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DEDICATION 
As World War II came to an end, scientists at Scripps Institution 
were reconsidering its role in oceanography. Its buildings and 
pier were in disrepair, its only ship on loan, and many of the staff 
still on military duty. But the future was bright , for the 
government had become interested in oceanography. 
Twenty-five graduate students, an unusually large number for 
that time, wanted to attend Scripps, then the only school 
offering an advanced degree in oceanography. 
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One of those already enrolled as a part-time student was 
Robert S. Arthur, an aerological officer in the U.S. Navy, who 
was assigned to Scripps in 1944 to participate in 
Navy-sponsored teaching and research . He had been 
graduated in 1938 with a degree in mathematics from the 
University of Redlands and had been a graduate student in 
mathematics and meteorology at UCLA from 1940 to 1942. Bob 
remained at Scripps after leaving active Navy duty in 1946 and 
was appointed to the research staff to continue his work on 
waves. His first journal publication was on the refraction of 
waves by islands. 

Dr. Arthur taught his first graduate course in 1949 and 
received his Ph.D. in 1950. He was appointed to the faculty in 
1951 , as a member of the Waves and Currents Division. There 
he studied waves, ocean temperatures, currents , and tsunamis . 
He was involved with Dr. William G. VanDorn in the installation 
of a long-period wave recorder in Hawaii . On Shellback 
Expedition in 1952 Dr. Arthur helped test a new 
current-measuring device, which-although not completely 
successfu~may have given scientists an early indication of the 
Pacific Equatorial Undercurrent. He was one of the early 
advocates of a Scripps " Island" for use as a research platform 
in studying waves , nearshore circulation , and air-sea 
interaction. In more recent years he has turned his attention to 
calculating the motion in ocean currents. 

RobertS. Arthur and Doak C. Cox sit in the rain by Hana Bay, Maui, 
Hawaii measuring the long-period sea-level changes . 

For many years Dr. Arthur taught both the introductory course 
and the more advanced dynamics course in physical 
oceanography. His students found his lectures carefully 
prepared and extraordinarily lucid, and moreover they 
appreciated his ready accessibility outside of class. He has 
been an honored adviser to many grateful graduate students. 

Dr. Robert S. Arthur 
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INTRODUCTION 
My remarks this year must begin with the sorrowful reminder of 
perhaps the most grievous year in the history of the institution. 
We lost by death four of the historical giants of Scripp~Carl 
Hubbs, Teddy Bullard, Per Scholander, and John lsaac~an 
extraordinary array of intellectual talent. 

All four were members of the National Academy of Sciences, 
reducing us to a net membership of ten, although we have to be 
cheered by the addition of a new member-Ed Goldberg-to 
this well deserved honor. 

Perhaps the biggest impact this year was the full stream on
line activity of our Satellite-Oceanography Facility. It has been a 
great success in a sense of achieving more of each goal than 
assigned. It is being used for teaching, training, and research 
fourteen hours a day, seven days a week, and is setting the 
pattern for the oceanographic community. 

After several years of careful planning, the Antarctic Re
search Group is now a formal operating entity, and its first major 
operation is now under way. This is certainly going to be a 
long-time operation that will occupy the institution for many 
years to come . 

A new division of the institution was formally inaugurated
the Center for Coastal Studies. This is a natural development in 
view of the growing recognition of the value of the coastline in 
heavily populated areas. 

Our Marine Archaeological Program is now established. 
There has been one seminar series, and a major meeting is 
planned for fall 1981 . 

This is perhaps a grouping of more new starts than is desir
able, and yet the real problems we see in the next few years are 
mostly concerned with "big" science and how it is viewed by 
the various agencies in Washington and , in fact, how we view it 
ourselves in the institution. For example, the Ocean Margin Drill
ing Program looks more and more like it will be a reality. It is a 
very natural question as to whether Scripps should attempt to 
continue its lead role in such an operation, or decide that its 
size would be too much of a distraction for its proper role. 

~~oor~:ec~ 
Scripps Institution of Oceanography 
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RESEARCH ACTIVITIES 
The Research Activities section gives only a brief overview of 
the various scientific projects being conducted at Scripps In
stitution of Oceanography. Support for the bulk of these proj
ects has come from the National Science Foundation, Depart
ment of the Navy, National Oceanic and Atmospheric Adminis
tration , Department of Energy, Department of the Army, and the 
National Institutes of Health. 

The scientific articles listed in the Publications section will 
lead the reader to a more in-depth coverage of the topics dis
cussed below. 

Marine Biology Research Division 
Investigations in the Marine Biology Research Division (MBRD) 
embrace experimental and descriptive biological disciplines, 
including physiology, biochemistry, microbiology, developmen
tal and systematic biology, and ecology of the sea. Many of the 
studies are comparative in nature, and structures, events, or 
processes are examined in a wide range of marine and terres
trial organisms. MBRD's objective is to gain insight into the 
fundamental problems of biology and medicine through a bet
ter understanding of marine organisms and the manner in 
which they adapt to life in the sea. 

Biochemical studies in Dr. Andrew A. Benson's laboratory 
reveal universal adaptations for arsenic metabolism and the 
nature of the metabolites that accumulate in marine algae and 
animals . Oceanic algae have developed metabolic processes 
for detoxicating the arsenate , which they must absorb in their 
quest for phosphate in low nutrient waters . Arsenic contents as 
high as 2066 ppm have been measured in the giant clams of 
Australia's Great Barrier Reef; most tropical marine products, 
however, contain less than 25 ppm arsenic. Bacterial symbiotic 
processes by which absorbed arsenic is ultimately returned to 
the sea are being explored . These studies have direct bearing 
on the nature of phosphate nutrition in marine and terrestrial 
plants. 

Drs. Ralph A. Lewin and Lanna Cheng participated in an 
expedition to Palau in the western Caroline Islands. They 
studied the symbiotic relationships of the prochlorophyte , 
Prochloron sp ., with its animal hosts . In collaboration with col
leagues from three other universities, they also studied the 
ecology, physiology, and biochemistry of six distinct species of 
symbiotic ascidians , all in the family Didemnidae. 

For some years Dr. Lewin has investigated the flagella of the 
green flagellate Chlamydomonas. This year, in collaboration 
with co-workers , he completed a survey of the effects of certain 
narcotic, toxic , and irritant substances on the activity of flagella 
of several species of this genus . 

Dr. Joan G. Stewart has investigated intertidal coralline
based algal turf , which is both taxonomically and structurally 
complex . A comparative characterization of the formation , 
which includes description of temporal fluctuations , has been 
prepared and provides data concerning corelated taxa and 
physical factors . Further studies will attempt to clarify the in
teractions that shape and maintain this assemblage. 

Dr. Benjamin E. Volcani 's group continued work on silicon 's 
role in diatom metabolic processes and cell wall morphogene
sis . Dr. Pinakilal Bhattacharyya found a silicate ionophoric activ
ity, during silication transport, in extracts from Nitzschia alba 
cells, and is testing to see if it is a component of the transport 
system. Dr. Robert F. Aline , Jr., showed that the enzyme, adeny
l ate cyclase , in Cylindrotheca fusiformis has properties that 
place it between those of lower eukaryotic cyclases and mam-
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malian cyclase . Dr. Anne-Marie M. Schmid , University of 
Salzburg , Austria, has found that the microtubule-inhibitor, col
chicine, induces the formation of internal walls in Coscinodis
cus wailesii. Graduate student Chia-Wei Li has demonstrated 
for the first time that C. fusiformis can be induced to undergo a 
sexual cycle. Christopher D. Reeves , a UC San Diego graduate 
student, is studying the role of silicon in the synthesis of the 
mRNA's involved in the synthesis of DNA replication enzymes. 

Work in Dr. Francis T. Haxo's laboratory focused on adapta
tions of the photosynthetic pigment apparatus of microalgae to 
the wavelength and intensity of light. Some dinoflagellates were 
found to display a surprisingly strong absorption in the near 
ultraviolet portion of the spectrum and an antiparallel depres
sion in oxygen evolving capability. Examined in a collaborative 
study with Dr. Thinh Luang-van , James Cook University, 
Queensland , Australia, were the relationships between the in
tensity of irradiance during growth and rate of cell division, 
pigment composition , in vivo absorption, and photosynthesis in 
a phycoerythrin-rich marine cryptomonad . 

Further observations have been made by Dr. Claude E. 
ZoBell on the microbial formation of surface-active substances 
of detergents from various carbon compounds . Such sub
stances have been shown to be produced under anaerobic 
conditions as well as under aerobic conditions, as indicated by 
a diminution of the surface tension. Particularly interesting are 
the retardant effects of increased hydrostatic pressure on the 
growth and biochemical activities of detergent-producing bac
teria. The reproduction and biochemical activities of most bac
teria are retarded by pressures of a few hundred atmospheres. 

Dr. Kenneth H. Nealson's group studied the process of man
ganese oxidation as catalyzed by bacteria. Studies include 
laboratory analyses of pure cultures of bacteria that catalyze 
manganese oxidation and field measurements of manganese 
oxidation rates in situ . In studies done in Saanich Inlet, British 
Columbia, in collaboration with Dr. Steven R. Emerson , Univer
sity of Washington, Seattle, it was shown that the manganese 
oxidation in this environment is primarily the result of the cata
lytic activity of manganese-oxidizing bacteria. Dr. Reinhardt A. 
Rosson has characterized the bacteria from this environment 
and studied their distribution and biochemistry, while graduate 
student Bradley M. Tebo has characterized the ultrastructure of 
manganese oxidizing bacteria and their precipitates formed 
both in this natural environment and in the laboratory. 

Researchers in Dr. Nealson 's laboratory have also studied 
the distribution of luminous bacteria as symbionts in a variety of 
marine organisms . Through the use of special enzyme 
techniques , they have shown that luminous bacteria are found 
in several fish , squid , and urochordates hitherto unknown to 
contain luminous bacteria as symbionts . The physical interac
tions between luminous fish and their bacterial symbionts are 
also under study. 

Several novel biochemical adaptations that allow marine 
animals to thrive in their particular habitats were discovered by 
Dr. George N. Somera's group. A study of the hydrothermal 
vent vestimentiferan tube worm was made by Dr. Horst K. Fel
beck, University of Munster, West Germany. His investigation 
revealed that these large worms , which lack a mouth and diges
tive tract, have extremely high capacities to generate useful 
energy (ATP) from sulfide oxidation and to fix carbon dioxide 
via the reactions of the Calvin-Benson cycle, which is the main 
carbon-fixing mechanism in green plants . Work on this or
ganism continues, with particular emphasis on the details of the 
enzyme systems involved in this chemoautotrophic capacity 
and on the localization of the enzymes (are they in animal cells, 
or are the enzymes present in symbiotic bacteria?). 

In other work, Dr. Somera's group demonstrated the basis for 
the use of unusual organic solutes as osmotic agents in marine 
cartilaginous fishes , such as sharks . SCientists discovered that 
methylamine compounds counteract the effects of urea, a sub
stance noted for its toxicity. These naturally occurring urea an
tagonists may have important uses in medicine and biochemis-



Top-Or. Kenneth H. Nealson removes a sample of manganese 
oxidizing bacteria from a continuous culture apparatus (chemostat). 
Center-Colonies of bacteria growing on agar plates. The black col
onies are coated with manganese oxide. The white colonies are mu
tants that have lost the capacity to oxidize manganese. Bottom left-A 
stab culture of manganese oxidizing bacteria, black colonies, approxi
mately 1 mm in diameter, are coated with manganese oxide. Bottom 
right-A Transmission Electron Micrograph of a spore (1 ,..,min diame
ter) of a marine bacillus . These catalyze the precipitation of manganese 
oxide, which surrounds them. 

try. Studies of enzymic adaptation to temperature an.d pressure 
continued, while Dr. Joseph F. Siebenaller revealed that certain 
enzymes of high-pressure-adapted deep-sea fishes have very 
low efficiencies. These enzymic inefficiencies may be related to 
the pressure-insensitivities of these enzymes . Inefficient en
zymes and low enzyme concentrations play a major role in the 
establishment of the low metabolic rates of deep-sea fishes . 

Research in Dr. Victor D. Vacquier's laboratory concerns the 
basic biochemical and ultrastructural events of the interactions 
of sperm and egg during fertilization. Progress was made this 
year in many areas: identification of a protein involved in trigger
ing the acrosome reaction, TEM (transmission electron micro
scope) description of abalone sperm, isolation of enzymes that 
mediate the penetration of abalone sperm into the egg , isolation 
and characterization of the cortex of the sea urchin egg, and 
discovery of calmodulin in the cortical granules of sea urchin 
eggs . Researchers also worked on the measurement of levels 
of cyclic AMP and adenylate cyclase in sea urchin eggs , the 
initiation of the amino acid sequence analysis of sperm bindin, 
and the identification and isolation of a new extracellular layer 
on the surface of sea urchin embryos. 

Or. Nicholas D. Holland has made the first fine-structural 
study of sea cucumber embryology. The eggs and embryos of 
a Swedish sea cucumber (Stichopus tremulus) have been de
scribed from spawning through hatched blastulae. The fertiliza
tion envelope forms from ejected cortical granule material , but 
no vitelline coat can be demonstrated . Moreover, no hyaline 
layer ever appears. These characteristics of the egg coats, 
when compared with those of the other four living classes of 
echinoderms, indicate that most of the classes diverged from 
one another very early in echinoderm evolution . Only the 
echinoids and ophiuriods with their similar egg coats , seem to 
have diverged somewhat later. Subsequent development was 
typical of echinoderms with small, yolk-poor eggs. 

Or. William A. Newman continued studying the biology and 
biogeography of barnacles. The highlight of the year was the 
discovery of complemental males between the peduncular 
scales of an ancient hermaphroditic scalpellid , Scillaelepas . 
Members of this genus were abundant in late Mesozoic shallow 
seas, but presently there are only a few isolated deep-water 
populations in the North Atlantic and the Azores , and on sea
mounts off Madagascar and New Zealand . The discovery of 
males on Scillaelepas, the genus considered closest to the an
cestral stock of modern acorn barnacles, has given further 
clues to the origin of separate sexes in modern deep-sea 
pedunculate barnacles. 

Work in Dr. Robert R. Hessler's laboratory proceeded along 
several lines. A study of the standing crop of benthic meiofauna 
and microbiota in the abyssal central North Pacific is near com
pletion. As part of the same general faunal assessment pro
gram, the vertical distribution , population structure, and gut 
contents of deep-sea scavenging amphipods, particularly the 
ubiquitous Eurythenes gryllus , were analyzed . An investigation 
of the biology of a shallow-water lysianassid amphipod , whose 
habits are analogous to the deep-sea forms , continues. 
Laboratory scientists pursued studies of the deep-sea isopod 
family Eurycopidae, and concentrated on the degree of varia
tion displayed by a single species and the systematics of a 
difficult species flock. Analyses by Dr. Hessler's group ex
tended understanding of the ·distribution of the spectacular 
megafauna at the Galapagos hydrothermal vents . 

An important aspect of research in the laboratory of Dr. Ken
neth L. Smith, Jr., was the multidisciplinary study of the deep
sea benthic boundary layer in Santa Catalina Basin off the 
California coast. The study was by scientists who used Woods 
Hole Oceanographic Institution's deep sea research vehicle 
Alvin . In situ metabolic studies were conducted on four compo
nents of the benthic boundary layer system (the sediment 
community, epibenthic megafauna, plankton , and fishes) to ini
tiate construction of a community energy budget. One signifi
cant finding is that the nocturnal respiration of Cyclothone 
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acclinidens, an important nonmigratory fish of this community, 
was three to five times higher than the diurnal rate. This 
suggests a daily rhythm, and is the first evidence to suggest 
such a periodicity in a deep-sea animal's metabolic rate. 

Dr. Frederick I. Tsuji studies the mechanism of biolumines
cence in three organisms: Vargula ( =Cypridina) hilgendorfii 
(ostracod crustacean), Porichthys notatus (fish), and Eu
cleoteuthis luminosa (squid). The immediate objective is to iso
late, purify, and characterize Vargula luciferase, the enzyme 
responsible for bioluminescence in Vargula . Light is emitted as 
a result of the oxidation of luciferin by molecular oxygen, 
catalyzed by luciferase. Work is presently under way to deter
mine the amino acid sequence and active site properties of the 
enzyme. 

The role of carbonic anhydrase in lung and muscle tissue 
carbon dioxide transport has been quantitatively evaluated by 
Dr. Theodore Enns and by Dr. Esther P. Hill, UC San Diego 
School of Medicine. Other experiments resulted in data that 
suggest there is at present no solid evidence for appreciable 
carbonic anhydrase action on plasma bicarbonate in dog or 
rabbit lungs. Dr. Enns, in conjunction with the Food Chain Re
search Group, made a study of C02 to bicarbonate conversion 
on seawater samples off the California coast. Measurements 
gave no evidence of carbonic anhydrase activity from surface 
to 1700 m depth. However, it was determined that the con
version rate can vary considerably as a function of pH and 
temperature. 

Dr. Denis L. Fox continues his studies of animal carotenoids 
and pigment transactions between animals and plants. 

Marine Life Research Group 
The Marine Life Research Group (MLRG) has a special interest 
in the Pacific Ocean and particularly in the California Current, 
which influences the California coast and marine-related indus
tries. Researchers working in the fields of physical, chemical, 
and biological oceanography seek to characterize this current, 
and to compare it with data from other Pacific areas to resolve 
its special features. 

Dr. Loren R. Haury is analyzing the size measurements of 
amphipods, chaetognaths, copepods, euphausiids, and larva
ceans from four CaiCOFI (California Cooperative Oceanic 
Fisheries Investigations) cruises of 1955-1959. He will look for 
changes in the size-frequency distributions of the five taxa as 
functions of area, season, and year during a period when condi
tions in the California Current underwent a large interannual 
change. If found, the size-frequency changes will be related to 

A rosette containing sensors for continuous measurements of light ir
radiance, fluorescence, conductivity, temperature and depth, and a 
suite of Niskin bottles is lowered off the fantail of the R/V New Horizon. 
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physical and other biotic factors. Dr. Haury and Dr. Eric Shulen
berger, San Diego Natural History Museum, are combining the 
phosphate data from selected CaiCOFI cruises since 1949 with 
the corresponding geostrophic flow to estimate net advection of 
phosphate in the California Current in February and July. The 
individual estimates for transport across lines are highly vari
able because of mesoscale features in the current. A recent 
cruise of New Horizon to the nearshore regions off Pt. Concep
tion and Pt. Reyes, California, was conducted with Dr. James J. 
Simpson to investigate the surface physical, chemical, and 
biological features associated with coastal fronts and upwel
ling. 

Drs. Simpson and Haury made continuous measurements of 
physical, chemical, and biological parameters off central and 
southern California. Discrete sampling confirmed the structure 
found in the continuous data. The combined set of data pro
vides a unique picture of the oceanic structure associated with 
the transition between warm- and cold-water boundaries found 
in the California Current. Both small-scale and mesoscale struc
tures were observed, including offshore jets, upwelling fronts, 
and intrusions of warm central Pacific water onto the shelf. 
Simultaneous satellite observations of sea-surface temperature 
and ocean color indicate the spatial extent of the features 
found. 

Dr. Patricio A. Bernal and Dr. John A. McGowan have used 
the large-scale, 21-year time series of plankton and hydro
graphic data to study low-frequency ecological events in the 
California Current. They found that there were episodes when 
plankton production was much higher or lower than the long
term average by amounts greater than the normal seasonal 
changes. These anomalies are not correlated with local events, 
such as variations in upwelling intensity. However, a positive 
correlation was found with the amount of transport of cold, low
salinity, high-nutrient water from the north. This water is derived 
from the subarctic gyre and its transition zone, the West Wind 
Drift. Drs. Bernal and Dudley B. Chelton have also found a very 
good correlation between the anomalies of plankton abun
dance and anomalies of sea-level height, an independent mea
sure of the amount of transport from the north. The California 
Current is part of a much larger circulation system, and thus it 
appears that these low-frequency, large-scale, and important 
ecological events may be related to much larger climatic and 
oceanographic processes involving the entire North Pacific . 

Dr. Thomas L. Hayward and Dr. McGowan have continued 
their studies of the regulation of primary production and 
plankton community structure by the physical environment in 
the central North Pacific . They previously showed that primary 
production in this part of the ocean is affected by the rate of 
nutrient input caused by vertical up-mixing of deep, high
nutrient water into the euphotic zone. This mixing process ap
pears to be enhanced by a large-scale intrusion of low salinity 
water, the shallow salinity minimum. Several years of measure
ments at a single locale show that year-to-year variations in 
primary production may be related to changes in the relation of 
the depth of the shallow salinity minimum to the depth of the 
nutricline. 

A study of the vertical distribution of phytoplankton species in 
the central Pacific environment was completed during the 
summer months by Dr. Elizabeth L. Venrick. Species occur in 
two distinct associations that appear to correspond to two 
physiological regimes defined by earlier studies: the nutrient
limited regime above 90 m, and the light-limited regime be
tween 90 m and 150m. The vertical transition between associa
tions is abrupt and well defined . The abundances of congeneric 
species pairs in the upper association appear to be positively 
correlated with each other, while those in the lower association 
tend to be negatively correlated . This suggests that the 
mechanisms regulating the community structure may be differ
ent in two associations. 

Dr. Edward Brinton 's study of the euphausiid crustaceans, or 
krill, has focused on the anomalous winter of 1977-78, during 



Or. Abraham Fleminger examines a 
mating pair of Labidocera jollae 
(inset below). The male fifth legs, 
which are used to hold the female 
during spermatophore transfer and 
attachment, are shown at left. 
Coastline at right shows the 
distribution of sampling stations 
along the Pacific American coasts, 
and shading at left represents the 
distribution of Labidocera trispinosa, 
L. johnsoni, and L. lubbocki. 

trispinosa 

lubbock/ 

which the California Current was particularly beset with storms 
from the northeast, interspersed with shoreward incursions of 
warmer-than-average water. The southerly extent of the usually 
predominant temperate species Euphausia pacifica was then 
reduced, as during the warm winter of 1957-58. However, there 
was an onshore buildup of transition-zone species, rather than 
of southern , coastal, or central water species. 

Margaret D. ·Knight has investigated the larval development 
of Sergestes simi/is Hansen, a pelagic shrimp that abounds in 
the cooler waters of the California Current . She is also preparing 
an illustrated description of the developmental stages. This de
scription is based on larvae reared in the laboratory by Dr. 
Makoto Omori during his study of the life history of S. simi/is off 

the southern California coast, and on larvae from plankton 
samples collected by the CaiCOFI Program. Dr. Omori notes 
the importance of S. simi/is in North Pacific oceanic ecosys
tems ; the adults feed mainly on euphausiids and copepods and 
are preyed upon by squids, mesopelagic fishes, rockfish , alba
core , basking sharks, and baleen whales. 

In another laboratory, Dr. Abraham Fleminger seeks to 
characterize evolutionary and biogeographic patterns in 
planktonic copepods with systematic and geographic studies 
of Pontellidae inhabiting American neritic waters . Data and 
specimens are available for 39 pontellid species from American 
coastal waters. Of these, 27 are now known to occur only in 
circulation systems bordering on the American continents . The 
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Labidocera species restricted to coastal waters fall into two 
independent lineages. Species of the same lineage have mutu
ally exclusive geographic ranges, but inhabit waters grossly 
similar in relative transparency and chlorophyll content; one 
lineage predominates in highly transparent water, the other in 
relatively turbid water. Thus, the American lineages of Labido
cera have apparently partitioned coastal waters into two 
planktonic habitats probably identifiable by high or low phyto
plankton abundances. Habitat boundaries are relatively sharp, 
and ranges of species tend to coincide with broad features of 
coastal circulations. Speciation patterns are meridional along 
each coast, and any east-west components that may have de
veloped before the Panamanian isthmus emerged have been 
obscured by subsequent separate evolution along each coast. 
There is compelling evidence that paleoceanographic condi
tions permitted temperate Atlantic species to cross the present 
tropical barrier and to colonize the temperate zone of the oppo
site hemisphere, apparently from south to north. 

The sea-skater Halobates robustus occurs in large numbers 
in the mangrove lagoons and bays around several islands of 
the Galapagos Archipelago. Dr. Lanna Cheng and researchers 
from two other universities found that populations of this insect 
showed a remarkable ability to maintain a floating station in 
relation to the surrounding environment, regardless of tidal 
movements. The insects were generally aggregated in the field; 
the clumps of highest density were formed by mating pairs. 
Although the frequency of movement was rather constant dur
ing a 24-hour period, the frequencies of encounters between 
individuals showed daily peaks at postdawn and predusk. 

In another area, Tetsuo Matsui studied the midwater fish fam
ily Searsiidae. It was found that they usually occur near land, 
islands, and oceanic ridges in areas of higher productivity. The 
most primitive searsiids occur at the shallower depths and are 
mesopelagic, and the more advanced are mostly bathypelagic. 

In a continuing study of the abyssal circulation of the world's 
oceans, Arnold W. Mantyla prepared preliminary maps of the 
potential temperature and dissolved oxygen near the sea floor. 
Near-bottom salinity, silicate, and potential density referred to 4 
km depth are being mapped. These maps reveal interesting 
features on the spreading of abyssal water into the various 
basins. Characteristics are seen to change in the direction of 
the overlying-water features. For example, oxygen increases as 
the abyssal water spreads northward into the South Atlantic, but 
decreases when it spreads northward into the South Pacific and 
South Indian oceans. 

Joseph L. Reid has investigated the possible contribution of 
the highly saline outflow from the Mediterranean Sea to the 
northern North Atlantic and the Norwegian-Greenland Sea. The 
extension of this layer westward across the Atlantic from the 
Straits of Gibraltar had been recognized, but its northward ex
tension along the coast of Europe had not been emphasized. 
The water characteristics (salinity, oxygen, nutrients, and den
sity) indicate a northward subsurface flow centered at about 
1200 m depth that rises to about 200 m depth over the ridge 
between Greenland and Scotland, and extends with the 
Norwegian Current into the Norwegian-Greenland Sea. This 
flow may provide the extra salt that makes the waters there 
much more saline than any other high-latitude waters. Their 
high salinity and winter cooling make these Atlantic waters very 
dense, which leads to deep overturn and provides the source of 
much of the thermohaline circulation of the world ocean. 

Electromagnetic studies of rocks below the sea floor were 
carried out by Dr. Charles S. Cox. He analyzed measurements 
made near the East Pacific Rise at 21°N and found the results to 
be consistent with a highly conductive zone, less than 1 km 
thick immediately beneath the sea floor. This zone is underlain 
by a much more resistive zone that extends to a depth of 20 km. 
The conductive zone is probably associated with the pillow 
basalts of crustal "layer two." The resistive zone, with an effec
tive resistivity of 250 ohm m, appears to be free of molten mate
rial at 10 km off the spreading center. 

Researchers in the biosedimentation section, directed by 
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Andrew Soutar, assembled ten sets of sediment traps for de
ployment in studies on the vertical transport of hydrocarbons, 
trace metals, and natural radionuclides. Two sets were de
ployed by the manganese nodule project in the North Equato
rial Pacific. One set of these traps was recovered after nine 
months, and-despite deployment well below the carbonate 
compensation depth in a typical silica-enrichment region-the 
recovered material showed a totally dominant aragonitic car
bonate input in the form of large pelagic gastropod shells. 

During the year George T. Hemingway served as liaison with 
Mexican marine science institutions. A Sea Grant international 
grant made it possible to offer more assistance to sister institu
tions. Bibliographic searches, arrangement of guest-lecturer 
series, and short courses in laboratory methods are some of the 
program's accomplishments. A marine technology exchange is 
under way, in cooperation with the lnstituto Nacional de Pesca, 
Mexico. Training includes thermometry, nutrient chemistry, hy
drography, data management and quality control, and ichthy
oplankton identification for parity-level surveys, fish stock 
assessments, and recruitment analyses. Scripps technicians 
and scientists of the National Oceanic and Atmospheric 
Administration's Southwest Fisheries Center present this 
instruction. 

In another international effort Richard A. Schwartzlose and 
Dr. Fred B Phleger, and Drs. Agustin Ayala-Castanares and 
Alfredo La Guarda, National University of Mexico, organized a 
five-day symposium on the Gulf of California held in Mazatlan, 
Mexico. Schwartzlose described exploration, research, and re
newable resources in the area. A large bibliography on re
search in the gulf resulted from this paper. This bibliography is 
now being expanded into a book in collaboration with Dr. John 
Hendrickson, University of Arizona, Tucson. 

Marine Physical Laboratory 
Ocean acoustics, marine geophysics, deep seabed studies, 
and marine technology are the principal areas of research at 
the Marine Physical Laboratory (MPL). Investigations have 
been conducted in the waters of the eastern Pacific off Califor
nia, Mexico, and Central America, mid-Pacific north and south 
of Hawaii, and the western Pacific between Indonesia and the 
Marianas. MPL scientists have furthered deep seabed data ac
quisition, deep ocean acoustic propagation measurement, 
Doppler sonar, acoustic beamforming, and hydrophone 
design. 

Dr. Robert Pinkel's upper ocean physics group increased its 
capability to observe motions in the top kil_ometer of the sea. 
They developed high power Doppler sonar as a technique for 
remotely sensing water motion. To date, four sonars have been 
constructed and mounted on the research platform FLIP, which 
will allow simultaneous velocity profiling in four directions, out to 
ranges of 1.6 km from FLIP and to depths in excess of 1 km. 

This system was first operated on a one-month FLIP opera
tion 640 km southwest of San Diego in May, when scientists 
observed the generation, propagation, and decay of oceanic 
internal waves. During the cruise, about twelve thousand 
conductivity-temperature-depth (CTD) casts were made, and 
surface waves and wind velocity were measured. Analysis of 
this massive data set is just beginning. 

The concept of coherently summing together the signals that 
arrive at the individual elements of a drifting sonobuoy array 
stimulated Dr. William S. Hodgkiss's group to fabricate a 
dynamically programable beamformer. The drifting collection of 
sonobuoys would form a sparse array-for example, one 
where the average separation between elements would be 
much larger than one-half of a wavelength at the frequencies of 
interest. The result of only a few elements being thinly spread 
across a wide aperture is that the number of resolvable listening 
directions or "beams" formed by first time delaying, then sum
ming the individual sonobuoy signals, would exceed, by a fac
tor of 100 to 1000, the number of elements themselves. Also, the 



One of four elements of MPL's Doppler sonar system. The element 
operates at 32 kW and 65-85kHz, and it contains 1680 elements. 

time varying geometry of the freely drifting sonobuoys meant 
that the set of time delays for each desired listening direction 
should be dynamically adjustable. This requirement for a very 
large number of beams being generated from a time varying 
array pattern was the essence of the dynamic beamformer 
problem. 

The hardware that has been fabricated permits the incorpora
tion of slow changes in element positions and beam steering 
direction while the beamformer carries out the real-time forma
tion of 1300 beams from 32 input sensors . The sensors are 
distributed in a random, but known manner over an aperture 
diameter of up to 300 m. Their positions are determined by a 
separate array element location system that uses several active 
buoys within the predominantly passive sonobuoy field . Sea 
tests were conducted this year, and more are planned . 

The tethered, submersible Acoustic Development Array op
erated successfully during continuous, intensive use in the 
deep ocean west of San Diego . Dr. Victor C. Anderson 's group 
used the high-resolution beamforming of the array, submerged 
nearly 600 m, to measure ambient noise, narrow-band and 
broad-band reverberation, and convergence zone propaga
tion . Hydrophone calibrations and array-gain measurements 
were also made. Prior to this major sea test, the rubberized 
fabric dome covering the 720-element hydrophone array was 
removed after rupture and replaced with a protective netting 
shield . 

During the year, scientists in the Deep Tow group modified 
and refurbished its two research vehicles, and developed new 
hardware and software techniques for data display. Fish 5 was 
completely rebuilt into a more compact configuration, to reduce 
its tendency to pitch , thus improving the precision of bathymet
ric measurements. A new sonar system was developed to pro
duce high resolution information about bottom sediment struc
ture . In this system, essentially a 40kHz equivalent of the 4kHz 
bottom-penetration system, digital data processing in the vehi
cle captures the bottom reflection information and telemeters it 
at a reduced data rate . Scientists reworked Fish 4 so a CTD 
system for deep acquisition of conductivity and temperature 
data could be installed . 

Since both vehicles now have precise pressure sensors for 
measuring depth, hardware was constructed to allow the dis
play of sonar data compensated for the vehicle depth. In this 
way both the 4-kHz bottom-penetration data and the 125-kHz 
bathymetry data can be displayed as true profiles of the ocean 
bottom and are unaffected by the vehicle's vertical motion. In 
addition , display processing hardware was built to expand a 
sonar display for a more detailed record of bottom penetration. 
Software techniques were developed to combine the process
ing of side-scan sonar data with appropriate navigation infor
mation into geometrically corrected bottom maps. 

During March and April , with Dr. Fred N. Spiess as chief 
scientist, the Deep Tow group went to sea on RIV Thomas 
Washington. Both the newly developed hardware and all of the 
old standard systems were employed during two site surveys 
for the Manganese Nodule Program (MANOP). Previously, one 
site had been extensively sampled with both gravity and box 
cores by a portable version of the Deep Tow navigation system, 
and it was gratifying to obtain a photograph of the imprint of one 
of the box cores. The other site was atso surveyed to determine 
its suitability for an in situ heat transfer experiment, which in 
particular would use the 40-kHz fine-scale bottom penetration 
sonar. 

Between the two MANOP site surveys , a brief but intensive 
search was made for the Navy's RUWS (remote underwater 
work system) vehicle , which was lost in some 6000 m of water 
southwest of Hawaii . Although the RUWS vehicle was not lo
cated , valuable data on the bottom topography was obtained 
for future recovery planning . 

Dr. Peter F. Lonsdale continued interpretation of acoustic and 
photographic data gathered with the Deep Tow system during 
previous expeditions. Dr. Lonsdale extended his involvement 
with the scientific use of the deep-diving submersibles, oper
ated by the U.S. Navy's Submarine Development Group One, 
located in San Diego. Two dives were made to 5000 m in the 
axis of the Middle America Trench off Acapulco , Mexico , 
aboard the U.S. Navy's bathyscaph Trieste- 11 . During the dives 
the geology of the trench floor and the foot of the inner wall , 
where trench sediments are rapidly uplifted at a sharp tecton ic 
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front , were examined and sampled . Prior to the dives , Dr. 
Lonsdale participated in a site survey off Central America with a 
Sea Beam multibeam echosounder mounted on the French RIV 
Jean Charcot. 

Drs. Frederick H. Fisher and Robert B. Williams continued 
studies of long-range acoustic propagation by expanding ear
lier work on vertical arrival angle structure to a range of 
1300 km. 

During October scientists on a cruise that involved FLIP and 
New Horizon investigated how environmental fluctuations affect 
the vertical arrival angle structure of acoustic multipaths . With 

>a: 
2 
<( 
a: 
g 
:5 
_J 
<( 
0 
iii 
>
I 
a._ 

w 
z 
a: 
<( 
~ 

9 



~ 
a.. 

New Horizon towing two sound sources at two different depths 
(one in the mixed layer and the other in the thermocline), the 
532-m, 20-element, vertical hydrophone array suspended from 
FLIP at position 32°N, 124°W received the signals. Two sets of 
frequencies were transmitted from each source, 150 and 450 
Hz, and 140 and 420 Hz. Recording temperature/depth varia
tions at the lower source (depth 80 m), Dr. Williams found sub
stantial energy (an order of magnitude above Garrett-Munk) in 
temperature fluctuations in the 130 km length scale. Analysis of 
the acoustic data is in progress. 

Studies of the effect of pressure on electrical conductance in 
KCI, NaCI and CaCI2 solutions were completed by Dr. Fisher 
and A. Peter Fox. Effects of ion-pairing of MgS04 and Na2S04 

on seawater ion-pairing models are being investigated and in
dicate disagreement with the Johnson-Pytkowicz model. 

Acoustic absorption measurements in MgS04 - NaCI solu
tions indicate that the reduction in sound absorption that results 
from the addition of NaCI can be interpreted in terms of a reduc
tion of MgS04 ion pairs caused by ionic strength increases and 
the formation of NaS0 4- and MgCI+ ion pairs . Thermodynamic 
association constants of 161 , 10, and 5.6 for MgS04 , NaS04 - , 

and MgCI+, respectively, were used and provided excellent 
theoretical agreement with the observed acoustic measure-
ments. 
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Above is a horizontal wave number power spectrum of vertical height 
fluctuations derived from temperature tow data. At smaller wave num
bers, much more energy is measured than predicted by the internal 
wave model of Garrett and Munk, possibly because of baroclinic 
waves. 

Neurobiology Unit 
The Neurobiology Unit, directed by Dr. Theodore H. Bullock, is 
part of the Marine Biomedical Program that enlists scientists 
from UC San Diego School of Medicine and Scripps Institution 
of Oceanography in projects of joint interest to marine biology 
and medicine. The common denominator of current activities is 
the processing of sensory information, particularly from recep
tors in lower vertebrates . 

Studies in marine biology often contribute valuable insight 
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into medical science; however, the reverse is not so common . A 
method of diagnosing damage to the brainstem, under the 
cerebellum, by recording brain waves from outside the skull in 
response to clicklike acoustic stimuli has been pioneered for 
clinical use by Dr. Robert Galambos. A modification is now in 
use by Dr. Bullock and his associates to assess hearing in fish. 
The auditory brainstem response (ABR), as found in porpoises, 
was astonishingly similar to that of rats, cats , monkeys, and 
humans, wave for wave - seven waves in the first 10 mil
liseconds. The ABR allowed some of the echolocation speciali
zations of the porpoise to be measured. This led to a compara
tive study to determine whether an ABR can be found in more 
primitive vertebrates, and, if so, whether it would be a test of the 
animals' ability to hear. So far, results have shown that an audi
tory averaged evoked potential, which resembles the ABR in 
many ways, can be recorded from rays, sharks, gars, perch, 
catfish , and frogs. A number of higher taxa of fishes are not yet 
known to hear at all ; such as lampreys and sturgeons - groups 
where conventional methods of natural history or of conditioned 
response are unlikely to be useful in a reasonable time. The 
expectation now justified is that the modified ABR recording 
system will be the best method to determine whether these 
groups hear, and - to a certain degree - how well they hear. 
Since the technique does not invade the brain , it should be 
nearly ideal for investigating the auditory abilities of hitherto 
unstudied animals, such as penguins. Studies are now in prog
ress on penguins. 

In closely related studies, the equivalent method has proved 
best for testing electroreception in a group of fishes. This re
markable sense permits some fishes to detect natural currents 
as weak as 1 volt across 1000 km of seawater. Dr. Bullock and 
co-workers found this sense to be general among the non
teleost fishes , including lampreys, which are representative of 
the most primitive living vertebrates. Graduate student R. Doug
las Fields and Dr. G. David Lange found electroreception in 
holocephalans (ratfish or chimaeras) . Other researchers had 
already shown this sense to exist in elasmobranchs, sturgeons, 
lungfish , and bichirs . Dr. Bullock's group confirmed all these 
and added evidence that holosteans and the hypothetical an
cestors of teleosts had lost electroreception . Three out of the 
thirty or so orders of teleosts have redeveloped this sense, 
presumably by convergent evolution. 

Dr. William M. Saidel succeeded in recording impulses from 
auditory nerve cells in the forebrain of teleosts. Graduate stu
dent Stephen M. Echteler and Dr. Saidel have settled several 



puzzling questions of brain evolution by tracing the pathways of 
this and other sensory systems and finding areas and tracts 
homologous to those in higher vertebrates. 

Ocean Research Division 
The Ocean Research Division (ORO) includes the research of 
individual investigators and research units in such disparate 
fields as marine biology, marine chemistry, physical oceanog
raphy, and climatology. 

Scientists in the Climate Research Group (CRG), under the 
direction of Dr. Richard C. J. Somerville, approach atmospheric 
study from various directions. Dr. Somerville has developed 
theoretical and numerical models to simulate the evolution of 
atmospheric planetary waves. His results show that the tropics 
strongly influence the predictability of these waves in middle 
latitudes. 

Dr. John 0. Roads has continued to develop a family of sim
ple numerical models to describe climatic fluctuations. Studies 
with nonlinear quasi-geostrophic models have shown that 
boundary condition~for example, air-sea heat exchange
can stabilize time-dependent planetary waves, and that differ
ent climatic regimes may be present for the same boundary 
conditions. Moreover, it has been found that the planetary 
waves have potentially large amplitudes because of certain 
resonant responses. However, further studies have shown that 
the transient eddies (cyclones and anticyclones) are of consid
erable importance for the forcing and dissipating of these sta
ble, near-resonant climatic waves. 

Another CRG scientist, Dr. Tim P. Barnett, has continued 
analyzing climatic data and developing theoretical-statistical 
tools to represent and predict the climate system. He found a 
strong seasonal nonstationarity in virtually all of the climate time 
series examined to date. This includes data from the oceans as 
well as from the atmosphere, indicating that normal statistical 
approaches that rely on the stationarity of the basic data are 
generally inapplicable to the climate problem. In conjunction 
with Dr. Klaus F. Hasselmann, Max Planck Institute fOr 
Meteorologie, West Germany, he has developed a theoretical 
method for handling this seasonal nonstationarity. Applications 
of the new methodology to the problem of long-range climate 
prediction have yielded many new conclusions. For instance, it 
appears that large El Nino phenomena-a climatic warming of 
the eastern tropical Pacific-can be predicted more than a year 
in advance with a high level of confidence. 

Dr. Jerome Namias has recently been studying the implica
tions of a C02 induced increase in atmospheric temperature. 
By using 1000-700-mb thickness data of roughly a 30-year 
period, he has studied recent warm winters over the northern 
hemisphere. Dr. Namias has developed two scenarios to de
scribe C02 effects. Both cases are characterized by high 
latitude anomalously high pressures, relative cooling at lower 
latitudes, and strong latitudinal regionalization of thickness 
anomaly patterns. A potential moderating (self-correcting) in
fluence of the ocean by increased C02 absorption is hy
pothesized. Overall it appears that the climatic effects of C02 

variations will be much more complex than is often surmised . 
His study strongly suggests that regional anomalies of climate 
will not be well specified by the global mean temperatures, 
which are generally used in discussing C02 effects. 

In an independent study Dr. Charles D. Keeling and co
workers continued measuring atmospheric C02. Recent data 
from Fanning Island, in the central Pacific Ocean, and Cana
dian Weather Station P, in the northeastern Pacific, confirm the 
previously observed connection between small changes in C02 

concentration at both Mauna Loa, Hawaii, and the South Pole, 
and the Southern Oscillation. Relative time delays in this effect 
reaching these four locations indicate that the source of the 
connection is along the equator. The cause may be a tempera
ture change in equatorial surface seawater associated with the 
Southern Oscillation. Measurements of the 13C/12C ratio in at-

mospheric C02 , taken in collaboration with Wim G. Mook, 
Groningen, the Netherlands, indicate a change between 1956 
and 1978 of -.65°/oo, presumably caused by fossil fuel combus
tion and possibly also forest clearing . 

Also Dr. Keeling started a program of seawater total C02 

measurements. The ultimate objective is to directly measure the 
oceanic increase in total C02 associated with the observed 
C02 increase in the atmosphere. 

Dr. Kern E. Kenyon began a study of seasonal variations in 
water mass characteristics of the mid-latitude eastern North 
Pacific. The accompanying figure shows a temperature
difference section for 0-1000 m along 35°N between 139°W-
1630W from INDOPAC Expedition Leg I (March-April 1976) and 
Leg XVI (July 1977). Summer data were subtracted from winter 
data. Near the surface is a large horizontal scale and a small 
vertical scale compared to the deeper structure. It is surprising 
that around 50-100 m, near the winter mixed layer depth, the 
water is colder in summer than in winter (by up to 4 °C). 
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Temperature-difference section from INDOPAC Expedition. 

Dr. Jason H. Middleton and Sheri F. Lowe, in collaboration 
with Dr. Theodore D. Foster, UC Santa Cruz, and colleagues, 
continued the analysis of the data obtained by the International 
Weddell Sea Oceanographic Expedition . The final cruise of this 
expedition took place in January-March 1980 aboard the Coast 
Guard icebreaker Polar Sea. Four previously deployed current 
meters were retrieved in the shelf break region of the southern 
Weddell Sea. When the analyses of these current-meter records 
have been completed, the results , together with those from me
ters retrieved in 1979, should clarify the Antarctic Bottom Water 
formation . 

Dr. Jean H. Filloux investigated both electromagnetic varia
tions and pressure fluctuations on the open ocean floor. The 
former provides information on the electrical conductivity struc
ture of the deep oceanic basement. A sharp conductivity rise , 
probably associated with rock partial melting , is detected in all 
cases studied . Its depth of occurrence depends on crustal age 
in close accordance with plate tectonic theory; in particular the 
high conductance layer is found at a depth as shallow as 20 km 
near the Pacific Rise axis. In the second investigation , sea floor 
pressure data contain information about open ocean tides and 
a variety of other oceanographic processes. 

In Dr. Joris M. Gieskes's laboratory, further studies were car
ried out on interstitial waters and sediments collected during 
Leg 64 of the Deep Sea Drilling Project (DSDP) in the Gulf of 
California. Particular attention was given to the hydrothermal 
alteration processes that are taking place in the Guaymas Basin 
spreading center, where hot basalts penetrate into porous 
marine sediments and cause substantial hydrothermal 
alteration. 

Other work by Dr. Gieskes's group includes a study of par
ticulate matter in the Santa Barbara Basin , development of a 
model for manganese diagenesis in sediments, and detailed 
chemical study of varved sediments collected during a DSDP 
cruise in the Guaymas Basin . 

Dr. Lloyd A. Regier has continued developing an acoustic 
instrument that allows an underway ship to measure the vertical 
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and horizontal structure of currents. The instrument transmits a 
short pulse of sound into the water and measures the frequency 
of the echo reflected from drifting plankton. The change of fre
quency between the transmitted and received signals allows 
computation of the relative velocity between ship and water as 
a function of depth. Electronic improvements have permitted 
vertical profiles of currents to be made to a depth of 150m from 
a ship under way at 10 knots and to depths of 200 m from a 
stationary ship. 

Dr. R. Edward Lange's group is expanding its studies of 
oceanic fine-structures to include measurements of the patchi
ness of oceanic organisms. Acoustically reflective organisms 
are known to occur in intermittent patches, to be sheetlike in 
physical dimensions, and to undulate in depth with internal 
wave motions. In an interdisciplinary study, this group has con
structed and is taking to sea a towed device to simultaneously 
measure biological population densities, chlorophyll and dis
solved oxygen, temperature, salinity, temperature fine
structure, acoustic backscatter intensities, and biolumines
cence. They hope to understand the properties of and interrela
tionships between physical oceanographic fine-structure and 
biological distributions on small scales. 

Scientists at the Physical and Chemical Oceanographic Data 
Facility (PACODF) completed their longest continuous series of 
at-sea measurements in June 1980 when the last leg of the 
Hawaii-Tahiti Shuttle Experiment terminated in Honolulu. 
PACODF personnel took approximately 1200 CTD casts during 
the 15-leg, 18-month program. Ancillary PACODF programs in
cluded measurements of alkalinity and total C02 on two legs, 
nutrients and dissolved oxygen on all northbound legs (Tahiti to 
Hawaii), and extraction of radiocarbon samples on seven 
northbound legs. 

PACODF is currently upgrading equipment, which includes a 
state-of-the-art shipboard data acquisition, processing, and 
management system, a new portable shipboard laboratory with 
a high precision controlled temperature environment, and new 
underwater measurement and sampling systems. 

The GEOSECS Atlas series, in production at PACODF for 
several years, will soon appear in print, starting with the Atlantic 
graphics and tabular data volumes. An additional four volumes 
(Pacific and Indian oceans graphics and tabular data) are in 
various stages of completion. 

At the Mt. Soledad Radioisotope Laboratory, Dr. Robert C. 
Finkel is studying the geochemistry of uranium and thorium 
series radionuclides in both terrestrial and oceanic settings and 

Graduate student Sally Newman (left) extracts thorium from a Mt. 
Shasta andesite for isotopic analysis. Alpha particle spectrum (center) 
shows 238U, 234U and internal spike 232U peaks from a Mt. Shasta ande-
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has begun a study of cosmogenic radionuclides in polar ice. 
In one study Drs. Finkel, J. Douglas Macdougall, and Yu-chia 

Chung have been examining sulfide samples collected by 
Woods Hole Oceanographic Institution's submersible Alvin 
from hydrothermal vents at 21 oN on the East Pacific Rise. Com
parison of the 210Pb and 210Po contents of active and inactive 
vent particulates suggests that the cycle of buildup, cessation, 
and decay by oxidation of these sulfide chimneys is measured 
in tens to a few hundred of years. The 210 Pb/Pb ratio in particu
late sulfide filtered from hot vent water indicates that the lead in 
these deposits has a basalt origin rather than a seawater origin. 

In another study at the Mt. Soledad Radioisotope Laboratory 
techniques are being developed to apply the Van de Graaff 
accelerator mass spectrometry for the detection of 36CI and 
10Be in polar ice samples. This new technique has already al
lowed measurements to be made on 1 kg samples instead of 
the 1 ton samples required by radioactive counting techniques. 
The goal of this work is to develop an ice core stratigraphy 
similar to the 14C tree ring stratigraphy, but which can be ex
tended several hundred thousand years into the past. 

Dr. Robert L. Michel of the Mt. Soledad Tritium Laboratory 
continued to make observations on the bomb-produced tritium 
distributions in the environment. The major effort has been the 
monitoring of the progress of the tritium transient in the world 
oceans. Recent emphasis is on the seasonal change of tritium 
distributions in the California Current. Seasonal upwelling oc
curs in the California Current, resulting in the mixing of sub
surface water into the surface layer. Measurements indicate 
that the time scale during which this subsurface water is sepa
rated from the surface is on the order of the time scale of the 
bomb transient (25 years). Samples were also collected from 
subsurface groundwaters of the San Juan Basin in northern 
New Mexico. Of particular interest was the water in the 
Gallup/Morrison formation, which several drilling companies an
ticipate tapping for mining operations . Measurements on this 
groundwater show no observable tritium within 8 km of the pre
sumed headwaters of the formation. Thus, no mixing of surface 
water into this water mass has occurred since the advent of 
major nuclear weapons testing. 

Also at Mt. Soledad, Dr. Theodore R. Folsom has reviewed 
records of the 1955 nuclear weapons tests so as to dem
onstrate that the recently controversial (WIGWAM) underwater 
test could not have contributed significantly to the natural 
radioactive burden carried by San Diegans. He has made pos
sible the final publication of this laboratory's studies on global 

site. Dr. Robert C. Finkel (right) inserts final plated thorium sample in the 
alpha particle spectrometer. 



Researchers from the Shore Processes Group aboard R/V Ellen B. 
Scripps deploy current meter mooring into the ocean off Carlsbad, 
California, as part of a study of the longshore coherence of currents. 

fallout in the Pacific. Dr. Folsom also began a review of the 
status of the deep-sea reversing thermometer to estimate future 
requirements for this 100-year-old, highly specialized oceano
graphic tool. 

The Shore Processes Study Group, Scripps Hydraulics 
Laboratory, and the Marine Archaeology Program have be
come parts of the new Center for Coastal Studies formed to 
provide an organizational and administrative focus for coastal 
research at Scripps. Scientists in the Shore Processes Study 
Group concentrate on the physical processes in the nearshore 
environment, particularly the complex interaction among 
waves, currents, and littoral sediments. The direct effects of 
coastal processes on coastal zone planning and on innovative 
engineering solutions to environmental problems are receiving 
increased attention from the group. This is because the public 
has become increasingly aware that basic research results can 
contribute to understanding and solving coastal problems. 

The Shore Processes Group continues to use field experi
ments and instrument deployments as the primary means of 
investigating nearshore dynamics. Drs. Douglas L. Inman, 
Robert T. Guza, Reinhard E. Flick, and Scott A. Jenkins are 
participating in the Nearshore Sediment Transport Study 
(NSTS) with other scientists from Scripps and investigators from 
six United States institutions. The NSTS program has spon
sored two large-scale field experiments. The first was held at 
Torrey Pines Beach, Del Mar, California, in November 1978, and 
the more recent at Santa Barbara, California, in February 1980. 
Twenty-four electromagnetic current meters were deployed to 
measure nearshore currents, and numerous other sensors 
measured wave pressure, atmospheric variables, and sand 
level changes. Intensive sand-tracer experiments provided the 
most accurate available data to date on the longshore, onshore, 
and offshore sand transport rate. The variety of storm wave 
conditions and calm periods, combined with the successful 
instrument deployment and sediment studies, provided the 

most comprehensive and well-documented sand transport data 
available. 

Drs. Inman and Jenkins are continuing their study of sedi
ment management procedures for harbors, under Naval 
Facilities Command (NAVFAC) sponsorship. This year research 
activities centered on perfecting the passive curtain barrier and 
active jet array concepts to prevent silt accumulation at Mare 
Island Naval Shipyard, Vallejo, California. Other activities in
cluded a field experiment to examine the mechanisms of silt 
transport into the Mayport Boat Basin from the St. John's River 
Estuary in Florida, and advising the Navy on design improve
ments for a new carrier berth at Norfolk Naval Station in Virginia. 
Scientists working on a local NAVFAC project in cooperation 
with San Diego Gas and Electric Company succeeded in de
veloping sand bypass procedures to reduce the need for 
dredging at Agua Hedionda Lagoon, Carlsbad, California. 

Dr. Robert T. Guza and graduate student Michael H. Freilich 
are conducting theoretical and field research on the dynamics 
of shoaling waves. Freilich has developed a numerical solution 
to the Boussinesq equations that includes weak nonlinear in
teractions for a spectrum of incoming waves. Field experiments 
have been designed to test the theory, and measurements are 
underway at Torrey Pines Beach. Dr. Flick is attempting to de
velop an instrument to record the mean longshore current vel
ocity by measuring the geomagnetically induced voltage 
across the surf zone. Promising preliminary measurements 
were made at Santa Barbara and at Agua Hedionda Lagoon . 

Drs. Flick and Inman and Robert L." Lowe have deployed 
wave climate instrumentation on the Adriatic Coast of Ravenna, 
Italy, in cooperation with investigators from the National Re
search Council, Italy. Similar deployments have been made by 
Dr. Inman off Haifa, Israel. More work of this scope is planned 
on the wave climate and sediment budget in the Nile littoral cell 
extending from the Nile Delta in Egypt to north of Haifa. 

Dr. Clinton D. Winant completed a study of the variability of 
coastal currents on the shelf off Del Mar, and is planning a 
similar study along the coast of northern California, between Pt. 
Reyes and Pt. Arena. 

Four programs have been initiated in the first year of the 
Marine Archaeology Program. Dr. Patricia M. Masters is survey
ing and mapping Indian artifact sites on the continental shelf of 
the Southern California Bight. Her research on the Neanderthal 
sites of Israel has produced a racemization chronology for the 
Tabun sequence back to the first phase of the last glacial 
period. Work continues on the sites of Skhul and Qafzeh , 
which-in addition to Tabun - contain hominid fossils, whose 
dates are critical to an interpretation of the emergence of mod
ern Homo sapiens. In studies of the protein chemistry of amino 
acid racemization , Dr. Masters is isolating and characterizing 
highly racemized polypeptides from mineralized tissue of living 
mammals. 

In another field , Dr. Mia J. Tegner's group continued studies 
of the natural history and population dynamics of abalone to 
test the scientific and economic feasibilities of enhancing 
stocks of this valuable but scarce mollusk. Three approaches 
are being followed at sites on the Channel Islands and Palos 
Verdes Peninsula, California: closing areas to allow for natural 
rebuilding ; modifying the substrate to enhance natural recruit
ment; and seeding hatchery-reared juveniles . Observations 
and experiments indicate that habitat type and association with 
sea urchins are important to small abalones' abilities to avoid 
predation. 

Research on the pressure sensitivity of the sand crab, 
Emerita, has continued in the laboratories of Dr. James T. En
right. These small crustaceans show a stereotyped behavioral 
response to miniscule changes in hydrostatic pressure (less 
than 0.01 atm). In the absence of a gas phase, this sort of 
sensitivity raises acute problems: what sort of biophysical 
and/or biochemical processes could represent an adequate 
basis for the sensory system? The sense organ has not yet 
been discovered, but ablation experiments have led to some 
progress toward its localization . Behavorial experiments have 
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helped characterize the system's dynamics and the depen
dence of the responses upon characteristics of the stimulus 
situation. 

The neuronal basis of simple behavioral systems in electric 
fish was investigated by Dr. Walter F. Heiligenberg's group. 
They combined behavioral , neurophysiological, and neuro
anatomical strategies to study the function and structure of 
parts of the animal's nervous system that control simple be
havioral responses , such as the jamming avoidance response 
in the genus Eigenmannia. They have analyzed algorithms by 
which the animal's nervous system evaluates particular en
vironmental stimuli and the manner in which this evaluation con
trols specific behavioral responses . Nervous structures in 
which such computations of sensory information take place 
have been identified . The neuroanatomical microarchitecture of 
electric fish is also being investigated. 

Analytical techniques for deducing certain vital rates
notably natural mortality rates-from observed age distribu
tions of a wild population were developed by Dr. Daniel Good
man. The most novel of these techniques removes the need to 
assume stable age distribution and may be used in situations 
where some time-varying perturbation , such as a fluctuating 
harvest, has introduced transients in the age distribution. The 
methods have been applied to specific population models of 
Atlantic harp seals and eastern Pacific spotted porpoise, the 
former in connection with a controlled hunt, the latter in connec
tion with an incidential mortality associated with the tuna 
purse-seine fishery. 

The North Pacific Experiment (NORPAX}, began in the early 
1970s as part of the International Decade of Ocean Exploration. 
During the past eight years it has involved more than a hundred 
scientists from both international and U.S. institutions. NORPAX 
was inspired by theories that linked persistent year-to-year sea 
temperature changes to short-term climatic fluctuations in the 
circulation of the atmosphere. At that time, this suggested that 
the oceans, because of their great thermal inertia, might be 
useful tor predicting periods of unusual climatic states in the 
atmosphere . Under certain circumstances this concept has 
been shown to work, but it has proved difficult to improve cli
mate forecasts to the point of usefulness tor operational deci
sions. Now the idea is that perhaps year-to-year changes in 
heat content over the upper 500 m of ocean may be a better 
predictor of atmosphere-climate variability. 

To this end , scientists at NORPAX are focused on the investi
gation of the development and decay of upper ocean 
anomalies of heat content in the tropical and mid-latitude 
Pacific. 

The broad band of some NORPAX ocean-observing systems 
spans the mid-latitude North Pacific, the "TRANSPAC" operat
ing area. Here Drs . Warren B. White and Robert L. Bernstein 
have been able to construct monthly anomaly maps of subsur
face temperatures from expendable temperature probes de
ployed routinely from trans-Pacific commercial freighters. 
These maps provide a unique set of data tor investigating in
terannual variability in the ocean's heat content. In addition, 
they form the basic data set for an integrated program of 
process-oriented studies called the Anomaly Dynamics Study, 
or ADS. This study involves scientists seeking the cause of 
interannual changes in terms of interaction with the atmo
spheric wind systems. 

As part of the ADS program, Gerard J. McNally has used 
satellite-tracked, freely drifting buoys to establish that the upper 
ocean mixed layer moves as a slab nearly in the direction of the 
surface pressure isobars; this is in apparent violation of Ek
man's theory. However, Dr. White's statistical analysis of the 
temperature records indicates that Ekman flow may exist below 
this slab layer, penetrating in autumn/winter into the main ther
mocline, where previously it had not been expected. Drs. White 
and Bernstein have established that about 40% of the interan
nual variability in heat content in the main thermocline results 
from a downward turbulent flux of heat. This too was un
expected and indicates the importance of the turbulent pro-
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cess in the maintenance of the thermal structure in the main 
thermocline. 

The year has seen an expansion of the TRANSPAC ship-of
opportunity expendable bathythermograph (XBT) program into 
the tropical Pacific. When these new XBT data are combined 
with those produced by TRANSPAC, the anomalous subsurface 
temperature may be mapped over much of the Pacific basin. 
The establishment of this revolutionary measurement capability 
opens up an entirely new field of ocean-climate dynamics . 

The recent NORPAX Hawaii-Tahiti Shuttle Experiment was 
one of the largest tropical oceanographic experiments ever 
conducted . For NORPAX the principal objectives of the Shuttle 
Experiment were to observe and understand the low-frequency 
variations of the equatorial temperature, salinity and density 
structure, their relation to the equatorial currents, and the forc
ing of these variations by the wind systems. The relationship 
between the predominantly zonal equatorial currents in the cen
tral Pacific Ocean and events in the eastern and western 
equatorial Pacific was particularly interesting. Another goal of 
the experiment was to demonstrate how closely the relation
ships between dynamic topography, thermal structure, sea 
level, geostrophic flow, and geostrophic transports can be de
termined, and how these relations can be exploited tor the 
monitoring of the low-frequency fluctuations of the equatorial 
circulation by simple observations, such as sea level measured 
on islands and temperature sections made from ships-of
opportunity. 

Analysis of the shuttle data will continue over the next several 
years. Preliminary results, however, have already revealed sev
eral interesting features of the tropical Pacific current system. 
Drifting buoys remained together in the Countercurrent over a 
surprisingly long distance and for an extended period of time. 
In December 1979 and January 1980 the group abruptly re
versed field and began to move westward in the North Equato
rial Current. Since this reversal coincided with the seasonal 

The finishing touches are 
put on an anemometer that 
rides atop the surface float 
for one of the current-meter 
strings at 153°W on the 
equator. 



southward shift of the Intertropical Convergence Zone and a 
resulting local change in winds, it probably reflects a temporary 
change in the Ekman layer flow and not a basic alteration of the 
larger current system. Although wavelike disturbances are 
noted, the absence of eddies in this zone of strong lateral 
shears is striking . 

During the shuttle, Dr. Robert A. Knox cooperated with Dr. 
David Halpern of the NOAA-Pacific Marine Environmental 
Laboratory (PMEL), Seattle, Washington , to maintain a small1 ox 
1 o array of moored current meters at the junction of the equator 
and the 153° W meridian. This array provided a continuous time 
series of currents and temperatures at five discrete depths be
tween 15 m and 250 m. Isolated current sections taken along 
the 153° W meridian indicate that the jetlike Equatorial Under
current does not meander very far south or north of its mean 
position. Therefore, variability recorded by the Knox/Halpern 
array should be fairly representative of variability in the total 
transport of the undercurrent. 

Physiological Research Laboratory 
The complex physiological and biochemical responses of or
ganisms to the heterogeneous physical and chemical con
ditions of terrestrial and aquatic environments are the central 
interest of the Physiological Research Laboratory. The labora
tory works with researchers from the UC San Diego School of 
Medicine and many other institutions. 

Dr. A. Aristides Yayanos and co-workers completed an inten
sive study of the barophilic bacterium CNPT-3 (a laboratory 
designation until taxonomic study is completed). They estab
lished, under a wide range of conditions, that the organism is 
indeed a barophilic bacterium. At 10°C, it was an obligate 
barophilic bacterium. Yet at 10°C the organism was able to 
reproduce at pressures higher than it could at 2°C. The data on 
reproduction and thermal inactivation led researchers to expect 
a distribution of CNPT-3 in the water column between 1000 m 
and 7500 m, with the possibility that it could be found at the 
surface in the polar seas. Dr. Yayanos's group will now test the 
hypothesis that all of the important abyssal plane bacteria are 
barophilic . The cultivations have yielded some obligate 
barophilic bacteria that do not reproduce at pressures less than 
400 atm. The studies on the pressure dependence of reproduc
tion in the obligate barophilic bacteria have provided the first 
physiological evidence that there is a hadal zone in the sea 
because of high pressure. 

Dr. Edvard A. Hemmingsen is researching physical factors 
that induce bubble nucleation in gas supersaturated biological 
fluids and interface systems to better understand the early 
etiology of decompression sickness. The investigations have 
revealed that the cytoplasm of blood cells and of unicellular and 
simple multicellular organisms is very resistant to bubble forma
tion . Even those gas supersaturations that lead to profuse, 
spontaneous nucleation of bubbles in water and solutions leave 
the cells unaffected. The investigations also indicate that the 
existence of preformed gaseous nuclei is far less prevalent in 
vivo than generally assumed. . 

Dr. Jeffrey B. Graham continued his metabolic studies of the 
tropical mud-burrowing fish Synbranchus and kept specimens 
aestivating in mud without food or water for nine months. Dr. 
Graham and graduate student Kathryn A. Dickson investigated 
the natural habitat of Synbranchus in Panama. They also 
studied the albacore's ability to regulate body temperature and 
found that below 17°C the albacore tends to switch on its well
developed heat-conserving rete mirabile to achieve a level of 
thermoregulation . 

Studies on reptilian eggs by Dr. Ralph A. Ackerman indicate 
that gas exchange by clutches of sea turtle eggs may constrain 
clutch mass and incubation time. He has also developed a 
model of growth by avian embryos that quantitatively relates 
embryonic gas exchange and energetics to embryonic mass 
and growth rates . 

Allan S. Dietz prepares silica gel pour tubes for studies with deep-sea 
bacteria . Lower left are barophilic bacteria of isolate CNPT-3 (0.5 J.lfTI) 
from the central North Pacific. Lower right are obligate barophilic bac
teria of isolate MT-41 (5 J.llTI) from the Marianas Trench . 

Dr. Luis Palacios, University of Barcelona, Spain , and Drs. 
Ackerman and Fred N. White have continued their studies on 
gas exchange in the reptilian lung . They have delineated the 
relationships between gas composition in the lung and trans
port properties of hemoglobin at various temperatures . They 
identified a temperature near lethal at which the pattern of venti
lation and 02 transport can no longer support oxygen delivery to 
tissues. This indicates that gas exchange limitations combine 
with thermal effects on biochemical processes to set the or
ganism's upper thermal tolerance. 

The demonstration that a "sleeping" reptile retains "excess" 
C02 by altering the ventilation pattern has led Drs. White and 
Palacios to explore the mechanism. They obtained evidence 
that endogenous opiates produced in the brain are responsible 
for this pattern. The C02 retention during sleep is rapidly re
versed by the opiate antagonist Naloxone. The reptilian pattern 
of ventilation and C02 retention is remarkably similar to that of a 
sleeping man, and a comparative study is being conducted by 
Dr. White and Dr. Roger G. Spragg (UC San Diego School of 
Medicine) to ascertain whether the endogenous opiates play a 
similar role in the determination of the respiratory patterns of 
human sleep. Positive findings would have a significant influ
ence on approaches to sleep apnea syndromes and manage
ment and screening of infants prone to crib death . 

Dr. Harold T Hammel and colleagues from West Germany 
demonstrated that the rate of secretion of the salt gland in 
marine birds is influenced by the sodium chloride concentration 
of blood perfusing the brain. They measured the response of 
the salt gland to infusions of NaCI or glucose loads into the 
circulation of the brain and compared these responses with 
those following similar infusions into other areas of the circu la
tion . The results provide experimental evidence in support of 
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the hypothesis that osmoreceptors reside in the brain. The find
ings do not contradict evidence for osmoreceptors or volume 
receptors in the body, which may also influence salt gland 
secretion . 

Studies of breathhold diving in marine mammals and birds 
were continued by Dr. Gerald L. Kooyman's group. Their data 
from the southern polar regions have provided estimates of 
diving energetics and daily behavior patterns in several 
species of seals and penguins. Instrument packages worn by 
animals in the wild provide detailed time-depth records over 
long periods of natural behavior. Preparations are under way for 
a year-long antarctic expedition that will supplement the pau
city of information on birds and mammals during the winter 
season. 

Visibility Laboratory 
The Visibility Laboratory has a continuing program of research 
in environmental optics, remote sensing, and computer proc
essing of image information. 

This year optical remote sensing of ocean properties was 
again a major research activity at the laboratory. A focus of this 
project was the development of the algorithms necessary to 
utilize the data contained in the images provided by the Coastal 
Zone Color Scanner (CZCS) carried on the Nl MBUS 7 satellite. 
This sensor provides synoptic images of the ocean surface in 
six spectral bands, which show subtle changes in the ocean 
color related to mesoscale physical and biological processes. 
Roswell W. Austin, as a member of the NASA (National 
Aeronautics and Space Administration) experiment team for 
this sensor, together with Dr. Raymond C. Smith, Dr. Wayne H. 
Wilson, and staff have continued the development of algorithms 
for the removal of the masking effects of the atmosphere, for the 
assessment of the concentration of chlorophyll and related 
pigments in the near surface waters, and for the determination 
of the optical attenuation properties of the upper strata of the 
ocean. 

Scientists also continue to develop contemporaneous ship 
and satellite ocean sampling techniques. The objectives of this 
research include: the quantitative measurement of ocean 
chlorophyll (via the combination of satellite, atmospheric, and 
oceanic data) for the Southern California Bight region during at 
least one yearly productivity cycle; the study of the mesoscale 
patchiness of chlorophyll, and the dynamics leading to this 
variability; the possible use of these synoptic chlorophyll data 
for the predictive modeling of primary productivity in the South
ern California Bight; and the cataloging of the optical attenua
tion properties of the world's oceans. 

A number of cruises were conducted during the year to ob
tain validating surface data for the remote sensing studies. 
These included a major cruise on the Woods Hole Oceano
graphic Institution's R/V Oceanus to the western Atlantic and 
the Gulf of Maine. Extensive optical , biological, and physical 
measurements were taken on stations, and continuous surface 
chlorophyll and temperature profiles were measured along the 
cruise track line. Dr. Phillip Dustan and Gerald D. Edwards 
gathered chlorophyll pigment concentrations along thousands 
of kilometers of ship track line and made optical measurements 
on station from a variety of vessels-of-opportunity. These data 
have been taken contemporaneously with CZCS image data, 
and they will provide valuable comparison data sets for the 
study of biological and physical processes in California coastal 
waters. 

The possibility of increased middle ultraviolet (MUV) radiation 
at the ocean 's surface because of a reduction in stratospheric 
ozone has raised concern over the possible adverse effects on 
marine ecosystems. The optical properties of natural waters in 
the MUV region play a key role in this assessment. Dr. Smith 
and Karen S. Baker are determining and modeling these optical 
properties, studying the effects of MUV in the photosynthesis of 
phytoplankton, and quantitatively predicting MUV penetration 
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An example of a processed CZCS image is above. The logarithm of 
plant pigment concentration in the water is represented by the gray 
levels in the scene from a low (dark) of .05 to a high (light) of 5.0 mg per 
cubic meter. Alongshore and offshore track lines are shown. Below: The 
curves show pigment concentrations along the east-west track line as 
calculated from the CZCS satellite data (solid dark line C13) together 
with the pigment concentration as determined fluorometrically on board 
the ship (lighter gray line C). 

into various natural waters for the estimation of a variety of 
aquatic photoprocesses. 

Richard Johnson and staff conducted research on several 
facets of atmospheric optics. These studies were explaining 
atmospheric effects on the propagation of visible and infrared 
radiation through the lower troposphere. They also worked to 
develop enhanced models suitable for operational forecasting 
of the temporal and spectral variations in the optical properties 
with the greatest influence upon multi-spectral contrast trans
mittance. 

An improved model for visible spectrum slant path contrast 
transmittance through the troposphere has been developed by 
Wayne S. Hering. The model is built on airborne measurements 
of atmospheric-optical and meteorological properties collected 
throughout Europe and the United States. It addresses both 
multiple scattering effects and variations in aerosol scattering 
as a function of changing altitude. Computerized validation 
runs are being conducted to compare the model's output with 
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field measurements selected from the laboratory's extensive 
data base. 

In a related study, Dr. Bruce W. Fitch is investigating the 
character of the troposphere aerosol size distribution as a func
tion of altitude. This research involves the study and analysis of 
particle size distributions measured between the surface and 
6 km in altitude along a variety of European flight tracks. Both 
maritime and continental environments are represented in the 
data base that, when fully prepared, will contain in excess of 50 
flight profiles. 

It is expected that these two studies, in conjunction with the 
analysis of related European surface data being conducted by 
the staff, will develop improved analytic links between the ob
served meteorology and the optical state of the atmosphere. 

Deep Sea Drilling Project 
When the year began the Deep Sea Drilling Project's drilling 
vessel Glomar Challenger was active over the Costa Rica Ridge 
in the vicinity of the Galapagos Islands. At the close of the year 
her work had taken her around the horn of South America and 
into the South Atlantic Ocean. During that time the project
developed hydraulic piston corer proved to be of substantial 
value for extracting undisturbed cores from the sea floor. In 
April Dr. Yves P. Lancelot was named chief scientist of the 
project, succeeding Dr. David G. Moore. 

This year DSDP acquired new samples that may well provide 
significant data on major crises in the evolution of life on earth. 
During Leg 73, a nearly complete record of the Cretaceous
Tertiary boundary was discovered buried between flows of vol
canic ash on the flanks of the 70-million-year-old Walvis Ridge 
in the southwestern Atlantic. 

Previously, it had been determined that the mysterious extinc
tion of most of the surface-dwelling life forms in the world's 

oceans, about 65 million years ago, was synchronous with, or 
preceded by approximately 500,000 years, the equally mys
terious extinction of the dinosaurs. The new data recovered 
during Leg 73 indicate that the process of mass extinction may 
have been considerably less than 1 00,000 years and that it 
occurred when life forms of the Cretaceous were apparently 
thriving. It took several million years, however, before surface
water life forms evolved from the few survivors and achieved a 
diversity of life equivalent to that which existed earlier. The 
close correlation in time between the extinction of the dinosaurs 
and the disappearance of oceanic surface life may emphasize 
the interdependence of land and marine life, and it may also 
point to a more dramatic event in the earth's history. 

Sediment sections that preserve a record of this boundary, 
similar to that of the South Atlantic, are quite rare, but have been 
reported from studies on ancient marine sedimentary rocks ori 
land. Analysis of these sections indicates that the sequences 
are anomalously rich in exotic elements - such as iridium, 
cobalt, nickel, zinc, arsenic, and antimony- that could be of 
extraterrestrial origin. This has led some scientists to believe 
that life may have temporarily disappeared from the surface 
waters of the ocean because of a collision with an extraterrest
rial body- possibly a large comet. Others propose that relative 
motion between continental masses altered oceanic circulation 
patterns, causing chemical and climatic changes on the earth's 
surface that were too severe for the delicate Cretaceous forms . 
The well-preserved record recovered from the deep ocean by 
DSDP will enable scientists to study the timing and conditions 
that brought about such a sudden demise of surface-dwelling 
creatures or planktonic organisms. 

The year showed important advances in downhole experi
ments, some never before attempted in the deep sea. These 
were conducted in a hole drilled 338 m into the sediment and 
basalt rock of the Pacific Ocean floor. These experiments took 
place between Ecuador and the Galapagos Islands, in a zone 
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whose magnetic "signature" indicates it was formed along the 
Costa Rica Rift some 5.5 million years ago. Participating scien
tists investigated the area's crustal rocks, which had undergone 
alteration in naturally circulating superheated water shortly after 
the crust was formed . 

Among the more novel experiments was the lowering of a 
televiewer to scan the inner walls of the hole with an ultrasonic 
beam. This produced images that, when pieced together, 
showed almost the full length of the hole's interior wall. Another 
first was the lowering of a magnetometer, contributed by Soviet 
participants in the international program, to scan the entire 
length of the hole for magnetic characteristics of the rocks. 
Other measurements included the downhole recording of 
gamma radiation (which suggested the presence of volcanic 
ash layers at several levels), density porosity, electrical resistiv
ity, and temperature measurements, as well as tests for pore 
water chemistry . 

Leg 68 was devoted to a thorough scientific test of the hy
draulic piston corer (HPC), which recovers soft, deep-sea sed
iments without disturbing the minute layering . The tool permit
ted scientists to collect a detailed, continuous record of the past 
8 million years from the Caribbean Sea and the eastern Pacific 
Ocean. For the first time in DSDP history, the sediments col
lected during the cruise gave one continuous record of magne
tic and biological events in a single column of sediments. This 
provided scientists with the detail necessary to look at the re
versals of the earth's magnetic field recorded in the sediments 
and to date the appearance and extinctions of microscopic 
marine organisms with a resolution never before obtained. 

Legs 69 and 70 focused on a study of the circulation of sea
water within the newly formed and hot ocean crust. Scientists 
aboard Leg 69 studied the flow of water and heat within the 
rocks beneath the ocean floor of the Gulf of Panama. At one site 
they drilled through 274m of impermeable sediment and 213m 
into the underlying volcanic rock. They discovered that the cold 
bottom water of the Pacific Ocean flowed down the drill hole into 
the hot rocks beneath at rates near 190 £ per hou~. 

On the succeeding leg, investigations were concentrated 
over a very young part of the sea floor, less than a million years 
old , where circulating seawater is exiting from the bottom of the 
ocean. Little sediment cover exists over such young sea floor 
(± 50 m), but a scientifically interesting and potentially useful 
product of the hydrothermal circulation is the formation of 
mounds of metalliferous deposits among these sediments. 
These steep-sided mound features are up to 25 m high, 50 m 
wide at their base, and were first discovered by detailed 
geological and geophysical investigations in this region about 
eight years ago. 

Three different sites with mounds were drilled and cored on 
Leg 70, including one visited earlier on Leg 54. Several holes 
were drilled at each site, then temperatures were measured, 
and pore waters were sampled beneath the sea floor, both on 
and off the mounds. Although the mounds could not clearly be 
seen by acoustic equipment operating from the ship 2743 m 
above, an acoustic pinger attached to the drill pipe near the sea 
floor allowed the drill bit to be positioned over or next to them. 
Thus, it could be shown that the hydrothermal material beneath 
the mounds is distributed in a way consistent with the exit of 
hydrothermal fluids from small fissures in the crustal rocks di
rectly beneath the mounds. 

A single drill hole, which utilized hole reentry, produced a 
total crustal rock penetration of 561 m in 6.2-million-year-old 
sea floor north of the Costa Rica Rift. This was one of DSDP's 
deepest penetrations of the ocean crust . As found on Leg 69, 
the temperature gradient was very low in the upper part of the 
hole, but increased dramatically between 80 and 140m into the 
basement rock. This is interpreted as continued flow of sea
water down the hole and entering basement rocks between 
these depths, at rates of several meters per hour. There ap
pears to be strong evidence for lateral flow of pore waters within 
permeable zones in the crust, even when the overlying sedi
ments are relatively thick (275 m). Below the zone of steep 

temperature gradients, the temperature increase is consistent 
with upward heat conduction at a rate approximately normal for 
crust of this age. The highest temperature measured at the 
bottom of the hole was 111°C. This is one of the highest tem
peratures measured to date in rock of the ocean crust, but is 
lower than the actual temperature (approximately 120°C) be
cause of drilling-induced cooling . 

Leg 71 was devoted to studying both the effect of the Falk
land Plateau as a barrier between water masses during the 
early opening of the South Atlantic and the changes that oc
curred in the bottom water flow through the region based on the 
interpretation of sediment erosion, deposition, and transporta
tion. Samples from Leg 71 will be studied to resolve pale
oceanographic and paleoclimatic trends in the South Atlantic 
from its inception 135 million years ago to the present. 

As the year drew to a close, Glomar Challenger embarked 
from Cape Town, South Africa, to begin drilling on the Walvis 
Ridge. A series of holes was drilled across the top of the ridge 
and down the north slope into the Angola Basin . This was done 
so sediments and underlying basement could be sampled to 
determine the history and structure of the ridge . From the re
sults of Leg 74, it is now known that the Walvis Ridge is volcanic 
in origin and was once partially above sea level. Thus, the ridge 
may have acted as a barrier to oceanic circulation during the 
early history of the South Atlantic, when this ocean basin was 
still relatively narrow. Even today the water masses to the north 
and south of Walvis Ridge are strikingly different: the one to 
the south is strongly influenced by deep currents from the 
Antarctic . 

By drilling sediments deposited under these different re
gimes and studying the planktonic microfossils and pollen that 
they contain, DSDP scientists hope to reconstruct the sub
sidence of the ridge as well as ancient oceanic circulation and 
climatic patterns in the area. 

Geological Research Division 
The investigations of scientists in the Geological Research Divi
sion (GRD) covered many diverse topics. Studies were con
ducted on the development of pollution records from sediment, 
the generation of volcanic rocks, and many GRD groups con
tinued their studies of the East Pacific Rise samples and data. 

The development of historical records of pollution in sedi
ments has been the focus of many of the investigations of Dr. 
Edward D. Goldberg and his associates Minoru Koide, Dr. 
Vernon F. Hodge, and John J. Griffin . Emphasis has been upon 
the dissemination of wastes from fossil-fuel burning and from 
nuclear weapons tests. 

The property of sphericity is used to identify anthropogenic 
particles produced at high temperature. Three classes of prod
ucts from coal and oil burning have been identified: charcoals, 
iron oxides, and alumino-silicates. The surface morphologies 
and textures of the charcoals indicate their sources- oil , coal , 
or wood burning. In a southern Lake Michigan sediment, whose 
strata were deposited between the beginning of the nineteenth 
century and the present, the charcoal from wood burning was 
dominant up to 1900. After this , coal charcoals became evident 
and were accompanied by iron oxide components of the fly ash 
and the alumino-silicate mullite. During the past twenty years 
charcoal from oil combustion was deposited in the sediments . 
Heavy metals associated with the combustion processes - tin, 
chromium, nickel , lead, copper, cobalt, cadmium, and iron -
covaried with the charcoal particles, indicating origins in fossil
fuel burning or associated industrial processes. Maximum con
centrations of charcoal and of the metals occurred around 
1960. The concentration increases reflect increased energy 
production ; the decrease in latter years appears to be caused 
by the installation of improved control devices to remove fly ash 
from the stack gases. 

The fallout records of radioactive debris from nuclear 
weapons testing have been developed in detail from analyses 
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Carbon particles in the recently deposited sediments are more spheri
cal (origins in oil burning) than those in the older deposits, which retain 
structures of wood and coal. 

of polar ices in the Arctic and Antarctic . In both cases ages can 
be assigned to the various strata of the glaciers on the bases of 
chemical and radiochemical techniques. The glaciers that de
posit at tens of centimeters per year maintain the most sensitive 
sedimentary history of this radioactive pollution . 

Sharon L. Seidel investigated the history of tin pollution in the 
southern California coastal environment. Butyl tins, used as 
antifouling paints for the hulls of ships, were evident in the sed
iments underlying waters that hosted boating and shipping 
activities . There are tenfold increased fluxes of tin to coastal 
sediments today as opposed to fifty years ago because of the 
intensive use of tin as biocides and in industry. 

Dr. Miriam Kastner's group is working on the following topics 
this year: silica diagenesis, carbonate diagenesis, submarine 
basalt alteration , and hydrothermal deposits in the Gulf of 
California and on the East Pacific Rise (EPR), 21°N . Brief sum
maries of the most important results follow. 

Dr. Kastner and graduate student Douglas B. Kent com
pleted experimental work on the mechanisms and the phys
ical-chemical parameters that control the rate of silica phase 
transformations. Temperature, solution chemistry, pH, and sur
face adsorbed impurities are the most important rate
controlling factors . Surface chemistry analyses of cultured 
diatoms indicate that biogenic silica particles have a large 
capacity for adsorbing metal ions from seawater. 

The extent and rate of recrystallization of calcareous oozes in 
seawater in the presence of admixed impurities such as clay 
minerals, silica, and volcanic matter were investigated by Dr. 
Kastner and graduate student Paul A. Baker. The results show 
that all these components retard the rate of calcite recrystalliza
tion . Silica is most effective in this respect. The formation of 
dolomite is controlled by the concentrations of Mg+2 , Si(OH)4 , 

and so4 -2 in the solutions. 
Fresh and altered basalts from a 571-m thin section , Deep 

Sea Drilling Project (DSDP) Site 395A, Mid-Atlantic Ridge, 23°N, 
and from DSDP Site 323, southeastern Pacific Ocean, were 

analyzed by Dr. Kastner and colleagues for major, minor, and 
trace elements by neutron activation and for oxygen isotopes 
by the fluorination method. 

The results indicate that the low-temperature alteration of 
basalts proceeds to a depth of at least 600 m. In contrast to 
low-temperature altered dredged basalts, which are in contact 
with a large volume of seawater, low-temperature alteration of 
basalt at depth seems to proceed in a semiclosed system. For 
the rare earth elements (REE) , such a system is rock
dominated. Variations in the REE patterns of the alteration 
products are controlled by their crystal chemistry and by the 
sequence of their formation . 

Hydrothermal deposits in the Gulf of California, Guaymas 
Basin, were investigated. Sill intrusions into highly porous sed
iments lead to thermal alteration of the sediments and to expul
sion of hot, altered pore fluids. The oxygen isotopes of a talc 
deposit, which is associated with sulfides and Mn-crusts, ind i
cate formation temperature of about 280°C. The oxygen isotope 
values of the heated pore fluids increase up to + 1.4%a Stan
dard Mean Ocean Water (SMOW) and those of the associated 
thermally altered sediments decrease to about + 6.5%a SMOW. 

Graduate student Rachel M. Haymon and Dr. Kastner 
studied the hydrothermal deposits from the EPR 21°N. The hunt 
for deep-sea hydrothermal deposits culminated when scientists 
aboard Woods Hole Oceanographic Institution's submersible 
Alvin observed precipitation of massive metal sulfide deposits 
from about 350°C hydrothermal fluids spurting from hot springs 
along the ridge axis. Approximately 135 kg of hydrothermal 
deposits were collected . The groups of minerals occurring on 
the EPR, 21 oN hydrothermal deposits include, in order of 
abundance, sulfides, sulfates, native elements, si licates, and 
oxy-hydroxides. Sulfides of Zn, Fe, and Cu - principally sphal
erite (ZnS), pyrite (FeS2 ), and chalcopyrite (CuFeS2)- are the 
most common minerals in the vent deposits . 

These minerals were precipitated from hot altered seawater 
bearing dissolved metals, gases, and other dissolved species, 
which travel upward along cracks and faults in the upper crust 
and spew out over sea-floor basalt. When the solutions dis
charge into seawater, metal sulfide-sulfate precipitation builds 
a chimney upward from the sea floor and sideward around the 
existing flow. Contact of hot, sulfur-rich , oxygen-poor, low-pH 
waters with cold , relatively sulfur-poor and oxygen-rich, high
pH seawater produces an initial mixed assemblage of pyrrho
tite , pyrite, sphalerite, and wurtzite . As individual chimneys fil l 
with sulfides and die, the hot waters seek new outlets and con
struct new chimneys. 

Dr. Harmon Craig and associates in the Isotope Laboratory 
continued research on mantle volatiles in volcanic emanations , 
on oceanic geochemistry, and on GEOSECS (Geochemical 
Ocean Section Study) Indian Ocean program. Dr. Craig 's field 
work in geothermal and volcanic areas extended over an eleva
tion range of 7000 m during the past year. In November, diving 
in submersible Alvin, he collected 350°C water samples from 
the newly discovered hydrothermal vents at 2500 m depth on 
the East Pacific Rise. Then, together with Valerie K. Craig, he 
worked at sea level in the volcanic area of Djibouti , and later in 
the Yangbajain geothermal field in Tibet , at an elevation of 4500 
m, 7 km above the East Pacific Rise. The Tibetan study was 
carried out in conjunction with their participation in the Chinese 
Symposium on the Qinghai-Xizang (Tibet) Plateau. The Craigs 
remained in Tibet to carry out studies in collaboration with 
Chinese scientists. 

Also in the Isotope Laboratory, graduate students John A. 
Welhan and Kyung-Ryul Kim carried out chemical and radio
activity studies at sea on the high-temperature fluids sampled 
with Alvin during the November East Pacific Rise dives. They 
confirmed the high levels of methane, hydrogen , and radon in 
these hydrothermal fluids. Dr. John E. Lupton measured He3 / 

He4 ratios in the EPR samples and continued his work on New 
Zealand volcanic gases. Graduate student Robert J. Pereda 
participated in dredging the Mariana trench and arc during the 
Mariana expedition ; he also collected volcanic gas in 
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Valerie K. Craig and Dr. Cai Zuhuang, Chinese State Seismological 
Bureau, collect gas samples from a geothermal well in the Yangbajain 
area north of Lhasa in Tibet. At this altitude, 4500 m, water boils at 86°C; 
hot springs in the area are superheated at 91 °C. 

Guatemala and studied rare gas concentrations and isotope 
ratios in basalt and gas samples. Basalts from the Reykjanes 
Ridge, south of Iceland, were found to contain helium with 
He3/He4 ratios similar to the "hot spot" type helium observed in 
Kilauea and Iceland gas samples, significantly higher than in 
normal ridge-crest basalts. 

Dr. Robert D. Willis of the Isotope Laboratory continued his 
work at Oak Ridge National Laboratory on development of a 
laser detection system for argon-39, to be used for oceano
graphic studies at Scripps. Drs. Chun-chao Chou and Craig are 
currently studying the major and trace gases in polar ice cores 
and the applications of these gases to climatology and core 
chronology. 

Dr. Yu-chia Chung completed the GEOSECS Indian Ocean 
226Ra analyses during the year and processed about half of the 
210Pb samples . The Ra samples (more than 400) and Pb 
samples ( - 350) cover about 20 stations, mainly located in the 
western Indian Ocean . To date the results show that both Ra 
and Pb vary quite significantly, both areally and with depth . This 
reflects complicated mixing and circulation patterns . The solu
ble Pb profiles show a sharp vertical gradient within the bottom 
few hundred meters , while Ra remains fairly constant; this 
suggests a rapid removal of Pb in this layer by scavenging of 
sinking or resuspended particles . The Pb/Ra activity ratio de
creases systematically with depth, giving an apparent mean 
residence time of the order of ten years for Pb in the bottom
water layer. 

Dr. J. Douglas Macdougall 's group continued using isotopic 
studies to investigate the chemical characteristics of the upper 
mantle and to gain insight into processes involved in the gener
ation of volcanic rocks . In an important study of basalts from the 
Columbia River Province of the northwestern United States, 
graduate student Richard W. Carlson showed conclusively, on 
the basis of Sr and Nd isotope data, that the mantle source for 
these rocks had chemical affinities to oceanic upper mantle 
and is definitely not an example of "primordial ," unfractionated 
earth material as had been proposed by some workers . 
Graduate student Sally Newman successfully applied U-Th 
isotope disequilibria techniques to young volcanic rocks from 
Mt. Shasta, one of the southernmost volcanoes of the Cascade 
group. Her work permitted age determinations to be made for 
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these hitherto undated rocks ; and in combination with other 
chemical data, the isotopic analyses have made it possible to 
distinguish chemically different sources and to examine the in
fluence of chemical fractionation mechanisms for the Mt. 
Shasta lavas. 

Together with Dr. Robert C. Finkel , Dr. Macdougall also con
tinued investigating uranium-series isotope systematics in sul
fides deposited from hydrothermal vents at 21 oN in the East 
Pacific Rise . This work, still in its early stages, has provided 
information about the sources of the metals contained in the 
sulfides arid about the time scales of sulfide deposition . 

This group also investigated the evolution of the primitive 
carbonaceous meteorites . Dr. Jitendra N. Goswami made 
major contributions to the unravelling of the solar flare irradia
tion record in these meteorites. These studies focused on the 
implications of this irradiation record both for the behavior of the 
early sun , and for the early irradiation environment. An addi
tional important finding in the meteorite work was made by Dr. 
Macdougall and Dr. William V. Boynton , University of Arizona, 
Tucson . They discovered "ultra refractory" material in the form 
of tiny inclusions in the Murchison meteorite. These materials 
are believed to be among the first solids to have condensed 
from the solar nebula 4.5 billion years ago . 

In another area, the MANOP Bottom Lander has moved 
closer to completion and deployment in the eastern equatorial 
Pacific. The bottom lander is a free-vehicle instrument designed 
to carry out in situ studies of chemical and biological processes 
at the sediment-water interface and studies of their relationship 
to the formation of ferromanganese nodules . This work, di
rected by Dr. Ray F. Weiss, represents a central part of the 
Manganese Nodule Program (MANOP). The completed bottom 
lander will operate as a remote station on the sea floor at depths 
up to 6 km and for periods as long as one year. It will carry out 
chemical and isotopic tracer experiments and will collect sea
water, sediment, and nodule samples. 

Researchers in Dr. Weiss's laboratory also continued their 
studies on the oceanic and atmospheric distributions of the 
environmentally important trace gases - nitrous oxide, carbon 
dioxide, and methane. Continuous measurements of these 
gases in marine air and in surface water were taken during four 
separate legs of the NORPAX Equatorial Experiment between 
Tahiti and Hawaii . This was done to characterize the geo
graphical and seasonal variability of their concentrations and of 
the disequilibrium that drives exchange between the sea and 
the atmosphere. Development of high-precision gas chromato
graphic techniques for these analyses has continued, with spe
cial emphasis on applications to atmospheric and oceanic 
studies of the global carbon cycle. 

Dr. John A. Orcutt's research has focused on the use of quan
titative seismology in defining details of the earth's crust and 
uppermost mantle. Dr. Orcutt's group completed a detailed 
study of Iceland's crust and its relationship to oceanic crust. 
They used low-frequency seismic waves (called PL) propagat
ing across the Tibetan Plateau to determine its unusually great 
crustal thickness. The crust is approximately 85-90 km thick, in 
comparison to crust in the western United States that is only 30 
km thick. They also developed a new technique, Slant Stacking , 
for resolving earth structure from seismic observations . They 
have made substantial advances in relating ambiguity in earth 
structure to errors and noise in the initial seismic data. These 
various analytical methods have substantially altered previously 
simplistic views about the nature of this scientifically and 
economically important portion of the planet. 

Drs. Joseph R. Curray and Gregory F. Moore, working with 
Frans J. Emmel, Dr. George G. Shor, Jr., Dr. Robert M. Kieck
hefer and graduate students, continued their investigations in 
the northeastern Indian Ocean . The group has been studying a 
detailed transect across central Sumatra, that crossed the 
forearc basin , the outer arc ridge , the Sunda Trench, and ex
tended into the Nicobar Fan of the northeastern Indian Ocean. 
Dr. Kieckhefer's work in this region included seismic refraction 
determination of deep structure, seismicity from portable seis-



mographs on the mainland of Sumatra, and gravity modeling 
with seismic refraction results and seismicity. He concluded 
that because of oblique subduction of the Indian-Australian 
Plate beneath Sumatra, the descending plate has scissorlike 
tears in it, which can be characterized by seismicity and which 
may be manifested in volcanism in Sumatra. Graduate student 
Desiree Beaudry is currently working on seismic stratigraphy in 
the forearc basin within the central Sumatra area. 

Dr. Curray and Emmel , along with Dr. David G. Moore, La 
Jolla, have analyzed channel migration patterns within the Ben
gal Deep-Sea Fan. They have demonstrated channel migration 
at two scales: first, by shifting of submarine canyons on the 
continental shelf off Bangladesh through the Tertiary to supply 
sediment to channel systems in different parts of the fan; and 
second, through channel migrations in the proximal or upper 
part of the fan, the result of the high rates of accumulation of 
sediments. Only one principal turbidity current channel system 
is active at any one time. 

They teamed up with Dr. Lawrence A. Lawver, Massachu
setts Institute of Technology, Cambridge, to analyze and pro-
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Drs . J. Douglas Macdougall and Gunter W. Lugmair adjust the position 
of a sample in the newly acquired, high precision solid source mass 
spectrometer. This instrument is used to measure the isotopic compos
ition of elements such as strontium, neodymium, and uranium in vol
canic rocks from around the world. The research goal is to understand 

cess basic data from the Andaman Sea. Seismic refraction lines 
on the continental shelf, run in collaboration with Burmese re
searchers, have been analyzed . Multichannel seismic reflection 
records run in the same region have been processed through 
the courtesy of oil company members of the Scripps Industrial 
Associates. Drs. Lawver and Curray have made a detailed 
study of seismicity in Burma to help distinguish between the 
Shan Scarp Fault, the Sagaing Fault, and the Benioff Zone of 
the Indian Plate underthrusting Burma. 

Dr. Gregory F. Moore also conducted field work on the Talaud 
Islands, an exposed portion of the Molucca Sea collision zone 
of eastern Indonesia. The ophiolite samples and associated 
sedimentary rocks from Talaud were also analyzed . Preliminary 
results indicate the ophiolites are pieces of ocean crust that 
were accreted to the lower slope of the west-facing forearc and 
have been uplifted to sea level during the collision of this arc 
with the Sangihe Arc System. 

Throughout the year Dr. Robert L. Fisher and associates con
tinued work on the General Bathymetric Chart of the Oceans, 
Fifth Edition; his group's contribution to that worldwide interna-

how the melts that appear as lavas or volcanoes on the earth's surface 
are generated in the mantle. The micrographs around the picture show 
volcanic rock samples . The bottom three are from Mt. Shasta the two on 
the upper right are from the Deccan Plateau, India . The width of the field 
is about 1.3 mm. 

21 



tiona! project will be completed early in 1981 . Tectonic studies 
of the Indian Ocean , as well as elucidation of overall plate mo
tions and basin evolution, derive in large part from this large
scale, detailed examination of topography of the equatorial
temperate-subpolar Indian Ocean . Correlative studies of the 
mafic-ultramafic igneous complexes of the lower crust exposed 
in Indian Ocean fracture zones and western Pacific trenches 
continued . Dr. Fisher spent 35 days on Woods Hole Oceano
graphic Institution's Atlantis II on a South Atlantic traverse from 
southernmost Chile via the South Sandwich Archipelago and 
Bouvet Triple Junction to South Africa. The chief programs on 
this Woods Hole-led geophysical cruise were topographic
magnetic delineation of the fracture zones near the Bouvet Tri
ple Junction and well-located sampling of the ultramafic and 
mafic rocks extensively exposed in those clefts. Efforts to ex
tend the exploration and sampling of the Southwest Indian 
Ridge-Indian Ocean Triple Junction westward were carried out 
by Dr. Fisher and colleagues. 

Dr. William R. Riedel and co-workers are introducing more 
quantification into their taxonomic and stratigraphic work on 
radiolarians and the microscopic skeletal debris of fishes , in 
order to evaluate the reliabilities of correlations based on these 
microfossil groups. The ranges of morphologic variability of 
stratigraphically useful Cenozoic radiolarians are being more 
strictly defined, in collaboration with Annika Sanfilippo. M. Je~n 
Westberg is testing an index of the reliability of upper and lower 
limits of taxa in a sequence and is taking into account such 
factors as abundance, resistance to dissolution, confidence of 
identification, and relation of the locality to the limits of geo
graphic distribution of each taxon. 

Patricia S. Doyle and Dr. Ansis G. Kaneps are using skeletal 
debris of fishes to interpret the stratigraphy of otherwise unfos
siliferous Deep Sea Drilling cores. They are also describing 
additional microfossils, so as to increase the stratigraphic re
solution attainable. 

Drs. Wolfgang H. Berger, Edith S. Vincent, John S. Killingley, 
William T. Coulbourn, and colleagues have continued work on 
paleoceanic reconstruction from deep-sea cores. Detailed 180 
and 13C studies on benthic foraminifera from Ontong Java 
Plateau sediments indicate that there were fluctuating bottom 
water conditions in the Holocene and during deglaciation . 

Studies with Dr. Richard F. Johnson show unexpectedly large 
isotopic ranges (2°/oo) in planktonic foraminifera when single 
shells from the same core depths are analyzed . Half of this 
variation is attributed to ambient-temperature changes, with the 
remainder a function of calcification depth and metabolic ef
fects . These single-shell analyses have, to date, provided no 
support for the meltwater spike hypothesis - the postulated 
surface water freshening following deglaciation . 

Also Dr. Johnson analyzed the problems and pitfalls of 1 em 
stratigraphy in deep-sea sediments. One problem was the 
amplification of observational error; he built a machine linked to 
a computer to automatically identify, count, measure, and sepa
rate foraminifera . 

In collaboration with Drs. Kenneth C. Macdonald and William 
A. Newman, isotopic studies were made on large clams and a 
barnacle from the Rivera Submersible experiment on the East 
Pacific Rise, 21 oN geothermal field , where temperatures re
corded in the carbonate shell 180 values do not exceed soc 
above the ambient temperature . Dissolution rate experiments 
indicated that the empty aragonitic shells of the clams would 
dissolve within two to three decades at 2600 m ocean depth in 
the vent region . 

Dr. Killingley's studies of isotopic variations in California gray 
whale barnacles have proved a unique method for tracing 
whale migrations between arctic and subtropical waters. 

Graduate student Robert B. Dunbar, working with sediment 
trap material from the Santa Barbara Basin , off the coast of 
California, found that zooplankton fecal pellets dominate the 
transfer of organic matter and clay minerals to the sediments. 
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California Space Institute 
The California Space Institute, based at Scripps , is a new 
statewide research unit of the University of California. Scientists 
at the institute conduct applied space research in four major 
areas: (1) climate research, especially those aspects that use 
satellite observations; (2) image processing and remote sens
ing , with emphasis on terrestrial applications; (3) space man
ufacturing using the materials and environment of space for 
human benefit; and (4) space science, especially astrophysics . 
The institute, under the direction of Dr. James R. Arnold , will 
develop joint projects that will focus diverse disciplines on 
space problems , in somewhat the same manner that Scripps 
brings together scientists in many fields to study the oceans. 

During its first year, the institute made 24 small research 
grants to investigators on six UC campuses. 

Institute of Geophysics and 
Planetary Phys1cs 
The Institute of Geophysics and Planetary Physics is a Univer
sity of California systemwide institute with branches on the 
Davis, Los Angeles, Riverside, and San Diego campuses. The 
San Diego branch is located at Scripps Institution of Oceanog
raphy and is intimately connected to Scripps by a variety of 
scientific interests and associations. 

Dr. George E. Backus is working on two projects-an asymp
totic analysis of fluid dynamos at high magnetic Reynolds 
number, and a study of the statistics of plate-tectonic driving 
forces . 

Dr. Jonathan Berger continued his work with Frank K. Wyatt at 
the Cecil and Ida Green Pinon Flat Observatory. Research on 
the crustal dynamics of southern California continues. Currently 
under development is the design and construction of a 535-m, 
fluid tiltmeter and the study of horizontal benchmark stability 
with a recently completed vertical strain meter. 

A global network of very long period seismic stations , Project 
IDA (International Deployment of Accelerometers), directed by 
Dr. Berger and Dr. J. Freeman Gilbert, is nearing completion . 
This network, primarily designed to study the earth's free oscil
lations, now consists of 15 stations. A station was recently in
stalled at Mahe, in the Seychelles. In the near future, installa
tions are planned for the Falkland Islands; Erimo, Japan; and 
Kunming , People's Republic of China. 

Dr. Hugh Bradner has continued research associated with 
DUMAND (Deep Undersea Muon and Neutrino Detection) and 
with the U.S. Navy. The delineation of offshore faults near San 
Diego and northern Baja California, done jointly with graduate 
student Mark R. Legg, is nearing completion . 

Cooperative seismic studies with Mexico are being continued 
by Dr. James N. Brune and associates. These studies include 
investigations of seismic hazard, earthquake strong motion, 
earthquake mechanism, and earth structure. A special effort is 
being made through the use of theoretical, numerical, and 
physical models to understand and estimate the probabilities of 
large ground accelerations that might damage sensitive struc
tures such as nuclear power plants. 

Scientists in Dr. Thomas H. Jordan's group conducted tele
seismic studies and a bathymetric survey of Seismic Region A 
in the south-central Pacific, the site of anomalous intraplate 
seismicity. They also have been working on the 3-D structure of 
the earth's interior. It was shown that the IDA network provides 
data useful for this purpose. 

Dr. W. Kendall Melville continued his research on nonlinear 
surface and internal waves. The nonlinear surface wave study 
involved laboratory experiments on the breaking of deep water 
waves through wind forcing and intrinsic hydrodynamic in
stabilities. A novel application of laser anemometry has been 
developed to measure the fluid velocity at the interface. The 
second study has been concerned with the evolution of internal 
waves over variable bottom topography. In addition, Dr. Melville 
and graduate student Donald B. Altman have begun an ex-
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Map inset plots the changes in oxygen isotopic composition in 
California gray-whale-barnacle calcium carbonate with 
changing water temperature; this is related to the migration of 
the barnacle host, the gray whale . Or. JohnS. Kil/ingley operates 
the stable mass spectrometer in conjunction with this study. In 
circle are two close-up views of the inside of this barnacle. The 
views illustrate sequential growth layers from which small 
samples were drilled (right side of bottom specimen). 
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perimental study of the interaction between internal waves and 
shear flows , including critical layer phenomena. 

Nonlinear waves continue to be the focus of work by Dr. John 
W. Miles . He obtained solutions for nonlinear, dominant-mode 
oscillations in harbors and coupled basins and for solitary 
waves with transverse periodicity. He also obtained explicit 
solutions of the nonlinear Schrodinger equation for envelope 
solitons in deep water. 

Drs. Walter H. Munk, Robert A. Knox, and Peter F. Worcester, 
and Bernard D. Zetler and graduate students continued the 
ocean acoustic tomography study, which is a joint project with 
three other institutions. The main emphasis is on the demonstra
tion experiment early in 1981 in a 300-km square southwest_ of 
Bermuda. Each of four moored acoustic sources will transmit to 
each of five moored acoustic receivers for four months. The 
purpose is to monitor the sound velocity field in the intervening 
ocean volume from the variable travel times, and to compare 
the acoustically deduced field to "direct" observations. The 
group believes this method can lead to a practical scheme for 
monitoring ocean basins in mesoscale resolution . They also 
have completed an analysis of tidal influences on long-range 
sound transmission , and of very large fluctuations in travel time, 
evidently associated with a southward excursion of the Gulf 
Stream. Additional research on tides involved an empirical 
evaluation of various methods for computing tidal datum planes 
in estuaries. 

During the year Dr. John A. Orcutt and graduate student Allen 
H. Olson studied the elastic structure of the Imperial Valley, 
California, using data from an extensive explosion seismology 
profile conducted by the U.S. Geological Survey. In conjunction 
with Dr. Robert L. Parker they developed several new methods 
for the inversion of such data. The elastic structure developed 
has subsequently been of great use in predicting strong ground 
motion caused by events such as the recent Imperial Valley 
earthquake. In addition, Olson and Dr. Orcutt have developed a 
computational algorithm for calculating ground displacement 
caused by a realistic earthquake source in a vertically compli
cated structure. In collaboration with Dr. Brune, they have 
applied the technique to the study of Imperial Valley earth
quakes. Drs . Orcutt, Brune, and Keith F. Priestley studied the 
deep structure of the Great Basin by using recordings of earth
quakes off the Oregon coast. 

Dr. Parker has been working on the interpretation of geo
magnetic fluctuations in the frequency range 30 nHz to 10 ~-tHz ; 
these can be used to infer the electrical conductivity to depths 
greater than 1000 km. He has given a complete mathematical 
theory to test the consistency of any observations with a one
dimensional model and has derived entirely new noniterative 
techniques that solve the nonlinear equations for the conductiv
ity itself. 

Dr. Michael S. Reichle continued his cooperative research on 
northern Baja California seismology with the Centro de lnves
tigaci6n Cientffica y de Educaci6n Superior de Ensenada, 
Mexico . The research includes assisting in the preparation of 
the northern Baja seismic array, operating two temporary seis
mic stations along the San Miguel fault zone, and studying af
tershocks of the October 15, 1979, Imperial Valley and the June 
9, 1980, Mexicali Valley earthquakes. 

He and Dr. Orcutt have been using teleseismic body waves 
to determine the source mechanisms of the November 1978 
and March 1979 Mexican earthquakes . Dr. Reichle is working 
with Dr. T. Guy Masters on a method to directly invert the body 
wave data to obtain source mechanism. 

Richard S. Simons has been relocating large historic northern 
Baja California earthquakes, magnitudes ~ 6, from 1934 to the 
present. He and Dr. Reichle are using a combination of Mexican 
and United States data to relocate events of an earthquake 
swarm. that occurred in the Laguna Salada region , which may 
contain a still active spreading center segment. 

Dr. Robert H. Stewart has continued research on using radio 
signals scattered from the sea surface to study ocean waves. In 
particular, he has used radars on shore to measure the re-
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sponse of waves to winds and currents, and information from 
radar on the SEASAT satellite to study storm waves in the open 
ocean . 

Institute of Marine Resources 
The Institute of Marine Resources (IMR) pursues research , 
education , and public service in the area of marine resources 
and their utilization . Scientists at IMR seek to improve the na
tion's supply of organic and mineral materials, to harness the 
energies of the sea, and to advance knowledge about the 
marine food chain , ocean circulation , coastal wave climate and 
sediment transport , and pollution and wastewater disposal at 
sea. The institute has facilities at the Davis and San Diego cam
puses and is directed from Scripps by Dr. Fred N. Speiss . 

A brief account of the principal IMR activities at Scripps fol
lows. A complete description of all activities is published in the 
annual or biennial reports of IMR, Food Chain Research Group, 
and UC Sea Grant College Program. 

The Food Chain Research Group (FCRG) continues to study 
the rates and mechanisms involved in the passage of carbon 
and other nutrients through planktonic food webs. The principal 
site of field work is the Southern California Bight, with other 
studies being done in antarctic waters , the Central North Pacific 
Gyre, the Gulf of California, and in experimental containers , 
such as the Controlled Ecosystem Pollution Experiment. 

Recent work by members of the FCRG on the distribution of 
organisms has shown important behavioral responses to en
vironmental conditions by both zooplankton and phytoplankton. 
Several copepod species concentrate in coastal submarine 
canyons. Their vertical migrations and , hence, vertical distribu
tions vary in response to such environmental changes as up
welling , in ways that emphasize species-specific behavioral re
sponses. The role of behavior can be crucial to the formation of 
a subsurface layer of maximum phytoplankton concentration off 
southern California. Laboratory investigations have shown how 
the environmental factors of temperature, light, and nutrient 
concentration can interact to affect the behavior of several 
phytoplankton species, and how this results in such a subsur
face maximum. 

The group continues work on plankton productivity. Recently 
it was suggested that, contrary to conventional wisdom, mid
oceanic regions have high rates of phytoplankton production. 
FCRG members have presented new arguments to sustain the 
conventional theory. Phytoplankton growth rates in the North 
Pacific Central Gyre calculated from dividing-frequency of di
noflagellates, 14C uptake, particulate carbon to nitrogen ratios, 
mortality rates from grazers, and nutrient concentrations all 
agree, and show that the traditional estimates of 5-1 0-day 
phytoplankton doubling-times are still useful. 

Other FCRG researchers are measuring the role that bacteria 
play in consuming phytoplankton production . Estimates for 
bacterial use range from 10 to 40% of primary production . 
These values are higher than previously thought. Under the 
Ross Ice Shelf, Antarctica, bacteria form the particulates that 
feed the animal community, while low-level bacterial growth is 
maintained by oxidation of organic matter and ammonia. 

Clarifying the origin and character of various forms of marine 
organic matter remains an FCRG goal. For example, in situ 
measurements of sea-surface potential in the Gulf of California 
strongly suggest that the principal organic components of 
natural uncontaminated films and slicks are protein-carbo
hydrate complexes containing only small amounts of lipid mate
rial. Laboratory work shows that phytoplankton is more impor
tant than bacteria as a source of surface film organic com
pounds. 

The marine natural products group, under the direction of Dr. 
William H. Fenical , emphasizes research on the isolation and 
structure of biologically significant metabolites from "toxic" 
marine plants and animals. Of particular interest have been the 
functions of these abundant organic compounds in the marine 



ecosystem. The group has provided convincing evidence that 
noxious chemicals are produced as adaptations to deter pred
ators and thus enhance survival. 

This group is also exploring the application of marine natural 
products as new pharmaceuticals and agricultural products. As 
part of a multicampus program the "defensive chemicals" from 
marine plants and coelenterates are being isolated and 
biotested . Over the last year ten new substances with consid
erable pharmaceutical potential have been discovered. A po
tent antiseptic has been isolated from a red alga, and several 
substances with exceptional cytotoxicity have been isolated 
from soft corals and horny corals (sea fans and whips). 

In the Nearshore Research Group, the California Coastal 
Wave Study greatly increased its data gathering capabilities, 
installing a Prime 500 computer, several new offshore buoys, 
and additional nearshore stations in northern California. These 
system improvements were directed by Meredith H. Sessions. 
Dr. Richard J. Seymour directed a major sediment transport 
study at Santa Barbara, California, which included a year-long 
sand trapping experiment at the harbor and a month-long 
beach dynamics experiment. 

Forms and prospects of ocean energy were studied by 
Walter R. Schmitt and the late John D. Isaacs. After early opti
mism, it is becoming increasingly clear that the harvest of the 
energies in ocean currents, tides, wind waves, temperature and 
salinity gradients, offshore winds, and marine biomass will re
quire complex and expensive technologies. The most direct 
contribution the sea can make to energy supplies may rather lie 
in its use as a sink for waste heat from power plants and as a 
receptacle for radioactive wastes. The latter use appears feasi
ble, since recent studies in plate tectonics indicate that great 
areas of sea floor are very stable in the time scale of concern. 

A number of difficulties are common to the extraction of 
energy from ocean currents, tides, waves, salinity and thermal 
gradients, ocean biomass , and offshore winds. Corrosion and 
fouling interfere with operations and shorten equipment life. Dis
tance escalates the cost of power transfer: thus the high seas 
are likely to remain free of energy conversion systems. Low 
energy densities require large and expensive units, and fluctua
tions in supply require some back-up system. Projected de
velopment costs have risen sharply the closer the necessary 
technology has been approached , as for instance in wave de
vices. Potential conflicts with conventional uses of the sea also 
loom and must be resolved. 

It is therefore likely that oceanic energy sources will be 
opened up only slowly and cautiously. Each geographic area 
will emphasize its best oceanic forms and develop them in 
conjunction with its terrestrial sources of renewable energy. 
Good prospects are discernible for tides, thermal gradients, 
and offshore winds. Biomass, waves, currents, and salinity gra
dients offer diminished opportunities. Since all oceanic options 
are costly, conservation should become an important ingre
dient in the energy supply mixture. 

The California Sea Grant College Program is headquartered 
on the Scripps campus. Through funds provided from federal , 
state, and private sources the program advances marine re
source development and conservation in California through 
marine research , educational, and public advisory services. 

An integrated research effort is achieved through more than 
sixty research projects in coastal resources , aquaculture, 
fisheries , new marine products, and energy. Projects con
ducted at Scripps during the past year are described below. 

Ocean education for the public is fostered by the Vaughan 
Aquarium-Museum, under the direction of Donald W. Wilkie . 
Docents guide field trips at the aquarium and conduct a special 
outreach program for local school children. Public exhibits and 
educational workshops for teachers contribute to this effort. 

In cooperation with researchers at Humboldt State University, 
Arcata, California, the late John D. Isaacs studied entrance 
problems at Humboldt Bay. A preliminary model of the bay and 
the surrounding environment was programed during the first 
year of the project. Isaacs, working with Dr. Kenneth H. Nealson 

and graduate student Francisco V. Vidal , also studied ther
mophilic marine bacteria, which are thought to be the first or
ganisms to attach to power and ship heat exchanger pipes. 
These bacteria form an organic film on which other, non
thermophilic bacteria settle. This results in the fouling of pipes 
and reduced cooling efficiency of the surrounding seawater. 
The team investigated the use of antibiotics to control this form 
of biofouling. 

Dr. Victor D. Vacquier is investigating the events surrounding 
gamete interaction at fertilization . Knowledge of these events 
will allow the study of the mechanisms that may block hybridiza
tion so that methods may be devised for use in aquaculture. 

The natural history and population dynamics of the red sea 
urchin are under study by Dr. Mia J. Tegner. Results of this 
research will be used to develop management strategies for 
this species and to define its role in the kelp bed ecosystem: 

In another project, Dr. Tegner is cooperating with the Califor
nia Department of Fish and Game and others to consider en
hancing native abalone populations in areas where their num
bers have severely declined. The group is evaluating several 
different enhancement methods to determine which one is 
economically and scientifically feasible. 
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Researchers at Scripps, working with the California Department of Fish 
and Game, are trying to determine whether California 's declining 
abalone populations can be restored through seeding projects . The 
lighter coloring of the bottom of the shell on the left indicates the ap
proximate size of the abalone when it was seeded in November 1978. 

Dr. Francis P. Shepard and Gerald G. Kuhn concluded their 
study of coastal erosion in northern San Diego County. Their 
research has shown erosion to be a site-specific and episodic 
process rather than a gradual process, as had been previously 
thought. Information from their research has been made widely 
available to coastal planners throughout the state, to other re
searchers, and to the U.S. Army Corps of Engineers. 

In a major research effort of national scope, Drs. Seymour, 
Douglas L. Inman, Robert T. Guza, and Reinhard E. Flick are 
participating in a study of nearshore sediment transport sys
tems. The Nearshore Sediment Transport Study is a multi 
university research program to develop improved engineering 
methods for the prediction of sediment transport by waves and 
currents . Ten researchers from six different universities 
throughout the United States are involved. The program's sec
ond major field experiment, conducted at Santa Barbara in Feb
ruary, involved the measurement of sediment volume trans
ported by longshore waves and wave-driven currents and the 
simultaneous measurement of wave energy and directional 
characteristics. Dr. Seymour is responsible for wave measure
ment and analysis ; Dr. Inman for suspended sediment studies; 
Dr. Guza for surf zone energetics; and Dr. Flick for measure
ments of longshore sediment transport. 
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SEAGOING OPERATIONS 
R/V NEW HORIZON 

DATE EXPEDITION AREA OF OPERATION WORK PERFORMED 

7/6-7/26/79 CCFP California Coast CaiCOFI cruise; biological 
net tows and water sampling 

7/31-8/3/79 S. Barbara 405 California Coast Bottom cores, water 
sampling, net tows 

8/6-8/8/79 MANOP Test Local MANOP Test Cruise 
Cruise #4 

8/20-8/28/79 SCBS Legs Local Water and sediment 
1 and 2 samples 

8/29-8/31/79 MANOP Test Local MANOP Test Cruise 
Cruise #5 

9/5-9/18/79 Magneto- California Coast Install and retrieve 
electrics, Leg 1 magnetotelluric recorders 

9/1 8-9/21 /79 Shipyar<;j work and return 

1 0/3-1 0/25/79 R/P FLIP Local Tow FLIP, carry out acoustic 
studies 

11/2-11/4/79 Net Test Local Net test~ 

11/13-12/21/79 Grassle- East Pacific Rise Biological and geological 
Childress Cruise studies with DSV Alvin and 
Leg 1 RIV Lulu 

1 /7-1 /20/80 California Coast Recover magnetotelluric 
recorders 

1/23-1/27/80 Local Free-vehicle setline and 
trawling 

2/28-2/29/80 Student Cruise Local SIO Student Cruise 

3/3-5/2/80 Shipyard: overhaul; remove 
ballast and part of super-
structure to improve load-
carrying capacity and 
stability 

5/7-5/12/80 SCBS-16 Leg 1 Local Biological oceanography 

5/15-5/19/80 Worcester Local Acoustic oceanography 

5/23/80 MANOP Test Local Equipment tests 
Cruise 

5/26-6/2/80 COD E-O California Coast Coastal physical 
oceanography 

6/5/80 MANOP Test Local Instrument tests 
Cruise 

6/9-6/12/80 Worcester Local Instrument recovery 

6/15-6/23/80 Childress-UCSB Local Marine biology 
Legs 1-3 

TOTAL DISTANCE STEAMED: 19,186 nautical miles TOTAL OPERATING DAYS: 175 

RIP FLIP 

DATE EXPEDITION AREA OF OPERATION WORK PERFORMED 

1 0/3-1 0/25/79 129.0 Local Acoustics research 

11 /16-11/22/79 130.0 Local Acoustics research 

1 /25-2/2/80 131.0 Local Acoustics research 

4/25-5/27/80 132.0 Local Internal waves 

TOTAL DISTANCE TOWED: 2,060 nautical miles TOTAL DAYS OPERATED: 72 
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PORTS OF CALL CHIEF SCIENTIST CAPTAIN 

Monterey, San J. J. Simpson L. Davis 
Diego 

San Diego W. Berger L. Davis 

San Diego R. Weiss L. Davis 

San Diego M. Mullin L. Davis 

San Diego F. Dixon L. Davis 

Long Beach J. Filloux L. Davis 

San Diego L. Davis 

San Diego C. Maddaugh A. Arsenault 

San Diego K. Smith A. Arsenault 

Puntarenas, Costa K. Smith, A. Arsenault 
Rica (twice), San J. Childress 
Diego (UCSB) 

San Diego J. Filloux A. Arsenault 

San Diego K. Smith A. Arsenault 

San Diego J. Graves A. Arsenault 

San Diego G. Jackson C. Johnson 

San Diego P. Worcester C. Johnson 

San Diego R. Weiss C. Johnson 

San Francisco, C. Winant C. Johnson 
San Diego 

San Diego R. Weiss C. Johnson 

San Diego P. Worcester C. Johnson 

Port Hueneme, J. Childress L. Davis 
Los Angeles, (UCSB) 
San Diego 

PORTS OF CALL CHIEF SCIENTIST CAPTAIN 

San Diego 

San Diego 

San Diego 

San Diego 

F. Fisher 

R. Pinkel 

R. Pinkel 

R. Pinkel 

R. Silva 

R. Silva 

R. Silva 

R. Silva 



R/V ELLEN B. SCRIPPS 

DATE EXPEDITION AREA OF OPERATION WORK PERFORMED PORTS OF CALL CHIEF SCIENTIST CAPTAIN 

6/22-7/21/79 LeBoeuf West and East Coasts Sea lion studies; census La Paz, Guaymas, B. LeBoeuf T. Hansen 
of Baja California and blood samples La Paz, San Diego (UCSC) 

8/6-8/10/79 "Pitts" Local Biological oceanography San Diego 0 . Holm-Hansen T. Hansen 

8/11/79 Student Cruise Local Student Cruise San Diego R. Dunbar T. Hansen 

9/4-9/7/79 Santa Lucia Santa Barbara Deploy OBS (Ocean Bottom Port Hueneme W. Prothero A. Arsenault 
Banks Channel Seismometers) (twice) (UCSB) 

9/11-9/21/79 C. Faults Local Seismic profiling San Diego M. Legg A. Arsenault 

10/1-10/5/79 Prothero Santa Barbara area Set and retrieve OBS Port Hueneme S. Zelikowitz T. Hansen 
(twice) San Diego (UCSB) 

10/15-10/18/79 SABrat Local Marine biology San Diego R. Wilson T. Hansen 

10/19/79 Student Cruise Local SDSU Student Cruise San Diego K. Bertine T. Hansen 

11/3/79 Student Cruise Local SIO Student Cruise San Diego A. Fleminger T. Hansen 

11/19-11/21/79 Lagan Local Benthic biology San Diego A. Yayanos T. Hansen 

11 /26-11/29/79 Luyendyk Channel Islands Sidescan sonar survey San Diego B. Luyendyk C. Johnson 
(UCSB) 

12/7-12/1 0/79 SABrat Local Biological sampling San Diego K. Sullivan T. Hansen 

12/11-12/13/79 Lagan Local Benthic biology San Diego A. Yayanos T. Hansen 

12/17-12/20/79 Liner Local OBS deployment San Diego L. Dorman C. Johnson 

1/7-1/8/80 Local Benthic biology San Diego A. Yayanos C. Johnson 

1/22-1/24/80 Local Heatflow San Diego P. Lonsdale C. Johnson 

1/29-1/31/80 Local OBS recovery San Diego L. Dorman C. Johnson 

2/4-2/7/80 Local Trawling (lnstr. tests) San Diego K. Smith C. Johnson 

2/8/80 Student Cruise Local SDSU Student Cruise San Diego D. Dexter C. Johnson 

2/11-2/22/80 Seal census Guadalupe Island Seal census San Diego R. Gisiner C. Johnson 
area 

2/27-2/28/80 Amphipod Patton Escarpment Amphipod trapping San Diego A. Yayanos C. Johnson 

3/17/80 8004-EB Local Anchovy survey San Diego T. Pommeranz L. Davis 
(NMFS) 

3/19-3/28/80 8004-EB Local Anchovy survey San Diego H. Moser (NMFS) L. Davis 

3/28-4/6/80 8004-EB Local Anchovy survey San Diego H. Moser (NMFS) L. Davis 

4/7/80 8004-EB Local Anchovy survey San Diego H. Moser (NMFS) L. Davis 

4/9/80 Equipment Local Equipment tests San Diego P. Worcester L. Davis 

5/15-5/19/80 J. Cox Local Plankton pumping San Diego S. Willason L. Davis 

5/22-5/23/80 Lagan Local Amphipod trapping San Diego A. Yayanos L. Davis 

5/26-5/30/80 Barnes-80 Local Coring, water sampling San Diego R. Barnes L. Davis 

6/3-6/5/80 Yayanos VI-I Local Amphipod trapping San Diego A. Yayanos L. Davis 

6/16-6/20/80 Prothero Local OBS testing San Diego W. Prothero C. Johnson 
(UCSB) 

6/27-7/2/80 Cox II Local Water sampling, plankton San Diego S. Willason C. Johnson 

TOTAL DISTANCE STEAMED: 10,929 nautical miles TOTAL OPERATING DAYS: 134 

100° 140° 180° 140° 1000 60° 

~----~~----------------._------------------------~----_.----~ 00 180° 600 

Track Chart 
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R/V THOMAS WASHINGTON 

DATE EXPEDITION AREA OF OPERATION WORK PERFORMED PORTS OF CALL CHIEF SCIENTIST CAPTAIN 

7/2-7/31/79 Mariana, Mariana Arc, followed Seismic refraction dredging Subic Bay, Guam, G. Shor, A. Phinney 
Leg 11 by transit run to Saipan, Honolulu J. Hawkins 

Honolulu 

8/5-9/3/79 Mariana, North Pacific Gyre Studies of faunal Honolulu K. Smith A. Phinney 
Leg 12 abundance, midwater and 

bottom 

9/8-10/11/79 Mariana, Hawaii area to San Underwater acoustics Honolulu, P. McElroy, . A. Phinney 
Leg 13 Diego San Diego J. Barger (Bolt, 

Beranek & Newman, 
Inc.) 

11/5-12/18/79 Biennial overhaul 

1 /15-2/16/80 Fronts Northeast Pacific Physical oceanography; San Diego G. Roden (U . of A. Phinney 
CTD casts and drift buoys Washington) 

2/20-2/21 /80 Fronts Local Noise measurements for San Diego J. Mammerickx A. Arsenault 
echosounder planning 

3/10-4/17/80 Rama, Leg 1 Hawaii area Deep tow and coring Hilo, Honolulu F. Spiess A. Arsenault 

4/23-5/20/80 Rama, Leg 2 North Pacific Gyre Studies of faunal abundance; Midway Island K. Smith A. Arsenault 
chemical oceanography 

5/24-6/26/80 Rama, Leg 3 Northwest Pacific Sedimentology and current Yokasuka, Japan E. L. Winterer, A. Arsenault 
studies P. Lonsdale 

TOTAL DISTANCE STEAMED: 32,321 nautical miles OPERATING DAYS: 248 

R/P ORB 

8/9-8/14/79 75.0 Local ORB-ADA system San Diego V. Anderson T. Hoopes 
Acoustics research 

9/4-9/18/79 76.0 Local ORB-ADA system San Diego V. Anderson T. Hoopes 
Acoustics research 

TOTAL DISTANCE TOWED: 663 nautical miles TOTAL DAYS OPERATED: 31 

R/V MELVILLE 

Melville was in layup status at Nimitz Marine Facility, in San Diego 
harbor, from July 1979 through April 1980. On May 2, 1980, it went into 
the Campbell Industries shipyard in San Diego for its biennial overhaul, 

followed by Navy INSURV inspection and Coast Guard inspection. All 
work was completed July 1, 1980, and Melville resumed operation July 
2, 1980. 

TOTAL DISTANCE STEAMED: 0 OPERATING DAYS: 0 

Scripps scientists aboard RIV Ellen B. Scripps prepare current meters for launching. 
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RESEARCH VESSELS OF SCRIPPS INSTITUTION OF OCEANOGRAPHY 

*ALPHA 
HELIX 

TYPE: Oceanographic 
research 
(biological) 

HULL: Steel 

YEAR BUILT: 1965-66 

YEAR ACQUIRED 1966 
BY SCRIPPS: 

OWNER: University of 
California 

LENGTH: 40.53 m 

BEAM: 9.44 m 

DRAFT: 3.18 m 

DISPLACEMENT, 
FULL 
(Metric Tons): 464 

CRUISING 
SPEED (Knots): 10 

RANGE 
(Nautical miles): 7,200 

ENDURANCE 
(Days): 30 

CREW: 12 

SCIENTIFIC 
PARTY: 12 

-1 -Depends on towing vessel 
1979-80 Total days at sea: 853 

MELVILLE 

Oceanographic 
research 

Steel 

1969 

1969 

U.S. Navy 

74.67 m 

14.02 m 

4.87 m 

1,882 

10 

9,181 

41 

19 

30 

1979-80 Total nautical miles steamed: 80,480 
*Transferred to University of Alaska, January 1980 

RIV NEW HORIZON 

NEW ELLEN B. THOMAS 
HORIZON SCRIPPS WASHINGTON FLIP 

Oceanographic Offshore Oceanographic Floating 
research supply research Instrument 

Platform 

Steel Steel Steel Steel 

1978 1964-65 1965 1962 

1978 1965 1965 1962 

University of University of U.S. Navy U.S. Navy 
California California 

51.81 m 28.95 m 63.70 m 108.20 m 

10.97 m 7.31 m 12.00 m 6.09 m 

3.65 m 1.82 m 4.39 m 3.35/91 .44 m 

698 212 1,235 1,359 

10.5 9 11 varies-1 

7,000 5,100 10,000 varies-1 

30 14 36 30 

12 5 19 6 

13 8 23 10 

ORB 

Oceanographic 
Research 
Buoy 

Steel 

1968 

1968 

U.S. Navy 

21 .03 m 

13.71 m 

fwd . 1.48 m 
aft . 1.63 m 

294 

varies-1 

varies-1 

30 

5 

10 



GRADUATE 
DEPARTMENT 
The Graduate Department of the Scripps Institution of Ocean
ography offers instruction leading to Ph. D. degrees in oceanog
raphy, marine biology, and earth sciences. Because of the 
interdisciplinary nature of the ocean sciences, the department 
provides a choice of seven curricular programs through which 
the student may pursue a five year Ph.D. degree. Each of these 
curricular groups has requirements for admission in addition to 
the departmental requirements . The curricular programs are 
descri bed below. For admission requirements and more infor
mation , please write to: Graduate Department, A-008, Scripps 
Institution of Oceanography, La Jolla, California 92093. 

Applied Ocean Sciences. Interdepartmental in nature, this 
curriculum combines the resources of the Scripps graduate 
department with those of the Department of Applied Mechanics 
and Engineering Sciences and the Department of Electrical 
Engineering and Computer Sciences, on the UC San Diego 
campus. Engineers are provided a substantial education in 
oceanography, and oceanographers receive training in modern 
engineering. The instruction and basic research include struc
tural , mechanical , material , electrical , and physiological prob
lems operating within the ocean, and the applied science of the 
sea. 

Biological Oceanography. Biological oceanographers are 
concerned with the interactions of marine organisms and their 
popu lations with their physical-chemical environment. Re
search and instructional activities in this curriculum range from 
food-chain dynamics and community structure to taxonomy, 
behavior, and physiology and zoogeography of oceanic or
ganisms. 

Geophysics. This curriculum is designed to educate the 
physicist (theoretician or experimentalist) to understand the 
sea, the solid earth on which the waters move, and the atmos
phere with which the sea interacts. The program initially assists 
the student in assimilating basic knowledge concerning the na
ture of the earth and in mastering field , laboratory, and 
mathematical techniques by which new information is being 
developed . 

Marine Biology. The marine biology curriculum places par
ticular emphasis on the biology of marine organisms - animals, 
plants, and prokaryotes. The research and teaching encom
pass a. range of biological disciplines, including behavior, 
neurobiology, developmental biology, and comparative 
physiology/biochemistry. 

Marine Chemistry. Marine chemists are concerned with 
chemical processes operating within the marine environment: 
the oceans, the marine atmosphere, and the sea floor. The in
teractions of the components of seawater with the atmosphere 
with sedimentary solid phases, and with plants and animal~ 
form the bases for research programs. 

Geological Sciences. This curriculum emphasizes the ap
plication of observational , experimental , and theoretical 
methods of the basic sciences to the understanding of the solid 
earth and solar system and their relationship to the ocean and 
the at~osphere . Principal subprograms are marine geology, 
tecton1cs, sedimentology, micropaleontology, petrology, and 
geochemistry. Expedition work at sea and field work on land are 
emphasized as an essential complement to laboratory and 
theoretical studies. 

Physical Oceanography. Studies in physical oceanography 
include the observation, analysis, and theoretical interpretation 
of the general circulation of ocean currents and the transport of 
heat and of dissolved and suspended substance by the ocean; 
the distribution and variation of properties of the ocean; the 
propagation of sound and electromagnetic energy in the 
ocean; and the properties and propagation of ocean waves. 

GRADUATE STUDENTS AND 
DEGREE RECIPIENTS 
In the fall of 1979, 34 new students were admitted to graduate 
study. Of these, 10 were in marine biology, 4 in geological sci
ences, 4 in marine chemistry, 5 in geophysics, 5 in physical 
oceanography, 2 in applied ocean sciences, and 4 in biological 
oceanography. Enrollment at the beginning of the academic 
year was 181 . Seven Master of Science degrees and 21 Doctor 
of Philosophy degrees were awarded by UC San Diego to the 
students listed. 



Doctor of Philosophy Degrees Awarded 
with Titles of Dissertations 

Earth Sciences 
Duncan C. Agnew, "Strain Tides at Pinon Flat: Analysis and 

Interpretation." 
Leonard D. Bibee, "Crustal Structure in Areas of Active Crustal 

Accretion ." 
James K. Crouch, "Marine Geology and Tectonic Evolution of 

the Northwestern Margin of the California Continental 
Borderland ." 

Timothy H. Dixon, "The Evolution of Continental Crusts in Late 
Precambrian Egyptian Shield ." 

Robert M. Kieckhefer, "Geophysical Studies of the Oblique 
Subduction Zone in Sumatra." 

Fidencio A. Nava Pichardo, "Study of Seismic Wave Excitation 
for Two Earthquakes in Northern Baja California." 

Robert J. Stern, "Late Precambrian Ensimatic Volcanism, 
Central Eastern Desert of Egypt." 

Marine Biology 
Wayne A. Gerth, "Studies of Spontaneous Bubble Nucleation in 

Gas-Supersaturated Liquids In Vitro with Implications for In 
Vivo Bubble Formation." 

George Perry, "Studies on Calcium-Stimulated Oxidations in the 
Sea Urchin Egg." 

Oceanography 
Patricio A. Bernal, "Large-Scale Biological Events in the 

California Current: The Low-Frequency Response of the 
Epipelagic Ecosystem." 

Dudley B. Chelton, Jr. , "Low Frequency Sea Level Variability 
Along the West Coast of North America." 

Timothy Gerrodette, "Ecological Studies of Two Temperate 
Solitary Corals ." 

Frederic C. Gunnill, "The Effect of Host Distribution on the 
Faunas Inhabiting an Intertidal Alga." 

Scott A. Jenkins, "Viscous Flow Near a Sphere Under Surface 
Gravity Waves." 

Richard F. Johnson, "One-Centimeter Stratigraphy in 
Foraminiferal Ooze: Theory and Practice ." 

J. Anthony Koslow, "The Feeding of Schools of Northern 
Anchovy (Engraulis mordax ), and Community Structure and 
Diurnal Migratory Behavior in Marine Zooplankton ." 

Michael J. McPhaden, "Models of the Equatorial Ocean 
Circulation." 

John S. Oliver, "Processes Affecting the Organization of Marine 
Soft-Bottom Communities in Monterey Bay, California and 
McMurdo Sound, Antarctica." 

Edward T. Peltzer Il l, "Geochemistry of Hydroxy and 
Dicarboxylic Acids." 

John C. Schedvin, "Microscale Measurements of Temperature 
in the Upper Ocean from a Towed Body." 

Gerald S. Wirth, ''The Heterogeneous Kinetics of Silica 
Dissolution in Aqueous Media." 

Master of Science Degrees 
Earth Sciences 
Bryan K. Luftglass 
Luis Munguia-Orozco 
Forrest S. Thompson 

Marine Biology 
Lee-shing Fang 

Oceanography 
David B. King 
Joan M. Oltman 
Thomas E. White 

Dr. James W. Hawkins teaches the origin of 
basalts to his Igneous and Metamorphic 
Petrology class (left) . Center: He prepares his 
class for the laboratory session on basalts. At 
right Dr. Hawkins aids graduate student 
Charles K. Pauli during the laboratory session . 
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SHORE FACILITIES 
AND SPECIAL 
COLLECTIONS 
Facilities 

Analytical Facility. Instruments at the facility include an au
tomated X-ray diffractometer; automated X-ray spectrometer; 
Atomic Absorption Spectrometer (A .A .); heated graphite 
atomizer (attachment to A.A.); amino-acid analyzer; gas 
chromatograph ; gas chromatograph/mass spectrometer ; 
carbon-dioxide analyzer, and a Cambridge S-4 scanning elec
tron microscope with energy spectrometer. A Hitachi H-500 
STEM with energy spectrometry can obtain 1.4 A resolution with 
SEM resolution of 30 A.. A camera 3 scanner electron micro
probe is also included . The facility offers complete sample 
preparation laboratories, including "wet" chemistry and rock
processing laboratories, a tabletop HP-97 computer, and 
geological field equipment. 

Cardiovascular Research Facility. This shared facility of the 
Physiological Research Laboratory and the UC San Diego 
School of Medicine consists of an experimental animal colony, 
equipment for measurement of circulatory and cardiac func
tions in free-moving animals, and a cardiovascular instrumenta
tion development laboratory. 

Diving Facility. The diving program is housed in two sepa
rate facilities that contain the mechanical gear, wet equipment 
storage locker, and showers. 

Scri pps's scientific diver-training program, the oldest of its 
type in the country, provides training for Scripps scientists and 
technicians. There are on an average 130 Scripps faculty, staff, 
and students who dive in all the oceans of the world , including 
the Antarctic . 

Experimental Aquarium. Used by faculty, research staff, 
and graduate students for studies of living plants and animals , 
the experimental aquarium is provided with ambient and chilled 
seawater, and is equipped with 5 rooms for controlled environ
mental studies, 20 tanks, and 9 seawater tables . 

Hydraulics Laboratory. This laboratory has a wind-wave 
channel 43x2.4x2.4 m in size with a simulated beach and tow 
cart for instrument and model towing; a 15x18-m wave-and
tidal basin with an adjustable simulated beach ; a 40-m glass
walled , wave-and-current channel ; a granular fluid mechanics 
test facility that consists of a 6x12x3-m concrete basin ; a 
10x1 x1 -m fluidizing channel ; three sand-storage and calibra
tion tanks each 4 m high by 5 m in diameter, all serviced with a 
high-flow, slurry, pumping system; and an insulated , refriger
ated , cylindrical seawater tank 10m deep and 3m in diameter. 
All wave generators in the laboratory incorporate servo systems 
and can be computer or magnetic-tape 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 . 

Kendall Frost Mission Bay Marsh Reserve (Mission Bay, 
San Diego). Approximately 20 acres of marshland in Mission 
Bay that belong to the university constitute a marsh preserve 
and wild life refuge designated for teaching and research ; it is a 
unit of the University of California Natural Land and Water Re
serve System. 

Marine Science Development and Outfitting Shop. This 
shop is equipped with precision tools and machinery. A staff of 
toolmakers and diemakers designs, develops, and fabricates 
research equipment and instrumentation in support of the vari
ous laboratories at Scripps and other educational and gov
ernmental organizations throughout the United States. 

Mass Spectrographic Equipment. Nine mass spectrom
eters are available, including two 15-cm, Nier-type spectrom
eters, and one 6-cm Micromass instrument for isotopic analysis 
of light elements; a 15-cm, Nier-type spectrometer for rare 
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gase.s; a 25.4-cm double-collection mass spectrometer for 
He3/He4 ratio measurements ; a gas chromatograph-quad
rupole mass spectrometer for qualitative separation and 
analysis of organic compounds; a 30-cm-radius , solid-source, 
mass spectrometer for geochronology and isotope dilution 
analysis ; a small , portable, helium mass spectrometer for field 
use; and a 3-cm mass spectrometer for stable isotope tracer 
measurements. 

Petrological Laboratory. This facility provides thin 
sectioning , microprobe sample preparation, and rock-surfacing 
services to the staff and students and associated research 
groups . All types of submarine and subaerial igneous , 
metamorphic, and sedimentary materials in various states of 
lithification are prepared here, by plastic-vacuum techniques 
and other types of impregnations. 

Physiological Research Laboratory Pool Facility. This 
facility includes a holding pool for large marine mammals and 
fish ; a ring pool of 1O-m radius equipped with a variable-speed 
trolley to carry instruments for various hydrodynamic and 
biological studies of mammals and man; and a behavioral pool 
for echolocation 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. 

Radio Station WWD. Licensed to the National Marine 
Fisheries Service (NMFS), station WWD provides communi
cations services to both Scripps and NMFS and to other 
governmental and institutional ships . Weather advisories are 
provided routinely to the fishing fleet as well as to scientific 
vessels . 

San Vicente Lake Calibration Facility. (48 km from 
Scripps). This facility, operated by the Marine Physical Labora
tory, is equipped for testing and calibrating acoustic transduc
ers used in oceanographic research . The equipment is located 
on an 8 x 15-m enclosed platform in 40 m of water and offers 
1,372 m of unobstructed range. 

Satellite Oceanography Facility. This facility provides inves
tigators in the oceanographic community with the means to 
directly receive and process satellite imagery. Data transmitted 
in real time by the NOAA, TIROS, and NIMBUS polar orbiting 
satellites are received by the 5-m tracking antenna and stored 
on computer compatible tapes. The most commonly used sen
sors include the Advanced Very High Resolution Radiometer 
(AVHRR) and Coastal Zone Color Scanner (CZCS), which pro
vide information in the infrared and visible portions of the spec
trum . The Scanning Multichannel Microwave Radiometer 
(SMMR) data, from which sea surface winds may be derived, 
are also processed at the facility. The data are displayed and 
interactively manipulated via the HP 3000 computer dedicated 
to the facility. Block funding from NSF makes these capabilities 
available at no cost to individual investigators from the U.S. and 
abroad . Current applications include: tracking of drifting buoys 
via the ARGOS data collection system, near-real time support of 
research vessels by remote detection of chlorophyll concen
trations and sea-surface temperature determination. A 3-day 
course, taught every other month by the facility staff, gives po
tential users an overview of the available tools , as well as sev
eral hours of hands-on experience. 

Scripps Library. The library's 130,000 bound volumes in
clude 7,000 serial titles and extensive expedition literature. The 
Documents/Reports/Translations Collection is composed of 
technical reports and memoranda. The Map and Chart Collec
tion emphasizes nautical information and is a depository for 
U.S. Geological Survey geologic maps and related publica
tions. The library's Rare Book Collection includes numerous 
accounts and journals of famous voyages of discovery. 

Scripps Pier. The 305-m pier serves as a launching site for 
small boats used for local oceanographic work and provides 
space for on-site observational studies . 

Seawater System. Pumps located on Scripps Pier deliver 
seawater to the laboratories and aquaria of Scripps and South-
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west Fisheries Center. The seawater system utilizes two high
speed sand filters and two concrete storage tanks with a total 
capacity of 439,060t Delivery capacity is 5,300~ per minute. 

Shipboard Computer Group. This group of computer pro
gramers, engineers, and technicians supports four IBM 1800 
computers and, as required, other computer systems at 
Scripps through programing, interface design, and mainte
nance. Computers are installed permanently on R/V Thomas 
Washington and R/V Melville and on campus. 

The IBM 1800 computer systems are interfaced to ship's 
course and speed and to satellite navigation receivers for pre
cise determination of data location. Scientific instruments in
terfaced to the computer for automatic data acquisition and 
storage include STD (Salinity/Temperature/Depth), XBT (Ex
pendable Bathythermography), magnetometer, transponder
ranging inputs for the Marine Physical Laboratory's Deep Tow 
vehicle, and radio-relayed sonobuoy wide-angle reflection sig
nals. 

A digital seismic-reflection system is capable of sampling up 
to 24 analog signals at 1-kHz sample rate (24-kHz total) and 
recording them on digital magnetic tape. 

A Prime 750 computer system on campus is well adapted 
to economical number-crunching with a 3.2 J..LS floating point 
(64 bits) multiplier, one megabyte of memory, 600 megabytes of 
disk and an array processor. Its use is primarily by CRT 
terminals. 

Thomas Wayland Vaughan Aquarium-Museum. The 
aquarium-museum increases public understanding and ap
preciation of the ocean through exhibits of living marine ani
mals, museum displays, and a variety of educational programs. 

Scientists at the aquarium-museum study marine animal 
maintenance systems, fish coloration, and fish diseases. 
Through its collecting facility, several thousand specimens are 
supplied each year to Scripps scientists. 

This year more than 43,000 students in educational groups 
toured the aquarium-museum. It is open to the public daily; 
admission is free. 

Underwater Research Areas include: 
Ecological Reserve. The 580-acre San Diego-La Jolla 

Ecological Reserve was established primarily for conservation 
and is protected from any collecting. It has shown measurable 
return to its original pristine condition. 

Scripps Shoreline Reserve. Scripps Shoreline Reserve 
consists of a 100-acre tract of seashore and ocean where 
marine plants and invertebrates are protected for research 
purposes and may be collected only with a collecting permit 
from the aquarium-museum's director's office. 

Scripps Submerged Land Area. This area is leased by the 
University of California from the city of San Diego. The 640 
acres extend seaward and to the north of Scripps. 

Special Collections 
Benthic Invertebrates. The collection contains some 28,000 

lots of specimens sorted into major taxonomic groups such as 
Coelenterata, Echinodermata, and Mollusca. All are catalogued 
with collection data, and more than 35% are identified accord
ing to species. Specimens are available for study to qualified 
students and researchers. 

Deep Sea Drilling Project Core Repository. Scripps houses 
the West Coast Repository for cores collected by DSDP from 
the Pacific and Indian oceans. Core samples are made avail
able to qualified researchers throughout the world under 
policies established by the National Science Foundation. 

Geological Core Locker. This geological " library" contains a 
collection of several thousand deep-sea sediment cores kept 
under refrigeration, and bulk assemblages of rocks and man
ganese nodules dredged from the major ocean basins. These 
materials are available to any scientific investigator or student. 

Geological Data Center. Most of the geological/geophysical 
data collected by Scripps vessels while under way are proc
essed and archived at this location . Navigation, depth, and 

magnetics data are computer-processed for entry into the digi
tal data base and for production of cruise reports and plots . 
Seismic profiler records are microfilmed, blown back at re
duced scale, and reassembled by geographic area to permit 
rapid retrieval and evaluation. Index track charts, with overlays 
of the various data types, contain more than one million nautical 
miles of Scripps cruises , as well as tracks of DSDP's Glomar 

Challenger . The data center also maintains a multidisciplinary 
index of all samples and measurements made on major Scripps 
cruises. 

Marine Botany Collection. A small herbarium of marine 
benthic algae is composed of specimens from the U.S. Pacific 
coast, chiefly from the San Diego area, or collected during 
Scripps expeditions in the Pacific Ocean. There are some 1,600 
sheets of pressed seaweeds , identified and arranged in 
taxonomic order. The specimens, although primarily used for 
teaching, are available for consultation by any botanist or in
terested student. 

Marine Invertebrates. In this collection of more than 60,000 
documented whole zooplankton samples are accessioned 
holdings from the continuous CaiCOFI Program, expeditions, 
and special projects. Samples represent zooplankton , col
lected with nets, ranging from surface neuston to bathypelagic 
mid-water trawls. The major emphasis of the collection has 
been in the N.E. Pacific, but an increasing number of samples 
are also available from other oceanic and continental slope 
regions . The collection includes identified specimens for most 
of the major taxonomic groups. Samples are supplemented 
with physical and chemical data. 

Marine Vertebrates. This collection contains more than two 
million specimens, with 3,200 cataloged species, including 128 
primary types. Approximately 500 collections are added each 
year. Although the collection is worldwide, it specializes in 
deep-sea and eastern Pacific shorefishes. It contains large 
holdings of shorefishes from the Gulf of California and Panama 
and an extensive skeletal collection of both dried preparations 
and cleared-and-stained specimens in glycerin . 

Oceanographic Data Archives. Tide-gauge records have 
been taken daily from the Scripps Pier since 1925. Starting 
January 1980, these records are held at the Scripps Diving 
Locker in one-month data rolls . Records prior to 1980 may be 
obtained by writing Chief of the Datums and Information 
Branch, James R. Hubbard, C-233, NOAA/NOS, 6011 Execu
tive Blvd ., Rockville, MD 20852. 

Temperature and salinity records , taken daily, and records for 
various years from other California shore stations , along with 
data from more than 20,000 hydrographic casts from Scripps 
cruises , are managed by the Physical and Chemical Oceano
graphic Data Facility. 

Historical meteorological and oceanographic data for the 
Pacific are kept in the NORPAX data library. These data include 
marine weather and sea-surface temperature observations 
from 1854 to the present; National Oceanographic Data Center 
files to 1976; and monthly pressure, temperature, and precipita
tion at selected World Meteorological Organization stations. 

Halobates 

33 





~r;\11.1' TIJ"n: IIW23/ 91 AT 3 >2'9: f. (;'1fT 
((llf 1'1!\r; Ull/2~ Btt <\'F ::.'1:++: ~ IJ'I'F 

MJl.:f.I\'IIW; tn'ATIQf!' COOIWJ~,\TI~ : lAT. " ft2 . 8T 
Ulll. ¥ liT 2S 

T.ult:t:T l't•IIIT COOIUIIIIJA1'F~>:· 1..\'f. W !J2.fl7 
Ltl/f,Vtl?.:ll 

II fi,..:~;.>/M 
u.,..z:,..lMI :J::~: '* 
116/Z:VIIf 31:11:. 
•~ ·.::! ... w :.'a.t' e 
'" ;:·uttot a•:-t:H • 
;1,1/:.0,:;...fN :t::t•: to 
,~.·:.o:!--'tlt. :J::.ta: • 
U) ,:.-:.: . .... ;t : ~· .. l oJ; 
!U":.~ ·aw 3::n·; ._ 
!I..V:!'~.IIW :J::J3; _. 
;o.v:.)"l'l(t !}::,II');IJ' 
!0;~::~/twt :J : o4 :J: • 
l~)/C!'VtW :1: 41 : " 
ii't/:;2dW i\:-t2: 1\ 
,~ ... ~:l/~ ,, .,a:~ 

·~l 0::.2/~ :.1 1-t-4< ~ 

f'A'tT.U.ITT. .P.'£!'.:1\If'JII 
~rJC I".IJORIJIIAT)~ I.OCAI. \'IDil!t\: oi.IIC'I..lll 
(AT U))tf; WT I"") rJ.t:V .\ZI " ~R 

It !1 . 1', lr iHf :'.i:l 
• 9.31 ~ llt.:J~ 

'll'l:t.a'-'•~·'" 
1!'1~.3 ... \11~ ... ., 
Jl'lot.9:J ... t.:!.u:l 
lf:t:l.4hllil;.>.'.l.>"t 
Jf"..!f>.•JCJ..-: ::a . ..:& 
.II:IO .:JI 'IIL!·LII1 
Jl:l-t .O:.f " l:-!3".07 
IUT .:H \ll:!io> . t.:l 
'441.(t.lrl.!'l,'f0 

1116.t•• til:t~.-te 
f(~f-~ .. lo'l ;tl., .. 
~:1-i-~ .... ;,:J.~·· 
1':16.-:1~ 11'11::.'1~ •• ., 

UTTlJ,tTJ. 
Vlr;lrlf'. 

r.u·.v " 



PUBLICATIONS 
Introduction 
The results of the research done at Scripps are published in 
many different forms that range from short contractual reports 
to long taxonomic descriptions. Scripps publications are 
distributed by subscription, exchange, or government contract. 

Below is a complete listing of the SIO Publications for fiscal 
1980. Detailed availability information is included for each 
series. 

Bulletin 
The Bulletin of the Scripps Institution of Oceanography is an 
irregularly published series for lengthy, in-depth scientific pa
pers written by the faculty and staff. For information about sub
scriptions and a list of those numbers still in print, please write: 
University of California Press, 2223 Fulton Street, Berkeley, 
California 94 720. 

CaiCOFI Atlas Series 
The California Cooperative Oceanic Fisheries Investigations 
(CaiCOFI) Atlas Series provides processed physical , chemical, 
and biological measurements of the California Current region. 
The series reflects the work of the CaiCOFI program, sponsored 
by the state of California under the direction of the state's 
Marine Research Committee, of which Scripps is one of five 
cooperating agencies. 

These atlases are distributed at no charge to research institu
tions , university libraries, and qualified research scientists 
acitve in oceanographic fields relating to the CaiCOFI program. 
Editions are limited to 650 copies. Those institutions or libraries 
interested in acquiring atlases should write to: Dr. Abraham 
Fleminger, Scripps Institution of Oceanography, A-001 , La 
Jolla, California 92093. 

The atlas issued this year is listed below. 
No. 27 Namias, Jerome. Northern Hemisphere seasonal 

700mb height and anomaly charts, 1947-1978, and as
sociated North Pacific sea surface temperature 
anomalies. June 1979. 280p. 

Contributions 
This annual publication is a compilation of selected reprints 
authored by the Scripps faculty and staff. The Scripps Institu
tion of Oceanography Contributions is available ONLY on an 
exchange basis to other scientific, research , and educational 
institutions. For exchange information please write: University of 
California, San Diego, Library Gifts and Exchange Department, 
C-075a, La Jolla, California 92093. 

The articles listed below may be found in the publications 
cited . Information about a specific reprint can be obtained by 
writing directly to the author in care of: Scripps Institution of 
Oceanography, La Jolla, California 92093. 

Ackerman, R. A. and F. N. White. Cyclic carbon dioxide exchange in 
the turtle Pseudemys scripta. Physiological Zoology, v.52, no.3, 1979. 
pp.378-389. 
Agnew, D. and Kerry E. Sieh. A documentary study of the felt effects of 
the great California earthquake of 1857. Seismological Society of 
America. Bulletin, v.68, no.6, 1978. pp.1717-1729. 
Anderson, Victor C. Digital beamformer. In Real-time Signal Proces
sing II , April 19-20, 1979, Washington , D.C., edited by Tien F. Tao. 
(Proceedings of the Society of Photo-Optical Instrumentation En
gineers, v.180) Bellingham, Washington, SPIE, 1979. pp. 68-73. 
Anderson, Victor C. Envelope spectra for signals and noise in vertically 
directional beams. Acoustical Society of America. Journal, v.65, no.6, 
1979. pp.1480-1487. 
Anderson, Victor C. Variation of the vertical directionality of noise with 
depth in the North Pacific. Acoustical Society of America. Journal, v.66, 
no.5, 1979. pp.1446-1452. 
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Audley-Charles, M.G., Joseph R. Curray and G. Evans. Significance 
and origin of big rivers: a discussion. Journal of Geology, v.87, 1979. 
pp.122-123. 
Azam, Farooq, John R. Beers, L. Campbell, A. F. Carlucci, 0. Holm
Hansen, Freda M. H. Reid and D. M. Karl. Occurrence and metabolic 
activity of organisms under the Ross Ice Shelf, Antarctica, at Station J9. 
Science, v.203, 1979. pp.451-453. 
Bacastow, Robert. Dip in the atmospheric C02 level during the mid-
1960's. Journal of Geophysical Research, v.84, no.C6, 1979. pp.3108-
3114. 
Bacastow, Robert and Charles D. Keeling. Models to predict future 
atmospheric C02 concentrations. In Workshop on the Global Effects of 
Carbon Dioxide from Fossil Fuels , Miami Beach, Florida , March 7-11 , 
1977, edited by William P. Elliott and Lester Machta. Washington, D.C. , 
Dept. of Energy, 1979. pp.72-90. 
Backus, George E. An L 2 form of Bernstein's inequality. National 
Academy of Sciences, Washington, D.C. Proceedings, v.76, no.?, 1979. 
pp.3061-3064. 
Bada, Jeffrey L. and Edward A. Hoopes. Alanine enantiomeric ratio in 
the combined amino acid fraction in seawater. Nature , v.282, no.5741 , 
1979. pp.822-823. 
Bada, Jeffrey L. , Edward A. Hoopes, D. Darling, Graham Dungworth, 
Henk J. Kessels, Keith A. Kvenvolden and David J. Blunt. Amino acid 
racemization dating of fossil bones, I. Inter-laboratory comparison of 
racemization measurements. Earth and Planetary Science Letters, v.43, 
1979. pp.265-268. 
Barnes, R. 0 ., Joris M. Gieskes, Jay Horvath and Wayne Akiyama. 
Interstitial water studies, Legs 47A,B. In Initial Reports of the Deep Sea 
Drilling Project, v.47, pt.2, edited by J.-C. Sibuet, W. B. F. Ryan, et al. 
Washington, D.C. , U.S. Government Printing Office, 1979. pp.577-581. 
Barnett, Tim P. , William C. Patzert, S. C. Webb and B. R. Bean. 
Climatological usefulness of satellite determined sea-surface tempera
tures in the tropical Pacific. American Meteorological Society. Bulletin , 
v.60, no.3, 1979. pp.197-205. 
Barnett, Tim P. and K. Hasselmann. Techniques of linear prediction, 
with application to oceanic and atmospheric fields in the tropical 
Pacific. Reviews of Geophysics and Space Physics , v.17, no.5, 1979. 
pp.949-968. 
Beardsley, R. C. and Clinton D. Winant. On the mean circulation in the 
Mid-Atlantic Bight. Journal of Physical Oceanography, v.9, 1979. 
pp.612-619. 
Beers, John R. About microzooplankton. In Phytoplankton Manual, 
edited by A. Sournia. (Monographs on Oceanographic Methodology, 6) 
Paris, UNESCO, 1978. pp.288-296. 
Beers, John R. Perspectives on holography. In Phytoplankton Manual, 
edited by A. Sournia. (Monographs on Oceanographic Methodology, 6) 
Paris, UNESCO, 1978. p.123. 
Beers, John R. Pump sampling . In Phytoplankton Manual, edited by A. 
Sournia. (Monographs on Oceanographic Methodology, 6) Paris, 
UNESCO, 1978. pp.41-49. 
Berger, Jon, D. Agnew, Robert L. Parker and W. E. Farrell. Seismic 
system calibration: 2. Cross-spectral calibration using random binary 
signals. Seismological Society of America. Bulletin , v.69, no.1, 1979. 
pp.271-288. 
Berger, Wolfgang H. and H. R. Thierstein. On Phanerozoic mass ex
tinctions. Naturwissenschaften, v.66, 1979. pp.46-47. 
Berger, Wolfgang H. , A. A. Ekdale and Peter P. Bryant. Selective pres
ervation of burrows in deep-sea carbonates. Marine Geology, v.32, 
1979. pp.205-230. 
Bernstein, Brock B. and James P. Meador. Temporal persistence of 
biological patch structure in an abyssal benthic community. Marine 
Biology, v.51 , 1979. pp.179-183. 
Bingham, Alpheus, Jr., Donald W. Wilkie and Harry S. Mosher. 
Tunaxanthin: occurrence and absolute stereochemistry. Comparative 
Biochemistry and Physiology. Part B, v.62, 1979. pp.489-495. 
Black, Maurice and David Bukry. Coccoliths. In The Encyclopedia of 
Paleontology, edited by Rhodes W. Fairbridge and David Jablonski . 
(Encyclopedia of Earth Sciences series, v. 7) Stroudsburg, Pa., Dow
den, Hutchinson & Ross, 1979. pp.194-199. 
Blackburn, Maurice. Zooplankton in an upwelling area off northwest 
Africa: composition, distribution and ecology. Deep-Sea Research. Part 
A v.26, 1979. pp.41-56. 
Boehlert, George W. Changes in the oxygen consumption of pre
juvenile rockfish, Sebastes diploproa, prior to migration from the sur
face to deep water. Physiological Zoology, v.51 , no.1, 1978. pp.56-67. 
Boehlert, George W. , Intraspecific evidence for the function of single 
and double cones in the teleost retina. Science, v.202, 1978. pp.309-
311 . 



Boehlert, George W. Timing of the surface-to-benthic migration in 
juvenile rockfish , Sebastes diploproa , oft southern California. United 
States . National Marine Fisheries Service. Fishery Bulletin, v.75, no.4, 
1977. pp.887-890. 
Booth, C. R. and Phillip Dustan. Diver-operable multiwavelength 
radiometer. In Measurements of Optical Radiations, August 29-30, 
1979, San Diego, California , edited by Harold P. Field , Edward F. 
Zalewski and Frederic Zweibaum. (Proceedings of the Society of 
Photo-Optical Instrumentation Engineers, v.196) Bellingham, Wash., 
SPIE, 1979. pp.33-39. 
Brinton, Edward . Parameters relating to the distributions of planktonic 
organisms, especially Euphausiids in the eastern tropical Pacific . Prog
ress in Oceanography, v.8, 1979. pp.125-189. 
Brune, James, Ralph J. Archuleta and Stephen H. Hartzell. Far-field 
S-wave spectra, corner frequencies, and pulse shapes. Journal of 
Geophysical Research, v.84, no.B5, 1979. pp.2262-2272. 
Brune, James. Implications of earthquake triggering and rupture prop
agation for earthquake prediction based on premonitory phenomena. 
Journal of Geophysical Research, v.84, no.B5, 1979. pp.2195-2198. 
Bukry, David . Comments on opal phytoliths and stratigraphy of 
Neogene silicoflagellates and coccoliths at Deep Sea Drilling Project 
Site 397 off northwest Africa. In Initial Reports of the Deep Sea Drilling 
Project, v. 49, edited by B. P. Luyendyk, J. R. Cann, et al. Washington, 
D.C., U.S. Government Printing Office, 1979. pp.977-1009. 
Bukry, David . Neogene coccolith stratigraphy, Mid-Atlantic Ridge, 
Deep Sea Drilling Project Leg 45. In Initial Reports of the Deep Sea 
Drilling Project, v. 45, edited by W. G. Melson , P. D. Rabinowitz, et al. 
Washington , D.C., U.S. Government Printing Office, 1978. pp.307-317. 
Buland, Ray, Jon Berger and J. Freman Gilbert. Observations from the 
IDA network of attenuation and splitting during a recent earthquake. 
Nature , v. 277, no.5695, 1979. pp.358-362. 
Bullock, Theodore Holmes and Jeffrey T. Corwin. Acoustic evoked 
activity in the brain in sharks. Journal of Comparative Physiology, v.129, 
1979. pp.223-234. 
Bullock, Theodore Holmes. Evolving concepts of local integrative op
erations in neurons. In The Neurosciences: Fourth Study Program, 
edited by Francis 0. Schmitt and Frederic G. Worden. Cambridge, MIT 
Press, 1979. pp.43-49. 
Bullock, Theodore Holmes. Processing of ampullary input in the brain: 
comparison of sensitivity and evoked responses among elasmobranch 
and siluriform fishes. Journal de Physiologie , v.75, 1979. pp.397-407. 
Bullock, Theodore Holmes and Vladimir S. Gurevich. Soviet literature 
on the nervous system and psychobiology of Cetacea. International 
Review of Neurobiology, v.21 , 1979. pp.47-127. 
Bullock, Theodore Holmes. What is the interest for general neurophysi
ology of electro reception in certain fishes? Journal de Physiologie, v. 75, 
1979. pp.315-317. 
Burdick, L. J. and John A. Orcutt. A comparison of the generalized ray 
and reflectivity methods of waveform synthesis . Geophysical Journal, 
v.58, 1979. pp.261-278 . 
Burnett, Bryan R. Quantitative sampling of microbiota of the deep-sea 
benthos. II . Evaluation of technique and introduction to the biota of the 
San Diego Trough. American Microscopical Society. Transactions , v.98, 
no.2, 1979. pp.233-242. 
Cairns, James L., Walter H. Munk and Clinton D. Winant. On the 
dynamics of neutrally buoyant capsules; an experimental drop in Lake 
Tahoe. Deep-Sea Research. Part A, v.26, 1979. pp.369-381 . 
Cheng, Lanna. Biting midges (Diptera: Ceratopogonidae) and other 
insects of Isla San Jose. CIBCASIO Transactions , v.3, 1977. pp.1-16. 

Cheng, Lanna, Paul J. Franco and M. Schulz-Baldes. Heavy metals in 
the sea-skater Halobates robustus from the Galapagos Islands: con
centration in nature and uptake experiments, with special reference to 
cadmium. Marine Biology, v.54, 1979. pp.201-206. 
Chow, Tsaihwa J. Lead in natural waters . In The Biogeochemistry of 
Lead in the Environment, edited by J. 0 . Nriagu. New York, Elsevier, 
1978. pp.185-218. 
Cicerone, Ralph J. Atmospheric carbon tetrafluoride: a nearly inert gas. 
Science, v.206, 1979. pp.59-61 . 
Crane, Kathleen. Structure and tectonics of the Galapagos Inner Rift, 
86°10'W. Journal of Geology, v.86, 1978.pp. 715-730. 
Crouch, James K. and David Bukry. Comparison of Miocene provinc ial 
foraminiferal stages to coccolith zones in the California Continental 
Borderland. Geology, v.7, 1979. pp.211-215. 
Cunningham, P. M., Robert T. Guza and Robert L. Lowe. Dynamic 
calibration of electromagnetic flow meters. In Oceans '79, "The Techni
cal Challenge of Inner Space." New York, Institute of Electrical and 
Electronics Engineers, 1979. pp.298-301 . 
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Philippe Schneider, IMR, Marine 
Chemistry 

:t:*Per F. Scholander, PRL, Physiology 
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Charles K. Stidd, ORO, Meteorology 
Donald B. Stierle, ORO, Chemistry 
James W. Stork, IMR, Applied Ocean 

Studies 
*Hans E. Suess, Chemistry/ORO, 

Chemistry 
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Microbiology 
Steven N. Ward, GRD, Geophysics 
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tPaul W. Webb, MBRD, Fish Locomotor 
Mechanics 
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*Charles D. Wheelock, IMR, Naval 
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Donald W. Wilkie, AM, Marine Biology 
Gordon 0. Williams, IGPP, Geophysics 
Peter M. Williams, IMR, Chemical 

Oceanography 
Robert D. Willis, GRD, Geochemistry 

AJ . Tuzo Wilson, IGPP, Geophysics 
Wayne H. Wilson, VL, Hydrologic Optics 
Clinton D. Winant, ORO, Oceanography 
Edward L. Winterer, GRD, Geology 
Nancy W. Withers, IMR, Phycology 
David L. Woods, NU, Neurobiology 
Peter F. Worcester, IGPP, Oceanography 
A. Aristides Yayanos, PRL, Physiology 
Bernard D. Zetler, IGPP, Oceanography 

*Claude E. ZoBell, MBRD, Marine 
Microbiology 

Benjamin M. G. Zwicker, IMR, Organic 
Chemistry 
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DO - Director's Office 
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D-SIO - Department Scripps Institution of Oceanography 
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GRD - Geological Research Division 
IGPP - Institute of Geophysics and Planetary Physics 
IMR - Institute of Marine Research 
MBRD - Marine Biology Research Division 
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MPL - Marine Physical Laboratory 
NU - Neurobiology Unit 
ORO - Ocean Research Division 
PRL - Physiological Research Laboratory 
SC - Scientific Collections 
SGP - Sea Grant Program 
SOMTS - Ship Operations and Marine Technical Support 
VL - Visibility Laboratory 

47 



In Memoriam 

Elbert Halvor Ahlstrom. August 27, 1979. He was senior 
scientist of the National Marine Fisheries Service in the 
Southwest Fisheries Center and became an adjunct professor 
at Scripps in 1967. Dr. Ahlstrom was an expert in assessing 
marine fishes through systematic surveys of eggs and larvae. 

Edward Crisp Bullard. April 3, 
1980. He was an outstanding 
geophysicist in the fields of the 
earth's magnetism and gravity, heat 
flow through the ocean floor, seismic 
exploration , dating by potassium
argon , computer techniques, and 
the fit of continents. He was also a 
student of the history of science. 
Knighted for his scientific 
achievements, Sir Edward Bullard 
held many significant appointments Sir Edward C. Bullard 
during his long life, in England , 
Canada, and the United States . He was a foreign member of the 
National Academy of Sciences . From 1963 Bullard held a 
professorship at Scripps. 

Charles S. Fleming. June 8, 1980. An early scuba user, 
Fleming participated in several of the Scripps expeditions of the 
1950s. He retired as a development technician at IGPP in 1979. 

George Halikas. December 3, 1979. A graduate student at 
Scripps from 1973, he was about to begin writing his 
dissertation on experimental studies of rotating fluids when he 
became il l. 
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John Dove Isaacs. June 6, 1980. A 
complete oceanographer, innovator, 
generator of ideas was Isaacs, who 
was director of the Institute of 
Marine Resources from 1971 to 
1980, director of the Marine Life 
Research Group from 1958 to 1974, 
and professor at Scripps, which he 
joined in 1948. He contributed to 
deep-sea photography, ecology of 
the deep ocean, climate studies, 
radioactive waste disposal, and John D. Isaacs 
ocean engineering . Isaacs was the 
only UC San Diego member of both the National Academy of 
Sciences and the National Academy of Engineering . 

Edward D. McAlister. April 1, 1980. Research physicist 
(retired) and director of the Applied Oceanography Group from 
1961-1968 , Dr. McAlister was noted for his participation in the 
development of the proximity fuse for anti-aircraft guns and his 
pioneering of ocean surface infrared studies from an airplane. 

Per Frederik Scholander. June 13, 
1980. Founder and first director of 
the Physiological Research 
Laboratory, and the one who 
established the Alpha Helix 
research program, Dr. Scholander 
joined Scripps in 1958. He had 
earned both M.D. and Ph.D. 
degrees, and was a researcher in 
lichens, the physiology of diving 
animals , circulation in mangroves 
and medical techniques of fluid Dr. Per F. Scho/ander 
pressures in animals. Among his 
many honors was membership in the National Academy of 
Sciences. 
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MARINE BIOLOGY 
G. N. Somera 

MARINE CHEMISTRY 
J. D. Faulkner 

PHYSICAL OCEANOGRAPHY 
M. C. Hendershott 

ANALYTICAL FACILITY 
R. T. LaBorde 

UC INSTITUTES 

INSTITUTE OF GEOPHYSICS AND 
PLANETARY PHYSICS 

W. H. Munk, Associate Director 
J. F. Gilbert, Associate Director 

INSTITUTE OF MARINE RESOURCES 
F. N. Spiess 

MARINE PRODUCTIVITY 
R. W. Eppley 

FOOD CHAIN RESEARCH GROUP 
A. F. Carlucci 

SEA GRANT COLLEGE PROGRAM 
J. J. Sullivan 

PELAGIC RESOURCES 
J. L. Reid 

CALIFORNIA SPACE INSTITUTE 
J. R. Arnold 

TECHNICAL SUPPORT 

SHIP OPERATIONS AND MARINE 
TECHNICAL SUPPORT 

G. G. Shor, Jr. 

MARINE TECHNOLOGY GROUP 
J. L. Abbott 

NIMITZ MARINE FACILITY 
E. K. Pulsifer 

SHIP SCHEDULER 
R. B. Haines 

SCIENTIFIC COLLECTIONS 

BENTHIC INVERTEBRATES 
W. A. Newman 

GEOLOGICAL 
W. R. Riedel 

MARINE VERTEBRATES 
R. H. Rosenblatt 

PLANKTONIC INVERTE~RATES 
A. Fleminger 

ADMINISTRATIVE SUPPORT 
AND PUBLIC SERVICE 

ADMINISTRATION 
G. L. Matson 

AQUARIUM-MUSEUM 
D. W. Wilkie 

LIBRARY 
w. J. Goff 

MARINE SCIENCE DEVELOPMENT 
AND OUTFITTING SHOP 

H. H. Hill 

PUBLIC AFFAIRS 
J. L. Janke 

TECHNICAL PUBLICATIONS 
K. K. Kuhns 



APPENDIX B* Sources of Financial Support 
State and Federal Agencies 

California, State of 
Boating and Waterways, Department of 
Water Resources, Department of 

Naval Air Development Center 
Naval Ocean Systems Center 
Office of Naval Research 

United States 
Energy, Department of 
Environmental Protection Agency 

Commerce, Department of 
National Marine Fisheries Service 
National Oceanic and Atmospheric 

Administration 

Health and Human Services, Department of 
Public Health Service 

Defense, Department of 
Air Force, Department of the 
Army, Department of the 

Army Corps of Engineers 
Defense Mapping Agency 
Navy, Department of the 

National Institutes of Health 
Interior, Department of the 

Bureau of Mines 
U.S. Geological Survey 

Marine Mammal Commission 
National Aeronautics and Space 

Administration 
National Science Foundation 

Foundations/Corporations/Organizations 
Alcoa Marine Corporation Foundation for Ocean Research Phillips Petroleum Company 

Raytheon Company 
Research Corporation 

American Metal Climax Foundation, Getty Oil Company 
Incorporated Grimm Oil Company 

American Tuna Association Gulf Oil Company 
Ametek/Straza Gulf Oil Exploration & Production International 

Rohr Industries, Incorporated 
Sandia Laboratories 

AMOCO International Oil Company Harding-Lawson Associates 
AMOCO Production Company lnterocean Systems, Incorporated 

San Diego Gas & Electric Company 
Saudi-Sudanese Red Sea Commission 
Science Applications, Incorporated Ann Arbor Biological Center, Incorporated Japan Petroleum Exploration Company, Limited 

ARCS Foundation JOI , Incorporated 
Atlantic Richfield Company Max Kade Foundation, Incorporated 

Ellen Browning Scripps Endowment Fund 
Shell Development Company 

Stephen and Mary Birch Foundation, Incorporated Kennecott Exploration, Incorporated Francis P. Shepard Foundation 
California Academy of Science La Jolla Foundation for Earth Sciences A. P. Sloan Foundation 
California Institute of Technology, Jet Propulsion L. S. B. Leakey Foundation 

Laboratory John B. McKee Fund 
Chevron Oil Field Research Company Marine Review Committee 

Societe National des Petroles d'Aquitaine 
Solar Energy Research Institute 
Seth Sprague Educational and Charitable 

Cities Service Company Massachusetts Institute of Technology Foundation 
Texaco Incorporated Dalhousie University Mobil Exploration & Producing Services, 

Dames & Moore Incorporated 
Day Committee of the National Academy of Sciences National Academy of Sciences 

Thermal Energy Storage, Incorporated 
Union Oil Company of California 
University of Delaware Deep Sea Ventures, Incorporated National Geographic Society 

Desert Tortoise Council Navy League of San Francisco University of Hawaii 
Diving Equipment Manufacturers Association, Occidental Exploration and Production Company University of Jordan 

Incorporated Ocean Minerals Company 
EXXON Production Research Company Oregon State University 
Max C. Fleischmann Foundation Elsa U. Pardee Foundation 
FMC Corporation Pennsylvania State University 

Individuals 
Mr. and Mrs. John L. Abbott 
Mrs. Stephen Attwood 
Mr. and Mrs. Jonathan N. Soskin 
Mr. Sheldon Campbell 
Dr. and Mrs. Lo-chai Chen 
Mrs. Wilbert M. Chapman 
Dr. Ralph J. Cicerone 
Dr. Frances N. Clark 
Mr. J. Dallas Clark 
Mrs. Helen K. Copley 
Professor Harmon Craig 
Rear Adm. and Mrs. John B. Davis 
Ms. Kathleen G. Douthitt 
Mr. David J. Dunn 
Professor and Mrs. Wilford J. Eiteman 
Mr. William J. Elliott 
Dr. Albert E. J. Engel 
Dr. James T. Enright 
Ms. Eva C. Ewing 
Capt. Noel L. Ferris 
Dr. Edward D. Goldberg 
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Mr. and Mrs. Michael lbs Gonzalez 
Dr. Daniel Goodman 
Mrs. Florence Anne Henderson 
Mr. and Mrs. Whitney F. Hindes 
Mrs. Laura Hubbs 
Mr. Dale L. Ingram 
Mr. and Mrs. Joseph B. Jennings 
Mr. and Mrs. William Scripps Kellogg 
Mrs. L. M. Klauber 
Mr. and Mrs. Lee D. LaGrange 
Mrs. Kathryn B. Lowry 
Mr. and Mrs. Howard McCarley 
Mr. and Mrs. George L. Matson 
Dr. and Mrs. Charles J. Merdinger 
Professor William A. Nierenberg 
Mr. Frithjof Ohre 
Mr. and Mrs. Harper C. Olmstead 
Mrs. Martha L. Peterson 
Dr. and Mrs. Melvin Peterson 
Dr. and Mrs. Fred B Phleger 

University of Washington 
University Research Foundation 

Mrs. C. G. Pritchard 
Mr. and Mrs. James Reed 
Professor and Mrs. Joseph L. Reid 
Dr. and Mrs. Roger R. Revelle 
Mr. and Mrs. James St. Amant 
Mr. Robert P. Scripps 
Dr. and Mrs. George G. Shor, Jr. 
Dr. and Mrs. Fred N. Spiess 
Ms. Faith M. Sweeney 
Mrs. Louise True Thorne 
Mr. and Mrs. Thomas B. Thorson 
Dr. and Mrs. William G. Van Dorn 
Mr. and Mrs. Jack P. Waidelich 
Mr. and Mrs. Kirby H. Walker 
Dr. Gerold Wefer 
Mr. and Mrs. David Wirth 

*Anyone interested in making a donation to the institution 
should contact the Scripps Director's Office, A-01 0, Scripps 
Institution of Oceanography, La Jolla, CA 92093. 



APPENDIX C 
Major Awards and Honors 
Dr. Willard N. Bascom 

Elected a Fellow of the American Association for the Advancement of 
Science. 

Michael A. Castellini 
Won the F. Earl Durham, Jr., Memorial Award in vertebrate zoology 
from the Southern California Academy of Sciences. 

Dr. Harmon Craig 
Received the V. M. Goldschmidt Medal from the Geological Society 
of America. 

Dr. Joseph R. Curray 
Elected a Fellow of the American Association for the Advancement of 
Science. 

Dr. Frederick H. Fisher 
Elected Vice President of the Acoustical Society of America. 

Dr. Edward D. Goldberg 
Elected to membership in the National Academy of Sciences. Elected 
a Fellow of the American Association for the Advancement of 
Science. 

John E. Graves 
Received Southern California Academy of Sciences' First Award in 
the Ichthyology Section. 

George T. Hemingway 
Named coordinator of the California Cooperative Oceanic Fisheries 
Investigations. 

Dr. H. William Menard 
Received honorary Doctor of Science degree from Old Dominion 
University, Norfolk, Virginia. 
Elected a Fellow of the American Association for the Advancement of 
Science. 

Dr. David G. Moore 
Elected a Fellow of the American Association for the Advancement of 
Science. 

Dr. William A. Nierenberg 
Named President-Elect of Sigma Xi. 

Dr. Per F. Scholander 
Received the University of Oslo's Fridtjof Nansen Award . 

Dr. Claude E. ZoBell 
Received the Shinkiski Hatai Medal of the Japan Society for the 
Promotion of Science. 
Received honorary doctorate degree from Utah State University, 
Logan, Utah. 

APPENDIX D 
The Regents of the University of California 
Regents Ex Officio 
Edmund G. Brown, Jr. 
Governor of California and President of the Regents 
Mike Curb 
Lieutenant Governor of California 
Leo T. McCarthy 
Speaker of the Assembly 
Wilson Riles 
State Superintendent of Public Instruction 
Lee B. Wenzel 
President of the Alumni Association of the University of California 
George David Kieffer 
Vice President of the Alumni Association of the University of 

California 
David S. Saxon 
President of the University 

Appointed Regents 

Edward W. Carter 
William K. Coblentz 
DeWitt A. Higgs 
Glen Campbell 
William French Smith 

Robert 0 . Reynolds 
Chairman of the Regents 

Dean A. Watkins 

Joseph A. Moore 
Vice Chairman of the Regents 

John H. Lawrence, M.D. 
William A. Wilson 
Gregory Bateson 
Vilma S. Martinez 
Verne Orr 
John F. Henning 
Stanley K. Sheinbaum 
Yori Wada 
Hector Cruz Lozano 

Faculty Representative to the Board of Regents 
William R. Frazer 
Karl S. Pister 
Benjamin Aaron 

Appointed Officers of the Regents 
Donald L. Reidhaar 
General Counsel 

Marjorie J. Woolman 
Secretary 

Herbert M. Gordon 
Treasurer 

Officers of the Systemwide Administration 
David S. Saxon 
President of the University 
William B. Fretter 
Vice President of the University 
Donald C. Swain 
Academic Vice President 
Archie Kleingartner 
Vice President - Academic and Staff Personnel Relations 
James B. Kendrick, Jr. 
Vice President - Agriculture and University Services 
Dorothy E. Everett 
Assistant President - Coordination and Review 
Thomas E. Jenkins 
Associate Vice President 
David A. Wilson 
Executive Assistant to the President 
Lowell J. Paige 
Special Assistant to the President for Governmental Relations 

Officers Emeriti 
Clark Kerr 
President of the University, Emeritus; and Professor of Business 
Administration, Emeritus 
Charles J. Hitch 
President of the University, Emeritus; and Professor of Economics, 
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; Professor of 
Agricultural Economics, Emeritus; and Agricultural Economist, 
Emeritus 
John A. Perkins 
Vice President- Business and Finance, Emeritus; and Professor 
of Political Science, Emeritus 
Angus E. Taylor 
University Provost, Emeritus; Chancellor at Santa Cruz, Emeritus; 
and Professor of Mathematics, Emeritus 
Robert M. Underhill 
Vice President, Emeritus; and Secretary and Treasurer of the 
Regents, Emeritus 
Owsley B. Hammond 
Treasurer of the Regents, Emeritus 
Thomas J. Cunningham 
General Counsel of the Regents, Emeritus 
John E. Landon 
Associate Counsel of the Regents, 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 
Tomas Rivera 
Chancellor at Riverside 

William D. McElroy 
Chancellor at San Diego 
Francis A. Sooy 
Chancellor at San Francisco 
Robert A. Huttenback 
Chancellor at Santa Barbara 
Robert L. Sinsheimer 
Chancellor at Santa Cruz 
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APPENDIX E 
Current Funds Expenditures 1979-1980 

INSTITUTES 

Scripps Geophysics 
Institution of and Planetary Marine Percentage 

Agency Oceanography Physics Resources Total of Total 

FEDERAL GOVERNMENT 

National Science Foundation $27,083,223 479,663 290,974 27,853,860 54.0 
Navy, Department of the 6,652,729 525,243 39,287 7,217,259 14.0 
National Oceanic and 

Atmospheric Administration 1 ,442,183 1,442,183 2.8 
Army, Department of the 558,504 558,504 1.1 
Energy, Department of 296,989 20,995 534,792 852,776 1.7 
Air Force, Department of the 651,281 651 ,281 1.3 
National Institutes of Health 463,882 632 3,141 467 ,655 0.9 
National Aeronautics and 

Space Administration 232,262 95,793 328,055 0.6 
Other 993,762 219,242 28,231 1,241,235 2.4 --
Total Federal Government 36,374,128 1,341,568 2,897,112 40,612,808 78.8 
STATE AND UNIVERSITY FUNDS 7,316,139 289,219 725,442 8,330,800 16.2 
LOCAL GOVERNMENT 74 74 
PRIVATE GIFTS AND GRANTS 2,066,772 77,123 71,682 2,215,577 4.3 
ENDOWMENT FUNDS 23,587 1,993 25,580 
SERVICES, RESERVES & MISC. 383,885 (3,571) (5,21 0) 375,104 0.7 

Total Current Funds 
Expenditures $46,164,585 1,706,332 3,689,026 51,559,943 100.0 






