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Bill Call 

A !though I have served as 
director of Scripps Institution 
for just a short time, I have 

followed the institution's accomplish
ments for many years and developed 
a deep respect for the many contri
butions its people have made both to 
science and society. 

During the 21 years of his tenure as 
director, my predecessor, William A 
Nierenberg, brought the institution to 
the forefront of modern science by 
spearheading innovative programs, 
initiating new technologies for ocean
ography, and recruiting outstanding 
faculty and staff. Scripps and the na
tion are indebted to him for his 
service, and we wish him well in his 

lntroductieJn 
"0.;; 

new pursuits, which include a major 
interdisciplinary program with the 
long-range goal of predicting the 
movements of ocean current systems. 

Scripps developments of note this 
past year include progress on three 
construction projects. Several major 
hurdles in the planning for the new 
aquarium and ocean science center 
have been passed, the most imponant 
of which is the raising of more than 
$6.7 million, including $6 million 
from the Stephen and Mary Birch 
Foundation. The pier construction, 
although delayed somewhat, is under 
way now and will give us a replace
ment that should last at least as long 
as the 70 years of the old pier. At the 
north end of the campus, the SIO 
conference center is almost finished 
and will include a screened pavilion 
entitled Porch that will be part of the 
Stuart Collection at UCSD. 

Our staff continues to garner hon
ors and awards, too many to enumer
ate here, but they are listed in the 
appendix of this report. I would like 
to note, however, a day-long sympo
sium that was held in honor of 
Jerome Namias's seventieth binhday. 
At this event he received a special 
certificate from the Department of 
Commerce and NOM for pioneering 
work in long-range weather forecast
ing. And his keen insight and new 
ideas in climate prediction continue. 

We were saddened by the passing 
of H. William Menard on February 9, 
1986. He was a leader in the great 
period of ocean-floor exploration that 

began after World War II, and was 
greatly admired by his colleagues, 
students, and many friends. In 
December 1985, he received the 
prestigious William Bowie Medal 
from the American Geophysical 
Union. 

Looking to the future, I see tremen
dous opportunities for the institution 
to continue its leadership in many 
scientific areas that affect the human 
condition and add to our overall un
derstanding of the planet. New 
technologies and applications will 
enable us to expand our pursuits in 
ways that are yet to be developed. We 
must be ready to accept the chal
lenges. To help develop a coherent 
long-range strategy, I have asked 
faculty, staff, and students to share in 
two studies. In one they will assess 
the strengths, weaknesses, problems, 
and opportunities of the institution as 
it now stands. The other study will be 
to plan for the Scripps of the future
where we would like to be in the 
next decade. Their findings will allow 
us to embark on a series of new steps. 
By working together, we can prepare 
for the era of change the 1980s and 
1990s will undoubtedly bring. 

Edward A. Frieman, Director 
Scripps Institution of Oceanography 
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Highlights 

Earthquake! 
A magnitude 8.1 earthquake on 

September 19, 1985, caused 
tragedy in Mexico. Measure

ments from devices in place before 
the quake may help avert future trage
dies. Records of the strong ground 
motion during Mexico's earthquake 
will help engineers develop earth
quake-resistant designs for buildings 
subject to comparable threats through
out the world. These same measure
ments, gathered in a collaborative 
effort led by Scripps scientists, pro
vide an exceptional opportunity to 
study the mechanism of the Mexican 
earthquake. 

Starting in 1984, our research team, 
headed by Drs. James N. Brune and 
John G. Anderson, installed a network 
of 30 strong-motion accelerographs 
along a part of the Mexican coast, and 
inland to Mexico City. The instru
ments, designed to stay on scale dur
ing even the strongest shaking, were 
placed in the area because it was 
likely to experience a large earth
quake. Most of the earthquakes in 
southern Mexico are discrete events 
in the thrusting of the Pacific Ocean 
floor (the Cocos plate) under the 
Pacific coast of Mexico at a rate aver-

aging about 6 em/year. The areas 
most likely to experience the next 
large earthquakes in this process are 
the "seismic gaps" between events of 
the recent past. We put our instru
ments into gaps along the coast of the 
Mexican states of Guerrero and 
Michoadm. Although we considered 
the Guerrero gap the more likely 
source for a large earthquake, it was 
the Michoacan gap that failed in 
September 1985. One or more earth
quakes in Guerrero-possibly similar 
to large earthquakes in 1899, 1908, 
1909, and 1911-will produce addi
tional important strong-motion data 
in the future, although of course we 
have no idea when such events may 
occur. 

The accelerograms from Sep
tember 19 are almost the first records 
from sites directly above the faulting 
during a magnitude 8 or greater earth
quake. They are therefore of great in
terest to engineers designing seismic
resistant buildings for regions with 
similar faulting mechanisms. These 
regions include Alaska, Washington, 
Oregon, and Puerto Rico in the United 
States; other threatened nations are 
Japan, Taiwan, and every Central and 
South American country bordering the 
Pacific Ocean. 





Highlights 

The accelerograms contained one 
big surprise for engineers. From 
California earthquakes with magni
tudes from 6.5 to 7, the maximum 
accelerations observed near the fault 
have been typically from 0.5 to as 
much as 1.7 times the acceleration of 
gravity. Although the geometry of 
faulting in Mexico is quite different, it 
was commonly supposed that com
parable or greater accelerations 
would be observed in a magnitude 8 
earthquake. In Mexico, however, the 
maximum acceleration was only about 
10 to 15 percent of the acceleration of 
gravity above the fault. These values 
were also surprising from the view
point of the few available accelero
grams from past earthquakes on the 
Mexico subduction zone, where in 
one instance a magnitude 6.8 earth
quake caused acceleration of 0.7 g. 
One research challenge is to under
stand the phenomena that control the 
levels of ground shaking. 

Our observations are also unique 
from the viewpoint of the physics of 
the earthquake source. In earth-

~pos ___ _ 
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Dr. john G. Anderson checks a strong-motion accelerograph seismometer in 
the basement of the IGPP building. 
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Map of coastal Mexico, showing the 
subduction trench, seismic gaps (in 
1985), accelerograph stations, and 
the aftershock zones of the September 
19 earthquake and its main 
aftershock. Inset, the north-south 
component of the ground's 
displacement during the earthquake 
at three of the accelerograph sites. 



quakes of this type the land can be 
raised relative to sea level. Indeed, in 
our accelerograms we observed ex
actly that process for the first time. 
The ground heaved upward (by about 
1m) and toward the southwest. We 
observed this uplift, and the higher
frequency ground motions that ac
companied it, progressing from 
northwest to southeast along the fault. 

This uplift caused widespread mor
tality of intertidal organisms, which 
were no longer submerged by daily 
tides. Darwin (The Voyage of the 
Beagle) was the first to observe such 
intertidal mortality following an 1835 
earthquake he witnessed in Chile. 
Nonetheless, this phenomenon is un
usual, and therefore interesting bio-

White band along the shore is caused by dead organisms, killed by a lack of 
moisture when the land was uplifted. 

logically as well as geologically. In 
collaboration with a graduate student 
in biological oceanography, we mea
sured the vertical extent of mortality 
along 250 km of coastline. We found 
that mortality (hence, uplift) was 
greatest at sites nearest the epicenter, 
and decreased to the north and south. 
These measurements corroborated 
those given by our accelerographs. 

Subduction of the ocean plates 
around the Pacific Rim, and associated 
earthquakes and volcanic eruptions 
are inevitable. Our research will con
tinue to focus on understanding the 
hazards associated with strong 
ground shaking. 

John G. Anderson 

Paul Bodin 

Suggested Reading 

Anderson,]. G., P. Bodin,]. N. Brune, 
]. Prince, S. K. Singh, R. Quaas, and M. 
Onate. Strong ground motion from 
the Michoacan, Mexico, earthquake. 
Science, v.233, 1986. pp. 1043-1049. 

Bodin, Paul and Terrie Klinger. 
Coastal uplift and mortality of inter
tidal organisms caused by the 
September 1985 Mexico earthquakes. 
Science, v.233, 1986. pp. 1071-1073. 

Darwin, C. Geological Observations. 
Appleton, New York, 1897. 

Munguia, L. and]. N. Brune. Simula
tions of strong ground motions for 
earthquakes in the Mexicali-Imperial 
Valley region. Geophysical journal of 
the Royal Astronomical Society, v. 79, 
1984.pp. 747-771. 
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Highlights 

Sardines Spawn 
Research 

When the war came to Monterey and to Cannery Row everybody fought it 
more or less, in one way or another. . . . The canneries themselves fought the 
war by getting the limit taken off fish and catching them all. It was done 
for patriotic reasons, but that didn't bring the fish back. As with the oysters 
in Alice, "They'd eaten every one." 

john Steinbeck, Sweet Thursday 

D uring the 1930s, and early 
1940s, the California Current 
supported the largest fishery 

in the western hemisphere-the 
sardine fishery. Yet within 20 years 
sardines had virtually disappeared 
from the California Current. In 1949, 
in an attempt to understand the 
collapse of the sardine industry, the 
California legislature mandated the 
California Cooperative Oceanic 
Fisheries Investigations ( CalCOFI) 
"for research on conservation of 
marine life of commercial importance 
to the State." CalCOFI is a cooperative 
research program involving the 
California Department of Fish and 
Game (CDFG), the National Marine 
Fisheries Service (NMFS), and the 
Marine Life Research Group (MLRG) 
of Scripps Institution of Oceanography. 

The original CalCOFI was not a 
harmonious liaison. Participants had 
different goals: NMFS (then the 
Bureau of Commercial Fisheries) 
wanted to promote commercial 
fisheries; CDFG hoped to restore and 
preserve state resources. Scientists 
from NMFS supported the widely 
held belief that pelagic fish stocks 
were inexhaustible, and argued that 
fluctuations of sardine abundance 
must be due to environmental factors. 
In contrast, CDFG saw the declining 
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catch-per-unit-effort as clear evidence 
of excessive fishing pressure. In addi
tion, CDFG represented a large and 
vociferous sportfishing constituency, 
which maintained that sardines were 
more valuable when left in the ocean 
as foFage for sportfish. Academicians 
from MLRG were less interested in 
the specifics of the sardine population 
than in establishing general relation
ships between marine populations 
and their environment. 

Thus the CalCOFI research pro
gram became a compromise. In spite 
of the disparity of expectations (or 
perhaps because of it), leaders of the 
program recognized that no pelagic 
species can be effectively studied in 
isolation from its physical, chemical, 
and biological environment. They 
adopted an oceanographic approach 
to the sardine problem "turning on 
the lights for modern fisheries 
research" (National Fisherman, May 
1986) and making CalCOFI a pioneer 
program in fishery oceanography. 

Although CalCOFI supports a large 
and diverse group of research proj
ects, the backbone of the effort is the 
CalCOFI surveys. Initially these were 
monthly, multiship surveys extending 
from the coast to as far as 1,000 km 
offshore, from the Columbia River in 
the north to the southern tip of Baja 

California. Each ship occupied up to 
100 stations. Measurements on each 
station included temperature, salinity, 
and oxygen. Net tows were taken for 
zooplankton and larval fish. More 
recently, nutrients, chlorophyll, and 
primary productivity have been added 
to the suite of measurements. 

In the past 3 7 years many changes 
have occurred. The participants have 
resolved their early differences, and 
CalCOFI goals have been broadened 
to include "an understanding of the 
continuity and changes of the nature, 
environment, ecology and general 
biology of the pelagic fishes and 
associated organisms of the Eastern 
North Pacific" (Roger Revelle, 1958). 
The routine CalCOFI surveys con
tinue, although the sampling plan has 
changed in response to increased 
knowledge and changing needs of the 
program. At present, cruises occur 
quarterly and are completed by a 
single ship, which occupies 62 
stations in a two-week period. 

One of the major accomplishments 
of the CalCOFI program has been 
the accumulation of a 37-year, unin
terrupted time series of data and 
samples. Millions of measurements of 
hydrographic and biological para
meters have been published in the 
CalCOFI data reports and have been 
incorporated into hundreds of scien
tific publications. More than a half
million zooplankton samples are 
curated at Scripps. These have been 
lent to institutions from around the 
world for studies as diverse as global 
biogeography of copepods, larval 
development of crabs, and radionu
cleotide concentrations in marine 
plankton. For a science as young.as 
oceanography, these samples and 
environmental data are a unique and 
invaluable resource whose importance 
increases with each additional survey. 

And what have CalCOFI scientists 
learned about the sardine and the 
cause of its demise? We know that the 
original hypotheses are too simple; 
most probably, both the intensive fish
ing pressure and unfavorable oceano
graphic conditions were involved. 
Would the sardine population have 
crashed in the absence of a commer-



H. George Snyder inspects a sample from the CalCOFI zooplankton collection. 
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cial fishery? Perhaps. CalCOFI scien
tists have been able to estimate the ~ 
relative sizes of pelagic stocks back to 
200 AD. Even in the absence of 
commercial fisheries, periods of very 
low sardine populations have been 
common. But, the sardine is return
ing. For reasons as complicated and 
obscure as those governing its dis
appearance, recent population 
estimates have been high enough to 
justify a small (and carefully 
monitored) commercial harvest. 

Quite apart from the sardine, the 
sardine experience-the techniques 
developed and the knowledge 
gained-is applicable to a wide 
variety of species and has influenced 
fishery management around the 
world. 

Elizabeth L. Venrick 

There would seem to be only 
one commandment for living 
things: Survive! And the/onns 
and species and units and 
groups are armed for surviva~ 
fanged for surviva~ timed for i~ 
fierce for it, clever for it, poison
ous for it, intelligent for it. ... 
Life has one final end, to be 
alive; and all the tricks and 
mechanisms, all the successes 
and all the failures, are aimed 
at that end 

john Steinbeck, The Log From 
the Sea of Cortez 

Suggested Reading 

Chelton, D. B., P A. Bernal, and]. A. 
McGowan. Large-scale interannual 
physical and biological interaction in 
the California Current. journal of 
Marine Research, v.40, no. 4, 1982. 
pp. 1095-1125. 
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On a CalCOFI expedition Sherry L. Cummings takes a water sample to 
measure primary productivity. 

Radovich, J. The collapse of the 
California sardine· fishery: what have 
we learned? In Resource Management 
and Environmental Uncertainty; 
Lessons from Coastal Upwelling Un- -
certainty. M. H. Glantz and J. D. 
Thompson, eds. John Wiley and Sons, 
N. Y (Advances in Environmental 
Science and Technology, v.11 ). 1981. 
pp. 107-136. 

E. L. Venrick 

Smith, P. E., and R. W Eppley. Primary 
production and the anchovy popula
tion in the Southern California Bight: 
comparison of time series. Limnology 
and Oceanography, v. 27, no. 1, 1982. 
pp. 1-17. 



One aisle of CalCOFI samples in the zooplankton collection. 
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Many of the scientific projects being conducted at Scripps are reviewed briefly in these reports. Some depart
ments have elaborated on a few studies, while other groups give a summary of the many projects. 1be 
majority of these studies are being funded by the National Science Foundation, Office of Naval Research, 
Department of Energy, Department of Commerce, and other governmental agencies. 

Scientific papers listed in the Publications section will lead the reader to a more in-depth coverage of the 
topics discussed in the Research Activities section. 

Center for 
Coastal Studies 

T he Center for Coastal Studies 
(CCS) is th~ organizational 
focus for coastal dynamics 

research at Scripps. The center in
cludes the Shore Processes Group, 
the Sediment Management Group, the 
Coastal Dynamics Group, the Marine 
Archaeology Program, and the Hy
draulics laboratory. Analytical and 
model studies of the complex inter
actions among waves, winds, currents, 
and sediments in the coastal ocean, 
and related field experiments are the 
topics of CCS research. 

Dr. Douglas L. Inman, CCS director, 
studies the fluid-sediment interactions 
that cause sediment transport and the 
resulting bedforms-ripples, cusps, 
and the bars and berms that charac
terize the beach profile. Measure
ments near the surf zone show that 
the spatial and temporal scales of 
near-bed phenomena are controlled 
by shearwaves that form in the 
accelerating fluid layer near the bed. 
The wavelength of the shearwave 
determines the scale of the "roils" in 
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carpet-flow sand transport, as well as 
the scale of the ripples that remain 
when the motion stops. Shearwaves 
in the roiled fluid-sediment layer may 
"burst" during decelerating motion, 
causing plumes of sand and water that 
scatter the sand into smooth beds. 
These studies led to a genetic classifi
cation of bedforms and to a general 
theory of bedform response. Coastal 
areas being studied include the Nile 
Delta of Egypt, the coast of Israel, and 
the barrier island chains along the 
Beaufort Sea coast of Alaska and the 
Outer Banks of North Carolina. 
Graduate student Thomas G. White is 
studying carpet-flow sand transport 
outside the surf zone. · 

Dr. Robert T. Guza's group con
tinues work on nearshore waves 
and currents. Dr. joan Oltman-Shay 
completed her graduate studies on in
fragravity edge waves and is using her 
observations to examine the mecha
nism of their generation. 

Dr. Reinhard E. Flick (Department 
of Boating and Waterways) is examin
ing shoreline changes associated with 
construction activities at the San 
Onofre Nuclear Generating Station 

(SONGS). Extensive environmental 
monitoring for biological impacts of 
SONGS has been mandated by regula
tory agencies, but relatively little atten
tion has been paid to beach changes. 
The removal of a large construction 
laydown pad in early 1985 provided 
the opportunity to study the reinte
gration of approximately 600,000 
cubic yards of sand into the littoral 
transport system. Dr. Flick also con
tinues his research on surf zone turbu
lence and-with Daniel R. Cayan
on meteorological forcing of southern 
California sea level. Dr. Flick and 
graduate student Thomas C. Y Fu are 
compiling and analyzing a local data 
set of beach profile changes to assess 
the recovery of San Diego area 
beaches after the devastating winter 
storms of 1982-1983. 

Dr. Scott A Jenkins continues work 
with an array of lifting bodies that 
prevents siltation under berthed ships 
and submarines at the Mare Island 
Naval Shipyard. He is also studying 
the movement of dredge spoils from 
the Alcatraz dump site into berths 
at the Port of San Francisco. The 
flocculent layer is transported by 
current motion. A thermodynamic 
theory for the dependence of this 
vertical shear stress upon the entropy 
of the floc layer is being developed. 



Dr. Douglas L. Inman and graduate students Hyung Ki Kim (left) and 
Daniel C. Conley discuss using hot film probes to measure oscillatory bursting. 
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ResearchActivities ----------------------------------

An array of bottom pressure gages 
was installed in the Strait of Gibraltar 
by Dr. Clinton D. Winant in collabora
tion with Dr. Nancy A Bray and 
graduate student julio Candela. The 
gages are deployed near the sill 
surface and near the sill bottom on 
both the Spanish and Mo~;occan sides 
of the strait. The. researchers hope to 
deduce-from geostrophy-fluctu
ations in the Atlantic inflow and 
Mediterranean outflow. This work is 
one component of the Gibraltar Ex
periment, an international coopera
tive project. 

Dr. Bray is measuring the transport 
of heat and salt between the Atlantic 
Ocean and the Mediterranean Sea 
through the Strait of Gibraltar. Her 
project involves moored sensors 
(measuring the velocity, temperature, 
salinity, and pressure) and shipboard 
surveys 'of temperature and salinity -

· structure in the strait, the Gulf of 
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Walton B. Waldoif positions the suif-spider platfonn for bursting 
measurements. 

Cadiz, and the Alboran Sea. Analysis 
of data from the study of thermo
haline circulation in the Gulf of 
California continues. Graduate 
student Cynthia A Paden is con
centrating on observational and 
~eoretical aspects of wave-front 
generation in sill regions. In addition, 
Dr. Bray is analyzing the large-scale 
thermohaline circulation in the Gulf 

- of California, which, unlike most 
marginal seas, appears to be a three
layer rather than a simple two-layer 
system. 

Food debris in onshore middens 
and a number of nearshore under
-water sites reflect the marine adap
t~tions of the prehistoric peoples 
inhabiting Southern California Bight 
coastal regions. Dr. Patricia M. Masters 

... is correlating information on the dis
tribution and location of the under-
-water sites wit~ faunal analyses of the 
onshore middens to reconstruct the 

M. Clark 

physiographic environments of 
southern California's mid-Holocene 
shoreline. Her findings indicate that 
an environmental transition occurred 
approximately 4,000 years ago, when 
rocky, cobbly beaches turned into the 
extensive sandy littoral cells observ
able today. Stable carbon and nitro
gen isotope analyses on a prehistoric 
human skeleton are showing a strong 
dietary dependence on marine foods. 
Because the skeleton dates to 8,000 
years ago, such marine dependence 
may provide a remarkable new in
sight for American archaeology. 

The Hydaulics Laboratory provides 
support for experimental investiga
tions of phenomena that can be 
scaled in a laboratory. The Hydraulics 
Laboratory is used extensively by CCS, 
Scripps, and outside investigators. A 
complete description appears in the 
Facilities and Collections section. 



Geological 
Research Division 

I nterests of scientists in the 
Geological Research Division 
( GRD) are wide-ranging, and 

encompass such diverse topics as 
earthquake prediction, the petrology 
of oceanic islands, paleooceanog
raphy, and atmospheric trace gases. 
Here only a few of the many projects 
in the division are discussed; a more 
comprehensive accounting can be 
found in the Scripps Institution of 
Oceanography Contributions. 

Progress in molecular biology, 
particularly abiotic replication of RNA, 
has provided new insights for geo
chemical model studies of organic 
molecules' earliest evolution in the 
ocean. How simple biomolecules 
could have been generated before 
the existence of life was essentially 
demonstrated through Dr. Stanley L. 
Miller's work 33 years ago. An un
solved question, now being studied 
by Dr. Gustaf Arrhenius and collabo
rators, is how these organic molec
ular building blocks could have been 
selectively concentrated from dilute 
solution of a large number of com
pounds randomly generated, mainly 
by plasma processes in the atmo
sphere and outer space. 

A proposal by a British physicist 
suggested that sorption on clay 
minerals may have provided the 
necessary entropy-lowering function. 
Dr. Arrhenius proposes that marine 
rust minerals would have been more 
efficient in this role, particularly 
manganates and iron oxyhydroxides, 
which are common in metamor
phosed form in the oldest known 
sedimentary rocks. A discovery made 
in the course of his work is that iron 

carbonate, forming the counterpart 
of limestone in the earliest ocean 
sediments, when irradiated by 
sunlight, transforms (by electron 
transfer and hydrolysis) into iron rust · 
minerals and organic molecules that 
derive their carbon from the carbon
ate ion. This process may be regard
ed as a precursor of life-based 
photosynthesis. 

Dr. Joseph R. Curray continues 
work in the northeastern Indian 
Ocean and Southeast Asia. He helped 
the United Nations Development 
Program coordinate the completion 
of SEATAR (Studies in East Asian 
Tectonics and Resources), a coopera
tive project among Southeast and East 
Asian nations. This series of transect 
investigations, started in 1973, relates 
onshore and offshore geological and 
geophysical knowledge to tectonics 
and resources. The ten transects cut 
across Burma, Thailand, Laos, Viet
nam, Malaysia, Indonesia, the Philip
pines, ~apua New Guinea, Japan, and 
Korea, with intervening and adjacent 
marine segments. Scientists from 
most of these nations, plus many 
western European and American 
marine geologists and geophysicists 
have been involved. 

Dr. Curray and graduate student 
Tissa Munasinghe worked aboard the 
Lamont-Doherty RN Robert Conrad 
near Sri Lanka: The Sri Lanka con
tinental margin is anomalous to 
present concepts of passive continen
tal margin evolution. Sri Lanka 
formerly lay close to India, and the 
two contiguous blocks lay against 
Antarctica in aJurassic reconstruction: 
Rifting and crustal extension started 

during the Jurassic period between 
India and Sri Lanka and elsewhere 
along the east Indian continental 
margin. When the final breakup and 
seafloor spreading occurred, how
ever, Sri Lanka remained adjacent to 
India and separated from Antarctica. 
Thus the eastern and southern 
margins of Sri Lanka are unusually 
steep, and show no evidence of rift
stage faulting and extension. 

Examination of the subsidence 
history of the strait between India and 
Sri Lanka suggests that accelerated 
subsidence may have started about 30 
million years ago. Furthermore, Ben
gal Fan sediments are deformed at 
the foot of the steep continental slope 
off Sri Lanka's SSE margin, suggesting 
convergence and subduction. Dr. 
Curray had proposed that Sri Lanka 
may be separating from India very 
slowly toward the SSE as a platelet 
within the overall Indian-Australian 
plate. The researchers' work at sea off 
the south and east margins of Sri 
Lanka showed deformation details of 
the Bengal Fan sediments, and rock 
dredging recovered samples of both 
the Pre-Cambrian rock of Sri Lanka 
and basalt apparently related to the 
rifting from Antarctica. Munasinghe 
will analyze the geophysical data and 
rocks from the cruise to test this 

·model and elucidate the structure and 
geological history of this continental 
margin. . 

Dr. James W Hawkins, Jr., con
tinued work on the evolution of 
island arc-backarc basin systems in 
the western Pacific. He and a Univer
sity of Tulsa colleague collaborated 
with Philippine Bureau of Mines 
geologists to study the rocks of east
ern Mindanao. In the Mindanao 
mountains and on Nonoc Island the 
researchers traced a belt of island arc 
volcanic rocks that has been over
thrust by a large peridotite mass. On 
Nonoc Island they identified rem
nants of an island arc volcanic series 
that had not previously been studied. 
Dr. Hawkins conducted an expedition 
to the Lau Basin aboard RN Thomas 
Washington to map seafloor mor
phology and structures with Sea 
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Beam, and to do rock dredging for 
chemical analysis. During this expedi
tion fragments of polymetallic sulfides 
from a backarc basin were recovered. 
The fragments-formed of zinc, iron, 
and copper sulfides, as well as amor
phous silica and barite-appear to be 
parts of a chimney from a black
smoker-type hydrothermal vent. 
Although such fragments were previ
ously found on the East Pacific Rise 
and the Mid-Atlantic Ridge, this was 
the first time they were found in the 
western Pacific. 

Most of what is known about the 
deep ocean environment comes from 
water samples and sediment cores 
recovered from abyssal depths. When 
brought to the surface, these samples 
suffer sudden decompression, warm
ing, and other related insults that 
make it impossible to determine 
fundamentals such as the sediments' 
oxygen demand, or rates of calcium 
carbonate dissolution. Dr. Clare E. 
Reimers developed a deep-ocean 
vehicle, providing seafloor data that 
give significant insight into these 
subjects. Mounted to the vehicle is a 
self-contained profiling and recording 
instrument that lowers an array of 
microelectrode sensors across the 
sediment -water interface. Results 
from oxygen microelectrodes have a 
vertical resolution of 1 mm and show 
surprising heterogeneity in oxygen 
profiles only a few centimeters apart. 
Chemical heterogeneity on the 
seafloor is thought to be related to 
factors such as biological mixing of 
particulate organic matter, sediment 
microtopography, and bottom-flow 
dynamics. 

Dr. Hubert Staudigel and Patricia S. 
Doyle showed that the 143Nd/144Nd of 
ancient seawater can be determined 
by analyzing fossil fish teeth. Isotopic 
analyses of fish teeth up to 50 million 
years old suggest that seawater 
masses from the Atlantic and Pacific 
oceans have a distinct 143Nd/144Nd 
fingerprint throughout this time. The 
establishment of 143Nd/144Nd as an 
isotopic tracer for fossil seawater is 
invaluable to paleooceanography, as it 
allows scientists to date the opening 
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and closing of ocean straits, and helps 
quantify the chemical transport 
between oceans through geological 
time. The residence time of Nd and 
nutrients is very similar, and thus 
143Nd/144Nd is useful for studying the 
exchange of nutrients between 
oceans. 

Dr. William R. Riedel, Dr. Linda 
Tway, and students developed 
computer-optics procedures for 
measuring selected aspects of the 
shapes of oceanic microfossils. The 
surface topography of microscopic 
fish teeth has been captured with a 
series of parallel light and dark bars. 
The researchers project these bars 
onto the fossil from an oblique angle, 
then use the distortion of the original
ly straight bars to deduce the eleva
tions of surface points that permit 
drawing a detailed contour map. In a 
related project, the pore pattern in 
radiolarian skeletons is being de
scribed in terms of the distance 
and direction of each pore from its 
neighbors. With this information, the 
scientists hope to gain quantitative 
data on difficult-to-measure shapes 
and patterns. Drs. Tway and Riedel 
are developing a system to aid in 
biostratigraphic (and eventually 
taxonomic and paleoenvironmental) 
interpretations. This system, written 
in the artificial intelligence language 
OPSS, helps interpret ages in micro
fossil assemblages. 

Annika Sanfilippo is working out 
the relationships of the genera within 
the radiolarian family Pterocorythi
dae. These siliceous microfossils 
occur in open-ocean sediments 
deposited throughout the Cenozoic 
era, and provide clues to conditions 
in the water columns that they in
habited. The patterns of change con
tribute to the continuing discussion of 
the tempo and mode of evolution of 
simple oceanic organisms. 

Dr. Edward L. Winterer continued 
research on the early history of the 
equatorial Tethys seaway, which 
opened when the supercontinent of 
Pangea began to split in the Jurassic 
period. Dr. Winterer has studied the 
earliest history of continental stretch-

Fossiliferous limestone formed on 
a deep bank in the Tethys seaway 
during rifting, before formation of 
new ocean. Top, transmitted light 
from a 3-mm sample. Bottom, 
cathodoluminescence reveals details 
of the same sample. 



Drs. Edward L. Winterer and Christopher V. Metzler prepare to take core samples from a slab of breccia with a dentist's 
drill. The breccia, from the Alps, was fanned when a dolomite fonnation shattered during submarine, sliding along the 
margin of a rift basin created during the stretching and break-up of the ancient supercontinent of Pangea, about 180 
million years ago. White calcite then precipitated from seawater into the open spaces between the dark dolomite blocks. 
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ing and rifting, and the creation of 
new oceanic crust in both the Central 
and North Atlantic. These investi
gations involved the drill ships 
Glomar Challenger and joides Resolu
tion, as well as field work with his 
students in the Alpine mountain 
chains of southern Europe. The 
Atlantic segment of Tethys remains 
undeformed and continues to widen, 
while the Alps result from closure 
and deformation of parts of the early 
Tethys ocean and its margins. 

Dr. Winterer also investigated the 
age, abundance, and geographic 
distribution of lithified radiolarian 
ooze. Studies of this ooze (originally 
deposited in deep water beneath 
regions of high biological fertility, in 
the narrow basins created by rifting 
and the earliest stages of ocean-floor 
spreading) suggest a gradient in 
Jurassic oceanographic conditions. 
The cherts reflect high fertility in 
Greece, near the eastern entrance to 
the long seaway, and progressively 
lower fertility westward through Italy, 
Spain, the Central Atlantic, and the 
Gulf of Mexico. The basins were at 
first poorly ventilated, with near
anoxic conditions close to the bot
tom, but freshened as the bordering 
continents drifted farther apart and 
oceanic connections widened. Dr. 
Winterer and a University of Lausanne 
colleague are developing a model for 
the evolving geography and oceanic 
circulation patterns in this ancient, 
narrow, equatorial ocean. 

Several investigations are under 
way in the Isotope Laboratory. Drs. 
Harmon Craig, Devendra Lal, and 
colleagues are determining the 
degree of stability of noble gases like 
He and Ne trapped in diamonds at 
the time of their formation, as well as 
possible in situ nuclear sources of 
isotopes of these gases, 3He in partic
ular. These experiments may demon
strate whether diamonds can serve as 
recorders of primordial composition 
of noble gases. The researchers found 
that the cross-section for the forma
tion of 3H (which decays to 3He) in 
thermal neutron capture by 10Se is 
about 1 barn-about 20 times larger 
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Drilling the breccia for samples for analysis of stable isotopes of oxygen 
and carbon. The samples of isotopic compositions provide clues to the 
environment in which the breccia was formed. 

than the value reported in the litera
ture. This implies existence of an 
important mechanism for the produc
tion of 3He in underground mineral 
samples containing boron, because of 
capture of radiogenic neutrons. 
Diamonds often contain appreciable 
amounts of boron. 

Drs. Lal and Yu-Chia Chung are 
developing a nuclear method for 
studying the dynamics of phosphorus 
in the upper ocean. The method is 
based on the naturally occurring 
radioisotopes 32p (half-life = 14.3 
days) and 33p (half-life = 25 days), 
which are produced by nuclear inter
actions of cosmic-ray particles in the 
atmosphere. Their concentrations in 
the dissolved phosphorus, organic 

particulate phosphorus, and other 
particulate phases depend on the 
recycling time of phosphorus through 
these phases. Several surface-seawater 
and suspended particulate samples 
were analyzed and found to contain 
32p and 33p in the approximate 
amounts expected from cosmic-ray 
production and "hold-up" in the 
soluble/particulate phases. These ex
periments clearly demonstrate the 
feasibility of using the radioisotopes 
32p and 33p as tracers for studying 
phosphorus dynamics. 



Marine Biology 
Research Division 

M arine Biology Research 
Division (MBRD) scientists 
continue investigating the 

biochemical, physiological, cellular, 
and ecological characteristics of 
marine plants, animals, and bacteria. 
They study such phenomena as inter
actions between marine animals and 
their algal and bacterial symbionts, 
navigation and predation by sharks, 
the changes occurring in sperm at the 
moment of egg contact, the taxonomy 
of deep-sea animals, and the metabo
lism of sulfur compounds. 

Early in 1985, Dr. Robert R. Hessler 
had the opportunity to return to the 
Rose Garden hydrothermal vent site 
at the Galapagos Spreading Center 
after six years' absence. He found 
remarkable changes in the fauna. 
Conditions at the Rose Garden-un
like those in most deep-sea environ
ments-have changed a good deal. 
Nearly all the giant tube worms have 
disappeared, and the vast adjacent 
filter-feeding subcommunity is 
markedly diminished; huge piles of 
mussels remain. In documenting 
these changes, Dr. Hessler i_s produc
ing the first detailed map of a hydro
thermal vent community. 

Scientists in Dr. George N. 
Somera's laboratory studied the 
biochemical adaptations of marine 
organisms, including species from the 
deep-sea vents. Work with graduate 
student Mark. A. Powell revealed 
mechanisms that allow vent animals 
to survive in the presence of the toxic 
molecule hydrogen sulfide, which 
occurs at high concentrations in vent 
waters. Powell and Dr. Somera also 
studied how animals from sulfide-rich 

habitats exploit the energy in the 
sulfide molecule. In some species like 
the large vent tube worm Riftia 
pachyptila, symbiotic bacteria oxidize 
sulfide directly. Other species them
selves perform the initial steps in 
sulfide oxidation and may thereby 
gain energy in the form of adenosine 
triphosphate (ATP). ATP-generating 
oxidation of sulfide was observed in 
mitochrondria of the gutless clam 
Solemya reidi, which is found in 
sewage outfall areas. These studies 
offer the first evidence that animals 
can exploit inorganic energy sources. 

Other research in Dr. Somera's 
laboratory focused on environmental 
influences on protein metabolism and 
function. Graduate students Mary Sue 
Lowery and Sandor E. Kaupp con
tinued their studies of how diet and 
exercise affect protein and nucleic 
acid metabolism in marine fishes. 
Lowery showed that during starvation 
marine fishes rapidly shut off the 
synthesis of some proteins. The 
changes in nucleic acid metabolism 
underlying these shifts in protein 
turnover are also under investigation. 
Kaupp showed that several marine 
fishes have marked changes in 
protein accumulation patterns during 
ontogeny. Susan]. Roberts continued 
her studies of protein-protein inter
actions in marine fishes. Graduate 
student Allen G. Gibbs is studying 
how temperature and pressure affect 
the membrane-bound transport 
enzyme sodium-potassium adenosine 
triphosphatase. Inhibition by high 
pressure is offset by elevated temper
atures, an interaction that may be im
portant for animals in deep-sea hot 
springs, and during vertical migration. 

The metabolism of sulfur com
pounds is the focus of Dr. Russell D. 
Vetter's research. Dr. Vetter demon
strated that marine crustaceans, in
cluding hydrothermal vent species, 
detoxify hydrogen sulfide in the 
hepatopancreas. This process con
verts highly toxic sulfide to less toxic 
molecules like thiosulfate, and may 
allow marine invertebrates to invade 
sulfide-rich habitats and exploit the 
food resources there. Dr. Vetter also 
studies the sulfide metabolism path
ways in animals from deep-sea vents 
and other high-sulfide environments 
to discover how these animals help 
cycle and exploit sulfur compounds 
in diverse marine habitats. 

Dr. Mark E. Huntley and graduate 
students Victor H. Marin and Paul F. 
Sykes study the feeding behavior of 
the copepod Calanus pacificus. They 
find that this copepod rejects a num
ber of commonly occurring dino
flagellates as food. The rejection is 
mediated by a variety of chemical 
compounds that cause physiological 
abnormalities in copepods, from 
regurgitation to elevated heart rate 
and loss of motor control. Recent 
field work focused on the feeding be
havior and distribution of the Ant
arctic salp Salpa thompsoni, which 
dominated the zooplankton in the 
Scotia Sea and Antarctic Peninsula 
region in early 1984. These physio
logical studies are the first to be per
formed on salps outside the tropics 
and subtropics. 

New information was obtained in 
Dr. Francis T. Haxo's laboratory about 
the photosynthetic capabilities of un
usual pigments of algal chloroplasts. 
These capabilities may influence 
species adaptation to, and distribution 
in natural light fields. Although in 
chloromonads an appreciable fraction 
of the light absorbed by diadinoxan
thin seems available for photosyn
thesis in cryptmonads, the transfer 
efficiency from alloxanthin appears to 
be very low, as shown in a joint study 
with Dr. Maria Vernet and graduate 
student Amir Neori. Thus the pres
ence of an acetylenic group in a 
carotenoid molecule does not ensure 
efficient sensitization of chlorophyll a. 
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In a separate study, spectrally distinct 
phycoerythrins were found in the 
marine algae Trichodesmium spp. of 
different origins in conformity with 
their characteristic action spectra. 

Dr. A. Peter Klimley is studying the 
correlation of spatial distribution 
between white sharks and pinnepeds. 
To conduct his 18-month experiment, 
Dr. Klimley placed pingers on two 
Carcharodon carcharias at south
eastern Farallon Island. Work 
continued on development of 
multisensor, ultrasonic, telemetry 
transmitters and a microprocessor
based decoder to study orientation 
and navigation in pelagic fishes. 
Graduate student Steve B. Butler and 
Dr. Klimley used satellite imagery to 
correlate the appearance of an 
oceanic fish community at a seamount 
at the mouth of the Gulf of California 
with the incursion of a warm, oceanic 
water mass. Such an incursion may 
underlie the spring movement of 
many tropical fish species into 
this area. 

Hundreds of cultures of algae 
isolated from the picopleuston are 
stored in light- and temperature
controlled culture chambers in Dr. 
Ralph A. Lewin's laboratories. These 
microscopic algae, with cells in the 
range of 1-3 micrometers (including 
some of the smallest eukaryotic cells 
known), float at the surface of the 
ocean and may play important roles 
in the formation of so-called slicks. 
Many of the algae have high lipid con
tents, which contribute to the cells' 
buoyancy. Samples from as far afield 
as the Caribbean, Tahiti, the Seychel
les, Singapore, and the Mediterranean 
have yielded many of the same range 
of species, in about six genera. Pure 
cultures have been isolated, and Dr. 
Lewin and Dr. Lanna Cheng are char
acterizing them physiologically and 
biochemically, in preparation for 
ecological and field observations. 

In addition to research on truly 
marine insects, Dr. Cheng is studying 
problems of aerial insect drift over 
the oceans. Insects are sometimes 
carried by wind currents for long dis
tances over land and sea. Some insect 
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Dr. George D. F. Wilson sketches a limb of a deep-sea isopod. 

pests may survive journeys of hun
dreds of kilometers to infest plants or 
animals in new locations. Oxford Uni
versity data from a late 1930s survey 
of insect drift over the North Sea are 
being compiled by Dr. Cheng. Her 
study has implications for the trans
oceanic spread of agricultural pests. 

Ecological energetics of deep-sea 
communities are studied in the 
laboratory of Dr. Kenneth L. Smith. 
Investigations on active and passive 
transport of particulate organic matter 
in the deep midwater at stations in 
the central and eastern North Pacific 
are under way. Scientists are using 
the recently developed free-vehicle 
acoustical array to assess active trans
port by midwater animals. Faunal 
ground-truth for acoustic targets is 
provided from large opening/closing 

net samples. Dr. Smith and a col
league used ingestible acoustic tags to 
trace species involved in vertical 
transport (e.g., grenadier fish) to 
depths of 5,800 m. To study the be
havior of grenadiers, Dr. Raymond R. 
Wilson is using free-vehicle, baited, 
video cameras. Graduate student W 
Waldo Wakefield is analyzing the im
portance of planktotrophic develop
ment of slope-dwelling demersal 
species in the transport of organic 
matter through the water column. 
Graduate student Ronald S. Kaufmann 
is studying the sensory systems of 
scavenging demersal amphipods from 
coastal and oceanic communities. 

Dr. Frederick I. Tsuji discovered a 
new bioluminescence reaction in the 
Japanese firefly squid, Watasenia 
scintallans, which comes inshore by 



This deep-sea isopod of the genus Dendromunna has no eyes, and its 
tenninal body appendages are similar to the antennae on its head (to the 
left) . The legs and the second antenna are long (not completely 
illustrated). This specimen is found 2,802 m deep in the northwestern 
Atlantic Ocean. 

the billions to breed in spring. The 
reaction depends on the energy
storage compound, ATP. This is a 
second example in addition to the 
widely known reaction in the firefly, 
which depends on ATP for produc
ing light. 

Scientists in the laboratory of Dr. 
Victor D. Vacquier study the physi
ology of the sea urchin sperm cell 
membrane. Of special interest are the 
proteins of this membrane that 
mediate the activations of the sperm 
at fertilization. One protein is the 
enzyme guanylate cyclase, which is 
phosphorylated before the sperm 
meets the egg; however, the instant 
contact is made the protein dephos
phorylates, decreasing its activity. The 
phosphorylation of the sperm histone 
Hl occurs when the sperm contacts 
the egg. The researchers identified a 
sperm membrane protein of 210,000 
daltons that regulates ion fluxes in 
and out of the cell. 

Dr. George D. F. Wilson's studies 
involve the crustacean component of 
deep-sea faunas. In his work on the 
deep-sea Isopoda, he seeks to clarify 
the evolutionary relationships among 
the variety of taxa in the suborder 
Asellota, and to translate that knowl
edge into useful classifications. He 
revised the classification of the swim
ming family Munnopsidae based on 
computer-generated estimated phy
logenies. In addition, a comparative 
approach to. evolutionary morphology 
of the sex organs revealed novel rela
tionships between shallow- and deep
water isopods. Dr. Wilson and 
graduate student Timothy J. Ragen are 
studying the crustacean fauna of the 
equatorial Pacific manganese nodule 
province at a 5,100-m-deep site south 
of Hawaii. They hope to describe the 
fauna's composition and indicate its 
importance to the benthic community 
structure. The main components of 
crustacean fauna are the peracarid 

orders Isopoda and Tanaidacea. This 
latter study is part of a larger, multi
investigator program to plan a con
trolled impact experiment to estimate 
the effects of manganese nodule min
ing in the deep Pacific Ocean. Dr. 
Wilson, with Drs. Fred N. Spiess and 
Robert R. Hessler, is involved in a 
related project at a 4,500-m-deep site 
disturbed in 1978 by a nodule mining 
device. Material collected with tran
sponder-navigated box corers is 
being studied to clarify mining's im
pact on the benthic community struc
ture. As in previous deep-sea studies, 
an amazing species richness has been 
found, thereby complicating the un
derstanding of anthropogenic impacts 
on this community. 

Dr. Benjamin E. Volcani's group 
continued their studies on silicon's 
regulation of gene expression and 
DNA replication in the diatoms. Dr.]. 
Richard Ludwig constructed a hybrid 
plasmid of the diatom Cylindrotheca 
Jusifonnis plasmid (pCf-2) and the 
bacterial plasmid YRp 7. This would 
provide large amounts of pCf-2 for 
use in hybridization studies with a 
sample bacterial plasmid preparation 
procedure, and determine the ability 
of pCf-2 to promote autonomous 
replication in other eukaryotes (e.g., 
yeast and Chlamydomonas) as well as 
in the diatom. UCSD student Donna 
K. Corey explored the presence of . 
plasmids in 23 diatom species rep
resenting a broad sampling of species 
and genera of differing morphology, 
physiology, and habitats. Only five 
species and two genera contained 
plasmids, which differed in number 
and size in different diatoms. 

Intertidal algal assemblages in San 
Diego County, differing markedly 
from vegetation studied elsewhere, 
are the subject of Dr. Joan G. Stewart's 
field studies. Spatial and temporal 
shifts in distributional patterns reflect 
the processes that regulate individual 
species abundances. Data are present
ly being analyzed and evaluated to 
assess the importance of physical 
factors and biotic interactions. 

21 



Research Activities 

Marine Life 
Research Group 

S dentists in the Marine Life 
Research Group (MLRG) study 
the physical, chemical, and 

biological characteristics of the 
eastern North Pacific. These character
istics affect populations of fishes that 
are economically and socially impor
tant to California. MLRG scientists 

· track long-term trends and episodes 
in the California Current and its 
surrounding waters, maintain a com
prehensive data base on those events, 
form hypotheses from that data base, 
and test the hypotheses at sea and 
ashore. MLRG researchers often work 
with personnel from the California 
Department of Fish and Game and 
the Southwest Fisheries Center of the 
National Marine Fisheries Service, 
through the California Cooperative 
Oceanic Fisheries Investigations 
( CalCOFI). MLRG provides a frame
work around which investigators 
carry out diverse research beyond the 
California Current. 

This year MLRG researchers partici
pated in the collection of time-series 
data from about 320 samples of 
California's coastal waters. These data 
advance understanding of the return 
to "normalcy" following a massive 
perturbation, like the El Nino event of 
1982-1984. These data also led re
searchers to investigate other phenom
ena that were observed on survey 
cruises. Large regions of very clear 
water-clearer than oligotrophic 
central Pacific water-were seen 
repeatedly during 1985 and examined 
in detail in the spring of 1986 by Dr. 
Thomas L. Hayward. He discovered 
that the depth of the nutricline was 
related to water transparency pat-
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terns. He is now assessing the signifi
cance of these observations. 

Drs. Mark R. Abbott, Hayward, and 
P. Peter Niiler used satellite imagery 
of sea-surface temperature (SST) and 
near-surface phytoplankton pigment 
concentrations to study biological 
processes in the California Current 
system. The researchers focused on 
the characteristics of large filaments 
that apparently originate near shore 
and transport large volumes of coastal 
water offshore. The dynamics and im
portance of these filaments are not 
well understood, and they will be the 
subject of future research. 

Dr. Mark D. Ohman and two New 
Zealand oceanographers are studying 
how stored lipids in the subantarctic 
copepod Neocalanus tonsus affect 
recruitment. This species produces 
two generations per year. The first 
generation is spawned and hatched at 
a depth of 500-1,000 min winter, and 
wax esters stored in the adult females' 
bodies provide the energy source for 
egg production. The second genera
tion is spawned and hatched in the 
spring in surface waters, and egg 
production depends upon phytoplank
ton ingested by the adult females, 
rather than upon stored lipids. This 
unusual life history implies that 
instantaneous "snapshots" of phyto
plankton production cannot always 
accurately predict herbivore recruit
ment. Dr. Ohman's analysis of the 
lipid composition of four species of 
California Current zooplankton in
dicates that copepodid stage V con
tains primarily depot lipids, and stage 
VI adults contain primarily phospho
lipids, reflecting stage-specific differ~ 

ences in allocation to storage and 
growth. 

Dr. Abraham Fleminger used 
present -day species patterns to 
hypothesize that, during Pleistocene 
glacial periods, coastal upwelling 
combined with an intensified western 
boundary current west of New Guinea 
to create a cold temperature barrier 
to stenothermal, epipelagic organ
isms. This hypothetical cold barrier 
would also account for a terrestrial 
biogeographic limit called Wallace's 
Line. Dr. Fleminger's work with an 
Ecuadorian colleague revealed that 
the distributions of herbivorous cope
pods in the eastern equatorial Pacific 
are closely related to surface-water 
circulation in the region. Work on an 
isolated population of the copepod 
Calanus belgolandicus s.l. in the Black 
Sea provided new insights into how 
geographical isolation and directional 
selection influence cladogenesis 
(derivation of new evolutionary 
lineages) in a planktonic copepod. 

Dr. Edward Brinton has been fol
lowing changes in distributions and 
population structures of euphausiid 
species in the California Current dur
ing the decline of the 1982-1984 El 
Nino. Warm-water plankton species 
persisted in the Southern California 
Bight region into mid-1984, well past 
the collapse of El Nino, while popula
tions off central California more 
readily reverted to their cool
temperate character. These observa
tions have interesting implications 
concerning the ability of the Southern 
California Bight to serve as a trap for 
planktonic populations. 

Margaret Knight has differentiated 
all eleven species of the genus 
Euphausia (krill) in the California 
Current as early as the third phase of 
development, the metanauplius, and 
onward to the calyptopis phase. At the 
later, furcilia, phase, she has dis
tinguished nine of the eleven from 
each other and from the remaining 
two, but has yet to devise a method 
for differentiating two from each 
other. When her work is completed 
and phase-specific keys are made 
available, ecologists and population 



biologists will have the tools to refine 
their models of biological interaction 
in the sea. 

Tetsuo Matsui has discovered 
autumn and winter sexual segregation 
in the bottom-dwelling fishes, rattail 
( Coryphaenides acrolepis), sablefish 
(Anaplopoma fimbria), Dover sole 
(Microstomus pacificus ), and slick
head (Alepocephalus tenebrosus ). 
Work on another group of fishes, the 
tube shoulders ( Sagamichthys abei) 
and Holtbyrnia latifrons, has revealed 
that the yolk-rich larvae of this group 
do not migrate upward into the rich 
euphotic zone during development, 
but rather remain at mid-depths. But 
the discovery of emaciated, under
developed larvae with nearly ex
hausted yolk sacs suggests that tube 
shoulder larvae may need to feed 
before the yolk is absorbed. These 
observations raise further questions 
about energy use and feeding strate
gies in these larvae. 

Drs. Loren R. Haury, Niiler, John A. 
McGowan, and Elizabeth L. Venrick 
joined the FRONTS I and FRONTS II 
cruises aboard RN New Horizon in 
July 1985. They investigated the physi
cal, chemical, and biological proper
ties of a persistent, complex system of 
fronts and eddies southwest of San 
Diego, where cooler waters of the 
California Current abut the warmer 
oligotrophic waters to the south. 
These cruises were carried out with 
a Mexican colleague and with the 
cooperation of the Mexican govern
ment. Analyses of the data show 
marked changes in primary produc
tivity in the upper 100 m, and changes 
in the distribution of plankton species 
and biomass to depths of 1,000 m 
across a relatively weak frontal struc
ture that was physically identifiable in 
only the upper 400 m. 

Dr. James]. Simpson analyzed data 
taken in cooperation with NOM 
scientists during cruises of the 
Sardine-Anchovy Recruitment Pro
gram. He discovered that mesoscale 
eddies in the California Current 
system have a strong steering in
fluence on the main core of the 
California Current and that these 

Dr. james]. Simpson and UCSD student Lance Al-Rawi test their new, 
real-time data-acquisition system. 

eddies provide a mechanism for mix
ing inshore and offshore waters of 
different physicochemical and biolog
ical characteristics. These observa
tions may have important implications 
for understanding the fertility of the 
California Current and its ability to 
support important fisheries. 

Dr. Venrick is investigating the 
structure and dynamics of 
phytoplankton in the central North 
Pacific. Analysis of samples collected 
during April-May 1985 on an east-west 
transect of the Pacific at 24°N demon
strates an extraordinarily large and 
stable ecosystem: over 13,000 km of 
virtually invariant phytoplankton 
biomass and productivity. The most 
conspicuous feature of this area is the 
"hole" in the chlorophyll maximum 
layer between 170° and 176°W, just 
west of the Hawaiian seamount chain. 
Work is under way to investigate 
possible couplin~ between bottom 

topography and the biomass and 
productivity of phytoplankton. 

The amount of water carried by the 
various currents of the South Pacific 
Ocean at all depths has been esti
mated by Joseph L Reid. A pattern 
of total transport can be calculated by 
summing these from top to bottom. 
Though the flow may be in different 
directions at different depths, the 
summed transport reveals a fairly 
simple pattern. A strong Antarctic 
Circumpolar Current flows eastward 
into the Pacific from the Indian Ocean 
south of Australia. Its exchange with 
the northern area is guided by the set 
of ocean ridges. It loops into the 
Tasman Sea, shows a large gyre in the 
central basin between the ridge ex
tending north from New Zealand and 
the East Pacific Rise near 110° W, and 
loops around the basin that lies east 
of the rise. 
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Visiting scholar Dr. Shiro Imawaki 
worked with Dr. Niiler to deploy 
satellite-tracked drifting buoys in the 
equatorial Pacific Ocean. These 
buoys, equipped with thermistor 
chains, measured the daily cycle of 
heating and cooling as well as longer
term temperature trends. The data 
will be compared with and aug
mented by satellite SST data in order 
to understand the frequently 
observed swift currents leaving the 
equator, both to the north and south. 

Dr. Dean H. Roemmich and 
colleagues completed a transpacific 
section of hydrographic stations from 
San Diego to Nagasaki, Japan. The 
researchers are analyzing the data to 
estimate the transport of heat, salt, 
nutrients, and deep-water masses into 
the northern North Pacific. Because 
the 216 stations spanned the ocean 
from the California Current in the 
east to the Kuroshio Current in the 
East China Sea, and from the ocean 
surface to the bottom, all water 
masses flowing into or out of the 
North Pacific were sampled. They 
hope to quantify the inflow of cold 
water near the ocean bottom from 
sources as remote as the far northern 
Atlantic into the deep basins of the 
North Pacific. They also hope to 
determine the import and export of 
warmer layers. Together with recent 
sections in the Atlantic, the trans
pacific survey will yield a global 
estimate of the oceans' role in trans
porting heat poleward to maintain the 
earth's climate. 
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Marine 
Physical Laboratory 

S dentists at the Marine Physical 
Laboratory (MPL), under the 
direction of Dr. Kenneth M. 

Watson, are investigating underwater 
acoustics, marine physics and geo
physics, signal processing, and ocean 
technology. 

Ocean Environmental 
Acoustics and Signal 
Processing 

Dr. Fred H. Fisher is studying the 
vertical directionality of ambient 
noise in the 100-300 Hz frequency 
region. His work involves the deploy
ment of a vertical line hydrophone 
array from RIP FLIP in water over 
3,500 m deep. Both the 48-element 
Navy array and the MPL 32-element, 
rapidly deployable array were used at 
the sound channel axis 700 m deep. 
The Navy array was used while FLIP 
was moored at 32°N, 124°W; the MPL 
array was used at a series of drifting 
stations 124°W, 136°W, and 150°W at 
constant latitude 32°N. Data analysis 
by Dr. William S. Hodgkiss showed 
a rapid structural change in the ambi
ent noise's vertical directionality in 
the region centered about the hori
zontal axis. 

Dr. Hodgkiss, in collaboration with 
Dr. Victor C. Anderson's research 
group, improved the system control 
and quick look/calibration analysis 
software for a high-speed data record
ing system (HSRS). The HSRS was 
designed and fabricated by MPL. 

With Dr. Anderson's research 
group, Dr. Hodgkiss continued 
developing a freely drifting array of 
Swallow floats for measuring infra
sonic ambient ocean noise 'in the 
1-20Hz frequency region. Although 
the sensors are freely drifting, each 

float pings periodically, providing a 
localization signal that is received by 
the other sensors. Knowing each 
element's location enables research
ers to coherently process the array 
element outputs (beamforming) to 
measure the directionality of the 
ambient noise field. Sea tests were 
performed with five of these floats. 
Graduate students are developing 
software for buoy localization and 
data analysis, as well as a model of 
very-low-frequency acoustic prop
agation in the water column and 
sediment. 

Ocean Technology 
Dr. Fred N. Spiess's group used 

seagoing equipment to locate and 
recover six different sets of moored 
instruments whose anchor releases 
had failed on earlier projects. Of the 
six units recovered from 2,000-
5,000 m, three belonged to Scripps, 
one to NOM, one to Oregon State 
University, and one to the University 
of Hawaii. The MPL Deep Tow system 
was used for a fine-scale, side-looking 
sonar and bottom photography ex
pedition in an abyssal hill area about 
800 km south of San Diego. 

As part of an undersea geodesy 
program, Dr. Spiess was involved in 
an effort to design and construct an 
acoustic instrument with an accuracy 
of better than one part in 105 for 
measuring the speed of sound on the 
seafloor. Devices were designed and 
built to lower and release ocean
bottom seismographs at precise 
positions on the seafloor. Dr. Spiess 
also designed and constructed a 
thruster-powered instrument package 
that can be operated at the end of an 
electromechanical cable close to the 



Dr. Christian de Moustier compares Sea Beam swath map (bottom left) with 
computer data (upper center) generated by a Sea Beam imagery system 
under development. 

seafloor for sampling, photography, 
and recovery of lost objects. 

Dr. John A Hildebrand and F. Vince 
Pavlicek are constructing a horizontal
ly moored acoustic hydrophone array. 
The array, 1.5 km long, contains 200 
individual hydrophones, and is oper
ated from the RIP FLIP. The array will 
be used in deep ocean basins to study 
10-100-Hz acoustic noise generated by 
shipping, storms, and organisms. The 
long, horizontal, hydrophone array 
allows the azimuthal distribution of 
noise source to be examined with 
approximately 1 o of resolution. 

Dr. Christian de Moustier's group is 
measuring acoustic backscatter from ' 
deep seafloors with the multibeam 
echo-sounder Sea Beam. The re
searchers designed and built a system 
to digitize and record, on magnetic 
tape, complex acoustic data from Sea 
Beam's 16 preformed beams. This 
system was tested aboard RN Thomas 

Washington during leg 3 of the Papa
Tua Expedition. The system was also 
used aboard the French RN jean 
Charcot as part of a collaborative ven
ture to acquire and process Sea Beam 
acoustic data. Working with the 
complex recorded data, Dr. Dimitri 
Alexandrou applied adaptive noise 
canceling techniques to suppress the 
sidelobe interference inherent in 
multibeam sonars. With this process
ing, it is possible to use the 
backscattered acoustic returns 
received by Sea Beam, with a 2.66° 
angular resolution, to infer seafloor 
geology. 

·_Dr. Daniel E. Andrews, Jr., and a 
graduate student are examining the 
internal electroacoustic characteristics 
of a very-low-frequency underwater 
transducer that employs a gas-filled 
resonant bubble as the wet radiating 
surface. This type of source, which is 
only a small fraction of a wavelength 

across, is of special interest in the VLF 
band because it permits large mechan
ical displacements at the surface of 
the bubble-containing bladder. An ex
perimental transducer has been con
structed and tested with resonances 
in the vicinity of 20 Hz; most observa
tions are in the 15-to-80-Hz band. 

Marine and Arctic 
Physics/Geophysics 

The Upper Ocean Physics Group, 
directed by Dr. Robert Pinkel, studies 
the dynamics of small-scale motions 
in the top kilometer of the ocean, ana
lyzing existing data, and developing 
and field testing new instrumentation. 

Graduate student Jeffrey T. 
Sherman developed and tested a 
coherent Doppler sonar system. A 
single beam successfully measured 
shear profiles out to 25 m, with a 
resolution of 1 m in range and 1 sec 
in time. The existing incoherent 
system has a total range of nearly 
2 km, but a resolution of 20 m and 
3min. 

Dr. Jerome A Smith has been ana
lyzing the MILDEX data set and relat
ing near-surface velocities from two 
Doppler sonars to the velocities 
sensed by fixed and profiling current 
meters. Surface convergences associ
ated with Langmuir circulation appear 
intermittently at all resolvable scales 
up to about three times the mixed layer 
depth. Comparisons of the Doppler 
sonar data with the current meters 
continues. Graduate student Albert J. 
Plueddemann is working on the time
space characterization of the internal 
wavefield, using information from the 
four down-looking Doppler sonars. 

A series of flow measurements in 
the upper Arctic Ocean is now being 
analyzed. The velocities, measured by 
two commercial Doppler sonar sys
tems, revealed low overall energy in 
the Arctic internal wavefield. Wave 
propagation is evident, and significant 
interactions between the waves and 
the background shear field are seen. 
An isolated Arctic eddy, which passed 
through the test site, was measured 
by the sonar and found to have peak 
velocities of 30 em/sec. 
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Neurobiology Unit 

Dr. Horst Bleckmann records from primary lateral-line a.fferents of the 
prickleback Xiphister atropurpureus. The goal of Bleckmann 's research is to 
compare the function of the mechanosensitive lateral-line system in 
''specialized" and "nonspecialized" teleost and nonteleost fishes. 
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S dentists in the Neurobiology 
Unit, associated with Marine 
Biology and the Marine Bio

medical Program, study the sensory 
and neural mechanisms of natural 
behavior. 

Dr. Theodore H. Bullock found that 
electrical recordings of the brain 
show, within a few hours, the acoustic 
frequencies a fish can hear. The 
results from these recordings are in 
agreement with results from much 
more laborious, traditional methods 
requiring training. Young ( 1 kg) 
yellowfin tuna, for example, hear only 
between 300 and 600 cycles per 
second, a narrower range than most 
fish. Dr. Bullock and colleagues used 
computer-averaged brain waves to 
reveal the brain correlates of cogni
tive events in a dolphin's brain. Drs. 
Bullock and Erol Basar employed 



computer processing of brain waves 
to measure parameters, such as 
coherence, as function of separation 
of recording loci. They also used 
frequency spectrum of amplitude 
modulation, both as function of brain 
wave frequency, to study the evolu
tion of brains in advanced inverte
brates and a range of vertebrates. As 
part of the evolutionary study Drs. 
Jose M. Gaztelu and Elio Garcia-Austt 
compared brain waves in the hippo
campus and cortex of turtles. 

Dr. Jeff Schweitzer completed a 
study of brain areas responsive to 
electrosensory stimuli up through the 
midbrain and into the diencephalon 
in an elasmobranch, recording 
compound potentials and single units 
and marking the areas anatomically. 

Dr. Bullock and two colleagues 
mapped the brain areas responsive to 
lateral-line (water-movement) stimuli 
and characterized their dynamic 
properties in rays. The best frequen
cies and sensitivity appear to be 
higher in the brain than in the 
sensory nerve fibers. Dr. Horst Bleck
mann, in a theoretical study of wave 
analysis by surface-feeding fish and 
arthropods, showed that they may 
compute the distance of a source of 
disturbance by the ray-tracing method 
familiar to physical oceanographers. 

Dr. Leo Demski and others 
described the anatomy of the nervous 
terminalis in elasmobranchs and 
cetaceans. The nervous terminalis is a 
little-studied cranial nerve found in 
most vertebrates; it may function as a 
social chemoreceptor. 

Dr. Janet L. Leonard has worked out 
the ethology of several opistho
branchs; one study reconciled con
flicting reports on gill withdrawal 
movements in Aplysia, much studied 
in simple models of learning. She 
also used the alternation of male and 
female roles in the simultaneous 
hermaphrodite Navanax to test 
theoretical models of the evolution of 
reproductive behavior. 

Dr. William L. R. Cruce studied the 
problem of neural pathways from 
forebrain to spinal cord in sharks, 
using new fluorescent tracers. 

Ocean 
Research Division 

S dentists in the Ocean Research 
Division ( 0 RD) work in many 
disciplines; in this discussion, 

we have chosen programs in marine 
biology, marine chemistry, marine 
physics, and physical oceanography to 
represent the whole. ORD also serves 
as the home of the Physical and 
Chemical Oceanographic Data Facility 
and the Scripps Satellite Research 
Facility. Both of these are described in 
the Facilities and Collections section 
of this report. 

Internal Hydraulics of 
Gibraltar Strait and Ocean 
Mixing Processes 

Dr. Laurence Armi is studying the 
internal hydraulics of the Gibraltar 
Strait. His objective is to resolve the 
essential features of time-dependent 
internal hydraulic control in the strait 
and how this control influences two
layer exchange between the Mediter
ranean and Atlantic. This project has 
five aspects: (1) the time-dependent 
structure of flow near the first sill 
(Camarinal), including the hypothe
sized supercritical flow west of the sill 
crest-the internal hydraulic jump 
connecting the subcritical conditions 
in Tangier Basin; (2) the submaximal 
conditions (such as flow reversal of 
deep layer) over the sill during inflow 
that are required to specify the ex
change throughout the tidal cycle; (3) 
the internal hydraulic transition 
between subcritical flow just east of 
the sill and supercritical flow in the 
eastern part of the strait, together 
with the adjustment back to subcriti
cal flow at the entrance to the Alboran 
Sea and the response of these fea-

tures to traveling bores generated 
near the sill; ( 4) the behavior of 
fronts in the narrow section of the 
sill; and (5) interpreting the above 
processes in terms of internal hy
draulic theory and determining their 
influence on the exchange of water 
between the Mediterranean and 
Atlantic. 

Time series measurements were 
made in April 1986 at specific 
locations ( Camarinal Sill, Tarifa 
Narrows, and the eastern end of the 
strait), and a sequence of traverses 
along the axis of the strait and across 
the strait recorded density, velocity, 
and acoustic backscatter profiles. 
These measurements will describe 
the spatial and temporal structure of 
the hydraulics, and are aimed at re
solving the exchange problems. 
Moored thermistor chains and cur
rent meters will be deployed to 
acquire sufficient temporal resolution 
to describe the time-dependent hy
draulic response. 

Ocean mixing processes are also 
studied in Dr. Armi's laboratory. The 
structure of fronts and associated in
trusions, and other small-scale struc
ture embedded in large-scale eddies 
and jets off the California coast are 
being studied. These large-scale 
coherent flow features show distinc
tive signatures in satellite infrared 
scanner images; these images were 
used for in situ sampling strategy. For 
simplicity, the researchers focused on 
the California coast; however, they 
believe that a limited number of 
coherent structures exist in the 
oceans, and that this study will apply 
to other areas. 
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EMSLAB seafloor array between the coast of northwest America and juan de Fuca Ridge (2,600-m bathymetry feature to the west). 
Tbe east-west-trending ellipses represent the horizontal electric field that corresponds to the semidiurnallunar constituent M2 at 
stations where both electric and magnetic fields were recorded. 1be dashed ellipses represent the magnetic field for M2. Tbe 
north-south-trending ellipses combine both electric and magnetic information for estimating tidal barotropic velocity for the M2 
tide. Tbe scale segment, upper center, corre~onds to 10- 6 V m- 1 (electric field), 5 x 10- 9 T (magnetic field), and 2.5 em s - 1 

(velocity). 
Right, the continuous ellipses represent independent estimates of barotropic tidal flow for M2 derived from seafloor pressure data 
from stations P (and a few others off map). Tbe dashed ellipses represent the electromagnetically estimated barotropic M2 flow 
(shown in adjacent figure). 

Volunteer Ship Program 
The volunteer observing ship 

(VOS) program, under the direction 
of Drs. David L. Cutchin and Warren 
B. White, operates in the tropical 
Pacific area. Commercial ships volun
tarily collect biological and chemical 
data for Scripps and international 
researchers, and are equipped to 
deploy XBT (expendable bathyther
mograph) probes. Several of the ships 
carry satellite communications equip
ment. Hardware and software for 
receiving and processing data were 
developed to view the data in near
real time. Previously it might have 
taken six months to view the thermal 
structure of the tropical Pacific; it now 
can take as little as a few hours. This . 
enables researchers to keep abreast 
of late-breaking oceanographic news, 
such as the development of El Nino 
events. 

VOS XBT data has' recently been 
used by Drs. White and Stephen E. 
Pazan and others to describe climatic 
variability of the subsurface thermal 
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structure over the entire Pacific 
Ocean. Drs. White and Pazan compare 
the real ocean against a wind-driven 
model ocean to develop a hindcast/ 
forecast procedure for El Nino events, 
and to investigate the balance be
tween wind-driven and geostrophic 
currents in the tropical Pacific Ocean. 
Drs. White and Pazan are now manag
ing thermal data for the Tropical 
Ocean/Global Atmosphere (TOGA) 
Project, in which the VOS XBT data 
will play a predominant role. 

This year, Drs. Dean H. Roemmich 
and Bruce D. Cornuelle used aVOS 
network vessel, Southland Star, to 
make precise XBT sections across the 
South Pacific subtropical gyre in the 
area between Fiji and New Zealand. 

In cooperation with EXXON and 
the U.S. Minerals Management Ser
vice, EXXON ]amestourn was diverted 
from its course to cut directly across a 
detached loop current eddy. This is 
the first time that a VOS has changed 
course at scientist's request to sample 
a more interesting part of the ocean. 

New Chemicals from Marine 
Organisms 

Dr. D. john Faulkner's group 
isolates and identifies new chemicals 
from marine organisms. Many of the 
natural products isolated in his labo
ratory have potentially important 
pharmacologic properties, including 
antimicrobial, anti-inflammatory, and 
antimitotic (anticancer) effects. The 
research has focused on understand
ing in what ways these unusual 
metabolites are important to the 
organisms that produce them. 

Identifying chemical signals that 
influence the settlement and meta
morphosis of invertebrate larvae has 
highlighted recent work. Pbragmato
poma californica, a polychaete worm 
that forms reefs from aggregated 
tubes of sand, produces planktonic 
larvae that metamorphose in re
sponse to compounds isolated from 
the sand tubes of adult worms. Such 
compounds might be used to control 
worm-reef formation so as to prevent 
the erosion of shorelines and beaches. 



Dr. jean H. Filloux tests an electrode-switching device (salt-bridge chopper) 
prior to an expedition. Below, aboard the Royal Australian Navy research 
vessel HMS Cook a marine te~hnician secures an electric field recorder after 
its return from a four-month operation on the Tasman Sea floor. 
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Also potentially useful are novel 
metabolites isolated from unfouled 
colonial invertebrates (sponges, 
corals, and tunicates ). These animals 
use their chemicals to prevent the 
larval settlement of organisms that 
might otherwise consume or smother 
them. Particularly effective com
pounds may help prevent the settle
ment and growth of invertebrate 
foulers on ships' hulls, buoys, and 
other maritime structures. 

Electromagnetics Beneath the 
Juan de Fuca Plate · 

Dr. jean H. Filloux's work has 
centered on the international project 
EMSIAB (Electro Magnetic Study of 
Lithosphere and Asthenosphere 
Beneath juan de Fuca Plate). EMSLAB 
is the study of a spreading plate from 
accretion along juan de Fuca Ridge to 
and beyond subduction under the 
North American continent. Dr. 
Filloux's group observed the seafloor 
with an array of 29 recorders-all 
recovered-including 14 elec
trometers, 9 magnetometers, and 6 
pressure recorders. Data coverage, 
simultaneous with land operations, 
lasted 65 days. 

Natural electromagnetic fluctu
ations observable on the seafloor are 
generated by ionospheric-magneto
spheric processes and the interaction 
of oceanic motions with the earth's 
main field. In both cases electric-to
magnetic relationships are controlled 
by the structure of electrical con
ductivity of the submarine basement 
to great depth; in the second case 
these relationships are also affected 
by the geometry of oceanic velocity 
fields. Separation of ionospheric and 
oceanic contributions should greatly 
enhance the resolution of electro
magnetic exploration of the solid 
earth, while providing an alternative 
to investigations of large-scale oceanic 
motions. An example from the ex
tensive seafloor data coverage from 
EMSIAB follows. 

The horizontal electric field at 9 
stations, correlated with gravitational 
driving, is shown in an accompanying 
figure for semidiurnallunar tide con-
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stituent M2. Divided by the earth's 
vertical main magnetic field, it should 
correspond to the barotropic flow ex
cept for the effect of electric currents 
driven in ocean and seafloor by oce
anic fields. A first-order correction 
can be made from the magnetic signa
ture of these electric currents, as 
recorded by EMSIAB magnetometers. 
An appropriate combination of 
electric and magnetic data closely 
provides the barotropic flow. 

Tidal elevations derived from 
seafloor pressure records at five sites 
have been used to simulate the 
semidiurnal tide over the area in 
terms of Kelvin and Poincare wave 
modes, in turn leading to alternate 
barotropic flow estimates. A single, 
closely defined two-mode Kelvin
Poincare mix allows a remarkably 
close fit with electromagnetic 
estimates. 

Sensory Biophysics 
Behavior depends mainly on how 

an animal perceives the world in 
which it lives. Thus knowledge of the 
ocean's physical features and the in
formation they offer to animals is 
essential for the study of sensory 
detection. The need for a physics
oriented approach is obvious when 
sensory systems unfamiliar to humans 
are involved, for example, the electric 
sense of sharks, skates, and rays. 
However, the objectivity of the scien
tific method is equally important in 
studying the more familiar senses. In 
hearing, for instance, marine animals 
need not detect or perceive acoustic 
fields the same way we do. 

Research conducted by Dr. 
Adrian us]. Kalmijn has revealed that 
aquatic animals produce steady bio
electric fields in their immediate 
vicinity, incidental to the normal 
physiological processes taking place 
at the body-seawater boundary. With
in less than half a meter from the 
source, the common bioelectric fields 
are usually too weak to be detected 
by instruments. Nevertheless, these 
fields routinely guide marine sharks, 
skates, and rays to their prey, even in 
the night or when the prey is hiding 
under sand on the bottom. 
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The versatility of the elasmo
branchs' keen electric sense became 
apparent when Dr. Kalmijn demon
strated that sharks, skates, and rays 
are also capable of orienting to the 
motional-electric fields of ocean 
currents, and may even use the 
electric sense to determine their 
magnetic compass headings. The 
physical principles of these orienta
tion mechanisms date back to Fara
day's 1832 paper on electromagnetic 
induction. All Dr. Kalmijn's orienta
tion studies are first conducted in 
land-based facilities and subsequently 
verified at sea. 

Elasmobranch fishes are most 
readily attracted to acoustic sources at 
frequencies well below 100 Hz. Only 
fishes that use the swim bladder as a 
hearing aid detect considerably 
higher frequencies, up to several 
thousand hertz. The basic hearing 
function would, according to Dr. 
Kalmijn, detect the low-frequency 
hydrodynamic flow fields produced 
by moving objects such as predator or 
prey. Notably, the sharks, skates, and 
rays lack a swim bladder, and even 
many of the fishes with swim blad
ders do not seem to use them in 
hearing. 

More precise information from the 
water perturbations in the vicinity of 
predator and prey is acquired by the 
lateral-line system, which is develop
mentally related to the inner ear, but 
has its receptors arranged in linear ar
rays on the head and along the length 
of the body. Behavioral studies have 
recently shown that at night teleost 
predators cautiously approach their 
prey, probably aided by their inner
ear sense, and fully rely on the lateral 
line to initiate their fast and well
aimed attacks from striking distance. 

Dr. Kalmijn's theories about the 
origin of vertebrate hearing are not 
only based · on the well-known physics 
of hydrodynamic and acoustic fields, 
but also on the biophysical properties 
of the fishes' lateral-line and inner-ear 
sense organs. A reevaluation of the var
ious sensory structures has recently 
clarified the detection of underwater 
sound and resolved long-standing in
consistencies. 

Oceanic Cloud-Radiation 
Feedback Processes 

Dr. Richard C. ]. Somerville and 
graduate students Beth Chertock and 
Sam F. Iacobellis used remote sensing 
and modeling to study oceanic cloud
radiation feedback processes. They 
employed a multiyear time series of 
earth radiation budget (ERB) param
eters, which recently became avail
able from the Nimbus-7 satellite. 
These data permit an assessment of 
the natural variability of the measured 
parameters, including earth albedo, 
longwave terrestrial flux, and net 
radiation. The researchers' goal is to 
clarify the clouds' role in modifying 
the greenhouse effect. This effect is 
likely to raise the earth's surface 
temperature in the next few decades, 
as the atmosphere absorbs increased 
concentrations of carbon dioxide, 
methane, and other trace gases. 

The satellite ERB data provide a 
promising means of validating several 
proposed cloud-radiation feedback 
mechanisms. One such mechanism is 
caused by the possible dependence of 
cloud optical thickness on tempera
ture, as proposed recently by Dr. 
Somerville. Other mechanisms in
volve the possible systematic depen
dence of cloud height and cloud 
amount on variables such as tempera
ture and relative humidity. 

Clouds respond rapidly to their 
environment, so an analysis of how 
they change as sea-surface tempera
ture (SST) undergoes an annual cycle 
may provide clues as to how they will 
respond to a long-term SST change 
like that caused by increases in the 
concentration of atmospheric C02 

and other "greenhouse" trace gases. 
Statistical effects of SST variability may 
be sought in time and space averages 
of satellite ERB data. These effects 
vary with geographical region, syn
optic regime, and other factors. It 
would be naive to regard seasonal 
and interannual variability as a simple 
surrogate for longer-time climate 
variability. Nevertheless, physical 
processes that are important in 
oceanic cloud-radiation feedback may 
occur on a wide range of time scales, 
including those accessible through 
the Nimbus-7 data. 



Dr. Somerville's group carried out 
preliminary analyses in several test 
regions and will document the re
gional and temporal variability of ERB 
parameters. Both the planetary albedo 
and SST in the test regions show sub
stantial interannual and seasonal 
variability. Furthermore, the SST and 
albedo time series sometimes display 
similar features. For example, the 
envelopes that bound the variability 
of the two curves may have similar 
structures. These albedo changes over 
the oceans are presumably caused by 
cloud variability. The researchers 
found that under some circumstances 
cloud parameters, and hence cloud 
effects on earth radiation budget 
components, may vary systematically 
with sea-surface temperature. 

Dr. Somerville and his students 
have also used a hierarchy of models 
to interpret the satellite data and to 
use them to assess and improve the 
method of applying cloud-radiation 
interactions in large-scale numerical 
weather prediction and climate 
simulation. The nature of cloud 
feedback is recognized as one of the 
major uncertainties in present-day 
climate models. Cloud effects may 
amplify climate changes such as those 
expected from increasing atmospheric 
C02 , or the clouds may act as a global 
thermostat, stabilizing our climate. 

North Pacific General 
Circulation and Mesocale 
Studies 

Dr. Lynne D. Talley has been study
ing North Pacific general circulation 
and mesoscale. In her circulation 
study she uses maps of the potential 
vorticity field on a large number of 
surfaces of constant density to infer 
aspects of the general circulation. 
Heuristically, potential vorticity is a 
quantity related to angular momen
tum; in the absence of forcing and 
friction it is conserved following the 
flow. It is a fundamental dynamical 
quantity in theories of large-scale 
ocean circulation. Maps of this quantity 
are interesting because potential 
vorticity is a property, like salinity or a 
nutrient, that can add information to 
the basic velocity shear calculated 
from temperature and salinity. 

Potential vorticity can be compared 
easily with circulation theories used 
to interpret the potential vorticity dis
tributions. Vorticity maps reveal the 
presence of mode waters in the 
subpolar gyre, and circulation of low
potential-vorticity water around the 
eastern part of the subtropical gyre, 
analogous to features found in the 
North Atlantic, and hitherto thought 
caused by deep winter convection. In 
the North Pacific, winter convection is 
not important because the mixed 
layer depth is constrained by a strong, 
shallow halocline. The presence of 
mode water indicates that there are 
processes that are common to all 
oceans and do not require deep 
winter convection-although such 
convection greatly enhances the 
mode waters of the North Atlantic. 

Another aspect of the general cir
culation that reveals the potential 
vorticity field, assuming that theories 
of wind-driven circulation are approx
imately correct, is the depth and 
shape of the wind-driven gyres. Thus 
it is possible to separate the three
dimensional regions where flow is 
driven by the wind and thermocline 
forcing from those where the forcing 
is entirely thermohaline. In the North 
Pacific, the maximum depth of the 
wind-driven circulation is hypothe
sized to be about 2,500 m. 

Dr. Talley has also been involved 
with seagoing hydrographic data 
collection; a trans-Pacific section at 
47°N in the subpolar gyre was made 
in August 1985. Data from this cruise 
have already revealed a northward
flowing deep western boundary 
current; a strong separation of eastern 
and western regions in the upper 
1,000 m, the possibie effect of abyssal 
geothermal heating slightly changing 
the abyssal temperatures (so we 
surmise that the abyssal waters are 
older to the east); and a strong north
ward undercurrent in the upper water 
near the shelf just west of Seattle. 

Drs. White and Talley have been 
looking at the mesoscale eddy field of 
the-mid-latitude NortH Pacific using 
the eight-year TRANSPAC XBT data 
set. The data were collected to study 
large-scale phenomena (in excess of 
1,000 km) rather than mesoscale 
phenomena (100-to-1,000-km scales), 
but the richness of the data set in 
providing space and time information 
led the researchers to try quantifying 
space and time scales. They found 
that length scales are shorter in the 
Kuroshio Extension than elsewhere in 
the mid-latitudes, that dominant 
phase propagation is westward every
where in the North Pacific, and that 
there was an eight -year cooling trend 
in the eastern North Pacific 

Dr. Talley and a colleague used a 
quasi-geostrophic numerical model to 
study the instabilities of a barotropic 
jet, particularly the differences be
tween instabilities that are strongly 
trapped to the jet, and those that can 
radiate to the far field. Linear, analytic 
theory predicts that an eastward jet 
will not radiate and that a westward 
jet will, via Rossby waves of the far 
field. The numerical calculations ex
tend the linear theory to the non
linear "turbulent" regimes. The 
researchers found that linear growth 
is followed by nonlinear vacillation, 
followed by growth of the entire 
spectrum; radiation is indeed impor
tant in determining the final shape 
and energy level of the mean flow. 
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Physiological 
Research Laboratory 

S cientists in the Physiological 
Research Laboratory concen
trate on the physiological and 

biochemical adaptations of aquatic 
and terrestrial animals. In this report 
two of the several projects in the lab
oratory are highlighted. 

Diving Biology of Sea Snakes 
The diving biology of the yellow

bellied sea snake, Pelamis platurns, is 
a continuing subject of research for 
Dr. Jeffrey B. Graham and his col
leagues at the Smithsonian Tropical 
Research Institute in Panama and at 
the University of Manitoba, Canada. 
Acoustic tracking studies of free
swimming Pelamis in the Gulf of 
Panama, and deep-tank experiments 
at Scripps, have yielded several new 
discoveries about the behavior and 
physiology of this highly venomous 
and widely distributed sea serpent. 

Tracking showed that Pelamis 
makes long repetitive dives to depths 
of at least 50 m and that -despite 
previous perceptions that this snake 
occurs mainly at the surface-it 
spends an average of 87 percent of its 
time submerged. The longest dive 
measured so far is 213 minutes. 
Normally drifting in oceanic surface 
currents, Pelamis occurs throughout 
the tropical Pacific and Indian oceans, 
and ranges from eastern Africa to 
Central America. Track data show that 
diving snakes drift more slowly than 
those on the surface, and in some 
cases they can move against the 
prevailing surface drift. Diving seems 
to provide Pelamis with a means of 
relocating itself in the surface drift for 
purposes ranging from feeding to 
encountering mates. 
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Comparative studies show that the 
swimming effic;iency of Pelamis is 
much greater than that of the fresh
water snake (Nerodia) and is similar 
to that of eels. However, Pelamis must 
swim both at the surface and at depth. 
Dr. Graham and colleagues observed 
Pelamis in Scripps's 10-m deep tank 
and discovered that before diving, 
Pelamis hyperinflates its lung with 
enough air to compensate for in
creased pressure at depth and 
achieves neutral buoyancy while div
ing. Neutral buoyancy enables the 
snake to minimize its subsurface 
energy expenditure for swimming 
and thus further reduce oxygen 
requirements. Several years ago Dr. 
Graham discovered that Pelamis can 
breathe through its skin. Unique 
properties of the snake's blood circu
lation favor skin gas exchange and 
minimize the loss of lung gas and 
thus buoyancy during long dives. 
Analysis of time-depth diving records 
of tracked snakes indicates that they 
compensate for loss of gas and lift 
from the lung by gradually ascending, 
allowing the lung to expand, and thus 
maintaining buoyancy during the 
course of a long dive. 

Bringing the Deep Sea to the 
Laboratory 

Physical factors in the sea influence 
both the distribution of oceanic life 
and its evolution. The importance of 
salinity and temperature for oceanic 
life has long been recognized. The 
importance of pressure, however, has 
not been as widely appreciated nor as 
well studied. Several Scripps scientists 
are investigating the physiological, 
biochemical, and molecular bases 

R. A Chastain 

Electron micrograph (top) of a deep
sea bacterium preserved immediately 
after decompression from its habitat 
pressure of l,OOOatm to 1 atm. 
Although the cells die at atmospheric 
pressure, the thin sections of these cells 
show nonnal bacterial morphology, 
implying that the effects of decompres
sion are not· immediate. 7be second 
electron micrograph (bottom) shows 
cells fixed 48 h after decompression 
and exhibiting severe morphological 
change. 7be experiments were done 
at 0°C. 



allowing mammals, birds, fish, crus
tacea, and even bacteria to live with 
the pressure variability that they 
encounter in the ocean. 

Researchers in the laboratory of Dr. 
A. Aristides Yayanos are studying the 
physiology of deep-sea bacteria 
grown under simulated deep-ocean 
pressures and temperatures. Because 
temperature and pressure together 
influence biological structures and 
biochemical reactions, bacteria have 

Dr. A Aristides Yayanos works on the computer analysis of bacterial growth
rate data to help determine the role of pressure as a parameter affecting the 
vertical distribution of oceanic life. 

been isolated from habitats differing 
in temperature and pressure. Most of 
the deep ocean has a temperature 
near zoe. Notable exceptions to this 
are the waters near hydrothermal 
vents (Z°C-350°C), the Mediterranean 
Sea (13.5°C), the Sulu Sea (9.8°C), the 
Halmahera Basin (7°C), the Celebes 
Sea (3.9°C), and the deep waters near 
Antarctica ( - 0.5°C). Dr. Yayanos and 
his colleagues have been on ex
peditions to various parts of the North 

Pacific Ocean to collect bacteria that 
live at high pressures (up to 1,100 
atm) and at zoe. 

In the fall of 1985 the researchers 
went to the eastern Mediterranean 
Sea aboard the French RN Le Noroit. 
The sites visited-south of the Island 
of Rhodes, south of Crete, and west of 
Peloponnesus-have depths to 5,000 
m and a temperature at this depth of 
13.5°C. Bacteria were isolated from 
water and sediment samples and from 

33 



Research Activities 

parts of trapped animals. Studies 
completed with two pure cultures of 
deep Mediterranean Sea bacteria 
show that they are barophilic but 
cannot grow at 2°C at any pressure. 
Thus the physical conditions of 
temperature and pressure together 
make it impossible for the same 
organism to inhabit deep, cold ocean 
niches and deep Mediterranean Sea 
niches. 

In the spring of 1986 Dr. Yayanos 
and colleagues joined RN Thomas 
Washington for Leg 8 of Papa-Tua Ex
pedition for a 4,700-nautical-mile trip 
in the western Pacific. Microbiological 
sampling was done in the Halmahera, 
Celebes, and Sulu seas and in two 
trenches. Studies of bacteria from 
these samples and from those of the 
Mediterranean Sea should elucidate 
how temperature and pressure 
together influence the distribution 
and evolution of oceanic life. 

Graduate students Linda H. Lutz 
and Edward F DeLong discovered 
some surprising aspects of deep-sea 
bacteria. Lutz found that some deep
sea bacteria can repair their DNA 
damaged by exposure to ultraviolet 
light by a photoreactivation mecha
nism. Deep-sea bacteria presumably 
are never exposed to visible light, so 
it is paradoxical that they should 
possess the photoreactivation mecha
nism. Lutz's studies may explain both 
the nature of photoreactivation and 
the evolution of deep-sea bacteria. 
She has also found that excision 
repair and photoreactivated repair of 
DNA are pressure-adapted processes 
in deep-sea bacteria. 

DeLong has discovered that many 
deep-sea bacteria make polyunsatu
rated fatty acids as part of their 
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membrane phospholipids. Although 
he is studying primarily the im
portance of these acids to membrane 
function in a high-pressure environ
ment, he has noted that they are 
essential nutrients for deep-sea 
animals, and they are too refractory to 
be supplied only from primary 
production in shallow parts of the 
ocean. He has thereby established at 
least one critical role for deep-sea 
bacteria in the deep-sea food web. 

In his search for animal-associated 
bacteria in the deep sea, Dr. Yayanos 
has used two types of animal traps: 
those that retain both the temperature 
and the pressure found at the capture 
depth, and those that retain only the 
temperature. Although bacteria that 
can survive brief decompressions can 
be obtained from all ocean depths, 
animals that can survive brief decom
pression have so far been caught only 
in depths less than 3,600 m. One type 
of insulated trap is a Niskin sampling 
bottle rigged with bait inside, with 
timed closing and ballast-releasing 
mechanisms. One of two giant 
isopods caught with this device at 
2,500 min the Sulu Sea is Bathy
nomus giganteus. The isopods 
survived the transit from the western 
Pacific to the United States and were 
maintained for an additional five 
weeks in the laboratory at atmo
spheric pressure. Observations of the 
isopods suggested that decompres
sion had adversely affected their 
nervous systems. It is likely that 
recompression of these animals in a 
high-pressure aquarium would have 
allowed longer laboratory survival. 
When such aquaria become available, 
scientists will be able to study rare 
and seldom captured deep-sea 
animals like these isopods. 

Visibility 
Laboratory 

S dentists in the Visibility 
Laboratory focus on environ
mental optics, optical remote 

sensing, and digital image processing. 
They study the oceanic and atmo
spheric distribution of optical prop
erties and are developing improved 
measurement methods. They in
vestigate distribution of attenuation 
properties and phytoplanktonic 
pigments in the oceans using new 
remote sensing methods. 

Gerald D. Edwards supervised two 
major field operations during the 
year. Vertical profiles of oceanic opti
cal properties were made during a 
cruise from Seattle, through the Gulf 
of Alaska, and into the Bering Sea. 
An intensive six-month series of 
measurements was initiated off the 
Florida coast to document the optical 
attenuation and reflectance properties 
of the water as a function of time. 

Under the direction of Richard W 
johnson, electro-optical (E/0) camera 
systems were devised to exploit the 
atmospheric scattering model 
developed by Wayne S. Hering. 
Automated techniques using these 
E/0 cameras for assessing sky radi
ance distributions, horizontal visi
bility, cloud type, and fractional cloud 
cover characteristics are being studied. 

Roswell W Austin, janet E. Shields, 
and Hering prepared data for an atlas 
that will show the distribution of 
water attenuation properties for 
Northern Hemisphere oceans using 
Coastal Zone Color Scanner (CZCS) 
images of spectral radiance. Remote 
sensing is a practical method for 
developing global-scale information. 



Dr. Nancy G. Maynard enhances Coastal Zone Color Scanner (CZCS) satellite image of chlorophyll pigments in waters around 
Iceland. Map (below) shows CZCS-derived pigment distribution from the Greenland Sea west of Spitsbergen. Eddy and ring 
formation can be seen on either side of this north-south-oriented band of high pigments that reflect the interaction between the 
northjlowing West Spitsbergen Current and the southwardjlowing Arctic waters. Land and cloud areas are shown as black. 
Pigment concentrations are represented as shades of gray, increasing from dark to light. 

N. Maynard 

Dr. Nancy G. Maynard directed 
CZCS use in polar regions to under
stand the advance and retreat of the 
marginal ice zone and the biological 
productivity associated with the ice 
edge. She and a NOM colleague 
demonstrated that it is possible to 
obtain imagery comparable to that 
produced at mid and low latitudes. 
This imagery clearly indicates gradual 
changes in phytoplankton distribu
tion, and also provides synoptic 
mesoscale information about physical 
processes like eddy and ring forma
tion, water-mass distribution, and 
current dynamics. CZCS imagery was 
processed in high-latitude locations 
including the Greenland Sea, Norwe
gian Sea, Barents Sea, Bering Sea, 
and the Chukchi Sea. Two pigment
distribution studies from the vicinity 
of Iceland and the Bering Sea have 
yielded more information about 
the regions' seasonal productivity 
patterns and interdependence upon 
hydrography, climatology, and ice dis
tribution. In a joint program with 
the Institute of Marine Research, 
Reykjavik, Iceland, Dr. Maynard will 
compare CZCS imagery with data 
from circum-Iceland cruises carried 
out by the Icelanders. The researchers 
hope to better understand relation
ships among the physical oceanog
raphy, ice distribution, primary 
productivity, and fisheries in Icelandic 
waters. 

Dr. Kenneth]. Voss's research 
emphasizes the link between inherent 
and apparent optical properties. An 
underwater Electro-Optic Radiance 
Distribution Camera system will in
stantaneously measure the complete 
distribution of radiance surrounding 
the camera capsule, thereby permit
ting many apparent and inherent 
properties to be determined. These 
measurements, when combined with 
those of light scattering and light 
absorption, will enhance investigation 
of the classical radiative transfer 
equation. 
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California 
Space Institute 

Crescent earth from space. 
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T he California Space Institute 
(Cal Space), a multicampus 
research unit of the University 

of California, supports and partici
pates in space-related research. Cal 
Space, under the direction of Dr. 
James R. Arnold, is headquartered at 
Scripps. 

NASA 

One of the major multi campus 
activities of Cal Space is a minigrant 
program that provides seed money 
for UC researchers in astrophysics 
and planetary sciences, remote sens
ing, climate, and materials processing 
in space. Each year a number of 
Scripps investigators receive small 
grants from this program. 

Dr. Catherine H. Gautier leads part 
of Cal Space's research in remote 
sensing and climate. The Cal Space 
group has joined with Dr. Richard C.). 
Somerville and others in an informal 
unit called Climate and Remote Sens
ing (CARS). 

The remainder of Cal Space 
research focuses on access to space. 
Scientists are concerned with making 
space facilities easier to build and 
use, for scientific as well as other 
human purposes. This goal is particu
larly urgent in the post-Challenger 
era. One area of Cal Space interest 
is the rapidly developing field of 
automation and robotics. Following 
last year's NASA-sponsored study, a 
consortium of universities and in
dustrial companies formed C-SAR 
(Consortium for Space Automation 
and Robotics). Dr. David R. Criswell 
is acting director of C-SAR, and the 
program is temporarily housed at 
Scripps. Cal Space scientists think 
there are strong similarities between 
space and undersea environments for 
robotic operations, and hope for 
fruitful interactions with groups 
studying undersea applications. 

A new study for NASA on advanced 
space propulsion methods, particular
ly those that do not use traditional 
chemical rocket systems, began this 
year. Cal Space scientists think a new 
generation of simpler, lower cost, 
more reliable propulsion systems for 
movement in space, and even for 
direct launch from earth, may be 
possible. They seek to compare such 
yet-untried methods with the "base 
case" of existing rocket systems for 
transport between low earth orbit and 
the lunar surface. They also hope to 
identify the most promising areas for 
future research. 



Institute of 
Geophysics and 
Planetary Physics 

T he San Diego branch of the 
University of California 
systemwide Institute of 

Geophysics and Planetary Physics 
(IGPP) is located at Scripps Institu
tion, and is strongly linked to Scripps 
through joint faculty appointments, 
research interests, and shared facilities. 
Other IGPP branches are located at 
the Los Angeles and Riverside cam
puses and at the Los Alamos and Law
rence Livermore national laboratories. 

Dr. Duncan C. Agnew studied crust
al deformation, analyzing tide-gage 
measurements, and showing that 
apparent changes in mean sea level 
may result from slight gage clogging. 
Reviewing methods for measuring 
continuous strain and tilt, he con
cluded that borehole and long-base 
techniques offer the best avenues for 
future development. Dr. Agnew and 
graduate student Nancy E. King used 
the Global Positioning System satel
lites to make geodetic measurements 
on San Clemente Island for determin
ing strain accumulation off southern 
California. 

Frank K. Wyatt III and Dr. Agnew 
direct work at the Cecil and Ida 
Green Pinon Flat Observatory, a field 
station in the Santa Rosa Mountains 
for developing and testing geophysi
cal instruments. Recent work focused 
on installations of borehole tiltmeters 
by groups from several institutions, 
and comparisons between them and 
existing long-base instruments. 

Dr. Agnew directs the Project IDA 
global network of 18 very-long-period 
seismometers. Network data are sent 
to several institutions; of special note 
was data from the Mexican earth-

quake of September 19, 1985. This 
data made it possible to rapidly deter
mine the source mechanism. 

Dr. Jonathan Berger, with Frank L. 
Vernon and graduate student Jennifer 
S. Scott, operated the Anza Seismic 
Array, a set of telemetered, high
frequency seismic stations deployed 
along the San Jacinto fault near Anza, 
California. Scientists analyzing data 
from this array concentrate on the 
high-frequency properties of the 
area's earthquake sources and on 
how propagation and attenuation 
affect the waveforms. With Dr. William 
E. Farrell and graduate student 
William H. Nugent, Dr. Berger devel
oped a new seismograph system em
ploying digital feedback. Initial 
theoretical studies have engendered a 
prototype, wideband seismograph 
with dynamic range and precision not 
available in standard analog units. A 
testing and modification program is 
under way Dr. Berger and colleagues 
developed new instrumentation for 
the IDA network to extend its band
width and dynamic range and observe 
three components of earth motion. 
Deployment of the prototype station 
at Pinon Flat Observatory will be fol
lowed by installation in a new seismic 
vault being built on Easter Island. 

Drs. James N. Brune andJohn G. 
Anderson and colleague Michael S. 
Reichle of the California Division of 
Mines and Geology worked together 
with groups in Mexico to study 
seismic hazard, earthquake strong 
motion, earthquake mechanism, and 
earth structure. 

Drs. Brune and Anderson are also 
studying high-frequency (30Hz) seis-

mic wave excitation of earthquakes to 
aid in distinguishing nuclear explo
sions from earthquakes. 

Dr. Anderson and graduate student 
Susan E. Hough study the attenuation 
of seismic waves at high frequencies. 
They found that there is a zone of 
very low attenuation in California 
coincident with the depths at which 
earthquakes occur. 

Drs. Brune and Ralph H. Lovberg 
constructed 3-D, foam rubber topo
graphic models to study site effect 
and seismic engineering problems 
important to understanding earth
quake hazards. Physical modeling of 
these problems is used in conjunction 
with computer modeling to cross
check results. Study of physical 
models can also lead to insights that 
would not be evident from computer 
modeling or theoretical calculations. 

Drs. Allen H. Olson, Anderson, and 
Brune are studying recordings of 
ground motion near large earthquakes 
to learn about the earthquake rupture 
process. They use linear inverse 
theory for data resolution analysis and 
to obtain dynamic models of fault 
slip. Dr. Olson has developed a 
Chebyshev-iterative technique for 
solving large least-squares problems. 
In addition to the faulting problem, 
he applied the Chebyshev method on 
three-dimensional elastic scattering 
calculations with Dr. John A. Orcutt, 
and on global seismic tomography 
with Dr. Orcutt and graduate student 
Kenneth M. Toy 

Dr. Orcutt directs a marine seismol
ogy group that collected an enormous 
quantity of multichannel seismic data 
along the crest of the East Pacific Rise. 
Analysis of these data has revealed a 
very continuous body of magma un
derlying the volcanic East Pacific Rise .. 
This body of molten rock is the source 
of the bulk of the earth's crust; the 
continuity has been something of a 
surprise to geochemists and petrolo
gists, many of whom have proposed 
that the chamber must be discon
tinuous. Evaluation bf the propagation 
of high-frequency seismic phases 
called P n and Sn has provided an 
accurate estimate of the rigid tectonic 
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lithosphere's thickness in the old 
North Pacific. The estimated thick
ness, 200 km, is substantially greater 
than earlier estimates. 

Drs. T. Guy Masters and J. Freeman 
Gilbert have constructed a new data 
set of free oscillation degenerate 
frequencies. This data set has been 
used to constrain models of spheri
cally averaged earth structure. The 
researchers found that previous mea
surements of toroidal mode frequen
cies were seriously in error and that 
coupling effects, which bias the data, 
are clearly apparent. Drs. Masters and 
Gilbert and graduate student Michael 
H. Ritzwoller showed that large-scale 
aspherical structure must be postu
lated in or on the boundaries of the 
earth's core. This will explain the 
anomalous splitting of free oscil
lations that are sensitive to the 
properties of this region. 

Drs. Masters, Brune, and Joan S. 
Gomberg and a University of Nevada, 
Reno, colleague completed a study of 
the crust and upper mantle structure 
of Mexico. Waveform modeling of 
surface waves shows that lateral varia
tion in structure exists, though most 
of the data can be modeled by low 
crust and lid velocities in the trans
Mexican volcanic belt. 

Dr. Masters and a visiting scholar 
study underwater acoustic wave prop
agation. They use a modal representa
tion to test if approximate theoretical 
treatments can be used to explain 
tomographic data. They found WKBJ 
synthetic sonograms and modal sana
grams in agreement for propagation 
in a structure characteristic of the 
ocean at temperate latitudes. They 
also found that the modal representa
tion is more compact and reliable for 
structures typical of high latitudes (for 
example, the Greenland Sea). 

Dr. Mark A. Zumberge and graduate 
student Glenn S. Sasagawa periodical
ly measure the earth's gravity at a 
number of California sites. Deforma
tions in the earth's crust associated 
with earthquake processes should be 
accompanied by slight changes in 
gravity. The researchers hope these 
minute changes can be detected with 
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an absolute gravity meter, which was 
built at IGPP. 

Dr. Zumberge and Wyatt are 
developing an instrument that uses 
fiber-optic sensors to measure strains 
in the earth's crust. They plan to in
stall an optical fiber, similar to the 
ones used in modern communication 
systems, in a deep borehole and 
monitor small changes in its length 
with laser light. 

Dr. George E. Backus developed 
the mathematics necessary to repre
sent satellite measurements of the 
geomagnetic field B taken at altitudes 
where electric currents vitiate the 
standard Gauss representation of B as 
a harmonic potential field (the grad
ient of a harmonic scalar field). As a 
by-product, he found a perturbation 
expansion that represents all force
free fields near any given harmonic 
potential field. He also estimated the 
crustal contribution B at satellite alti
tudes and at the core-mantle boundary 
by combining the accepted crustal 
power spectrum with vector and 
tensor analogues of the scalar addi
tion theorem for spherical harmonics. 

Dr. Alan D. Chave investigated the 
nature and applications of electro
magnetic fields in the ocean. Drs. Jean 
H. Filloux, Douglas S. Luther, and 
Chave are preparing to investigate the 
wind-forced barotropic variability in 
the North Pacific using electromag
netic methods. A joint study with 
AT&T Bell Laboratories on robust, 
time-series-analysis methods has been 
completed. In other collaborative in
vestigations the use of transient elec
tromagnetic methods for seafloor ex
plorations continues. 

Dr. Robert L. Parker, in his theoreti
cal work on seamount magnetism, has 
developed a new method for comput
ing the magnetic pole position at the 
time of body formation. By introduc
ing a model for the nonuniform 
component of the magnetization as a 
stationary random process, he has 
been able to provide new, tight limits 
on the uncertainty in the pole's loca
tion. Drs. Parker, Masters, and Orcutt, 
working with graduate student Philip 

· B. Stark, refined the technique for 

inverting seismic T-p data. They 
showed, on thermodynamic grounds, 
that the p-velocity in the core cannot 
decrease with depth. This fact places 
strong constraints on the velocity 
profile that can be built into a linear
programing inversion scheme. 
Application to a large data set has 
yielded the most reliable information 
on seismic velocity in the core. 

Drs. Peter F Worcester, Walter H. 
Munk, Robert A Knox, Bruce M. Howe, 
and Bruce D. Cornuelle continue 
their research on ocean acoustic 
tomography. Dr. Howe analyzed the 
results of a 1983 experiment, and 
demonstrated tomography's effective
ness for measuring ocean mesoscale 
currents. Under Dr. Worcester's 
leadership, sophisticated receivers 
have been built. New sound sources 
capable of transmitting over long 
ranges, and of projecting signals that 
can be very precisely timed have 
been commercially built to specifica
tions developed jointly with Woods 
Hole Oceanographic Institution. 

Dr. Hugh Bradner continued his 
work in the neutrino astrophysics ex
periment DUMAND (Deep Under
water Muon and Neutrino Detection). 
He helped prepare sea tests of proto
type arrays, and led studies of deep 
bioluminescence. There is strong 
evidence for motion-stimulated biolu
minescence at depths greater than 4 
km. This is of interest because biolo
gists do not know what organisms 
could produce such stimulated light. 
The observations are of practical im
portance to DUMAND because they 
imply that bottom-moored photomul
tipliers will record background light 
at approximately the very low level of 
K40 decays. 

Dr. Robert H. Stewart continues as 
project scientist for the Topex satellite 
project at the Jet Propulsion Labora
tory. Satellite measurements will be 
used for studying variations of surface 
geostrophic currents on the basin
wide and global scale required by the 
World Ocean Circulation Experiment 
of the World Climate Research Pro
gram. Dr. Stewart, with the University 
of Texas, is developing a new tech-



nique for monitoring global mean sea 
level with accuracy of 1-2 em. 

Dr. Richard L. Salmon continued 
developing numerical ocean general 
circulation models that can efficiently 
be solved by computer. The primary 
difficulty is to remove high-frequency 
motions without detriment to the 
essential physics. A current version 
takes only Vz second of supercom
puter time to simulate one year of 
ocean circulation. 

Dr. Mark A. Zumberge steers laser light into an optical-fiber, earth 
strainmeter. 

Dr. Hassan Aref and two graduate 
students performed numerical simu
lations of fluid flow. Topics include 
vortex dynamics, advection-diffusion 
equations, and stratified flows. 

Dr. John W Miles continued his work 
on nonlinear waves and chaotic motion 
in dynamical systems. Bernard D. Zet
ler continued his ocean-tide research. 
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Institute of 
Marine Resources 

T he universitywide Institute of 
Marine Resources (IMR), di
rected by Dr. Fred N. Spiess, 

is headquartered at Scripps. IMR 
scientists initiate cooperative studies, 
and implement the university's ocean
related education, research, and 
public service programs. IMR admin
isters the California Sea Grant College 
Program and its research groups on 
the San Diego and Davis campuses. 
IMR's Scripps activities are discussed 
here, this year highlighting Dr. Bess 
B. Ward's research. Other Scripps IMR 
research is described briefly and will 
be featured in future years. The past 
several years of the entire IMR pro
gram is summarized in the Institute 
of Marine Resources Six-Year Report 
1979-1984. 

The California Sea Grant College 
Program, based at Scripps, is man
aged by Dr. james]. Sullivan. The 
program focuses on education, re
search, and public service. A marine 
advisory service disseminates the 
results of ocean research. Sea Grant 
supports aquarium/museum outreach 
programs on several campuses, and 
finances 51 graduate student research 
traineeships. Sea Grant-funded re
search encompasses living and nonliv
ing resources, ocean technology, and 
coastal zone preservation and use. Last 
year Sea Grant supported 49 research 
projects at 12 academic institutions. 

Dr. Richard]. Seymour heads the 
Ocean Engineering Research Group, 
and with Dr. Dimitri Alexandrou 
develops shallow-water, wide-swath 
acoustical bathymetry. The group's 
Coastal Data Information Program, 
under David Castel, studied harbor 
seiching in Hawaii. 
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Scientists in the multicampus UC 
Marine Bio-Optics Group, coordi
nated at Scripps by Karen S. Baker, 
experimentally and theoretically in
vestigated the marine bio-optics of 
small-scale processes as well as meso
scale events. The researchers used 
multiplatform sampling, and observa
tions from ships, satellites, and buoys. 

Researchers in the Marine Natural 
Products Group, directed by Dr. Wil
liam H. Fenical, focus on two aspects 
of marine plants and animals: (1) the 
organisms' chemical adaptations in 
competitive ecosystems, and (2) the 
application of marine natural prod
ucts developing novel drug proto
types. Field experiments prove 
that the so-called secondary metab
olites, produced mainly by soft
bodied marine organisms, underlie a 
sophisticated chemical defense adap
tation. This adaptation has yielded 
several highly bioactive molecules, 
which have been patented and are 
being developed by collaborating 
pharmaceutical companies. The 
recently discovered pseudopterosins 
represent a new class of anti-inflam
matory drugs that possess greater 
potency than industrial products. 

Scientists in the Phytoplankton 
Resources Group, headed by Dr. 
William H. Thomas, study microalgae 
as sources of energy or protein, as 
well as the organisms' physiological 
ecology. Present field work on a 
Sierra Nevada lake focuses on poten
tial acid precipitation problems. 

Radiocarbon fallout from the 1954-
1962 atmospheric nuclear bomb tests 
introduced a radiocarbon signature 
into organic and inorganic carbon 
pools in the ocean. Dr. Peter M. 

Williams and a Woods Hole Oceano
graphic Institution colleague are 
using this radiocarbon time dock, in 
conjunction with measurements on the 
magnitudes of the carbon pools, to 
formulate the pathways that carbon fol
lows in the open-ocean water celumn 
in the Central North Pacific Gyre. 

A summary of the Food Chain 
Research Group's recent work in the 
Southern California Bight appeared in 
a book, Plankton Dynamics of the 
Southern California Bight, edited by 
Dr. Richard W Eppley. 

Dr. Ward's nitrogen cycle studies 
include the nitrification process and 
nitrifying bacteria. Nitrous and nitric 
oxides influence atmospheric chem
istry by catalyzing the destruction of 
the protective ozone layer, which has 
major implications for global climate. 
We think of modern industrialization 
and automobiles as the most obvious 
sources of nitrogen oxides, but pro
duction by nitrifying and denitrifying 
bacteria in terrestrial soils, estuarine 
sediments, and ocean waters is also a 
globally significant source. Potential 
long-term interactions among the ni
trogen cycle of the sea, the chemistry 
of the atmosphere, and climate are 
subjects for research. 

In regions like the Southern Cali
fornia Bight, nitrification rates are 
highest just below the photic zone. 
Nitrifiers are partially responsible for 
the formation of the primary nitrite 
maximum, a subsurface accumulation 
of nitrite found in many parts of the 
world ocean. Because they are inhi
bited by light, nitrifiers are not very 
active in near-surface waters, but at 
the base of the photic zone they 
compete with phytoplankton for 
ammonium. The nitrate produced by 
nitrification in this region can also 
nourish phytoplankton. 

Statistical analyses of experiments, 
using 15N tracers to measure phyto
plankton assimilation rates and nitrifi
cation rates, indicate that the depth 
distribution of both processes is 
determined by two factors: light in
tensity and ammonium concentation. 
Ammonium concentration affects 
both processes positively, but light 



has opposite effects, promoting 
phytoplankton activity, and inhibiting 
nitrifiers. Where ammonium concen
tration is uniformly low, as in 
oligotrophic ocean waters, light in
tensity is more important. In oligo
trophic waters, the supply rate of 
ammonium, rather than its concentra
tion, probably is more related to in 
situ rates. Organic matter decomposi
tion and nutrient regeneration at the 
base of the photic zone thus supply 
ammonium, which drives the peak in 
nitrification rates at this depth. In 
terms of nitrogen turnover, phyto
plankton are more important in 
the photic zone, and nitrifiers are 
more important in deeper waters. In 
the middle region, both processes 
occur, causing locally enhanced 
nitrogen cycling rates. 

Dr. Peter M. Williams, at the Mt. Soledad Radiocarbon Laboratory, processes 
a seawater sample to detennine its dissolved organic radiocarbon content. 

Nitrifiers change ammonium to 
nitrate; denitrifiers change nitrate to 
nitrogen gas. These transformations 
require several en~mes and involve 
many of the same intermediates: 
nitrite, nitrous oxide, and nitric oxide. 
The gaseous intermediates link the 
ocean's nitrogen cycle with the atmo
sphere's. Oxygen concentration con
trols the production and consumption 
of nitrogen oxides by nitrifiers and 
denitrifiers: under reduced oxygen, 
nitrifiers produce unusually high 

· proportions of nitrous oxide, and 
they may also produce nitric oxide. 
Under some conditions, denitrifiers 
produce nitrogen oxides, and under 
others, their net effect is to consume 
the gases. 

In certain areas of the world ocean, 
upwelling creates highly productive 

surface waters coupled with oxygen
depleted subsurface waters. The oxy
gen minimum region underlying the 
upwelling system off Peru is a good 
example. Steep oxygen gradients 
create a situation where nitrification 
and denitrification occur near each 
other, and close to a good supply of 
organic matter to drive the cycle. 

Dr. Ward works with scientists from 
Bigelow Laboratories in Maine, and 
from Harvard University, to investigate 
the nitrogen cycle in the oxygen mini
mum region off Peru. Very high con
centrations of nitrite and nitrous 
oxide were found close to the ocean's 
surface in a zone of low oxygen con
centration. Nitrifying bacteria are the 
probable source of the nitrous oxide. 
Nitrifiers, enumerated with an im
munological assay developed by Dr. 
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Research Activities 

Ward, were found to be ten times 
more abundant in this high-nitrite 
layer than in waters on either side of 
the layer. Their autotrophic activity 
(cell production), measured by a 
radiotracer technique, was also en
hanced in this layer. Just below the 
nitrous oxide maximum was a region 
where nitrous oxide was greatly 
depleted, implying consumption by 
denitrifying bacteria. This arrange
ment can lead to rapid cycling of 
nitrogen between oxidative and re
ductive processes, and high fluxes of 
trace nitrogen gases from ocean to 
atmosphere. 

Dr. Ward also studies another way 
in which nitrifying bacteria may par
ticipate in the atmosphere's trace gas 
cycle-by oxidizing methane. 
Although the nitrogen oxides actively 
influence atmospheric chemistry, 
other gases play important roles with
out being particularly reactive. 
Carbon dioxide absorbs radiation 
from the earth and thus prevents its 
dissipation into space, causing a long
term global warming trend with major 
climatic implications. Other trace 
gases, including methane and freon, 
contribute to this greenhouse effect. 
Methane is an end product of organic 
carbon decomposition in anoxic envi
ronments like marsh soils, estuarine 
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sediments, and the deep layers of 
some lakes. Methane is also found in 
the open ocean; the processes re
sponsible for its production in this 
environment remain mysterious. 

The surface ocean is a small net 
source of atmospheric methane. It 
might be a bigger source, if not for 
nitrifying bacteria. Dr. Ward has 
shown that marine nitrifying bacteria 
can incorporate methane into cell 
material and oxidize it to carbon 
dioxide. Nitrifiers may be partly 
responsible for methane oxidation in 
the ocean; in other environments, 
special methane-oxidizing bacteria 
are responsible. Dr. Ward is now 
studying this process and the bio
chemistry and ecology of methane 
oxidation by nitrifying bacteria. 
Methane is a competitive inhibitor of 
ammonia oxidation, and appears to 
be metabolized by the same enzyme 
system that handles ammonia. Nitro
sococcus oceanus, an important 
marine nitrifying bacterium, has a 
relatively high affinity for methane as 
an alternative substrate. 

On a recent cruise to the Cariaco 
Trench, Dr. Ward and an associate 
used a radiotracer method to mea
sure methane oxidation rates. The 
Cariaco Trench is a unique marine 
environment, with an oligotrophic 

surface layer overlying a deep, en
closed basin that is oxygen depleted. 
This deep layer contains high con
centrations of sulfide and methane, 
the result of organic matter decom
position in the absence of oxygen. 
Therefore, this layer supplies meth
ane to the surface layer. Much of the 
deep-layer methane flux is oxidized 
in the surface layer before it can 
reach the sea surface and escape to 
the atmosphere. 

Dr. Ward hopes to compare meth
ane oxidation rates in the surface 
layer with ammonia oxidation rates in 
the same samples to see if there is a 
relationship between the two pro
cesses. Nitrifying bacteria probably 
contribute little to the observed 
methane oxidation rates in this sys
tem. The Cariaco Trench resembled a 
temperate lake, in that highest meth
ane oxidation rates were found just at 
the interface where oxygen disappears 
and methane and sulfide appear. An 
interesting finding from this study 
was the methane oxidation in the 
trench's deep anoxic layer. Anaerobic 
methane oxidation is an enigmatic 
process; its occurrence is well sub
stantiated, but the mechanisms and 
microorganisms responsible for it 
have not been discovered. 

RN Melville. 



RJV Robert Gorlloa Sproul 
DATE EXPEDITION AREA OF OPERATION WORK PERFORMED PORTS OF CAlL CHIEF SCIENTIST CAPTAIN 

06/13-07/10/85 Channel Islands Sea lion studies San Diego B. Le Boeuf (UCSC) T. Beattie 

07115-07129185 San Diego Trough Ocean mixing processes San Diego L. Armi T. Beattie 

08/01-08/07/85 Southern California Bight Microfossil studies San Diego R. Casey (Rice Univ.) T. Beattie 

08/29-09/17/85 San Nicolas Basin Tracer studies San Diego ]. Ledwell (LOGO) T. Beattie 

09123-09/24185 Santa Catalina Basin Benthic biology San Diego M. Laver T. Beattie 

10/01-10/02/85 Southern California Bight Current studies San Diego D. Thistle (FSU) T. Beattie 

10/07-10/08/85 Southern California Bight Plankton production San Diego R. Eppley T. Beattie 

10/18-10/26/85 Santa Monica Basin Tracer studies San Diego ]. Ledwell (LOGO) T. Beattie 

11/04-11/09/85 Southern California Bight Marine biology San Diego R. Vetter T. Beattie 

11115-11116185 Southern California Bight Marine biology San Diego K. Smith T. Beattie 

01/28-01/29/86 San Diego Trough Equipment testing San Diego R. Davis T. Beattie 

02/03-02/10/86 Southern California Bight Southern California Basin studies San Diego W Fredericks (UW) T. Beattie 

02/15-02/25/86 San Nicolas Basin Tracer studies San Diego ]. Ledwell (LOGO) T. Beattie 

03/03-03/08/86 Santa Monica Basin Marine biology San Diego H. Felbeck T. Beattie 

03/28-03/31/86 San Diego Trough Equipment testing San Diego P. Worcester T. Beattie 

04/02-04109/86 Southern California Bight Food chain studies San Diego R. Eppley T. Beattie 

04117-04/20/86 33°N 121°W Equipment testing San Diego P. Worcester T. Beattie 

04/27-04129186 Santa Catalina Basin Equipment testing San Diego K. Smith T. Beattie 

05/09-05/18/86 NE Pacific Ocean bottom seismology San Diego ]. Orcutt/C. Cox T. Beattie 

06109-06115186 NE Pacific Ocean bottom seismology San Diego ]. Orcutt T. Beattie 

06/20-06/22/86 Southern California Bight Ocean bottom seismology San Diego L. Dorman T. Beattie 

TOTAL DISTANCE STEAMED: 13,821 nautical miles OPERATING DAYS: 149 

RIV TbofiUU W~~&blagtoa 
DATE EXPEDITION AREA OF OPERATION WORK PERFORMED PORTS OF CAlL CHIEF SCIENTIST CAPTAIN 

09117-10116185 Papa-ThaI O'Gorman Fracture Zone Ocean bottom seismology Manzanillo ]. McClain (UCD) A. Arsenault 

10/19-11/17/85 Papa-Tua II East Pacific Rise Sea Beam Manzanillo P. Lonsdale T. Desjardins 

11/21-12/26/85 Papa-Tha III Moctezuma Trough & Sea Beam Pago Pago ]. Mammerickx T. Desjardins 
Mathematician Seamount 

12/31-01/28/86 Papa-Tua IV Lau Basin/Tonga Trench Petrology & Sea Beam Tongatapu ]. Hawkins A. Arsenault 

02/01-02/14186 Papa-Tha V Lau Basin/Havre Trough Sea Beam & geochemistry Auckland H. Craig A. Arsenault 

02/17-03115/86 Papa-Tha VI North Fiji/Woodlark Basin Geochemistry Rabaul H. Craig T. Desjardins 

03/16-03/22/86 Papa-Tua VII Transit Palau T. Desjardins 

03/25-04/27/86 Papa-Tua VIII Philippine Trench, Benthic microbiology Guam A. Yayarios T. Desjardins 
Sulu & Celebes Seas 

04/29-05/11/86 Papa-Tha IX Mariana Trough Geochemistry & Sea Beam Sasebo H. Craig T. Desjardins 

06/15-06/27/86 Papa-TuaX a Yellow Sea Geology, physical Sasebo ]. Milliman (WHOI) T. Desjardins 
oceanography 

06/28-07/03/86 Papa-ThaXb Yellow Sea Physical oceanography Sasebo P. Hsueh (FSU) T. Desjardins 

TOTAL DISTANCE STEAMED: 46,644 nautical miles OPERATING DAYS: 256 
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Seagoing Operations 

RIV New Horizon 
DATE EXPEDITION AREA OF OPERATION WORK PERFORMED PORTS OF CAll. CHIEF SCIENTIST CAPTAIN 

07/01-07/23/85 Southern California Bight California Current studies San Diego L. Haury P. Munsch 

07/26-08/05/85 Santa Catalina Basin Benthic studies San Diego K. Smith P. Munsch 

08/09-08/23/85 CalCOFI 8504 Southern California Bight Physical, chemical, biological San Diego E._Yenrick P. Munsch 
studies 

08/29-09/04/85 San Nicolas Basin Tracer studies San Diego ]. Ledwell (LOGO) P. Munsch 

10/02-10/03/85 San Diego Trough Bottom Lander studies San Diego R.Jahnke P. Munsch 

10/07-10117/85 Santa Monica Basin Flux of organics San Diego R.Jahnke P. Munsch 

10/22-10/24/85 San Diego Trough Instrument testing San Diego L. Regier P. Munsch 

10/28-10/30/85 San Diego Trough Equipment tests San Diego P. Worcester P. Munsch 

11/01-11/15/85 CalCOFI 8512 Southern California Bight Physical, chemical, biological San Diego G. Anderson P. Munsch 
studies 

11121-12/11/85 East Pacific Rise Deep Tow San Diego F. Spiess P. Munsch 

12/14-12/15/85 Southern California Bight Bottom Lander studies San Diego R.Jahnke P. Munsch 

12/27-01102/86 Southern California Bight Ocean bottom seismology San Diego L. Dorman P. Munsch 

01110-01/17/86 Santa Catalina Basin Benthic biology San Diego K. Smith P. Munsch 

01/20-01129/86 Southern California Bight Bottom Lander studies San Diego R.Jahnke P. Munsch 

02/03-02/07/86 San Clemente Basin Ecological physiology San Diego D. Cowles (UCSB) P. Munsch 

02115-02/22/86 Off Patton Escarpment Ocean bottom seismology San Diego L. Dorman P. Munsch 

03/06-03/12/86 San Diego Trough Clearwater San Diego T. Hayward P. Munsch 

03/15-03/22/86 San Diego to Monterey Squirts & jets San Diego T. Hayward P. Munsch 

04110-04117/86 Southern California Bight Bottom Lander San Diego Jahnke/Reimers P. Munsch 

04122-04127/86 San Diego Trough Ocean bottom seismology San Diego L. Dorman P. Munsch 

05101-05107/86 Southern California Bight Geology San Diego D. Hammond (USC) P. Munsch 

05/10-05/20/86 Southern California Bight Organic flux study San Pedro R.Jahnke P. Munsch 

05/21-05/27/86 San Nicolas Basin Biology San Diego ]. Childress (UCSB) P. Munsch 

06118-06/28/86 Bempex I Transit Honolulu L. Davis 

TOTAL DISTANCE STEAMED: 21,280 nautical miles OPERATING DAYS: 215 

RIV Melville 
DATE EXPEDITION AREA OF OPERATION WORK PERFORMED PORTS OF CAll. CHIEF SCIENTIST CAPTAIN 

06/18-07/20/85 Alcyone I 0°-140"W Equatorial circulation & air/sea Honolulu D. Luther/R. Knox C. Johnson 
heat exchange maximum 

07/26-08/10/85 Alcyone II 40°N 160°W Ocean atmosphere studies Honolulu H. Craig C. Johnson 

08/13-09/08/85 Alcyone III 28°N 155°W Primary production studies Honolulu R. Eppley C. Johnson 

09/13-10/01/85 Alcyone N 30°N 157°W Deploy ISHTE Lander Honolulu L. Olson (UW) A Phinney 

10/06-11109/85 AlcyoneV Central North Pacific Benthic biology Honolulu K. Smith C. Johnson 

11109-11118/85 Alcyone VI Transit San Diego A. Phinney 

12/06-12/26/85 ICE I East Pacific Rise Mid-ocean geology Manzanillo R. Ballard (WHOI) C. Johnson 

12/30-01119/86 ICE II Transit Punta Arenas 

01122-2/25/86 ICE III North of Falkland Plateau Physical oceanography Punta Arenas W Nowlin (TAMU) R. Haines 

03/02-04104/86 ICEN Weddell Sea ice edge AMERIEZ community Punta Arenas D. Ainley (Pt. Reyes) R. Haines 
productivity 

04107-05/02/86 ICEV Transit Instrument recovery San Diego C. Johnson 

05/18-06/13/86 32°W 124°W Benthic biology San Diego K. Smith C. Johnson 

06/23-07/07/86 Fieberling Guyot Deep Tow Hilo P. Lonsdale C. Johnson 

TOTAL DISTANCE STEAMED: 38,921 nautical miles OPERATING DAYS: 347 

ORB 
DATE EXPEDITION AREA OF OPERATION WORK PERFORMED PORTS OF CAll. CHIEF SCIENTIST CAPTAIN 

01121-01124186 San Diego Trough Acoustic array San Diego V. Anderson T. Hoopes 

04114-04117/86 SSNI Test 32°-47°N, 117"-38°W Surface acoustic San Diego R. Horn T. Hoopes 
measurements 

TOTAL DISTANCE TOWED: 80 nautical miles OPERATING DAYS: 8 
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FUP 
DATE EXPEDITION AREA OF OPERATION WORK PERFORMED PORTS OF CAI.L CHIEF SCIENTIST CAPTAIN 

08/08-08/12/85 San Diego Trough Horizontal array San Diego F. Fisher/NORDA D. Efird 

08/26-08/30/85 San Diego Trough Equipment testing San Diego R. Pinkel D. Efird 

09/23-09/29/85 San Diego Trough Horizontal array San Diego F. Fisher/NORDA . D. Efird 

10/10-11/01185 San Diego Trough Horizontal array San Diego F. Fisher/NORDA r - D. Efird 

01127-02/09/86 Ocean 32°-45°N, 121 °-05°W Sonar work San Diego R. Pinkel D. Efird 
Dynamics 

03/20/86 32°-50°N, Hr-32°W Equipment testing San Diego S.Beck D. Efird 

04123-05/19/86 Contrack IX Stations San Diego Ambient noise San Diego F. Fisher D. Efird 
to Honolulu measurements 

05/20/86 San Diego F. Fisher D. Efird 

TOTAL DISTANCE TOWED: 5,400 nautical miles OPERATING DAYS: 90 

RESEARCH VESSELS OF SCRIPPS INSTITUTION OF OCEANOGRAPHY 
ROBERT GORDON THOMAS 

MELVIUE NEW HORIZON SPROUL WASHINGTON FLIP ORB 

tYPE: Oceanographic Oceanographic Offshore Oceanographic Floating Oceanographic 
research research supply research Instrument Research 

Platform Buoy 

YEAR BUILT: 1969 1978 1981 1965 - 1962 1968 

YEAR ACQUIRED 
BY SCRIPPS: 1969 1978 1984 1965 1962 1968 

OWNER: U.S. Navy University of California University of California U.S. Navy U.S. Navy U.S. Navy 

LENGm: 74.2 m 51.8 m 38.1 m 63.7 m 108.2 m 21.0 m 

BEAM: 14.0m ll .Om 9.8m 12.0 m 6.0m 13.7 m 

DRAFf: 4.9 m 3.7m 2.5m 4.4 m 3.4191.4 m fwd. 1.5 m 
aft. 1.6 m 

DISPLACEMENT 
FULL (metric tons): 1,882 698 513 1,235 1,359 294 

CRUISING SPEED 
(knots): 10 10 9.5 10 varies* varies* 

RANGE (nauticalmlles): 9,000 6,000 3,500 9,000 varies* varies* 

CREW: 23 12 5 23 6 5 

SCIENTIFIC PAR1Y: 29-39** 13-19** 12-18** 22 10 10 

1985-86 Total nautical miles steamed: 126,146 1985-86 Total operating days: 1,065 *Depends on towing vessel **With berthing vans 

MAJOR CRUISES !JULY 1985- JUNE 1986 ) 

R/V l!!llmm ~9llln 
P.l - P-9 • PAPA- TUA E•pedition Le91 I - 9 

RIV Melville 
A· I - A-6 • ALCYONE Expedilion Leqs 1- 6 
I -1- I-~ • ICE Expedition Leqs 1-~ 

R/V !!21!1!.! ~ ~IUAII! 
Loco! Operations 

R/V !BJ! !:!2!i12!! 
Locol Operations 
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T he Graduate Department of 
the Scripps Institution of 
Oceanography offers instruc

tion leading to Ph.D. degrees in 
oceanography, marine biology, and 
earth sciences. Because of the inter
disciplinary nature of the ocean 
sciences, the department provides a 
choice of seven curricular programs 
through which the student may 
pursue a five-year Ph.D. degree. Each 
of these curricular groups has prereq
uisites for admission in addition to 
the departmental requirements. The 
curricular programs are described 
below. For application procedures 
and more information, please write to 
Graduate Department, A-008, Scripps 
Institution of Oceanography, La Jolla, 
California 92093. 

Applied Ocean Sciences. This in
terdepartmental curriculum combines 
the resources of the Scripps Graduate 
Department with those of the Depart
ment of Applied Mechanics and 
Engineering Sciences and the Depart
ment of Electrical Engineering and 
Computer Sciences, on the UC San 
Diego campus. Engineers gain a 
substantial education in oceanog
raphy, and oceanographers receive 
training in modern engineering. In
struction and basic research include 
the applied science of the sea, and 
structural, mechanical, material, elec
trical, and physiological problems 
within the ocean. 
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Biological Oceanography. Bio
logical oceanographers study the in
teractions of marine organisms with 
the physical-chemical environment 
and with each other. Research and in
struction in this curriculum range 
from food-chain dynamics and 
community structure to taxonomy, be
havior, physiology, and zoogeography. 

Geological Sciences. This curric
ulum applies observational, ex
perimental, and theoretical methods 
to the understanding of the solid 
earth and solar system and how they 
relate to the ocean and atmosphere. 
Principal subprograms are marine 
geology and tectonics, sedimentology, 
micropaleontology and paleoocean
ography, petrology, geochemistry, and 
cosmochemistry. Expedition work at 
sea, and field work on land are 
emphasized as essential complements 
to laboratory and theoretical studies. 

Geophysics. This curriculum is 
designed to educate the physicist 
(theoretician or experimentalist) 
about the sea, the solid earth on 
which the waters move, and the atmo
sphere with which the sea interacts. 
Students gain understanding of the 
nature of the earth while they master 
new field, laboratory, and mathemati
cal techniques. 

Marine Biology. The marine biol
ogy curriculum emphasizes the biol
ogy of marine organisms-animals, 
plants, and prokaryotes. The research 
and teaching encompass a range of 
biological disciplines, including be
havior, neurobiology, developmental 
biology, and comparative physiology/ 
biochemistry. 

Dr. john W Miles instructs his 
graduate seminar on nonlinear waves. 



Marine Chemistry. Marine 
chemists are concerned with chemi
cal and physical properties of 
seawater as well as the chemical 
processes operating within the 
oceans, in the marine atmosphere, 
and on the seafloor. Research 
programs are based on the inter
actions of seawater components with 
the atmosphere, with sedimentary 
solid phases, and with marine plants 
and animals. 

Physical Oceanography. Studies 
in physical oceanography include 
observation, analysis, and theoretical 
interpretation of the general circula
tion of ocean currents and the trans
port of dissolved and suspended 
substances and heat; the distribution 
and variation of oceanic properties; 
the propagation of sound and electro
magnetic energy in the ocean; and the 
properties and propagation of ocean 
waves. 

Graduate 
Students 
and Degree 
Recipients 
In the fall of 1985, 36 new stu
dents were admitted to graduate 
study. Of these, 12 were in marine 
biology, 5 in geological sciences, 
3 in man·ne chemistry, 5 in geophy
sics, 5 in physical oceanography, 
3 in applied ocean sciences, and 
3 in biological oceanography. En
rollment at the beginning of the 
academic year was 176 UC San 
Diego awarded 10 Master of 
Science degrees and 30 Doctor of 
Philosophy degrees to the students 
listed below. 

Doctor of Philosophy 
Degrees Awarded, with 
Titles of Dissertations 

Earth Sciences 
Richard G. Adair, "Microseisms in the 

Deep Ocean: Observations and 
Theory." 

Joan S. Gomberg, "The Structure of 
the Crust and Upper Mantle of 
Mexico as Inferred from Seismic 
Data." 

Craig R. Lindberg, "Multiple Taper 
Spectral Analysis of Terrestrial Free 
Oscillations." 

Donald L. Reed, "Structure and 
Stratigraphy of the Eastern Sunda 
Forearc, Indonesia: Geologic 
Consequences of Arc-Continent 
Collision." 

Thomas J. Sereno, Jr., "The 
Propagation of High Frequency 
Seismic Energy through Oceanic 
Lithosphere." 

Peter M. Shearer, ''Anisotropy in the 
Oceanic Lithosphere-The Ngendei 
Seismic Refraction Experiment." 

Deborah K. Smith, "The Statistics of 
Seamount Populations in the Pacific 
Ocean." 

47 



GraduawDeparlment ------------------------------------------------------------

Marine Biology -
Robert K. Cowen, "Ecology and 

Population Biology of the 
Sheephead, Semicossypbus p_ulcber." 

JoAnne Engebrecht, "Genetic Regula
tion of Bacterial Bioluminescence." 

Steven D. Feldkamp, "Swimming and 
Diving in the California Sea Lion, 
Zalopbus califomianus." 

Amir Neori, "Excitation Spectra of 
Chlorophyll a Fluorescence in vivo: 
Their Correlation with Photosyn
thetic Action Spectra and Their 
Use in the Study of Algal 
Photoadaptation." 

Teresa M. Czerniak Present, "Patterns 
and Processes of Energy Allocation 
between Growth and Reproduction 
in the Marine Shore Fish, 
Hypsoblennius jenkinsi." 

Jeff Schweitzer, "Studies of the 
Elasmobranch Central Electro
sensory System, with Emphasis on 
Functional Organization of the 
Electroreceptive Midbrain in the 
Thornback Ray." 

Gary E. Ward, "Dephosphorylation of 
Sperm Guanylate Cyclase during 
Sea Urchin Fertilization." 

George D. F. Wilson, "The Systematic 
Position of the Ilyarachnoid Euryco
pidae (Crustacea, Isopoda, 
Asellota )." 

Oceanography 
Donald B. Altman, "Laboratory Studies 

of Internal Gravity Wave Critical 
Layers." 

William M. Balch, "Exploring the 
Ammonium and Nitrate Transport 
of Marine Phytoplankton with 
Nutrient Analogues." 

Christian de Moustier, "Deep Seafloor 
Acoustic Backscattering 
Measurements Using Sea Beam." 

Timothy F. Duda, "Observations of 
Horizontal Flow, Vertical Shear and 
Microstructure in the Upper 
Ocean." 

48 

Bruce M. Howe, "Ocean Acoustic 
Tomography: Mesoscale Velocity." 

Arthur). Miller, "Barotropic Planetary
Topographic Oscillations in Ocean 
Basins." 

Joan M. Oltman-Shay, "Infragravity 
Edge Wave Observation on Two 
California Beaches." 

Charles K. Paull, "1. Florida Escarp
ment: Chemosynthetic Communi
ties, Geochemical Prtocesses and 
Geological Consequences. II. Stable 
Isotopic Signal Carriers in Fine 
Pelagic Sediments." 

Brian W Sullivan, "Natural Products 
Chemistry of Burrowing Sponges of 
the Genus Sipbonoc4ictyon." 

Mark S. Swenson, "Qu~i-Geostrophic 
Solitary Wave Models of Rings and 
Blocks." 

Jonathan D. Trent, "A Study of Macro
aggregates in the Marine Environ
ment." 

Marco Weydert, "Measurements of 
Acoustic Backscatter of the Deep 
Sea Floor Using a Deeply Towed 
Vehicle. A Technique to Investigate 
the Physical and Geological Proper
ties of the Deep Sea Floor and to 
Assess Manganese Nodule 
Resources." , 

Robin G. Williams, "The Internal Tide 
off Southern California." · 

William G. Wright, "The Behavioral 
Ecology of the Intertidal Limpet . 
Lottia gigantea: Interaction 
between Territoriality, Demography, 
and Protandric Hermaphroditism." 

Deborah L. Zmarzly, "Distribution and 
Ecology of Shallow-Water Crinoids 
(Echinodermata) in the Marshall 
Islands, with Emphasis on Their 
Symbiotic Organisms." 
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Shore Facilities mechanical gear, wet equipment 
storage locker, and showers. 

Analytical Facility. Instruments 
at the facility include a Philips 
automated X-ray fluorescence spec
trometer with computerized control 
and data analysis; three X-ray diffrac
tion systems, including a Philips APD 
3600/02 with computer-aided search/ 
match mineral files; a Perkin Elmer 
atomic absorption/fluorescence spec
trometer with heated graphite 
analyzer and metal hydride systems; 
a Beckman amino-acid analyzer; a 
Hewlett-Packard computerized GC/ 
mass spectrometer and four HIP gas 
chromatographs with EC, FI detectors; 
a superconducting IBM nuclear 
magnetic resonance spectrometer; a 
Leco C02 and S02 analyzer; a Coulo 
metrics total carbon/C02 analyzer; a 
P/E radio-recording computerized in
frared spectrometer; a PIE UV-VIS 124 
spectrometer; a Cambridge S-4 scan
ning electron microscope with Ortec 
EEDS II energy-dispersive X-ray spec
trometer; an Hitachi H-500 scanning 
transmission electron microscope 
with an Ortec EDS X-ray spec
trometer; a Zeiss 9 TEM; a Balzer's 
freeze etch system; diamond knife 
microtomes; a Cameca"Camebax" 
electron microprobe with three 
automated crystal spectrometers, 
polarized light optics, SEM, TEM 
capabilities, Ortec EDS X-ray system, 
and a Canberra/DEC computer 
system. 

The facility also has several com
plete sample preparation laboratories, 
including "wet" chemical, rock
processing, biological EM, 
photographic, vacuum evaporation/ 
sputtering, sedimentation, and grind
ing/lapping. 

Aquarium Facilities. There are 
two research aquarium facilities; each 
is provided with a dual-line system 
that delivers seawater at ambient 
temperatures, a single-line chilled 
seawater system, and compressed air. 
The Experimental Aquarium (250 m2

) 

is equipped with 5 rooms for con
trolled experiments, 20 tanks with 
capacities from 425 to 2,200 liters, 9 
seawater trays, counter space, sinks, 
and lockers. The Marine Biology 
Aquarium (280m2) is equipped with 
26 tanks with capacities from 750 to 
1,500 liters, 16 seawater trays, counter 
space, and sinks. 

Cardiovascular Research 
Facility. This facility, shared by the 
Physiological Research Laboratory and 
the UC San Diego School of Medicine, 
consists of an experimental animal 
colony, equipment for measuring 
circulatory and cardiac functions in 
conscious, unrestrained animals, and 
an instrumentation development 
laboratory. 

Diving Facility. The research div
ing program is housed in two 
separate facilities that contain the 

The scientific diver training and 
certification program, which 
orginated at Scripps in 1951, is the 
oldest of its type in the country. The 
program consists of a nonrecreational 
100-hour training class in the use of 
open-circuit scuba, which may lead to 
University of California research diver 
certification. This class is open to 
faculty, staff, and students who must 
conduct underwater research. Each 
year an average of 130 Scripps!UC San 
Diego personnel participate in the 
scientific diving program. These in
dividuals conduct their research 
throughout the oceans of the world, 
including the Antarctic. 

Hydraulics Laboratory. This 
laboratory has a wind-wave channel 
43 x 2.4 x 2.4 m, with a tow cart for in
struments and models; a two-layer 
stratified flow channel, test section 
1.1 x 1.1 x 16 m; a 15 x 18-m wave-and
tidal basin with an adjustable simu
lated beach; a 40-m glass-walled 
wave-and-current channel; a granular 
fluid mechanics test facility that 
comprises a 6 x 12 x 3-m concrete 
basin, a 10 x 1 x 1-m fluidizing 
channel, and three sand-storage and 
calibration tanks each 4 m high by 5 
min diameter, all serviced with a 
high-flow, slurry pumping system; a 
16-m oscillatory flow tunnel; and an 
insulated, refrigerated, cylindrical 
seawater tank 10m deep and 3m in 
diameter equipped with artificial 
lighting. All wave generators in the 
laboratory incorporate servo systems 
and can be controlled by computer or 
magnetic tape. Microcomputer-based 
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· data acquisition and data processing 
systems are used in conjunction with 
the various facilities. 

Kendall Frost Mission Bay 
Marsh Reserve (Mission Bay, San 
Diego). Approximately 16 acres of 
Mission Bay marshland belong to the 
university and constitute a marsh 
preserve and wildlife refuge desig
nated for teaching and research. The 
reserve is the last fragment of the 
once extensive Mission Bay salt 
marsh. This property is one of 26 
natural reserves used for teaching and 
research in the University of 
California Natural Reserve System. A 
small laboratory is located on the 
preserve. For more information write 
to the Reserve Manager, UC San 
Diego Natural Reserve System, A-001, 
La Jolla, California 92093. 

Marine Science Development 
and Outfitting Shop. This shop is 
equipped with precision tools and 
machinery. A staff of toolmakers and 
diemakers designs and fabricates 
research equipment and instrumenta
tion for various Scripps laboratories 
and other educational and govern
mental organizations throughout the 
United States. 

Mass Spectrographic Equip
ment. Nine mass spectrometers are 
available: they include two 15-cm, 
Nier-type spectrometers, and one 
6-cm Micromass instrument for 
isotopic analysis of light elements; a 
15-cm, Nier-type spectrometer for 
rare gases; a 25.4-cm double
collection mass spectrometer for He3 I 
He4 ratio measurements; a Hewlett
Packard gas chromatograph
quadrupole mass spectrometer for 
qualitative separation and analysis of 
organic compounds; a 30-cm-radius, 
solid-source mass spectrometer for 
geochronology and isotope dilution 
analysis; a small, portable, helium 
mass spectrometer for field use; and a 
3-cm mass spectrometer for stable 
isotope tracer measurements. 

Petrological Laboratory. This 
facility provides thin-sectioning, 
microprobe sample preparation, and 
rock-surfacing services to staff, stu
dents, and associated research 
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Scripps staff and students at work at 
Scripps Supercomputer Users Remote Facility. 

groups. All types of submarine and 
subaerial igneous, metamorphic, and 
sedimentary materials in various 
states of lithification are prepared 
here with plastic-vacuum techniques 
and other types of impregnations. 

Physiological Research Labora
tory Pool Facility. This facility in
cludes a holding pool for large 
marine mammals and fish, and a ring 
pool of 10-m radius equipped with a 
variable-speed trolley to carry instru
ments for hydrodynamic and biologi
cal studies of humans and other 
mammals. A central island within the 
ring pool contains small, dry labora
tories and a "wet" laboratory 
equipped to handle large animals. A 
channel through the island permits 
transfer of animals from the ring pool 
into the laboratory. 

Radio Station WWD. Owned and 
operated by Scripps and licensed to 
the National Marine Fisheries Service 
(NMFS), station WWD provides 
worldwide communications services 
to Scripps, NMFS, and other govern
mental and university ships. Weather 
advisories are routinely provided to 
the fishing fleet as well as to scientific 
vessels. Western Union services 
(1WX-Telex) are provided to the San 
Diego campus. WWD has compu
terized its radio and 1WX-Telex for 
local users. 

San Vicente Lake Calibration 
Facility ( 48 km from Scripps). This 
facility, operated by the Marine Physi
cal Laboratory, is equipped for testing 
and calibrating acoustic transducers 
used in oceanographic research. The 
equipment is located on an 8 x 15-m 



enclosed platform in water 40 m deep 
and offers an unobstructed range of 
1,372 m. 

Scripps Computing Facilities 
include: 

Prime Computer Facility. 
Scripps's general-purpose computer 
center consists of a Prime 750 
minicomputer, tape and disk drives, 
terminals, printers, and plotters. The 
facility is open 24 hours a day. 

SSURF: Scripps Supercomputer 
Users Remote Facility SSURF provides 
remote user access to the new San 
Diego Supercomputer Center, which 
is situated on the UCSD campus. The 
Supercomputer Center gives UCSD 
scientists access to some of the most 
powerful computers available for 
computationally intensive studies. The 
facility at Scripps provides a high-

1be new San Diego supercomputer. Below, the supercomputer building 
on the UCSD campus. 
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speed link to the center, enabling 
two-way transfer of data and interac
tive use. SSURF also provides elec
tronic mail access to most of the 
major public networks in the country, 
including ARPAnet and Bitnet. 

In addition to providing access to 
computers across the country, this 
facility provides substantial comput
ing capacity for local processing. The 
computer is a VAX 785 with the VMS 
operating system. There are several 
plotters, printers, and tape drives 
available around the clock. 

Scripps Library. The library has 
outstanding collections in oceanog
raphy, marine biology, and marine 
technology, in addition to extensive 
resources in atmospheric sciences, 
ecology, fisheries, geology, geophys
ics, and zoology. The library current
ly receives more than 3,700 serial 
titles and has more than 189,000 
volumes, including an extensive 
technical reports and translations 
collection, and a rare book collection 
featuring accounts and journals of 
famous voyages of discovery. A large 
map collection contains bathymetric, 
geologic, and topographic maps and 
charts of world areas and oceans. 

The library also houses the archives 
of the Scripps Institution of Oceanog
raphy, which include official Scripps 
records, personal papers, 
photographs, and other material 
documenting the history of oceanog
raphy and of Scripps. 

Scripps Pier. The 305-m pier 
serves as a launching site for small 
boats used for local oceanographic 
work, provides space for on-site 
studies, and supports the seawater 
system that supplies the aquaria and 
laboratories. 

Scripps Satellite Oceanography 
Facility. This facility enables ocean
ographers to receive and process 
satellite imagery. Data transmitted in 
real time by the NOM and NIMBUS 
polar orbiting satellites are received 
by the 5-m tracking antenna and 
stored on computer:..compatible tapes. 
In addition to real-time coverage, 
retrospective archives of worldwide 
data are also available. The most 
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commonly used sensors include the 
Advanced Very High Resolution 
Radiometer (AVHRR) and Coastal 
Zone Color Scanner ( CZCS), which 
provide information in the infrared 
and visible portions of the spectrum. 
Scanning Multichannel Microwave 
Radiometer (SMMR) data, from which 
sea-surface winds may be derived, are 
also processed at the facility. The 
central processor is an HP 3000 Series 
II computer dedicated to the facility. 
This processor has 2 megabytes of 
main memory and 250 megabytes of 
disk storage. Tape drives capable of 
operating at 800, 1,600 or 6,250 bpi 
densities assure complete versatility. A 
high-resolution color display station 
allows users full interaction with the 
satellite imagery at near-real-time 
rates for most common operations. 
Current applications include tracking 
of drifting buoys via the ARGOS data 
collection system, near-real-time sup
port of research vessels and aircraft 
by remote detection of chlorophyll 
concentrations, and sea-surface 
temperature determination. A four
day course, taught every quarter by 
the facility staff, gives potential users 
an overview of the available tools as 
well as several hours of hands-on ex
perience. 

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

Shipboard Technical Support 
Services Unit. The Shipboard 
Technical Support Services Unit is an 
amalgamation of several groups that 
serve both Scripps and the oceano
graphic community at large. The 
group provides technical and data
collection services aboard Scripps's 
research vessels, supplying and 
maintaining shipboard scientific facili
ties (computers and geological, biolog
ical, physical, and chemical data
acquisition systems); logistic support 
for these facilities; and postcruise data 

processing, distribution, and archiv
ing. Shipboard Technical Support 
Services also furnish data collection 
equipment and highly trained techni
cians for University National 
Oceanographic Laboratory System 
(UNOLS) ships and international 
programs. 

The ship support administrative 
organization comprises the shipboard 
computer group, resident technicians, 
geophysical technicians, geological 
data center, and the physical and 
chemical oceanographic data facility. 

The Shipboard Computer Group is 
composed of programers and engi
neers who support VAX/UNIX 
computers ashore and at sea through 
programing, interface design, and 
maintenance. A shore-based VAX 750, 
available for use by the Scripps 
community, supports the VAX 730s on 
the ships. These computers are in
stalled permanently on RIV Thomas 
Washington and RIV Melville, and they 
are interfaced to navigational and 
scientific instruments, including the 
RIV Thomas Washington Sea Beam 
system. 

Resident technicians are knowl
edgeable guides who dive, rig, handle 
explosives, operate geological sam
pling gear (box corers, piston corers, 
dredges, etc.), operate net tows and 
trawls, and perform a wide variety of 
other tasks on Scripps research 
vessels. They also handle logistics for 
distant expeditions, and receive and 
store scientific equipment for future 
cruises. 

The geophysical technicians 
provide and operate the analog and 
digital seismic reflection systems 
using air guns or water guns and 
refraction systems. They maintain the 
magnetometers and echo-sounding 
systems installed on Scripps vessels. 

The Geological Data Center 
furnishes a wide variety of services 
from the staffing of cruises (Sea Beam 
operators) to data processing, dis
tributing, and archiving. Navigation, 
depth, magnetics, and Sea Beam data 
are computer-processed for entry into 
the digital data base and for produc
tion of cruise reports and plots. A 



Christopher K Garrod and Alliant Corporation representative Steve 
Ross assemble a new computer. 

multidisciplinary index of all samples 
and measurements made on major 
Scripps cruises is also maintained by 
the data center. 

Workers in the Oceanographic 
Data Facility ( ODF) collect data and 
samples for investigators from Scripps 
and other institutions. ODF also main
tains an inventory of water samplers 
and other equipment, which is 
available at cost to qualified users. 
The more sophisticated or costly 
equipment may be used only when 
accompanied by ODF technicians, 
who operate and maintain the equip
ment at sea. 

The group participates in expedi
tions by making high-precision hydro
graphic measurements, specializing in 
Neil Brown Instrument Systems CTD 
(conductivity, temperature, depth) 
work, and shipboard determinations 
of salinity, dissolved oxygen, nutrients 
(silicate, phosphate, nitrate, and 
nitrite), alkalinity, and total C02 from 
water samples collected with mul
tiple-bottle samplers. 

ODF resources include a chemistry 
laboratory, an electronics shop, a CTD 
and deep-sea reversing thermometer 
calibration laboratory, and a data 

processing and computer facility. The 
processing equipment includes a 
Hewlett-Packard 1000 minicomputer 
as a shore-based processor, and seven 
Tektronix 4050 series microproces
sors used primarily at sea to monitor 
em data acquisition. 

A new IBM 9000 computer-based 
data-acquisition system has been 
developed for both shipboard and 
shore-based data processing. This 
software system was used on a Pacific 
cruise to 24°N. It is capable of block
averaging data in real time, and it 
provides scientists with preliminary 
data output and data-plotting facilities 
aboard ship. Tape drives, plotters, and 
printers are used with both seagoing 
and shore-based systems. 

For administrative purposes, the 
Scripps scientific collections have also 
been made part of the Shipboard 
Technical Support Services Unit. For 
further information see the Special 
Collections section. 

Thomas Wayland Vaughan 
Aquarium-Museum. The aquarium
museum helps to increase public un
derstanding and appreciation of the 
ocean through museum exhibits on 
oceanographic topics, a variety of 

educational programs, and displays of 
living marine animals from local 
waters and the tropical Pacific. 

Aquarium-museum scientific staff 
provides UC San Diego and Scripps 
researchers with aid and information 
on marine organism maintenance, 
fish diseases, local species distribu
tions, and other related topics. 
Through its collecting facility, the 
aquarium supplies scientists with liv
ing specimens. 

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

Scripps Aquarium Associates, the 
aquarium-museum public member
ship group, offers ocean-related 
activities to its members, including 
local excursions, lectures, family 
activities, scuba and snorkeling ex
peditions, a calendar, and a 
newsletter. 

Underwater Research Areas. 
These include the following two 
parcels adjacent to Scripps that are 
also part of the Scripps Shoreline, 
Knoll and Underwater Reserve of the 
University of California Natural 
Reserve System. 

Scripps Shoreline Reserve. Scripps 
Shoreline Reserve consists of a 100-
acre tract of seashore and ocean 
where marine plants and inverte
brates are protected for scientific 
purposes. Employees and students of 
the university may collect from this 
area with a permit. This reserve is 
also identified by the California 
Department of Fish and Game as the 
San Diego Marine Life Refuge. 

Scripps Submerged Land Area 
This area of approximately 3.25 km2 is 
leased by the University of California 
from the city of San Diego. It lies 
seaward and to the north of Scripps 
and includes the head of the Scripps 
Submarine Canyon. 
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Special Collections 

Benthic Invertebrates. The 
collection contains some 29,000 lots 
of specimens sorted into major 
taxonomic groups such as Coelenter
ata, Echinodermata, and Mollusca. All 
are accessioned with collection data, 
and more than 35 percent are identi
fied to species. Specimens; several 
catalogs of holdings (Decapod and 
Stomatopod Crustacea, Brachiopoda, 
and Echinodermata); and IBM
compatible dBase III catalog data for 
various groups are available to quali
fied students and researchers. 

Geological Core Locker. This 
geological "library" contains a collec
tion of several thousand deep-sea 
sediment cores kept under refrigera
tion, and bulk assemblages of rocks 
and manganese nodules dredged 
from the major ocean basins. These 
materials are available to scientific in
vestigators and students. 

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

Marine Invertebrates. Included 
in this collection of more than 60,000 
documented whole zooplankton 
samples are accessioned holdings 
from expeditions, the continuous 
CalCOFI program, and special proj
ects. Samples represent zooplankton 
collected with nets, ranging from 
surface neuston to bathypelagic mid
water trawls. The major emphasis of 
the collection has been in the north
eastern Pacific, but an increasing 
number of samples are also available 
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from other oceanic and continental 
slope regions. The collection includes 
identified specimens for some of the 
major taxonomic groups. Samples are 
supplemented with physical and 
chemical data. 

Marine Vertebrates. This collec
tion contains more than 2 million 
specimens, with 3,200 cataloged 
species, including 128 primary types. 
Approximately 300 collections are 
added each year. Although the collec
tion is worldwide, it specializes in 
deep-sea fishes and eastern Pacific 
shorefishes. The marine vertebrate 
collection contains large holdings of 
shorefishes from the Gulf of Califor
nia and Panama and an extensive 
skeletal collection of dried prepara
tions and cleared-and-stained 
specimens in glycerin. 

Oceanographic Data Archives. 
Tide-gage records have been taken 
daily from the Scripps Pier since 1925. 
Monthly tide-gage records from 1947 
to 1967 and from 1980 to the present 
are available in the Scripps Library 
archives. Records before 1947 and 
from 1967 to 1980 can be obtained by 
writing Chief of the Datums and In
formation Branch, James R. Hubbard, 

Loading RIV Melville. 

C-233, NOAA/NOS, 6011 Executive 
Blvd., Rockville, MD 20852. 

Data from more than 20,000 hydro
graphic casts from Scripps cruises are 
managed by the Shipboard Technical 
Support Services Unit. The Marine 
Life Research Group manages an addi
tional 45,000 stations of hydrographic 
data as well as daily temperature and 
salinity records from data collected at 
Scripps Pier and other shore stations 
along the California coast. 

Historical meteorological and 
oceanographic data for the Pacific are 
kept in the NORPAX data library. 
These data include marine weather 
and sea-surface temperature obser
vations from 1854 to the present; 
National Oceanographic Data Center 
files to 1976; and monthly pressure, 
temperature, and precipitation at 
selected World Meterological Organi
zation stations. 

Scripps Core Repository of the 
Ocean Drilling Program. The 
Scripps core repository (under lease 
agreement with the Ocean Drilling 
Program at Texas A&M University) 
houses the West Coast repository for 
cores collected by the Deep Sea Drill
ing Project in the Pacific and Indian 
oceans. Core samples are made 
available to qualified researchers 
throughout the world under policies 
established by the National Science 
Foundation and implemented 
through Joint Oceanographic Institu
tions, Inc. and Texas A&M University. 

\ ' . 
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Appendix A 
Publications 

Introduction 
The results of Scripps research are 

published in many different forms. These 
publications range from shon contractual 
reports to long taxonomic descriptions. 
Scripps publications are distributed by 
subscription, exchange, or government 
contract. 

Below is a complete listing of Scripps 
publications for fiscal 1986. Detailed in
formation on the availability of each 
series is included. 

Bulletin 
The Bulletin of the Scripps Institution 

of Oceanography is an irregularly 
published series for lengthy, in-depth 
scientific papers written by Scripps scien
tists. For information about subscriptions 
and a list of volumes available please 
write to University of California Press, 
2223 Fulton Street, Berkeley, California 
94720. 

The most recent volumes are listed 
below. 
v.25 Wilson, George D. F. Systematics of a 

Species Complex in the Deep-Sea 
Genus Eurycope, with a Revision of Six 
Previously Described Species (Crus
tacea, Isopoda, Eurycopidae). 1983. 68p. 

v.26 Matsui, Tetsuo and Richard H. Rosen
blatt. Review of the Deep-Sea Fish Fami
ly Platytroctidae (Pisces: Salmoni
formes). In Press. 159p. 

CalCOFI Publications 
The work of the California Cooperative 

Oceanic Fisheries Investigations 
(CalCOFI), in which the Scripps Institu
tion of Oceanography, the California 
Depanment 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 In
vestigations Reports. Maps of physical, 
chemical, climatological, and biological 
factors measured by CalCOFI researchers 
during the program's 36-year history are 
published irregularly in the California 
Cooperative Oceanic Fisheries In
vestigations Atlas series. Data reports, 
containing the processed data from 
specific cruises carried out under 
CalCOFI sponsorship, are published 
irregularly in the SIO reference series 
and in the CalCOFI data repon series. To 
obtain copies of any of these publications, 
write to CalCOFI Coordinator, Scripps In
stitution of Oceanography, A-027, La Jolla, 
California 92093. 

Contributions 
This annual publication is a compila

tion of selected reprints authored by the 
Scripps faculty and staff. The Scripps In
stitution of Oceanography Contributions 
is available ONLY on an exchange basis to 
other scientific, research, and educational 
institutions. For exchange information 
please write to Scripps Institution of 
Oceanography Library, Exchange Depart
ment, C-075C, La Jolla, California 92093. 

The anicles listed below were 
published in the 1985 volume and may 
also be found in the publications cited. 
Information about a specific reprint can 
be obtained by writing directly to the 
author in care of Scripps Institution of 
Oceanography, La Jolla, California 92093. 

Abarbanel, Henry D. I. Hamiltonian descrip
tion of almost geostrophic flow. Geophysical 
and Astrophyst.'cal Fluid Dynamics, v.33, 1985. 
pp. 145-171. 
Abbott, M. R. and Philip M. Zion. Satellite 
observations of phytoplankton variability dur
ing an upwelling event. Continental Shelf 
Research, v.4, no.6, 1985. pp. 661-680. 
Albizati, Kim F., Joseph R. Pawlik and D. John 
Faulkner. Limatulone, a potent defensive 
metabolite of the intertidal limpet Collisella 
limatula. journal of Organic Chemistry, v.50, 
1985. pp. 3428-3430. 
Albizati, Kim F. and D. John Faulkner. 
Stevensine, a novel alkaloid of an unidentified 
marine sponge. journal of Organic Chemistry, 
v.SO, 1985. pp. 4163-4164. 
Alldredge, A. L., B. H. Robison, Abraham 
Fleminger, ).J. Torres,). M. King and W M. 
Hamner. Direct sampling and in situ observa
tion of a persistent copepod aggregation in the 
mesopelagic zone of the Santa Barbara Basin. 
Marine Biology, v.80, 1984. pp. 75-81. 
Ammerman, J. W and Farooq Azam. Bacterial 
5'-nucleotidase in aquatic ecosystems: a novel 
mechanism of phosphorus regeneration. 
Science, v.227, 1985. pp. 1338-1340. 
Andersen, Raymond)., D. John Faulkner, He 
Cun-heng, Gregory D. Van Duyne and Jon 
Clardy Metabolites of the marine prosobranch 
mollusc Lamellaria sp.journal of American 
Chemical Society, v.107, 1985. pp. 5492-5495. 
Anderson, John G. and Paul G. Silver. 
Accelerogram evidence for southward rupture 
propagation on the Imperial fault during the 
October 15, 1979 earthquake. Geophysical 
Research Letters, v.12, no.6, 1985. pp. 349-352. 
Anderson, John G. Two observations about 
low-frequency signals on accelerograms from 
the October 15, 1979 Imperial Valley, California 
earthquake. Earthquake Engineering and 
Structural Dynamics, v.13, 1985. pp. 97-108. 
Andersson, Agneta, Cindy Lee, Farooq Azam 
and A. Hagstrom. Release of aminoacids and 
inorganic nutrients by heterotrophic marine 
microflagellates. Man·ne Ecology-Progress 
Series, v.23, 1985. pp. 99-106. 
Armi, Laurence and Pierre Flament. Caution
ary remarks on the spectral interpretation of 
turbulent flows. journal of Geophysical 
Research, v.90, no.C6, 1985. pp. 11, 779-11,782. 
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Armi, Laurence and D. Farmer. The internal 
hydraulics of the Strait of Gibraltar and associ
ated sills and narrows. Oceanologica Acta, v.8, 
no. 1, 1985. pp. 37-46. 
Azam, Farooq. The ecological and biogeo
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Appendixes 

Deep Sea Drilling 
Project Reports 

The Initial Reports of the Deep Sea 
Drilling Project is a series that details 
DSDP cruise results. Many of these re
ports include papers by Scripps scientists. 

To obtain volumes in this series, please 
request an order form from Assistant 
Public Printer (Superintendent of 
Documents), U.S. Government Printing 
Office, Washington, D.C. 20402. 

The volumes published in fiscal 1986 
are listed below. 

v.85 Mayer, L., F. Theyer, et al. Los Angeles, 
California, to Honolulu, Hawaii. March
April 1982. October 1985. 1022p. $41. 

v.86 Heath, G. R., L. H. Burckle, et al. 
Honolulu, Hawaii, to Yokohama, japan. 
May-june 1982. November 1985. 804p. 
$38. 

v.87 Kagami, H., D. E. Karig, W T. 
Coulbourn, et al. Yokohama, Japan, to 
Hakodate, Japan. june-August 1982. 
February 1986. 986p. $43. 

v.90 Kennett,]. P. , C. C. von der Dorch, et 
al. Parts 1 and 2. Noumea, New Cale
donia, to Wellington, New Zealand. 
December 1982-January 1983. January 
1986. 1518p. $55 (set). 

Naga Report Series 
The Naga Report series covers the scien
tific results of marine investigations in the 
South China Sea and the Gulf of Thailand 
from 1959 through 1961. For a list of 
available reports and costs, please send 
inquiries to Naga Reports, A-001, Scripps 
Institution of Oceanography, La Jolla, 
California 92093. 

Institute of Marine Resources 
Reference Series 

Information about the Institute of 
Marine Resources Reference Series may be 
obtained from Institute of Marine 
Resources, A-028, University of California, 
San Diego, La Jolla, California 92093. 

85-1 Thomas, W H. Selection of oil
producing desert microalgae. Final 
Report to Solar Energy Research In
stitute, Aquatic Species Program, U.S. 
Department of Energy. September 1985. 
147p. 

85-2 Eppley, R. W Research on the marine 
food chain progress report for the 
period January 1984 through December 
1984. Manuscript reports of work con
cluded. (All manuscripts listed are in the 
published literature and therefore are 
not reproduced in this reference.) 1985. 
llp. 
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85-3 Gable, C. ,]. Wanetick, S. Schuette, ]. 
DeGraft', ]. Thomas, and R. Seymour. 
Nearshore bathymetric survey report, 
No. 2. Coast of California Storm and 
Tidal Waves Study 85-3. Ocean Engineer
ing Research group. July 1985. 560p. 

Scripps Aquarium Newsletter 
The Scripps Aquarium Newsletter is 

published several times a year by the 
Scripps Aquarium Associates and is sent 
free to members. The newsletter contains 
articles and photographs featuring 
Scripps scientists and their research, 
aquarium events, associates' expeditions, 
and other items of interest. For a free 
sample copy and membership informa
tion write to Editor, Scripps Aquarium 
Newsletter, A-007, Scripps Institution of 
Oceanography, La Jolla, California 92093. 

Scripps Institution of 
Oceanography 
Reference Series 

The reference series includes data 
reports, preliminary research reports, 
historical reports, and contractual reports 
distributed mainly under government 
contracts. There is no mailing list for this 
series, though many numbers are 
available from the National Technical 
Information Service, Operations Division, 
Springfield, Virginia 22151, by the ''ADA'' 
number listed. Other inquiries about the 
Scripps Institution of Oceanography 
Reference Series should be sent to 
Technical Publications, A-033B, Scripps 
Institution of Oceanography, La Jolla, 
California 92093. 

Reference numbers listed below were 
issued in 1985. 

85-1 Physical, chemical, and biological data, 
CalCOFI cruise 8410, 18 October-10 
November 1984. February 1985. 107p. 

85-2 Krooskos, Carolyn H. Guide to the 
records of the S.I.O. Alpha Helix 
Program management office, 1966-
1980, archival collection-AC 7. February 
1985. 56p. 

85-3 Cayan, D. R. and R. E. Flick. Extreme 
sea levels in San Diego, California, 
winter 1982-1983. Center for Coastal 
Studies. February 1985. 59p. 

85-4 Day, Deborah. Guide to the S.I.O. 
biographical files, 1903-1981, archival 
collection AC 5. n.d. 56p. 

85-5 Willis, Richard]. Evaluation of in
strumental analyses performed by X-ray 
fluorescence spectrometry on geochem
ical matrices. May 1985. 131p. 

85-6 Willis, Richard]. Characterization of 
major element analyses on geological 
standard reference materials and 
samples by electron probe micro
analysis. May 1985. 51p. 

85-7 Hering, Wayne S. and Richard W 
Johnson. The FASCAT model perfor
mance under fractional cloud conditions 
and related studies. Visibility Laboratory. 
(Also issued as AFGL-TR-84-0168.) 
December 1984. 109p. 

85-8 Kosro, P. Michael. Shipboard acoustic 
current profiling during the Coastal 
Ocean Dynamics Experiment. May 1985. 
130p. ADA 157 040. 

85-9 Physical oceanographic data CalCOFI 
cruise 8012, 26 November-20 December 
1980; CalCOFI cruise 8101, 8-31 january 
1981; CalCOFI cruise 8102, 13 February-
10 March 1981, and CalCOFI cruise 8104, 
1-27 April1981. June 1985. 131p. 

85-10 Bloomer, S.,]. Melchior, C. Evans, 
and R. D. Francis. Techniques for the 
chemical analysis of igneous rocks used 
at the Scripps Institution of Oceanog
raphy. june 1985. 83p. 

85-11 Candela, ]., A. Badan-Dangon and C. 
D. Winant. Spatial distribution of lower 
atmospheric physical variables over the 
Gulf of California. A data report. Volume 
2. Winter 1984. Distribuci6n espacial de 
variables fisicas en las capas bajas de la 
atm6sfera sobre el golfo de California. 
Un repone de datos. Volumen 2. In~ 
vierno de 1984. june 1985. 272p. 

85-12 Physical, chemical, and biological data 
CalCOFI cruise 8105, 18 May-12 june 
1981 and CalCOFI cruise 8107, 26 june-
7 August 198l.july 1985. 147p. 

85-13 Linzer, Mary, Margie Mitchell, jean 
Nichols, Lynne Talley, jill Whitman, 
and Beth Wright. A manual for seagoing 
scientists. October 1985. 26p. 

85-14 Physical, chemical and biological data 
CalCOFI cruise 8502, 19 February-5 
March 1985 and CalCOFI cruise 8505, 
29 April-18 May 1985. August 1985. 90p. 

85-15 Shipboard description and inventory of 
rocks dredged on PROTEA Expedition, 
Leg 5, in the Southwest Indian Ocean. 
August 1985. 225p. 

85-16 Jenkins, Scott A and David W Skelly. 
Alternatives for maintaining tidal circula
tion in the Batiquitos Lagoon, California. 
n.d. 54p. 

85-17 Cutchin, David L. Performance of a 
Doppler-acoustic, ocean current profiler 
installed onboard the tanker EXXON 
jamestown. August 1985. 78p. 

85-18 Sauvel,J. Some effects of the diurnal 
wind during CODE-1. September 1985. 
124p. 

85-19 Cayan, Daniel R. North Atlantic seasonal 
sea surface temperature anomalies and 
associated statistics, 1949-1984. October 
1985. 92p. 



85-20 Physical and chemical data report 
CalCOFI cruise 7207, 6-29 July 1972 and 
CalCOFI cruise 7210, 23 September-16 
November 1972. November 1985. 159p. 

85-21 Bronson, Earl D. and Larry R. Glosten. 
FLIP, FLoating Instrument Platform. 
(Revision of previous SIO Reference 73-
30 by Charles B. Bishop and Dewitt 0. 
Efird.) Marine Physical Laboratory. 
October 1985. 30p. 

85-22 Culver, Richard Lee. Infrasonic ambient 
ocean noise spectra from freely drifting 
sensors. Marine Physical Laboratory. 
October 1985. 46p. ADA 163 413. 

85-23 Alexattdrou, Dimitrios. Selective 
reverberation cancellation via adaptive 
beamforming. Marine Physical Labora
tory. December 1985. 167p. 

85-24 Physical, chemical and in-situ CID data 
from the AJAX Expedition in the South 
Atlantic Ocean; RIV Knorr, Leg 1: 7 
October-6 November 1983 and Leg II: 11 
January-19 February 1984. (Also issued 
as Texas A&M University, Department of 
Oceanography TAMU Reference 85-4-D.) 
December 1985. 269 p. ADA 166 146. 

85-25 Surface water temPeratures at shore 
stations United States West Coast 1984: 
Including s~rface salinities from several 
stations and five-meter temperatures and 
salinities at Scripps Pier. Marine Life 
Research Group. December 1985. 39p. 

85-26 Day, Deborah. A guide to the Roger 
Randall Dougan Revelle Papers 1928-
1979 in the archives of the Scripps In
stitution of Oceanography. 1985. 146p. 

85-27 jenkins, Scott A Clandestine methods 
for the determination of beach traffic
ability. May 1985. 63p. ADA 163 007. 

85-28 Baker, Karen S. and Raymond C. Smith. 
Bio-optical measurements from the 
BIOWATT-85 cruise April 1985. UCMBO 
Data Report. November 1985. 61p. 

85-29 Canceled 
85-30 jenkins, Scott A Clandestine methods 

for the determination of beach gradients 
and shallow water obstacle locations. 
December 1985. 109p. 

85-31 Keir, R. S. and W H. Berger. Carbon 
dioxide transfer in the atmosphere
ocean-terrestrial system. Report on the 
conference, Lake Arrowhead, May 5-10, 
1985. December 1985. 139p. 

85-32 Weydert, Marco. Measurements of 
acoustic backscatter of the deep sea 
floor using a deeply towed vehicle: A 
technique to investigate the physical and 
geological properties of the deep sea 
floor and to assess manganese nodule 
resources. Marine Physical Laboratory. 
December 1985. 197p. 

85-33 de Moustier, Christian. Deep seafloor 
acoustic backscattering measurements 
using Sea Beam. Marine Physical Labora
tory. December 1985. 155p. 

85-34 Kuhns, K. Bibliography of the Scripps 
Institution of Oceanography Reference 
Series 1985. July 1986. 8p. 

Sea Grant Marine Advisory 
Program Series 

The Sea Grant Marine Mvisory Pro
gram Series includes booklets, brochures, 
papers, and other publications produced 
by the Sea Grant Marine Advisory Pro
gram at the University of California, Davis. 
Copies of the publications listed below 
can be obtained by writing Sea Grant MAP 
Extension, University of California, Davis, 
California 95616. 

Hedrick, Ronald, editor. Proliferative Kidney 
Disease. (PKD) in North America, Proceedings of 
a Workshop on Proliferative Kidney Disease 
Among Salmonid Fish in North America, 
University of California, Davis, California, April 
25-26, 1985. 1986. 69p. 
Price, Robert. Seafood Retailing Manual, Third 
Edition, 1985. SOp 
Toole, Christopher, Bruce Wyatt, and Steve 
Taylor, editors. Report of the Third California 
Salmon and Steelhead Restoration Conference, 
Ukiah, California, February 23-24, 1985. 1985. 
156p. 

Sea Grant Reference Series 
The California Sea Grant Reference 

Series includes bibliographies, directories, 
symposium proceedings, and other in
stitutional reports. The publications listed 
below can be obtained by writing the 
California Sea Grant College Program, 
A-032, University of California, San Diego, 
La)olla, California 92093. 

R-018 California Sea Grant and the Emerging 
Pacific Age: A Summary Report of the 
California Sea Grant College Program 
1984-1985. Sea Grant Report number R
CSGCP-018. 1986. 35p. 

R-019 California Sea Grant College Program. 
California Sea Grant College Program 
Directory 1986-1987. Sea Grant Report 
number R-CSGCP-019. 1986. 28p. 

R-020 California Sea Grant College Program. 
California Sea Grant 1982-1984 Biennial 
Technical Report: A Report on the 
California Sea Grant College Program 
from October 1, 1982, to September 30, 
1984. Sea Grant Report number R
CSGCP-020. 1986. 272p. 

Sea Grant Technical Series 
The California Sea Grant Technical 

Series includes reprints of journal articles, 
professional papers, scientific and techni
cal reports, instructive manuals, and 
public policy papers resulting from Sea 
Grant-sponsored research. The publica
tions listed below can be obtained by 
writing the California Sea Grant College 
Program, A-032, University of California, 
San Diego, La Jolla, California 92093. 
T-Oll Abbott, Isabella A. and James N. Norris, 

editors. Taxonomy of economic 
seaweeds with reference to some Pacific 
and Caribbean species. Results of an in
ternational workshop sponsored by the 
California Sea Grant College Program in 
cooperation with the Pacific Sea Grant 
College Programs of Alaska, Hawaii, 
Oregon, and Washington and hosted by 
the University of Guam, U.SA,June 15 
to 20, 1984. Sea Grant Publication 
number T-CSGCP-011. 1985. 167p. 

T-012 Amidei, Rosemary, editor. Applications 
of Remote Sensing to Fisheries and 
Coastal Resources. Report of a California 
Sea Grant Workshop held November 30, 
1983 at Scripps Institution of Oceanog
raphy, University of California, San 
Diego. Sea Grant Publication number T
CSGCP-012. 1985. 64p. 

T-013 Hedgecock, Dennis, editor. Identifying 
Fish Subpopulations. Proceedings of a 
California Sea Grant Workshop held 
January 27, 1984, at Scripps Institution of 
Oceanography, University of California, 
San Diego. Sea Grant Publication 
number T-CSGCP-013. 1986. 52p. 

T-014 Heine, John N., editor. Blue Water Div
ing Guidelines. Report of a workshop 
held January 27, 1984, at Moss Landing 
Marine Laboratories, Moss Landing, 
California. Sea Grant Publication 
number T-CSGCP-014. 1986. 46p. 

63 



Appendixes 

AppendixB 
Academic Staff 
Academic Staff-July 1, 1985 to June 30, 1986 
All symbols and abbreviations are listed at the end of this section. 

Henry D. I. Abarbanel, MPL, Physics 
§ Mark R. Abbott, D-SIO, Biological 

Oceanography 
Duncan C. Agnew, IGPP, Geophysics 
Dimitri Alexandrou, MBRO/MPUIMR, 

Electrical Engineering 
Richard A Altes, ORO, Behavioral 

Physiology 
john G. Anderson, IGPP/AMES, 

Engineering/Geophysics 
Mark R. Anderson, CS/ORO, Climatology 
Victor C. Anderson, EECS/MPL, Marine 

Physics 
Hassan Aref, AMES/IGPP, Theoretical 

Physics 
& Laurence Armi, ORO, Physical 

Oceanography 
james R. Arnold, Chemistry/CS, Space 

Research 
& Gustaf 0 . S. Arrhenius, GRO, 

Oceanography 
* Robert S. Arthur, ORO, Phvsical 

Oceanography · 
t Ichio Asanuma, ORO, Remote Sensing 

Roswell W Austin, VL, Optical Physics 
Agustin Ayala-Castanares, GRO, Biological 

Paleontology 
Farooq Azam, IMR, Microbiology 
Robert B. Bacastow, GRO, Applied 

Mathematics 
Steven B. Bachman, GRO, Geology 

& George E. Backus, IGPP, Geophysics 
& Jeffrey L. Bada, IMR, Marine Chemistry 

A R. F. Badan-Dangon, CCS, Physical 
Oceanography 

Robert D. Ballard, MPL, Marine Geology 
and Geophysics 

Tim P. Barnett, ORO, Physical 
Oceanography 

Ellen E. Barrabee, ORO, Organic 
Chemistry 

Izadore Barrett, MLRG, Fisheries 
Willard N. Bascom, IMR, Applied Ocean 

Science 
john). Bates, CS/ORO, Meteorology 
Keir Becker, GRO, Applied Ocean Science 
john R. Beers, IMR, Marine Zoology 

& Andrew A Benson, MBRO, Marine Biology 
Yaacov K. Bentor, GRO, Geology 
jonathan Berger, IGPP, Geophysics 

& Wolfgang H. Berger, GRO, Oceanography 
Robert L. Bernstein, CS, Oceanography 
jean L. Birck, GRO, Geochemistry 

* Hugh Bradner, AMES/IGPP, Physics 
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Nancy A Bray, VL/CCS, Physical 
Oceanography 

Edward Brinton, MLRG, Marine Biology 
& James N. Brune, GRO/IGPP, Geophysics 

john D. Bukry, GRO, Micropaleontology 
* Theodore H. Bullock, Neurosciences/NO, 

Neurobiology 
Angelo F. Carlucci, MLRG/IMR, 

Microbiology 
George F. Carnevale, ORO, Oceanography 
Daniel R. Cayan, ORO, Meteorology 

t Douglas E. Chandler, MBRO, 
Developmental Biology 

Serge Chapelle, MBRO, Biochemistry 
Alan D. Chave, IGPP, Geophysics 
Lanna Cheng, MLRG, Marine Entomology 
Chun-c. Chou, GRO, Geochemistry 
Tsaihwaj. Chow, ORO, Chemistry 
fu-c. Chung, GRO, Geochemistry 
Patrizia Ciminiello, IMR, Marine Chemistry 

t james A Coakley, Jr., CS, Satellite Data 
Steven C. Constable, ORO, Oceanography 
Bruce D. Cornuelle, ORO, Oceanography 

& Charles S. Cox, MLRG, Physical 
Oceanography 

& Harmon Craig, GRO, 
Geochemistry/Oceanography 

& joseph R. Curray, GRO, Marine Geology 
David L. Cutchin, ORO, Physical 

Oceanography and Climatology 
Andrew H. Cutler, CS, Chemistry 

t Randall W Davis, MBRO, Marine Biology 
& Russ E. Davis, ORO, Physical Oceanography 
& Paul K. Dayton, ORO, Biological 

Oceanography 
Ted E. DeLaca, MBRO, Marine Biology 

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

Christian P. de Moustier, MPL, 
Oceanography 

Andrew G. Dickson, MPL, Chemistry 
& LeRoy M. Dorman, GRO/MPL, Geophysics 

Patricia S. Doyle, GRO, Paleontology 
* Seibert Q. Dundey, VL, Physics 
& A. E. J. Engel, GRO, Geology 
& james T. Enright, ORO/NU, Biological 

Oceanography 
Richard W Eppley, IMR/MLRG, Biological 

Oceanography 
William E. Evans, MBRO, Marine 

Bioacoustics 
William S. Farrell, IGPP, Earth Sciences 

& D. john Faulkner, ORO, Marine Natural 
Products Chemistry 

t Rocco Fazzolare, CS, Space Development 
& Horst Felbeck, MBRO, Marine 

Biochemistry 
II jean-Francais Fels, IGPP, Seismology 
& William H. Fenical, IMR, Chemistry 

jean H. Filloux, ORO, Physical 
Oceanography 

Kathleen M. Fischer, GRO, Oceanography 
Frederick H. Fisher, MPL, Marine Physics 
Robert L. Fisher, GRO, Marine Geology 
Abraham Fleminger, SC/MLRG, Marine 

Biology 
Reinhard E. Flick, CCS, Coastal Processes 
Theodore R. Folsom, ORO, Physical 

Oceanography 
Robert J. Frouin, CS, Meteorology 
Catherine H. Gautier, CS, Meteorology 

& Carl H. Gibson, AMES/O-SlO, Fluid 
Dynamics 

& )oris M. T. M. Gieskes, ORO, Marine 
Chemistry 

& J. Freeman Gilbert, IGPP, Geophysics 
Michael T. Gladwin, IGPP, Physics 

& Edward D. Goldberg, ORO, Chemistry 
Jeffrey B. Graham, PRIJMBRO, Marine 

Biology/Physiology 
t john E. Graves, MBRO, Physical 

Oceanography 
Peter R. Guenther, GRO, Marine Chemistry 
Kirk R. Gustafson, IMR, Marine Chemistry 

& Robert T. Guza, CCS/MLRG, Physical 
Oceanography 

john L. Hakanson, MBRO, Marine Ecology 
Melinda M. Hall, MLRG, Physical 

Oceanography 
§ Edwin L. Hamilton, GRO, Geophysics 
& Harold T. Hammel, PRL, Physiology 

Alistair J. Harding, GRO/IGPP, Seismology 
* james L. Harris, Sr., VL, Optical Physics 

Richard A. Haubrich, IGPP, Geophysics 
Loren R. Haury, MLRG, Biological 

Oceanography 
& james W Hawkins, GRO, Geology 
& Francis T. Haxo, MBRO, Marine Botany 

Thomas L. Hayward, MLRG, Biological 
Oceanography 

Martha· E. Heath, PRL, Regulatory 
Physiology 

& Walter F. Heillgenberg, ORO/NU, 
Behavioral Physiology 

Edvard A. Hemmingsen, PRL, Physiology 
& Myrl C. Hendershott, ORO, Physical 

Oceanography 
Tareahj. Hendricks, IMR, Physical 

Oceanography 
& Robert R. Hessler, MLRG/MBRO, Biological 

Oceanography 
Richard N. Hey, GRO, Geophysics 
john A. Hildebrand, MPUGRO, Applied 

Physics 
Richard L. Hilt, IGPP, Physics 
Vernon F. Hodge, ORO, Marine Chemistry 

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

& Nicholas D. Holland, MBRO, Marine 
Biology 

Osmund Holm-Hansen, IMR, Marine 
Biology 

john D. Horel, ORO, Atmospheric Sciences 



Yoshio Horibe, GRO, Geochemistry 
Michael E. Huber, MBRO, Biological 

Oceanography 
§ John R. Hunter, 0-SIO, Ichthyology 

Mark E. Huntley, MBRO, Marine Biology 
Shiro Imawaki, MLRG, Physical 

Oceanography 
& Douglas L. Inman, CCS, Physical 

Oceanography 
George A. Jackson, IMR, Biological 

Oceanography 
Richard A. Jahnke, GRO, Geochemistry 
Scott A. Jenkins, CCS, Physical 

Oceanography 
Thomas H. Jordan, GRO, Geophysics 
James Joseph, IMR, Marine Biology 

t Mati Kahru, MBRO, Biological 
Oceanography/Remote Sensing 

Adrianus J. Kalmijn, ORO, Biology/Physics 
& Miriam Kastner, GRO, Geology 
& Charles D. Keeling, GRO, Marine 

Chemistry 
RobinS. Keir, GRO, Geology/Geophysics 
Michael P. Kennedy, GRO, Geology 
A. Peter Klimley, MBRO, Zoology 
Margaret D. Knight, MLRG, Biological 

Oceanography 
Francis C. Knowles, MBRO, Marine 

Biochemistry 
Robert A. Knox, ORO/IGPP, Oceanography 
Minoru Koide, ORO, Marine Chemistry 
Gerald L. Kooyman, PRL, Physiology 

& Devendra Lal, GRO, Nuclear Geophysics 
Yves P. Lancelot, DSDP/GRO, Marine 

Geology 
Justin E. Langille III, DO, Oceanography 

§ Reuben Lasker, 0-SIO, Marine Biology 
& Ralph A. Lewin, MBRO, Marine Biology 
• Leonard N. Liebennann, Physics/MPL, 

Physics 
David W Lingner, GRO, Marine Chemistry 
Peter F. Lonsdale, MPUGRO, Geology 
Ralph H. , Lovberg, Physics/IGPP, Physics 
Carl D. Lowenstein, MPL, Marine Physics 
Gunther W Lugmair, GRO, Geochemistry 
Douglas S. Luther, ORO, Oceanography 

§ Alec D. MacCall, O-SlO, Oceanography 
Kenneth C. Macdonald, GRO/MPL, 

Geophysics 
& J. Douglas Macdougall, GRO, Marine 

Geology 
Jacqueline Mammerickx, GRO, Geology 
Arnold W Mantyla, MLRG, Oceanography 
Patricia M. Masters, ORO/CCS, Marine 

Chemistry/Marine Archeology 
& T Guy Masters, IGPP, Geophysics 

Tetsuo Matsui, MLRG, Biological 
Oceanography 

Nancy G. Maynard, VL, Marine Biology 
& John A. McGowan, MLRG, Biological 

Oceanography 
*& H. William Menard, GRO/IMR, Geology 

Robert L. Michel, ORO, Marine Chemistry 
* John W Mlles, AMES/IGPP, 

Geophysics/Fluid Dynamics 
Tadeusz F. Molinski, ORO, Chemistry 
H. Geoffrey Moser, MBRO, Fisheries 

Biology 
t Atef A. Moussa, GRO, Oceanography 

& Michael M. Mullin, IMR, Biological 
Oceanography 

#& Walter H. Munk, IGPP/ORO, Geophysics 
Jerome Namias, ORO, Climatology 
James H. Nadand, DSDP/GRO, Geology 

& William A. Newman, SC/MBRO, Biological 
Oceanography 

& William A. Nierenberg, Director, 
Oceanography 

& P. Peter Niller, MLRG, Applied Mechanics 
Mark D. Ohman, MLRG, Oceanography 
Allen H. Olson, IGPP, Geophysics 
Joan Oltman-Shay, CCS, Physical 

Oceanography 
& John A. Orcutt, IGPP/GRO, Geophysics 
t Kanchan Pande, GRO, Oceanography 

Hans A. Panofsky, ORO, Meteorology 
Frances L. Parker, GRO, Paleontology 

& Robert L. Parker, IGPP/ORO, Geophysics 
§ William F. Perrin, 0-SIO, Zoology 

Melvin N. A. Peterson, DSDP/GRO, Marine 
Geology 

Jason Phipps-Morgan, IGPP, Geophysics 
• Fred B Phleger, GRO, Oceanography 
& Robert Pinkel, MPL, Internal Waves 

Paul J. Ponganis, PRL, 
Anesthesiology/Biology 

Robert J. Poreda, GRO, Geology 
t Lawrence J. Pratt, ORO, Oceanography 

Keith F. Priestley, IGPP, Seismology 
Zhengxu Qian, CS/MPL, Physical 

Oceanography 
• Russell W Raitt, MPL, Marine Geophysics 

Philip F. Rehbock, MBRO, History of 
Science 

Michael S. Reichle, IGPP, Geophysics 
Freda M. H. Reid, IMR, Phytoplankton 

Taxonomy and Ecology 
& Joseph L. Reid, MLRG, Physical 

Oceanography 
Clare E. Reimers, GRO, Marine Chemistry 

• Roger R. Revelle, Director 
Emeritus/Political Science, NRISPP 

William R. Riedel, SC/GRO, Marine 
Geology 

John 0 . Roads, ORO, Meteorology 
Dean H. Roemmich, MLRG, Oceanography 
Gary J. Rose, ORO, Neurophysiology 

& Richard H. Rosenblatt, SC/MBRO, Marine 
Zoology 

t Eqil Sakshaug, IMR, Polar Phytoplankton 
Ecology 

Matthew H. Salisbury, GRO, Geology 
& Richard L. Salmon, ORO, Oceanography 

Annika B. Sanfilippo, GRO, Paleontology 
Daniel R. Sarewitz, GRO, Geological 

Sciences/Tectonics 
* J. F. Theodore Saur, ORO, Oceanography 

Arndt Schimmelmann, GRO, 
Geochemistry 

Frederick R. Schram, MBRO, Invertebrate 
Paleontology 

Adam Schultz, IGPP, Geophysics 
Richard A. Schwartzlose, MLRG, Physical 

Oceanography 
John G. Sclater, GRO, Geophysics 
Paul D. Scully-Power, ORO, Applied 

Mathematics 
Don L. R. Seibert, IMR, Marine Biology 

Richard J. Seymour, IMR, Oceanography 
& George G. Shor, Jr. , MPLISOMTS, Marine 

Geophysics 
§ Michael R. Sllvennan, 0-SIO, 

MicrobiaVMolecular Genetics 
Meinhard C. Simon, IMR, Aquatic 

Microbiology 
James J. Simpson, MLRG, Physical 

Oceanography 
Jerome A. Smith, MPL, Physical 

Oceanography 
Kenneth L. Smith, Jr., MBRO/MLRG, 

Ecological Energetics 
Paul E. Smith, MLRG, Pelagic Ecology 
Raymond C. Smith, IMR, Physics 
Stuart M. Smith, SOMTS, Submarine 

Geology 
t Jean E. Snider, MBRO, Biological 

Oceanography 
=&George N. Somero, MBRO, Marine Biology 
& Richard C. J. Somerville, ORO, 

Meteorology 
Andrew Soutar, MLRG, Paleontology 

& Fred N. Spiess, IMRIMPL, Marine Physics 
Martha 0. Stallard, ORO, Oceanography 
Hubert H. Staudigel, GRO, Geology 
Vladislav Stefan, CS, Laser and Magnetic 

Fusion 
Robert E. Stevenson, ORO, Geological 

Oceanography 
Joan G. Stewart, MBRO, Biology 

§ Robert H. Stewart, ORO/IGPP, 
Oceanography 

* Hans E. Suess, Chemistry/ORO, Chemistry 
James J. Sullivan, IMRISGP, Economics 
Chang-k. Tai, ORO, Oceanography 

& Lynne D. Talley, ORO, Oceanography 
t Pascal Tarits, ORO, Electromagnetic 

Investigation 
Lisa Thuxe, GRO, Geophysics 
MiaJ. Tegner, ORO, Marine Biology 

§ Hans R. Thierstein, GRO, Geology 
Ellen Thomas, DSDP/GRO, Geology 
William H. Thomas, IMR, Microbiology 
Jean Tournadre, CS, Meteorology 

t Eugene D. Traganza, IMR, Satellite Remote 
Sensing 

Charles C. Trees, VL, Oceanography 
Mizuki Tsuchiya, IMR, Physical 

Oceanography 
Frederick I. Tsuji, MBRO, Biochemistry 
Sachiko Tsuji, IMR, Fisheries Ecology 

t Linda E. Tway, GRO, Geology 
* Victor Vacquier, MPL, Geophysics 
& Victor D. Vacquier, MBRO, Developmental 

Biology 
Geoffrey K. Vallis, CS, Meteorology 

& Charles W VanAtta, AMES/O-SlO, 
Geophysical Fluid Dynamics 

t Cornelis van der Weijden, ORO, Early 
Diagenesis 

* William G. Van Dorn, ORO, Physical 
Oceanography 

Elizabeth L. Venrick, MLRG, Oceanography 
RussellO. Vetter, MBRO, Biology 
Edith S. Vincent, GRO, Micropaleontology 

& Benjamin E. Volcani, MBRO, Marine 
Mi<;robiology 

Kenneth J. Voss, VL, Optical Oceanography 
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Bess Ward, IMR, Biological Oceanography 
& Kenneth M. Watson, MPL, Physical 

Oceanography 
& Ray F. Weiss, GRO, Geochemistry 

John A Welhan, GRO, Geochemistry/ 
Geology 

& Fred N. White, Medicine/PRL, Comparative 
Physiology 

Warren B. White, ORO, Oceanography 
Robert H. Whrltner, ORO, Meteorology 
Donald W. Wilkie, AM, Marine Biology 
Peter M. Williams, IMR, Chemical 

Oceanography 
George D. F. WUson, MBRO, Deep-Sea 

Isopods Systematics 
Raymond R. WUson, MBRO, Marine Biology 

& Clinton D. Winant, CCS, Oceanography 
& Edward L. Winterer, GRO, Geology 

Andrew R Wolff, CS, Inorganic Chemistry 
John H. Woodhouse, IGPP, Mathematics/ 

Seismology 
Peter F. Worcester, IGPP, Oceanography 
A Aristides Yayanos, PRL, Physiology 
Randy D. Zellck, ORO, Neurobiology/ 

Behavior 
Bernard D. Zeder, IGPP, Oceanography 
Claude E. ZoBell, MBRO, Marine 

Microbiology 
Mark A Zum.berge, IGPP, Physics 

§ Adjunct Professor Series 
II Cecil H. & Ida Green Scholar 
:j: Deceased 
• Emeritus 
& Faculty, Department of SIO 
=John D. Isaacs Chair 
# The Se<;retary of the Navy Chair 
t Visiting/Postdoctoral Scholar 

AM-Aquarium-Museum 
AMES-Applied Mechanics and Engineering 

Sciences 
CS-California Space Institute 
CCS-Center for Coastal Studies 
DO-Director's Office 
DSDP-Deep Sea Drilling Project 
O-SlO-Department Scripps Institution of 

Oceanography 
EECS-Electrical Engineering and Computer 

Sciences 
GRD-Geological Research Division 
IGPP-Institute of Geophysics and Planetary 

Physics 
IMR-Institute of Marine Resources 
IPAPS-Institute for Pure and Applied Physical 

Sciences 
MBRD-Marine Biology Research Division 
MLRG-Marine Life Research Group 
MPL-Marine Physical Laboratory 
NR-Natural Resources 
NU-Neurobiology Unit 
ORD-Ocean Research Division 
PRL-Physiological Research Laboratory 
SC-Scientific Collections 
SGP-Sea Grant Program 
SOMTS-Ship Operations and Marine 

Technical Support 
SPP-Science and Public Policy 
VI.-Visibility Laboratory 
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AppendixC 
Awards and Honors 

Dr. Victor C. Anderson 
Received the Admiral Charles B. Martell Techni
cal Excellence Award. 
Dr. George E. Backus 
Awarded the gold medal of the Royal Astro
nomical Society of the United Kingdom. 
Dr. Andrew A. Benson 
Awarded the diploma of Docteur Honoris 
Causa by the Universite Pierre et Marie Curie. 
Dr. Wolfgang H. Berger 
Corecipient of Senior U.S. Scientist award from 
the Alexander von Humboldt Foundation. 
Dr. Paul K. Dayton 
Elected a fellow of the American Association for 
the Advancement of Science. 
Dr.J. Freeman Gilbert 
Awarded the Geological Society of America's 
Day Medal. 
Dr. Walter F. Helligenberg 
Received aJavits Neuroscience Investigator 
Award from the National Institutes of Health. 
Dr. Robert R. Hessler 
Elected a fellow of the American Association for 
the Advancement of Science. 
Dr. Charles D. Keeling 
Elected a fellow of the American Association for 
the Advancement of Science. 
Dr. H. Wllllam Menard 
Awarded the William Bowie Medal from the 
American Geophysical Union. 

Dr. Walter H. Munk 
Corecipient of Secretary of the Navy Research 
Chair in Oceanography. 
Received honorary doctorate of science degree 
from the University of Cambridge. 
Dr.Jerome Namias 
Received a special certificate from the Depart
ment of Commerce and National Oceanic and 
Atmospheric Administration for pioneering 
work in long-range weather forecasting. 
Dr. William A. Nierenberg 
Received Distinguished Technical Contribution 
Award from the I.E.E.E. Oceanic Engineering 
Society. 
Dr. Peam P. Niiler 
Elected a fellow of the American Geophysical 
Union. 
Dr. Roger R. Revelle 
Awarded honorary doctorate from the Univer
sity of Rhode Island. 
Dr. Fred N. Spiess 
Presented the Acoustical Society of America's 
Pioneers of Underwater Acoustics Medal. 
Received the Marine Technology Society's 1985 
Lockheed Award for Ocean Science and 
Engineering. 
Dr. Claude E. ZoBell 
Received the Centennial Recognition Award 
from Utah State University. 



AppendixDt 
Organization 

GRADUATE DEPARTMENT 

CURRICULAR GROUP COORDINATORS 

APPLIED OCEAN SCIENCES 
William S. Hodgkiss 

BIOLOGICAL OCEANOGRAPHY 
Robert R. Hessler 

GEOLOGICAL SCIENCES 
Wolfgang H. Berger 

GEOPHYSICS 
Robert L. Parter 

MARINE BIOLOGY 
Jeffrey B. Graham 

MARINE CHEMISTRY 
William H. Fcnical 

PHYSICAL OCEANOGRAPHY 
Myrl C. Hendershott 

TECHNICAL SUPPORT 

SHIP OPERATIONS AND 
MARINE 'JECHNICAL SUPPORT 
George G. Sbor, Jr. 

NIMITZ MARINE FACU.ITY 
James G. Williams Ill 

SHIPBOARD 'JECHNICAL 
SUPPORT SERVICES UNIT 
David Wirth 

RESIDENT 'JECHNICIANS 
Robert C. Wilson 

SHIPBOARD COMPUTER GROUP 
J. Lynn Abboll 

GEOPHYSICAL 'IECHNICIANS 
Perry J. S. Crampton 

PHYSICAL AND CHEMICAL 
OCEANOGRAPHIC DATA FACIUTY 
David Wirth, Proj. Mgr. 

GEOLOGICAL DATA CENTER 
StuanM. Smilh 

SCIENTIFIC COLLECTIONS 

BENTHIC INVERTEBRATES 
William A. Newman 

GEOLOGICAL 
William R. Riedel 

MARINE VERTEBRATES 
Richard H. Rosenblatt 

PLANKTON INVERTEBRATES 
Abraham Aerninger 

DIRECTOR 
William A. Nierenberg* 

DEPUTY DIRECTOR 
Justin E. Langille Ill 

ASSISTANT DIRECTOR 
lbmCollins 

ADMINISTRATION 

ACADEMIC PERSONNEL 
Eleanor tum Suden 

CONTRACTS/GRANTS 
Norman J. Sattler 

FACn.ITIES SERVICES 
James R. Blanenberger 

FINANCIAL ADMINISTRATION 
AND STAFF 
Nona B. Crampton 

'IECHNICAL PUBLICATIONS 
Kittie K. Kuhns 

PUBLIC SERVICE UNITS 

AQUARIUM/MUSEUM 
Dooald W. Wilkie 

PUBLIC AFFAIRS 
Jacqueline L. Parl<er 

SUPPORT UNITS 

DIVING OFFICER 
James R. Stewan 

MARINE SCIENCE DEVEWPMENT 
AND OUTFITTING SHOP 
Richard E. Warren 

UC SAN DIEGO BRANCH UNITS AT SCRIPPS 

ARCHIVES 
Deborah c. Day 

LIBRARY 
WilliamJ. Goff 

PURCHASING 
Robert M. Lum 

UC INSTITUTES 

CAL SPACE INSTITUTE 
James R. Arnold 

CLIMATE AND REMOTE 
SENSING GROUP 
Richard C. J. Somerville, Co-Dir. 
Catherine H. Gautier, Co-Dir. 

INSTITUTE OF GEOPHYSICS 
AND PLANETARY PHYSICS 
J. Freeman Gilbert, Assoc. Dir. 
John A. Orcutt, Assoc. Dir. 

CECU. AND IDA GREEN 
Pl!iiON FLAT OBSERVATORY 
Jonalhan Berger 

INSTITUTE OF MARINE RESOURCES 
Fred N. Spiess 

FOOD CHAIN RESEARCH GROUP 
Angelo F. Carlucci 

MARINE NATURAL PRODUCTS 
William H. Fenical 

OCEAN ENGINEERING 
RESEARCH GROUP 
Richard J. Seymour 

PHYTOPLANKTON RESOURCES 
William H. Thomas 

SEA GRANT COll..EGE PROGRAM 
James J. Sullivllll 

UC MARINE BIQ.OPTICS 
Karen S. Bater 

RESEARCH DIVISIONS 

GEOLOGICAL RESEARCH DIVISION 
J. Douglas Macdougall 

MARINE BIOLOGY 
RESEARCH DMSION 
George N. Somera 

OCEAN RESEARCH DIVISION 
JorisM. T. M. Gieslces 

I CLIMATE RESEARCH GROUP 
Richard C. J. Somerville 

PHYSICAL AND CHEMICAL 
OCEANOGRAPHIC DATA 
FACILITY 
David Wirth, Proj. Administrator 

SCRIPPS SATElLITE 
OCEANOGRAPHY FACILITY 
Marl<R. Abbolt 

SPECIAL RESEARCH UNITS 

CENTER FOR COASTAL STUDIES 
Douglas L. Inman 

DEEP SEA DRILLING PROJECT 
Melvin N. A. Peterson 

MARINE LIFE RESEARCH GROUP 
Joseph L. Reid 

LABORATORIES 

MARINE PHYSICAL LABORATORY 
Kennelh M. Watson 

PHYSIOLOGICAL RESEARCH 
LABORATORY 
FredN. White 

VISmiLITY LABORATORY I 
~R-~_~_I_IW_._A_~_tin--------------~ · 

AFFINITY GROUP 

NEUROBIOLOGY UNIT 
Theodore H. Bullock 

tCurrent June 30, 1986 
• Also Vice Chancellor of Marine Sciences 
and Dean of Marine Science 
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AppendixE* 
Financial Support 

State and Federal Agencies 
california, State of 

The Resources Agency of California 
Department of Boating and Waterways 
Department of Fish and Game 
Department of Water Resources 

United States 
Commerce, Department of 

National Bureau of Standards 
National Oceanic and Atmospheric 

Administration 
Defense, Department of 

Air Force 
Army, Department of the 

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

Engineering Logistics Office 
Naval Ocean Systems Center 
Naval Sea Systems Command 
Office of Naval Research 

Energy, Department of 
Health and Human Services, Department of 

National Institutes of Health 
Interior, Department of the 

National Park Service 
U.S. Geological Survey 

National Aeronautics and Space Administration 
National Science Foundation 

Foundations/Corporations/ 
Organizations 
Amax Foundation, Inc. 
American Association of Plastic Surgeons, Inc. 
American Chemical Society 
AMOCO Production Company 
Analytical Services Company 
ARCS Foundation, Inc. 
Biospherical Instruments, Inc. 
Bristol Myers 
Canada Supply and Services 
Carnegie Institute 
Chevron Oil Field Research Company 
City of San Diego 
City of San Francisco 
Cloutman-Miller Agency, Inc. 
Columbia University 
County of Los Angeles Fish & Game 
Down to Earth Fisheries 
Electric Power Research Institute 
Elsevier Scientific Publishing Company 
EXXON Production Research Company 
Foundation for Ocean Research 
Global Geochemistry Corporation 
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Cecil H. and Ida Green Foundation 
Hawaiian Dredging and Construction 
The Heckerman Corporation 
Incorporated Research Institutions for 

Seismology 
jet Propulsion Laboratory 
johns Hopkins 
Joint Oceanographic Institutions, Inc. 
W M. Keck Foundation 
Macmillan Accounts and Administration Limited 
Martin Marietta Energy Systems, Inc. 
The Mellon Foundation 
The Muses of the California Museum of Science 

and Industry 
National Geographic Society 
New jersey Marine Sciences Consortium 
George S. Nolte and Associates 
Oregon State University 
Pacific Gas and Electric Company 
Pennsylvania State University 
Petroleum Research Fund/American Chemical 

Society 
Port of San Francisco 
Sandia National Laboratories 
Scott, Foresman & Company 
Francis P. Shepard Foundation 
Seth Sprague Educational and Charitable 

Foundation 
Sharp Memorial Hospital 
Soil Technologies Corporation 
Solar Energy Research Institute 
Southern California Edison 643 Club 
Texaco, Inc. 
Texaco Philanthropic Foundation, Inc. 
Texas A & M University 
The Tinker Foundation, Inc. 
Union Oil 
University of Chicago 
University of Delaware 
University Energy Research Group 
University Research Foundation 
University of Washington 
Western Society of Weed Science 
Westinghouse Electric Corporation 
Woods Hole Oceanographic Institution 
Young President's Organization, Inc. 

Scripps Industrial Associates 
AMOCO Oil Company 
ARCO Oil and Gas Company 
British Petroleum Alaska Exploration, Inc. 
Chevron Overseas Petroleum, Inc. 
Conoco 
EXXON Production Research Company 
Japan Petroleum Exploration Company 
Ocean Mining Associates 

San Diego Gas & Electric Company 
Societe Nationale Elf Aquitaine (Production) 
SOHIO, Inc. 
Texaco, Inc. 
Texaco, U.S.A 
Union Oil Company of California 

Individuals 
Barbara Allen 
Dr. Gustaf 0. S. Arrhenius 
Dr. Robert S. and joy F. Arthur 
Roswell W and Patricia Austin 
Thomas T. Beattie, Jr. 
Dr. Robert L. Bernstein 
Charles and Alnora Bishop 
James Blattenberger 
Terry Blomquist 
Thelma H. Brown 
Dr. Theodore H. and Martha Bullock 
Estate of Nina Button 
Adrian Caddick 
Dr. Tsaihwa J. Chow 
Vivian Faughn Clymer 
Tom Collins 
Dr. Harmon and Valerie Craig 
Dr. Joseph R. Curray 
Mark Diener 
Richard Diener 
jane DiTullio 
Dr. Albert E. J. Engel 
Dr. Richard W and Alice Eppley 
Dr. jean H. Filloux 
Leonard Friedman 
Michelle Gardner-Lilley 
Dr. ]oris M. T. M. and Barbara Gieskes 
Virginia B. Gilmore 
Terri L. Gordon 
Harry and Carolyn Grow 
Pat and Richard Guarascio 
Peter Guenther 
Katherine E. Roberts Harps 
Dr. James W and Donna Hawkins 
Dr. Thomas L. Hayward 
Mrs. james A Heim 
Dr. Nicholas D. Holland 
Lisa jacobs 
Phyllis T. johnson 
Christina Kenyon 
Claudia D. King 
Richard and Carla Jo Knaup 
Dr. G. W Lugmair 
Dr. Douglas S. Luther 
Dr. and Mrs. Justin MacCarthy 
Theodore H. Mannheimer 
Arnold and Norma Mantyla 
Marie A. Mathers 
Dr. William and Gifford Menard 
Mr. and Mrs. Robert Mendes 
Phillip J. Mendes 
Gordon and Sylvia Merrill 
Mark Merrill 
Dr. Mustafa 0. Moammar 
James M. Mooney 
Dr. Michael M. Mullin 
Dr. William A Newman 
Dr. William A Nierenberg 
Vernon Officer 
jacqueline L. Parker 



Dr. M. N. A and Margaret Peterson 
John and Colleen Powell 
Dr. Arthur A Ramsey 
Patrick T. Rice 
Joseph L. and Freda Reid 
Agnes R. Robb 
Raymond Ross 
Annika Sanfilippo 
Norman J. and Karleen Sattler 
Christina Seabern 
Meredith H. Sessions 
Hans E. Sheline 
Dr. George G. and Betty Shor 
Dr. Fred N. and Sally Spiess 
John Steelquist 
Anne A Sturz 
Mrs. Louis F. Tellin 
Eleanor L. tum Suden 
Dr. Muzuki and Kazuko Tsuchiya 
Dr. Benjamin E. and Toni Volcani 
Mr. and Mrs. Johnnie Walker 
Dr. Kenneth M. and Elaine Watson 
David Wedeking 
Mr. and Mrs. James R. Wedeking 
Irvin Whitehead 
Donald W Wilkie 
Capt. James G. and Elizabeth Williams 
Dr. Claude E. ZoBell 

"'Anyone interested in making a donation to the 
institution should get in touch with the 
Director's Office, A-010, Scripps Institution of 
Oceanography, La Jolla, California 92093 

AppendixF 
Current Funds 

Percentage 
Agency Expenditures• of Total 

Federal Govenunent 
National Science Foundation $22,489,840 37.14 
Navy, Department of the 12,288,309 20.30 
Commerce, Department of 2,481,456 4.10 
National Aeronautics and 

Space Administration 1,302,349 2.15 
Health and Human Services, 

Department of 1,169,923 1.93 
Energy, Department of 923,496 1.52 
Army, Department of the 690,886 1.14 
Interior, Department of the 518,282 0.86 
Air Force, Department of the 378,977 0.63 
Defense, Department of 15,175 0.03 
Other 26,609 0.04 

Total Federal Government $42,285,302 69.84 
State General Funds 12,844,325 21.21 
Private Gifts and Grants 4,288,643 7.08 
Overhead Funds 1,807,561 2.99 
State of California 325,992 0.54 
Endowment Funds 140,951 0.23 
Local Govenunent 37,729 0.06 
Sales and Services -1,183,413 -1.95 

Total Current Funds Expenditures $60,547,090 100.00 
*Includes Overhead 
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AppendixG 
The Regents of the 
University of California 

Regents Ex Officio 
Governor of CalHornia, George Deukmejian 
Lieutenant Governor of california, 

Leo T. McCarthy 
Speaker of the Assembly, Willie L. Brown, Jr. 
State Superintendent of Public 

Instruction, William Honig 
President of the Alumni Association of 

the University of california, 
Claude B. Hutchison 

Vice President of the Alumni Association 
of the University of CalHornia, 
James Toledano 

President of the University, 
David Pierpont Gardner 

Appointed Regents 
Sheldon W Andelson 
Roy T. Brophy 
Yvonne Brathwaite Burke 
Glenn Campbell 
Edward W Carter 
Frank W. Clark, Jr. 
Tirso del Junco 
David Geffen 
Jeremiah F. Hallisey 
Willis W Harman 
John F. Henning 
FrankL. Hope, Jr. 
Leo S. Kolligian 
Vilma S. Martinez 
Joseph A. Moore 
Robert N. Noyce 
Stanley K. Sheinbaum 
William French Smith 
Yori Wada 
Dean A. Watkins 
Harold M. Williams 
William A. Wilson 

Student Regent 
David B. Hoffman 

Regents-Designate 
R. Marilyn Lee 
Beatrice Mandel 

Faculty Representatives 
Neil J. Smelser 
Murray L. Schwartz 
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Officers of the Regents 
President, George Deukmejian 
Chairman of the Board, Frank W Clark, Jr. 
Vice Chairman of the Board, 
Yvonne Brathwaite Burke 
General Counsel, James E. Holst 
Secretary, Bonnie M. Smotony 
Treasurer, Herbert M. Gordon 

Chancellors 
Berkeley, Ira Michael Heyman 
Davis, James H. Meyer 
Irvine, Jack W Peltason 
Los Angeles, Charles E. Young 
Riverside, Theodore L. Hullar 
San Diego, Richard C. Atkinson 
San Francisco, Julius R. Krevans 
Santa Barbara, Daniel G. Aldrich, Jr. (Acting) 
Santa Cruz, Robert L. Sinsheimer 

Office of the President 
President, David Pierpont Gardner 
Senior Vice President-Academic Affairs, 
William R. Frazer 
Senior Vice President-Administration, 
Ronald W Brady 
Vice President-Agriculture and Natural 
Resources, James B. Kendrick, Jr. 
Vice President-Budget and University 
Relations, William B. Baker 
Vice President-Health Affairs, 

Cornelius L. Hopper 

Officers Emeriti 
President of the University, Emeritus; and 

Professor of Business Administration, 
Emeritus 
Clark Kerr 

President of the University, Emeritus; and 
Professor of Economics, Emeritus 
Charles J. Hitch 

President of the University, Emeritus; and 
Professor of Physics, Emeritus 
David S. Saxon 

Vice President of the University, Emeritus; 
Professor of Agricultural Economics, 
Emeritus; and Agricultural Economist, 
Emeritus 
Harry R. Wellman 

Vice President of the University, Emeritus; 
and Professor of Physics, Emeritus 
William B. Fretter 

University Provost, Emeritus; Chancellor at 
Santa Cruz, Emeritus; and Professor of 
Mathematics, Emeritus 
Angus E. Taylor 

Vice President-Financial and Business 
Management, Emeritus; Professor of 
Pathology, Emeritus 
Baldwin G. Lamson 

Vice President-Budget Plans and Relations, 
Emeritus 
Thomas E. Jenkins 

Vice President-Physical Planning and 
Construction, Emeritus 
Elmo R. Morgan 

Assistant President, Emeritus 
Dorothy E. Everett 

University Auditor, Emeritus 
Norman H. Gross 

Vice President, Emeritus; and Secretary and 
Treasurer of the Regents, Emeritus 
Robert M. Underhill 

Secretary of the Regents, Emeritus 
Marjorie J. Woolman 

Associate Secretary of the Regents, 
Emeritus 
Elizabeth 0. Hansen 

Treasurer of the Regents, Emeritus 
Owsley B. Hammond 

General Counsel of the Regents, Emeritus 
Thomas J. Cunningham 

Associate Counsel of the Regents, Emeritus 
John E. Landon 

Chancellor Emeritus and Professor of 
Statistics, Emeritus 
Albert H. Bowker 

Special Assistant to the President-Health 
Affairs, Emeritus 
Clinton C. Powell 

Director of University of california Press, 
Emeritus 
August Fruge 

Chancelor Emeritus and Professor of 
Ecology and Evolutionary Biology, Emeritus 
Daniel G. Aldrich, Jr. 

Chancellor Emeritus and Professor of 
Political Science, Emeritus 
Ivan H. Hinderaker 

Chancellor Emeritus and Professor of 
Comparative Government, Emeritus 
Dean E. McHenry 

Chancellor Emeritus and Professor of Food 
Science and Technology, Emeritus; Food 
Technologist in Experiment Station, 
Emeritus 
Emil Mrak 

Chancellor Emeritus, University librarian, 
Emeritus; Professor of Anatomy, Emeritus, 
and Professor of History of Health Sciences, 
Emeritus 
John B. de C. M. Saunders 



In Memoriam 

James L. Faughn. September 18, 1985. Captain 
Faughn joined Scripps in 1947, and served to his 
retirement in 1974, mainly under the job titles of 
"assistant to the director," and "staff officer." He was a 
man of many trades: marine superintendent; captain 
of the research vessels Horizon, Strang~ Alpha 
Helix, Thomas Washington, and other ships; ship 
scheduler; ship construction supervisor; physical 
ocean9grapher; and business officer of three 
administrative units of Scripps. 

H. William Menard. 
February 9, 1986. Dr. 
Menard, marine geologist, 
came to Scripps and the In
stitute of Marine Resources 
in 1955, and became a 
professor in 1961. He 
remained at Scripps (with 
two leaves of absence to 
serve first on the staff of 
President Lyndon Johnson's 
science advisor, and then as 
director of the United States 
Geological Survey) until his 
death. He was a leader in mapping the ocean floor, 
and used marine geological and geophysical data to 
develop theories of geological structure; he played a 
leading role in the work that led to the plate tecton
ics theory. 

Joanne Sorrells Morton. October 17, 1985. 
joanne Morton was an administrative assistant for 
four years in the Ocean Engineering Research Group 
of the Institute of Marine Resources. She worked at 
Scripps from 1980 through 1984. 

J. F. T. (Ted) Saur. August 24, 1985. Ted Sapr 
joined Scripps as a specialist in the Ocean Research 
Division in 1975. He was i11.strumentaf in starting the 
Ships-of-Opwitunity Program and remained with the 
Ocean Research Division until his death. 
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