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IV. DIRECTOR’S REPORT

I ntroduqti on

This has been an interesting and exciting year in science. The period follow-
ing the first satellites has been alive with a resurging interest in science
and cultural pursuits. The International Geophysical Year has proven to be
a huge success and oceanography has shared in this resurgence and these
successes.

The Institution’s contribution to the I.G.Y. has been outstanding. In all,
approximately 1,000 hydrographic stations have been taken during the total
period and over 24,000 samples of water obtained for analysis. Staff mem-
bers have participated in twelve complete sections of the North and South
Atlantic Oceans and in four partial crossings east of the Mid-Atlantic Ridge.
The I.G.Y. funds helped oceanography weather a difficult financial period
and the returns have been rewarding. One of the most important results has
been a new high in international cooperation among scientists the world over.
Dr. Arnold B. Arons represented the Institution at the I.G.Y. meetings in
Moscow in August and Dr. Columbus O’D. Iselin attended the second
meeting of the Special Committee for Oceanic Research (SCOR) of the
International Council for Scientific Unions in Paris in September. It is sin-
cerely hoped that these evidences of scientific goodwill throughout the world
will increase and that this Institution will play an important role in conti-
nued international cooperation.

The National Academy of Sciences’ Committee on Oceanography headed
by Professor Harrison Brown has been holding frequent and energetic meet-
ings throughout the year. Dr. Iselin has represented Woods Hole on this
important committee and now reports as the year ends that we can shortly
expect to see the first fruits of these endeavors. There has been much talk of
expansion in oceanography and of large sums of money to be made available
for research in the earth sciences. Actually this year has seen very little real
money resulting from these post-Sputnik discussions. The main evidence of
improved solvency in oceanography is that, whereas it was impossible in the
beginning of the year to prepare a budget, by the year’s end a budget for 1959
had been prepared which in almost all respects was based on firm commit-
ments of money. This budget was, however, only ten percent higher than the
three million dollars expended during 1958.

In accordance with the Trustees’ directive of the last Annual Meeting
that the Institution plan for further orderly expansion while maintaining the
high excellence of its scientific program, the Director has established com-
mittees for the design of new research vessels, for land acquisition, for a build-
ing program and an educational policy committee. The need for training of
capable young people in marine science is very apparent and the educational

12




REPORT FOR THE YEAR 1958 13

policy committee, although established late in the year, has been most active
in reviewing our association with universities, in improving our fellowship
program, in providing adequate teaching opportunities for our senior staff
and in setting up training courses for the younger members.

The establishment of the Carl-Gustaf Rossby Memorial Fellowship by the
Executive Committee in October is considered a fitting fulfillment of the
Trustees’ request for an appropriate memorial to our beloved Senior Meteor-
ologist. Preference will be given to applicants interested in those areas of
study, sufficiently numerous, which engaged Professor Rossby’s own attention.
As our contribution to the American Meteorological Society’s Rossby Me-
morial, the Society was invited to name the first Rossby Fellow. Dr. P. M.
Saunders of the Imperial College of Science and Technology in England, who
will spend a year in Woods Hole working with Dr. Joanne S. Malkus, was
selected.

In this, my first Annual Report, perhaps I may be permitted a few per-
sonal observations and initial impressions. Seldom, if ever, has a new Direc-
tor of a research institution been so fortunate as to have available for advice
and help all the previous directors. The helpful discussions with Dr. Bigelow,
Admiral Smith and Dr. Redfield have been greatly appreciated by me. To
have Dr. Iselin as my constant mentor has been a source of strength and a very
great personal pleasure. He is filling the Henry Bryant Bigelow Chair of
Oceanography with great distinction and continues to be an inspiring leader
for all of us.

Although I had spent a little time each year during the past decade in
visits to Woods Hole there appear to be a number of noteworthy changes and
advancesof which I wasnotwholly aware. The most obviousof these changes,
and perhaps the most predictable, has been the introduction of new tech-
niques and new instrumentation. The use of drift buoys and neutrally buoy-
ant floats permitting a recording of data in the absence of an observer, the use
of the tow chain permitting the virtually continuous recording of the thermal
structure from a vessel underway at speeds up to 12 knots and the use of an
airplane as a research vessel from which oceanographic observations are made
are examples of such new techniques in physical oceanography.

A second and perhaps more significant change relates to the type of think-
ing which is being done today.. The use of models, particularly in large-scale
circulation studies and in wave investigations, and a much greater acceptance
of theoretical studies are examples of such changes. The recent successful
prediction by theory of the deep-water circulation pattern is perhaps one of
the few examples of modern oceanography where theory has preceded experi-
ment. This represents a degree of sophistication not previously available in
oceanography and may indicate that we are about to evolve out of the
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cescriptive phase of the science into one in which the scientific methods will
have more application. Finally, the inclusion on the staff of the excellent
group engaged in beach studies, marine meteorology, hydrodynamics and
theoretical work is undoubtedly the most significant change which has
occurred during the past decade.

Today oceanography is occupying an increasingly important place as a
major science. A number of the larger industrial companies are seeking as-
sistance in studies involving either operational analysis or the feasibility of
developing much improved high-performance weapon systems. Thus there
is a sudden demand for the services of experienced physical oceanographers
in industry. A course for industry in the “Environmental Factors Influencing
the Performance of Naval Weapon Systems” was received with great
enthusiasm.

The studies concerning the future of oceanography within the National
Academy of Sciences and the Federal Government will undoubtedly bear
much fruit. Itis commonly assumed by these study groups that oceanography
will expand very much in the near future. The only question appears to be
how much and by what means. One of the most important decisions the
Institution has ever had to make is what role it should play in this expansion.
Everyone concedes that we should retain our well-established leadership in
the field but it is not yet clear to what extent we should increase the size of
our plant and staff. Undoubtedly it does mean increased stature for our staff
members regardless of our total size. It is our strong opinion that our destiny
should be determined by serious thought and planning in Woods Hole rather
than in Washington.

The chief uncertainty at present is just how far-reaching a change will
be made in the present method of selecting and supporting the kinds of basic
research of interest to the Department of Defense and to the Federal Govern-
ment in general. No doubt the changes will not go as far as some now hope.
It is hoped that the thinking and planning for earth sciences in Washington
will be able to keep up with events and to influence research budgets in suf-
ficient time. Moreover, our reputation is such that, to a considerable degree,
we should be able to influence the planning.

The health of the Institution appears to be excellent. With oceanographic
data being compiled during the I.G.Y. at a rate greater than ever before in
the history of the science and with the present excellence and enthusiasm of
the staff, we can look to the future with great confidence. I am most happy
for the opportunity to have a part in that future.
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Physical Oceanography

The Institution’s participation in the 1957-58 International Geophysical
Year oceanographic program continued and expanded during 1958. This
project has been directed by Dr. Columbus O’D. Iselin and is proving to
have been one of the major contributions to the United States I.G.Y. ocea-
nography program. We again joined with England’s National Institute of
Oceanography and together we have virtually completed a new systematic
survey of the main body of the Atlantic Ocean. The sea-going part of the
program would have been finished but for the engine break-down which pre-
vented the ATLANTIS from going to the South Atlantic early in the year.
Nevertheless over eight months of ship time were used on this program and
an unprecedented number of successful, deep oceanographic stations were
occupied during the year. This work, plus the painstaking task of evaluating
and checking the data and preparing them for publication, occupied many
man-hours of a group of scientists, technicians, secretaries, service personnel
and the officers and crews of the CRawrorD and Discovery 11.

In January Mr. Frederick C. Fuglister, after taking part in the second
L.G.Y. cruise of the Discovery II, visited the West German Hydrographic
Office in Hamburg, the Service Hydrographique de la Marine in Paris and
the National Institute of Oceanography in Surrey. In Germany he arranged
for Mr. Karl E. Schleicher to take part in the German 1.G.Y. survey, aboard
the ANTON DOHRN, in Greenland waters during August and September. His
visit to Surrey and Paris bore fruit in November when he and Mr. Arthur
R. Miller joined the Discovery II on its fourth I.G.Y. cruise. This cruise
consisted of an intensive study, in the Bay of Cadiz, of the core of high salinity
water flowing out from the Mediterranean Sea. Although the thermohaline
data showed steady state conditions over a period of several weeks, obser-
vations made by Dr. John C. Swallow with his neutrally buoyant floats re-
vealed the existence of currents that would have been plotted quite differ-
ently from a classical interpretation of the data.

Following this cruise, Mr. Fuglister went to the University of Kiel where
he had been invited to give a talk on the Atlantic survey. An unusual feature
of his talk was the fact that, although he had Just left the Discovery II, he
was able to show completed temperature, salinity, oxygen and phosphate
“profiles” and plots of direct current measurements for the Bay of Cadiz
study. This was made possible by use of the newly developed conductivity
bridge salinometer.

In June Mr. L. Valentine Worthington completed and distributed a
report on the oceanographic data from the first and second I.G.Y. cruises
aboard the R.R.S. Discovery II. In August he again went aboard the
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British ship to make four sections across the eastern basin of the North At-
lantic. After this third I.G.Y. cruise of the Discovery II he spent a month
at the National Institute of Oceanography where he completed his joint
paper with Dr. Swallow on the undercurrent of the Gulf Stream.

Mr. Worthington also completed a study of the “Eighteen Degree Water
in the Sargasso Sea.” In this paper he discusses some of the implications of
the layer of water which lies at a depth of 300 meters and extends throughout
the Sargasso Sea. He points out a parallel between the formation of this
water and North Atlantic Deep Water. In both cases the water masses are
considered to have been formed on the surface during the winter and to have
sunk to their present depth due to increased densities as a result of the period
of winter cooling.

Mr. William G. Metcalf spent a considerable portion of 1958 at sea on
the I.G.Y. program. During February and March he took the CRAWFORD
to the Caribbean Sea where he completed four meridional profiles. On the
way to the Caribbean he made a section of oceanographic stations running
from Bermuda to Hispaniola. In June Mr. Metcalf completed a report on
the oceanographic data from Crawrorp Cruise 16, obtained for the 1.G.Y.
during October and November 1957. He ended this busy year by success-
fully completing transatlantic sections in 24° South latitude and the Equator.

Oceanographic data were obtained from two bases on the ice in the Arctic
Ocean for the I.G.Y. by Mr. John S. Farlow II1. These observations, which
were taken by Mr. Farlow during the fall of 1957 and the spring of 1958,
further substantiated the clockwise circulation in the Beaufort eddy which
had been postulated earlier by Mr. Worthington.

In addition to the oceanographic data obtained in the Atlantic, a total
of 51 stations were occupied in the Mediterranean Sea, Red Sea and Indian
Ocean during the summer. These stations were mostly concentrated in the
Red Sea and the Straits of Bab-El-Manded connecting the Red Sea to the
Gulf of Aden in the Indian Ocean.

A series of five short cruises, one each month from May to September,
was made over the continental shelf and slope south of Martha’s Vineyard
and Nantucket. The purpose of these cruises was the study of the monthly
and shorter period variations in the temperature and salinity of the cold
wedge of water on the shelf and the transitional region between the coastal
and slope water.

Mr. Arthur R. Miller made a study of the oxygen distribution in the At-
lantic section of the Southern Ocean where he compared data taken by the
METEOR and the Discovery II. He found seasonal and geographical vari-
ations that led him to some new ideas on the formation of Antarctic Bottom
Water by mixing of the brine from growing sea ice and subsurface water.
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Mr. Joseph Chase used data obtained from east coast lightships and
weather maps to show some relationships between wind patterns and the
movement of water along the coast in the Chesapeake-Hatteras area. In the
study of seasonal secular and long-term fluctuations, Mr. Dean F. Bumpus,
assisted by Mr. C. Godfrey Day, has continued to compile synoptic tempera-
ture and salinity data from lightships, Texas Towers and shore locations
along the coast from Maine to Georgia. Summertime intrusions of offshore
water along the bottom as the result of offshore wind-driven surface move-
ments along the Virginia and New Jersey coasts, which heretofore were not
known to exist, are now commonly observed.

They have continued to study the circulation in the Gulf of Maine
throughout the whole year using drift bottles. The effect of the coastal run-
off has been observed to have a marked effect on the currents on the northern
and western side of the Gulf of Maine. F ortunately, from the standpoint of
experimentation, the runoff in 1957 which was much below normal gave way
to a runoff much greater than average in 1958. Experiments with radio drift
buoys on Georges Bank during the autumn suggest that the southwesterly
set commonly observed there, March through July, gives way in the autumn
to an easterly drift. .

In addition to her duties of maintaining and adding to the WHOI At
lantic thermohaline data collection and keeping up the data tabulations of
monthly mean temperatures and salinities, Miss Elizabeth H. Schroeder
collaborated with Mr. Henry Stommel, Dr. David Menzel and Dr. W. H.
Sutcliffe, Jr., on a paper dealing with the climatic stability of the 18° water
at Bermuda. This paper deals with the same water mass as that studied by
Mr. Worthington but concentrates its attention on observations made in the
vicinity of Bermuda.

During May and June Dr. William S. von Arx, Mr. Bumpus and Mr. Day
used the CRAWFORD to make 119 consecutive sections of the Gulf Stream off
the coast of North Carolina as part of a second attempt to measure the short-
period variations of the position and structure of the current. While the series
of transverse sections was being made with the ship, the longitudinal changes
were being plotted [rom the R4D aircraft by Dr. William S. Richardson and
Mr. Charles H. Wilkins both visually and with the aid of the airborne radi-
ation thermometer. These new data cover a period of one lunar month and
give evidence that the Gulf Stream is moved bodily on and off the coast with
the rise and fall of the local tide as well as possibly being pulsed by the tides
in the Gulf of Mexico. The current was observed to change its regime of
motion every seven and every fourteen days.

~ In the period from late August through the end of the year Dr. von Arx
served as a member of the staff of the University Committee for Atmospheric
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Research concerned with the preparation of plans for a National Institute
for Atmospheric Research. This study was made at the suggestion: of the
Committee on Atmospheric Research of the National Academy of Sciences
and sponsored by the National Science Foundation as part of an effort to
facilitate research in the atmospheric and oceanographic phases of earth
science. '

During this year the last two of the four planned salinometers were com-
pleted by Mr. Karl E. Schleicher and Mr. Alvin L. Bradshaw. All four sali-
nometers are available for active duty and the first instrument is now used
to do all routine shore-based analyses at the Institution formerly done by
Knudsen titration.

An attempt was also made to resolve the question of the accuracy of
Copenhagen normal water as a sea-water conductivity standard by sending
samples of this water to the Bureau of Standards for specific conductance
determination and comparing these results with those of previous deter-
minations on sea water. There was agreement within the experimental un-
certainty of the comparison.

Mr. Schleicher was a guest aboard the German vessel ANTON Dorrn for
a two months’ cruise in the waters southwest of Iceland. One of the sali-
nometers was used on this cruise to analyze the 3,000 salinity samples ob-
tained. As a result of this trip the Germans have shown great interest in the
instrument and are planning to build one of their own. As the September
meeting of the Bureau du Conseil International pour I.’Exploration de la
Mer in Copenhagen a paper on the salinometer was read and a very en-
couraging amount of interest was demonstrated by the members of the
Hydrographical Subcommittee. Personnel from the Lamont Geological
Observatory were trained in the use of the salinometer and one of the instru-
ments was loaned for the long cruise by the VEMA around the coast of
South America.

Theoretical Oceanography

Dr. Allan R. Robinson and Mr. Henry M., Stommel have worked out a
theoretical model of the oceanic thermocline and the associated thermoha-
line circulation. Previously, the only theories of oceanic circulation which
had been reduced to a mathematical form were ones which attributed the
cause of circulation to the prevailing wind systems. Now it is possible to com-
pute various features of the circulation determined by the unequal heating
of the ocean at the equator and poles; and for the first time we have a theo-
retical basis for explaining the vertical distribution of properties in the ocean.

Earlier in the year Mr. Stommel and Dr. Arnold B. Arons worked on the
development of a theoretical model for the abyssal circulation which would
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take into account the effects of lateral mixing and permit the extension of
the original simpler theory to cover the observed distributions of temperature,
salinity and oxygen in the deep water.

Dr. Arons spent a sabbatical year at the Institute of Meteorology of the
University of Stockholm. During this period he continued his collaboration
with Mr. Stommel on the development of a theoretical model of the abyssal
circulation of the world ocean. He was also able to complete some interesting
work on flows induced by source and sink distributions in a rotating tank.
These studies, which were initiated by the theoretical group in Woods Hole
in 1957, have provided experimental insight and verification of theoretical
considerations which underlie the present concept of abyssal circulation.

Dr. George Veronis worked on an analysis of the finite amplitude be-
havior of a rotating fluid which is heated from below and cooled from above.
An interesting result of this investigation is that the non-linear interactions
of the fluid tend to offset the effects of the constraint of the imposed rotation.
This result is of considerable interest in planetary flow problems where the
rotational constraint is the principal mechanistic constraint which governs
the flow. A generalization of this result is that the dual role of viscosity, viz.,
as an energy releasing mechanism, as well as the more familiar dissipative
mechanism, is a necessary condition for the fluid to become unstable to
finite amplitude disturbances before it becomes unstable to infinitesimal
perturbations.

Dr. Alan J. Faller returned in June after a stimulating nine months at
the Hydrodynamics Laboratory of the University of Chicago and resumed
his experimental studies of simple analogues of the ocean circulation. While
the circulations produced in these experiments resemble the features of the
large-scale ocean currents to a remarkable degree they are of more general
hydrodynamic interest and have been compared with secondary flows in
curved pipes. Some new thermal-circulation experiments have been initi-
ated in collaboration with Dr. Robinson, a WHOI Fellow at Harvard Uni-
versity, to test his theoretical predictions of thermal circulations in rotating
systems. »

Dr. Melvin Stern made use of the rotating apparatus to test his non-
linear mathematical theory for the decay of the relative circulation when
there is an abrupt change in the rate of rotation of a tank of water. During
these experiments some interesting instabilities of the flow were evident and
plans are being made to investigate these instabilities under more controlled
conditions on the very large floating turntable built by Dr. von Arx.

A new member of our staff is Dr. Kirk Bryan, Jr., who joined us in Au-
gust after spending a year in Sweden on a Swedish-American Fellowship.
In order to study the instabilities of large-scale atmospheric circulations Dr.
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Bryan has built a small temporary rotating table and uses two fluids of
different density to simulate the thermal structure of the atmosphere.

Dr. Willem V. R. Malkus has been involved in a variety of projects
which include a theoretical study on magneto-convection of a conducting
fluid heated steadily from below and studies on thermal turbulence and in-
vestigations with Dr. Veronis on electro-convective processes in dielectric
fluids. Experimental or observational confirmation of some of this work has
already been achieved.

In theoretical and experimental work on electro-convection it is possible
to deal with convective cells and transitions from one regime of flow to
another under easily controlled and precisely measurable conditions. Aside
from the fact that these flows are interesting in themselves, there also exists a
direct analogy between such systems and the thermally convective ones
which are of basic interest in metéorology and oceanography. For example,
the electric potential is the analogue of temperature, electric current of heat
flow, and the superposition of a magnetic field imposes forces which are
analogous to Coriolis forces.

The work of the theoretical group at Woods Hole is becoming recognized
as outstanding throughout several related areas of science. For example, the
theory of turbulence set forth by Dr. Malkus over recent years is asignificant
fundamental contribution to the understanding of all flow processes and will
undoubtedly prove of great value in oceanography, meterology and astron-
omy. 'The explanation of vertical temperature distribution in the ocean and
the model for abyssal circulation by Mr. Stommel and others are conceptual
developments that have proven to be immensely stimulating to physical
oceanographers. The contributions to an understanding of non-linear phe-
nomena are of far-reaching importance and can be expected to contribute
immeasurably to the theoretical understanding of natural phenomenon.
Over the past three years an inspiring series of colloquia have been held
Jointly with the Meterology Department of the Massachusetts Institute of
Technology and have proven to be a source of stimulation for all concerned.

Marine Meteorology

The instrumentation of the Institution’s R4D airplane was continued
throughout the year and two flights were made to the Caribbean area in
February and November to study turbulence, heat and water vapor flux and
the effects of clouds upon the flux in the environment. Net radiation measure-
ments were made at various altitudes in the trades by an airborne radiometer
designed by Mr. David B. Clarke.

The turbulence and heat flux data reduction problem has been eased
with the development of a vertical velocity computer by Mr. Andrew F.
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Bunker for use in the aircraft and by programming these data for the Arthur
D. Little, Inc., “Datatron” computer. These steps have reduced reduction
time by a factor of eighty.

The relation of the vertical flux of heat in the air-to-air stability, the rela-
tive importance of the water vapor flux and the interpretation of these
measurements as obtained from the field data are discussed by Mr. Bunker
in a paper that has been submitted for publication.

The results of a 1957 CRAWFORD cruise were reported by Mr. Michael
Garstang. This expedition brought back the first documentation of an early-
stage tropical vortex in the low latitudes (5° N), unhampered by land
effects.  Many of the computations described in the report were not
previously possible,

The analysis of the cloud films obtained by Dr. Joanne S. Malkus and
Mr. F. Claude Ronne in flights over the Pacific Ocean in MATS Globe-
master aircraft during the summer of 1957 progresses well. This work is being
done in conjunction with Professor Herbert Riehl and associates of the Uni-
versity of Chicago who are carrying out an intensive synoptic study of the
period investigated. Several exciting results have emerged, among them
being (1) the controlling role on cumulus structure played by the large-scale
flow patterns and (2) the degree of organization of oceanic cumulus clouds
into lines, particularly in convergent regions.

Dr. Malkus has also been working with Dr. Riehl on a problem con-
cerning the dynamics and energetics of the hurricane rain area and the
question of how latent heat is released to establish the pressure gradients
which maintain the flow against friction and maintain winds of hurricane
strength.

Mr. Joseph Levine has evolved recently a theoretical model described in
a paper entitled “Spherical Vortex Theory of Bubble-like Motion in Cumulus
Clouds” which mathematically predicts bubble behavior (cumulus convec-
tion) under given conditions. Dr. Malkus has extended this model to hurri-
cane clouds and with data furnished by the National Hurricane Research
Project (West Palm Beach, Florida) has developed theoretical models of
hurricane cumulonimbus convection. These cloud towers play a major role
in the mass and heat budget of the storm and are vital in maintaining its
pressure gradients. The accumulated work of this group under Dr. Malkus
has resulted in a greatly improved understanding of hurricane formation
and maintenance.

Work on the salt nuclei project has proceeded during 1958 with Mr. Al
fred H. Woodcock, Mr. Duncan C. Blanchard and Mr. Allard T. Spencer
being engaged in various phases of the study. Mr. Blanchard, who recently
returned from M.I.T. where he has completed his course work for a doctor-
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ate in meteorology, spent the summer months in the Iaboratory attempting
to determine if the composition of droplets as they are initially ejected by
bubbles bursting at a sea-water surface is identical to the composition of sea
water. During the fall he began his present study of the origin of the charge
which he had previously found on droplets ejected by bursting bubbles.

- Mr. Woodcock and Mr. Spencer made two field trips with Mr. Bunker
during the spring and fall on the R4D aircraft to the West Indian area.
Their purpose was to add to our information on the distribution of salt
particles as a function of altitude and wind force. The airborne flame photom-
eter was used in testing some ideas about the effects of trade-wind cumulus
clouds upon aerosol concentrations. The need for detailed exploration of the
sea-salt load of the air in and around clouds originated from the idea that
high concentrations of salt will significantly alter the humidity at which
latent heat is released within masses of salt-laden air.

Mr. Spencer used most of his time in an attack upon the instrumental
problems associated with the use of the flame spectophotometer within clouds.
An effort to achieve a full recorder response to the great short-duration differ-
ences in signal strength from the photo-multiplier led to a modified approach
to the problem of measuring the weight of sodium in cloud droplets and the
number of these sodium-bearing droplets.

Mr. Woodcock expanded further his extensive data on the distribution
of sea-salt particles in the atmosphere in order to learn more about the contri-
bution of these particles to the well-known salt cycle (ocean-atmosphere-
continent-ocean), and to explore further the precipitation mechanism in ma-
rine cumulus clouds by tracing the salts in the airborne particles to the salts
in solution in the rains.

Geophysics, Underwater Acoustics and Geology

The year 1958 was a sea-going vear for the underwater acoustics and
- geophysics group at the Institution. The Coast Guard Cutter YAMACRAW
worked in the Gulf of Mexico during January and February, south of Cuba
during April and in the Mediterranean from June to September. The
Yamacraw then made her last cruise for Woods Hole in October to the
‘Tongue of the Ocean, returning to Savannah, Georgia, where all laboratory
equipment was transferred to USNS Cuain. The CraIN’s first cruise was
from Savannah to Woods Hole in November making observations on the
Blake Plateau en route. A December cruise of the CHAIN to Bermuda and
return was shared with Dr. Ketchum’s group to complete the year’s cruises
for the Yamacraw and the CrHaIN.

The Atvantis made an extended cruise to the Indian Ocean, the Red
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Sea, and worked in the Mediterranean with the Yamacraw and the VEMA
of the Lamont Geological Observatory.

The BeEar was used by the group for a two-week cruise on the shelf of
Long Island in August and made numerous short cruises near Woods Hole.

R/V AstERias was used on many local cruises and also made several
cruises to the Gulf of Maine for ambient noise studies.

‘The underwater acoustics work, headed by Dr. J. B. Hersey and Dr. Earl
E. Hays, is providing a better understanding of scund propagation in the
oceans by studying the effects of the water temperature structure, bottom
topography and other associated features on sound transmission. Such
studies were pursued on all these major cruises which are described in more
detail below. .

Dr. Hays led the two cruises to the Gulf of Mexico and Caribbean Sea
which had the principal objectives of studying the relationship between
sound transmission and the horizontal and vertical sound velocity variations
in the ocean and in testing and making shallow temperature measurements
with the new thermistor chain. The chain towed very successfully, but
somewhat more time and effort were required to fit it to the winch than had
been anticipated.

The four month cruise of the Yamacraw in the North Atlantic and
western Mediterranean Sea had a program of bathymetric, thermometric,
acoustic and seismic measurements. Chief scientists for different portions of
the trip were Drs. Hersey, Backus, Hays and Mr. Allyn C. Vine. Members
of the scientific party included nine summer student employees. Intro-
ductory classes in oceanography were conducted daily for these students
during the first Atlantic crossing. Later the party on the YAMACRAW worked
with the ATLANTIS and the VEMA while they were returning from a cooper-
ative cruise in the Indian Ocean and Red Sea.

On the westward passage of the Strait of Gibraltar, Mr. Roberto Frassetto
of Hudson Laboratories, Columbia University, joined the ship to make obser-
vations of water exchange over the sill at Gibraltar. Mr. Vine.made sub-
surface current measurements with the parachute drogue technique, but
most of the available time was spent in making 78 north-south temperature
sections across the straits with the thermistor chain. This operation placed
heavy demands on the ship handler because of the confined waters, the heavy
east-west traffic and a ship with an effective 600-foot draft. An excellent
series of temperature sections spanning several tidal cycles resulted from this
work, and we are most appreciative of the efforts of the captain and crew
of the YaMacraw for their considerable contribution to this difficult project.
A clearer picture of the water flow between the Mediterranean Sea and the
Atlantic Ocean has resulted from this work. A combination of information
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from the Precision Graphic Recorder and the thermistor chain indicated that
the lower boundary of the scattering layer stayed close to one of the isotherms.

Various staff members had a key role in the ATLANTIS cruise into the
Gulf of Aden in the Indian Ocean by way of the Mediterranean and Red
Seas. Mr. Thomas R. Stetson took charge of hathymetric measurements
from Woods Hole to Suez. Dr. John W. Graham acted as chief scientist on
a program of seismic refraction measurements with the VEma, hydrographic
and bathymetric measurements, and bottom photography from Suez to the
Gulf of Aden and return. Mr. Richard S. Edwards supervised a program
of seismic refraction measurements with the VEMA, sound transmission
measurements with the Yamacraw and continuous bathymetric observations
from Suez to Cadiz, Spain. Mr. Jan Hahn supervised a program of
bathymetric and bathythermograph measurements between Cadiz and
Woods Hole.

During the fall, Dr. Hays supervised the general environmental study of
the Tongue of the Ocean, Bahamas. This included bathymetric, tempera-
ture and sound-velocity measurements of the water and studies of reflection
of sound from the bottom. Interesting observations of large internal waves
were made with the continuous temperature recorder. These may have re-
sulted from a hurricane which passed through the area shortly before the
measurements were made.

The work with seismic reflection techniques has continued to expand and
there has been considerable commercial interest in it as well. In particular
Dr. Charles B. Officer, Jr., an Institution Associate and former staff mem-
ber, applied for permission to use the WHOI “Seismic Profiler” for com-
mercial exploration. Dr. Officer has pursued a vigorous program including
surveys along the Gulf Coast, the West Coast, in the Great Lakes, in Nova
Scotia, in the Persian Gulf, and off the Nigerian Delta and more recently
in Alaska. As part of our agreement with Dr. Officer we will exchange
technical improvement and he will report to us the scientific content of
his findings.

Our own work with the Seismic Profiler has included completion of the
Narragansett Bay survey for the Corps of Engineers, plans for which were
reported last year. The field work was carried out by Mr. Don R. Fink and
Miss Elizabeth T. Bunce. Mr. Sidney T. Knott, Jr., also made a most
interesting series of profiles over the outer part of the continental shelf south
of New England last summer, and several of our staff have assisted students
in using the Seismic Profiler to help to understand problems of local sub-
marine geology. Both Mr. Fink’s and Mr. Knott’s work clearly demonstrate
the potential value as well as the several pitfalls of this technique as a tool
for study of shallow water sediments. In Narragansett Bay the depth of bed-




REPORT FOR THE YEAR 1958 25

rock could be measured over much of the west passage around Conanicut
Island and along the sides of the east passage. The overlying sediment,
probably largely deposited by glaciers but with a thinner deposit of recent
sediments, was charted in some detail. Mr. Knott’s study over the conti-
nental shelf indicates that the structure near the edge is dominated by
bedding that dips seaward capped by nearly flat-lying beds. Profiles across
the Hudson Canyon show that it is cut through flat-lying beds on the shelf.

Repeated attempts have been made to use the Seismic Profiler to record
soundings below the bottom in deep water. While limited success has been
achieved, it is evident that our present sound source is too weak to overcome
the problems of depth and the sea noise which must be put up with if the
ship is to move about while recording. Improvements are steadily being
made in the sound source and in reducing noise, hence it is expected that
echo sounders of the near future will allow charting of the bottom sediment
structures as well as water depth in vast ocean areas.

Relative to this same question of shallow sediment structures in deep
water, our efforts to improve the resolving power of deep-water echo sounders
have paid interesting dividends. Using our fish-shaped transducer on the
Yamacraw during the Mediterranean cruise it was found possible to sound
at 10 knots cruising speed while employing an exceedingly short sound pulse
or ping (0.5 milliseconds). Echoes the equivalent of two feet apart in travel
path could thus be resolved. In places where the bottom is smooth-looking
to the echo sounder we have frequently found that two or more echoes are
consistently recorded in such a pattern as to suggest that the later ones are
reflections from layers below the bottom. This interpretation of echo
sounder records is best confirmed by sampling the bottom with long cores.
Fortunately one series of such recordings was made in the Tyhrennian Sea
off Naples by Dr. Hersey on the Yamacraw last summer which are within
50 miles of a coring station of the Swedish Albatross Expedition. The re-
flections recorded by the echo sounder match very closely with volcanic ash
beds in the log of this core. Elsewhere in the western Mediterranean, Dr.
Richard H. Backus recorded many more of these multiple echo sequences,
suggesting not only flat-lying sediment structures but also local slumping
where the beds are sloping. While crossing the flat abyssal plains of the
North Atlantic, YaAMacraw echo soundings frequently showed multiple echo
sequences, suggesting thin bedding (two to ten feet) below the bottom; oc-
casionally over the eastern part of the Atlantic passage multiple echo se-
quences were observed similar to those described for the Mediterranean.

"The geological group headed by Dr. John M. Zeigler has also worked on
several sedimentation problems. The interrelationship of water and sedi-
ment movement in the surf zone and nearshore areas has been studied in
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collaboration with Professor Robert C. Miller of the University of Chicago.
A point has been reached where it is possible to predict the sediment pattern
from sea state and such predictions are being tested by comparing the pre-
dicted pattern with the actual depositional situation. Problems relating to
the fall velocity of sand in water were examined by a specially designed
settling tube which makes a rapid mechanical analyses of the sorting sands.
Many of the problems related to the general operation of settling tubes have
been examined and the mathematics have been condensed into graphs and
tables. The geological aspects of the continental shelf off South America
were investigated during a winter cruise on the Atrants. This work has
encouraged the Venezuelans to study oceanography and it appears they are
going to establish an Oceanographic Department in the Government. Mr.
William D. Athearn has examined most of the material from the Cariaco
Trench and Dr. Zeigler is working on sediments from the Gulf of Venezuela.
Interest of the various oil companies is quite high because of the possibility
that this Gulf will one day be an important oil province.

Professor Raymond Siever of the Harvard University Geology Depart-
ment is associated with the Institution’s geology program. His investigations
during the past year have been particularly concerned with the geochemistry
of silica in the interstitial material in sediments. He has also continued to
work up cores obtained by Mr. Henry C. Stetson on his last cruise on the
ATLANTIS.

Dr. Graham has continued his interest in manganese nodules. His analy-
sis of collections made on the Blake Plateau led him to re-examine the possi-
bility of biological concentrating agents, an old approach which has not been
entertained seriously in recent years. He has thus constructed an hypothesis
which supposes the existence of nuclei of heavy ions chelated by organic
molecules, such as the amino acids. These he supposes are absorbed as food
by micro-organisms which dispose of the heavy ion, whether manganese,
cobalt, iron or other elements in nodular form or as encrustations. Mr.
Worthington has been collecting bottom samples in the course of his more
recent hydrographic observations. These appear to support Dr. Graham’s
hypothesis.

Dr. Backus and Dr. Hersey have continued their study of the deep scatter-
ing layers, having received a grant from the National Science Foundation to
this end. A new instrument which permits direct acoustical and photo-
graphic examination of individual sound scatterers was designed and built
by Mr. Thomas H. Gifft. This makes use of a clever combination of direc-
tional effects in the receiving part of the acoustical apparatus to insure that
a scatterer is near the center of view of an underwater camera when it is
automatically triggered. Observations of sound scattering with explosive
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sources have been extended by recording several dawn and sunset migration
sequences of the layer both in the Atlantic and the Mediterranean. It is evi-
dent from these observations that dawn and sunset migrations are indeed
different with respect to their depth/frequency relationships. Dr. Per F.
Scholander has predicted that they would be different if the scattering is
from the swim bladders of fishes as suggested, since the mode of accommo-
dation to increasing and decreasing pressurewould be expected to be different,

The investigation of sound scattering by fishes of the deep scattering layer,
and the study of the sounds made by fishes and cetaceans which continue to
interest Dr. Backus and Mr. William E. Schevill, have been greatly aided by
the visible speech wave analyzers developed some years ago at the Bell Tele-
phone Laboratories. The discoveries in oceanographic acoustics which these
instruments facilitated have put such an analysis load on our staff that the
original instruments have been made nearly obsolete. During the past year,
several of the staff have examined ways of improving and speeding spectrum
analysis of the transient sounds of interest here, and they are hopeful of
putting together new equipment that is both better and within our means.

Geochemistry

Studies of the horizontal and vertical distribution of the fallout radio-
isotopes, strontium 90, antimony 125, cesium 137, cerium 144, and pro-
methium 147, have been continued. This program, under the direction of
Dr. Vaughan T. Bowen and Dr. Thomas T. Sugihara; is currently supported
by contracts with the Atomic Energy Comumission and the Office of Naval
Research and by portions of the I.G.Y. funds from the National Science
Foundation. A summary of the analytical data up to August 1, 1958 has
been published as has a description of the analytical methods employed.

Sample collection for this program has continued at a rapid rate and has
been stimulated by the construction of new samplers of an improved design.
With these samplers four stations were made from the CRAWFORD in July be-
tween Woods Hole and Bermuda, one from the BEAR in September on the
continental shelf south of Montauk, one from the PANULIRUs in October off
Bermuda, two from the CRaAWFORD in November on the equator, one from
the CRawrORD in March north of Bermuda and one from the PANULIRUS in
April off Bermuda. Mr. Henri Caron and Dr. Sugihara supervised the last
two stations and Dr. Bowen all the others.

The complicated and prolonged operations involved in chemical process-
ing and low-level beta counting of these samples continues to produce a dis-
heartening lag between collection and completed analysis. This has been
significantly eased by having, since June, Mr. Caron to assist Dr. Sugihara
on a full-time basis. The group now has, among other interesting sets of data,
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three stations analyzed from the Sargasso Sea, July 1957, December 1957
and July 1958. The consistent shape of the curves for Srf from surface to
1,000 meters where it is now readily detectable indicate, as we hoped, that
these data will provide a unique approach to the measurement of vertical
mixing. Comparison of the surface values for December and for July indi-
cates that these may provide a measure of the seasonal value for rainfall in
remote ocean areas.

‘The ratios of Sr99, Ce'4¢4, Pm!47 in surface samples even from low-produc-
tivity areas of open ocean indicate that some process — sedimentation on
particle surfaces is postulated — rapidly removes the latter two isotopes from
the upper layers of the sea. At 8°S, 7° E the cerium-promethium ratio at
300 meters indicated a decay time since production of about 2.7 years, and
that at 800 meters a decay time of about 4.4 years, whereas surface values
very rarely indicate more than one year of decay. Accumulation of more of
this type of data, combined with analyses, already begun, of the isotope
ratios in plankton and detritus in both shelf and offshore areas, should give
us new insight into ‘the relative importance and effective rates of biological
and inorganic processes in sedimentation.

As a by-product of Dr. Herbert Curl’s analyses of the composition of
various plankton species, a large number of ash samples have been prepared
for spectrographic analyses. One group of eleven samples was analyzed by
Dr. Geoffrey D. Nicholls of the Department of Geology, University of Man-
chester, England, during his tenure of a fellowship at the Massachusetts
Institute of Technology. The appointment of Dr. Nicholls as Associate in
Geochemistry on the research staff of the Institution projects a continued col-
laboration in Manchester on this interesting work. This program is giving
us new insight into the diversity of chemical behavior taking place within
the various forms of planktonic life. Combined with the data on population
composition and size being obtained as part of the broad plankton program
under Dr. Ketchum, these analyses permit quantitative evaluation of the
biota as factors in the marine geochemistry of the rarer elements.

A reliable and sensitive method for vanadium analysis has been worked
out and Miss Sybil A. Campbell has been accumulating data, mostly rele-
vant to radioactive tracer experiments made in 1957 by Dr. Bowen and Pro-
fessor L. S. Ciereszko of the University of Oklahoma. Culture conditions are
being established for several local tunicates, both accumulators of vandium
and non-accumulators; also conditions for inducing production of larvae by
some of these tunicates is being studied. ' In the next few months an intensive
attack on the questions of uptake mechanisms for vandium, of vanadium-
phosphate competition and metabolic cycles of vanadium and niobium in
ascidia will be started.
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The biological deposition of silica by diatoms and factors affecting its re-
solution after the cells die have been under investigation by Dr. Joyce C.
Lewin. In order to gain information concerning the nature of the organic
membrane upon which the silica is deposited by the living diatom cell, ultra-
thin sections of various species have been examined with the electron micro-
scope. 'The physiology of Phaeodactylum tricornutum, an unusual marine diatom
with unsilicified (or only partially silicified) cell membranes, has been
studied in detail with a view to understanding and controlling the complete
life cycle. For sustained growth of Navicula pelliculosa high concentrations of
calcium are required, correlated with the observed fact that this cation is
essential for silica deposition.

Studies have been carried out on the dissolution of silica at 20° C from
marine plankton diatoms, from fresh-water diatoms grown in culture in the
laboratory and from fossil diatom walls. The ability of certain cations to
combine with the silica walls and inhibit their subsequent dissolution has
been studied.

- Vitamin requirements and heterotrophic growth studies on forty-four pure
cultures of marine littoral diatoms have been completed.

Dr. Richard G. Leahy has continued the studies of atmospheric CO,
variations which were begun early in the I.G.Y. Data collected along the
castern coast of North America have continued to indicate a high degree ot
variability in CO, levels, and the records obtained are very similar to those
reported by the Scandinavian network. These measurements have been
made at both local ground stations and from the Institution R4D aircraft.
The vertical profiles made in the aircraft indicate a greater range in CO,
level than was expected before the sampling program was undertaken.

Biology and Chemistry

The studies of the biology and chemistry of marine plankton populations
have been continued. In May 1958 two years of observations were completed
at a series of stations which provided two cross sections of the continental
shelf and some stations in the slope water just beyond the edge of the shelf.
In these field observations the conditions ranged from coastal waters with
depths of 30 meters to observations where the depth was greater than 2,000
meters. Thus a wide range of conditions was obtained. In 1958 the cruises
were extended seaward on a section from Montauk Point, Long Island, to
Bermuda. The inshore seven stations of this section repeat some of those
previously occupied on the continental shelf, but the extension provides the
opportunity to make studies of the deeper water, to observe the unique popu-
lations in the Gulf Stream and to include the truly oceanic conditions of
the Sargasso Sea in our investigations.




30 WOODS HOLE OCEANOGRAPHIC INSTITUTION

This program continues to be supported jointly under a contract with the
Atomic Energy Commission, by several grants with the National Science
Foundation and by Institution funds. The work under the AEC contract is
supervised by Dr. Bostwick H. Ketchum and Dr. Vaughan T. Bowen. Dr.
Ketchum and Dr. John H. Ryther are principal investigators on the associ-
ated NSF grants.

At the Conference on the Peaceful Uses of Atomic Energy held in Geneva
in September, Dr. Ketchum presented a paper prepared in collaboration
with Dr. Bowen entitled “Biological Factors Determining the Distribution of
Radioisotopes in the Sea.” This was the only U. S. paper selected for presen-
tation at the session dealing with the marine sciences. A paper by Dr. Bowen
and Dr. Thomas T. Sugihara “Marine Geochemical Studies with Fall-out
Radioisotopes” will be published in the proceedings of the Conference but
was not presented orally at Geneva.

Studies of the distribution of the essential plant nutrients, particularly
phosphorus and nitrogen, have been an integral part of our plankton in-
vestigations. A general description of the annual cycle in the coastal waters
has been submitted for publication by Dr. Ketchum with Mr. Ralph F.
Vaccaro and Mr. Nathaniel Corwin. Mr. Charles S. Yentsch and Mr. Vac-
caro have completed and published the results of laboratory and field studies
of the relationship between the available nitrogen and the chlorophyll
content of the plant cells.

Dr. Mary Sears and Miss Constance W. Chadwick have continued the
analysis of the zooplankton and Dr. Edward M. Hulburt is identifying species
of phytoplankton collected during our coastal and Bermuda cruises. Dr.
Sears has also done a splendid job of organizing the first International Ocea-
nographic Congress which is sponsored by the American Association for the
Advancement of Science in cooperation with UNESCO and the Special
Committee for Oceanic Research (SCOR) of the International Council of
Scientific Unions. This Congress will be held in September of 1959 at the
United Nations headquarters in New York City. At least 600 oceanographers
from all over the world are expected to participate in this Congress.

In the fall, Mr. John H. Steele of the Fisheries Laboratory at Aberdeen,
Scotland, visited Woods Hole on one of our fellowships. He and Mr. Yentsch
studied the effects of deficiencies of nutrients in algal cultures upon the sink-
ing rate of the cells. They found the deficient cells sank more rapidly than
those that were grown in adequate media. This observation may help to
explain the accumulations of chlorophyll below the zone of optimum photo-
synthesis, frequently observed when the nutrient conditions in the water are
poor. Also, in cooperation with Mr. Vaccaro, it was found that deficient
cells excrete nitrite while assimilating nitrate from water. This observation
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may help to explain the maximum concentrations of nitrite which are found
below the illuminated zone in the summertime. It has previously been
thought that these must be due to nitrifying bacteria, but our extensive
studies of this process have failed to isolate the appropriate bacteria from the
water. If the nitrite is formed by the phytoplankton rather than by bacterial
action it may help to explain many of the poorly understood distributions of
nitrogen compounds in the ocean.

Dr. Stanley W. Watson has continued his bacteriological studies and has
determined, at several stations, the rate of oxygen consumption in samples
of water collected from various depths. Direct observations of bacteria on
fine filters have demonstrated many forms which are not found by previous
methods of counting. Attempts will be made to isolate, culture and identify
these unknown microscopic specimens.

Dr. Herbert Curl, Jr., has completed an extensive study of the environ-
mental factors which influence the growth of an important coastal diatom,
Skeletonema costatum. The results of this investigation on the interaction of
nutrients, light and temperature appear to correlate closely with seasonal
distribution of this common diatom. Dr. Curl has also continued the col-
lection of plankton samples for spectrographic elemental analysis. The differ-
ences in the elemental composition of the various species will influence
greatly the fate of radionucleides which may be added to the sea either
through fall-out or as waste materials resulting from the development of
atomic energy.

Dr. Ryther has continued his studies of the primary production of organic
matter in the sea. Routine measurements of productivity have been made
on all of the Woods Hole-Bermuda sections as part of the plankton pro-
gram described above. In addition, Dr. Ryther has been directing a similar,
though more limited, plankton investigation in the Sargasso Sea off Ber-
muda. This study has been carried out by Dr. David Menzel from the
Bermuda Biological Station and has made use of their facilities including the
Research Vessel Panurirus. It has involved routine hydrographic, chemical,
and biological measurement at two-week intervals throughout the year at a
station 15 miles southeast of Bermuda in 1500 fathoms of water. A unique
record of the annual cycle of primary production and the related chemistry
and hydrography of these semitropical waters has been obtained.

In addition to the measurement of primary production in these two areas,
studies of the environmental physiology of the phytoplankton under natural
conditions have been undertaken whenever possible. Examples of such work
include two manuscripts currently in press, one dealing with light adap-
tation of the plankton algae living under conditions of low illumination at
the lower limit of the euphotic zone, the other demonstrating that iron and /or
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other trace metals and silicon, rather than nitrogen and phosphorus, may
be the principal limiting factors to organic production in the nutrient-poor
Sargasso Sea.

In the laboratory, Dr. Robert L. Guillard has developed a collection of
some 75 species of plankton algae including representatives of all the major
algal groups, mostly in bacteria-free or “pure” culture. This collection,
probably unique in the world, has proved extremely useful both to biologists
at Woods Hole and elsewhere and is becoming widely recognized. Dr.
Guillard and Dr. Ryther are currently undertaking a study of the taxonomy
and physiology of several closely related species of small diatoms collected
from widely differing types of marine environments,

In addition to these specific research problems, Dr. Ryther has prepared
two review papers on the productivity of the seas. The first was included as
part of a symposium on “The Physiology of the Algae” sponsored by the
AAAS at its annual meeting in Washington in December 1958, The second
is part of an NSF-sponsored symposium on “The Ecology of the Algae” to
be given at Pymatuning, Pa., in June 1959.

The extension of our cruises to include crossings of the Gulf Stream has
permitted a study of the distribution of phosphorus compounds in the deeper
waters of the North Atlantic Ocean. In general, organic compounds of
phosphorus are not found in water much deeper than 1000 meters in the At-
lantic Ocean. However, in water of depths greater than 2,000 meters directly
below and to the south of the Gulf Stream, high concentrations of organic
phosphorus have been found on all of our crossings. A similar observation
was made for the first time in crossings of the Gulf Stream by Mr. David A.-
McGill during one of the I.G.Y. cruises in 1957. It is interesting that these
concentrations of organic phosphorus occur in just the region where one
would expect to find the recently described deep countercurrent below the
Gulf Stream. The presence of the organic phosphorus at these depths sug-
gests that the water is comparatively “new” and had recently been near
enough to the surface to accumulate these organic compounds before sinking.

The cruises of the I.G.Y. have again given us an opportunity to extend
our observations of the distribution of phosphorus throughout the North and
South Atlantic Oceans. On these same cruises, samples of chlorophyll have
been obtained in the surface layers so that estimates of the productivity of
the different waters can be made. Mr. McGill accompanied the CRAWFORD
on Cruise #22 when two sections were completed in the South Atlantic
Ocean, one at approximately 24° S and the other on the Equator. Mr. John
L. Shilling accompanied CraAwrorD Cruise #17 during which the eastern
North Atlantic and the Caribbean were traversed by five sections.

Dr. Francis A. Richards and Dr. Curl accompanied a cruise to investigate
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the hydrography and biological and chémical oceanography of the north
coast of South America from Trinidad to the Gulf of Darren, and to repeat
observations on the anaerobic basin, the Cariaco Trench. Dr. Richards has
analyzed the data with particular attention to the nitrogen cycle. Ammonia,
the only nitrogen compound found in the anaerobic water, was measured by
a new method, and the nitrogen/argon ratio and the nitrogen isotope
ratios have been determined by Dr. Bruce B. Benson of Amherst College.
These data demonstrate the release, under anaerobic conditions in the
Cariaco Trench, of free nitrogen from nitrogen of organic origin, permitting
the striking of a nitrogen balance on the water column. Samples from the
Dramsfjord in Norway have also been analyzed with similar results.

Dr. Richards has also completed an analysis of the distribution of silicate
in the western Atlantic and Caribbean. In much of the water column, sili-
cate concentrations are closely correlated with phosphate and nitrate con-
centrations, thus relating silicate to the biological cycles of phosphorus,
nitrogen and oxygen.

As co-chairman of a special committee appointed by the editor of the
Journal of Marine Research, Dr. Richards shared in the arrangements for
the publication of a special volume of that journal honoring the 70th birth-
day of Professor Thomas G. Thompson of the University of Washington, and
most of the editing of the volume was completed.

Dr. George L. Clarke and Mr. Lloyd R. Breslau obtained quantitative
records of luminescent flashing of animals at great depths in the Mediter-
ranean Sea during a visit to the Oceanographic Institute of Monaco. The
amount of bioluminescence was found to be decidedly less than in the waters
of the North Atlantic, but the vertical distribution of flashing organisms was
similar in both locations. Additional observations with the light-triggered
camera suggest that most of the flashing organisms in the depths are too
small to be photographed. Some excellent photographic records of deep-
water coelenterates and crustaceans have been obtained, however. A series
of measurements of light conditions with records of bioluminescence was
made from the CRAWFORD during August at stations to the south, east and
north of Cape Cod. Luminescent flashing was encountered at every station
from the shallowest on Georges Bank to the deepest in the Gulf Stream. The
results indicate that bioluminescence occurs far more generally and is of
greater ecological significance in the deep sea than previously supposed. A
portable photometer suitable for use with a small boat but with the same de-
gree of sensitivity as the larger bathyphotometer has been developed.

Drs. S. M. Marshall and A. P. Orr of the Marine Biological Station, Mill-
port, Scotland, visited the laboratory in the spring on Institution fellowships.
With Dr. Robert J. Conover, who joined the project in March, they com-
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pleted a series of feeding, respiration and excretion studies on the copepod,
Calanus. They found a surprisingly rapid excretion of phosphorus in these
studies, suggesting that the importance of zooplankton in returning nutrients
to the ecological cycle may have been underestimated. Dr. Conover is con-
tinuing these studies on neritic and oceanic zooplankton.

Dr. Raymond G. Stross held a fellowship from the National Institute of
Health and worked in the Institution during 1958. His studies were con-
cerned with the interrelationships between phytoplankton and zooplankton.
Dr. Jack McLachlan, also an NIH Fellow, worked at the Institution on
studies of the physiology of algal cultures.

Dr. Edward R. Baylor continued his investigations on dark adaptions in -
horseshoe crabs, copepods and honey bees and examined the dioptrics of
marine invertebrate visual systems. He also has pursued the question of
polarized light detection to satisfactory conclusions for the horseshoe crab
(Limulus), the bee and a snail (Nassa).

Mr. Harry J. Turner has continued his studies of the commercial shell-
fish in local waters. The productivity of a large population of quahogs in
the waters of Nantucket Sound was evaluated by bringing specimens into the
laboratory, holding them under warmer conditions and attempting to stimu-
late spawning by adding suspensions of sperm. This system invariably pro-
duces spawning in breeding stocks of quahogs. However, the quahogs from
the deepest parts of Nantucket Sound would not spawn under these condi-
tions. It appears, therefore, that this population is not the source of new
seed for commercial stocks of quahogs, although it was the opinion of the
local clamdiggers that this was an important source. Studies were also made
of the transplanting and growth of European oysters in local waters.

Mr. James E. Hanks has completed his course work for the Ph.D. degree
at the University of New Hampshire and has been conducting his thesis re-
search at the Institution under the direction of Mr. Turner. His problem is
concerned with the breeding and early life history of three species of the
clam drill, Polynices. It appears that in the natural environment the time of
settlement of the drills is nicely synchronized with that of the shellfish. Be-
cause of the voracious appetite of the drills they consume enormous quanti-
ties of freshly settled shellfish, and this may be the explanation of the failure
of many sets of clams to mature to the adult and edible size.

Dr. Howard L. Sanders has continued his investigations of the benthic
animal communities in Buzzards Bay. He has recently completed a paper
concerned with the structure of the animal assemblages present in the softer
sediments. Dr. Sanders is also studying the morphology, development and
ecology of the remarkable crustacean, Huichinsoniella macracantha and its
significance to the understanding of evolution of crustaceans. He presented
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some of these findings last summer at the International Zoological Congress
in London.

Dr. John W. Kanwisher has studied the carbon dioxide balance in sea
water using an equilibration system and infrared analyzer. The CO; tension
increases rapidly with increases in total carbonate and with temperature.
At constant temperature, measurement of CO, tension gives a sensitive in-
dex of biological activity. These studies of the equilibrium between CO; and
sea water indicate that the CO, released by the burnings of fossil fuels has
been effective in increasing the atmospheric CO; content.

Dr. Wolfgang Wieser of the University of Vienna is making a study of
quantitative distribution of nematodes using respiration measurements to
assess their metabolic importance. A Cartesian diver system has been built
capable of measuring the respiration of individual small animals. The distri-
bution of a varied bottom fauna that can survive for weeks in the laboratory
without oxygen is being correlated with the chemistry of the bottom habitat
as defined by oxygen tension and oxidation reduction potential. We are
haunted by the uncertain implications of taking animals from such an environ-
ment and measuring their oxygen uptake.

A paper by Dr. Henry B. Bigelow and Mr. William C. Schroeder de-
scribing four new species of skates from the Gulf of Mexico was published in
July 1958 and they have completed an account of the family Osmeridae,
the capelin and smelts, to be included in Part 3 of “Fishes of the Western
North Atlantic.”” At present they are working on a very interesting collection
of batoids (skates and rays) received from Mr. Harvey R. Bullis, Jr., collected
by the U. S. Fish and Wildlife Service Research Vessel OrREGON, chiefly be-
tween Trinidad and the Equator, in depths down to about 400 fathoms in a
region that had not previously been fished with otter trawls. Mr. Schroeder
completed a report on the offshore lobster fishery and the deep-water red
crab, the latter as yet unexploited but which at some future time might prove
of importance commercially.

The research program dealing with the biology of the larger pelagic fishes,
supported by a grant from the National Science Foundation, has progressed
under the direct supervision of Mr. Frank J. Mather I1I. The collection of
biometric and other biological data has yielded desirable information es-
pecially for the tunas and the amberjacks. Sport fishermen have continued
to cooperate in the tagging of pelagic gamefish. Mr. Mather conducted a
research cruise to the southeastern Bahamas, sponsored by Mr. Louis E.
Marron, an Associate of the Woods Hole Oceanographic Institution, carried
out on his cruiser, Fucenie VIII. In November Mr. Mather delivered a
paper concerning the amberjacks (Seriola) of the western Atlantic at the
International Gamefish Conference at Miami Beach, Florida.
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Oceanographic Instrumentation

During the summer Mr. Allyn C. Vine undertook to design a deep-water
mooring for an automatic weather station for the middle of the Gulf of
Mexico. This boat-shaped buoy, 20 ft. by 12 ft., contained electronic
weather sensing and telemetering equipment. The buoy was built by the
David Taylor Model Basin and instrumented by the National Bureau of
Standards. With the cooperation of the Coast Guard the mooring was set
out in early September and promptly rode out near-hurricane force winds
when Hurricane Ella passed within 50 miles of its position. This mooring
utilizes the positive buoyancy of the new polypropylene line to minimize
fouling and chafing on the bottom while using heavier-than-water dacron
line to minimize it at the surface. Attacks by sharks are considered to be the
only serious threat to this type of mooring.

The electronics group, under the direction of Mr. Robert G. Walden,
spent about forty percent of its time on the installation and maintenance of
navigation and communication equipment aboard the various vessels of our
fleet. The remaining time was devoted to assistance in instrumentation for
various projects and to the program in buoy development. A transponding
telemetering buoy which is an exact copy of the one designed by Messrs.
Walden, David D. Ketchum and David H. Frantz is now available com-
mercially. This has relieved the electronics group of construction of these
useful devices and more time has been spent on assisting various projects in
using them and in working on new techniques of data transmission. The
buoys now have a reliable telemetering range of over 100 miles.

Mr. Frantz has constructed a data processing system for these buoys which
permits the storage and later transmission of eight temperature measurements.
The temperature data are telemetered digitally and may be obtained at pre-
selected times or at any desired time by radio interrogation. He has also
continued his work on the “pop-up” buoy as an instrument vehicle and has
been working on the problem of anchoring surface buoys in the deep sea.

Mr. Harlow G. F armer, Jr., with the assistance of Mr. Ketchum, has
continued his work on surface waves. During the summer a tower was set
up in Buzzards Bay on which wave recording instrumentation was installed.
This consisted of a series of fine wires whose resistance is changed by the
passage of the waves. The information from the wires is telemetered to the
laboratory by means of a VHF radio link and is processed to give a measure
of wave height and slope. The data are automatically reduced to digital
form and stored on punched tape for later conversion to IBM cards for
machine computation of energy spectra.

Dr. Charles J. Hubbard and Dr. William S. Richardson have completed
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an underwater spectrometer which records on deck the spectral distribution
of underwater light. They also changed the recording system of the towed
thermistor chain so that it automatically contours the depth of isotherms as
the ship proceeds on course. This equipment was towed by the USCGC
Yamacraw to the Mediterranean during the summer and fall and on several
coastwise cruises. During the late fall it was transferred to the USNS CHaIN
and modifications to improve the electronics were started.

Mr. Gordon H. Volkmann has been engaged in the development of a
neutrally buoyant “pinger” of the Swallow-type for use in the direct measure-
ment of deep currents. During the sea tests two pingers were followed lonz
enough to provide a measure of the current, one off Woods Hole and one off
Eleuthera in the Bahamas. While of no significance in themselves, it is
hoped that they will form part of a series of measurements of the deep cur-
rents along the western boundaries of the ocean. With the series in the
central ocean areas planned by Mr. Henry M. Stommel and Dr. John C.
Swallow, we hope for a better understanding of deep circulations.

For many years ocean seismographers have been thwarted in their at-
tempts to observe near the bottom elastic waves that have traveled through
the bottom. Mr. Willard Dow has successfully completed development of
telemetering circuitry for a hydrophone that may be suspended to any ocean
depth on a single conductor well-logging cable. This hydrophone has been
tested and used routinely in receiving sounds at depths greater than 2000
fathoms. Thus this design is a promising candidate for a deep detector, and
should prove extremely valuable in resolving some of the questions of sedi-
ment structures at shallow depth below the bottom in deep water.

The relative inaccessibility of the ocean floor for direct observation has
long made underwater photography a valuable tool to the geologist, but he
has been somewhat hampered and discouraged in its use by camera design,
which limited the control he could exercise over his observations. The de-
velopment by Dr. Harold E. Edgerton of the Massachusetts Institute of
Technology of a repeating camera that can be positioned above the bottom
by means of an acoustic link has greatly increased the attractiveness of this
instrument. This year he has put together a stereoscopic camera designed
with an improved acoustic link which Dr. John W. Graham employed in
seven locations in the Indian Ocean and Red Sea from the ATLaNTIS. Since
several hundred pictures are commonly taken at each location, the results of
this work are still being processed. It is evident from the detail and clarity
of the resulting photographs that much can be learned with these instru-
ments and that considerable effort to improve the ease and versatility of
handling will be well repaid in scientific results.

The towed thermistor array, which was described last year by Dr. Iselin,




38 WOODS HOLE OCEANOGRAPHIC INSTITUTION

was used on the cruises of the Yamacraw. On the Mediterranean cruise Dr.
Richardson and Dr. Hubbard installed and tested a completely new recorder
for the instrument. This recorder incorporates a computer which auto-
matically feeds a series of pulses corresponding to integral and tenths of de-
grees centigrade to a facsimile recorder as the computer scans the series of
23 thermistors distributed equally in depth along the chain. By repeated
and rapid scanning (1 scan per 8 to 10 seconds) the recorder presents a quasi-
continuous plot of isotherms along the track of the ship if it is underway, or
the variation of temperature with time at a place if it is standing still. This
instrument demonstrates dramatically the large and small-scale variability of
temperature in near-surface waters. Recordings from the Mediterranean
cruise indicated that temperature variation with position is so rapid that even
higher scan rates were required. Accordingly, Dr. Hubbard has designed a
new recorder incorporating a choice of much higher scan rates.

For many years underwater acousticians have wanted a precise, reliable
instrument for direct measurement of the velocity of sound in sea water.
Many attempts have been made at developing such an instrument and from
time to time our staff have assisted others in testing various models. A few
years ago the National Bureau of Standards staff, under Dr. Martin Green-
span, completed a promising instrument which gave good results in shallow
water. More recently Dr. Greenspan and Mr. Tschiegg of NBS have de-
veloped a similar instrument for use in any ocean depth. Dr. Earl Hays
supervised the testing of this instrument on the Mediterranean cruise of the
Yamacraw and on subsequent cruises. The instrument is clearly capable of
high precision and gives results that compare well with sound velocities com-
puted from temperature and salinity data taken in the same region bhut at
other times. Thus far it has not been possible to combine its use with hydro-
graphic observations but it is hoped to do so in the near future.

Research Fleet

As may be noted from the accompanying tabulation of ship activities,
the ATLANTIS spent 226 days at sea, the CRAwFORD 216, the Bear 138, and
the Yamacraw and CHAIN combined 161 days. Thus, it has been an active,
sea-going year for much of our staff.

During January and February what seemed to be an endless struggle with
the ATLANTIS’ main engine occurred. This started off by iron grit being found
in the crankcase and ended up with the installation of a new crankshaft. In
the end the grit turned out to be a red herring; the real trouble was caused
by an “improvement” in the design of some new bearings which had been
installed during the last two weeks in 1957.

The cost of all this was very heavy indeed but fortunately, in good part,
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was covered by insurance. Not only did we have to buy and install a new
crankshaft and several sets of new hearings but also our carefully laid plans
to complete the re-survey of the South Atlantic during the winter months
were disrupted. The ATLANTIs did not meet the VEma in Cape Town as had
been planned. The CrRawrORD was also delayed and could not undertake
two tropical crossings of the Atlantic. Instead she was sent to the Caribbean
while the ATLaNTIs raced via the Mediterranean Sea to join the VEMA in
the Indian Ocean. Fortunately, both of these operations appear to have
been a complete scientific success.

Since the ATranTis is due for her quadrennial inspection in 1959 and
since a decision was necessary concerning the proposed long cruise into the
South Atlantic, a preliminary survey of her hull was made at the end of
August. This inspection showed no excessive thinning of the hull plates and
indicated that, for relatively nominal costs, we should be able to continue the
ATLANTIS in service until June of 1960. At that time it is predicted that ex-
tensive repairs would be required. A preliminary estimate of the costs of
these repairs indicates that an amount approximating the original construc-
tion cost ($218,000) may be required. On this basis it is now planned to
keep the ATLANTIS in operation only until that time.

Knowing that the research days of the ATLANTIS are numbered, a re-
search vessel design committee was set up under the direction of Mr. Francis
Minot, who was one of the original designers of the AtLanTis. Staff members
representing all aspects of oceanography have shared the work of this very
active committee. In all, preliminary designs of some ten types of research
vessels have been drawn up and a design for the ATLANTIS® replacement has
been selected. Work on this is still progressing but it appears that this vessel
should be approximately 175 feet long and have a total displacement of
about 1,000 tons. Special features include a center well, active stabilization
devices, bow propulsion and special equipment for handling scientific gear
at sea. The general hull form is a blend of the characteristics of the deep-sea
trawler and the offshore Coast Guard cutter. The cost of this ship, together
with final design, model testing and equipment, is estimated at three and
one-half to four million dollars.

During June the efforts of the Office of Naval Research to secure some
larger vessels for oceanographic research were successful. Emergency funds
were secured in time to enable contracts to be signed before July first for
the conversion of three ships from the mothball fleet. By November the
USNS CraiN was placed in service by the Military Sea Transportation
Service to be operated in support of the Institution’s scientific program.

The assignment of the CHAIN to oceanographic service is the result of
accumulated pressures created by the Institution’s deep-sea research pro-
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grams. It was found to be increasingly difficult to operate with reasonable
efficiency on our small ships, particularly in studying the relationship be-
tween shallow temperature structures and sound transmission and in sub-
marine geophysics. Nor has it been possible to attack many problems at all
in high latitudes where moderate to rough seas are to be anticipated much of
the time. Another limitation has been the small working space available on
our ships for the increasingly complex apparatus of modern oceanography.
The thermistor chain is an obvious example, but it is only one of several
developments which have to be carried on from larger ships.

Realizing that new ships especially designed for oceanography would in-
evitably not be available for several years, Mr. Vine collaborated with the
Office of Naval Research in making a careful feasibility study of ships up to
about 2,000 gross tons in size available for conversion. Many classes of naval
and civilian service craft such as ocean-going tugs and re-supply ships were
considered, but each had rather apparent shortcomings. Large trawlers and
small freighters have many desirable characteristics which can be incor-
porated in a new design but the available types were not suitable for con-
version. In the end the Navy salvage and rescue ARS-type ship was selected
because it provided most of the features desired by the staff.

On the ARS space had been provided for quarters for the salvage crew as
well as the operating crew. This in part provided for the scientific party.
The large (28 by 40 foot) salvage workshop and several salvage storage spaces
provided excellent laboratory and storage space. The large main deck aft
provided excellent open deck working space and the versatile power plant
included most of the power sources needed, both for our deck gear and elec-
tronics. Perhaps most important of all was the excellent sea-keeping ability
reported by former officers.

In the spring of 1958 two ARS-type ships were assigned by the Navy De-
partment through the Office of Naval Research, one for use by this Institution
and the other for the Scripps Institution of Oceanography. The Cuam
(T-ARS-20) was assigned to Woods Hole to be put in service and operated
for the first year by the Military Sea Transportation Service (MSTS).

The CrAN is a 1,800 ton ship, 215 feet long, 40 foot beam, 14 foot draft
with a twin-screw diesel electric power plant. Plans for her conversion were
worked out jointly by members of the Institution staff with representatives
of MSTS and ONR. Mr. Edwards represented the Institution at the
Savannah Machine and Foundry Company during her conversion and his
efforts were an important factor in making the conversion a successful one
for science. The CHAIN has been fitted with four large laboratories and an
explosives magazine. She also has two somewhat smaller compartments re-
served entirely for writing, reading or conferences. Her large afterdeck is
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fitted with an excellent constant-tension winch for handling heavy steel cable
for coring and trawling, a high-capacity hydraulically operated “A”-frame
and various booms, winches and a heavy-duty capstan. Living accommo-
dations provide for a scientific party of 26 and a crew of 39. These features
all represent in one way or another completely new sea-going research facili-
ties. We look forward with much anticipation to making use of this fine ship.

The CaryN was finally sold in December 1958 to Mr. Stephen H. Swift,
Jr., of Milton, Massachusetts.
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Cruise
No.

241

242

243

244

245
246

Depart

23 Jan.
27 Jan.

14 Feb.
25 Feb.

29 Mar.

3 Apr.

5 Apr.
11 Apr.
28 Apr,
28 Apr.
12 May
13 May
23 May
10 June
21 June
29 June

1 July

7 July
23 July

2 Aug.

7 Aug.
14 Aug.
28 Aug.

4 Sept.

18 Sept.
20 Sept.

13 Oct.
15 Oct.
27 Oct.

9 Nov.
16 Nov.
19 Nov.
20 Nov.
27 Nov.

3 Dec.

WOODS HOLE OCEANOGRAPHIC INSTITUTION

ATLANTIS ACTIVITIES FOR YEAR 1958

Arrive

27 Jan.
14 Feb.

25 Feb.

29 Mar.

30 Mar.

4 Apr,

9 Apr.
25 Apr.
28 Apr.

8 May
13 May
21 May

7 June
20 June
29 June
30 June

4 July
18 July

2 Aug.

3 Aug.
12 Aug.
25 Aug.
31 Aug.

4 Sept.

19 Sept.
20 Sept.

13 Oct.
24 Oct.
6 Nov.

16 Nov.
17 Nov.
19 Nov.
24 Nov.

1 Dec.
15 Dec.

From

Woods Hole

To

St. Georges

(Delayed in St. Georges for

engine repairs)

St. Georges

Brooklyn, N.Y.

(In shipyard, Brooklyn for

engine repairs)
Brooklyn
Woods Hole

Earle

St. Georges
Gibraltar
Ceuta
Alexandria
Port Said
Aden

Aden

Port Sudan
Suez

Port Said
Alexandria
Naples
Ceuta
Cadiz
Ponta Delgada
St. Georges
Woods Hole

Chelsea
Woods Hole

Woods Hole
Woods Hole
Port-of-Spain

Willemstad
Amuay
Maracaibo
Maracaibo
Barranquilla
Cristobal

Woods Hole
Earle, N. J.

St. Georges
Gibraltar
Ceuta (Rota)
Alexandria
Port Said
Aden, Arabia
Aden

Port Sudan
Suez

Port Said
Alexandria
Naples

Ceuta (Rota)
Cadiz

Ponta Delgada
St. Georges
Woods Hole
Chelsea

Woods Hole
Woods Hole

Woods Hole
Port-of-Spain
Willemstad,
Curacao
Amuay
Maracaibo
Maracaibo
Barranquilla

Cristobal, C.fZ.

Woods Hole

Days

5
18

12
33

Ch. Scientist
Miller
Stetson  (Medit.

and Red Seas)

Graham

Edwards

Hahn

Shipyard
haul/repairs

WHOI Associates

Cruise
Student Cruise
Zeigler

over-



Cruise
No.

17

Depart

6 Feb.
11 Feb.
21 Feb.
11 Mar.

25 Mar.

17D 1 Apr.

18

19

20
21

22

11 Apr.
25 Apr.
15 May
19 May

3 June
19 June

7 July
14 July
20 July
11 Aug.
14 Aug.
28 Aug.
30 Aug.

3 Sept.
13 Sept.

1 Oct.
8 Oct.
29 Oct.
5 Nov.
17 Nov,
10 Dec.
16 Dec.
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CRAWFORD ACTIVITIES FOR YEAR 1958

Arrive

9 Feb.
17 Feb.
6 Mar.

20 Mar.
28 Mar.

9 Apr.
23 Apr.
30 Apr.
19 May

2 June
18 June
21 June
12 July
19 July
20 July
11 Aug.
20 Aug.
28 Aug.
30 Aug.

10 Sept.
26 Sept.

5 Oct.
26 Oct.
1 Nov.
14 Nov.
1 Dec.
15 Dec.
21 Dec.

From

Woods Hole
Bermuda

St. Thomas
Kingston
Cristobal
Guantanamo
Guantanamo
Guantanamo
Woods Hole
Morehead City
Morehead City
Morehead City
Woods Hole
St. Georges
Woods Hole
Chelsea
Woods Hole
Woods Hole
Chelsea
Woods Hole
Port-of-Spain
Rio de Janeiro
Rio de Janeiro
Walvis Bay
Luanda
Monrovia
Belem

St. Thomas

To

Bermuda

St. Thomas
Kingston
Cristobal
Guantanamo
Guantanamo
Guantanamo
Woods Hole
Morehead City
Morehead City
Morehead City
Woods Hole
St. Georges
Woods Hole
Chelsea
Woods Hole
Woods Hole
Chelsea
Woods Hole
Port-of-Spain
Rio de Janeiro
Rio de Janeiro
Walvis Bay
Luanda
Monrovia
Belem

St. Thomas
Woods Hole

Days

4
7
14
10
4
9
13
6
5

o — —_ =
PO U AE ===,

—_ =
NN Ut O

Ch. Scientist

Metcalf

Gendreau of
Daystrom Corp.

von Arx

B. Ketchum
Shipyard, repairs

Clarke

Shelter from
Hurricane Daisy
Metcalf
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BEAR ACTIVITIES FOR YEAR 1958

Cruise
No. Depart Arrive From To Days Ch. Scientist
182 21 Jan. 24 Jan. Woods Hole St. Georges 4 B. Ketchum
26 Jan. 28 Jan. St. Georges Woods Hole 3
183 6 Mar. 10 Mar. Woods Hole Woods Hole 7 Ryther
184 19 Mar. 25 Mar. Woods Hole Ft. Lauderdale 7 Daystrom
26 Mar. 29 Mar. Ft. Lauderdale Guantanamo 4
1 Apr. 9 Apr.  Guantanamo Kingston 9
11 Apr. 20 Apr. Kingston Guantanamo 10
21 Apr, 25 Apr. Guantanamo Charleston 5
28 Apr. 1 May Charleston Woods Hole 4
185 12 May 16 May Woods Hole Woods Hole 5 B. Ketchum
186 21 May 26 May Woods Hole Woods Hole 6 Cresswell
187 3 June 3 June Woods Hole Woods Hole 1 Compass
adjustment
188 10 June 11 June Woods Hole Woods Hole 2 Frantz/Fraser
189 18 June 25 June Woods Hole Woods Hole 8 Cresswell
190 15 July 17 July Woods Hole Woods Hole 3 Frantz/Walden
191 18 July 24 July Woods Hole Woods Hole 7 Cresswell
192 4 Aug. 15 Aug. Woods Hole Woods Hole 12 Schevill/Knott
193 19 Aug. 28 Aug. Woods Hole Woods Hole 10 Cresswell
194 28 Aug. 28 Aug. Woods Hole Chelsea 1 Shelter from
30 Aug. 30 Aug. Chelsea Woods Hole 1 Hurricane Daisy
195 5 Sept. 8 Sept. Woods Hole Woods Hole 4 Bowen
196 15 Sept. 19 Sept. Woods Hole Woods Hole 5 Yentsch
197 20 Sept. 21 Sept. Woods Hole Woods Hole 2 Voorhis
198 23 Sept. 28 Sept. Woods Hole Woods Hole 6 Cresswell
199 6 Oct. 8 Oct.  Woods Hole Woods Hole 3 Voorhis
200 20 Oct. 21 Oct. Woods Hole Woods Hole 2 Voorhis
201 4 Nov. 8 Nov. Woods Hole Woods Hole 5 Volkmann
202 12 Nov. 12 Nov. Woods Hole Chelsea 1 Shipyard, repairs
30 Dec. 30Dec. Chelsea Woods Hole 1
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USCGC YAMACRAW ACTIVITIES FOR YEAR 1958

Ch. Scientist

E. Hays

Hersey

- Hersey

Hersey

Ch. Scientist

WHOI staff members attended.)

Hersey

Cruise . :
No. Depart Arrive From To Days
8 27 Jan. 3 Feb. Woods Hole Key West 8

3 Feb. 9 Fch. Kecy West Havana 7
12 Feb. 13 Feb. Havana Key West 2
13 Feb. 18 Feb. Key West Boston 5
9 25 Mar. 31 Mar. Woods Hole Galveston 7
3 Apr. 9 Apr.  Galveston Guantanamo Bay 7
11 Apr. 18 Apr. Guantanamo Bay Kingston 8
18 Apr. 23 Apr. Kingston Kingston 6 -
25 Apr. 26 Apr. Kingston Guantanamo Bay 2
27 Apr. 3 May Guantanamo Bay Newport, R. L. 7
5 May 5 May Newport Woods Hole 1
10 21 June 1 July Woods Hole Ponta Delgada 11
3 July 7 July  Ponta Delgada Gibraltar 5
7 July 11 July Gibraltar Palma 5
14 July 19 July Palma Naples, Italy 6
23 July 4 Aug. Naples Cadiz, Spain 13
8 Aug. 11 Aug. Cadiz Rota, Spain 4
12 Aug. 14 Aug. Rota Lisbon 3
17 Aug. 24 Aug. Lisbon Belfast, Ireland 8
29 Aug. 6 Sept. Belfast Argentia 9
6 Sept. 9 Sept. Argentia Boston 4
11 28 Sept. 5 Oct. Woods Hole Jacksonville 8
7 Oct. 16 Oct.  Jacksonville Savannah 10
USNS CHAIN ACTIVITIES FOR YEAR 1958
Cruise
No. Depart Arrive From To Days
(17 November 1958—Placing in service ceremonies.
1 18 Nov. 24 Nov. Savannah Woods Hole 7
2 8Dec. 13Dec. Woods Hole Bermuda 6
17 Dec. 20 Dec. Bermuda Woods Hole 4
3 23Dec. 23Dec. Woods Hole East Boston 1

Shipyard, repairs
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Flight
No.

87

88
91

94

97

108

115

123

WOODS HOLE OCEANOGRAPHIC INSTITUTION

R4D-6R, BUNO 39106 ACTIVITIES FOR YEAR 1958

Departure and Days
Return Duration

2 Jan.-18 Jan. 3

19 Jan,
20 Jan.
22 Jan.
23 Jan.
24 Jan,
25 Jan,
26 Jan.
27 Jan.
29 Jan. 11
31 Jan.
3 Feb. 4
4 Feb.-7 Feb. 2
8 Feb.
9 Feb. 2
12 Feb,~14 Feb. 2
17 Feb.
18 Feb.
19 Feb.
20 and 22 Feb.
23 Feb.
24 to 28 Feb.
1 Mar,
2 Mar.
3 Mar. 15
5 Mar.-21 Mar. 2
24 Mar,
25 Mar.
26 Mar.
27 Mar.
28 Mar.
29 Mar. 6
31 Mar.-2 :May 11
5 May
6 May
7 May
9 May 5
13 May-15 May
18 May
19 to 24 May
25 May 8
27 May
28 May to 1 June
. 2 June
6 June 1

(5

~

Bases

Local flights
Otis to Charleston AFB

Charleston AFB to Key West

Key West to New Orleans
New Orleans local

New Orleans to Brownsville

Brownsville local

Brownsville to Memphis NAS
Memphis to Chicago (Glenview)

Glenview NAS to Otis
Otis to Kindley

Kindley to Otis

Local flights

Otis to Kindley

Kindley to Hyannis

Local flights

Otis to Charleston AFB
Charleston to Guantanamo

Guantanamo NAS to San Juan

San Juan local

San Juan to Piarco
Daily — Piarco local
Piarco to San Juan
San Juan to Miami
Miami to Otis

Local flights

Otis to Savannah
Savannah to Glynco NAS
Glynco local

Glynco to Savannah
Savannah local
Savannah to Otis
Local flights

Otis to Moncton N. B,
Moncton to Argentia
Argentia local
Argentia to Otis
Local flights

Otis to Cherry Point

Daily — Cherry Point local

Cherry Point to Otis
Otis to Cherry Point

Daily — Cherry Point local

Cherry Point to Quonset
Locatl flight

Scientist in Charge

Zeigler

Pike

Pike

Bunker

Redfield and
group to attend
conference

Bunker/Leahy

Richardson

D. Ketchum
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R4D-6R, BUNO 39106 ACTIVITIES FOR YEAR 1958 (CONTINUED)

Flight Departure and Days
No. Return Duration Bases Scientist in Charge
131 7 June Otis to Cherry Point Walden/
Wilkins
8 to 14 June Daily — Cherry Point local
15 June 9 Cherry Point to Otis
17 June-22 Aug. 24 Local flights
164 25 Aug. Otis to Kindley Leahy
26 Aug. 2 Kindley to Otis
3 Sept.-3 Oct. 16 Local flights
182 4 Oct. Otis to Miami Walden/Frantz
7 and 10 Oct. Miami local
11 Oct. 8 Miami to Otis
14 Oct.~7 Nov. 6 Local flights
192 11 Nov. Otis to Miami Bunker/
Woodcock
12 Nowv. Miami to San Juan
13 and 14 Nov, San Juan local
15 Nov. San Juan to Trinidad
16 to 21 Nov, Trinidad local
22 Nov. Trinidad to San Juan
23 Nov. San Juan to Miami
24 Nov. 14 Miami to Otis
2 Dec.—8 Dec. 4 Local flights
197 11 Dec. Otis to Kindley Woodcock
13 Dec. 2 Kindley to Otis
17 Dec.~23 Dec. 3 Local flights
STINSON N-408 ACTIVITIES FOR 1958
January 13 Local flights
February 3 Local flights
March 27 Local flights
April 27 Local flights
May 34 Local flights
Passenger flight 19 May  Falmouth to New London Walden/Vine
New London to Atlantic City Walden
Atlantic City to Kellam, Md.
Kellam to Morehead City
20 May  Morchead City to Kellam

June
Ferry

Kellam to Monmouth, N, J.
Monmouth to Coonamessett

11 Local flights

flight

2 June

1 June

Falmouth to Monmouth
Monmouth to Kellam, Md,
Kellam to Morehead City

Morehead City to Elizabeth City
Elizabeth City to Whitehouse, Del.

Whitehouse to Cape May
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STINSON N-408 ACTIVITIES FOR 1958 (CoONTINUED)
3 June Cape May to Westerly
Westerly to New Bedford
New Bedford to Coonamessett
July 23 Local flights
August 15 Local flights
September 9 Local flights

November
December

4 Local flights
16 Local flights

Passenger flight 9 Sept. Falmouth to Bedford Watkins/Schevill

Passenger flight Bedford to Portland

Whale searching Portland local Schevill

Whale searching 10 Sept. Portland local Backus

Radio check Portland local Watkins

Whale searching 11 Sept.  Portland local Schevill

Whale searching Sept.  Portland local Schevill

Whale searching 12 Sept. Portland local Schevill/Watkins/Backus

Passenger flight Portland to Bedford Schevill/Watkins/Backus

Passenger flight Bedford to Falmouth Watkins/Backus
October 9 Local flights

Ferry flight 6 Oct.  Falmouth to Bedford

Passenger flight Bedford to Old Town Schevill

Passenger flight Old Town to Caribou Schevill

Passenger flight Caribou to Mont Joli Schevill

Passenger flight Mont Joli to Forestville Schevill

Whale hunting 7 Oct Forestville local Schevill

Whale hunting Forestville local Schevill

Passenger flight 10 Oct.  Forestville to Mont Joli Schevill

Passenger flight Mont Joli to Caribou Schevill

Passenger flight Caribou to Portland Schevill

Passenger flight Portland to Bedford Schevill

Ferry flight Bedford to Hyannis

Ferry flight 22 Oct.  Falmouth to Portland Backus/Johnson/Watkins

Ferry flight Portland to Biddeford

Passenger flight Biddeford to Coonamessett Watkins

Ferry flight Coonamessett to Portland

Ferry flight 30 Oct.  Portland to Biddeford

Whale spotting Biddeford to Portland Schevill

Ferry flight Portland to Biddeford

Whale spotting 31 Oct.  Biddeford to Portland Schevill

Whale spotting Portland local Schevill

Whale spotting 1 Nov.  Portland local Schevill

Whale spotting Portland to Biddeford Schevill

Whale spotting 2 Nov.  Biddeford to Portland

Whale spotting Portland local

Whale spotting 4 Nov.  Portland local (twice)

Whale spotting 5 Nov. Portland local (twice)

Ferry flight 5 Nov. Portland to Hyannis
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Publications

During 1958, forty-nine papers bearing contribution numbers were pub-
lished. See Author, Subject-Locality, Taxonomic Index published in 1957
for a complete list up to 1956.

No. 784 Avrrep C. REpFIELD. Preludes to the Entrapment of Organic Matter in the
Sediments of Lake Maracaibo. In: Habitat of Oil. Amer, Assoc. Petrol.
Geologists, June, 1958,

No. 849 Duncan C. Brancuarp. Electrically Charged Drops from Bubbles in Sea
Water and their Meteorological Significance. Jour. Meteorol., Vol. 15, No. 4,
pp. 383-396. 1958.

No. 874 J.B.Hzrsev., Electronics in Oceanography. (Dated 1957.) In: Advances
in Electronics and Electron Physics. Vol. 9, pp. 239-295. Academic Press,
Inc., New York. 1957.

No. 877 Frovp M. Soure and J. E. Murray. Physical Oceanography of the Grand
Banks Region and the Labrador Sea in 1956, (Dated 1957.) U. S. Coast Guard
Bull., No. 42, pp. 35-100. 1957,

No. 900 Artuur R. MiLrer., The Effects of Winds on Water Levels on the New
England Coast. Limnol. and Oceanogr., Vol. 3, No. 1, pp. 1-14. 1958,

No. 906 Joun H. Ryruer and Cuaries S. YENTsCH. Primary Production of Conti-
nental Shelf Waters off New York. Limnol. and Oceanogr., Vol. 3, No. 3,
pp- 327-335.  1958.

No. 915 Joanne S. Markus. On the Structure and Maintenance of the Mature
Hurricane Eye.  Jour. Meteorol., Vol. 15, No. 4, pp. 337-349. 1958.

No. 920 A.H.Wooncock. The Release of Latent Heat in Tropical Storms due to the
Fall-Out of Sea-Salt Particles. Tellus, Vol. 10, No. 3, pp. 355-371. 1958.

No. 923 Acrrep C. Reprerp. The Inadequacy of Experiment in Marine Biology.
In: Perspectives in Marine Biology. Symposium held at Scripps Inst. of
Oceanogr., Univ. Cal., March 24-April 2, 1956. 1958,

No. 928 H. Barnes and Marcaret Barnes. The Rate of Development of Balanus
balanoides (L.) Larvae. Limnol. and Oceanogr., Vol. 3, No. 1, pp. 29-32. 1958.

No. 930 Wririiam S. von Arx. “Dister”: A Displacement Sequence Stereoscope.
Four. Meteorol., Vol. 15, No. 2, pp. 230-231. 1958.

No. 931 Wiriiam S. von Arx. Synoptic Photography. Weather, Royal Meteorol. Soc.,
London, pp. 179-197. 1958,

No. 932 Henry B. BieeLow and Wirriam C. Sceroeper. Four New Rajids from the
Gulf of Mexico. Bull. Mus, Comp. Zool., Vol. 119, No. 2, pp. 201-233. 1958,

No. 933 G.Veronis. On the Transient Response of a g—plane Ocean.  Jour. Oceanogr.
Soc. Fapan, Vol. 14, No. 1, pp. 1-5. 1958.

No. 934 WriLLiam S. Ricaarpson and Cuarres H. WiLkins.  An Airborne Radiation
Thermometer, Deep-Sea Research, Vol. 5, pp. 62-71. 1958,
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No.

No.

No.

No.

No.

No.
No.

No.

No.

No.
No.

No.

935

936
938

939

940

942

943

944

945

946

949
951

952

953
955
957

958

WOODS HOLE OCEANOGRAPHIC INSTITUTION

Jovce C. Lewiv, R. A, LEwiN and D. E. PriLrorr. Observations on Phaeo-
dactylum tricornutum.  Jour. Gen. Microbiology, Vol. 18, No. 2, pp. 420-426.
1958.

Jovce G. Lewin. The Taxonomic Position of Phacodactylum  tricornutum.
Jour. Gen. Microbiology, Vol. 18, No. 2, pp. 427-432, 1958,

Harry J. TurNer. The Effect of Nutrition on the Color of the Callus of
Polinices duplicatus. The Nautilus, Vol. 72, No. 1, pp. 1-3. 1958,

HEenry Stommer, A. B. Arons and A. J. FaLLer, Some Examples of Sta-
tionery Planetary Flow Patterns in Bounded Basins. Tellus, Vol. 10, No. 2,
pp. 179-187, 1958.

Howarp L. Sanpers. Benthic Studies in Buzzards Bay. I. Animal-
Sediment Relationships., Limnol. and Oceanogr., Vol. 3, No. 3, pp. 245-258,
1958.

Frank J. Martuer, III and RoserT H. Gises, Jr. Distribution of the
Atlantic Bigeye Tuna, Thunnus obesus, in the Western North Atlantic and the
Caribbean Sea. Copeia, 1958, No. 3, pp. 237-239. 1958,

W. V. R. Markos and G. Veronis. Finite Amplitude Cellular Convection.
Jour. Fluid Mech., Vol. 4, Pt 3, pp- 225-260. 1958,

J. B. Hersey and M. S. RursteiN. Reconnaissance Survey of Oriente Deep
(Caribbean Sea) with a Precision Echo Sounder. Bull. Geol. Soc. Amer.,
Vol. 69, pp. 1297-1304. 1958,

Avran J. FaLier. An Optical Method for the Measurement of Surface Waves
in the Laboratory. Trans. dmer. Geophys. Union, Vol. 39, No. 4, pp. 716720,
1958.

Bosrwick H. Kercuum, Joun H. RyTrer, Cuarres S. Yentsc and
NataaNIEL CORWIN. Productivity in Relation to Nutrients. Rapp. et Proc.-
Verb., Cons. Internat. Explor. de la Mer, Vol. 144, pp. 132-140. 1958,

H. Barnes and MARGARET Barnes. Further Observations on Self-Fertilization
in Chthamalus sp. Ecology. Vol. 39, No. 3, p. 550. 1958,

Taxasur Icuive. A Theory of Vertical Structure of Density in the Ocean.
Jour. Oceanogr. Soc. Fapan, Vol. 14, No. 2, pp. 35-40. 1958,

Tagasmr Icarve, Tsunami Waves — What are known about them — How
we have studied them. The Port Engincer, Vol. 7, No. 1, pp. 5-19 [1-14].
Calcutta, India. 1958.

HEenry STOMMEL. Letter to the Editors: The Abyssal Circulation. Deep Sea-
Research, Vol. 5, pp. 80-82. 1958,

G. C. McLeop. Delayed Light Action Spectra of Several Algae in Visible
and Ultraviolet Light.  Jour. Gen. Physiol., Vol. 42, No. 2, pp. 243-250, 1958,

James M. Mourton. The Acoustical Behavior of some Fishes in the Bimini
Area. Biol. Bull., Vol. 114, No. 3, pp. 357-374. 1958,

RoserT L. MILLER and Joun M. Zeierer. A Model Relating Dynamics and
Sediment Pattern in Equilibrium in the Region of Shoaling Waves, Breaker
Zone, and Foreshore.  Jour. Geology, Vol. 66, No. 4, pp. 417-441. 1958,
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No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No

959

960

963

965

968

969

970

972

976

977

978

979

981

983

994

998

. 1001
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Frovyp M. Soure and R. M. Morse. Physical Oceanography of the Grand
Banks Region and the Labrador Sea in 1957.  U. §. Coast Guard Bull., No. 43,
pp. 81-131. 1958,

James M. MourroN. A Summer Silence of Sea Robins, Prionotus spp. Copeia
1958, No. 3, pp. 234-235. 1958.

Taxkasut Icrive, The response of a Stratified Bounded Ocean to Variable
Wind Stresscs.  Oceanogr. Mag., Vol. 10, No. 1, pp. 19-63. Tokyo, Japan.
1958.

THEODORE J. SmAYDA. Biogeographical Studies of Marine Phytoplankton.
Oikos, Vol. 9, No. 2, pp. 158-191. 1958,

Bostwick H. KETcnum and Vavcuan T. Bowen. Biological Factors Determin-
ing the Distribution of Radic-isotopes in the Sea. Proc. 2nd Internat. Con-
ference on the Peaceful Uses of Atomic Energy, Geneva, Sept. 1-15, 1958.
Paper UN402-01C724, 11 pp. 1958,

Joanne STARR MaLkus. On the Structure of the Trade Wind Moist Layer.
Papers in Physical Oceanography and Meteorology, Vol. 13, No. 2, pp. 1-47. 1958.

Vauvcaan T. Bowen and T. T. Sucizara. Marine Geochemical Studies with
Fallout Radioisotopes. Proc. 2nd Internat. Conference on the Peaceful Uses
of Atomic Energy, Geneva, Sept. 1-15, 1958. Paper UN403-01C902,
12 pp. 1958.

Cuarres S. YeEntsca and Raren F. Vaccaro. Phytoplankton Nitrogen in
the Oceans. Limnol. and Oceanogr., Vol. 3, No. 4, pp. 443-448. 1958,

Avrrep C. Reprierp.  The Biological Control of Chemical Factors in the
Environment. dmer. Scientist, Vol. 46, No. 3, pp. 205-222. 1958,

C. Goprrey Day. Surface Circulation in the Gulf of Maine Deduced from
Drift Bottles. U. S. Fish and Wildlife Service, Vol. 58, Fish. Bull. 141,
pp. 443-472. 1958,

Joun H. RytHer, CHarLEs S. YentscH and Ravpu F. Vaccaro. The
Dynarmics of a Diatom Bloom. Biol. Bull., Vol. 115, No. 2, pp. 257-268. 1958,

A. T. Seencer and D. C. BuancHarD. A Portable Raindrop Recorder for
Semi-Continuous Determination of Size Distributions.  Trans. Amer. Geophys.
Union, Vol. 39, No. 5, pp. 853-857. 1958,

Taxasar IcaiveE. On Convective Circulation and Density Distribution in a
Zonally Uniform Ocean. Oceanogr. Mag., Vol. 10, No. 1, pp. 97-135.
Tokyo, Japan. 1958,

P. F. ScroranpeEr. Counter Current Exchange: A Principle in Biology.
Hualradets Skrifter, No. 44, 24 pp. Oslo. 1958,

GiLeerT L. Voss. The Cephalopods Collected by the R/V Atlantis during
the West Indian Cruise of 1954. Bull. Mar. Sci., Gulf and Caribbean, Vol. 8,
No. 4, pp. 369-389. 1958,

H. Barnges. Regarding the Southern Limits of Balanus balanoides (L.) Oikos,
Vol. 9, No. 2, pp. 139-157. 1958,

L. R. Brestau and H. E. Epcerton. The Luminescence Camera. Four.
Biol. Photogr. Assoc., Vol. 26, No. 2, pp. 49-58, 1958.
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Personnel

The following persons were awarded grants, honoraria or fellowships

during 1958:

Joun P.BARLOW. ...l Cornell University

Duncan C. BLANGHARD . .. .............. Massachusetts Institute of Technology

HenriCaroN. ... ias, Clark University

WitLiam A. DAWSON. . ... ...... .. ..., Harvard University

Joun L. EpGar. .............. . L Antioch College

MicHAEL GARSTANG . .. ................. Florida State University

TiMmoHELA. ..o Institute of Marine Research, Helsinki,
Finland

BrucE HOPPER. . ... oo Alabama Polytechnic Institute

Tagasar IcRIvE. . ..o oLl Central Meteorological Observatory,
Tokyo, Japan

ALEXANDRE IVANOFF.................... Ecole Supéricure de Physique et de
Chimie, Paris, France

JamEs B. LACHEY. ........... ... ... University of Florida

BenjamiN B. LEavITT. .. 0oLl University of Florida

JosEPH LEVINE. .......... .. oL, Massachusetts Institute of Technology

FrepErick C. MARLAND . . .. ............ Agricultural and Mechanical College
of Texas

SHEINA MARSHALL . .. .. ................ Marine Station, Millport, Isle of Cum-
brae, Scotland

GEORGE C. MATTHEISSEN . . ......vun.... Harvard University

Guy C.McLEOD. ...t Harvard University

S1IGERU MOTODA . . . ... ..., Hokkaido University, Hokkaido, Japan

Danter R. NorTON. ... ..ol Sprague Electric Company

ANDREW P.ORR. . ............. ... ..... Marine Station, Millport, Isle of Cum-
brae, Scotland

PETER D. PARKER. . ..........oo.uuue., Ambherst College

OWEN PHILLIPS. . .. ..vveviien it The Johns Hopkins University

CarOL ANN REICHERT. ... .............. Antioch College

ALLAN R, ROBINSON . . ..............ass. Harvard University

EieeN RuBy. ... Antioch College

Ruporr S. SeHELTEMA. .. ... ... L, University of North Carolina

Davio H. SmoNTING. ... ..oov L, Massachusetts Institute of Technology

THEODORE J. SMAYDA. ... ............... University of Oslo

JosEpH STAMPFLI. . ...l University of Michigan

Joun H.STEELE. . ... .................. Marine Laboratory, Aberdeen, Scotland

Epwarp D.STrOUP. . ... ..o The Johns Hopkins University

T. FERRIS WEBSTER. . . .......... ... ... Massachusetts Institute of Technology

PETER WANGGERSKY . . ......ov oo, Yale University

Juortr WrtkaN. ..o Hunter College
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We were honored during the year by receiving visits from distinguished

colleagues from other countries. Among these the following spent a con-

siderable period of time:

Dr. Bruce B. BENSON. .......... Ll Ambherst College

MRg. THANON CHARENLARB. .. ........... Royal Thai Navy, Thailand

Mgr. CHARLES P. CoOK. .. .......... . ... Comumercial Products, Inc.

Dr. Epgar L. DEACON. .. ............... Commonwealth Scientific and Industrial
Research Organization, Australia

Dr.G.E.R.DEACON. . ....... ...t National Institute of Oceanography,

~ England

MR, RoBert L. ERATH. .. .. ... ... . ... Grumman Aircraft Corporation

Mr. Ricaarp Favy. .. ... oo United States Weather Bureau

Dr. Sapaavyo M. Horr. .. ........... ... Japanese Hydrographic Office

Dr. Kivasur HoRIKAWA. .. ... ... . ... University of Tokyo, Japan .

Dr. S ISHIGURO. . ... ... ... ... ..., Nagasaki Marine Observatory, Japan

Dr. ALEXANDRE IVANOFF. ............... Ecole Supérieure de Physique et de’
Chimie, Paris, France

DRr. SHEINA M. MARSHALL. . ............ The Marine Station, Millpori, Scotland -

MR, Jack MCLACHLAN. . ............. . .Oregon State College

Dr. SigERUMOTODA . ... .. Hokkaido University, Japan

Mr. DoNaLp G, MurPHY . . . ............ Oregon State College

Dr. ANDREW P.ORR. ... ............... The Marine Station, Millport, Scotland -

DR. ALBERTO SAEZ. . ..ot National University of Zuila, Venczuela

Dr. RoLr HEINZ SIEPMANN. . .. .......... Kiel, Germany ‘

MR. NorRMAN DENNIS SMITH. . . ... ....... National Institute of Oceanography,
England ’

MRr. GorpoN L. Stamm. . ... ... .. ... Naval Research Laboratory -

Dr. Raymonp G, STROSS. .. ............. University of Wisconsin

Mr. Joun H. STEELE. .. ... . ... The Marine Laboratory, Aberdeen,
Scotland

Dr. ROMAN VISHNIAC. .. ... .oviiinn... New York City

Dr. GEorGe C. WILL1AM. . .......... . ... Michigan State University

Dr. JACQUES S. ZANEVELD . . .. ........... Caraibisch Biologisch Institut, Curagao,

Netherlands West Indies

The following personnel, in addition to those otherwise listed, were in the
employ of the Institution for the twelve-month period ending December

31, 1958.

ETHEL B. ALLEN EiMmER M. BarsTOwW WarreN O, Bowman
NeLLE E. ANDERSEN MaRrTIN R, BARTLETT MagseL D, BRADLEY
JupiTH A. ASHMORE Epwarp R. Bavror ArLvin L. BRapsHAW
Napine N. ATHEARN Henry G. BEERENS W. ScotTt Bray
CyriL Backus James S. BErcaw Josepu C. BRowN
Harorp Backus StanLEy W, BERGSTROM Epwin T. BrRyanT
JeEanNe M. Backus RoserT N. BETTERLEY Joun Q. Bumer

Rose L. BARBOUR ForresT W. BLAKE CuarLES A. BURNHAM
ANN H. BARRETT Rarpu H. Bobman Joun P. CaBraL

JosepH R, BARRETT, JR. Georg BoLTz Joun V. CaBraL
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Henry A, Can

SvysiL A. CAMPBELL
AnceLo CANGIAMILIA
Avwyn L, CARTER

Davip F. CasiLes

Jaumes J. CavanavcH
Constance W, CHADWICK
MAaRGARET A, CHAFFEE
Acnes G, CHALMERS
Jorn A. CHRISTIAN
Epwarp H. CHUTE
WiLriam H, CLARKIN
ArtHUR D. CoLBURN, JR.
J. WiLriam Conpon

Hans Cook

Jeroue M. CorTER
Brooks W, CouGHLIN .
Marion W, CROCKER
Evizaseta S. Curr,

Lee C. Davis

C. Goprrey Day

Josepu V. Day

CHARLEs D, DENSMORE
Ricuarp H, Dimmock
PauL E, DingwELL
Wirriam M. Dunkig, Jr.
StAaNLEY N. ELDRIDGE
Davis A, FAHLQUIST
Louis F. FERNANDEZ
Arice H. FERRIS

GEORGE A. FERRIS
FrepeRrICK E. FIELDEN
Don R. Fink

StanLey O, FisHEr
Ricaarp A. Firzgerarp
Downarp B. Foster

Joun G. FRASER

GroriA S. GALLAGHER
RosEMARY GALLAGHER
Wirriam F. GALLAGHER
Frep GASKELL

James E. GIFrorD
Barsara L. GILL
NorMan GINGRASS
FrorencE E. GLAESER
Carrron W, GRANT
James E. Hanks

KaLeroy L. HATzikoNn

CarLyrLE R. Havrs
GeorcE L. HiLton
Lroyp D. HoapLEY
Harry L. HopGKins
Sroar F. Hobeson
Pauvr M. Howr

Myron P. Howranp, Jr.
Paur C. HowrLanp
CuareEs J. HueBarp
Omis E, Hunt

Cuarces S, Innts, Jr.
Dermar R. Jenkins
ALFReD C. Jorn
BarBarRA JoHNsON
Davip C. Jounson
Henry R. Jounson
YoLanpe A. KAHLER
Ricuarp L. KeerLER
WiLrarp E. KETCHEN
Joun A, KosTrRzEwa
Josepu L. LAMBERT
DeLia M. Lavin
Josepu LevINE

Tuomas Lyon

CoLiN DHU MACAFEE
Duane E. Mabpux
George E. MARTIN
Francis S. MATTHEWS
CrLemeNT L. McCann, Jr.
MARGARET McCLOSKEY
Emeen M, McCorMack
Joser M. McELLiorT
Davip A. McGrLr
Frorence K. MeLLOR
Francis Minot

Juanita A. Mogarpo
WEeNDELL MoORrRDY
CrayroN B. MOREHOUSE
KeNNETH MORRISON
RoBerT G. MUunNs
EuGeNE J. Mysona
James S. NicoLson
Ricuaarp V. OLsoN
Mary ORTOLANI

BeTrTy P. Osticuy
MicHAEL PALMIERI, JR.
GatLE G. PasLey, Jr.

Heiren F. Punivies
SamuiL F. PiErRcE

Jorn M. PiMeEnTAL
StanLEY E. PooLE

Mary Dorotruay ROGERs
Nicroras Rosa
LAwRENCE RosE
MicuAEL RoseTTI

Jaumes E. SavtHOUSE

Jor~ D, SanDBLOM
MARGARET SCHARFF
Jonn L. ScuiLLing
EvizaseTH H, SCHROEDER
Harry H. SEIBERT
WiLLiAM SHIELDS
Wirriam S, SuuLTZ
LutHER V. SraBavcH
Davip SNowMmaN

Erorise M. SODERLAND
OT1TO SOLBERG

James H. Souza |
MaTttaew R, Sovza
ErizaserH C. Sparks
CHARLEs E. SPOONER
RoBerT J. STANLEY
RicHARD STANSFIELD
Tuomas R, STeETson
STepPHEN L. StiLLMAN, JR.
Joan W. Stimpson
TuoMmas O. L. SurcLIFFE
Herman Tasua

Louss J. ToMETICH
WEenpELL K. TriPP

CarL R. voN DANNENBERG
JEan D, WaLRER

RoBerT H. WALKER, JR.
Rosert G. WEEKS
Puirries B. WiLpe
CrarLEs H. WiLkins
GEORGE A, WiLLIAMS
Epwarp WiLsoN

Estoer N. WiLson
CarLETON R, Wing
Warren E. WiTzeLL
Frep C. Woopwarp, Jr.
Javan D, York

Anrta M. Younc
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V. TREASURER’S REPORT FOR THE YEAR 1958

The accounts for the year 1958 have been audited by Lybrand, Ross
Bros. & Montgomery.

The book value of endowment funds at December 31, 1958 was $3,389,617,
of which $954,054 represented accumulated net gains from sales of invest-
ments. The market value of endowment assets on the same date, including
real estate at book amount, was $5,091,900. Endowment fund investments
and income received therefrom are summarized in Schedule D.

Income received on endowment assets, including interest charged on the
advance to current funds, was $178,607 for the year ended December 31,
1958, compared with $180,593 the previous year. This income represented
a return on endowment fund assets of 3.59 at year-end market quotation,
5.3%, on the book amount and 7.3% on the contributed amount of the
endowment fund.

Endowment income was allocated for 1958 operating expenses at the
rate of 5.5%, of the book amount of original endowment funds, or $133,129.
Of the balance of endowment income, $45,478, there was transferred to the
income and salary stabilization reserve $44,810 and to unexpended balance
of gifts from Oceanographic Associates as income from investment of life
memberships $668. Advances were made from endowment funds to current
funds during portions of the year, but all such advances were paid off prior
to the end of the year.

Deferred charges amounting to $239,364 (see balance sheet for break-
down) represented expenditures for the benefit of future years. A pro-
portionate part of these charges will be added to current costs, or other
appropriate accounts, as the benefits accrue.

The details of unexpended balances of gifts and receipts for research,
other than Government, are shown in Schedule C. The income from Woods
Hole Oceanographic Associates for the year amounted to $49,606. Expendi-
tures and allocations to specific projects of $15,261, plus $4,042 of life mem-
berships transferred to endowment assets, increased the balance on hand of
$59,615 at December 31, 1957 to $89,918 at December 31, 1958.

The Institution’s 1958 contribution to the Woods Hole Oceanographic
Institution’s Employees Retirement Trust amounted to $76,344. The trust
is administered by three trustees. The balance of the old Retirement Fund,
administered by the Treasurer, amounted to $68,140 as at December 31,
1958. This balance consisted of amounts on deposit in sixteen savings bank
accounts held in trust for ten members of the plan. No contributions to the
old plan were made in 1958. Interest totalling $2,167 was credited to the
savings accounts during the year.
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In the financial statements that follow it is interesting to note that for each
dollar spent 79.4 cents was spent for direct costs of research activity, 15.8
cents for general and administration expenses and 4.8 cents for plant oper-
ation and miscellaneous. Administrative salaries amounted to only 6.4 cents
of each dollar of total expense. Included in the 15.8 cents for general and
administration expenses was 3.6 cents for staff benefits (group insurance,
social security taxes, and contributions to retirement plan).
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ASSETS
EnpowmeNT FUND ASSETS:
Investments (Schedule D):
Bonds (market quotations $1,765,105). .
Stocks (market ncoﬁm.uozm @u 30 A,\mv e
Real estate..

PranT Funp AsseTs (note):
Laboratory plant and equipment. ..........
Vessels and equipment. . . ..
Other property............

Total plant.

BALANCE SHEET
As at December 31, 1958

Cash...........oviiiinan. .. $185,654
Receivable from sale of securities. 132,685
CurreNT Funp AsseTs:
Cash......... e e
Accounts receivable:
U. S. Government............. $300,734
Other.........coiiiiiin... 14,719
Unbilled costs on research contracts:
U. S. Government. .. .......... 325,628
Other. .. .. e 42,043
Supply inventories. . ............... e
Deferred charges:
Reconditioning boat Crawford. 190,468
Electronic equipment. ......... 24,844
Other. ............. 24,052

LIABILITIES
EnpowMmENT Funbs:
Unrestricted. .. .............
$1,847,508 ¥
1,411,792 or upkeep of plant. ..... et
128,417 Accumulated net gain on sale of investments. . .
3,387,717
1,900
3,389,617 PranT Funps:
Investedinplant ................ R .
602,429 Fund for purchase and reconditioning of boat
266,707 Aries
161,541
1,030,677 CUrRRENT LiaBILITIES AND FUNDS:
318,339 Accounts payable and accrued expenses. . .. ...
1,349,016 Contribution payable to employees’ retirement
- plan and trust........ BN
T 38,735 Unexpended balances of gifts and grants for
research:
315,453 Government. .............. $174,817
Other (Schedule C). . 98,825
367.671 General fund:
Nmuqoo General plant and equipment
TESErve. . .. o.vue. .. e 244,084
Income and salary stabilization
TESEIVE . & v oo e eeinaan s 211,399
239,364 Unappropriated. . ......... o 21,118
989,923
$5,728,556

$2,016,143
419,420
954,054

3,389,617

1,030,677

318,339

1,349,016

163,336

76,344

273,642

476,601

989,923
$5,728,556

Note — Since 1945 the Institution has provided for depreciation of plant assets other than vessels at annual rates of 2%, on buildings
and 59, to 33349, on equipment, carrying the amounts to general plant and equipment reserve.
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STATEMENT OF INCOME, OPERATING EXPENSES
AND UNAPPROPRIATED GENERAL FUND

For the Year Ended December 31, 7958

IncoME:
Receipts for sponsored research:
Fordirect costs.........ooiiivinii i $ 2,260,277
For indirect costs. .............ooou i 561,294
Fees for use of facilities. .. ...............covoii o, 102,389
2,923,960
Endowment income (Schedule D).................. .. .. $178,607 .
Less amounts added to income and salary stabilization
reserve ($44,810) and unexpended balance of gifts
from Oceanographic Associates as income from in-
vestment of life memberships ($668) ............ 45,478 133,129
Miscellaneous. . ..o voev i 10,129
Total income availed of............... 3,067,218

OPrERATING EXPENSES:
Direct costs of research activity (Schedule A):

Salaries and wages..............ooo i 1,043,073
Vessel operations. .........oouuiiiiiii i 593,330
Materials and services. .................ooi 637,693
Travel. .. ..o 132,696
2,406,792
Indirect costs:
General and administration (Schedule B)............ 480,467
Plant operation (Schedule B).................... .. 138,207
Miscellaneous. ......oovuuvenn e 7,269 625,943
Total operating expenses. ... ... .. —_ 3,032,735
Excess OF INCOME......oovuoii oo, 34,483
Additions to plant from current funds —
books and equipment purchased....................... . ... ... ... 25,212
9,271
UNAPPROPRIATED GENERAL Funp, January 1, 1958, . ................ ... 11,847




REPORT FOR THE YEAR 1958 59
SCHEDULE A
DIRECT COSTS OF RESEARCH ACTIVITY
For the Year Ended December 31, 1958
Salaries and Vessel Materials and
Wages Operations Services Travel Total
U.S.GovernMenT ContracTs § 923,938  $563,005  $548,482  $121,685 $2,157,110
OrHER SPONSORED RESEARCH 42,861 3,993 49,340 6,973 103,167
Total direct costs of
sponsored research. 966,799 566,998 597,822 128,658 2,260,277
InsTITUTION RESEARCH. ... .. 76,274 26,332 39,8& 4,038 146,515
Total direct costs of
research........... $1,043,073  $593,330  $637,693* $132,696 $2,406,792
# Includes grants and fellowships:
Other sponsored research......ovovvv..s $11,750
Institution research.....covvuvennvens, 20,375
$32,125
ScueEDULE B
GENERAL AND ADMINISTRATION EXPENSES AND
EXPENSES FOR PLANT OPERATION
For the Year Ended December 31, 1958
GENERAL AND ADMINISTRATION
GENERAL EXPENSES:
Staff benefits:
Contributions to retirement plan....... ... ... ... ... $76,344
Social security taxes. ... ..oov it s 27,309
Group ISUTAIICE. ..o ottt ettt it ie e enanes 5,133
108,786
Shop SEIVICES. . ¢ttt e, 90,202
Housing, met. ..o e e 3,477
ADMINISTRATION EXPENSES:
Salaries and Wages. ... ... ..ttt e $192,587
Insurance, travel, supplies and other.................... 85,415 ] 278,707(7)3
_ $480,467
PLANT OPERATION T
SALARIES AND W AGES. . . oottt it ittt ittt ener i in e ieaeannannns 47,251
PrOVISION FOR DEPRECIATION (credited to general plant and equipment
=2 2 =) Y 31,449
OTHER REPAIR COSTS. . .0ttt it it i ie it 17,851
Hear, Licar aND POwWER. ... ..o i 22,140
AwmorrtizaTioN OF CosT oF ELEcTRONIG EQUIPMENT . ... ... ... .. 6,211
[ s o5 I 13,305 59,507

" $138,207
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ScueEpUuLE D

SUMMARY OF INVESTMENTS
As at December 31, 1958

Book Market
Amount % of Total Quotation % of Total Income

Bonps:
U. S. Government........ $ 383,796 11.33  § 375,385 737 % 6,361
Railroad................. 505,337 14.92 471,581 9.27 20,958
Public utility............. 395,684 11.68 373,720 7.34 17,571
Industrial................ 407,654 12,03 385,843 7.58 13,287
Financial and investment. . 155,037 4.58 158,576 3.12 8,957
Total bonds......... 1,847,508 54.54 1,765,105 34.68 67,134
Stocks:
Preferred................ 252,508 7.45 239,325 4,70 14,003
Common:
Public utility.......... 370,056 10.92 772,523 15.18 24,244
Industrial. ............ 608,731 17.97 1,819,663  35.75 55,084
Miscellaneous......... 180,497 5.33 364,967 7.17 13,706
Total common stocks 1,159,284 34,22 2,957,153 58.10 93,034
Total stocks......... 1,411,792 41.67 3,196,478 62,80 107,037
ReAL ESTATE.....c0vvvvnn.. 128,417 3.79 128,417* 2.52 2,845

Total investments. ... $3,387,717  100.00  $5,090,000 100.00 177,016

INTEREST ON ADVANCE TO CURRENT Funps CHARGED TO MISCELLANEOUS
OPERATING EXPENSE. . ..ottt it it i i e et e ieeinannn 1,591

ToraL ENDOWMENT FUND INCOME. ... .. oot $178,607

* At book amount.

Woobs HorLe OceanNoGrAPHIC INSTITUTION
Woobs HOLE, M ASSACHUSETTS

We have examined the balance sheet of Woods Hole Oceanographic Institution as at
December 31, 1958 and the related statement of income, operating expenses and unappro-
priated general fund 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; however, it was not practicable to confirm receivables from United States
Government departments, as to which we have satisfied ourselves by means of other
auditing procedures.

In our opinion, the accompanying financial statements present fairly the position of
Woods Hole Oceanographic Institution at December 31, 1958 and the results of its
operations for the year then ended, on a basis consistent with that of the preceding year.

Boston, Massachusetts LyBranD, Ross Bros, & MoNTGOMERY
April 28, 1959




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


