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New Director 
of Scripps Named 

A s Scripps approaches the millennium, a new 

director will be standing at the helm. Charles F. 
Kennel, physicist, member of the National Academy 

of Sciences, and-until recently-executive vice chancellor at the 

University of California, Los Angeles, has been selected as the 

ninth director of Scripps. He also will serve as vice chancellor of 

marine sciences, dean of the graduate school of marine sciences, 

and professor in the Scripps graduate department. 

Kennel succeeds Edward A. Frieman as director of Scripps. 

Frieman, who retired after 10 years of service in August 1996, 

continues as a research professor at the institution. 

"Charles Kennel is a preeminent scientist who has made 

significant contributions to science policy at the national level, 

hich positions him well to provide leadership into the next cen

tury of oceanographic research," said UC San Diego Chancellor 

Robert Dynes, in announcing Kennel's appointment. 

During his tenure at UCLA, Kennel studied fundamental 

plasma physics combined with space physics and astrophysics. 

His areas of interest included basic plasma turbulence theory and 

isionless shocks, the physics of the solar wind and planetary 

~l~gnetc>spheres, and the physics of pulsar magnetospheres and 

active galactic nuclei. Kennel also served from 1994 to 1996 as 

associate administrator for NASA's Mission to Planet Earth, the 

world's largest environmental science program. 

Kennel received a bachelor's degree in astronomy from Harvard 

College in 1959 and a doctoral degree in astrophysical sciences 

from Princeton University in 1964. He was appointed an associate 

professor of physics at UCLA in 196 7 and a professor in 1971. 

Kennel became executive vice chancellor at UCLA in 1996. 

Kennel was named Fellow of the American Association for the 

Advancement of Science in 1992. His other memberships include 

the American Astronomical Society, the American Geophysical 

Union, and the American Physical Society. He has won the NASA 

I;>istinguished Service Medal, the Aurelio Peccei Prize from the 

Italian Academy of Sciences, the James Clerk Maxwell Prize from 

the American Physical Society, and has been selected to receive 

the 1998 Hannes Alfven Medal of the European Geophysical 

Society. Kennel has been a Guggenheim Foundation Fellow, a 

Fulbright Senior Lecturer in Brazil, and an Alfred P. Sloan 

Foundation Fellow. 



A Message from the Director 

I accept the directorship of Scripps Institution of Oceanogra

phy fully aware of its place as the world's leading oceanographic 

institution. Scripps's greatness lies first and foremost in the 

intelligence, creativity, and dedication of its faculty, staff, and 

students working together to advance understanding of the 

world's oceans. In the process, these men and women serve 

their country and state and educate the next generation of scien

tific leaders. 

The tradition and culture that built Scripps have served it 

extraordinarily well. I also understand that to stay "number one" 

we must remain alert to new possibilities. All great institutions 

find a dynamic balance between continuing and emerging areas of 

leadership. As we begin to think together about that balance, let 

·us keep in mind several broad trends: the world's entrance into 

the information age, the ongoing globalization of research, and the 

increasing importance of interdisciplinary research efforts. 

Specific scientific goals and directions must and will continue to 

evolve according to the ideas of our talented investigators, but 

increasingly in a framework of international collaboration on large~ 

scale, integrative, and interdisciplinary research programs. 

These efforts will use and complement the strengths of the 

institution's oceangoing fleet and the more than 300 individual 

projects of Scripps researchers. These collaborations will enable 

us to understand our planet with a depth, breadth, and precision 

not possible in the past. Also, environmental stewardship promis

es to replace military security at the heart of the international pol

icy agenda. These thoughts will be with me as I begin my discus

sions with the faculty, students, staff, government and foundation 

sponsors, partners and collaborators, and friends of Scripps. 

We will continue to communicate the needs and importance 

of a strong research agenda to the government, the country at 

large, and others around the world. Our superb institutional out

reach programs, including those of the Scripps Oceanographic 

Society and the Birch Aquarium, will continue to communicate 

the fascination of Scripps's work to the public. I personally 

invite all interested to join the Scripps family in our global 

adventure. There is literally a whole world to explore. 

C~vly___~~ 
Charles F. Kennel 

Director, Scripps Institution of Oceanography 
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Dedication 
ED GOLDBERG 

W hen he is not traveling the world conducting 

research, convening and chairing conferences, 

or advising governments on aspects of marine 

science and ocean pollution, Professor Emeritus Edward D. 

Goldberg can be found at Scripps. If he is not in his lab or 

office, he may be found out and about taking a brisk walk or a 

quick ocean dip, as he has done many days for nearly 50 years. 

For he has had only one job, and he's done it well indeed. 

A world-renowned expert on ocean pollution, Goldberg has 

made pioneering contributions to marine chemistry and is a 

leader in integrating basic research into public policy. He has 

devised and carried out novel analyses of environmental prob

lems and has laid his beliefs on the line, even though they have 

sometimes run counter to mainstream opinion . He is often 

quoted, by friends and foes alike, for his views that the oceans 

are a more reasonable disposal option than land for some waste 

materials and that they are not in trouble or dying. 

A California native, Goldberg received a bachelor's degree from 

UC Berkeley in 1942 and spent World War II as a naval officer. 

As a graduate student at the University of Chicago, he joined in 

the creation of modern geochemistry. Soon after receiving a 

doctorate in 1949, Goldberg came to Scripps just as Roger 

Revelle was launching the golden age of oceanography. 

At Scripps, Goldberg went on a geochemical treasure hunt, 

studying the complex chemistry of ocean waters and the under

lying sediments and rocks, the exchanges of elements and com

pounds between the oceans and atmosphere and between land 

and sea, and the chemical transformations that take place in 

the marine ecosystem. 

Much of Goldberg's early research required devising highly sen

sitive and precise ways to measure minuscule amounts of ele

ments and compounds. Working with Scripps chemist Minoru 

Koide, he developed several new laboratory techniques. While 

analyzing seafloor sediments, Goldberg showed that winds 

carry vast amounts of materials to the oceans, which led him to 

study the composition of the dust. In 1968, he co-authored a 

paper on wind transport and oceanic deposition of DDT and 

other pesticides-an early publication on ocean pollution result

ing from human activity. From then on, pollution became 

Goldberg's principal interest, and its control his chief profession

al passion . DDT was banned in the U.S. in 1972, at least partly 

as a result of his findings. 

Ed Goldberg, France, 1969 

Goldberg directed a workshop, which resulted in the book 

Marine Pollution Monitoring: Strategies for a National Program, 

in 1972. This was the springboard for his surveillance program 

on U.S. coastal marine pollution, called "The Mussel Watch ." 

The scheme was to determine levels of contamination by col

lecting mussels, which feed by filtering material from seawater, 

and analyzing the concentration of heavy metals and other pol

lutants in their tissues. The first U.S. Mussel Watch took place 

from 1976-1978 at more than 100 stations and identified sever

al hot spots of pollution . The methodology was later incorporat

ed into the National Oceanic and Atmospheric Administration's 

on-going Status and Trends Program that monitors chemical 

contamination and human impacts on coastal and estuarine 

areas. Similar efforts have been initiated in China, India, Russia, 

and many developing countries. 

Also in the mid-1970s, Goldberg published The Health of the 

Oceans, acknowledged as the definitive statement on marine 

pollution and the ocean's capacity to absorb wastes. He then 

convened workshops during which it was concluded that the 

assimilative capacity of U.S. coastal waters for nontoxic waste 

disposal was underused, and that there were acceptable loca

tions for disposal that would not produce harmful biological 

impacts. These conclusions have been background for many 

laws and policies. 

In the 1980s, increasing incidents of deformities and die-offs of 

some marine organisms in harbors near boat marinas caused 

alarm. Goldberg sampled water in more than 60 California loca

tions and identified the source of trouble as tributyltin, a highly 

toxic chemical that was being added to most antifouling paints 

to protect the bottoms of both pleasure craft and commercial 

vessels. It subsequently was banned or regulated in France, the 

United Kingdom, and parts of the United States. 

Goldberg has been a Guggenheim Fellow, a senior NATO 

Fellow, a National Academy of Sciences Exchange Scholar, and 

an international lecturer at universities and conferences. Among 

his many honors are the Tyler Prize for environmental achieve

ment and membership in the National Academy of Sciences. 

BY CHUCK COLGAN 

G L 0 B A L D I S C 0 V E R I E S F 0 R T 0 M 0 R R 0 W ' S W 0 R L D 39 







SC R IP P S I N STITUTI ON O F OC E ANOGRAP H Y 

42 

California 
Space 
Institute 
The California Space Institute 

(CaiSpace}, a multicampus 

research unit of the University of 

California, supports space- and 

Earth-related sciences, education, 

and technology research. 

CaiSpace maintains close ties with 

many departments at UC San 

Diego and other UC campuses 

through scientific collaboration 

and joint faculty appointments. 

CaiSpace scientists conduct both 

pure and applied research in 

many interdisciplinary, space

related fields. The main emphasis 

for some CaiSpace researchers is 

on space plasma physics and plan

etary science. Others study the 

atmosphere and atmosphere

ocean interactions. CaiSpace 

researchers use space activities 

and accomplishments to stimulate 

and motivate students, and they 

invite university students from all 

levels to join in creating programs 

in this area. 

From sea-ice maps and sea-
surface temperature readings to 
cloud maps and real-time satellite 

support, t4e Arctic and Antarctic 
Research Center (AARC), administered 
by CalSpace, is an important informa
tion clearinghouse for the polar 
regions. Established by remote-sensing 
specialist Robert H. Whritner in 1987, 
the AARC's polar antennae have 
gleaned more than 70,000 overpasses 
from polar-orbiting satellites, archiving 
information that is used by ship cap
tains and scientists alike. 

With one satellite tracking station at 
McMurdo Station and one at Palmer 
Station, the AARC system continuously 
records data from spacecraft launched 
by the National Oceanic and Atmo
spheric Administration (NOAA) and 
the Defense Meteorology Satellite 
Program (DMSP). 

CalSpace research scientist Dr. Dan 
Lubin is interested in both sides of the 
AARC equation. He is part of the team 
that compiles and satisfies the steady 
flow of requests for data, and he is an 
AARC researcher-using the unique 
capabilities of the AARC system to 
study the Arctic and Antarctic 
environments. 

"These antennae routinely collect 
about 20 overpasses from polar orbit
ing satellites per day and all of the data 
come back to Scripps, are archived 
here, and are made available from this 
laboratory to anyone who's interested," 
said Lubin. "During the past year we 
have provided all kinds of real-time 
satellite support to ships operating in 
the Antarctic. We've provided our sea
ice maps and weather maps to cap
tains, chief scientists, and others who 
have found them helpful." 

Hundreds of requests for the AARC 
data have been received from a variety 
of educational, governmental, and sci
entific organizations. Scientists using 
AARC data come from all polar-related 
disciplines, including oceanography, 
atmospheric science, space physics, 
marine biology, and ecology. Scientists 
at the National Aeronautics and Space 
Administration (NASA) are using 
AARC satellite data to study ozone 
hole formation. 

Lubin is working to improve the 
AARC's capability. The AARC support 
team has developed an 85-gigahertz 
algorithm for the DMSP data that will 
double the resolution of the satellite 
imaging "footprint" of Antarctic sea 
ice. This allows for more accurate 
ice-edge identification. The improved 
microwave imaging capabilities also 
will enable the system to "see" more 
dearly through the atmosphere 
and douds. 

Armed with an improved AARC sys
tem, Lubin has been preparing to 
embark on a study of the effect of 
the ozone hole on phytoplankton 
around the Antarctic continent. The 
project teams Lubin and Scripps 
researcher Dr. Osmund Holm
Hansen with a colleague at NASA's 
Oceans and Ice Branch at Goddard 
Space Flight Center. 

"During the early spring the sea ice 
begins to recede and phytoplankton 
are released from it into the water 
column. Thus, where the sea ice is 
determines where the phytoplankton 
are, and where we need to map with 
the satellite;' said Lubin. "A second 
component the satellite data will give 
us is the ozone abundance in the 
stratosphere; it will allow us to map 
the biologically active solar ultravio
let radiation getting through the 
ozone hole." 

With Holm-Hansen providing 
knowledge of the phytoplankton cli
matology and the NASA colleague 
supplying ecological models ·of phy
toplankton biomass, the team will 
use the satellite data to provide maps 
of stratospheric ozone and tropo
spheric cloud cover, which block 
ultraviolet radiation. 

"We will be studying the primary 
production [of phytoplankton] 
throughout Antarctica;' said Lubin. 
"By combining the ultraviolet radia
tion fields, which we get from satel
lite data and our own models, with 
biological information, we will be 
able to make an assessment of the 
impact of the ozone hole on the 
entire Southern Ocean. That is some
thing that's never been done before." 

More information about CalSpace 
can be found on the Internet at 
http:/ I deimos.ucsd.edu/ calspace.html. 
The Arctic and Antarctic Research 
Center has a Web site at 
http:/ I arcane. ucsd.edu/. 



Center 
for 
Atmospheric 
Sciences 
The Center for Atmospheric 

Sciences (CAS) focuses on funda

mental research in the atmosphere 

as it relates to large-scale climate 

change. In this context, the research 

includes a balance of field experi

ments, satellite observations, and 

computer modeling. Investigators 

make use of surface observatories, 

aircraft, and ships, as well as 

remote sensing by satellite technol

ogy. CAS scientists use regional and 

global models of the atmosphere 

to interpret observations and to 

understand and predict changes in 

climate patterns. Areas of research 

within CAS include the climate 

feedback process, water vapor and 

clouds, and tropospheric aerosol 

and trace gas science. 

T he Indian Ocean offers one of 
the world's best natural labora
tories to study climate change 

and the impact of man-made pollut
ants. During half of the year, the 
southwest monsoon carries pristine air 
from the Southern Hemisphere into 
the Indian Ocean, while during the 
other half, the northeast monsoon 
sweeps down polluted air from the 
Indian subcontinent. 

Scientists from around the world 
will exploit this dual character during 
a $25 million international project 
called the Indian Ocean Experiment, 
or INDOEX. CAS director Dr. Veerab
hadran Ramanathan and Scripps 
researcher and Nobel laureate Dr. 
Paul Crutzen are the two principal 
INDOEX project investigators. 
INDOEX is organized by the Center 

for Clouds, Chemistry and Climate 
(C), a special research group at 
Scripps and an integral part of CAS. 

Dr. J iirgen M. Lobert, a CAS 
researcher, is one of the assistant 
project scientists for INDOEX. Lobert 
is in charge of establishing the project's 
central observatory on Kaashidhoo, an 
island in the Republic of Maldives. His 
"hands-on" duties include instrument 
analytics, specifying the observatory's 
design, and organizing part of the 
actual experiment. 

Lobert will coordinate ground-based 
measurements in the Maldives, which 
complement an assortment of aircraft, 
weather balloons, buoys, satellites, and 
ships that will record data around the 
Interhemispheric Tropical Conver
gence Zone (ITCZ)-where northern 
and southern hemispheric air masses 
collide. 

"Issues we're trying to understand 
include how the ITCZ influences the 
exchange of aerosols and trace gases 
between the hemispheres and how it 
affects the exchange between the sur
face and higher levels of the atmo
sphere:' said Lobert, who will apply 
his training in atmospheric chemistry 
to the project. "The main goal of 
INDOEX, however, is to understand 
how the interaction between pollution 
and clouds affects the climate in gen
eral and particularly the solar energy 
budget in the atmosphere." 

Lobert has purchased and calibrated 
several pieces of equipment including 
a gas chromatograph, an instrument 
with two detectors that measures man
made trace gases such as chlorofluoro
carbons (CFCs) and sulfur hexafluo-

ride (SF6); a carbon monoxide (CO) 
analyzer, which continuously monitors 
surface concentrations of CO (an indi
cator of fossil fuel emissions and nat
ural hydrocarbons); and a suite of 
radiometric sensors that measure the 
intensity of sunlight in different spec
tral regions. 

INDOEX's intensive field phase will 
take place from January through April 
of 1999, with a two-month test experi
ment in early 1998 and continuous 
observations for a period of two years. 
However, Lobert's work began in 
January 1997. "I am setting up the 
main observatory site and actually 
have designed the building and every
thing inside;' said Lobert. "I can't com
plain that this job is boring because 
I'm an architect, a plumber, an orga
nizer, an instrument calibrator-you 
name it-and yes, a scientist too." 

While Lobert acknowledges that a 
three-month experiment will give the 
team only a partial view of the year
round climatology, he says the breadth 
of data and the variety of instruments 
will give the researchers a much better 
understanding of the influence of 
aerosols and trace gases on the solar 
radiation budget and climate. 

For those interested in further reading 
on these subjects, Lobert suggests the 
following Web sites: http://www
c4.ucsd.edu/ for information about C, 
and http://www-indoex.ucsd.edu/ for 
INDOEX information. 
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Center 
for 
Coastal 
Studies 
Scientists in the Center for 

Coastal Studies {CCS), an inter

disciplinary research center, 

focus on the physical and sedi

mentary processes along the 

coastlines of the world. 

Research at CCS concerns fluid-

sediment interactions responsi

ble for sand transport along 

beaches and over the continen-

tal shelf; processes affecting 

circulation of coastal waters, in 

semi-enclosed seas, and in the 

straits that connect them to 

larger ocean basins; and coastal 

meteorology, surface gravity 

waves, and wave-induced 

currents in shallow water. 

CCS manages the Hydraulics 

Laboratory. 

Recent CCS research sites have 

included the Santa Barbara 

Channel, San Francisco and San 

Diego Bays, the Nile Delta, the 

Indonesian Archipelago, and 

areas offshore from North 

Carolina and southern 

California. 

Coastal oceanographers, 

such as Clinton Winant 

(facing page), are involved 

in efforts to generate 

models and predictions 

of coastal sea circulation. 

To understand the dynamics 
of coastal sea circulation it 
is necessary to measure and 

synthesize a variety of forces: wind, 
waves, water temperature, and 
currents. 

Dr. Clinton D. Winant, along with 
a team that includes Drs. Myrl C. 
Hendershott and Clive E. Dorman, 
began recording data in 1992 for a 
project that would create models of 
circulation patterns in the Santa 
Barbara Channel, a major transpor
tation lane for the Los Angeles 
metropolis and an area of intense 
oil development. 

The idea of developing circulation 
pattern models is similar to a forecast 
in meteorology. The implications of 
this research are valuable for the 
Winant group,s partner, the Depart
ment of Interior's Minerals Manage
ment Service, which is charged with 
analysis and rapid response planning 
for spill risks associated with oil activ
ities and transportation collisions. The 
team's circulation predictions are 
often tapped by the U.S. Coast Guard 
when people fall off of boats and 
drilling platforms. 

The group uses four types of informa
tion-gathering tools to arrive at pat
tern predictions. The first is a set of 
meteorological towers secured on oil 
platforms, buoys, and islands. These 
towers contain equipment that ana
lyzes surface conditions, including air 
temperature, humidity, and baromet
ric pressure. Each tower is equipped 
with a wind vane on top and an elec
tronic package at the base. 

The second and most expensive 
measuring tools are moorings, which 
measure current vectors. They are 
comprised of a buoy at the surface, 
an anchor, and several current meters 
and temperature sensors distributed 
throughout depths ranging from 
330 to 660 feet (100 to 200m). 
Each mooring is equipped with a 
downward-looking 75kHz Acoustic 
Doppler Current Profiler (ADCP) that 

relays real-time vector data through a 
meter connected by cable to a radio 
transmitter. The information is sent to 
a satellite and passed on to Scripps sci
entists and to a Web page for public 
viewing (http://www-ccs. ucsd.edu/ ccs). 
Every six to eight months Winant's 
team heads to sea to refurbish each 
buoy. 

While at sea they conduct current 
surveys, the third information source. 
Using sensitive ship instrumentation, 
including a downward-looking 
150kHz ADCP, an upward-looking 
1.2 MHz Doppler profiler, and a con
ductivity-temperature-depth profiler, 
the researchers measure "snapshots,, of 
the channel's currents. This gives them 
various location readings in addition 
to the stationary moorings. 

The fourth element, called the "drifter;, 
is the most mobile of the information 
gathering tools. Set out 12 at a time, 
drifters are propelled by large sails and 
carry electronic monitoring packages 
that report current trajectories. Some 
drifters circle the channel in two to 
three days, some eventually drift off 
to Mexico, and some run aground, 
but the majority give the researchers 
vital information on the circulation 
of currents. 

The circulation patterns deduced from 
these data are extremely valuable when 
decisions must be made concerning 
which methods of containment to use, 
such as during an oil spill. While 
grounded measuring equipment might 
point to the need for containment in 
one area, the drifters may in fact show 
the need for containment in another. 
Winant's team has been able to synthe
size and develop four circulation repre
sentations for the Santa Barbara 
Channel. 

The team has already turned the 
coastal corner and begun work on 
developing characteristics for the Santa 
Maria Basin. Winant is on track to 
complete that project in 2001, which 
would mark the end of 10 years of 
research. 
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Center for 
Marine Biotechnology 
and Biomedicine 

The Center for Marine 

Biotechnology and 

Biomedicine (CMBB}, housed 

at Scripps, is a UC San Diego 

campuswide center dedicated 

to exploration of the biotech

nological and biomedical 

resources found in the world's 

oceans. The center includes 

faculty and researchers from 

Scripps and other campus 

departments, including 

biology, chemistry, medicine, 

neuroscience, pediatrics, 

and pharmacology. 

The CMBB program in marine 

biomedicine involves the UC 

San Diego School of Medicine 

and focuses on marine drug 

discovery (with an emphasis 

on cancer), marine pharmacol

ogy, physiology, neurobiology, 

and the molecular events 

associated with reproduction. 

C MBB researchers investigate 
new biotechnologies ranging 
from the special properties of 

deep-sea marine microbes to the 
genetic engineering of commercially 
important marine animals. They also 
stress basic research, participate in stu
dent education, and provide support 
for the local biotechnology industry. 

During the course of a dive, marine 
mammals and birds swim, find and 
catch prey, and return to the sea sur
face all on a single breath of air. Seals, 
for example, tolerate oxygen levels low 
enough to render a human uncon
scious. Deep-diving species routinely 
encounter pressures high enough to 

cause decompression sickness (the 
bends), nitrogen narcosis, and high 
pressure nervous syndrome in humans. 

Dr. Paul J. Ponganis wants to know how 
the animals do it. Part of his interest in 
the diving phenomenon is rooted in his 
work as an anesthesiologist, a job in 
which oxygen delivery to the patient is 
crucial. Knowledge of diving also is 
essential to understanding the physio
logical limits of deep-diving species' 
behavior and ecology, factors that could 
play a key role in their survival and 
conservation. 

Diving capacities of different animals 
are based on oxygen storage in the 
body and on the regulated depletion of 
that oxygen during diving. Ponganis 
has been examining how the distribu
tion and magnitude of oxygen stores in 
the lung, blood, and muscle compart
ments vary with species. Emperor pen
guins, for instance, store the majority 
of their oxygen in muscle and air sacs, 
while seals concentrate it in blood and 
muscle. The consumption of oxygen in 
blood is predominantly controlled by 
heart rate and blood flow to body 
organs, while muscle oxygen consump
tion is primarily dependent on muscu
lar effort. 

"I am looking at how swim speed, heart 
rate, and blood flow are manipulated 
during different dives so that these oxy
gen stores can allow energy metabolism 
to remain aerobic and not to resort to 
anaerobic processes;' said Ponganis. 

Research techniques used by Ponganis 
include computerized tomographic 
scans of anesthetized animals for 
anatomical studies, biochemical and 
microscopic analyses, and remote 
recordings to collect data while animals 
free dive at sea. The recorders are espe
cially important because they monitor 
variables such as swim speed, tempera-

ture, oxygen level, heart rate, and elec
trocardiograms. Some of Ponganis's 
recent findings show that elephant seals 
drop their swim speed to zero during a 
1,320-foot (400 m) dive, and seals from 
Lake Baikal in Russia decrease their 
heart rates to five beats per minute for 
the last five minutes of a 25-minute dive. 
"The goal is to design equipment that 
does not interfere with routine activi
ties," said Ponganis. "This way experi
ments can take advantage of an animal's 
natural diving behaviors." 

Recently, Ponganis adapted an ECG 
(electrocardiogram) Holter moniter to 
record the ECG of J. J., an orphan gray 
whale cared for by San Diego's Sea 
World of California since her rescue. 
The ECG information should increase 
Ponganis's understanding of heart rate 
regulation and diving ability in whales. 

Ponganis sees the unique adaptations 
of these diving mammals and birds as 
potentially applicable to many aspects 
of medicine. In the example of the 
Lake Baikal seals, the animals' ability 
to withstand low levels of blood flow 
and oxygen, and to resume normal 
functioning, may eventually improve the 
understanding and treatment of condi
tions such as shock and stroke. Ponganis 
says the information may even be applic
able to improved organ preservation for 
transplantation. The fact that seals' lungs 
collapse and re-expand during dives may 
be relevant to various human respiratory 
distress syndromes. 

"In the meantime;' said Ponganis, "this 
research betters our understanding of 
diving endurance and the limits it places 
on the behavior and ecology of these fas
cinating animals." 

Paul Ponganis (facing page, third from left) and 

Sea World trainers attach suction-cup electrodes 

to J. J., a young gray whale calf, in order to 

record the whale's electrocardiogram. 
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Climate 
Research 
Division 

In the Climate Research Division (CRD), 

scientists study phenomena spanning 

time scales from a few weeks to several 

decades. Research themes include diag

nosing and predicting the natural vari

ability of climate and understanding 

the consequences of man-made 

increases in the greenhouse effect. In 

the climate system, interactions among 

the atmosphere, the seas, the land, and 

the world of living things are tightly 

joined. To understand these interac

tions, CRD researchers use a team 

approach in areas including meteorol

ogy, oceanography, and hydrology. 

Current research includes developing 

coupled global ocean and atmosphere 

models, assessing the role of cloud

radiation feedbacks in climate change, 

exploring the connections of the 

atmosphere and ocean to land surface 

hydrology, and modeling and predict

ing seasonal-decadal climate variability. 

CRD scientists stress research on how 

global change impacts regional and 

transient phenomena, emphasizing 

those aspects of climate that are 

potentially predictable. 

I nformation related to the El Nifio 
Southern Oscillation (ENSO) phe
nomenon continues to be revealed 

by scientific study; climate researchers 
already have developed solid patterns 
linking the tropical ocean and atmo
sphere to a chain of weather anom
alies. A dear association has been doc
umented in which warm tropical 
waters force atmospheric changes that 
displace normal weather patterns 
throughout North and South America. 

Dr. Arthur J. Miller has directed his 
scientific efforts to some less obvious 
and more challenging changes in the 
ocean-atmosphere interplay. Miller 
develops models that simulate decades 
of changes in the enigmatic North 
Pacific Ocean midlatitude region, a 
temperate zone between roughly 30 
degrees north and 60 degrees north. 

"My main thrust now is to look at 
data and models together to try to 
find these interesting long-timescale 
variations in the ocean and eventually 
to use them to better understand what 
goes on in the atmosphere:' Miller 
said. "My feeling is that if you can 
discover some interesting effect both 
in observations and in a model at the 
same time, there is a better chance of 
it being real:' 

Miller believes using observations by 
themselves can be distorted by mea
surement "noise:' such as instrument 
and sampling errors, while using mod
els by themselves carries the possibility 
of inadequate physics and imprecise 
forces, such as wind or heat. Thus, he 
weaves the two together. 

In one example, Miller is working with 
Dr. Niklas Schneider on a project com
paring ocean-atmosphere models that 
simulate several decades of Pacific 
Ocean behavior. The models analyze 
the relationship between sea-surface 
temperature, ocean currents, and the 
thermocline-the body of water that 
separates warmer, oxygen-rich surface 
water from cold, oxygen-poor deep 
water. Ultimately, Miller and Schneider 
hope to discover whether the ocean 
and atmosphere feed changes to each 
other, whether they act independently, 
or whether the ocean is subservient to 
the atmosphere. Yet another possibility 
is that variability in the tropics causes 

fluctuations in the atmosphere, which 
carry "teleconnected" changes into the 
mid-latitude Pacific over decades. 

In a separate project Miller, with 
Drs. Daniel R. Cayan and Timothy R. 
Baumgartner, is studying the role of 
ocean physics in fish population fluctu
ations. This team investigates whether 
ocean physics has a direct link to fish 
populations, rather than an indirect 
connection-in which physics controls 
upwelling, which controls nutrients, 
which affect phytoplarikton, zooplank
ton, and, finally, fish. 

"What we want to do is look at these 
hindcasts, looking back 30 or 40 years, 
to study the variations in ocean velocity, 
variations in horizontal and vertical 
currents, and the variability of the sea 
surface and subsurface temperatures;' 
said Miller. "We'll use a model to get 
some idea of what is controlling the 
fish population to see if different 
things happen during different 
epochs of fish populations:' 

Using Miller's ocean model gives 
the researchers valuable information 
about the ocean from past climate 
regimes that were sparsely measured. 
Baumgartner's sediment-core analyses 
of fish-scale abundance provide statis
tics about fish populations, while 
Cayan's research on atmospheric
forcing functions guides the ocean 
model's fluctuations. 

Geometry, linear physics, nonlinear 
physics, and statistical analysis are 
the tools of Miller's analytical work. 
Virtually all of Miller's research is 
conducted on computers as he must 
contend with complex nonlinear 
equations and vast sets of data. Inverse 
methods of analysis, performed in 
conjunction with Dr. Bruce D. 
Cornuelle, allow Miller to match his 
ocean models to observations. This 
computer-intensive technique often 
demands model processing across 
several computers simultaneously. 

Miller's work in developing climate 
models of the past is useful as a solid 
supporting base for interpreting and 
producing accurate climate prediction 
models, which are the ultimate goal of 
CRD science. 



Geosciences 
Research 
Division 
Scientists in the Geosciences Research 

Division (GRD) address the physical 

and chemical processes occurring in 

the earth's mantle and crust, espe

cially in the seafloor; interactions 

within and between the oceans and 

the atmosphere; and the reconstruc

tion of ocean and climate history. 

They carry out detailed studies con

cerning marine geology; petrology; 

tectonics; geophysics; isotope geol

ogy; geochemistry; remote sensing; 

mantle and crustal evolution; fluid 

processes; climate history; global bio

geochemical cycles; global change; 

microfossil evolution and systematics; 

and marine, atmospheric, and solar 

system chemistry. 

S tudying the chemical evolution 
of the ocean gives scientists a 
glimpse into the historical inter-

play between Earth's surficial and inter
nal processes. Information that can be 
derived from analyzing the chemical 
history of seawater includes shifts in 
sea-surface temperature, variations in 
erosion rates, and changes in subma
rine hydrothermal activity. 

Dr. Miriam Kastner searches for 
marine minerals that reliably record 
seawater composition in her quest to 
uncover the record of ocean behavior 
hundreds of thousands to millions of 
years ago. Examples of chemical and 
isotopic processes that can give such 
clues are strontium to calcium concen
tration ratios and stable isotope ratios 
of strontium, oxygen, carbon, and 
chlorine. 

"When we identify potentially suitable 
marine minerals, we first have to show 
that the concentrations and isotopic 
composition of the chemical compo
nents give us reliable data on modern 
ocean composition, and thus on some 
of its processes; then we test the geo
chemical 'memory' of the minerals," 
said Kastner. "For example, the 
strontium isotope composition pro
vides us with insights on the present 
and past interplay between submarine 
hydrothermal activity and surface 
erosion rates." 

Kastner analyzes solids and fluids 
using various instruments and meth
ods, including x-ray diffractometers, 
electron microscopes, mass spectrome
ters, and wet chemical techniques such 
as Inductively Coupled Plasma-Mass 
Spectrometry. 

Another area of Kastner's research con
cerns gas hydrates. Th~se are crystalline 
compounds of water that form a cage
like structure with "guest" molecules; 

in the ocean, these molecules are usu
ally methane. Interest in gas hydrates 
has rapidly increased, according to 
Kastner, for three primary reasons: 
their potential as a fossil fuel resource, 
their effects on global climate change, 
and their role as potential submarine 
"geohazards" that cause earth slumps 
and slides. 

Kastner stated that gas hydrates con
tain the largest accumulation of natur
al fuel on Earth, with nearly 10,000 
gigatons of methane carbon existing 
in continental margin sediments. 
Methane is one of the two important 
carbon-containing greenhouse gases. 
Thus, small changes in the stability of 
the methane hydrate reservoir could 
result in a positive or negative green
house feedback, affecting global warm
ing or cooling from the release of 
methane into the atmosphere. Gas 
hydrate decomposition also could 
affect the stability of margin sediments 
in the continental slopes through the 
formation of a "zone of weakness," in 
which gravitational loading or seismic 
disturbance could result in submarine 
landslides. 

Scientists in Kastner's laboratory also 
focus on the role of fluids in earth
quake-prone subduction zones, regions 
where one Earth plate slips underneath 
another. Kastner works with geophysi
cists to determine what role fluids play 
in subduction zones, at what depths in 
relation to seismogenically active zones 
these fluids are released, and the rela
tion of fluids to earthquake cycles. Her 
research focuses on the chemical and 
isotopic compositions of subduction 
zone fluids and on related fluxes into 
the ocean and mantle. Kastner's re
search on these fluids may ultimately 
help seismologists understand the 
mystery of earthquakes. 

G L 0 B A L 0 I S C 0 V E R I E S F 0 R T 0 M 0 R R 0 W ' S W 0 R L 0 49 



SC R I PP S I N ST I TUTI ON OF OCEANOG R AP H Y 

50 

Institute of 
Geoghysics 
and Planetary 
p h Y S I ( S A seismologist by training, 

The Cecil H. and Ida M. Green 

Institute of Geophysics and Planetary 

Physics is located at and strongly 

linked to Scripps. This branch is part 

of the University of California IGPP 

and houses the systemwide office. 

Other branches are located at the Los 

Angeles and Riverside campuses and 

at the Los Alamos and Lawrence 

Livermore National Laboratories. 

IGPP research at Scripps spans many 

disciplines, including seismology, 

space and terrestrial geodesy, geo

magnetism, global seismic networks, 

fluid mechanics, marine acoustics, 

marine geophysics, geodynamics, 

space physics, nonlinear dynamics, 

and theoretical geophysics. IGPP 

operates a global network of seismic 

stations; several modern seismic 

arrays in places such as Saudi Arabia, 

Kyrgyzstan, and Anza, California; and 

a permanent space geodesy network 

in California. IGPP scientists maintain 

an active seagoing program including 

the measurement of absolute gravity 

on the seafloor, seafloor electromag

netic and seismic measurements, 

multichannel seismology, and the 

Acoustic Thermometry of Ocean 

Climate (ATOC) project. 

Dr. Jean-Bernard Minster's 
interests span a variety of 

subjects: earthquake studies, plate tec
tonics, the attenuation of seismic 
waves, the structure of Earth's interior, 
and space geodesy. Other areas within 
his research scope include laser altime
try, synthetic aperture radar, and 
nuclear treaty verification. 

Some of Minster's most ambitious 
projects include work with laser and 
radar instruments to monitor changes 
in Earth's surface. For one project, he 
uses an airborne laser altimeter to map 
subtle elevation changes in the exten
sive volcanic terrain at Long Valley 
caldera near Mammoth Lakes, 
California. Using custom designed sys
tems built at NASA's Goddard Space 
Flight Center, Minster and colleagues 
have mapped Earth's surface topogra
phy to an unusually high degree of 
accuracy. Their results have proven 
superior to those obtained by conven
tional mapping methods. 

The systems work by measuring the 
round-trip travel time of an extremely 
short (a billionth of a second) pulse 
of laser light from a plane to a land, 
water, cloud, or ice surface. Data pro
cessing requires calculating the air
craft's trajectory to a precision of a few 
inches using the Global Positioning 
System (GPS). Results obtained by 
Minster, graduate student Jeff Ridgway, 
and postdoctoral researcher Michelle 
Hofton demonstrate that the water 
level of a lake can be reliably measured 
from 1.9 miles (3 km) overhead to an 
accuracy of within 1.2 inches ( 3 em). 

This team is preparing for a space mis
sion in 200 1 called the Geoscience 
Laser Altimetry System, or GLAS. 

"The main purpose of GLAS will be to 
monitor change in the volume of 
Earth's ice sheets;' said Minster. "This 

is used as a proxy, a marker index, for 
global warming and sea-level change 
by providing a measure of the influx of 
water into the oceans." 

Minster also is working in the Campus
Laboratory Cooperation ( CLC) project 
to assess seismic exposure and vulnera
bility at several California university 
campuses. The alliance teams UC San 
Diego, San Diego State University, UC 
Riverside, UCLA, UC Santa Barbara, 
and the Lawrence Livermore National 
Laboratory. In the past year, the CLC 
drilled three wells, one 300 feet (90 m) 
and two 150 feet ( 45 m) deep, near the 
UC San Diego campus to install seis
mometers that monitor seismic waves 
as they approach the surface. Minster 
says such a project will enable the team 
to ask specific questions, such as: If 
there's an earthquake on the Rose 
Canyon Fault, what motion might we 
expect at the surface, near buildings? 

"This should yield more quantitative 
information than the standard formu
las used under the seismic building 
code;' said Minster. 

Minster also is principal investigator 
for a proposed synthetic aperture radar 
spacecraft that will map Earth's tecton
ically active areas, ice caps, and gla
ciers. It is hoped that the $106 million 
Earth Change and Hazard Observatory 
project will break new ground in 
detecting Earth surface changes by 
systematic, repeated radar mapping. 

"This is the chance of a lifetime to 
construct evolving pictures of Earth by 
combining radar images taken in suc
cessive overhead passes by the space
craft;' said Minster. "For instance, if an 
earthquake happens between two pass
es, you can see and map the difference, 
and that is a spectacular technique:' 

Minster is also vice chairman of the 
board of the Southern California 
Earthquake Center and director of the 
IGPP system. His other research proj
ects include measuring ionospheric 
waves using GPS, applying evolution
ary programming to evaluate earth
quake prediction models, and studying 
the onset of chaos in systems with 
nonlinear friction laws. 



Marine 
Biology 
Research 
Division 
Scientists in the Marine Biology 

Research Division investigate 

the taxonomic, ecological, 

physiological, cellular, biochemi

cal, and genetic characteristics 

of marine bacteria, protozoans, 

plants, and animals and the 

fundamental processes affecting 

life and energy flow in marine 

ecosystems. They examine 

organisms in a variety of habi

tats including the deep sea, 

coastal ecosystems, and 

Antarctica. 

Some of the ongoing studies 

involve anatomy and mechanics 

of marine invertebrates, mecha

nisms of invertebrate egg and 

sperm interaction, and the sym

biotic relationships between 

diverse bacteria species and 

their invertebrate and fish 

hosts. The potential large-scale, 

long-term effects of global 

change on the productivity and 

diversity of marine ecosystems 

and on the distribution and 

abundance of marine organisms 

also are being studied. 

H ow and why phytoplankton 
thrive and prosper is a funda
mental issue in biological 

oceanography. The phytoplankton's 
position near the bottom of the food 
chain means that the biological pro
cesses that affect phytoplankton can 
change the entire ecosystem. 

Dr. Brian P. Palenik is using the tools of 
molecular genetics to study conditions 
in which phytoplankton cells are 
thrown into a state of alarm. Two cir
cumstances under evaluation include 
when phytoplankton cells become 
stressed by a foreign material, such as 
copper, and when cells begin to run 
short of nitrogen, a necessary nutrient 
for growth. Thus far, Palenik's research 
has concentrated on two green algae, 
Thalassiosira pseudonana and 
Emiliania huxleyi. 

"Our goal is to identify proteins that 
are 'turned on' under these special cir
cumstances," said Palenik. "We purify 
those proteins to make antibodies, 
which we can then use as a probe for 
that stressful circumstance. Antibodies 
are used this way in the health field 
as probes, for pregnancy tests, for 
example." 

The study of stresses placed on phyto
plankton by environmental contamina
tion has become an increasingly im
portant practical aspect of Palenik's 
research, as governments and regula
tors have become more sensitive to 
coastal pollution. 

Palenik's research team begins its 
laboratory study by growing phyto
plankton cultures. Adding copper to a 
sample causes the stress proteins to 
"turn on" in comparison with proteins 
of unstressed cells. Careful steps are 
taken to ensure that copper is the sin-

gle stressor causing a protein alert and 
to exclude other possible influences, 
such as silver or mercury. 

Three proteins have been identified 
thus far in Palenik's laboratory. With 
the proteins identified, the researchers 
can develop antibodies to those pro
teins. Palenik then adds the antibodies 
to seawater samples to test how many 
phytoplankton cells contain these stress 
proteins. 

A second antibody is introduced that 
tags the first antibody, and thus the 
original protein, with fluorescent prop
erties. From there the work moves to a 
laboratory instrument called a flow 
cytometer, which uses a high-speed 
flow system and a laser beam to iden
tify the fluorescent proteins, cell by 
cell, and count those that have attached 
to antibodies. The results show how 
heavily the copper is impacting the 
phytoplankton. 

"Copper pollution standards are all 
based on concentrations, yet if copper 
is bound up in the environment and 
not stressing organisms, even at high 
concentrations, then it's not really 
affecting the environment," said 
Palenik. "But on the other side there 
might be lower concentrations that are 
affecting the environment and we're 
not worrying about it-and we should, 
based on the organism's reaction." 

Another of Palenik's research studies 
deals with nutrient stress, but concen
trates on environments where cells 
become alarmed because of nitrogen 
deficiency, rather than a toxic element. 
In such a situation, stress sends phyto
plankton cells searching for a replace
ment for the nitrate form of nitrogen, 
such as an amino acid, or for another 
environmental source, such as urea. 
Other nitrogen-specific stress responses 
also are possible. 

Palenik said tracking down this type 
of stress can lead to an understanding 
of why phytoplankton thrive in certain 
parts of the ocean and struggle in 
others. 

"That's a basic oceanography question 
that goes back more than 100 years;' 
said Palenik. 
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Marine Life 
Research 
Group 

Scientists in the Marine Life Research 

Group (MLRG) cooperate with the 

California Department of Fish and 

Game and the Southwest Fisheries 

Science Center of the National Marine 

Fisheries Service in the California 

Cooperative Oceanic Fisheries 

Investigations (CaiCOFI). This study of 

the California Current system provides 

one of the world's most complete time 

series of data (nearly 50 years) from 

an oceanic ecosystem. The data enable 

scientists to examine variability in the 

physics, chemistry, ecology, and fisheries 

of this eastern boundary current system 

from the annual scale, to the interan

nual scale (such as El Nino even~s), to 

multidecadal trends. High-resolution 

analysis of sediment cores extends some 

data back in time for centuries, making 

possible the study of properties and 

processes over much longer timescales. 

For investigators outside of the pro

gram, the CaiCOFI cruises provide a 

platform for biological oceanographic 

studies and also a base of environmen

tal data from which to interpret their 

specialized measurements. 

David Checkley (facing page) 

holds a sample of sardine eggs 

collected using the Continuous 

Underway Fish Egg Sampler. 

The study of pelagic fishes, such 
as anchovy and sardine, has 
multidimensional significance. 

Anchovy and sardine are economically 
important to California, which has 
invested heavily in monitoring their 
numbers. These fishes also are vital to 
the ecology of the ocean as food for 
larger fishes, marine mammals, and 
birds. Furthermore, knowledge of 
anchovy and sardine spawning habitats 
can provide clues to how fishes 
respond to global climatological phe
nomena, including El Nifio and global 
warming. Finally, the anchovy and sar
dine off California's coast are similar 
to pelagic species in many other parts 
of the world. This similarity allows 
advances in understanding the dynam
ics of local species to be applied else
where. 

Dr. David M. Checkley is interested 
in the effects of ocean physics on the 
spawning and growth patterns of 
fishes. While part of Checkley's recent 
research has concerned wind-driven 
circulation patterns and their effects 
on plankton, his focus now is on devel
oping and using systems to study 
anchovy and sardine spawning. 

Checkley has codeveloped one of the 
most advanced systems for surveying 
anchovy and sardine eggs. The 
Continuous Underway Fish Egg 
Sampler, or CUFES, has been used 
effectively off North Carolina, South 
Africa, and, for the past two years, off 
California. 

"The distribution of these eggs is used 
in the estimation of population size for 
fisheries purposes, because if you know 
the number of eggs produced per fe
male, you can estimate the number of 
spawning females, and that's used for 
management purposes;' said Checkley. 

"Knowledge about the spawning habi
tat is crucial for understanding how 
fish respond to global changes, as well 
as management of fisheries on a year
to-year basis.". 

CUFES, which took Checkley and col
leagues from the U.S. National Oceanic 
and Atmospheric Administration and 
the Canadian Bedford Institute of 
Oceanography more than five years to 
develop, is made up of three sections: a 
pump, a concentrating device, and a 
sample collector. 

CUFES's submersible pump can 
extract water over the side of a ship or 
up through a ship. It pumps approxi
mately 17 cubic feet (.48 m3

) of seawa
ter per minute through a 3-inch (7.6 
em) hose attached to a steel pipe. From 
the pump the water flows into a con
centrator, in which a Nitex mesh net 
oscillates laterally at a rate of 6 hertz. 
Nearly 97 percent of the water is fil
tered free of eggs and returns to sea 

· through tubes on the side of the con
centrator. Fish eggs and large zoo
plankton are retained in the remaining 
three percent and forwarded to a 
mechanical sample collector linked to 
computers and electronic devices that 
record date, time, location, and physi
cal and biological variables such as 
temperature, salinity, and chlorophyll 
fluorescence. 

Checkley uses the physical and biologi
cal measurements to match egg occur
rence with satellite imagery. This 
allows him to investigate ocean physics 
associated with spawning. CUFES pro
vides continuous, underway measure
ments in contrast to the conventional 
egg sampling technique of net towing 
at discrete stations. This feature has led 
Checkley to propose CUFES use in 
Mexico, Peru, Chile, and other areas 
where cross-referencing data could 
play a crucial part in understanding 
world spawning patterns. 

"We can compare the systems very 
simply in a way that hasn't been done 
easily before," said Checkley, "and 
therefore try to understand what caus
es regional and temporal variations." 
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Marine Physical 
Laboratory 
Scientists in the Marine Physical 

Laboratory (MPL) apply knowledge of 

the ocean and its boundaries to solve 

problems in ocean acoustics, ocean 

optics, marine physics, marine geo

physics, signal processing, and ocean 

technology. 

Researchers in ocean acoustics quan

tify environmental limitations on 

acoustic systems and study how these 

affect design and operation of 

oceanographic systems. Scientists 

investigating marine physics focus on 

effects of the oceanic environment 

on undersea systems. Marine geo

physicists clarify the environmental 

parameters affecting search, detec

tion, and navigation systems. 

Research in signal processing includes 

the collection, manipulation, and 

output of both analog and digital 

data. MPL scientists also are interest

ed in cloud cover and detection of 

surface and air targets through 

marine atmosphere. 

Marine geophysicists emphasize the 

basic physical processes and proper

ties of the oceans to clarify the envi

ronmental parameters affecting 

search, detection, and navigation sys

tems. Research in signal processing 

encompasses all aspects of the collec

tion, manipulation, and output of 

both analog and digital data. 

Development of advanced ocean 

technology both for environmental 

measurement programs and for test

ing of new engineering concepts is 

another major MPL focus. 

A team of scientists in MPL's 
Adaptive Beach Monitoring 
Program set out recently to 

study the dynamics of sound in the 
surf region. Using a set of sensitive 
sound devices called seismoacoustic 
arrays, the group focused on moni
toring current and wave dynamics 
and beach surf conditions. Their 
goal was to provide the military with 
insight into conducting amphibious 
missions augmented with covertly 
deployed onshore and offshore 
acoustic sensors and wave and cur
rent sensors. 

Dr. Gerald L. D'Spain and a team of 
researchers emerged from the study 
not only with details of land signals 
recorded by underwater acoustic 
sensors, but also with surprising 
results concerning naturally occur
ring biological sounds generated in 
the offshore setting. 

The seismoacoustic systems simulta
neously measured the underwater 
field offshore, the seismic field on 
land, and the acoustic field in the air 
off Camp Pendleton Marine Base 
near Oceanside, California. The 
systems included two 64-element 
hydrophone line arrays on the ocean 
floor at approximately 1 mile ( 1.6 
km) and 2.2 miles (3.4 km) offshore, 
two-dimensional arrays of ocean 
bottom seismometers, a bubble 
plume sensor system, and a line 
array of four pairs of hydrophones 
in the surf zone. 

Among the noteworthy results from 
the experiment, D'Spain found that 
land vehicle activity can indeed be 
clearly detected and tracked using 
data from underwater hydrophone 
arrays located as far as 2.2 miles 
(3.4 km) offshore. 

"We believe we can go on the order 
of 6.2 miles (10 km) offshore and 
track these vehicles;' said D'Spain. 

"We're not sure how far inland we can 
listen to them, but that's an interesting 
research question and an active area 
right now." 

D'Spain said the listening devices 
picked up not only military vehicles on 
the marine base, but also sounds from 
sanitation pumps as far away as 43.4 
miles (70 km) on Catalina Island. The 
group intends to continue researching 
unknown signals that were monitored. 
''A big part of this is detective work 
about what caused the things we're 
hearing;' D'Spain said. 

The most surprising of D'Spain's 
findings came from signals recorded 
underwater, where the team expected 
to hear mostly breaking waves and 
surf-related noise. To their surprise, the 
dominant noises instead were biologi
cal sounds, specifically "knocking" 
sounds created by fish. 

Members of the Sciaenidae (croaker) 
family conducted group knocking, or 
chorusing, behavior that started one to 
two hours before sunset and continued 
consistently throughout the night until 
decreasing near sunrise. The knocks 
were recorded predominantly in the 
400 to 450 hertz frequency band and 
periodically increased by 10 decibels 
over 15 to 20 seconds. 

"This very strange chorusing behavior 
starts with a few knocks and picks up 
until it sounds like a whole stadium 
full of people stomping their feet or 
clapping," said D'Spain. 

Within the knocking observations, 
D'Spain discovered an association 
between the rate at which the fish 
knocked and the overall chorusing 
level. As the overall level increased, the 
rate at which the fish knocked in
creased, possibly leading to an inter
pretation that the fish were engaged in 
a knocking competition. D'Spain also 
noted that when the fish reached a 
depth close to the ocean floor, their 
knocking generated vibrations on the 
bottom akin to mini-earthquakes. 
D'Spain has studied how these vibra
tions travel along the ocean bottom 
and has used the results to determine 
the properties of some ocean bottom 
materials. 



Marine 
Research 
Division 
Studies in the Marine Research 

Division (MRD) span the disciplines of 

biological oceanography, marine 

chemistry, and physical oceanography. 

MRD scientists investigate the 

large-scale circulation of the South 

Atlantic Ocean, study the charac

teristics of Earth's earliest ocean and 

atmosphere, and elucidate the 

organic carbon cycling in the 

oligotrophic gyres of the North 

Atlantic and Pacific Oceans. 

They study theoretical and applied 

problems in marine optics, the geo

chemistry of borehole fluids, the nat

ural products chemistry of marine 

invertebrates and marine bacteria, 

and the role of bioactive chemicals 

in the marine environment. MRD 

researchers also focus on the medical 

and pharmaceutical applications of 

marine organisms. 

Several scientists investigate the inhi

bition of red-tide dinoflagellate 

growth in California's Santa Cruz 

Harbor and the performance of a 

breakwater at Fisherman's Wharf 

in San Francisco Bay. Other MRD 

researchers concentrate on the 

Antarctic coastal ecosystem. 

A 
nswers to some of science's 
most vexing mysteries may be 
revealed by some of its tiniest 

living organisms. Phytoplankton, 
which float or swim weakly in the 
world's oceans, are being examined 
because of their importance as the base 
of the marine food chain and as key 
organic carbon producers. 

The focus of Dr. Maria Vernet's 
research is the role of phytoplankton 
in the ocean's carbon cycling system. 
She concentrates on the high latitude 
regions, in order to take advantage of 
the natural ocean-atmosphere labora
tory offered by Arctic and Antarctic 
conditions. 

"There's a consensus among scientists 
that changes in the environment, such 
as increases in atmospheric tempera
ture, are going to be felt first and most 
dramatically in places like the Arctic 
and Antarctic:' said Vernet. "The more 
we know about the environment there 
and the more we can predict about 
how these changes will affect the envi
ronment, the better prepared we will 
be to deal with the consequences." 

Vernet conducts much of her research 
in the field, although she works in her 
laboratory to develop experimental 
methods and prepare for and evaluate 
data from research cruises. 

Vernet's equipment includes chro
matographs to analyze the phytoplank
ton's photosynthetic pigments, micro
scopes for phytoplankton identification 
and enumeration, and gas chromato
graphs to measure particulate carbon 
and nitrogen. She estimates dissolved 
inorganic nutrients in seawater with an 
auto analyzer. Chemical concentration 
levels can be gauged inside the auto 
analyzer, which is calibrated using 
known chemical standards. 

For several years, Vernet has been com
paring phytoplankton's carbon uptake 
and excretion in the high latitude 
region to that in temperate areas. 
Having proved they are indeed differ
ent, Vernet has embarked on describ
ing how and why this is so. She has 
investigated whether sulfur com
pounds in phytoplankton cells are 
being used as "cryoprotectants" that 
defend against the frigid temperatures 
of the Arctic and Antarctic. 

Vernet also is studying the effect of 
ultraviolet (UV) radiation on carbon 
cycling by phytoplankton. Vernet uses 
spectrophotometers, spectrofluorome
ters, and surface and underwater light 
meters to measure light intensity in the 
visible and ultraviolet regions of the 
spectrum at different depths. "We put 
together a group of people in Latin 
America, who are already measuring 
UV radiation on the ground, to make a 
regional network of UV measure
ments:' said Vernet. "That was exciting 
because it was a new area-there's 
been nothing like that in the Southern 
Hemisphere." 

The ultimate goal ofVernet's research 
is to provide clues about environmen
tal changes-whether man-made or 
natural. "If we can make society aware 
of where we're heading, then we can 
give people a choice," said Vernet. "Do 
we want to continue on the same route 
or do we want to make some changes 
before we get to a point where it might 
be too late?" 
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Newrobiology 
Un1t 

The survival, distribution, and ecologi

cal role of animals depend on their 

ability to sense the environment; to 

integrate, calculate, interpret, and rec

ognize stimuli; and to control adaptive 

behavior. The Neurobiology Unit (NU) 

includes several laboratories at Scripps 

that focus on the nervous systems, 

sense organs, and behavioral 

mechanisms of animals. NU 

scientists participate in the Center 

for Marine Biotechnology and 

Biomedicine, and some are associated 

with the UC San Diego School 

of Medicine. 

Graduate student Katherine Moortgat conducts in-vitro experiments on pacemaker cells 

in a long-nosed black ghost knifefish Apteronotus leptorhynchus. 

Four of the five doctoral stu-
dents who were part of Dr. 
Walter F. Heiligenberg's laborato

ry in the Neurobiology Unit when the 
researcher died in September 1994 
have graduated. When the fifth candi
date, Katherine Moortgat, completes 
her doctoral thesis on the neural prop
erties of electric fish, the Heiligenberg 
laboratory will close. 

Moortgat said she was immediately 
attracted to the excitement in 
Heiligenberg's laboratory, where she 
first witnessed the mystery of electric 
fish and decided to make these fish her 
research focus. Her work is centered 
on Apteronotus leptorhynchus, com
monly known as the brown ghost 
knifefish, one of a family of fishes that 
uses electric sense to navigate and 
communicate. The knifefish produces 
electric fields from its tail and waits for 
a return signal to make radarlike judg
ments about its environment. 

What drew Moortgat to the knifefish 
was not only its high electric frequen
cy, but the fact that its signal produc
tion is regular, down to a level of 
sub-microseconds. Moortgat and a 
colleague from the Salk Institute 
for Biological Studies in La Jolla, 
California, devised a sensitive mea
suring tool called an Adjustable 
Schmitt Trigger, which can monitor 
the fish's digital pulse down to 0.05 
microseconds. 

"What's so stunning about this is that 
you can look at a heart rate or even a 
computer CPU and see that they are 
quite regular, but they are not as reg
ular as the brown ghost knifefish;' 
said Moortgat. "Now if you compare 
this fish to an atomic clock, the fish 
doesn't appear very regular, but as a 
biological oscillator, it is regular 
down to fractions of a microsec
ond-and we don't know of any 
other biological system that is." 

Moortgat is characterizing the neuro
logical properties of the electric 
organ in the knifefish's tail and 
exploring how its regularity is 
controlled by the pacemaker nucleus, 
the brain's "command center." The 
answers that Moortgat finds may 
help scientists to understand the 
capabilities of neurons. She hopes 
the studies also will shed light on 
the firing irregularities of neurons 
and how they fire in illnesses such 
as epilepsy. 

Moortgat credits Professor Theodore 
H. Bullock for his help in coordinat
ing the laboratory since Heiligen
berg's death. 



Physical 
Oceanography 
Researctl 
Division 
Scientists in the Physical Ocean

ography Research Division (PORD) 

study a range of observational and 

theoretical topics related to the 

physics of the ocean. Many PORD 

investigators hold joint appoint

ments in other areas at Scripps, 

which provide for cross disciplinary 

research and communication. 

Some PORD researchers study the 

large-scale circulation of the 

world's oceans or the specifics of 

smaller environments such as the 

continental shelf, marginal seas, 

straits, estuaries, or the surf zone 

of open shorelines. Others exam

ine the interaction between the 

ocean and the atmosphere. 

Theoretical studies range from 

classical fluid dynamics problems 

to models of large-scale ocean 

circulation or the atmospheric 

marine boundary layer. PORD sci

entists also develop new sensors 

and measurement technology for 

ocean studies such as autonomous 

drifters, bottom pressure and 

electromagnetic sensors, and 

new versions of Acoustic Doppler 

Current Profilers. 

T o some oceanographic scien
tists, research demands an array 
of recording equipment, moni

tors, 3-D graphical modeling tools, and 
high speed computers. For Dr. Paola 
Cessi, a simple pencil and paper do 
just fine. 

As a physicist within PORD, Cessi uses 
theories and observations to develop 
models of the oceanic general circula
tion that cover periods spanning 
decades to millennia. One area of 
Cessi's research involves the water 
movement patterns created by temper
ature and salinity, known as thermoha
line circulation. Rising temperatures 
tend to make water lighter, while 
salinity makes water denser and heavi
er. These two properties result in a 
temperature-salinity battle that influ
ences global circulation patterns 
over centuries. 

On the equatorial belt, high tempera
tures create lighter water. But because it 
is hotter, there is more evaporation and 
less rain, leading to concentrations of 
salt that make the ocean water heavier. 
In high latitudes, the colder tempera
tures create heavier water, yet melted 
ice and rain dilute the water's saltiness, 
making it lighter. 

"So depending on which one wins, you 
have water that can sink at the pole and 
come up at the equator and vice versa:' 
said Cessi. "But it is interesting that in 
the present climate those two effects are 
almost exactly counterbalancing each 
other." 

Cessi said the forces are in such a deli
cate balance that a slight change in 
either direction can cause broad 
changes. In one example, water diverted 
from the Mississippi River to the 
St. Lawrence estuary caused a shift in 
freshwater distribution and reduced 
surface salinity. Thus, water in the 
North Atlantic became lighter. 

"So the water stopped sinking and that 
made a tremendous difference because 
that was water that usually sinks:' said 
Cessi. "These changes can occur very 
abruptly but cause a total change that 
lasts for centuries." 

In a separate project looking at circula
tion patterns over decades, Cessi is 
analyzing variability in the wind
driven movement of the ocean in the 
mid-latitude regions, centered around 
45 degrees north and 45 degrees south 
of the equator. Cessi has hypothesized 
that wind and storm tracks at the sur
face of the ocean affect the tempera
ture within the entire mid-latitude 
region. She believes that changes in the 
storm track induce wind variations, 
which alter the ocean flow responsible 
for the circulation of sea-surface tem
perature. In turn, the transport of heat 
by ocean currents (such as the Gulf 
Stream) and the ocean-atmosphere 
interplay alter storminess. 

To prove her hypothesis, Cessi has dis
pensed with previous coupled general 
circulation models ( CGCMs) that take 
many atmospheric processes into 
account and instead developed a 
"stripped down" model proposing that 
increased ocean heat transport leads to 
decreased storminess. 

Cessi's results indicate that the entire 
mid-latitude storm system fluctuates 
over decades, rearranging both the 
ocean currents and the atmospheric 
temperature distribution. Cessi plans 
to compare her simplified model 
against state-of-the-art CGCMs. She 
is collaborating with Dr. Niklas 
Schneider of CRD to compare her 
results with 100 years of data from a 
model developed at the Max Planck 
Institute for Meteorology in Hamburg, 
Germany. 

''Although general circulation models 
are irreplaceable tools for predicting 
the state of the atmosphere and the 
ocean," said Cessi, "we believe that sim
plified models, such as the ones formu
lated here, are an essential step for 
shaping our expectations about the 
climate system." 
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Curricular 
Programs 
Applied Ocean Sciences 

This interdepartmental 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 and Com
puter Engineering, on the UC San 
Diego campus. 

Engineers gain a substantial education 
in oceanography, and oceanographers 
receive training in modern engineer
ing. Instruction and basic research 
include the applied science of the sea 
and structural, mechanical, material, 
electrical, and physiological problems 
within the ocean. 

Biological Oceanography 

In the biological oceanography cur
riculum, the interactions of marine 
organisms with the physical-chemical 
environment and with each other are 
studied. Research and instruction in 
this curriculum range from food-chain 
dynamics and community structure to 
taxonomy, behavior, physiology, bio
geography, and physical-biological 
interactions. 

Cl i mate Sciences 

The climate sciences curriculum con
cerns the study of the climate system of 
the earth with emphasis on the physi
cal, dynamical, and chemical interac
tions of the atmosphere, ocean, land, 
ice, and the terrestrial and marine bio
spheres. The program encompasses 
changes on seasonal to interannual 
timescales and those induced by 
human activities, as well as paleocli
matic changes on timescales from cen
turies to millions of years. Examples of 
current research include interannual 
climate variability; physics and dynam
ics of El Nifio; studies of present and 
future changes in the chemical compo
sition of the atmosphere in relation to 

global warming and ozone depletion; 
effects of cloud and cloud feedbacks in 
the climate system; paleoclimate recon
structions from ice cores, banded 
corals, tree rings, and deep-sea sedi
ments; the origin of ice ages; air-sea 
interactions; climate theory; and ter
restrial and marine ecosystem response 
to global change. 

Geochemistry and 

Mar i ne Chemistry 

The geochemistry and marine chem
istry curriculum emphasizes the chem
ical and geochemical processes operat
ing in the oceans, the solid earth, the 
atmosphere, marine organisms, polar 
ice sheets, lakes, meteorites, and the 
solar system. This program, designed 
for students with undergraduate 
majors in either chemistry or geology, 
features diverse areas of advanced 
study and research. These include the 
physical and inorganic chemistry of 
seawater; ocean circulation and mixing 
based on chemical and isotopic tracers; 
marine organic and natural products 
chemistry; geochemical interactions of 
sediments with seawater and intersti
tial waters; geochemistries of volcanic 
and geothermal phenomena; chemical 
exchanges between the ocean and the 
atmosphere; geochemical cycles of 
carbon, sulfur, nitrogen, and other 
elements; isotope geochemistry of the 
solid earth and meteorites; atmospher
ic trace gas chemistry; paleoatmo
spheric composition recorded in polar 
ice cores and in sediments; and chem
istry of lakes and other freshwater 
systems. 

Geological Sciences 

Students in this curriculum apply 
observational, experimental, and theo
retical methods to the understanding 
of the solid earth and solar system, and 
study how they relate to the ocean and 
atmosphere. Principal subprograms are 
marine geology and geophysics, tecton
ics, sedimentology, micropaleontology 
and paleoceanography, petrology and 
geochemistry, and isotope geology. 
Expedition work at sea and fieldwork 
on land are emphasized as essential 
complements to laboratory and 
theoretical studies. 

Geophysics 

Students in the geophysics curriculum 
study the physics of the solid earth, 
including the earth's magnetic field, the 
mechanics of tectonic processes, earth
quakes and the waves they produce, the 
physics of the earth's interior, and 
mathematical methods for analyzing 
data and interpreting them in terms 
of models of the earth. The program 
emphasizes physical and mathematical 
approaches to geophysical research. 

Marine Biology 

The marine biology curriculum focus
es on the basic biology of marine 
organisms-animals, plants, and 
prokaryotes. Research and teaching 
cover the entire range of biological dis
ciplines, including molecular biology, 
microbiology, comparative physiology 
and biochemistry, developmental biol
ogy, neurobiology, biomechanics, evo
lution, genetics, systematics, behavior, 
and ecology. 

Physical Oceanography 

Studies in physical oceanography 
include observation, analysis, and the
oretical interpretation of the general 
circulation of ocean currents and the 
transport of dissolved and suspended 
substances and heat; the distribution 
and variation of oceanic properties; the 
propagation of sound and electromag
netic energy in the ocean; and the 
properties and propagation of ocean 
waves. 

Student Enrollment 

In the fall of 1996, 25 new students 
were admitted to graduate study. 
Of these, 7 were in marine biology, 4 
in geological sciences, 1 in geochem
istry and marine chemistry, 5 in geo
physics, 4 in physical oceanography, 
2 in biological oceanography, and 2 
in climate sciences. Enrollment at the 
beginning of the academic year was 
176. UC San Diego awarded 26 doctor 
of philosophy degrees and 13 master 
of science degrees to the students 
listed in this section. 



Graduate Students and Degree Recipients 

Doctor of Philosophy Degrees Awarded, 
with Titles of Dissertations 

EARTH SCIENCES 

Jeffrey M. Babcock 
"Magma Chamber Structure and Moho 
Reflections along the East Pacific Rise." 

Glenn Eli Baker 
"The Effects of Near-Receiver Structure on 
Teleseismic and Regional Waveforms." 

Harold F. Bolton 
"Long Period Travel Times and the Structure 
of the Mantle." 

Eric L. Canuteson 
"An Interferometer for Use in Absolute Gravity 
Meters, the Construction and Testing of an 
Ocean Bottom Absolute Gravity Meter, and a 
Method of Seismometer Calibration by 
Reference to a Falling Mass." 

Philip E. Janney 
"Geochemistry of Mesozoic Basalts from the 
Western Pacific Ocean: Local and Regional 
Effects of the Widespread Cretaceous Volcanic 
Event." 

Daniel A. Levitt 
"Lithospheric Bending at Subduction Zones 
and Geophysical Investigations of the 
Pukapuka Volcanic Ridge System, Altimeter 
Gravity Lineations and South Pacific 
Superswell Depth Anomaly." 

Michael S. O'Brien 
"Representation and Hypothesis Testing in 
Core and Crustal Geomagnetism." 

Andrew D. Walker 
"Statistics of the Earth's Magnetic Field and 
Applications." 

Jie Zhang 
"Continuous GPS Measurements of Crustal 
Deformation in Southern California." 

MARINE BIOLOGY 

Frederick I. Archer II 
"Morphological and Genetic Variation of 
Striped Dolphins (Stene/la coeruleoalba, 
Meyen 1833)." 

Ron Caspi 
"Molecular Biological Studies of Manganese 
Oxidizing Bacteria." 

Grieg F. Steward 
"The Ecology of Marine Bacteriophages and 
their Contribution to Bacterial Mortality." 

Timothy J. Welch 
"A Molecular Analysis of Bacterial Pressure 
Sensing." 

OCEANOGRAPHY 

Guillermo Auad 
"Circulation in the Santa Barbara Channel: 
Description Mass and Heat Budgets and 
Forcing during 1984." 

Nickolay G. Baturin 
"Dynamics and Effects of Tropical Instability 
Waves." 

Nicholas M. Carbone 
"Inverting for Geoacoustic Seabed Parameters 
Using Ambient Noise." 

Alexey V. Fedorov 
" Nonlinear Effects in Surface and Internal 
Waves." 

Edith L. Gallagher 
"Observations of Seafloor Evolution on a 
Natural Barred Beach." 

Guillermo Gutierrez de Velasco 
"Wind Forcing and Circulation in the Gulf of 
Mexico." 

Sabine Harms 
"Circulation Induced by Winds and Pressure 
Gradients in the Santa Barbara Channel." 

Kevin D. Heaney 
"Inverting for Source Location and Internal 
Wave Strength Using Long Range Ocean 
Acoustic Signals." 

Michael G. Hinton 
"Standardizing Catch and Effort Statistics 
Using Physiological, Ecological, or Behavioral 
Constraints, and Environmental Data, with 
Applications to Blue Marlin (Makaira nigricans) 
and Swordfish (Xiphias gladius) of the Pacific 
Ocean ." 

Dongseon Kim 
"Biogeochemical Cycling of Carbon, 
Phosphorus, and Silica in California 
Continental Slope Sediments. " 

Yolande L. Serra 
"Small-Scale Tropical Cumulus Cloud Systems 
and the Atmospheric Boundary Layer: An 
Observational Study." 

Vitalii A. Sheremet 
"Analysis of a Nonlinear Barotropic Wind
Driven Ocean Circulation Problem." 

Christopher P. Weaver 
"Dynamical and Thermodynamical Controls 
on Large-Scale Cloud Radiative Forcing over 
Northern Hemisphere Extratropical Oceans." 

Master of Science Degrees 

EARTH SCIENCES 

Richard E. Jayne 

MARINE BIOLOGY 

David A. Guay 

OCEANOGRAPHY 

Wendi A. Eastman 
Chelle L. Gentemann 
John E. Gilson 
Alan L. Heath 
Christina S. Johnson 
Andrew R. Keyes 
Noah Knowles 
Michele L. G. Lyons 
Kari E. Richards-Dinger 
Axayacatl Rocha Olivares 
Robert F. Vroom 
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R/v Melville 

R/v Roger Revelle 
R/V Roger Revelle, Scripps Institution's newest long-ranging 
ship, was delivered to San Diego on July 31, 1996. Following 
delivery, the ship embarked on several shakedown cruises to 
test onboard equipment and the ship's capabilities. During its 
first year of operation in fiscal 1997, RJV Roger Revelle sup
ported 11 research expeditions with 15 chief scientists. 
Research activities included phytoplankton studies on behalf 
of CalCOFI, SEA BEAM mapping, seismic studies, piston 
coring, and CTD, MOCNESS, and biomapper studies. 
Research was conducted off San Diego, in the California 
Current, along the southern California coast, and in the 
waters off Central America. Thomas Desjardins was captain. 
Albert Arsenault was relief captain. 

Type 
Yr. Built 
Yr. Acquired by Scripps 
Owner 
Length 
Beam 
Draft, full 
Displacement, full (tons) 
Cruising Speed (knots) 
Range (nautical miles) 
Crew 
Scientific Party 
Total Distance Traveled 
Operating Days 

Oceanographic research 
1996 
1996 
U.S. Navy 
275' 
52'6" 
17' 
3,350 
12.5 
13,000@ 10 knots 
22 
37 
39,079 nautical miles 
194 

Seven chief scientists led seven expedition legs aboard R/V Melville during 
the fiscal year 1997. Research sites included areas in the South Pacific and 
the Indian Ocean. Research activities included SEA BEAM data collection, 
OBS recovery, and WOCE mooring recovery. R/V Melville was used for 
research by several other institutions during the year, including UC Santa 
Barbara, Brown University, Texas A&M University, Woods Hole 
Oceanographic Institution, University of Hawaii, and Oregon State 
University. Eric Buck was captain. Christopher Curl was relief captain. 

Type 
Yr. Built 
Yr. Acquired by Scripps 
Owner 
Length 
Beam 
Draft, full 
Displacement, full (tons) 
Cruising Speed (knots) 
Range (nautical miles) 
Crew 
Scientific Party 
Total Distance Traveled 
Operating Days 

Oceanographic research 
1969 (refitted, 1992) 
1969 
U.S. Navy 
278'10" 
46' 
16'6" 
2,958 
12 
12,000 @ 10 knots 
23 
38 
46,404 nautical miles 
249 



R/v New Horizon 

Eighteen chief scientists led 18 scientific explorations 
aboard R/V New Horizon during the 1997 fiscal year. 
An extensive array of research and testing was 
conducted, including phytoplankton and midwater 
crustacean studies, paleoceanography studies, gravity 
measurements, seafloor geodesy, array recovery, ben
thic biology, Seasoar towing, coring, Deep Tow opera
tions, and physical oceanography studies. Research 
destinations included the Juan de Fuca Ridge, the 
Southern California Bight, Point Conception, San 

Type 
Yr. Built 
Yr. Acquired by Scripps 
Owner 
Length 
Beam 
Draft, full 
Displacement, full (tons) 
Cruising Speed (knots) 
Range (nautical miles) 
Crew 
Scientific Party 
Total Distance Traveled 
Operating Days 

Oceanographic research 
1978 (refitted, 1996) 
1978 
University of California 
170' 
36' 
12'8" 
1,080 
10 
4,100 
12 
17 
24,543 nautical miles 
241 

R/v Robert Gordon Sproul 

Fourteen chief scientists embarked on 26 research projects 
aboard RJV Robert Gordon Sproul during the 1997 fiscal 
year. The ship traveled from the waters off San Diego to the 
Santa Barbara Channel, the Southern California Bight, the 
Columbia River, and the waters off Point Conception and 
Astoria. Research efforts included acoustical and optical 
studies, equipment tests, benthic biology, physiological 
studies, clam collection, tiltmeter tests, instrument recovery 
and deployments, sediment sampling, seismic profiling, 
animal collection, and a student cruise. Other universities 
and organizations conducting research aboard R/V Robert 
Gordon Sproul included the University of Washington, 
Woods Hole Oceanographic Institution, U.S. Geological 
Survey, the U.S. Navy, and the Wadsworth Center for 
Laboratories and Research. Louis Zimm was captain. The 
relief captain was Christopher Curl. 

Type 
Yr. Built 
Yr. Acquired by Scripps 
Owner 
Length 
Beam 
Draft, full 
Displacement, full (tons) 
Cruising Speed (knots) 
Range (nautical miles) 
Crew 
Scientific Party 
Total Distance Traveled 
Operating Days 

Oceanographic research 
1981 
1984 
University of California 
125' 
32' 
9'6" 
696 
9 
3,250 
5 
12 
10,616 nautical miles 
151 

Nicholas Basin, Tanner Banks, and the waters off 
Hawaii, Eureka, Mazatlan, and San Diego. Other 
institutions conducting research aboard the ship 
included UC Santa Barbara, UC Irvine, University of 
Massachusetts, University of Washington, Woods 
Hole Oceanographic Institution, Harvard University, 
and the University of Hawaii. John Manion was cap
tain. Relief captains were Christopher Curl, David 
Murline, Robert Haines, and Curtis Johnson. 

R/P FLIP 

RIP FLIP was towed to sea in fiscal 1997 
in support of two research cruises, both 
in the vicinity of San Miguel Island, off 
the coast of southern California. These 
cruises supported the ONR marine mam
mal program. FLIP also supported a one 
day at-sea equipment test. The lead scien
tists for the project were with Scripps's 
Marine Physical Laboratory. Tom 
Golfinos was officer in charge of 
FLIP throughout the year. 

Type 
Yr. Built 
Yr. Acquired by Scripps 
Owner 
Length 
Beam 
Draft, full 
Displacement, full (long tons) 
Cruising Speed (knots) 
Range (nautical miles) 
Crew 
Scientific Party 
Total Distance Towed 
Operating Days 

*Depends on towing vessel 

Floating instrument platform 
1962 
1962 
U.S. Navy 
355' 
20' 
12'/300' 
700 
varies* 
varies* 
5 
11 
830 miles 
19 
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• Of the 220 events held at the 
aquarium this year, the highlight was 
a luncheon for President Bill Clinton 
following his commencement address 

at UC San Diego. Aquarium Executive 
Director Ned Smith toured the hall 
of fishes with the President, who re
marked that the tanks were among 
the best he had ever seen. 

• The Reef Fauna Project, an ongoing 

cooperative research project with the 
Universidad Aut6noma de Baja 
California Sur, received new grant sup
port this year and provided links for 
Scripps researchers to work with col
leagues in La Paz, Mexico. 

• The aquarium celebrated the 1997 
International Year of the Reef with 
Destination: Tropics, an exhibit that 
replicated a live cross section of a bar
rier reef. A unique arch-tank entrance, 
distinctive photography, and special 
hands-on activities for young children 
enhanced this exhibition. 

• The Planet Earth Express, the 

aquarium's new outreach van, is a 

unique addition to its existing out

reach program. It enabled the safe 

transport of live animals for educa

tional use in classrooms and commu

nity centers throughout the county. 

• More than 250 volunteers con

tributed hours equivalent to 15 full

time staff employees in the past year. 

They served in every area of aquarium 

operations. 

• The husbandry staff continued its 

successful propagation program, rais

ing 29 fish species to adulthood. 

Specimens of the giant Pacific sea

horse, a particular success, were sent to 
eight facilities-most notably the 

Berlin and Vancouver Aquariums. 

• Dr. Jeffrey Graham, a Scripps marine 
biologist, dissected a great white shark as 
part of the public education program 
during the aquarium's annual Shark 
Discovery Days. Scripps researchers also 
provided seven "Meet-the-Scientist" pre
sentations over the past year, on topics 
ranging from global warming to the 
Scripps fleet. 

• In collaboration with Scripps's Center 
for Clouds, Chemistry, and Climate, 
Forecasting the Future-On-Line, an elec
tronic service, linked teachers and stu
dents to Scripps researchers who 
answered questions about ocean and 
atmospheric sciences. Participants in this 
program were using the aquarium's cur
riculum, Forecasting the Future: Exploring 
Evidence for Global Climate Change, in 
their classrooms. 

For further information about the Birch Aquarium at Scripps, 
call 619/534-FISH or visit our Web site at http://aqua.ucsd.edu/. 
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P hase I of the Scripps Centen-
nial Fund Campaign was 
completed in fiscal 1997 over 

target and one year ahead of schedule. 
More than $5 million in pledges, gifts, 
grants, and gifts-in-kind were received 
during this period. The total for the 
first four years of the campaign 
reached almost $28 million in gifts and 
pledges, with an additional $3.5 mil
lion in revocable planned gifts. The 
original goal for Phase I of the 
Centennial Fund was $24.45 million to 
be raised by June 30, 1998. 

Gifts during Phase I of the Centennial 
Fund Campaign included 

• $7.4 million for construction of the 
W. M. Keck Foundation Center for 
Ocean Atmosphere Research, 

• $9 million for research support, 

• $2 million for fellowships, 

• $1.9 million for the Birch Aquarium 
at Scripps, and 

• $1.1 million for operating support. 

The largest gifts received during the 
past year, more than $2 million, came 
from the estates of Lois and E. Turner 
Biddle. These funds will be used to 
complete construction of the Nieren
berg Hall Annex and to establish a 
Biddle endowment. 

The G. Unger Vetlesen Foundation 
continued its support of global change 
research at Scripps. In June, the UC 
San Diego Foundation honored the 
Vetlesen Foundation with its Civis 
Universitatis award. 

Charmaine and Maurice Kaplan pro
vided funding to expand drug discov
ery efforts at Scripps,s Center for 
Marine Biotechnology and 
Biomedicine (CMBB). Their gift will 
help create the Charmaine and 
Maurice Kaplan Cancer Drug 
Discovery Laboratory. The Kaplans 
also established an endowed fellow
ship for first-year students at CMBB. 

The Moore Family Foundation, the 
Tinker Foundation, and the Robins 
Family Foundation combined forces 
to underwrite a project in the Sea of 
Cortez involving the Birch Aquarium 
and the Universidad Aut6noma de 
Baja California Sur at La Paz. The proj
ect, designed to help preserve this 
unique area, includes a study of Sea of 
Cortez reef fishes, the establishment of 
a scientific dive training program in 
La Paz, and an international sympo
sium to address marine environmental 
issues in the region. 
The Capital Group Companies estab
lished an endowed fellowship in mem
ory of Robert L. Cody, who died in 
December 1996. Cody-great-nephew 
of founding Scripps director William 
Ritter-with his wife, Bettie, estab
lished several endowments at Scripps 
including the Cody Award, the Ritter 
Fellowship, and the Ritter Chair. 

David C. DeLaCour created a $1 mil
lion charitable remainder annuity 
trust naming Scripps as the benefici
ary. His long history of involvement 
with the ocean and his knowledge of 
Scripps led him to create the trust, 
which will provide unrestricted discre
tionary funds for the Scripps director. 

Other notable contributions during the 
past year included 

• Donations from Science Applications 
International Corporation {SAIC} and 
the Cecil H. and Ida M. Green 
Foundation toward the Edward A. 
Frieman Chair in Global Obser
vation Research, 

• A grant from the David and Lucile 
Packard Foundation for 
operating support, 

• A gift from Robert P. Scripps to 
support aquarium operations, 

• Grants from the Los Angeles and 
San Diego Chapters of the ARCS 
Foundation for fellowships, and 

• A grant from SDG&E to fund the 
Birch Aquarium's Planet Earth 
Express and educational outreach 
activities. 

Scripps Oceanographic Society teams 
provided valuable support. They gave 
$10,000 to the Birch Aquarium to 
underwrite the "Santa,s Polar Science 
Lab, program, student scholarships, 
and a video microscope for the educa
tion department; $10,000 to support a 
visiting scientist studying the distribu
tion and evolution of life in the deep
est parts of the ocean; and $15,000 in 
travel funds for graduate students. 

These are just a few of the many dona
tions to Scripps during the year. The 
names of the donors are shown on the 
following pages. 

If you are interested in making a contribution to the institution, please contact 

R. Lawrance Bailey 

Director of Development 

Scripps Institution of Oceanography 

9500 Gilman Drive Dept 0210 

La Jolla CA 92093-021 0 

619/534-7171. 
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INTERNATIONAL 

National Space Development Agency (Japan) 

FEDERAL. 
STATE, 
AND CITY 
AGENCIES 

United States 

Agriculture, Department of 

Forestry Service 

Commerce, Department of 

National Oceanic and Atmospheric Administration 

Defense, Department of 

Air Force, Department of the 

Air Force Office of Scientific Research 

Navy, Department of the 

Naval Research and Development 

Naval Research Laboratory 

Office of Naval Research 

Energy, Department of 

Health and Human Services, Department of 

National Institutes of Health 

Institute of Museum Services 

Interior, Department of the 

Minerals Management Service 

U.S. Geological Survey 

National Aeronautics and Space Administration 

National Science Foundation 

NATO 

California, State of 

The Resources Agency of California 

Department of Boating and Waterways 

Department of Fish and Game 

Department of Water Resources 

San Diego, City of 

Metropolitan Waste Water Dept. 

CORPORATIONS, 
FOUNDATIONS, AND 
ORGANIZATIONS 

AGIP Petroleum Co. 

AIS Electronics 

Alliance Pharmaceutical Corporation 

Amerada Hess Corporation 

American Frame Manufacturing Company 

Anadarko Petroleum Corporation 

ARCO Foundation, Incorporated 

ARCS Foundation, Los Angeles Chapter 

ARCS Foundation, San Diego Chapter 

Batelle Pacific Northwest Laboratory 

Joan Beber, Conceptual Artist 

Betchart Expeditions, Inc. 

BH Petroleum 

Biopraxis, Inc. 

Biosphere 2 

Bob Davis Camera 

British Petroleum 

Bundesamt Fuer Seeschiffahrt und Hydrographic 

Cafe Design Catering 

California Space Institute 

Capital Group Companies, Inc. 

Casner Family Foundation 

Cheese Shop 

CICESE 

Clearwater Instrumentation, Inc. 

Columbia University 

Common Sensing, Inc. 

Compassionate Friends 

Conoco Inc. 

Creative Nail Design Systems 

Crown Roll Leaf, Inc. 

DeFalco Family Foundation, Inc. 

Del Mar Union Foundation Trust 

Henry L. and Grace Doherty Charitable Foundation, Inc. 

Dow Corning Corporation 

Joseph Drown Foundation 

Edison Gas 

EFS Consultants 

E. 1. DuPont de Nemours & Co. 

Electric Power Research Institute 

Enjoy California Enterprises 

Executive Committee, Inc. 

Exxon Exploration 

Fingerhut Gallery 

Samuel H. French Ill and Katherine Weaver French Fund 

Cecil H. & Ida M. Green Foundation 

Cecil H. & Ida M. Green Foundation for Earth Sciences 

Hall Family Foundation 

Harley's House of Harleys 

Hewlett-Packard Company 

IBM Corporation 

Images of Nature 

lmaginarium 

Incorporated Research Institutions for Seismology 

International Women's Fishing Association 

Jeffries Group, Inc. 

Jet Propulsion Laboratories 

J. M. Kaplan Fund, Inc. 

Lannan Foundation 

Lawrence Livermore National Laboratory 

Lehigh University 

Lockheed Martin Corporation 

Los Alamos National Laboratory 

Massachusetts Institute of Technology 

Maurice J. Masserini Charitable Trust 

MEC Analytical Systems, Inc. 

MMI Companies 

Moore Family Foundation 

Mycogen Corporation 

NCR Corp.-World Headquarters 

Oak Ridge Institute for Science and Education 

Ocean Enterprises 

Oregon State University 

David and Lucile Packard Foundation 

Parsons Airgas 

Peregrine Systems 

Rane Corporation 

Reef Brazil 

Reson, Inc. 

Robins Family Foundation 

Ronnie Kovach's Outdoor Enterprises 

Sandicast, Inc. 

San Diego Community Foundation 

San Diego Sheriff's Crime Lab 

San Diego State University Foundation 

Sara Lee Foundation 



Science Applications International 
Corporation 

Ellen Browning Scripps Foundation 

SDG&E an Enova Company 

Dr. Seuss Foundation 

Seymour Systems, Inc. 

Alfred P. Sloan Foundation 

Joan Irvine Smith and Athalie R. Clarke 
Foundation 

Smith Kline Beecham Pharmaceuticals 

Sperry Fund 

Springer-Verlag, Berlin 

Statoil 

Stewart Filmscreen Corporation 

Frank Strick Foundation, Inc. 

Technical Education Research Centers, Inc. 

Texas A&M University 

Tiffany & Co. 

Tinker Foundation, Inc. 

Truck-Lite Co., Inc. 

Alice C. Tyler Perpetual Trust 

Union Bank 

United Way of San Diego County 

University Corporation for 
Atmospheric Research 

University of Alaska 

University of California, Berkeley 

University of California, Davis 

University of California Energy Institute 

University of California, Santa Barbara 

University of Miami 

University of South Carolina 

University of Southern California 

University of Tennessee 

UNOCAL Corporation 

The G. Unger Vetlesen Foundation 

Virginia Institute of Marine Sciences 

Washington State University 

Wells Fargo Bank 

Whole Foods Market, Inc. 

Women's National Farm & Garden 
Association, Inc. 

Woods Hole Oceanographic Institution 

YPO-LAS Californias 

COMMEMORATIVE 
GIFTS 

In honor of Karen and Tom Coll ins 

Marian E. and Kim C. Crosser 

In honor of Dr. Edward A. Frieman 

Arlene and George Hecht 

Sally and John Thornton 

In memory of Robert L. Cody 

Capital Management Group 

Marianna J. and David I. Fisher 

Jeannik M. and Edmund W. Littlefield 

Imogene and Eliot Marr 

John R. Metcalf 

Daphne and R. J. Munzer 

Sue D. and Robert G. O'Donnell 

Jane P. and James W. Ratzlaff 

Anne F. and James F. Rothenberg 

Jan B. and Thomas E. Terry 

In memory of Ken Plummer 
and Stanley Mead 

Anonymous 

Adrienne E. and Daniel S. Brooks 

Virginia C. and Harold R. Davis 

Katherine and Johanna Daugherty 

Karen M. and John J. Ellerbrock 

Paulette and Robert Goforth 

Jessie A. and William D. Hickey 

Paula J. and Chris C. Hudnall 

Marcelle Karlin 

Carolyn H. and Daniel J. Phelan 

Deena D. and Harris Pierce 

Lorraine I. and Walter M. Plummer 

Valerie E. Plummer 

Sara W. Rawson 

Amy Lisa Sherr and Michael E. Sherr 

Patty K. Su 

Denise and James Tinguely 

Carol and Bud Vece 

V. R. and John A. Zeleny 

In memory of Stanley Mead 

Jerry A. Anderson 

Burton Bartzoff 

Cynthia J. Cohen 

Ethel L. and Granville W. Curtis 

Patricia N. and Gary C. Hayes 

Stephen Hochberg 

Faith and Bernard E. Kaplan 

Brenda R. and Jerrold P. Katz 

Nancy C. and A. Bruce MacGregor 

Mage, Inc. 

Merna and Robert Margil 

Irene Gallager and Laurie A. Minincleri 

Enid and Melvin T. Shapiro 

Merrill Shuman and Robert Puopolo 

Faye E. and Paul H. Sienkiewicz 

Tofias, Fleishman, Shapiro & Co., P.C. 

Kevin P. Wulff 

Carol S. and Frank R. Zito 

INDIVIDUALS 

Margery and Francis R. Abinanti 

Paula D. and Richard M. Abney 

Edward R. Ahlborn 

Karole and William Albers 

Sondra and William Albers 

Ethelyn and Richard R. Allison 

Irene and Saul Amarel 

Maureen Ambrosio and Thomas Malphus 

Walter Andersen 

H. M. Anderson and H. M. Ranney 

Masako and Masahiro Aoki 

Nancy A. and Michael Applequist 

Joy and Glenn T. Arai 

Jenny and Gustaf Arrhenius 

Sandy and Michael Astembroski 

Marie K. Astrologes 

Sandra J. and David Aubrey 

Patricia and Roswell W. Austin 

Kay and Allen Autry 

Brenda Baker and Stephen Baum 

R. Lawrance and Joyce Bailey 

Linda Ballou and Marc Hall 

Ruth L. Banning 

Eleanor D. and John E. Barbey 

Arthur M. Barnett 

Elizabeth Sarrett-Connor and 
James Connor 

Currie and Tom Barron 

Neuah and Stephen Bartram 

Willard Bascom 

Katherine J. Baylor 

Merita and Thomas H. Seal 

Ruth and Maxwell M. Belding 

Carolyn Benesh and Robert Liu 

Andrew Benson 

Dorothy D. Benson 

Judy R. and Roger Benson 

Nancy and Ed Bentz 

Kate and Christabel Bergbauer 

Karen and Wolfgang Berger 

Lester J. Berglund 

Joan J. Bernstein 

Zail Berry and Gary Ward 

Margaret and Will Betchart 

Betty J. and J. Robert Beyster 

The Estate of Lois B. and E. Turner Biddle 

Lucy N. P. Birch 

Doris and John Blades 

George W. Boehlert 

Cheryl and Barry Boone 

Alice R. Boorse 

Nancy and Fred Borrelli 

Fran and Bill Boselli 

Ginger and David Boss 

Jan Bottinga 

R. David Bowlus 

Marge and Hugh Bradner 

Paul C. Brindley 

John David Bukry 

Gloria and Bruce C. Burgener 

Roberta and Malin Burnham 

Helga Burreii-Sahl 

Sally S. and John E. Burris 

Sondra Buschmann 

Mrs. V. Kirk Butler 

James Cairns 

Marilyn and John Cameron 

Dorothy and Robert R. Campbell 

Miriam and Sam Campbell 

Margaret E. and Harold B. Canavan 

Marty Carnine 

Patricia and Hugh Carter 

Louise and Neill Cate 

Michelle and Bruce Cauble 

Arthur L. Chandler 

Thomas Chapman 

Janet and John E. Chartier 

Lanna Cheng and Ralph A. Lewin 

Cheryl and Terry Chicca 

Tsaihwa J. Chow 

Lauretta W. Cipra 

Mary Hollis Clark and J. Dallas Clark 

Peter B. Clark 

Bettie and Robert L. Cody 

Karen and Tom Collins 

Lani and Tim Collins 

Ramona and Joseph F. Colwell 

Mariacecilia and Roderick Comunale 

James L. Congleton 

Kristina and Boyd Conklin 

Helen K. Copley 

Maryruth M. and Charles S. Cox 

Valerie K. and Harmon Craig 

Kathryn Creely and Peter Brueggeman 

Katherine and Elaine Cromwell 

Jeannette M. and Daniel J. Cronin 

Mrs. Willard T. Cudney 

Steve Cumming 

Joan Cunningham and Harry Gruber 

Diane M. Curran 

Deborah Currier 

Mimi and Donald P. Curtin 

Ethel and F. J. Cuthbertson 

Diane D' Andrade 

Brian D'Aoust 

Bonnie J. Davis 

Jean and Frank W. Davis 

Deborah A. and Robert W. Day 

Kathy and Eugene A. DeFalco 

Katherine N. and Robert Del Tufa 

Martha A. and Edward A. Dennis 

Patricia and Victor Dennis 

Robert R. Dietz 

William H. Disher 

Marion E. Dixon 

M. Louella Dolar 

Christina and Patrick J. Doran 

Bernard Ecker 

Ellen Revelle Eckis 

Mary and W. K. Ehmcke 

Peter Ehmcke 

David Ellis 
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M. Hany S. Elwany 

Thomas Escajeda 

Toyishe C. Estes 

Ignacio Felix Cota 

Muriel and Seymour Filman 

Sallie and Robert Lloyd Fisher 

Helen and William J. Fleeman, Jr. 

Pamela and L. Michael Foley 

Ora and Gorman Fong 

John C. Foster 

Trina N. and Jeffrey Frankel 

Shannon and G. T. Frost, Jr. 

Mary and Robert Fuson 

Kristen Gaarder 

Kathryn and Joe Gallagher 

Robert C. Garlock 

Noah Casner Garrett 

Karen Garst 

Lois E. and Richard Garwin 

Audrey S. Geisel 

Amatizia Genin 

Jacqueline M. and Donald 0 . Gillman 

Debra and George T. Gittleson 

Asmund Gjevik 

Kathe and Edward D. Goldberg 

Allison Lasley Goode and Stuart Goode 

Virginia L. Grady 

Grace and William A. Graham 

Cecil H. Green 

Vitula Green 

Diana E. Greenberg 

Paul R. Greenblatt 

Marilyn and Lawrence E. Greenspan 

Barbara and Renne Gregorio 

Mark J. Grygier 

Tory and Rick Gulley 

Linda and Erin Gunnarson 

Marion W. Gunning Estate 

Koichi 0. Gushikuma 

Donna W. and Mike Guthrie 

Bea and Dick Hadinger 

James A. Hall 

Stephen Hall 

Barbara and Peter Halle 

Mr. and Mrs. William T. Hammond 

Barbara and William Happer 

Richard Harden 

Vera May and Tony Hark 

Sandra K. and Jean Harris 

Elaine and Jay Harvey 

Paula and George Hauer 

Holly Hauser 

Margo G. Haygood and Bradley Tebo 

Ruth A. Hayward and Sue E. Young 

Julia Scripps Heidt and Robert Heidt 

Edvard A. Hemmingsen 

Lycia Hepburn 

James R. Herring 

Cecelia Ross and Robert R. Hessler 

Rosalyn Ann Hewertson 

Dorothy and Kenneth E. Hill 

Gene Hill 

Barbara Hinek 

Gary Hochstetler 

Dyanne Hoffman 

Robin and Charles F. Hogquist 

Linda and Nicholas D. Holland 

J. C. Hollingsworth 

Greg Holloway 

Mitzi and Red Howard 

Robert S. Howard 

Susan and Robert D. Howard 

Katherine and Clark Hubbs 

Ellen Hufbauer 

Larry Huffman 

MaryCarol Isaacs 

Rose and Harvey ltano 

Joseph C. Jensen 

Joseph E. Jessop, Jr. 

Mary C. and George Carter Jessop 

C. Scott Johnson 

Sherman Johnson 

Pamela Kaires 

Mary Kalra 

Charmaine P. and Maurice C. Kaplan 

Stephen L. Katz 

Elizabeth Kearney 

Susan Ranft and Richard Keating 

Irene and Gary Keehner 

Marie and Timothy Kelley 

Carolyn J. Kelly 

Olive M. Kemp 

Beverly and Bill Kennedy 

Douglas B. Kent 

Julie and Kern Kenyon 

Michael L. Kirkeby 

Naomi and Denison Kitchel 

Barbara and Neil Kjos 

Hillary S. Klonoff-Cohen 

Muffie and Robert Knox 

Lael and Jay Kovtun 

Eve F. Kraft 

Minerva and Herbert Kunze! 

Edward G. Kurdziel 

Sharon and Joel Labovitz 

Anne Michelle LaDow 

Edith Scripps LaDow and Peter R. LaDow 

David L. Laing 

Devendra Lal 

Margaret Landon 

Jimmy C. Larsen 

Elsie Marie Larson 

Mary and Robert M. Larson 

Carol A. and George W. Lattimer 

Michael I. Latz 

Zel Hook Lau and Richard C. Lau 

Lawrence A. Lawver 

Susan and Terrance C. Leary 

Cindy and Nate Leising 

Elizabeth F. Leonard 

Maxine and Ronald Linde 

Georgeanna Lipe 

Bruce D. Lisle 

Char-Shine Liu 

William Lobel 

James Lochowitz 

Tammy and David Lowenstein 

Sue Lowery 

Julie and Lang Lowrey 

Peter Lugar 

Bruce P. Luyendyk 

Jane and Richard H. Lynch 

lngeborg E. and Donald C. Lynn 

Carla and Ernest A. Lynton 

Sheila D. and J. Douglas Macdougall 

James Madden 

Lillian and Albert Maestas 

Helen Mallet 

Denise Manker and Tadeusz Malinski 

Dianne L. and John T. Marino 

Lynn K. and Frederick T. Marston 

Margaret and Hamilton Marston 

Bristol W. and Donald A. Maslin 

Patricia M. Masters and Douglas L. Inman 

Robert H. Mathes 

Patricia Matrai and William M. Balch 

Lois S. Mauer 

Keith Mautner 

Marilyn Mayer 

T. J. McCann 

Alice B. McCauley 

Vernie J. and John A. McGowan 

Veronica E. Mcintyre 

Kimberly McKean 

James McKellar 

Molly and Christopher S. McKellar 

Tahnee M. McKellar 

Marcia K. McNutt 

James D. Means 

Gifford M. Menard 

Julie and Gary Menist 

Susan and Louis Merer 

Margery A. and George Mico 

Elizabeth and R. W. Miles 

David Spencer Milne Ill 

Linda C. Moeller 

Anna Lou and Seibert Moore 

Betty and Gordon Moore 

Joan A. Moore 

Judith and Neil Morgan 

Douglas Mueller 

Judith and Walter Munk 

Michael T. Murphy 

Donna Nagey 

James D. Nauman 

Dawn Navarro 

Audrey J. Naylor and Ruth A. Wester 

Krista Ann and John M. Neis 

Joyce and John Nelson 

Lallie and Bill Nelson 

Mildred A. and James H. Nelson 

Zale and Robert Neuman 

Dorothy and William R. Normark 

Phyllis and Kenneth Norris 

Robert M. Norris 

Regina and Michael Nowak 

Connie Nowlan 

Mary Margaret Olin 

Barbara and Rodney D. Orth 

Anne S. Otterson 

Frances L. Parker 

Jan and George W. Pasha Ill 

Dan Patman 

Shirley J. Peinetti 

Paul Pendergast 

Ann Perrigo and Ed Spicer 

Kate Petersen and John Walkeren 

Jeannette and Kirk Peterson 

Marcia B. and Raymond M. Peterson 

Javie and Victor Pettric 

Elizabeth and Spence Pickett 

Bea and Glenn Pierce 

Jules and Teddie Pincus 

Dwight D. Pollard 

William L. Preslan 

Marjorie E. and Ord Preston 

Peggy and Peter Preuss 

Anne and Stephen Prussing 

Beverly and John Quady 

R. H. Rasmussen 

Dawn S. and John M. Rawls 

Niva and Robert L. Resner 

Mary B. Rheuben 

Sandra K. Riedl 

Kathleen Ritzman and Ed Furtek 

Julia Ritza and John G. Pitcairn 

Vivian and Mayford L. Roark 

Gelin and Norman C. Roberts 

Mary Louise and Charlie Robins 

Anne and Jerome B. Rockwood 

Sally and Steve Rogers 

Shelly E. Rogers and Derek L. Wiles 

Candy Romine-Belasco and Jim Belasco 

Ronald A. Rotter 

Oscar M. Ruebhausen 

Tamera and Ronald Rus 

Marina S. and Stephen A. Russo 

Toshiaki Sasaki 

Jo and Wally Schirra 

Doris and Don Schlafke 

Heidi and Tim Schlotfeldt 

Carol and Charles Schroeder 

Christy and Edward W. Scripps 

Edythe Scripps 

Elia and Paul Scripps 

Kathy and Bill Scripps 

Luise and Sam Scripps 

Mariana and Robert P. Scripps 

Norma and Bill Scripps 

Robert E. Shadwick 

Nina Blake Sharp and Grant Sharp 

Darlene and Donald Shiley 

Shelley Shott 

Nemeira Silva 

Mary Trafton Simonds 

Margaret and Louis A. Simpson 

Gertrude C. and Eric D. Sitzenstatter 



Ann and Michael E. Sixtus 

Patricia Skogman 

Jeanne B. Sleeper 

Forrest and J. S. Sloan 

Edith and Ken Smargon 

David W. Smith 

Kenneth L. Smith, Jr. 

Laurel A. Smith 

Leslie Snider and Jerry Kashiwada 

James F. Snyder 

Yuki~o and Masaki Sonoda 

Sally and Fred N. Spiess 

Barton Spitz 

Rich Squar 

Betty and William Stangle 

John C. Steinmetz 

Carol and William Stensrud 

Edith and David Stephens 

Eric Stern 

Barbara and Harry L. Stevenson 

Robert H. Stewart 

Frances and Daniel Stipe 

Susan Strigliabotti 

Helga Martin Strong and 
Samuel 0 . Strong 

Teresa and Richard Stroud 

Bonnie and Alan M. Stueber 

George Sugihara 

Sharon L. and James Sullivan 

Daniel 0. Suman 

Jon C. Sundt 

JoAnne Swart 

Deborah Szekely 

Barb and Sam 0 . Takahashi 

Takashi Taniguchi 

Mary-Ellyn and Neil T. Tarzy 

Lisa M. Tauxe 

Mrs. Carlos Tavares 

William H. Thomas 

Aletha G. and Michael K. Thomson 

Jennifer and Michael F. Tillman 

Elida and Fred Topik 

Susan H. Tritt and Lionel A. Galway 

Sandra and Monroe E. Trout 

Joyce B. and Richard H. Tullis 

Annette and Jeff Usall 

Eileen F. Vanderlaan 

Joanne and Frank R. Walsh 

The Estate of Tom Walsh 

Timothy Wang 

Rosemary wareham and Fred Levine 

Laurie Wasserman and Philip M. Klauber 

John Watcher 

Tom Webster 

Mary Jo and Reuben Welch 

Colleen Wells 

Ruth A. Wester 

Susan and David A. Wethe 

Pat and Robert J. Whalen 

Thomas E. White 

Karen and John Wickersham 

David Jon Wiener 

Elizabeth D. and James G. Williams 

Ruth M. and John H. Williams 

Ellis Willson 

Mr. and Mrs. James G. Wilson 

Janet Winkowski 

Sebastian Winston Family 

Toby and Jack K. Wolf 

carolyn and David Wolfe 

Robert Wolterstorff 

C. S. Wong 

Patti Worthen 

Marilynn and Frank K. Wyatt 

Martin Wygod 

Sandra and A. Aristides Yayanos 

Kimi Yeakey and Bill Cairo 

Beverly and Paul M. Yoshioka 

Michelle Youngers 

Maetta and A. D. Zakarian 

Kathleen s. and Calvin R. Zug 

PERPETUAL 

BENEFACTORS 

Cheryl and Terry Chicca 

E. W. SCRIPPS 

ASSOCIATES 

Lifetime 

Stephen and Marjorie Cushman* 

James Backhaus 

Suzanne and John A. Berol* 

Alice R. Boorse* 

Nancy and Fred Borrelli* 

Jeannette Rubin Burnett and 
William Burnett* 

Marilyn and John Cameron* 

Peter B. Clark* 

Helen K. Copley• 

Joyce Corrigan 

Jenny and Sid Craig* 

Niki de St. Phalle* 

Christie and Tom Dixson* 

Bernard Ecker* 

Ellen Revelle Eckis and Rollin Eckis* 

Art Engel 

Bea and Robert Epsten* 

Brigitte and Ignacio Felix Cota* 

Sandra and Leonard Friedman• 

Audrey S. Geisel* 

Marvin Gerst* 

Allison Lasley Goode and Stuart Goode* 

Tory and Richard B. Gulley* 

Rosalyn Ann Hewertson* 

Cinda and Tom Hicks* 

Dorothy and Kenneth E. Hill* 

Patricia and Hart Isaacs* 

Nora and Alan Jaffe* 

Charmaine P. and Maurice C. Kaplan* 

Dawn and Patrick Kearney* 

Myra and Werner KOrn* 

Cindy and Nate Leising* 

Ethel Marley and Joyce Corrigan 

T. J. McCann* 

Barbara and Howard Milstein* 

Dorothy Deyo Munro* 

Eleanor and Jerry Navarra* 

Lollie and Bill Nelson* 

Peggy and Peter Preuss* 

Gelin and Norman C. Roberts* 

Mary Louise and Charlie Robins* 

Linda Robinson* 

Betsy Roick 

Lisa and Bob Roszkos* 

Dora Saikhon* 

Christy and Edward W. Scripps* 

Kathy and Bill Scripps* 

Maggie Scripps* 

Marge and Louis Simpson* 

Diane and Alex Szekely* 

Marjorie Claire Tavares* 

Jane and Louis Weinstock 

CORPORATE 

ASSOCIATES 

Harcourt Brace & Company, 
Marilyn Bail in* 

Oil Filter Service, Matthew C. Monise* 

SAIC, David Hyde* 

sandicast, Inc., Sandra Brue* 

Tauber Electronics, Robert Tauber* 

Earl Walls Associates, James Walls* 

Wawanesa Mutual Insurance Company, 
David Goss* 

EXPEDITION 

SOCIETY 

Carolyn Benesh and Robert Liu * 

Sophie and Arthur Brody* 

Helga Burreii-Sahl* 

Barbara and Joseph P. Cleary* 

John and Donna Crean* 

Kathy and Eugene A. DeFalco* 

James P. Felt* 

Lynda and Jack Ford* 

Sandra and George A. Froley Ill* 

Bea and Dick Hadinger* 

Mary Ann and Bruce R. Hazard* 

Victoria and A. D. Heim* 

Coley D. and E. Woodrow Hunt* 

Craig A. Johnson* 

Anne B. and Charles Kennedy* 

Lynn and Kendall Langley* 

Jean M. and Michael T. Martin* 

Marilyn and Stephen Miles* 

Betty and Gordon Moore• 

Joyce C. Mutz• 

Marjorie w. and Dale D. Myers• 

Susie and Timothy R. O'Neal* 

Julia Ritzo and John G. Pitcairn* 

Jo and Wally Schirra* 

Kurt F. Schmitt* 

Edythe Scripps* 

Melissa D. Scripps* 

Erin and Andrew Stoves* 

Edith and Kenneth Smargon• 

Linda and Matthew P. Smith* 

Ronald E. Stoner* 

Ann McGowan-Tuskes and Paul Tuskes• 

Tetsuo Uno• 

Annette and Jeff Usall* 

Charles Yanke* 
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DISCOVERY 

TEAM 

Bill Allison 

Jolene and Walter Andersen* 

Rudy Andl* 

Joy H. and Glen T. Arai* 

Ann Griffith Ash* 

Jill Askey* 

Patricia and Roswell W. Austin* 

Eleanor D. and John E. Barbey• 

Kathleen v. and Thomas C. Barger* 

Ina s. Bartell and Rusti Bartell Weiss• 

Frances and James R. Beeler• 

Michele Bellemare and Mark Edmead* 

Judy R. and Roger Benson* 

James A. Beresford 

Karen and Wolfgang Berger• 

Lisa Berlini and David Maurer 

Joyce and Paul Brooks* 

Esther Burnham• 

Sondra Buschmann• 

Terry Camp• 

Mr. and Mrs. Arnold J. Cardosa• 

Marjorie c. and Frederick F. Caserio* 

Gabrielle M. and Francis A. Cassou 

Mary and J. Dallas Clark• 

Jim Costello* 

carole and William R. Cramer• 

Marian E. and Kim C. Crosser• 

Mrs. Willard T. Cudney and 
Marion C. Winslow• 
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LIFETIME 
SCRIPPS 
OCEANOGRAPHIC 
SOCIETY 
MEMBERS 

Adam C. Brover 

Amparo and Leo Rotter 

Rose and Sam Stein 

BIRCH AQUARIUM 
AT SCRIPPS 
CORPORATE 
PARTNERS 

Advanced Media 

Cafe Design Catering 

Certified Folder Display Service, Inc. 

Creative Design Catering 

Crown Point Catering, Inc. 

Culinary ConceP,ts 

Exit Info Incorporated 

Festivities Catering and Special Events 

French Gourmet 

Hyatt Regency La Jolla 

Inn Room Visitor Magazine 

KPBS Public Broadcasting 

NBC 7/39 

Ocean Enterprises 

Old Town Trolley 

Peartrees Catering & Event Planning 

Premier Food Services/Carriage 
Trade Catering 

San Diegan 

San Diego Home/Garden 
Lifestyles Magazine 

San Diego Marriott - La Jolla 

San Diego This Week, Inc. 

SDG&E an Enova Company 

Sheraton Grande Torrey Pines 

T K & A Custom Catering 

UCSD Catering 

Union Bank 

Video Passport 

Whole Foods Market, Inc. 

Special thanks to our 6,000 Scripps 
Oceanographic Society members 
whose membership dues help to 
support the operations of the 
Birch Aquarium at Scripps. 

• members for more than one year 



Current 
Funds 

Agency 

FEDERAL GOVERNMENT 

National Science Foundation 

Navy, Department of the 

Other/Including Federal 
Flowthru Funds 

Commerce, Department of 

National Aeronautics and 
Space Administration 

Defense, Department of 

Interior, Department of the 

Energy, Department of 

Health and Human Services, 
Department of 

Air Force, Department of the 

Army, Department of the 

T 0 TAL Federal Government 

O T HER 

State General Funds 

Overhead Funds 

Private Gifts and Grants 

State of California 

Sales and Services 

Endowment Funds 

University Funds 

Local Government 

Reserves 

TOTAL Other 

TOTAL 

*Includes Overhead 

Expenditures 

for 95/96* 

$25,479,433 

$15,833,011 

$9,146,653 

$12,519,175 

$4,697,981 

$7,279,077 

$1,789,555 

$1 ,975,165 

$1,057,364 

$79,777,414 

$14,770,199 

$2,249,603 

$2,205,690 

$1,701,416 

($634,435) 

$767,970 

$263,483 

$136,348 

$356,621 

$21,816,895 

$101,594,309 

Percent Expenditures Percent 

of Total for 96/97* of Total 

25.09 $26,231,416 25.55 

15.59 $17,906,913 17.44 

9.00 $12,219,905 11.90 

12.33 $8,809,689 8.58 

4.62 $4,003,336 3.90 

7.16 $3,691,128 3.59 

1.76 $1,978,941 1.93 

1.94 $1,791,856 1.74 

1.04 $1,681,538 1.64 

$596,989 0.58 

$9,102 0.01 

78.53 $78,920,813 76.86 

14.54 $16,060,940 15.64 

2.21 $2,578,495 2.51 

2.17 $2,575,509 2.51 

1.67 $1,425,623 1.39 

-0.62 $990,710 0.96 

0.76 $694,112 0.68 

0.26 $256,128 0.25 

0.13 $200,657 0.20 

0.35 ($1 ,024, 120) -1.00 

21.47 $23,758,054 23.14 

100.00 $102,678,867 100.00 
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·> Harmon Craig, GRD, 
Geochemistry & Oceanography 

Wayne C. Crawford, MPL, Oceanography 

• Paul Crutzen, D-SIO, 
Stratospheric Chemistry 

•:• Joseph R. Curray, GRD, Marine Geology 

David L. Cutchin, PORD, 
Physical Oceanography 

• Frank Cynar, MBRD 

J. Peter Davis, IGPP, Geophysics 

* Russ E. Davis, PORD, 
Physical Oceanography 

• Steven M. Day, IGPP, Geophysics 

* Paul K. Dayton, MLRG, 
Biological Oceanography 

Grant B. Deane, MPL, Mathematics 

Bruce Deck, GRD, Geochemistry 

• Catherine deGroot-Hedlin, IGPP, 
Geophysics 

• Diego Dei-Castillo Negrete, PORD, 
Physics 

• T. Angel Del Valls, MPL, Marine Chemistry 

• Douglas P. DeMaster, D-SIO, 
Population Dynamics 

Christian P. de Moustier, MPUSOMTS, 
Oceanography 

• Richard B. Deriso, D-SIO, 
Fisheries Population Dynamics 

• Pierre-Yves Deschamps, CSI, Physics 

• Edward P. Dever, CCS, Oceanography 

* Andrew G. Dickson, MPL, Chemistry 

• Marie-Pierre Doin, IGPP, Geophysics 

Clive Dorman, CCS, 
Physical Oceanography 

LeRoy M. Dorman, GRD/MPL, 
Geophysics 

• Thomas G. Drake, CCS 

t Ellen Druffel, MRD, Chemistry 

Gerald D'Spain, MPL, Oceanography 

• Jinfan Duan, CRD, Forest Engineering 

+ Seibert Q. Duntley, D-SIO, Physics 

• Ketil Eiane, MLRG, Biology 

Stephen Elgar, CCS, 
Nearshore Processes 

M. Hany S. Elwany, CCS, 
Coastal & Ocean Engineering 

* James T. Enright, MRD/NU, 
Biological Oceanography 

Peng Fang, IGPP, Geodesy 

* D. John Faulkner, MRD, 
Marine Natural Products Chemistry 

* Horst Felbeck, MBRD, 
Marine Biochemistry 

* William H. Fenical, MRD/SGP, Chemistry 

•> Jean H. Filloux, PORD, 
Physical Oceanography 
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·:· Robert L. Fisher, GRD, 
Marine Geology & Oceanography 

• Megan P. Flanagan, IGPP, 
Earth Sciences 

Piotr Flatau, CAS/CSI, 
Atmospheric Science 

Reinhard E. Flick, CCS, 
Coastal Processes 

* Peter J. Franks, MLRG, 
Biological Oceanography 

•:• Edward A. Frieman, Director Emeritus; 
IG PP, Physics 

Robert J. Frouin, CSI, Meteorology 

at Vitaly L. Galinsky, CAS, 
Physical & Mathematical Sciences 

Jeffrey S. Gee, GRD/MPUIGPP, 
Earth Sciences 

Gerald L. Geernaert, CSI, 
Atmospheric Sciences 

at Joachim F. Genrich, IGPP, Geophysics 

Konstantine Georgakakos, CRD, 
Hydrology & Water Resources 

at Alexander Gershunov, CRD, 
Geography 

* Carl H. Gibson, AMES/D-SIO, 
Fluid Dynamics 

* Joris M. T. M . Gieskes, MRD, 
Marine Chemistry 

* J. Freeman Gilbert, IGPP, Geophysics 

at Sarah Gille, PORD, 
Physical Oceanography 

Holly K. Given, IGPP, Seismology 

at Lisa M. Goddard, MPUCRD, 
Atmospheric & Oceanic Sciences 

Ralf Goericke, MLRG, 
Biological Oceanography 

•:• Edward D. Goldberg, MRD, Chemistry 

at Andrew Goodwillie, GRD, Geophysics 

Jeffrey B. Graham, CMBB/MBRD, 
Marine Biology & Physiology 

Nicholas E. Graham, CRD, 
Meteorology 

• Hans-Peter Grossart, MBRD, 
Marine Biology 

Peter R. Guenther, GRD, 
Marine Chemistry 

at Guillermo Gutierrez de Velazco, CCS, 
Oceanography 

* Robert T. Guza, PORD/CCS, 
Physical Oceanography 

t Denise Hagan, CSI, Oceanography 

• John Hakanson, MBRD, Marine Biology 

• Harold T. Hammel, CMBB, Physiology 

Alistair J. Harding, IGPP, Seismology 

• lngo Hardt, MRD, Chemistry 

at Sabine Harms, CCS, Oceanography 

• James L. Harris, Sr., DO, Optical Physics 

• Richard A. Haubrich, IGPP, Geophysics 

Loren R. Haury, MLRG, 
Biological Oceanography 

* James W. Hawkins, GRD, Geology 

• Francis T. Haxo, MBRD, Marine Botany 

* Margo G. Haygood, MBRD, 
Marine Biology 

Thomas L. Hayward, MLRG, 
Biological Oceanography 

at Liming He, MBRD, 
Environmental Sciences 

Michael A. Hedlin, IGPP, Earth Science 

O:• Edvard A. Hemmingsen, CMBB, 
Physiology 

* Myrl C. Hendershott, CCS/PORD, 
Physical Oceanography 

Thomas H. Herbers, CCS/GRD, 
Radiation Stress 

Juan C. Herguera, GRD, 
Oceanography 

* Robert R. Hessler, MBRD, 
Biological Oceanography 

• Francois Heuze, IGPP, 
Geological Engineering 

at Jason F. Hicks, GRD, Geology 

* John A. Hildebrand, MPUGRD, 
Applied Physics 

* David R. Hilton, GRD, 
Isotope Geochemistry 

* William S. Hodgkiss, Jr., MPL, 
Signal Processing 

at Michelle A. Hofton, IGPP, Geophysics 

Linda Z. Holland, MBRD, 
Molecular Biology 

* Nicholas D. Holland, MBRD, 
Marine Biology 

Osmund Holm-Hansen, MRD, 
Marine Biology 

at Marcus Horning, CMBB, Biology 

• John R. Hunter, D-SIO, Ichthyology 

Mark E. Huntley, MBRD, 
Marine Biology 

Sam F. lacobellis, CRD/CSI, 
Physical Oceanography 

* Glenn R. lerley, IGPP/PORD, 
Physical Oceanography 

Anand K. lnamdar, CAS/CSI, Radiative 
Transfer & Numerical Computation 

-:· Douglas L. Inman, CCS, 
Physical Oceanography 

• Satoshi Inouye, MBRD, Marine Biology 

• Andrew Jackson, IGPP, Geophysics 

* Jeremy B. C. Jackson, GRD, Geology 

David Jacobs, PORD, Physical 
Oceanography 

Jules S. Jaffe, MPL, Biophysics 

Bernd Jahne, PORD, 
Atmospheric Chemistry 

Paul R. Jensen, MRD, Microbiology 

at Zhonghai Jin, MLRG, 
Atmospheric Science 

Hadley 0. Johnson, IGPP, Geophysics 

Mati Kahru, MRD, 
Biological Oceanography 

Adrianus J. Kalmijn, PORD, 
Biology & Physics 

* Miriam Kastner, GRD, Geology 

at Stephen L. Katz, MBRD, Zoology 

at Ronald S. Kaufmann, MBRD, 
Marine Biology 

* Charles D. Keeling, GRD, 
Marine Chemistry 

* Ralph F. Keeling, MRD, 
Atmospheric Chemistry 

Michael P. Kennedy, GRD, Geology 

Graham M . Kent, IGPP, Geophysics 

John F. Kerridge, CSI, Crystallography 

at Jochen Klinke, PORD, Physics 

t John A. Knauss, PORD, Oceanography 

* Nancy Knowlton, MBRD, Zoology 

Robert A. Knox, PORD/SOMTS, 
Oceanography 

• Tetsushi Komatsu, MBRD, Marine Biology 

Michelle A. Kominz, D-SIO, Geology 

•> Gerald L. Kooyman, CMBB, Physiology 

• Ramanarayanan Krishnamurthy, MRD, 
Organic Chemistry 

* William A. Kuperman, MPL, 
Marine Acoustics 

t Ngai C. Lai, CMBB, 
Elasmobranch Cardiology 

* Devendra Lal, GRD, Nuclear Geophysics 

Carina B. Lange, GRD, Marine Diatoms 

John L. Largier, CCS, 
Coastal & Estuarine Hydrodynamics 

Maria Laske, IGPP, Geophysics 

Michael Latz, MBRD, 
Bioluminescence of Marine Organisms 

Robert N. Lea, MBRD, Marine Science 

* Lisa A. Levin, MLRG, Marine Population 
& Community Ecology 

•:• Ralph A. Lewin, MBRD, Marine Biology 

• Leonard N. Liebermann, Physics/MPL, 
Physics 

at Sara M. Lindsay, MBRD, Biology 

Thomas C. Lippmann, CCS, 
Nearshore Oceanography 

• Stefan Llewellyn-Smith, PORD, 
Physical Oceanography 

JOrgen Lobert, CAS, 
Atmospheric Chemistry 



• Michael S. Longuet-Higgins, D-SIO, 
Applied Mathematics 

* Peter F. Lonsdale, MPUGRD, Geology 

Mai Davide Lopez, MBRD, 
Marine Biology 

• Peter Lorenz, MRD, Chemistry 

• Ralph Lovberg, IGPP, Physics 

Carl D. Lowenstein, MPL, 
Marine Physics 

ac Qing Lu, MRD, 
Synthetic Organic Chemistry 

Dan Lubin, CAS/CSI, 
Atmospheric Physics 

Gunter W. Lugmair, GRD, Geochemistry 

• Mary Ann Lynch, GRD, Geology 

* J. Douglas Macdougall, GRD, 
Marine Geology 

• Lucy M. MacGregor, IGPP, 
Marine Geophysics 

• Venkata Rami Reddy Macherla, 
MRD, Chemistry 

• Colin G. Macpherson, GRD, Geology 

t Michael C. Malin, IGPP, Planetary Physics 

• Jacqueline Mammerickx, GRD, Geology 

Arnold Mantyla, MLRG, Oceanography 

t Josefina Martinez, MBRD, 
Microbial Ecology 

• Sherwin Maslowe, IGPP, Engineering 

* T. Guy Masters, IGPP, Geophysics 

•!• John A. McGowan, MLRG, 
Biological Oceanography 

••Robert J. Mellors, IGPP, 
Geological Science 

* W. Kendall Melville, MPL, 
Fluid Mechanics 

• Edward Metz, MBRD, Zoology 

+ John W. M iles, AMES/IGPP, 
Geophysics & Fluid Dynamics 

Arthur J. Miller, CRD/CSI, 
Physical Oceanography 

* Jean-Bernard H. M inster, IGPP, 
Geophysics 

• Joan R. Mitchel, MLRG, Oceanography 

B. Gregory Mitchell, MRD, 
Phytoplankton Biology 

• Ralph Mitchell, MBRD 

• John R. Moisan, PORD, 
Physical Oceanography 

• Karl D. Moore, MPL, 
Experimental Physics 

• Werner M. Morawitz, CCS, 
Physical Oceanography 

t H. Geoffrey Moser, MBRD, 
Fisheries Biology 

• Elmar L. Muller, MRD, Chemistry 

* Michael M. Mullin, MLRG, 
Biological Oceanography 

• Tissa Munasinghe, GRD, Geology 

•:• Walter H. Munk, IGPP, Geophysics 

• Allen B. Murray, IGPP, Geology 

*William A. Newman, STS, 
Biological Oceanography 

•:• William A. Nierenberg, Director 
Emeritus/CSI, Oceanography 

• Catherine Nigrini, GRD, 
Micropaleontology 

* P. Peter Niiler, MLRG/PORD, 
Applied Mechanics 

• Walter Nordhausen, MBRD, 
Biological Oceanography 

• Peter Norris, PORD, Oceanography 

"} R. Glenn Northcutt, Neurosciences, 
Zoology 

• Anna Obraztsova, MBRD, Microbiology 

• Michael S. O'Brien, IGPP, Earth Sciences 

t Jose L. Ochoa de Ia Torre, CCS, 
Physical Oceanography 

* Mark D. Ohman, MLRG/STS, 
Biological Oceanography 

• M ichele S. Okihiro, CCS, 
Oceanography 

Nojan Omidi, CSI, Space Plasma Physics 

* John A. Orcutt, IGPP, Geophysics 

* Brian Palenik, MBRD, Oceanography 

• Ganesh Pandey, CRD, Civil Engineering 

t Edward T. Park, MLRG, 
Systematics & Biogeography 

* Robert L. Parker, IGPP/PORD, Geophysics 

• Adina Paytan, GRD, Oceanography 

• John Penrose, MPL, Physics 

t Penny S. Perkins, MBRD, Anatomy 

• William F. Perrin, D-SIO, Zoology 

Ray G. Peterson, PORD, Oceanography 

* W. Jason Phipps Morgan, IGPP, 
Marine Geophysics & Tectonophysics 

• Silvia Pinca, MBRD 

* Robert Pinkel, PORD/MPL, Internal Waves 

• Igor A. Podgorny, CAS, 
Physical & Mathematical Sciences 

Paul J. Ponganis, CMBB, Biology 

ac Shelly K. Pope, CAS/CSI, 
Planetary Sciences 

James C. Prechtl, MBRD, Neurosciences 

Zhengxu Qian, PORD, Physics 

• Asfia Qureshi, MRD, Chemistry 

.&. *Veerabhadran Ramanathan, 
CSI/CRD/CAS, Planetary Atmospheres 

• Barbara Ransom, GRD, Geology 

• Anthony E. Rathburn, MLRG, Geology 

• Britt Raubenheimer, CCS, Oceanography 

• Paul D. Rawson, MBRD, Marine Biology 

t Freda M. Reid, MLRG, Taxonomy 

-!• Joseph L. Reid, MLRG, 
Physical Oceanography 

• Matthew K. Renner, MRD, Chemistry 

• Genelle Renz Killmar, GRD 
Micropaleontology 

• Guillaum Reydellet, IGPP, Physics 

• Rick Allen Reynolds, MRD, Biology 

"} Sally K. Ride, Physics/CSI, 
Space Physics & Free-Electron Lasers 

·:· William R. Riedel, STS, Marine Geology 

• Karl Rieder, MPL, Oceanography 

John 0. Roads, CRD/CSI, Meteorology 

* Dean H. Roemmich, PORD/MLRG, 
Oceanography 

David P. Rogers, CSI/PORD/CCS/MPL, 
Meteorology 

* Richard H. Rosenblatt, STS, 
Marine Zoology 

Arnold Ross, MBRD, Marine Biology 

Anatol Rozenberg, MPL, Oceanography 

* Daniel L. Rudnick, PORD, 
Physical Oceanography 

• Enric Sala, MLRG, Biology 

* Richard L. Salmon, PORD, 
Oceanography 

* David T. Sandwell, GRD, 
Marine Geophysics 

Annika B. Sanfilippo, GRD/STS, 
Paleontology 

• Massimo Sarti, GRD, 
Sedimentary Geology 

Allan W. Sauter, MPUGRD, 
Ocean Bottom Seismology 

Niklas Schneider, CRD, Oceanography 

Richard A. Schwartzlose, MLRG, 
Physical Oceanography 

* John G. Sclater, GRD, Geophysics 

Richard J. Seymour, CCS, Oceanography 

* Robert E. Shadwick, MBRD, 
Connective Tissue Biophysics 

Vitali D. Shapiro, CSI, 
Space Plasma Physics 

* Peter M. Shearer, IGPP, Seismology 

Jeffrey T. Sherman, PORD, 
Applied Ocean Sciences 

Valentin Shevchenko, CSI, 
Space Plasma Physics 

••Steven Shkoller, IGPP, 
Applied Mechanics 

-:• George G. Shor, Jr., SOMTS/MPL, 
Marine Geophysics 

Alexander Shukolyukov, GRD, 
Radiochemistry 

Michael R. Silverman, MBRD, 
Microbial & Molecular Genetics 

James J. Simpson, MLRG, 
Physical Oceanography 

GLOBAL DISCOVERIES FOR TOMORROW ' S WORLD 81 



SCRIPPS INSTITUTION OF OCEANOGRAPHY 

82 

• Satish Chandra Singh, IGPP, 
Theoretical Seismology 

• H. Jesse Smith, GRD, Earth Science 

Jerome A. Smith, PORD/MPL, 
Physical Oceanography 

Kenneth L. Smith, Jr., MBRD, 
Ecological Energetics 

• Paul E. Smith, D-SIO, Pelagic Ecology 

Stuart M. Smith, SOMTS, 
Submarine Geology 

Walter H. F. Smith, IGPP, 
Marine Geophysics 

• WilliamS. Smith, CRD, Physics 

• Robert A. Sohn, MPL, Oceanography 

•) George N. Somera, D-SIO, 
Marine Biology 

* Richard C. J. Somerville, CRD/CSI/CAS, 
Meteorology 

• Byung Hwa Son, MRD, Chemistry 

• Hee Chun Song, MPL, 
Ocean Engineering 

Andrew Soutar, MLRG, Paleontology 

•) Fred N. Spiess, MPL, Marine Physics 

Janet Sprintall, PORD, 
Physical Oceanography 

Hubert H. Staudigel, IGPP, Geology 

Jeffrey L. Stein, MBRD, Marine Biology 

Robert E. Stevenson, PORD, 
Geological Oceanography 

• Grieg F. Steward, MBRD, Marine Biology 

t Anthony W. Strawa, CAS/CSI, 
Aeronautical & Astronautical 
Engineering 

**George Sugihara, PORD, 
Mathematical Biology 

James J. Sullivan, SGP, Economics 

James H. Swift, PORD/MLRG, 
Physical Oceanography 

* Lynne D. Talley, PORD, Oceanography 

t John A. Tarduno, GRD, Geophysics 

* Lisa Tauxe, GRD, Geophysics 

Bradley M. Tebo, MBRD, Marine Biology 

Mia J. Tegner, MLRG, Marine Biology 

William H. Thomas, MRD, Microbiology 

t Michael F. Tillman, MLRG, Fisheries 

Robert D. Tschirgi, CSI, 
Physiology & Medicine 

Frederick I. Tsuji, MBRD, Biochemistry 

• Linda Tway, GRD, Geology 

Kyozo Ueyoshi, CRD, Meteorology 

• Junho Urn, IGPP, Geophysics 

• Victor Vacquier, MPL, Geophysics 

*Victor D. Vacquier, MBRD, 
Developmental Biology 

Francisco Valero, CAS/CSI, 
Atmospheric Physics 

Geoffrey K. Vallis, CSI, Physics 

•> Charles W. Van Atta, AMES/D-SIO, 
Geophysical Fluid Dynamics 

• William G. Van Dorn, PORD, 
Physical Oceanography 

Elizabeth L. Venrick, MLRG, 
Oceanography 

Maria Vernet, MRD, Oceanography 

Frank L. Vernon, IGPP, Seismology 

Warren B. White, PORD/CRD, 
Oceanography 

Robert H. Whritner, PORD, Meteorology 

• Sean M. Wiggins, MPL, Oceanography 

• Simon D. P. Williams, IGPP, Geophysics 

• Dean M. Wilson, MRD, Chemistry 

* Clinton D. Winant, CCS/PORD, 
Oceanography 

• Eric W. Vetter, MLRG, Oceanography 

* Edward L. Winterer, GRD, Geology 

Michael J. Wiskerchen, CSI, Physics 

Peter F. Worcester, IGPP/MPUPORD, 
Oceanography 

• Andrew M. Vogelman, CAS/CSI, 
Meteorology 

+ Benjamin E. Volcani, MBRD, 
Marine Microbiology 

* Martin Wahlen, GRD/CAS, Physics 

• Stephen J. Walker, GRD, 
Mechanical Engineering 

<· Kenneth M. Watson, MPL, 
Physical Oceanography 

• Christopher Weaver, CAS, 
Oceanography 

Spahr C. Webb, MPLIPORD, 
Oceanography 

* Wuchang Wei, GRD, 

• Jingyang Wu, MRD, Chemistry 

x Yong Xu, MRD, 
Organic Chemical Engineering 

• Toshiyuki Yamaguchi, MBRD, 
Marine Biology 

* A. Aristides Yayanos, MBRD/CMBB, 
Physiology 

• Donghui Yi, IGPP, Geophysics 

*William R. Young, PORD/IGPP, 
Physical Oceanography 

Guang J. Zhang, CAS/CSI, 
Atmospheric Physics 

Micropaleontology & Paleoceanography 

x Xin Zhang, PORD, 
Physical Oceanography 

• Amy Weinheimer, CRD, Biology 

* Ray F. Weiss, GRD, Geochemistry 

• Xuefeng Zhong, MBRD 

Meng Zhou, MBRD, 
Coastal Oceanography 

* Bradley Werner, CCS, Geomorphology 
Alberto Zirino, MRD, Oceanography 

Mark A. Zumberge, IGPP, Physics 
• Mark Westerman, MRD, Chemistry 

• Fred N. White, Medicine/CMBB, 
Comparative Physiology 

e Adjunct Professor Series 

• Cecil H. & Ida Green Scholar 

.A. Alderson Chair 

• Emeritus 

•> Emeritus, on site 

* Faculty, Department of SIO 

* John D. Isaacs Chair 

X Postgraduate Research Scientist 

• Visiting/Postdoctoral Scholar 

t Non-Salaried, Affiliated Elsewhere 

oO- Member of SIO Faculty 

• Vera Zutic, MBRD 

AMES Applied Mechanics and Engineering Sciences Department 

CAS Center for Atmospheric Sciences 

CCS Center for Coastal Studies 

CMBB Center for Marine Biotechnology and Biomedicine 

CRD Climate Research Division 

CSI California Space Institute 

DO Director's Office 

D-SIO Department of the Scripps Institution of Oceanography 

ECE Electrical and Computer Engineering Department 

GRD Geosciences Research Division 

IGPP Institute of Geophysics and Planetary Physics 

MBRD Marine Biology Research Division 

MLRG Marine Life Research Group 

MPL Marine Physical Laboratory 

MRD Marine Research Division 

NU Neurobiology Unit 

PORD Physical Oceanography Research Division 

SGP Sea Grant Program 

SOMTS Ship Operations and Marine Technical Support 

STS Shipboard Technical Support 



Awards 
& Honors 

FAROOQ AZAM 

Received the 1996 UCSD Chancel
lor's Associates Faculty Award for 
Excellence in Research. He was 
chosen for his internationally 
acclaimed research in the fields of 
marine microbial ecology and 
biogeochemistry. 

CATHERINE G . CONSTABLE 

Received the Price Medal from the 
Royal Astronomical Society. This 
gold medal is awarded to young scien
tists who are studying geomagnetism. 

PAU L K . DAYTON 

Received an honorary doctorate of 
science degree from Southampton 
College of Long Island University. 

FREDERICK H . FISHER 

Received the Distinguished Technical 
Achievement Award from the Oceanic 
Engineering Society of the Institute of 
Electrical and Electronics Engineers. 

Honored with the America's Finest 
Acousticians Award from the 
Acoustical Society of America for his 
lifetime contributions to acoustics 
and service to the society. 

EDWARD A . FRIEMAN 

Presented the Department of the Navy 
Superior Public Service Award for his 
substantial contribution and out
standing service to the navy. 

Received the first annual E. W. Scripps 
Associates Award for community 
service and support of Scripps 
Institution of Oceanography research. 

KEVIN R . HARDY 

Presented the annual Award for 
Excellence in Science Education/ 
University Level by the San Diego 
Science Educators' Association. 

ROBERT R . HESSLER 

Received the Crustacean Society's 
Research Excellence Award for lifetime 
achievements in marine science. 

MIRIAM KASTNER 

Elected a Fellow of the American 
Geophysical Union. 

DEVENDRA LAL 

Received the Sir C. V. Raman Birth 
Centenary Award for 1996-1997. 

Awarded the V. M. Goldschmidt 
Medal for 1997. 

WA LTER H . MUNK 

Received the Oceanology Inter
national Lifetime Achievement Award 
at the Oceanology International 97 
Pacific Rim Conference. 

JOHN A . ORCU TT 

Named first Secretary of Navy/Chief 
of Naval Operations Oceanographic 
Chair. 

Received the Outstanding Alumnus 
Award from the University of 
California, San Diego. 

RICHARD L. SALMON 

Elected a Fellow of the American 
Academy of Arts and Sciences. 

DAVID T . SANDWE L L 

Named a Fellow of the American 
Geophysical Union. 

LISA TAUXE 

Named a Fellow of the American 
Geophysical Union. 

BRADLE Y T . WERNER 

Named first Secretary of Navy/Chief 
of Naval Operations Oceanographic 
Scholar. · 

BIRCH AQUARIUM 

AT SCRIPPS 

Awarded $112,500 from the Institute 
of Museum Services in observance of 
overall quality of the total aquarium 
operation. 
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BUL LETIN 

The Bulletin of the Scripps Institution of Oceanography is 
an irregularly published series for lengthy, in-depth scien
tific papers written by Scripps scientists. For information 
about subscriptions and a list of volumes available please 
write to 
University of California Press 
2120 Berkeley Way 
Berkeley CA 94720. 

The most recent volumes are listed below. 

v.28 Castellini, Michael A., Randall W. Davis, and 
Gerald L. Kooyman. Annual cycles of diving 
behavior and ecology of the Weddell seal. 1992. 
54p. 

v.29 Park, Taisoo. Taxonomy and distribution of the 
marine calanoid copepod family Euchaetidae. 
1995. 203p. 

CaiCOFI PUBLICATIONS 

The work of the California Cooperative Oceanic Fisheries 
Investigations (CaiCOFI), in which the Scripps Institution of 
Oceanography, the California Department of Fish and 
Game, and the National Marine Fisheries Service cooperate, 
is published in a variety of formats. Peer-reviewed scientific 
articles are published annually in the California Cooperative 
Oceanic Fisheries Investigations Reports. Maps of physical, 
chemical, climatological, and biological factors measured 
by CaiCOFI researchers during the program's 48-year histo
ry are published irregularly in the California Cooperative 

Oceanic Fisheries Investigations Atlas series. Data reports, 
containing the processed data from specific cruises carried 
out under CaiCOFI sponsorship, are published irregularly in 
the SIO Reference Series and in the CaiCOFI data report 
series. To obtain copies of any of these CaiCOFI publica
tions, write to 
University of California San Diego 
Scripps Institution of Oceanography 
CaiCOFI Coordinator 
9500 Gilman Drive Dept 0227 
La Jolla CA 92093-0227. 

CONTRIBUTIONS 

The Scripps Institution of Oceanography Contributions is a 
compilation of selected reprints authored by the Scripps 
faculty and staff. This annual publication is available only 
on an exchange basis to other scientific, research, and 
advanced educational institutions. For exchange informa
tion please write to 
University of California San Diego 
Scripps Institution of Oceanography 
Library Exchange 
9500 Gilman Drive Dept 0219 
La Jolla CA 92093-0219. 

The articles listed below were published in the 1996 volume 
and may also be found in the publications cited . 
Information about a specific reprint can be obtained by 
writing directly to the Scripps author in care of 
University of California San Diego 
Scripps Institution of Oceanography 
9500 Gilman Drive 
La Jolla CA 92093. 

Aksnes, Dag L. and J. Blindheim. Circulation patterns in 
the North Atlantic and possible impact on population 
dynamics of Calanus finmarchicus. Ophelia, v.44, 1996. 
pp.7-28. 

Aksnes, Dag L. Natural mortality, fecundity and develop
ment time in marine planktonic copepods-implications of 
behaviour. Marine Ecology Progress Series, v.131, 1996. 
pp.315-316. 

Aksnes, Dag L. and Mark D. Ohman. A vertical life table 
approach to zooplankton mortality estimation. Limnology 
and Oceanography, v.41, no. 7, 1996. pp.1461-1469. 

Amemiya, Fumiaki and R. Glenn Northcutt. Afferent and 
efferent connections of the central prosencephalic nucleus 
in the Pacific hagfish. Brain, Behavior and Evolution, v.47, 
1996. pp.149-155. 

Arrhenius, Gustaf and S. Mojzsis. Extraterrestrial life: Life 
on Mars-then and now. Current Biology, v.6, no. 10, 
1996. pp.1213-1216. 

Astiz, Luciana, Paul S. Earle, and P M. Shearer. Global 
stacking of broadband seiSmograms. Seismological 
Research Letters, v.67, no.4, 1996. pp.8-18. 

Bacastow, Robert. The effect of temperature change of 
the warm surface waters of the oceans on atmospheric 
C Oz. Global Biogeochemical Cycles, v.1 0, no.2, 1996. 
pp.319-333. 

Bacastow, Robert and Richard K. Dewey. Effectiveness of 
co, sequestration in the post-industrial ocean. Energy 

Conversion and Management, v.37, nos.6-8, 1996. 
pp.1 079-1 086. 

Bacastow, Robert, Charles D. Keeling, Timothy J. Lueker, 
M. Wahlen, and Willem G. Mook. The "c Suess effect in 
the world surface oceans and its implications for oceanic 
uptake of COz: Analysis of observations at Bermuda. 
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Camilla l. Ingram 

Technical Publications 
Nan P, Criqui 

Public Service Unit 

Support Units 

Administrative Computing 
and Networking 

Mick B. Laver 

Carpenter Shop 
Joseph K. Han 

Diving Officer 
Wayne D. Pawelek 

ITrf:~~~,i; 
G•~¥t:'., •..• 

Special Events 
Jill C.lves 

UC San Diego Branch Units 
at Scripps 

Archives 
Deborah c.. Day 

Communications 
Cindy l. Clark 

Development 
R. Lawrance Bailey 

Library 
Peter l. Brueggeman 

Purchasing 
R~M.~um; 

Research Divisions 

Climate Research Division 
Daniel R. Cayan 

Geosciences Research Division 
Ray F. Weiss 

. - .~rt~·: ~i~logy ·lt~~~ 
··-·~~-He~r:·; . ' 

Marine Research Division 
Joris M. Gieskes 

Physical Oceanography 
Research Division 

David P. Rogers 

Research Units 

Center for Coastal Studies 
Robert T. Guza 

·~:. : ··~,c*~·-.···· .. 
JH.o·¥o~~fl·ll~: 

.··•· ~;i:Williain~H~,~, 

~;··:f.tj,,~~~~,·-~. 

.SJ~~=~~T 
Special Programs 

~ :: ~ . , ~, ·.: ..... ::·>C-~«·:~-~~.:~: :; , : 
.. .. _. ·:~emi~; .naa.rm.mt 

·::• v~abh.adt~tl ·~~tn~ 

· · .· tnt,;rrnltlo,.. ~J$hl'(-h Institute . ... onCHinate~on· _.· .. 
•. -~~£.'Graham · 

.. :~::=-~ --

., •• ,. · frarici~ P. J. Valeft>' > · · 

Sea Grant College Program 
James J. Sullivan 

Affinity Group 

Neurobiology Uriit 
Theodore H. Bullock 

UC Institutes 

-~fl~r.=r~•=· ·
· , .~_·:·~m*:~~~~~n..· 

.,, . .l()~n.:A:~~.~dit; 

Cecil and Ida Green 
Pil\on Flat Observatory 

Frank K. Wyatt 
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Scripps 
Institution of 
Oceano~raphy 
Directors 
Council 
Interim Director, 
Scripps Institution of Oceanography 
Wolfgang H. Berger 

Vice Chairman, General Atomics 
Linden Blue 

Senior Correspondent, CBS, Inc. 
Walter Cronkite 

Actor; Founder, American 
Oceans Campaign 
Ted Danson 

Senior Research Fellow, 
Center for Science and International 
Affairs, ]. F. Kennedy School of 
Government, Harvard University 
Robert Frosch 

Consultant, Retired 
Eugene Fubini 

Founder, Texas Instruments 
Cecil Green 

Chairman, Chief Executive Officer, 
Mitchell Energy & Development Corp. 
George Mitchell 

Chairman of the Board, Intel 
Corporation 
Gordon Moore 

Cecil & Ida Green Senior Fellow, 
Carnegie Institution of Washington 
Frank Press 

Nobel Laureate; 
Director, Stanford Linear 
Accelerator Center 
Burton Richter 

At-large Member 

Co-Chair, Scripps Endowment 
Committee 
Charles Robins 

University of California 
Regents & Officers 
Regents Ex Officio 

Governor of California 
Pete Wilson 

Lieutenant Governor of California 
Gray Davis 

Speaker of the Assembly 
Cruz Bustamante 

State Superintendent 
of Public Instruction 
Delaine Eastin 

President of the Alumni Association 
of the University of California 
Pat Kessler 

Vice President of the Alumni Association 
of the University of California 
Richard Russell 

President of the University 
Richard C. Atkinson 

Appointed Regents 

William T. Bagley 

Roy T. Brophy 

Clair W. Burgener 

Frank W. Clark, Jr. 

Ward Connerly 

John Davies 

Tirso del Junco 

Alice Gonzales 

S. Sue Johnson 

Meredith Khachigian 

Leo S. Kolligian 

Howard Leach 

DavidS. Lee 

Velma Montoya 

S. Stephen Nakashima 

Gerald L. Parsky 

Peter Preuss 

Tom Sayles 

Student Regent 

Jess Bravin 

Regents-Designate 

Judith Levin 

Charles Soderquist 

Faculty Representatives 

Duncan Mellichamp 

Sandra Weiss 

Officers of the Regents 

President, Pete Wilson 

Chairman of the Board, Tirso del Junco 

Vice Chairman of the Board 
Meredith Khachigian 

General Counsel, James E. Holst 

Secretary, Leigh Trivette 

Treasurer, Patricia Small 

Chancellors 

Berkeley, Chang-Lin Tien 

Davis, Larry Vanderhoef 

Irvine, Laurel Wilkening 

Los Angeles, Charles E. Young 

Riverside, Raymond Orbach 

San Diego, Robert Dynes 

San Francisco, Joseph Martin 

Santa Barbara, Henry Yang 

Santa Cruz, M. R. C. Greenwood 

Office of the President 

President, Richard C. Atkinson 

Provost and Senior Vice President
Academic Affairs, C. Judson King 

Senior Vice President-Business & 
Finance, V. Wayne Kennedy 

Vice President-Agriculture & Natural 
Resources, W. R. Gomes 

Vice President-University & External 
Relations, Bruce Darling 

Vice President-Health Affairs 
Cornelius L. Hopper 

Vice President-Clinical Services 
Development, William H. Gurtner 
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In Memoriam 

Jerome Namias 

Erich Duffrin 
May 1997 
Erich Duffrin was a machinist at 
Scripps. He was responsible for the 
design and construction of many 
innovative instruments at the institu
tion. He was hired by John Isaacs, and 
he retired in 1991. 

Robert L. Gudgeon 
August 1996 

Bob Gudgeon worked for the special 
events set-up division of Physical Plant 
Services. He was famous on campus 
for being Santa Claus at the UC San 
Diego Staff Association's Annual 
Holiday Pancake Breakfast and 
Scripps holiday parties. 

Paul E. Hendry 
March 1997 
Paul "Pappy" Hendry worked the 
night shift for Physical Plant Services 
at Scripps for more than 15 years, 
primarily maintaining the boilers. 
He retired in 1991. 

Curtis Montgomery 
March 1997 

Curtis Montgomery was the Scripps 
maintenance supervisor with Physical 
Plant Services and was located at 
Scripps for 25 years. He oversaw the 
entire crew and all maintenance, such 
as the sea-water pumping system and 
the buildings' heating and cooling sys
tems. He was planning to retire in June 
1997. 

Jerome Namias 
February 1997 

Jerome Namias was a pioneer in 
weather forecasting and an interna
tionally renowned research meteorolo
gist at Scripps. He joined the institu
tion in 1971 as founding director of 
the Climate Research Group. He estab
lished the nation's first experimental 
climate forecast center and continued 
issuing winter season forecasts until 
1989, when he retired due to illness. 

Peter Trapani 
May 1997 
Peter Trapani served as marine super
intendent at Scripps from 1956 to 
1972. He played a key role in the 
design and construction of Scripps's 
Chester W. Nimitz Marine Facility. 

Robert D. Tschirgi 
May 1997 
Robert D. Tschirgi was associate direc
tor of the NASA Specialized Center for 
Research and Training in Exobiology 
at Scripps and UC San Diego. He 
helped design medical schools and 
curricula for fledgling UC campuses 
in the early 1960s. 


