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About the cover ... 

This year's cover is a picture game. It shows seven of SIO's many 
fields of interest. The object of the game is to identify not the field 
illustrated by each photograph but rather the single word common 
to a description of each of the subjects illustrated. 

The game makes a point. The cross-disciplinary nature of SIO's 
programs is such that even fairly common words may have many 
meanings-depending on the context. Imagine the contexts in which 
the word "current" would change-or the word "surface." 

Our cover shows some of the many ways SIO might use the word 
"core." You may think of others. Here's the list of picture subjects. 

Top left: An ice core or tunnel into the stratified polar cap. Samples 
are used to analyse and date earth's atmosphere in past ages. 
Strata identify annual precipitation. 

Top right: Diagrammatic presentation of data on current cores. Top 
sheet shows Equatorial Current; beneath it is shown the Cromwell 
Current, and, underneath that, the Gulf Stream. 

Second row, left: Core of wire rope, a tie with oceanography's yester
year when such lines provided a handle to instruments lowered 
into the ocean's depths. 

Second row, right: Sediment cores-specimens taken in SIO's bottom
sampling program which over the years has produced the world's 
largest collection. 

A major fraction of the work reported herein was supported by the Office 
of Naval Research and the National Science Foundation. 

Unless individually credited, photographs have been provided by the Photo· 
graphic Laboratory of Scripps Institution of Oceanography. 

Dr. Martin W. Johnson, professor emeritus of marine biology, holds 
copy of "bible" of oceanography, The Oceans, which he wrote with 
Drs. Harald U. Sverdrup and Richard H. Fleming. 

Third row: Core curriculum covers physical oceanography, marine 
geology, marine chemistry, and marine organisms, communities, 
and environments. 

Fourth row, left: Key to computer analysis of data-the memory 
core. 

Fourth row, right: Earth's core, lying at the heart of the inner-space 
which constitutes the realm of oceanography's inte.::est. 
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INTRODUCTION 
The Institution's continued growth is reflected in the . detailed 

account presented later in the report. What may not be clear from 
the mass of detail is the intensification of concern about the environ· 
ment and the development of additional internal structures to make 
better use of our facilities and talents in this direction. 

The Institution has historically taken a leading role in the mainte· 
nance of the quality of the environment, particularly by close coopera· 
tion with the City of San Diego, the State of California, and the federal 
government. More than 20 years ago the Marine life Research Group 
was formed to focus the Institution's efforts on the California Current 
system for developing the appropriate technical basis for optim!zing 
California's benefits from its oceanic environment. later the lnst1tute 
for Marine Resources was formed to help develop a University-wide 
attack on these problems. What has been strikingly evident these two 
years is the many and varied nature of specific activities developed to 
further these efforts. This is obviously in response to a more sympa· 
thetic and concerned public attitude with respect to the environment. 

The theme for this activity was best set by the symposium, "Man's 
Chemicallnvasion of the Ocean," arranged by Professors E. D. Goldberg 
and W. A. Newman. This was a two-day symposium for laymen and 
experts to explore the dangers to the oceanic environment and to 
consider the best steps needed to cope with these problems. 

On a broader front, the Institution has initiated its own Sea Grant 
Projects Program in cooperation with the federal government. This is 
the support base for a wide variety of approaches to solving problems 
relating to the beneficial uses of the seas. 

The educational support for these efforts will be primarily based 
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on our new. curriculum, Applied Ocean Sciences, whi~h is be!ng P.Ur· 
sued in cooperation with the Aerospace and Mechamcal Engmeermg 
Sciences and Applied Physics and Information Sciences Departments · 
of the University's San Diego campus. 

A project that was in the development stage for several years was 
an Institute of Geophysics and Planetary Physics program in earthquake 
science. It was initiated during 1968-69 and has developed consider· 
ably. The eventual hope, of course, is the reduction of the effects of 
earthquakes. 

The North Pacific Study of the Marine life Research Group also got 
under way during 1968-69. This is a pilot project to demonstrate the 
feasibility of long-life buoys for monitoring the upper ocean and lower 
atmosphere. The goal is long-range weather prediction for the West 
Coast and possibly the entire United States. 

In .addition to these initiatives, Scripps Institution students have 
used Monday afternoon seminars to introduce a wide range of topics 
relating to problems of overpopulation and the environment. Further, 
they developed an informal evening seminar on oceanography in inter
national affairs that, it is hoped, will be repeated. 

This latter activity was a principal stimulus to the formation of a 
Center for Marine Affairs. The Center is being supported by a grant 
from the Ford Foundation and directed by Professor Warren Wooster. 
The Center is devoted to political and international problems related 
to the use of the deep ocean basins. 

(f)~ (},;tl~ 
William A. Nierenberg, Director 
Scripps Institution of Oceanography 





FEATURED EVENTS 
Public display of lunar material from the Apollo 11 space flight, 

dedication of the new Hall of Oceanography, a successful symposium 
concerned with man's pollution of the ocean, and Scripps's leadership 
in two national scientific meetings highlighted special events during 
the period of this report. 

PUBLIC SEES LUNAR SAMPLES 

Samples of surface material brought from the moon by Apollo 11 
astronauts were on public display for three weeks during 1969 in the 
Vaughan Aquarium-Museum. More than 28,000 persons saw the display. 

UCSD scientists received two consignments of Apollo 11 lunar 
material and also samples from subsequent Apollo flights from the 
National Aeronautics and Space Administration's Lunar Receiving Lab
oratory in Houston. They comprised moon dust, chips from larger moon 
rocks, and thin sections sliced from rocks. 

Five UCSD scientists are among the more than 140 principal investi
gators in this country and abroad continuing their studies of lunar 
samples. They are Dr. Harold C. Urey, University professor emeritus; 
Dr. James R. Arnold, professor of chemistry; Dr. Gustaf Arrhenius, pro
fessor of oceanography at Scripps and assistant director of UCSD's 
Institute for Pure and Applied Physical Sciences; Dr. Albert E. J. Engel, 
professor of geology at Scripps; and Dr. Kurt Marti, assistant professor 
of chemistry and a member of Dr. Urey's group. 

Collaborating with them have been a number of co-investigators, 
including Dr. Celeste Engel, of Dr. Albert E. J. Engel's group; Dr. Archi
bald M. Reid, assistant research mineralogist, and R. W. Fitzgerald, 
specialist in X-ray physics and electronics, both of Dr. Arrhenius's 
group; and Dr. Devendra Lal, professor of nuclear geophysics, of both 
Dr. Arnold's and Dr. Arrhenius's groups. 

HALL OF OCEANOGRAPHY 

Mayor Frank Curran of San Diego performed ribbon-cutting cere
monies that officially opened the Hall of Oceanography in August, 1968, 
after several months of refurbishing the museum area. Director Nieren
berg presided during the dedication, and UCSD Chancellor William J. 
McGill and Aquarium-Museum Director Don Wilkie spoke. The aquarium 

Lunar material samples brought back by Apollo 11 astronauts 
became part of public display in the Vaughan Aquarium-Museum. 
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was established in 1905 and the museum in 1910, in separate build
ings, and in 1951 they were combined in the present building as the 
Vaughan Aquarium-Museum. 

The Aquarium-Museum is operated as a public service for the people 
of the San Diego community. More than 350,000 persons visit these 
facilities annually, including some 30,000 students participating in 
special programs that have been developed over the last three years 
for elementary and high school students. 

The dedication marked the first time since the museum opened that 
so many new exhibits had been made available at one time. None of 
this would have been possible if it had not been for the interest and 
generous contributions of donors for the construction of these new 
exhibits. 

A plaque at the entrance to the building honors these donors of ex
hibits: E. G. & G. International, Inc., Francis P. Shepard Foundation, 
Humble Oil & Refining Company, Kelco Company, National Science 
Foundation, Van Camp Seafood Company, Ralston Purina Company, and 
Westinghouse Electric Corporation. 

The new exhibits describe the Deep Sea Drilling Project, deep sea 
tides, deep submersibles, free vehicle instrumentation, the graduate 
program at Scripps, FLIP, La Jolla kelp beds, North Pacific study, Alpha 
Helix Expeditions, Scripps Canyon and marine topography, and wave 
propagation. Each exhibit includes illustrations, explanatory passages, 
and where appropriate, a model of the subject. 

"MAN'S CHEMICAL INVASION OF THE OCEAN: AN INQUIRY" 

More than 500 persons attended the two-day symposium in February, 
1969, devoted to discussions of man's pollution of the ocean. Chaired 
by Drs. Edward D. Goldberg and William A. Newman, the symposium 
delineated those areas in which man is significantly altering the chem
ical properties of the marine environment to such levels, or poten
tially to such levels, that valuable resources may be lost. Drawing 
prime consideration was the problem of the effects on marine life of 
such contaminants as pesticides, radioactivity, lead, carbon dioxide, 
and other inputs. 

Chancellor McGill welcomed the attendees, and Lieutenant Governor 
Ed Reinecke offered opening remarks. 

On the opening day, these papers were presented by the individuals 
named: "Municipal Wastes," Dr. Norman H. Brooks, California Institute 
of Technology; "Petroleum Products," Dr. Max Blumer, Woods Hole 
Oceanographic Institution; "Lead," Dr. Clair Patterson, California 

Mike Barnett, left, shows skeleton of shark jaw to visiting Begum 
Aga Khan of 1ran and Scripps's Director Nierenberg. 

Scripps 1nstitution hosted luncheon for trustees of Salk 1nstitute 
for Biological Studies. From left, Salk Pres., 1. E. Slater, Dr. Jonas 
Salk, and Scripps Dir. William A. Nierenberg. 



Institute of Technology; "Chlorinated Hydrocarbons," Dr. Robert W. 
Risebrough, University of California's Institute of Marine Resources, 
Berkeley; "The Environmental Equation," Dr. Richard S. Miller, Yale 
University; "Effects of Molydenum on a Food Chain," Dr. Charles R. 
Goldman, University of California at Davis; "The Role of Mortality in 
Population Dynamics: Experience From Nuclear Tests," Dr. Milner B. 
Schaefer, Scripps Institution of Oceanography and Director of the 
University's Institute of Marine Resources; "Chlorinated Hydrocarbons 
in Avian and Phytoplankton Reproduction," Dr. Charles F. Wurster, 
State University of New York at Stony Brook. 

In a closed session on the second day, a group of environmental 
scientists led discussions that sought answers to a series of questions 
arising from the first day's session, including the following: 

"Is the present monitoring of chemical inputs to the marine environ
ment adequate?" Leader: Dr. James Morgan, California Institute of 
Technology and editor of Environmental Science and Technology. 

"With our present knowledge, can we define a stable marine com
munity and monitor alterations to it, with time: e.g., the nuclear power 
problem?" Leader: Dr. John A. McGowan, Scripps Institution of Ocean
ography. 

"How can we document effects of pollutants to alert policy makers?" 
Leader: Dr. Fred Singer, Deputy Assistant Secretary of the Interior. 

"What basic researches should universities be concerned with in 
response to these general problems?" Leader: Dr. James T. Enright, 
Scripps Institution of Oceanography. 

Dr. John L. Buckley, Office of Science and Technology, Executive 
Office of the President, Washington, offered final observations · and 
orientation. 

SCRIPPS PARTICIPATES IN MAJOR MEETINGS 

Two Scripps Institution scientists held major responsibilities for 
two scientific meetings held on the University's San Diego campus 
during the period of this report. . 

Dr. John D. H. Strickland, research oceanographer, was arrange
ments chairman for the 32nd annual meeting of the American Society 
of Limnology and Oceanography in September, 1969. 

Dr. N. T. Edgar explains the significance of core sediments taken 
during Deep Sea Drilling Project operations to Vice-President 
Agnew and representatives of the news media. 

UCSD Chancellor William 1. McGill speaks at the dedication of 
the Hall of Oceanography in Vaughan Aquarium-Museum. 

Pollution of lakes and coastal waters, movements of sediments and 
changes of beaches, and nutrition of marine life were among some 
100 subjects explored during the five-day meeting. Major symposia 
were held on tropical oceanography, coastal physical oceanography, 
and near-bottom geophysical processes. 

San Diego organizations arranging the meeting included Scripps, 
the U.S. Bureau of Commercial Fisheries' Fishery-Oceanography Center, 
the Naval Undersea Research and Development Center, the University's 
Institute of Marine Resources, and the Inter-American Tropical Tuna 
Commission. 

Dr. A. A. Benson, professor of biology, served as chairman of the 
Pacific Slope Biochemical Conference held at UCSD June 23-25, 1970. 
More than 125 scientific papers were presented, including six at two 
major symposia, and many of which discussed the biochemistry of 
disease. 

Some 500 biochemists from nine states, Canada, and Denmark 
attended the conference, which heard discussions of subjects ranging 
from satellite DNA in kangaroo rats to the cholesterol accumulation in 
the swimbladders of deep-sea fishes to the control of fatty acid syn
thesis in germinating seeds. • 

Vice-President Spiro T. Agnew, Chairman of National Council on 
Marine Resources and Engineering Development, tours the campus 
with Dir. Nierenberg (center) and Prof. John Isaacs. 
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R/ V Alexander Agassiz 

SEAGOING OPERATIONS 

NIMITZ MARINE FACILITY AND THE FLEET 

Scripps Institution's fleet of research vessels during the fiscal years 
1968-1970 (July 1-June 30) consisted of Alpha Helix, Alexander Agassiz, 
Argo, Horizon, Melville, Oconostota, Ellen B. Scripps, Thomas Wash
ington, T-441, and ST-908. Ship operations were supported by the Insti
tution's Chester W. Nimitz Marine Facility on San Diego Bay. 

During these two years, the fleet operated at sea for 2,592 days and 
traveled a distance greater than that from the earth to the moon- a 
total of 330,884 mites. (See Appendix D for complete ship information.) 

R/V Melville, a 245-foot, 2,075-ton ship, the first of a new genera
tion of Navy-sponsored oceanographic research vessels, was delivered 
to Scripps at Bay City, Michigan, on September 2, 1969. Maxwell Silver
man and James G. Pollock, Scripps marine engineers, worked closely 
with the Navy's naval architects in Melville's design and construction. 
The ship features a propulsion system which enables it easily to move 
forward, astern, or sideways to port or starboard or to remain station
ary over a fixed position in 35-knot winds and heavy seas. Melville 
is equipped for research in biological, geological, physical, and chem
ical oceanography. The ship departed Bay City on September 2, 1969, 
under the command of Scripps Captain Noel Ferris en route to San 
Diego via Woods Hole, Massachusetts, the Bahamas, and the Pan
ama Canal. She joined the Scripps fleet at San Diego on November 16, 
1969. During the remainder of 1969 and until June 15, 1970, the ship 
conducted tests of equipment, was employed in student cruises and 
various familiarization cruises in the San Diego area, and underwent 
shipyard repair of malfunctions and extensive preparations for the 
ship's first major expedition, Antipode. By June 30, 1970, Melville was 
on the first leg of Antipode under the direction of Dr. Joseph R. Curray. 

Noteworthy operations during the two-year period involved Alpha 
Helix, Alexander Agassiz, Argo, and Thomas Washington. Horizon re
mained out of service and was sold on August 20, 1969. T-441, inactive 
since December, 1968, was returned to the Navy on August 20, 1969, 
and was immediately transferred to the University of Connecticut for 
oceanographic services in long Island Sound and Atlantic coastal 
waters. 

The beginning of Fiscal 1968-69 found Argo commencing the fourth 
leg (July 2-30} of Circe Expedition under Dr. John G. Sclater for rock 
dredging and sediment studies between Colombo, Ceylon and Port 
louis, Mauritius. leg V (August 4-31}, from Port louis to Port louis, 
and leg VI (September 5-0ctober 3), from Port louis to Lourenco 
Marques, Mozambique, were conducted under Dr. Robert l. Fisher and 
included magnetic, topographic, seismic reflection, heat flow, and 
rock dredging studies. leg VII (October tO-November 5), between 
Lourenco Marques and luanda, Angola, and leg VIII (November 9-De
cember 3), between luanda and Forteleza, Brazil, were led by Dr. Tjeerd 
H. van Andel of Oregon State University and included geographical 
and geochemical studies. During December, between Forteleza and 
Cristobal, Canal Zone, leg IX was conducted under the leadership of 
Dr. Curray for seismic profiling, topography, and dredging. Between 
December 23, 1968 and January 2, 1969, many of the crew were flown 
from Balboa, Canal Zone for the Christmas and New Year holidays. 
During this period, the ship was repaired and maintained secure by a 
small group comprised of a few regular crew members and Nimitz 
Marine Facility shop and administrative personnel. During leg X (Janu
ary 3-18), bottom studies off Magdalena River Delta, Colombia were 
conducted under the leadership of Dr. Francis P. Shepard and were 
followed by the ship's return to Cristobal. Under Fred S. Dixon, Circe 
Expedition ended with bathymetry and magnetic studies en route from 
Cristobal to San Diego (January 19-30). Circe Expedition comprised 
a total of 329 days and logged 58,134 miles. 

Argo was overhauled and reloaded at Nimitz Marine Facility in Feb
ruary, 1969 and departed March 4 on Scan Expedition, a program 
largely concerned with the survey of Deep Sea Drilling Project (DSDP) 
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R!V Thomas Washington 

sites in the north and central Pacific Ocean in advance of the drilling 
ship, Glomar Challenger. 

Five legs of Scan were conducted through August 4, 1969. Scan I, 
under Dr. N. Terence Edgar, took place March 4-30 in the Drakes Bay 
area. Dr. George G. Shor headed Scan II <April 5-May 5) from San Diego 
to Honolulu and Scan · Ill (May 10-June 9) from Honolulu to Yokohama. 
Daniel Karig headed Scan IV (June 15-July 1) for site survey work 
and dredging between Yokohama and Guam and Scan V (July 4-August 
4) for surveys from Guam to Honolulu to San Diego. 

Argo next departed San Diego on August 12 on expedition Climax II, 
headed by Dr. John A. McGowan who conducted a program of biological 
studies. leg I <August 12-September 12) took Argo to Honolulu. leg II 
departed from Honolulu on September 19 and ended at Papeete, Tahiti 
on October 14. 

Argo resumed Scan Expedition site surveys on departure from Pa
peete on October 18. Drs. Russell W. Raitt and Gerald B. ·Norris 
supervised geophysical site surveys for DSDP on leg VIII, Papeete 
to Papeete, returning November 12 and on leg IX (November 17-
December 20) from Papeete to Panama. Dr. Harmon Craig headed 
leg X, a continuation of DSDP site surveys. leg XI, under Dr. S:later, 
involved work in heat flow and piston coring. Argo arrived in San Diego 
on February 19, 1970. 

The completion of Scan Expedition concluded ten years of outstand
ing service by Argo as a research vessel. The ship was returned to the 
custody of the U.S. Navy on June 12, 1970. 

Alpha Helix began Fiscal 1968-69 with Program C (July 2-August 9, 
1968) of the Bering Sea Expedition between Kodiak and Juneau, Alaska. 
Under Dr. C. ladd Prosser of the University of Illinois, this program 
involved studies of oxidative enzymes of fishes from cold waters; 
ionic gradients in muscles of cold-water fishes; gas transfer in large 
seaweeds and in holothurians; crossover points, temperature, and 
light for photosynthesis and respiration in deep-water seaweeds; and 
temperature dependence of reflexes in cold-water fishes. 

Alpha Helix departed Juneau on August 14 for Bella Coola, British 
Columbia on Program D of the expedition. This research continued from 
August 18 through September 26 under the direction of Dr. Andrew A. 
Benson. Both the vessel and a shore camp were used in studies of 
spawning salmon in fresh and sea water, their circulatory system, 
respiratory and metabolic relationships, phosphorylation efficiency 
and glycolytic function, body fat mobilization and egg lipid deposition, 
and biological changes on return of salmon to fresh water. The vessel 
departed Bella Coola on September 28 and. arrived in San Diego on 
October 6, 1968. The Bering Sea Expedition Jogged 241 days and 
12,389 miles. 

Because of budgetary restrictions, Alpha Helix was out of service 
from October 6, 1968 through May 30, 1969. The ship was reactivated 
on June ~. however, and departed San Diego on June 16 for Madang, 
New Guinea for a four-program, vessel-and-shore-camp expedition. 
Three of the programs were to have been conducted in the New Guinea 
area and the fourth one in the Hawaii area. The program in the New 
Guinea area included broad investigations into the comparative physi
ology and behavior of a wide variety of mammals, birds, and fishes. 
Alpha Helix arrived in Madang on July 15. On August 23, the expedi
tion was terminated and the vessel returned to San Diego via Kwaja
Jein and Honolulu. She arrived September 18 and was ·placed on 
inactive status. 

In February, 1970, the ship was reactivated and subsequently uti
lized for physiological studies at Guadalupe Island from February 25 
through March 23 by Dr. Malcolm S. Gordon of the University of Cali
fornia, los Angeles. Dr. Gerald l. Kooyman next conducted fish physi
ology and elephant seal studies at Guadalupe from April 4 through 17 
and again from April 23 through May 3. During the remainder of Fiscal 
1969-70, the ship remained in upkeep status at San Diego. 

The beginning of Fiscal1968-69 found Alexander Agassiz on the Styx 
Expedition. The expedition began on April 2, 1968 and continued until 
December 9, 1968. 



R!VHorizon 

Under Joseph l. Reid, the first leg Uune 20-July 15), from Apia to 
Apia, West Samoa, and the second leg (July 18-August 4), from Apia 
to Pago Pago, Samoa, included salinity and temperature studies, cur
rent and depth measurements, sediment coring, and seismic reflection 
work. The third leg (August 7-18), from Pago Pago to Honolulu, was 
led by Paul J. liebertz and included plankton, C14, cesium, and tri
tium studies. Dr. William A. Newman headed the fourth leg (August 
23-September· 24), between Honolulu and Midway, which investigated 
past and present fauna of guyots and seamounts. From September 26 
through October 1, under Baron E. Thomas, the ship returned to Hono
lulu in order to embark on the next scientific party. The fifth leg 
(October 7-November 3), between Honolulu and Pago Pago, was directed 
by Dr. William G. Van Dorn and included current measurements and 
temperature recordings. Leg VI (November 8-25), between Pago Pago 
and Honolulu, was led by Dr. Andre M. Rosfelder and included spade 
coring and current meter and camera work. The same work was con
tinued under liebertz from November 25 to December 8 between 
Honolulu and San Diego. 

Alexander Agassiz was employed from January 14, 1969 through 
June 30, 1970 in the Marine life Research Group program off the Cali
fornia and Baja California coasts and in student demonstration cruises. 
Distance covered from July 1, 1968 through June 30, 1970, totaled 
62,411 miles. 

R/V Thomas Washington began the period in a shipyard undergoing 
re-engining. Shipyard and standardization trials for the Navy were 
subsequently satisfactorily completed, and the vessel was ready in 
December, 1968, for unrestricted oceanographic service. 

The Piquero Expedition began with ship trials held December 2 in 
San Diego waters. They were directed by Dr. Bruce A. Taft. The first 
leg of Piquero then began December 9 directed by Dr. Rudolf H. Bieri, 
and the investigations included bathymetry, magnetic work, air gun 
seismic profiling and water sampling between San Diego and Anto
fagasta, Chile, where the ship docked on January 1, 1969. Air gun seis
mic profiling was accomplished on Leg II (January 2-7) under Tanya 
M. Atwater between Antofagasta and Valparaiso, Chile. Leg Ill (January 
11-February 19), directed by Joseph L. Reid, included water sampling 
and water velocity measurements between oceans at Drake Passage 
from Valparaiso to Valparaiso. Dr. Edward Brinton headed Leg IV 
(february 25-March 19), between Valparaiso and Callao, Peru, and 
Leg V (March 14-April 17), from Callao to Callao, for plankton and 
water sampling, temperature and salinity measurements, and fish 
surveys. Professor Victor Vacquier headed Leg VI (April 23-May 20), 
from Callao to Callao, for magnetic surveys, air gun seismic profiling, 
heat flow measurements, and dredging. Leg VII (May 27-June 9 under 
Dr. John D. H. Strickland; June 21-22 under Dr. Richard Eppley), from 
Callao to Callao, included equipment testing, delineating surface prop
erties, and observation of plankton growth in upwelled coastal waters. 
Dr. Taft directed surface oceanography studies on Leg VIII (June 25-
July 5) from Callao to Balboa, Canal Zone. 

Thomas Washington began Fiscal1969-70 by completing Leg VIII and 
Leg IX of Piquero from Balboa, Canal Zone to San Diego. From Sep
tember 22 until October 31, 1969, the ship was employed in the San 
Diego area under Dr. Harmon Craig for the calibration of Geosecs 
equipment and for Equatow cruises under Drs. William R. Normark and 
Fred N. Spiess. From November 6 until December 1, 1969 the vessel 
was employed in Expedition Quebrada for geological and geophysical 
work under Dr. Robert L. Fisher. 

Thomas Washington departed San Diego on January 22 on Seven
Tow Expedition. Work included deep-tow studies under Drs. Spiess, 
John D. Mudie, Normark, and William A. Newman, and Stuart M. Smith 
and George F. Sharman; geological and geophysical studies under 
Dr. Fisher; heat flow studies under Dr. Sclater; and geological work 
under Dr. Edward L. Winterer. 

Thomas Washington Jogged 77,563 miles from July 1, 1968, through 
June 30, 1970. 

R/V Alpha Helix 

Ellen B. Scripps was employed principally in operations of relatively 
short duration in California and Mexican coastal regions. The vessel's 
versatility was demonstrated repeatedly through rapid equipment 
changes to accommodate new program requirements in minimum turn
around time. Use of the vessel for work in coastal waters during 
1968-69 included calibration of instruments under Richard A. Schwartz
lose, ocean surface studies for the Applied Oceanography Group 

. under Dr. W. MacLeish and Harry S. Grow, collection of magnetic data 
south and west of the Galapagos Islands under Tanya Atwater, deep
sea capsule work by Frank Snodgrass, testing of sonobuoys and balloon 
flying by Alan C. Jones, DLS plankton collection and deep light measure
ment by Drs. Elizabeth Kampa and Brian P. Boden, and coring and 
water sampling by Andrew Soutar. 

During 1969-70, Ellen B. Scripps operations included further deep
sea capsule work by Dr. Frank Snodgrass, air-sea operations by Dr. 
Theodore D. Foster, marine biology studies by Dr. Carl L. Hubbs, and 
drop microthermograph work by Dr. Charles S. Cox. Programs of sev
eral weeks' duration included Gambul expeditions which involved 
magnetic and bathymetric surveys off Baja California from October 2 
to 14 under Clement G. Chase and from October 16 to November 1 
under George F. Sharman. Theodore C. Tutschulte carried out subtidal 
ecological studies from March 16 to 22. Dr. Joris M. T. M. Gieskes 
and Edward R. Sholkovitz conducted chemical and biological work in 
Santa Barbara Basin from May 4 to 14. 

Oconostota was employed in coastal waters during 1968-69 by the 
Marine Physical Laboratory for kytoon tests under Alan C. Jones; for 
recovery of magnetometers and electric field recorders under Clement 
S. Pepper; for air gun tests, magnetic and dredging work and as a 
towing vehicle under Dr. William R. Normark; for deep-tow work · in 
Mexican coastal waters under Dr. John D. Mudie; for instrument tests 
under Daniel K. Gibson and John C. Nickles; for subbottom profiling 
and magnetic surveying under Clement G. Chase; for equipment testing 
and piston coring under Andrew Soutar; and for assisting USCG Cutter 
Acushnet with General Dynamics' Convair buoy Alpha and Scripps' 
Bumblebee buoys. 

Oconostota was also used for U.S. Geological Survey geological and 
geophysical work off the California coast. This included seismic pro
filing, dredging, coring, and photography under Dr. Eli A. Silver from 
San Diego to Monterey (August 21-26); from Monterey to Eureka 
(August 26-28); from Eureka to Eureka (August 30-September 13); and 
again from Eureka to Eureka (September 14-16). Dr. Joseph R. Curray 
continued the work from Eureka to San Diego (September 18-25). She 
logged 4,171 miles during the 36-day expedition. 

Oconostota operated in 1969-70 in coastal waters from San Diego 
to Eureka. Operations performed from the vessel included deep sea 
magnetic work under Maurice S. McGehee and Tanya Atwater, geo
logical and geophysical work under Drs. Eli Silver and David G. Moore 
(the latter from the Naval Undersea Research and Development Center, 
San Diego), biological work under Arthur M. Barnett, subtidal eco
logical work under Theodore C. Tutschulte, and Santa Barbara sub
channel work under Andrew Soutar. 

The ship logged 23,615 miles from July 1, 1968-June 30, 1970. 
ST-908 carried out small-craft work including that formerly handled 

by T-441. ST-908 operated 99 days and logged 2,566 miles in 1968-70. 

R/V MELVILLE JOINS SCRIPPS FLEET 

The Institution's newest oceanographic research vessel, the 245-
foot. 2,075-ton R/V Melville, arrived in San Diego November 16, 1969, 
to join the Scripps fleet after a lengthy voyage from Bay City, Michi
gan, by way of the Panama Canal. 

Capt. Noel Ferris, veteran Scripps ship master, was in command of 
the ship during the Bay City-San Diego run, and James L. Pollock was 
the chief engineer. Pollock was Scripps and Office of Naval Research 
(ONRl resident representative at Bay City during construction of 
R/V Melville. 
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Captain Ferris had accepted the vessel in August on behalf of the 
Regents of the University of California and Scripps Institution from 
the Naval Ship Systems Command (NSSCl after the builder, Defoe 
Shipbuilding Co., at Bay City, had turned her over to the Navy. 

En route to San Diego, Melville sailed through the St. Lawrence 
Seaway and paid a two-day courtesy call on Woods Hole Oceanographic 
Institution (WHOll, · in Massachusetts. Defoe built for WHO I a sister 
ship of Melville, the Knorr. Following her stay at Woods Hole, the vessel 
proceeded to the Bahama Islands area for intensive sea tests and 
trials. 

These trials provided extensive testing of the ship's machinery, 
especially her winches and other deep-sea gear. The ship also got a 
thorough test of her maneuverability with a new type of propulsion 
that enables her to proceed forward, backward, or sideways, or remain 
stationary over a fixed point in 35 knot winds and heavy seas. 

This propulsion system uses vertically mounted, multi-bladed, cy
cloidal propellers, one at the bow and one at the stern. Although this 
system was designed in this country, its use is relatively new here. 
It has been used in Europe for more than 30 years. 

The Bahamas' trials, which included acoustic tests, were related 
to the prototype nature of the ship and were intended to compare 
actual operating data with those obtained under controlled conditions 
as determined from model studies performed during preliminary design 
of the ship. 

The scientific party aboard during the Bahamas' trials comprised 
engineers from NSSC and the David Taylor Model Basin, Washington, 
and acousticians and technicians from Scripps. They included Maxwell 
Silverman, NSSC's oceanographic liaison officer; Gerard H. Fisher, 
technical representative for Scripps; and George Hohnhaus and Richard 
V. Mead, Scripps technicians. Silverman and Gary L. Jayne, director 
of the oceanographic ship division of NSSC, coordinated the sea trials, 
and Silverman also served as chief scientist for Scripps during the 
voyage. 

The Navy Sub-Board of Inspection Survey, Norfolk, Virginia, con
ducted preliminary acceptance trials for Melville on Lake Huron in 
July, 1969. When all outstanding deficiencies resulting from the official 
acceptance trials were remedied by the Defoe firm, the Navy accepted 
delivery of the ship and turned her over to the Regents for operation 
by Scripps. 

R/V Melville, built at an estimated cost of $7 million, including 
equipment, has a maximum capacity of 62 scientists, technicians, and 
crew members. She ·and R/V Knorr were constructed under an $11.8 
million, two-ship, contract, excluding equipment, let in October, 1966, 
under the supervision of Capt. John Roberts, USN, supervisor of ship
building for the 9th Naval District. 

Inception of the design for both vessels was a joint effort between 
NSSC, Scripps, and WHOI, under a new policy in which the user insti
tutions assist the Navy in monitoring a ship's design and construction. 
Under this new concept, project management of the Navy's oceano
graphic ship construction is handled by an NSSC group, PMS 391, 
with Capt. Earl Fowler, USN, as project manager and Jayne as head 
engineer. 

Jonathan Leiby, WHOI naval architect, was design coordinator for 
the project during the design work on both Melville and Knorr. He 
was assisted by Silverman. 

Melville and Knorr were built under the Fiscal 1966 Navy shipbuild
ing program under which sponsorship of oceanographic vessels utilized 
by university and oceanographic institutions is exercised by the Office 
of the Oceanographer of the Navy and ONR. These agencies have pro
vided six oceanographic vessels for use by universities and labora
tories since 1960. 

Several days before R/V Melville sailed from San Diego June 15, 
1970, on the first leg of the 14-month Antipode Expedition, several 
hundred members of the Scripps "family" informally dedicated the 
vessel at a barbecue at Nimitz Marine Facility. 
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Dr. Marston C. Sargent, then about to retire as scientific liaison 
officer between the Office of Naval Research and the University and 
Scripps, spoke briefly, and Director Nierenberg presented him with 
an appropriate gift on behalf of Scripps. 

R/V Melville is named for the late Rear Adm. George Wallace Mel
ville, Arctic explorer, hydrographer, and Navy chief engineer. She is 
equipped for research in biological, geological, geophysical, physical, 
and chemical oceanography. 

The vessel was designed for a sustained sea speed of 12 knots and 
a cruising range of more than 10,000 miles. She has a beam of 46 
feet and a full-load draft of 15 feet. She is powered by a slow-speed, 
2,500-horsepower engine, has three Diesel ship's service generators 
with a total capacity of 800 kilowatts, and can distill 6,000 gallons 
of fresh water daily. 

Navy designation for Melville is AGOR-14 (Auxiliary General Ocean
ography Research). Her sister ship, R/V Knorr, is designated AGOR-15. 

In addition to her cycloidal propellers, special features of Melville 
include: 

A bulb-like viewing chamber that extends from the bow, housing 
sonar equipment for undersea mapping and having viewing ports for 
scientists. 

An 8-by-10-foot well that makes it possible to conduct coring and 
drilling operations through the hull. 

Capability of carrying six portable, prefabricated vans that can be 
fitted out as laboratories, as explosives magazines, or as living quar
ters for four persons each. The vans can be preloaded and bolted to 
the ship's deck. Portable vans make for quick turn-around time in port 
and a rapid interchange of scientific programs. 

Deck equipment that can handle the launching, servicing, and stow
ing of 15-ton vehicles, deep-sea submersibles, deep moorings up to 
20 feet in diameter, and multi-tone transducers for acoustic experi
ments. 

Capability of towing large vehicles, such as FLIP, Scripp's Floating 
Instrument Platform, or unmanned, 40-foot buoys. 

Four completely independent laboratories, including a scientific 
chart room and operations center. 

All machinery was designed and installed for minimum vibration. 

MAJOR EXPEDITIONS 

It is obvious from the foregoing that Scripps Institution research 
vessels are key factors not only in cruises of short duration and for 
work relatively near home port, but also in expeditions to far-flung 
places around the world. 

The Institution's major voyages in 1968-70 involved Argo, during 
her 57,200-mile, around-the-world, Circe Expedition; Alpha Helix, which 
logged 12,338 miles in the Bering Sea Expedition; Alexander Agassiz, 
whose 26,831-mile track during the Styx Expedition covered investi
gations in the Hawaiian, Samoan, and Society Islands. 

Also, Thomas Washington, which logged 37,886 miles during the 
Piquero Expedition to the eastern Pacific Ocean; Argo, whose Scan I 
and II Expeditions tracked 49,328 miles in Pacific Ocean drilling-site 
surveys for the Deep Sea Drilling Project; and Argo again, whose 
north and south Central Pacific Ocean track totaled 8,960 miles during 
the Climax II Expedition. Alpha Helix, after arriving in New Guinea, 
was recalled almost immediately because of curtailment of operating 
funds. 

Also of major significance was FLIP's operations for the first time 
in the Atlantic Ocean during the Environmental Science Services Ad
ministration's multi-faceted Bomex Project. 
Bering Sea Expedition 

In the Bering Sea Expedition, some 50 scientists from five nations 
participated in a four-part research program funded by grants totaling 
$574,000 from the National Science Foundation. 



R!V Melville 

With the Alpha Helix as home base, the investigators worked in the 
vicinity of Nunivak and St. Lawrence Islands, in the Bering Sea; in the 
Bering Strait and north of the Arctic Circle toward Pt. Hope; in the 
vicinity of Juneau, Alaska; and, for studies of spawning salmon, at 
Bella Coola, British Columbia, on the Bella Coola River. 

This marked the third major expedition for the Alpha Helix in three 
years. The ship worked in the dry tropics of Australia's Great Barrier 
Reef in 1966 and in the wet tropics of the Upper Amazon in 1967. The 
Bering Sea Expedition provided an opportunity to test her versatility 
by operating in a polar sea. 

The Alpha Helix logged 12,386 miles before putting in to San Diego 
October 6, 1968; she had sailed for the Bering Sea February 9. 

Principal investigator for the expedition was Dr. Per F. Scholander, 
director of the Physiological Research Laboratory. He also was senior 
scientist for the expedition's first research program. Dr. Kjell Johan
son, , University of Washington, was senior scientist for the second 
program; Dr. C. Ladd Prosser, University of Illinois, for the third pro
gram; and Dr. Andrew A. Benson, chairman of the Division of Marine 
Biology, for the fourth program. 

Capt. Terry Hansen was master of the Alpha Helix for the first half 
of the expedition and Capt. Robert Haines met the ship at Dutch Harbor, 
Alaska, for the return voyage. 

Upon leaving Dutch Harbor for the Nunivak-St. Lawrence Island area, 
the U.S. Coast Guard icebreaker Northwind led the Alpha Helix through 
the ice pack. 

At Nunivak Island, the scientists worked in laboratories of the Alpha 
Helix and the Northwind, and in a U.S. Bureau of Indian Affairs labora
tory at Mekoryuk. This part of the expedition was a joint undertaking 
between Scripps and the University of Alaska with Dr. Laurence Irving 
as senior scientist. 

The Northwind remained with the Alpha Helix until about May 1 and 
returned to Seattle. The Alpha Helix then slowly proceeded through the 
drifting ice northward to the Bering Strait. She headed back to Dutch 
Harbor for refueling and reprovisioning en route to Juneau, Bella 
Coola, and San Diego. 

Investigations were conducted of the defense mechanism that fishes 
have against the interior freezing of their bodies. 

In arctic marine animals, the flukes are ice-cold, but the rest of 
their body is warm. Further, in some mammals, the nerves function 
both inside the warm body and in the cold extremities equally well. 
A somewhat unexpected finding was that the warm proximal segments 
of flipper nerve did not approximate the phrenic nerve in their 
temperature response. 

During the expedition, the scientists worked with sea birds, wal
ruses, seals, otter, reindeer, eel pouts, crabs, musk ox, and other 
animals. Studies were made of the respiratory efficiency of gills and 
microcirculation of fishes living in this frigid environment. 

In the salmon research at Bella Coola, Dr. Benson said it was shown 
that the control of the metabolism of the spawning salmon is directed 
by its taste-specialized senses and the brain's control over hormone 
production. 

"Every process is directed toward consummation of the spawning 
procedure and with this is programmed the disintegration of almost 
all the salmon's biological functions and the ultimate demise of the 
animal," he explained. 

"This disintegration occurs within a brief but active two weeks in 
the pink salmon, which was shown to be an ideal subject for study of 
the interrelationships among the many processes involved in aging. 
These include arteriosclerosis, arthritis, liver disorders, lipenic and 
cholesterolemic conditions, impaired peripheral circulation; bacte
rial, fungal, and nematode infections; malnutrition, and glandular 
hypertrophy. These factors attracted the interested medical and bio
logical scientists who participated in the studies." 

It was during the salmon studies aboard the Alpha Helix that a 
research vessel carried, for the first time, a preparative ultracentri
fuge capable of 40,000 rpms and an electron microscope capable of 
magnifications of 40,000 to 100,000 times. The electron microscope, 

R!V Ellen B. Scripps 

loaned to the expedition by the Ziess Company, functioned perfectly 
at the normal vibration level of the ship and proved to be a useful 
instrument with the ship under way at full power. 

The first electron micrographs to be made on any ship were pro
duced August 28 at Bella Coola by Prof. Fritiof S. Sjostrand, of UCLA. 
The subject studied was the fish gill membrane and its adaptation to 
fresh water. It was thereby established that the electron microscope 
is a practical tool for biological exploration at sea. Consequently, 
the possibilities for exploring the biological world have been increased 
a hundredfold, according to Dr. Benson. 

Members of the Fisheries Research Board of Canada worked with 
expedition scientists in the salmon studies, most of which were made 
aboard the Alpha Helix. 

In related salmon studies, Dr. Walter Garey and his colleagues 
worked at a shore camp 40 miles up river from the Alpha Helix, study
ing the rate of blood circulation in salmon and measuring the amount 
of blood passing through the heart of normal salmon and in those 
degenerating after having spawned. 

A brief resume of the four research programs follows: 
Nunivak-St. Lawrence Island area- Studies of the temperature 

sensitivity of fishes; the adaptation to cooling in the peripheral nerves 
of birds, walruses, and seals, and the development of peripheral heat 
regulation in seal and walrus pups; studies of the physical chemistry 
of freezing and the protection against freezing in super-cooled bottom 
fish and super-osmotic surface fish; studies of how arctic animals 
protect themselves against snowblindness, to which human beings 
are susceptible; and studies of photosynthesis under the ice. 

Nunivak and St. Lawrence Island area-Studies of the circulation 
through the extremities of seals and walruses and through the growing 
antlers of reindeer; studies of gas exchanges and circulation in fishes 
and larger invertebrates living at near-freezing water temperatures; 
studies of free-diving seals and sea otters. 

Vicinity of Juneau - Studies on temperature dependence of the re
flexes in cold-water fish and research in the chemical aspects of 
enzymes in cold-water animals and plants. 

Bella Cool a, British Columbia -Studies of spawning salmon to deter
mine causes for the thickening of arterial walls leading to the heart 
muscle and to learn about the biochemical and physiological changes 
that occur in salmon under stress conditions, in which there is an 
indication that like changes occur in human beings. 

Some 25 organizations were represented among the scientists, 
graduate students, and technicians participating in the expedition. 

The organizations included, besides Scripps Institution, the Scripps 
Clinic and Research Foundation, La Jolla; the Universities of California 
(Los Angeles), Alaska, Southern California, Southern Mississippi, Oslo, 
Jerusalem, Toronto, Illinois, and British Columbia; Harvard, Johns 
Hopkins, and Pennsylvania State Universities; the Pasteur Institute, 
Paris; the Alaska Department of Fish and Game; the Arctic Health 
Research Laboratory of the University of Alaska, the Harvard School 
of Public Health, the U.S. Bureau of Commercial Fisheries and the 
Firland Sanatorium, both of Seattle; and the Fisheries Research Board 
of Canada at Vancouver and Nanaimo. 

Circe Expedition 
Mounting evidence tending to support current theories of sea-floor 

spreading, or continental drift, was revealed during the Institution's 
Circe Expedition that logged 57,200 nautical miles, second-longest 
expedition in Scripps history. 

The Argo berthed January 30, 1969, at Nimitz Marine Facility after 
working nearly 11 months in the Pacific, Indian, and Atlantic Oceans. 
She operated in the Indian Ocean 5¥2 months. · 

Circe coincided with the centennial anniversary 0868-1968) of the 
University of California, hence the acronym for "Circumnavigation" of 
the globe and "Centennial." 

In addition to gathering data related to possible sea-floor spreading 
in the three major oceans, investigations included an intensive study 
of the vast fan of sediments that fill the Bay of Bengal, the structure 
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and geological history of the continental margin off northeast South 
America, the mapping of submarine hills in the Magdalena Bay and a 
survey of a submarine canyon in the Santa Maria area, both off Colom
bia; the analyses of chemical properties of ocean sediments and the 
water above them in the Bay of Bengal; and a study of nutrients in the 
productive near-shore waters off Southwest Africa. 

Participating in this deep-sea, geological-geophysical exploration 
of the world ocean were 85 scientists, including 22 from 11 foreign 
countries; 22 from 13 other laboratories, agencies, or industries; and 

. six Scripps graduate students. 
The United Kingdom was represented by eight scientists; Colombia, 

three; Ceylon and Canada, two each; and Australia, France, Israel, 
Japan, Portugal, South Africa, and Venezuela, one each. 

Oregon State University scientists directed two months of investi
gations in the South Atlantic. 

Dr. Robert L. Fisher coordinated planning for Circe. He also was 
responsible for coordinating the 15-month Lusiad Expedition to the 
Indian, Atlantic, and Pacific Oceans in 1962-63, which logged 83,000 
miles. 

Circe explorations were funded primarily by the Office of Naval Re
search, with additional support from the National Science Foundation. 

Sixty-four Scripps crew members were involved, 31 at any one time; 
major crew change-overs occurred at Colombo and Mauritius. Capt. 
Alan W. Phinney was master of the Argo during the first and final por
tions of the expedition. He was relieved by Capts. Lawrence H. Davis 
and Terry Hansen during the intermediate legs of the expedition. The 
ship departed San Diego March 7, 1968. 

Throughout the expedition, computer specialists were aboard to 
maintain and program an IBM 1800 data acquisition and control sys
tem. Circe marked the first time such a computer system had been 
used extensively by a Scripps expedition engaged in geological and 
geophysical explorations. The computer was utilized primarily to 
interpret studies of the earth's magnetic field, especially in relation 
to evaluating the sea-floor spreading hypothesis and measurements 
of continental drift. 

During the latter stages of Circe, the IBM 1800 was successfully 
coupled to a satellite navigation system to permit rapid and precise 
determination of Argo's position. This dual system also permitted 
"real time" modifications of the ship's track and insured more mean
ingful coverage of the area under investigation. 

First data relative to sea-floor spreading came during the Honolulu
to-Penang, Malaysia, leg of the cruise. According to Dan Karig, Scripps 
graduate student and scientist in charge at that time, steep scarps 
some 12,000 feet high in places were surveyed and dredged. These 
scarps bound a basin lying west of the Marianas Island arc. Although 
the origin of the basin · is still conjectural, studies established that, 
although the outer flanks of the boundary ridges are deeply sedi-

Aboard Alpha Helix during Bering Sea Expedition, scientist studies 
behaviorial thermoregulation in Arctic sculpin. 

R!V Argo 

mented, the basin was virtually sediment free and consisted of rugged, 
elongated ridges. 

These data, when integrated with similar information obtained in 
the southwest Pacific during Scripps' 1967 Nova Expedition, suggest 
that the arcs of the western Pacific have migrated away from Asia 
with time, opening basins behind them similar to the one that was 
studied in the Marianas area. 

The Honolulu-Penang leg also included finding, in the Mid-Pacific 
Mountain range, a "drowned" atoll at about 4,200 feet which was 
revisited later in the summer by Scripps scientists on the Styx Expedi
tion and named the Darwin Atoll. 

Second indications of possible sea-floor spreading came during 
investigations conducted between Colombo, Ceylon, and Mauritius, 
with Dr. John G. Sclater as scientist in charge. These trends were 
observed during magnetic, bathymetric, and sediment thickness inves
tigations of the Ninetyeast Ridge, one of the major bathymetric features 
of the Indian Ocean. This ridge rises some 6,000 to 10,000 feet above 
the ocean floor and was previously thought to be a long, straight 
feature extending some 3,000 miles from the Bay of Bengal down the 
90 degree East line of longitude into the southern Indian Ocean. 

The data accumulated during Circe indicate that this ridge, although 
straight, appears to be a series of lined-up, parallel, broken blocks, 
rather like a splayed-out deck of cards. It has been advanced that, 
100 to 150 million years ago, India, Africa, Australia, Antarctica, and 
South America formed one continent, termed Gondwanaland, located 
somewhere near the present tip of Africa. Data recovered during the 
Argo cruise suggest that the N.inetyeast Ridge was formed as a rift on 
the ocean floor, 30 to 70 million years ago during the break-up of 
Gondwanaland as India moved northward relative to Australia. 

Again, while not proving the notion of sea-floor spreading, results 
obtained during Circe's two months' investigations on the seismically 
active Mid-Indian Ocean Ridge "are consistent with predictions," 
according to Dr. Fisher. He was scientific leader of two 28-day periods 
during which Argo examined the shape, structure, and composrtion of 
a 1,200-mile segment of this ridge, from the vicinity of Diego Garcia 
Island in the north to southeast of Rodriguez Island and south to 
Reunion Island. 

"Extensive recent geological-geophysical work in all of the oceans 
suggests that new, iron-rich igneous material, rising from the upper 
mantle, is being placed at or near the crest of ridges such as the Mid
Indian Ocean Ridge, and that the flanks move away at a very few 
centimeters a year toward continental shores," Dr. Fisher explained. 

It has been suggested that because of this process, the sea floor is 
relatively young in all areas and that large islands or continental 
masses can shift or "drift" through geological time. Further, iron-rich 

. particles in cooling lavas would acquire the direction of the earth's 
magnetic field as the rocks solidify. Thus, records of reversals of the 
earth's magnetic field would be "frozen in" as stripes on plots of the 
magnetic field, if zones of such rocks are being moved away from the 
crest of the ridges. Circe's two months on the Mid-Indian Ocean Ridge 
provided some direct tests of the hypothesis. 

Extremely fresh basaltic rocks were dredged on or very near the 
rifted crest of the ·active ridge, and more altered material was recov
ered further away. Such extremely fresh rocks should give the best 
clues yet available to the bulk composition of portions of the upper 
mantle. 

Studies of their magnetic properties will refine observations and 
conclusions based on the linear "stripes" of magnetic anomaly. The 
southwest branch of the Mid-Indian Ocean Ridge, thought to have been 
inactive or nearly so, for 60 million years, yielded only altered basalt. 

The seismically active ridge is complexly cross-fractured, with 
obliquely trending linear deeps segmenting it, as faults offsetting the 
crest. One such furrow, twice as deep as the Grand Canyon and as 
long, was unknown before Argo's survey. Others of similar scale were 
delineated and rocks were dredged from their steep scarps and 
bottoms. 



Lines show 57,200-nautical-mile track covered by R!V Argo from 
March, 1698, to January, 1969, during Circe Expedition. 

Argo called twice at Mauritius and once at remote, rarely visited 
Rodriguez Island, which had recently been ravaged by a tropical 
cyclone. Two critically ill islanders, a man and a woman, were carried 
from Rodriguez Island to Mauritius for hospitalization. 

In the South Atlantic, detailed geophysical studies were made of 
the Walvis Ridge, near the coast of Africa, a ridge that branches from 
the continental margin and extends southeastward to the Mid-Atlantic 
Ridge. 

"The origin of the Walvis Ridge has never been fully explained," 
said Dr. Tj. H. van Andel, Oregon State University and a research 
associate of Scripps, who directed the South Atlantic studies. 

The Walvis Ridge apparently does not fit the scheme of develop
ment proposed for the Mid-Indian Ocean or Mid-Atlantic Ridges. 
Although no definitive answer to this problem of the Walvis Ridge's 
origin was found, it now appears that, rather than a center of spread
ing, it represents the product of deformation of an old scar on the 
seafloor which is being pressed and distorted against the continental 
block of Africa. 

The first basement rocks and the first age dates of this ridge ever 
obtained were obtained on this cruise. Detailed geophysical studies in 
five areas on the crest and the flank of the Mid-Atlantic Ridge, between 
Africa and Brazil, were also conducted. 

Results suggest that the movement of the crust away from the crest 
of the ridge was not uniform or continuous in time and that in different 
periods of the past, differing rates of movement prevailed and dif
ferent rock types and forms of the seafloor were created. Although 
this is just a beginning, such findings may ultimately make it possible 
to relate the history of movement of these gigantic crustal blocks to 
the building and destruction of mountain ridges on the continents, 
events which are relatively well known. 

Other studies in the South Atlantic ranged from the chemistry of 
seawater to an investigation of the sedimentation along the African 
continental margin near Walvis Bay. In this area, abundant blooms of 
marine life caused by upwelling water produced on the shelf a thick 
deposit of highly orgamc mud that in many ways resembles source 
beds of petroleum. It is unusual in that it is formed along the open 
ocean rather than in an enclosed basin; this may yield valuable clues 
to the origin of oil. 

Dr. Joseph R. Curray; Dr. D. G. Moore, of the U.S. Naval Underwater 
Warfare Center, of San Diego; and Dr. Edward D. Goldberg all con
ducted investigations of the fan of sediments that fill the Bay of 
Bengal, with Dr. Curray as scientist-in-charge. 

Dr. Curray said that the sediments come from the Himalayan 
Mountains via the Ganges River, which drains the southern slope, and 
from the Brahmaputra River, which drains the northern slope. They 
enter the northern end of the Bay of Bengal through a huge delta 
called the "Mouths of the Ganges." These rivers are not the world's 
largest by drainage area nor by water discharge, but are so in terms 
of sediment load because of the nature of the drainage area, he 
explained. 

Sediment from the rivers is deposited on the delta or on the ad
jacent continental shelf, both of which are subsiding very rapidly, 
and some of the sediment passes into the submarine canyon called 
the "Swatch of No Ground." From there it forms into turbidity cur
rents: great turbulent masses of sediment and water which flow like 
rivers through the canyon and out across the fan through a series of 
channels which have many of the characteristics of river channels. 

The fan is more than 2,000 miles long and about 600 miles wide, 
with a thickness at the head of at least 40,000 feet, perhaps much 

more. It slopes seaward, or south, at a gradient of Jess than one part 
per thousand. The channels have meanders, and natural levees, and 
are braided like river channels. Some, at distances of 1,000 to 2,000 
miles from the apex of the fan, are 200 to 300 feet deep and two 
to five miles wide. 

During the Bay of Bengal investigations, Dr. Goldberg studied three 
problems: (1) the relative contributions to the Bay of Bengal sediments 
of windborne and of riverborne solids and their geographic distribu
tion; (2) the source and amounts of solids carried by the southwest 
monsoon winds that were prevailing during this leg of the expedition; 
and (3) the input of pesticides to the Bay of Bengal by river and by air. 

Mineralogical and pesticidal analyses of solids from the rivers, the 
sediments, and the atmosphere were made during the investigations. 

Dr. Goldberg said that preliminary results indicate that the solids 
in the monsoon winds arise in the African neareastern continental 
zones and are transported for thousands of miles along the equator 
before entering the monsoonal wind systems. 

The input of chlorinated hydrocarbon pesticides in the monsoon 
winds was of the order of a ton per month during May, when the 
experiments were undertaken. The primary source of sediments in 
the Bay of Bengal is through river input in all areas. 

Dr. C. S. Cox directed a reconnaissance of electric and magnetic 
fluctuations at the geomagnetic equator, near the southern tip of India. 

His program employed towed instruments to measure electric and 
magnetic fields at the surface of the ocean. Emphasis was on changes 
of these fields with time, and the variations of the changes in space. 

Accordingly, other stations made observations concurrently on 
Ceylon and India. This research was designed to measure anomalies in 
the fluctuations of the geomagnetic field. Such fluctuations are pro
duced by electric currents within the ionosphere. Anomalies in their 
distribution at the sea surface are caused by variations of conductivity 
within the solid earth, and give a clue to the structure of the mantle. 
Observations succeeded in clarifying the spatial extent of a pronounced 
anomaly along the western coast of South India. 

Dr. Curray also headed the Circe segment between Fortaleza, Brazil, 
and the Panama Canal Zone, during which the structure and geological 
history of the continental margin were studied by collection of seismic 
reflection records, magnetic measurements, rock dredging, and echo
sounding. 

He said that prior to opening the Atlantic Ocean, the northern Brazil 
continental margin was adjacent to the Ivory Coast and Ghana, Africa. 
Structures which were formerly continuous between the two halves 
were rifted and now terminate at the continental slope. Subsequent to 
this continental separation, adjustments have been made: local sub
sidence and uplift, and deposition of large masses of sediments, such 
as the fan of sediments shed from the Amazon drainage basin. 

Characteristics of the channels in the Amazon Fan are being com
pared with those of the Bengal Fan studied earlier in the expedition. 
North of the Amazon Fan is a large mass of older sediment tying deep 
off the continental slope of French Guiana and Surinam. These sedi
ments were derived from the continent and deposited against the 
continental slope, but their source has now disappeared. It is hoped 
to solve the mystery of their origin by interpretation of the records 
collected. 

Referring to the north coast of Venezuela, Dr. Curray explained that 
it is a faulted continental borderland like the one off Southern 
California. 

During the two weeks Dr. Francis P. Shepard was scientist-in-charge, 
off Colombia, some 2,000 miles of profiles showing the bottom and 
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A tug, background, nudges FLIP through the Panama Canal en 
route to her first Atlantic research in Bomex Expedition. 

structure of the underlying formation were run. Domed, or diapiric, 
hills that Dr. Shepard had discovered three years before were also 
explored. 

Structures found in the subsurface profiles showed a dome that has 
truncated layers along the side and that is the type in which so much 
petroleum has been found along the Gulf Coast of the United States. 
Many folds found in the profiles are so recent in origin that they have 
surface relief often in the form of hills rising at the top of the anti
cline. On one occasion, a 600-foot-high diapir was cored and dredged. 
Samples of rocks and sediments thrust up into the diapir have since 
been determined to have originated in the glacial period. 

Also surveyed was a precipitous submarine canyon that winds north 
from the mountainous cape near Santa Marta to the northeast of the 
Magdalena Delta plain. This canyon, some 4,000 feet deep about a 
mile from shore, seems to be fault-controlled, and cuts through a 
submarine ridge. 

Outwardbound from San Diego, Argo equipment was checked out 
en route to Honolulu under Dr. George G. Shor. 

James Coatsworth and Fred Dixon, marine technicians, directed 
geological and geophysical work on the final leg en route from Panama 
to San Diego. 

Styx Expedition 
Alexander Agassiz logged 26,831 miles during the Styx Expedition 

that ended December 8, 1968, after investigations in the Hawaiian, 
Samoa, and Society Islands that included studies of water character
istics, topography, and deep-sea oceanography in the Central Pacific; 
animal life on Mid-Pacific seamounts and guyots; and the nature of 
scouring processes on the seafloor. 

In Greek mythology, the Styx is the deep, dark river surrounding 
Hades that was crossed by those entering the world of the dead. 

In oceanographic connotation, the reference is to a submarine river 
80 to 100 miles wide, some 200 miles long, and about three miles 
deep, flowing from the South to the North Pacific through a gap 
between the Samoa Islands and the Tuamoto Islands. 

From current meters placed on the bottom, expedition coordinator 
Joseph l. Reid and his group learned that this underwater river flows 
through the gap at 6 inches per second at 2,833 fathoms (17,000 feetl. 
It is estimated the river transports about 4 million tons of water per 
second, the equivalent of 200 times as much water as the Mississippi 
carries. The gap through which the water flows lies between two 
eastward-westward ridges separating the North and South Pacific. 

Up to that time, this was the deepest-known ocean-floor current 
recorded. Several months later, however, during geologic explorations 
of the Tonga Trench carried out by the expedition under Dr. Andre M. 
Rosfelder, an ocean current flowing an inch per second at a record 
depth of 4,300 fathoms (25,800 feet) was measured by Scripps
designed, free-falling instrumentation operated by Meredith Sessions. 
The Tonga is one of the world's deepest oceanic trenches. 

Sessions radioed to shore that the currents made a directional 
swing of 360 degrees in 14 hours. It had been believed that water on 
the ocean floor moved too slowly to be measured by simple, rotor
type current meters. That it does move fast enough for such instru
ments to operate on the deep-ocean floor had been demonstrated 
some three years before off the Baja California coast. 

For measuring both record depths, special instrumentation was 
used that featured an untethered rotating meter attached to a weight 
and to a float. The link with the weight was released automatically 
and the float returned the meter and its recording device to the sur
face. A radio transmitter attached to the assembly signaled the ship 
for its recovery. 
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Also during the expedition, photographs of fish were taken at a 
depth of nearly four miles. A free-falling camera assembly similar to 
that for recording the sea-floor current measurements was used for 
the photographic work. Scripps pioneered the design and development 
of such free-falling instruments, of which 99 per cent of those released 
have been recovered. 

Drs. William A. Newman, R. H. Rosenblatt, and Edwin C. Allison 
proved that a seamount a mile below the ocean surface had been an 
atoll in Cretaceous times. They named it "Darwin Seamount," for 
Charles Darwin, originator of the theory of evolution. It was Darwin 
who explained the formation of a typical atoll, one having a low 
circular ridge of coral with a lagoon in the center, through the process 
of subsidence. Present-day atolls in the open ocean have their roots 
on a volcano that had sunk into the sea, while the coral continued to 
grow and keep pace with the sea surface. Darwin Seamount was under
going subsidence at a time when the reef organisms that inhabited 
it were becoming extinct around the world. 

The strange seamount is part of the Mid-Pacific Mountains, a group 
of seamounts that once formed a chain of islands stretching from 
Wake to Hawaii some 80 to 100 million years ago. It had a flat top 
with a rim that ran around the circumference, as in a typical atoll. 
Dredgings from the rim and the floor yielded shallow-water Cretaceous 
reef organisms. 

Using echo sounders and dredging, the scientific party learned that 
the features of the seamount were covered with thick black manganese 
deposits. Beneath this coating animals that had built the atoll in the 
first place were found where they had perished when the island sank. 
An accretion of skeletons at an initial rate of as little as a few inches 
per 1,000 years would have kept pace with the sinking. 

William Riedel's group carried out geologic investigations of several 
small areas in the Pacific, the results of which indicate that bottom 
currents played an important role in redistributing sediment and in 
reshaping the seafloor. Currents have locally eroded several tens of 
meters of sediment and have left much older material (10 to 50 million 
years old) exposed at the seafloor. 

Most of the erosion has not taken place at a uniform rate, but 
probably occurred during brief episodes of intensified bottom-water 
circulation. Recent evidence points to one such period of high bottom 
currents during the glacial stages of the Pleistocene, several thousand 
years ago; these currents were active over an extensive area in the 
Central Pacific. Bottom currents today generally have low velocities 
-2 to 10 centimeters per second-although tidal, seasonal, and 
topographic effects may produce much higher velocities during brief . 
periods. 

Scientific leaders during the cruise's various legs included Drs. 
William A. Newman, R. H. Rosenblatt, Andre M. Rosfelder, and William 
G. Van Darn, and Joseph l. Reid, T. W. Walsh, and P. J. Liebertz. 

Piquero Expedition 
Total amount of water flowing through the Drake Passage, between 

the Antarctic continent and South America, is estimated at 270 million 
tons per second. 

A substantial amount of helium is injected into the deep ocean 
from the earth's interior. 

The apparent "collision" of ocean and land off the shore of Peru 
and Chile has helped form the great Peru-Chile Trench. 

These were but three of numerous scientific findings reported as 
the Institution's research vessel, Thomas Washington, docked August 
11, 1969, at Nimitz Marine Facility to conclude a 37,886-mile expedi
tion to the eastern Pacific Ocean. 

The Piquero Expedition, as it was designated, was an eight-month, 
biological, geophysical, and physical scientific exploration of the deep 
ocean off the west coast of South America and on the continental 
shelf. Piquero is the common name in Peru for the Peruvian Booby, 
the dominant bird of the Peru (Humboldt) Current. 

Dr. Bruce A. Taft, expedition coordinator, joined the cruise at Callao, 
Peru in late June as chief scientist; he was aboard when the ship 
returned home. 

Scientists who led earlier legs were Dr. Rudolph H. Bieri, Tanya 
Atwater (graduate student in marine geophysics), Joseph l. Reid
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Edward M. Brinton, Victor Vacquier, and Dr. John D. H. Stricklana. 
Nearly 100 scientists and technicians from the United States, 

Chile, Peru, France, and the United Kingdom participated in the 
expedition. 

Scripps graduate students taking part (in addition to Miss Atwater) 
were Jed Hirota, James J. McCarthy, Michael Barnett, Michael Lees, 
Robherd Lange, Anthony Russo, Forrest E. Steber, Timothy Wharf, Jean 
M. Francheteau, John W. Hill, Frederick Woy, Elizabeth Venrick, Peter 
Hacker, James Jones, and Francois Revel. 

Capts. Noel Ferris and Terry Hansen shared the ship's master's 
duties. 

In the Drake Passage work, five current-meter measurements were 
made from depths as great as 2¥2 miles below the surface. 
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Scripps's new research vessel, Melville, is launched at Defoe Ship
building Co., Bay City, Michigan, on July 10, 1968. 

"These, with the measurements of water characteristics we studied, 
can be used to estimate the total amount of water flowing through 
the Passage from the Pacific to the Atlantic in the Antarctic Circum
polar Current," Reid said. 

The average daily speeds at the bottom of the Passage varied from 
1/20th to 1/3rd mile per hour. The width of the Passage is about 
300 miles and the average depth a little over two miles. 

The total transport of water through the Passage was estimated at 
about 270 million tons per second. This is about twice the values 
estimated previously (without current meters) and about three times 
the estimated transport of the Gulf Stream. 

Dr. Bieri said that seawater contains small amounts of noble gases, 
such as helium, neon, argon, krypton, and xenon. 

"The results from 140 samples collected en route from San Diego 
to Antofagasta, Chile, in the east equatorial and southeast Pacific, 
give conclusive evidence that a substantial amount of helium is also 
injected into the deep ocean from the interior of the earth," he said. 

"This helium component probably derives from the decay of uranium 
and thorium in the earth's mantle and is then transported upward by 
some as yet unknown mechanism." 

He said that of all the other areas searched so far- the North 
Atlantic, the Drake Passage, and the north and west equatorial 
Pacific- the deep samples collected in the vicinity of the East Pacific 
Rise showed the largest excess of helium. 

"The great Peru-Chile Trench, 26,454 feet deep, that extends from 
Ecuador to southern Chile along the coast, is believed to have been 
formed as the result of the apparent 'collision' of the ocean and the 
land," Miss Atwater said. 

The ship tracked back and forth across this trench and collected 
sedimentary and structural evidence of such a "collision" which she 
said is rresumed to be occurring there between two great crustal 
plates o the seafloor. 

"Northern Chile is also cut by very large faults, some of which 
cross the beach and disappear into the sea," she said. "We made a 
detailed survey of the topography and sediments of the continental 
shelf near Antofagasta and followed the traces of these faults across 
the shelf to see where they went and whether they have moved in 
recent years." 

Before the ship arrived at Antofagasta, the scientists surveyed the 
Easter Island Fracture Zone and the east-west area of rough under
water mountains west of northern Chile. A previously unknown, planed
off mountain top (or guyot), some 600 feet below the sea surface, was 
discovered during the survey. 

The ship also stopped at the uninhabited Isla San Felix, at the 
eastern end of the Easter Island Fracture Zone. 

James lewis, representing the Smithsonian Institution, was a cruise 
guest. His interest lay in making a survey of marine birds, counting, 
shooting, and stuffing them as the ship sailed along. 

Westward from Callao, the scientists prepared maps (1) of surface 
nutrients required for plant growth (nitrate, phosphate, and silicate), 
(2) of the size of the plant crop, and (3) of surface temperature and 
salinity in upwelling regions of t~e Peru Curre~t. . . 

"Some of these mapping operatrons were earned out rn cooperatron 
with the Peruvian research vessel, SNP-1, which mapped, at the same 
time, the distribution of anchoveta for comparison with Scripps maps 
of upwelled water," Dr. R. W. Eppley reported for Dr. Strickland, who 
returned to San Diego during this leg of the cruise because of illness. 

Dr. Eppley, who said these operations were "very successful," 
further reported that in certain areas the nutrient-rich, upwelled 
water appeared to remain several days at the surface before plant or 
phytoplankton growth commenced. 

"We examined some possible reasons for this restricted plant 
growth," he said, "especially the possibility of intensive grazing of 
the plants by animals (zooplankton). 

"We took many zooplankton samples for this purpose and for addi
tional studies of grazing pressure in regions of active plant growth. 
We also measured the growth rate of the plants and their ability to 
grow with urea as a source of nitrogen." 

In an area some 1,000 to 1,500 miles west of lima and 500 miles 
to the north and south, the track of this leg. of the expedition crossed 
the Nazca Ridge, a southwest-northeast underwater ridge, followed 
latitude 22 South to roughly 101 degrees West longitude, and then 
zigzagged northward. . 

"This track was laid out for investigating the direction of magnetrc 
anomalies from which the history of the ocean floor can be recon
structed," Professor Vacquier said. 

"We found the magnetic field in this area more complex than was 
believed, and results will have to come from future analysis of the 
data. 

"Heat flow through the ocean floor was measured at 45 stations. 
Higher heat flow than normal occurs in patches throughout the area; 
this is new information. Unfortunately, the number of measurements 
was insufficient for defining the shapes of the anomalous areas. 

"All we can say is that there must have been volcanism there during 
the last two million years or so. This appears to be verified by small 
samples of fresh olivine basa.lt brought up by free-fall sample grabb~rs 
belonging to the Kennecott Copper Company, whose representatrve 
was a guest during the cruise." 

From February to April, the distribution and abundance of plankton 
off the west coast of South America and in the subtropical waters to 
the west were studied. These areas proved to be extremely contrasting 
in the amount of crops they support. 

At R!V Melville dedication, Dir. Nierenberg addresses SIO 
"family." From left, Mrs. Noel Ferris, Ship's Capt. Ferris, Mrs. 
Marston Sargent, and Dr. Sargent, retiring Office of Naval Re
search liaison officer for UCSD! SIO and principal speaker, who 
received handsome memento from Dr. Nierenberg. 



In discussing this, Dr. Brinton said, "The ship made four crossings 
of the Peru-Chile Current, each time steaming westward far enough 
to enter the South Pacific Central water mass, found to be the most 
barren large body of water yet studied in the Pacific, and, as far as 
we know, anywhere." 

He reported that the intensely fertile part of the northerly Peru
Chile Current was found to be scarcely 100 miles wide off Chile, but 
it broadens to more than 200 miles off southern Peru. 

Using sampling devices that catch plankton at finely spaced dis
tance and depth intervals, the scientists made more than 5,000 col
lections of these small organisms- plant and animal- which are the 
basic life resource in the sea. 

"In the Peru-Chile Current, production of life in the surface waters 
is so great that, upon its dying, sinking, and then decomposing, oxygen 
is almost completely depleted from a layer beneath the surface," Dr. 
Brinton said. "This would appear to place an uninhabitable layer next 
to layers extremely rich in life. 

"On Leg V, this almost anaerobic layer, in which the amount of 
oxygen is less than two percent than that at the surface (or only 0.1 
milliliter of oxygen per liter of water) was traced westward to 102 
degrees West off southern Peru (or 1,500 miles offshore.)" 

Plankton was sampled above, through, and beneath this layer with 
a view to understanding how it is tolerated by a large variety of species 
which were found to migrate daily up and down through it. 

Dr. Brinton reported that a preliminary scanning of samples indi
cates that a localized group of species, an endemic fauna, is adapted 
to this area, while many of the familiar widely ranging tropical and 
subtropical species are absent from it. Because of the fertility of the 
Peru area, this localized fauna is extremely rich in numbers of animals. 

On Leg V, scientists studied a peculiar mid-ocean fauna that lives in 
a narrow belt, straddling the boundary between the tropics and the 
central water mass near 20 degrees South. These species were dis
covered in this area in 1958 during Scripps' Downwind Expedition. 
They are anomalous in that they maintain themselves here in a current 
that has been presumed to be flowing to the west, though the center 
of abundance of these particular kinds of animals is on the western 
side of the ocean, downstream. 

"Analysis of the details of the distribution of these species in rela
tion to the measured currents and the presence of nutrients such as 
nitrates and phosphates-found to be high to the north of the zone 
of interest and almost totally lacking in surface waters to the south 
of the zone- should help to explain how this peculiar fauna has 
adapted to live in so restricted a place in the open ocean," Dr. Brinton 
said. 

On Leg VIII, after the ship's departure from Callao for San Diego, 
the vessel steamed northward offshore in the coastal waters of Peru 
and Ecuador. In the vicinity of the equator a detailed survey was made 
of a sharp transition zone between cold water brought northward by the 
Peru Current and the warm tropical waters lying north of the equator 
in the eastern Pacific. The description of this boundary, which is some
times referred to as the Equatorial Front, is of considerable impor
tance in acquiring an understanding of the currents betWeen the 
Galapagos Islands and the coast of Ecuador, according to Dr. Taft. 

In addition, the transition zone also marks the northern limit of the 
range of many Peru Current species to the north and the southern 
limit of many tropical species. The observed temperature change 
across this frontal zone was 42.5 degrees Fahrenheit in only 30 miles. 

The final leg of the expedition was devoted to the study of the 
Equatorial Undercurrent, a subsurface current flowing eastward along 
the equator. At the surface the water flows westward, and in the 
eastern Pacific there is a transition between westward and eastward 
flow at about 131 feet. 

Previous measurements on two Scripps expeditions - the Dolphin 
in the spring of 1958 and Swansong in the fall of 1961-showed the 
water transport of the Undercurrent differed by about a factor of 
two. The Piquero measurements were designed to see whether the 
strong flow measured in 1958 or the weaker flow measured in 1961 
was present during the summer of 1969. Both the speed and the trans
port of water of the Undercurrent were found to be very similar to 
the previous measurements made in the fall of 1961 and, therefore, 
were considerably less than that found in 1958. For example, the maxi
mum speed of the Undercurrent was two knots on Piquero whereas, 
at the same location on Dolphin, the speed was three knots. 

"It now appears," Dr. Taft said, "that there was either a strong 
seasonal cycle in the strength of the Undercurrent, or that 1958 was 
an anomalous year, and the Undercurrent was much stronger than 
usual. It is perhaps worth noting that in 1958 the ocean was unusually 
warm off California, and it may also be true that the Undercurrent, as 
well as the other currents in the tropics, deviated greatly from their 
average strength." 

The Galapagos Islands form a barrier to the eastward flow of the 
Undercurrent, and the fate of the Undercurrent water east of the 
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islands is not well understood. Measurements west of the islands on 
Piquero seemed to show that the Undercurrent had a northward com
ponent and swung around the north end of the island group rather 
than to the south. 

"The Undercurrent at times is probably the strongest current in 
the tropical Pacific, and if its flow can vary within one year (or from 
one year to the next) by a factor of two, then there must be a cor
responding large adjustment in the whole tropical circulation," Dr. 
Taft said. "It will not be until a number of surveys of the kind carried 
out on Piquero are completed that we can hope to document how the 
whole system works." 

Expeditions Scan I and II 
Expeditions Scan I and II, during which R/V Argo logged a total of 

49,328 miles, were notable for several things. The two-segment cruise 
lasted from March 4, 1969 to February 19, 1970, except for two 
months in the late summer of 1969 when Argo was utilized during 
Climax II Expeditions (q. vJ. Of interest during the Scan voyages were 
these: 

(1) The successful completion of geological and geophysical surveys 
of 33 Pacific Ocean sea-floor sites selected for subsequent drilling 
in the Deep Sea Drilling Project (DSDP) managed by Scripps. 

(2) During Scan I, the testing for the first time of a new technique 
for seismic refraction work in mapping the structure of the sea floor 
by using one vessel, Argo, instead of three ships that had been re
quired in previous similar investigations. 

(3) During Scan II, the airlifting by the French military of an injured 
Scripps scientist from Mangareva Island to a hospital in Papeete, 
Tahiti, after he had suffered a broken leg in an accident as Argo was 
about to depart Pitcairn Island; 

(4) The air-dropping at sea by a U.S. Coast Guard plane out of San 
Francisco of six pints of blood for an Argo crew member stricken with 
internal bleeding after the ship had left Acapulco, Mexico, for San 
Diego on the final leg of Scan II. 

In Scan I, Argo logged 28,230 miles in surveying 23 sites for DSDP 
drilling from San Diego to northern California, off Cape Mendocino; 
back to San Diego, thence to Honolulu, Yokohama, Guam, Hon'llulu, 
and return to San Diego. This work extended from March 4, 1969 to 
August 4, 1969, following which the ship worked in Climax II between 
San Diego, Honolulu, and Papeete. 

Scan II, which began at Papeete in mid-October, 1969, logged 
21,098 miles between Tahiti and Balboa, Canal Zone; from Balboa 
westward and on to Acapulco; and from Acapulco to San Diego. 

Argo's site selection work during Scan I and II was supported by 
the National Science Foundation (NSF) and the Office of Naval Re
search. The DSDP, which is part of NSF's National Ocean Sediment 
Coring Program, is conducted under contract by Scripps. JOIDES Uoint 
Oceanographic Institutions for Deep Earth Sampling) program serves 
in an advisory capacity to DSDP. 

Dr. N. Terence Edgar, DSDP research geologist, was coordinator 
for the Scan expeditions. 

In Scan I, from San Diego to Cape Mendocino and return, Dr. Edgar 
and Dr. George W. Moore, of the La Jolla Laboratory of the U.S. Geo
logical Survey, were co-chief scientists. Dr. George G. Shor was chief 
scientist for the San Diego-Honolulu-Yokohama run, and Daniel Karig, 
a graduate student, was chief scientist from Yokohama back to San 
Diego via Honolulu. 

Seven sites were surveyed from San Diego to Cape Mendocino and 
return, five between San Diego and Honolulu, six between Honolulu 
and Yokohama, three from there to Guam, and two from Guam to Hono
lulu. Routine geological and geophysical investigations were conducted 
between Honolulu and San Diego. 

Site surveys were conducted at depths of some 19,200 feet. Alter
nate sites also were surveyed, and a general survey around each site 
was made to provide the background geological and geophysical infor
mation that supports each site drilled by the Challenger. 

After the scientists surveyed each site, using reflection profiling, 
echo soundings, and a magnetometer, they took a 30-foot piston 
core sample of the sediments at the surface of the seabed which 
Challenger cannot obtain, since her drill bits begin sampling the ocean 
floor at depths below 30 feet. 

Photographs of the sea floor around each site were taken, as were 
measurements of the heat flowing out of the ocean bottom, to deter
mine whether the temperatures were a result of recent volcanic 
activity or were normal sea-floor temperatures. 

Discussing the experimental technique used for the seismic refrac
tion work, Dr. Shor said that three ships are usually required in study
ing ocean-floor anisotropy: one for dropping depth charges and two 
others some miles away for recording the time of transmission of 
sound from the bottom to instruments aboard the vessels. 

During Scan operations, scientists utilized a moored floating buoy 
equipped with a hydrophone, an underwater listening device. This 



Fish are collected on New Guinea Expedition for scientific studies 
on the luminescent system of Leiognathid fishes. 

device recorded sound transmitted through the ocean floor 50 miles 
away from the explosive charge that was detonated from Argo. 

Because of line-of-sight limitations imposed by ship-mounted an
tennas at the very high frequency used by the buoy, a radio transmitter 
attached to a line to a balloon 600 feet above each buoy was used to 
extend the range of the buoy. 

When the depth charge was dropped, the sound of its explosion 
was sent upward to the buoy and thence to the radio hanging in mid
air below the balloon for relay to Argo's recording instruments. 

During Scan I, scientists also conducted . net hauls, continually 
sampled sea water for radiocesium and radiocarbon content, tciok 
plankton tows and mid-water trawls, and did rock dredging. 

Masters of Argo for Scan I were Capts. Alan W. Phinney, Terry 
Hansen, John Bonham, and William Clampitt. Besides Karig, other 
graduate students aboard included Ross Barnes, John Grow, David 
Johnson, James Natland, Hugh Slawson, and Mills Soldate. 

Prof. James Ingle of Stanford University was aboard, as were James 
Coatsworth and George Hohnhaus, Scripps marine technicians. 

Also aboard for the entire Scan I operations were two women scien
tists, Helen Kirk, of Scripps, and Sudi Einsohn, University of Kansas 
graduate student. Miss Kirk did seismic refraction work and took 
photographs of sites selected, and Miss Einsohn determined the age 
of sediments brought up in core samples taken at each site. 

Dr. Shor praised the work of Karig, the young women, and the other 
graduate students who participated in the expedition. 

"It's quite a responsibility for a young man to take charge of the 
varied research programs aboard a multi-million-dollar vessel with its 
expensive research equipment," he said. 

"Dan not only supervised the site survey work between Yokohama 
and San Diego, but also continued his own graduate research in the 
geological structures of underwater island arcs. 

"Helen and Sudi and all the graduate students aboard carried their 
load in the investigations and the hard work -once for 33 hours with
out a stop- that went into the expedition." 

Drs. Russell R. Raitt, John G. Sclater, and Gerald B. Morris served 
as chief scientists on Scan II operations between Tahiti and San 
Diego. Capt. John Bonham was master of R/V Argo for Scan II, which 
logged 21,098 miles. 

Two DSDP drilling sites were surveyed northeast of Tahiti within 
two week's of Argo's departure from Papeete on October 18. The ship 
then stopped briefly at Pitcairn Island to disembark four U.S. Air 
Force personnel who had been conducting a geodetic survey and to 
take on their replacements. 

As Argo was about to sail from Pitcairn Island, Dr. Raitt suffered 
a broken leg, and Dr. Morris replaced him as chief scientist for the 
remainder of legs VIII and IX of the expedition. 

Accompanied by a UCSD colleague on the expedition, Dr. Hugh 
Bradner, Dr. Raitt was taken by Argo from Pitcairn Island 300 miles 
distant to Mangareva Island and then airlifted by the French military 

· to a hospital in Papeete. The two men then flew back to San Diego. 
Dr. William D. Armstrong, ship's physician, had set Dr. Raitt's leg in 
a cast for the trip. 

Dr. Raitt praised the speed and efficiency of the French Polynesian 
Government and the French military in arranging his and Dr. Bradner's 
evacuation from Mangareva Island to Papeete. 

This diversion over, Argo then headed southwest of Mangareva for 
some 600 miles to survey a possible active volcano that rises about 
13,000 feet from the sea floor to within 125 feet of the surface. 

This volcano had been discovered several months earlier by Dr. 
Rockne Johnson, of the University of Hawaii. He had noticed that 

seismic disturbances or rumblings appeared to originate in this area 
and had predicted the volcano's existence from seaquake records. 

Rock samples were dredged from the top of the volcano and water 
samples taken from its sides and top, but listening devices lowered 
into the water failed to detect any extraordinary sounds. 

No drilling sites that met DSDP drilling requirements were dis
covered en route back to Papeete, and leg VIII ended as Papeete on 
November 12. On leg IX, between Papeete and Balboa, six drilling 
sites were surveyed in the thick sediment lying along the equator. 

It was during this period that extensive refraction work was con
ducted with Argo that normally requires use of three ships. 

Dr. Morris said some 13 combination balloon-buoy packages were 
used during leg IX in connection with the refraction work. 

"We found that numerous problems could, and did, arise with such 
a complicated system," he said. "The balloons occasionally fell victim 
to intense squalls, sharks bit through the mooring line setting the 
buoy adrift, and fish actually ate large parts of the styrofoam floats. 
In spite of such difficulties, however, the system usually worked." 

Among those aboard during the Papeete-Balboa leg of Scan II were 
micropaleontologist Phyllis Helms, Miss Kirk, and Delpha McGowan. 
The latter two did seismic refraction work, and Mrs. McGowan also 
served as marine technician. Fred Dixon, principal marine technician, 
was aboard from Tahiti to San Diego. 

During leg X, between Balboa and Acapulco, two DSDP sites were 
surveyed over the East Pacific Rise, off South America. 

Many heat flow measurements were taken on this run. Twenty geo
chemical stations were occupied and hundreds of seawater samples 
taken to measure helium, helium-3 argon, nitrogen, silica, total car
bon · dioxide, radium, and radon concentration and the isotopic com
position of dissolved oxygen and carbon. 

These samplings and measurement programs were directed by Dr. 
Harmon Craig, assisted by graduate students C. Y. Chung, Peter Kroop
nick, and Ray Weiss. 

It was during the Acapulco-San Diego track that the U.S. Coast 
Guard plane air-dropped blood for the stricken crew member, Willard 
Strickland. 

Dr. William Orris, who had replaced Dr. Armstrong as physician 
aboard Argo, gave two blood transfusions to Strickland from crew 
members prior to the air-drop of additional blood. Strickland's con
dition improved, but the ship was diverted to Manzanillo, Mexico, 
where the patient was hospitalized briefly before he flew home to 
San Diego. 

On the Acapulco-San Diego leg, heat-flow measurements, core 
samples, and mid-water trawls were taken. 

Bomex Project 
Probably the most extensive air-sea investigations ever made of a 

large-scale ocean area were conducted in the Caribbean east of 
Barbados. They involved UCSD/Scripps Institution of Oceanography 
scientists, Scripps' unique tug-towed FLIP, and UCSD's DC-3 aircraft. 
This marked the first time FLIP had worked in Atlantic waters; previ
ous operations had all been in the Pacific. 

Even before FLIP returned to San Diego on August 7, 1969, the 
scientists had begun poring over masses of data that measured air 
temp-eratures, relative humidities, and velocities recorded to within 
three feet of the sea surface. 

FLIP's round trip to the Barbados area totaled some 9,800 miles. 
She left San Diego in April, worked in the vast Bomex project in May 

Canister of blood for stricken Argo crewman is pushed overboard 
from U. S. Coast Guard plane during Scan II Expedition. Ship 
was off Acapulco, Mexico; crew member recovered. 



and north of Puerto Rico for the Marine Physical Laboratory (MPU in 
'June, and left San Juan for San Diego in early July. 

Bomex, the Barbados Oceanographic and Meteorological Experiment, 
was a three-month study of air-sea interaction in a 90,000-square-mile 
area east of Barbados, British West Indies. In it, FLIP joined some 24 
aircraft, ten ships, several satellites, and a dozen buoys to gather 
information in the first of a series of large-scale research projects 
by world nations under the Global Atmospheric Research Program. 

The USCD/Scripps investigators were involved in Bomex during May. 
During June, Dr. Frederick H. Fisher was chief scientist aboard FLIP 

(Floating Instrument Platform). FLIP carried out several acoustic propa
gation experiments- some alone and some, for the first time, with a 
similar but unmanned 355-foot, tug-towed platform called SPAR (Sea
going Platform for Acoustic Research) buoy operated by the Naval 
Ordnance Laboratory, Silver Spring, Maryland. 

Under the direction of Dr. E. D. McAlister, the DC-3 was utilized 
during Bomex to measure heat flow from the ocean surface by means 
of an infrared radiometer. 

The UCSD/Scripps scientists working with FLIP during Bomex were 
Dr. Carl H. Gibson, of UCSD's Department of Aerospace and Mechanical 
Engineering Sciences (AMES) and Scripps Institution; Dr. Gilbert 
Stegen, of AMES; Dr. Russell E. Davis, of Scripps; Dr. Charles Van Atta, 
of Scripps; and Dr. John L. Way, of AMES. 

They were mainly interested in conducting measurements of air 
turbulence and temperature fluctuations. They recorded surface wave 
heights and studied formation of waves, how they grow, where they 
come from, and with what frequency they come. 

During the first half of May, Drs. Gibson, Stegen, and Davis con
ducted measurements of turbulent velocity and temperature in the 
atmosphere above the ocean and the generation of surface waves. In 
the last two weeks of May, Drs. Van Atta and Way continued the 
measurements of turbulence and waves. 

· Many of the Bomex studies (there were 90 separate investigations 
in all) had to do with detailed examination of the exchange of energy 
between the ocean and the atmosphere and the vertical and horizontal 
spreading of these energies within each of the fluids (ocean and air). 

The mechanism of air-sea interaction is almost unknown, yet it is 
the primary process which drives the atmosphere's circulation and its 
weather systems. Unless this process is explored and understood, 
it would be impossible to extend weather predictions to more than a 
few days. 

Most of the energy the earth receives from the sun is transferred to 
the tropical ocean, on into the atmosphere, and up into the higher 
latitudes. 

"So, we were studying the turbulent processes which transfer the 
energy from the sea surface to higher levels in the atmospheric 
boundary layer, as well as the transfer of the energy back to the sea 
surface in the generation of waves by the wind," Dr. Gibson said. "We 
had studied air turbulence in the laboratory on a minor scale, but 
never in such a laboratory as the ocean provided us in this project." 

The five variable-pitch blades of Melville's aft cyc/oidal propeller 
are shown in rare photo of the ship in drydock. 

During Piquero Expedition, technician aboard R!V Washington 
uses radio direction finder to locate current meter some distance 
away that recorded Antarctic Ocean bottom currents. 

Actually, the scientists were doing a fundamental study of turbu
lence as turbulence, measuring spectra of turbulent velocity and 
temperatures to compare with. universal functions that had been pro
posed by their colleagues from universal similarity hypotheses. 

"If these universal similarity hypotheses as proposed by American, 
Russian, and English mathematicians are correct, turbulence is tur
bulence, whether it's over the ocean, within the ocean, in interstellar 
gas, or even within the laboratory," he said. "But what we thought 
was unique about our investigations was that the Reynolds number, 
a number of great importance in the theory of hydrodynamic stability 
and the origin of turbulence, was found to be 100 or 1,000 times as 
large as that which can be generated in a laboratory. Never before 
had it been possible to confirm on such a great scale the laboratory 
studies." 

In one of the investigations utilizing FLIP, the scientists used deli
cate wire sensors 1/lOOth the size of the diameter of a human hair 
to record air temperature and 1/lOth the size of the diameter of a 
human hair to measure wind velocity. 

These sensors were placed on a vertical-moving probe attached to 
one of FLIP's outward extending booms, and they "traveled" to within 
about three feet of the sea surface and upward to 36 feet. 

The Office of Naval Research (QNR) supported the Bomex studies 
by the UCSD Scripps investigators, along with the Air Force's Project 
Them is. 

This work and FLIP's operations for MPL, which ONR also supported, 
were the first involving FLIP in Atlantic waters since she was put 
in service by Scripps for ONR in 1962. All previous operations had 
been in the Pacific. 

FLIP's operations out of San Juan were unique as she worked for 
the first time with the SPAR buoy. 

"These are the only operating platforms of their kind and this 
marked the first time FLIP and SPAR had conducted joint operations," 
Dr. Fisher said. 

"They worked in distances from 800 yards to 3,200 yards apart. 
A. T. Jaques, of NOL, directed SPAR investigations. SPAR was towed 
by the USNS Lynch, FLIP by the USS Salish (ATA-187)." 

Both FLIP and SPAR are towed horizontally to their ocean stations 
and "flipped" to the vertical for carrying out scientific investigations, 
with 300 feet of the platform beneath the sea surface and the working 
deck and living quarters extending 55 feet above the water. 

During the last two weeks in May, the infrared radiometry system 
aboard the DC-3 was tested at sea off Barbados. These tests invJived 
the first use of an airborne, digital data reduction system for the out
put of the radiometer, Dr. McAlister said. 

Data were recorded on tape during repeated 30-second flights across 
a one-mile strip of ocean near FLIP. In spite of severe weather condi
tions, tests made on several days showed values of heat flow from 
0.40 calories per square centimeter per minute at 18 knots wind 
speed, to 0.05 calories per square centimeter per minute during inter
mittent rain squalls. These values resulted from simultaneous readings 
of radiation from the sea, the sky, and two reference black bodies and 
the temperatures of the latter. 



Thirty thousand such readings were recorded in the 30-second fly
bys. All of these were used to obtain the heat-flow value. This is the 
first time that airborne total heat-flow measurements have been made. 
The accuracy of sea-surface temperature measurements using this 
system is worthy of note as it approaches 0.01 degrees Centigrade, 
Dr. McAlister said. 

FLIP was towed from Barbados to the Puerto Rico area and on to 
the Canal Zone by the USS Salish (ATA-187), through the Panama Canal 
by a commercial tug, and from Balboa, C.Z., to San Diego by the USS 
Munsee (ATF-107). 

Richard A. Silva and Dewitt 0. Efird were Officers in Charge of FLIP 
during the Atlantic operations. 

Bomex ended July 28, 1969. Taking part were seven U.S. depart
ments and agencies and the Government of Barbados, 19 universities, 
and seven industrial laboratories. 

New Guinea Expedition 
The Institution's experimental biological laboratory, Alpha Helix, 

arrived in San Diego in mid-September, 1969, from New Guinea. The 
vessel returned prior to the scheduled completion in November of that 
year of biological and physiological investigations because of cur
tailment of funds from the National Science Foundation, sponsor of 
the New Guinea Expedition. 

Major elements of the research were completed in Madang, New 
Guinea, in shore laboratories set up there earlier in the year, before 
Alpha Helix left San Diego in mid-June. 

The New Guinea Expedition conducted broad investigations into 
the comparative physiology and behavior of a wide variety of mammals, 
birds, and fishes; the comparative biochemistry of proteins in verte
brates; and the phenomenon of bioluminescence, the heatless light 
produced by fireflies, fungi, certain fish, and other organisms. 

Dr. George A. Bartholomew, professor of zoology at UCLA, directed 
the expedition's first phase; Dr. Charles G. Sibley, professor of zoology 
at Yale University, the second; and Dr. John Buck, of the National 
Institutes of Health, Bethesda, Maryland, the third. 

Climax II Expedition 
In one of the fastest turn-arounds for any major ship that has put 

to sea for the Institution, R/V Argo left Nimitz Marine Facility August 
12, 1969, on an 8,960-mile biological expedition to the north and 
south Central Pacific. 

It was only eight days before (August 4) that the workhorse of the 
Scripps fleet concluded Scan I Expedition, a transpacific voyage dur
ing which sites were selected for eventual drilling by Glomar Chal
lenger in the Scripps-managed Deep Sea Drilling Project. 

Argo might have left even sooner except that she awaited the return 
of a sister ship, R/V Thomas Washington, which docked August 11 to 
end the 37,886-mile Piquero Expedition off South America. Gear aboard 
the Washington had to be transferred to Argo. 

Four faculty members and 12 graduate students participated in 
extensive biological investigations in the Central Pacific during the 
two-months' cruise, designated Climax II. Dr. John A. McGowan served 
as chief scientist and coordinator for the cruise. 

The area studied extended from some 500 miles north of Hawaii to 
500 miles south of Tahiti. Climax II completed preliminary studies 
conducted during Climax I, in the same area, the year before. 

Dr. McGowan said the name Climax was taken for the two expedi
tions because, in ecological, or environmental, terminology, a climax 
is a relatively stable community achieved by populations of plants 
and animals through successful adjustments to an environment. 

The expedition went to the north and south Central Pacific because 
the ocean there is relatively stable, and there is very little turbulenc.e, 
no upwelling of the water to speak of, and little, if any, large-scale 
vertical or horizontal mixing of the water. 

The expedition studied the species structure of everything that was 
observed: plants, plankton, larger organisms. Their abundance one 
with another was compared as the group worked first in the north 
Central Pacific the first month and then in the south · Central Pacific 
the following month. Observations were made as to how much plant 
and animal life the areas could support and in what proportions. 

During Climax I, Dr. McGowan and his colleagues did a preliminary 
study of the stable central gyre, or ocean circulatory pattern, in the 
Central Pacific, to determine the chemical and physical structure of 
the habitat of the ecological climax community of plants and animals. 

As Argo left San Diego on Climax II, these graduate students were 
aboard: Shirley A. lmsand, Loren R. Haury, Gary G. Smith, Alberto 
Ramirez-Florez, Payson R. Stevens, Sam T. Wilson, Stephen E. Thomp
.son, and Paul M. Yoshioka. They were joined in Honolulu for the second 
months' operation by Genelle W. Renz, Anne Hartline, Michael M. Sin
clair, and John H. Wormuth. 

Staff members aboard, besides Dr. McGowan, were Dr. Francis T. 
Haxo, Dr. Michael M. Mullin, and Dr. Robert R. Hessler. Dr. Haxo 

In Bay City, Michigan , for the launching of R!V Melville, Asst. 
Dir. l . D. Frautschy holds photo of Admiral Melville. 

studied adaptations of the photosynthesis and pigment systems of 
deep-growing plant populations of the area. He indicated recent evi
dence of Dr. McGowan, Elizabeth Venrick, and others pointed to the 
existence .of abundant chlorophyll below the well-illuminated portion 
of the ocean. Dr. Mullin studied two species of cope pods- minute 
marine crustaceans- that are alike in form and structure yet are 
separated into two species. He investigated how the two species are 
separated biologically in the ocean and noted any differences in feed
ing habits and their vertical distribution. Dr. Hessler took quantitative 
samples of deep-sea bottom fauna in one area north of Hawaii, and 
described his studies as "the· first step in a long-term program to 
learn as much as possible about the bottom animal community in 
this area." 

The National Science Foundation funded Climax II, and Capt. William 
Clampitt was master of the ship from the time she left San Diego 
until she reached Tahiti in October to conclude the expedition. At that 
point, Argo resumed her site surveys for DSDP and worked her way 
back to San Diego, where she docked on February 19, 1970. 

On gang plank, J. D. Frautschy, P. G. Trapani, and Jack Dullaghan 
greet Max Silverman, J. D. Pollock, and Noel Ferris as R!V 
Melville ends delivery voyage at Nimitz Marine Facility after cruis
ing 8,745 miles from Bay City, Michigan. 

17 



THE GRADUATE DEPARTMENT 
Graduate education is administered through the Department of the 

Scripps Institution of Oceanography. Within this Department, curricular 
programs are offered in applied ocean sciences, biological ocean
ography, geophysics, marine biology, marine chemistry, marine geol
ogy, and physical oceanography. Additional programs will be made 
available as the need arises. Each curricular group has its own special 
requirements for admission (in addition to those applying to the 
Department as a whole), and its own course requirements and policies. 

In the rapid evolution of modern oceanography, growth is often 
most vigorous at the boundaries of established disciplines, so that the 
interests of a given student may fall somewhere between the limits 
of two curricular programs. It is the intent of Scripps' graduate pro
gram to provide the maximum flexibility in meeting the specific inter
ests of individual students. 

The Department is chaired by Dr. Edward l. Winterer, professor of 
geology. Dr. Richard H. Rosenblatt, associate professor of marine 
biology, is vice-chairman. 

GRADUATE CURRICULAR PROGRAM 

A brief description of the ·seven curricular programs, whose 56 
faculty members also serve in various research divisions, laboratories, 
and research groups, follows: 

Applied Ocean Sciences (Dr. Hugh Bradner). This curriculum is con
cerned with man's purposeful and useful intervention into the sea. 
Interdepartmental in nature, it combines the resources of the Graduate 
Department of Scripps and two engineering departments on the San 
Diego campus of the University; namely, Aerospace and Mechanical 
Engineering Sciences and Applied Physics and Information Science. 
An attempt will be made to produce modern engineers with a sub
stantial training in oceanography, and oceanographers with a signifi
cant ability in modern engineering. Instruction and research are not 
restricted to structural, mechanical, material, electrical, and physio
logical problems operating within the ocean, for they include the 
applied environmental science of the sea as well. Since physical, 
chemical, geological, and biological aspects of the oceans and all 
forms of engineering may be involved, the curriculum provides maxi
mum flexibility in meeting the needs of each individual student. 

Present research activities within the curricular group include 
studies of deep circulation and deep fish population; deep-sea auton
omous vehicles, instruments, basic control devices and special collect
ing gear; seismic surveys of the mantle; ocean bottom microseisms 
and crustal displacements associated with earthquakes; surveys of 
bathymetric-magnetic trends; deep-sea drilling; design and construc
tion of special-purpose ocean vehicles (ships, submarines, platforms) 
such as FLIP; remotely operated cable-connected vehicles and stations 
on the sea floor; sonar systems and sonar signal processing equipment; 
underwater communication and signal detection; underwater photog
raphy and television; visibility by swimmers; underwater lasers; remote 
sensing of sea-surface temperature, roughness, and marine resources 
from aircraft and orbital spacecraft; meteorology above the oceans; 
turbulent flows, formation of barrier beaches; mechanisms of currents, 
sand transport and sediment transport in the surf zone, the shelf, and 
in submarine canyons; and diving and hyperbaric physiology. 

Biological Oceanography mr. J. T. Enright). Biological oceanograph
ers are concerned with the interactions of populations of marine 
organisms with one another and with their physical-chemical environ
ment. Research activities in this curriculum include studies of the 
factors influencing primary and secondary productivity and nutrient 
regeneration, food-chain dynamics, community ecology of benthic and 
pelagic forms, population dynamics, and fisheries biology; taxonomy 
and zoogeography 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 inter
disciplinary field. 

Geophysics (Dr. J. F. Gilbert). This curriculum is designed to develop 
the ability of the physicist (theoretician or experimentalist) to con
tribute to man's understanding 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 background, 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 propagation and exchanges 
which take place within it. It is anticipated that the geophysical cur
riculum and the physical oceanography curriculum will emphasize 
many points in common. 

Marine Biology (Dr. R. A. Lewin). This curriculum is concerned with 
the study of the development, adaptation, and function of organisms 
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in the marine environment. The comparative physiology, biochemistry, 
and developmental biology of marine organisms are stressed in the 
introductory course of the curriculum, "Marine Life." Students spe
cializing in subjects from neurophysiology to barobiology will find 
breadth of interest and intensity and sophistication of the experimental 
approach as adapted to conventional marine technology. 

Marine Chemistry (Dr. D. J. Faulkner). Programs within the marine 
chemistry curricular group are designed to allow students to apply 
the concepts of modern-day chemistry to the various processes oper
ating 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-water reaction, solid state geochemistry, organic 
geochemistry, and nuclear chemistry. 

Marine Geology (Dr. Joseph R. Curray). The program in marine geol
ogy includes studies of the stratigraphy, structure, and morphology of 
ocean basins; marine micropaleontology; the mechanics of sedimenta
tion; mineralology and the formation and geographic distribution of 
sediments; and geochemistry and petrology. The integration of these 
elements of geology with the chemical, biological, and physical aspects 
of oceanography is stressed. 

Physical Oceanography (Dr. Charles S. Cox). Studies in physical 
oceanography include the observation, analysis, and theoretical inter
pretation 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 propa
gation of sound and light and other electromagnetic energy in the 
ocean; and the properties and propagation of ocean waves. 

GRADUATE STUDENTS AND DEGREE RECIPIENTS 

In the fall of 1968, 36 new students began their graduate studies 
and 49 more entered in 1969. Of these, 31 were in marine biology, 
18 in physical oceanography, 14 in geophysics, 8 in marine chemistry, 
10 in marine geology, and 4 in applied ocean sciences. They came from 
these states and countries: Arizona, 3; California, 26; Connecticut, 1; 
Delaware, 1; Kansas, 2; Kentucky, 1; Illinois, 1; lndianak 2; Michigan, 
2; Mississippi, 1; Missouri, 1; New Jersey, 4; New Yor , 6; Ohio, 3; 
Oregon, 3; Pennsylvania, 5; Texas, 3; Tennessee, 1; Washington, 2; Bel
gium, 1; Brazil, 1; Canada, 4; France, 1; Germany, 2; Great Britain, 1; 
India, 1; Mexico, 2; The Philippines, 2; Portugal, 1; Thailand, 1. Enroll
ment at the start of the 1969 school year totaled 168 students. 

During the two-year period, 30 Master of Science degrees and 37 
Doctor of Philosophy degrees were awarded by UCSD to students 
having· completed advanced studies at Scripps. The names of degree 
recipients and the titles of doctoral dissertations are listed in 
Appendix E. 

The following abstracts of dissertations by Theodore C. Moore, Jr., 
Elizabeth L. Venrick, A. H. Mark H. Wimbush, and Alice C. Jokela are 
indicative of the varied subjects chosen by candidates for the doctoral 
degree. 

Dr. Moore is now an assistant professor of oceanography at Oregon 
State University, Corvallis. The title of his dissertation at Scripps was 
"Deep-Sea Sedimentation and Cenozoic Stratigraphy in the Central 
Equatorial Pacific." The abstract of his dissertation follows: 

In the equatorial Pacific Ocean, fossiliferous Tertiary sedi
ments commonly outcrop on the deep-sea floor. The occurrence 
of this material does not have a consistent relationship to the 
surrounding topography. 

Radiolaria from the Quaternary and Tertiary sediments of the 
equatorial Pacific are used in this study of stratigraphy and sedi
ment deposition. Changes in abundance of the radiolarian species 
and the appearance of variants of previously described species 
add detail to the existing knowledge of their stratigraphy. This 
stratigraphy can be used to determine the relative ages of Terti
ary samples. The quantitative description of radiolarian faunas 
can be used to indicate where sediments are being eroded, how 
they are mixed, and where they are being deposited. 

These techniques were applied to the study of a small area 
of abyssal hills in the central equatorial Pacific (the Wahine 
area). Of the 38 cores taken in this area, 18 contained fossili
ferous Tertiary sediments. The ages of these cores range from 
late Oligocene to middle Miocene. A hiatus separates the Quater
nary and middle Tertiary sections of cores. 

In areas where cores have very thin Quaternary sections, Ter
tiary sediments are probably being eroded. Quaternary sediments 
downslope from these areas contain abundant admixed Tertiary 
microfossils. At greater distances, the radiolaria in admixed 
assemblages are more corroded. · 

Using the quantitative descrrptions of the fauna, each core is 
ranked according to age. When the core locations and age ranks 
are plotted on a map of the Wahine area, no discernible pattern 
is formed. Manganese nodules are more abundant where the 



measured slopes are steeper and fossiliferous Quaternery sedi
ments thicker. To explain these observations it is proposed that 
small step faults became active in the Wahine area during the 
late Tertiary. On the hillslopes, terraces formed by the step faults 
act as local base levels. Recent sediments deposited on the 
slopes are resuspended by benthic organisms and transported 
by bottom currents. However, instead of ultimately reaching the 
adjacent valleys, much of the sediment is trapped on these rela
tively flat portions of the slope. If moved by bottom-dwelling 
organisms, manganese nodules would also tend to be concentrated 
on the terraces. 

Erosion and slumping, occurring in conjunction with small 
normal faults, could explain the range of Tertiary ages sampled 
and the pattern of outcrops in the Wahine area. 

Apparently sediment accumulation in this area has not been 
sufficient to mask the effects of faulting, erosion, and lateral 
mixing. The model proposed for the Wahine area may also apply 
to the entire region of Tertiary outcrops in the equatorial Pacific. 
Dr. Venrick's dissertation was entitled "The Distribution and Ecology 

of Oceanic Diatoms in the North Pacific." She is now a postgraduate 
research biologist at Scripps. The abstract of her dissertation follows: 

The study of the distribution and ecology of diatoms in the 
North Pacific was based on 409 water samples collected during 
August-September, 1964, and January, 1966, from 50 stations 
along longitude 155°W, between 26°N and 56°N. The section 
included the neritic environment overlying the Alaskan continental 
shelf, and three oceanic environments: the Central Pacific, south 
of 40°N, the Transition Domain, between 40°N and 45°N, and 
the Central Subarctic Domain, between 45 oN and the neritic 
zone. At each station, additional observations of hydrography, 
chemistry, and biology were made. 

Preliminary studies were made of the reliability with which 
a single sample represented the local diatom population. The 
variability introduced into the data by the sampling procedure 
was no greater than random expectation. Significant variability 
arose from small-scale aggregations of diatom species; the mag
nitude varied with depth and with species. 

Vertical stratification of diatoms was observed only in the 
presence of a density gradient in the water column. During the 
summer, a subsurface diatom maximum layer was present south 
of 45°N. This layer increased in depth from north to south, pass
ing through the pycnocline and below the compensation depth. 
These subsurface populations may have been in a state of senes
cence induced by nutrient deficiency in the euphotic zone. 

Seasonal fluctuations of total diatom standing crop below one 
square centimeter of sea surface were observed only within the 
Transition Domain and the neritic environment. Maximum standing 
crops were observed during the summer at the northern edge of 
the Transition Domain and in the neritic zone. The standing crop 
observed during the summer was related to the concentration of 
nutrients available at the onset of the spring bloom. A relatively 
low standing crop at the axis of the Alaskan Gyre was not ex
plained by any of the measured parameters. 

The distribution of recurrent groups of diatoms, within which 
all species had significant affinities for all other species, was 
related to the physical habitats. Within the Central Pacific and 
the Central Subarctic Domain, there was some seasonal consist
ency in the composition of the species groups. Within the Transi
tion Domain and the neritic zone, however, most groups observed 
during the summer were not found in the winter. Species associa
tions in these environments may redevelop each season, and their 
composition may depend upon the introduction of "seed" cells 
from adjacent environments. During both seasons, the fluctua
tions in abundance of the species groups were strongly influ
enced by variations of temperature and salinity, emphasizing the 
importance of surface circulation patterns in creating and main
taining species associations. 

Diversities of diatom communities were investigated with the 
local index of equitability . . The local index overestimated the 
overall community equitability as estimated by the equitability 
of pooled data, and during the summer, the correlation between 
the two statistics was poor. The local index of equitability was 
negatively correlated with the standing crop. There were changes 
in equitability which were not explained by variations in any of 
the measured parameters, and it appeared that the community 
structure developed during periods of rapid expansion were main
tained for considerable periods of time. 
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Dr. Wimbush is now an assistant research geophysicist with the 
La Jolla Laboratories of the University of California's Institute of 
Geophysics and Planetary Physics. The title of his dissertation was 
"The Benthic Boundary Layer." The abstract of his dissertation follows: 

Current and temperature time series have been obtained near 
the deep-sea floor, at locations within 400 km of San Diego, and 
at depths from 1.5 to 4 km. These measurements imply a turbu
lent boundary layer of several meters' thickness, the external 
flow being a few em/ sec and the bottom shear stress being of 
order 10-2 dynes cm-2• The current is predominantly tidal, so 
there is considerable variation with time. However, tidal dissi
pation in the deep-sea boundary layer is estimated to be only 1% 
of the world total. The turbulence within the boundary layer 
derives mainly from mechanical shear, rather than convection of 
the geothermal flux, except at times of very low current when 
warm "spikes" in the temperature record suggest local convec
tive "pluming." 

The ocean bottom at the locations of the experiments is 
"hydrodynamically smooth." Above the bottom there is a viscous
conductive sublayer of thickness a centimeter or two, and above 
this a logarithmic ·layer extending to an elevation of about a 
meter. 

Although the sampling rate was insufficient to resolve the 
"inertial range" of turbulent motions, the log-log temperature 
spectra have slopes close to -5/3. The measured current speed 
spectra are less well-behaved. However, it is shown that the bot
tom stress and the heat flow can be inferred from current and 
temperature spectra in the logarithmic layer. 

Attempts to measure the temperature gradient near the ocean 
bottom have been only partially successful, but the results pre
clude hyperadiabatic gradients at elevations of a meter or more. 
If, however, such gradients do exist at other benthic locations, 
(as others have reported), it seems that the necessary stability 
might derive from vertical gradients of dissolved substance or 
suspended particles. 

The measured Ekman veering was very small. This is attributed 
to the unsteadiness: steady-state theory is applicable only to the 
wall region of the tidally driven boundary layer. 

Second-order non-linear interactions in the boundary layer 
current are weak. Since the tidal current typically grows in mag
nitude rapidly and decreases slowly, it is anticipated that third
order interaction should be stronger. 
Dr. Jokela is now an assistant professor of microbiology at San 

Dieg9 State College. The title of her dissertation at Scripps was "Outer 
Membrane of Dunaliella tertiolecta: Isolation and Properties." The 
abstract of her dissertation follows: 

Electron microscopic and whole-cell chemical and enzymatic 
studies of the unicellular green alga Dunaliella tertiolecta con
firm the previously suspected absence of a separate layer of cell 
wall in this organism. D. tertiolecta is thus a particularly well 
suited material for the isolation and study of a cell membrane 
of plant origin. A procedure was developed for isolating the cell 
membrane fraction through use of controlled osmotic shock, 
differential centrifugation, and density-gradient centrifugation. 
The purity of this fraction is established to be approximately 
80% by both chemical and enzymatic assay. In comparison to the 
whole cell, the cell-membrane fraction is characterized by a high 
phosphatidic acid content and high concentration of C-16 satu
rated fatty acid. It is also characterized by its osmotic behavior, 
its divalent ion-dependent stability, its relatively high hydrophobic 
amino acid content, and the presence of a Na-K activated ATPase. 

D. tertiolecta has a wide salinity tolerance range (from 1% 
NaCI to 15% NaCJ). Nevertheless, both soluble enzymes (as ex
emplified by glucose-6-phosphate dehydrogenase) and particulate 
enzymes (as exemplified by pyrophosphatase and ATPase) of this 
alga are found to be severely inhibited by high Na or K concen
tration (above 6%NaCI or KC1). A cellular environment of low salt 
concentration is thus implied; this is different from the condition 
found in halophilic bacteria or D. salina as reported by other 
workers. Direct measurement of the Na+ and K+ concentrations 
inside the alga further verify this point. Enzymatic determinations 
show a sharp increase of cellular glycerol concentration as the 
growth medium salinity is increased. Upon transfer of cells grown 
in high salinity into a ·low salinity medium, 15% of the total 
cell glycerol, approximately equivalent to 4% of the cell weight, 
is found to be released instantaneously into the medium. This is 
a direct evidence of a small molecular weight organic compound 
serving as an osmotic regulator in euryhaline algae. • 
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RESEARCH ACTIVITIES 

Among research highlights for the period covered by this report 
were the continued successful operation of the Deep Sea Drilling 
Project, including the ticklish task of re-entering the same hole once 
drilled; the initiation of the North Pacific Study of air-sea interaction; 
and the establishment of the Advanced Ocean Engineering Laboratory 
for conducting advanced engineering research in a diversity of fields. 

DEEP SEA DRILLING PROJECT 

The Deep Sea Drilling Project CDSDP), managed by the Institution, 
has been successfully recovering sediment cores from the deep ocean 
basins for more than two years. Drilling has been accomplished in 
water depths in excess of 20,000 feet, with penetration into the 
bottom exceeding 3,300 feet. Almost six miles of solid core have 
been recovered from approximately 200 holes drilled in the Gulf of 
Mexico, the Atlantic Ocean, the Pacific Ocean, and the Mediterranean 
Sea. Leg XII sailed D/V Glomar Challenger as far north as 59° 56' in · 
the North Atlantic Ocean to be the first to successfully recover 
drilled cores from the deep ocean at that latitude. 

The many significant accomplishments of DSDP have warranted the 
extension of the original 18-month contract to 48 months by the 
National Science Foundation. During the extension period, the specially 
designed drilling vessel Glomar Challenger will drill in the lesser 
known southwestern Pacific and Indian Oceans. In addition, research 
will be continued in the Atlantic and Pacific Oceans and the Caribbean 
Sea, greatly expanding the results of earlier DSDP cruises. 

Operational improvements continue to be made by the Project and 
by Global Marine Inc., owner and operator of the Glomar Challenger. 
The ability to change a worn-out bit and re-enter the same drill hole 
in water depths of two miles was successfully accomplished on June 
14, 1970. This re-entry capability will be operationally part of Leg XV 
in the Caribbean. 

Scripps scientists led two legs of the cruise of the Glomar Chal
lenger during 1968-70. Cruise chief scientists on Leg II, from New York 
to Dakar, Senegal were Drs. Melvin N. A. Peterson, project chief 
scientist, and N. Terence Edgar, coordinating staff geologist. This leg 
was the first to drill to the igneous "basement" of the ocean beneath 
the sedimentary layers. The evidence from a series of holes across 
the Mid-Atlantic Ridge drilled on Leg II strongly supported the con
cept of sea-floor spreading. 

Leg VII, from Guam to Honolulu, had as co-chief scientists Dr; 
Edward L. Winterer and William R. Riedel. Riedel is curator for Scripps 
Institution and DSDP cores and samples. 

Scientific staffing for the cruises, handled on a nationwide basis, 
has included many of this country's foremost scientists in the field 
of marine geology, paleontology, and sedimentology. A substantial 
number of scientists from abroad have also participated. 

Dr. William A. Nierenberg, director of Scripps, is principal investi
gator for the project; Kenneth E. Brunot is project manager; and Dr. 
Peterson is project c~ief scientist. 

DSDP is part of the National Science Foundation's National Ocean 
Sediment Coring Program. Liaison with NSF is provided by A. R. 
Mclerran, special assistant for coring operations. 

The program receives the advice and guidance of the JOIDES organ
ization (Joint Oceanographic Institutions for Deep Earth Sampling), 
which maintains a series of advisory panels involving many of the 
nation's leading scientists. JOIDES members are Scripps Institution, 
Lamont-Doherty Geological Observatory of Columbia University, the 
Rosensteil Institute of Marine and Atmospheric Sciences of the Uni
versity of Miami, the University of Washington, and Woods Hole 
Oceanographic Institution. These institutions have worked closely 
together to produce a scientific program of profound importance to 
many branches of science. 

The initial scientific results and descriptions of the cores are 
being published in a series of volumes-one for each cruise-entitled 
the "Initial Reports of the Deep Sea Drilling Project" and authored 
by the participating scientists of each leg. Dr. Thomas A. Davies of 
Scripps coordinates the publication and editing of these reports. They 
are available for purchase, through the United States Government 
Printing Office and they will also be placed in many public and 
private libraries throughout the world. These reports will provide the 
basis for selection of core samples. 

Several symposia have been held concerning the results of DSDP. 
These symposia have been included in the annual meetings of the 
Geological Society of America, the American Association for the 
Advancement of Science, and the general meetings of the Scientific 
Committee on Oceanic Research in Japan in September, 1970. The 
Project continues to receive widespread publicity in national and 
international media. 
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DSDP scientists can now replace worn bits on drill strings and 
then re-enter original hole for deeper coring into the ocean bottom 
by using this re-entry cone developed in 1970. 

DSDP's ship, Glomar Challenger, drills in open ocean using dy
namic positioning system to remain steady over bore-hole. 

GEOLOGICAL RESEARCH DIVISION 

Work of the Geological Research Division includes a broad spectrum 
of research projects on geological materials located in, around, and 
under the ocean basins. These projects, conducted either by individual 
investigators or groups of investigators, range from the shoreline to 
the deep sea. They deal with sediments and rocks and their geo
chemistry, fauna, and flora, and with the evolution and geological 
history of the earth's crust, continents, and ocean basins. In addition 
to conducting the research projects briefly summarized below, mem
bers of this division have been active in teaching, work at sea, public 
affairs of Scripps Institution, national and international scientific 
gatherings, and committee work for national and international agencies 
and scientific societies. . 

Dr. Gustaf Arrhenius and his group have investigated various aspects 
of the chemical interaction of materials from the oceanic crust and 
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During Circe Expedition, scientists from Geological Research 
Division dredged fresh, convoluted submarine flow basalts from 
active Central Indian Ridge in w.estern Indian Ocean. 

upper mantle with the ocean floor. A part of that effort is the work 
by Dr. JeffreyS. Hanor on the use of heavy alkaline earth and transition 
metal ions as tracers of oceanic processes. 

Dr. James I. Drever has begun the application of a novel diffraction 
system developed by Ray W. Fitzgerald and Hitoshi Fujita. On the 
basis of his studies, Dr. Drever has proposed a mechanism for the 
fixation of magnesium ions in reducing marine sediments. Iron is 
extracted from clay minerals to form a sulfide, and magnesium appears 
to enter the sites formerly occupied by iron in the clay structure. 
During the past year Fitzgerald has developed an energy dispersion 
system for rapid continuous analysis of deep-sea sediments and other 
materials. 

Mrs. J. Z. Frazer has continued the ocean sediment mapping program 
which now contains 32,000 data points. The work on the Mediterranean 
area now has been completed. 

Extensive studies of the lunar surface rocks, to which all of the 
members of Dr. Arrhenius's and Dr. Devendra Lal's group have con
tributed, promise indirectly to give new suggestions regarding the 
internal constitution of the Earth and the development of the ocean 
during the early history of our planet. 

Considering the importance of the fossil track method to studies 
of rates of ocean floor spreading, dating of terrestrial and cosmic 
events preserved in marine sediments, the early accretion and sub
sequent phase transformation events in the history of meteorites, 
and radiation history of lunar samples, Dr. Lal has set up a broadly
based program to study and design new techniques in this area, in 
combination with the already developed instrumental techniques in 
the IPAPS-SIO analytical facility. 

The program has proved successful on many points. In addition to 
learning routine techniques, J. D. Macdougall and Laurel Wilkening 
made significant developments in the fossil track method. Develop
ments included: 

1. Accurate and unambiguous dates of ocean floor basalts can be 
established by the study of fission tracks in glass and apatites. The 
techniques developed also allow study of old (altered) glass. Volcanic 
ash layers and several marine basalts have been dated by this 
technique in excellent agreement with age measurements by the 
K-Ar method, and paleontological estimates. This work was done in 
collaboration with Dr. James W. Hawkins. 

2. The fossil track studies in meteorites have revealed the exist
ence of new gas-rich meteorites. Study of mineral species of "normal" 
and "gas-rich" crystals in Kapoeta, Chainpur, and others has led to 
a more definitive understanding of the various processes in the early 
history of meteorites. 

3. Lunar material has been studied for its radiation history. In 
contrast to meteorites, the lunar material had a very complex radi
ation history, both with respect to "fission" and "cosmic-ray" contri
butions. 

During the last six months of 1968, Dr. Harmon Craig was on 
sabbatical leave as visiting professor in the Institute of Physics at 
the University of Bern, Switzerland. Among other projects, he worked 
on dissolved gases in the Jungfrau and Aletsch glaciers with graduate 
student Ray Weiss. It was found that gases other than C02 are removed 
from the glacier by solution in liquid water; C02 does not follow this 
pattern and must be held primarily in a non-gaseous phase. 

GRD researchers rush South Pacific water samples to the chemical 
laboratory aboard R!V Argo for Helium-3 analysis. 

He also investigated the geochemistry of classical Greek marble 
quarries. This work is an attempt to develop a method for identifica
tion of the quarrying area of pieces of Greek marble by study of 
carbon and oxygen isotope ratios; there are many applications to the 
origin of Greek statues and inscriptions. Mapping and sample collec
tions were carried out in the underground quarries of Paros, the 
ancient quarries on Naxos, and the Athenian quarries on Mt. Hymettus 
and Mt. Penteli. Preliminary results have shown that several quarrying 
areas can be uniquely distinguished by this method. 

Dr. Craig's major discovery of 1968-69 was the existence of a large 
excess (up to 20%) of the rare isotope He3 in deep water of the South 
Pacific, relative to the atmospheric He3 I He4 ratio. This work was done 
in collaboration with W. B. Clarke of McMaster University, Hamilton, 
Ontario, Canada, on samples taken during the Nova Expedition. The 
results, which are quite unexpected, show that primordial helium was 
trapped in the earth at the time of its formation and is now degassing 
from the mantle through the oceanic crust. The excess He3 should 
provide one of the best tracers for oceanic circulation studies. 

Work was completed on the correlation of total dissolved inorganic 
carbon and the radioactive isotope C14 in the Pacific. The absolute 
concentration of C14 is essentially constant in the deep water. Vari
ations in the C14/C12 ratio, which had been generally thought to reflect 
radioactive decay during horizontal flow of bottom water, were shown 
to be due simply to increase of stable carbon C12 by downward dif
fusion from the overlying water. The radioactive decay of C14 is 
actually balanced by input of C14 from the sinking particulate flux, so 
that the C14 "clock" is continually reset by this mechanism. Dr. Craig 
also completed a detailed study of the geochemistry of the Red Sea 
geothermal brines and lectured during June, 1969 at the International 
Summer Study Course on Marine Geochemistry in Israel. 

During 1969-1970 the following work was done. Detailed planning 
for the GEOSECS program of mapping the geochemistry of the world 
oceans was completed. A joint proposal from six oceanographic insti
tutions was submitted to the International Decade of Oceanography 
Program and has since been accepted. An intercalibration GEOSECS 
station was occupied in the Pacific for ten days on R/V Washington; 
the results of this work will appear in a GEOSECS issue of Journal of 
Geophysical Research, December, 1970. Dr. Craig's group also par
ticipated in Scan Expedition in the southeast Pacific on R/V Argo. 
New He3 measurements were made on both Scan and the GEOSECS 
station and verified the existence of the large HEJ excess throughout 
the Pacific. 

Also during this period graduate student Yu-Chia Chung and Dr. 
Craig began a detailed study of radon and precise temperature pro
files in bottom water, using shipboard radon counters on Scan 
Expedition, and of radium distribution in the Pacific. The bottom 
water studies showed that quite complicated "layering" and "cusp" 
structures exist in addition to simple exponential radon profiles, 
indicative of horizontal advective flow. Graduate student Peter Kroop
nick studied the C13 and 018 variations in dissolved carbon and oxygen 
and applied the results to the study of the "metabolism" and oxygen 
consumption in deep waters. Ray F. Weiss completed his new solubility 
measurements on helium and neon, and showed that neon was actually 
supersaturated in the ocean, rather than undersaturated as had been 
thought. His results, applied to the N2-Ar-He-Ne concentration data, 
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showed for the first time the existence of an injected "air component" 
in the gases ·of the surface and deep waters, derived from solution of 
bubbles. This injected air component actually supplies about 2/3 of 
the so-called "excess" He4 in the ocean, so that the excess He4 from 
the sea bottom actually amounts to a saturation anomaly of only 3% 
in the Pacific, and appears to be entirely lacking in the North Atlantic 
Deep Water. 

Dr. Edward D. Goldberg and his associates are concerned with the 
transfer of materials from the continents and from the atmosphere 
to the oceans as a result both of the activities of man and of other 
natural processes. Emphasis has been placed upon the various wind 
systems as transporting vehicles inasmuch as entire oceanic areas 
can be affected by them. 

The amounts of sulfur introduced into the atmosphere by the com
bustion of fossil fuels now exceeds natural introduction by volcanism 
and the oxidation of hydrogen sulfide produced by the bacterial 
decomposition of organic matter. This conclusion was reached by 
analyzing the sulfate/ chloride ratios in glacial ices that had been 
deposited over the past several hundred years. 

Mercury, a toxic pollutant, is introduced into the oceans by man 
in amounts comparable to those introduced by weathering processes. 
Sediments near sewer outfalls have higher levels of mercury than 
similar deposits further removed. Marine organisms have been shown 
to concentrate this toxic metal and its compounds to levels 500 or 
more times greater than comparable sea water volumes. 

The comparable impacts of river and wind systems in transporting 
solid phases to the marine environment were considered in two areas 
of the northern Indian Ocean: the Bay of Bengal and the Arabian Sea. 
River-borne solids were the primary components of the Bay of Bengal 
deposits. The eastern part of the Bay . receives its continental input 
through the Ganges-Brahmaptura river system, while the drainage 
from the Indian Peninusla by rivers carries solids to the western part. 

The eastern sector of the Arabian Sea receives major contributions 
of continental debris from the rivers with a source in the Indian 
Peninsula. The rest of the Sea appears to receive most of its land
derived solids from the north, the desert regions of north India and 
west Pakistan, via prevailing wind systems. These solids are also 
transported to the equatorial regions of the Indian Ocean by winds. 

The halogenated hydrocarbon pesticides such as DDT were assayed 
in the southwest monsoon winds and enter the Bay of Bengal at levels 
of five tons per month, an amount comparable to those introduced by 
other wind and river systems to the oceans. 

Atmospheric dusts collected from the North Pacific on Expedition 
North Pacific Study Cruise confirmed previous arguments from this 
laboratory that the bulk of the deep sea deposits in the North Pacific 
are derived through wind transport from arid areas of Europe and Asia. 
· Phillipsite, one of the more abundant minerals that form inorganic

ally on the sea floor was investigated for its possible use as a geo
chronological tool in dating various strata of marine sediments. 
Ionium-thorium and potassium-argon dating methods applied to this 
zeolite independently yielded evidence for continuous growth of this 
mineral within the sedimentary column. Thus, the assignment of an 
age to parent-daughter ratios depends on a knowledge of growth rates, 
and is difficult to assess quantitatively. 

During December, 1968 and January, 1969, Dr. Rudolf H. Bieri and 
Minoru Koide occupied three oceanographic stations in Expedition 
Piquero to recover samples for noble gas analysis. 

The results from this Expedition confirm the presence of excess 
helium in the deep and bottom waters of the southeast Pacific Ocean. 

At the Equator all noble gases were found to be supersaturated by 
more than 10% in the corewater of the undercurrent. The influence 
of this · highly supersaturated corewater was again encountered at 
depths ranging from 215 to 325 m, and supports current ideas on the 
origin of "Equatorial 13-C Water." 

Systematic differences related to interface phenomena were found 
to exist between deep and surface waters. 

In a cooperative study with scientists from the National Center for 
Atmospheric Research, experimental evidence was provided that air 
from the upper stratosphere and lower mesosphere has the same 
composition with respect to neon, argon, and krypton as tropospheric 
air, and that the atmosphere appears to be well mixed to these levels. 

Dr. Robert M. Garrels, who completed his first year at Scripps, set 
up a laboratory for low temperature aqueous geochemistry. One of 
his students is studying the synthesis and stability of aluminosilicates 
in seawater. In collaboration with Dr. Fred Mackenzie of Northwestern 
University, Dr. Garrels completed a book manuscript, The Evolution of 
Sedimentary Rocks- A Geochemical Approach, and is continuing his 
joint research on various aspects of sedimentary cycles. His current 
interest is in submarine alteration of volcanic rocks. He continued a 
long-term experimental project on the reactions of silicates and sea
water in the laboratories of the Bermuda Biological Station with Dr. 
Wollast of the University of Brussels and Dr. Mackenzie. The reaction 
of seawater with volcanic debris or other subsea materials has not 
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been adequately assessed as a part of the cycle of additions and sub
tractions from seawater. Preliminary estimates indicate that such 
reactions may be major factors in mass-balancing oceanic input and 
outgo. 

Dr. Joseph R. Curray's group continued investigations of continental 
margins and atolls, with the related objectives of determining sedi
ment distribution, structure, and geological history and relation to 
late Quaternary sea level changes. Coral reefs and atolls have been 
found to be particularly rewarding in revealing evidences of fluctua
tions in sea level. Analysis and interpretation of field ·observations 
from the Caroline and Marshall Islands, Micronesia, have been com
pleted and published in c·ollaboration with Drs. F. P. Shepard and 
H. H. Veeh. New field observations on the reefs off Panama were made 
during October with Dr. William A. Newman. They display evidences of 
former stillstands of the sea, both above and below present level. 

Curray's work on continental margins during this period has been 
concentrated on central California, the Bay of Bengal, the Indian 
Ocean, and northeastern South America. Study of the continental 
margin of central California, partly in collaboration with Dr. Eli 
Silver, U.S. Geological Survey, is now showing evidence for maximum 
total displacement along the San Andreas fault system through deline
ation of the northern end of the granitic "Salin ian" block in the vicinity 
of Pt. Arena, California. Study of the first of a two part investigation 
of the sediments and structure of the Bengal deep sea fan which fill 
the Bay of Bengal, in the northern Indian Ocean, has been completed 
in collaboration with Dr. David G. Moore, Naval Undersea Research and 
Development Center. Sediments of this fan have been derived during 
approximately the past 15 million years by erosion of the Himalayan 
Mountains and have been distributed into the Bay of Bengal by the 
Ganges and Brahmaputra Rivers. 

Dr. Henry W. Menard and his associates investigated additional 
effects of sea-floor spreading and plate tectonics, especially in the 
northeastern Pacific. The age of the sea floor, known from magnetic 
anomalies has been used to calculate the rates and intensities of 
some sea' floor processes. It appears that after the sea floor is 
created at a spreading center it sinks, on the average, at 9 cm/103 

years for ten million years, at 3.3 cm/103 years for the next 30 
million years, and then continues to sink at 2 cm/103 years for as 
long as it exists. There is a remarkably sensitive correlation between 
depth and age in any given region. Thus the "disturbed zone" between 
California and Hawaii is shallower than the surrounding flank of the 
East Pacific Rise. Likewise, magnetic anomalies indicate that it is a 
remnant of an old spreading center left isolated when the eastern 
edge of the Pacific plate jumped east between the Murray and 
Molokai fracture zones. In the northeastern Pacific, it is the only 
such large isolated remnant and also the only such large elevation 
on the western flank of the East Pacific Rise. A study of volcanoes 
shows that they increase in size with distance from the mid-ocean 
ridge crest. This suggests that they remain active as they drift with 
the crust. The maximum rate of growth of these drifting, active vol
canoes is indicated by the lack of volcanic islands rising from oceanic 
crust less than 10 million years old. 

Thomas E. Chase and his assistants have nearly completed a detailed 
set of bathymetric charts of the North Pacific. The 200 fathom con
tour interval Mercator charts will be available as ten composite charts 
in color at a scale of 7/ 10 inch per degree or in a larger scale series 
at four inches per degree. 

Stuart M. Smith and George F. Sharman have continued the project 
to digitize, store, and display bathymetric and magnetic data from 
Scripps and other sources. To date, nearly 700,000 miles of bathy
metry and 500,000 miles of magnetics in the Pacific have been digit
ized. Indexes of these data and the plotting programs are described 
in S.I.O. Reference 70-1. 

Dr. Francis P. Shepard spent two weeks on the R/V Argo off the 
Magdalena Delta in Colombia obtaining several hundred miles of reflec
tion profiles, in addition to sampling. A contour chart has now been 
completed. This work will clarify the earlier indications of diapiric 
intrusions into the delta sediments. Samples show the presence of 
early Pleistocene material brought up by these intrusions. New infor
mation was also obtained on diastrophism of the area with the dis
covery of both faults and domed folds. A submarine canyon was 
surveyed from the coast out to where it terminates in the Colombian 
Basin. 

Continued work on the measuring of currents in the La Jolla sub
marine canyons has confirmed earlier evidence that currents strong 
enough to transport sediment move alternately up and down the 
canyons, with considerably higher velocities downcanyon. Earlier cur
rent meters used were not able to measure currents more than about 
two knots, and there have been indications that stronger currents 
occur from time to time. Accordingly, other types of devices were 
built to measure these stronger flows. About 25 of one type will be 
put into the local canyons in 1970. 



Dr. Shepard has also completed a new book with Dr. H. H. Wanless 
about coastal changes of the United States, Our Changing Coastlines, 
to be published in early 1971. A third edition of Dr. Shepard's text
book, Submarine Geology, is being written. 

Completion of work on the contour map of Great Bahama Canyon 
has led to its publication. Also, work was completed on a chart of 
Truk Lagoon, which is now published. Both charts are in color. 

During 1968-1970 Dr. James W. Hawkins has been engaged in sedi
mentary and volcanic rock studies and particularly in the relationships 
of these rocks to areas of interest to marine geologists. Sedimentary 
rock studies have included hydrothermal experiments using natural 
sands from the Columbia River to study diagenetic and low tempera
ture metamorphic changes in the mineral assemblages. Results of 
these experiments indicate a possible origin of graywacke matrix 
mineralogy by hydration and recrystallization of unstable minerals and 
rock fragments. Other sedimentary rock studies include a survey and 
petrologic analysis of graywacke sandstones from the Patton Escarp
ment west of San Diego on the southern California borderland. Textures 
and mineral assemblages in these rocks show effects of low tempera
ture metamorphism which probably was a result of late Mesozoic 
tectonic processes. . 

Volcanic rock studies have included geochemical and petrologic 
studies of the Cenozoic vulcanism of the southern California-northern 
Baja California area. The variations of these lavas in time and space 
show relationships suggesting that they are related to the tectonic 
disruption of the area as the Gulf of California was rifted open. Other 
studies include the relation between the petrology of basalts collected 
in the Lau Basin area of the southwest Pacific and the geophysical 
characteristics of the area. These studies done jointly with Dr. John 
Sclater have shown that there is an oceanic ridge, with high heat 
flow, active shallow focus seismicity, and abundant fresh basalt 
apparently forming behind the Tonga Trench. 

The efforts of Dr. A. E. J. Engel and collaborators have been directed 
toward deriving more unified working hypotheses to explain the deri
vation, fragmentation, and drift of continents throughout recorded 
geologic time (-3.5x109 years) and to interrelate this history with the 
origin and evolution of oceanic crust and the rate of differentiation 
and outgassing of the crust. With Dr. Celeste Engel of the U.S. Geo
logical Survey, Dr. A. E. J. Engel is participating in lunar analytical 
studies aimed at explaining the origins and interrelations of the earth, 
moon, meteorites, and tektites. Donald Keirn, Steve Sanford, David 
Porter, Richard and Morris Viljoen, and Allen Harper have worked 
closely with A. E. J. Engel on the crustal studies and coauthored papers 
on aspects of crustal evolution. 

In August-October, 1968, on Circe Expedition, Dr. Robert L. Fisher 
and his colleagues continued geological-geophysical exploration of 
the crestal regions of the central Indian-southwest Indian Ridge 
system. Programs included precise bathymetry, magnetics, bottom 
photography, and seismic reflection studies, from 8° to 30os latitude. 
Attempts to obtain hard rocks in quantity from the active and inactive 
ridges were notably successful. These rocks, primarily extremely fresh 
and very uniform tholeiitic basalts, are being examined by various 
specialists, and notably by Dr. Celeste Engel of the U.S. Geological 
Survey and by Dr. Fisher. Furthermore, well-located samples were 
dredged in deep, faulted cross-fractures that segment the ridge and 
may be transform faults. Characteristically these were coarse-grained 
gabbros, lherzolite, and some anorthosite. These mafics and ultra
mafics represent segments of the lower crust (if this be a widespread 
stratiform sheet), possible parents or abyssal feeder equivalents of 
the tholeiitic basalts, or even cataclastic intrusions of upper mantle 
rock. The lherzolite, a variety of peridotite, is very similar in compo
sition to the hypothetical "pyrolite" postulated-on geochemical 
grounds- to be present in the upper mantle as the material from 
which the extensive basalts are derived. Chemical analyses by Dr. C. 
Engel and petrographic and dating work are underway, together with 
studies of magnetic and other physical properties, to clarify their age 
and occurrence, their bearing on the hypothesis of sea-floor spreading 
in its simplest form, and on anisotropy of the upper mantle. 

Field work on Quebrada Expedition November-December, 1969, con
tinued this program on a comparable 2300-km segment of the appar
ently more-rapidly-spreading East Pacific Rise, from 1 r N to 6os. 
Sixteen dredge hauls and extensive bottom photography in the crestal 
regions and on cross-fractures indicated only extremely-fresh to 
somewhat weathered low-alkali basalts. No exposures of cross-grained 
rocks from the lower crust were found. 

Lastly, a four-week program of dredging, photography, precise 
sounding, reflection and magnetic profiling of the deepest portions 
of Tonga Trench in the southwest Pacific was carried out by Dr. Fisher 
and colleagues in April-May 1970 on Seven Tow Expedition. Hauls on 
the deepest slope and mid-flank on the nearshore trench walls yielded 
fresh peridotites, serpentinites, gabbros, and diabases. Basalts and 
pumice were recovered in shallower areas. Only basalts, probably of 
the low-alkali type, were recovered at greatest depths on the offshore 

flanks. These samples are being analyzed by Dr. C. Engel, Dr. Fisher, 
and others at Scripps and other university laboratories. 

Dr. James N. Brune joined the staff in 1969 and has initiated an 
earthstrain measurement program. Field recordings of small earth
quakes are being analyzed to determine earthquake source parameters. 
High dynamic range, broad-band digital recordings of earthquake 
waves are used to determine Fourier spectra. The spectra can then 
be interpreted in terms of source dimensions, effective stress, and 
stress change. Theoretical and experimental results suggest that it 
may be possible to map the effective stress field in southern California 
and thus estimate earthquake hazard at particular localities. 

Installation of a permanent seismographic network around the Gulf 
of California is being carried out in cooperation with the Universidad 
National Autonoma de Mexico. The project will lead to a better under
standing of the tectonic processes leading to the opening of the Gulf 
of California as well as a better knowledge of seismicity and seismic 
hazard, both in Mexico and the United States. The tectonic processes 
in the Gulf of California are directly related to movements along the 
San Andreas fault system in southern California. 

Preliminary measurements of heat flow are being made in north
western Mexico with Dr. John Sclater and in cooperation with the 
Universidad National Autonoma de Mexico and the University of Min
nesota. These measurements are important to the understanding of 
the tectonic history of the Gulf of California. 

Work has begun on installing an 800-meter vacuum laser interfer
ometer to measure the strain pattern of the San Andreas fault system. 
If the process by which strain is built up in the earth and released 
by earthquakes is better understood, it is hoped that the earthquake 
hazard in southern California may be reduced. 

Data from five months of field studies by Dr. Edward L. Winterer 
on Precambrian marine glacial rocks in South Australia in 1968, docu
ment the history of 700 million-year-old continental and mountain 
glaciers advancing and wasting in a tectonically active coastal region 
of complex geography and bathymetry. 

In June, 1969 two weeks were spent in dredging rocks from the 
continental slope at the edge of the southern California borderland 
with Drs. James W. Hawkins, Edwin C. Allison, and Jerry L. Matthews. 
The samples consist of zeolitic graywackes, cherts, and diabase of 
the Mesozoic Franciscan formation, which taken together with higher 
pressure and temperature assemblages known from farther east, 
suggest that the Franciscan rocks of southern California are arranged 
in metamorphic facies belts produced by the sea floor underthrusting 
the continent. 

Detailed studies with Dr. Matthews on the bathymetry of the Gulf 
of Papua, visited in 1967 during the Nova Expedition, show a remark
able drowned Pleistocene topography, produced during glacial sea
level lowering, which is now being buried by sediments delivered to 
the Gulf by rivers. The volume of these sediments permits us to 
estimate the rate of erosion of the highlands of New Guinea to be 
about one meter per 100 years. 

To follow up results of Leg VII of the Deep Sea Drilling Project, Dr. 
Winterer again visited the central Pacific on R/V Thomas Washington 
in June, 1970 to dredge and survey the Line Island seamount chain. 
Magnetic survey results suggest a 1500-mile northwest drift of sea
mounts during the past 75 million years. 

Dr. Milton N. Bramlette continues research on calcareous nanno
fossils and assigns ages indicated by these fossils to the many cores 
recovered from the Deep Sea Drilling Project. Dr. Wolfgang H. Berger's 
research on productivity and depth distribution of planktonic foramini
fera continued, as did investigations concerning the preservation of 
shells on the ocean floor. Worldwide distribution patterns of cal
careous and siliceous deep-sea sediments were studied with a view 
of linking these patterns to deep-sea circulation. 

In the past years, the late Tertiary biostratigraphy of tropical deep
sea cores in the Pacific and Indian Oceans has been studied by 
Frances L. Parker. Studies of late Tertiary in Atlantic cores are now 
being carried on and a detailed comparison with the same section will 
be made. This includes material collected during the Deep Sea Drilling 
Project. Work was completed on an analysis of Quaternary (mostly 
Recent) planktonic foraminifera in the South Pacific surface sediments 
and similar studies for the North Pacific and Indian Oceans have been 
started. 

In recent years, Dr. Fred B Phleger has conducted studies on the 
general aspects of coastal lagoons and marine marshes. These studies 
include ecology, sedimentology, and development of several Mexican 
lagoons, and marshes in North America, England, The Netherlands, 
Australia, New Zealand, Brazil, Argentina, and Chile. A study also has 
been made of the evaporite deposits at Ojo de Liebre Lagoon, Mexico. 
During sabbatic leave at the National University of Mexico, a large 
research project was organized by Dr. Phleger on the ecology and 
geology of several lagoons in Campeche, Sinaloa and Sonora, Mexico. 
Studies of benthic foraminifera in areas off California Baja Cali
fornia having an intense oxygen minimum revealed unusually large 
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· Copepods, first animal members of marine food chain, store liquid 
waxes converted from fats in diatom algae food diet. 

standing stocks of relatively small, thin-shelled specimens, low 
diversity, and essentially complete preservation of the calcareous 
tests. 

William R. Riedel, in collaboration with Annika Sanfilippo, has 
worked out the systematic relationships of a number of families and 
genera of Cenozoic Radiolaria, with a resulting improvement of the 
applicability of these microfossils to biostratigraphy. Materials col
lected during the Deep Sea Drilling Project are contributing very 
substantially to the advancement of this field, because long sections 
of highly fossiliferous, uncontaminated sequences are being drilled, 
and the major groups of planktonic microfossils in them are being 
promptly investigated by competent micropaleontologists. In this way, 
the radiolarian biostratigraphy is being correlated with that of cal
careous microfossils. Substantial radiolarian chapters have been con
tributed to the initial reports on Legs IV and VII of the Deep Sea 
Drilling Project, and others are being prepared for the reports on Legs 
X and XI. Concurrently with this, the radiolarian stratigraphy of the 
Caribbean and Mediterranean regions is being investigated. Phyllis 
Helms has obtained encouraging results from a preliminary investiga
tion of the stratigraphic applicability of microscopic skeletal debris of 
fishes in Cenozoic and late Mesozoic pelagic sediments. 

MARINE BIOLOGY RESEARCH DIVISION 

Investigations in the Marine Biology Research Division embrace a 
wide range of experimental and descriptive biological disciplines, 
including physiology, biochemistry, microbiology, developmental and 
systematic biology, and ecology of the sea. Experimental approaches 
emphasize fundamental biological processes which are accentuated 
in marine organisms and their environment. The studies, which are 
often comparative in nature, examine structures, events, or processes 
in a wide range of organisms, both marine and terrestrial. New insight 
into fundamental problems of biology and medicine are gained by a 
better understanding of marine organisms and the manner in which 
they adapt to life in the sea. The work of the Division is described 
below. 
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Lipids are the major fuel for marine organisms. Of these, the 
triglyceride fats, or oils, are valued for human food; for example, 
much of the world's margarine is derived from fish oils. In the lab
oratories of Dr. Andrew A. Benson, it has been found that the first 
animal members of the marine food chain, the copepods, convert the 
fats of their diatom algae diet to liquid waxes which they store as 
an energy source. The sardines, anchovies, and herring, which live on 
copepods, reconvert the waxes back to triglyceride fats. The discovery 
of this unique biochemical link in the food chain promises to explain 
the high wax content of several other marine organisms and the 
metabolic role of the fatty alcohols in all animals. This work has been 
a collaborative effort between Scripps laboratories and those of Dr. 
J. C. Nevenzel, of the UCLA Laboratory of Nuclear Medicine and 
Radiation Biology; Dr. G. A. Paffenhofer, of the Sylt Marine Station, 
Isle of Sylt, Germany; Prof. Stuart Patton, of Pennsylvania State Uni
versity; and graduate student Richard Lee. 

New sulfonic acid metabolites have been discovered in marine 
algae, and their relation to biodegradation of synthetic detergents in 
polluted waters has been established. The discovery of sulfolactic 
acid, sulfopropanediol, and sulfolactaldehyde in this laboratory points 
the way to a new system of sugar transformation: sulfocarbohydrate 
metabolism. 

Dr. Alice Jokela has isolated the outer membrane of the halophilic 
alga Dunaliella and has reported on this in her doctoral thesis. This is 
the first plant membrane which has been isolated and studied in the 
laboratory. 

Joellen Sarner Barnett has discovered a novel process involving 
pyrophosphate hydrolysis which supplies the energy for salt transport 
in the halophilic bacteria. It may represent a "living fossil" in meta
bolic biochemistry. 

Dr. Robert Gee has succeeded in reconstituting much of the light
gathering and electron-transporting system of photosynthesis in green 
plants and algae. The conditions for this reconstitution indicate im
portant general principles in determining lipid-protein interactions 
in biological membranes. Even chloroplasts of "mutant" algae, in
capable of photosynthesis, have been restored to native activity by 
addition of an essential membrane factor isolated by Dr. Gee. . 

Dr. Brian P. Boden continued an investigation of spontaneous bio
luminescence as related to sonic-scatternig layers. Euphausiids cap
tured in the San Diego Trough from the scattering layers during 
August, September, and October reveal a substantially diminished 
power of luminescence. This observation reinforces those of Mauch
line and lett made in the laboratory on specimens from the North 
Sea and suggests a sexual motivation for the phenomenon. Alternative 
suggestions for the diminution of luminescence are the amounts of 
Ca and Mg ions and other pollutants appearing in the effluent from 
industries situated on the rivers. These are all oxidation depressants 
and would tend to discourage luminescence. Seasonal observations 
are now being conducted. It is also hoped that something will be 
learned about the collimating properties of the lenses of the photo
phores and of the orientation of the photophores. 

A program to study pathways and mechanisms of the biological 
transport of water, gases, electrolytes, and other substances in intact 
animals and tissue preparations is being conducted by Dr. Theodore 
Enns. Facilitated transport of oxygen and carbon dioxide is measured 
in material obtained from marine animals, such as the sea slug, 
Aplysia californica, and from mammals, with particular emphasis on 
the role of carbonic anhydrase in carbon dioxide transport. Rosemary 
Thompson, a graduate student, is studying the transport of electro
lytes and water in the gill cells of saltwater and euryhaline fishes. 
Another graduate student, Gerald Bowes, has studied the metabolism 
of DDT in marine phytoplankton. He has found specific sites of action 
of DDT in photosynthesis and respiration in animal mitochondria. Sev
eral papers have been submitted for publication, and another is in 
preparation. He has also published a study of the activity of carbonic 
anhydrase and its inhibition in marine algae. 

Dr. David Epel has recently joined the Division and will be con
tinuing his studies on oogenesis, fertilization, and early development 
of marine invertebrates, especially in sea urchin eggs. Intensive in
vestigations will continue on the "cortical reactions" of these eggs. 
These cortical reactions, which follow fertilization of eggs of most 
species, involve the breakdown of a peripheral ring of cortical granules 
at fertilization. Research in Dr. [pel's laboratory has resulted in pro
cedures for isolating these granules, and studies are being made on 
their chemical composition. Past research has resulted in the dis
covery of a ,8-1,3 glucanase in the granules and recently in the 
discovery of a fertilization inhibitor: Work in the coming year will 
center around characterization of this inhibitor and its putative role 
in the polyspermy-preventing reaction. Research also is directed 
toward understanding the role of ,8-1,3 glucanase in development. 
Work is also being carried out on synthesis of major proteins during 
oogensis of Urechis eggs and on the mechanism of maturation and 
meiosis in the eggs of the starfish Patiria. 



In the area of marine and comparative biochemistry, Dr. Denis l. 
Fox, his students, and his colleagues have continued investigations 
supported by the National Science Foundation on the metabolic frac
tionation of colored molecules in various marine animals, including 
several forms of sponges, three coral species, the sea slug Aplysia, 
flamingos, several species of fishes, and a number of nudibranch slug 
species. 

Dr. V. Elliott Smith completed a cytological study and comparative 
biochemical survey of the unique carotenoids in several species of 
local sponges. 

Dr. David J. Chapman, of the University of Chicago, determined 
that the violet pigment, aplysioviolin, in the ink of the sea slug 
Aplysia califomica, is a bilichrome derived from phycoerythrin, the 
conspicuous pigment of red algae consumed by the animal. The ink 
pigment appears to exercise no physiological function, but to be a 
kind of excretory metabolic end-product. 

The Gorgonian coral Eugorgia ampla was found to store, in its bright 
orange-yellow microspicules, a yellow carotenoid acid resembling a 
non-cyclic carotenoid, dihydrobixin, firmly chelated with the calcium 
carbonate; while two hydrocorals, the purple one, Allopora californica, 
from southern California waters, and the vermilion species, Disticho
pora violacea, from the Marshall Islands, possess the acidogenic 
carotenoid astaxanthin, firmly bound to the aragonitic skeletal ma
terial, recoverable therefrom as a lavendar-colored sodium salt by 
treating the skeletons with buffered oxalate or with the di-sodium 
salt of EDTA (ethylene-dinitrilo-tetra-acetate). This chemical binding 
of carotenoids to calcareous skeletal material constitutes a new 
discovery. 

Co-workers with Dr. Fox on the Gorgonian coral were Dr. Smith, 
R. W. Grigg, and W. D. Macleod; and on the two hydrocorals, Donald 
W. Wilkie. Dr. James W. McBeth completed his survey on the food and 
carotenoids of several species of brightly pigmented nudibranchs, 
discovering that these carnivorous molluscs store unaltered, various 
carotenoids present in the hydroid, bryozoan, and other prey. 

Absorption, transport, and chemical modification of carotenoid com
pounds may provide valuable clues leading toward a better under
standing of the assimilation and function of the A vitamins and allie"d 
biocatalysts which are important for vision, photokinesis in general, 
growth and reproduction. 

Dr. Fox became professor emeritus on July· 1, 1969. He was ap
pointed as Distinguished Visiting Scholar at the Cranbrook Institute 
of Science in Bloomfield Hills, Michigan, for the year starting July 1, 
1970. 

Ralph V. Dykes, a graduate student, is continuing his studies of the 
relative fertility of marine waters through measurements of growth 
in mussels exposed at different stations during which they consume 
suspended leptopel (finely particulate organic detritus) and thrive in 
accordance with the relative amounts of this material available. 

Donald W. Wilkie is continuing his studies of the genetic differences 
in relative quantities of tunaxanthin and astaxanthin in the skins of 
green, red, and intermediate brown variants within certain fish species. 

Dr. Robert R. Hessler and his colleagues have initiated an intensive 
study of the structure of the benthic community under the center of 
the North Pacific gyre. The bottom in this region represents one of 
the extreme environments to which organisms have adapted. It is 
unusually salubrious because of the great stability of physical factors, 
yet it is also harsh because of the minute quantities of food which 
filter down from the unproductive surface waters to its 5,500-6,000-
meter depths. 

In 1969, as part of the Climax II Expedition, ten quantitative samples 
were taken from one area at approximately 28°30'N, 155°30'W. The 
device that was used was a USNEL spade corer, modified to obtain 
undisturbed 0.25 square-meter cores. The high quality of the resulting 
samples demonstrated the importance of this tool for future deep-sea 
benthic research. 

In 1970, as part of the Seven-Tow Expedition, the sampling program 
was expanded to include qualitative epibenthic sled samples in the 
same area and in more productive waters to the north. 

Initial analysis of the Climax II samples reveals a metazoan com
munity dominated by polychaetes, tanaids, copepods, and nematodes. 
Standing crop is extremely low, yet the diversity of species appears 
to be quite high. This relationship emphasizes the dependence of 
diversity on environmental stability rather than on the availability 
of food. 

Current research by Dr. Nicholas D. Holland deals with secretion of 
mucopoly-saccharides by esophageal mucous cells of adult sea urchins. 
The mucous cells of the sea urchin esophageal wall have an orderly, 
polarized structure that makes them a favorable system for the study 
of the multistep process of mucous secretion. They are being studied 
with electron microscopic autoradiography to determine fine struc
tural sites of synthesis of the components of the mucous and to 
demonstrate the intracellular translocation and maturation of the 
mucous. 

Dr. Carl l. Hubbs and his associates have continued varied re
searches on marine vertebrates (particularly of the Pacific Coast), on 
paleoecological problems, and on other aspects of natural history. The 
marine vertebrate studies included a continuation of faunal studies; 
a publication about the life history and characters of a dwarf shark, 
Gale us · piperatus; systematic studies of skates, including a paper on 
study methods; an analysis of intergradation of sticklebacks; con- · 
tinuation of revisions of the achirid soles, the gerrid fishes of the 
genus· Eucinostomus and related genera, and the aulopid fishes of the 
world; a study of the biology of the Guadalupe fur seal; the documen
tation of the original abundance, near extinction, and unexpected 
survival of the related Juan Fernandez fur seal and, in collaboration, a 
revision of the species of fur seals; a study of the first known pygmy 
killer whale in the eastern Pacific; and continuations of various other 
projects. In the paleoecological area, chief attention was paid to a 
detailed documentation of the hydrographic history of 21 Pleistocene 
lakes in the northcentral Great Basin, correlated with an analysis of 
the well-differentiated remnants of fish life in the now arid area. This 
is scheduled for publication in 1971. Further progress was made in 
the study of the semitropical Sangamon fauna of Isla de Guadalupe, 
off Baja California, and on other paleotemperature studies along 
the mainland. Considerable attention was given to biographies of 
ichthyologists. 

Dr. Elizabeth M. Kampa's current research shows that photoenviron
ment exerts a profound influence on the behavior of mesopelagic 
animals and on the evolution of vision in these animals. Echo-sounding 
observations of the in situ behavior of communities of pelagic marine 
crustaceans and simultaneous measurements of the transmitted day
light reaching them indicate clearly that the creatures seek to remain 
in a light of very particular color and intensity. This affinity may cause 
centimeter-long animals to swim upward some 70 meters per hour 
faster during a clouded dusk than during a clear one. 

One isolated community of euphausiids has modified its spectral 
sensitivity and behavior to match more closely the color and higher 
intensity of light in its adopted milieu. laboratory experiments have 
shown that abnormally bright stimuli evoke a similar shift in spectral 
sensitivity in individual euphausiids. The eyes of pelagic crustaceans 
that perform diurnal vertical migrations in response to changes in 
photoenvironment exhibit similarities that cross phylogenetic lines. 
The eye of a migratory galatheid resembles closely the eyes of 
migratory euphasiids, but differs entirely from that of another gala
theid that lives permanently on the bottom in the same region of the 
ocean. The eyes of the benthic galatheid have all the cellular com
ponents of those of its migratory relative, but it lacks the ability to 
secrete crystalline structures as screening pigment. The purpose of 
this study is to elaborate these histological, physiological, and be
havioral investigations to achieve a better understanding of these 
photo-oriented animals that play such a large part in the biology of 
the sea. 

In the laboratory of Dr. Ralph A. Lewin, a significant development 
was W. F. Blankley's demonstration of heterotrophy in coccolitho
phorids. These unicellular algae, which often constitute a major 
component of the marine phytoplankton, are characterized by the 
production of mineralized (calcified) scales or coccoliths. Hitherto, 
their calcification was believed to be functionally linked with the 
photosynthetic fixation of carbon dioxide. These new physiological 
studies, carried out in bacteria-free cultures, have shown that many 
species of coccolithophorids can grow and calcify normally in dark
ness, using glycerol as the sole carbon source. This is an unequivocal 
demonstration that calcification can proceed independently of photo
synthesis, and opens up the possibility of studying the two processes 
separately. 

The work on aerobic flexibacteria has now been terminated, with 
the publication of a score of papers on their biochemistrY. and physi
ology, viruses and virus-like particles, and taxonomy. W1th the help 
of a computer analysis, some six genera and 27 species, mostly new, 
have been recognized. Most of the strains studied have been preserved 
in liquid nitrogen, in which they are expected to remain viable for 
many years. Dr. Lewin and Martha Campbell are now starting to 
examine anaerobic counterparts of flexibacteria, some of which are 
associated with certain human diseases. 

Dr. George N. Somera has recently joined the Division and will be 
continuing his studies on the biochemical mechanisms employed by 
cold-blooded organisms in the process of temperature adaptation. 
Particular attention will be directed toward the influence of tempera
ture on protein synthesis mechanisms and on the isozyme patterns 
of tissues from differently adapted fishes. 

Dr. Benjamin E. Volcani and his colleagues continue their investi
gations into the biochemistry and electronmicroscopy of the diatom 
wall and the role of silicon in diatom metabolism. Three new amino 
acids isolated from the proteinaceous material of the wall were 
characterized: l-3, 4-dihydroxyproline, C'N-trimenthyi-L-8 -hydroxy
lysine, and C'N-trimenthyl-l-8-hydroxylysine phosphate. The occurrence 
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Wind waves and run-up are measured using a digital sensor array 
at El Moreno Beach on the Gulf of California. 

of these compounds, which are chemically related to hydroxyproline 
and hydroxylysine found in collagen-the matrix involved in calcifica
tion-suggest a similar role in the silicifying matrix in diatoms, the 
nature of which has yet to be elucidated. It has been shown that 
silicon is also required for a number of metabolic transformations. 
Of special significance is the finding that silicon is essential for the 
synthesis of deoxyribonucleic acid, DNA. This indicates that silicon is 
of primary importance to the living system of diatoms. Further studies 
are in progress on the nature bf these requirements. 

In the section devoted to marine microbiology, Dr. Claude E. 
ZoBell and his colleagues have continued to investigate the effects 
of high pressure on marine microorganisms. Deep-sea pressures 
(600-1,100 atm.) at deep-sea temperatures (near 0°C) have a greater 
preservative effect on certain alien cells and enzymes than refrig
eration at atmospheric pressure or deep-sea pressure at room tem
perature. Although deep-sea pressures at subzero temperatures 
appear to inhibit the biochemical reactions of most alien cells, such 
cells are not injured either by freezing or by prolonged holding at 
subzero temperatures, provided the cells are compressed during the 
freezing process. Efforts are being made to explain these observations 
and also why certain deep-sea organisms are most active at high 
pressures and low temperatures characteristic of the deep-sea floor. 

Temperature has been shown to be one of the most important en
vironmental conditions affecting the microbial oxidation of oil 
polluting the sea. Besides its effect on the rate of bacterial reproduc
tion and the rate at which preformed cells oxidize oil films or emul
sions, water temperature has a pronounced effect on the dispersion 
of oil in water and on the adsorption of oil on sediments or other 
solid surfaces. Typical oil-oxidizing bacteria have been found to 
reproduce only about one-third as rapidly at 15°C as at 25°C and 
only about one-third as rapidly at soc as at 15°C. Rates of oil oxida
tion by preformed cells in seawater are similarly slower at lower 
temperatures. 

Dr. ·Richard H. Rosenblatt and his associates continued work on the 
collections of bottom and midwater deep-sea fishes taken during the 
Styx cruise. Additional material from the Philippine and South China 
Seas, collected on the Antipode Expedition in August and September, 
1970, will extend the conclusions drawn from the Styx study. As part 
of continuing studies on systematics and zoogeography of eastern 
Pacific shore fishes, a review of the genera of snake eels (Ophich
thidae) was published. A study of adaptations for terrestrial vision in 
the amphibious clinid fish, Mnierpes macrocephalus, was completed 
and published. Papers on the viviparous clinids of the genus Starksia 
and developmental changes in light organs of deep-sea fishes of the 
family Searsidae were completed. Studies in progress include reviews 
of the eastern Pacific jawfishes (Opistognathidae) and groupers of 
the genus Mycteroperca. 

During the past two years, Dr. Francis T. Haxo has extended his 
studies of the wavelength and light intensity-dependence of photo
synthesis to oceanic populations of the nitrogen-fixing, blue-green 
alga, Trichodesmium, which were encountered in some abundance 
during the Climax II Expedition in the vicinity of 28°30'N 155°30' W. 
Semiautomatically recorded photosynthesis action spectra of sub
surface populations revealed the prominent participation in photo
synthesis of a novel bile pigment protein and the virtual suppression 
of photosynthesis at wavelengths below 350 mJL by the massing absorp-
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tion of an ultraviolet absorbing substance. Surface populations of 
Trichodesmium appeared quite inactive. Highly solarized populations 
of the blue-green alga, Calothrix, found growing on glass floats, dis
played an unusual tolerance for high light intensities and a depressed 
photosynthesis activity in the blue end of the spectrum attributable 
to absorption by a yellowish-brown sheath pigment. Responses in both 
blue-green algae may represent adaptations to the high level of solar 
radiation typical of tropical environments. 

In other studies, microspectrophotometry is used to characterize 
the spectral absorption properties of colored inclusions within the 
cells of various marine organisms, particularly the extra-plastidic 
granules and chloroplasts of phytoplankton organisms. 

Dr. Haxo is on sabbatical at the Brookhaven National laboratory, 
Upton, New York, continuing his research on marine pigments and 
photosynthesis. 

OCEAN RESEARCH DIVISION 

The work of the Ocean Research Division includes studies dealing 
with ocean water: its composition, including the organisms that in
habit the ocean; its movement, including waves and currents and the 
effect of this movement upon the organisms, bottom, and coastlines; 
and the exchange of quantities, such as heat and water, with the 
atmosphere and the solid earth. The investigators thus cover a wide 
range of research problems and techniques, involving both laboratory 
studies and long expeditions at sea. Some impression of this range 
is given by the subject matter presented here. 

Dr. James T. Enright completed an extensive analysis of long-term 
data on the abundance of nearshore phytoplankton. The data collected 
by Allen in 1919-20, indicate that certain diatom species divide syn
chronously at night. Since the algae are subject to continuous grazing 
mortality, their populations show an apparent decrease in abundance 
from morning to evening with a corresponding increase from evening 
to morning, in spite of the fact that photosynthesis U.e., increase in 
algal biomass) takes place only in the daytime. This interpretation of 
the data permits an indirect estimate of the minimal intensity of graz
ing, and of the algal turnover rates. 

In studies of the long-term persistence of tidal rhythms in beach 
crustaceans, attention has been focused on a fortnightly amplitude 
modulation, which is environmentally synchronized with the spring 
tides. Present data exclude the hypothesis that this longer-term 
endogenous periodicity is produced by "beats" of the endogenous 
tidal rhythm and a possible superimposed daily rhythmicity; the period 
of the fortnightly component is apparently independent of the free
running period of the tidal component. 

Dr. E. W. Fager and colleagues have continued studies of the ecology 
of single species populations and communities. Recent work has 
included studies of the species structure and distribution patterns 
of diatom communities in both the North Pacific and in the nearshore 
region off southern California; the feeding, food requirements, and 
population dynamics of a high-beach isopod; the ecological natural 
history of two species of gorgon ian corals; the population dynamics of 
two species of intertidal predatory snails; and the development of 
communities on artificial "rocks" placed in the midst of sand environ
ments. All of the studies have combined field observations and collec
tions, field experimentation, and computer simulation studies. 

Some of the interesting results of these studies are the discovery 
of a dense population of living phytoplankton in mid-ocean in the 
North Pacific at depths below those at which photosynthesis is ex
pected; the finding that many colonies of gorgonians live for 40 to 50 
years, and that annual rings in the central stalk can be used to 
determine their age; the observation that the growth patterns of inter
tidal snails are very erratic, with no detectable growth for several 
years then a sudden increase in size; and the unexpectedly great 
dissimilarity of the communities formed on the artificial "rocks," both 
in terms of species present and their relative abundance. 

Because these "rocks" are identical in construction and materials 
and are all placed at the same depth on an open sand bottom, the dif
ferences between them suggest that chance plays a much larger role 
in the establishment and maintenance of communities than had been 
thought. Weekly diver observations have shown that there are annual 
and shorter term changes in the animals on and around the "rocks." 
Photographic observation over periods of 12 to 24 hours has shown 
that the larger, motile animals, in the absence of divers, have diurnal 
and shorter period patterns of feeding and movement. Thus, the com
munity is constantly changing within a repeated set of patterns with 
a large range in time scales. A computer model with appropriate com
ponents, including a random process of selection of species lists for 
the communities, has been successful in predicting the observed 
structure. 

Dr. Russ E. Davis has been concerned with various aspects of wind
generated ocean waves. As part of the Barbados Oceanographic and 
Meteorological Experiment (Bomex), measurements of ocean waves 



were made using a multiple element array mounted on FLIP. These 
data will be used to test various theories for wind generation of waves, 
as well as to provide a detailed description of the statistical prop
erties of sea state. Theoretical investigations of the air flow over 
waves have been carried out in order to understand the mechanism 
of wave generation by wind. These studies have been concerned 
with the nonlinear effects and with the nature and importance of 
turbulence in the mechanics of the generation process. 

Dr. Theodore R. Folsom continued an oceanic survey of fallout radio
activities, with special attention to Cs 137 concentrations in the Pacific, 
stratified at depths of about 100-300 meters. In order to cover large 
areas, certain simple sampling procedures have been developed which, 
however, require fairly precise knowledge of the oceanic distribution 
of Cs 133, a natural non-radioactive . element occurring only in trace 
amounts whose absolute concentrations (near 0.30 parts per billion) 
have been difficult to determine and have been reported with different 
apparent biases by different workers. Comparisons between flame 
determinations of seawater samples at Scripps and activation analyses 
at Battelle Northwest Laboratory indicate satisfactory absolute agree
ment in the analysis of natural nonradioactive cesium. The means of 
six replicate samples analyzed in each manner differed only about 
three percent. This evidence of reliability justifies use of natural 
cesium for normalizing most classes of radioactive cesium samples 
collected at sea. The more recent natural cesium measurements at 
Scripps now are replicating within about one percent, even when the 
sample contains only 1/3 microgram. 

As part of the new laboratory on Mount Soledad specialized for 
the study of small traces of radioactivity in the marine environment, 
a new "2-dimensional" gamma spectrometer was installed. By using 
this sensitive instrument, a very long-lived, gamma-emitting nuclide 
(127 year), silver-108m, was discovered in certain marine organisms. 
Measurement of the amount of this long-lived nuclide relative to the 
amount of another, shorter-lived silver nuclide that was also present 
in the same tissues dated the origin of the fallout. From comparisons 
of radiosilver concentration observed in organisms in several regions, 
it was strongly suggested that one quantity of 1961 fallout silver had 
remained isolated from mixed surface layers for about two years, 
presumably just above the thermocline. This observation is consistent 
with the observed persistence of certain subsurface strata in the 
California Current as delineated by fallout Cs137 concentrations. 

Dr. Roger Grismore is developing computer programs to model the 
transport of oceanic water mass tags, in conjunction with interpre
tation of the surveys of fallout Cs137 in the oceans that were made by 
Dr. Folsom's group. The work to date has been carried out under the 
assumptions that the tags are carried along by the geostrophic cur
rents, and that they move in a surface layer of constant thickness 
only. Programs have been written both to turn the basic geostrophic 
data into a velocity for any point of the ocean and to calculate the 
development of the tag distribution from a known input due to the 
velocities so calculated. Map plots of current trajectories, integrated 
from the velocities calculated in the course of this work, have sup
ported the suggestion of convergences in the California Current 
which had previously been suggested by fallout surveys. 

Dr. Tsaihwa J. Chow, in collaboration with Dr. C. C. Patterson of the 
California Institute of Technology, concluded an extensive study on 
the chemical composition of the Antarctic continent and of annual 
ice sheet layers from the interior of northern Greenland. In this study 
it was shown that lead concentrations increased from 0.001 pg Pb/ kg 
ice at 800 B.C. to 0.20 pg Pb/ kg ice found today in north polar ice 
sheets, with the sharpest rise occurring after 1940. The level of lead 
in south polar ice sheets was generally below the limit of detection 
before 1940 and rose to about 0.02 pg Pb/kg ice after 1940. The 
difference between the lead concentrations in northern and southern 
polar snows is ascribed to barriers to north-south tropospheric mixing 
which hinder the migration of aerosols from the northern hemisphere 
to the Antarctic. 

A lead increase in snow can be more confidently related to its 
atmospheric concentrations if it can be shown that the background 
of sea salts and dusts in the ice remains constant. Chemical concen
trations of potassium, sodium, magnesium, calcium, titanium, chlo
rine, and silicon were measured by isotope dilution, neutron activation, 
atomic absorption, and colorimetric spectrophotometry. In most cases, 
two methods were used for each element. 

The polar ices were found to be extremely pure and nearly equal to 
the purest laboratory water. This made the determination of salts and 
dusts difficult because it became necessary to scale up sensitivities 
without losing too much accuracy. Observations of the chemical con
centrations of polar ices can be explained in terms of simple relations 
between sea salts and terrestrial dusts. About 18 times more dusts 
were found in Greenland interior ice (35 pg/kg) than in Antarctic 
interior ice (2pg/kg), but twice as much sea salt was found in Antarctic 
interior ice (110 pg/kg) than in Greenland interior ice (67 ~/kg). 
The proportions of major constituents were found to adhere closely 

The magnified BT temperature curve is traced by a mechanical 
pantograph, whose motion, measured by voltmeter, is electronic
ally recorded on magnetic tape. An immediate decimal printout can 
be made. 

to sea-salt ratios in ices that were relatively free from silicate dusts. 
The chemical data of trace elements in seawater are being con

stantly revised. For example, the indium content of seawater has 
been reported in existing literature as 20 pg per liter of seawater. 
However, preliminary analysis of this element by Dr. Chow and his 
colleagues gave a concentration of 0.004 pg per liter of seawater. 
A brief paper on this finding has been published. 

The ocean bottom under the center of the North Pacific gyre repre- · 
sents one of the extreme environments to which organisms have 
adapted. It is unusually salubrious because of the great stability 
of physical factors, yet it is also harsh because of the minute quan· 
tities of food which filter down to its 5,600-meter depths. Dr. Robert 
R. Hessler and his colleagues initiated an intensive program to study 
the structure and dynamics of the fauna of this environment. As part 
of the Climax II Expedition, ten quantitative samples were taken 
from one area (two clusters of five) at approximately 28°30'N, 
155°30'W. All of these samples were of especially high quality 
and should give an accurate assessment of the standing crop of the 
invertebrate, macrofauna. The device that was used is a USNEL spade 
corer, modified to obtain undisturbed 0.25 square-meter cores. If 
future lowerings are equally successful, this device will be an im· 
portant new tool for deep-sea benthic research. 

Also on this cruise, a successful camera lowering was made which 
will help reveal the abundance and variety of those large benthic 
organisms that are too rare or too fast to be captured by standard 
techniques. 

Additional qualitative techniques are planned in the same study 
area. It is hoped this will yield the total fauna in sufficient quantities 
for investigation of the diversity of this fauna. 

Dr. RobertS. Arthur constructed a model of temperature and salinity 
profiles from STD records made in the Pacific subarctic in the winter 
of 1966 on the Boreas Expedition. Differences in the shapes of the 
temperature and salinity profiles in the layer below the halocline are 
accounted for by assuming a microstructure consisting of laminae 
which are separated by interfacial regions. Molecular transfer at the 
interface is suggested, and the very different rates of diffusivity of 
heat and salt influence the structure. The model must be considered 
tentative because of the limitations in the determination of micro· 
structure from STD records. 

The laboratory of Dr. Joris M. T. M. Gieskes began studies of the 
behavior of the activity coefficients of electrolytes in mixed electro· 
lyte solutions at a constant ionic strength. Peter Christenson, a gradu
ate student, initiated studies of the activity coefficient of potassium 
chloride· in mixtures with magnesium chloride, potassium sulfate, and 
magnesium sulfate at a constant ionic strength of one. The aim of 
these studies is to investigate the behavior of the activity coefficients 
in seawater and seawater-like solutions. Graduate student Edward 
Sholkovitz began studies of possible changes in the chemical param· 
eters, just above the bottom in the various basins off the west coast 
of southern California. If such gradients are found, one should be 
able to . study exchange processes at the interface water sediments. 
Dr. Gieskes prepared a manuscript relating various chemical factors 
as studied in the Baltic Sea during his stay at the University of Kiel, 
Germany. 
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Studies of island circulation, commenced in 1967 by Dr. William G. 
Van Dorn, were continued with another expedition leg in October
November, 1968, to McKean Island, Phoenix Group, where wind, tide, 
current, and buoy drift observations were conducted for about two 
weeks. The net water transport was found to be exceptionally weak 
during this period, permitting excellent correlation between tide and 
tidal currents. The mean transport at 250 meters depth was con
sistently in the wind direction, and both swept through 360 degrees 
of azimuth, at roughly six-day intervals, twice during 16 days. 

Dr. Van Dorn also continued his studies of lunar mare evolution, 
finding that over 40 lunar maria have been demonstrated to have 
resulted in a very systematic fashion from impact explosions, such 
that all of their respective dimensions, times of formation, and spac
ings of concentric mountain rings fall in specified relation to their 
impact energies. Thus, the 50 km rubble layer computed for the Mare 
Orientale is demonstrated to be a universal feature of the lunar crust, 
and strong evidence is presented for a multilayer lunar crustal struc
ture, with temperature increasing inward to the melting point at such 
depths as 300 km inside the moon at the time of mare formation. 

Arnold E. Bainbridge and Dr. Charles D. Keeling continued their 
investigations of the geochemistry of carbon dioxide. Drs. Keeling, 
Chi Shing Wong, and John Edmond have perfected methods to deter
mine total inorganic carbon and alkalinity in ocean water. Bainbridge 
has developed a more sensitive analyser for the continuous measure
ment of atmospheric C02; it replaces the existing analyser at Mauna 
Loa Observatory, which has been in use for the last 12 years. Similar 
instruments are to be installed in New Zealand, Antarctica, and Fiji in 
order to extend the long-term record obtained at Mauna Loa to a 
global survey. 

Bainbridge has shown, from the present record at Mauna Loa, that 
the rate at which C02 is being added to the atmosphere is getting 
smaller each year, despite the increase in the rate of fossil fuel 
burning. This can be explained by an increase in C02 solubility in the 
surface oceans, caused by a decrease in temperature. Such decreases 
in temperature have been reported by Dr. Jerome Namais. Robert T. 
Williams is extending the investigation by air and ocean observations 
of fossil-fuel-produced gases, such as carbon monoxide, hydrogen, 
methane, and nitrous oxide. 

Dr. D. John Faulkner and colleagues have developed a novel method 
for the synthesis of isoprenoid terpenes- one which allows these 
compounds to be obtained in high purity. The terpenes are a group 
of naturally occurring organic chemicals that were formerly valued as 
components of perfumes and more recently as agents for insect 
control. 

This group also initiated a research program to isolate and identify 
previously unknown chemicals from marine sources. They have purified 
a toxin from the sunburst starfish, Pycnopodia helianthoides, and are 
now determining its chemical structure. Also under investigation are 
the volatile compounds produced by the kelp Macrocystis pyrifera 
commonly found along the southern California coastline. 

Margaret K. Robinson's Bathythermograph Analysis and Processing 
Group has contracted with the National Oceanographic Data Center 
(NODC) and the U.S. Naval Oceanographic Office (NAVOCEANO) to 
digitize 50,000 analog bathythermograph (BTI temperature-depth traces 
per year. The group uses the BT digitizer designed and developed at 
Scripps Institution under the sponsorship of the Office of Naval Re
search (ONR). The group also has digitized BT data from the Canadian 
Oceanographic Data Centre; from Oregon State University; from the 
University of Washington; from the Institute Hidrografico de Ia Armada 
and the Institute de Fomento Pesquero, Chile; and from the Institute 
Del Mar, Peru. The latter two countries cooperated with Scripps and 
the U.S. Bureau of Commercial Fisheries, La Jolla, in the Eastropac 
Expedition. 

The digitized data are being used to produce a NAVOCEANO-published 
atlas of monthly temperature distribution at the surface and at 100-, 
200-, 300-, and 400-foot levels in the Pacific Ocean. The analysis is 
being done by computer, using programs that are operational at 
Scripps and at the U.S. Fleet Numerical Weather Central, Monterey, 
California. These computer programs, which produce complete fields 
from existing data by interpolation, have been used to derive annual 
temperature distribution from 400-foot (125 meters) depths to the 
ocean bottom, as well as to determine annual salinity distribution 
(surface to ocean bottom) from the NODC magnetic tape file of hydro
graphic station data. The numerical fields are checked for oceano
graphic consistency and then plotted, using contouring programs 
developed to run on Scripps's Cai-Comp plotter. The combined shallow 
and deep temperature and salinity values will be used in ocean model 
studies and to compute monthly dynamic topographies, heat budgets, 
and sound velocity fields. The numerical values will be retained on 
magnetic tape for updating and revision. 

Dr. Myrl C. Hendershott and Antonio Speranza, a visitor from Venice, 
developed a model of tides in small seas such as the Adriatic or the 
Gulf of California. The model accounts for the notable difference 
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between semi-diurnal tides in these two (morphologically quite similar) 
basins in terms of the amount of tidal dissipation at the head of each 
one. It appears that the model applies to a number of other cases, too. 

Dr. Hendershott obtained solutions to Laplace's Tidal Equations by 
using the method of finite differences for the M2 tide in the world's 
oceans. It proved essential to include the actual bottom relief of the 
sea floor as well as the tides of the solid earth. The computed rate 
at which the moon works on the ocean is in good agreement with astro
nomical prediction; although the computed amount of energy stored 
in the tides appears somewhat larger than previous estimates. 

Drs. Warren S. Wooster and James H. Jones cooperated in a study 
of the water properties and vertical current structure of the Cromwell 
Current in the eastern Pacific. Profiles of temperature and salinity 
measured with the in situ Bissett-Berman STD were used to determine 
the static stability of the water column in terms of the Vaisala fre
quency. Vertical measurements with paired current meters yielded 
the vertical velocity shear. A combination of these two kinds of 
measurements permitted the evaluation of the dynamic stability in 
terms of the Richardson number. 

The measured current shear was shown to correlate significantly 
with the Vaisala frequency. In the 13°C thermostat which lies well 
below the velocity core, the Richardson number is low, and a fully 
turbulent flow is inferred. 

Research on coastal upwelling continued. Together with Hellmuth 
Sievers, Dr. Wooster completed a climatological study of the relations 
among surface temperature, heat exchange, surface drift, and surface 
winds along the west coast of South America. While on sabbatical 
leave at the University of Kiel, Dr. Wooster also participated in the 
Rossbreiten Expedition on Meteor, during which changes in character
istics of a freshly upwelled patch of water were studied off the 
northwest coast of Africa. 

The research program of Dr. Douglas L. Inman's group studying shore 
processes and nearshore oceanography includes field measurements 
of waves, currents, and sediment transport, and also an experimental 
program utilizing the wave and current facilities in the Scripps 
Hydraulic Laboratory. 

Their research accomplishments during the past two years included 
(1) experimental verification of a model for the dispersion of water 
in and near the surf zone; (2) completion of a study of edge wave 
theory to determine the applicability of the theory to the prediction of 
rip current spacing; (3) the development of a working hypothesis for 
the mechanism of energy transfer from shoaling incident waves to 
low-frequency beat waves; and, (4) completion of a study of the rela
tion between the longshore transport rate of sand and the magnitude 
and direction of energy flux of the breaking waves. Continuing activ
ities include (1) field and laboratory study of the direction and flux 
of energy in the surf zone and the spectra of wave run-up on beaches; 
(2) investigation of shelf circulation and the generation of currents 
in submarine canyons; and, (3) a field study of the water-sediment 
interface under wave action and the movement of sand in the develop
ment of bed forms. 

The dispersion of water and pollutants in the surf zone follows a 
model based on the budget of water in the nearshore circulation cell 
and the spacing between rip currents. Two important mixing mech
anisms are operative in the nearshore circulation cell. The first is 
associated with the turbulence and shear of the breaking wave and its 
bore, which produce rapid mixing in an on-offshore direction within 
the surf zone. Here the length and time scales are of the order of 
100 ems and 10 sees, with coefficients of eddy diffusion of the order 
of 104 cm2/ sec. The second process is associated with the longshore 
and rip current systems in the nearshore circulation cell. Mixing 
associated with the circulation cells has the dimensions of the cell, 
about 105 em, and a time scale determined by the residence time 
of water in the surf zone, about 103 sec. The corresponding mixing 
coefficient is of the order of 107 cm2/ sec. These processes have been 
evaluated in the field from the dispersion rates of dye and by the 
dispersion of a large volume of mud introduced into the surf zone at 
Silver Strand State Beach, near Coronado. 

Robert J. Tate recently completed a Ph.D. dissertation using edge 
wave theory to produce a model capable of predicting rip current 
spacing. Laboratory measurements for this study were designed to 
determine a measure of the coupling efficiency between the incident 
waves and the various edge wave modes and to measure the ampli
tudes of edge waves in the circulation cells. Field observations were 
made on two natural beaches of geometry beyond limits attainable in 
the laboratory. An objective of the field studies was to test the model 
at prototype scale for different beach slopes. The results indicate 
that the proposed model is reasonably accurate in the prediction of 
rip current spacings. 

A theoretical and experimental study of shoaling waves has resulted 
in a working hypothesis for the mechanics of wave shoaling and the 
generation of beat waves. It appears that when low-amplitude, non
breaking waves shoal, they establish standing waves. Analysis of data 



MPL's deep-tow instrument, an electronic device for mapping the 
sea floor, is hoisted on board R!V Thomas Washington. 

and theory has suggested that the standing wave pattern is described 
by a zero order Bessel function. Beat waves of a particular frequency 
and amplitude result from the combined effects of offshore, non-linear
wave/wave interactions and interactions between waves and nearshore 
geometry. Shoaling waves characterized by a simple, narrowband 
spectral peak would tend to produce a low-amplitude, very low-fre
quency beat wave; while a bimodal spectral peak would generate a 
high-amplitude beat wave having a frequency equal to the difference 
in frequency of the two spectral peaks. The largest amplitude beat 
wave results when offshore interactions generate waves at one of the 
beaches' resonant frequencies. Field measurements of shoaling waves 
and run-up in the ocean have shown the occurrence of beat waves in 
the run-up spectra of real waves. 

A study of the relation between sand transport and wave action on 
natural beaches was completed and was the subject of Paul D. Komar's 
Ph.D. dissertation. This study resulted in 14 series of comprehensive 
measurements of the relation between the direction and flux of wave 
energy and the longshore transport of sand. The data show that the 
transport rate of sand is in good agreement with two interrelated 
models. The first model related the immersed weight longshore trans
port rate to the longshore component of energy flux, while the second 
related the transport rate to the product of the wave stress in the 
surf zone and the velocity of the longshore current. The data show 
that the two models are coherent. 

Dr. Charles S. Cox and collaborators have been working with the 
structure of physical variables within the sea on a very fine scale. 
Instruments capable of resolving the thermal structure to a centi
meter scale have been in use for several years in order to learn the 
structure of turbulence and the rate of entropy generation in the sea, 
and from this, the mechanism of heat flow. It appears that in several 
places in the ocean, turbulence is so weak that only a small amount 
of heat is mixed vertically downwards. This implies that the main 
process of heat flow to the deep sea is from steady advection rather 
than from turbulence. 

A conductivity probe has been developed as a companion instru
ment in the hope of measuring the salinity and density of the ocean 
on an equally fine scale. 

Tides in the Gulf of California are to be measured at a number of 
island and coastal stations. In conjunction with computed solutions 
to the hydrodynamic equations, these data should give information 
on the mechanisms of the dissipation of tidal energy and the loading 
of the earth's crust. 

Work is continuing on the interpretation of magnetotelluric data 
obtained from shipboard and from nearby land stations on the Peru
vian and Indian coasts. 

Studies by Dr. J. A. McGowan and his students included intensive 
replicate sampling of an area near the center of the eastern North 
Pacific central water mass. Measurements were made of as many 
physical-chemical-biological properties as possible. Continuous sam
pling involved following a set of drogues for ten days. A second study 
in the same area used similar sampling methods but on a tightly 
spaced grid of stations. 

The purpose of this program was to obtain the necessary materials 
for a detailed description of the species structure and the physical 
habitat of an area of suspected great stability. 

Similar studies were also done in the central South Pacific water 
mass and in an area of suspected instability, the California Current. 

Dr. McGowan's students are studying the filtration efficiency, food 
habits, and growth of salps; the taxonomy, distribution, and abundance 
of the large oceanic squid family Ommastrephidae; and the fine-scale 
vertical and horizontal distribution of zooplankton. 

MARINE PHYSICAL LABORATORY 
In contrast with other years in which they have ranged com

pletely around the world, Marine Physical laboratory (MPU operations 
during this period spanned only from the western Atlantic (off Bar
bados and Puerto Rico) to the Japanese Pacific coast. Emphasis was 
primarily on acoustic studies of the sea and the crust beneath it, 
although geomagnetic investigations and instrument development were 
also notable. Most of the activities were interrelated in the following 
seagoing expeditions: Bomex, Piquero, Oconostoto-Tow, Parka, Scan, 
Equatow, and Seven-Tow. 

FLIP, MPL's spar buoy laboratory, operated away from San Diego 
for three extended periods; two were in the familiar areas near 
Hawaii, and for the first time, one was in the Atlantic. 

The two Hawaiian operations occurred in the late summer of 1968 
and winter of 1969-70. In these expeditions (Parka I and II), FLIP 
provided primary support for receiving hydrophones and data record
ing for William Whitney and Dr. Fred N. Spiess as part of a multi
institution underwater sound propagation study in the North Pacific. 
This work was carried out in collaboration with the University of 
Hawaii, the U.S. Naval Research laboratory, Columbia University 
(lamont-Doherty Geological Observatory), the U.S. Underwater Sound 
laboratory, and the U.S. Naval Oceanographic Office. Although the 
primary observations were made using hydrophones mounted on FLIP 
and suspended below her, secondary environmental monitoring activ
ities used expendable bathythermograph units, a doppler current 
meter, and first trials of an array of three rapid cycling BT units. 
The current meter, designed and built by Dr. Philip Rudnick and Earl 
D. Squier, transmits a 9 MHz signal and measures the frequency shift 
of the sound scattered back from inhomogeneities in the immediately 
surrounding water. Sensitivity of the meter is about 1 em/ sec (0.02 
knots). Currents in the range 0.7-1.0 knot were observed in the upper 
hundred meters. The rapid cycling BTs provide successive tempera
ture profiles every two minutes. The units are suspended from three 
booms extending out from FLIP and provide data for studies of internal 
wave motions in the upper part of the sea. 

Between the two Hawaiian operations, FLIP went through the Panama 
Canal and worked in support of Dr. Fred Fisher's sound propagation 
studies east of Puerto Rico and in meteorological observations during 
Bomex. This latter- the Barbados Oceanographic and Meteorological 
Experiment-was an operation involving ships and aircraft of the U.S. 
Navy, the U.S. Coast Guard, and the U.S. Coast and Geodetic Survey. 
Scientists from many institutions documented the large-scale meteoro
logical situation in a 500-mile square just east of the Atlantic . island 
of Barbados. Within this large-scale framework, however, it was desir
able to know what was happening on the micro-scale, particularly 
with regard to air turbulence just above the sea surface. These ob
servations were made from FLIP by a variety of methods used by 
scientists from the University of Washington, Oregon State University, 
Texas A&M University, the University of Michigan, the U.S. Naval 
Oceanographic Office, and Scripps Institution. Special booms were 
built to allow hot wire anemometers and other probes to move ver
tically over a 10-meter span at distances of as much as 15 meters 
out from the side of FLIP. (This distance minimized air flow disturb-
ance from FLIP's own structure.) · 

Also in May, 1969, as part of !3omex, Dr. Edward McAlister's group 
operated their two-wavelength infrared radiometer. These tests in
volved the first field use of the airborne digital data reduction system 
for the radiometer output. Data were recorded for repeated 30-second 
flights over a one-mile strip of ocean near FLIP for ground truth. In 
spite of severe weather conditions, tests on several days showed 
values of heat flow (ocean into air) from 0.40 cal cm-2 min-1 at 18 
knots wind speed to 0.005 cal cm-2 min-1 during intermittent rain 
squalls. These values result from simultaneous readings of radiation 
at two wavelengths from the sea, the sky, and two reference bodies. 
Thirty thousand readings were made in each 30-second run and were 
averaged to obtain the heat-flow values. This is the first time that 
airborne total heat-flow measurements have been made. 

Following completion of the meteorological program, FLIP proceeded 
to Puerto Rico to change equipment and carry out studies of sound 
propagation fluctuations under Dr. Fisher. While much of this research, 
involving the effects of temperature variations and bottom topog
raphy, could have been done in the Pacific, the Atlantic location 
allowed the opportunity for work to be conducted jointly with SPAR 
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(a craft similar to FLIP, operated by the U.S. Naval Ordnance Labora
tory). This made possible the conduct of short-range experiments in 
which both the sound source (on SPAR) and the receiving hydrophones 
(on FLIP) were stably supported in the water. 

Back in the San Diego area, additional studies were made with the 
wide-band acoustic reverberation system under the direction of Dr. 
Victor C. Anderson. The system has been improved by the addition 
of a small, general-purpose computer which has greatly increased 
the data handling capability of the system. Records can readily be 
made between 50 and 1,600-meter depths over seven frequencies, 
from 3.5 to 25 kHz. Scattering profiles are plotted directly on board, 
and the data are stored on magnetic tape for further reduction at the 
shore computer facility. With the addition of a range recorder to the 
system, individual scatterers have been consistently observed down 
to the full working depth of the system. Photographic equipment is 
being incorporated into the reverberation system so that the acoustic 
cross-section characteristics of the scatterers may be correlated with 
photographic identification. 

Studies of fine-scale features of the sea floor and the water close 
to it were carried out by Dr. John D. Mudie on Oconostoto-Tow Expe
dition, by Dr. Spiess on Equatow Expedition, and by Dr. Mudie and 
Dr. William Normark on early legs of Seven-Tow Expedition. Ocon
ostoto-Tow produced a series of long profiles of fine-scale bottom 
topography and magnetic anomalies and for the first time, added a 
capability to measure temperature to 0.001 oc. This was used to 
explore the southern basins of the Gulf of California. No hot spots 
were found, but magnetic and fine-scale topographic measurements 
were made both in the Gulf and outside its mouth. Equatow (October, 
1969) was a detailed study of an abyssal hill area at latitude r38'N, 
longitude 134 ow. In this region of rapid sedimentation, it was found 
that erosion had (at some earlier time) planed off the gently folded 
sea floor, exposing sediments up to 35 million years old which are 
now covered with only a small veneer (10 em) of very recently de
posited material. Similar evidence of sea-floor erosion was found in 
a February, 1970 survey at latitude 13°45'N, longitude 126°10'W by 
Dr. Mudie on the first leg of the eight-month Seven-Tow Expedition. 
On a subsequent leg of that trip (April, 1970), Dr. Normark made a 
detailed study of part of the top of Horizon Guyot, a flat-topped, large 
seamount near latitude l9°30'N, longitude 168°50'W. Topographic 
and photographic details along with bottom current measurements 
combine with other evidence to indicate that the mountain top (at 
2,000-meters depth) may have been shaped by erosional processes at 
depth. 

One leg of the Piquero Expedition was led by Professor Victor Vac
quier, accompanied by Dr. John G. Sclater. The primary purpose of this 
portion of the voyage were the measurement of terrestrial heat flow 
and the mapping of complex magnetic field variations off the coast 
of South America. The heat-flow work at sea was augmented by 
observations of continental heat flow made in Lake Titicaca, Peru. 
Nineteen measurements were made there, yielding normal values 
rather than the high ones which had been expected. 

The outfitting of ORB, MPL's 45x45-foot manned barge, was com
pleted, and operations were conducted at sea using the load-handling 
capability of her center 15x20 foot well doors and her large winch 
and accumulator system. Some of these operations evaluated and 
developed loadhandling capabilities; others carried out research 
projects at sea. These projects included lowering DIMUS signal
processing arrays into the ocean; handling the acoustic reverberation 
instrument package; and finally, carrying out initial tests with RUM, 
the remote-controlled, bottom-working tractor. 

The initial experience with ORB as a research platform was very 
encouraging. The optimum use of living and laboratory spaces on 
board provided a very flexible and convenient platform for ocean 
engineering work at sea. Careful design of the loadhandling equip
ment on board ORB made it possible to handle large loads, such as 
the ten-ton RUM at sea, using a fully automated hydraulic control 
system operated by only two men. 

During the past year, RUM was brought to an operational state. 
In seven trips to shallow-water operating areas (40 to 150-foot depths), 
51,150 feet of bottom traverse were logged in 55 hours of operating 
time. Seven trips to deep-water areas (1,300. to 3,400-foot depths) · 
yielded an additional 59 hours of operation and a travel distance of 
4,400 feet. Of a total of 350 hours on station, 114 hours were spent 
on the bottom, 29¥z hours in one stretch. 

Previous reports noted confirmations by Drs. Russell W. Raitt and 
George G. Shor of the fact that sound speed varies in the earth's 
crust below the Mohorovicic discontinuity; variation depends on the 
sound's horizontal direction (e.g., five percent faster east-west than 
north-south off the California coast). The observations involved were 
made during three multi-ship expeditions over the last several years. 
In view of the desirability of obtaining further information about such 
variations and the conflicting cost of multi-ship operations, the Raitt-
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Shor group concentrated considerable recent effort in ·developing 
capability to make these observations with single ships. 

During October and November, 1969, Drs. Raitt and Gerald B. Morris 
and Helen Kirk successfully made such measurements on Leg IX of 
Scan Expedition. Stations were made on both sides of the East Pacific 
Rise near the equator using moored sonobuoys with balloon-suspended 
radio transmitters. Significant anisotropy was measured at four sta
tions; the direction of the high-velocity vector was east-southeast, 
perpendicular to the trend of the Rise. Additional stations were planned 
for the summer of 1970 in the north and western Pacific where the 
magnetic lineations and presumed direction of sea-floor spreading 
differ markedly from those found in the eastern Pacific. 

Dr. Shor's work on other legs of Scan Expedition included operations 
in the far western Pacific in the vicinity of the Shatsky Rise. This 
structure showed a very thick layer (1 to 1 Vz km) of apparently pelagic 
(deep-sea) sediment on its top. Magnetic surveys to the west of the 
Rise showed lineated magnetic anomalies, common in many parts of 
the oceanic world but not previously observed in the northwestern 
Pacific. 

PRL scientists prepare Weddell seal for lab studies of physiological 
responses to simulated deep-dive conditions. 

PHYSIOLOGICAL RESEARCH LABORATORY 

The Physiological Research Laboratory (PRU continues to develop 
new research programs and to emphasize important aspects of pre
vious projects, as a summary of studies indicates. 

By a series of experiments demonstrating the role of the dispersal 
pressure of solutes and matrices, Dr. Per F. Scholander emphasized 
new concepts of biohydrodynamics involved in osmosis and imbibition. 
On the Alpha Helix during the Bering Sea Expedition, new insight was 
gained into the various devices used by cold-adapted fishes to protect 
themselves against freezing and ice propagation when super cooled. 
Studies were made on tissue-fluid pressure relations in pre- and post
spawning salmon in Canada. In 1969, Dr. Scholander spent a sabbatical 
year in South Australia doing further studies of osmosis and imbibition. 

Alan R. Hargens, research assistant, found extraordinarily high 
levels of colloid osmotic pressure in the blood of cold-exposed arctic 
species, such as the fox, arctic char, cod, snow bunting, and others. 
He has also found a significant increase in the blood colloid osmotic 
pressure in cold-acclimatized men. 

As part of Guadalupe Island elephant seal studies aboard the Alpha 
Helix in 1970, scientists initiated measurements of membrane perme
abilities with implications for the mechanism of osmosis. 

Experiments with Donnan Equilibrium systems were conducted, and 
pressure-volume curves for dehydrating multicellular systems were 
studied. 

Recent studies in British Columbia showed that the normally nega
tive interstitial fluid pressures in ocean salmon turn positive upon 
their entrance in the fresh water streams and their spawning grounds. 
This change has been correlated numerically with the decrease in 
plasma protein concentration as the fishes swim upstream. 

J. Morgan Wells submitted his Ph.D. thesis on the effects of hydro
static pressures up to 1,000 atm on the hemoglobin-oxyhemoglobin 
equilibrium. The effect appeared related to pressure-induced con-



formational changes and dissociation of the hemoglobin molecule into 
subunits. 

Dr. Walter Garey is conducting studies describing cardio-respiratory 
function, acid-base regulation, and metabolic rates of marine teleosts 
and sharks. Similar research efforts are being directed toward salmon 
of the ge·nus Oncorhynchus in their spawning grounds. The ability of 
hemoglobin to bind oxygen in elephant seals, Miroringa angustirostris, 
was investigated under conditions analogous to air breathing at the 
surface and during deep diving. 

Using graded displacement of hypothalamic temperature in dogs, 
lizards, and fishes, scientists studied activation of behavioral and 
physiological thermal regulatory responses. Dr. Harold T. Hammel and 
three UCSD charter class medical students, Frank Sharp, David Smith, 
and Mel Thompson, found that salivation from the parotid gland of a 
resting dog is an excellent response to use in studying how heating 
and cooling the preoptic region of the brain activates a thermoregula
tory response. Dr. Hammel and Sharp showed that thermoregulatory 
salivation as a function of brain temperature has a threshold which 
is decreased by both external heat stress (environmental temperature) 
and by internal heat stress (running at rates up to six m.p.h.). The 
slopes of the responses' curves also decreased with increasing heat 
stress. Drs. Hammel and S. B. Str-mme and Kjell Myhre made compara
tive studies on the regulation of body temperature by showing that 
the escape response of arctic sculpins exposed to warm water can be 
affected by the brain stem temperature. Henri Paul Cabanac continued 
similar studies in the blue tongued lizard, demonstrating that the 
escape from a cold environment is affected by surface temperature 
as well as by internal temperature. 

J. E. Maggert and Dr. Hammel studied the mechanism of reversible 
freezing in conifer twigs. They found that extracellular water is the 
first to freeze followed by diffusion of intracellular water through the 
cell and its membrane which then freezes outside the cell membrane. 
Diffusion continues until the vapor pressure of the ice outside the 
membrane and the vapor pressure of the cell content are equal. From 
the calorigraph of freezing (giving the rate of water efflux from the 
cells) and from the inverse balancing pressure versus volume of water 
expressed from the cells of the same twig (giving the chemical poten
tial of the cells as a function of the amount of water frozen out of 
the cells), they were able to compute the hydraulic permeability of 
the membrane complex in cells of winter-hardened plants. -

Dr. Robert Elsner continued his studies on asphyxial defense mech
anisms in mammals, placing particular emphasis on cardiovascular 
responses. Recent studies have included instrumentation of pregnant 
sheep and seals, using Doppler ultrasonic blood flow transducers to 
monitor both fetal and maternal circulation. Dr. Douglas D. Hammond, 
a post-doctoral associate, joined Dr. Elsner in this work. From Sep
tember through December, 1968, they studied diving responses of 
pregnant Weddell seals at McMurdo Sound, Antarctica. Comparative 
experiments continued on a variety of marine and terrestrial animals, 
including seals, nutria, dogs, and man. During 1968, Dr. Elsner visited 
the Department of Human Physiology and Pharmacology, University of 
Adelaide, Australia. There he continued studies initiated here at PRL 
of human peripheral circulation during simulated diving. 

Two years ago, Dr. Gerald L. Kooyman began developing a hyperbaric 
facility for PRL and has since initiated studies on ducks, seals, and 
penguins. In collaboration with Dr. Hammond, he carried out radiog
raphy studies to determinuffects of high pressure on the respiratory 
system of seals. Experiments now in progress deal with inert gas 
absorption and vascular responses during deep dives in breath-holding 
birds and mammals. Studies are also in progress on the effects of 
pressure on the insulative properties of feathers of diving birds. 
Unrestrained deep-diving experiments were carried out in the antarctic 
on emperor penguins and Weddell seals. These included analyses of 
oxygen consumption and pulmonary function in the seals as well as 
investigations · of under-ice orientation behavior. The latter involved 
winter night studies. 

Dr. Edvard A. Hemmingsen is carrying out studies on the cavitation 
in gas-supersaturated liquids. Very high supersaturations without any 
cavitation have been obtained in water void of cavitation nuclei; the 
values range from 140 atm for oxygen to 290 atm for helium, on 
decompression to ambient pressure. Dr. Hemmingsen also conducted 
studies on the hemoglobin-free icefishes in Antarctica. The studies 
showed that the metabolic rate of these unique fishes is somewhat 
impaired, and that increased vascularization and cutaneous respira
tion are important compensations for lack of an oxygen-carrying 
pigment. 

Dr. Aristides A. Yayanos studied thermodynamic properties of 
biologically interesting binary aqueous systems, determining values 
of the compressibility and of the thermal expansion solutions of 
glycine, D,L-alanine, D,L-phenylalanine, glycolamide, sodium acetate, 
and L-glutamine. Values of the apparent molal volume of (t'JE/ t'JVh were 
also calculated, and a technique was developed for studying rates of 
reactions at pressures up to 2,500 atm. Scientists obtained data on 
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the trypsin-catalyzed hydrolysis of benzoly-DL-arginine-p-nitroanilide 
as a function of pH and pressure. The pressure dependence of the 
cyclization of squalene-2, 3-oxide to lanosterol, a step in the synthesis 
of cholesterol, is currently being studied. 

Another of PRL's important roles is to provide a bridge between 
Scripps Institution and the UCSD School of Medicine. The interactions 
range from collaborative physiological research on marine organisms 
to research on fundamental medical problems pertinent to life in the 
marine environment. Development of biomedical instrumentation and 
of unique marine biological models for basic studies has achieved 
considerable success. Major support for this research was provided by 
the National Science Foundation and the National Institutes of Health, 
a fact which reflects again the importance of the interaction of marine 
biology and medicine. 

VISIBILITY LABORATORY 

John E. Tyler conducted studies of remote sensing techniques for 
measuring (from aircraft or from spacecraft) the concentration of 
photosynthetic organisms in the oceans. Working in the Atlantic, 
Pacific, and Gulf of Mexico, he and Dr. R. C. Smith made extensive 

'measurements of the vertical and spectral distribution of natural 
radiant energy in the sea. R. W. Austin obtained concurrent measure
ments of relevant optical and physical properties of the water. During 
May, 1970, an international working group of the Scientific Committee 
on Oceanic Research operated from the USC&GS ship Discovery under 
the leadership of Tyler to measure primary productivity and available 
photosynthetic radiant energy. Scientists from Australia, Denmark, 
France, Japan, Norway, the USSR, the United Kingdom, and the United 
States cooperated in this expedition, which traveled from Miami, 
Florida, into equatorial Pacific waters and returned by way of the 
Sargasso Sea. Other laboratory and sea experiments by Dr. Smith 
studied the directional distribution of underwater daylight and 
methods for its measurement. 

In collaboration with C. R. Edgerton and J. I. Gordon, Dr. S. Q. 
Duntley devised a radiometric remote sensing method for measuring 
sea-surface roughness and wind velocity; this method can be used in 
the forthcoming earth resources technology satellites (EHTS), once 
necessary connections between meteorological and optical properties 

Submersible broad-band quantum meters from five nations are 
mounted around Visibility Lab's submersible photoelectric spectro
radiometer for use in marine photosynthesis research. 

Visibility Lab gets optical atmospheric data, simultaneous meteor
ological measurements from Pt. Loma mobile station. 



of the atmosphere are established. Toward that end, coordinated 
meteorological and optical measurements were initiated over the ocean 
between San Diego and islands off the California coast, using improved 
versions of equipment originally devised for use by ground stations 
during the Visibility laboratory's experiments in the Gemini space 
flight program. In another part of the same research, Austin began 
studies of the extent to which whitecaps cover the sea during high 
winds, making his measurements over the Atlantic from an aircraft 
operated by NASA's Manned Spacecraft Center. 

A. R. Boileau and R. W. Johnson used the Visibility laboratory's air
craft and associated ground equipment to obtain extensive optical 
and meteorological environmental data in subtropical desert and 
midcontinental regions. 

J. L. Harris and B. l. McGlamery continued their research on the 
computer processing of photographic images degraded by image 
motion and faulty focus, and successful computer correction was 
achieved. Studies were also continued on methods of computer 
processing by which microscope images can be improved both in 
resolution and in three-dimensional interpretability; a specially de
signed microscope for application of these techniques nears com
pletion. 

MARINE LIFE RESEARCH GROUP 
The Marine life Research Group (MlRG) is charged with a broad 

investigation of the California Current system and of other related 
areas of the Pacific. This group is the University of California's repre
sentative in the California Cooperative Fisheries Investigation (CaiCOFD, 
sponsored by the Marine Research Committee of the State of Califor
nia. Other members of CaiCOFI are the U. S. Bureau of Commercial 
Fisheries, the State of California Department of Fish and Game, the 
California Academy of Sciences, and the Hopkins Marine laboratory 
of Stanford University. Since its beginning in 1947, this organization 
has documented the biology and appraised the extent and potential 
of the living resources off California. Primary resources were found to 
be jack mackerel, anchovy, hake, and saury. large populations of 
other fish also exist in deep water, including deep-sea smelts and 
sable fish. · 

After concentrating for many years on the ecology of the California 
Current system, MlRG has expanded its research to other areas that 
affect the California Current; it continues research in its primary 
area, however. The following are short reports of the last two years' 
research pursued by various members of MlRG. 

Dr. Edward Brinton studied the characteristics of the populations 
of the euphausiaceans Euphausia pacifica, Nematoscelis difficilis, and 
Thysanoessa gregaria in the region of a circulation gyre off southern 
California. He found that while these plankters reproduce only season
ally in their typical subarctic habitat, here (near the southern limits 
of their ranges) spawning takes place throughout the year; apparently 
this is because the mid-latitude California Current environment is 
relatively constant compared with high latitude surroundings. Size
frequency diagrams of populations sampled by CaiCOFI surveys show 
occasional conspicuous modes in the production of young, particularly 
in late spring-summer. These may be traced through successive months, 
thus permitting an estimate of growth rate. 

The extent of egg production is estimated by examining gravid 
females. The appearance of cohorts of young in the plankton are 
related, in turn, to the egg production. Spawning by different size 
groups of adult females at characteristic times of the year appears 
to be partly responsible for seasonal differences in production. Bio
mass variability of the species shows seasonal rhythmicity, as well. 

Using information gathered during 1969-70 cruises to the sub
tropical South Pacific, MlRG is examining a zoogeographical anomaly 
in the spatial distribution of oceanic plankton species, particularly 
euphausiid crustaceans. The eastward extension across the ocean of 
a tongue of Western Pacific species appears to take place in a zone 
of westerly currents. This phenomenon provides an opportunity to 
study mechanisms by which populations are maintained in a zone 
where the direction of current flow appears to be incompatible with 
the direction of the species range extension (from the center of dis
tribution in the Western Pacific). 

Dr. Abraham Fleminger recently established a new suite of quanti
tative taxonomic characters in pelagic marine copepods of the genus 
Eucalanus. The significance of these morphological features lies in 
.the potentially widespread research applications they afford to cope
pod ecology, biogeography, taxonomy, and ethology. The structures 
are arrays of special sensory hairs and the pores of subcuticular 
glands distributed in regular patterns on all of the body segments. 
Within the family Eucalanidae they have provided an objective, diag
nostic basis for distinguishing among genera, groups of species, 
individual species, and geographical populations within the species. 
If they prove to be as useful in other copepod genera now under study, 
progress in calanoid systematics, life histories, and the delineation 
of their breeding stocks will be significantly increased. 
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Scripps-designed unmanned instrumented buoy gathers data for 
North Pacific Study between Hawaii and Aleutian Islands. 

A world-scale taxonomic-distributional study carried out in collab
oration with Dr. Kuni Hulsemann on epiplanktonic copepods of the 
genus Pontellina has been completed. The manuscript is now in 
preparation. 

The results of a study with David Judkins on the food of the pelagic 
shrimp Sergestes simills are being analyzed. 

Estimates of calanoid copepod species diversity with increasing 
depth in areas exhibiting a shallow oxygen minimum and in areas 
where the oxygen minimum is well below the photic zone are still in 
progress. 

Dr. Martin W. Johnson worked mainly on the identification and 
biology of the larvae of both spiny lobsters, Palinuridea, and of slipper 
lobsters, Scyllaridae, found off the west coast of North America, in 
the Hawaiian Archipelago, and in adjacent areas. The pelagic larvae of 
all known palinurid and scyllarid species of the west coast and 
Hawaii have been identified and described in detail from plankton 
collections. Thus, basic information is now available for ecological 
studies of these crustaceans, and investigations are under way on the 
vast plankton collections of Eastropac Expedition, MlRG, and the 
Scripps Tuna Oceanography Research cruises. Four papers describing 
.results of the above research were published in 1968, two in 1969-70, 
and three others are now in press, including an ecological study of 
Eastropac and Scripps Tuna Oceanographic Research collections. 

Research activities of Dr. John A. McGowan over the past 18 months 
were primarily devoted to acquiring data at sea and to the establish
ment of laboratory procedures for the processing and analysis of 
these data. Two major cruises were made- Climax I and Climax II; 
the purpose was to study aspects of the community and habitat struc
ture of the stable central water masses of the North and South Pacific. 
The areas were selected on the basis of information derived from two 
earlier transects, Ursa Major (1964) and Zetes (1966). The sampling 
programs on the Climax cruises were, for the most part, of a balanced 
design and consisted of relicatiion in a small area or while following 
a set of drogues. Measurements were made of a wide variety of 
physical-chemical-biological variables. 

Preliminary results from these cruises- indicate that during the 
summer a certain regularity of habitat conditions prevail. There is a 
shallow mixed layer, but a deep euphotic zone with limiting nutrient 
levels. There is a relatively deep chlorophyll maximum and a deeper 
phaeophytin maximum. There are frequent blue-green . algal blooms 
very near the surface. Zooplankton, mostly crustacea and chaetog
naths, are moderately abundant considering the low standing crop of 
primary producers. This crop is very diverse both in terms of numbers 
of species and in equitability of abundance. The carnivore-herbivore 
ratio seems to be high, while the nekton standing crop is low, but 
diverse and equitable. The species "structure" of the phytoplankton, 
zooplankton, and micronecton is now under study, and the results will 
be used to determine the degree of similarity among replicates. This 
should provide some insight into the. larger question: is there an 
orderly, predictable, climax ecosystem present in an area where 
advection is at a minimum? There is strong evidence that in eastern 
boundary currents, such as the California Current, horizontal advection 
may prevent a stable, orderly climax from developing. In these areas, 
food chains are very comple, "ecosystems" quite unsystematic, and 
population sizes highly variable in time. · 

The first "Biomass Atlas of the California Current" was published. 
This atlas shows the changes in the biomass of the entire range of 
important zooplankton groups during two contrasting years -a year 
of warm water and one of cold water. The methodology developed 
constitutes a substantial new approach to the study of zooplankton. 

Dr. Angelo F. Carlucci worked in the following two areas: 



Vitamins in Marine Ecology 
Most marine phytoplankters cultured in the laboratory require one 

or more vitamins. These vitamins are, in order of importance, vitamin 
B, 2, thiamine, and biotin. In a six-month (April-September, 196n study 
of the coastal plankton in waters off the coast of La Jolla it was pos
sible to conclude that a bloom of the red tide dinoflagellate Gonyaulax 
polyedra could be correlated with a disappearance of dissolved vitamin 
B,2 in the water (G. polyedra requires vitamin B,2). This same study 
also indicated that vitamins in the sea wer.e produced by phytoplankton, 
since dissolved vitamin concentrations were often high when the algal 
standing stock was high. This observation was verified in the labora
tory where ecologically-important phytoplankters produced vitamin 
B, 2, thiamine, and biotin in the culture media. If vitamin-requiring 
phytoplankters were added to the same culture vessel as the pro
ducer, both the vitamin producer and requirer grew independently of 
each other. Results indicate that phytoplankton contributes, at times, 
a considerable portion of the amount of vitamins found in the sea. 

Nitrification in the Sea 
Nitrogen is often the limiting nutrient for phytoplankton growth in 

the sea. Most of the transformations of nitrogenous compounds in the 
sea are effected by micro-organisms. Laboratory experiments demon
strated that both nitrifying (those which oxidize NH3 to N02- or 
N02- to N03 -) and nitrate-reducing (those which reduce N03- to N02-
and other products such as N2, N20, etc.) bacteria contribute nitrite 
to the secondary nitrite maximum found in the deeper, oxygen-poor 
waters off the coast of Peru. The nitrite in the primary nitrite maxi
mum arises mainly from the activities of nitrifying bacteria, and in 
cases where standing stock is high, from excretion by various phyto
plankton. 

Professor John D. Isaacs and Walter R. Schmitt studied the possible 
extent of marine productivity stimulation by artificial upwelling. In 
its natural state, a stable biological system is in equilibrium between 
inputs and losses. Considerations of productivity increase by induced 
upwelling normally assume maintenance of a proportional equilibrium. 
However, situations may exist in which practically all the additional 
nutrients would become available to man as animal protein; these 
situations might be found in semi-confined and nutrient-limited waters, 
such as atoll lagoons in which climax predation is carried out by 
primarily exogenous species, or they might even be found under 
certain possible conditions in the open sea. Upwelling power can be 
of two types: by-product power (e.g., waste heat) or product power 
(e.g., mechanical power for pumping). Based on phosphorus as the 
limiting nutrient (any remaining nitrogen deficiency can be overcome 
by fixation from the air), the upwelling application of two hp of waste 
heat voided in the proauction of one current U. S. per capita electric 
power requirement (about one hp) would supply up to one quarter of 
the per capita animal protein requirement. Application of a one hp 
equivalent of mechanical power, on the other hand, would produce 
animal protein for 100 persons optimally and for 1,250 persons maxi
mally. Confined or semi-confined bodies of water are insufficiently 
extensive, however, to so furnish the world's total need for animal 
protein, but they may furnish substantial quantities. 

The photographing of deep benthic fish populations continues under 
the direction of Professor Isaacs and Richard A. Schwartzlose. The 
successful use of a movie camera to observe deep fish was accom
plished during the year, and Richard Shutts and Meredith Sessions 
obtained a series of ten-second movie strips taken over a period of 
several hours in depths ranging from 600 to nearly 4,000 meters. 
Large numbers of sable fish, Grenadier fish, and hag fish were also 
photographed using both movie and still cameras. Continued use of 
the still camera and bait is improving our knowledge of deep benthic 
fishes; their use in conjunction with fish traps and other instruments 
will improve species identification and knowledge of population den
sities and may possibly uncover populations of commercial interest. 
A publication is in preparation on discoveries to date. 

Dr. Bruce Taft prepared Eastropac Expedition data for publication. 
The expedition consisted of seven cruises to the eastern tropical 
Pacific during a 14-month period. Vertical sections of temperature and 
salinity and sections of geostrophic current are being prepared by 
computer for publication in an atlas of the region. Analysis of the 
sections has shown that features in the salinity distribution thought 
to be present only in the Central Pacific do penetrate deep into the 
Eastern Pacific. The continuity of the features indicates that the 
circulation is transporting distinctive water types from the Central 
Pacific into the Eastern Pacific. Increased vertical and lateral resolu
tion of the Eastropac observations makes these features recognizable. 
Examples of some of these features are the high-salinity and low
salinity cores north and south of the equator in the thermocline, 
which are transported eastward by the Equatorial Undercurrent, and 
the low-salinity tongue below the thermocline at the northern edge 
of the homogeneous layer (13 o C water). Geostrophic volume transports 
of the zonal currents show considerable variability, i.e., the fluctua
tions are of the same order as the mean transport; it will probably 

be impossible to prepare a quantitative description of the response 
of the current system to the seasonal variation of the wind stress 
field. 

On Piquero Expedition in July, 1969, Drs. Taft and James H. Jones 
carried out current measurements along the equator in the Eastern 
Pacific. Volume transport of the Equatorial Undercurrent was 22 x 
106 . m3 sec-1 at 115oW and 8 x 106 m3 sec-t at 93°W. After having 
interpreted all of the data on the transport of the Undercurrent, it 
now appears that the Undercurrent transport is higher when the stress 
of the Trade Winds along the equator is low and lower when the stress 
of the Trades is high. The meridional circulation in the Undercurrent 
was found to be weak. The strong convergent meridional flow found 
earlier on Swansong Expedition was not found. 

Joseph L. Reid continued the study of the abyssal circulation of 
the world ocean by taking deep current measurements in various parts 
of the Pacific Ocean. In January and February, 1969, measurements of 
velocity and water characteristics of the Antarctic Circumpolar Cur
rent were carried out in the Drake Passage, the strait between South 
America and Antarctica. Five current-meter measurements were made 
at depths of 3,000-4,500 meters below the surface. These, along with 
the measurements of water characteristics, were used to estimate 
the total amount of water flowing through Drake Passage from the 
Pacific to the Atlantic Ocean in the Antarctic Circumpolar Current. 
Average speeds at the bottom of the Drake Passage varied from 4 to 
9 em/ sec. This strait is about 550 km wide and averages a little more 
than 3,500 meters deep. The total transport of water through it was 
estimated to be about 270 million tons per second; this is about twice 
the value estimated previously (without current meters) and about 
three times the estimated transport of the Gulf Stream. There are 
various short ridges, some rising as near to the surface as 2,000 
meters, and these influence the distribution of deep-water character
istics. Extremely cold waters from the Weddell Sea were found to 
extend westward behind the ridges near much warmer and more saline 
waters entering from the Pacific. 

In January and February, 1970, similar work was done aboard the 
USNS Eltanin between Australia and Antartica. Net eastward transport 
of water was estimated at about 350 million tons per second, con
siderably more than the eastward flow estimated through the Drake 
Passage. 

Further deep-current measurements were made in the North Pacific 
adding to the collection of current data to be used for an analysis of 
the abyssal circulation which so profoundly affects the condition and 
life of the deep-sea floor and the intermediate waters. 

Under the guidance of Professor Isaacs, a program to study the 
large-scale oceanographic and meteorological conditions in the North 
Pacific continues. Five to eight deep-moored instrumented buoys have 
been moored in the North Pacific since September, 1968, and more 
than a million meteorological and oceanographic data points have been 
collected from instrument platforms during the last two years. Hourly 
meteorological and subsurface data recorded by the buoys between 
41 o-43oN and 148°-164oW have been processed and are now avail
able for analysis. Many features were observed: temperature inversions 
persist for months; there are large transient temperature changes 
below the surface; and inertial periods (ca. 17.6 hours) are frequently 
apparent in the changes of water temperatures and other parameters. 
These buoy data will now allow the subsurface temperature structure 
(unavailable previously) to be incorporated into the available surface 
temperatures and into meteorological data for analysis of the inter
action of the ocean and the atmosphere. Professors Isaacs, Richard 
Schwartzlose, Martha Evans, Joseph Huang, Robert Born, and Dr. Jerome 
Namais (chief of the Extended Forecast Division, U.S. Weather Bureau, 
ESSA, who works with the Scripps staff six months each year) have 
drawn on climatological data for their research on air-sea interaction. 

Also included in Martha Evans's work is an analysis of data gath
ered from buoys moored several years ago in the Eastropac area and 
taken during an expedition (Dragon) using moored buoys for further 
investigations in this area. Oscillations of approximately inertial period 
are evident at all times in the records made at soN and 9.5°N between 
February and August, 1969. Also, large changes in the thermal struc
ture were observed at intervals of a week to a month. These changes 
were large and varied enough from 1967 to 1969 to pose possible 
difficulties in the interpretation of tropical atlases constructed from 
only a few cruises. In a further application, the deep-mooring data 
are subjected to mathematical models of inertial periods. 

Instruments and buoys are continually being redesigned for in
creased reliability. A BT-type sensing buoy has been successfully 
tested, and a plankton-sampling buoy is under development, as is a 
swell-powered pump that could conceivably serve as a power source 
and plankton pump. 

Andrew Soutar's investigation of the anoxic sediments in the Santa 
Barbara Basin constitutes a new entry into the history of plankton and 
fishes of the California Current and into the climatic changes of the 
Current itself. This investigation has recently centered on the bio
climatological information preserved in the surface and near-surface 
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sediments. The analysis of large frozen cores, from just above the 
sediment surface to several feet into the sediments, has shown yearly 
varves in which are preserved the biological remains that have fallen 
to the ocean floor. Emerging from the studies are important relation
ships among rainfall, temperature, coastal sedimentation, and bio
logical productivity. Planktonic distribution and productivity studies 
on those species encountered in the sediments have been started. 
Samples obtained with recently completed equipment will allow esti
mates of productivity and sedimentation rates. The study is yielding 
an understanding of the natural fluctuation of many features of the 
region. The great value inherent in such understanding is obvious, 
and Soutar intends to employ these sequences to sort out and to study 
the history of man's effects on the sea. 

Under various sponsorships, a number of other research projects 
are underway within MLRG. These are briefly reported: 

Halophyte Program-John D. Isaacs, Walter R. Schmitt, and Peta 
Mudie 

This is an attempt to understand the range of species, the physical 
conditions, and the genetic nature of the higher plants that naturally 
live in highly saline water. The purpose is to assess the potential 
importance of these plants and to determine the conditions (including 
possible hybridization or grafting) facilitating agriculture and land
scaping under highly saline conditions (including irrigation with sea 
water). A preliminary census of world halophytes has been completed 
by Peta Mudie, and an experimental facility is being erected. 

Wave Control, Dissipation, and Power-George B. Schick, Richard 
Seymour, John D. Isaacs, and Daniel M. Brown 

Several newly elucidated effects of waves are being explored for 
their potential in allowing the manipulation of sea waves. It appears 
that waves can be simply and substantially dissipated in both deep 
open water and near the shore through several of these processes, 
and it also seems that significant basin power can be generated 
from a broad portion of the wave spectrum. Basin experiments have 
been carried out, and prototypes of the power device have been con
structed and tested. A second stage prototype of this is to be designed 
by an outside engineering contractor. 

Anadromous Fish-Walter R. Schmitt 
Schmitt is conducting a survey of the anadromous fish and their 

needs and habits with a view toward their possible introduction and 
culture in southern California. 

Similitude Work-John D. Isaacs 
Professor Isaacs continues work on the dimensional analysis of 

marine creatures. Recent work on euphausiid parallels the results of 
similar studies on the sardine and anchovy; it indicates that the age
specific population of the euphausiid may also show a linear (or 
slightly increasing) biomass as a function of time, rather than a de
creasing relationship as has been interpreted from the length-specific 
frequencies of these creatures. 

NEUROBIOLOGY UNIT 

The Neurobiology Unit was recognized as an organized research unit 
within Scripps Institution in 1967. The Unit includes members of the 
Marine Biology Division of Scripps, the Department of Neurosciences 
of UCSD's School of Medicine, and the Marine Neurobiology Facility 
of the UCLA Brain Research Institute, located on the third floor of 
Scripps's Physiological Research Laboratory. Collaboration has in
cluded neurobiologists of the Department of Biology. A condensed 
account of the Unit's activities during 1968-70 follows: 

Dr. Susumu Hagiwara and his group continued their. research on the 
biophysics of excitable membranes. With Dr. Keisuke Toyama, Dr. 
Hagiwara studied ion selectivity in barnacle muscle fiber membrane 
in relation to membrane potential change. With Drs. H. M. Brown and 
Hiroyuki Koike, Dr. Hagiwara studied the ionic mechanism of responses 
initiated by stimulation with light in the photoreceptor of the lateral 
ocellus of barnacles. Successful voltage clamping with two electrodes 
intracellularly in the barnacle photoreceptor has permitted the most 
direct and intimate study to date of the electrogenic ion pump in any 
receptor. 

Drs. Toyama, Brown, and Hagiwara, with the aid of the Dolphin, 
followed up earlier studies on the Alpha Helix by comparatively exam
ining the K and C1 contribution to the resting potential among different 
muscle fibers in elasmobranchs. Dr. Hagiwara participated in the New 
Guinea Expeditions of the Alpha Helix, taking advantage of the special 
opportunity offered by the rich chiropteran fauna to advance under
standing of the brain mechanism in echo-location in a number of 
species of bats. 

Dr. P. Lorenzo Marchiafava examined the effect of temperature 
rise on the membrane permeability of the giant nerve cell in the 
visceral ganglia of Aplysia. While at 10°C, sodium ion permeability 
is smaller than potassium or chloride ion permeability; at 20°C, it is 
almost three times higher. This finding may account for the mem-
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Able to detect D.C. electric currents emitted by other animals, 
Amazonian knife fish locates its hidden prey, a goldfish. 

brane depolarization which is usually observed following a tempera
ture increase. Dr. Marchiafava also successfully recorded activity in 
tissue cultured cells provided by Dr. Silvio S. Varon. 

Dr. Hagiwara and his associates studied the effects of certain 
heavy metal ions on the electrophysiology of the giant barnacle muscle 
membrane. Then Dr. Maryanna Henkart examined the same muscle 
fibers with the electron microscope at high magnification; this was 
done in such a way that the fine structural localization of the metal 
ions, which cause a particular physiological effect (especially of cal
cium), could be determined. 

Graduate student Mary Eaton worked on ionic and metabolic mecha
nisms in invertebrate muscles. Douglas Eaton is doing a dissertation 
on the ·role played by ions in rhythmicity in a nerve cell of regular 
(and seemingly complex) temporal patterns in the gastropod Aplysia. 
Christopher J. Platt is doing a thesis on brain mechanisms that show 
90° adjustment in the equilibratory-visual coordination of flatfishes. 
Using on-line computer control and analysis of experiments, Peter H. 
Hartline finished his Ph.D. work on the acoustic and vibratory analysis 
in the brain of ophidians. Robert W. Piddington is completing his thesis 
on the central control of hearing in fish. 

Dr. Washington Buiio, from Uruguay, also worked on the chochlea's 
brain control of sound sensitivity. With Dr. Theodore H. Bullock, he 
took up the problem of both spontaneous brain activity and stimulated 
brain response in the octopus. · 

Dr. P. J. Regal wdrked on behavioral temperature regulation and 
bio-rhythmicity (clock-thermostat interactions). In addition, he and 
Dr. Charles E. Spooner began studies on possible control of "sleep
like" behavior in marine fishes by biogenic amines. Dr. John Byrne 
arrived to conduct related studies on activity rhythms in teleosts. 

Investigations of physiological and behavioral adaptations in fishes, 
especially those involving vision in marine teleosts, were continued 
by Dr. Horst 0. Schwassmann. He found that he could correlate 
certain stages in the early larval development of the visual system 
with the first appearance of visually guided behavior (such as feeding 
and schooling) in some pelagic species. Radio-autographic and neuro
surgical techniques permitted study of the mechanism of neuronal 
specificity in the visual system, by which nerve fibers from the eye 
establish functional contact with specific nerve cells in the midbrain. 
An objective method for determining acuity thresholds and refractive 
errors along different axes in the eye of fishes, by recording evoked 
responses from nerve cells in the midbrain, was successfully applied 
to compare visual acuity in the foveal and parafoveal region of the 
eye of several marine basses. 

In Dr. G. David Lange's laboratory, experiments continue on infor
mation processing in visual systems. Working with John McCleary, 
Dr. Lange found that an optic nerve cell of Limulus will produce a 
relatively uniform spike frequency if the temperature is low, but will 
give a bursting pattern of spikes if it is high. He and Dr. Hartline 
demonstrated the feasibility of recording electrical activity from optic 
nerve and optic lobes in octopus. The interest in octopus stems from 
the considerable knowledge about its behavior, particularly visual dis
crimination ability. Experiments also continue on visual motion percep
tion in man; along with Drs. John T. Thorson and A. B. Thorson, Dr. 
Lange is analyzing the effect of color on a motion illusion caused by 
flashing lights in the peripheral field of vision. 

Also related to problems of perception (particularly the corollary 
discharge) is Drs. Robert Galambos and J. S. Ebersole's study on the 
effects that moving stripes in the visual field may have upon estima
tion of fish or sound intensity; they measured the electrical potential 
wave evoked in the brain. 
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IGPP's laser interferometric strain meter measures earth strain by 
monitoring the . changes in distance between two piers cemented 
into ground at each end of evacuated tube. 

A Snodgrass free-falling deep-sea instrumented capsule goes over
board from USNS Eltanin during Antarctic tide studies. 

Dr. Steven A. Hillyard studied electrical activity in the brain in 
normal human beings, determining that the surface of the cortex 
becomes more electro-negative during periods when the environment 
is scanned for a particular, difficult-to-detect signal. The greater the 
negativity, the more likely is a correct detection following which a 
large positive wave inundates the cortex. 

Drs. Nobuo Suga and A. B. Thorson completed several studies on 

hearing that emphasized comparative aspects of the higher central 
processing of sound stimuli. Some of these experiments were exten
sions of projects accomplished on the Alpha Helix during the 1967 
Amazon Expedition. 

Dr. Theodore H. Bullock, in collaboration with Drs. Henning Scheich 
and Andrianus J. Kalmijn and Robert H. Hamstra, Jr., continued work 
on the behavior, sensory reception, and brain mechanisms in the use 
of the electric organ discharge- especially in the social signaling of 
electric fish. New work began on the environmental fields of elec
tricity perceived by sharks, rays, and teleosts. 

Dr. Bullock also completed two series of hearing experiments. He 
did one on the hearing of sea lions; the other one involved the hearing 
of porpoises and was conducted wjth Dr. Samuel Ridgway of the Naval 
Marine Bioscience Facility at Pt. Mugu. 

Using crustaceans, Dr. Paul Stein initiated experiments on the nerve 
cells that coordinate successive segments in swimming movements. 

INSTITUTE OF MARINE RESOURCES 

The Institute of Marine Resources OMR) is a University-wide Institute 
established in 1954. From headquarters located on the Scripps Insti
tution campus, it functions in cooperation with the scientific and engi
neering departments of the several University of California campuses 
to find and define unsolved marine resource problems, to initiate 
research into the solution of these problems, and to support relevant 
investigations by University staff members. 

Described below are research activities of several staff members 
and students, including studies by staff members on other campuses. 

Dr. Henry W. Menard is studying the topography and structure of 
the sea floor and is particularly concerned with the apparent spread
ing of the ocean floor by mantle convection. Recent studies have 
shown that large portions of the earth's crust move as rigid plates. 
The northeastern Pacific network of shipborne observations is pres
ently the most extensive and useful in the world for understanding 
such plate tectonics. A number of well-documented changes in orien
tation of spreading centers have recorded changes in relative plate 
motion, and these changes are the source of many of the major topo
graphic features on the sea floor. For example, fracture zones change 
direction when the plate motion changes. Moreover, the character of 
the fracture zone may also change from a simple straight escarpment 
to a complex of linear ridges and troughs. This latter topographic 
form appears to be the result of a combination of a slight spreading 
component superimposed on pure transform faulting. This newly
identified feature has been named a "leaky" transform fault. 

The Scripps Tuna Oceanography Research program continues under 
the direction of Dr. Maurice Blackburn. Studies are oriented toward 
establishing a scientific basis for improving the effectiveness of the 
tuna fisheries (especially the underdeveloped fishery for skipjack 
tuna) both within the presently fished region and further westward 
in the Pacific. This research involves physical, chemical, and bio
logical oceanography- much of it as part of the Eastropac Expedition 
cruises. Investigations are being pursued during various phases of 
processing the expedition data; charts and sections for the Eastropac 
Atlas will result. This atlas is a joint effort among IMR, other groups 
at Scripps, the U.S. Bureau of Commercial Fisheries, and the Inter
American Tropical Tuna Commission. 

Under Dr. John D. H. Strickland's leadership, the Food-Chain Re
search Group continued an interdisciplinary study of the early stages 
of the marine food web, concentrating particularly on the rates and 
routes of transfer of matter and energy. One of the principal field 
efforts of the past two years was a four-week cruise during May and 
June, 1969, aboard R/V Thomas Washington. Modifications and addi
tions to automated instrumentation packages underwent field trials 
and were later used extensively on research in the highly-productive 
Peru Current, that supports the world's largest fishery. 

The Marine Food Science Laboratory, which is under the guidance 
of Dr. Harold S. Olcott, moved from Berkeley to the Davis campus. 
Research continues on marine proteins and lipids, the effects of anti
oxidants, fish protein concentrate, the effects on marine organisms 
and birds of polychlorinated hydrocarbons entering the sea as pesti
cide residues or from industrial activities, and the nutrition of 
porpoises . 

The College of Engineering's graduate Ocean Engineering Program at 
the Berkeley campus remains the focal point for IMR's non-biological 
research interests at Berkeley. Dr. Pat Wilde continues as chairman 
of the Ocean Engineering Committee. Studies are being conducted in 
marine geology, marine geophysics, marine pollution, and marine geo
chemistry. 

Dr. Milner B. Schaefer, director of IMR, continued his research on 
population dynamics, marine resource economics, and problems con
cerning the law of the sea. 

A complete account of the Institute's activities, both at Scripps 
Institution and at other locations in the University system, can be 
found in the IMR Annual Report for the year ending June 30, 1970. 
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IMR uses this in situ pump for collecting large amounts of particu
late matter from the ocean for chemical analysis. 

INSTITUTE OF GEOPHYSICS AND PLANETARY PHYSICS 

The Institute of Geophysics and Planetary Physics (IGPP) is a Uni
versity-wide 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 
importantly, because of common scientific interests. Drs. George E. 
Backus, J. Freeman Gilbert, Richard A. Haubrich, Walter H. Munk, and 
Robert L. Parker hold joint appointments in IGPP and Scripps. Dr. James 
N. Brune, Sir Edward Bullard, and Dr. Russ E. Davis hold SIO appoint
ments and are housed at IGPP. 

Dr. Backus continues work on the geophysical inverse problem: 
given the frequencies of the Earth's normal modes, what can be 
inferred about the interior distribution of density and the elastic 
constants? (His contributions to this field earned him election to 
the National Academy of Sciences in 1969.) Dr. Backus is also working 
on propagation of elastic waves in anisotropic media. Thus far, he 
has demonstrated that Molchanov's observed "resonances" in the 
solar system are probably the result of chance. 

Dr. Gilbert, who is studying the generalized ray theory for com
puting theoretical seismograms, is also planning a geophysical array 
to monitor the Earth's strain field in southern California. For the first 
time, Dr. Haubrich has been able to associate certain types of micro
seisms with traveling storms at sea. He has investigated and dis
proved the possibility that the observed wobble of the Earth is the 
result of major earthquakes. 

Barry Block and Robert Moore continue their work on a broad-band, 
highly linear accelerometer. This instrument is now operational and 
covers the band from IQ-6 to 1 cycles-per-second. It is relatively com
pact and inexpensive and is now being considered for use on the 
moon and on the bottom of the sea. 

Drs. Ralph Lovberg and Jonathan Berger developed and deployed 
at the Elliott Geophysical Observatory a laser interferometric strain 
meter of high sensitivity and exceptionally long-term stability. Studies 
are currently under way involving correlations among strain, tilt, and 
vertical displacement caused by earth tides, ocean and atmospheric 
loading, earthquakes, and nuclear detonations. The deployment of a 
second geophysical observatory in the region of the active San 
Jacinto and San Andreas fault systems is planned. This observatory 
will include a three-axis laser strain meter, long baseline tiltmeters, 
quartz accelerometers of the Block-Moore design, a microbarograph 
array, and a set of standard seismic instruments. An on-line computer 
will control a digital recording system allowing real time data reduc
tion of the various geophysical outputs. 
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Rotating flows, in which Coriolis forces are of dominant importance, 
are being studied theoretically by Dr. John W. Miles and experimentally 
by Dr. Charles W. Van Atta. This experimental work is carried out on 
a precision turntable constructed with the aid of a special grant from 
the National Science Foundation. Dr. Robert Parker has been studying 
the effect of the oceans as a conducting slab on various problems 
in geomagnetism and geoelectricity. 

Dr. James Brune's field is earthquake mechanisms. He interpreted 
the various portions of earthquake spectra to provide information on 
total stress and stress release associated with various earthquakes. 
Jointly with the University of Mexico, he is investigating earthquakes 
in Baja California and may extend this work to a joint effort with 
Dr. Hugh Bradner to measure after-shocks with sea-bottom seis
mometers. Dr. Brune is associated with plans to establish a geo
physical observatory in the Pinyon Flat area near Palm Desert. 

Dr. Walter Munk and Frank E. Snodgrass are continuing their work 
on measuring deep-sea tides with self-contained, freely-dropped in
struments. As a result of approximately 50 such drops, they have 
given a description of the character of tides in the northeast Pacific. 
The results of these measurements will be applied to studies by 
William E. Farrell and Dr. Berger on tidal fluctuations in gravity and 
strain along the California coast. Dr. Munk, in collaboration with 
Director Nierenberg, has been working on the scattering of radar 
waves by a rough sea. 

ADVANCED OCEAN ENGINEERING LABORATORY 

Early in 1969, with the financial support of the Advanced Research 
Projects Agency (ARPA),· of Washington, D.C., the Advanced Ocean 
Engineering Laboratory (AOEU was established in the Scripps Director's 
Office under contract with the Office of Naval Research and for the 
purpose of conducting advanced engineering research in several 
diverse fields. 

Meetings of a steering committee chaired by Director Nierenberg 
resulted in the proposal of five projects that were accepted by ARPA, 
as follows: 

(1) Mid-ocean buoys (Prof. John D. Isaacs, principal investigator), a 
cooperative effort with the Applied Physics laboratory of Johns Hop
kins University; (2) Stable floating platforms (Dr. Fred N. Spiess, prin
cipal investigator; (3) Benthic array (Drs. Walter H. Munk and Robert 
D. Moore, co-principal investigators); (4) Overpressures due to earth
quakes (Dr. Hugh Bradner and Professor Isaacs, co-principal investi
gators); and (5), Nearshore engineering (Drs. Douglas l. Inman and 
William G. Van Dorn, co-principal investigators). 

(1) For the buoy program, four modified, Scripps-designed Bumblebee 
buoys were constructed and shipped to the East Coast for further 
instrumentation and installation in the Atlantic Ocean. Upon comple
tion of preliminary tests in the Chesapeake Bay and the western 
Atlantic, it is planned for the buoys to be installed by Scripps vessels 
for further experimentation in the Pacific Ocean. 

(2) During 1969, construction of a wave-wind channel U40x8x8 
feet) was started in the Hydraulics laboratory to test 1/lOOth scale 
models of a variety of deep-ocean, stable, floating platforms, using 
the FLIP principle as a concept guide. 

The channel, with its associated wave-generating equipment, was 
completed in early 1970 and, using a model of FLIP, calibration of the 
tank commenced. Instrumentation for motion sensing, data acquisi
tion, and analysis has been procured and put through initial testing 
and shakedown. The main components of this on-line system are a 
bi-axial auto-collimator and an IBM 1130 computer with the necessary 
interface equipment, all located in the Hydraulics laboratory. 

A decision was made to build at least two !/8th-scale multi-leg 
platforms in the coming year, and an investigation of the possible use 
of concrete in constructing platform legs is under way. It is hoped 
that sufficient results will be gained within the next few months 
to allow AOEL to make definitive, engineering feasibility recommenda
tions to ARPA for future development of the program. 

(3) Dr. Moore's group has made substantial progress in adapting 
the present Moore-Block tow-frequency accelerometer to operate in 
the benthic environment. Tilt compensation, low-power operation, 
temperature control, clamping, data logging and control are some of 
the formidable problems being solved in modifying this surface 
instrument. 

(4) For the studies of earthquake overpressures by Professors Brad
ner and Isaacs, equipment has been fabricated to record subsurface 
pressures in the ocean caused by "seaquake" aftershocks. Telemeter
ing and/ or internally recording instruments are ready to be dropped 
near quake epicenters after a large earthquake occurs. 

The experimental preparations have been augmented by qualitative 
theoretical predictions (Dr. Bradner), semi-quantitative predictions 
(Dr. James H. Brune), and an elegant near-field fault rupture solution 
(Dr. Paul G. Richards), all of which indicate that transient pressure 
increases may be a significant fraction of the static pressure. 



(5) Drs. Inman and Van Dorn are proceeding with investigations of 
the water-sediment interface near the breaker zone and of the velocity 
field in breaking waves. Initial field studies include taking motion 
picture data of neutrally buoyant particles over a rippled sand bot
tom and a laboratory study of the velocity field in the 100-foot 
channel. 

The central administrative staff of AOEL includes Marion W. John
son, project manager, who, prior to joining Scripps, was with Columbia 
University's Hudson Laboratories; Robert H. Oversmith, senior devel
opment engineer, in charge of design concepts for the stable floating 
platform; Gerard H. Fisher, senior development engineer, also formerly 
with Hudson Laboratories, who serves as project operations coordi~ 
nator; and Mrs. Dyantha Yarbrough, administrative assistant. • 

SPECIAL FACILITIES AND COLLECTIONS 
The very nature of the research and graduate instruction under way 

at Scripps Institution implies a requirement for special facilities and 
collections. There follow, coded to an accompanying map, brief de
scriptions of the Institution's principal shore facilities and collections. 

FACILITIES 

Thomas Wayland Vaughan Aquarium-Museum (5). Open daily to 
the public at no charge, the Aquarium-Museum and Hall of Ocean
ography attract more than 350,000 visitors annually. Southern Cali- . 
fornia and Baja California marine animals are exhibited in 24 display 
tanks having from 75- to 2,000-gallon capacities. The Aquarium-Museum 
conducts an educational program for elementary, high school, and 
college students. It operates a marine specimen collecting facility 
which provides Scripps scientists with live marine plants and animals 
for research and teaching. 

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

Research Support Shops (10). These shops are involved in the 
design, development, and fabrication of research equipment and 
instrumentation in support of the Scripps fleet, various laboratories 
at Scripps, UCSD, University Hospital, and other educational and gov
ernmental organizations. 

Radio Station WWD (14). Licensed to the U.S. Bureau of Commercial 
Fisheries (later in 1970 to be designated the National Marine Fisheries 
Service) and operated by Scripps personnel, Station WWD provides 
communications services to both organization as well as with other 
government and institutional scientific ships. The station has world
wide capabilities. Voice, CW, radioteletype, and facsimile transmis
sions can be handled by the station, which operates 20 hours a day, 
seven days a week. 

Scripps Library (8). The library houses a vast amount of oceano
graphic information with outstanding collections in oceanography, 
marine biology, and undersea technology. In addition to a basic col
lection of monographs and serials in mathematics, physics, chemistry, 
geology, and zoology, the main collection includes extensive expedi
tion literature. As of June 30, 1970, the library held 83,201 bound 
volumes, 37,540 maps, 20,611 reprints, 15,532 documents, reports, 
and translations, and 2,189 pieces of microcopy. 

Hydraulics Laboratory (1). This laboratory is equipped with a 
wind-wave channel 140x8x8 feet with a simulated beach, and a tow 
cart for instrument and model towing; a 50x60-foot wave basin with 
an adjustable simulated beach; a 130-foot, glass-walled, wave-and
current channel; and an insulated, refrigerated, cylindrical sea
water tank 34 feet deep and ten feet in diameter used for various 
physical and biological studies. All wave generators in the labora
tory are programmable and can be computer-controlled. An IBM 
1130 computer system is the central controller for data acquisition 
and data processing in conjunction with experimental use of the 
various facilities. 

Scripps Pier (15). A familiar landmark is the 1,000-foot Scripps 
Pier, built in 1915 as a platform for serial observations, data gather
ing, 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 deliver the seawater used in laboratories and 
aquaria of Scripps and the Fishery-Oceanography Center of the National 
Marine Fisheries Service. 

Seawater System (15). The system provides seawater 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. Normal delivery capacity is 750 to 800 gallons per minute. 
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Electron Microprobe Laboratory (11). This laboratory permits the 
chemical analysis of volumes as small as one c~b}c micr.on. at co~cen
tration levels above a few hundred parts per m1ll1on. Th1s 1s ach1eved 
by accurate spectrographic measurements of the X-radiation fr~m the 
area analyzed, which is excited by a focused electron beam. The mstru
mentation is used primarily in studies of mineralogical, petrological, 
and solid-state physical problems. 

Electron Microscope , Laboratory (7). Two Siemens electron micnr 
scopes, together with freeze-etching (Balzers) and accessory equip
ment, provide high resolution in the study of ultrafine structure. 

Diving Facility (16). The diving facility, which has easy access to 
the ocean consists of two separate areas. One contains separate 
space for men's and women's showers, dressing rooms, and personal 
diving equipment storage. The second is devoted to air compressors, 
a 24,000-cubic-foot air volume bank, diving cylinder storage, and an 
overhaul and repair facility. A 33-foot diving boat and a 16-foot skiff 
are available to the diving facility. 

Scripps's SCUBA diver training program, among the oldest diver 
training and scientific diving programs in the country, conducts a 
number of SCUBA training classes annually. These are generally 
limited to University personnel who have the need to work or study 
underwater, but federal, state, and local government employees may 
be admitted by special permission. Some 100 faculty and staff mem
bers and students are certified for underwater work; they make an · 
average of 4,000 dives a year. The institution has a ten-year total of 
30,000 accident-free dives. 

Mass Spectrographic Equipment (7 and 11). Six mass spectro
graphs are available, including two six-inch, Nier-type spectrometers 
for isotopic analysis of light elements; a 12-inch mass spectrometer 
for geochronology studies; an omegatron mass spectrometer for iso
topic analysis of rare gases; and two units for respiratory gas analysis. 

Underwater Research Areas (17). Located seaward off the campus 
is a marine research area set aside by the State of California. The 
taking of marine invertebrates and plants in this area is permitted 
only for scientific purposes. An adjoining ocean area is reserved by 
the Navy for Navy and Scripps research with bottom-mounted equip
ment. 

Cardiovascular Research Facility (13). Established in 1965 as a 
joint enterprise of Scripps lnstit~tion's Physiol~gical Research Lab_ora
tory and the Institute for C~rd1opulmonary _D1sea~~s of th.e Scnpps 
Clinic and Research Foundation, La Jolla, th1s fac11lty cons1sts of an 
experimental animal colony and equipment for physiological research 
involving measurements of blood circulation and pressure in the heart. 

Physiological Research Laboratory P~ol Facility (4). T~is faci!ity 
consists of a holding pool for large marme mammals and f1sh; a nng 
pool of 32-foot radius equipped with. a varia~le speed trol!ey carrying 
instruments for various hydrodynamic and b10log1cal stud1es of mam
mals and man· and a behavioral pool for echo-location studies and 
animal training. A central island 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. 

Carbon-14 and Tritium Laboratories (Mt. Soledad). The carbon-14 
laboratory provides equipment for the radiocarbon dating of specimens 
up to 40,000 years. This laboratory 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. 

Soledad Mountain Laboratory (Mt. Soledad). This laboratory studies 
certain characteristics of the ocean and its organisms by measuring 
extremely small traces of natural and artificial radioactivity. The 
laboratory is an ideal center for certain biological and medical re
search programs that have been brought to this campus because it 
provides srecial research facilities as well as isolation from larger 
amounts o radioactivity which sometimes interfere with experiments. 

Seawater Test Facility (3). UCLA's Department of Engineering, 
in cooperation with the California Water Resources Center, is con
ducting seawater conversion tests using the principle of reverse 
osmosis. These are the first tests on this scale approaching pilot-plant 
size. This particular pilot plant is producing drinkable water at a 
rate of 500 gallons daily. 

Kendall-Frost Mission Bay Marsh Preserve (Mission Bay, San Diego). 
Approximately 20 acres of marshland in Mission Bay belonging to the 
University constitute a marsh preserve and wildlife refuge. Plans call 
for this land to be used for biological research. 

San Vicente Lake Calibration Facility (30 miles northeast of San 
Diego). This facility, operated by the Marine Physical Laboratory, !s 
equipped for testing and calibrating acoustic transducers used m 
oceanographic research. The equipment is located on a 24x50-foot 
enclosed platform moored in 40 feet of water offering 4,500 feet of 
unobstructed range. 
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James Snodgrass watches Nick Carter, foreground, transmit radio 
teletype message from Station WWD to Scripps ship. 

SPECIAL COLLECTIONS 

Echo-Sounding Records (7). Available 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. 

Geological Data Center (5). Geological data collected by SIO vessels 
concerning soundings and bathymetry, magnetic anomalies, and 
seismic reflection and refraction are indexed, compiled, and stored 
at this location. 

Marine Vertebrates (Fish Collection 7). This consists of some 
750,000 specimens of 2,500 catalogued s~ecies of marine !ishes. 
Added in 1968 and 1969 were 1,200 collections of bathypelag1c and 
shore fishes. 

Marine Invertebrates (Zooplankton Collection, 5 and 7). In this 
collection are nearly 50,000 fully documented plankton samples; of 
these some 17,000 are from special expeditions and some 750 from 
deep-water OKMTI trawls. Samples are supplemented by full meteoro
logical, hydrographic, physical, and chemical data. 

Geological Samples (Storage locker is near Diving Facility). This 
collection contains some 4,000 geological samples, including 3,000 
cores, some dating back to the days of the expedition by the English 
vessel Challenger 0872). Also available for study are dredge-haul 
samples and manganese nodules, taken mainly from the Pacific and 
Indian Oceans, and drill-cores near Guadalupe Island during the exper
imental Mohole operation. 

Deep Sea Drilling Project Core Repository (Located in north end of 
DSDP headquarters). Scripps houses the West Coast repository for 
cores collected by DSDP. The DSDP is part of the National Science 
Foundation's (NSF) National Ocean Sediment Coring Program, and 
these collections are ·a national archive. Cores stored at this re
pository come from the Pacific Ocean. (Cores from the Atlantic region 
are stored at the East Coast repository at Lamont-Doherty Geological 
Observatory of Columbia University.) Samples from these cores are 
made available to qualified researchers throughout the world under 
policies established by NSF. 

Oceanographic Data Archive (11). This collection includes more 
than 500 000 bathythermographic observations, tide gauge records 
taken since 1925 at Scripps Pier, and daily temperature and salinity 
records from southern California shore stations taken since 1916. 
Summaries of the shore station data, issued annually, are available 
upon request. 

Seawater Collection (7). Begun in 1959, this collection contains 
some 1,350 seawater samples from all over the world and about 
1,800 precipitation samples. After analyses are made, the excess 
water may be obtained for scientic purposes. • 



PUBLICATIONS 
The research being conducted at Scripps Institution of Ocean
ography is reflected in the publications of the faculty ~d staff. 
These publications, for the most part, are highly technicaJ . and 
range from short internal data rep_ort~ to long genus. r~vtstons. 
Scripps publications are generally distributed by subscnption, ex
change or military contracts. 

Below are listed the various Scripps Institution of Oceanography 
publications for 1968-1970, including information on their avail
ability. 

BULLETIN 

The Scripps Institution of Oceanography, Bullet~n, which cont!lins 
lengthy technical papers by the faculty and staff, 1s the only Scnpps 
publication available by subscription. For. information ab<?ut sub
scriptions and a list of those numbers available, please wnte: Th.e 
University of California Press, 2223 Fulton Street, Berkeley, Cali
fornia 94720. 
Bulletin volumes issued during the last two years are below: 
Volume 13. SCHMUCKER, Ulrick. Anomalies of geomagnetic 
variations in the Southwestern United States. 
Volume 14. OKUTANI, Takashi and John A. McGOWAN. Sys
tematics, distribution and abundance of the epiplanktonic squid 
(Cephalopoda, Decapoda) Larvae of the California Current April 
1954-March 1957. · 
Volume 15. HESSLER, Robert R. The Desmosomatidae (lsopoda, 
Asellota) of the Gay Head-Bermuda .transect. 

CONTRIBUTIONS 

This publication is a compilation of reprints authored by the 
Scripps faculty and staff. The Scripps Institution of Oceanography 
Contributions is published annually and available only on an ex
change basis. Information concerni!J.g exchan~es i~ availabl~ frol!l: 
Gifts and Exchange Department, Ltbrary, Umvers1ty of Caltforma, 
San Diego, P.O. Box 2367, La Jolla, California 92037. 

The articles listed below may be found in the publications cited. 
Information about specific reprints may be obtained by writing 
directly to the author in care of: Scripps Institution of Ocean
ography, P.O. Box 109, La Jolla, California 92037. 
AL V ARINO, Angeles. Egg pouches and other reproductive struc
tures in pelagic Chaetognatha. Pacific Science, v. 22, no. 4, October 
1968. pp. 488-492. 
AL VARINO, Angeles. Two new Calycophorae, Siphonophorae. 
Pacific Science, v. 22, no. 3, July 1968. pp. 340-346. 
ANDERSON, Victor C. Maintenance of sea-floor electronics. IEEE 
Transactions on Aerospace and Electronics Systems, AES-4, no. 5, 
September 1968. pp. 650-658. 
ARRHENIUS, Gustaf 0. S. Chemical bond effect on electron 
transitions between inner levels. In Optique des Rayons X et 
Microanalyse, edited by R. Castaing, P. Deschamps and J. Philibert. 
Paris, Editions Scientifiques Hermann, 1966. pp. 328-332. 
ATWATER, Tanya M. and John D. MUDIE. Block faulting on the 
Gorda Rise. Science, v. 159, no. 3816, February 16, 1968. pp. 729-
731. 
BACKUS, George E. Application of a non-linear boundary-value 
problem for Laplace's equation to gravity and geomagnetics inten
sity surveys. Quarterly Journal of Mechanics and Applied Mathe
matics, v. 21, pt. 2, May 1968. pp. 195-221. 
BACKUS, George E. Kinematics of geomagnetic secular variation 
in a perfectly conducting core. Royal Society of London. Philo
sophical Transactions, Series A, v. 263, no. 1141, pp. 239-266. 
BACKUS, George E. and J. Freeman GILBERT. The resolving 
power of gross Earth data. Geophysical Journal, v. 16, 1968. pp. 

·169-205. 
BANDURSKI, Robert S., Edda D. BRADSTREET and Per F. 
SCHOLANDER. Metabolic changes in the mud-skipper during 
asphyxia or exercise. Comparative Biochemistry and Physiology, 
v. 24, 1968. pp. 271-274. 
BANNER, F. T., W. J. CLARKE, J. L. CUTBILL, F. E. EAMES, 
A. J. LLOYD, William R. RIEDEL and A. H. SMOUT. Protozoa. 
In The Fossil Record. London, Geological Society of London, 1967. 
pp. 291-332. 
BERGER, Wolfgang H. Planktonic Foraminifera: selective solu
tion and paleoclimatic interpretation. Deep-Sea Research and 
Oceanographic Abstracts, v. 15, 1968. pp. 31-43. 
BERGER, Wolfgang H. Radiolarian skeletons: solution at depths. 
Science, v. 159, no. 3820, March 15, 1968. pp. 1237-1238. 
BERGER, Wolfgang H. and G. Ross HEATH. Vertical mixing in 
pelagic sediments. Journal of Marine Research, v. 26, pt. 2, 1968. 
pp. 134-143. 
BIERI, Rudolf H. and H. FECHTIG. Die diffusion der uredelgase 
helium, neon und argon in meteoriten Fayetteville. Zeitschrift fur 
Naturforschung, v. 23a, no. 2, 1968. pp. 222-228. 
BLACKBURN, Maurice. Micronekton of the eastern tropical 
Pacific Ocean: family composition, distribution, abundance, and 
relations to tuna. U.S. Fish and Wildlife Service. Fishery Bulletin, 
v. 67, no. 1, 1968. pp. 71-115. 

BOILEAU, Almerian R. Atmospheric optical measurements in 
central Colorado in connection with long range oblique photog
raphy. Applied Optics, v. 7, March 1968. pp. 407-414. 
BOILEAU, Almerian R. Determination of path radiance for down
ward path of sight from ground-based or low altitude measurement. 
Optical Society of America. Journal, v. 58, no. 4, April 1968. pp. 
586-587. 
BOWEN, A. J., Douglas L. INMAN and V. P. SIMMONS. Wave 
'set-down' and set-up. Journal of Geophysical Research, v. 73, no. 8, 
April 15, 1968. pp. 2569-2577. 
BRAMLETTE, Milton N. and J. A. WILCOXON. Middle Tertiary 
calcareous nannoplankton of the Cipero Section, Trinidad, W. I. 
Tulane University. Studies in Geology, v. 5, no. 3, 1967. pp. 93-132, 
220. 
CARLUCCI, A. F. and S. B. SILBERNAGEL. Determination of 
vitamins in seawater. I. B. P. - Symposium, 11th, Amsterdam and 
Nieuwersluis, 1966. Proceedings: Chemical environment in the 
aquatic habitat. Amsterdam, North Holland, 1967. pp. 239-244. 
CARLUCCI, A. F. and J.D. H. STRICKLAND. The isolation, 
purification and some kinetic studies of marine nitrifying bacteria. 
Journal of Experimental Marine Biology and Ecology, v. 2, 1968. 
pp. 156-166. 
COOMBS, J., James A. LAURITIS, W. M. DARLEY and Ben
jamin E. VOLCANI. Studies on the biochemistry and fine structure 
of silica shell formation in diatoms. V. Effects of colchicine on wall 
formation in Navicula pelliculosa (Breb.) Hilse. Zeitschrift fur 
Pflanzenphysiologie, v. 59, no. 2, 1968. pp. 124-152. 
COOMBS, J., James A. LAURITIS, W. M. DARLEY and Ben
jamin E. VOLCANI. Studies on the biochemistry and fine structure 
of silica shell formation in diatoms. VI. Fine structure of colchicine
induced poly_ploids of Navicula pelliculosa (Breb.) Hilse. Zeit
schrift fur Pttanzenphysiologie, v. 59, no. 3, 1968. pp. 274-284. 
COOMBS, J. and Benjamin E. VOLCANI. Studies on the bio
chemistry and fine structure of silica shell formation in diatoms. 
Chemical changes in the wall of Navicula pelliculosa during its 
formation. Planta (Berl.) v. 82, 1968. pp. 280-292. 
COOMBS, J. and Benjamin E. VOLCANI. Studies on the biochem
istry and fine structure of silica shell formation in diatoms. Silicon
induced metabolic transients in Navicula pelliculosa (Breb.) Hilse. 
Planta (Berl.), v. 80, 1968. pp. 264-279. 
CORRY, Charles E., Carl DUBOIS and Victor VACQUIER. 
Instrument for measuring terrestrial heat flow through the ocean 
floor. Journal of Marine Research, v. 26, no. 2, 1968. pp. 165-177. 
COX, Charles S. Energy in semidiurnal internal waves. Hamburg. 
Universitiit. Institut fur Meereskunde. Mitteilungen, no. 10, Febru
ary 1968. pp. 69-77. 
CRAIG, Harmon. Isotope separation by carrier diffusion. Science, 
v. 159, no. 3810, January 5, 1968. pp. 93-96. 
CRAIK, Alex D. D. A note on the static stability of an elastico
viscous fluid. Journal of Fluid Mechanics, v. 33, pt. 1, 1968. pp. 
33-38. 
CRAIK, Alex D.D. Wind-generated waves in contaminated liquid 
films. Journal of Fluid Mechanics, v. 31, pt. 1, 1968. pp. 141-161. 
EPPLEY, Richard W. and J.D. H. STRICKLAND. Kinetics of 
marine phytoplankton growth. In Advances in Microbiology of the 
Sea, v. 1, edited by M. R. Droop and E. J. Ferguson Wood. New 
York, Academic, 1968. pp. 23-62. 
EPPLEY, Richard W., Robert W. HOLMES, and J. D. H. 
STRICKLAND. Sinking rates of marine phytoplankton measured 
with a fluorometer. Journal of Experimental Marine Biology and 
Ecology, v. 1, 1967. pp. 191-208. 
EPPLEY, Richard W. and James L. COATSWORTH. Uptake of 
nitrate and nitrite by Ditylum brightwellii- kinetics and mecha
nisms. Journal of Phycology, v. 4, no. 2, 1968. pp. 151-156. 
FAGER, E. W. and R.I. CLUTTER. Parameters of a natural pop
ulation of a hypopelagic marine mysid, Metamysidopsis elongata 
(Holmes). Physiological Zoology, v. 41, no. 3, July 1968. pp. 257-
267. 
FAGER, E. W. and Alan R. LONGHURST. Recurrent group 
analysis of species assemblages of demersal fish in the Gulf of 
Guinea. Canada. Fisheries Research Board. Journal, v. 25, no. 7, 
1968. pp. 1405-1421. 
FAGER, E. W. A sand-bottom epifaunal community of inverte
brates in shallow water. Limnology and Oceanography, v. 13, no. 3, 
July 1968. pp. 448-464. 
FERGUSON, C. W., B. HUBER and Hans E. SUESS. Determina
tion of the age of Swiss Lake dwellings as an example of 
dendrochronologically-calibrated radiocarbon dating. Zeitschrift fur 
Naturforschung, v. 21a, no. 7, 1966. pp. 1173-1177. 
FIADEIRO, Manuel and J. D. H. STRICKLAND. Nitrate reduc
tion and the occurrence of a deep nitrite maximum in the ocean off 
the west coast of South America. Journal of Marine Research, v. 26, 
no. 3, 1968. pp. 187-201. 
FISHER Robert L., Celeste G. ENGEL and Thomas W. C. 
HILDE. Basalts dredged from the Amirante Ridge, western Indian 
Ocean. Deep-Sea Research and Oceanographic Abstracts, v. 15, 
1968. pp. 521-534. 
FITZGERALD, Ray, Klaus KEIL and Kurt F. J. HEINRICH. 
Solid-state energy-dispersion spectrometer for electron-microprobe 
x-ray analysis. Science, v. 159, no. 3814, February 2, 1968. pp. 528-
530. 
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FOLSOM, Theodore, R., C. SREEKUMARAN,.~. E. WElT~, Jr. 
and D. A. TENNANT. Flame photometer s~talized for cesmm. 
Applied Spectroscopy, v. 22, no. 2,_ March/Apnl1968. pp. 109-114. 
FOSTER, Theodore D. Effect of boundary conditions on the on
set of convection. Physics of Fluids, v. 11, no. 6, June, 1968. pp. 
1257-1262. 
FROST Bruce W. and Abraham FLEMINGER. A revision of the 
genus Czausocalanus (Copepoda: .Calanoida) with ~emarks ~m ~he 
distributional patterns in diagnostic characters. Scrzpps Instztutzon 
of Oceanography. Bulletin, v. 12, 1968. 235 p. 
GALEHOUSE, Jon S. Anistropy of magnetic suscep~bility a~ a 
paleocurrent indicator: a test of the method. Geologzcal Soczety 
of America. Bulletin, v. 79, March 1968. pp. 387-390. 
GILBERT, J. Freeman and George E. BACKUS. AJ?proxim.ate 
solutions to the inverse normal mode problem. Sezsmologzcal 
Society of America. Bulletin, v. 58, no. 1, February 1968. pp. 
103-131. 
GOLDBERG, Edward D. Ionium/thorium geochronologies. Earth 
and Planetary Science Letters, v. 4, 1968. pp. 17-21. 
GRIFFIN, John J., H. L. WINDOM and Edward D. GOLDBERG. 
The distribution of clay minerals in the World Ocean. Deep-Sea 
Research and Oceanographic Abstracts, v. 15, 1968. pp. 433-459. 
GRIFFITHS, Raymond C. Physical, chemical! an';~ biol~gical 
oceanography of the entrance to the Gulf of Califorma, spnng of 
1960. U.S. Fish and Wildlife Service. Special Scientific Report
Fisheries, no. 573, 1968. 47 p. 
HAGIWARA, S., R. GRUENER, H. HAYASHI, H. SAKATA 
and A. D. GRINNELL. Effect of external and internal pH cha~ges 
on K and Cl conductances in the muscle fiber membrane of a giant 
barnacle. Journal of General Physiology, v. 52, no. 5, 1968. pp. 
773-792. 
HAGIWARA, S., K. TAKAHASHI and D. JUNGE. E~citati~n
contraction coupling in a barnacle muscle fiber as exammed wtth 
voltage clamp technique. Journal of General Physiology, v. 51, 
no. 2, 1968. pp. 157-175. 
HAMILTON, R. D. and 0. HOLM-HANSEN. Adenosine tri
phosphate content of marine bacteria. Limnology and Oceanogra
phy, v. 12, no. 2, April 1967. pp. 319-324. 
HAMMEL, H. T. Measurement of turgor pressure and its gradient 
in the phloem of oak. Plant Physiology, v. 43, no. 7, July 1968. 
pp. 1042-1048. 
HAMMEL, H. T. Regulation of internal body temperature. Annual 
Review of Physiology, v. 30, 1968. pp. 641-710. 
HAMMEL, H. T., T. J. DAWSON, R. M. ABRAMS and H. T. 
ANDERSEN. Total calorimetric measurements on Citellus latera/is 
in hibernation. Physiological Zoology, v. 41, no. 3, July 1968. pp. 
341-357. 
HANOR, Jeffrey S. Frequency distribution of compositions in the 
barite-celestite series. American Mineralogist, v. 53, July-August 
1968. pp. 1215-1222. 
HARRISON C. G. A., Michael L. RICHARDS and Victor 
V ACQUIER'. Paleomagnetism of submarine igneous rocks. In 
International Dictionary of Geophysics, edited by K. Runcorn and 
others. New York, Pergamon, 1967. pp. 1157-1163. 
HAWKINS James W., Jr. Prehnite-pumpellyite facies metamor
phism of a graywacke-shale series, Mount Olympus, Washington. 
American Journal of Science, v. 265, November 1967. pp 798-818. 
HAWKINS, James W., Jr. Regional metamorphism, metasomatism 
and partial fusion in the northwestern part of the Okanogan Range, 
Washington. Geological Society of America. Bulletin, v. 79, Decem
ber 1968. pp. 1785-1820. 
HELMBERGER, Donald V. The crust-mantle transition in the 
Bering Sea. Seismological Society of America. Bulletin, v. 58, no. 
1, February 1968. pp. 179-214. 
HENDERSHOTT, Myrl C. The numerical integration of Laplace's 
tidal equations in idealized ocean basins. Hamburg. Universitiit. 
Institut fur Meereskunde. Mitteilungen, no. 10, February 1968. 
pp. 8-21. 
HESTER, Frank. Visual contrast thresholds of the goldfish 
(Carassius auratus). Vision Research, v. 8, 1968. pp. 1315-1336. 
HOLLAND, Nicholas D. and James A. LAURITIS. The fine 
structure of the gastric exocrine cells of the purple sea urchin, 
Strongylocentrotus purpura/us. American Microscopical Society. 
Transactions, v. 87, no. 2, 1968. pp. 201-209. 
HOLM-HANSEN, 0. Determination of particulate organic nitro
gen. Limnology and Oceanography, v. 13, no. 1, January 1968. pp. 
175-178. 
HOLM-HANSEN, 0. Ecology, physiology and biochemistry of 
blue-green algae. Annual Review of Microbiology, v. 22, 1968. pp~ 
47-70. 
HOLM-HANSEN, 0., William H. SUTCLIFFE, JR. and Jonathan 
SHARP. Measurement of deoxyribonucleic acid in the ocean and 
its ecological significance. Limnology and Oceanography, v. 13, 
no. 3, July 1968. pp. 507-514. 
HOLMES, Robert W. Auxospore formation in two marine clones 
of the diatom genus Coscinodiscus. American Journal of Botany, 
v. 54, no. 2, February 1967. pp. 163-168. 
HOLMES, Robert W. Light microscope observations on cytological 
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manifestations of nitrate, phosphate and silicate deficiency in four 
marine centric diatoms. Journal of Phycology, v. 2, no. 4, 1966. 
pp. 136-140. 
HUBBS CarlL. Black-footed albatross, banded at Midway Island, 
recovered off Baja California in first year. Condor, v. 70, no. 1, 
January 1968. p. 92. · 
HUBBS Carl L. Dispersal of Cattle Egret and Little Blue Heron 
into northwestern Baja California, Mexico. Condor, v. 70, no. 1, 
January 1968. pp. 92-93. 
HUPPERT, H. E. and John W. MILES. A note on baroclinic 
instability of the zonal wind to short waves. Journal of Atmos
pheric Sciences, v. 23, no. 1, January, 1966. pp. 125-126. 
HUPPERT, H. E. On Kelvin-Heimholtz instability in a rotating· 
fluid. Journal of Fluid Mechanics, v. 33, pt. 2, 1968. pp. 353-359. 
HUPPERT, H. E. and John W. Miles.~ note on s~ock diffraction 
by a supersonic wedge. Journal of Fluzd Mechanzcs, v. 31, pt. 3, 
1968. pp. 455-458. 
ISAACS, John D. and Daniel M. BROWN. "Bootstrap" corer. 
Journal of Sedimentary Petrology, v. 38, no. 1, March.1968. pp. 
159-162. 
ISAACS, John D. General features of the ocean. I!J- Ocean Engi
neering, edited by John F. Brahtz. New York, Wiley, 1968. pp. 
157-201. 
ISHIY AMA Reizo and Carl L. HUBBS. Bathyraja, a genus of 
Pacific skat~s (Rajidae) regarded as phyletically distinct from 
the Atlantic genus Breviraja. Copeia, no. 2, June 5, 1968. pp. 407-
410. 
JEFFREY, S. W. and Francis T. HAXO. Photosynthetic pigments 
of symbiotic dinoflagellates (zooxanthellae) from corals and clams. 
Biological Bulletin, v. 135, no. 1, August 1968. pp. 149-165. 
JERDE, Charles W. On the distribution of Portunus (A~helou~) 
affmis and Euphylax dovii (Decapoda Brachyura, Porturudae) m 
the eastern tropical Pacific. Crustaceana, v. 13, pt. 1, 1967. pp. 
11-22. 
JOHNSON, Martin W. Palinurid phyllosoma larvae from the 
Hawaiian archipelago (Palinuridea). Crustaceana, supplement 2, 
1968. pp. 59-79. 
JOHNSON Martin W. The Phyllosoma larvae of scyllarid lobsters 
in the Gulf of California and off Central America with special 
reference to Evibacus princeps (Palinuridea). Crustaceana, supple
ment 2, 1968. pp. 98-116. 
KEELING Charles D. and L. S. WATERMAN. Carbon dioxide 
in surface ~cean waters. 3. Measurements on Lusiad Expedition 
1962-1963. Journal of Geophysical Research, v. 73, no. 14, July 15, 
1968. pp. 4529-4541. 
KEELING, Charles D. Carbon dioxide in surface ocean waters. 
4. Global distribution. Journal of Geophysical Research, v. 73, 
no. 14, July 15, 1968. pp. 4543-4553. 
KEELING, Charles D., Thomas B. HARRIS, and Eugene M. 
WILKINS. Concentration of atmospheric carbon dioxide at 500 
and 700 millibars. Journal of Geophysical Research, v. 73, no. 14, 
July 15, 1968. pp. 4511-4528. 
KEELING Charles D. and Bert BOLIN. The simultaneous use 
of chemical tracers in oceanic studies. I. General theory of reservoir 
models. Tellus, v. 19, no. 4, 1967. pp. 566-581. 
KEELING, Charles D. and Bert BOLIN. The simultaneous use of 
chemical tracers in oceanic studies. II. A three-reservoir model of 
the North and South Pacific Oceans. Tellus, v. 20, no. 1, 1968. 
pp. 17-54. 
KNIGHT, Margaret D. The larv~. developme!l~ o! Blepharipoda 
occidentalis Randall and B. spmzmana (Philtppi) (Decapoda, 
Albuneidae). California Academy of Sciences. Proceedings, 4th 
Series, v. 35, no. 16, February 21, 1968. pp. 337-370. 
KNIGHT, Margaret D. Larval development of Raninoides Bene
dicti Rathbun (Brachyura, Raninidae) , with notes on the Pacific 
records of Raninoides Laevis (Latreille). Crustaceana, supplement 
2, 1968. pp. 145-169. 
LARSON, Roger L., Henry W. MENARD and Stuart M. SMITH. 
Gulf of California: a result of ocean-floor spreading and transform 
faulting. Science, v. 161, no. 3843, August 23, 1968. pp. 781-784. 
LAURITIS, James A., J. COOMBS and Benjamin E. VOLCANI. 
Studies on the biochemistry and fine structure of silica shell for
mation in diatoms. IV. Fine structure of the apochlorotic diatom 
Nitzschia alba Lewin and Lewin. Archiv fur Mikrobiologie, v. 62, 
1968. pp. 1-16. 
LEWIN, Joyce C. and Ralph A. LEWIN. Culture and nutrition of 
some apochlorotic diatoms of the genus Nitzschia. Journal of 
General Microbiology, v. 46, 1967. pp. 361-367. 
LONGHURST, Alan R. Distribution of the larvae of Pleuroncodes 
planipes in the California Current. Limnology and Oceanography, 
v. 13, no. 1, January 1968. pp. 143-155. 
LONGUET-HIGGINS, MichaelS. The eigenfunctions of Laplace's 
tidal equations over a sphere. Royal Society of London. Philosoph
ical Transactions, Series A., v. 262, no. 1132, February 29, 1968. 
pp. 511-607. 
LORENZEN, Carl J. Carbon/chlorophyll relationships in an 
upwelling area. Limnology and Oceanography, v. 13, no. 1, Jan
uary 1968. pp. 202-204. 



LORENZEN, Carl J. Determination of chlorophyll and pheo
pigments: Spectrophotometric equations. Limnology and Oceanog
raphy, v. 12, no. 2, April 1967. pp. 343-346. 
LOWENSTEIN, Carl D. and Victor C. ANDERSON. Quick 
characterization of the directional response of point array. Acous
tical Society of America. Journal. v. 43, no. 1, January 1968. pp. 
32-36. 
LUYENDYK, Bruce P., John D. MUDIE and C. G. A. HAR
RISON. Lineations of magnetic anomalies in the northeast Pacific 
observed near the ocean floor. Journal of Geophysical Research, 
v. 73, no. 18, September 15, 1968. pp. 5951-5957. 
LYNN, Ronald J. and Joseph L. REID. Characteristics and cir
culation of deep and abyssal waters. Deep-Sea Research and Ocean
ographic Abstracts, v. 15, 1968. pp. 577-598. 
McGEHEE, Maurice S., Bruce P. LUYENDYK and Dwight E. 
BOEGEMAN. Location of an ancient Roman shipwreck by 
modern acoustic techniques. Annual MTS Conference & Exhibit, 
4th Washington, D.C. 1968 Transactions, pp. 127-139. 
McGOWAN, John A. and Takashi OKUTANI. A new species of 
Enoploteuthid squid, Abraliopsis (Watasenia) felis, from the Cali
fornia Current. Veliger, v. 11, no. 1, July 1, 1968. pp. 72-79. 
McGOWAN, John A. The Thecosomata and Gymnosomata of 
California. Veliger, v. 3, supplement, May 1, 1968. pp. 103-135. 
MaciNTYRE, Ferren. Bubbles: a boundary-layer "microtome" for 
micron-thick samples of a liquid surface. Journal of Physical Chem
istry, v. 72, 1968. pp. 589-592. 
McKENZIE, Dan P. and John G. SCLATER. Heat flow inside the 
island arcs of the northwestern Pacific. Journal of Geophysical 
Research, v. 73, no. 10, May 15, 1968. pp. 3173-3179. 
McLEISH, William. On the mechanisms of wind-slick generation. 
Deep-Sea Research and Oceanographic Abstracts, v. 15, 1,968. pp. 
461-469. 
MATSUI, Tetsuo, Gillian SHANE and William A. NEWMAN. On 
Balanus eburneus Gould (Cirripedia, Thoracica) in Hawaii. 
Crustaceana, v. 7, part 2, 1964. pp. 142-145. 
MENARD, Henry W. and Tanya M. ATWATER. Changes in 
direction of sea floor spreading. Nature, v. 219, no. 5153, August 
3, 1968. pp. 463-467. 
MENARD, Henry W. Extension of Northeastern-Pacific fracture 
zones. Science, v. 155, no. 3758, January 6, 1967. pp. 72-74. 
MILES, John W. The Cauchy-Poisson problem for a viscous liquid. 
Journal of Fluid Mechanics, v. 34, pt. 2, 1968. pp. 359-370. 
MILES, John W. Hydrodynamic instability in a rotating compres
sible fluid. International Congress of Applied Mechanics, 11th, 
Munich, 1964. Proceedings. Berlin, Springer-Verlag, 1966. pp. 1016-
1021. 
MILES, John W. Instability of very long waves in a zonal flow. 
Tellus, v. 17, no. 3, 1965. pp. 302-305. 
MILES, John W. Lee waves in a stratified flow. Part 1. Thin barrier. 
Journal of Fluid Mechanics, v. 32, pt. 3, 1968. pp. 549-567. 
MILES, John W. and H. E. HUPPERT. Lee waves in a stratified 
flow. Part 2. Semi-circular obstacle. Journal of Fluid Mechanics, 
v. 33, pt. 4, 1968. pp. 803-814. 
MILES, John W. A note on the interaction between surface waves 
and wind profiles. Journal of Fluid Mechanics, v. 22, pt. 4, 1965. 
pp. 823-827. 
MILES, John W. and George E. BACKUS. A note on the potential 
flow past a lemniscate and a general method of Milne-Thomson. 
Quarterly of Applied Mathematics, v. 26, no. 3, October 1968. pp. 
441-442. 
MULLIN, Michael M. On· the feeding behavior of planktonic 
marine copepods and the separation of their ecological niches. 
Symposium on Crustacea, Ernakulam, India, 1965. Proceedings, 
pt. ?· Mandapam Camp, India, Marine Biological Association of 
India, 1967. pp. 955-962. 
MUNK, Walter H. Tide prediction. IBM Scientific Computing 
Symposium on Environmental Sciences, Yorktown Heights, N.Y., 
1966. Proceedings. White Plains, N.Y., IBM Data Processing Divi
sion, 1967. pp. 143-144. 
NAGATA, Yutaka. Shallow temperature inversions in the sea to 
the east of Honshu, Japan. Oceanographical Society of Japan, 
Journal, v. 24, no. 3, June 1968. pp. 103-114. 
NEWMAN, William A. On physiology and behaviour of estuarine 
barnacles. Symposium on Crustacea, Ernakulam, India, 1965. 
Proceedings, ft. 3. Mandapam Camp, India. Marine Biological 
Association o India, 1967. pp. 1038-1066. 
NORMARK, William R. and Joseph R. CURRAY. Geology and 
structure of the tip of Baja California, Mexico. Geological Society 
of America. Bulletin, v. 79, November 1968. pp. 1589-1600. 
NORMARK, William R. and George G. SHOR. Seismic reflection 
study of the shallow structure of the Hawaiian arch. Journal of 
Geophysical Research, v. 73, no. 22, November 15, 1968. pp. 6691-
6698. 
NORTHROP, John, Michael S. LOUGHRIDGE and E. W. 
WERNER. Effect of near-source bottom conditions on long-range 
sound propagation in the ocean. Journal of Geophysical Research, 
v. 73, no. 12, June 15, 1968. pp. 3905-3908. 
NORTHROP, John. Submarine topographic echoes from Chase V. 
Journal of Geophysical Research, v. 73, no. 12, June 15, 1968. pp. 
3909-3916. 

Artist's sketch of proposed $18.6 million experimental in-shore 
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effects on starch hydrolysis by marine bacteria. Oceanographical 
Society of Japan. Journal, v. 25, no. 1, February 1969. pp. 36-47. 
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ARRHENIUS, Gustaf. Kosmologisk revolution frlin mlinen. 
Forskning och Framsteg, no. 7, 1969. pp. 2-5, 32. 
GEALY, E. L. and DAVIES, T. A. The Deep Sea Drilling Project. 
Geotimes, February, 1969. pp. 10-12. 
GEALY, E. L. and DAVIES, T. A. The scientific program in 
Glomar Challenger completes the Atlantic track. Ocean Industry, 
May, 1969. pp. 59-61. 
HENDERSHOTT, M. C. Foreword. Oceanography from space 
and aircraft, by E. Sinha. La Jolla, Ocean Engineering Information 
Service. 1970. 
HENDERSHOTT, M. C. Oceanography. Americana Annual, 1970. 
New York, Encyclopedia Americana. pp. 516-517. 
HUBBS, Carl L. An appraisal of Dr. L. F. de Beauford (1879-
1969) as an ichthyologist. Beaufortia, v. 16, 1969. pp. 206-208. 
HUBBS, CarlL. Erna Mohr. Copeia, no. 3, 1969. pp. 646-647. 
HUBBS, Carl L. The gray whale. Alive in the wild, ed. by Victor 
V. Cahalane. New Jersey, Prentice-Hall. 1970. pp. 230-236. 



HUBBS, CarlL. Kiyomatsu Matsubara. Copeia, no. 2, 1969. pp. 
420-422. 
HUBBS, Carl L. Message to the ashes of Matsubara. Japanese 
Journal of Ichthyology, v. 16, 1969. p. 37. 
HUBBS, Carl L. Review of anatomical sketches of 500 fishes, by 
Seijiro Tominaga. Copeia, no. 3, 1969. p. 642. 
LASKER, R. Review of fish physiology, volume 1: Excretion ionic 
regulation and metabolism, ed. by W. S. Hoar and D. J. Randall. 
American Fisheries Society. Transactions, v. 99, 1970. p. 614. 
LEWIN, Ralph A. I am a brother to dragons and a companion to 
owls. Montage. Rogner Publications, 1969. p. 35. 
LEWIN, Ralph A. What should we say. Montage. Rogner Publica
tions, 1969. p. 36. 
MUROZUMI, M., T. J. CHOW and C. PATTERSON. Lead, dust 
and salt in firn and ice from Camp Century and Byrd Station. 
Antarctic Journal of the United States, v. 14, 1969. p. 218. 
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REID, Joseph L. ed. Symposium on wide-scale studies of the ocean. 
California Cooperative Oceanic Fisheries Investigations. Reports. 
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Initial Reports of the Deep Sea Drilling Project, v. 1. pp. 400-403. 
SHEPARD, F. P. Review. Processes of coastal development, by 
V. P. Zenkovich. American Journal of Science, v. 267, 1969. pp. 
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EDN, v. 15, 1970. p. 68. 
WILKIE, Donald W. Some hints for maintaining marine animals 
in the home or classroom. Aquarium-Museum, Scripps Institution 
of Oceanography, 1969. 
WISNER, Robert L. Review. Deep-water fishes of California, by 
John E. Fitch and Robert J. Lavenberg. Copeia, no. 4, 1969. pp. 
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MARINE PHYSICAL LABORATORY TECHNICAL MEMORANDA 

The technical memoranda are "in house" informal reports, written 
by the Marine Physical Laboratory staff. For information on their 
availability please write: Budget and Reports, Marine Physical 
Laboratory, San Diego, California, 92152. 

Memoranda written during the last two years are listed below: 
190 RASMUSSEN, Robert A. and Loren M. MATTHEWS. PET

Switched integrators as post-detection averagers in DIMUS 
sonars. July 1968. 

191 HUPPERT, H. E. and John G. SCLATER. On the in situ 
measurements of the thermal conductivity of deep-sea sedi
ments. September 1968. 

192 WILLIAMS, R. Bruce. A technical description of equipment 
used for the acoustic investigations of Expedition Mai Hai 
(1966). October 1968. 

193 Not Yet Published 
194 Forecast for the Marine Physical Laboratory. January 1969. 
195 HEAVERS, Richard M. Studies of surface film resulting 

from bubbling nitrogen through a water column. July 1969. 
196 Not Yet Published 
197 Cancelled 
198 SCLATER, J. G. and Gordon MILLER. A machine method 

for computing the effect of a two-layered conductivity struc
ture. September 1969. 

199 RUDNICK, Philip. Supplement to "Wave directions from a 
large SPAR Buoy." April 1968. 

200 ANDERSON, Victor C. A broad band midwater receiving 
array system for directional background noise studies. June 
1969. 

201 ANDERSON, Victor C. A program for the measurement of 
the vertically directional noise distribution in the ocean. 
June 1969. 

202 RASMUSSEN, R. R., D. GIBSON and R. LEWIS. Passive 
research sonar "Dolphin DIMUS." June 1969. 

203 ANDERSON, Victor C. Development plan for a vertically 
directional array module. July 1969. 

204 SPIESS, F. N. Quantitative scattering studies for optical sea 
floor search. June 1969. 

205 WILLIAMS, R. B. Magnetic tape controller system 1800 
manual. August 1969. 

206 WILLIAMS, R. B. High speed analog scanner and analog to 
digital controller manual system 1500. August 1969. 

207 ANDERSON, Victor C. DICANNE II project synopsis. 
August 1969. 

208 CRA Y, E. J., Jr. Variable paper advance control for GIFFT 
recorders. September 1969. 

209 ECKART, C. Conceptual background for transmission ex-
periments-!. November 1969. 

210 Not Yet Published 
211 ECKART, C. A simple sound channel. February 1970. 
212 PEPPER, C. Deep sea magnetometer self testing system. 

February 1970. 
213 McGEHEE, Morris. Modular aperture sonar progress report. 

April1970. 

SCRIPPS INSTITUTION OF OCEANOGRAPHY REFERENCE SERIES 

The Reference Series is a group of preliminary reports, data reports, 
and contractual reports, mainly distributed on military contracts. 
Inquiries about the Scripps Institution of Oceanography Reference 
Series may be sent to: Technical Publications, Director's Office, 
Scripps Institution of Oceanography, P. 0. Box 109, La Jolla, 
California, 92037. 

Reference numbers in the 1968 and 1969 series are listed below: 
68-1 BLACKBURN, Maurice. Scripps Tuna Oceanography Re

search (STOR) Program report for the year July 1, 1966-
June 30, 1967. (also issued as IMR Reference Number 
68-5). December 1967. 32 p. 

68-2 LOUGHRIDGE, Michael S. Fine-scale topography and 
magnetic anomalies of the deep sea floor off Southern Cali
fornia. Marine Physical Laboratory. January 1968. 64 p. 
AD 667712. 

68-3 

68-4 

68-5 

68-6 

68-7 
68-8 
68-9 

68-10 

68-11 

68-12 

68-13 

68-14 

68-15 

68-16 
68-17 

68-18 

68-19 

68-20 

68-21 

68-22 

Physical and chemical data; CalCOFI Cruise 6601; 12 
January-7 February; CalCOFI Cruise 660~ 15 February-
6 March; CalCOFI Cruise 6604; 26 March-3 May; Cal
COFI Cruise 6605; 5-29 May; Special Cruise 6605; 11-14 
May and CalCOFI Cruise 6606; 12 June-1 July. 1968. 123 p. 
INMAN, D. L., R. J. TAIT, P. D. KOMAR and C. E. 
NORDSTROM. Dispersion of water and sediment in the 
surf zone. First Annual report. January 1968. 54 p. 
Mechanics of sediment transport by waves and currents. 
Quarterly progress report No. 9. 1 October-31 December 
1967. 1968. 18 p. 
DUNTLEY, S. Q., R. W. AUSTIN, J. L. HARRIS, and 
J. H. TAYLOR. Experiments on visual acuity and the visi-
bility of markings on the ground on long-duration earth
orbital space flight. Visibility Laboratory. January 1968. 
225 p. 
Classified AD 390227 
Cancelled 
PETZOLD, T. J., and R. W. AUSTIN. An underwater 
transmissometer for ocean survey work. Visibility Labora
tory. April 1968. 6 p. AD 669232. 
Mechanics of sediment transport by waves and currents. 
Quarterly progress report. No. 10. 1 January-30 March 
1968. 6 p. 
AUSTIN, Roswell W. and Richard W. LOUDERMILK. 
An oceanographic illuminometer for light penetration and 
reflection studies. Visibility Laboratory. July 1968. 11 p. 
AD 671831. 
HENDERSHOTT, M. C. Inertial oscillations of tidal 
period. 1968. 142 p. 
GORDON, Jacqueline I. and Peggy V. CHURCH. An ex
ample of an early technique for visibility calculations. Visi
bility Laboratory. June 1968. 40 p. AD 672335. 
Physical, chemical and current measurement data, Lusiad 
Expedition; 15 May 1962-15 August 1963. 1968. 296 p. 
AD 671882. 
DUNTLEY, S. Q., J. L. HARRIS, and R. W. AUSTIN. 
An apparatus for the measurement of an effect of atmos
pheric boil (the shimmer meter). Visibility Laboratory. 
July 1968. 46 p. AD 837417. 
Cancelled 
EVANS, Martha W., Richard A. SCHWARTZLOSE and 
John D. ISAACS. Data from deep moored instrument 
stations. June 1968. 141 p. AD 673006. 
BOILEAU, Almerian R. Atmospheric optical measure
ments in the vicinity of Crater Lake, Oregon. Part I. Visi
bilityLaboratory. July 1968. 19 p. AD 673298. 
BOILEAU, Almerian R. Atmospheric optical measure
ments in the vicinity of Crater Lake, Oregon. Part II. Visi
bility Laboratory. July 1968. 25 p. AD 673443. 
Research on the Marine Food Chain. Progress report; 
January 1967-June 1968; Part III Data Record, Coastal 
Plankton Survey 1967; Section 1, Chemistry and produc
tivity. (Also issued as IMR Reference Number 68-8) 1968. 
96p. 
Physical and chemical data; CalCOFI Cruise 6607, 8-29 
July; CalCOFI Cruise 6608, 5-25 August; Special Cruise 
6608, 27 August-1 September and CalCOFI Cruise 6609, 
7-24 September. 1968. 106 p. 
Surface water temperatures at shore stations, United States 
west coast 1967. June 1968. 26 p. 

47 



Dr. David Owen, MP, Parliamentary Undersecretary of State for 
Defense for the Royal Navy, talks with Dr. Nierenberg. 

68-23 BLACKBURN, Maurice. Scripps Tuna Oceanography Re
search (STOR) Program, report for the half-year; July 1, 
1967-December 31, 1967. (Also issued as IMR Reference 
Number 69-1) June 30, 1968. 19 p. 

68-24 BOILEAU, Almerian R. Determination of path radiance 
for downward path of sight from ground-based or low
altitude measurement. Visibility Laboratory. October 1968. 
4 p. AD 677115. 

68-25 BRONSON, Earl D. and LarryR. GLOSTEN. FLIP, Float
ing Instrument Platform. (Revision of SIO Reference Num
ber 65-12). Marine Physical Laboratory. August 1968. 26 p, 
AD 675216. . 

68-26 Mechanics of sediment transport by waves and currents, 
quarterly progress report No. 11; 1 April- 30 June 1968. 
n.d.9p. 

68-27 Dispersion of water and sediment in the surf zone. ProgresS' 
report No.4. June 1968. 3 p. , 

68-28 ZALKAN, Robert L. Observation of high frequency in
ternal waves in the Pacific Ocean. Marine Physical Labora
tory. September 1968. 34 p. AD 679682. 

68-29 SMITH, Raymond C. and John E. TYLER. Spectral ir
radiance data obtained during WG-15 sea trials in the Gulf 
of California, May 5 to May 16, 1968. Visibility Laboratory. 
August 1968. 30 p. 

68-30 RICHARDSON, William Hadley. Empirical sweep width 
analysis (air to surface). Visibility Laboratory. October 
1968.48 p. AD 677281. 

68-31 Classified AD 394471. 
68-32 TYLER, John E. and Wayne WILSON. Measurement of 

the absorption coefficient of hydrosols. Visibility Labora
tory. November 1968. 14 p. AD 677932. 

68-33 FOLSOM, T. R. and R. GRISMORE. Accounting for yield 
and reagent contaminations in analyses of cesium by flame 
spectrometers. October 1968. 8 p. 

68-34 FOLSOM, T. R. and R. GRISMORE. Estimating counting 
precision in multichannel gamma spectrometry. October 
1968. 8 p. 

68-35 GRISMORE, Roger. Estimates of the cosmic-ray-induced 
background in the new 4 1r detector at SIO. March 1968. 6 p. 

68-36 Mechanics of sediment transport by waves and currents. 
Quarterly progress report no. 12. 1 July- 30 September 
1968. October 1968. 7 p. 

68-37 GRISMORE, R., W. E. WEITZ~ Jr. and T. R. FOLSOM. 
Internal energy standardization of multichannel gamma
ray spectra by use of the 0.511 MeV annihilation and K40 

peaks. n. d. 15 p. 
68-38 Research on the Marine Food Chain. Progress report, 

January 1967- June 1968. Part IV. Data record, coastal 
plankton survey 1967; Section II. The plankton. (also issued 
as IMR Reference Number 69-3). July 1968. 409 p. 

68-39 GRISMORE, R., T. R. FOLSOM, J. M. MOORE and 
W. E. WEITZ, Jr. The moving ocean computer program 
(MOCEAN). n. d. 10 p. 

68-40 LOUGHRIDGE, Michael S. and F. N. SPIESS. Deeply
towed echo-sounder reconnaissance of a fleet tactical range 
site. Marine Physical Laboratory. November 1968. 13 p. 
AD 680908. 

68-41 EIGEN, M. and K. TAMM. Sound absorption in electro
lyte solutions due to chemical relaxation. Parts 1 and 2. 
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Translation. Marine Physical Laboratory. October 1968. 
96 p. AD 683325. 

68-42 FRAZER, J. Z. and A. M. REID. Routine derivation of 
lattice parameters from divergence diffraction. n. d. 19 p. 

68-43 BLACKBURN, Maurice. Scripps Tuna Oceanography Re
search (STOR) Program report for the year; July 1, 1967-
June 30, 1968. (Also issued as IMR Reference Number 
69-5). 30 p. . 

68-44 ~OUGHRipG_E, ~ichael S. and F. ~- SPIESS. Abyssal 
hill slope d1stnbutions and sonar beanng errors. Marine 
Physical Laboratory. November 1968. 6 p. AD 683326. 

68-45 Progress report. Research sponsored by Office of Naval 
Research July 1967- June 1968. 105 p. 

69-1 Physical and chemical data; LIMBO Expedition; 16 May-
28 June 1960: TETHYS Expedition; 16 June- 17 August 
1960: MONSOON Expedition; 26 August 1960-18 April 
1961. 58 p. 

69-2 Physical and chemical data; CalCOFI Cruise 6610; 8-27 
October 1966: Special Cruise 6611; 10- 13 November 1966 
and CalCOFI Cruise 6612; 2- 19 December 1966. 99 p. 

69-3 Mechanics of sediment transport by waves and currents; 
quarterly progress report No. 13. 1 October- 31 December 
1968.3 p. 

69-4 Physical, chemical and biological data; Cruise T0-64-1 · 
June 1964 and Cruise T0-64-2; August 1964. March 1969: 
83 p. (also issued as IMR 69-8) 

69-5 SMITH, Raymond C. and Roswell W. AUSTIN. An under
water radiance distribution camera system. Visibility Lab
oratory. April 1969. 22 p. AD 688 196. 

69-6 EVANS, M. W., R. A. SCHWARTZLOSE, A.M. TUBBS, 
and P. W. WALKER. Data from deep moored instru
ment stations; Volume 2. September 1969. 100 p. AD 698 
314. 

69-7 Mechanics of sediment transport by waves and currents; 
quarterly progress report No. 14; 1 January- 31 March 
1969.4 p. 

69-8 Physical and chemical data; CalCOFI Cruise 6707; 19 
June- 20 July 1967 and CalCOFI Cruise 6712; 5- 20 De
cember 1967. 96 p. 

69-9 Scripps Tuna Oceanography Research (STOR) Program 
report for the half-year July 1, 1968- December 31, 1968. 
May 1969. 21 p. (also issued as IMR 69-10). 

69-10 INMAN, D. L., R. J. TAIT, P. D. KOMAR and C. E. 
NORDSTROM. Dispersion of water and sediment in the 
surf zone. December 1968. 119 p. 

69-11 RASMUSSEN, Robert A. Studies relating to the design 
and use of time/bearing sonar displays. May 1969. Marine 
Physical Laboratory. 11 p. AD 690 540. 

69-12 Mechanics of sediment transport by waves and currents; 
quarterly progress report No. 15; 31 March- 30 June 1969. 
8 p. 

69-13 Bibliography of the SIO Reference Series 1945- 1968. 
July 1969. 75 p. AD 856 060. 

69-14 Surface water temperatures at shore stations; United States 
West Coast, 1968. July 1969. 21 p. 

69-15 Physical and chemical data from the SCORPIO Expedition 
in the South Pacific Ocean; USNS ELTANIN, Cruises 28 
and 29; 12 March- 31 July 1967. (done with Woods Hole 
Oceanographic Institution and Massachusetts Institute of 
Technology) (also issued as WHOI 69-56). 

69-16 ROBINSON, Margaret K. and Edythe M. DROLLINGER. 
Bibliography of reports based on bathythermograph tem
perature data. August 1969. 110 p. AD 864 442. 

69-17 CHUNG, Y. M. L. BELL, J.G.SCLATER and C. CORRY. 
Temperature data from the Pacific abyssal water, from the 
CIRCE, NOV A, SHOW, TRIPOD and ZETES expeditions. 
105 p. 

69-18 BRONSON, Earl D. and Larry R. GLOSTEN. FLIP, Float
ing Instrument Platform. September 1969. 26 p. AD 694 
962. 

69-19 RAFF, A. D. Ridge-ridge transform faults-material and 
mechanical requirements. August 1969. 15 p. 

69-20 GORDON, Jacqueline I. Directional radiance (luminance) 
of the sea surface. October 1969. Visibility Laboratory. 
53 p. AD 697 268. 

69-21 REID, Arch M., Jane Z. FRAZIER and Hitoshi FUJITA. 
Garnet Analysis. December 1969.27 p. 

69-22 TAYLOR, John H. Factors underlying visual search per
formance. November 1969. Visibility Laboratory. 26 p. 
N 7015387. 

69-23 BLACKBURN, Maurice. Scripps Tuna Oceanography Re
search (STOR) Program report for the year July 1, 1968-
June 30, 1969. October 1969. 32 p. (also issued as IMR 
70-1). 

69-24 HANOR, J. S., G. W. BRASS and R. W. FITZGERALD. 
Bulk chemical analysis of fine-grained sediments by elec
tron excitation techniques. 1969. 13 p. 



69-25 

69-26 

69-27 

69-28 

69-29 

69-30 

69-31 

FITZGERALD, R., J. S. HANOR, J. FRAZER •. H. ~U
JITA and E. HARTLETT. Report on energy d1spers10n 
X-ray fluorescence analysis. November 1969. 39 p. 
MORRIS, Gerald Brooks. Velocity anisotropy and crus.tal 
structure of the Hawaiian Arch. November 1969. Manne 
Physical Laboratory. 125 p. AD 700 274. 
Mechanics of sediment transport by waves and currents; 
quarterly progress report No. 16; 30 June- 30 September 
1969. 8 p. 
McGLAMERY, Benjamin L., Madison L. MYERS, Rich
ard L ENSMINGER and Robert F. HOWARTH. Progress 
in image processing techniques and equipment. November 
1969. Visibility Laboratory. 81 p. AD 698 359. 
NORMARK, William Raymond. Growth patterns of deep 
sea fans. December 1969. Marine Physical Laboratory. 82 p. 
GRISMORE, R., T. R. FOLSOM and W. E. WEITZ, Jr. 
A report of current progress on the moving ocean computer 
program (MOCEAN). November 1969. 8 p. 
Mechanics of sediment transport by waves and currents; 
quarterly progress report No. 1; 1 October - 31 December 
1969. 8 p. 
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68-9 

69-1 

69-2 

69-3 

69-4 

69-5 

69-6 

69-7 

69-8 

69-9 

69-10 

69-11 

69-12 

69-13 

70-1 

70-2 

70-3 

70-4 

70-5 

SCHAEFER, M. B. Annual report for the year ending 30 
June 1968. Institute of Marine Resources. 
BLACKBURN, M. Progress report (STOR) for the half
year July 1, 1967- December 31, 1967. June 1968. 
OLCOTT, H. S., J. VANDERVEEN, and John G. SIMP
SON. Investigation of nutrition and biochemical require
ments of marine mammals with specific reference to the 
dolphin. Final report of contract No. 60530/H2020-0001-68. 
August 1968. 
STRICKLAND, J. D. H. Research on the Marine Food 
Chain. Progress Report, January 1967- June 1968. P;;trt IV: 
Data Record. Coastal plankton survey 1968. Section II. 
The Plankton. 
VAN DER VEEN, J., H. S. OLCOTT, and Sam RIDG
WAY. Porpoise depot tissue lipids. Final report of Contract 
no. 60530/H2020G0281-68. October 1968. 
BLACKBURN, M. Progress report Scripps Tuna Ocean
ography Research (STOR) Program report for the year 
July 1, 1967- June 30, 1968. December, 1968. 
THOMAS, William H. Final report to National Science 
Foundation, September 1, 1966- October 31, 1968, GB-5541 
Effects of nutrients on growth of phytoplankton. 
BROWN, W. D. Investigation into tuna quality, 1 July 
1968 through 31 December 1968, progress report. 
BLACKBURN Maurice. Physical, chemical and biological 
data. Cruise T0-64-1 June 1964 and Cruise T0-64-2 August 
1964. March 1968. 
STRICKLAND, J .' D. H. IMR Research on the Marine 
Food Chain Progress report July 1968- June 1969. Part I. 
Introduction and account of work in progress. Part II. 
Manuscript reports of work concluded, Volumes 1, V-lume 
2. 
BLACKBURN, Maurice. Progress report Scripps Tuna 
Oceanography research (STOR) Program report for the 
half-year July 1, 1968- December 31, 1968. May 1969. 
OLCOTT, H. S. Lipid composition of fish protein concen
trate, final report, July 1, 1968- June 30, 1969. 
SCHAEFER, M. B. IMR Annual report July 1, 1968-
June 30, 1969. 
BROWN, W. D. Progress report, Comparative bi!'chemistry 
of myoglobins, February 1967- May 1969. Apnl 1969. 
BLACKBURN, M. Progress Report, Scripps Tuna Ocean
ography Research (STOR) Program. Report for the year 
July 1, 1968- June 30, 1969. 
THOMAS, W. H. Progress report, Physiological ecology 
of California snow algae. Society of Sigma Xi and Southern 
California Edison Company. 
VAN DER VEEN, J., H. S. OLCOTT and B. MEDWA
DOWSKI. The residual lipids of fish protein concentrate. 
First quarterly progress report July 1, 1969- September 30, 
1969. U. S. Department of the Interior, Fish and Wildlife 
Service. 
VAN DER VEEN, J., H. S. OLCOTT and B. MEDWA
DOWSKI. The residual lipids of fish protein concentrate. 
Second quarterly progress report October 1, 1969 - Decem
ber 30, 1969. U. S. Department of the Interior, Fish and 
Wildlife Service. 
STRICKLAND, J. D. H. Research on the Marine Food 
Chain progress report, July 1969- June, 1970. Part 1; Intro
duction and account of work in progress. Part II; Manu
scripts reports of work concluded, Volume 1, Microbiology 
and zoo_plankton, Volume 2, Chemistry and phytoplankton. 
Part III; Data record cruise, Piquero, Leg 7. Section 1, 
Physical, chemical and production measurements off the 

Dr. Fujio Tomita, leader of Marine Park Study Team from Yoka
hama, chats with Dr. Robert Dill, Naval Electronics Laboratory 
Center, at left, and host, Dr. Carl L. Hubbs. 
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70-7 

70-8 

70-9 

70-10 

coast of Peru 28 May- 22 June, 1969 aboard the R/V 
Thomas Washington. Part IV; Research on the marine 
planktonic food web at the Institute of Marine Resources. 
A review of the past six years of work. 
EPPLEY, R. W. Progress report. Part 1, Work in progress, 
eutrophication in coastal waters; nitrogen as a controlling 
factor. Federal Water Pollution Control Administration. 

· BROWN, W. D. Radiation of heme proteins. Final progress 
report period ending September 30, 1969. 
BROWN, W. D. Investigation of green tuna meat. Progress 
report. Commercial Fisheries Research Development Act, 
Department of Agriculture, Commonwealth of Puerto Rico. 
THOMAS, W. H. Progress Report. Effects of nutrients on 
the growth of algae: Tropical oceanic phytoplankton. 
National Science Foundation. 
VAN DER VEEN, J., H. S. OLCOTT and B. MEDWA
DOWSKI. The residual lipids of fish protein concentrate. 
Third quarterly progress report, January 1, 1970- June 30, 
1970. U. S. Department of the Interior, Fish and Wildlife 
Service. e 
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NAME RESEARCH GROUP FIELD NAME RESEARCH GROUP FIELD 

#Elbert H. Ahlstrom Department SIO Biological Henri PauiCabanac Physiological Research Marine 
Oceanography Laboratory Physiology 

Angeles Alvarino de Leira Marine Life Research Group Marine Angelo F. Carlucci Marine Life Research Group Marine 
Biology Biology 

Victor C. Anderson Marine Physical Laboratory/ Marine Thomas E. Chase Geological Research Division Marine 
Sea Grant Program Physics Geology 

Gustaf Arrhenius Geological Research Division Marine Tsaihwa J. Chow Ocean Research Division Chemistry 
Geology John Coggshall Neurosciences Neuro-

RobertS. Arthur Ocean Research Division Physical physiology 
Oceanography Charles S. Cox Ocean Research Division Physical 

Roswell W. Austin Visibility Laboratory Optical Oceanography 
Physics Harmon Craig Geological Research Division Geochemistry 

Farooq Azam Marine Biology Research Microbiology Joseph R. Curray Geological Research Division Marine 
Division Geology 

George E. Backus Institute of Geophysics & Geophysics Thomas A. Davies Deep Sea Drilling Marine 
Planetary Physics Sediments 

Jeffrey L. Bada Department SIO Marine Russ E. Davis Ocean Research Division Physical 

Ocean Research Division 
Chemistry Oceanography 

Arnold E. Bainbridge Marine James L. Drever Institute of Marine Resources Geology 
Chemistry Seibert Q. Duntley Visibility Laboratory Physics 

John R. Beers Institute of Marine Marine La~rence A. Dyck Marine Biology Research Marine 
Resources Zoology Division Biology 

Andrew A. Benson Marine Biological Research Marine Carl Eckart Scientific Support Division Marine Division Biology Geophysics 
Jonathan Berger Institute of Geophysics & Geophysics Norman Terence Edgar Deep Sea Drilling Geology Planetary Physics Robert W. Elsner Physiological Research Marine Wolfgang H. Berger Geological Research Division Paleontology Laboratory Physiology Hugo F. Bezdek Marine Physical Laboratory Physics A. E. J. Engel Geological Research Division Geology GeorgeS. Bien Ocean Research Division Chemistry Theodore Enns Marine Biology Research Physiology Rudolf Bieri Geological Research Division Physics Division Maurice Blackburn Institute of Marine Resources Biological James T. Enright Ocean Research Division Biological Oceanography 
Barry Block Institute of Geophysics & Geology Oceanography 

Planetary Physics Richard W. Eppley Institute of Marine Resources Biological 
Brian P. Boden Marine Biology Research Marine Oceanography 

Division Biology Martha W. Evans Marine Life Research Group Physical 
Elizabeth Kampa Boden Marine Biology Research Marine Oceanography 

Division Biology E. W. Fager Ocean Research Division Biological 
Robert E. Boyce Dee~ Sea Drilling Geology Oceanography 
Hugh Bradner AM S Applied William E. Farrell Institute of Geophysics & Geophysics 

Institute of Geophysics & Oceanography Planetary Physics 
Planetary Physics GP-nnhysics David J. Faulkner Ocean Research Division Natural 

*Milton N. Bramlette Ocean Research Division Geology Product 
Edward Brinton Marine Life Research Group Marine Chemistry 

Biology Frederick H. Fisher Marine Physical Laboratory Physics 
James N. Brune Institute of Geophysics & Geophysics Robert L. Fisher Geological Research Division Marine 

Planetary Physics Geology 
Edward C. Bullard Scientific Support Division Geophysics Raymond W. Fitzgerald Geological Research Division X-ray 
Theodore H. Bullock Neurosciences Neuro- Physics 

physiology Arthur 0. Flechsig Ocean Research Division Biological 
Oceanography 

Abraham Fleminger Marine Life Research Group Marine 
Biology 

Theodore R. Folsom Ocean Research Division Physical 
Oceanographv 

Theodore D. Foster Marine Physical Laboratory Physics 
Denis L. Fox Marine Biology Research Marine 

Division Biology 
Dean L. Franklin Physiological Research Physiology 

Laboratory 
Jeffery D. Frautschy Scientific Support Division Marine 

Technology 
Jane Z. Fraser Geological Research Division Numerical 

Analysis 
Walter F. Garey Physiological Research Physiology 

Laboratory 
Robert M. Garrels Geological Research Division Marine 

Geology 
Chris Garrett Institute of Geophysics & Geophysics 

Planetary Physics 
Elizabeth L. Gealy Deep Sea Drilling Geology 
Robert W. Gee Marine Biology Research Biochemistry 

Division 
Carl H. Gibson Sea Grant Program Fluid 

Dynamics 
Joris M. T. M. Gieskes Ocean Research Division Marine 

Chemistry 
J. Freeman Gilbert Institute of Geophysics & Geophysics 

Planetary Physics 

Dr. Per F. Scholander and members of Achievement Rewards for 
College Scientists (ARCS) visit Nimitz Marine Facility. 



NAME RESEARCH GROUP FIELD NAME RESEARCH GROUP FIELD 
Edward D. Goldberg Geological Research Division Marine *George F. McEwen Ocean Research Division Marine 

Chemistry 
John A. McGowan 

Chemistry 
Robert M. Go II Deep Sea Drilling Geology Marine life Research Group Biological 
John J. Griffin Geological Research Division Marine Oceanography 

Chemistry Gillian M. Maggert Marine life Research Group Biological 
Nicholas Grijalva Ocean Research Division Physical 

Tetsuo Matsui 
Oceanography 

Oceanography Marine life Research Group · Biological 
Roger Grismore Ocean Research Division Physical 

Jerry l. Matthews 
Oceanography 

Oceanography Geological Research Division Marine Geology 
Susumu Hagiwara Physiological Research Neuro- Henry W. Menard Geological Research Division Marine 

laboratory physiology 
John W. Miles 

Geology 
Harold T. Hammel Physiological Research Physiology Institute of Geophysics & Geophysics 

laboratory 
Julian K. Miller 

Planetary Physics 
Douglas D. Hammond Physiological Research Marine Marine life Research Group Biological 

laboratory Physiology Oceanography 
JeffreyS. Hanor Geological Research Division Marine Robert D. Moore Institute of Geophysics & Geophysics 

Geology Planetary Physics 
James l. Harris Visibility laboratory Optical Gerald Morris Marine Physical laboratory Geophysics 

Physics John D. Mudie Marine Physical laboratory Geophysics 
Peter H. Hartline Neurobiology Department Neuroscience Michael M. Mullin Institute of Marine Biological 
Richard A. Haubrich Institute of Geophysics & Geophysics Resources Oceanography 

Planetary Physics Walter H. Munk Institute of Geophysics & Geophysics 
James W. Hawkins Geological Research Division Geology Planetary Physics 
Francis T. Haxo Marine Biology Research Marine lillian F. Musich Deep Sea Drilling Geology 

Division Botany Yutaka Nagata Ocean Research Division Physical 
Joseph Huang Marine life Research Group Physical Oceanography 

Oceanography Jerome Namias Marine life Research Group long-Range 
Willis B. Hayes Institute of Marine Resources Ecology Weather Fore-
Edvard Hemmingsen Physiological Research Physiology cast/Ocean 

laboratory Atmosphere 
Myrl C. Hendershott Ocean Research Division Physical Interaction 

Oceanography Judd C. Nevenzel Marine Biology Research Biochemistry 
Maryanna Henkart Neurosciences Neuro- Division 

physiology William A. Newman Scientific Support Division Biological 
Robert R. Hessler Marine life Research Group Biological Oceanography 

Oceanography William A. Nierenberg Director Physics Nicholas D. Holland Marine Biology Research Marine 
Division Biology William R. Normark Geological Research Division Geology 

Osmund Holm-Hansen Institute of Marine Resources Marine Takashi Okutani Marine life Research Group Oceanography 
Biology Frances l. Parker Geological Research Division Pa I eon to logy 

Carl l. Hubbs Marine Biology Research Marine Robert L. Parker Institute of Geophysics & Geophysics 
Division Biology Planetary Physics/ Ocean 

Kuni Hulsemann Marine life Research Group Zooplankton Research Division 
Taxonomy Melvin N. A. Peterson Geological Research Division Marine 

Douglas l. Inman Ocean Research Division Physical Geology Oceanography 
Gustav A. Paffenhofer Institute of Marine Resources Zoology John D. Isaacs Marine life Research Group Oceanography 

Johan Jarnefelt Marine Biological Research Physical Fred B. Phleger Geological Research Division Marine 
Division Oceanography Geology 

*Martin W. Johnson Marine life Research Group Marine Anthony C. Pimm Deep Sea Drilling Geology 
Biology Rudolph W. Preisendorfer Visibility laboratory Mathematics 

James H. Jones Ocean Research Division Physical Arthur D. Raff Geological Research Division Marine 
Oceanography Geophysics 

Adrianus J. Kalmijn Neurosciences Neuro- Russell W. Raitt Geological Research Division Marine physiology Geophysics 
Charles D. Keeling Ocean Research Division Marine 

Chemistry N. Solomon Raju Marine life Research Group Marine 

Helen K. Kirk Marine Physical laboratory Marine Zoology 
Geophysics Norris W. Rakestraw Ocean Research Division Marine 

Margaret D. Knight Marine life Research Group Biological Chemistry 
Oceanography Robert A. Rasmussen Marine Physical Laboratory Marine Physics 

Minoru Koide Geological Research Division Marine Philip Regal Neurosciences Neurophysiolo'l:y 
Chemistry Archibald M. Reid Geological Research Division Mineralogy 

Gerald l. Kooyman Physiological Research Physiology Joseph l. Reid Ma'rine life Research Group Physical 
laboratory Oceanography 

Devendra lal Geological Research Division Nuclear Freda M. H. Reid Institute of Geophysics & Taxonomy Geophysics Planetary Physics 
G. David lange Neurosciences Neuro-

physiology *Roger R. Revelle Scientific Support Division Marine 
#Reuben lasker Marine Biology Research Marine Geology 

Division Biology Paul G. Richards Institute of Geoohysics & Geophysics 
Ralph A. Lewin Marine Biology Research Marine Planetary Physics 

Division Biology Sumner Richman Institute of Marine Marine 
leonard N. Liebermann Marine Physical laboratory Physics Resources Biology 
Carl D. Lowenstein Marine Physical laboratory Physics William R. Riedel Scientific Support Division Marine 
Edward D. McAlister Marine Physical laboratory Physics Geology 

(Apolied Oceanography Margaret K. Robinson Ocean Research Division Physical 
Group) Oceanography 
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NAME RESEARCH GROUP FIELD 
Richard H. Rosenblatt Scientific Support Division Marine 

Zoology 
Phili~ Rudnick Marine Physical Laboratory Physics 
Anni a Sanfilippo Geological Research Division Paleontology 
Milner B. Schaefer Institute of Marine Biological 

Resources Oceanography 
Henning Scheich Neurosciences Neuro-

physiology 
Walter R. Schmitt Marine Life Research Group Geophysics 
Per F. Scholander Physiological Research Marine 

Laboratory Physiology 
Richard A. Schwartzlose Marine Life Research Group Physical 

Oceanography 
Horst 0. Schwassmann Physiological Research Physiology 

Laboratory 
John G. Sclater Marine Physical Laboratory Geophysics 

*Francis P. Shepard Ocean Research Division Submarine 
Geology 

George G. Shor Geological Research Division/ Marine 
Marine Physical Laboratory/ Geophysics 
Sea Grant Program 

Eli Silver Geological Research Division Marine 

Maxwell Silverman Scientific Support Division 
Geology 
Marine 
Engineering 

John Sinkankas Geological Research Division Mineralogy 
Raymond C. Smith Visibility Laboratory Physics 
Stuart M. Smith Geological Research Division Marine 

Frank E. Snodgrass Institute of Geophysics & 
Geolop;y 
Geophysics 

Planetarv Physics 
James M. Snodgrass Scientific Support Division lnstrumenta-

tion 
Fred Noel Spiess Marine Physical Laboratory Marine 

Paul Stein Neurosciences 
Physics 
Neuro-

Robert H. Stewart Applied Ocean Engineering 
physiology 
Ocean Wave 
Generation 

John D. Strickland Institute of Marine Biological 
Resources Oceanography 

Bruce A. Taft Marine Life Research Group Physical 
Oceanography 

John H. Taylor Visibility Laboratory Psychology 
William H. Thomas Institute of Marine Biological 

Resources Oceanography 
James F. Toole Neurosciences Neuro-

physiology 

Dr. R. H . Rosenblatt shows Gov. R. W. Peterson (Del.) male deep
sea angler that parasitically attaches to female fish. 
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NAME RESEARCH GROUP FIELD 
Keisuke Toyoma Physiological Research Physiology 

Laboratory 
Mizuki Tsuchiya Institute of Marine Physical 

Resources Oceanography 
John E. Tyler Visibility Laboratory Physics 
Victor Vacquier Marine Physical Laboratory Geophysics 
Charles W. Van Atta Sea Grant Program Geophysical 

Fluid 
Dynamics 

William G. Van Dorn Ocean Research Division Physical 

Elizabeth Venrick Marine Life Research Group 
Oceanography 
Biology 

Benjamin E. Volcani Marine Biology Research Marine 
Division Microbiology 

Christopher C. von der Borch Deep Sea Drilling Geology 
Theodore J. Walker Ocean Research Division Marine 

Siegfried V. Wantrup Institute of Marine 
Biology 
Marine 

Resources Economy 
*Charles D. Wheelock Scientific Support Division Naval 

Architecture 
Antony White Marine Physical Laboratory Geophysics 
Donald W. Wilkie Aquarium-Museum Marine 

Francis Williams Institute of Marine 
Biology 
Marine 

Resources Biology 
Peter M. Williams Institute of Marine Biological 

Resources Oceanography 
Mark A. Wimbush Institute of Geophysics & Oceanography 

Edward L. Winterer 
Planetary Physics 

Geological Research Division Marine 

Geological Research Division 
Geolop;y 

Jacqueline M. Winterer Marine 
Geology 

Robert L. Wisner Marine Biology Research Marine 
Division Biology 

Warren S. Wooster Ocean Research Division Physical 
Oceanography 

Paula Worstell Deep Sea Drilling Geology 
Aristides A. Yayanos Physiological Research Physiology 

Laboratory 
Bernt F. K. Zeitzschel Institute of Marine Marine 

Resources Biology 
Claude E. ZoBell Marine Biology Research Marine 

Division Microbiology 

*Emeritus 
#Adjunct Professor 

In relaxed mood are Acting Dir. John D. Isaacs and Johns Hopkins 
University President, Dr. Milton S. Eisenhower. 



INSTRUCTION 

GRADUATE DEPARTMENT OF THE SCRIPPS 
INSTITUTION OF OCEANOGRAPHY 
E. l. Winterer, Chairman 
R. H. Rosenblatt, Vice Chairman 

APPLIED OCEAN SCIENCES 
Hugh Bradner 

BIOLOGICAL OCEANOGRAPHY 
J. T. Enright 

GEOPHYSICS 
J. F. Gilbert 

MARINE BIOLOGY 
R. A. Lewin 

MARINE CHEMISTRY 
D. J. Faulkner 

MARINE GEOLOGY 
J. R. Curray 

PHYSICAL OCEANOGRAPHY 
C.S.Cox 

RESEARCH SUPPORT 

AQUARIUM-MUSEUM 
D.L. Wilkie 

MARINE FACILITIES 
P. G. Trapani 

SCIENTIFIC SUPPORT DIVISION 
J. D. Frautschy 

APPENDIX A 

DIRECTOR- DEAN 

ASSOCIATE DIRECTORS 
G. G. Shor 
F. N. Spiess 

RESWCH DIVISIONS 

GEOLOGICAL RESEARCH 
F. B Phleger 

MARINE BIOLOGY 
A.A. Benson 

OCEAN RESEARCH 
J.l. Reid 

RESEARCH GROUPS 

ADVANCED OCEAN 
ENGINEERING LABORATORY 
G. H. Fisher 

DEEP SEA DRILLING 
N. T. Edgar 

MARINE LIFE RESEARCH 
J.D. Isaacs 

MARINE PHYSICAL LABORATORY 
F. N. Spiess 

NEUROBIOLOGY UNIT 
T. H. Bullock 

PHYSIOLOGICAL RESEARCH LABORATORY 
A.A. Benson 

VISIBILITY LABORATORY 
S. Q. Duntley 

ASSOCIATED RESEARCH 

INSTITUTE OF GEOPHYSICS AND 
PLANETARY PHYSICS 
W. H. Munk, Associate Director 

INSTITUTE OF MARINE RESOURCES 
R. W. Eppley, Acting Director 

OTHER SUPPORT 

LIBRARY 
W. J. Goff 

PHOTOGRAPHIC LABORATORY 
l. D. Ford 

PUBLIC AFFAIRS 
R.N. Fuller 

Organization Chart as of Jan. 1, 1971 
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APPENDIX B 

SPONSORS OF RESEARCH AND GRADUATE INSTRUCTION 

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. Department of Commerce 

(Environmental Science Services Administration) 
U.S. Department of the Interior 

(U.S. Bureau of Commercial Fisheries, U.S. Geological Survey, 
and Federal Water Pollution Control Agency) 

California State Water Resources Control Board 

Other 
Achievement Rewards for College Scientists 
American Chemical Society 
American Heart Association 
American Optical Corporation 
American Petroleum Institute 
Bear Creek Mining Company 
Beckman Instruments, Inc. 
Bendix Corporation 
California Research Corporation 
Chevron Oil Field Research Company 
Commonwealth Fund Foundation 
EG&G International 
Ellen Browning Scripps Endowment Fund 
ESSO Production Research Company 
Fleet Admiral Chester W. Nimitz Fund 
M. C. Fleischmann Foundation 
Foundation for Ocean Research 
General Dynamics 
Griffis Foundation 
Gulf Oil Corporation 
Humble Oil Education Foundation 
International Nickel Company 
Jersey Production Research Company 
Kennecott Copper Corporation 
Kennecott Exploration, Inc. 
lockheed Missiles and Space Company 
Marathon Oil Foundation 
John B. McKee Fund 
National Geographic Society 
Occidental Petroleum Corporation 
Ocean Science and Engineering, Inc. 
Pan American Petroleum Foundation, Inc. 
Peterson-Silberman Fund 
Rockefeller Foundation 
San Diego County Heart Association 
E. B. Scripps Foundation 
Searles Fund 
Francis P. Shepard Foundation 
A. P. Sloan Foundation 
Socony Mobil Oil Company, Inc. 
Standard Oil Company of California 
Sun Oil Company 
Tenneco Oil Company 
The Superior Oil Company 
University Research Foundation 
U.S. Steel Foundation 
Vaughn Foundation 
Westinghouse Corporation 

APPENDIX C 

MAJOR AWARDS AND HONORS 

Among the major awards and honors bestowed upon faculty and staff 
members of the Institution since July 1, 1968, have been these: 

Dr. George E. Backus 

Dr. Joseph R. Curray 

Dr. Albert E. J. Engel 

Dr. Carl l. Hubbs 

John D. Isaacs 

Lt. Michael J.lees, USN 

Dr. Walter H. Munk 

Frank E. Snodgrass 

James M. Snodgrass 

Elected member, 
National Academy of Sciences. 

Recipient, Francis P. Shepard Award of the 
Society of Economic Paleontoligists and 
Mineralogists 

Elected Fellow, 
American Academy of Arts and Sciences. 

Elected honorary member, Japanese Society 
of Ichthyology; Recipient, Gold Conser
vation Medal of San Diego Zoological 
Society. 

Elected Fellow, 
American Academy of Arts and Sciences. 

Recipient, U.S. Navy Achievement Medal. 

Co-recipient, with Frank E. Snodgrass, 
Marine Technology Society's Award for 
Ocean Science and Engineering; Named 
California Scientist of the Year by 
California Museum of Science and 
Industry. 

Co-recipient, with Dr. Walter H. Munk, 
Marine Technology Society's Award for 
Ocean Science and Engineering. 

Recipient, Marine Technology Society's 
Compass Distinguished Achievement 
Award. 

Dr. Susumu Hagiwara (left) escorts Naotsugu Nabeshima, Director
General, Japanese Science and Technology Agency, through Physio
logical Research Laboratory pool facility. 
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APPENDIX D 

RESEARCH VESSELS OF SCRIPPS INSTITUTION OF OCEANOGRAPHY 

Alexander Thomas 

Agassiz Alpha Helix Argo Horizon Melville Oconostota Ellen B. Scripps Washington T-441 ST-908 FLIP 

Type: light freight oceanographic rescue and tug oceanographic tug off-shore supply oceanographic cargo and harbor tug floating 
research salvage research research passenger instrument 
(biological) platform 

Hull: steel steel steel steel steel steel steel steel steel steel steel 

Year Built: 1944 1965-1966 1944 1944 1969 1944 1964-1965 1965 1953 1945 1962 

Year acquired: 
by SID: 1961 1966 1959 1948 1969 1962 1965 1965 1955 1961 1962 

From whom State National U.S. Navy U.S. Navy U.S. Navy U.S. Navy Dantzler U.S. Navy U.S. Navy U.S. Army Gunderson Bros. 
acquired: Educational Science Boat and . Shipbuilding Co. 

Agency for Foundation Barge Co. 
Surplus Property 

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

Length: 180' 133' 213' 143' 245' 102' 95' 209' 65' 45' 355' 

Beam: 32' 31 ' 40' 33' 46' 25' 24' 40' 18' 12'53.4" 20/ 12' 

Draft: 10' 10'5%" 15'1" 13'6" 15' 10' 6' 14' 6' 5'1" 10'/300' 

Displacement: 
tons (full): 825 512 2,079 900 2,075 206 115 1,362 99 28 2,100 (vertical) 

Cruising speed: 11 11 13 1Ph 13 12 11 11 10 % 7 varies-1 

Maximum speed: 12 12 14 12 % 14 12 12 12 11 8 varies-1 

Minimum speed: 3 3 % .% % % 3 % 3 2 varies-1 

Range (miles): 7,700 6,200 8,000 6,800 10,000 6,000 4,700 8,000 1,830 655 varies-1 

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

Crew: 17 12 32 19 23 8 5 25 - 1 6 

Scientific party: 14 10 24 16 27 6 8 16 9-2 4 8 

- 1 Depends on towing vessel 
-2 Including crew 
1968-1970 TOTAL DAYS AT SEA: 2,592 
1968-1970 NAUTICAL MILES STEAMED: 330,884 





APPENDIX E 

DOCTOR OF PHILOSOPHY DEGREES AWARDED IN 1968-69, 
WITH TITLES OF DISSERTATIONS 

Earth Sciences 
Francis A. Dahlen, "The Normal Modes of a Rotating Elliptical Earth." 

Marine Biology 
Walter M. Darley, "Silicon Requirements for Growth and Macromolecu

lar Synthesis in Synchronized Cultures of the Diatoms, Navicula 
pelliculosa (Brebisson) Hilse and Cylindrotheca fusiformis Reimann 
and Lewin." 

Frederick P. Healey, "The Mechanism of Hydrogen Evolution by Algae." 

Oceanography 
Wolfgang H. Berger, "Planktonic Foraminifera: Shell Production and 

Preservation." 
Bruce W. Frost, "Distribution of the Oceanic, Epipelagic Copepod 

Genus Clausocalanus with an Analysis of Sympatry of North Pacific 
Species." 

G. Ross Heath, "Mineralogy of Cenozoic Deep-Sea Sediments from the 
Equatorial Pacific Ocean." 

James H. Jones, "Vertical Mixing in the Equatorial Undercurrent." 
Bruce P. Luyendyk, "Geological Observations in an Abyssal Hill Area 

Using a Deeply-Towed Instrument Package." 
Theodore C. Moore, Jr., "Deep-Sea Sedimentation and Cenozoic Stratig

raphy in the Central Equatorial Pacific." 
Elizabeth V. Murray, "The Distribution and Ecology of Oceanic Diatoms 

in the North Pacific." 
Thomas R. Osborn, "Fine Structure in the Oceanic Thermocline." 

DOCTOR OF PHILOSOPHY DEGREES AWARDED IN 1969-70, 
WITH TITLES OF DISSERTATIONS 

Earth Sciences 
Marvin H. Beeson, "A Trace Element Study of Silicic Volcanic Rocks." 
Jonathan Berger, "Investigation of Earth Strain Using a Laser Strain 

Meter." 
William E. Farrell, "Gravity Tides." 
Daniel E. Karig, "Marginal Basins and their Role in the Development 

of Island Arc Systems." 
Charles Meyer, Jr., "Sputter- Condensation of Silicates." 
Gerald B. Morris, "Velocity Anisotropy and Crustal Structure of the 

Hawaiian Arch." 
Michael L. Richards, "A Study of Electrical Conductivity in the Earth 

Near Peru." 

Marine Biology 
Lo-Chai Chen, "Systematics, Variation, Distribution and Biology of 

Rockfishes of the Subgenus Sebastomus (Pisces, Scorpaenidae, 
Sebastes)." 

Alice C. Jokela, "The Outer Membrane of Dunaliella tertiolecta: Isola
tion and Properties." 

Ching-Ming Kuo, "Studies on the Maturation and Systematics of the 
Pacific Bonito." 

James W. McBeth, "The Deposition and Biochemistry of Carotenoids 
in Nudibranchiate Molluscs." 

John M. Wells, "Pressure and Hemoglobin Oxygenation." 

Oceanography 
Nick Fotheringham, "Growth, Mortality, and Feeding Patterns of the 

littoral Gastropods Shaskyus festivus (Hinds) and Ocenebra poulsoni 
Carpenter (Prosobranchia: Muricidae)." 

Richard W. Grigg, "Ecology and Population Dynamics of the Gorgonians, 
Muricea californica and Muricea fruticosa, Coelenterata: Anthozoa." 

Willis B. Hayes, "Ecological Studies on the High-Beach Isopod Tylos 
punctatus Holmes and Gay." 
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David S. Piper, "The Distribution of Several Trace Elements in the 
Water and Sediments of a Stagnant Norwegian Fjord." 

Robert H. Stewart, "Laboratory Studies of the Velocity Field Over Deep
Water Waves." 

A. H. Mark H. Wimbush, "The Benthic Boundary Layer." 
Chi Shing Wong, "The Distribution of Inorganic Carbon in the Eastern 

Tropical Pacific Ocean." 

MASTER OF SCIENCE DEGREES AWARDED IN 1968-69 

Earth Sciences 
Yu-Chia Chung 
Robert J. Huggett 

Marine Biology 
Michael A. Barnett 
Robert D. Bowlus 
Charles H. Clifford 
Calvin C. Fang 
Heryl Kroopnick 

Oceanography 
Scott K. Anderson 
Barbara M. Hickey 
Greg Holloway 
James D. Irish 
Gerald F. Johnson 
ltamar Perath 
Francois Revel 
William A. Richkus 

Paul D. Komar, "The Longshore Transport and Diffusion of Sand in the 
Nearshore Region." 

Roger L. Larson, "Near-Bottom Studies of the East Pacific Rise Crest 
and Tectonics of the Mouth of the Gulf of California." 

David F. McGeary, "Sediments of the Vema Fracture Zone." 
Charles B. Miller, "Some Environmental Consequences of Vertical 

Migration." 
William R. Normark, "Growth Patterns of Deep-Sea Fans." 
Eli A. Silver, "Structure of the Continental Margin off Northern Califor

nia, North of the Gorda Escarpment." 

MASTER OF SCIENCE DEGREES AWARDED IN 1969-70 

Earth Sciences 
Steven P. Huestis 
Albert M. Soldate, Jr. 

Marine Biology 
Karen L. Achor 
Charles Clifford 
Joellen Barnett 
Barry Kues 
Peter D. Sertic 
Alina M. Szmant 

Oceanography 
Vi-Maw Chang 
Michael J. Lees 
Robert Pinkel 
Forrest E. Steber 
David A. Summerville 
Samuel T. Wilson 



APPENDIX F 

REGENTS EX OFFICIO 

Ronald Reagan 
Governor of California and President of The Regents 
Ed Reinecke 
Lieutenant Governor of California 
Robert Moretti 
Speaker of the Assembly 
Wilson C. Riles 
State Superintendent of Public Instruction 
Allan Grant 
President of the State Board of Agriculture 
Joseph A. Moore, Jr. 
President of the Mechanics' Institute 
Christian E. Markey, Jr. 
President of the Alumni Association of the University of California 
Charles J. Hitch 
President of the University 

APPOINTED REGENTS 

Edwin W. Pauley 
Edward W. Carter 
Mrs. Randolph A. Hearst 
John E. Canaday 
Norton Simon 
William E. Forbes 
William M. Roth 
Mrs. Edward H. Heller 
Vice Chairman of the Board 
Frederick G. Dutton 
William K. Coblentz 
DeWitt A. Higgs 
Glenn Campbell 
William French Smith 
Chairman of the Board 
Robert 0. Reynolds 
Dean A. Watkins 
John H. Lawrence, M.D. 

PRINCIPAL OFFICERS OF THE REGENTS 

Thomas J. Cunningham 
General Counsel 
Owsley B. Hammond 
Treasurer 
Miss Marjorie J. Woolman 
Secretary 

OFFICE OF THE PRESIDENT 

Charles J. Hitch 
President of the University 
Chester 0. McCorkle, Jr. 
Vice President of the University 
Robert L. Johnson 
Vice President of the University for Administration 
Angus E. Taylor 
Vice President-Academic Affairs 
James B. Kendrick, Jr. 
Vice President-Agricultural Sciences 
John H. Stanford (Acting} 
Vice President- Business and Finance 
Frank L. Kidner 
Vice President- Educational Relations 
Joseph W. McGuire 
Vice President- Planning 
David P. Gardner 
Vice President- Public Service Programs and 

University Dean of University Extension 
Travis Cross 
Vice President- University Relations 

OFFICERS EMERITI 

Robert Gordon Sproul 
President of the University, Emeritus 
Claude B. Hutchison 
Vice President of the University, Emeritus, 

and Dean of the College of Agriculture, Emeritus 
Harry R. Wellman 
Vice President of the University, Emeritus 
Robert M. Underhill 
Vice President, Emeritus 
James H. Corley 
Vice President- Governmental Relations and Projects, Emeritus 

CHANCELLORS 
Albert H. Bowker 
Chancellor at Berkeley 
James H. Meyer 
Chancellor at Davis 
Daniel G. Aldrich, Jr. 
Chancellor at Irvine 
Charles E. Young 
Chancellor at Los Angeles 
Ivan H. Hinderaker 
Chancellor at Riverside 
Herbert F. York (Acting} 
Chancellor at San Diego 
Philip R.,Lee 
Chancellor at San Francisco 
Vernon I. Cheadle 
Chancellor at Santa Barbara 
Dean E. McHenry 
Chancellor at Santa Cruz 
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APPENDIX G 

CURRENT EXPENDITURES BY MAJOR FUNCTION AND SOURCE 
FISCAL YEAR 1968·69 

State of Federal 
California Contracts 

Appropriations and Grants 
Major Function 
Administration $ 134,230 $ 
Instruction and Departmental Research 388,544 43,960 
Organized Research Divisions and Groups 1,356,746 15,476,483 
Public Service 49,674 24,123 
Scientific Support 766,796 3,169,329 
Vaughan Aquarium-Museum Sales Desk 945 
Student Aid 35,178 

TOTAL, SCRIPPS INSTITUTION OF OCEANOGRAPHY . $2,695,990 $18,750,018 
Associated Research Institutes . 277,111 988,700 

TOTAL MARINE SCIENCES EXPENDITURES . $2,973,101 $19,738,718 
NOTE: Includes direct costs only. Indirect costs covering 

general campus support services, etc., not shown. 

CURRENT EXPENDITURES BY MAJOR FUNCTION AND SOURCE 
FISCAL YEAR 1969· 70 

Major Function 
Administration 
Instruction and Departmental Research . 
Organized Research Divisions and Groups 

Public Service . . . • . . . • 
Scientific Support . • . . . . . 

Vaughan Aquarium-Museum Sales Desk 
Student Aid . . • . . . • . . 

TOTAL, SCRIPPS INSTITUTION OF OCEANOGRAPHY . 
Associated Research Institutes . . . . . • . 

TOTAL MARINE SCIENCES EXPENDITURES . . • . 
NOTE: Includes direct costs only. Indirect costs covering 

general campus support services, etc., not shown. 

State of 
California 

Appropriations 

$ 157,259 
392,496 

1,423,970 
54,163 

1,095,410 

$3,123,298 
341,531 

$3,464,829 

Federal 
Contracts 

and Grants 

$ 
114,291 

15,110,534 
9,200 

2,835,344 

5,172 

$18,074,541 
1,089,250 

$19,163,791 

Gifts, Endowments, 
and Other TOTAL 

University Funds EXPENSE 

$ 22,004 $ 156,234 
31,556 464,060 

120,984 16,954,213 
4,554 78,351 

19,143 3,955,268 
59,115 60,060 
24,200 59,378 

$281,556 $21,727,564 
12,846 1,278,657 

$294,402 $23,006,221 

Gifts, Endowments, 
and Other TOTAL 

University Funds EXPENSE 

$ 19,152 $ 176,441 
51,335 558,122 

113,082 16,647,586 
10,895 74,258 
46,607 3,977,361 

66,597 66,597 
11,662 16,834 

$319,330 $21,517,169 
17,122 1,447,903 

$336,452 $22,965,072 

61 






