Schematic of the NCEX array of instruments used to monitor waves,
currents, and changes to the beach near the submarine canyons.

T

he ability of engineers and planners to mitigate

the effects of wave and current action on pollution

UNDERSTANDING COMPLEX
COASTLINES

dispersal and beach erosion depends on model

WAVES, CURRENTS, AND BEACH EROSION

zone. Much of our knowledge of wave and cur-

capabilities and our understanding of the underlying physical processes acting in the coastal

rent action is based on studies of long, straight
coastlines onshore of simple seafloor topography. However, most of the world’s coastlines
Tripods with wave gauges and
current meters in the surf on the
California coast.

are complex, having features such as shoals,
islands, and submarine canyons, which can
have dramatic effects on nearshore waves and
currents. Scientists from several institutions are
monitoring and modeling waves, currents, and morphological changes to the beach

Britt Raubenheimer, WHOI

Aerial photograph of the southern California coast near San Diego.
Large waves traveling across submarine canyons produced strong alongcoast changes in wave heights and surfzone width (white area near the
shoreline), and complicated currents (arrows), including the massive rip
current that carried sediment far past the end of the pier. The complicated flows that culminated in the rip current are visualized easily because
the water carried sediment brought to the ocean by a recent rain storm.

1.5 km

near two steep submarine canyons on the southern California coast using observations from an instrument array (upper right) that includes 6 wave buoys, more than
50 wave gauges and current meters, 10 drifters, shore-based video cameras and
radars, acoustic sediment sensors, and aircraft overflights (science.whoi.edu/PVLAB/
NCEX/ncex.html). By synthesizing the variety of data from this experiment, scientists
hope to provide a more accurate picture of this dynamic ocean region.
Steve Elgar and Steven J. Lentz, Woods Hole Oceanographic Institution (OCE 01-15850); Robert T. Guza,
University of California, San Diego (OCE 01-14881) and Thomas H. Herbers, Naval Postgraduate School
(OCE 01-14875).

The Solar Disk Experiment is picked up in
the early morning and taken to launch.

I

t is widely believed that variations in the sun’s

SOLAR VARIABILITY AND
CLIMATE CHANGE
MEASURING THE SOLAR RADIUS

radiative output have played an important role in
climate change. Although other processes (e.g.,
greenhouse effect) are now believed to be the principal drivers of climate change, solar variability remains a critical element, at least
in assessing how severe the greenhouse warming is likely to be. The sun’s variability
originates both in changing surface magnetic features, and in changes of the internal
output—its luminosity. The latter is potentially the most important to climate change.
To understand the physical mechanisms responsible for the variability in solar luminosity, concurrent measurements of all the global properties of the sun are necessary.
Variations of the sun’s radius, potentially among the most useful, were the least ac-

Launching the payload. Below: Inflation of
the balloon. Left: Instant of release.

curately measured. To overcome this shortcoming, scientists developed balloon-borne
instrumentation (Solar Disk Sextant) to make high-precision measurements of the size
and shape of the sun, and their variations. Moreover, by determining the relationship between the sun’s radius and luminosity variations, it becomes possible to invert
historical eclipse data (which provide the solar radius) to estimate the solar luminosity
over a period of about 250 years. This information will allow climate modelers to
establish more reliably the precise role of solar variability in climate change over that
period of time, and allow a better calibration of their models, resulting in a more robust prediction of the greenhouse warming expected within the next few decades.
Sabatino Sofia, Yale University, ATM 99-00568

Lightning-ionosphere interactions – some of the more spectacular
phenomena include sprites, elves, blue jets, and γ-rays.

Elves
Sprites

km
~90

γ-rays
Blue Jets

UPWARD LIGHTNING
SEEKING THE ELUSIVE SPRITES AND ELVES

O

n average, about 100 lightning dis-

charges occur every second in approximately 2000 thunderstorms that are active globally

Telescopic imaging of sprites. Top: The 16-inch wide Dobsonian telescope
was used together with a wide-field-of-view camera mounted on its top.
The wide field of view image shows a large, apparently amorphous, sprite
in the shape of an “angel” observed on July 13, 1998. The field-of-view
of the telescope is indicated as a white rectangle in the middle. Bottom:
The telescopic field of view shows hundreds of streamers.

at any given time. While the average person has likely witnessed these “ground-tocloud” discharges, airline pilots had reported seeing “upward lightning” for some
time. It wasn’t until the 1990s that these phenomena were finally documented and
studied. Scientists have now shown that lightning discharges at cloud altitudes (<10
km) affect the high-altitude (>40 km) upper atmosphere, producing the bright flashes
of “sprites” and “elves.” Sprites are large, luminous discharges in the altitude range
of about 40 km to 90 km that are produced by the heating of electrons for a few to
tens of milliseconds—much less than the blink of an eye—following intense lightning
flashes. Elves are optical flashes that last for a much shorter (<1 ms) time than sprites,
and are typically limited to 80 to 95 km altitudes with much larger (up to 600 km)
lateral extent; elves are produced by the heating, ionization, and optical emissions
due to the electromagnetic pulses radiated by both positive and negative lightning

kR

discharges. These newly discovered phenomena indicate strong electrical coupling
between upper atmospheric regions, the global significance of which must now be
evaluated so that existing models of upper atmospheric dynamics can be properly
modified.
Umran Inan, Stanford University, John R. Winckler, University of Minnesota at Twin Cities, Victor Pasko, Pennsylvania State University, ATM 99-08766, ATM 98-18410, and ATM 01-18271.

A

utumn leaves appear to play a role in

regional air quality. By measuring levels of

AUTUMN LEAVES’
ROLE IN REGIONAL AIR QUALITY

volatile organic compounds (VOCs) that are
emitted as leaves change color and fall to the
ground at a forest site in northern Michigan, scientists have shown that basal emissions (i.e., emissions under standard conditions) of at least two VOCs, acetone and
acetaldehyde, more than doubled during autumn. To measure foliage emissions, scientists took continuous readings above the forest canopy. They tracked VOCs in both

Acetaldehyde emissions from an
aspen-oak forest persist in autumn

updrafts and downdrafts by monitoring ions with a mass spectrometer, and they were

4

able to distinguish forest volatiles from those carried to the site from distant cities and
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factories.
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VOCs can have far-ranging effects. They pose no harm in a natural setting, but
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they can react with human-generated nitrogen oxides in the presence of sunlight to
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form ground-level ozone, the major component of smog. VOCs also impact climate
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by slowing the rate at which greenhouse gases are oxidized in the atmosphere. The
study is intended to further our understanding of how Earth’s forests affect the atmo-
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sphere, guide anti-pollution efforts by quantifying forest and anthropogenic volatiles,
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and lead to more accurate regional and global air quality models.
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Leaf drop
Ray Fall, University of Colorado, ATM 00-03225
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The most conspicuous planktonic N2 fixer, the cyanobacteria Trichodesmium spp.,
is ubiquitous throughout the nutrient-poor tropical oceans. Other microorganisms,
including symbiotic cyanobacteria of diatoms and free-living planktonic bacteria and
cyanobacteria, have recently been found to fix nitrogen in these systems as well. Left:
Colonies of Trichodesmium ~1 cm in length. Below: Micrograph of filaments.

REINVENTING THE MARINE
NITROGEN CYCLE
N2 FIXATION IN THE WORLD’S OCEANS

L

ike crops in a field, microscopic marine plants, or phytoplankton, that live near the

ocean’s surface need nitrogen to grow. Nitrogen fixation, the microbiological process through which nitrogen gas (N2) is converted to a form easily used by plants,
provide both ocean and soil with naturally occurring nitrogen. In the oceans, the few
well-studied species of phytoplankton that can “fix” N2 (diazotrophs; photos, top) all live
within 30° to 40° of the equator where nutrients in the surface waters are not abundant.
By “fertilizing” the oceans, these marine N2 fixers allow other phytoplankton to grow,
increasing the draw down of carbon from the atmosphere. Because it is now recognized
that N2 fixation by tropical marine organisms can affect oceanic inventories of fixed
nitrogen and thus the ocean’s capacity to sequester carbon, it is proposed as a key component in a suite of interactions among the oceans, atmospheric CO2, and climate.

This dust storm off of NW Africa in February 2000 blan-

Diazotrophs have a greater demand for iron than do non-diazotrophs, and the de-

keted hundreds of thousands of square miles of the east-

livery of iron to the upper ocean through wind-borne dust deposition (photo, bottom) is

ern Atlantic Ocean with a dense cloud of Saharan sand.

hypothesized to be a critical control on this process. Indeed, tropical areas of the ocean
that receive the greatest dust fluxes have the densest populations of the N2-fixing cya-

Provided by the SeaWIFS Project, NASA/Goddard Space Flight Center and ORBIMAGE

nobacteria, Trichodesmium. Phosphate availability may also limit N2 fixation in some
ecosystems, for instance, where excess iron is available. Investigations are now focusing
on the role of N2 fixers in ocean carbon sequestration and developing ecosystem and
biogeochemical models for oceanic carbon dynamics that explicitly include N2 fixation.
Douglas G. Capone, University of Southern California, OCE 99-81371; Edward J. Carpenter, San Francisco
State University, OCE 01-96427; Anthony F. Michaels, University of Southern California, OCE 99-81545

Small and light enough to be launched by hand, Seagliders propel themselves at
about half a knot to as deep as one kilometer and back to the surface on about
half a watt of battery power. They obtain navigational fixes, send data, and receive
commands by satellite when at the sea surface. They learn currents as they glide,
compensating for them to swim through a sequence of navigation waypoints.

ROBOTICALLY MAPPING THE
OCEANS WITH SEAGLIDERS

W

hen faced with the seemingly impossible task of making regular

underwater measurements at a variety of depths over 10,000 square
miles for weeks or even months, scientists don’t give up; they send
Kathleen Newell, University of Washington

in the robots. Most of our present knowledge of ocean circulation is
Seaglider #005 Dives (73:148)
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ing the mapping of properties such as current, temperature, salinity, dissolved oxygen, chlorophyll fluorescence, and optical backscatter (top left). Imperfect knowledge
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trends over vast ocean regions. Remotely controlled or programmed Seagliders (top

tions, such as whether a regional warming takes place because of heat flux from the
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tions frequent and widespread enough to resolve seasonal cycles and year-to-year

of ocean currents has hampered efforts to evaluate temporal change of ocean condi-
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scale southeastward flow pattern offshore, while nearer to the continental shelf, waves
and eddies show a complex pattern of alongshore and onshore-offshore flows.
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A

t the Cretaceous-Tertiary (K/T) boundary 65 million years ago, The Age of Di-

nosaurs gave way to The Age of Mammals. While most mammals perished with the
dinosaurs at the K/T boundary, during the interval that immediately followed, many
new mammal lineages suddenly appeared. But even in the northern Rocky Mountain

CRETACEOUS MAMMALS OF
THE SAN JUAN BASIN, NEW MEXICO
LAND OF THE DINÉ

region, home to the world’s best mammal record spanning the K/T boundary, the
ancestry for most of the mammal groups has not been found. Study of the Cretaceous
terrestrial vertebrate assemblages from the Kirtland Formation of northwestern New
Mexico could reveal if some early Tertiary mammal lineages had their origins among
southern latest Cretaceous mammals. The results will provide key information on the
diversity of mammals leading up to the K/T extinction and the pattern of distribution
and diversity of mammals during the ecological recovery that followed.
Diné College (DC), the tribal college of the Navajo people, is located near the
field sites in the San Juan Basin and its students and faculty are participating directly
in the field and laboratory research work. Students have set up a facility for processing rock samples and isolating microfossil specimens in the geology lab at the
Shiprock campus. DC students will present and publish their findings, and the results
of this project will be used to enhance the Indigenous Geoscience curriculum at Diné
College, which emphasizes the physical and historical geology of the Colorado Plateau, and the interactions of Diné people with the local geological environment.
Thomas Williamson, New Mexico Museum of Natural History, and Steven C. Semken, Diné College, EAR
02-07750

1 km

A cross-section of crust and mantle
structure beneath the MOMA array.

Plate Motion

S

Crustal Root

Lithospheric
Keel

imilar to icebergs, which ex-

tend well below the water’s surface, many mountain ranges have “roots” of thickened crust whose buoyancy relative
A seismometer station in Hudson, New

to the adjacent mantle helps to support the elevated mass of the mountains. How do

York that was part of the MOMA array.
The students in foreground are uncov-

these mountain roots evolve as mountains age? Continental lithosphere beneath old,

ering the seismometer vault.
Locations of the seismometer stations in the 19951996 Missouri to Massachusetts Broadband Seismometer Experiment (MOMA, white squares) and
the 2001-2002 Florida to Edmonton Broadband
Seismometer Experiment (FLED, white circles).
Permanent stations that are part of the IRIS Global
Seismic Network (yellow circles), the U.S. National
Seismic Network and the Canadian National Seismic Network (yellow squares), and the New Madrid
Seismic Network (yellow triangles) are also shown.

tectonically stable continental interiors tends to be much thicker than in regions with
more recent tectonic activity. How do these “keels” of thick lithosphere interact with
the deeper mantle? What is the nature of the interface between Earth’s mantle and
core? Scientists, using two arrays of IRIS/PASSCAL seismometers (see www.iris.edu)
that stretched from the eastern margin of the United States deep into the continental
interior, measured the crustal root beneath the 300 million-year-old Appalachians
and found that it helped to define a global trend in which mountain roots lose their
buoyancy over hundreds of millions of years. Array data also indicated that the thick
lithospheric keel beneath central North America appears to plow through the sur-

50˚

rounding mantle much as a ship’s keel moves through water. Probing the base of the
mantle (~3000 km deep), the arrays resolved zones of unusual temperature, chemical
composition, and melting that are as strong as the variations observed between continents and oceans near Earth’s surface.

40˚

Karen M. Fischer, Brown University (EAR 93-15971, EAR 99-03385); Michael E. Wysession, Washington
University, St. Louis (EAR 93-19324, EAR 99-03260).
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IMAGING THE ROOTS OF
NORTH AMERICA, CRUST TO CORE

Lithosphere

Crust

MODELING AVALANCHES AND
PYROCLASTIC FLOWS

Computer simulation depicting three stages in the movement of the 1963 Little Tahoma Peak avalanche. The
white line shows the mapped boundary of the actual flow. A. Beginning stage of avalanche at base of cliff. B.
Middle stage of flows passing over the glacier. C. Terminal stage of flow abutting against a terminal moraine.

T

he safety of millions of people living near unstable hillsides and active

volcanoes depends our ability to predict the flow path, flow thickness, and
A. Deposits of the April 16, 1991, Colima pyroclastic flow show up as lighter areas
in the Cordoban West (CW), Cordoban Central (CC) and Cordoban East (CE) gullies. B. Initial position of the dome collapse material in the simulation. C. The flowing
granular mass propagates downslope. D. Final position of the material in the simulation corresponds to flat areas in the slope.

area covered by rock avalanches and pyroclastic flows of various sizes and
physical properties. In cooperation with a larger group of scientists (grant ACI
01-21254), researchers are using new computer code that treats very large
avalanches and mud flows much like a flood surge of water across the terrain.
By specifying the starting volume and basic properties of the flows, erosion and
deposition can be monitored through its course. This geophysical mass-flow
model is evaluated by comparing simulation results with laboratory experiments,
published data on the 1963 Little Tahoma Peak avalanche, Mount Rainier, and
recent information on pyroclastic flows at Colima Volcano, Mexico. Model results show strong similarities in terms of velocity history, location of run-up areas,
run-out length and aerial distribution of the Little Tahoma Peak deposit (top), and
the April 16, 1991, pyroclastic flows of Colima (left). Such simulations have applications to planning for reduction of disasters related to natural hazards.
Michael Sheridan, University at Buffalo, EAR 00-87665

The scale-covered foot of this newly discovered mollusc species is fortified with pyrite (iron-sulfide), a
condition not seen elsewhere in the animal kingdom,
but perfectly suited for an animal that lives in the
iron and sulfide-rich waters of hydrothermal vents.

GOING WITH THE FLOW:
HOT SPRINGS
IN THE INDIAN OCEAN

S

ubmarine mountain ranges that girdle the globe are oases for life that

thrive near super-heated, mineral-rich hydrothermal vents, or hot springs. Recent explorations of animal communities colonizing hot springs in the Indian Ocean showed
that most species here were new to science and that they were most closely allied to
animals found at hot springs in the western Pacific. Given the general easterly trend
for deep-ocean circulation, the new observations suggest that many of the western
Pacific vent animals may have originated in the Indian Ocean. The dominant species
at Indian Ocean vents, however, was a swarming shrimp known from Atlantic vents

These “hairy gastropods” (so-named

north of the equator. This shrimp thus has one of the greatest ranges so far known for

because they have a hairy shell) are

any vent species.

well-known from hot springs in the
western Pacific but are not known in the

Among the many newly discovered species from Indian Ocean hydrothermal

Atlantic. The gills of these snails house

vents was a very strange snail with a muscular foot covered by scales fortified with

bacteria that provide food for the snail.

pyrite. This scaly-footed structural theme is not known for any other living snail, although it was present in various animal groups 500 to 550 million years ago, during

Mussels are typical members of
hot-spring communities; Indian

the Cambrian Explosion. The scaly-foot snail is host to symbiotic bacteria housed in a

Ocean hot springs were no excep-

remarkable gland that also is not known in any other living snail. The bacteria func-

tion. The species illustrated here
is almost impossible to distinguish

tion in a manner analogous to plants, deriving their nourishment from the fixation of

from a mussel that occurs at western Pacific hot springs.

Swarming Indian Ocean shrimp
behave and look just like shrimp
at hot springs on the Mid-Atlantic
Ridge south of the Azore Islands.
The pair of white patches on their
backs are modified eyes that are
sensitive to very dim light.

carbon dioxide, but the energy to turn carbon dioxide in organic carbon comes from
chemical reactions rather than sunlight.
Cindy L. Van Dover, College of William and Mary, OCE 97-12358, and the Shipboard Scientific Party
of R/V Knorr 162-13 (2001).

INCREASING ETHNIC DIVERSITY IN
THE ATMOSPHERIC SCIENCES
S

ignificant Opportunities in Atmospheric

Research and Science (SOARS®) is a fouryear program dedicated to increasing the
number of African American, American
Indian, and Hispanic/Latino students enrolled in master’s and doctoral degree programs in the atmospheric and related sciences (www.ucar.edu/soars). SOARS “protégés” spend their initial summer at the National Center for Atmospheric Research
(NCAR) or the University Corporation for Atmospheric Research’s (UCAR) Office of
Programs (UOP) in Boulder, Colorado, while subsequent summers may be spent at
NCAR, UOP, or one of several DOE, NASA, or NOAA national laboratories. During this time, protégés participate in ongoing research projects that may result in
publishable papers and/or conference presentations; participate in an eight-week
scientific writing and communication workshop; participate in seminars with peers
and scientists; benefit from long-term mentoring from respected scientists and professionals; learn about education and career opportunities; are encouraged to apply to
graduate programs; and may receive financial support for a graduate-level program.
Now in its eighth year, SOARS continues to work with and celebrate its 84 protégés
representing over 40 participating universities and colleges.
Thomas Windham, University Corporation for Atmospheric Research, ATM 00-90060

CONSTRAINING THE CARBON BUDGET
OF NORTH AMERICA

CO2, H2O
Concentrations

T

he world’s land plants have removed about 25% of the CO2 added to the atmo-
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sphere over the past 20 years, considerably more than the reductions in emissions
negotiated at Kyoto. Why has this happened? Will this trend continue, or could the
carbon stored in terrestrial ecosystems be returned to the atmosphere, accelerating
the increase of atmospheric CO2? To answer these questions, we must be able to
quantify the flux of carbon between land and atmosphere over large areas and un-
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derstand the dominant factors responsible for its magnitude. By assimilating terrestrial
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observations made at scales ranging from individual plant measurements to satellitebased measures of regional ecosystem function, to atmospheric observations from
aircraft, scientists are developing a coupled regional ecosystem-atmosphere for a test
case, the forests of Maine. The ability of the coupled model to assimilate both ecological and atmospheric data is designed to ensure that the dynamics of the land surface
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and resulting atmospheric CO2 fluxes are strongly conditioned by a comprehensive
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set of ecological and atmospheric data. The conditioned model will then provide
quantitative, verifiable constraints on the carbon budget for the large-scale system.
Steven C. Wofsy, John C. Lin, Christoph Gerbig, and Paul Moorcroft, Harvard University, ATM 02-05198
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The southern East Pacific Rise is a linear volcanic ridge that accommodates 14 cm (about 6”) of seafloor spreading every year. NumerDepth (m)

ous circular volcanoes are scattered on its flanks. This bathymetric
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map was produced from several NSF-funded shipboard surveys. The
red arrow indicates the location of image at bottom left.

MAPPING SUBMARINE VOLCANIC
ERUPTIONS USING A ROBOT
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ost volcanism on Earth occurs hidden from sight

along mid-ocean ridges at 2000 to 4000 m water
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depth. Shipboard bathymetric maps (right) routinely
delineate these seafloor volcanic systems at scales
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of a few to tens of kilometers. Emerging deep-subABE, a versatile underwater robot,

mergence technologies offer the potential to char-

is very portable and can be deployed from ships of opportunity.
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acterize eruptive vents and individual lava flows at
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scales of only a few meters. The southern East Pacific
2950

Rise is the fastest spreading mid-ocean ridge and
frequent eruption is expected along its length. To
gain a better understanding of this volcanic activity,
the autonomous underwater vehicle ABE (photo)
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surveyed along pre-programmed tracks only meters
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from the seafloor, yielding continuous micro-bathymetry, among other measurements.
The micro-bathymetry precisely outlines field relations among subtle volcanic features
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The narrow trough at the
center of the image is a system
of drained lava lakes that
developed above an eruptive

-6300

fissure. The drainage pattern
of the lavas is clearly outlined

-6400

in this microbathymetry data.
Collapsed lava tubes describe

-6500

(bottom left). In one area, it reveals a system of elongated drained lava lakes and their
associated networks of lava channels and lava tubes. In another area, the seafloor subsided and late-stage volcanism was limited to small volcanic mounds. In combination
with observations made from submersibles, this new type of data finally makes it possible to carry out underwater volcanology at the same resolution as on land.

an arterial pattern west of the
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eruptive system. Maximum relief

Marie-Hélène Cormier and William B.F. Ryan, Lamont-Doherty Earth Observatory of Columbia University (OCE

across the area is 40 m.

97-30813); Albert Bradley and Dana Yoerger, Woods Hole Oceanographic Institution (OCE 97-30971), and the
shipboard scientific party to R/V Atlantis AT3-31.
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Oldest Zircon Crystal
4.4 billion years old

Timeline of life on Earth.
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he discovery of a crystal that formed 4.4 billion years ago, less

2.5

2

Apex Chert
Earliest
Fossils

1.5

1

0.5

0

Andree Valley

4.56

First Cells
with Nucleus
First
Hard-shelled
Animals

Rise in
Atmospheric
Oxygen

Dinosaurs

Acasta
Oldest Rock

than 160 million years after the formation of Earth, causes researchers
to question the conventional view that Earth was covered by oceans
Andree Valley

of magma at this time. Older than the oldest known rocks (4.0 billion

Cool Early Earth.

years), tiny grains of the mineral zircon from Western Australia have
been analyzed by ion microprobe/secondary ion mass-spectrometer.
The new results suggest the formation of crust, a cool early Earth, and
even liquid water oceans much earlier than previously thought. Now
researchers are searching for more ancient zircons and hoping to find
fragments of rock preserved from this time. Possibly, evidence exists
to answer another much-debated question: when did life first exist on
Earth? And, if life evolved as early as 4.4 Ga, would it have survived

John Valley, University of Wisconsin, EAR 99-02973, EAR 02-07340

Courtesy of Time/Life.

late heavy meteorite bombardment?
Hot Early Earth.

A student from South Terrebonne High School
measures the salinity of Price Bayou.

THE BAYOUSIDE CLASSROOM
CONNECTING KIDS TO SCIENCE

R

ural Terrebonne Parish, the location of the Loui-

siana Universities Marine Consortium (LUMCON),
is linked physically, culturally, and economically to
the Gulf of Mexico by the lacework of bayous that
A 6th grade student from Little
Calliou Elementary School measures the dissolved oxygen content in a sample from LUMCON.

carry water and sediments from the Mississippi River. Despite this setting, there is very
little formal education in marine or aquatic sciences within the parish. Such education
is even more urgent in a region that is experiencing coastal land loss at rates up to
35 square miles per year, and whose continental shelf experiences seasonal hypoxia
in an area known as the “Dead Zone.” To help address this deficiency, a team of
scientists at LUMCON, in cooperation with the Terrebonne Parish School District, has
developed a field-based initiative for grades 6 to12 that is based in state and national science education standards. Students learn about basic scientific concepts (e.g.,

Students from South Terrebonne High School work in
groups to collect data from Price Bayou.

photosynthesis) and scientific methods while collecting and analyzing water chemistry
samples from local waterways. Although begun as a field experience limited to the
LUMCON campus, the effort has expanded into a year-long program that includes
teacher workshops, classroom visits by LUMCON scientists, a field trip to LUMCON,
and weekly sampling of local waterways. A Web-accessible database allows teachers to develop curricula based on student generated data from throughout the parish.
Christopher Finelli, Louisiana Universities Marine Consortium, OCE 00-94169

insight into the development of this unusual form of reproduction.

SEEKING CLUES TO
THE EVOLUTIONARY LADDER
IN A LARGE BACTERIUM

W

hole genome sequencing of prokaryotes, such as bacteria, has become important

to the study of microbial species that cause diseases as well as those responsible for
environmental processes such as bioremediation. Every genome that has been completed to date has provided tremendous insight into the basic biology, physiology and
evolutionary history of the organism from which it was derived. Most of the bacteria
that have had their genomes sequenced have been those that are easily cultivated in
the laboratory, such as, E. coli. In a novel approach to studies of uncultivated microbial

An Epulopiscium cell, approximately 0.6 mm long, is about the size
of a period at the end of a sentence. The Epulopiscium genome could
provide insight into the development of larger (eukaryotic) cells.

species, scientists at The Institute for Genomic Research and Cornell University collaborated to sequence the genome of the largest heterotrophic bacterium identified to date,
Epulopiscium.
Epulopiscium spp. are among the largest of the known bacteria, with some cells
reaching 600 µm in length. A distinguishing feature of this group of bacteria, which
is found to live only in the digestive tract of some tropical marine fish (members of the
surgeonfish family), is its unusual ability to produce multiple offspring internally. It is
anticipated that through comparative genome analyses with other completely sequenced
bacterial genomes it will be possible to identify the differences in this bacterium that
enable the development and growth of these enormous cells. These studies will also provide insight into important rudimentary genomic changes that may have occurred early
in the transition from prokaryotic cells to eukaryotic cells, such as algae and fungi.
Karen E. Nelson, The Institute for Genomic Research, OCE 02-21798

Esther R. Angert, Cornell University

Esther R. Angert, Cornell University

Although it is a bacterium, Epulopiscium reproduces by bearing
multiple internal offspring. Comparative genome studies will provide

Explosion from Soufriere Hills Volcano on the island
of Montserrat, August 6, 1997, in the afternoon.

THE CALIPSO PROJECT
LISTENING TO A VOLCANO’S RHYTHMIC BEAT

E

very few years, explosive volcanic eruptions wreak havoc on

surrounding communities and spew tons of ash and corrosive
Junior geologists Brianne and Madi taking rock core
for inspection and description. Sixteen undergraduate
and graduate students (9 women) from US, UK, and
the West Indies aided the CALIPSO effort in this way,
gaining valuable personal experience.

gas into the atmosphere, potentially contributing to short-term
global climate change. To gain a better understanding of these
eruptions and the magma systems that feed them, a team of
scientists from the United States and United Kingdom are monitoring the ongoing eruption of the Soufriére Hills Volcano on
Montserrat. Using an array of specialized instruments, including ultra-sensitive strainmeters
and seismometers in four 200-m-deep boreholes, other instruments in several shallower holes,
and GPS at surface sites, scientists are investigating why some eruptions are explosive and
some simply involve outpourings of sticky siliceous lava punctuated by dangerous avalanches,
why eruptions often occur in rhythmic cycles, and why, worldwide, some eruptions last days
or weeks, whereas others chug on for many years or decades. Data from the instruments are
telemetered to the Montserrat Volcano Observatory where they can be viewed in real time
and considered for crisis management. The data are also available instantly to the scientific
team via the Internet. Thus, the current eruption is serving as a natural laboratory that will
enable dynamic models of the magma system to be developed and the sources of various geophysical signals to be tested, permitting scientists to better forecast eruptions, eruption impacts,
and eruption duration.
Barry Voight, Pennsylvania State University, EAR 01-16826; Alan T. Linde, Carnegie Institution of Washington, EAR 01-

Drilling the 200 m hole,
Geralds site, north Montserrat.

16067; Peter E. Malin, Duke University, EAR 01-15991; and Pamela E. Jansma, University of Arkansas, EAR 01-16485.

Barry Voight

BioColumn sampler sitting atop a borehole seal, or
CORK, which prevents ocean water from flowing into
BioColumn
Sampler

the hole. CORKs enable a variety of hydrogeology
experiments to be conducted in holes drilled by the
Ocean Drilling Program.

MICROBIAL LIFE IN AGING OCEAN CRUSTS

T

he discovery of rich biotic communities at seeps, thermal vents, and hot springs on

the deep seafloor has fueled speculation that life could, in fact, flourish throughout the
deep oceanic crust. This “deep biosphere hypothesis” has been difficult to test because
the technology to obtain adequate fluid samples from deep within the oceanic crust
has been lacking. This has been especially problematic for aging, sediment-covered
Transmission electron

Water
Column

microscope image of

CORK and
BioColumn Sampler

microorganism collected
with the BioColumn.

basaltic crusts of the mid-ocean ridge flanks and ocean basins. Recently, scientists
have developed techniques to obtain large-volume samples of undiluted crustal fluids
from deep sedimented ridge flank environments, and have also combined environ-

2600 m
Borehole

mental physical and chemical observations with biochemical and molecular genetic
methods to search for evidence of life within these fluid samples.

Sediments

Using the submersible Alvin and the remotely operated vehicle Jason I, scientists
2900 m

deployed new BioColumn samplers at an over-pressured crustal bore-hole drilled by
the Ocean Drilling Program on the Juan de Fuca Ridge flank in the Northeast Pacific
Ocean (top, left). The BioColumn sampled fluids circulating within sediment-buried,
3.5-million-year-old oceanic crust, which were then retrieved with those same deep
submergence vehicles after 300 to 400 days. New laboratory techniques used to analyze the fluid samples showed that diverse and exotic microbial life is present in these

Crust

Circulating
Fluid

aging crustal fluids.
James P. Cowen, University of Hawaii, OCE-9618243 and BES-9714286; H. Paul Johnson, University of
Washington, OCE-9618294 and BES-9729671; Stephen J. Giovannoni, Oregon State University, BES9729672; Fabien Kenig, University of Illinois, Chicago, OCE-9619313 and BES-9729673.
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