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Vice President Hubert H. Humphrey vzslts campus in his 
capacity as Chairman of the National Council on Marine 
Resources and Engineering Development. At right, Scripps 
Director William A. Nierenberg; center, UCSD Chancellor 
JohnS. Galbraith. 
(Photo courtesy of Virginia Moore, Institute of Marine Resources) 
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Introduction 
For the fifth time in its history Scripps Institution of 
Oceanography faces a major challenge. The extent to 
which it can meet this challenge in the next few years will 
largely determine whether it can maintain its position as 
one of the world's leading centers in oceanography. Three 
of the previous critical periods developed as a result of 
expansions induced by wartime activity and another was 
in the early 1930s when the very nature of oceanographic 
research underwent some basic changes. 

The decisions we now face result from the great public 
interest in the possibility of major exploitations of the 
oceans. The possible magnitude of this development is in
dicated by the recent examples in atomic energy and space 
exploration efforts. Manifestations of this public interest 
have developed on state, national, and international levels, 
not excluding important efforts by communities such as 
San Diego. Indicative of these manifestations was the in
troduction of more than 20 bills concerning oceanography 
before the last session of the Congress of the United States. 
Of these bills two that have been passed are significant: 
one is the Sea Grant College Act; the other, the Act estab
lishing the National Council on Marine Resources and 
Engineering Development and the National Commission 
on Marine Science, Engineering, and Resources. These 
actions presage an acceleration of federal activity not 
only in planning but in direct financial support in the 
area of ocean science and technology even greater than 
has occurred in recent years. We have available the 
reports of a number of commissions, at both the state 
and national level, .advocating in the strongest terms 
greatly increased activity in this field. These include com
missions of the Governor of the State of California as 
well as those of the President's Science Advisory Com
mittee, the National Research Council and the new Com
mission mentioned earlier. 

In one area Scripps has the unique responsibility in 
the State of California and we consider our major ac
complishment of the year the admission of 50 students 
to the graduate school. This is the second consecutive 
year of increased admissions and is about a factor of two 
increase in the number that had been planned earlier. 
It took an unprecedented effort to obtain the facilities 
and support for this increase in numbers and our con
tinuing problem will be to maintain at least this level of 
admissions. The problem was aggravated by the/ fact that 



instead of the 240 applications for the graduate school 
that were anticipated there were more like 400. As a 
result, and based on the grade point average of their 
upper division performance, this class of students is the 
best yet to have entered the Institution. For the record 
we would like to indicate that the undergraduate grade 
point average was 3.6 for the entering students. If sup
port can continue to be found at this rate for future 
classes, we should approximately double our student pop
ulation in five years. As a result, long-range plans have 
been developed for the physical facilities of the Institution 
to accommodate this larger number of students and the 
increasing research activities. As is usually the case the 
timing of this program is marginal and it will require 
the best of luck and the cooperation of all concerned at 
all levels just to meet this increasing responsibility. 

The growth of an institution such as Scripps is an 
interesting phenomenon and many important things take 
place without the members of the Institution being fully 
aware of their significance. The body of this report de
scribes the major expeditions of the last two years. In 
addition there were a number of expeditions of several 
months' duration in connection with research by our 
smaller vessels. The fact that an institution, even as large 
as Scripps, had managed such major efforts in all parts 
of the world in one year, simultaneously, with ease, and 
with very little strain on the on-going research on shore 
and at the same time had discharged its responsibilities 
to a full teaching program involving 154 candidates for 
the Doctor of Philosophy degree is noteworthy. We are 
planning even more ambitious programs in the coming 
year with even larger numbers of students and I have 
every confidence they will go forward at least as well as 
the operations of the previous years. 

It is profitable to speculate on the directions that the 
Institution will move in the immediate future. An area 
that will see great growth and activity is that of air-sea 
interaction. Transcending its importance to the field of 
oceanography is its application to long-range weather 
control. An inventory at the Institution shows that no 
less than eight groups are working on aspects of this 
problem: in the theoretical and experimental observa
tions are wind stress, large scale synoptic thermodynamic 
exchanges, bathymetery, chemistry and currents. At the 
present time the work of these groups is coordinated 
by the existence of an air-sea interaction advisory group. 

At the other extreme the various aspects of the benthic 

regions will be undergoing much more intensive study 
by a variety of new techniques being brought to bear on 
the problem. 

Biological research in the oceans will expand at a 
rapid rate, particularly in the field of biological ocean
ography. This field is very attractive to students and part 
of the sharp increase in applications for admissions to the 
graduate school has been due to this interest. This ac
celeration is also geared to the important practical prob
lem of developing the ocean food resources more fully. 

The most exciting development, however, will be re
lated to the results that are hopefully to be obtained from 
the Deep-Sea Drilling Project supported by the National 
Science Foundation. Scripps is currently the lead insti
tution for the JOIDES group (comprising Lamont Geo
logical Observatory of Columbia University, Woods Hole 
Oceanographic Institution, and the University of Miami's 
Institute of Marine Science as well as the Scripps Insti
tution of Oceanography). In the current phase of drilling 
the ocean bottom the activity will be built around at
tempts to bore holes 1 ,000 to 2,000 feet in depth in lim
ited and carefully selected deep ocean basins in the Pa
cific and Atlantic Oceans. The scientific community at 
large in the United States is beginning to gear itself for 
the large scientific effort that will be involved in evalua
ting and studying these samples and the results should 
be of prime importance in understanding the recent his
tory of the oceans and the earth. 

Despite the strong interdisciplinary character of all 
of the research and teaching at S_cripps Institution, there 
is one area in which we simply share responsibility with 
other workers in related fields. It is nonetheless of great 
practical importance in scientific interest. This is in the 
area of earthquake predictions. We have foreseen ex
panded activity on · the theoretical and experimental side 
in this field, particularly if the resources are made avail
able to us. 

Given the resources and given the great student inter
est in the field, we foresee a period of expansion in fun
damental fields of research that should lay the basis for 
productive work for many years to come. 

' 

tJ~ll(J; N~':j 
Scripps Institution of Oceanography 
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Oldest faculty member emeritus of the Institution is Dr. 
George F. McEwen, 85, who joined Scripps in 1912 as an 
oceanographer and within five years had brought consider
able attention to the Institution by his research in long-range 
weather forecasting. 
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History 
Scripps Institution of Oceanography is a unit of the U ni
versity of California, San Diego. Located at La Jolla, on 
the shores of the Pacific, the Institution conducts research . 
into virtually every facet of marine science. At the same 
time, it provides a graduate department of instruction 
that gives students an opportunity to pursue their spe
cialized fields of scientific interest and to take advantage 
of related courses that will lead them to a mastery of the 
interdisciplinary field of ocean science. 

The Institution is an outgrowth of a program of field 
investigations on the animal life of the Pacific Ocean 
begun in 1892 by the University of California's Depart
ment of Zoology at Berkeley, under Prof. W. E. Ritter. 
During this period, a summer field station was established 
each year at a locality along the California coast. 

With its transfer from San Pedro to San Diego in 1903, 
the enterprise became the function of the Marine Biologi
cal Association of San Diego, a private organization sup
ported by publisher E. W. Scripps and Ellen Browning 
Scripps. During the Association's early years, Mr. Scripps 
and his half-sister provided most of the funds .for the 
physical development of the campus and for the support 
of the scientific work. 

In 1912, this activity was integrated into the University 
as the Scripps Institution for Biological Research. The 
functions of the station expanded under Dr. Ritter, and 
later under Thomas Wayland Vaughan, to include other 
marine sciences. The research ultimately encompassed 
all aspects of the study of the sea, and in recognition of 
this fact, the name of the Institution was changed on 
October 13, 1925, by the Regents to the Scripps Insti
tution of Oceanography. 

Dr. Ritter served as director until 1923 and Dr. 
Vaughan from then until1936. Growth of the Institution 
continued, from 1936 to 1948, under the directorship of 
the distinguished Norwegian oceanographer, Dr. Harald 
U. Sverdrup. The major postwar expansion took place 
under the direction of Dr. Roger Revelle, with Dr. Carl 
Eckart and Dr. Fred N. Spiess serving immediately pre
ceding and following Revelle's term. On July 1, 1965, 
Dr. William A. Nierenberg, a professor of physics at the 
University's Berkeley campus, was appointed director by 
the Regents. 

From the small field station under Dr. Ritter, with its 
single permanent building and an 80-foot, scow-type ves
sel, the Institution has developed to its present 158-acre 
La Jolla complex of 12 permanent buildings and a fleet 
of eight ocean-going research vessels, plus the floating 
instrument platform FLIP. Sustained in its earliest years 
primarily by private funds and through the 1930s by the 
State of California, the Institution has seen a major por
tion of its large post-war expansion supported by the 



federal government. Today, approximately 18 percent of 
the support of the Institution's activities comes from the 
State of California (as part of the University's funding) 
with 80 percent provided by federal funds of the U.S. 
Navy (primarily through the Office of Naval Research) 
and the National Science Foundation. Significant activity 
is also supported, however, by a wide range of interested 
federal and private sources, as shown in Table I, below. 

Major activities of the Institution are carried out by 
various subdivisions, shown in Table II, page 8. Aca
demic staff members conduct their research largely within 
the framework of the several Divisions, . Laboratories, 
Groups, or Programs, as indicated. The formal graduate 
educational program, one of the Institution's major re
sponsibilities, is administered by the Graduate Depart
ment, as discussed below. Educational activities, as they 

. apply to post-doctoral or special students (for example, 
the National Science Foundation summer high school 
program) and graduate student research, are carried out 
informally throughout the organization. 

TABLE 1: Sponsors of research and graduate education 

STATE AND FEDERAL 
University of California 
U.S. Department of the Navy 
National Science Foundation 
U.S. Atomic Energy Commission 
U.S. Department of the Air Force 
U.S. Department of Health, Education and Welfare 
U.S. Department of the Army 
National Aeronautics and Space Administration 
U.S. Public Health Service 
U.S. Bureau of Commercial Fisheries (Department of 

the Interior) 

OTHER 
Achievement Rewards for College Scientists 
American Chemical Society 
American Heart Association 
American Optical Company 
American Petroleum Institute 
Beckman Instruments Inc. 
California Research Corporation 
Chevron Research Company 
Commonwealth Fund Foundation 
Ellen Browning Scripps Endowment Fund 
Fleet Admiral Chester W. Nimitz Fund 
Foundation for Ocean Research 
General Dynamics 
Griffis Foundation 
Humble Oil Education Foundation 
International Nickel Co . 
John B. McKee Fund 
Kennecott Copper Corporation 
Lockheed Missiles and Space Company 
National Geographic Society 
Pan American Petroleum Foundation, Inc. 
Rockefeller Foundation 
San Diego County Heart Association 
Francis P. Shepard Foundation 
Socony Mobil Oil Company, Inc. 
Standard Oil Company 
Sun Oil Company 
The Superior Oil Company 
U.S. Steel Corporation 
Westinghouse Electric Corporation 

View of La Jolla Shores and the Marine Biological Station 
after the construction of George H. Scripps Building in 1910. 
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A. Fleminger 
W. A. Newman 
W. R. Riedel 
R. H. Rosenblatt 

DIVING PROGRAM 

P. G. Trapani 

PUBLIC INFORMATION 
R. N. Fuller 

A. A. Benson 
F. N. Spiess 

ASSISTANT DIRECTOR 

DIVISION OF EARTH SCIENCES 
H. Craig 

DIVISION OF MARINE BIOLOGY 
A.A. Benson 

MARINE LIFE RESEARCH GROUP 
J. D. Isaacs 

MARINE PHYSICAL LABORATORY 
F. N. Spiess 

DIVISION OF OCEANIC RESEARCH 
G. G. Shor, Jr. 

PHYSIOLOGICAL RESEARCH LABORATORY 
P. F. Scholander 

SPECIAL DEVELOPMENTS GROUP 
J. M. Snodgrass 

VISIBILITY LABORATORY 
S. Q. Duntley 

TABLE II: Organization of The Scripps Institution of Oceanography 
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GRADUATE DEPARTMENT OF THE SCRIPPS 
INSTITUTION OF OCEANOGRAPHY 
W. S. Wooster, Chairman 
M. N. Peterson, Vice Chairman 

INSTiiRITE$ Gl Sll 
INSTlTllfE OF GEOPHmCS AND 
PLANETARY PHYSICS 
W. H. MuRk, Associate Director 
I TITUTE Of MARIN£ RESOURCES 
M. B. Schaefer, Director ton leave) 
H. W. M.enard, Acting mrector 



William E. Ritter 
(1912-1923) 

Carl Eckart 
(1948-1950) 

W. A. Nierenberg 
(1965- ) 

Thomas Wayland Vaughan 
(1923-1936) 

Roger R. Revelle 
(1951-1964) (Acting 1950-51) 

Directors 

Harald U. Sverdrup 
(1936-1948) 

Fred N. Spiess 
(1964-1965) (Acting 1961-63) 

These men have charted the course for Scripps Institution since its biologi
cal field station days, beginning with Dr. William E. Ritter, who saw it 
through its early growing pains. Under Dr. Thomas Wayland Vaughan, 
physical oceanography assumed its role alongside that of biological inves
tigations, and Dr. Harald Sverdrup helped the Institution expand from a 
modest research laboratory with seven faculty members into a leading posi
tion in the nation's scientific community. Scripps literally "put to sea" as 
Dr. Roger Revelle launched the Institution into its long-range expeditions. 
Dr. Fred Spiess' tenure included development of several facilities, such as 
FLIP, the Hydraulics Laboratory, the Physiological Research Laboratory, 
Nimitz Marine Facility, and Alpha Helix. And led by Dr. William Nieren
berg, the Institution has.seen its first utilization of large-scale computers at 
sea and the reorganization and expansion of its graduate education program. 
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Research Organization 
As indicated above (Table II), Scripps Institution's re
search efforts are centered in Divisions, Laboratories, 
Groups, and Research programs. Within these categories, 
scientists, engineers, technicians, and graduate students 
initiate and complete many, varied types of research in 
the marine sciences the results of which broaden man's 
knowledge of the sea and serve him beneficially as well. 
As one example, it is hoped that the Eastropac Expedi
tion which early in 1967 began a long-range study of 
the eastern tropical Pacific and in which the Institution 
is one of several participating organizations, may lead to 
better understanding of the tuna fishing resources in 
that area. 

The interests identified with the Institution's research 
. units are outlined here: 

Applied Oceanography Group (Dr. E. D. McAlister). 
Smallest of the research groups, this was started in 1961 
to study problems of particular interest to the U.S. Navy. 

Deep-Sea Drilling Project (Dr. W. W. Rand). This 
project is part of the National Science Foundation's Na
tional Ocean Sediment Coring Program to study the 
ocean floor by using samples drilled from extensive 
depths in the sea floor in the Atlantic and Pacific Oceans. 

Division of Earth Sciences (Dr. Harmon Craig). This 
Division's major interests center in the marine and at
mospheric sciences, geochemistry, marine geology, and 
tectonics, that part of geology concerned with the earth's 
structure. 

Division of Marine Biology (Dr. A. A. Benson). This 
Division carries on research relating to the biological na
ture of the plants and animals of the sea, with interests 
ranging from the molecular structures of which they are 
composed all the way up the scale to problems relating 
to the growth and behavior of whole plants and animals, 
to their relationships to each other, and to the interrela-



tionship between the marine organisms and their environ
ment. 

Marine Life Research Group (Prof. J. D. Isaacs). 
Since 1949 this group has studied the interrelations of 
physical, chemical and biological oceanography in the 
eastern North Pacific, particularly the California Current 
system, as part of the California Cooperative Oceanic 
Fisheries Investigations (CALCOFI), a project spon
sored by the Marine Research Committee of the State 
of California. MLR operates a hydrographic data col
lection and processing group and is responsible for train
ing marine technicians. 

Marine Physical Laboratory (Dr. Fred N . Spiess) . This 
is the largest of the Institution's special laboratories, with 
groups conducting research in underwater acoustics, sig
nal processing, marine geology and geophysics (magne
tism, heat flow, seismic studies) and the physical prop
erties of liquids. 

Division of Oceanic Research (Dr. George G. Shor, 
Jr.). This Division constitutes the Institution's largest 
research unit. It supports physical oceanographers and 
those interested in the interaction of biological and geo
logical problems with the marine environment. 

Physiological Research Laboratory (Dr. P. F. Scho
lander). This laboratory was established in 1963 to pur
sue physiological research on a broad basis with special 
emphasis on marine animals. The laboratory also houses 
a facility for study of marine neurobiology. 

Special Developments Group {I. M. Snodgrass). This 
group assists in the general areas of problem-solving for 
the staff and conducts studies for several branches of 
the federal government, such as the Office of Naval Re
search, that lead to eventual design and construction of 
instrumentation and equipment. 

Visibility Laboratory (Dr. S. Q. Duntley). This labo
ratory conducts research on the transmission, scattering, 
and absorption of visible light through the atmosphere 

and through water, and on the determination of the op
tical properties of these media. 

University of California Institutes on Scripps Campus 

Two Universitywide institutes that share Scripps staff 
members and are located on the Scripps campus are the 
Institute of Marine Resources and the Institute of Geo
physics and Planetary Physics. 

Institute of Marine Resources (Dr. M. B. Schaefer, 
Director). This Institute is concerned with the under
standing and utilization of the resources of the sea. Its 
headquarters and a majority of its research activities are 
on the Scripps campus. 

Institute of Geophysics and Planetary Physics (Dr. 
Walter H. M unk, Director of La I oil a Laboratories) . 
Headquarters for IG PP are on the Los Angeles campus. 
The La Jolla Laboratories of IGPP are heavily involved 
in marine problems. About half the faculty members of 
these laboratories hold joint appointments in Scripps 
Institution of Oceanography and participate in the edu
cational activities of the Institution. 

Organizationally separate, but sharing close affiliation 
with Scripps and located on the campus, is the Fishery
Oceanography Center of the U.S. Bureau of Commercial 
Fisheries, which houses the BCF laboratories and the 
headquarters of the Inter-American Tropical Tuna Com
mission. 

In addition, two small groups exist in close association 
with Scripps, although they are in fact research outposts 
of subdivisions of the Berkeley and Los Angeles cam
puses. One is the Seawater Test Facility, related to similar 
groups in chemical engineering at Berkeley and UCLA, 
and the other is the Neurobiology Group which provides 
a bridge between the Scripps Physiological Research 
Laboratory and the UCLA Brain Research Institute. 
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Seagoing Operations 
Major Expeditions 

Ocean-going vessels of the Institution conduct scores of 
short-duration research cruises in the course of a year 
which contribute to knowledge of the seas and to the 
development of instrumentation and techniques useful 
in future explorations. 

The two most extensive recent expeditions were com
pleted during 1966-67. A seven-month 27,700-mile odys
sey to the Far North Pacific ended August 8, 1966, when 
Argo berthed at Nimitz Marine Facility. On November 
22, Alpha Helix put in at Nimitz to conclude her maiden 
voyage, an eight-month 17,940-mile scientific expedition 
to Australia's Great Barrier Reef. 

The Zetes Expedition 

From January 4 to August 8, 1966, Argo was employed 
in the North Pacific Ocean for investigations covering a 
wide range of oceanographic studies. The expedition was 
called Zetes and it was funded by the National Science 
Foundation and the Office of Naval Research. Specific 
studies were made during the seven parts of the expedi
tion; some programs were conducted more or less con
tinuously. The scientific party varied from nine to 15 
and included scientists from Japan and Canada as well 
as from the United States. Argo sailed from San Diego 
to Kodiak, Alaska, thence to Hakodate and Tokyo, Japan, 
and back home by way of the Hawaiian Islands. 

Between Kodiak and Hakodate, from late January to 
early April, Argo performed very successfully despite 
the weather. She was buffeted by gale-force winds up 
to 70 knots and by waves as high as 40 feet. This second 
leg was called Boreas (for the Greek god of the North 
Wind), since its purpose was to make observations of 
extreme winter conditions in the northernmost parts of 
the western Pacific, including the western Bering Sea and 
the Okhotsk Sea up to the zone of dense ice cover. Argo 

steamed through ice flows under heavy going and during 
one period her decks were ice covered. 

Coordinator for the expedition was Joseph L. Reid, Jr., 
research oceanographer, who also served as chief scien
tist for the second track. Among the main results of the 
expedition were these: 

San Diego-Kodiak (Dr. John A. McGowan). This leg 
was designed to collect winter data along 155 degrees 
West to determine the effect of the seasonal change of 

Interlacing of ship tracks in the accompanying map is indica
tive of the hundreds of thousands of miles logged by Scripps 
vessels during oceanographic investigations from 1950-1967 
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temperature and flow upon the biomass by comparison 
with information collected in the summer of 1964 on 
Scripps' Ursa Major Expedition. Early reports of bio
logical data studied, which included an analysis of the 
chlorophyll and phaeophytin measurements, showed that 
the winter "structure" is similar to that found by the 
summer expedition, except that chlorophyll content in 
the mixed layers was systematically higher at all latitudes. 
This resulted in a less pronounced subsurface chlorophyll 
maximum than was found in summer. 

Kodiak-Hakodate (Joseph L. Reid, Jr.) Measurements 
on this leg included temperature, salinity, oxygen, phos
phate, nitrate, and silicate in the upper 1,500 meters of 
the ocean. This area had not been investigated before 
in the winter season, even though some of the most strik
ing interactions of sea and atmosphere take place there 
at that time. Great quantities of heat are passed from the 
sea to the atmosphere by evaporation and exchange of 
sensible heat, and the surface waters become coldest, and 
probably most saline, and most dense. Purpose of this 
leg was to demonstrate that the characteristics of the low
salinity intermediate layers of middle latitudes are de
rived not directly from the sea surface in high latitudes 
but by the vertical mixing which takes place beneath the 
mixed layer, just as the warmer waters that underlie the 
cold surface waters in high latitudes in winter have be
come warm by vertical mixing beneath the mixed layer 
in middle latitudes. Data from the expedition demon
strated this proposition. 

Hakodate-Tokyo (Prof. Victor Vacquier). This seg
ment consisted of a heat-flow and magnetic survey of 
the Pacific between the Japan Trench and the Emperor 
seamounts as part of a combined Japanese-American 
scientific program. More than 70 successful heat-flow 
stations were occupied. Data showed that the area east 
of Japan, including the northeast Pacific rise and the 
Emperor seamounts, has normal or just below normal 
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Scripps ships worked in tropic and Arctic climes: Argo 

heat flow. This contrasts significantly with observations 
at stations west of Japan, which show a heat flow value 
much higher than the oceanic average. A magnetic and 
bathymetric survey of part of the Emperor seamounts 
between 40 and 45 degrees North indicated that they 
are not separated but form a continuous ridge approxi
mately 1 00-120 miles long. Two groups of seamounts 
at about 28 degrees North, on either side of the J apa
nese Trench, also underwent magnetic and bathymetric 
surveys, results of the study of which should give infor
mation on the spreading of the Pacific Ocean floor, based 
on a differing in the mean direction of magnetization 
of separate groups of seamounts. 

Japan-Bonin Trench (Dr. C. E. ZoBell). Investigations 
of bacteria at depths as great as 9,628 meters were car
ried out by American and Japanese scientists during this 
leg. Living bacteria were demonstrated in all samples of 
bottom sediments and water. This was the first time living 
organisms had been recovered from the bottom of the 
Japan-Bonin Trench, and several appear to be new spe
cies. Their occurrence, abundance, and demonstrated 
ability to grow at the low temperatures (about 3 deg.) 
and high hydrostatic pressures (nearly 1000 atm.) char
acteristic of the deep-sea floor suggest that bacteria might 
play a significant role as food for bottom dwelling animals 
and in the biochemical transformation of various sub
stances. Studies are being continued on the deep-sea 
cultures and samples at Scripps Institution, Kyoto Uni
versity, and the University of Tokyo. 

Hawaiian Area (Dr. George G. Shor, Jr.). When Argo 

reached Hawaii in June, she joined Operation SHOW. 
This investigation was sponsored jointly by Scripps In
stitution, the University of Hawaii, Oregon State Uni
versity, and the University of Wisconsin to study the 
Hawaiian arch, the low rise in the sea floor north of the 
Hawaiian Islands. The ships Horizon, Teritu (Hawaii), 
and Yaquina (Ore~on State) and Scri~ps' floating instru-



ering Sea track, Alpha Helix at Great Barrier Reef. 

ment platform FLIP had already spent considerable time 
working in the area investigating the amount and direc
tion of velocity anisotropy in the mantle. Between June 
23 and July 12, Argo worked with Horizon and Teritu 
on continued mapping of the Hawaiian arch to determine 
whether areas existed in which the mantle was shallower 
than in the previously chosen Mohole site. 

Honolulu-San Diego (Dr. Christopher G . A. Harrison). 
This leg was designed to obtain oriented gravity cores 
and heat-flow values, with heat-flow stations established 
in areas not previously investigated as part of an intense 
study of the heat flow in the eastern Pacific. The gravity 
cores will be used to study the history of the earth's mag
netic field, using paleomagnetic techniques. 

Included in some of the research carried out more or 
less continuously throughout the expedition were the col
lections of water vapor and rainwater samples for deu
terium and 018 studies, various surface water samples for 
C 14 determination, tritium, and natural cesium, and con
tinuous filtration of surface water for cesium determina
tion. Samples of fallout radiocesium ( Cs137

) were con
tinuously collected from surface water along the ship's 
track. 

Ninety-five fallout cesium measurements were made 
from San Diego to Hakodate and 60 more on the latter 
parts of the expedition. Preliminary assays of data taken 
on the first two legs indicate: ( 1) Average fallout in the 
western Pacific north of 40 degrees is less than half of 
the average concentrations near California. This may be 
the effect of the major circulation in the Pacific. ( 2) Near 
Hakodate, surface concentration increased, suggesting 
outflow of higher concentration from the Sea of Japan 
into the nearby depleted waters of the western North 
Pacific. ( 3) In the eastern Pacific, a definite maximum 
was observed somewhat nearer California than Honolulu. 
This suggests the possibility of maximum transport to the 
south. 

The Billabong Expedition 
Forty-four scientists from 11 United States and eight 
foreign institutions conducted research on tropical man
groves, reef corals, and sea and land animals during the 
Billabong Expedition to the Great Barrier Reef. Twenty 
of the participating scientists were from Australia, New 
Zealand, England, Sweden, and Japan. 

The scientists represented the i~terdisciplinary fields of 
biochemistry, biophysics, plant physiology, chemistry, 
physics, and neurophysiology. They worked not only in 
the biological laboratory vessel, Alpha Helix, moored in 
Princess Charlotte Bay, 180 miles north of Cairns, 
Queensland, but also in two air-conditioned, prefabri
cated laboratories set up at a shore camp 1 ,200 feet from 
the ship on a sand spit on Flinders Island. The investi
gators remained with the expedition for the duration of 
their particular investigations. 

Designated Billabong, an Australian term for water
hole, ·the expedition was funded by the National Science 
Foundation and coordinated by Dr. Per F. Scholander, 
professor of physiology and director of Scripps' Physio
logical Research Laboratory. 

Studies of salt water secretion in mangroves were con
ducted and research into reverse osmosis and its relation 
to the desalination process in mangroves was carried out. 
It was learned that a new compound, choline sulphate, 
is highly concentrated in salt-secreting mangroves and 
that the sulphate helps to move the salt through the 
permeable mangrove cells. 

In studies of the up-take of sodium and potassium in 
mangrove leaves, it was determined that the mangrove 
follows the pattern of non-salt tolerating plants, such 
as barley and other common agricultural plants. 

Investigations were conducted into the symbiosis of 
growth and metabolism of reef corals and a study made 
of how symbiotic algae grow in their tissues. Symbiotic 
algae are single-celled plants that live in all reef corals. 
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It was found that the algae liberated carbohydrates, which 
furnished the animal energy that could favorably in
fluence the growth of reef corals. 

The scientists studied the mechanisms that conserve 
· heat in aquatic animals, as exemplified by the peculiar 

vascular arrangement in the dugong. The dugong is a 
sea cow whose blood supply to the tail consists of several . 
hundred arteries and veins joined together in one bundle, 
which presumably acts as a heat exchanger. A similar 
system exists in the human kidney. 

Studies were conducted of corals, mud crabs, and giant 
clams- the latter vary in size up to three to four feet in 
length and weigh 600 pounds - to learn how their nerve 
mechanisms function. The muscular strength of the giant 
clam also was measured by placing a pressure capsule 
between the lips of the clam shell and recording by a 
pressure gauge the full closing force of the clam. For 
example, it was determined that a clam weighing about 
220 pounds can exert a tension of as great as 660 pounds. 
The ship's winch, exerting a force up to 880 pounds, was 
required to open the clam's shell. 

The first motion picture filming of nerve excitation in 
coral nerve nets was made in reef coral studies. 

The isolation and cultivation of photosynthetic bacteria 
from both fresh and salt water swamps wer~ studied. 
These bacteria convert atmospheric constituents and soil 
compounds into organic matter with sunlight as the 
energy source, in a fashion similar to green plants. 

The action of cell membranes was investigated by 
study of giant, single-celled algae. 

The nature of body temperature regulation in lizards 
was studied and investigations were conducted to deter
mine how ~he Australian mud skipper fish can spend 
lengthy periods on land breathing air. 
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Panoramic view of San Diego Bay, with Scripps' fleet home 
for Christmas. Moored at Nimitz Marine Facility, from left 
in foreground: T-441 , ST-908, Ellen B. Scripps. At pier, cen
ter background: Argo and Thomas Washington. At wharf, 
Horizon and Alpha Helix. Alexander Agassiz and FLIP were 
berthed elsewhere when photo was taken. 

Nimitz Marine Facility and the Fleet 

The ships that put out to sea for Scripps Institution sail 
from the modern $1 million Nimitz Marine Facility, situ
ated on six acres of land leased from the. U.S. Navy, on 
the San Diego Bay side of Point Lorna. Described as one 
of the world's finest shore bases for supporting oceanogra
phic research, the Facility provides berthing space for 
Scripps' research vessels in· one location, a stone's throw 
from four concrete structures housing offices, shops, 
scientific and technical equipment, and ship's stores. 

Named for the late Fleet Admiral (and University Re
gent) Chester W. Nimitz, the Facility was financed by 
funds from the Office of Naval Research and the National 
Science Foundation. Dedicated on March 11, 1966, and 
placed into immediate use, the Facility expedites the 
preparation of equipment and the staging for scientific 
expeditions that embark from the 320-foot floating finger 
pier or the 150-foot marginal wharf along the shore. 
Other segments include an 'administration building, an 
electronics shop, a warehouse and stores building, a gen
eral shop, and a large storage yard. 

~ripps research. vessels include the 213-foot A rg_o; the 
209-foot Thomas Washington; the 133-foot biological 
laboratory ship, Alpha Helix; the 143-foot Horizon; the 

180-foot Alexander Agassiz; the 95-foot Ellen B. Scrippl 
the 1 02-foot Oconostota; two smaller ships, the T -44 
and the ST-908 ; and a utility boat. The Alpha Helix an 
the Thomas Washington, the newest ships of the fleet 



were dedicated during the same ceremony as that for 
the Nimitz Marine Facility. (See Appendix B for com
plete ship information.) 

FLIP, the unique, 355-foot Floating Instrument Plat
form that is towed horizontally to her ocean work stations 
and upended for underwater acoustic research, berths 
at San Diego's B Street Pier. 

During the calendar year 1966, the fleet operated 
1,708 days and traveled 178,376 nautical miles in sup
port of investigations conducted by the Institution's 
scientists near home port and in the far reaches of the 
world's oceans. The Alpha Helix, Argo, Horizon, Ellen 
B. Scripps and FLIP participated in noteworthy opera
tions during the year. 

The Alpha Helix arrived in San Diego from the ship
builder on March 5, 1966, was dedicated six days later, 
and on March 19 sailed for Australia on the Billabong 
Expedition. The ship remained at sea and at the scene of 
biological and physiological studies on the Great Barrier 
Reef for 254 days and she logged 17,940 miles. Expedi
tion results are detailed elsewhere in this report. 

Argo's Zetes Expedition, planned mainly for studying 
the biological, physical, and chemical structure of sub
Arctic waters during a winter crossing, may long be con
sidered one of the Institution's most significant oceano
graphic efforts. She departed San Diego on January 4, 
1966, and made stops at Kodiak, Adak, Hakodate, 
Tokyo, and in Hawaii, before arriving home in August. 
Work continued during heavy icing conditions encoun
tered between Kodiak-Adak and en route to Hakodate. 
Results of the expedition are outlined in another section 
of this report. 

The Horizon left San Diego on January 31, 1966, for 
Honolulu, with FLIP in tow, and she operated in that 
area until mid-September. In addition to working with 
Lockheed Corporation's Swan, Horizon participated in 
Operation SHOW during the summer. This investigation 
was sponsored jointly by Scripps Institution, the U niver
sity of Hawaii, Oregon State University and the Univer
sity of Wisconsin to study the Hawaiian arch, a portion 
of the sea floor north of the Hawaiian Islands. Working 
with Horizon were the Teritu (Hawaii) and Yaquina 
(Oregon State), as well as FLIP. In all these investiga
tions, Horizon conducted sound propagation studies, sub
bottom profiling, bathymetric and magnetic surveys, seis
mic operations, deep sediment collections, and heat flow 
measurements. Horizon spent 253 days at sea during the 
year and traveled 21,648 miles. 

The Ellen B. Scripps was acquired as a new vessel on 
August 14, 1965, and 1966 was her first full calendar 
year of operations. She was employed for coastal opera
tions of from one to 21 days and she operated during 
every month except June. The Ellen B. proved excep
tionally well adapted for carrying portable vans and for 
the rapid change of scientific programs that included 

work for the Applied Oceanography Group; installation, 
test, and recovery of deep-sea tide measuring instruments; 
bathymetric, taut-wire moor placements and inspections; 
and installation of sea instruments and recorders. Her 
total days at sea numbered 13 7 and distance covered, 
11,782 miles. 

FLIP departed San Diego under tow of Horizon on 
January 31, 1966, and arrived in Honolulu on February 
15. She operated in Hawaiian waters and was towed 
either by commercial tug or Horizon for scientific work 
under W. Whitney, and Drs. Spiess, Shor, Raitt, and 
F. H. Fisher. She returned to San Diego September 18. 
This FLIP operation is notable in that it marked her first 
lengthy operation away from home port with an opera
tional base set up in a distant port, Honolulu. She was 
at sea a total of 198 days, 120.8 of them vertical, and 
she traveled 8,848 miles. 

Remainder of the fleet - the Washington, Agassiz, 
Oconostota, T-441, ST-908-was utilized largely in Cali
fornia and Baja California coastal waters. 

Unreliable main propulsion engines caused the Thomas 
Washington to be unsuited for distant operations, conse
quently she was utilized nearer home in such work as the 
testing of deep-tow equipment, detailed geophysical stud
ies using deep-towed instruments, air gun tests, and heat
flow measurements. Re-engining of the ship, scheduled 
for the spring of 1968, will permit her use for unrestricted 
world-wide operations. Investigators utilizing the Wash
ington in 1966 included Drs. Bass, Curray, Cox, Mc
Gowan, Mudie, Shepard, Shor, Spiess, and Wooster. She 
operated at sea 156 days and logged 22,452 miles. 

The Alexander Agassiz was utilized largely in Marine 
Life Research investigations under Richard V. Mead, 
Vaughn Wagner, U.S. Bureau of Commercial Fisheries 
Fishery-Oceanography Center, and William W. Mauck. 
Other users included Dr. Shor, for testing seismic te
Iemetering systems; Dr. Hubbs, for biological collecting; 
and Dr. Shepard, for box core sampling. The ship was 
deactivated· December 22, 1966, for a major conversion. 
Her total days at sea in 1966 were 231 and she traveled 
32,596 miles. 

The Oconostota was used mainly in 1966 for Marine 
Physical Laboratory investigations, including deep-tow 
work, seismic reflection operations, magnetometer test
ing, obstacle avoidance sonar testing, and flowmeter 
measurements. Vessel users included Dr. Cox, Dr. Hen
dershott, Dr. Mudie, Thomas Osborn, Dr. Robert Dill, 
of the U.S. Navy Electronics Laboratory; Dr. Spiess, 
Maurice McGehee, Dale A. Newhouse, Daniel K. Gib
son, John C. Nickles, and Earl D. Squier. The ship was 
at sea 133 days and covered 11,628 miles. 

The T-441, laid up most of ~he year, operated seven 
days and traveled 364 miles. Brunt of the small-craft 
work was assigned to ST-908, which operated 54 days 
and logged 1,155 miles. 
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Graduate students, supplementing laboratory, classroom 
work, haul in net cast out to get marine biological samples. 

The Graduate Department 
Scripps Institution has been involved, since its inception, 
in education within the University of California. Initially 
this function was carried out primarily by supporting the 
research activity of graduate students working for their 
degrees in other areas of the University (a continuing 
program) . The first Ph.D. degree in oceanography was 
granted in 1930 with Scripps acting as a teaching depart
ment of the Berkeley campus of the University. This 
activity grew and was transferred to the cognizance of 
UCLA, and finally to the newly established San Diego 
campus. As the field grew in numbers of students and 
disciplinary breadth, a formal structure was established 
for marine science education at the graduate level. Since 
1961 this has consisted of the Departments of Oceanog
raphy, Earth Sciences (strongly, but not solely, marine 
oriented) and Marine Biology. Most of the Scripps fac
ulty members have carried out their teaching activities 
within one or more of these three groups. 

Recognizing the need for greater flexibility in this 
growing and strongly interdisciplinary field, these three 
academic departments were reorganized, as of July 1, 
1967, to meet the growing demands of education, indus
try, and government for marine scientists in the years 
ahead. This restructuring resulted in the formation within 
the University of California at San Diego of a single 
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Department of the Scripps Institution of Oceanography, 
with six curricular programs, described below. The func
tions and operation of the Institution's research divisions 
and laboratories remain unchanged. 

The six curricular programs in the new Department 
are biological oceanography, physical oceanography, ma
rine biology, marine geology, marine chemistry, and geo
physics. Other programs will be added as the need arises. 
The new Department is chaired by Dr. Warren S. 
Wooster, professor of oceanography. Dr. Melvin N. A. 
Peterson, associate professor of oceanography, is vice
chairman. 

Scripps' new academic plan will give students and fac
ulty an opportunity to work in their specialized areas and 
yet initiate cooperative programs interrelating the view
points of various fields with a minimum of administrative 
complication. This new organization has carried forward 
the continuing philosophy that marine science education 
should primarily be carried out at the graduate level. 
The reason for this is the belief that in the interdiscipli
nary field, if one is to become a leader, it is necessary to 
have a strong background in a basic science, such as 
chemistry, physics, biology, geology, or rhathematics. At 
this time, no specific program exists for education in 
application of technology to marine problems; however, 
cooperative activity can be carried out (as in the past) 
between Scripps and the engineering and applied science 
departments of the University. 



Graduate Curricular Program 

A brief description of the six, new, curricular programs, 
whose 46 faculty members also serve in various research 
divisions, laboratories, and research groups, follows: 

Biological Oceanography (Dr. John A. McGowan). 
Biological oceanographers are concerned with the inter
actions of populations of marine organisms with one an
other and with their physical-chemical environment. Re
search activities in this curriculum include studies of the 
factors influencing primary and secondary productivity 
and nutrient regeneration, food-chain dynamics, com
munity ecology of benthic and pelagic forms, population 
dynamics, and fisheries biology; taxonomy and zoogeo
graphy of oceanic organisms; and behavior as it affects 
distribution and sampling problems. The curriculum is 
designed to prepare students for original research and 
teaching in this interdisciplinary field. 

Marine Biology (Dr. A. A. Benson). This curriculum 
is concerned with the study of the development, adapta
tion, and function of organisms in the marine environ
ment. The comparative physiology, biochemistry, and 
developmental biology of marine organisms are stressed 
in the introductory course of the curriculum, "Marine 
Life." Students specializing in subjects from neurophysi
ology to barobiology will find breadth of interest and 
intensity and sophistication of the experimental approach 
as adapted to conventional and marine technology. 

Marine Chemistry (Dr. E. D. Goldberg). Programs 
within the marine chemistry curricular group are de
signed to allow students to apply the concepts of modern
day chemistry to the various processes operating within 
the oceans. Students will be encouraged to become com
petent in one or more phases of chemistry as it is applied 
to the ocean - atmosphere, atmosphere-water reaction, 
solid state geochemistry, organic geochemistry, and nu
clear chemistry. 

Physical Oceanography (Dr. Charles S. Cox). Studies 
in physical oceanography include the observation, analy
sis and theoretical interpretation of the general circulation 
of ocean currents; the distribution and variation of 
properties of the ocean; the interchange of kinetic and 
thermal energy and materials across the ocean surface; 
the propagation of sound and light and other electro
magnetic energy in the ocean; and the properties and 
propagation of ocean waves. 

Marine Geology (Dr. H. W. Menard). The program 
in marine geology includes studies of the stratigraphy, 
structure, and morphology of ocean basins; marine micro
paleontology and the mechanics of sedimentation; min
eralogy and the formation and geographic distribution 
of sediments; the reactions of sediments and solutions; 
and the petrology of crustal materials. The integration of 
these elements of marine geology with the chemical, bio
logical, and physical aspects of oceanography is stressed. 

Geophysics (Dr. J. F. Gilbert). This curriculum is 
designed to develop the ability of the physicist (theoreti
cian or experimentalist) to contribute to our understand
ing of the sea, the solid earth on which it moves and the 
atmosphere with which it interacts. The program initially 
assists the student in assimilating current knowledge of 
the nature of the earth and in gaining mastery of field, 
laboratory and mathematical techniques by which new 
information is being developed. With this basic back
ground, the student is then expected to take part in the 
development of new insight into the problems of the 
structure of the earth and the nature of energy propaga
.tion and exchanges which take place within it. It is an
ticipated that the geophysical curriculum and the physical 
oceanography curriculum will emphasize many points 
in common. 

Growth of Educational Program 

One hundred and five Doctor of Philosophy degrees 
in oceanography have been granted by the University of 
California for work done in academic programs at 
Scripps Institution since the first such degree was awarded 
in 1930. The Institution offers only graduate instruction 
in oceanography. Since 1961 the University has awarded 
its doctoral degrees in oceanography through the San 
Diego campus. 

The graduate educational program has grown steadily 
for the past few years: from 1 03 students in 1962-63 to 
154 in 1966-67, as indicated in the table below, accord
ing to years and academic departments: 

Earth Marine 
Oceanography Sciences Biology Total 

1962-63 61 19 23 103 
1963-64 67 30 19 116 
1964-65 72 24 30 126 
1965-66 62 26 34 122 
1966-67 75 30 49 154 

Breadth of the student population is evident in statistics 
about entering students of the Department of Oceanog
raphy in 1966-67. They were, by undergraduate majors 
in: biology-5; chemistry-4; engineering-!; geological 
engineering-!; geology-4; naval science-1; physics-4; 
zoology-2. They came from these states and countries: 
California-2; France-2; Illinois, Iowa, Israel, Maryland, 
Minnesota, Mississippi, Missouri, and Montana, one each; 
New Jersey-2; New York-3; Oregon-2; and Utah, Vir
ginia, and Wisconsin-one each. 

Recent Degree Recipients 

During the two years, 1965-66 and 1966-67, 28 Doctor 
of Philosophy degrees were awarded by the three depart
ments, as contrasted to ten in the 1962-64 period. Degree 
recipients and their thesis topics for the past two years 
are carried in Appendix C . 
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Research Activities 
Scripps Institution's multi-faceted research programs that 
are described in this section were highlighted during the 
year with the activation of a major new project in deep
ocean drilling that calls for sea operations commencing 
in late 1968. 

Deep-Sea Drilling Project 

Scripps' Deep-Sea Drilling Project, a part of the National 
Ocean Sediment Coring program of the National Science 
Foundation, was proposed by the JOIDES (Joint Oceano
graphic Institutions for Deep-Earth Sampling) group. 
Its objective: to investigate the ocean floors through 
intensive study of core samples to be taken from con
siderable depths beneath the ocean floor in ocean depths 
of from 3,000 to 20,000 feet. 

This major new program resulted from extensive co
operative effort by Scripps, Woods Hole Oceanographic 
Institution, Lamont Geological Observatory, and the Uni
versity of Miami Institute of Marine Science. Following 
an initial planning period in J 963 and actual drilling 
operations on the Blake Plateau in the Atlantic which 
were successfully completed in 1965, Scripps was chosen 
to carry out the subsequent major program. This began 
to take form with the appointment in 1966 of Dr. W. W. 
Rand as its director. The principal activity of the year was 
the preparation of specifications for the drilling ship to 
be used. 

Based on these specifications, proposals for a drilling 
subcontract between the Regents of the University of 
California and marine drilling companies yvere received 
in June, 1967, and underwent evaluation, as provided 
in the prime contract executed in January, 1967, by the 
National Science Foundation and the Regents of the 
University of California. 

It is expected that a subcontract between the Regents 
and the successful drilling company will be executed, 
after NSF approval, by November, 1967. The work at 
sea should begin in the fall of 1968 and extend for 18 
months of drilling operations. Approximately half the 
drilling sites (about 50 total) are in the Atlantic Ocean 
and half in the Pacific. 

Scientists on board the proposed drilling vessel will 
make preliminary core descriptions and store the cores 
in portable refrigerated vans to be off-loaded at ports of 
call. Cores will eventually be distributed to qualified 
scientists for detailed analysis. 

Two advisory panels, one for the Atlantic Ocean and 
one for the Pacific, with members chosen from through
out the geological community, have prepared drilling 
site selections and have assembled existing information 
on thickness and nature of formations, as well as tenta
tive cruise programs. 
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Proposed tracks for drilling in Atlantic, Pacific Oceans in 
NSF's Deep-Sea Drilling Project managed by Scripps. 

Advisory panels on ( 1 ) Paleontology and Biostrati
graphy, (2) Sedimentary Petrology and Geochemistry, 
( 3) Igneous and Metamorphic Petrology, and ( 4) Well 
Logging have provided advice on sampling and data re
duction procedures. Active interest of the petroleum in
dustry in the project is illustrated by the helpful par
ticipation of oil company specialists in the advisory panel 
conferences. 



Applied Oceanography Group 

The research activity carried on by this small group (two 
scientists and six supporting personnel) consists largely 
of testing and perfecting a device for measuring the 
energy exchange at the sea surface. This effort is sup
ported by the Office of Naval Research, the National 
Science Foundation, and the Navy Oceanographic Office. 
Reasons for studying this problem are discussed below: 

Solar energy amounting to 1021 calories or 1015 kilo
watt hours is stored during one average day in the top 
30 meters of the world's oceans. Its release during a 
24-hour cycle depends on wind speed, cloud cover, air 
temperature and other factors. Where it is released 
geographically, the amount and time of release and its 
transport to other parts of the globe are factors which 
determine climate (the average condition) and weather 
(variations from the average). 

It is thus important to have means of measuring this 
heat flow from the oceans in order to better understand 
weather and its long-range prediction. 

Significant progress has been made in this laboratory 
in the development of airborne equipment which, for 
the first time, provides direct measurement of this heat 
flow. The results obtained establish the feasibility of an 
infrared optical method. The equipment in its present 
form can survey 10,000 square miles of sea surface in 
a 24-hour period. The accompanying photograph shows 
the pod mounting for the infrared radiometer on the 
University of California, San Diego's DC-3 aircraft. It is 
possible that similar equipment may be developed for 
satellite use, but this remains to be demonstrated. 

This study was reported at the Houston meeting of 
the American Society for Oceanography by Dr. E. D. 
McAlister. The paper read, "Measurement of the Total 
Heat Flow from the Sea Surface with an Infrared Two
Wavelength Radiometer: Progress Report," will appear 
in the 1967 Proceedings of that Society. 

Other activities involved studies of fronts on the ocean 

Pod-mounted infra-red radiometer on UCSD's DC-3 aircraft 
is used to measure solar energy released from oceans. 

surface, slick formation, and the influence of wind speed 
on water surface temperature. Special equipments used 
here were an airborne infrared line scanner with asso
ciated meteorological instruments, and a small wind tun
nel for controlled air speeds over a water surface. 

Division of Earth Sciences 

Activities of the Division of Earth Sciences extend over 
the fields of geology, petrology, geochemistry, and at
mospheric and marine chemistry; .these activities are 
characterized by a strong and common interest in the 
interactions of the continents and the oceanic crust with 
the ocean, and in air-sea interaction studies including 
the exchange of moisture and gases and the atmospheric 
transport of particulate material. During the year the 
Division was deeply involved in preparations for the 
Nova Expedition for which Dr. Henry _W. Menard is 
coordinator. This is a two-ship expedition (Argo and 
Horizon) to the Southwest Pacific involving extensive 
studies of the geological and geophysical history of the 
region between the Tonga Trench and Australia, and 
the geochemistry and oceanography of the west-central 
and south Pacific. 

During the year, assembly and installation of the Divi
sion's new rare gas mass spectrometer was completed 
by Dr. Harmon Craig and his group. Dr. Stanley R. 
Hart, visiting from the Department of Terrestrial Mag
netism of the Carnegie Institution, Washington, has spent 
the year making the instrument operational and carrying 

The Scripps-developed Omegatron, a sensitive analytical gas 
mass spectrometer, is applied to oceanographic research. 
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out research on argon and helium in marine and conti
nental rocks. The Division now has four mass spectrom
eters in full-time operation for geochemical studies. 

Dr. Gustaf Arrhenius has continued his studies of the 
structure, properties, and composition of natural minerals 
of importance in the sea and of experimentally formed 
crystals, using the electron microprobe and X-ray tech
niques. He has recently found that a chain-structure 
magnesium silicate, probably palygorskite, forms when 
silica diffuses into seawater. Since recent studies have 
placed more and more emphasis on the role of silicates 
in regulating · the composition of seawater, it is of great 
interest that the equilibrium concentration of dissolved 
silica in contact with this silicate coincides with maxi
mum oceanic concentrations. His group has been pri
marily concerned with possible hydrothermal minerali
zation in the sea, as indicated by manganese nodules and 
barite in sediments and their concentrations on the East 
Pacific Rise. J. S. Hanor, a 1966-67 National Science 
Foundation post-doctoral Fellow, has, with Dr. Arr
henius, demonstrated a continuity of barite and various 
elements thought to be of hydrothermal origin, from the 
Rise into Baja California and the western United States, 
supporting Dr. Menard's proposal that this zone is a 
continuous tectonic unit. 

Dr. E. D. Goldberg's group has continued to study 
rare gases in the sea with Bieri's omegatron. They find 
high supersaturation of, argon, neon, krypton, and · 
helium throughout the ocean and attribute this to mixing 
processes for the first three gases, and to a helium flux 
from the oceanic crust into the sea as proposed by Drs. 
Roger Revelle and Hans Suess. His group has continued 
their ionium-thorium dating of cores and applied this to 
paleomagnetic reversals. They have continued to meas
ure rates of manganese nodule accretion by such studies 
and by uranium 234/23 8 and potassium-argon studies, 
and have recently completed detailed chemical analyses 
of 67 nodules. The results show that the phases present 
correlate with depth in the sea, and that the minor ~le
ment c_omposition is controlled by these phases. 

Geochemical studies by Dr. Craig's group involve 
studies of a variety of gases and of the isotopic water 
molecules applied to mixing and exchange processes in 
and between the atmosphere and the sea, and to volcanic 
and geothermal processes related to the origin and his
tory of the ocean. A. Longinelli, visiting from Pisa, and 
Dr. Craig have developed a method of measuring the 
oxygen isotope ratio in oxygen atoms bound in dissolved 
sulphate ions. This oxygen requires thousands of years to 
exchange with the surrounding water molecules, so that 
its isotopic composition is an excellent tracer for the 
history of sulphate in the ocean. The method is applicable 
to developing a paleotemperature scale for the oceans 
based on sulphate in shells. Using hydrogen and oxygen 
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isotopic studies, Dr. Craig has shown that the very in
teresting geothermal brines recently found in the bot
tom of the Red Sea originate from ocean water descend
ing through evaporites 1000 kilometers away on the 
southern sill, and flowing under the Red Sea in response 
to its high density. Dr. Craig's group has continued to 
study the gases in ·seawater by mass spectrometry and 
has developed a sea-going portable gas chromatograph 
for N 2, Ar, 0 2, and C02 work at sea which has been 
used on Nova Expedition. They find N 2, Ar, and Ne to 
be always close to solubility equilibrium in the sea, oxy
gen to be slightly higher than measured by conventional 
chemical methods, and an upper limit of about 8 per
cent for excess helium resulting from the flux into the 
ocean described above. 

Geological studies by Drs. Manuel N. Bass, A. E. 
Engel, J. W. Hawkins, Jr., and H. W. Menard have con
tinued to concentrate on petrology . and oceanic and con
tinental tectonic problems. Drs. Bass and Engel have been 
strongly involved with the study of tholeiites, the basalt 
type which .Dr. Engel has shown to be the most common 
rock type of the ocean floor. Drs. A. E. Engel and Ce
leste Engel have continued their chemical studies of these 
rocks and they will collect many more samples by dredg
ing on Nova Expedition. Dr. Bass has assembled an out
standing collection of thin sections illustrating all stages 
of tholeiite formation and interaction with seawater and 
studied these in detail. This collection has been most 
useful to staff and students of the Division. In addition, 
Dr. Bass has continued his studies of the geological struc
ture and rock types in Central America as related to the 
surrounding oceanic areas. One of his major conclusions 
is that modern Central Am_erica is a continental block 
which once occupied the Gulf of Mexico and has been 
separated from North and South America by continental 
drift during the past 150 million years. 

Dr. Menard's group mounted Six-Pac Expedition dur
ing the year, in addition to their extensive work on the 
early phases of Nova. Six-Pac involved a detailed study 
of the Molokai and Clarion fracture zones by Dr. Me
nard, T. E. Chase, and S. M. Smith. They have con
tinued to develop and extend the OSCAR system for 
digital conversion and use of bathymetric data and for 
the routine processing of all Scripps Institution geologi
cal data. This system promises to be one of the most im
portant instrumental developments at Scripps. 

Dr. Hawkins has made a thorough study of the meta
morphic and igneous rocks of the rim of the Pacific Basin 
on the Olympic Peninsula and the Northern Cascades, 
tracing the modifications of original geosynclinal marine 
sediments through all phases of metamorphism to their 
present complex of metasediments and igneous rocks 
with approximately average co-ntinental coast composi
tion. Granitic rocks in this area show a progressive chemi-



cal evolution from the altered and metamorphosed geo
synclinal material to intrusive igneous rocks which are 
granodioritic. This series of rocks is of great interest as 
it represents a sequence in which original oceanic sedi
ments are continually modified by metamorphic pro
cesses to become part of the granitic continental coast, 
and thus provides a foundation for the detailed study of 
continental evolution from ocean basins. 

Division of Marine Biology 

The Division of Marine Biology has developed markedly 
since 1955, when the Rockefeller Foundation accorded 
to the University a $1 million contribution for the pur
pose of promoting marine biology. 

Marine biology is the study of life in the marine en
vironment. In a broad sense it encompasses all conven
tional categories of biology such as physiology, biochem
istry, ecology, and behavior. Biology in the sea demands 
application of the most sophisticated scientific and en
gineering methodology. The faculty and staff of the Di
vision represent interests in physiology, microbiology, 
photobiology, developmental biology, systematic biology 
and ecology in the sea. 

Developmental biology and the molecular aspects of 
growth and differentiation are being studied in the sea 
urchin and related simple animals by Dr. N.D. Holland. 
Using radioactive nutrients, he has found new stages in 
development of digestive organ function in the urchin 
gut. By electron micrography, he has observed develop
ment of cells which form mucus, an essential function 
of all digestive systems. 

Scripps diver locates 500-lb. clam, Tridacna gigas, off Great 
Barrier Reef during Billabong Expedition. 

Drs. Elizabeth Boden and Brian Boden study photo
biology of the sea. The deep scattering layer of organisms 
which reflect and distort sonar communication includes 
crustaceans that inhabit the open ocean and make exten
sive daily vertical migrations. The eyes of these organ
isms differ considerably from those of inshore bottom
dwellers in structure, development, mechanism of action, 
pigments, and spectral sensitivity. During the winter of 
1965-66, the Bodens examined intensively the environ
ments, vertical distribution and spectral sensitivities of 
animals in the upper 1 000 meters of a selected small area 
of ocean. Their data suggest that diverse environments 
may exert as great an influence on the structure and 
function of crustacean eyes as do phylogenetic relation
ships. 

Dr. David Jensen's study of the hagfish's rudimentary 
heart and its autoregulation, i.e., the effect of mechanical 
stretch, tension or pressure upon the pacemaker activity, 
has attracted widespread medical interest. His study of 
cardiac control in animals from molluscs through man 
provides important bases for understanding heart 
function. 

Researches of Dr. D. L. Fox and his students and .col
leagues in the section of marine and comparative bio
chemistry have involved studies in the comparative se
lectivity of abalone and sea urchin species to various 
seaweeds on which they feed; fractionation and bio
chemical modification of dietary carotenoids in flamingos 
and in the s~arlet ibis; and carotenoid metabolism in the 
colored fishes, seastars, mussels, and various sponges. 
Adaptations involving pigmentation are important as
pects of evolutionary biology. 

The giant clams, long objects of popular interest, are 
further noteworthy for the diversity of their mantle col
orations and ability to thrive in nutritionally poor waters 
of the tropical reefs. The nature and significance of the 
green algae (zooxanthellae) which grow inside the ani
mal's cells have puzzled biologists. On the basis of me
tabolic studies in light and dark in living clams (Bill
abong Expedition) Dr. F. T. Haxo, Dr. Leonard Musca
tine of UCLA, and their colleagues have shown that 
these algae are sufficiently abundant and metabolically 
active to evolve oxygen photosynthetically at three times 
the rate required by the animal. In the light, the algae 
produce oxygen and glycerol for use by the animal's 
cells. The symbiosis between algae and clam or coral 
animal cells is a prehistoric working model for the utili
zation of sunlight for human nutrition in future space 
travel. 

Membranes of cells consist of lipaprotein molecules. 
These proteins apparently are responsible for moving 
nutrients into cells and wastes or products out of theJ'D . 
The membrane lipids of plants, identified as combinations 
of sugars, fatty acids, and phosphates, are being studied 
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by Dr. A. A. Benson and his colleagues. Their function 
in salt excretion by glands on the leaves of mangroves, 
nasal glands in sea birds, or the gills of fishes have been 
investigated using radioactive tracers. Parallel studies of 
terrestrial plants adapted to seawater may be eventually 
of practical application for the production of more salt
tolerant agricultural crops. 

The sea surface is a unique biologically active region. 
In a study of the microbiota of this layer, Dr. G. W. Har
vey has developed a "steam roller skiff" apparatus for col
lecting the upper thousandth of an inch of the sea surface. 
The organisms are being studied taxonomically and eco
logically, to evaluate their interactions with physical fac
tors such as wind and salinity. Many new species have 
been found in this infinitesimally thin but highly concen
trated layer. The growth and products of these organisms 
affect the reflectivity of the sea surface and many of the 
components of sea spray and fogs. Dr. Harvey is also 
measuring relative composition, turbidity, ripple, damp
ing, and surface tension in fresh, untreated samples of 
surface seawater. 

Dr. B. E. Volcani and his colleagues have been study
ing the fine structure and biochemistry of silica shell for
mation in diatoms, i.e. , how the diatom, a one-celled 
plant, transforms inorganic silicates into a "shell" of 
varied structure and complexity. These single-celled 
plants are responsible for the massive movement of silica 
in the sea, one of the important parameters of oceanog
raphy. By means of synchronously dividing cultures and 
biochemical and electron-microscopic studies, the meta
bolic and structural processes are being defined. Two ap
parently interrelated biochemical systems seem involved, 
one responsible for the transport, polymerization, and 
deposition of silicic acid, the other leading to the forma
tion of an organic casing which surrounds the shell and 
may be responsible for its final architecture. 

Dr. C. E. ZoBell has continued to investigate the char
acteristics and physiology of bacteria of the great depths. 
Their adaptation to the 14,000-pound-per-square-inch 
pressure of the deep sea is both remarkable and impor
tant for understanding structures of terrestrial cells. Ten 
species, examined during the year by Leslie Hittle in 
Dr. ZoBell's laboratory, have been found to differ greatly 
in their tolerance for hyperbaric oxygen and in their 
ability to grow at increased hydrostatic pressure. Dr. 
ZoBell collaborated with Japanese microbiologists on the 
Scripps Zetes Expedition to the Japan Trench, where they 
recovered numerous unusual bacteria from depths ex
ceeding 9,500 meters. 

In 1966-67, Dr. R. A. Lewin and two assistants con
centrated on the completion of a monographic study of 
some 130 strains of flexibacteria isolated from marine 
shores, hot springs, and other habitats around the world. 
These have been tentatively classified into six genera and 
about 35 species, mostly hitherto undescribed. Flexibac-
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teria are gliding microbes, containing red, orange, or 
yellow carotenoid pigments .. They grow on the organic 
material falling to the sea floor. Others are parasitic to 
fish or predatory on bacteria. Although flexibacteria are 
ecologically important, they have generally been ne
glected in the past, largely because techniques for their 
isolation and culture were inadequate. 

During the past year, Dr. C. L. Hubbs has published, 
as author or co-author, several scientific papers, notably 
a monographic treatment of .the characters, distribution, 
luminescence, and food of a dwarf pelagic shark, Eupro
tomicrus bispinatus. With his junior associates, he has 
continued a variety of other research projects, including 
a monograph of the hagfishes of the Pacfic Ocean, re

visions of the achirid soles and of the tropical American 
shore fishes of the genus Eucinostomus. They have also 
done studies of an interglacial fossil deposit on Isla Gua
dalupe, off Baja California, Mexico, and are engaged in 
radiocarbon age-dating of geological and paleontological 
deposits._ 

Dr. R. H. Rosenblatt has lately investigated the shore 
fishes of the eastern tropical Pacific region, and in par
ticular the deep-sea angler fishes. Revisions of certain 
eastern Pacific members of the groupers (Mycteroperca 
spp.) and clinids (Starksia and Paraclinus) have been 
completed, and work is now in progress on groupers of 
the genus Epinephelus and mud-burrowing eels of the 
family Heterenchelidae. On a recent brief trip to Pan
ama, Dr. Rosenblatt succeeded in collecting several new 
species . and establishing many new records for the area. 
The latter are particularly important in connection with 
surveys of population dynamics to result from the pro
posed construction of a sea-level, transisthmus canal. 

Division of Oceanic Research 

The Division of Oceanic Research consists of individual 
investigators and groups of investigators who work on a 
broad spectrum of subjects related to the ocean. Groups 
within the Division study ocean physics, dynamics, and 
chemistry; their complex interaction with the atmosphere 
and solid earth; and their combined effect on marine life 
and the transportation and deposition of sediments. Scope 
of the myriad types of researches conducted by this 
Division is indicated by the subject matter presented here. 

In the fall of 1966, on Exjibia Expedition, Dr. W. S. 
Wooster measured current shear and other physical prop
erties of ocean water to determine the static and dynamic 
stability of the water column; e.g. , the forces causing re
sistance to mixing of water from -one depth to another. 
As a result of this experiment, he has been working on 
methods for accurate determination of the stability which 
will be utilized on future investigations. In addition, he 
planned and coordinated Eastropac Expedition, a multi
organizational, multi-nation cooperative investigation of 
air currents, water currents, and plankton and tuna re-



sources in the eastern tropical Pacific. 
Dr. R. S. Arthur's group developed improved meth

ods of predicting mean monthly anomalies of sea surface 
temperatures using perturbation analysis and studied the 
effects of bottom topography on the Gulf Stream and 
the California Current System. 

Margaret Robinson produced charts showing the 
monthly normal temperature distribution in the world's 
oceans using data obtained from bathythermographic 
(temperature I depth) measurements, from many sources 
worldwide. The analysis for chart ,production is now 
being done by computer and charts for the Pacific are in 
press. 

The research program of Dr. D. L. Inman's group 
studying coastal oceanography and shore processes in
cludes field measurements of waves, currents, and sedi
ment transport, as well as an experimental program uti
lizing the wave and current facilities in Scripps' new 
Hydraulics Laboratory. 

A combined field and laboratory study during the 
year led to the identification and experimental verifica
tion by Anthony Bowen of the mechanism governing 
the generation of rip currents and their spacing along 
the beach. Rip currents were shown to result from the 
interaction of the incident surface waves with one of 
the many possible modes of longshore oscillation, known 
as edge waves. Other achievements this year included the 
experimental verification in and near the surf zone of the 
relations for the change in mean water level due to the 
pass£}ge of a train of surface waves (a phenomenon 
known as wave set-down and set-up) ; and the develop
ment and use of techniques that permit synoptic field 
measurements of the velocity of longshore currents, the 
transport rate of sand, and the magnitude and direction 
of the energy flux of the breaking waves. 

Graduate student uses Hydraulics Laboratory wave basin in 
supporting thesis pertaining to generation of rip currents. 

Dr. W. G. Van Dorn completed a theoretical and ex
perimental study of the run-up of periodic waves on 
uniform slopes, a subject in which there is a great deal 
of current engineering interest. The run-up problem con
cerns the behavior of waves in the most critical phase 
of their history, when most of their energy is expended 
on the shoreline. The mathematics of shoaling waves is 
complicated and doubtful, and very few reliable experi
ments on their real behavior exist. By conducting careful 
experimental study of the behavior of waves in shoaling 
water, as well as by re-analyzing larger-scale experiments 
performed by the Army Corps of Engineers, it was found 
possible to reconcile seemingly inconsistent theoretical 
descriptions with real waves, and to produce a set of pre
diction charts suitable for general engineering use. 

Drs. C. D. Keeling and Arnold Bainbridge are con
tinuing their measurements of the increase of carbon 
dioxide in the atmosphere and oceans. The amount added 
per year, due to combustion of coal and petroleum, has 
been increasing steadily since 1900. If this trend con
tinues, man, within a few centuries, will return to the 
atmosphere and the oceans the carbon incorporated in 
sedimentary rocks over hundreds of millions of years, a 
large-scale geochemical event which could not have hap
pened in the prehistoric past nor can it be reproduced 
in the foreseeable future. The goal is to continue to docu
ment this event, and to gain sufficient knowledge of the 
mechanisms of transport and geochemical transforma
tions of C02 so that the factors which regulate the abun
dance of C02 in the atmosphere and oceans can be 
established. Achievement of this goal would help in 
predicting the amounts of excess C02 which will accu
mulate in the atmosphere, oceans, and biosphere, and 
the effects which these excesses will have on the welfare 
of man and other life on earth. 

Oceanographers have also found a good use for fallout 
from nuclear weapons. Some of the radioactive constitu
ents of debris blown to high altitudes during the testing 
of large nuclear weapons in 1961 and 1962 can be de
tected now in seawater almost anywhere in the ocean's 
surface. By plotting the pattern left by traces of this 
fallout and by watching it change with time, much can 
be learned about fundamental behavior of the moving 
ocean. Dr. T. R. Folsom's group has developed rapid, 
easy methods to study this fallout. 

Perhaps the most interesting finding is that certain of 
the long-lived fallout radioactivities, such as radiocesium 
( Cs137 ), for example, are not penetrating into deep 
water as rapidly as was formerly supposed. Larger frac
tions, therefore, remain near the surface in layers where 
most of the marine organisms live. These surface layers 
move slowly as the ocean rotates; for example, the north 
Pacific rotates clockwise to bring northern water past 
California. Because of this, the water that experienced 
intense fallout in the far north in 1962 and 1963 now ap-
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pears to have moved even south of California. Recent 
Scripps measurements indicate that areas containing the 
highest residual of oceanic fallout pollution now are cen
tered some 600 miles south and west of San Diego. 

Dr. Tsaihwa J . Chow has been studying a different 
type of fallout: the lead burned in high-octane gasoline, 
carried through the air and deposited o.ri land and in the 
ocean. Lead pollution of the surface layers of the ocean 
has been building up rapidly as it has on land and in the 
layered sno~ deposits of the Greenland Ice Cap. 

The Radiocarbon Laboratory, under Drs. Hans Suess 
and George Bien, worked on the calibration of the radio
carbon time scale using accurately dated tree rings of 
the Bristlecone pine (Dr. Suess), continued study of the 
transfer of radiocarbon between the atmosphere and the 
surface water of the ocean, and provided radiocarbon 
dates for material gathered on other projects at Scripps. 

Dr. C. S. Cox and his group investigated variations of 
electromagnetic field and found high electrical conduc
tivity at depths of 30 km. below the ocean floor and 
starting at 150 km. below the continent. This means that, 
at given depth below sea level, either the temperature is 
higher beneath the ocean than beneath the continent or 
the rocks beneath th~ two regions are chemically differ
ent; and if additional geophysical evidence is considered, 
both are required. In the light of the present knowledge 
of the properties of rocks at high pressure and tempera
ture, the high electrical conductivity of the oceanic base
ment favors a highly basaltic external mantle shell ex
tending to no less than 30 km. below the Mohorovicic 
discontinuity. 

Many of the research projects in the Division have 
been related to two subjects of currently great geological 
interest : the effects of the last Ice Age and the signifi
cance of the peculiar mid-ocean rises in the sea floor in 
the older history of earth. Dr. Fred B Phleger and Fran
ces Parker have studied the distributions of microfossils 
in deep sea cores in the southwest Pacific to determine 
the distribution of water masses and the position of the 
Peru Current during the last glacial age. They h.ave also 
measured the rate ·that calcium carbonate is formed in 
the shells of near surface modern foraminifera, and the 
rate at which it is re-dissolved as the shells sink to the 
sea floor. Dr. M. N. Peterson has made direct measure
ment of the rate at which the water dissolves calcite (cal
cium carbonate) at various depths in the ocean. He has 
found that below the first 1 00 meters ( 3 28 feet) of the 
sea, the water attacks the calcite; below 3,700 meters 
(12, 139 feet) the rate of attack becomes severe and little 
calcite is found in sediments on the sea floor below that 
depth. 

Drs. F. P. Shepard, J. R. Curray, and W. A. Newman, 
with a group of visiting geologists, made an intensive 
study of the past height of sea level on south Pacific 
islands, to learn whether there was a time near the end 
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South Pacific sea-level studies on labor Island reveal exposed 
wall of artificial trench and rubble from storms. 

of the ghicial period when ·sea level was higher than it 
is now. Raised terraces that have been observed on some 
of these islands, and considered to be evidence for higher 
sea level, were carefully examined. These turned out to 
be storm ridges, created in modern times and containing 
World War II relics. Dr. Curray has also studied the 
structure of the continental shelf, which owes its present 
flat surface to the lowered sea level of glacial times. In 
many places around the world, he has found that there 
is a rock ridge near the outer edge of the shelf, either 
exposed or covered with sediments from the continent. 
This ridge has kept sediments eroded from the continents 
from reaching the deep sea floor in the past, and has 
trapped them to form the shelf. 

The mid-ocean rises, such as the Mid-Atlantic Ridge, 
the East Pacific Rise, and the Indian Ocean Rise, have 
been a focus of attention fof' many of the geological and 
geophysical staff at Scripps, in this Division, the Marine 
Physical Laboratory and the Division of Earth Sciences. 
The concept that the sea floor is spreading away from 
these rises, and that new portions of the crust of the 
earth are continuously formed along these seams, has 
been based in large part on work performed here. The 
seismic studies of crustal structure under the rises by 
Dr. George Shor, Jr., and Dr. R. W. Raitt, the magnetic 
surveys off the western United States by Arthur Raff and 
Dr. Ronald G. Mason, and the correlation of reversals 
of the magnetic north and south poles in past time with 
geological age determinations from microfossils by Dr. 
C. G. A. Harrison and William R. Riedel, have served 
as basic 'data for these theories. 

Dr. Tj. H. van Andel this year continued studies of the 
Mid-Atlantic Ridge, an important element in the sea
floor-spreading hypothesis. Dr. van Andel 's investigation 
shows that such a mechanism is not impossible, but that 
horizontal ·movements of the sea floor are involved as 
well as vertical ones. 



The central part of the Ridge, which was previously 
thought to be very new (less than ten million years old), 
apparently has had a significantly longer history. 

Dr. R. L. Fisher has prepared a topographic chart of 
six million square miles of the western part of the Indian 
Ocean using depth soundings acquired by Scripps' ships 
and those of many other laboratories around the world 
that participated in the International Indian Ocean Ex
pedition. He reports that the floor of the Indian Ocean 
and especially the Mascarene Plateau has 'been exten
sively broken by faulting along NE-SW trends; and that 
studies of this Mid-Indian Ocean Ridge and other regions 
of the Indian Ocean show that, as in the other oceans 
of the world, the sea floor is apparently spreading out
ward from the center of the Mid-Ocean Ridge. 

William R. Riedel, studying the distribution of micro
fossils of radiolaria in deep-sea sediments, found that the 
pattern of their distribution could be accounted for by 
the hypothesis of sea-floor spreading. 

Studies of the relationship of present-day sea life to 
its surroundings are being conducted by Drs. E. N. Fager, 
J. T. Enright, and J. A. McGowan. Dr. Fager's group 
has used SCUBA gear, the Navy's Sealab II project, and 
Cousteau's Diving Saucer to determine how many cre
atures of what size and species live together in the ocean 
at various depths and how they affect each other. Direct 
observation has provided information about the relative 
numbers of different kinds of fishes and other sea life 
that could not be obtained in any other way. Dr. Mc
Gowan has worked on the time and space distribution 
of many invertebrates, mostly plankton, in the Pacific 
water masses. He learned that communities of animals are 
found together in a particular water mass, and that 
boundaries can be drawn for the animal populations just 
as they can for the separate water masses. 

Many sea creatures move up toward the surface in 
the evening and down to the depths at dawn. This group 
of animals forms a large enough mass to produce a "false 
bottom" return on echo sounding equipment, known as 
the deep scattering layer. The work by Drs. B. Boden 
and E. Boden on this subject is discussed elsewhere in 
the report of the Division of Marine Biology. 

Related work by Dr. Enright consisted of laboratory 
studies to determine whether the plankton rose because 
of the darkness or because they have an "internal clock" 
that tells them it is the proper time to rise. A study on 
locally obtained plankton showed that some do each: 
when they were put in a large tank under controlled light
ing in which night and day were shifted around the 
clock, most of the creatures adjusted their schedule. 
Then when the artificial lighting was turned off and the 
tank ·kept in "twilight," some of them continued to mi
grate up and down on the "wrong" schedule that had 
been artificially set up, thus showing that they have an 
"internal clock" that was re-set by the experiment. 

Marine Life Research Group 

The Marine Life Research Group (MLRG) includes 
that portion of the research of the California Coopera
tive Oceanic Fisheries Investigations that is conducted 
by Scripps Institution. This program has been principally 
concerned with the ecology of the California Current 
System; that is, its currents and countercurrents, tem
peratures and temperature fluctuations, and its chemistry, 
plankton, climatology, and other factors. Also, MLRG 
has expanded its research to include other parts of the 
North Pacific, particularly the northeastern Pacific, the 
source waters of the California Current System. 

Patterned cruises were begun in 1949 and continued 
on a monthly or quarterly basis through 1966 along the 
coast of California and Baja California. Many important 
biological and physical oceanographic publications have 
resulted. From the collected data, atlases are being as
sembled to clarify the oceanographic changes that have 
occurred through the years. The atlases so far published 
are 10 meter Temperatures and Salinities; Calanoid Cope
pods-Part 1; Calanoid Copepods-Part 2; Chaetognatha; 
Geostrophic Flow; Euphausiacea-Part 1; Pelagic Mol
lusca, and Thaliacea. 

Within the next year there thus will be in published 
form the most ~xtensive biological and physical oceano
graphic documentation of any oceanic region on earth. 
The atlases are published with particular attention to the 
requirements of an interdisciplinary cooperative program, 
so that scholars in a number of different disciplines can 
compare distributions and check their ideas of inter
action and dependency. The atlases are thus precursors 
of much added discovery. 

The Biomass Atlas to be published soon is only the 
first of a series on this subject. In the last several years 
the problems of arriving at a meaningful measure of zoo
plankton have been resolved. The zooplankton samples 
from the patterned cruises are being sorted into func
tional groups and their volumes measured. The fluctua
tions of the various groups between years represents the 
changes in available food for the small pelagic fishes. 

Investigations of the oceanographic changes in the 
California Current prior to the MLR Program can give 
an insight into the time scales and ranges. One entree is 
the historical record in post-Columbian times. The rec
ords of the explorers along the west coast of North 
America may give some evidence of past oceanographic 
conditions. An e_xample of unpublished material is a 
group of drawings of identifiable fish drawn in the latter 
quarter of the 18th century by Spanish biologists during 
the Malaspina Expedition. Another source are data from 
the rare, highly stratified (varved) sediments that occur 
in some ocean basins. MLRG studies have found varved 
sediments at six locations along the Pacific Coast from 
southern California to central Peru. These sediments are 
apparently laid down in annual layers subsequently un-
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Deep-sea free vehicle photography system developed by Ma
rine Life Research Group takes photos of ocean bottom. 

disturbed. The initial finding from the preserved fish 
scales are that the sardine was abundant for about 70 
years during the recent period and for a similar period 
about 800 years ago. The scales of the anchovy and the 
hake are in high abundance throughout the entire period 
except for short periods of time. Anchovies were rare in 
the recent period. From the associated organisms, the 
recent period appears to be typified by a weak California 
Current. 

The causes of some of the oceanographic and marine 
biological changes have only begun to be investigated. 
North Pacific sea surface temperature anomalies have 
shown that changes in the California Current System are 
also changes involving the entire North Pacific Ocean, 
if not the entire planet. It is now known that non-periodic 
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departures from normal sea surface temperatures are 
common throughout the oceans. In the North Pacific 
these anomalous conditions are often large scale (ca. ~ 
to V2 the Pacific) and long persistence (ca. ~ to 3 
years). In addition, the first long term record~. from un
manned moored stations have shown several important 
features including astronomic periodicities of tempera
ture fluctuations. 

MLRG has recently begun investigations into the deep 
waters of the eastern North Pacific where oceanographic 
and marine biological changes are very small and little 
explored. This has required the development of new in
struments. The new Isaacs-Brown opening and closing 
mid-water trawl and the Brown-McGowan opening and 
closing plankton nets are yielding much needed data on 
the vertical distribution of marine organisms. Autono
mous instruments released from a ship have been de
veloped to measure the near-bottom deep currents, view 
the benthic and epibenthic marine population in deep 
water, and measure the rate of sedimentation near the 
coast. 

Deep currents in the eastern North Pacific have been 
found to be slow but of somewhat higher velocity than 
other evidence anticipated (ca. 3cm/ sec) , and the fluc
tuating component has been found to result principally 
from the lunar semi-diurnal surface tide. The presence 
of unexpectedly large fish populations, including very 
large climax predators, whose presence on the deep ocean 
bottom is an environmental condition of importance, has 
been demonstrated. The few data from the sediment col
lector have made possible the first direct estimates of the 
generation time of some planktonic marine organisms. 
It may be that this approach can yield much fundamental 
understanding of the economy of the sea that has avoided 
other efforts. 

The entire Marine Life Research Program is contrib
uting to a broad-scale understanding of the California 
Current from the surface to the abyssal deeps of the ocean 
and is developing four areas of research : 

1. The analysis of Scripps data from the patterned 
cruises, since 1949, continues to improve our basic 
understanding of the ecology of the California Current 
System. 
2. Investigation of the historical records and the varved 
sediments holds much promise for understanding the 
time scale, range, and nature of fluctuations of the 
California Current. 

3. Extension of MLRG research into the spatial and 
temporal fluctuations of the North Pacific is resulting 
in better insight into North Pacific oceanographic, 
biological and meteorological processes and ultimately 
will enhance weather prediction. 
4. Research into the deep waters is surprisingly pro
viding understanding into some subsurface processes 
that have avoided other approaches. 



Marine Physical Laboratory 

Since its establishment in 1946 the Marine Physical Lab
oratory ( MPL) of Scripps Institution has been carrying 
out (primarily with support of the Office of Naval Re
search) a program of investigation having four closely 
correlated facets. Interest has centered on underwater 
acoustics-the study of the manner in which sound travels 
through the sea and the nature of the noises which occur 
within it. Such studies bring one quickly into contact 
with the physical, chemical, and biological nature of 
the sea itself as well as to a broader look into two related 
fields-marine geophysics, in which sound signals provide 
a major tool, and signal processing, in which the goal 
is to understand the principles which provide the basis 
for design of sonar systems. Pursuit of knowledge in 
these three fields requires a technological base beyond 
that now available for exploitation of the sea, thus an 
interest in learning new ways of doing things in the ocean 
has been developed. As a result, it is possible to subdivide 
the Laboratory's work into four major areas of interest: 
underwater acoustics, marine geophysics, signal proces
sing, and marine technology. 

In ocean acoustics, continuing programs are directed 
at understanding propagation, background noise, and 
reverberation as well as toward related investigations of 
the physical (and to some extent biological) nature of 
water. Dr. F. H. Fisher's group has been working with 
FLIP to measure propagation fluctuations (of phase and 
amplitude). Deep-water experiments had been conducted 
( 1963, 1 964, 1965) off San Diego and during the last 
year these were extended to a mid-ocean location south 
of Hawaii. Phase fluctuations were small in both areas 
leading to plans to conduct additional observations a; 

FLIP, which worked at sea 198 days on M.P.L. ·projects, fea
tures vertical position and sophisticated instrumentation. 

short range, with fine-scale documentation of the envi
ronment to determine the validity of existing theory. 
William Whitney and Dr. Fred N. Spiess have been car
rying out (again using FLIP in the San Diego and Ha
waiian areas) a continuing investigation of long-range 
acoustic propagation and related studies of the directional 
nature of background noise in the sea. During this last 
year, Dr. Victor C. Anderson's reverberation-measuring 
equipment has been improved in frequency coverage, 
resolution, and data-handling capability and has begun 
to produce significant new information on the statistical 
distribution of biological sound scatterers. 

Sea-floor properties continue to dominate many of 
the problems of understanding and utilizing the sea. In 
this context, Drs. George Shor, Jr., and R. W. Raitt have 
continued their geophysical studies of -the earth's crust 
beneath the sea, primarily using acoustic techniques, and 
have most recently been developing methods (very long 
receiving arrays) which will allow direct determination 
of sound velocity in the upper crustal layers. Major efforts 
of the recent past year were devoted by Dr. Shor to the 
mapping of the Mohorovicic discontinuity in the region 
just north of the Hawaiian Islands and by Dr. Raitt to 
determination of variation in speed of sound travelling 
horizontally through the crust of the earth in different 
azimuthal directions. Both of these programs were in
cluded in the multi-ship expedition (SHOW) directed by 
Dr. Shor and involving scientific groups from the Uni
versity of Wisconsin, Oregon State University and the 
University of Hawaii, as well as from Scripps, in the 
summer of 1966. 

Geomagnetic studies of the nature of seamounts and 
related structures are continuing under Prof. Victor Vac
quier. In addition it is expected that this group will soon 
make its first extensive use of sea-floor magnetometers 
(under development and test for several years) to ob
serve temporal fluctuations of the magnetic field at the 
deep-sea floor. 

The largest of the sea-floor-study efforts in the Labora
tory is that of Drs. Spiess, Carl Lowenstein, and John 
M udie, using deeply towed instruments. During the last 
year, the transponders developed _Qreviously have been 
extensively used to support detailed observations in the 
northeast Pacific of sea-floor topography, roughness, and 
magnetic properties, and instrumentation has been added 
to allow determination of shallow layering and outcrop
ping in the sea floor and to give a bottom photographic 
capability. Of particular interest is that these observations 
have shown for the first time the extensive existence of 
large amplitude ( 1000 gamma) magnetic anomalies, each 
having horizontal dimensions of only a kilometer or so. 

The principal signal-processing activity in the Labora
tory at this time is that of Dr. Victor C. Anderson on the 
development and testing of the steerable null system. 
Hydrophones for the sensing array have been procured 
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and tested, as have several of the major electronic com
ponents. Initial trials of the system will be made during 
1968 at sea either from FLIP or from a specially con
figured research barge now under construction for sup
port of our ocean technology activities. A second activity 
is being started by Dr. Carl Lowenstein in th~ deep-tow 
group to investigate a new high-resolution technique for 
searching the sea floor and examining its roughness in a 
manner similar to that of conventional side-looking sonar 
but with much more rapid area coverage. 

Marine Physical Laboratory-developed instrumentation with 
top-, bottom-, and side-looking sonar is lowered into sea. 

In addition to MPL research, various staff members 
have provided extensive advisory service to the Navy and 
Navy-related activities. This is one of the principal ways 
in which information and ideas arising from research are 
passed into places in which they can be used and by which 
the staff keeps in touch with the problems of marine 
science and technology. Examples of involvement are 
provided by participation in the Navy's Long Range 
Undersea Surveillance Coordinating Council, Naval 
Oceanographic Office Consultants Board, Mohole Site 
Selection Panel, Navy Marine Geophysical Survey Coun-
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cil, Naval Postgraduate School Marine Science Review 
Committee, and participation in studies conducted during 
the summer of 1966 for the Navy by the National Acad
emy of Sciences- National Research Council. 

Most of the activities above provide opportunities for 
appropriate involvement of students - undergraduate, 
graduate, and post-doctoral - in the field of marine 
physics. The present complement includes graduate stu
dents . in the Departments of Oceanography, Earth 
Sciences, and Physics. All of these students are potential 
workers in marine physics and therefore these activities 
allow the integration of the function of providing new 
knowledge with that of providing new people in a manner 
appropriate to a university laboratory. 

Physiological Research Laboratory 

Much of the effort of the Physiological Research Labo
ratory during the past year has been devoted to the 
maiden voyage of the new biological laboratory ship, 
Alpha Helix, which left San Diego in March, 1966, and 
spent seven months at the Great Barrier Reef, off north
east Australia. The facilities of this "floating laboratory," 
the plans and design for which were initiated to a large 
extent by Dr. P. F . Scholander, attracted collaborating in
vestigators from many American and foreign institutions. 
Their investigations spanned a wide range of topics, in
cluding salt and water regulation of mangroves: neuro
physiological studies of various marine invertebrates, 
photosynthesis of free and symbiotic plants, temperature 
regulation in certain reptiles,. and ·some physiological 
studies on a sirenian, the dugong. Results of the expedi
tion to the Reef appear elsewhere in this report. 

Dr. Theodore Enns continued research on biological 
transport of metabolic solutes. His recent studies on the 
excretion of urea by sharks have indicated that there is 
probably an active urea-secreting mechanism in the kid
neys. With his co-workers, Dr. Enns has also demon
strated that the gills of the fish H eterodontus francisci, 
are readily impervious to urea and sodium, and he nas 
measured C02 transport in whole blood, carbonic an
hydrase activity in alga, Gyrodinium sp. , and C02 ex
change in a fish, Clinocottus sp. 

Dr. Susumu Hagiwara and his colleagues investigated 
action potentials and excitation-contraction coupling in 
barnacle muscle fibers. In the sea-hare, Aplysia, the vis
ceral ganglion cell exhibits an overshoot in the action po
tential apparently dependent on both calcium and sodium 
ions, as physico-chemical theory would indicate. Intra
cellular recordings from the primitive eyes of barnacles 
(Balanus sp.) showed that the action potential is de
pendent upon sodium current. In the midbrain of a 
weakly electric fish, they found a main integrating center 
for the electro-sensory system. 

Studies of the biology of asphyxia, for which diving 



mammals have been used as biological models, have been 
continued by Dr. R. W. Elsner and his co-workers. The 
asphyxial episode of birth has been studied in the sheep 
fetus and it was found that the cardiovascular adaptations 
of the diving mammals are displayed in the asphyxial 
response of the fetus. A variety of studies have been 
undertaken on marine mammals by Dr. Elsner and his 
colleagues. Investigations of metabolism and temper
ature regulation of the porpoise, dugong, and pilot whale 
have been performed. The physiology of respiration and 
lung function has been studied in the pilot whale. 
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Echo-location studies and animal training of dolphins occur 
in behavioral pool of Physiological Research Laboratory. 

Dr. E. A.· Hemmingsen carried out studies of snow 
blindness in native animals in Antarctica and also did 
preliminary investigations of oxyge,n transport and me
tabolism in ice fish which do not possess hemoglobin in 
their blood. 

Special Developments 

This group has concerned itself with satellhe navigation 
instrumentation procurement for the entire oceano
graphic community of the United States and has de-

veloped standards and systems for telecommunications 
(allocation of radio frequencies, transmission of data, 
buoy coordination) on a global basis. 

An interesting development was that of a shark bite 
meter, which for the' first time has enabled scientists to 
really know how a shark bites and to measure its ability 
to inflict damage on people and structures. Such parame
ters as maximum force of bite and the forces of the 
individual teeth have also been determined. 

Visibility Laboratory 

Studies of the interaction of light with the ocean con
tinued to be a major activity in the Visibility Laboratory. 
The National Science Foundation supports an investiga
tion of the penetration of daylight into the sea and its 
utilization for photosynthesis. An underwater spectre
radiometer is employed at appropriate depths to measure, 
wavelength-by-wavelength, the available light and its di
rectional distribution. An understanding of the utilization 
of daylight within the sea and potential methods for a 
rapid assay of the standing crop of vital plankton are 
resulting from these studies. 

Oceanic surveys of the optical properties of seawater 
were made in many parts of the Pacific Ocean. Data 

Visibility Laboratory spectroradiometer is lowered into Gulf 
Stream to measure upwelling spectral irradiance throughout 
visible spectrum. 

31 



from shipboard submersible instruments were supple
mented by aerial photography and measurements with 
airborne instruments in some cases. Studies of the out
flow from rivers and other inshore phenomena are par
ticularly aided by the aerial observations. 

The Office of Naval Research has supported studies 
of the propagation of narrow beams of light from under
water lasers. Early experiments have been performed on 
a long underwater optical bench situated in a lake, but 
the research will be transferred to the ocean during the 
comin~ year. It has been found that the needle-like beam 
of green light produced by the laser is spread by water in 
a significantly different manner from spreading effects 
previously observed in the atmosphere. Because all light 
in the ocean, including any form of daylight, may be 
considered as the super position of many fine beams, 
distribution of underwater lighting can be usefully under
stood in a more detailed way on the basis of the knowl
edge gained through the studies of the propagation of 
light beams produced by underwater lasers. 

Since man and marine animals see by means of under
water imagery, studies of the limitations imposed by sea
water as well as by the atmosphere are being made. These 
investigations also make use of the knowledge gained 
from studies of the propagation of light from underwater 
lasers. Blurred imagery resulting from scattering and 
from random refractive processes within the water and 
within the atmosphere have been found to contain more 
information than can be appreciated or extracted by 
ordinary visual inspection. 

A major research effort within the Visibility Labora
tory is directed toward the extraction of information from 
poor quality imagery. This is accomplished by transform
ing the image into a frequency-space representation 
wherein it is possible to correct the distortions in terms 
of the amplitudes and phases of the separate spatial fre
quency components. After transformation back to its 
ordinary form, a vast improvement in image quality is 
observed. 

Interactions between the atmosphere and the ocean 
are supported by light from the sun as a primary source 
of energy. Various optical aspects under study include 
airborne measurements of the manner in which sunlight 
is redistributed by the atmosphere before arriving at the 
ocean's surface under various measured meteorological 
circumstances. New techniques for measuring the dis
tribution of the wind-field at the surface of the sea on 
the basis, of airborne photographic radiometry have also 
been stu~ied. This is one form of remote sensing of ocean 
and ocean-surface properties which may have eventual 
application in worldwide studies from research satellites. 
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Institute of Marine Resources 

The Institute of Marine Resources is a Universitywide 
Institute established in 1954. Its terms of reference are 
to cooperate with the scientific and engineering depart
ments of the several University of California campuses 
to find and define unsolved marine resources problems, 
to initiate research into the solution of these problems, 
and to support relevant investigations by University staff 
members. 

Headquarters of the Institute are located on the Scripps 
Institution campus, where several staff members and stu
dents are supported whose researches are described else
where in this report. Some of the activities of other Insti
tute staff members are outlined here. 

California anchovy, Engraulis mordax. Closely related Peru
vian anchoveta, E. ringens, supports world's largest fishery. 

(Photo courtesy of U.S. Bureau of Commercial Fisheries) 

Dr. H. W. Menard is studying the topography and 
structure of the sea floor and is interested, in particular, 
with the apparent spreadjng of the ocean floor by mantle 
convection. He has the overall direction of the Nova 
Expedition, which sailed from San Diego -in early 1967 
to study the geophysics of the southwestern Pacific. 

The United Nations Food and Agricultural Organiza
tion has sponsored an evaluation of existing scientific 
data on the Arabian Sea for use as a guide to fisheries. 
Dr. W. S. Wooster, Dr. M. B. Schaefer, and Margaret 
Robinson have produced an ·atlas containing more than 
140 charts of physical and biological properties. 

Dr. Schaefer has also completed population dynamic 
studies of two important fisheries, the yellowfin tuna of 
the eastern Pacific and the enormous anchoveta stocks off 
the coast of Peru~ 

The Scripps Tuna Oceanographic Research project 
continues under Dr. Maurice Blackburn's direction. 
Studies are pointed toward establishing a scientific basis 
for improving the effectiveness of the tuna fisheries and 



involves physical, chemical, and biological oceanography, 
much of it as part of Eastropac Expedition cruises. 

Under Dr. J. D. H. Strickland's leadership, a Food
Chain Research Group continues to make an interdis
ciplinary study of the early stages of the marine food 
web, particularly the rates and routes of transfer of mat
ter. The work involves chemistry and all aspects of bi
ology, with an ecological orientation. In particular this 
year, a sophisticated field program is under way to record 
the near-shore productivity of the sea adjacent to La Jolla 
and to attempt the documentation and explanation of 
the onset of a red-tide in these waters. 

A complete account of the Institute's activities both 
at Scripps Institution and at other locations in the Uni
versity system will be found in the IMR Annual Report 
for the year ending June 30, 1967. 

Institute of Geophysics and Planetary Physics 

The Institute of Geophysics and Planetary Physics 
(IGPP) is a Universitywide Institute with branches at 
La Jolla, Los Angeles, and Riverside. The Institute at 
La Jolla is intimately related to Scripps Institution, not 
only because of geographical proximity, but, more im
portantly, because of common scientific interests. As a 
matter of fact, Drs. G. E. Backus, J. F. Gilbert, R. A. 
Haubrich, and W. H. Munk hold joint appointments in 
IGPP and Scripps. 

At least two IGPP programs depend ultimately on 
Scripps vessels for their implementation. Dr. Munk and 

IGPP-developed free-falling instrument capsules record deep
sea tidal measurements and return to surface on command. 

Frank E. Snodgrass have, over the past two years, de
veloped self-contained instrument capsules for deep-sea 
tidal measurements. These capsules are dropped to the 
floor of the sea from a surface ship (the Ellen B. Scripps 
has been especially effective) and remain there for peri
ods of up to several months, after which they are recalled 
to the surface by acoustical commands transmitted from 
the ship upon its return to the site. Data are recorded 
on computer-compatible magnetic tape. Pressure fluctua
tions associated with the tides are presently being meas
ured by transducers capable of resolving changes equiva
lent to one-hundredth of an inch in sea level at a depth 
of three miles. Temperatures are being recorded with a 
resolution of a few millionths of a degree, and tidal cur
rents as slow as ten feet per hour are being measured. 
This work has been sponsored by the Office of Naval 
Research (ONR) and the Environmental Science Services 
Administration. 

Dr. Hugh Bradner has developed a seismometer cap
sule that also is dropped from, and ultimately recovered 
by, an oceanographic vessel. The capsule remains on the 
bottom for as long as two weeks and measures seismic 
background noise, especially the so-called microseisms 
with periods of the order of eight seconds. The source of 
these microseisms has been a scientific puzzle for more 
than 50 years, but now appears to be Rayleigh waves 
generated by the coastal reflection of ocean swell. This 
work has been sponsored principally by the U. S. Air 
Force. 

Wind-generated waves, an ever-present feature of the 
oceans, are currently being studied both theoretically and 
experimentally in IGPP under Dr. John W. Miles, with 
support from both ONR and the National Science Foun
dation. Waves are generated by a wave-maker at one end 
of a wind-water tunnel, and the wave-induced disturb
ances in the airstream are measured by hot-wire anemom
eter~ in order to determine the energy transfer from wind 
to waves as a function of frequency for comparison with 
the corresponding theoretical predictions. This work ties 
in closely with earlier experimental and field work by 
Dr. C. S. Cox, of Scripps. 

No attempt has been made to describe the complete 
spectrum of IGPP research, which also includes pro
grams in tidal prediction; geophysical fluid dynamics; the 
free oscillation and internal constitution of the Earth; 
instrumentation for very low-frequency seismic phe
nomena (periods of one-hundred seconds up to one 
hour); observation of continuous oscillatory motion of 
the Earth by seismic arrays capable of resolving fre
quency, direction, and velocity; and magnetic anomalies 
in ocean-bottom sediments. 
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Shore Facilities 
and Collections 

Thomas Wayland Vaughan Aquarium-Museum is focal point 
of campus and attracts more than 250,000 visitors annually. 

No organization that conducts the amount and type of 
research that Scripps Institution does can function effi
ciently without special facilities and collections. Here, 
coded to an accompanying map, are brief descriptions 
of the principal shore facilities and collections at Scripps : 

Facilities 
Thomas Wayland Vaughan Aquarium-Museum (5). 

Open daily to the public at no charge, the Aquarium
Museum attracts between 250,000 and 300,000 visitors 
annually. It exhibits southern California and Baja Cali
fornia marine animals in 24 display tanks of from 75- to 
2,000-gallon capacity. The Aquarium-Museum conducts 
an educational program for elementary, high school, and 
college students. As a marine specimen collecting facil
ity, it provides Scripps scientists with 118 species of ver
tebrate and invertebrate animals. 

Experimental Aquarium ( 6). Used by faculty and 
graduate students for various studies, such as fish cul
ture, this aquarium is provided with seawater and is 
equipped with five rooms for controlled environmental 
studies, 17 tanks, and eight seawater tables. 

Hydraulics Laboratory ( 1). This laboratory is 
equipped with a 50x65-foot wave basin provided with a 
waxe maker and an adjustable simulated beach; a 131-
foot-long, glass'-walled, wave-and-current channel de
signed for wave motion studies; and an insulated 
cylindrical tank, 32 feet deep and 10 feet in diameter, 
with sampling and viewing ports at several levels. The 
latter is used for a variety of biological studies. 

Scripps Library ( 8). The library houses a vast col
lection of oceanographic information, including 66,823 
volumes, 20,611 reprints, 28,798 maps, 6,984 reports 
and documents, and 1,172 pieces of microcopy. 

Seawater Test Facility (3) . Scripps' seawater conver
sion study utilizes a 90-foot tower in a "multiple effect 
flash" evaporation system that produces 3,000 gallons of · 
fresh water from seawater daily. The study is financed 

•by the State of California through the University's Water 
Resources Center at UCLA. 

Multiple-effect flash evaporator system utilizes 90-foot tower 
in desalination study fin anced by State of California. 
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Carbon-14 and Tritium Laboratories (7). The Car
bon-14 laboratory provides equipmen~ for the radio
carbon dating of specimens up to 40,000 years. It handles 
the measurement of C-14 in bicarbonate of ocean water 
in studies of movement of deep water masses and the 
downward mixing of surface water. Tritium measure
ments help solve various hydrological and oceanographic 
problems. 

Research Support Shops (1 0). Functions in the de
velopment and fabrication of special equipment -and 
instrumentation in support of the Scripps research fleet 
and for various laboratories at Scripps, UCSD, and other 
educational and governmental organizations. 

Radio Station WW D (14). Operated jointly by 
Scripps and the U.S. Bureau of Commercial Fisheries, 
Station WWD affords ship-shore communication with 
ten to 12 daily contacts with an average of five ships at 
sea. The station is equipped with ten transmitters oper
ating on various frequencies and maintains contact with 
Scripps and BCF ships operating anywhere at sea. 

Scripps Pier ( 15). A familiar landmark is the 1 ,000-
foot Scripps Pier, built in 1916 as a platform for serial 
observations, data gathering, and scientific work. Sea 
temperature and salinity observations have been made 
daily since August, 1916, 'from instruments housed at the 
pier's seaward end. Here also an automatic gauge records 
tidal fluctuations and pumps send salt water used in lab
oratori~s and aquaria of Scripps and the Fishery-Ocean
ography Center of the U.S. Bureau of Commercial 
Fisheries. 

Salt- Water System (15). The system provides salt 
water to Scripps and the Fishery-Oceanography Center. 
It utilizes two sand filters and two concrete storage and 
settling tanks, each with a 53,000-gallon capacity. Max
imum daily delivery capacity is 750 to 800 gallons per 
minute. 

Electron Microprobe Laboratory ( 11). This labora
tory permits the chemical analysis of areas as small as 
one square micron down to concentration levels varying 
between a few hundred parts per million. This is achieved 
by accurate spectrographic measurements of the x-radia
tion from the area to be analyzed, which is excited by a 
focused electron beam. The instrumentation is used pri
marily in studies of mineralogical, petrological, and solid
state physical problems. 

Electron Microsope Laboratory (7). Two Siemens 
electron microscopes with accessory equipment provide 
high resolution in the study of ultrafine structure. 
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Diving Facility (16). This is equipped with men's and 
women's dressing and shower rooms. Scripps' diving 
training program, oldest and largest diver training and 
scientific diving program in the country, provides five 
SCUBA training classes annually that are limited to Uni
versity personnel who have the need to work or study 
under water or to federal, state, or local government em
ployees, by permission. Some 70 facuity and staff mem
bers and students are certified for underwater work; they 
make an average of 4,000 dives a year. 

Mass Spectrographic Equipment (1 and 11 ). Six mass 
spectrographs are available, including two six-inch, Nier
type mass spectrometers for isotopic analysis of light ele
ments; a 12-inch mass spectrometer for geochronology 
studies; an omegatron mass spectrometer for isotopic 
analysis of rare gases; and two units for respiratory gas 

analysis. 
Underwater Research Areas ( 17). Located seaward 

off the campus is a biological research area set aside by 
the State of California and in which the taking of marine 
invertebrates and plants for research for scientific pur
poses is permitted. An adjoining ocean area is reserved 
by the Navy for research with bottom-mounted 
equipment. 

Cardiovascular Research Facility (13). Established in 
1965 as a joint enterprise of Scripps Institution's Physio
logical Research Laboratory and the Institute for Cardio
pulmonary Diseases of the Scripps Clinic and Research 
Foundation, La Jolla, this facility consists of an experi
mental animal colony and equipment for physiological 
research involving measurements of blood flow and pres
sure in the heart and circulation. 

Physiological Research Laboratory Pool Facility ( 4 ) . 
This Physiological Research Laboratory facility consists 
of a holding pool for large marine mammals and other 
large marine vertebrates; a ring pool of 32-foot radius 
equipped with a variable speed-controlled trolley carry
ing instruments for various hydrodynamic biological 
studies of mammals and man; and a behavioral pool for 
echo-location studies and animal training. A central is
land within the ring pool contains small, dry laboratories 
and a "wet" laboratory equipped to handle large animals. 
A flow channel through the island permits transfer of 
animals from the ring pool into the laboratory. 

Wildlife Refuge (Mission Bay, San Diego). Twenty 
acres of marshland in Mission Bay belonging to the Uni
versity constitute a wildlife refuge. Plans call for this 
land to be used for experimental biology research. 



Hydrodynamic biological studies of mammals and man are 
conducted in Physiological Research Laboratory pools. 

San Vicente Lake Calibration Facility (30 miles north
east of San Diego). This facility, operated by the Marine 
Physical Laboratory, is equipped for testing and calibrat
ing acoustic transducers used in oceanographic research. 
The equipment is located on a 24x50-foot enclosed plat
form moored in 140 feet of water offering 4,500 feet of 
unobstructed range. 

Special Collections 
Echo-Sounding Records ( 7). A vail able are soundings 
from several hundred thousand miles of expedition tracks 
through all sectors of the Pacific Ocean and parts of the 
Indian and Arctic Oceans. 

II 

Marine Vertebrates (Fish Collection- 7). Here are 
some 250,000 specimens of 2,000 catalogued species of 
marine fishes. Added in 1966 were 548 collections. 

Marine Invertebrates (Basements of Ritter Hall and 
Vaughan Aquarium-Museum and at Matthews Campus). 
In this collection are some 23,000 fully documented 
plankton samples, augmented by about 1 ,000 samples an
nually. Samples are supplemented by full meteorological, 
hydrographic, physical and chemical data. 

Geological Samples (Storage locker adjoins Seawater 
Test Facility). This collection contains some 3,500 geo
logical samples, including 2,500 cores, some dating back 
to the days of the expedition by the Eng.lish oceanogra
phic vessel Challenger (1872). Also available for study 
are dredge-haul samples and manganese nodules, taken 
mainly from the Pacific and Indian Oceans. 

Oceanographic Data Archive ( 11). This collection 
includes more than 500,000 bathythermographic temper
ature observations, tide gauge records taken since 1925 
at Scripps Pier, and daily temperature and salinity rec
ords from southern California shore stations taken since 
1916. The latter records prior to 1949 are in bound vol
umes of Oceanic Observations of the Pacific. 

Seawater Collection (7) . Begun in 1959, this collec
tion contains approximately 5,000 samples from all over 
the world. After analyses are made, the extra water may 
be obtained for scientific purposes. 

Technicians examine geological cores taken from bottom of 
world's oceans and stored under refrigeration for study. 
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Staff 
NAME 

Angeles Alvarifio de Leira 
Victor C. Anderson 
James L. Aronson 
Gustaf Arrhenius 
Robert S. Arthur 
Roswell W. Austin 
George E. Backus 
Arnold E. Bainbridge 
Manuel N. Bass 
John R. Beers 
Andrew A. Benson 
George S. Bien 
Rudolf Bieri 
Maurice Blackburn 
Brian P. Boden 
Elizabeth Kampa Boden 
Almerian R. Boileau 
Milton N. Bramlette 
Edward Brinton 
LeRoy A. Bromley 

Edward C. Bullard 
Theodore H. Bullock 
Douglas R. Caldwell 

Angelo F. Carlucci 
Thomas E. Chase 
Tsaihwa J. Chow 
Charles S. Cox 
Harmon B. Craig 
Joseph R. Curray 
Seibert Q. Duntley 
Carl Eckart 
Robert W. Elsner 
A. E. J. Engel 
Theodore Enns 
James T. Enright 
Richard W. Eppley 
E. W. Fager 
Frederick H. Fisher 
Robert L. Fisher 
Arthur Flechsig 
Abraham Fleminger 
Theodore Folsom 
Denis L. Fox 
Dean L. Franklin 
Jeffery D. Frautschy 
Walter F. Garey 
Donald Geduldig 
J. Freeman Gilbert 
Edward D. Goldberg 
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RESEARCH GROUP 

Marine Life Research Group 
Marine Physical Laboratory 
Earth Sciences Division 
Earth Sciences Division 
Division of Oceanic Research 
Visibility Laboratory 
Institute of Geophysics & Planetary Physics 
Division of Oceanic Research 
Earth Sciences Division 
Institute of Marine Resources 
Division of Marine Biology 
Division of Oceanic Research 
Earth Sciences Division 
Institute of Marine Resources 
Division of Marine Biology 
Division of Marine Biology 
Visibility Laboratory 
Division of Oceanic Research 
Marine Life Research Group 
Seawater Test Facility 
Institute of Geophysics & Planetary Physics 
Neurosciences 
Institute of Geophysics & Planetary Physics/ 
Division of Oceanic Research 
Marine Life Research Group 
Earth Sciences Division 
Division of Oceanic Research 
Division of Oceanic Research 
Earth Sciences Division 
Division of Oceanic Research 
Visibility Laboratory 
Non-Divisional Research 
Physiological Research Laboratory 
Earth Sciences Division 
Division of Marine Biology 
Division of Oceanic Research 
Institute of Marine Resources 
Division of Oceanic Research 
Marine Physical Laborato;y 
Division of Oceanic Research 
Division of Oceanic Research 
Marine Life ~esearch Group 
Division of Oceanic Research 
Division of Marine Biology 
Physiological Research Laboratory 
A~sistant Director 
Physiological Research Laboratory 
Physiological Research Laboratory 
Institute of Geophysics & Planetary Physics 
Earth Sciences Division 

FIELD 

Marine Biology 
Marine Physics 
Geology 
Marine Geology 
Physical Oceanography 
Optical Physics 
Geophysics 
Marine Chemistry 
Geology 
Marine Zoology 
Marine Biology 
Chemistry 
Physics 
Biological Oceanography 
Marine Biology 
Marine Biology 
Atmospheric Optics 
Geology 
Marine Biology 
Chemical Engineering 
Geophysics 
Neurophysiology 

Geophysics 
Marine Biology 
Marine Geology 
Chemistry 
Physical Oceanography 
Geochemistry 
M.arine Geology 
Physics 
Marine Geophysics 
Marine Physiology 
Geology 
Physiology 
Biological Oceanography 
Biological Oceanography 
Biological Oceanography 
Physics 
Marine Geology 
Biological Oceanography 
Marine Biology 
Physical Oceanography 
Marine Biology 
Physiology 
Marine Technology 
Physiology 
Physiology 
Geophysics 
Marine Chemistry 



NAME 

John J. Griffin 
Raphael P. Gruener 
Susumu Hagiwara 
R. D. Hamilton 
James L. Harris 

tStanley R. Hart 
Richard A. Haubrich 
James W. Hawkins 
Francis T. Haxo 
Edvard Hemmingsen 
M yrl C. Hendershott 
Nicholas D. Holland 
Robert W. Holmes 
Osmund Holm-Hansen 

*Carl L. Hubbs 
Douglas L. Inman 
John D. Isaacs 

*Martin W. Johnson 
Charles D. Keeling 
Hans T. Klein 
Margaret Knight 
Minoru Koide 

:j:Devendra Lal 
Ralph Lewin 
Leonard N. Liebermann 
Alan R. Longhurst 

:j:Michael Longuet-Higgins 
C. Lorenzen 
Michael S. Loughridge 
Carl D. Lowenstein 
Ferren Macintyre 
Edward D. McAlister 

*George F. McEwen 
John A. McGowan 
William L. McLeish 
Gillian Maggert 
Tetsuo Matsui 
Henry W. Menard, Jr. 

Julian Miller 
James R. Moriarty 
John D. Mudie 
Michael M. Mullin 
Walter H. M unk 
Tadashi Nakajima 
William A. Newman 
William A. Nierenberg 
John Northrop 
Benton B. Owen 
Frances L. Parker 

RESEARCH GROUP 

Earth Sciences Division 
Physiological Research Laboratory 
Division Marine Biology-Medicine 
Institute of Marine Resources 
Visibility Laboratory 
Earth Sciences Division 
Institute of Geophysics & Planetary Physics 
Earth Sciences Division 
Division of Marine Biology 
Physiological Research Laboratory 
Division of Oceanic Research 
Division of Marine Biology 
Institute of Marine Resources 
Institute of Marine Resources 
Division of Marine Biology 
Division of Oceanic Research 
Marine Life Research Group 
Marine Life Research Group 
Division of Oceanic Research 
Marine Life Research Group 
Marine Life Research Group 
Earth Sciences Division 
Earth Sciences Division 
Division of Marine Biology 
Marine Physical Laboratory 
Institute of Marine Resources 
Division of Oceanic Research 
Institute of Marine Resources 
Marine Physical Laboratory 
Marine Physical Laboratory 
Division of Oceanic Research 
Applied Oceanography Group 
Division of Oceanic Research 
Marine Life Research Group 
Applied Oceanography Group 
Marine Life Research Group 
Marine Life Research Group 
Earth Sciences Division/ 
Institute of Marine Resources 
Marine Life Research Group 
Division of Oceanic Research 
Marine Physical Laboratory 
Institute of Marine Resources 
Ihstitute of Geophysics & Planetary Physics 
Division of Marine Biology 
Non-Divisional Research 
Director 
Marine Physical Laboratory 
Marine Physical Laboratory 
Division of Oceanic Research 

FIELD 

Marine Chemistry 
Physiology 
Neurophysiology 
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Stuart M. Smith 
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William H. Thomas 
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William G. Van Dorn 
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Donald W. Wilkie 
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Warren S. Wooster 
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Publications 
Scripps Institution of Oceanography issues a number of 
publications series and internal reports, in addition to 
the papers written by faculty and staff meinbers which 
appear in scientific journals. 

Among the various publications and reports, identified 
further in the section devoted to them, are the SIO Con
tributions, New Series; the Bulletin; the Reference Series; 
Oceanic Observations of the Pacific; Indian Ocean publi
cations; and the CalCOFI Atlas Series. 

Other published works include abstracts, books, and 
non-technical papers. Scripps Institution also has con
tributed maps and patents to the scientific community. 

Contributions 

The faculty of Scripps Institution of Oceanography is 
responsible for many papers appearing in scientific publi
cations in the United States and abroad. These papers 
are collected annually in the volume, Scripps Institution 
of Oceanography Contributions, which the library ex
changes with more than 900 educational and govern
mental institutions throughout the world. Information 
concerning exchanges is available from Gifts and Ex
changes Department, Library, University of California, 
San Diego, P. 0. Box 109, La Jolla, Calif. 92037. 

Papers from Volume 36, 1966, are listed below in 
alphabetical order by senior author. 

Information concerning reprints may be obtained by 
writing directly to the authors or by contacting Technical 
Publications, Director's Office, Scripps Institution of 
Oceanography. 

ANDERSON, Victor C. Passive sonar signal processing. 
National Electronics Conference. 22d, Chicago, 1966. 
Proceedings, v. 22, 1966. pp. 1011-1016. 

ARMSTRONG, F. A. J., and Eugene C. LaFOND. 
Chemical nutrient concentrations and their relationship 
to internal waves and turbidity off southern California. 
Limnology and Oceanography, v. 11, no. 4, October 
1966. pp. 538-547. 

ARRHENIUS, Gustaf 0. S. and Enrico BON A TTL N ep
tunism and vulcanism in the ocean. Progress in Ocean
ography, v. 3, 1965. pp. 7-22. 

ARRHENIUS, Gustaf 0. S. Sedimentary record of long
period phenomena. International Conference on Earth 
Sciences. Proceedings, Advances in Earth Science. Cam
bridge, Mass., M.I.T. Press, 1966. pp. 155-174. 

ARTHUR, Robert S. Estimation of mean monthly anom
alies of sea-surface temperature. Journal of Geophysical 
Research, v. 71, no. 10, May 15, 1966. pp. 2689-2690. 
BENSON, A. A. On the orientation of lipids in chloro
plast and cell membranes. American Oil Chemists' So
ciety. Journal, v. 43, 1966. pp. 265-270. 

BIEDERMANN, Georg and Tsaihwa J. CHOW. Studies 
on the hydrolysis of metal ions. Acta Chemica Scandi
navica, v. 20, 1966. pp. 1376-1388. 

BIEN, G. S., Norris W. RAKESTRAW and Hans E. 
SUESS. Radiocarbon in the Pacific and Indian Oceans 
and its relation to deep water movements. Limnology 
and Oceanography, v. 10, supplement, November 1965. 
pp. R25-R37. 

BIERI, Rudolf, Minoru KOIDE and Edward D. GOLD
BERG. The noble gas contents of Pacific seawaters. Jour
nal of Geophysical Research, v. 71, no. 22, November 
15, 1966. pp. 5243-5265. 

BLACKBURN, Maurice. Relationships between standing 
crops at three successive trophic levels in the eastern 
tropical Pacific .. Pacific Science, v. 20, no. 1, January 
1966. pp. 36-59. 

BLACKMAN, Abner and B. L. K. SOMAYAJULU. 
Pacific Pleistocene cores: faunal analyses and geochro
nology. Science, v. 154, no. 3751, November 18, 1966. 
pp. 886-889. 
BOSTROM, Kurt and M. N. A. PETERSON. Precipi
tates from hydrothermal exhalations on the East Pacific 
Rise. Economic Geology, v. 61, 1966. pp. 1258-1265. 
BOWEN, A. J. and Douglas L. INMAN. Budget of lit
toral sands in the vicinity of Point Arguello, California. 
U.S. Coastal Engineering Research Center. Technical 
Memorandum, no. 19, December 1966. p. 41. 

BYE, John A. T. Numerical solutions of the steady-state 
vorticity equation in rectangular basins. Journal of Fluid 
Mechanics, v. 26, pt. 3, 1966. pp. 577-598. 
CARLUCCI, A. F. and S. B. SILBERNAGEL. Bioassay 
of seawater. I. A 14C uptake method for the determina
tion of concentrations of vitamin B12 in seawater. Cana
dian Journal of Microbiology, v. 12, 1966. pp. 175-183. 
CARLUCCI, A. F. and S. B. SILBERNAGEL. Bioassay 
of seawater. II. Methods for the determination of con
centrations of dissolved vitamin B1 in seawater. Canadian 
Journal of Microbiology, v. 12, 1966. pp. 1079-1089. 

CARLUCCI, A. F. and S. B. SILBERNAGEL. Bioassay 
of seawater. III. Distribution of vitamin B12 in the north
east Pacific Ocean. Limnology and Oceanography, v. 11, 
no. 4, October 1966. pp. 642-646. 

CHAET, Alfred B. Neurochemical control of gamete re
lease in starfish. Biological Bulletin, v. 130, no. 1, Febru
ary 1966. pp. 43-58. 
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CHAPMAN, David J. and Francis T. HAXO. Chloro
plast pigments of chloromonadophyceae. Journal of Phy
cology, v. 2, 1966. pp. 89-91. 

CHAPMAN, David J. and R. D. TOCHER. Occurrence 
and production of carbon monoxide in some brown algae. 
Canadian Journal of Botany, v. 44, 1966. pp. 1438-1442. 

CHAPMAN, David J. The pigments of the symbiotic 
algae (cyanomes) of Cyanophora paradoxa and Glau
cocystis nostochinearum and two Rhodophycese Por
phyridium serugineum and Asterocytis ramosa. Archiv 
fur Mikrobiologie, v. 55, 1966. pp. 17-25. 

CHAPMAN, David J. Three new carotenoids isolated 
from algae. Phytochemistry, v. 5, 1966. pp. 1331-1333. 

CHAPMAN, Douglas G. and Garth I. MURPHY. Esti
mates of mortality and population from survey-removal 
records. Biometrics, v. 21, no. 4, December 1965. pp. 
921-935. 

CHOW, Tsaihwa J. and C. C. PATTERSON. Concentra
tion profiles of barium and .lead in Atlantic waters off 
Bermuda. Earth and Planetary Science Letters, v. 1, 
1966. pp. 397-400. 

CRAIG, Harmon and Louis I. GORDON. Deuterium 
and oxygen 18 variations in the ocean and the marine 
atmosphere. Conference on Stable Isotopes in Oceanogra
phic Studies and Paleotemperatures. 2d, Spoleto, 1965. 
Proceedings. pp.1-122. 

CRAIG, Harmon. Isotopic composition and origin of 
the Red Sea and Salton Sea geothermal brines. Science, 
v. 154, no. 3756, December 23, 1966. pp. 1544-1548. 

CROZIER, George F. and Donald W. WILKIE . . Occur
rence of dihydroxy e-carotene in a fish. Comparative Bio
chemistry and Physiology, v. 18, 1966. pp. 801-804. 

CURRAY, Joseph R., David G. MOORE, R. H. BEL
DERSON and A. H. STRIDE. Continental margin of 
western Europe: slope progradation and erosion. Science, 
v. 154, no. 3746, October 14, 1966. pp. 265-266. 

CURRAY, Joseph R. Continental Terrace. In The En
cyclopedia of Oceanography, edited by Rhodes W. Fair
bridge. New York, Reinhold, 1966. pp. 207-214. 

CURRA Y, Joseph R. Geologic structure on the continen
tal margin, from subbottom profiles, northern and central 
California. California Division of Mines and Geology 
Bulletin 190, 1966. pp. 337-342. 

ELSNER, R. W., D. L. FRANKLIN, R. L. VAN CIT
TERS and David W. KENNEY. Cardiovascular defense 
against asphyxia. Science, v. 153, no. 3739, August 26, 
1966. pp. 941-949. 

ELSNER, R. W., David W. KENNEY and Kent 
BURGESS. Diving bradycardia in the trained dolphin. 
Nature, v. 212, no. 5060, October 22, 1966. pp. 407-408. 

ELSNER, R. W. Diving bradycardia. in the unrestrained 
hippopotamus. Nature, v. 212, no. 5060, October 22, 
1966. p. 408. 

EPPLEY, Richard W. and James L. COATSWORTH: 
Culture of the marine phytoplankter, Dunaliella tertio
lecta, with light-dark cycles. Arkiv fur Mikrobiologie, v. 
55, 1966. pp. 66-80. 

EPPLEY, Richard W. and P.R. SLOAN. Growth rates 
of marine phytoplankton: correlation with light absorp
tion by cell chlorophyll a. Physiologia Plantarum, v. 19, 
1966. pp. 47-59. 

FAGER, E. W., A. 0. FLECHSIG, R. F. FORD, R. I. 
CLUTTER and Raymond J. GHELARDI. Equipment 
for use in ecological studies using scuba. Limnology and 
Oceanography, v. 11, no. 4, October 1966. pp. 503-509. 
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FINSTAD, Joanne, Ben W. PAPERMASTER and Rob
ert A. GOOD. Evolution of the immune response. II. 
Morphologic studies on the origin of the thymus and 
organized lymphoid tissue. Laboratory Investigation, v. 
13, no. 5, May 1964. pp. 490-512. 

FISHER, Robert L. The median ridge in the south cen
tral Indian Ocean. Canada. Geological Survey. Paper, 
no. 66-14, 1966. pp. 135-147. 

FLEMINGER, Abraham and Engchow TAN. The Labi
docera mirabilis species group (Copepoda, Calanoida) 
with description of a new Bahamian species. Crustaceana, 
v. 11, pt. 3, 1966. pp. 291-301. 

FLEMINGER, Abraham. Submergence of certain Cali
fornia Current copepods in a region of advection with 
Central Pacific water. International Oceanographic Con
gress. 2d, Moscow, 1966. Abstracts of papers. pp. 118-
119. 

FOLSOM, Theodore R., K. C. PILLAI and L. E. FIN
NIN. Assay of small traces of caesium-13 7 by internal 
conversion electrons. In Radioisotope Sample Measure
ment Techniques in Medicine and Biology. Vienna, Inter
national Atomic Energy Agency, 1965. pp. 699-706. 

FOLSOM, Theodore R. and Govindaraju J. MOHAN
RAO. Radioactivity in sewage disposal systems from 
industrial and medical wastes and fallout. Materials Re
search and Standards, v. 4, no. 2, 1964. pp. 69-73. 

FOLSOM, Theodore R., D. R. YOUNG and L. E. FIN
NIN. Sum-coincidence gamma-ray spectrometry in trac
ing cobalt-60 and silver-11Om in marine organisms. In 
Radioisotope Sample Measurement Techniques in Medi
cine and Biology. Vienna, International Atomic Energy 
Agency, 1965. pp. 57-69. 

FOX, Denis L. and Thomas S. HOPKINS. Carotenoid 
fractionation in the Scarlet Ibis. Comparative Biochem
istry and Physiplogy, v. 19, 1966. pp. 267-278. 

FOX, Denis L. and Thomas S. HOPKINS. Comparative 
metabolic . fractionation of carotenoids in three flamingo 
species. Comparative Biochemistry and Physiology, v. 17, 
1966. pp. 841-856. 

FOX, Denis L. Pigmentation of molluscs. In Physiology 
of Mollusca, v. 2, New York, Academic, 1966. pp. 249-
274. 

FRANCIS, .T. J. G. and George G. SHOR, Jr. Seismic 
refraction measurements in the northwest Indian Ocean. 
Journal of Geophysical Research, v. 71, no. 2, January 
15, 1966. 

FULLER, Michael D., C. G. A. HARRISON andY. R. 
N A YUDU. Magnetic and petrologic studies of sediment 
found above basalt in experimental Mohole core EM7. 
American Association of Petroleum Geologists. Bulletin, 
v. 50, no. 3, March 1966. pp. 566-573. 

GOLDBERG, Edward D. An observation on marine sed
imentation rates during the Pleistocene. Limnology and 
Oceanography, v. 10, supplement, November 1965. pp. 
R125-R128. 

GORDON, Jacqueline I. and Peggy V. CHURCH. Over
cast sky luminances and directional luminous reftectances 
of objects and backgrounds under overcast skies. Applied 
Optics, v. 5, no. 6, June 1966. pp. 919-923. 

GORDON, Jacqueline I. and Peggy V. CHURCH. Sky 
luminances and the directional luminous reftectances of 
objects and backgrounds for a moderately high sun. Ap
plied Optics, v. 5, no. 5, May 1966. pp. 793-801. 

GUNDERSEN, K. The growth and respiration of Nitro
socystis oceanus at different partial pressures of oxygen. 
Journal of General Microbiology, v. 42, 1966. pp. 387-
396. 



HAMILTON, R. D. and A. F. CARLUCCI. Use of 
ultra-violet-irradiated seawater in the preparation of cul
ture media. Nature, v. 211, no. 5048, July 30, 1966. 
pp. 483-484. 

HARRISON, C. G. A. Antipodal location of continents 
and oceans. Science, v. 153, no. 3741, September 9, 1966. 
pp. 1246-1248. 
HARRISON, C. G. A. and B. L. K. SOMAYAJULU. 
Behavior of the earth's magnetic field during a reversal. 
Nature, v. 212, no. 5067, December 10, 1966. pp. 1193-
1195; 

HARRISON, C. G. A. The paleomagnetism of deep sea 
sediments. Journal of Geophysical Research, v. 71, no. 
12, June 15, 1966. pp. 3033-3043. 

HEMMINGSEN, Edvard A. Enhanced transport of oxy
gen by hemoglobin and myoglobin. International Sympo
sium on the Cardiovascular and Respiratory Effects of 
Hypoxia. Kingston, Ontario, 1965. Proceedings, 1966. 
pp. 41-54. 

HOLM-HANSEN, 0., Carl J. LORENZEN, Robert W. 
HOLMES and J. D. H. STRICKLAND. Fluorometric 
determination of chlorophyll. International Council for 
the Exploration of the Sea. Journal du Conseil, v. 30, 
no. 1, December 1965. pp. 3-15. 

HOLM-HANSEN, 0. and C. R. BOOTH. The measure
ment of adenosine triphosphate in the ocean .and its eco
logical significance. Limnology and Oceanography, v. 11, 
no. 4, October 1966. pp. 510-519. 

HOLMES, Robert W. Preparation of permanent whole 
mounts of marine centric diatoms to permit observations 
of cytoplasmic inclusions. Stain Technology, v. 41, no. 4, 
1966. pp. 201-206. 

HOLMES, Robert W. Short-term temperature and light 
conditions associated with auxospore formation in the 
marine centric diatom Coscinodiscus concinnus W. 
Smith. Nature, v. 209, no. 5019, January 8, 1966. pp. 
217-218. 

HOLMES, Robert W. and Bernhard E. F. REIMANN. 
Variation in valve morphology during the life cycle of 
the marine diatom Coscinodiscus concinnus. Phycologia, 
v. 5, no. 4, 1966. pp. 233-244. 

HOPKINS, Thomas S. and George F. CROZIER. Ob
servations on the asteroid echinoderm fauna occurring 
in the shallow water of southern California (intertidal to 
60 meters). Southern California Academy of Sciences. 
Bulletin, v. 65, no. 3, July-Sept., 1966. pp. 129-145. 

HUBBS, Carl L. and Richard C. BAN~S. Wandering 
onto the eastern Pacific Ocean of an eastern North Amer
ican land bird, the Bay-breasted Warbler. Auk, v. 83, 
no. 4, October 31, 1966. pp. 680-682. 

HUBBS, Clark. Fertilization, initiation .of cleavage, and 
developmental temperature tolerance of the cottid fish, 
Clinocottus ana/is. Copeia, no. 1, 1966. pp. 29-42. 

INMAN, Douglas L., Gifford C. EWING and John B. 
CORLISS. Coastal sand dunes of Guerrero Negro, Baja 
California, Mexico. Geological Society of America. Bul
letin, v. 77, August 1966. pp. 787-802. 

INMAN, Douglas L. and Jeffery D .. FRAUTSCHY. Lit
toral processes and the development of shorelines. Santa 
Barbara Specialty Conference on Coastal Engineering. 
Proceedings. Santa Barbara, Calif., October 1965. pp. 
511-536. 

ISAACS, John D., Joseph L. REID, Jr., George B. 
SCHICK and Richard A. SCHW ARTZLOSE. Near-bot
tom currents measured in four kilometers depth off the 
Baja California coast. Journal of Geophysical Research, 
v. 71, no. 18, September 15, 1966. pp. 4297-4303. 

ISAACS, John D., Allyn C. VINE, Hugh BRADNER 
and George E. BACKUS. Satellite elongation into a true 
"sky-hook." Science, v. 151, no. 3711, February 11, 1966. 
pp. 682-683. 

ISAACS, John D. The sea and man. Portal, v. 1, 1966. 
pp. 18-28. 

JOHNSON, Martin W. The nauplius larvae of Eury
temora herdmani Thompson and Scott, 1897 (Copepoda, 
Calanoida). Crustaceana, v. 11, pt. 3, 1966. pp. 307-313. 

KAMPA, Elizabeth M. and Brian P. BODEN. Observa
tions on the histology of the eyes of euphausiid crusta
ceans. International Congress of Zoology. 16th, Wash
ington, 1963. Proceedings, v. 1, p. 106. 

KATES, M. and Benjamin E. VOLCANI. Lipid compo
nents of diatoms. Biochimica et Biophysica Acta, v. 116, 
1966. pp. 264-278. 

KING, R. F. and Anthony I. REES, Detrital magnetism 
in sediment$: an examination of some theoretical models. 
Journal of Geophysical Research, v. 71, no. 2, January 
15, 1966. pp. 561-571. 

KNAUSS, John A. Further measurements and observa
tions on the Cromwell Current. Journal of Marine Re
search, v. 24, no. 2, May 15, 1966. pp. 205-240. 

KNIGHT, Margaret D. The larval development of Poly
onyx quadriungulatus Glassell and Pachycheles rudis 
Stimpson (Decapod a, Porcellanidae) cultured in the lab
oratory. Crustaceana, v. 10, no. 1, 1966. pp. 75-97. 

KUME, Susumu and Milner B. SCHAEFER. Studies on 
the Japanese long-line fishery for tuna and marlin in the 
eastern tropical Pacific Ocean during 1963. Inter-Ameri
can Tropical Tuna Commission. Bulletin, v. 11, no. 3, 
1966. pp. ~01-170. 

LARSEN, Jim and Charles S. COX. Lunar and solar 
daily variation in the magnetotelluric field beneath the 
ocean. Journal of Geophysical Research, v. 71, no. 18, 
September 15, 1966. pp. 4441-4445. 

LEE, W. H . K. and Charles S. COX. Time variation of 
ocean temperatures and its relation to internal waves and 
oceanic heat flow measurements. Journal of Geophysical 
Research, v. 71, no. 8, April 15, 1966. pp. 2101-2111. 

LEIGHTON, David L. Studies of food preference in 
algivorous invertebrates of southern California kelp beds. 
Pacific Science, v. 20, no. 1, January 1966. pp. 104-113. 

LEWIN, Joyce C., Bernhard E. F. REIMANN, William 
F. BUSBY and Benjamin E. VOLCANI. Silica shell for
mation in synchronously dividing diatoms. In Cell Syn
chrony-Studies in Biosynthetic Regulation. New York, 
Academic, 1966. pp. 169-188. 

LEWIN, Joyce· C. The thiamine requirement of a marine 
diatom. Phycologia, v. 4, no. 3, 1965. pp. 141-144. 

LEWIN, Ralph A. and Juta KIETHE. Formation of 
rhapidosomes in Saprospira. Canadian Journal of Micro
biology, v. 11 , 1965. pp. 935-938. 

I..EWIS, R. W. Studies of the glyceryl ethers of the stom
ach oil of Leach's petrel Oceanodroma leucorhoa (Viel
lot). Comparative Biochemistry and Physiology, v. 19, 
1966. pp. 363-377. 

LONGHURST, Alan R., A. D. REITH, R. E. BOWER 
and D. D. R. SEIBERT. A new system for the collection 
of multiple serial plankton samples. Deep-sea Research, 
v. 13, 1966. pp. 213-222. 

LONGHURST, Alan R. A survey of the fish resources 
of the eastern Gulf of Guinea. International Council for 
the Exploration of the Sea. Journal du Conseil, v. 29, 
no. 3, 1965. pp. 302-334. 
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LORENZEN, Carl J. A method for the continuous 
measurement of in vivo chlorophyll concentration. Deep
Sea Research, v. 13, 1966. pp. 223-227. 
McGEHEE, Maurice S. and D. E. BOEGEMAN. MPL 
acoustic transponder. Review of Scientific Instruments, 
v. 37, no. 11, November 1966. pp. 1450-1455. 

McGOWAN, John A. and Vernie J. FRAUNDORF. The 
relationship between size of . net used and estimates of 
zooplankton diversity. Limnology and Oceanography, 
v. 11, no. 4. October 1966. pp. 456-469. 
MELSON, William G., Vaughan T. BOWEN, Tjeerd H. 
van ANDEL and Raymond SIEVER. Greenstones from 
the central valley of the Mid-Atlantic Ridge. Nature, 
v. 209, no. 5023, February 5, 1966. pp. 604-605. 

MELSON, William G. and Tjeerd H. van ANDEl;. 
Metamorphism in the Mid-Atlantic Ridge, 2r N. lati
tude. Marine Geology, v. 4, 1966. pp. 165-186. 
MENARD, Henry W. Fracture zones and offsets of the 
East Pacific Rise. Journal of Geophysical Research, v. 71, 
no. 2, January 15, 1966. pp. 682-685. 
MENARD, Henry W. and Stuart M. SMITH. Hyposom
etry of ocean basin provinces. Journal of Geophysical 
Research, v. 71, no. 18, September 15, 1966. pp. 4305-
4325. 
MILES, John W. The collapse time of a closed cavity. 
Journal of Fluid Mechanics, v. 25, pt. 4, 1966. pp. 743-
760. 
MILES, John W. Comments on "General Analysis of the 
Stability of Superposed Fluids." Physics of Fluids, v. 8, 
no. 9, September 1965. pp. 1754-1755. 
MILES John W. Effects of diffusion on baroclinic insta
bility of the zonal wind. Journal of the Atmospheric Sci
ences, v. 22, no. 2, March 1965. pp. 146-151. 
MILES, John W. Response of a layered half-space to a 
moving load. Journal of Applied Mechanics, v. 33, ser. E, 
no. 3, September 1966. pp. 680-681. 
MILES, John W. Stability of forced oscillations of a vi
brating string. Acoustical Society of America. Journal, 
v. 38, no. 5, November 1965. pp. 855-861. 
MOORE Theodore C., Jr., and G. Ross HEATH. Man
ganese n~dules, topography, and thickness of Quarter
nary sediments in the central Pacific. Nature, v. 212, no. 
5066, December 3, 1966. pp. 983-985. 
MORIARTY, James R. Culture phase divi~ions suggested 
by typological change coordinated with stratigraphically 
controlled radiocarbon dating at San Diego. Anthropo
logical Journal of Canada, v. 4, no. 4, 1966. pp. 20-30. 

MULLIN, Michael M., P.R. SLOAN and Richard W. 
EPPLEY. Relationship between carbon content, cell vol
ume, and area in phytoplankton. Limnology and Ocean
ography, v. 11, no. 2, April'1966. pp. 307-311. 
MUNK, Walter H., B. ZETLER and Gordon W. 
GROVES. Tidal cusps. ()eophysical Journal, v. 10, 1965. 
pp. 211-219. 
MUNK, Walter H. and D. E. CARTWRIGHT. Tidal 
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ties from several stations and five-meter temperatures 
and salinities at Scripps Pier. April 1966. Marine Re
search Committee. 24 p. 

66-9 GORDON, Jacqueline I. Determination by Com
puter of the Radiance "Red Light" of waves due to a 
submerged body. Confidential. The title is unclassified. 

66-10 McGLAMERY, Benjamin L. An image restora
tion experiment on turbulence-degraded images. Visi
bility Laboratory. July 1966. 17 p. 

66-11 VANDORN, William G. Theoretical and experi
mental study of wave enhancement and runup on uni
formly sloping impermeable beaches. Final Report. May 
1966. 125 p. 

66-12 SQU:IER, Earl D. FLIP, acoustical self-noise. 
Marine Physical Laboratory. July 1966. 9 p. 

66-13 BAILEY, J. C. Visual search in complex fields, 
progress report. Visibility Laboratory. June 1966. 21 p. 

66-14 FRAZER,J.Z., R. W. FITZGERALD and A.M. 
REID. Computer programs BMX and BMX2 for electron 
microprobe data processing. (With the Institute for the 
Study of Matter) June 1966. 70 p. 
66-15 MILLER, Julian K. Biomass determinations of 
selected zooplankters found in the California Cooperative 
Oceanic Fisheries Investigations. Marine Life Research. 
June 1966. 16 p. 

66-16 Physical and chemical data. Risepac Expedition; 
7-23 December 1961; Proa Expedition; 12 April-6 July 
1962; and Zephyrus Expedition; 12 July-26 September 
1962. 46 p. 

66-17 DUNTLEY, S. Q., R. W. AUSTIN, J. H. TAY
LOR and J. L. HARRIS. Visual acuity and astronaut 
visibility; manned space flight experiment S-8/D-13; 
Gemini V and Gemini VII missions. Visibility Labora
tory. July 1966. 44 p. 

66-18 ISAACS, John D. and Daniel M. BROWN. Isaacs
Brown opening, closing trawl. July 1966. 39 p. 

48 

66-19 PAULLING, J. R., Jr. and Maxwell SILVER
MAN. Model studies for an oceanographic ship derived 
from an offshore supply vessel. August 1966. 42 p. 

66-20 Physical and chemical data. California Coopera
tive Oceanic Fisheries Investigations Cruise 6404; 10 
April-1 May 1964 and CCOFI Cruise 6407; 15 June-4 
August 1964. September 1966. 130 p. 

66-21 Unavailable for distribution. 

66-22 BLACKBURN, Maurice. Scripps Tuna Ocean
ography Research (STOR) Program, report for the year; 
July 1, 1965-June 30, 1966. (Also issued as IMR Refer
ence Number 66-13) November 1966. 30 p. 

66-23 McGOWAN, John A. and Daniel M. BROWN. 
A new opening-closing paired zooplankton net. Marine 
Life Research Program. November 1966. 63 p. 

66-24 Physical and chemical data. Boreas Expedition; 
27 January-1 April 1966 (with some data from other 
parts of the Zetes Expedition). 185 p. 

66-25 ANDERSON, Victor C. Final report; Contract 
Nonr-2216(07); 1 November, 1958-30 September 1963. 
Marine Physical Laboratory. December 1966. 11 p. 

Institute of Marine Resources Reference Series 

66-9 OLCOTT, H. S. Oxidative deterioration of fish 
and fishery products. Progress report for the period 
March 6, 1966 to June 5, 1966. 

66-10 OLCOTT, H. S. and D. B. MENZEL. Toxic resi
due in marine foods. Final report for year 1966. 

66-11 BROWN, W. D. and H. S. OLCOTT. Final re
port on tuna quality. July 1, 1965 through June 30, 1966. 

66-12 OLCOTT, H. S. and W. D. BROWN. Compara
tive biochemical studies of muscle proteins. Progress re
port for the period May 1, 1966-April 30, 1967. 

66-14 Annual report of the Institute of Marine Re
sources for the year ending June 30, 1966. 

67-1 OLCOTT, H. S. Oxidative deterioration of fish 
and fishery products. Progress report for the period June 
6 through September 5, 1966. 

67-2 BROWN, W. D. and H. S. OLCOTT. Investiga
tions into tuna quality. Progress report for the period 
July 1, 1966 through September 30, 1966. 

67-3. FOLSOM, T. R. Studies of background radioac
tivity levels in marine environment near Southern Cali
fornia. Final report. 
67-4 PILLA!, K. C., R. C. SMITH and T. R. FOL
SOM. The separation and determination of plutonium in 
sea water and marine organisms. 

67-5 PILLA!, K. C., A. W. YOUNG, T. R. FOLSOM, 
and R. C. SMITH. Analytical steps using silicotungstic 
acid and "duolite C-3" resin effective in purification fol
lowing concentration of cesium from sea water by the 
"Conite" method. 
67-6 STRICKLAND, J. D. H. Artificial ecosystems in 
maril)e research. 
67-7 OLCOTT, H. S. Oxidative deterioration of fish 
and fishery products. Progress report for the period Sep
tember 6 through December 5, 1966. 

67-8 BROWN, W. D. and H. S. OLCOTT. Investiga
tions into tuna quality. Progress report for the period 
October 1 through December 31, 1966. 

67-9 Marine Food Chain Group progress report for the 
period January-December, 1966. Part I, Introduction and 
account of work in progress; part II, Manuscript reports 
of work concluded; part III, Data record and comments 
cruise. FGG 66/1. 



67-10 BROWN, W. D. and H. S. OLCOTT. Investiga
tions into tuna quality. Progress report for the period 
January 1 through March 31, 1967. 

67-11 OLCOTT, H. S. Oxidative deterioration of fish 
and fishery products. Progress report for the period De
cember 6, 19.66 through March 5, 1967. 
67-12 WOOSTER, WarrenS., Milner B. SCHAEFER 
and Margaret K. ROBINSON. Atlas of the Arabian Sea 
for fishery oceanography. 

67-13 SCHAEFER, M. B. A planning study of marine 
resources. State Standard Agreement P / 135-SA-2. Final 
report. 

67-14 OLCOTT, H. S. Lipid composition of fish pro
tein concentrate. Progress report for the period ending 
April 1967. 

67-15 BLACKBURN, Maurice. Physical, chemical and 
biological data, Cruise Tempo (T0-62-1 ), August 1962. 

The CaiCOFI Atlas Series 

This is a series of atlases containing hydrographic and 
plankton data from the region of the California Current. 
The field work was carried out by the California Coopera
tive Oceanic Fisheries Investigations1, a program spon
sored by the State of California under the direction of the 
State's Marine Research Committee. The cooperating 
agencies in the program are the California Department 
of Fish and Game; the California Academy of Scien.ces; 
Stanford University, Hopkins Marine Station; U.S. Fish 
and Wildlife Service, Bureau of Commercial Fisheries; 
and the Scripps Institution of Oceanography, University 
of California, San Diego. 

CalCOFI atlases2 are issued as individual units since 
they provide processed physical, chemical, and biological 
me(!.surements of the California Current region. Each 
atlas may contain one or more contributions. A general 
description of the CalCOFI program with its objectives 
appears in the preface of Atlas No. 2. 

CalCOFI atlases are prepar~d by the Data Collection 
and Processing Group for the Marine Life Research Pro
gram of Scripps Institution. The CalCOFI atlas editorial 
staff comprises Dr. Abraham Fleminger and Hans T. 
Klein as editors, and John G. Wyllie, principal analyst 
for physical-chemical oceanographic data. 

CalCOFI Atlas No. 4, by J. G. Wyllie, entitled "Gee
strophic flow of the California Current at the Surface and 
at 200 Meters," was published during 1966. 

1 Usually abbreviated CalCOFI, sometimes CALCOFI or 
COFI. 

2 For citations an issue in the series· should be referred to as 
CalCOFI Atlas No. 

Bulletin 

Published by the University of California Press, the Bul

letin is a vehicle for printing lengthy research works in 
oceanography which have been written by specialists in 
a given field. Eight volumes of the Bulletin have been 
published since its inception in 1927. 

Three volumes are in· press. They are: 

Volume 9. TAFT, Bruce A. and John A. KNAUSS. 
Equatorial undercurrent of the Indian Ocean as observed 
by the Lusiad Expedition. 

Volume 10. HUBBS, Carl L., Tamotsu IWAI and 
Kiyomatsu MATSUBARA. External and internal charac
ters, horizontal and vertical distribution, luminescence, 
and food of the dwarf pelagic shark (Euprotomicrus bis
pinatus). 

Volume 11. Radiolaria in pelagic sediments from the 
Indian and Atlantic Oceans. 

A list of available publications in the Bulletin series 
is available from the University of California Press, 2223 
Fulton Street, Berkeley, California 94 720. 

Technical Memoranda 

Information concerning the eligibility of requestors for 
the following technical memoranda is available from 
Technical Publications, Director's Office, Scripps Insti
tution: 

Dredging 

Proton Magnetometer 

Gravity Coring . 

The Sonar Pinger 

Navigation for Preparation of Charts 
Shipboard Sampling of C02 
Echo Sounding 

Wire Rope and Winches 

Piston Coring 

Deep-Sea Camera 

Collection and Care of Submarine 
Sediment and Rock Samples 

Slack Wire Mooring 

Taut Wire Mooring 

Oriented Coring 

N ansen Bottle Casts 
Seismic Refraction and Reflection 

Work 
Explosives Handling and Storage 

Arcing 

Air Gun 

Drogues-Parachute 

DOR TM-1/65 

DOR TM-2/65 

DOR TM-3/65 

DOR TM-4/65 

DOR TM-5/ 65 

DOR TM-6/65 

DOR TM-7/ 65 

DOR TM-8/65 

DOR TM-9/ 65 

DOR TM-10/ 65 

DOR TM-11 / 65 

DOR TM-12/65 

DOR TM-13/ 65 

DOR TM-14/ 65 

DOR TM-15/ 65 

DOR TM-16/ 65 
DOR TM-17 / 65 

DOR TM-18/ 65 

DOR TM-19/ 65 

DOR TM-20/ 65 

Net Hauls DOR TM-22/65 
Midwater Trawls (I); Leavitt Plankton Nets (II) 

Heat Flow DOR TM-23/ 65 
Box Sampler DOR TM-24/ 65 

Recording Weather at Sea DOR TM-25/ 65 

Chemistry Samplin~ DOR TM-26/ 65 

Large Water Samples for C14 DOR TM-27 / 65 
Scuba Diving at Sea 

Microscopy at Sea 

Preservation of Marine Biological 
Specimens 

Bathythermograph Observations 
Current Meters 

DOR TM-28/ 65 

DOR TM-29/ 65 

DOR TM-30/ 65 

DOR TM-31 / 65 
DOR TM-32/65 
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Marine Physical Laboratory Technical Memoranda 

Information concerning the Marine Physical Laboratory 
( MPL) technical memoranda is available from Reports 
and Drafting, Marine Physical Laboratory, Scripps 

Institution. 

1 77 Final report, reflection studies of sea floor struc
ture along the Alaskan coast, May, 1966. 

178 The paleomagnetism of deep sea cores, September, 
1966. 
179 Deep sea magnetometer calibration, September, 
1966. 

180 Heat flow instruction manual, February, 1967. 

181 MPL two-man submarine propulsion controller, 
October, 1966. 

182 Operating instructions for MPL proton magne
tometer (model #1), January, 1967. 

NAGA Reports 

From 1959 to 1961, Scripps Institution cooperated with 
the governments of South Vietnam and Thailand and the 
U.S. International Cooperation Administration in con
ducting an oceanographic study of the South China Sea 
and the Gulf of Thailand. 

Certain reports from this Expedition appeared in the 
SIO Reference Series: Handbook of the food fishes of the 
Gulf of Thailand, Robert Rofen; SIO Reference 63-18; 
and final report of the NAGA Expedition, SIO Reference 
63-11. In addition, a Scripps Publications Series was es
tablished in February, 1964, to provide a medium for 
publishing the larger papers resulting from this study. 

The first report, NAGA Report, v. 2, "Physical Ocean
ography of the Southeast Asian Waters," by Klaus 
Wyrtki, serves as a background report for the other 
volumes of the series. Two of these volumes are now in 
press. Information concerning them is available from 
Technical Publications, Director's Office, Scripps Insti
tution. 

Indian Ocean Program 

The Scripps Institution Indian Ocean Program, with Dr. 
Robert L. Fisher as Director, was established in 1960 
to direct and coordinate Scripps field and laboratory-par
ticipation in the International Indian Ocean Expedition 
1960-65. That Expedition, under the overall sponsorship 
of SCOR (Scientific Committee on Oceanic Research of 
the International Council of Scientific Unions), grew out 
of the international, interagency and inter-laboratory 
cooperation effected during the International Geophysi
cal Year. In all, ships and scientists of more than 20 
countries participated; major participants in the pelagic 
aspects were the United Kingdom, the U.S.S.R., Australia, 
and the United States. 

Scripps field participation, supported primarily by the 
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Office of Naval Research and the National Science Foun
dation, consisted of three expeditions: Monsoon (Argo), 
1960-61; Lusiad (Argo-Horizon), 1962-63; Dodo (Argo), 
1964. 

The first and third cruises were primarily multi-phase 
geological-geophysical investigations of the central, south
ern and northeast Indian Ocean and Indonesia, although 
Dodo did include a cooperative study of the Somali Cur
rent with R.R.S. Discovery of the United Kingdom. 
Lusiad included ( 1 ) two three-months' studies of the 
equatorial undercurrent in the two monsoons, a single
ship program in cooperation with scientists of the N ar
ragansett Marine Laboratory of the University of Rhode 
Island and (2) two-ship geological-geophysical explora
tion of the western, central, southern, and northeast In
dian Ocean. Scripps vessels spent 22 ship-months in the 
Indian Ocean and steamed 117,000 miles there. Twenty
three foreign scientists representing ten countries took 
part in shipboard operations. 

The Scripps Indian Ocean Program terminated for
mally in July, 1965, but data reduction and publication 
of results will continue for a number of years. A 1968-69 
geological-geophysical expedition on Argo will spend six 
months in the Indian Ocean, detailing and extending the 
1960-64 investigations and applying newly-developed 
techniques. 

Narratives and preliminary results of Monsoon and 
Lusiad Expeditions were distributed as SIO Reference 
64-19, Preliminary results of SIO investigations in the 
Indian Ocean 1960-63 (Robert L. Fisher, ed.), 237 p. 
Some published papers have been collected and will be 
reprinted in the "Collected reprints of the International 
Indian Ocean Expedition," prepared and distributed by 
the Office of Oceanography, UNESCO, Paris, France. 

Publications during calendar year 1966 resulting 
wholly or in part from observations made within the 
Indian Ocean on Expeditions Monsoon, Lusiad or Dodo 
of Scripps Institution follow: 

FISHER, R. L., The median ridge in the South Central 
Indian Ocean. In Irvine, T. N. (ed.), The World Rift 
System: Geological Survey of Canada Paper 66-14, 1966. 
pp. 135-147. 

FRANCIS, T. J. G. and G. G. SHOR, Jr. Seismic re
fraction measurements in the Northwest Indian Ocean: 
Jour. Geophys. Res., v. 71, no. 2, 1966. pp. 427-449. 

TAYLOR, P. T. Geothermal and magnetic survey off the 
coast of Sumatra; 2. Interpretation and discussion of the 
results: Bulletin, Earthquake Research Institute, v. 44, 
1966. pp. 541-550. 

VACQUIER, V. and P. T. TAYLOR. Geothermal and 
magnetic survey off the coast of Sumatra; 1. Presentation 
of data: Bulletin, Earthquake Research Institute, v. 44, 
1966. pp. 531-540. 

VON HERZEN, R. P. and V. VACQUIER. Heat flow 
and magnetic profiles on the Mid-Indian Ocean Ridge: 
Philosophical Transactions, Royal Society of London, 
A, v. 259, no. 1099, 1966. pp. 262-270. 



VON HERZEN, R. P. and M. G. LANGSETH. Present 
status of oceanic heat-flow measurements. In Physics and 
Chemistry of the Earth, v. 6, K. Runcorn, ed., Pergamon 
Press, N.Y., 1966. 

Oceanic Observations of the Pacific 

Oceanic Observations of the Pacific is a series containing 
physical and chemical oceanographic data from the 
Pacific Ocean, collected by Scripps Institution and co
operating agencies for the period 1949 through 19 59. 
Information concerning the series can be obtained from 
Technical Publications, Director's Office, Scripps Institu
tion. 
Volumes: 
Oceanic Observations of the Pacific: Pre-1949. W. Woos
ter, ed., published, 1961. 

Oceanic Observations of the Pacific: 1949. N. Rakestraw, 
ed., published, 1957. 

Oceanic Observations of the Pacific: 1950. N. Rakestraw, 
ed., published, 1960. 

Oceanic . Observations of the Pacific: 19 51. J. Reid, Jr. , 
ed., published, 1963. 

Oceanic Observations of the Pacific: 1952. J. Reid, Jr. , 
ed., published, 1965. 

Oceanic Observations of the Pacific: 1953. J. Reid, Jr., 
ed., published, 1965. 

Oceanic Observations of the Pacific: 1954. J. Reid, Jr., 
ed., published, 1965. 

Oceanic Observations of the Pacific: 1955. (NORPAC 
Atlas and Data) N. Rakestraw, ed., published, 1960. 

Oceanic Observations of the Pacific: 1955. J. Reid, Jr., 
ed., published, 1962. 

Oceanic Observations of the Pacific: 1956. J. Reid, Jr., 
ed., published, 1963. 

Oceanic Observations of the Pacific: 1957. J. Reid, Jr., 
ed., published, 1965. 
Oceanic Observations of the Pacific: 1958. J. Reid, Jr., 
ed., published, 1965. 
Oceanic Observations of the Pacific: 1959. J. Reid, Jr., 
ed., published, 1965. 

Patents 

Information concerning government-owned patents may 
be obtained from the U.S. Commissioner of Patents, 
Washington, D.C. 

Patents issued during 1965-66 to members of the Scripps 
staff: 

T. R. Folsom, et al: Computing Apparatus 
3,275,804 (1966) 

P. Rudnick Vertically Compensated Spar Buoy 
3,218,655 (1965) 

J. E. Tyler Optical Filter 
(Patent pending) 

G. W. Harvey Surface Collector 
(Patent pending) 
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Expenditures-1966-67 
CURRENT FUNDS DISTRIBUTION 

Total General- 1 

Organized Activities - Other-
Service to Industry $ -1,111 $ 

Organized Research-
Administration 116,595 106,213 
Applied Oceanography Laboratory 214,935 
Deep-Sea Drilling Project 68,490 
Earth Sciences 441,695 94,831 
Marine Biology 585,685 214,958 
Marine Facilities-Ship Operations -20,515 
Marine Facilities-Shops 
Marine Life Research- General 815,246 549,922 
Marine Life Research- Use of Ships 265,993 265,993 
Marine Physical Laboratory 2,164,192 21,856 
Non-Divisional Research 267,397 140,095 
Oceanic Research 1,569,376 213,439 
Physiological Research Laboratory 501,674 12,100 
Ship Conversion and Commissioning 74,405 
Special Developments 107,394 
Use of Ships 2,418,744 127,589 
Visibility Laboratory 1,113,882 14,807 

Sub-Total 10,705,188 1,761,803 
Total $10,704,077-3 $1 ,761,803 

- I Funds available for any operating purpose upon designa-
tion by The Regents. Primary components of the General 
Fund are state support, non-resident tuition, and a portion 
of overhead allocations received /rom federal grants and 
contracts. 
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Salaries Other Less : 
Restricted-2 and Wages Expenditures Transfers 

$ -1,111 $ -2,345 $ 1,234 $ 

10,382 101,867 14,728 
214,935 111,802 103,133 

68,490 36,349 32,141 
346,864 290,973 150,722 
370,727 439,410 146,275 

-20,515 1,217,340 1,749,972 2,987,827 
193,149 97,136 290,285 

265,324 602,591 212,655 
265,993 

2,142,336 1,138,265 1,025,927 
127,302 173,674 93,723 

1,355,937 918,743 650,633 
489,574 212,388 289,286 

74,405 .74,405 
107,394 69,826 37,568 

2,291,155 2,418,744 
1,099,075 728,761 385,121 
8,943,385 6,235,138 7,748,162 3,278,112 

$8,942,274 $6,232,793 $7,749,396 $3,278,112 

-2 Funds subject to restrictions established by the donors, out-
side agencies, or The Regents. All contracts and grants and 
private donations constitute Restricted Funds. 

-3 Does not include $1,315,074 received from overhead allo-
cations based on federal contracts and grants. 

·•· ' \ 
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Appendix A 
Major Awards and Honors 

Among the major awards and honors bestowed upon fac
ulty and staff members of the Institution since July 1, 
1965, have been these: 

Dr. Milton M. Bramlette Awarded honorary Doctor of 
Laws degree by the University 
of California. 

Thomas A. Clarke Recipient, U.S. Navy's Cita
tion of Meritorious Public 
Service for participation as 
scientist-diver in Sealab II 
program. 

Arthur 0. Flechsig 

Richard Grigg 

Recipient, U.S. Navy's Cita
tion of Meritorious Public 
Service for participation as 
scientist-diver in Sealab II 
program. 

Recipient, U.S. Navy's Cita
tion of Meritorious Public 
Service for participation as 
scientist-diver in Sealab II 
program. 

Dr. Carl L. Hubbs Recipient, Fellows Medal of 
the California Academy of 
Sciences. 

Dr. Martin W. Johnson Recipient, Distinguished 
Alumnus Award, Pacific Lu
theran University, Tacoma, 
Wash. 

Dr. Walter H. Munk Elected Member, American 
Philosophical Society; Recipi
ent, Arthur L. Day Medal of 
the Geological Society of 
America; Recipient, Harald 

Ulrik Sverdrup Gold Medal of 
the American Meteorological 
Society; Recipient, Alumni 
Distinguished Service Award, 
California Institute of Tech
nology. 

Earl Murray Recipient, U.S. Navy's Cita
tion of Meritorious Public 
Service for participation as 
scientist-diver in Sealab II 
program. 

Dr. Francis P. Shepard Recipient, Wollaston Medal, 
highest award of the Geologi
cal Society of London. Hon
ored by the naming of the 
Francis P. Shepard Award for 
Excellence in Marine Geology, 
by the Society of Economic 
Paleontologists and Mineral
ogists. 

James M. Snodgrass 

Dr. Fred N. Spiess 

J. Morgan Wells 

Dr. Claude E. ZoBell 

Named Telemetering Man of 
the Year (1966), by National 
Telemetering Conference. 

Recipient, John Price Weth
erill Medal of the Franklin In
stitute of Philadelphia. 

Recipient, U.S. Navy's Cita
tion of Meritorious Public 
Service for participation as 
scientist-diver in Sealab II 
program. 

Elected associate founding 
member of the Surtesy Re
search Foundation. 
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DAYS AT SEA (HUNDREDS) • 
0 2 4 6 8 10 12 14 16 
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*Includes extensive operations during International Indian Ocean Expedition. 

Appendix B 
Research Vessels of Scripps Institution of Oceanography 

Alexander Alpha Ellen B. Thomas 
Agassiz Argo Helix Horizon Oconostota Scripps Washington T-441 FLIP 

Type: light rescue and oceanographic tug tug off-shore oceanographic cargo and floating instru-
freight salvage research supply research passenger ment platform 

(biological) 
Hull: steel steel steel steel steel steel steel steel steel 
Year built: 1944 1944 1965-1966 1944 1944 1964-65 1965 1953 1962 
Year acquired 

by SIO: 1961 1959 1966 1948 1962 1965 1965 1955 1962 
From whom State U.S. Navy Nat ional U.S. Navy U.S. Navy Dantzler U.S. Navy U.S. Navy Gunderson 

acquired: Educational Science Boat and Bros. 
Agency for Foundation Barge Co. Shipbuild ing, 
Surplus Portland, Ore. 
Property 

Owner: University U.S. Navy University University U.S. Navy University U.S. Navy U.S. Navy U.S. Navy 
of of of of 

California California California California 
length: 180' 213' 133' 143' 102' 95' 209' 65' 355' 
Beam: 32' 40' 31' 33' 25' 24' 40' 18' 20 / 12' 
Draft: 10' 15' 1" 10' 5Vz" 13' 6" 10' 6' 14' 6' 10' 
Displacement 

tons (fulll: 825 2,079 512 900 206 115 1,362 99 2,100 (vertical) 
Cruising speed: 11 13 11 ll Vz 12 11 11 lOVz varies- 1 

Maximum speed: 12 14 12 12 1/z 12 12 12 11 varies- 1 

Minimum speed: 3 Vz 3 Vz Vz 3 Vz 3 varies- 1 

Range (miles): 7,700 8,000 6,200 6,800 6,000 4,700 8,000 1,830 varies- 1 

Endurance (days): 27 60 24 48 25 17 48 5 varies- 1 

Crew: 17 32 12 19 8 5 25 6 
Scientific party: 14 24 10 16 6 8 16 9-2 8 

- 1 Depends on towing vessel 
-2 Including crew 

1966 TOTAL DAYS AT SEA: 1,683 
1966 NAUTICAL MILES STEAMED: 178,373 
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Appendix C 
Doctor of Philosophy Degrees Awarded in 1965-66 and 
1966-67, with Titles of Dissertations 

EARTH SCIENCES- 1965-66 

Lewis H. Cohen, "Melting and Phase Relations in an 
Anhydrous Basalt to 45 Kilo bars." 

Kent C. Condie, "Petrology and Geochemistry of the 
Late Precambrian Rocks of the Northeastern Great 
Basin." 

Paul DeMitro Pushkar, "The Isotopic Composition of 
Strontium in Volcanic Rocks from Island Arcs." 

MARINE BIOLOGY- 1965-66 

David James Chapman, "Studies on the Carotenoids 
of the Flagellate Cryptophyceae, and the Chloro
plast Pigments of the Endosymbiotic Algae in Cya
nophora paradoxa and Glaucocystis nostochine
arum." 

Roger Wolcott Lewis, "Studies of Marine Lipids I. 
Fatty Acid Composition of Marine Animals from 
Various Depths II. The Glyceryl Ethers of Some 
Marine Animals." 

OCEANOGRAPHY- 1965-66 

Calvin Crowell Daetwyler, Jr., "Marine Geology of 
Tomales Bay, Central California." 

Jack R. Dymond, "Potassium-Argon Geochronology 
of Deep-Sea Sedimentary Materials." 

Richard Fiske Ford, "Distribution, Population Dy
namics and Behavior of Bothid Flatfish, Citharich
thys stigmaeus." 

Brent Sherman Gallagher, "Generation of Surf Beat 
by a Non-Linear Mechanism." 

Ronald John Gibbs, "The Geochemistry of the Ama
zon River Basin." 

Abraham Golik, "Foraminiferal Ecology and Holo
cene History, Gulf of Panama." 

William R. Holland, "Wind-Driven Circulation in an 
Ocean with Bottom Topography." 

Hans Herbert Veeh, "Th2ao; u2aR and U234f 238 Ages 

of elevated Pleistocene Coral Reefs and Their Geo
logical Implications." 

EARTH SCIENCES- 1966-67 

Donald V. Heimberger, "Head Waves from the 
Oceanic Mohorovicic Discontinuity." 

Albert M. Kudo, "A Study of the Phase Equilibrium 
of Granitic Melts." 

MARINE BIOLOGY- 1966-67 

William Fisher Busby, "Studies on the Identification 
and Metabolism of the Sulfonic Acids, Systeinolic 
Acid and Sulfopropanediol, in the Ciatom, Navicula 
pelliculosa, and their Distribution in the Major Algal 
Groups." 

George Frederick Crozier, "Features of Carotenoid 
Metabolism in Growth and Sexual Maturation of 
the Labrid Fish, Pimelometopon pulchrum (Ayres)." 

Thomas Sterling Hopkins, "Carotenoid Pigment Frac
tionation and Skin Color Varieties in the Henricia 
Specion Complex (ECHINODERMATA; Aster
oides) ." 

OCEANOGRAPHY- 1966-67 
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President of the University 
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of the College of Agriculture, Emeritus 

Robert M. Underhill 
Vice President and Treasurer of The Regents, Emeritus 

James H. Corley 
Vice President - Governmental Relations 
and Projects, Emeritus 
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