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The cover shows a panoramic mosalc of images from Hog Island,
20 km off the coast of Virginia's Eastern Shore. Images are
captured by an automated webcam several times per day and
transferred via a wireless network to departmental servers for
archiving and display. They are used for monitoring wildlife habitat
use, vegetation phenology, and landscape change.

You can view additional images at
http:/ {ecocam.evscvirginia.edu/select_panimage.php.




Letter from the Chair

here is no betrer measure of a department’s success than its abality to

attract and retain the highest-quality faculty. For a school of our size,

with just 24 tenure-track faculty and 10 research scientists, our faculty’s
record of achievement is exceptional.

This year, Jim Galloway was one of two scientists sharing the Tyler Prize,
considered the Mobel Prize of the environmental sciences. Jim was also
elected this year as a fellow of the American Geophysical Union and, like
his colleagues Jack Crosby, George Hornberger, Bill Ruddiman, and Hank
Shugart, has been designared a highly cited researcher by the Institute for
Scientific Informarion. Highly cired researchers—the 250 most frequently
cited in their held—comprise less than one-half of one percent of all
publishing scientists.

The high standards that current faculty maintain make the deparoment
attractive to the nation’s best environmental scientsts. Mike Pace, another
highly cited researcher, joined the ranks of our senior faculty during the
2007-2008 academic year. An emment aguatic ecologist, Mike will soon
be presented the G. Evelyn Hutchinson Award from American Society of
Limnology and Oceanography.

At the same nime, the department continues to add young scientists
with ourstanding records. This vear, Laura Moore, a specialist in coastal
geomorphology, and Matt Reidenbach, a hydrologist, chose to build their
careers at L. Va.

In addition to their individual achievements, having a stable faculty
of this quality has enabled vs to sustain a series of unusuvally long-term
imitiarives that include the Shenandoah Warershed Study and the Virgimia
Coast Reserve Long-Term Ecological Research site. The data sers that have
been assembled as part of these projects—extending back several decades—
provide an invaluable baseline in the effort to understand the consequences
of climate change.

In short, the Department of Environmental Sciences has built one of the
foremost programs of its kind in the nation. With further funding from the
department’s supporters, we plan to build on these strengths, enlarging our
faculry and giving policy makers the rools and the information to address
the environmental challenges thar are upon us.

JAY ZIEMAN, Chair




Galloway Wins Tyler Award

Jim Galloway and Harold Mooney shared 35th Tyler Prize
for Environmental Achievement

Standing under the Nitrogen Cascade

Nitrogen is the seventh element in the periodic table
and the most abundant of the five elements that are
necessary for lite, The percentage of reactive nitrogen,
the form of nitrogen usable by most organisms, is
quite small, however, and, until recently, fairly stable.
Lightming and nitrogen-fixing bacteria add ro our supply
of reactive mitrogen, a process thart is offset by natural
denitrification processes.

Owver the past hundred years, human intervention has
upset this balance. Professor Jim Galloway has devored
three decades to tracing anthropogenic nitrogen as it
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This has been quite a year for Jim Galloway. He was elected a fellow of the American
Geophysical Union, joined the select company of environmental scientists and
conservationists who have won the Tyler Prize, and published two articles in
Science, one as lead author, These accolades point not only to the quality of his

work but also to the urgency of finding better ways to manage reactive nitrogen.

courses through the environment, a phenomenon he and
his colleagues call the “nitrogen cascade.”

Fossils fuels are the first new source of reactive
nitrogen. Reactive nitrogen that had previously been
sequestered underground in some fossil fuels is being
released into the atmosphere at an increasing rate, along
with reactive nitrogen formed from nitrogen and oxygen
gas during their combustion.

The second source is synthetic fertilizer. In 1908,
Fritz Haber, a German chemist, discovered a way to
tap the atmosphere’s vast reservoir of nitrogen gas
and convert it into compounds plants can use, The
innovation, called the Haber-Bosch process, produces
ammonia, the raw material for making nittogen
fertilizer. Today more than a third of the world's
population depends on synthetic fertilizer for the
food it eats—and Haber won a Nobel Prize for the
discovery. The problem is that this fertilizer is not taken
up very cfficiently. Most of the fertilizer applied to
crops ultimately leaks into the environment. The same
is true for meat. Most of the nitrogen fed o ammals
passes through and is not incorporated into the animal
producrs we eat.

When you're a diabetic, excess sugar in your
bloodstream circulates through vour body, damaging
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organs in a variety of pernicious ways. Excess reactive
nitrogen in the environment works in much the same
way. It increases ozone levels in the lower atmosphere,
causing respiratory diseases and reducing crop vields,
It is returned to land in the form of precipitation that
acidifies soils, lakes, and streams. It joins the reactive
nitrogen from agricultural runoff and sewage as it
makes its wiy to the coastal oceans, exciting algae
blooms that damage fisheries. As a final insult, oceanic
nitrogen is converted to nitrous oxide, a long-lasting
greenhouse gas and a destroyer of ozone in the opper
armosphere.

Galloway and his colleagues have recently been
tracing the economic transport of reactive nitrogen,
which parallels its environmental teansport and
exacerbates its effects. Since the advent of globalization,
abour 23 petrcent of the reactive mitrogen produced
each year is involved in economic transport. A typical
example: fertilizer manufactured in the Middle East is
sent to Europe, where it 15 used to grow grain, which is
sent to Brazil to feed pigs, which are then exported to
the Netherlands to be slaughtered and processed into
ham. At each step of the way, reactive nitrogen leaks
into the environment in more concentrated amounts
than aquatic or atmospheric transport,

From the point of view of nitrogen management,
these large localized effects at least have the benehit
of serving as targets for change. “As vou follow the
movement of nitrogen through the supply chain,”
Galloway asserts, “the points where intervention would
be most effective become increasingly clear. They
provide a starting place for addressing the problem.”

Jim Galloway on Being a Tyler Prize Winner
and Developing a Nitrogen Strategy

Q. Tyler Prize winners include people like Anne
and Paul Ehrlich, Jane Goodall, George Schaller,
C. Everett Koop, Thomas Lovejoy, and lared
Diamond. Did you ever think you would find
yourself in their company?

A. | had heard that | had been nominated for the
prize, but | honestly never thought much about
it because | didn't think winning the Tyler was
even remotely possible. The laureates are people
| hold in the highest regard. It is truly humbling to
be included in that community.

Q. Your share of the prize is $100,000. Do you have
any special plans forit?

A. 'm going to use it to help develop a nitrogen
footprint calculator, which can be useful in
a number of ways. It can help people better
understand their relationship to the environment
and make better choices about their individual
resource use. And it can provide policy makers
with the information they need o manage
nitrogen use on a large scale.

. You were the founding chair of the intemational
Nitrogen Initiative [INI). What was your purpose
in establishing it?

A. Our goal was to better understand the flow of
nitrogen worldwide so that policy makers could
manage it more effectively. We built the INI
around regional centers because we recognized
that one aspect of the mismanagement of
nitrogen is that it is distributed inefficiently.
There are still parts of the world that need
additional nitrogen to suppon their population.

(). How are you feeling about the future?

A. I'm optimistic. | am convinced that just as
human ingenulty gave us the ability to create
ammaonia from its elements in 1908, this same
ingenuity will provide us with mechanisms 1o
manage nitrogen much mare efficiently, without
decreasing our ability to produce food,

Nitrogen contained in internationally traded (A) fertilizer (31 Ta
N, (B) grain (12 Tg N), and {C) meat (0.8 Tg N, Data are for 2004

and are in units of thoausands of tons. Minlmum requirements for
drawing a line are 50,000 tons N, 20,000 tons N, and 10,000 tons
N for fertilizer, grain, and maat, reapectively.,



Research Integration

share information and ideas.

John Porter's work with ecologlcal metadata language |y making
it wazher for scientists to share data sots.

Sharing Information

Data is the feedstock of scientific discovery. When
atrempting to understand complex environmental
systems, the more data scientists have at hand and

the more sources of data they have available, the more
far-reaching their conclusions can be.

For the last two decades, Research Associate Profes-
sor John Porter has been dedicated to managing the
data pathered by scientists working at the Virginia
Coast Reserve Long-Term Ecological Research (VCR-
LTER) site so thar i is accessible to other research-
ers. A key to this effort is finding a common language
to describe metadata, the “data about data™ that
a researcher needs ro understand and use the data
gathered by another scientist. “We have gathered an
immense amount of data about the environment,”
Porter says. “Access to metadata increases the likeli-
hood of our making the best possible use and reuse of
this information.™

The world that seems so familiar and so natural to us actually reflects

the interplay of biological, geological, and atmospheric forces that act

at a variety of scales—of time, space, and amplitude. Understanding all

the factors that contribute to our familiar world and that determine whether

it will change or remain as we have always known it requires the ability to

During the 1990s, Porter worked with groups of
other information managers that devised the initial
specifications for a metadata standard for environmen-
tal studies. These were ultimately developed into the
Ecological Metadata Language (EML) in 2002, All
LTER sites are now in the process of converting their
metadata to EML, an enormous task.

For rescarchers, having these kinds of tools at their
disposal can be incredibly powerful. From the LTER
Data Catalog, researchers can pinpoint research proj-
ects that complement their own, “For example, you can
locate data about a species of interest that was collected
by other researchers, in diverse and disrant habitats,”
Porter points out, *And once you find the data set, you
can compare it with your own data, allowing you to
test the generality of vour conclusions or to formulate
new theories,” Currently, there are 6,045 LTER data
sets online and the number is growing weekly.

The existence of the EML platform gives information
managers like Porter a solid base for writing programs
that facilitate dara analysis. For instance, Porter has
written a program that automatically generates EML [
dara from a given data ser and translates it into a |
statistical program that can be
used by researchers. He has
also creared Web forms that
n:ﬁt.:ln:hcrs Ciln use D Create

an EML document. *Having
EML makes efforts like this
possible,” Porter notes. “It
enables data to be reused and
recycled in ways that have the
potential to reshape science.
It sets the stage for new ways
to synthesize research and for
new discoveries,™




Sharing Ideas

The dedication of the Anheuser-Busch Coastal Research
Center (ABCRC) in 2006 marked the beginning of a
new era for the Virginia Coast Reserve Long-Term
Ecological Research (VCR-LTER) program. With its
wet and dry laboratories, the $2.5 million facility gave
VCR-LTER scientists a well-equipped base for extended
research, enabling them, for mstance, to analyze
samples on site and return to the field the next day with
fresh insights.

While the ABCRC has indeed enabled researchers
to interact more efficiently with the natural world, it
has also made it much easier for them to mteract more
efficiently with each other. *One way of looking at the
center is that it is a way of connecting people in produc-
tive ways,” says Professor Dave Smith, the department’s
associate chair.

Smith cites the example of the annoal VCR-LTER
All-Scientists Meeting, which had been hosted by the
department each yvear in Charlottesville. In 2008, it
was held at the ABCRC, a more appropriate setting.
Scientists also take advantage of the relative seclu-
sion that the center provides to write proposals and
papers together. “The ABCRC is a comfortable place
for researchers to work and meet,” notes Research
Assistant Professor Art Schwarzschild, the ABCRC site
director. *It's close to their field sites and far from the
distractions of their college campuses.”

The ABCRC has also proven the ideal settning for
forging connections with the surrounding community.

It made it possible for the VCR-LTER, in conjunction
with rhe Virginia Zone Coastal Management Program,
to launch a seminar program that gives the public the
opportunity to learn more about rthe environmental
research conducted at the ABCRC, Topics in the series
include the VCR-LTER's seagrass restoration project in
Hog Island Bay, potential impacts of climate change at
the reserve, and the effect of sea level rse on migratory
birds, “This 1s one of the very few opportunities for the
local public to learn firsthand from the scientists actu-
ally doing the research about projects being conducted
in their backvard,” says Schwarzschild.

The ABCRC has also enabled the VCR-LTER to
strengthen its oes to local school systems. With support
from the Nanional Science Foundarion, the VCR-LTER
has been heavily invested in educational outreach to
the Northampton County Public Schools through the
Schoolyard LTER program. The opening of the ABCRC
gave the VCR-LTER the ability to expand these
programs. One of the first was the Research Experience
for High School Students (REHS) program, a summer
internship program. The students work closely with
a graduate student and a faculty member conducting
research at the VCR-LTER, while developing their own
independent research projects.

“Owur goal is to get as many people as possible—uof
all ages—involved with the center,” says Smith. “It's the
most efficient and exciting way we know to create and

share new knowledge.™

Art Schwarzschild has played an
important role in the success of
educational initiatives at the VCR-LTER.



Global & Extraterrestrial Research

In 1972, astronauts aboard Apollo 17 took a photograph of the Earth that
framed the planet against the immeasurable expanse of space. This startling
image provided visceral confirmation that the idea we call the environment
applies not merely to our immediate surroundings but also to an immense,
interlocking system of physical and biological forces. Starting from this
planetary perspective, members of the department are engaged in pioneering

projects to help us understand how the environment of our planet—and other

planets—evolves.

Perfecting Destiny

In the years since the Apollo 17 astronauts pointed their
Hasselblad at the Earth, NASA has launched scores of
satellites that have greatly expanded our knowledge of
our planet. Ar the request of the federal government,
the National Research Council (NRC) of the National
Academies issued a decadal plan in 2007 for NASA and
NOAA, laying out earth science missions for the two
organizations o undertake between 2010 and 2020,

Among the 17 satellites that the committee called for, one

of the most ambitious and most complex was dubbed
DESDynl. Hank Shugart, the W. W. Corcoran Professor
of Environmental Sciences, is part of the team charged
with ensuring that DESDwvnl realizes its scientific destiny.

DESDynl, which stands for Deformanon, Ecosystem
Structure, and Dynamics of Ice, will carry two advanced
sensor systems: interferometnic synthetic aperture radar
{(InSAR) and light detection and ranging (LIDAR). In part,
the awkward pun in the program’s name reflects the dispa-
rate nature of the three projects that the NRC believed
would best take advantage of these two technologies.

The first is to characterize the effects of changing climate
and land use on species habitats and carbon budgets,
Shugart’s area of expertise. Shugart is a systems ecologist
who focuses on simulation modeling of forest ecosystems.
Over the last decade, Shugart has played key roles in a
number of NASA earth science missions. When the decadal
plan was issued, he was the science chair of a mission
that the Jet Propulsion Laboratory was developing 1o
use InSAR and LIDAR to measure carbon in the biomass,
This project was absorbed into DESDynl, and became the
source of the “ecosystem structure™ part of its moniker,

DESDynl will also be used to detect telltale surface
deformarion in areas of the world prone to earthquakes,

Hank Shugart is helping Lo develop DESDynl, an earth science satellite
combining InSAR and LIDAR Into a single platform,

volcanic eruptions, and landslides. These measurements
could provide early warning of any of these natural
disasters, potentially saving tens of thousands of lives.
Finally, DESDynl will use InSAR to track variations in
ice flow patterns and velocities, important constraines
on their dynamic response to climate change. This
knowledge will help to determine how fast society must
adapt 1o sca level changes.

*Combining the spatial continuity of InSAR and
the precision and directness of LIDAR into a single
platform that meets the requirements of each of these
missions is challenging work,"” says Shugarr, who
now sits on DESDynl's science board. Nonetheless,
he remains enthusiastic about DESDyal's potential
once these issues are resolved. *This 1s a Hubble-scale
effort,” he says referring to the orbiting telescope, “and
it could have Hubble-scale results.”


http:1"".,,,,.lly
http:m."lI''''...1

When scientists look at the pictures of Mars
taken by spacecraft like the Mars Reconnaissance

Orbiter, they find counterparts to many of the

familiar landforms we find on Earth.

By helping scientists understand how water shaped the Martian landscape,
Alan D, Howard is shedding light on climate conditions on the red planat
billions of years ago.

Martian Modeling

Seeing the Earth for what it is—as one planet among
many—not only provides a fresh vantage point for
understanding the forces thar shape its environment
hllr -'l].‘iﬂ hflr.l‘i us undl‘:rsl‘.’ind tl‘lﬂ[ Lhi.'hl.' forces are not
unigue to us. When scientists look at the pictures of
Mars taken by spacecraft like the Mars Reconnaissance
Orbiter, they find counterparts to many of the familiar
landforms we find on Earth. For instance, there are
meandering rivers and river deltas, though the quantity
of water needed to produce them vanished billions of
YE4TS ARO.

While the very ambitiousness of the National
Research Council's decadal plan for earth sciences
demonstrates that we still have a great deal to learn
abour our home planet, the considerable knowledge that
we have accumulated—and its sheer accessibility—gives
us an excellent starting point for understanding the
hydrological conditions needed to produce these river
valleys and other hydrogeomorphic features. Accord-
ingly, Professor Alan D. Howard starts by developing
models that account for the creation of specific features

on Earth, which he validates using knowledge of our
own climate history, He then adjusts them for Martian
conditions, shedding light on eras when water was more
abundant on the red planet.

Among other projects, Howard is tryving to under-
stand the relationship between evaporation and runoff
from precipitation that would lead to an impact
crater overflowing and creating an overflow channel,
He began by testing a flow routing model on analo-
gous terrain on Earth, the Great Basin Region of the
American Southwest. He entered relevant climare dara,
both for present conditions and during the Pleistocene
period 50,000 years ago, and it accurately tracked the
Auctuations in the size of the lakes that occupy these
basins. He is now applving his model o conditions
on Mars. “If we start with what we know about the
landforms and run the model, we can make inferences
ahout past climatic conditions,” he says. Ultimately,
he plans to couple the model with global atmospheric
circulation models being developed for early periods of
Marrtian history.



Regional Research

The Adirondack Park

The Adirondack Park invites superlanves. This publicly
protected region in northeast New York is the size

of neighboring Vermont. It is the largest park in the
contipuous United States, the largest Nanonal Historic
Landmark, and the largest area protected by any 1.5,
state. It 1s defined by the Adirondack Mountains—there
are more than 40 peaks over 4,000 feet—but is equally
well known for its thousands of lakes, whose beauty
led the tycoons of the Gilded Age to build elaborare
summer camps on their shores.

When Professor Mike Pace began visiting these lakes
several decades ago, many of them no longer supported
the abundant fisheries that had made them legendary
with anglers. When the prevailing winds from the
Midwest rise over the mountains, the warer vapor in
the air condenses and precipitates out of the air. From
the 1960s on, this precipitation carried increasing loads
of sulfur and nitrogen compounds generated by the
growing cohort of Midwest power plants. The acid rain
that resulted eventually overcame the narural buffering
capacity of the soil and lowered the pH in some lakes to
the point where the hish populations began to disappear.
While the Clean Air Act of 1990 was relatively

Most people intuitively think about the environment on a regional scale, For
casual observers, the characteristics of a particular part of the world—its climate,
flora, and fauna—make up a familiar, static self-evident whole. For environmental
scientists, the regional scale is much more dynamic. It is on the regional level

that local phenomena, amplified many times over, interact with global forces.

successful in lowering sulfur levels, nitrogen deposition
still remains a problem.
With support from the Narional Science Foundarnion,

Pace s developing a way to determine the relationship
berween nitrogen deposition, the structure of the water-
shied m which it falls, and the chemistry of the lakes in
thar warershed. He wanes o understand how nitrogen
movement in these watersheds is affected by such factors
as spabal disposition and the structure and composi-
tion of wetlands and why nitrogen deposition has more
impact on some lakes than others. His study has impli-
canions for managing the park's wilderness areas—which
account for one-sixth of the park—as well as for the 55
percent of the park that is in private hands.

“We are making advantage of the very extensive
GIS mapping of Adirondack watersheds conducred by
the agencies in the area,”™ Pace says, “Our challenge
is to combine this GIS information with a number of
the leading models for nicrogen deposition.” He will
compare the results with water chemistry samples he
took from hundreds of lakes during the summers of
2006 and 2007, a process that will lead to further
refinement of these essential management rools,




Red Sea Coral Reefs

The coral reefs of the Red Sea are under sicge.

Recreanonal divers have damaged branching corals
and stirred up sediment. Overfishing has depleted the
herbivorous fish that ear algae that might grow on the
coral. And careless boaters of all sorts have ground
their vessels on the reef creating gashes that may take a
CENury Or more [o repair.

“If we are to protect the Red Sea reefs, we have to
understand the environmental factors that are essential
to their health,” says Assistant Professor Matt Reiden-
bach. One of the most important is access to nutrients
they need to survive and Hourish.

Coral has a symbiotic relationship with single-celled
algae called zooxanthellae, which live in the nssue of
coral polyps. These algal cells carry outr photosynthesis
and produce excess organic nutrients that the coral
polyps use. Some scientists estimate that corals can get
up to 90 percent of their nutrients from their zooxan-
thellae symbionts.

Algae are not coral’s only source of nutrients,
however. Thanks to rescarch that Reidenbach
and his colleagues have conducted, scientists now

understand that corals derive a significant amount of

Opposite page: Using a floatplane, Mike
Pace sampled the water chemistry of
hundreds of lakes in the Adirondacks.

Left: Matt Reidenbach's analysis of wates
Mow over coral reefs in the Red Sea

has enabled scientists to gain a better
understanding of their sources of nutrition

“If we are to protect the Red Sea
reefs, we have to understand
the environmental factors that

are essential to their health.”

nutrients from the water around them. A hydrologist,
Reidenbach has tracked the flow and turbulence of
the warer thar carries these nutrients to coral in the
Red Sea. *Corals do an amazing job pulling nutrients
out of water,”™ Reidenbach savs. *This acrivity, which
can take place both day and mght, complements the
nutrients obtained from their zooxanthellae during the
daytime.” His work helps ccologists determine how
much of the water-borne nutrients the reef takes up
and identify the sources of these nutrients,

The Red Sea coral reefs, in common with reefs all
over the world, face additional damage from rising
carbon dioxide levels in the atmosphere. Bleaching
events are associated with warmer temperatures caused
by greenhouse gases, To make matters worse, approxi-
mately 50 percent of this atmospheric carbon dioxide
is ultimately deposited in the oceans, which are grow-
ing more acidic as a result. As pH declines, the stress
on the coral increases. In the Red Sea and elsewhere
in the world, Reidenbach is using his understanding
of warer How and rurbulence to create a better under-
standing of how carbon dioxide is distnbuted around
and through reefs,
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Local Research

Barrier Islands on the Loose

At this point, it is a foregone conclusion that the world’s
barrier islands will bear the brunt of sea level rise,
Currently, however, no one quite understands the key
tactors thar will determine whether an island chain migrares
landward and maintains its integrity or disintegrates under
the force of the rising oceans. Assistant Professor Laura
Mowore's study of a cross section of North Carolina’s Outer
Banks, based on a 25-kilometer stretch of Hatteras Island,
is designed to shed light on the issue,

Using GEOMBEST, a morphological-behavior model,
she is trying to identify the variables that most mfluence
an island’s survival. GEOMBEST simulates the evolution
of morphology and stratigraphy in a cross-shore grid that
includes the continental shelf, nearshore, beach, and coastal
hinterland.

As Moore notes, the Ourter Banks is an ideal place to
conduct these sensitivity studies because a great deal of the
field work has already been done. “We have a wide array of
geological data, including geophysical records and cores,”
Moaore says. Moore has loaded this data into GEOMBEST,
creating a plausible base case that simulates the evolution of
this Harreras Island cross section over 8,500 vears. She then
modified the variables, one parameter ar a time,

Among other results, she found that the amount of
sediment available to an island is a crucial determinant of
its fare. Like most phenomena in nature, barrier islands
tend toward a state of dynamic equilibrium. As sea levels
rise and if sediment supply is limited, the island begins to
migrate shoreward, churning up the underlying substrare
and generating the sand it needs to retain its integrity.

A number of factors determine the success of this
process, If sea level rises rapidly, the rising waters may
outpace the island’s ability 1o erode the substrare, caus-
ing the island to fail. The slope and composition of the
substrate are also critical. For instance, if the substrate has
a high proportion of silt to sand, the island may not gain
the sand it needs.

Moare is optimistic about the survival of the Outer
Banks. “If we let them go, they will most likely maintam

The environment is like an organism. If you want to understand how it
functions—and why it flourishes under some conditions and not others—you
must drill down to the level of its DNA and learn how essential biological,
physical, and chemical processes combine to create the world around us.

themselves because of their sandy substrate,” she says.
Given our penchant for perching second homes on their

shores, it 1s not certain that we are ready to ler thar happen.

The Biology of Air Pollution

As a scientist, Manuel Lerdau thinks globally and acts
locally. “Knowing how organisms work is the first step in
understanding how they change the world,” he says. “The
more we know about local mechanisms, the better our
predictions about phenomena on different scales.”

For instance, Lerdau is studying the biological mech-
anisms that regulate methanol emissions in plants.
Methanol is the most abundant plant-derived compound
in the atmosphere and has a major effect on hydroxyl
radical concentrarions as well as on photochemical ozone
formation. Methanol is produced at high levels in leaves
as they develop in the spring—a phenomenon that is
well studied—but it is also released by mature leaves,
though at a slower rate. In fact, the cumulative amount
of methanol emissions over the course of a summer can
be significant. Working in the greenhouse and in the field
at the department’s Pace Plantation, Lerdau and graduate

Laura Moore's work illuminates the factors that enable
barrier islands to adapt to changes in sea level.

- ol—
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student Patty Oikawa are trying to identify the mecha-
nisms that control its release by mature leaves, “If we
are to fully grasp the atmospheric impacts of methanol,
we must understand in detail how methanol generation
is regulared and why, for instance, we see large amounts
of methanol some summers and not others.”

Lerdau has also been intrigued by the large-scale
effects of invasive species. “Because invasive species are
so disruptive,” he says, “they make great case studies for
examining how the characteristics of a species, amplified
many tmes over, affect ecosystems.”™

Along with Jonathan Hickman from Stony Brook
University in New York and Shilang Liu, a graduate
student at Harvard, Lerdau is studying one of the most
successful and pernicious of the invasive species, kndzu.
Since its introduction, it has spread across seven million
acres in the Southeast. Lerdau and his colleagues have
discovered another less visible but no less serious conse-
quence of this infestation—higher levels of ozone. Kudzu
is extremely efficient at transforming ammospheric nitro-
gen into a form that nourishes the plant. Combine the
nitric oxide released from the soil around the plants and
abundant isoprene released by its leaves, add sunlighr,
and the result is ozone, “If vou wanrt to understand the
ozone problem in the southeast United States, vou have

to understand plant biology,” he says.

The Rise and Fall of Salt Marshes

Salt marshes fler excess nutrients from the water, buffer
the mainland from the force of storms, and nurture large
colonies of wildlife—burt they are also terribly fragile. Their
existence depends on a balance being sustained among
changes in sea level, subsidence, and surface accrenon.

In bis research, Manuel Lerdau often turns to invasive species because
they dramatically illustrate how the characteristics of an arganism,
amplified many times over, can change an ecosystem,

farmnering with Sergio Fagherazzi of Boston Umiver-
sity, Professor Patricia Wiberg and Professor Karen
MeGlachery are astempting to quantify the factors
responsible for changes in salt marsh areas in the inter-
tidal zone. With this information, they will produce a
maoidel to predict the fate of salt marshes under different
climate scenarios. The project is funded by the Depart-
ment of Energy.

“Right now, we are not sure of the sequence of events
that may lead a salt marsh to change size,” Wiberg says.
“There are many factors, from intensity of the prevailing
winds to the activities of burrowing crabs, that may play
a role.” Another challenge the research team faces is
accounting for differences in morphology, depending on
whether the marshes are growing or eroding, that occur
at the transition between salt marsh and ndal flats.

Ower the course of 18 months, the group has collected
data from four sites in Hog Island Bay, a lagoon within
the Virginia Coast Reserve, The marshes ar three of the
sites are eroding while the fourth is growing. On each
site, they established rwo transects perpendicular to the
salt marsh tidal-flat boundary and measured prograda-
tion or erosion at the marsh edge, marsh vegetation,
wave height, and tidal velocity. Measurements of deposi-
fion rates on the marsh platform and sediment proper-
nes began this fall,

They will enter this darta into a model that Fagherazzi
has developed and test its results against their observa-
nons. Once the model is validated, they will run it onder
different scenanos of sea level rise, subsidence, and
increase of storminess. “The advantage of the model 15
thar it enables us to put together and understand the
complex interplay of forces thar determines whether a
marsh grows or disappears,” Wiberg says.

Waorking with Karen McGlathery and Sergio Fagherazzi (Boston
University), Pat Wiberg is developing a model to understand the
forces that determine whether a salt marsh grows or disappears.
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Awards, Appointments, & Publications

Undergraduate Students

The department recognine fourth-year students
who hawe done outstanding work in each of the
ervironmental scences. This year, the Mahlon G
Kelly Prie i ecology went to Kelly E. Bowman.

The Bloomes Award provides a §1.500 grant 1o a
rrung fourth-year undergraduate majonng in the
department with a focus on geology. Ths yeasr't
winnes wat Micholas €. Radko

Spancer M. Ingram recetved the Trout Unlim-

Michelle M. Henry was one of B0 students
nationwide to recelve & 2008 Udall Scholarship,
which will suppor her research on climate and
diet in South Africa, She also recelved a Harrison

Research Award from the Univer-
slty to support this project.

Amandns Schwantes received a §1,500 award
from the College of Arts & Sclences and a 52,500
Raven Society Fellowship for study in Costa Rica.

This year's Wallace-Poole Prize for the fourth-
yaar student majoring in environmental sciences
with the higheat grade point average went to
Luls A, Crouch.

Thushara Gunda was this year's recipient of
the Richard Scott Minchell Schotarship, which
provides $1,500 to & rivng fourth-year student
wha is focuning on geology and who has taken
petrology and minetalogy. Gunda, the president
of the Emvironmental Scienoes Organizaton,
wat wiscted to participate n the Smithsonian
Mational Museurn of Matural History summes
2008 Revearch Training Program.

Graduate Students

Linin Wang won the Maury Envirpnmental
Sowences Price. Establivhed by D F. Gordon Tice
in 1992 1 h the department’s premses award.
Waang was alio smong 22 students who received
the Award lor Escellence in Scholarhip from the
Office of the Vice Prevident for Research.

David M. Honduls wa whected o a National
Sownce Foundatson Graduate Research Fellow,
which provides three yean of wupport for disser-
Lation work.

Ami L Riscassl was awarded a three year
Science to Achieve Results (STAR) fellowship
from the Environmental Protection Agency,

Two graduate students won awards at the eighth
annual Robert | Huskey Research Exhibition,
open to all students in the Graduate School of
Arts & Sciences. Meredith Ferdie placed second
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in the phwacal sciences and mathematics paper
competition and Keir 5. Soderberg placed
second in the phyucal swiences and mathematics
oSt COmpetition.

Wirginia A. Seamster o Lawra K. Reynolds
recerved the Thomas lefferion Conservation
Award, whech sapports baic ressarch retated to
the cormervation of the Earth’s resowrces.

Lyndon D. Estes arci Thomas ). Mozdrer
were honored for making outstandng gradugie
student preventationn at this year's Emvironmen-
tal Scwences Research Symposium.

Meredith Ferdie won the department's Fred
Holmsley Moore Teaching Award Thes award
i funded by an endowment set up by Fred H
Moore slong with matching donations from
Mabil Ol Company.

The department offers a series of awards honor-
ing outstanding graduate students in each
speciaity of environmental sclences. This year,
Rishira) Das earned the Graduate Award in
Ecology, Ami L. Riscassl won the Graduate
Award in Hydiology, David M. Hondula won the
Graduate Award in Atmospheric Sciences, and
Michael L. Tulte won the Arthur A Pegau Award
in Gealogy. Dirk J. Koopmans received the
Robert Ellison Award for Interdisciplinary Studies,

Matthaw H. Long won the Joseph K. Aoberts
Award. It |5 given to a student who presents the
mast meritorlous paper on geology at a state,
natlonal, of International conference.

David B. Knight received the Graduate Student
RAesearch Publication Award.

This year, Kimberly K. Holzer and Michael 5.
Long won Moore Rewsarch Awards. The sward is
based on ment and was mitisted to help sponsor
the divsertation and thevs work of environmen-
tal sciences graduate sludents

Luke W. Cole. Sabrina N. Foster, Gerald V.
Frost, Dirk ). Koopmans, Ami L. Riscassi. Kath-
erine L Tully, Maria T. Van Dyke. and Kirby
Webster recerved Exploratory Retsarch wards
Thesr swards were initiated 1o support prelams:
nary research beading to a thesis or disseriation

Faculty

We are proud 1o have 12 faculty members serv-
ng in an editorial capacity on 12 journak

Linds Blum contrues 1o w67ve an the Mational
Research Counail Commines on independent
Scmenrf Reveew of the Everglaies Recorstion
Propect. She s abo 2 member of the Nanonal
Research Council {ommattes on Earth Surtace
Procetiet

Darvid Carr tuccessiully directed Blandy Expers
rmeital Farm wntil the hiring of a permansnt
director and continuet 3% curstor of the Orland
E While Arboretum.

Sack Conbry was once sgain designated & highly
cited researcher by the institute for Scentific
trformation n schEncE.
Highty cited revearchers are the 250 most
frequently cited in their fisld and comprise les
than one-hall of one percent of all publishing
researchers.

Stephan De Wekker wai named a University
Teaching Fellow for the upcoming year and
recetved the Prolessor as Writer award,

Paolo D’Odorico served as assoclate editar for
Water Resources Research and chaired the Eco-
hydrolagy Committes of the American Geophysi-
cal Unlon. He was appainted to the Rivanna River
Basin Commission by the mayor of Charlottes-
wille,

Robert Dolan served the University as a
member of the Jefferson Scholars Mational Selec-
tion Committes.

William Emanusel served as program scentist
for NASA's Terrestrial Ecology Program within
the Carbon Cycle and Ecosystems Focus Area of
the Scence Mission Direclonate.

Michael Erwin was cochair of the Avian influ-
enza Symposium in Barcelona and a member of
the Advitory Board for the intemational Share-
i Apserve Metwork

José D. Fuentes edited the Journal of Geopiyy
<ol Research— Atmopheres He was chair of
the Gordon Research Conference on Biogenic
and wizs a member of the Manonal
Science Foundaton s panel on the integrative
Graduate Education and Resesrch Tramesship
program. He aho wrved as 2 member of the
Internatonal Soence Commires for NASA's
Giobal Frecipitation Meaturement Mepon
Fuentes has alwo been active in ofors to sftrac
more mincrities. 1o the swoences and 1o the

universities urvder the suipices of UVa Provost
Tim Garson.

James M. Galloway was awarded the 2008 Tyler
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I the Lewt tweo years. Galloway was a member of
the Environmental Frotection Soence
Advisory Board and the Board of Trustees of the
Bermuda Buclogecal Station for Research. He abo
Chained the Intermationsl Narogen sative

Bruce Hayden wrved &1 the procmal mvestge
tor, serior schentiol, and wenior advisor for the
Manon Soence Foundation s Matonal Ecolog-
cH Obnervatory Network

Janet 5. Herman recereed the Dintinguished
Service Award from the Hydrogeokogy Dwiuon
of the Amencan Geophrysical Union. She win

& panit chair of the Hydrogeoiogy Division and
soGiate edtor of Water Rrsources Rruearch,
wiich i published by the union. She was 30 3
member of the Faculty Senate Executive Coundl
at the University of Virginia.

George M. Hornberger wis named one of

five Outstanding Schentists and industriaines by
Virginia Gov Timothy Kaine. He was also slected
& fellow of the Geological Society of America. He
served on a number of policy-making commit:
tees. He was a previdential appointes to the US.
Nudlear Waste Technical Review Board and was
a member of the National Research Council's
Committes on Hydrologic Schence. He chalred
the Natlonal Research Council's Board on Earth
Sciences and Resources and was president of the
Hydrology Section of the American Geophyiical
Union. He was also a member of the advisory
board for Stanford University's Schoal of Earth
Sciences. Homberger was named ai a highly
cited researcher by the institute Tor Scientific
Information in ecology/environmental sclence
and engineering.

Alan D. Howard wai appoented 1o several
review panels. He wis 3 membses of National
Science Foundation's Review Panel on the
Dymamics of Coupled Natural snd Hornan
Systerm an weell a3 i1 Review Pansl on Geomad
phology and Land Use Dynamics. in addition, he
servrd o MALA 3 Review Pane! on Outer Planet,
Fewearih

William Keene wai on the board of directors

of the Canadian Surisce Ooean-Lower Atmo
phete Study and wrmed on the sdvisory group
toof the U S Surface Ocean-Lower Atmosphers
Study. Both prosecty weere pomiored by the
Internationai Geouphere Banphere Programme.
in Charigtteyville, he e 8 merniber of the board
of directors of the Thomun leffenson Emergency
Meghcal Services Council.

 Deborah Lawrence codirectad the UVa's Ere-
ronmental and Bologe sl Conservation Program.
Shee wers & member of the scientific advisony
committes of the TROPLDRY international
revearch network and an expert ausetsor of inter
national standing for the Australian Research
Coundil. In addition, she served a3 ausociate
editor of Ecology.

Manuel Lerdau wit associate editor of the
Journal of Geophysical Research—Blogeociences
and ol Decologia. He Iy a longstanding member
of the editorial review board of Quarterly Review
of Biology and & membwer of the Sclentific

Committee on Probleims of the Environment:
Element ntevactions Symposium. Lerdau is abso
& memibeey of the Domain 2 Executive Commities
of the Mational Observatony Metwork
INEDIN and co-author (with N. Bourg of Smith-
sonkan krvititute) of Domain 2 rationale/‘proposal
fior refoCatable utes. This document will lead to

the placement of the NEON wte at Blandy Exper
merital Farm

Stephen A. Macko wai g 5 oflow of the
Europesn Associston for Geochemestry and the
Geachemicsl Society He i a memiser of the

tee on Education of the European Geoscences
Uraon, and the Panel on Geobsology of the
Hanons Swnce Foundation Macko serned 2
associate editor of & number of pubication
Aming Ackh, The Screntilc Worlkd: sotopes in
the Ervironement, and Soence of the Total Envi-
ronment. Macko was a fnalinr for the State of
Virginia Outstanding Faculty Award.

Karen ). McGlathery sereed o the lead prin-
cipal Investigator on the Yirgin Cosst Reserve
Long-Term Ecological Resesrch (VCR-LTER) site.
which was re-funded for years 21-26. She sat
on the LTER Schence Council and was susoch-
ate editor of Ecosyrterns. In addition, she is a
member of the National Science Foundation's
Committes of Visitors, Centers of Excellence for
Research in Sclence and Technology program.

Aaron L. Mills wat a member of the editorial
board of Geobiology and served on the National
Science Foundation's Review Pansl for the
Hydrological Sclences. In addition, he sat on the

Advisory Committes of the Appalachian College
Association,

Jennie Moody wat the University of Virginda's
representative 1o the University Corporation for
Armosphenc Research. She was part of a team
that received an Outstanding Scientific Paper
Award from the Mational Oceanic and Atmo-
sphenc Administration

Laura Moore was & member of the Coastal
Working Group. Community Surface Dynamics
Maodeling Systerm_ She was aho & contributing
author to Fingl Report of Synthess and Assess-
et Progiuct 5.8 haued by the LS. Cmate
Change Soerae Program.

Michasd Pace wrrved as sisociate editor of
Econpsterm and of Frontwer: in Frology omd Evole-
Bon He chased the Scentific Committes of the
30t Congress of the ntermationsd Associaton of
Theoretical snd Apgdeed Lirmnclogy. which was
haried i Mdcntresl

John Porter was a member of the User Working
Geonap lor the Oak Ridge National Laboratory
Onitributed Active Archive Center and trained
mifcernation managers from Tamean for the
Intermational Long-Term Ecologicsl Research
Metwork.

G. Carleton Ray was a member of the County of
Albemarie Matural Heritage Committee and the
Scientific Advihiory Committee of the Bahamas
National Trust for Places of Historic Interest or
Matural Baauty. He has been a longtime member
af the editorial board of Aguatic Conservation.

T al Rouliton served on the US. Civilian
Research & Development Foundation sclence

toam, lostering collaborations between LS. and
Middle Asian environmental sclentists

Tedd Scanlon received a National Scence
Foundation Faculty Latly Caresr Development
(CAREER) Award, the foundation's most pres-
tiguonss award for young faculty. He was also 2
Urwversity of Virgania teaching fellow.

Herman H. Shugart was the cheef soentit for
the Northern Eursusn Earth Scence Fartnership
initiative and werved on the editonial board of the
Furanian journal of Forest Resrarch He wat alio

of Giobal Change Biology and represented the
Uriversmy of Vieginia on the Ecology Section of
e Board on Natural Resources at the National
Asspcaton of Teate Undeeruities and Land-Gran
Colleges. Shugart was named a3 3 highly cited
researcher by the inatitute for SCentific iInforma:
thon in ecology fervironmental scencs He was
also a member of the Board of Directors of the
University of Virginu Preas

David E. Smith wai a mamber of the Network
Education Committes and the Executive Commit-
tew of the Long-Term Ecological Research
Netwoark and represented the University on the
Vinginia Sea Grant Policy and Oversight Board as
well a1 ity Acsdemic Advisory Committes, He was
intierim directos of the Glabal Mammal Assess-
ment Project (a partnerihip of U Va. Conservation
International, and the International Unlon for the
Conservation of Nature),

Robert J. Swap was intemational co-coordinator
for the Fire-Land- Atmosphere Regional Ecosys-

tem Studies, conducted under the auspices of the
International Geosphere-Blosphere Programme's

Integrated Land-Ecovystem- Atmosphere
Processes Study. He wak an invited participant

= the US Sate Department-sponsored Global
Draloguey on Dmerging Science and Technaol-
ogy (GDEST) program in Africa titled “Geospatisl
Diata and Arubyun for Sustainable Development ”
Swiap, who werved i the Univenity's special
asskLant for intermatonal research. recetved the
2008 I Socwry Dntinguished F aculty Award. He
represented the efons of the Univeruty and it
emvironmental sCencr progeems in South Afnica
81 3 rasmber of mertings with the Department of
Stite. the US Agency for internatonal Develop-
et the Workd Bank, the World Wildife Fored,
the Matioral Academy of Scencey and Comerva-
i merrutionad

Vivian Thomson wis vice char of the Virgniz
Air Pollution Control Board and director of the
Linereruty’s svtiatree in Panama

Patricia Wiberg sereed & assocate editor of
the Journal of Sedimentary Research and thee lead
guest editor of a special nsue of Continental Shelf
Rivearch She chaired the American Geophysical
Urion'y information Technology Commities &5
well &5 the Marine Working Group of the Mational
Science Foundation's Community Surface
Dynamicy Modeling System (CSDMS]. She was
alvo a member of the CS5DMS Executive Commit-
tee. Wiberg was selected to be one of four
distinguished lecturen for the National Science
Foundation's MARGINS program.

13


http:1Jo.....,i
http:U-1_lIo..b
http:IlIMA._,f

2007-2008 Publications

Annual report of published peer-reviewed
papers, book chapters, and books by faculty
and graduate students for 2007-2008
academic year (Summer 2007, Fall 2007,
Spring 2008)

Alcaraz-Segura, D. | Cabello, | Parusio, and
M. Delibes. 2008. Une of descriptors of ecosys-—
tem funchioning for montonng a natonal park
networic A remote sensing spproach. Emaron-
mentol Manogerment Uuly 20081, doc10.1007/
SO0267 0085154y,

Alcaraz-Segura, D | Cabweilo, | Paruelo, and
M. Defibees. 2008. Trends in the surface vegeta-
tion dynamics of the national parks of Spain as
observed by satellite sensors. Appled Vegetation
Sciemce 11 (4 431440, dot- 1031 70720087+
18522

Alcaraz-Segura. D. G Haldi, P. Durante, and M.
Garbulsky. 2008. Andlisis de ka dinamica temporal
diel NDVI en &reas protegides: Tres casos de estu-
dio a distintas escalas espaciales, temporales y de
gestion, Fooslstermas 17 (3),

BCOSYSiEm

Groundworks for biodiversity conservation in the
face of global change effects, PhD diss., Universi-
dad de Almeria, Spain,

Alfierl. L, P, Claps, P, D'Odorico, F. Lajo, and

T. Over, 2008, An analysis of the soil molsture
feedback on convective and stratiform precipl-
tatlon. Journal of Hydrometearology 9 (2): 280,
doi:10.1175/2007 JHMB63.1.

Aranibar, ). N., |. C Anderson, H. E. Epstein,
C. ). W. Feral, R, J. Swap, |. Ramontsho, and
5. A. Macko. 2007. Nitrogen isotope composi-
tion of solly, C3 and C4 plants alang land use
gradients in southern Africa. Journal of Arid
Environments 72 (4F 3126-337, do 1010567
jaridenv 2007 .06.007,

Ashton, L and M. Lerdau. 2008 Tolerance to
herbivory, and not resivtance, may sxplain differ-
ential success of wasive, naturalired, and native
Horth American temperate vined Dneruty and
Distributions 14 (1k 169-178, doc101111/.1472-
4547 2007 00425 x

Bade. D. L. 5 A Carpenter, 1 | Cole ML L Pace.
E S Kritrberg, M. C. Van De Bogert, AL M. Cory,
and D. M. McKnight. 2007. Sources and fates of
dissobved organic carbon in lakes a5 determined
by whole-lake carbon sotope additions. Biogeo-
chemistry 848 (21 115-129, dot10.1007/10533-
0069013y,

Berg. P.. H. Rey. P. L. Wiberg. 2007, Eddy comels-
tion flux measurements. The sediment surface
area that contributes to the flux. Limnology and
Oceanography 52 {4): 1672-1684.

Berg, P., D. Swaney, 5. Bysgaard, B. Thamdrup,
and H, Fossing, 2007. A fast numerical solution
to the general mass-conservation equation for
solutes and solids in aquatic sediments. Journal of
Marine Research 65 (3): 317-343.

Bolster, €. H, and G. M. Hornberger. 2007. On
the use of linearized Langmulr equations, Soff
Sclence Soclety of America Journal 71: 1796-1806,
dok10.2136/4580)2006,0304,

14

Beill, F., C Barta, A. Fortunati, M. Lerdau, F.
Loreto, M. Centritto. 2007. Response of isoprene
emission and carbon metabolism to drought

in white poplar (Populus alba) saplings. New
Phytologist 175 (2F 244-254, dok10.111 1/.1469-
81372007 02054 0

Cabello, . D. Alcaraz-Segura. A Altesor, M.
Delibes, E. Liras, 5 Baeza. 2008 Funcionamianto

Carpenter, 5 R, W. A Brock, ). | Cole, L F. Kich-
el and M. L Pace. 2008 Leading indicztoes of
trophic cascades. Ecology Lermers 17 (2 128-138,
doi 101111/ 0461 -0248 2007011310

Clair, T. A_ ). Aherne, L F. Dennis, M. Gillise, 5.
Couture. 0. Mchacol, R Weeber, P Dilion,
W. B Kaller, D. S Jefirier. 5. Page, I Tirnof-
f==, and B. L. Ceaby. 2007. Past and future

modeling
Geochemistry 22 (6 1189-1195, doc 1010164
apgecchem.2007.031.010.

Caolosa, L 1. ) 1. Cole, P. C Hamson, and M. L.
Pace. 2008, Depth-imegrated, continuous esti-
mates of metabolism in a clear-water lake. Cong-
dian Journal of Fisheries and Aguatic Sciences 65
{4y T12-721

Cook, B. 1, G. B. Bonan, 5. Levis, and H. E.
Epstein,. 2008, Rapid vegetation responses and
feedbacks amplify climate model response to
snow cover changes. Climare Dynamics 30 (4):
391406, dol:10.1007/s00382-007-0296-2.

Coak, B, |, G. B, Bonan, 5. Levis, and H. E.
Epstein. 2008, The thermalinsulation effect of
wnow cover within a climate model, Climate
Dynamics 31 {13 107=124, doi:10.1007/x00382-
0O7-0341-y,

Crusius, J, P, Berg, and D. ). Koopmans, L.
Erban. 2008. Eddy correlation meisurements
of submarine groundwater discharge. Marine
Chemistry 109 (1-2): 77-85, dok 101016/
marchem 2007.12.004.

Daanen, AL P, . Misra, and M. E. Epstein. 2007,
Active-layer hydrology in nonsorted cirdle
ecovystems of the Arctic Tundra. Vadose Zone
Joyrngd & &94-704, doi 1021 36NTI006.01 73,

Daanen, AL P_ D Miwa. H. Epstein, D. Walker,
and V. Romancviky. 2008 Semutating
nomorted circle development in arctic tundra
ecotystemy, [ Geophys. Rew, 113, GDISDS,
dioi- 101029/ 2008 MGDD06E2

del Glorgio, P. A_ and M. L. Pace. 2008 Rels-
tive independence of organic carbon transport
and procesung in a large temperate river: The
Hudson River as both pipe and reactor. Limnol-
ogy and Oceanography 53 (1 185-197.

DeLonge. M. P. D'Odorico. and D. Lawrence.
2008 Feedbacks between phosphorous deposi-
tion and canopy cover: The emergence of multi-
ple states in tropical dry forests. Global Change
Biology 14 (1} 154-160, dok10.1111/4.1365-
24862007 D14T0

Dennis, B L, B Haeuber, T. Blett, B, 1. Casby,

C. 1. Driscoll, J, Sickles, and J. Johnston, 2007.
Sultur and nitrogen depaosition on ecosystems in
the United States, EM: The Magazine for Environ-
mental Managers (December 2007): 12-17.

De Waekier, 5. F. ). 2008 Observational and
numerical evidence of depressed convective

47 (4 1017-1026, do10.11 752007 JAMCI651.1.

D'Odorico, P. K. K. Caylor, G 5. Okin, and
T. M. Scanlon. 2007. On soil moisiure—vege-
tation feedbacis and their possible sffects on

G02010, doi 10. 1079 J006G0003 73,

Seith, | ). L Dolan, and H. Lins. 2006, Horricane
history of the North Carcling Outer Bandes (USAL
1586 10 2004. Shore & Beach 74 (3F 19-23.

Efton, E. 2008 Elevated azone kevels may lead
ivasiee speciss in wban forests.
Ueban Hobdtoty 5 (1) 3742

Emanuel R E. P. D'Ddorico, and H. E. Epstein_
2007. Evdence of optimal water us2 by vegeta-
tion across & range of North AMmerican ecosys-
tems. Geophyucol Research Lerters 34, L0701,
dot10.10292006GL028909.

Emanuel, R, E. P. D'Odorico. and H. E. Epstein.
2007, A dynamic soll water threshold for vegeta-
tion water stress derived from stomatal conduc-
tance models, Water Resources Research 43,
Wo3431, dok10,1029/2005WR004831.

Epstein, H. E., Q. Yu, 1. O, Kaplan, and H. Lischke.
2007, Simulating future changes In Arctic and
subarctic vagetation, Computing in Science and
Engingering 9: 12-23,

Epstein, H. E.. D, A Walker, M. K. Raynolds, G. J.
Jia, and A, M. Kelley. 2008, Phytomass patterns
across a temperature gradient of the North
American Arctic tundra. Journal of Geophysi-
cal Research-Biogeosciences 113, G03502,

dok 10.1029/2007 JGOOOSS5S5.

Erisman . W, A. Bleeker, J. Galloway, M. 5.

{1k 140-149, doi:10.101&/j.envpol 2007.06.033.

Erwrin, B M., | Miller, and 1. Resse. 2007. Poplar
Island enwironmental restoration project Chal-
lenges in waterbird restoration on an sdand m
Chesapeake Bay. Frologicol Restorotion 75 4k
256262, doi 103368/ er 254 255,

Erwin. B. M. G. M. Haramis, M. C_ Perry, and
B[ Watts. 2007, Waterbirds of the Chesapeake
Region: An introduction, in Waterbards of the
Chesapeake Bay and vicinity: Harbingers of
change? e A M. Erwin et al. special publica-
tion 1, Waterbingy 30: 1-3.

Erwin, L M., and R A Back. 2007. Restoration
of waterbird habitats i Chesapeais Bay Grest
expectations or Sisyphus revisited? In Waterbirds
of the Chesapeake Bay and wicinity: Harhingers.
of change! ed. R. M. Erwin, et al_ special publi-
cation 1, Waterbindy 30: 163-176.

Erwin, R. M., B. D. Watts, G. M. Haramis, M. C_
Perry. and K. A, Hobson, eds. 2007, Waterbirds of
the Chesapeake Bay and vicinity: Harbingers of
change? Special publication 1. Waterbirds 30,

Estes, L. D., G, Okin, A. G. Mwangl, and H. H.
Shugart. 2007. Habitat selection by a rare forest
antelope: A multi-scale approach combining field
data and imagery from three sensors. Remote
Sensing of Environment 112 (5): 2033-2050,
dolk10,1016/).rse. 2008.01,004,
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Fagherazzl, 5. M. Hannion, and P, D*Odorico.
2008, Geomorphic structure of tdal hydrodynam-
ics in salt marsh creeks. Water Resources Research
44, WO2415, doi:10.1029/ 2007TWROD6289.

Fagherazz, 5. A. D. Howard, A. W. Niedoroda,
and P. L. Wiberg. 2008. Controls on the degree of
fluvial incision of continental shelves. Computers
& Geosciences 34 (101 1381-1393, doi10.10164,
cagen.2008.02.004,

Franklin, A. B., and A. L. Mills. eds. 2007, The
Spatigl Distribution of Microbes in the Environ-
ment. Dordrecht, The Netherlands: Springer

Franidin, A B, and A, L. Mills. 2007, Spatial distri-
bution of microbes and microbial communities.
In The Spatial Distribution of Microbes in the Envi-
ronment. eds. A B. Franklin and A. L. Mills, 1-30.
Dordrecht, The Metherlands: Springer.

Franklin, R. B, and A. L. Mills, 2007. Quantitative
analysis of microbial distributions. in The Spatial
Digtribution of Microbes in the Environment, eds.
AL 8. Franklin and A. L. Mills, 31-60. Dordrecht,
The Metherdands: Springer,

Fuentes, J. D., B. Geens, T. Dejene. P.
D’'Odorico, and E. Joseph. 2007, Vertical attr-
butes of precipitation systems in West Africa and
adjacent Atlantic Ocean. Theonetical and Applied
Chimatology, doi:10,1007/200704-007-0318-0.

Funk, I, C Jones, and M. Lerdau, 2007. Leaf- and
shoot-level plasticity in response to varying nutri-
ent and water availabilities. Tree Physiology 27.
1731-173%9.

Futter, M, N, 0. Butterfield, B. ). Cosby, P. .
Dillon, A, J. Wade, and P. G. Whitehead. 2007,
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