec) consist of sediments resembling
those known in Ttaly.

Continuous seismic, gravity, and mag-
netic measurements were made between
Monaco and Plymouth, England. Emphasis
was given (1) to recording seismic reflec-
tions across a suspected major fault in
Galicia Bank to delineate the principal
structures there, (2) to the determination



of the thickness of sediments beneath the
abyssal plain in the Bay of Biscay and to the
magnetic properties of seamounts there, and
(3) to the survey of a synclinal structure
extending westward from the English
Channel. The latter had been examined
previously in collaboration with British
colleagues in the western approaches to the
Channel. In 1960 this synclinal structure
could only be traced by seismic reflection to
about 100 to 200 meters below sea level, but
their age and the types of rock were iden-
tified by comparison with cores. It is hoped
that traceable reflections have now been re-
corded to depths two or three times that
depth. Possibly even deeper horizons have
now been detected — horizons previously
detected by refraction.

The Mid-Atlantic Ridge and median rift
was intensively examined for a distance of
about 120 miles by means of a fine grid of
echo soundings, by dredging rocks, and
photographing the bottom. Heat flow meas-
urements were unsuccessful because the
probes could not penetrate the very rocky
bottom.

The principal objective of a cruise of the
ATLANTIS II to the Puerto Rico Trench was
to cooperate with work aboard the French
bathyscaphe ARcHIMEDE in the Puerto Rico
Trench, but the weather conditions limited
participation to a search for suitable loca-
tions for dives of the submersible, to dredg-
ing nearly a ton of rock along the north
wall, and to making seismic reflection pro-
files across the Trench. Both the seismic
profiles and the rock sampled are similar
to those obtained previously but never-
theless they provide valuable supplemental
information about this complex geologic
structure.

Observations during this cruise revealed
that the shallow thermal front near 30°N
had an associated change in deep water
extending from the surface to well below
the axis of the SOFAR channel. This struc-
ture corresponds with a pronounced, but
unexplained, anomaly in hydrographic sec-
tions made in the early 1930’s, which, with
other related evidence, suggests that it is a
permanent or semi-permanent feature of
the North Atlantic circulation.

Additional sound velocity profile deter-
minations were also obtained to learn more
about the long-term stability of the acoustic
structure over the ocean area between Ber-
muda and the Antilles. These indicated
some change since the earlier survey in July

and August of 1962.

Continuous underway geophysical ob-
servations (seismic reflections, gravity and
magnetic field intensity) were obtained
during a cruise of the craIN from Woods
Hole to the Mid-Atlantic Ridge at 22°N,
and thence to St. Thomas, V. I. The neces-
sity for cruising at high speed and other in-
strumental limitations made these data less
useful than those for other recent cruises.
Nevertheless, much valuable information
on the structure of shallow sediments and
on the gravity and magnetic fields as well
as some measurements of heat flow were
recorded. A short gravity and magnetic
survey, together with some seismic reflection
records of the Barracuda Escarpment (east
of Martinique in the Lesser Antilles) fol-
lowed. This feature has been considered as
a possible Mohole site.

Submarine Geology and Geophysics

The sedimentary structures on the
Bermuda Rise, the Outer Ridge north of
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Puerto Rico, and the continental shelf,
slope, and rise south of New England have,
over the years, been examined largely by
means of seismic reflection profiles. Supple-
menting these there have been a series of
refraction measurements of the earth’s crust
beneath the Outer Ridge, and several col-
lections of rocks from the Outer Ridge -
Puerto Rico Trench. As a result it appears
that two major layered sedimentary series
overlie rocks of intermediate compressional
velocity (5.2 km/sec) here and there be-
tween the Nares Basin and the Puerto Rico
Trench. These are interrupted by older
protruding rock. Whether the protrusions
are intrusions, relict relief, or the result of
faulting is unclear. It does seem clear that
the latest thick layer of sediments was de-
posited after most of the tectonic activity
had taken place. The recent profiles across
the north wall of the Puerto Rico Trench
may reveal the succession in the deposition
of the sediments and in the formation of
the Trench.

A gravity survey of the Republic of Haiti
was completed and reported upon as the
first step in a considerably larger study
around the Island of Hispaniola to delin-
eate the major geologic structures of this
portion of the Caribbean region.

Internal Waves

Data from towed and fixed thermistors at
100-meters depth may in time reveal some
of the basic energy transfer processes in-
volved in ocean movements, Preliminary
analyses indicate that the directional spec-
tral density of thermal fluctuations obtained
from towed transistors decreases roughly
inversely with the square of the wave num-
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ber in the wave-length range 300 to 6000
meters, but that the temporal frequency
spectra from fixed thermistors for fluctua-
tion periods between 40 and 1000 minutes
varies roughly inversely as the square of
the frequency.

During the ATLANTIS 11 summer cruise
internal waves were measured in the vicin-
ity of Bermuda with a sound velocimeter,
suspended in the main thermocline (425
fms). There was some indication that the
20-minute period internal waves were caus-
ing some slight motion of the velocimeter.
To supplement these observations near
Bermuda, a string of thermistors was towed
In a star-shaped pattern and the tempera-
ture fluctuations were digitally recorded.

Sound Propagation and
Reverberation

The propagation of sound through sea
water is a sensitive indicator of water struc-
ture. In the recent past, interest at Woods
Hole has centered on various aspects of
propagation in natural horizontal sound
ducts or channels in the open ocean. In
addition to the well-known SOFAR chan-
nel (virtually worldwide) other sizable but
smaller and less extensive channels are
found at various depths within the top 1000
meters of the ocean. In some places two or
more channels lie one above another. In
1960 and subsequently measurements have
been made to determine the acoustical
coupling between such channels. Detailed
analysis of these results is continuing. The
patterns of observed sound intensities are
being compared with theoretical models
based on the structure of the water ob-
served by means of the thermistor chain or
the sound velocimeter. Much of this year
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has been occupied with assembling pro-
grams (based on the models) for making
computations of sound paths and intensi-
ties of the sound field.

Sound scattered by the rough surface of
the ocean floor provides a means of meas-
uring its shape and certain physical prop-
erties. In echo sounding, Comparatively
little use is made of the acoustical data pro-
vided since little more than local water
depth is measured. The recent successes
with seismic reflection profiling by this and
other institutions has provided a rich store
of information about sediments and rocks
below the sea floor, but, again, little infor-
mation is gleaned about the sea floor itself,

A program of measurement and analysis
of sound scattering by the sea floor was
initiated at Woods Hole a number of years
ago for the purpose of understanding and
making more use of this scattered sound.
Extensive measurements of the sound of
explosions scattered by the sea floor at vari-
ous localities over severa] years in the North
Atlantic have been analyzed to provide
back-scattering coeflicients as a function of
the angle of incidence.

Insome places where the sea floor appears
flat the bottom reflection of the high fre-
quency portion of the sound of an explo-
sion is followed by a smooth decay in the
average intensity of scattered sound which
appears to follow Lambert’s scattering
law. There is a wide range in the scattering
coefficient presumably caused by differ.
ences in bottom roughness or composition.
In other places the decay of scattered
sound is quite irregular, probably because
of large scale topographic features nearby.
Even a modest sample of data of this sort
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requires a major analysis program, which
has been largely completed during the past
year. This work was greatly facilitated by
the use of automatic data reduction and
analysis programs in the Institution’s digi-
tal computer.

Natural Sounds in the Sea

Studies of sound production, principally
of whales and porpoises, have long been
an adjunct to the development of under-
water acoustics, Recently these have in-
cluded other marine mammals as well, A
preliminary account of the underwater
sounds of the Weddell seal (Leptonychotes
weddelli) suggested many interesting ques-
tions in connection with these most remark-
able sounds. Weddell seals, unlike other
Antarctic seals, are non-migratory. During
winter, the seas that they inhabit are com-
pletely ice-covered, save for small holes used
by the seals for breathing. Do Weddel] seals
use underwater sound to orient themselves
in food-getting and in returning to their air-
holes under these difficult circumstances?
It is hoped that the observations made in
Antarctica in the fall will provide an answer.
In addition, the sounds of a captive killer
whale, Orcinys orca,and a captive manatee,
Trichechus latirostris, were recorded. The
former had not been recorded in the work
here and the peculiar structure of the
sounds of the latter has never previously
been reported.

Sound Scatterers

The principal sound-scatterers of the
deep ocean are mesopelagic fishes with
swim-bladders, and an understanding of
their geographical distribution in the North
Atlantic should resolve 2 number of prob-




lems in underwater acoustics. What are the
areas within which this fish fauna is homo-
geneous? What is the physical nature of the
boundaries separating these areas? Do
sound-scattering properties of an area
correctly delimit areas of fish-fauna
homogeneity?

A method for detecting such faunal
boundaries based on fish collections taken
over long oceanic transects, when applied
to data gathered between the Romanche
Trench and Bermuda, indicated that one
exists in the southern North Atlantic (ca.
12°N). This coincides not only with the
northernmost penetration of South Atlantic
Central Water into the North Atlantic, but
also a pronounced change in the 12-keps
sound-scattering occurred at the same point.

On the cruise of the aTLANTIS 11 to the
Azores and back, the principal objective
was to collect additional data to further
clarify the questions asked above. In this
connection, the trough southeast from the
Grand Banks separating the two North
Atlantic gyres was examined as a possible
faunal barrier, chiefly by using a midwater
trawl along two transects. Continuous echo-
soundings of deep scattering layers were also
recorded to accumulate more data in order
to check the hypothesis that such faunal
areas may be delimited from their sound-
scattering properties alone. In addition, a
novel midwater trawling gear was tested,
simultaneous echo-soundings and tape-re-
cordings of the clicks of diving sperm whales
were made, and so-called American Scout
Seamount was proven to be non-existent.

Of the 300 species of macrourid fishes
described, the great majority live over the
continental shelf, particularly in the sub-

tropical and tropical parts of the ocean.
Strangely enough, the abyssal species do
not have drumming muscles on their swim-
bladder. This sound-making mechanism is
confined to males of slope-dwelling species.
Another peculiarity of this family is that
their larvae and postlarvae do not inhabit
the surface layers as is characteristic of
many other groups.

Bioluminescence

The bioluminescence of certain marine
micro-organisms has a diurnal rhythm.
Maximum activity occurs during hours of
darkness, the minimum during daylight.
This is true, not only at the surface in
shallow coastal waters, but also throughout
the euphotic zone of the deep ocean. Below
the euphotic zone the diurnal rhythm seems
to be feeble. During the solar eclipse
in 1963 bioluminescing micro-organisms
appear to have responded as if the sun were
setting, then rising once more. In short,
endogenous rhythms did not over-ride the
exogenous factor of changing light.

Underwater Photography

Bottom photography as a method for
studying the natural history in the deep
ocean was used to describe the population
density, diversity of species present and the
habits of fishes in the Red Sea and the Gulf
of Aden. A similar study was begun using
the many fine photographs taken near the
site of the sunken submarine THRESHER.

By using well-known photographic de-
velopments, it has been possible to obtain
photomontages, consisting of hundreds of
enlargements of a convenient size, reveal-
ing continuous strips of the ocean floor
fifteen to twenty feet wide and a mile or

45



more in length. Topographic detail can be
scaled from individua] stereoscopic pairs of
photographs. Thus, large areas of the sea-
floor can now be studied with a precision of
a fraction of an inch. This new technique is
one of the more exciting developments in
oceanography in recent years.

Computers

Automation, both in data-taking and in
data reduction and analysis continues to be
emphasized. The development of an IBM
1710 control system on the CHAIN has con-
tinued and has now been augmented by a
greatly expanded core memory and by ran-
dom access disc recorders. This may be
used as a recorder and automatic data
reduction device, as a scientific log, and as
an off-line general purpose computer at sea
even while recording new data. Last year,
gravity and magnetic observations were
successfully reduced to an automatic rou-
tine, and navigation, echo soundings and
some logging functions were undertaken
with some human intervention. This year,
echo soundings were recorded automati-
cally and great progress was made toward
automatic navigation where suitable navi.
gational aids were available. A complete
logging system was used during two long
Cruises,

Automatic, on-line reduction of seismic
reflection observations and measurements
of sound velocity in sea water have not yet
been successfully programmed at sea. On
shore, however, a vast store of digital com-
puter programs has been created and tested
for sound-ray tracing through complex
water structures for long distances over a
rough bottom, updating and reduction of
gravity data to get free air and Bouguer
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anomalies, reduction of sound velocity data,
reduction of reverberation data to scatter-
Ing cross-sections, etc.

Thermistors

The thermistor chain, obsolescent be-
cause it cannot feasibly be made much
longer than 300 meters, is being replaced by
a faired cable. Thus, it is hoped to develop
thermistors and several other types of
sensors for towing in deep water to about
500 meters at speeds of up to 6 or 8 knots.
This is known to be practical, but the exact
depth and the speed is not known. New
instruments were successfully tested during
the year and a cable and snap-on fairing
system worked. Temperature can now be
recorded automatically and is compatible
with digital computers. This system will
feed its output directly to the computer on
CHAIN and it also records the same data for
re-play to a digital computer.

Signal to Noise Ratio

Theoretical investigation employing sim-
ultaneous filtering in space and time
domains will, it is hoped, improve the
signal-to-noise ratio of weak subbottom re-
flected signals obtained by continuous seis-
mic reflection profiling. In principle, the
method of filtering can preserve the signal
wave shape but at the same time rejects the
noise arbitrarily distributed in the temporal
and spatial frequency domains, In addition
to the radiated noise interference from the
ship (which should be reduced using
advanced filtering methods), a study to
improve the design of a towed array of
hydrophones is also under investigation to
reduce flow noise.

J. B. HersEy, Chairman



Department of Physical Oceanography

North Atlantic Circulation

To further our knowledge of the circu-
lation of the North Atlantic it is unfortu-
nately necessary to obtain observations in
areas and seasons where it is almost certain
that, to put it mildly, the going will be
rough. One of these areas is the northern
North Atlantic in late fall and winter and
during 1964 members of this department
found exactly that, “rough-going.”

From January to May aboard the
ATLANTIS II observations were made of the
water masses and currents in that portion
of the Gulif Stream System that lies in the
western basin of the Atlantic to the east of
the Grand Banks of Newfoundland. The
oxygen concentration at all sigma-t sur-
faces was found to be substantially above
the Sargasso Sea concentrations and these
two portions of the System were separated
by a trough of low pressure in the neigh-
borhood of the Southeast Newfoundland
Rise. These observations support the two-
gyre theory, proposed by Worthington
(1962), in which the main circulation of
the North Atlantic is divided into a south-
ern gyre, mostly confined to the Sargasso
Sea, and a northern gyre extending north-
ward from the Southeast Newfoundland
Rise to latitude 52° N., and confined to
the west of the 30th meridian. If this pic-
ture of the circulation is accepted, then it
will be necessary to discard the term “Gulf
Stream System” as inappropriate and mis-
leading for naming the main circulation in
the North Atlantic.

On this same cruise of the ATLANTIS 11
current velocity measurements were made
in the Norwegian Sea overflow water enter-
ing the western basin through a gap in the
Mid-Atlantic Ridge near 52° N. This deep
overflow water was moving at rates of as
much as 8 cm/sec. Dynamic computations
using the direct current measurements and
temperature and salinity data gave a vol-
ume transport of the 4.6 million m3/sec
flowing into the Labrador Basin through
the gap.

In June and again in the “rougher”
months of November and December the
CRAWFORD was used to trace out the con-
stantly changing path of the Gulf Stream
in the area south and west of the Grand
Banks. A new method was used to track
the Stream; temperature and pressure
sensors were towed at a depth of 200
meters at speeds around 7 and 8 knots,
and these data plus the surface tempera-
ture were recorded continuously in the
laboratory. The ship was headed so as to
follow as closely as possible the horizontal
temperature gradient associated with the
Gulf Stream, at times following the “mid-
dle” isotherm (generally the 15° isotherm},
at other times crossing and recrossing the
gradient. On the June cruise, gradients of
as much as 10°C in one kilometer were
observed while the average speed of the
surface current was close to 4 knots.

During November and December the
pattern of the Gulf Stream meanders was
much more complicated than what was
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observed in June; the gradients were gen-
erally less abrupt and the currents weaker.,
In the 33 days that elapsed between the
November and the December cruises a
large segment of the Stream moved 100
miles to the eastward.

In an attempt to measure the total vol-
ume transport of the Gulf Stream, hydro-
graphic stations were occupied and direct,
deep current measurements were made in
the Stream from the CRAWFORD in October.,
The cruise was interrupted by the passage
of two hurricanes, however, and the data
obtained may not prove sufficient to show
the volume transport at that time,

An analysis of surface velocity measure-
ments collected at four locations in the
Florida Current shows that eddy motions
at the surface produce a transfer of kinetic
energy from the eddies themselves to the
mean flow. The production of mean kinetic
energy by the eddies at the center of the
current is sufficient to maintain the sur-
face current against the dissipative action
of lateral eddies along the edges.

Not all the studies of the North Atlantic
circulation have been confined to the rela-
tively intense western currents. A series of
average monthly profiles showing the ver-
tical temperature distribution in the upper
300 meters of the North Atlantic has been
produced. Circulation patterns are indi-
cated by the pronounced horizonta] tem-
perature gradients.

Two Consolan Radio Drogues, with the
drogues at 1000 meters, were set out dur-
ing the first week of June in the Sargasso
Sea, 120 miles west of Bermuda. Consolan
fixes from the buoys, up to the end of
August, showed that they traveled closely
parallel for 150 miles to the southwest and
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then diverged slightly (about 10°), still
advancing to the southwest at about 18 cm/
sec for another 150 miles. This type of cur-
rent observation together with observations
of the surface thermal fronts and associated
currents in the southern Sargasso Sea, al-
though extremely interesting, have yet to
be tied to a scheme of the general circula-
tion in the western North Atlantic.

Finally the surface flow on the conti-
nental shelf between Newfoundland and
Florida has been inferred from drift bottle
data for the period 1948-1962. The results
of this lengthy and very informative piece
of research form Folio 7 of the American
Geographical Society’s Serial Atlas of the
Marine Environment.

Indian Ocean Currents

An examination of the circulation in the
northwestern Indian Ocean during the
southwest monsoon, on the basis of hydro-
graphic sections made from the ATLANTIS It
in 1963, suggests a strong response of the
upper layers to the wind. Geostrophic cur-
rents across latitudes 5°N. and 10°N ., Com-
puted relative to a depth of 1000 m, show
alternating bands of northward and south-
ward moving water. The total northward
and southward geostrophic transports are
of the order of 50 — 100 X 108m3/sec,
considerably larger than anticipated, and
comparable to transports estimated for the
Gulf Stream and the Kuroshio. Direct
measurements of vertical shear on the
3°N. section are in agreement with the
geostrophic calculations,

A more detailed survey of the currents
near the Somali coast during the same time
of year was made in 1964 on a cruise of the
R/V ARGO organized Jointly by the Massa-

.
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chusetts Institute of Technology and the
Scripps Institution of Oceanography, with
participation by members of this depart-
ment. Hydrographic sections and direct
current measurements were carried out in
cooperation with the R.R.S. DISCOVERY.
Strong surface currents, up to 5.2 kts, were
observed on the western edge of the north-
eastward-flowing Somali Current.

Atlantic Equarorial Currents

Current meter measurements and serial
observations of temperature, salinity and
oxygen obtained by the cRawForp and the
CGHAIN during EQUALANT I are greatly en-
larging our knowledge of the equatorial
currents. These include the North and
South Equatorial Currents, the Equatorial
Countercurrent (around 4° to 10°N.), the
Equatorial Undercurrent at the equator
and what appears to be another Equatorial
Countercurrent around 5°S.

The major source of the high salinity,
high oxygen water which is characteristic
of the core of the Equatorial Undercurrent
is the area in the Southern Hemisphere just
east of the bulge of Brazil. The Equatorial
Countercurrent in the North shows some
influence from this source as well.

The current meter measurements showed
eastward velocity components of up to 69
cm/sec at a depth of 80 meters at the
Equator. At most stations, low speeds and
random directions at a depth of 155 meters
indicated that this level is close to the bot-
tom of the Undercurrent. At 405 meters
depth, the measured currents were gen-
erally flowing to the west. So far, attempts
at calculating the current structure at the
Equator from the pressure field, so as to
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fit it with the currents as measured with
the meters, have not been very successful.

The Mediterranean and Red Seas

Rounding out the material for an atlas
of the Mediterranean Sea, a series of
volumetric T/S diagrams have been con-
structed. These diagrams show the volume
distribution of various water masses for
discrete sections of the Mediterranean
based on data acquired during certain
Woods Hole cruises to the area.

Observations in the Red Sea by the
ATLANTIS 1I, the British Research Vessel
DISCOVERY and the German Research Vessel
METEOR have brought to light a phenom-
enon of considerable interest to oceanogra-
phers. At 21°17.2'N., 38°02.5'E, at depths
between 2000 and 2200 meters, water with
a salinity above 300°/,, and a temperature
of 44.5°C was found. In no other area of
similar depth in the Red Sea has this anom-
alous water type been observed.

When ATLANTIS 11 was enroute to the
Indian Ocean in July 1963, hydrographic
and meteorological data were obtained in
the Great Bitter Lakes of the Suez Canal.
Their salinity is now about 46°/,,, and
these data, together with data supplied by
Professor Morcos of Alexandria University
show that the salinity has been decreasing
only slightly in recent years. Shortly after
the canal was opened, however, the Bitter
Lakes salinity was 68°/ 0 , and Wiist (1934,
1937) attributed this high value largely to
the dissolution of salt beds. A heat budget
has been prepared showing that daily evap-
oration in July can exceed the requirements
for increasing the salinity of inflowing Red
Sea water to that of Bitter Lakes water. It
is possible that the salt beds have either
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leached out or have sealed over and do not
now contribute to the characteristics of the
Bitter Lakes.

Instrumentation

In several instances oceanographic in-
struments are being developed to meet

Temperature profile from Sardinia to Northern
Africa.

specific research needs in this department.
Besides the towing gear used in the Gulf
Stream work mentioned above, and the
development and expansion of the Con-
solan Radio Drogue system used in the
Sargasso Sea, considerable effort has been
expended to increase the effective range
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of Swallow floats, and in the conversion of
the in-situ salinometer to a conductivity-
temperature-depth instrument. In Septem-
ber four of the modified Swallow floats
were set out about 100 miles north of Ber-
muda and a maximum signaling range of
16 miles was achieved. Another significant
advance was the use of a rectangular array
of three towed hydrophones to fix the posi-
tions of the floats from a ship underway;
with the ship moving at 10 knots through
a moderate sea (sea state 4), 4-kc. float
signals were recorded at a range of 10
miles. This new method of locating the
floats should greatly facilitate deep current
measurements.

Work on the conductivity salinometers
has led to investigations of the dependence
of the electrical conductance of sea water
on pressure and the concentrations of dis-
solved carbon dioxide, oxygen and nitro-
gen. Since the precision of existing labora-
tory salinometers is not better than 0.002-
0.003%. , and that of in-situ salinometers
even less, the effect of varying concentra-
tions of oxygen and nitrogen in sea water
is not of much concern for the conducto-
metric measurement of salinity; the carbon
dioxide effect, however, while small, is large
enough to be taken into consideration.

Rapid Data Processing

In several areas high-speed computers
are proving useful both in making possible
analyses of observations which would have
been prohibitively time-consuming without
them, and in greatly accelerating basic,
routine data-reduction. Since moored cur-
rent meters must necessarily collect thou-
sands of measurements on each record,
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processing these data with a digital com-
puter is unavoidable. A system has been
developed which produces a usable digital
output from the film records, and in order
to make current meter observations gener-
ally available, a summary of the data from
about fifty records is being compiled. As
part of the first stage of a project for study-
ing the spectra of the current measure-
ments, a special-purpose computer program
has been written to cover an extremely wide
frequency range. Such a program for ex-
ploring the records for possible spectral
peaks is necessary, since the large amount
of data from even a single film could be
used to define frequencies over a four
decade range.

Analysis has been completed of the fre-
quency and directional spectra of several
series of temperature fluctuations due to
internal waves on the near-surface ther-
mocline. Observations were made at a
depth of 100 meters, on the Atlantic equa-
tor and at a location 110 miles northwest
of Bermuda.

Computer programs have been written
to process original hydrographic-station
data, and produce as output tabulations
of all observed quantities and computed
values of pressure, sigma-t, potential tem-
perature, specific volume anomaly, and
dynamic height. Optional provision is made
for interpolations of dynamic height and
calculation of geostrophic velocity and
transport between hydrographic stations. A
photo reduction of the typewritten output
for each station replaces the typed or hand-
written reduced data card formerly placed
on file.

Freperick C. FucLisTER, Chairman
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and Meteorology

Transport processes are the heart and
muscles of the ocean and of the atmosphere
as dynamic systems; transport or flux of
momentum, of heat, of chemical constitu-
ents, of electric charge, and, last but
not least, of water in its various states of
aggregation going in horizontal and verti-
cal directions in each medium, and across
the interface. To be able to understand
these processes, laboratory and computer
experiments are performed and field studies
undertaken. Theoretical models are syn-
thesized, at times complicated, to represent
a number of interacting processes, at times
simplified to the verge of the unrealistic, to
capture the essence of a particular dynamic
regime.

Indian Ocean

Within the framework of the Inter-
national Indian Ocean Expedition mem-
bers of the meteorological group worked
out of Bombay, India, for two one-month
periods, one during the Northeast, and one
during the Southwest monsoon regime.
Objectives were the direct measurement of
vertical heat and momentum fluxes as well
as the charting of flow conditions both on
the seasonal-oceanic and on the diurnal-
coastal scales. From the preliminary reduc-
tion of data, the outstanding finding is that
the cold upwelling waters off the Somali
coast cause a strong, low-level-wind jet to
form. Drastic reduction of surface friction
due to thermal stabilization of the boundary

layer seems to be the crucial factor in this
phenomenon.

Aruba Project

The first phase of an intensive effort to
study the air-sea boundary layer, with par-
ticular reference to the effects of the grad-
ual development of the sea state with fetch,
was carried out in Aruba in the Dutch
Antilles. An instrument system comprising
several telescoping towers for shallow water
use, and a stable buoy for measurements in
deep water, received its first extensive field
trial. Data reduction is proceeding, and
additional instrumentation (in particular
for wave studies) have been developed for
a second trip in 1965.

Volcanoes and the Sea

A rare coincidence occurred, shortly
after the publication of laboratory results
describing an electric charge separation
(discussed in the report for 1963), when a
volcanic island was born south of Iceland.
It thus provided a large-scale test of the
applicability in nature of the suggestion
that the violent contact zone between
molten lava and sea water is a region of
intensive production of the positive space
charge. Electric field measurements in the
vicinity of steam clouds produced by the
lava stream pouring into the sea were en-
tirely compatible with the intensity of the
charge separation expected on the basis of
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the laboratory work. Further work to eluci-
date the mechanisms of the surface inter-
action is in progress.

Radiation Thermometry
and Marine Fogs

Steam fog formation is a manifestation
of the vertical flux of heat and water vapor
at the ocean surface. With the Institution’s
C54Q aircraft equipped with an infrared
radiometer to measure sea surface tem-
perature, preliminary observations were
made of the modification and formation of
fog in warm air crossing the Gulf Stream
into cooler waters off Nova Scotia. The
principal results thus far have been the
determination of a proper design for a
future series of experiments and of design
criteria for modification of the radiometer
used (to reduce vapor interference).

Cloud Physics

The large volume of data on dynamic
and thermodynamic parameters of con-
vective clouds previously collected has
necessitated the development of computer
techniques for their reduction and analysis.
The availability of these techniques makes
future use of the instruments for measuring
liquid water content of clouds much less
formidable a task, and encourages the plan-
ning of new tests of various theoretical
cloud models. One set of such instruments
has been made available to the U.S.
Weather Bureau Research Flight Facility
for use on its hurricane research missions

during 1965.

Studies of Weather Ship Data
The body of observations obtained aboard
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weather ships is the chief source of informa-
tion about long-term fluctuations in air-sea
interaction processes. The concept of the
oceans acting as thermodynamic flywheels
in the combined system has been tested by
a statistical study of the deviations of air
temperature and dew point from the sea
surface temperature. Short-term variations
in the flux of heat and moisture from the
sea to the atmosphere are found to be
almost entirely dependent on atmospheric
fluctuations, but the variance of the sea-air
temperature difference between the same
months of different years depends about
equally on sea and air fluctuations.

Climatic Effect of
Land-Sea Area Distribution

Integration over a simulated period of a
hundred years was performed using a
mathematical model designed to contrast
the influence of land and sea on heating of
the atmosphere. The results show that
monsoon circulations associated with zonal
(east-west) differential heating, particu-
larly in summer, can carry appreciable
amounts of heat in a meridional direction.
Accordingly, the strength of the mean zonal
circulation in the atmosphere for the same
latitudinal heating difference is much
weaker in the presence of zonal contrasts
produced over continents than over a
homogeneous, water-covered surface. In
agreement with observations in the atmos-
phere, the model shows a lag in the adjust-
ment of the atmosphere to the seasonal
transition in continent-ocean contrast. This
leads to a temporary buildup of potential
energy in the system, which isreleased by in-
tensive disturbances, the equinoctial storms.
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Dynamics of the Gulf Stream

A theoretical study of thermal boundary
currents, with direct application to the
Gulf Stream, has been completed. Exact
solutions of similarity form to the full three-
dimensional
equations are given, which permits a pre-
diction of the Gulf Stream north from the
Strait of Florida. So far only the develop-
ment of the mass transport has been com-
pared with actual data. Good agreement
has been found. Inclusion of topographic
effects, coastal slope, is planned as an
extension of the theory.

baroclinic boundary layer

The predictions made by dynamic theo-
ries for the ocean pertain in general to
fairly large-scale transports of essentially
geostrophic character. Direct observations
of currents are generally local in character,
and hence subject to small scale “noise.”
Indirect methods are uncertain because an
arbitrary reference level must be selected.
In an attempt to circumvent this difficulty
and to measure small geostrophic currents
by direct measurements of pressure gradi-
ents, an instrument has been developed
consisting of a 6000-foot armored rubber
tube attached to a hypersensitive flowmeter.
Shallow water experiments with this equip-
ment will be carried out early in 1965.

Hydrodynamics of Rotating Fluids

The complexity of the non-linear inter-
actions in a rotating fluid makes the
availability of a high-precision laboratory
facility essential for testing theoretical de-
ductions. But equally often experiment has
to precede theory. Experiments have been
performed this year on the uniform flow
past obstacles and on the damping of
Rossby-waves in a channel. The important
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factor in both cases is the extent of the
influence of boundary layer effects. These
experiments have served to verify theories
already developed. On the other hand, a
sequence of experiments involving forced
convection in a deep rotating body of fluid
have provided both qualitative and quan-
titative information as a basis for theoreti-
cal work on the dynamics of water spouts,
tornadoes and related phenomena.

Coupled Convection of
Heat and Salt

Temperature and salinity are the two
basic variables which determine the density
of sea water. A statically stable stratifica-
tion exists in a body of water when the
combined effects of heat and salt content
increase the density with depth. But a situ-
ation, where the temperature and salinity
gradients oppose each other (e.g., warm
salt water overlying cool fresher water)
may be unstable due to differences in the
diffusivity of heat and salt. Indeed the case
just cited has previously been shown to
lead to a mode of convection known as
“salt fingers.”

It has now been found that the opposite
case (i.e., cool fresh water overlying warm
salt water) leads to a layered convective
system, with a sequence of sharp interfaces
separating convecting, and hence well-
mixed layers of water. The greater diffusi-
tivity of heat, compared with salt, makes
the boundary layer on each side of such an
interface thermally unstable even when the
net stability across it is appreciable. Theo-
retical as well as experimental work to elu-
cidate the dynamics and the geophysical
importance of this process is proceeding.



Kinematics and Dynamics of
Sedimenting Suspensions

Theoretical work on the dynamic effects
of the weight of a sedimenting suspension
has produced results which should be appli-
cable both to downdraft formation in rain
clouds and to density currents. This has led
to the development of a vortex model for
density currents which has received prelim-
inary experimental evaluation. Further ex-
periments with a larger system are planned
to follow up the promising initial results.

A by-product of this work is the finding
that the arctic atmosphere in summer
should act as a trap for extraterrestrial
aerosol particles in the size range below one
micron. It is suggested that this may be a
significant factor in the genesis of that
brilliant phenomenon of the high latitude
summer nights, the noctilucent clouds.

Summer Courses

In its sixth year the summer program in
Geophysical Fluid Dynamics again pro-
duced a broad spectrum of student con-
tributions. The interdisciplinary studies
ranged from work on antarctic oceanog-
raphy to hydromagnetic oscillations. As in
the past, the staff guided the selection of
student topics with several goals in mind.
One was to isolate that part of a problem
which might become fruitful in the space
of approximately eight weeks. The more
important goal was to find “open-ended”
problems, which would continue to chal-

lenge the student after his return to the
university.

In addition, a course centered around
the dynamic processes of the air-sea bound-
ary was given. About half of the student’s
time was devoted to formal lectures and
seminars, and half to individual research
problems, generally of the character of
experimental or observational work oreval-
uation of such work. Several substantial
contributions to the research problems re-
ported above were made by this group.

Seminar Activity

The bi-weekly seminars on geophysical
fluid dynamics held jointly with Massachu-
setts Institute of Technology and Harvard
University added the University of Rhode
Island as a regular participant. A substantial
increase in the size of the audience reflected
the increase in the number of graduate stu-
dents and research workers in this field. As
usual this Institution served as host to every
third seminar, and our staff provided the
speakers to half of the seminars held
elsewhere.

New this year was a series of working
seminars on current theoretical problems
held here during the fall with participation
by representatives from the Massachusetts
Institute of Technology. It is hoped that
this also will develop into a regular feature
of our activity.

CovLumBus O’D. Iserin, Chairman
CrAes G. H. RoorH, Assistant Chairman
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Ashore and Afloat

A number of meaningful events took place during 1964 in connection with
our expansion both ashore and afloat.

Nearly a year after it was first occupied, the Laboratory for Marine Sciences
was dedicated on 8 May at a morning ceremony. Dr. Leland J. Haworth, the
Director of the National Science Foundation, gave the dedicatory address
and was followed by Dr. Jerome Wiesner, who spoke briefly. In the afternoon,
four lectures were given by members of the staff. The formal opening was
preceded by an open house for the townspeople and school children a week
earlier. It is estimated that some six thousand persons took advantage of the
opportunity to visit the Institution.

On 19 August, the deed to the Laboratory of Oceanography was recorded
in the Barnstable County Court House. This gives ownership of the former
“Navy” building to the Institution, subject to certain restrictions that will be
binding for a period of twenty years. The transfer to the Institution was
approved by the appropriate legislative committees and the General Services
Administration.

ALVIN, a deep submergence vessel designed to go to 6000 feet, was commis-
sioned in the parking lot of the Laboratory of Oceanography on 5 June with
Mus. Allyn C. Vine as the sponsor. The principal address was given by the
Honorable James H. Wakelin, Jr., Assistant Secretary of the Navy for Research
and Development, preceded by some remarks made by Captain Charles B.
Momsen USN, Director, Undersea Programs, Office of Naval Research.
ALVIN is the culmination of the work of many people — the research scientists
who insisted that they be allowed to examine the depths of the ocean by direct
observation, the engineers and technicians whose skills made its construction
possible, and those in the Office of Naval Research who are convinced that
the United States Navy can better fulfill its mission through greater knowledge
of the seas. ALVIN offers exciting new possibilities for research at sea.

At about midnight on 18 February, ATLANTIS I was steaming toward her
next station some distance north of the Azores, when she was hit by a freak
wave. Seven windows on the bridge were broken and the water continued on
through the chief scientist’s cabin. Although there was considerable damage
to the electrical equipment and the bulkhead of the chief scientist’s cabin was
badly dented, there were no serious injuries to the four men on the bridge at
the time. All the repairs were made at the dock in Woods Tole by Institution
personnel. The cost of approximately $25,000 was covered by tusurance except
for the $2500 deductible clause.
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Cruises— 1964

ATLANTIS 1

CRUISE

9
10
11
12
13
14

DATES

16 Jan.—4 May

6 May—10 June
18 June—-8 August
20 Aug.—26 Aug.
1 Sept.—5 Oct.

20 Oct.—18 Dec.

CRAWFORD

CRUISE DATES

103 3 Feb.—4 Mar.
104 12 Mar.—20 Mar.
105 23 Mar.—30 Mar.
106 7 Apr.—19 Apr.
107 2 May-20 May
108 25 May—8 June
109 10 June—11 June
110 13 June-2 July
111 6 July—9 July
112 15 July—22 July
113 23 July

114 3-8 August

115 1222 August, 1964
116 29 Aug.—21 Sept.
117 22-24 Sept.

118 30 Sept.~22 Oct.
119 2 Nov.—18 Nov.
120 21 Nov.—5 Dec.
121 8 Dec.—15 Dec.

Days at Sea — 251

AREA OF OPERATION

North Atlantic—Azores
Munro’s Shipyard

San Juan, Puerto Rico
Bermuda Buoy Line
North Atlantic—Azores
Brazil, Barbados

Days at Sea — 224

AREA OF OPERATION

Bermuda

Norlantic Shipyard
Bermuda

Gulf of Maine
Bermuda

Bermuda Buoy Line
Block Canyon

Gulf Stream

2,000 fathom curve
Hudson River, N. Y.
Local

39° North—69° West
Gulf Stream
Bermuda

Munro’s Shipyard—Hurricane
Gulf Stream

Gulf Stream

Gulf Stream

Gulf Stream

Total Miles Sailed — 37,300 Mi.

DAYS

97
52

7
35
60

SCIENTIST
L. V. Worthington

E. Hays
H. Sanders
R. Backus
D. Menzel

Total Miles Sailed — 29,304 Mi.

DAYS

31
8
13
19
15
2
20
4
7
1
6
11
24
23
17
15
14

SCIENTIST
. Walden

R. Parker

R. Conover
N. Fofonoff
C. Parker
R
A
R
B

=]

. Stanley

. Voorhis

. Walden
. Ketchum

P. Mangelsdorf
Fofonoff & Volkmann

G. Volkmann
F. Fuglister
A. Voorhis

F. Fuglister
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Cruises— 1964

CHAIN

CRUISE DATES

42 15 Jan.—2 Feb.

43 15 Feb.~21 Aug.
22-24 September

44 29 Sept.—16 Nov.

45 23 Nov.—31 Dec.

GOSNOLD

CRUISE DATES

34 3 January

35 7—12 January
23-27 January

36 28-31 January

37 1—14 February

38 17—-18 February

39 24-29 February
1-6 March

40 17—-22 March

41 30 Mar.—10 Apr.

42 13-15 April

43 16 April-2 May

44 7-12 May

45 15 May-29 June

46 6~-9 July

47 17-20 July

48 21-29 July

49 1-29 August

50 8-10 Sept.

51 15-22 Sept.
2224 Sept.

52 24-26 Sept.

53 2—-31 October 1964

54 2—6 November

55 9—-11 November

56 16—18 November

57 10 December

58 13 December

59 17-20 December

Days at Sea — 257

AREA OF OPERATION

70° West longitude

Indian Ocean-Mediterranean
Munro’s Shipyard —Hurricane

Barracuda Rise, Abyssal Plain
Munro’s Shipyard

Days at Sea — 202

AREA OF OPERATION

Local

30 Fathom Curve
Norlantic Shipyard
1,000 Fathom Curve
Buzzards Bay

Wilkinson Basin
Buzzards Bay

Buzzards Bay

Gulf of Maine

Off Narragansett Bay
Off Provincetown
Norlantic Shipyard

Gulf of Maine

Florida Coast

Local

Local

Off Narragansett Bay
New Jersey Coast

Gulf of Maine
Continental Shelf of Georges
Munrzo’s Shipyard ~Hurricane
Gulf of Maine

Gulf of Maine

39° North and 69° West
1,000 Fathom Curve
Continental Shelf

Local

Local

Gulf of Maine

Total Miles Sailed — 42,167 Mi.

DAYS

19
189

49

SCIENTIST

A. Voorhis
J. B. Hersey

Total Miles Sailed — 18,167 Mi.

DAYS

o]

B R WO W, XWDDW RS

SCIENTIST

R. Conover
D. Bumpus
J. Teal

L. Bennett
J. Teal

L. Bennett
L. Bennett
R. Conover
Scripps

L. Bennett
R. Conover
R. Pratt

L. Bennett
D. Krotser
Scripps

J. Hiilsemann
$. Haq

R. Pratt

R. Conover
E. Uchupi
R. Walden
R. Conover
E. Uchupi
W. Dow

G. Clarke
J. Teal
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Personnel

Eight individuals joined the Research Staff during 1964: John C. Beckerle
coming from the Schlumberger Well Surveying Corporation, Richard L.
Chase, a former postdoctoral fellow, from Princeton University, Douglas
Cormack, from Glasgow University, Egon T. Degens, from California Insti-
tute of Technology, Christopher Gatrousis from Clark University, John M.
Hunt, from the Jersey Production Research Company, J. Stewart Turner, a
former Rossby fellow, from Australia, and David Wall, a former postdoctoral
fellow, from the University of Glasgow.

There were three resignations during this same period: David D. Caulfield
is at the Electric Boat Company, Johan A. Hellebust moved to Harvard
University, and Melvin E. Stern is now at the University of Rhode Island.

Dr. Norman B. Marshall, who was at the Institution as a Visiting Investiga-
tor for approximately a year and a half, has returned to London, where he is
Principal Senior Scientific Officer at the British Museum (Natural History).

In 1964, also there were for the first time a number of individuals retiring
under the Retirement Plan, now ten years old. The eight individuals were
honored at a year-end ceremony, as were two others, Ralph H. Bodman who
retired on June first and Edwin T. Bryant, neither of whom qualified under
the plan: Norman T. Allen after 23 years service, Harold Backus after 33
years, Warren O. Bowman after 18 years, Stanley N. Eldridge after 24 years,
Harry L. Hodgkins after 20 years, William C. Schroeder after 32 years, Otto
Solberg after 20 years and Mrs. Esther N. Wilson after 17 years.

In response to a petition filed by the Seafarers International Union of
North America Atlantic Gulf Lakes and Inland Waters District, AFL-CIO,
the National Labor Relations Board conducted during the fall a representa-
tion election among the unlicensed secamen on our research vessels. The
vote tallied 57 for no union representation and 6 in favor of the SIU.

Sidney T. Knott, Jr., was given the Navy’s Meritorious Citation for his
work in connection with the THRESHER search.

The Institution continued its scholarship to a graduate of Lawrence
(Falmouth) High School. This year the recipient was Wesley E. Stimpson,
who is now attending Tufts University.
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Scientific Departments and Supporting Services Personnel

PauL M. FyE .

Bostwick H. KETcHUM
Davip D. Scott .

Director

Associate Director for Biology and Chemistry
Assistant Director for Administration

The following were in the entploy of the Institution for the twelve-month period

ending December 31, 1964:
Department of Biology

Bartlett, Martin R.
Baylor, Edward R.
Breivogel, Barbara B.

Chadwick, Constance W.

Chin, Edward
*Clarke, George L.
Clarner, John P.
Conover, Robert J.
Corwin, Nathaniel
Dean, Mildred W.
*Fraser, Grace C.
Grice, George D., Jr.
Guillard, Elizabeth D.
Guillard, Robert R. L.
Gunning, Anita H.
Hampson, George R.

Hessler, Robert R.
Hulburt, Edward M.
Hiilsemann, Kunigunde
Jannasch, Holger W.
Kahler, Yolande A.
Kanwisher, John W.
Koslowski, Jutta G.
Kuenzler, Edward J.
Laird, John C.
Markgren, Louise S.
Masch, David W.
Mather, Frank J., IIT
McGill, David A.
Menzel, David W.
Mogardo, Juanita A.
Perras, James P.

*Renshaw, Thomas H.

Department of Applied Oceanography

Andersen, Nellie E.
Andrade, Marie
Barstow, Elmer M.
Baxter, Lincoln II
Bradley, Mabel D.
Brockhurst, Robert R.
Broderson, George
Chute, Edward H.
English, Jean J.
Fairhurst, Kenneth D.
Fofonoff, Nicholas P.
Freund, William F.
Gifford, James E.

Graham, Russell G.
Hays, Earl E.
Heinmiller, Robert H.
Horn, Henry M.
Howland, Myron P., Jr.

*Jones, Maxine M.

Lyon, Thomas P.
Marquet, William M.
Mavor, James W., Jr.
McCamis, Marvin J.
Michael, Joseph C., Jr.
Morrill, Duncan E
Norton, Elizabeth

Department of Chemistry and Geology

Andersen, Neil R.
Athearn, William D.
Bentley, Harold W.
Blumer, Max
Bowen, Vaughan T.
Burke, Barbara A.
Burke, John C.
Carey, Francis G.
Coppenrath, Agnes I.
Emery, Kenneth O.

*Fitzgerald, William F,
Foley, Robert

Frothingham, Joseph R., Jr.

*Giese, Graham S.

tHathaway, John C.

Hayes, Carlyle R.
Hiilsemann, Jobst B.
Hunt, John M.
Kite, Sherril A.

tManheim, Frank T.

McAuliffe, Julianne G.

tMeade, Robert H.

Morris, Robert E.
Mott, Norman S.
Noshkin, Victor E., Jr.
Paul, Russell K.

Pratt, Richard M.

*Part Time Employment

Rogers, M. Dorothy
Ryther, John H.
Sanders, Howard L.
Scheltema, Rudolf S.
Schilling, John L.
Schroeder, William C.
Sears, Mary

Stanley, Helen 1.
Teal, John M.
Turner, Harry J.
Vaccaro, Ralph F.
Valois, Frederica W.
Watson, Margaret E.
Watson, Stanley W.
Wilson, Esther N.
Yentsch, Charles S.

Owen, David M.
Rainnie, William O., Jr.
Reese, Mabel M.
Sharp, Arnold G.
Shodin, Leonard F.
Shultz, William S.
Simmons, Charles F.
Soule, Floyd M.
Stimson, Paul B.
Walden, Robert G,
*Walsh, Joseph B., Jr.
Webb, Douglas C.
Wilkins, Charles H.

Rounbehler, Marcia M.

Sachs, Peter L.

Sass, Jeremy
1Schlee, John S.

Siegel, Alvin
*Sugihara, Thomas T.
tTagg, A. Richard

Tasha, Herman J.

+Trumbull, James V. A,

Turgeon, Robert R.
Uchupi, Elazar
Watts, John W.
Zeigler, John M.

tMember of U. S. Geological Survey assigned for work at the Woods Hole Oceanographic Institution
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Department of Geophysics

Aldrich, Thomas C.
Backus, Richard H.
Bergstrom, Stanley W,
Bowin, Carl O.
Broadbent, Alice G.
Bunce, Elizabeth T.
Cain, Henry A.
Carter, Alwyn L.
Cleary, Kathleen A.
*Collins, Belinda F.
Dow, Willard
Dunkle, William M., Jr.
Feden, Robert H.
*Gallagher, Gloria S.
Grant, Carlton W., Jr.

Hays, Helen C.
Hersey, J. Brackett
Hess, Frederick R.

Johnston, Alexander T.

*Jones, Barbara A.
Knott, Sydney T., Jr.
Lynch, Frank L., Jr.
Mellor, Florence K.
Mizula, Joseph W,
Morehouse, Clayton B.

*Nowak, Richard T.
Payne, Richard E.
Perkins, Henry T.
Peterson, Jane M.

Department of Physical Oceanography

Allen, Ethel B.
*Arons, Arnold B.
Bailey, Phyllis T.
Barbour, Rose L.
Barrett, Joseph R., Jr.
Bradshaw, Alvin L.
Bruce, John G., Jr.
Bruneau, Robert E.
Bumpus, Dean F.
Chase, Joseph
Day, C. Godfrey
Densmore, C. Dana

Department of Theoretical Oceanography and Meteorology

Alexander, Robert M.
Armstrong, Harold C.
Blanchard, Duncan C.
Bunker, Andrew F.
Frazel, Robert E.
Ibbetson, Alan

Department of Administrative and Service Personnel

Allen, Norman T.
Anders, Wilbur J.
Backus, Harold
Backus, Jeanne M.
Bard, Wallace R.
Behrens, Henry G.
Bjorkman, William P,
Bowman, Warren O.
Brennan, John
Bryant, Edwin T.
Burke, John E.
Burns, Geraldine M.
Cabral, John P.
Campbell, Eleanor N.
Carlson, Alfred G.
Carlson, Eric B.
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Denton, Edward A.
Frank, Winifred H.
Fuglister, Frederick C.
Hays, Betty C.
Houston, Leo C.
Metcalf, William G.
Miller, Arthur R.
Munns, Robert G.

Pacheco, Marguerite E.

Parker, Charles E.
Phillips, Helen F.
Randall, Vivian H.

Iselin, Columbus O'D.
Kraus, Eric B.
Levine, Joseph
Ronne, F. Claude
Rooth, Clags G. H.

Carlson, Ruth H. E.
Carver, Kenneth W,
Chalmers, Agnes C.
Christian, John A.
Clough, Auguste K.
Condon, John W,
Cook, Harold R.
Conway, George E.
Corr, James P.
Crocker, Marion W.
Croft, Donald A.
Cummings, Priscilla J.
Day, Joseph V.
DeCosta, Nancy S.
Dimmock, Richard H.
Doty, Jeanne C.
Eastman, Arthur C.

Poole, Stanley E.
Rhoads, Sandra S.
Ruppert, Gregory N.
*Schevill, William E.
Senefelder, Lynne M.
Stetson, Thomas R.
Stillman, Stephen L.
Sutcliffe, Thomas O. L.
Tasko, Edward R.
Vine, Allyn C.
Watkins, William A.
Wing, Asa S.
Witzell, Grace K.
Witzell, Warren E.

Schleicher, Karl E.
Schroeder, Elizabeth H.
Soderland, Eloise M.
Stalcup, Marvel C.
Stanley, Robert J.
Volkmann, Gordon H.
Voorhis, Arthur D.
Warren, Bruce A.
Webster, T. Ferris
Whitney, Geoffrey G., Jr.
Worthington, L. Valentine
Wright, W. Redwood

Saunders, Peter M.
Spencer, Allard T.
Stevens, Raymond G.
Thayer, Mary C.
Webster, Jacqueline K.

Eldridge, Stanley N.
Ferguson, Sandra K.
Fernandes, Alice P.
Ferris, George A.
Fielden, Frederick E.
Fisher, Stanley O.
*Fuglister, Cecelia B.
Gallagher, William F.
Gaskell, Fred
Geggatt, Edward E.
Giolosa, Albert A.
Grant, Carlton W., Sr.
*Hahn, Jan
Hampton, Carolyn
Hatzikon, Kaleroy L.
Henderson, Arthur T.
Hodgkins, Harry L.



Department of Administrative and Service Personnel (cont.)

Hodgson, Sloat F.
Hunt, Otis E.
Ingram, Ruth C.
Innis, Charles S., Jr.
Jenkins, Delmar R.
Johnson, Harold W.
Kania, Martha L.
King, Una T.
Kostrzewa, John A.
Lane, Egbert B.
Leach, David G.
LeBlanc, Donald F.
MacKillop, Harvey
Mangelsdorf, Frederick E.
Martin, David W.
Martin, Olive
McGilvray, Mary K.

Marine Personnel

Allstrom, Frank C.
Babbitt, Herbert L.
Backus, Cyril
Bailey, Peter

Baker, William R.
Bazner, Kenneth E.
Betterly, Robert
Bizzozero, John P.
Bowen, Harold E.
Brereton, Richard S.
Brown, Joseph C.
Bumer, John Q.
Byron, Paul C.
Cabral, John V,
Cahoon, Geraldine B.
Carter, Richard J.
Casiles, David F.
Cavanaugh, James J.
Clarkin, William H.
Colburn, Arthur D., Jr.
Cook, Alden H.
Cook, Hans
Copestick, Louis B.
Cornell, Jack W,

McHardie, James
Mitchell, James R.
Morrison, Kenneth
Motta, Joseph C.
Orr, Elizabeth D.
Ortolani, Mary
Pasley, Gale G., Jr.
Patterson, John E.
Pimental, John M.
Reis, Janice A.
Roberts, Harry A.
Rossby, Harriet A.

Rudden, Robert D., Jr.

Russell, Mary L.
Simons, Cecelia M.
Slabaugh, Luther V.
Solberg, Otto

Cotter, Jerome M.
Coughlin, Brooks W.
Crouse, Porter A.
Davis, Charles A.
Devlin, Gerald X.
Edwards, Richard S.

Ewing, William R., Jr.

Goodwin, Steven W,
Grisham, Andrew C.
Halpin, William T.
Hamblet, Dwight F.
Hiller, Emerson H.
Holmes, Roy

Howe, Paul M.
Howland, Paul C.
Hussey, John B.
Jefferson, Albert C.
John, Alfred C.
Karram, Calvin D.
Lacey, Walter H.
Leiby, Jonathan
Matthews, Francis S.

McLaughlin, Barrett J.

Miner, Arnold W.
Mitchell, Peter C.

Souza, Thomas A.
Stanbrough, Jess H.
Stansfield, Richard
Stimpson, John W,
*Sullivan, James R.
Teixcira, Morris
Tometich, Louis J.
Veeder, Ronald A.
von Dannenberg, Carl A.
Walker, Jean D.
Watson, L. Hoyt
Weeks, Robert G.
Wessling, Andrew L., Jr.
Wing,Carleton R.
Woodward, Fred C., Jr.
Woodward, Ruth F.
Wright, Hollis F.

Moller, Donald A.
Montgomery, Earl C.
Morse, Joseph C.
Mosier, Craig R.
Mysona, Eugene J.
Palmieri, Michael, Jr.
Pennypacker, Thomas R.
Pierce, George E.
Pierce, Samuel F.
Pike, John F.

Ribeiro, Joseph

Rose, Lawrence

Roy, Alfred J.

Seibert, Harry H.
Sointu, Sulo

Stires, Ronald K.
Thurston, Theodore G.
Tully, Edward ].
Vincent, Samuel W.
Wheble, John E.
White, William A.
Williams, Bennett
Williamson, Harvey V.
Woodward, Jan A.
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Grants and
Fellowships

The following persons were awarded grants,
fellowships or honoraria during 1964:

Henry W. ALTLAND
Gettysburg Collge

Ne1L R. ANDERSEN
Massachusetts Institute of Technology

F. A.]. ARMSTRONG
The Laboratory, Plymouth, England

Francis P. BRETHERTON
University of Cambridge, England

Ronavrp J. Bucaanan
University of British Columbia, Canada

GEORGE B. BurRNETT
Ambherst College

Harorp L. BursTYN
Brandeis University

RoBERT J. BYRNE
University of Chicago

ANN E. CamMPBELL
Bryn Mawr College

GrEN A. CaNNON
Johns Hopkins University

J. N. CARRUTHERS
National Institute of QOceanography
Wormley, Surrey, England

RicuARD L. CHASE
Princeton University

Tromas M. CHURCH
Colgate University

Eric D. S. CorNER
The Laboratory, Plymouth, England

Partrick A. Davis
Columbia University

RoserT G. Donovan
University of Notre Dame

UrieL Frisca
Institut d’AStl’OPhYSinl‘le
Centre National de le Recherche Scientifique
Paris, France
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Joun D. Gage
University of Southampton, England

Joris GIESKES
University of Manitoba, Canada

Bjorn N. GJEVIK

University of Oslo, Norway

CyntHIA T. GRANT
Yale University

HARVEY P. GREENSPAN
Massachusetts Institute of Technology

ANDRE GUILCHER
Université de Paris, France

Ricuarp L. HAEDRICH
Harvard University

BeEnyaMmin R. HALPERN
University of California, Los Angeles

JEELANTI HAQ
Jamia College, Karachi, Pakistan

Sycp-MazHAR-UL Hag
University of Karachi, Pakistan

Kraus HASSELMANN
Scripps Institution of Oceanography
University of California, San Diego

FrepErIck P. HEALEY
University of British Columbia, Canada

Jackson HerriNG
Massachusetts Institute of Technology

Raymonp Hipe
Massachusetts Institute of Technology

HarTLEY HOSKINS
University of Chicago

Derear P. KriLy
Massachusetts Institute of Technology

Ker~n KEnvON
Scripps Institution of Oceanography
University of California, San Diego

RoBerT A. Knox
Ambherst College

James R. KRaMER
Syracuse University

T. N. KRISHNAMURTI
University of California, Los Angeles

ARVE KVALHEIM
University of Oslo, Norway



STEPHEN J. LovE

Philadelphia College of Pharmacy and Science

WirLiam S. Mabpbpux
Princeton University

WirLeMm V. R. MaLkUS
University of California, Los Angeles

MuURRAY J. MITCHELL, JR.
U.S. Weather Bureau

Wirriam R. MoEHL
University of Tennessee

Epwarp C. MoNAHAN
Massachusetts Institute of Technology

RoeerT F. MORRISON
New York University

STEPHEN P. MURRAY
University of Chicago

ANDREW J. NALWALK
University of Pittsburgh

Davip NEev
Geological Survey, Israel

Ricuarp T. Nowak
Massachusetts Institute of Technology

STEVEN A. Orszac
Princeton University

Hans PaNorsxy
Pennsylvania State University

Ricuarp W. PauLsoN
Massachusetts Institute of Technology

JosEpH PEDLOSKY
Massachusetts Institute of Technology

Joun~ G. P1ERCE
University of California, San Diego

STePHEN Ponp
University of British Columbia, Canada

Lewis D. Quin
Duke University

CarrtoN Ray
New York Zoological Society

Hans Erick REINECK
Research Institute for Geology
Senckenberg, Germany

Dowarp C. RHoADS
University of Chicago

J. CoLin ROBERTSON
University of Glasgow

ArraN R. RoBINSON
Harvard University

RoeerT E. ROCKWELL
University of Massachusetts

CraEs RooTr
University of Stockholm, Sweden

MicuHAEL M. RosBasH
California Institute of Technology

MvurRAY ROSENBLATT
Brown University

PeTER L. SACHS
University of Reading, England

Davip SCHLOSSBERG
Massachusetts Institute of Technology

Lars-GUNNAR SILLEN
Royal Institute of Technology
Stockholm, Sweden

Woorrcort K. SmrTH
Michigan State University

DaNiEL J. STANLEY
University of Ottawa, Canada

James B. SUuLLIVAN
New York University

MELVIN S. SWANSON
Pennsylvania State University

Joun S. TURNER
Commonwealth Scientific and Industrial
Research Organization, Australia

STEN GOsTA WALIN
University of Stockholm, Sweden

Davip WaLL
University of Sheffield, England

ArTtHUR E. WEGWEISER
Washington University

PeETER J. WiLr1AMS
National Research Council
Ottawa, Canada

DonarLp M. WiLsoN
Scripps [nstitution of Oceanography
University of California, San Diego

ArtrUR T, WINFREE
Cornell University

Joun Woobcock
Mce@Gill University, Canada

Joun R. YEARSLEY
Massachusetts Institute of Technology
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Treasurer’s Report

The accounts for the year 1964 have been audited by Lybrand, Ross Bros.
& Montgomery.

The book value of endowment funds at December 31, 1964, was $4,155,304,
of which $1,582,212 represented accumulated net gain from sales of invest-
ments. The market value of endowment assets on the same date, including
real estate at book amount, and $169,424 in cash was $6,778,864. Endowment
fund investments and income received therefrom are summarized on page 79.

Income received on endowment assets was $221,990 for the year ended
December 31, 1964, compared with $209,095 the previous year.

Endowment income represented a return on endowment fund investments
of 3.4 per cent at year-end market quotation, 5.6 per cent on book amount and
8.6 per cent on the contributed amount of the endowment fund.

Endowment income was allocated for 1964 operating expenses at the rate of
6 per cent of the contributed amount of endowment funds, or $152,525. Of
the remaining balance amounting to $69,465, there was transferred to the
income and salary stabilization reserve, $67,790 and to Oceanographic
Associates as income from investment of life memberships, $1,675.

The Associates donated a total of $84,232 to the Institution during the year,
This provided a very substantial addition to our unrestricted funds. See
Directors comments page 21.

During 1964 $200,000 was transferred {rom the working capital and con-
tingency reserve to the fund for acquisition of capital assets.

The Institution’s 1964 contribution to the Woods Hole Oceanographic
Institution’s Employees Retirement Trust amounted to $184,172.
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LyBRAND, Ross Bros. &. MONTGOMERY
ACCOUNTANTS AND AUDITORS

COOPERS &. LYBRAND

IN AREAS OF THE WORLD

Woods Hole Oceanographic Institution QUTSIDE THE UNITED STATES

Woods Hole, Massachusetts

We have examined the balance sheet of Woods Hole Oceanographic Institu-
tion as at December 31,1964 and the related statements of changes in funds and
of operating expenses and income 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. It was
not practicable to confirm receivables from United States Government depart-
ments, but we have satisfied ourselves as to such accounts by means of other
auditing procedures. We previously examined and reported upon the financial
statements for the year ended December 31, 1963.

In our opinion, the accompanying statements (pages 76 and 77, inclusive)
present fairly the financial position of Woods Hole Oceanographic Institution
at December 31, 1964 and the results of its operations for the year then ended,
in conformity with generally accepted accounting principles applied on a basis
consistent with that of the preceding year.

The supplemental schedules included in this report (pages 78 to 79, inclu-
sive) although not considered necessary for a fair presentation of the financial
position and results of operations, are presented primarily for supplemental
analysis purposes. This additional information was obtained from the Institu-
tion’s records and is, in our opinion, fairly stated in all material respects in
relation to the basic financial statements taken as a whole.

Boston, Massachusetts
March 2, 1965
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