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founded in 1975, is the
program of the

(MBL). Its mis-

administrative staff members. The annual operat-
ing budget for 2000 was $8.17 million. Although
research programs are funded primarily by grants
from federal and state agencies, additional support
for research and education comes from private
foundations, corporations and individual donors.

In 2000, The Ecosystems Center continued its
educational venture, the Semester in
Environmental Science. The program, launched
in the fall of 1997, brings undergraduates from a
consortium of small liberal arts colleges and uni-
versities to the MBL campus for an intensive
introduction to environmental sciences from the
perspective of ecosystem ecology. In 2000, the
number of participating colleges rose to 46. The
siemester program is supported by the Andrew W
Mellon Foundation and several other private foun-
dations and donors.

What Is An Ecosystem?

Ecosystems vary greatly in size and complexity. Some
have readily distinguishable natural boundaries; others are
defined more by the questions researchers ask. All encom-
pass animals, plants and microbes as well as their physical
environment, linked through a variety of biological, chemi-
cal and physical processes. Among the ecosystems we
study are tundra, forests, pastures, lakes and streams,
coastal estuaries, salt marshes and entire watersheds. Our
study sites are located in the Arctic, the temperate zone
and the tropics.

The structure of an ecosystem is measured both by the
spficies present and their abundance and by the distribu-
tion of elements such as carbon and nitrogen among the
components of the system. Ecosystem components include
living organisms, non-living organic matter and inorganic
materials. The functioning of an ecosystem is measured by
me patterns and rates of processes, such as photosynthesis
or predation, that control the variety and abundance of
species as well as transferring energy and materials among
components of the system. The processes that govern the
way ecosystems function are themselves controlled by fac-
tors such as temperature, the availability of nutrients and
water and the presence or absence of certain species.

Studying the Effects of Change on Ecosystems

Our knowledge of the complex relationships among
organisms, processes and controls in ecosystems provides
insight into questions about the effects of human activities
on the functioning of ecosystems. How do changes in farm-
ing practices and residential patterns affect the flow of
nutrients and organic matter into New England estuaries
and alter the food web in coastal waters? What happens to
the production of commercially valuable fish as a result?
How will the change in location of Boston's sewage outfall
affect the sediment biota in Boston Harbor?

of ecological systems and to predict their response
to changing environmental conditions, to apply the
resulting knowledge to the preservation and man-
agement of natural resources, and to educate both
future scientists and concerned citizens.

The center operates as a collegial association of
scientists under the leadership of co-directors John
Hobbie and Jerry Melillo. Because the complex
nature of modern ecosystems research requires a
multidisciplinary and collaborative approach, cen-
ter scientists work together on projects, combining
expertise from a wide range of disciplines to try
to answer a variety of questions. We conduct our
field studies in many locations, from the North
American and European Arctic to Brazil, from the
temperate forests of New England to the estuaries
of the eastern United States.

Center scientists are currently conducting more
than 60 research projects all over the world, many
in collaboration with colleagues at other institu-
tions. Projects range from large-scale field experi-
ments that trace the flow of nutrients and energy
through aquatic and terrestrial ecosyste.ms to the
development of mathematical models that simulate
ecosystem structure and functioning. We design
our experimental manipulations and our modeling
analyses to look at the effects of changes, such as a
rise in temperature or an increase in nutrients, on
components of ecosystems and the processes that
link them. An important goal is to be able to predict
the long-term responses of ecosystems to environ-
mental changes brought about by human activities,
such as land clearing, waste disposal or fuel
consumption.

Although experiments take place in many
locations and on different scales, we are interested
in developing general principles about the way
ecosystems work. Our research is unified by simi-
larities in the questions we ask, the methods we
use, and the models we construct. Knowledge
gained from one ecosystem is applicable to others.
By studying a process, such as the decomposition
of soil organic matter, in a wide range of tempera-
ture and moisture conditions, we can confidently
predict its rate in an unstudied system.

The Ecosystems Center staff currently includes
12 principal investigators and 45 research and



ine ecology and the effects of changes in organic matter
and nutrients from land.

Facilities in Woods Hole include mass spectrometers for
stable isotope analysis, chemical analytical laboratories and
experimental chambers. Researchers prepare field samples
for chemical analysis and carry out experiments on plant or
microbial growth in the aquatic and terrestrial laboratories.
In the chemistry laboratory, samples are analyzed for vari-
ables such as nutrient content or rates of microbial growth
and release of trace gases. Stable isotope measurements are
used to estimate pathways and rates of transfer of nitrogen,
carbon or sulfur in aquatic and terrestrial food webs.

Research conducted at The Ecosystems Center addresses
such questions in ecosystems around the globe. How will
the clearing of tropical forests change the amount of carbon
dioxide released into the atmosphere? How will change in
temperature and atmospheric gas levels affect the produc-
tivity of forests? What effects do introduced species or
increased use of fertilizers for agriculture have on the
ecosystems of tropical lakes and streams?

At the other end of the temperature spectrum, how
would warmer temperatures affect arctic ecosystems? Will
an increase in the depth of thaw in the permafrost make
more nutrients available to plants? Will these nutrients flow
into streams and lakes and affect the aquatic food web?

Ecosystems playa critical role in maintaining healthy
populations of the organisms that are part of them. The
organisms are likewise important to the successful func-
tioning of ecosystems. We are interested in a variety of
questions about biodiversity. WhIch species are most
important? If a particular species disappeared from an
ecosystem, would the system continue to provide important
natural functions, like filtering water, decomposing waste
and maintaining plant productivity and soil fertility? Would
pests and diseases increase? How many species are neces-
sary to maintain functional ecosystems? If the loss of one
species does not result in measurable change, would the
loss of lO? Or lOO?

Support for Research and Education

Support for research at The Ecosystems Center comes
from the National Science Foundation, the National
Aeronautics and Space Administration, the Environmental
Protection Agency, the Department of Energy, the National
Oceanic and Atmospheric Administration and the
Department of Agriculture. The center has also received
funds for research from the Massachusetts Water Resources
Authority, the Electric Power Research Institute, the Exxon
Corporation and the Andrew W Mellon Foundation. The
Swedish Nature Protection Agency has granted support for
research in northern Sweden, and the Sweet Water Trust
has provided funds for operating the Plum Island Sound
field station. The Proctor & Gamble Company has funded
research to test the impact on the environment of commer-
cial chemicals found in household products. The Jessie B.
Cox Charitable Trust ~d the Fidelity Foundation have pro-
vided funding to develop integrated ecological-economic
models of the Plum Island Sound watershed for eventual
use in watersheds at the regional scale.

Support from private foundations is making possible
some innovative educational activities. In addition to
the ongoing support provided by the Andrew W Mellon
Foundation, the center's Semester in Environmental
Science has received grants from the Davis Educational
Foundation, the Burroughs Wellcome Fund, The Starr
Foundation, the Charles E. Culpeper Foundation and sever-
al private donors. The Texaco Foundation has provided
support for Brazilian students to work with center staff
members on a study of the effects of converting forested
lands into pasture in the Amazon. The center also works
with the MBL's Science Writing Fellowships Program, creat-
ing opportunities for journalists to participate in ecological
research.

Applying Ecological Knowledge to Policy and Management

One of the important reasons for conducting basic
research in ecology is the development of a sound founda-
tion for environmental policy and management. Center
scientists are actively involved in the application of scientif-
ic knowledge to the solution of environmental problems in
a variety of ways, including briefing federal and state legis-
lators and administrators, advising resource managers
and serving on committees responsible for formulating
policy and coordinating research. We also work with non-
governmental organizations and government agencies on
assessing the impact of development on ecosystems or
evaluating the success of various approaches to resource
management.

Research at The Ecosystems Center

It is difficult for one researcher to have all of the skills
necessary to study whole ecosystems. We work with each
other and with investigators from other institutions, bring-
ing to our joint projects skills in terrestrial and aquatic
ecology, microbiology, chemistry, remote sensing, botany,
zoology, physiology, hydrology and mathematics. One of
the strengths of The Ecosystems Center is the ability of its
scientists to interact closely.

Center scientists work at a wide rahge of field sites.
Coastal studies are carried out at the Essex County
Greenbelt Association's field station on Plum Island Sound.
Studies of temperate forests are conducted at Harvard
Forest in central Massachusetts and at the Bear Brooks
Watersheds in eastern Maine. On Martha's Vineyard,
researchers are working with the Nature Conservancy to
recreate a former fire-controlled grass and shrubland
ecosystem. Work on coniferous forests of the Pacific
Northwest is carried out with colleagues at Oregon State
University. Researchers studying tropical systems work with
Brazilian colleagues from the Centro de Energia Nuclear na
Agricultura of the University of Sao Paulo at field sites in the
western Amazon and at field sites in the central Amazon
with researchers from the Instituto Nacional de Pesquisas
Espaciais. The center's arctic research projects are based
at the University of Alaska's Toolik Field Station and at the
Abisko Naturvetenskapliga Station of the Royal Swedish
Academy of Sciences.

We believe strongly in the importance of long-term and
comparative studies. Ecosystems Center researchers have
participated for many years in the Long-Term Ecological
Research (LTER) projects at Toolik Lake and Harvard Forest,
funded by the National Science Foundation (NSF). Our
newest LTER site is the Plum Island Ecosystem (PIE) study.
At this site in northeastern Massachusetts, we studyestuar-
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River of Alaska. A third used an ecosystem process model to
examine the effects of interannual climate variability on
carbon storage in the Amazon Basin.

Although The Ecosystems Center is not part of a degree-
granting institution with graduate students, we have contr-
buted to the scientific education of a long list of staff
members who have gone on to graduate schools and pro-
fessional positions. Many of our former research assistants
are professors at colleges and universities across the coun-
try. Three of them are heads of institutes in Germany, New
Zealand and Kenya. Former postdoctoral scientists have
positions in government agency laboratories, independent
research institutes and a wide variety of colleges and uni-
versities. Our newest educational venture is the Semester in
Environmental Studies, administered by Kenneth Foreman,
which brings undergraduates from a consortium of 46
small colleges and universities to the MBL each fall for a
comprehensive introduction to the methods and questions
of ecosystems science.

Scientific advances in ecosystem ecology are often
spurred by new methods of measurement or analysis.
Center scientists have contributed to a number of advances
that have become part of the armamentarium of ecological
investigators. A recent National Science Foundation (NSF)
review of breakthroughs over 50 years of biological ocean
research cited John Hobbie's technique for visualizing bac-
teria in sea water. It also noted the seminal work done on
the relationship between sources of nitrogen and ocean
production by center scientist Bruce Peterson and Richard
Eppley of Scripps Institution of Oceanography.

One of the major problems of ecosystem science is how
to measure rates of processes without altering them by the
act of measurement. Former and present center scientists
Bruce Peterson, Brian Fry and Robert Howarth have been
p~oneers in the measurement of naturally occurring iso-
topes of carbon, nitrogen and sulfur to detect the effects of
processes in aquatic systems. Bruce, Linda Deegan and
Knute Nadelhoffer have also used nitrogen enriched in the
naturally rare 15N isotope to trace the transformations that
nitrogen undergoes in natural systems.

Another dramatic change in the methods of ecosystem
ecology has arisen from advances in molecular biology.
John Hobbie is conducting cooperative studies with
Mitchell Sogin at the MBL' s Josephine Bay Paul Center for
Comparative Molecular Biology and Evolution as well as
colleagues at Woods Hole Oceanographic Institution,
Harvard University and the University of Washington. We
are devising some of the first experiments in which critical
ecological processes are linked to the identity of the bacte-
ria carrying out the process. In field investigations, Anne
Giblin is measuring the rate of nitrification (conversion of
ammonium to nitrate) in salt marshes, and Paul Steudler is
measuring the rate of methane consumption or release in
forest and pasture soils. One of our molecular methods
involves extraction of DNA from bacterial material in soils
and sediments to identify the microbes carrying out the
chemical transformations. Another makes use of the RNA
of soil and sediment microbes to determine which bacteria

make use of models have changed. The constants over the
years are the cooperative spirit of our professional interac-
tion and the primary goals of the center: investigation of the
structure and functioning of ecological systems, application
of our knowledge to the preservation and management of
natural resources, and education of future scientists and
citizens. As we begin our second quarter-century, it is worth
taking a look at some of the keys to the center's success and
highlights of these 25 years.

The strength of The Ecosystems Center comes from the
people involved. Their backgrounds include chemistry, bio-
geochemistry, microbiology, forest ecology, plant physiolo-
gy, limnology, soil ecology, engineering and mathematics.
They combine in-depth knowledge of their subjects with an
ability to work collaboratively on questions that emanate
from the whole-ecosystem perspectivEl. Creativity is fostered
by the center's informal ambiance. Friendly arguments and
discussions are frequent in hallways and meeting rooms.
The stimulus of interaction with colleagues promotes regu-
lar reassessment of premises and a focus on questions at
the forefront of ecological thinking.

Most of the scientists at The Ecosysljems Center have
worked together for years. Five have been at the center for
more than 20 years, 10 for more than 12 years. Six began at
the center as postdoctoral fellows. They raise most of their
own support through competitive grants, share laboratory
facilities and cooperate in making center decisions. They
are leaders in their fields, as demonstrAted by their journal
articles, books and national reports, their participation in
activities of scientific societies, their service on National
Research Council committees, and their work for govern-
ment agencies as panelists and advisors. The Ecosystems
Center Events and Activities section of this report presents
the highlights of a single year of staff activities.

We owe much of our success to the competence and
quality of our research assistants, administrative staff, post-
doctoral fellows and staff scientists. Many staff members
have worked at the center for decades. We rely on their skill
in every aspect of research, from planning to final publica-
tion. Research assistants involved in our Long-term
Ecological Research (LTER) projects in Alaska, at Harvard
Forest and in Plum Island Sound manage the data, take
charge of climate monitoring, organize large-scale field
experiments and oversee summer field assistants. They are
responsible for measurements ranging from nutrient chem-
istry in soils and water to the sequencing of microbial
genes. They assist in assembling data and graphs, present
papers and posters at scientific meetings, help with propos-
al writing and co-author scientific papers.

One of our postdoctoral scientists recently developed a
new technique for measuring extremely low levels of
ammonium in streams and lakes. Another synthesized a
data set comprising 15 years' worth of age and growth mea-
surements on 12,000 arctic grayling fish in the Kuparuk

LENTER



John Hobbie, Jeny Melillo

are active, when and where. For the first time, we are able to
ask questions about the control of natural biogeochemical
processes at the microbial level.

In the center's earliest years, we carried out research in
Alaska, at temperate forest sites in Massachusetts and
Maine and in salt marshes on Cape Cod. Over 25 years, we
have added research sites in the tropics, in the European
arctic and and in coastal harbors and estuaries. Research
sites at Harvard Forest in central Massachusetts, Toolik Lake
in Alaska and Plum Island Sound north of Boston are a part
of the NSF's Long Term Ecological Research (LTER) pro-
gram. Because research projects at these sites continue for
decades, we are now able to observe trends or cycles in
community structure and ecosystem processes that only
emerge over long periods of time and to synthesize the
results. Over the last decade, Jerry Melillo and his colleagues
have conducted soil heating experiments at Harvard Forest
and in northern Sweden. Designed to answer questions
about the effects of changes in atmospheric temperature
and carbon dioxide (CO2) levels, these experiments are
yielding information on how much organic carbon in the
soil might be released by microbial activity as temperature
increases. At the LTER site in Alaska, Gus Shaver's long-term
experiments show that warming of air and soil causes a
change in the dominant species of the tundra vegetation.

The maturation of mathematical modeling is the most
significant development for ecosystems science over the
past 25 years. Models are used at the center to formalize
and explore hypotheses, to synthesize and link ecosystem
processes and to predict ecosystem changes over time or
space. When the center was founded, ecosystem models
were a new tool. Primarily large models developed for the
International Biological Program, they were complex, used
by few, and yielded results that were difficult to interpret.
Now part of virtually every research project at the center,
models are designed for simplicity and ease of interpreta-
tion. For example, Edward Rastetter and Gus Shaver have
developed a model of multiple-element interaction that
describes the linkages between the carbon and nitrogen
cycles. In an article in this report, Joseph Vallino describes a
metabolic modeling approach that links biological process-
es and structures to chemical resources in the environment.

The terrestrial ecosystem model (TEM), developed at The
Ecosystems Center, shows some of the changes that have
occurred in the power and capacity of models. TEM is
designed to predict terrestrial photosynthesis in 62,000
squares, half a degree on a side, over the land surface of the

globe. Such models require a huge amount of computing
power; a new center computer consists of 64 linked units,
each one more powerful than the PDP-11 computer that
took up a whole room 20 years ago. Center scientists have
used TEM to assess the probable effects of changes in the
El Nifio-Southern Oscillation cycle on photosynthesis and
respiration in the Amazon basin as well as the effects of
doubling the atmospheric CO2 content on carbon storage
in the forests of the world.

The ability to use models as a means of examining sce-
narios for change has allowed center investigators to work
closely with social scientists to analyze and predict changes
caused by human activities. Jerry Melillo and his coworkers
are using TEM in the Integrated Assessment Project at
Massachusetts Institute of Technology, in which global
ecosystem models are linked to economic models. A Plum
Island LTER project led by Charles Hopkinson includes
modeling work by Clark University geographer Gil Pontius.
His efforts are yielding information on the size and distrib-
ution of the human population in the drainage basin of the
estuary. In his article in this report on a study underway on
the island of Martha's Vineyard, Christopher Neill assesses
the tradeoffs in ecological services that occur when land is
managed in various ways. What will a management strategy
designed to maximize biodiversity, for example, mean for
the ground water supply?

The Ecosystems Center's 25th anniversary was marked
by a two-day celebration in October. We will achieve
another major milestone in the summer of 2001 when
our new building is completed. Funds for the C. v: Starr
Environmental Sciences Building, named in honor of a
significant contribution from The Starr Foundation, came
from private foundations and individual donors. Friends
and colleagues of the late John Helfrich met a challenge
grant to name the Geographic Information System facility
in his memory. The new building provides additionallabo-
ratofy space, offices and much-needed meeting and con-
ference rooms. For the first time in many years, all of the
center's staff will be housed in the same building. We great-
ly appreciate the support of the MBL trustees and corpora-
tion members during a most successful capital campaign.
As a result, the year-round programs at the MBL have
reached a level of strength vital to the success of the laboratory:

What will the scientific direction of the center be for the
next decades? What new fields should be added to build on
our successful tradition of interdisciplinary collaboration?
Our research would be improved by incorporating into the
center some of the expertise that we must now obtain out-
side. Physical sciences, such as hydrology and geography,
and social sciences are possibilities.

We believe that the center's approach of intensive study
of selected ecosystems combined with process-based mod-
eling can be successfully applied to systems throughout the
world. Once the major processes of a system and their link-
ages and environmental controls are understood, new
questions can be addressed efficiently. Some of these ques-
tions will be relevant to policymaking. We expect a greater
emphasis in the future on the goal of applying our knowl-
edge to the preservation and management of natural
resources. Our combination of skills and approach will
allow The Ecosystems Center to contribute strongly in the
future to bridging the gap between science and manage-
ment questions.
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lost or is threatened with destruction in these areas. And the
purchase of land for conservation, while helpful, is often
not sufficient to preserve diversity. Natural disturbances
and processes, such as reproductive rates of declining
species, are influenced by the proximity of altered tracts
of land. In such places, active management is required to
maintain conditions that allow rare species to persist.
Under these circumstances, creation or restoration of
threatened ecosystems to replace those that have been lost
can be a crucial part of an overall strategy for the conserva-
tion of biodiversity.

The coastal sandplain of the northeastern United States
is such a region. The sandplain's well-drained, droUght-
prone soils support grass, shrub and heathlands that are
uncommon, geographically restricted and home to a num-
ber of rare species. Sandplain grass and heathlands support
plants like sandplain gerardia, bushy rockrose, New
England blazing star and other sun-loving wildflowers.
Shrublands support a rich variety of rare moths, including
the barrens buckrnoth, Gerhard's underwing moth, pine
barrens itame and Melsheimer's sack bearer. Both grass
and shrublands support birds such as the northern harrier,
short -eared owl and grasshopper sparrow. Large areas have
been lost to residential development, with a concomitant
suppression of fires, which were formerly common and
played a role in the maintenance of these ecosystems. In
the absence of fire, oak and pine woodlands, which support
many fewer rare species, are expanding and eliminating
some of the highest quality grass, shrub and heathlands.

Support of biological diversity is not the only function,
or "ecosystems service," of sandplain ecosystems. They are
important areas for the recharge of groundwater. And they
play an important role in retaining and transforming the
nitrogen that moves through the sandy soils to the ground-
water and eventually into coastal bays. Maintaining the
ability of sandplain ecosystems to remove nitrogen is par-

ticularly important because residential development adds
large amounts of nitrogen to coastal waters, where it causes
eutrophication and the loss of eelgrass, fish and shellfish.

Management of sandplain regions in favor ofbiodiversi-
ty raises a number of important questions. From a purely
practical standpoint, what are the best methods for encour-
aging desirable ecosystems and their component species?
One key element in these regions is the reintroduction of
fire into a landscape in which people and their houses are
never far away. How much will desirable processes such as
groundwater recharge and nitrogen retention increase in
restored ecosystems? What are the potential tradeoffs
between gains in biological diversity and possible losses of
ecological functions associated with the more mature
woodland ecosystem that is to be replaced?

In May 2000, scientists at The Ecosystems Center teamed
up with scientists and managers from the Masssachusetts
chapter of The Nature Conservancy to address these ques-
tions in a new sandplain conservation project on Martha's
Vineyard, an island just off the southeast coast of Cape
Cod. One goal of The Nature Conservancy for this region is
to expand the area of sandplain grass and shrubland and to
develop practical methods for creating and managing these
habitats for rare species.

Our conservation project is being conducted as a large-
scale ecological experiment that involves three treatments
on plots of land in oak woods where fire has been prevent-
ed for at least 60 years. Some plots of land will be burned
with prescribed fires set during the summer, followed by
broadcasting of seeds of native plants collected from near-
by grassland. On others we will cut trees and shrubs, fol-
lowed by seeding and maintenance of sandplain vegetation
with periodic early spring fires.. Tracts of the remaining oak
woodland will serve as controls.

We adopted this approach to test the hypothesis that
infrequent summer fires playa major role in structuring
vegetation by creating openings for certain grass and shrub
species. We know from previous experience that fires set

A diverse coastal sandplain grassland on Martha's Vineyard. These
ecosystems, which contain both grasses and dwarf shrubs, are often
maintained by fire.Ann Lezberg, Chris Neill



Research Designs, are working with McHorney to look at
the way the changes caused by fire and mechanical clearing
influence the amount of water that reaches the aquifer and
the forms and amounts of nitrogen that move from the soil
into the aquifer and through it into an adjacent coastal bay.
We are using a model developed by Williams, called the
soil-plant-atmosphere model. With it we are predicting the
effects of changes in the height of the canopy, leaf surface
area, timing of leaf emergence and rooting depth on the
magnitude and duration of evapotranspiration and ground-
water recharge. Modeling results will be checked against
actual measurements of soil moisture and the exchange of
water between the canopy and the atmosphere (Figure 2).
Coupled with our understanding of groundwater flow pat-
terns, simulations with this model will allow us to predict
the potential effects of these methods of land management
on larger scales.

This experiment provides an excellent context in which
to examine fundamental questions about how nitrogen
moves through natural ecosystems and how vegetation and
soils influence the amount and forms of the nitrogen that
flows into coastal waters. Before the experimental treat-
ments, we found that concentrations of inorganic nitrogen
in the form of ammonium and nitrate were low and that
most of the nitrogen in the groundwater was in the form of
dissolved organic nitrogen (Figure 3). This pattern is typical
of forests on acidic soils with layers of accumulated humus.
As groundwater in such systems flows into the edges of
coastal bays, it retains a high concentration of dissolved
organic nitrogen and appears to pick up a small amount of
nitrate as it crosses the forest-estuary boundary.

How will these patterns change as forests are converted
to grass and shrublands, and as fire and clearing reduce the
depth of the accumulated soil organic matter? That is
important because the soil organic matter layer is both a
source of dissolved organic nitrogen and a "sink" for reten-
tion of inorganic nitrogen. By linking measurements of the
nitrogen released from soil organic matter through decom-
position and the forms and amounts of nitrogen in the
groundwater with a model of groundwater direction and
flow, we hope to track the flow of nitrogen in various forms

during the non-growing season cause little change in the
vegetation in the existing oak woodlands. The mechanical
clearing treatment will test the proposition that the effects
of severe fire could be simulated by tree removal alone. If
effective, this technique could be used in locations where
summer fires are not practical, but where spring fires could
help maintain newly established vegetation of smaller
stature.

In spring 2000 we established seven research tracts,
shown on the map in Figure 1. Three are slated for pre-
scribed burning in 2001, and two will be cleared mechani-
cally. 1\vo will be left as controls. The land where this
experiment is being conducted is privately owned and man-
aged by agreement with The Nature Conservancy. The joint
research team plans to observe changes over a decade.

Before we carried out any of the treatments, botanist
Bruce Hammond of The Nature Conservancy marked out 30
plots of nine square meters apiece in each tract and record-
ed the presence and extent of each plant species. We also
recorded the degree of openness in leaf canopy, the surface
area of leaves and the amount of exposed mineral soil in
each plot, because these properties can have an important
effect on plant establishment and ecosystem processes such
as the transpiration of water vapor. More than 300 trees
were marked in each tract. These will be followed over
time to record mortality and resprouting and to compare
the effects of clearing to that of fire on the composition of
the canopy. In addition to plant species, we are recording
the species and diversity of insects and birds.

Hydrologist Richard McHomey of The Nature
Conservancy oversaw the installation of more than 40
groundwater wells. This area, with its relatively uniform,
coarse-textured, shallow aquifer, is an excellent place to
study and model groundwater movement in relation to land
management choices. From the wells we installed in 2000,
we determined that the direction of groundwater flow was
generally from northwest to southeast, and that the ground-
water from the experimental area flows into Edgartown
Great Pond (Figure 1).

Ecosystems Center scientists Christopher Neill, Mathew
Williams and Ann Lezberg, along with Frank Bowles of

Figure 1: Aerial photograph of the site of the planned sandplain grass
and shrubland restoration on Martha's Vineyard. Vegetation on tracts
8-1,8-2 and 8-3 will be burned during the summel: Mechanical cut-
ting will take place on tracts MU-A and MU-B, and tracts C-N and C-8
will be left as controls.



tury. We can then compare these changes with changes in
nitrogen movement and retention caused by the growth of
suburban residences and septic systems that we see today.

This project will also yield practical information that The
Nature Conservancy can use for effective management of
lands to conserve sandplain biodiversity. While fire was
once an important process that shaped vegetation and
maintained diversity, the spread of settlements over the
landscape limits that management option. Developing a
workable combination of mechanical techniques and pre-
scribed fire will likely be the most practical strategy for
managing sufficient areas to ensure the preservation of
sandplain ecosystems and their component species. Such
a strategy will also provide information for decisions about
tradeoffs that may exist between managing for biodiversity
and the services natural systems provide, such as recharg-
ing aquifers and removing nitrogen from the groundwater
that eventually reaches estuaries.

from the surface layers of our experimental plots to the
estuarine shoreline.

This new collaboration between biodiversity managers
and ecosystem ecologists is yielding information that con-
tributes to our basic understanding of how nitrogen moves
from land into water and how this flow is likely to change as
large-scale habitat creation and restoration projects pro-
ceed. Investigating and modeling the relationships among
forest, grassland and shrubland ecosystems will also pro-
vide clues to the way coastal sandplaiI!l systems functioned
over time, during the pre-settlement era, the wholesale land
clearings of the 17th and 18th centuries, and the abandon-
ment of farms and the large wildfires of the early 20th cen-
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Figure 3: Concentrations of ammonium (NH4 +), nitrate (NO3-) and dis-
solved organic nitrogen (DON) in water collected from oak forest at the
sandplain conservation site on Martha's Vineyard before the experi-
mental treatments commenced. Throughfall is rainwater collected at
the soil surface after passing through the tree canopy. Groundwater is
collected from wells that penetrate below the water table, which is
about 4 meters below the soil surface. Groundwater is also measured
at the edge of the estuary at what is called the estuarine seepage face.
We found very low concentrations of NO3- but high concentrations of
DON in forest groundwater compared with throughfall. Water flowing
into the estuary had concentrations ofNH4+ and DON similar to those
in the aquifer but increased amounts of NO3-. We will observe the
changes in these concentrations as the experimental treatments are
carried out. We will also use these data to validate our model of ecosys-
tem water exchanges.

Frank Bowles

Nature Conservancy staff members Richard McHorney, Bruce
Hammond and Thomas Chase confer with Ecosystems Center scien-
tist Mathew Williams, right, at the Martha's Vineyard site of the
sandplain conservation project.Mat Williams



For example,

centrated their work on sections of DNA called genes that
contain the code for activities of different parts of a cell.
One gene with approximately 1,600 nucleotides is particu-
larly useful for identifying bacteria. It contains the code for
the 168 subunit of ribosomal RNA (rRNA), a structural mol-
ecule involved in synthesizing proteins.

Our procedure involves collecting water samples from
various sites in the Plum Island 80und estuary and filtering
out the microbes before extracting their DNA. These one-
celled organisms include bacteria, flagellate protozoans and
phytoplankton species such as chain diatoms; an assem-
blage of different organisms is shown in the upper lefthand
comer of Figure 1. We then produce multiple copies of the
168 rRNA genes of the various bacteria present with the
polymerase chain reaction (PCR). In this reaction, the DNA
polymerase enzyme is used to replicate only the bacterial
168 rRNA gene. The replication step is carried out 30 times,
producing more than a billion copies of each original bacte-
rial gene. The result is a concentrated mixture of short
lengths of double-stranded DNA, each from a different
organism, as shown in the lower lefthand comer of Figure 1.

To develop a meaningful pattern of the mixture of 168
rRNA genes in our sample, we use a method called denatur-
ing gradient gel electrophoresis (DGGE). A liquid material is
poured between two glass plates so as to make a gelatin-like
thin sheet or gel. The top of this gel contains a 20% solution
of a denaturing chemical that causes DNA to split into two
parts while the bottom of the gel contains 70% of the same
solution. Between these is the 20 to 70% continuous gradi-
ent. When the mixture of short lengths of DNA is placed at
the top of the gel and an electric current is applied, the DNA
moves down the gel. The copies of DNA from a given
species of bacteria split into two parts and stop moving
when they reach a critical concentration of the denaturing
chemical (right-hand side of Figure 1). The point at which
the DNA stops moving is controlled by the sequence of
nucleotides unique to that species of bacteria.

many species of zooplankton, determined from laboratory
and field studies, has contributed greatly to our under-
standing of their position in aquatic food webs and their
role in the cycling of organic material. We do not, however,
have an equivalent level of knowledge about bacteria,
which are major players in the cycling of every biologically
important element. Although a few bacteria have been well-
studied in laboratory cultures, most of the bacteria found in
natural environments have never been cultured.

Over the last decade, molecular techniques have been
developed to identify the bacteria in ecosystems without
culturing in the laboratory and to trace their distribution in
natural communities. Byron Crump, a postdoctoral scientist
working with John Hobbie and Michele Bahr at The
Ecosystems Center, is making use of some of these tech-
niques with the help of Mitchell Sogin of the Josephine
Bay Paul Center for Comparative Molecular Biology and
Evolution at the Marine Biological Laboratory and Andreas
Teske of the Woods Hole Oceanographic Institution. We
are carrying out investigations in the Plum Island Sound
estuary north of Boston as part of Long-term Ecological
Research (LTER) and Microbial Observatory projects sup-
ported by the National Science Foundation. One focus of
the Microbial Observatory project is on whether distinct
communities of microbes inhabit the fresh, brackish and
salt water found in different parts of the estuary.

The new molecular techniques that we are applying to
this question make use of DNA sequences as proxies, or
substitutes, for the organisms themselves. The DNA in the
cells of all organisms is made up of four small components
called nucleotides, linked like beads on a necklace. Several
million are strung together to make a DNA molecule. The
sequence of the nucleotides determines the information
carried by these molecules. Molecular biologists have con-

Denaturing Gradient Gel Electrophoresis (DGGE)
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Figure 1: The denaturing gradient gel electrophoresis (DGGE) proce-
dure for determining the organisms present in samples ofwate/:Byron Crump, Greg Peterson, Pete Raymond



ticular distance on the gel is present or absent in a sample.
A tree diagram can be constructed in which the lengths of
the horizontal branches show how similar the banding pat-
terns are from one sample to another (Figure 4). We can
conclude from this further analysis that the estuarine
bacterial community has two parts, a low-salinity and a
high-salinity segment.

Why are these two segments so different from each
other? It is possible that certain species of bacteria are part
of a community associated with the seasonal phytoplank-
ton bloom, which is restricted to the lower-salinity regions

John Hobbie

The result of the analysis is a banding pattern on the gel.
Each band represents an organism or group of organisms
from the original sample. The DNA from many different
water samples can be analyzed simultaneously on the same
gel. In the gel illustrated on the righthand side of Figure 1,
DNA mixtures are placed along the top of the gel in 16 indi-
vidual wells. Bands at the same point on the gel are likely to
have the same nucleotide sequence and therefore represent
the same organism.

In September 2000, we collected water samples with dif-
ferent.salinities from 10 sites along the Plum Island Sound
estuary (Figure 2). The first was taken at a dam where the
fresh water of the Parker River begins to mix with salt water,
and the last was collected in the ocean waters some 30 kilo-
meters away at the mouth of the sound. Each sample was
divided so that bacteria in untreated water samples could
be compared with bacteria that passed through a I-micron
filter (Figure 3). As the DGGE banding patterns for these
split samples are nearly identical, we conclude that the
bacteria attached to particles removed by the filter are
either ~e same species as the unattached bacteria or just
not very abundant in out samples.

We found almost no overlap between DGGE banding pat-
terns from the sea water and fresh water (Figure 3). This
suggests that different communities of bacteria inhabit the
two ends of the estuary. However, the DGGE bands from the
fresh and saltwater samples were also present in samples
collected at sites with intermediate salinity levels, indicating
a mixture of freshwater and marine communities. The
DGGE patterns from these intermediate salinity samples
also showed new bands, which suggests a third community
of microbes. We think that the organisms represented by
these bands form an estuarine community adapted to the
unique conditions created by the mixing of fresh and salt
water.

The banding patterns shown in Figure 3 can be analyzed
further by noting whether each band that has moved a par-

Figure 3: DGGE gel of water samples with various salinities collected
from the Parker River estuary and Plum Island Sound in September
2000. Each sample was analyzed as untreated water (whole) and after
passage through a I micron screen to remove bacteria attached to sus-
pended particles.

Figure 2: Map of Plum Island Sound and the rivers that flow into it.
Inset shows the location of this research site on the northeastern coast
of Massachusetts.



already know a lot about the rates of such critical ecological
processes as organic carbon consumption, nitrogen fixation
and sulfate reduction and the controls on these processes.
Once the link between the species present and the process-
es is made, we will have a better understanding of how
natural bacterial communities function and a better
ability to predict how they will respond to changes in their
environment.

This connection can only be made through identification
of the organisms responsible for the DGGE bands shown in
Figure 3. The approach we are taking is to identify the
species of bacteria through the sequence of the nucleotides
in their 16S rRNA genes. Our first results from sequencing
these genes identified 24 species from the fresh water in the
Parker River. Their sequences were similar to those of bacte-
ria from fresh waters around the world, including Toolik
Lake in Alaska. After we complete this survey and add
species from upland soils, streams and sediments from
fresh and saltwater marshes, the next step in our study of
the role of microbes in ecosystems will be to look for con-
nections between changes in types of bacteria and the rates
and controls of biogeochemical processes.

of the estuary. Bacteria found in higher-salinity regions may
be affected by the high levels of organic matter entering the
estuary from adjoining salt marshes. Thus we have prelimi-
nary evidence that the composition of the bacterial com-
munities in the estuary is influenced both by the salt
content of the water and by the source of organic matter.
Samples collected from the estuary in July, September and
April will allow us to determine whether or not there is a
seasonal shift in these distinct communities.

One long-term goal of the project is to make connections
between ecological processes and the species present. We

Byron Crump
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Figure 4: Tree diagram showing similarities and differences in DGGE
banding patterns from Figure 3. The samples at the tip of each branch
are labeled with the level of salinity in the watel: Samples passed
through a 1-micron filter are marked accordingly. The horizontal
lengths of branches are measures of the number of bands that are not
shared between two samples. Michele Bahr



in both fertilized and control (unfertilized) reaches of the
stream each summer (Figure 1). While we are not able to
manipulate stream discharge experimentally, we have been
able to study how high and low flow affect stream ecosys-
tem structure in both the control and the fertilized sections.
Over the 16-year period from 1983 through 1998, natural
variations in precipitation have produced a greater than
10-fold range in mean summer discharge.

The dominant components of the tundra river food web
are shown in Figure 2. Primary producers include diatoms
on rocks, filamentous green algae and mosses. In the unfer-
tilized section upstream from the fertilized stretch, diatoms
are most abundant. Major insects include the filter-feeding
black fly, the mayfly Baetis, the caddis fly BrachycentTus and
chironomids. Orthocladius, a large chironomid that attach-
es to rocks via a silken tube, is categorized by itself in the
diagram, and the remaining species of free-living chirono-
mids are lumped together. Because the river freezes each
winter, the arctic grayling is the only fish species present.
The adult grayling migrate into lakes for the winter and
back to the stream for the summer season.

During the first few weeks of our first experimental
treatment in 1983, the diatoms on stream-bottom rocks
increased rapidly to levels 20 times greater than those
found in the control section upstream (Figure 3a).
Chlorophyll levels in the fertilized reach greatly exceeded
those in the control reach until about 1992, although the
levels reached in high discharge years in the fertilized zone
were less than half those attained in low discharge years.

-
ence the greatest increases in temperature on the globe and
that precipitation levels will change a~ well.

For almost two decades, current and former Ecosystems
Center researchers Bruce Peterson, Linda Deegan, Karie
Slavik and Christopher Harvey, along with Breck Bowden of
New Zealand's Landcare Institute and Anne Hershey of the
University of North Carolina in Greensboro, have been test-
ing hypotheses about the effects of changes in climate on
arctic streams. Our first prediction is that warming of the
soil will lead to increases in amounts of nutrients entering
streams. A second prediction is that runoff into streams will
change as precipitation and evapotranspiration in water-
sheds change. We have conducted a long-term program of
monitoring and experimentation to investigate the
response of arctic tundra rivers to variations in nutrient
enrichment and the volume of water flow.

Our primary study site is the Upper Kuparuk River on the
North Slope of Alaska. The Kuparuk is a meandering stream
with a rocky bottom that drains a watershed with alpine
and tussock tundra underlain by the permanently frozen
ground called permafrost. Under past and present condi-
tions, much of the runoff from precipitation moves through
the upper layers of peat. In the future, however, the depth
of the spring and summer soil thaw may increase, and the
water may leach phosphorus from the newly thawed miner-
al soils. Thi~ increase in phosphorus would cause an
increase in algal growth in the river.

To see what happens if nutrient levels rise, we have
added a continuous supply of phosphorus to the river from
late June until mid-August each year from 1983 on. We have
monitored the abundance of algae, mosses, insects and fish

Add P (1°!.l.g/L flow)
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Figure 1: Diagram of a tundra stream experiment in which phosphate
is added continuously during the growing season to maintain a level
of 10 micrograms per liter of phosphorus in the river wate1: The control
reach of the river is upstream from the point at which the phosphate is
added.
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Figure 2: Components of the food web of the KuparukRive7:Bruce Peterson



Between 1992 to 1998 the diatoms showed very little
response to fertilization, regardless of discharge levels, pre-
sumably because of grazing by insects. However, starting in
1992 and continuing until the present, a fast-growing moss
called Hygrohypnum took over the rocky habitat previously
dominated by diatoms in the fertilized reach of the Kuparuk
(Figure 3b). This moss currently takes l\p most of the nutri-
ent and contributes most of the primary production in the
section of the river below the nutrient dripper. It also cre-
ates new habitat for stream insects.

Uke the primary producers, insect populations exhibited
short-term responses to fertilization and then longer-term
shifts in species composition after the moss became domi-
nant. To our surprise, the grazing mayfly Baetis increased
rapidly in both the fertilized and reference reaches of the
river (Figure 4). We later learned that these mayflies were
flying well upstream to deposit their eggs and thereby seed-
ing the reference section with young nymphs the following
summer. Many of these insects drifted downstream to the
food-rich fertilized reach as the season progressed.

Another mayfly, Ephemerella, was scarce in both the ref-
erence and fertilized reaches until the moss Hygrohypnum
covered the riffle bottoms, where the stream flows fast, and
then this insect species increased dramatically (Figure 4).
On the other hand, Baetis declined so sharply in the moss-
dominated riffles that it is currently less abundant in the
fertilized section than in the undisturbed reference section.

Changes were not confined to mayflies. The tube-form-
ing chironomid Orthocladius was abundant and showed
inconsistent responses to phosphate addition but has
declined abruptly in the fertilized section where the moss
is present (Figure 4). On the other hand, the mat of moss
fronds traps large amounts of organic detritus, and in this
habitat free-living chironomids have multiplied to an abun-
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dance an order of magnitude greater than previously seen
in either the reference or the fertilized sections.

Black fly and Brachycentrus populations responded in
opposite ways to the fertilization treatment both before and
after the moss invasion (Figure 4). While Brachycentrus
responded positively to fertilization, black flies showed a
consistently negative response to fertilization both before
and after the moss came to dominate the riffles. The nega-
tive response of the black flies has been attributed to two
factors: rocks in the fertilized section are slimy and provide
poor attachment sites, and the increased numbers of
Brachycentrus dislodge black flies as they move across the
river bottom. Each insect species has been affected by the
emichment or by the increase in moss, and all are affected
by variations in stream discharge as well.

What about the fish? The grayling feed on stream insects,
preferring the drifting larvae and adults. In Figure 5 we see
that adult grayling generally grew faster in the fertilized
reach than in the reference reach, both before and after the
moss covered the riffle bottoms. In several years, however,
almost no growth occurred. These were the low-flow years.
Low stream flow is associated with higher temperatures
and low insect drift. Both of these factors tend to lower
the weight gain of the fish over the summer season. Newly
hatched grayling, however, are affected differently by dis-
charge levels. They grow best in low-flow summers but do
less well when stream flow is high.

Because the grayling do not feed heavily on blackflies,
the decline in this dominant insect did not affect their
growth. The increase in the large caddis Brachycentrus and
the mayfly Baetis has favored fish growth in the fertilized
section. Once the moss arrived, we expected that insect
drift might be reduced overall in spite of the increase in
chironomids and Ephemerella. It is not yet clear whether
and how fish growth will be affected by the moss, because
we are still seeing significant increases in growth in the fer-
tilized reach in certain years. Because of the predominant
effect of discharge on grayling growth, it will take more
years of study to discern the separate effects of the moss
invasion on the fish.

The abundance and growth of diatoms, insects and fish
in all sections of the river vary from year to year with varia-
tions in river flow. In the fertilized reach, abundance and
growth are also affected by the phosphorus emichment.
Even the top predator, the arctic grayling, has been affected
by variations in river discharge and the elevated nutrient
levels in the experimental section. But the Hygrohypnum
shows a different pattern. Once the moss became estab-
lished, its population was stable. It can only be dislodged
from the rocks by unusually high discharge, and even then
it regrows quickly from basal holdfasts that are not torn
away. Thus if either nutrient inputs or runoff change as a
result of atmospheric warming, we can predict with confi-
dence that the river ecosystem will change as well.

Our observations and experiments have shown three
major determinants of the structure of tundra stream
ecosystems: levels of water flow, nutrient levels and the
presence or absence of moss cover. After 16 years, we are
beginning to see how these factors interact to shape the
stream biotic assemblages. We have observed a two-phase
response to fertilization. For the first eight years, our fertil-
ization experiment primarily increased primary and insect
production. In time, however, the nutrient-loving moss

b)

Figure 3a: Mean epilithic chlorophyll in the control (reference) and
fertilized reaches of the Kuparuk River during July and August. The
means for 1987 and 1994 only include August values.
Contamination by green algal filaments inflated values in the fertil-

ized reach during 1988.

Figure 3b: Percent coverage by bryophytes (mosses) in the Kuparuk
River: Benthic cover was not quantified before 1992.



Hygrohypnum overran the river bottom. The change in
habitat structure provided by the moss has reorganized the
algal and invertebrate communities.

How will the streams of the northern tundra be affected
by a warming climate and a change in the water balance of
the surrounding watersheds? These experiments suggest
some answers. If more precipitation were to fall in winters,
and summers were drier, the overall productivity of stream
ecosystems would go down. If summer discharge were to 1
increase, stream productivity would rise unless large stormt
occurred that damaged stream algal and insect popula-

Itions. If the year-to-year variation in summer discharge
were to change, the overall composition of the stream com-
munity might change. A steady and predictable ~ternation
of high and low-discharge summer seasons favors the
grayling population, whereas a long run of either high or
low flows does not.

If warming leads to higher nutrient inputs from thawed
soils, then we would expect to see an increase in the distrib-
ution and biomass of mosses in many tundra streams.
These streams will have much higher primary productivity.
New insect species will become dominant and may affect
grayling distribution and growth. With higher moss bio-
mass, the rivers will have a much greater ability to take

Iup and transform inorganic nutrients such as nitrate and
phosphorus. Retention of detritus on the stream bottom
will increase with associated increases in bacterial activity
and chironomid abundance. Because tundra stream are so
low in nutrients as a rule, these changes are not necessarily
detrimental. We predict that we will see stream communi-
ties that function differently and have very different struc-
tures from those we observe now in tundra streams and
rivers.

Karle Slavik

l
l:'~c..
C

Ne
!.
l:'
";;
c"
C

83 84 85 88 87 88 89 90 91 92 93 94 95 98 97 98

Linda Deegan

'P"'
:9 3.0 l
~ 2.5-
0 2.0-
G 1.5-
.~ 1.0-
~ 0.5-
G 0.0-
'S -0.5-
u
« -1.0J

Ne
i.
:l;'~
C~
C

838485 868788 89 90 91 92 93 94 95 96 9798

Figure 5: Mean annual adult grayling growth in the control and fertil-
ized reaches of the Kuparuk Rive,; Significant differences are indicated

with asterisks.

Figure 4: Mean July densities of major insect taxa in the control (open
bars) and fertilized (filled bars) reaches of the Kuparuk Rive,; Data are
not available for the 1994 control reach; ND also indicates no data.



which makes a strong con-

tive scarcity. This is because a molecule of methane in the
atmosphere is 25 to 60 times more effective in trapping heat
than a molecule of the more abundant greenhouse gas car-
bon dioxide.

Methane levels in the atmosphere have increased dra-
matically over the past century, in part because of the
increase in agriculture that has accompanied the rise in
global population. The tropics, where agriculture is current-
ly expanding at a high rate, represent a large and growing
source of methane. The Brazilian Amazon Basin is among
the regions of the globe in which large areas of forest are
being converted into other forms of land cover and use.
Clearing of forested lands for use as pasture or cropland is
one of the dominant changes occurring in Brazil; about
70% of the deforested lands are used for pastures for some
period of time.

Paul Steudler, Jerry Melillo and Christopher Neill of The
Ecosystems Center and their Brazilian colleagues, Carlos
Cern, Brigitte Feigl and Marisa Piccolo of the Centro de
Energia Nuclear na Agricultura (CENA) of the University
of Sao Paulo, are evaluating the effect of the creation and
operation of pastures on the exchange of methane between
terrestrial ecosystems and the atmosphere. We conducted
our field studies at Fazenda Nova Vida, a large cattle ranch
located in the Brazilian state of Rondonia in the western
part of the Amazon Basin.

As part of our investigation, we measured soil methane
fluxes in two "chronosequences," a series of sites ranging
from uncut forest to pastures of various ages between 4 to
41 years. We found that the clearing of forests for pasture
altered the soil-atmosphere exchanges of methane greatly.
Forests take up methane, whereas pastures release more
methane into the atmosphere than they take up.

Methane is also released when trees and branches are
burned and when pastures are grazed by cattle. Cows and
other ruminants emit large quantities of methane during
digestion. To estimate the amount of methane released
throughout the Amazon Basin, we used our own data on
emissions from soils as well as published data on the
clearing and burning of forests and on numbers of cattle.

Published data were used to calculate how much
methane was released for each unit of forest biomass
burned. Information on rates of deforestation and area
cleared was obtained from estimates published by the
Brazilian Instituto Nacional de Pesquisas Espaciais in 2001.
We adjusted the area figures to reflect the conversion of
70% of cleared land to pasture. Using the rates of deforesta-
tion, biomass burning emission factors and our soils emis-
sion data, we calculated methane emissions from biomass
burning and soils for the years 1970 through 1998.

Similarly, we used published data for methane emissions
from free-ranging cattle to estimate how much of the gas
was released from this source. In order to construct a his-
torical picture of methane emissions from cattle in the
Amazon Basin, we used statistics published in 2001 by
the Instituto Brasileiro de Geografia e Estatistica on cattle
population for the years 1970 through 1998.

As Figure 1 shows, total methane emissions from pasture
soils, biomass burning and cattle for the entire Brazilian
Amazon increased from 1.1 teragrams of methane (Tg CH4)
in 1970 to about 3.9 Tg CH4 in 1998 with a maximum of 4.6
Tg CH4 in 1995. (A teragram is 1012 g or one trillion grams.)
Biomass burning and releases from cattle accounted for
more than 90% of the total. Soil emissions were small,
contributing only 5% to 10% of total emissions between
1978 and 1998.

We found several trends in the emissions data on the dif-
ferent components. Over two decades, the contribution to
total emissions from the burning of biomass decreased by
more than half, from 76% in 1978 to 36% in 1998. Emissions
from cattle rose from less than 25% in 1978 to 54% in 1998.
]\VO factors contributed to this rise: the increasing area in
pasturelands and the higher numbers of cattle on each pas-
ture. The number of cattle per 10 hectares increased from
eight to 10, an increase of 25% over the past two decades.
While biomass-burning emissions vary greatly from year to
year as a consequence of changes in government regula-
tions, subsidies and the costs of clearing forests, releases of
methane from cattle are likely to remain a substantial com-
ponent of total emissions because of the continuing strong
market demand for beef.

We can assess the effect of increased methane emissions
from the Brazilian Amazon on methane levels in the atmos-
phere by comparing average annual basin-wide releasesPaul Steudlelj Diana Garcia-Montiel

IN THE ATMOSPHERE



of roads will result in the clearing of an additional 120,000
to 270,000 square kilometers of rainforest; emissions of
methane from biomass burning will rise at the same time.
Furthermore, demand for beef is likely to continue to rise
along with the associated emissions of methane from cat-
tie. With these developments, releases from the Amazon
Basin should continue at a high rate.

between 1970 and 1998 with figures on methane levels in
the atmosphere. Other investigators, using global air sam-
pling networks, have reported that the rate of increase in
atmospheric methane levels declined from about 20 parts
per billion volume per year (ppbv/yr) in the 1970s to 13
ppbv/yr in the 1980s and about 3 ppbv/yr in 1996 (Figure 2).
The reduction in the rate of increase after 1992 may be
e~lained by a number of factors, including the eruption of
Mt. Pinatubo in the Philippines in 1991. The ash that spread
around the globe after this event cooled atmospheric tem-
peratures, which may have decreased methane emissions
from boreal wetlands. Another factor may be the decrease
in fossil fuel emissions from the former Soviet Union during
the 1990s.

Comparing the changes in growth rate with our basin-
wide releases, we estimate that between 1975 and 1988 the
Brazilian Amazon contributed about 10% of the average
annual increase in atmospheric methane levels. When only
the mid-1990s are considered, the basin-wide contribution
increased to about 16% of the change in global atmospheric
methane levels during that time period.
I Whether the Brazilian Amazon continues to have an
important effect on atmospheric methane levels will
depend on a number of social variables. Although future
developments in some areas, such as government policy
and economic growth, are not easy to predict, others are.
For example, a new governmental plan called Avanc;:a Brasil
is slated to add 6,245 kilometers of paved highway to the
network of roads in the Amazon Basin. 1\'10 of these high-
ways, one from Cuiaba to Santarem and the other from
Humaita to Manaus, will pass through the heart of the
basin. Estimates indicate that completion of this network

Jerry Melillo
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Figure 2: Methane (CH~ measurements from a global air sampling
network between 1983 and 1997: a) globally averaged CH4 concen-
trations plotted as seasonal concentrations, b) annual CH4 increases
determined from yearly concentrations and the long-term mean.
(Adapted from an article by E. J. Dlugokencky and colleagues, pub-
lished in Nature, June 4, 1998.

Figure 1: Estimates of methane (CH~ emissions in TgCH4from vari-
ous sources in the Brazilian Amazon Basin for each year between
1970 and 1998.



tain groups of organisms contribute to the functioning of
ecosystems and the cycling of chemical elements by domi-
nating key processes. Among these "functional groups" are
the bacteria mentioned above that fix Nz and others that
convert nitrogen in soils and sediments from nitrate back
into inert gas. The latter group is called the denitrifying
bacteria.

Ecosystems Center scientist Joseph Vallino studies
the chemical transformations that take place through
the metabolic processes of bacteria in the streams and
estuary of Plum Island Sound on the northeast coast of
Massachusetts. Together with Hans Schumacher of the
University of Tilburg in The Netherlands, Vallino is develop-
ing a new approach to modeling the biogeochemical
characteristics of ecosystems based upon the chemical
transformations that occur during metabolic processes.

The traditional approach to modeling biogeochemical
processes focuses on describing the dynamics of po pula-
tions of organisms. As the organisms grow or decline as a
result of predation or loss of essential nutrients, they modi-,
fy the environment in a manner consistent with their meta-
bolic capabilities. Thus biogeochemical changes result from
the dynamics of the species in the model, as they do in the I
real world. !

A number of difficulties arise with this approach to modl
eling ecosystem biogeochemistry, however. It is not practi-
cal to model every species of organism because the number
of interacting species in typical food webs is in the hun-
dreds. Therefore modelers aggregate large numbers of
species into single model "compartments" according to
their function in the ecosystem (Figure 1).

These aggregations lead to modeling errors because they
represent only an approximation of the real-world system.
Errors in food-web models become most evident when we
attempt to model ecosystems that span diverse environ-

es on the linkages among physical, chemical and biological
factors affecting the distribution of biogenic, or biologically
relevant, elements.

Among the most important of the biological processes by
which these transformations take place is primary produc-
tion, in which plants take up carbon dioxide (COz) and
nutrients in the presence of sunlight and form organic mat-
ter. Another is decomposition, in which microbes break
down organic material and return carbon and other ele-
ments to their inorganic forms once again. In yet another
key process, certain bacteria take up or "fix" inert nitrogen
gas (Nz) from the atmosphere, turning it into inorganic
forms that plants can use in the production of organic mat-
ter. Although some occur abiotically, the vast majority of
chemical transformations that occur in nature are con-
trolled by living organisms. Certain human activities, such
as the use of atmospheric N 2 in the manufacture of nitrogen
fertilizer, contribute to these transformations.

While the chemistry of ecosystem processes is well
known for the most part, modelers have found it difficult to
simulate whole systems in which the chemical transforma-
tions are linked to the presence or absence of particular
organisms or changes in their number. This problem must
be solved before scientists can answer questions about the
effects of losing various types of organisms on the sustain-
ability of ecosystems.

All organisms carry out a variety of metabolic processes
that build, maintain and destroy cells and make energy
available. From an system-level perspective, however, cer-

Figure 1: 1raditional aggregated food web used to describe aquatic
ecosystems. Osmotrophs are organisms that use dissolved organic
matter (DOM) such as bacteria. These as well as phytoplankton are
consumed by the heterotrophs. Labile DOM is easily broken down
while refractory DOM is more difficult to break down. Joe Vallino



ments, such as occur in estuaries. Conditions upstream are
generally rich in nutrients (eutrophic), whereas those pre-
vailing at the pcean end of the estuary are relatively poor in
nutrients (oligotrophic). Although it is possible to calibrate
models to operate under either eutrophic or oligotrophic
conditions, we have found that they perform poorly if
required to operate under both conditions at the same
time, a requirement for modeling estuarine environments.

A core problem with models based on population
dynamics is that they are not founded on fundamental laws.
In physical models, laws such as conservation of mass,
energy and momentum are generally sufficient to produce
accurate, robust results. An example is the hydrodynamic
model we use to describe the transport of material in the
Plum Island Sound estuary. Although this model does
require a few equations based on observations rather than
fundamental laws, these equations play only a secondary
role in governing the dynamics of the modeled system. This
is not the case for the sort of food-web model that is shown
in Figure 1. These models are constructed almost entirely of
equations based on observations because the three funda-
mental laws of conservation are insufficient to describe liv-
ing systems.

We are seeking to identify fundamental laws that govern
how living systems operate. This is by no means a new idea;
it has been an area of research in theoretical ecology for
some time. We have developed a mathematical framework
that permits abstract ideas about ecosystem function to be
modeled and compared to experimental observations. In
our approach, the focus on organisms is replaced by a focus
on metabolic processes. The governing hypothesis is that
living systems synthesize and allocate biological structures,
such as enzymes, in ways that "optimize" their use of avail-
able resources, such as nutrients, water and sunlight. We

hope to determine with our modeling simulations and
laboratory experiments what it is that systems optimize
and what causes them to operate less than optimally.

In the real world, ecosystem structure changes as species
composition changes. The dominant organisms change
over time as resources change. This is not how we construct
our model, however. As is done in cellular biochemical
analyses, we use a set of chemical reactions to represent
the various processes that occur in real-world ecosystems
(Figure 2). Some of these reactions liberate energy, while
others synthesize biological substances such as proteins.
We are seeking to determine the rate of each chemical reac-
tion and the amount of protein allocated to it as a function
of environmental conditions.

To ascertain these reaction rates and protein allocations,
we set up an optimization problem. We begin by choosing a
goal that is logically desirable for the system, such as maxi-
mizing the rate of synthesis of biomass. We can choose
different optimization goals, a feature that gives this model-
ing approach versatility in testing various hypotheses.

Once an objective goal is chosen, the solution to the
optimization problem provides the reaction rates and bio-
mass allocations. However, the solution is bounded by
numerous fundamental constraints that we know living
systems must abide by. A reaction cannot proceed unless
protein is allocated for it; more energy must be liberated
than consumed; time and energy are required to break
down protein and reallocate it to other reactions, and elec-
trons released by reactions must be balanced exactly by
electrons consumed in other reactions.

The advantage of this approach is that the constraints
being applied are based on thermodynamic laws and well-
established kinetic principles. The optimization approach
eliminates the plethora of observation-based equations

(b)

Figure 2: Diagram of a model of an ecosystem based on metabolic
reactions that liberate energy and reactions that build biomass. Rates
of these reactions are determined by the solution of an optimization

problem which assumes that natural selection promotes optimal allo-
cation of resources in ecosystems, subject to thermodynamic con-
straints and resource limitations. In the diagram, one of the products
is amino acids (AA), building blocks for proteins. Resources include
particulate and dissolved organic carbon (POM and DOM).

Time (d)

Figure 3: Concentrations of (a) ammonium (NH~ and (b) nitrate
(NO~ and accumulation of (c) protein and (d) chlorophyll over the
course of a modeling simulation of a marine phytoplankton bloom.



uptake or N2 fixation (Figures 4b and 4c). Protein was ini-
tially allocated to production of the chlorophyll necessary
for photosynthesis (Figures 3d and 4d), but this protein was
rapidly reallocated a half day into the simulation. The real-
location occurred as a result of diminishing returns on
investing in chlorophyll as the system approached maxi-
mum light harvesting capability (Figure 3d). As NH4 became
exhausted (Figure 3a), protein was reallocated from NH4 to
NO3 uptake (Figures 4a and 4b). Subsequently, as NO3
became depleted (Figure 3b), protein was allocated to N2
fixation (Figure 4c).

Although the results of this simulation have not yet been
compared in a rigorous way to observations, the transition
from NH4 uptake to NO3 uptake and finally to N2 fixation
is consistent with what we know about marine ecosystems.
This simulation and others we have conducted are encour-
aging because they indicate that ecosystem biogeochem-
istry can be viewed from a holistic perspective in which
the system is seen as following an optimum path. Equally
important, the metabolic modeling approach should lead
to practical and robust biogeochemistry models that we can
use to study biogeochemical cycles in the context of whole
systems, including the changing environments of the entire
globe.

that are characteristic of traditional food-web models struc-
tured in terms of organisms. Furthermore, the metabolic
model has the advantage of simplicity. It is based on the
hypothesis that natural selection produces ecosystems that
use available resources in an optimal way, subject to basic
thermodynamic and kinetic constraints.

We are currently investigating the mathematical descrip-
tion of the optimization procedure for ecosystems. We are
also examining the effects of biodiversity loss, because such
losses should cause ecosystems to function less than opti-
mally. To illustrate the metabolic modeling approach, we
present partial results of a simulation of a marine ecosys-
tem below.

To simulate a marine phytoplankton bloom, we incorpo-
rated metabolic reactions associated with ammonium
(NH4) and nitrate (N°3) uptake, N2 fixation, CO2 fixation
and synthesis of biomass (protein and chlorophyll) in the
model. The optimization goal chosen was maximizing the
rate of biomass synthesis. Resources made available were
5 micromolar (JIM) NH4, 5 JIM NO3, atmospheric N2 and
light.

In the model simulation, NH4 was consumed preferen-
tially over NO3 (Figures 3a and 3b). This preferential con-
sumption is evident from the allocation of protein in the
form of enzymes to NH4 uptake (Figure 4a) but not to NO3

NH4 Uptake(a)
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Figure 4: Rates (red) and allocation of protein in the form of enzyme concentrations (green) for reactions involving (a) ammonium (NH~ uptake,
(b) nitrate (NOy uptake, (c) fixation of nitrogen gas (Nv, and (d) chlorophyll synthesis during the course of a modeling simulation of a marine phy-
toplankton bloom. Glc represents glucose; AA, amino acids; Chi, chlorophyll.



-
of The Ecosystems Center each fall, is designed to-help meet
this need. The fundamental premise of this program,
intended to augment the curricula of small colleges and
universities around the nation, is that intelligent manage-
ment of environmental resources must be founded on care-
ful scientific assessment of how ecosystems function and
how they respond to changes brought about by human
activities.

Taking advantage of the facilities and expertise available
at The Ecosystems Center, the SES emphasizes the study of
biogeochemistry in both terrestrial and aquatic ecosystems.
Core courses in terrestrial and aquatic ecosystems are
taught by teams of center scientists, who present the funda-
mentals of ecosystems science in the context of their own
research. Students learn the basics of hands-on science
through a program of organized laboratory and field work
that focuses on the forests, streams, ponds and estuaries of
Cape Cod. This work prepares students to pursue indepen-
dent research projects later in the semester.

Each SES student studies an aspect of ecosystems sci-
ence in greater depth through specialized electives offered
each semester from a roster of seven possible courses.
Electives offered in 2000 were "Mathematical Modeling in
Ecosystems" and "Microbial Methods in Ecology." In addi-
tion, students participate in a science writing seminar
devoted to the art of communicating about science to the
public. In this seminar, students hear lectures from noted
science journalists and authors, and they interview and
write profiles about guest lecturers in the Distinguished
Scientists Seminar series sponsored by the SES.

The independent research project is the highlight of the
semester. Teams of two to four students, coached by a fac-
ulty member, work collaboratively on a problem of their
own choosing, devoting most of the last five or six weeks
of the semester to their research. For most, this is the first
taste of independent scientific inquiry. The projects culmi-
nate in a daylong symposium at which students present
their findings to the public.

Because the MBL is not a degree-granting institution,
the SES is offered through the MBL Consortium in
Environmental Science. Participating institutions agree to
grant credit to their students who successfully complete
the program. To date, 46 colleges and universities have
approved our program and joined the consortium (Table 1).
Approval is pending at more than a dozen schools that are
now reviewing the curriculum.

Some 61 students have completed the SES during the
first four years of the program. Our involvement with many
of them does not end when the semester is over. Roughly
20% of our former students have served as interns and
research assistants at the center, gaining further experience
in the environmental sciences. Eight students from the
class of 1999 returned to work at the center on various pro-
jects during the summer of 2000. Tori Ziemann was award-
ed a National Science Foundation (NSF) Research
Experience for Undergraduates (REU) internship at the
Toolik Lake Long-Term Ecological Research (LTER) site in
Alaska. Sarah Morrisseau was a summer research assistant
on the Toolik Lake project.

Three students, Greg Peterson, Ryan Kirkby and Julie
Horowitz, were hired to work on projects associated with
the Plum Island Sound LTER site on the northeast coast
of Massachusetts. Samantha WIlliams worked on nitrogen
mineralization rates in soils from the Bear Brooks water-
shed in Maine with center scientist Knute Nadelhoffer.
Adena Greenbaum, winner of the 1999 MBL Associates
prize for excellence in her independent project, continued

Marcus Gay with Tara Businski of Bates College Ken Foreman



her work on heavy metals at the Great Sippewissett salt
marsh in Falmouth during summer 2000 as an REU intern
with center scientist Anne Giblin.

Eve Hinckley worked with center scientist Chris Neill on
a grassland restoration project on Martha's Vineyard spon-
sored jointly by The Ecosystems Center and the Nature
Conservancy. Eve presented the results of her summer
research at the New England Estuarine Research Society
meeting, where she won the Rankin Award for best under-
graduate paper. For Adena, Eve and Julie, their summer
projects served as the basis for senior honors theses that
center faculty helped mentor.

Many of our SES alums are continuing in the fields of
environmental science and policy. For example, two recent

graduates are volunteering for the Peace Corps in Africa,
where they will work on natural resource preservation.
Another is serving as a National Marine Fisheries Service
observer responsible for helping to enforce fishing limits on
Georges Bank. Four SES graduates are working in environ-
mental consulting. One former student is employed by the
non-profit Earthwatch Institute. Seven are working as sci-
ence technicians or research assistants, including Toby
Ahrens, Sam Kelsey, Sarah Morrisseau and Greg Peterson
who are employed full time at The Ecosystems Center.

Many former SES students are continuing their educa-
tion. Sixteen students are attending professional or gradu-
ate schools in fields that include environmental law and
policy, forestry, biogeochemistry and aquatic biology. For
example, Rachel poretsky (SES '97) is studying at Thlane
University with Jay Gulledge, a microbial ecologist interest-
ed in greenhouse gas emissions from forest soils. She was
recently awarded a prestigious NSF predoctoral fellowship.
Jill Sohm (SES '99) will join Douglas Capone's lab at the
University of Southern California in 2001, where she will
work on the topic of oceanic nitrogen fixation. Greg
Peterson (SES '99) will be matriculating at Stanford
University in 2001. A paper based on Greg's SES project on
historic vegetation patterns on Martha's Vineyard has been
accepted by the journal Restoration Ecology. More than 30
of the 42 SES graduates who completed their undergraduate
studies prior to spring 2001 are pursuing careers in environ-
mental science or policy.

Although there are many opportunities for undergradu-
ates to study abroad, there are few rigorous off-campus
programs in science. Occupying this niche, the SES helps
to produce the next generation of environmental scientists.
The Andrew W Mellon Foundation renewed its support in
December 2000 with an award of $1 million, which will help
ensure the continuing success of the program.

Table 1: Members of the MBL Consortium in
Environmental Science

Allegheny College Lafayette College
Bard College Lawrence University
Bates College Lynchburg College
Beloit College Macalester College
Bowdoin College MaryWashington College
Brandeis University Middlebury College
Bryn Mawr College Mount Holyoke College
Carleton College Oberlin College
Claremont-McKenna Randolph-Macon Women's

College College
Clarkson University Ripon College
Colby College Sarah Lawrence College
Colgate University Skidmore College
Connecticut College Southwestern University (TX)
Dickinson College Trinity College (CT)
Earlham College Trinity University (TX)
Franklin & Marshall Union College (NY)

College University of Richmond
Gettysburg College Vassar College
Grinnell College Wabash College
Hamilton College Wellesley College
Hampshire College Wesleyan University
Harvey Mudd College Wheaton College (MA)
Haverford College Williams College

Kenyon College

Distinguished Scientist Seminar Series

September ~-

8 Chris Field, Carnegie Institution of Washington, "Primary
production on the land and in oceans: Links to carbon
sinks."

15 Robert Berner, Yale University, "The rise of trees in the
paleozoic and their effects on atmospheric CO2 and O2,''

October ~--

6 Andrew Dobson, Princeton University, "Role of infectious
diseases in eocologicalsystems,"

27 ShahidNaeem, University of Washington, "The
ecosystem consequences of biodiversity loss,"

November

10 Robert Aller, State UniversitY of New York at Stony
Brook, "Tropical mobile mud belts: Continental Shelf
sub oxic reactors and carbon incinerators."

17 Jesse H. Ausubel, The Rockefeller University, "The great
reversal: Nature's chance to restore land and sea."

December

1 Diana F. Wall, Colorado State University, "The role of soil

fauna in ecosystem processes."

Polly Moniz



Laboratory (MBL) does

of doctoral committees at a number of colleges and univer-
sities, investigators conduct workshops and teach in cours-
es given at the MBL. Senior staff members supervise the
work of postdoctoral scientists at the center. Visiting scien-
tists and students come to work on projects, some for a
week or two and some for a year.

Science Writing Fellowship Program
The Ecosystems Center participates each year in the

MBL's Science Writing Fellowship program. A total of 19
journalists attended lectures and a laboratory session led
by center staff in June. Jerry Melillo, Chris Neill, Ken
Foreman, Kris Tholke, Jane Tucker, Jeff Hughes and Pat
Micks lectured on topics such as nitrogen cycling and
conducted field trips to Waquoit Bay and West Falmouth
Harbor.

Several of the science writing fellows also visited center
field sites in Alaska and northern Massachusetts. Dan Fagin
of Newsday, Dave Poulson of Michigan's Booth Newspapers,
Michael Mansur of the Kansas City Star and freelance jour-
nalist Dan Grossman participated in research activities at
the Long-Term Ecological Research (LTER) site at Toolik
Lake, Alaska. Sonya Senkowsky of the Anchorage Daily
News and Jessica Gorman of Discover magazine took part in
research conducted by scientists at the Plum Island Sound
LTER field site north of Boston.

Semester In Environmental Science
Many Ecosystems Center staff members contributed

to the success of the fourth Semester in Environmental
Science (SES). John Hobbie served as director as well as a
lecturer in the aquatic ecosystems course. Ed Rastetter
taught an elective course in ecosystem modeling, and Joe
Vallino taught one in microbial methods in ecology. Linda
Deegan, Anne Giblin, Chuck Hopkinson, Jerry Melillo,
Knute Nadelhoffer, Gus Shaver, Chris Neill, Bruce Peterson,
Ed Rastetter, Ken Foreman, Jeff Hughes and Mat Williams
gave lectures for the core aquatic and terrestrial courses,
and Cynthia Eldredge, Bonnie Kwiatkowski, Pat Micks,
Marcus Gay, Sarah Morrisseau and Kris Tholke participated
as teaching assistants. SES associate director Ken Foreman
and Polly Moniz, the program's administrative assistant,
kept the program running. Much of the rest of the center's
staff became involved in an unofficial status, helping stu-
dents with field work, lab assignments or independent projects.

Science Education on the Local Scene
Michele Bahr and Anne Giblin judged science fair

projects at Falmouth Academy, while Pat Micks served as
a judge at the Falmouth Public Schools science and
technology fair. Marshall Otter was a judge at the 2000
Massachusetts State Science Fair at the Massachusetts
Institute of Technology in Cambridge. Pat and Michele, as
well as Don Burnette, Sam Kelsey, Pete Raymond, Jane
Tucker and Max Holmes, helped junior high students
develop ideas for their science fair projects. MaryKay Fox
volunteered her time as a mentor for a fourth grade student,
while Gus Shaver helped three Falmouth Academy students
plan their science projects.

Chris Neill continued to write his column on natural his-
tory for The Falmouth Enterprise, a local newspaper. Greg
Peterson wrote a series of articles for the newspaper on the
effects of excess nitrogen on water quality in local ponds. In
August Jeff Hughes taught a workshop, sponsored by the
Massachusetts Audubon Society, on the ecology of the salt
marsh and intertidal zone at the Wellfleet Bay Wildlife
Sanctuary.

Gus Shaver and Debbie Scanlon provide liaison between
the MBL and the Woods Hole Science and Technology
Partnership, a collaboration of scientific institutions,
schools and businesses that promotes and supports science
and technology education.

Kama ThielerMartin Sommerkom



Student Research Opportunities
Many students participated in summer research projects

at various LTER sites with support from the National
Science Foundation (NSF) in its Research Experience for
Undergraduates (REU) program. Amelia Wolf of Colorado
College worked with Bruce Peterson and Craig Tobias at the
Plum Island Sound site on the nitrogen uptake preferences
of algae. With Mike Williams, Chuck Hopkinson, Joe Vallino
and Ed Rastetter, Anne Perring of Brown University studied
the effects of land-use patterns on stormflow solute dynam-
ics and export in the Ipswich River basin, part of the Plum
Island Sound system. Ryan Kirkby of Harvey Mudd College
worked with Chuck, Joe, Ed and Luc Claessens on modeling
the effects of land-use change on nitrogen biogeochemistry
in the Ipswich River basin. Adena Greenbaum of Wellesley
College worked with Anne Giblin at Plum Island Sound as
well. Results from her study of differences in properties of
salt marsh sediments among various sites were published in
the MBL I s Biological Bulletin, as were results from Anne's

and Ryan's projects.
Sam Stratton from Clark University worked with Paul

Steudler and Heidi Lux at the Harvard Forest LTER site in
Petersham, Massachusetts, and presented a paper on the
depletion of a labile carbon pool at the annual summer
symposium there. Samantha Williams of Mount Holyoke
College worked with Knute Nadelhoffer and Ben Colman on
a nitrogen isotopic tracer study at Harvard Forest and at the
Bear Brooks watershed site in Maine. She earned indepen-
dent study credits for a study of the carbon and nitrogen
mineralization of forest floor material.

Kimberly Lellis of Gettysburg College conducted research
at the Arctic LTER site at Toolik Lake, Alaska, with Bruce
Peterson. She focused on the river continuum concept and
its relation to organic matter and insects in Arctic streams.
Sarah Beck of Marietta College worked on determining the
appropriate extinction coefficients for three species of
bryophyte found in the Kuparuk River. Carrie Spicer of the
University of Central Arkansas studied the diet and growth
of juvenile grayling in two small tundra streams with Linda
Deegan and Karen Buzby. Tori Ziemann of Beloit College
worked on the landscapes project at the Arctic site, as did
Theresa McHugh of Notre Dame University, who studied
changes in leaf area index over the growing season in tus-
sock tundra. Jesse Burns from Western Washington
University carried out a project on the physiological
response of arctic vegetation to nutrient additions.

Postdoctoral Scientists
Craig Tobias received his doctorate in 1999 from the

Virginia Institute of Marine Science of the College of
WIlliam and Mary under the guidance of Iris Anderson and
Elizabeth Canuel. His dissertation research concentrated
on the effects of groundwater discharge on nitrogen cycling
in fringing marshes, particularly the use of combined nat-
ural gradient-isotope tracer releases to quantify marsh pro-
cessing of groundwater nitrogen loads. At The Ecosystems
Center, Craig is working with Bruce Peterson, Linda Deegan
and Joe Vallino on the Nitrogen Isotope Tracer Experiment
II (NISOTREX) project in the Plum Island Sound estuary on
the northeast coast of Massachusetts. They are conducting
a large-scale nitrogen tracer experiment designed to exam-
ine the effect of food webs on the cycling and burial of
nitrogen in estuaries.

Michael Williams came to The Ecosystems Center in
April after two years in Brazil, where he received a visiting
scientist award from the Brazilian Foundation for Research
and Development to study precipitation and river chem-
istry in the Piracicaba River basin and an NSF International
Research Fellow Award to study relationships between land
use and water quality in the Amazon Basin. Michael
received his doctorate in 1997 at the University of
California at Santa Barbara. His dissertation was on the
effects of prescribed burning and drought on solute export
from mixed-conifer catchments and sources of solutes
from subalpine catchments in the Sierra Nevada. He is cur-
rently working with Chuck Hopkinson, Ed Rastetter and Joe
VaIlino on land use, water quality and in-stream processing
of nitrogen in the Ipswich River basin, a part of the Plum
Island Sound LTER study site.

Karen Buzby joined The Ecosystems Center in 1998 to
work with Linda Deegan, investigating the factors that con-
trol Arctic grayling populations in streams on the North
Slope of Alaska. She completed her doctorate in 1998 at the
State University of New York at Syracuse, where she studied
with Charles Hall. In her dissertation research, she exam-
ined the role of hurricane disturbance on the ecological
efficiency of streams in the Luquillo Mountains of Puerto
Rico. At the center, Karen has been analyzing long-term
trends in arctic grayling abundance and survival with
respect to environmental factors. .

Martin Sommerkorn joined The Ecosystems Center thIS
year to work with Knute Nadelhoffer and Ed Rastetter on
controls of belowground carbon and nutrient dynamics in

Pat Micks Mike Williams Kris Tholke



tundra systems. He completed his doctorate in 1998 at the
University of Kiel, Germany, where he studied with Ludger
Kappen at the Institute for Polar Ecology. For his disserta-
tion, he examined spatial patterns and controls of carbon
dioxide fluxes in Siberian tundra. Martin completed post-
doctoral work on the coupling of net primary productivity
and methane emissions in wetlands with Torben
Christensen in Lund, Sweden. He is currently conducting
and coordinating an in -situ experiment using the carbon -14
isotope as a tracer at the Toolik Lake LTER site in Alaska.

Peter Raymond came to The Ecosystems Center in 1999
after completing his doctorate in chemical oceanography at
the Virginia Institute of Marine Science of the College of
WIlliam and Mary, where he studied with James Bauer. His
dissertation was on the age and dynamics of carbon in
estuaries. Pete's work utilizes natural isotopes of carbon to
study the flux of dissolved carbon among organic and
inorganic pools. He is working with John Hobbie, Chuck
Hopkinson and Joe Vallino on a study of organic matter
cycling in the Parker River estuary and associated water-
shed, part of the Plum Island Sound system.

Byron Crump also joined The Ecosystems Center in 1999
after completing his doctorate in biological oceanography

at the University of Washington, where he studied with John
Baross. His dissertation described the microbial ecology of
the Columbia River estuary, focusing on the abundance,
activity and community structure of bacteria and on the
relationships between bacterial activity and the physical
and chemical properties of estuarine turbidity maxima.
Byron is working with John Hobbie on LTER projects at the
Plum Island Sound and Toolik Lake sites, studying short-
and long-term changes in microbial activity and communi-
ty composition.

Diana Garcia-Montiel came to The Ecosystems Center
in 1997 to work with Jerry Melillo, Paul Steudler and Chris
Neill on alterations in trace-gas fluxes associated with
changes in land cover and land use in the Brazilian
Amazon. She completed her doctorate in 1996 at Colorado
State University, where she studied with Daniel Binkley.
She conducted her thesis research on changes in nutrient
cycling during natural and managed tropical reforestation
in Puerto Rico and Hawaii. At the center, she is focusing on
measuring the availability of phosphorous to plants and
trace gas fluxes in forests and pastures in Brazil.

Matthew Cieri joined The Ecosystem Center in 1999 to
work with Linda Deegan, Bruce Peterson 'and Joe Vallino
on a study of nitrogen flow and trophic interaction of an
estuarine food web. Matt completed his doctorate in
oceanography in 1999 at the University of Maine. While
there, he researched the early life history and migrations of
the American eel under the guidance of James McCleave.
At the center, Matt is using a stable nitrogen isotope tracer
to study estuarine food webs.

Severine LeDizes-Maurel came to The Ecosystems Center
in January to work on regional and pan-arctic assessments
of the response of carbon cycling in arctic ecosystems to
global change with Ed Rastetter, John Hobbie and Bonnie
Kwiatkowski. Her project involves calibrating and using the
MBL General Ecosystem Model (GEM) to predict and ana-
lyze responses of tundra ecosystems in the Kuparuk River
Basin of Alaska to past and projected changes in climate
and atmospheric carbon dioxide. Severine completed her
doctorate in plant ecology in 1998 at the University of Paris
under the guidance of Bernard Saugier. For her thesis she
modeled structural and functional relationships and con-
ducted a growth simulation of individual trees in response
to different climatic conditions and pruning practices.Karen Buzby

Ed Rastettel; Jane TuckerSeverine LeDizes-Maurel



children and friends, more Before introducing George Woodwell, the first of the
guest speakers, co-director John Hobbie gave a brief review
of current modeling projects at the center. Dr. Woodwell,
who founded the center with Dr. Ebert and served as its first
director, offered a personal reflection on the role of science
and scientists as the "third leg of government." Arguing that
research institutions had a duty to figure out the great
issues and analyze them in the public interest, he pointed
to the preservation of the functional health of the earth as
one of these issues.

Introducing his audience to interactions between climate
patterns and changing land use in the Brazilian Amazon,
center scientist Christopher Neill noted that cleared lands
and fragmented forests are more vulnerable to the drying
effects of episodic El Nino conditions and thus at greater
risk of fire. The drying of the Amazon, in turn, has an effect
on climate patterns.

David Schimel, co-director of the Max Planck Institute of
Biogeochemistry in Jena, Germany, returned to his former
haunts to make a presentation on the challenge of atmos-
pheric observations to ecosystems research. Focusing on
effects at the global level, he hypothesized that variability in
atmospheric carbon dioxide (CO2) levels depends primarily
upon temperature changes in temperate regions and upon
rainfall in the tropics. Recognition of regional variation is
essential to modeling the effects of terrestrial ecosystems on
global CO2 levels, he concluded.

Speakers during the afternoon session focused on the
effects of human activities on the cycling of nitrogen in
ecosystems. Noting that the nitrogen cycle is the most
altered by human activity of all the global element cycles,
Robert Howarth of Cornell University described the effects
of nitrogen pollution on coastal zones. John Aber of the
University of New Hampshire reviewed the growth of the
concept of nitrogen saturation in terrestrial ecosystems
studies and the growing understanding of the mechanisms
that affect saturation in forests and soils. Center scientist

Germany, Kenya, Sweden and Israel as well as all parts of
the u.S. to reminisce about their years at the MBL, to
exchange notes on current activities and to discuss the
future of ecosystems science and its relevance to issues of
public concern.

The festivities began the evening of October 13 with an
open house in Homestead and the current Environmental
Sciences Laboratory. Although posters featuring current
research results and plans for the center's new building
drew their share of attention, the returnees clustered
around the lists of names and montages of photos that
summoned up memories.

The lineup of speakers for the all-day symposium in Lillie
Auditorium that followed on October 14 included a surprise
appearance by Rep. William Delahunt of the Massachusetts
lOth District, who arrived as talks were getting underway.
"I wanted to say hello and congratulate you," the congress-
man said in his informal remarks to the audience. "The
MBL is one of the best-kept secrets in America. You are truly
doing exceptional work."

"I get so envious when I hear scientists say 'I came back
to the lab after leaving Washington.' I want to come back,"
he added.

MBL interim director William Speck welcomed sympo-
sium attendees and introduced director emeritus James
Ebert, who shared his memories of the founding of The
Ecosystems Center. The establishment of a center for
research in the environmental sciences was a critical part of
the effort, beginning in the early 1970s, to build the MBL's
endowment and to further the laboratory's emergence as a
year- round institution with goals and programs of its own,
he observed.

CUlTent and former staff members enjoy photos from the center's
25 years.Olivann and John Hobbie, Teny and Bruce Corliss



Anne Giblin drew upon her research in Boston Harbor and
Massachusetts Bay to describe the sources and sinks of
nitrogen in coastal waters.

Co-director Jerry Melillo concluded the symposium with
a look to the future, describing the topics that might make
up the agenda for an Ecosystems Center staff meeting in
2024. He argued that the value of long-term research, multi-
disciplinary approaches, vulnerability assessments and
links to policymaking would be well established by the time
such a meeting took place.

The gala weekend concluded with a clambake at the
Swope Center the following day for center staff members,
alumni and their families. Indian summer weather lured
some of the youngest visitors into the water as their parents
basked in the sun and enjoyed a final chance to catch up
with each other.

A program of evening lectures for the general public was
planned for fall and winter 2000-2001 as part of the 25th
anniversary celebration. Chuck Hopkinson began the
"Ecosystems Science for the 21st Century" series in
November with a presentation titled, "linking Human
Activities to Watershed Hydrology and Water Quality."

In December, Ed Rastetter gave a talk on ecological mod-
eling, "Crystal Gazing with the Help of a Computer: What
Does the Future Look Like for New England Forests?" Both
lectures were recorded by the local cable channel and aired
several times later in the month.

A committee of center staff members worked hard for
many months to plan the 25th anniversary celebration.
They are Linda Deegan, John Hobbie, Sue Donovan, Dixie
Berthel, Hap Garritt and Pam Clapp Hinkle, MBL's director
of communications.

Jane Thckel; Marty Downs, Kathy Regan
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25TH ANNIVERSARY YEAR

site for most of the year as the new C. v: Starr Environmental
Sciences Building took shape next door to the center's cur-
rent facilities on the Marine Biological Laboratory (MBL)
campus. The 32,000-square foot building will provide office
space for all center staff under one roof for the first time in
more than a decade. It also contains laboratories, staging
areas for field samples and equipment, a geographic infor-
mation system (GIS) facility and classrooms for the
Semester in Environmental Science and other MBL courses.
If all goes well, center personnel will move into their new
quarters in August 2001.

As part of its recently completed capital campaign, the
MBL succeeded in raising more than $5.6 million in gifts
and grants from individuals and foundations for the new
building. Overall costs, including an endowed maintenance
fund of $1 million, are expected to be $9 million. Many pre-
sent and former Ecosystems Center staff members and
friends made special gifts to help name the center's new
GIS facility in memory of John Helfrich, who worked at the
center for 23 years before his death in 1998.

The MBL named the new building in honor of Cornelius
Vander Starr, founder in 1919 of what is now American
International Group, in recognition of the substantial con-
tribution made by The Starr Foundation of New York to this
project. A challenge grant from The Kresge Foundation
provided significant help in attracting gifts. Other support
for the building came from The Clowes Fund, The Bay
Foundation, Harken Foundation, Arthur Vining Davis
Foundations, Fred Harris Daniels Foundation, The Seth
Sprague Educational and Charitable Foundation, the
Environmental Data Research Institute and an anonymous
foundation.

Events at the MBL
Human disruption of the global nitrogen cycle was the

focus of a scientific symposium for members of the MBL
Council of Visitors, held June 15 and 16 at MBL. Jerry
Melillo gave the evening keynote address, titled
"Environmental Issues in the 21st Century: A Look Over
the Horizon." Talks the next day included a presentation
on nitrogen, isotopes and global warming by Knute
Nadelhoffer and a discussion of the role of science and
scientists in cleaning up Boston Harbor by Anne Giblin.
Chris Neill gave a talk on the impact of development on
the health of a Cape Cod coastal pond. James Galloway,
chairman of the Environmental Sciences Department at
the University of Virginia, served as moderator for the
symposium.

The talks were followed by field trips to the Falmouth
wastewater treatment plant and Sippewissett salt marsh.
Kama Thieler, Ben Colman and Samantha WIlliams helped
Knute explain various innovative approaches to treating
waste water in the West Falmouth watershed and methods
for monitoring the results, while Chris, Anne and Adena
Greenbaum introduced the visitors to the Bora and fauna
of the salt marsh. Ken Foreman conducted a demonstration
of groundwater Bow and the effects of nitrogen inputs into
Waquoit Bay at the Pierce Visitors Center for Council of
Visitors members who preferred to stay at the MBL. The
groundbreaking ceremony for the C. v: Starr Environmental
Sciences Building completed the activities of the day.

During August, Anne Giblin gave a talk on her study of
environmental changes in Lake Victoria, East Africa, at the
15th reunion of participants in the MBL Science Writing
Fellowships Program.

In September, Jerry Melillo was host to Professor Yigu
Chen, vice president of the Chinese Academy of Sciences,
and his delegation. They discussed future cooperation in
the areas of carbon-cycle modeling and long-term ecologi-
cal research. After their stay in Woods Hole, the Chinese

CV Starr Building Knute Nadelhoffer with members a/the Council a/Visitors.



group visited the Long-Term Ecological Research (LTER) site
at Harvard Forest in Petersham, Massachusetts.

Arctic Research Commission Activities
John Hobbie was named to the Arctic Research

Commission (ARC) for a second term. The commission held
a meeting in November in Dillingham, Alaska, to obtain
first-hand knowledge about the problems experienced by
fishing communities at the edge of the Bering Sea.

Long-Term Ecological Research (LTER) Events
John Hobbie, Chuck Hopkinson and Debbie Scanlon

organized a meeting in Salt Lake City in February on long-
term research in the aquatic sciences. The meeting provided
an opportunity for participants in four new coastal LTER
sites to get together and to discuss future collaborations
with representatives of established LTER projects. Bruce
Peterson also attended from the center.

John Hobbie and Debbie Scanlon organized the annual
planning meeting for the Toolik Lake LTER program, held at
the National Academy of Sciences Jonsson Center in Woods
Hole during March. Attending from the center were Michele
Bahr, Neil Bettez, Karen Buzby, Byron Crump, Linda
Deegan, MaryKay Fox, Anne Giblin, Max Holmes, Sarah

Jablonski, Inger Kappel-Schmidt, Sam Kelsey, Kei Koba,
Bonnie Kwiatkowski, Jim Laundre, Severine Le Dizes, Knute
Nadelhoffer, Annika Nordin, Kate O'Brien, Bruce Peterson,
Ed Rastetter, Gus Shaver, Karie Slavik, Kama Thieler, Joe
Vallino and Mat Williams.

Toby Ahrens, Heidi Lux, Pat Micks, Knute Nadelhoffer
and Paul Steudler attended the annual Harvard Forest LTER
Ecology Symposium in Petersham in April. Toby and Heidi
presented a paper on carbon loss from the soil in response
to long-term warming. Pat presented a paper that she and
Knute wrote on retrenching in a study of soil organic mat-
ter accumulation and dynamics on plots at Harvard Forest.

Chuck Hopkinson and Hap Garritt organized the annual
Plum Island Sound LTER meeting, held in Woods Hole in
May. Also attending from the center were John Hobbie,
Anne Giblin, Bruce Peterson, Greg Peterson, Matt Cieri, Ed
Rastetter, Jane Tucker, Peter Raymond, Craig Tobias, Linda
Deegan, Joe Vallino, Luc Claessens, Nat Weston, Mike
Williams and Byron Crump.

Hap Garritt, Gus Shaver, Bruce Peterson, John Hobbie,
Chuck Hopkinson and Jim Laundre attended the LTER All
Scientists' Meeting in Snowbird, Utah, in August. Hap also

Neil Bettez, Marcus Gay Bruce Peterson, Max Holmes

Anne GiblinCraig Tobias MaryKay Fox



helped organize a workshop on innovative tools and tech-
nologies in ecology.

In December, Knute Nadelhoffer participated in an LTER
cross-site decomposition workshop in Athens, Georgia.

Scientific Committee on Problems of the Environment
(SCOPE)

Jerry Melillo continues to serve as president of SCOPE,
formed 32 years ago by the International Council of
Scientific Unions to assess information on anthropogenic
environmental changes and disseminate it worldwide. He
chaired a meeting in Bejing in April on environmental
changes in Asia, attended by several hundred scientists. At
this event, Jerry gave a talk comparing the acceleration of
major element cycles in Asia with their global acceleration.

Jerry also spoke on information technologies and the
environment at a meeting in January at Harvard University,
organized by SCOPE.

Arctic Systems Science (ARCSS)
Knute Nadelhoffer presented a talk on isotopic tracer

studies of belowground carbon and nutrient dynamics in
tundra at the ARCSS Land/Atmosphere/Ice Interactions
(LAII) Arctic Transitions in the Land-Atmosphere System
(ATLAS) annual meeting, held in January in Seattle.

In February, Gus Shaver and Ed Rastetter attended the
annual ARCSS LAII workshop, also in Seattle. Gus gave a
talk on the effects of warming on carbon-nitrogen interac-
tions in Arctic ecosystems and attended a meeting of the
LAII steering committee. In May, Dave Kicklighter partici-
pated in a writing workshop in Edmonton, Canada, on
research in high-latitude systems.

Bruce Peterson and Max Holmes took a trip to Russia in
June as part of their ARCSS-funded research. The purpose
was to collect nutrient samples from the Db' and Yenisey
rivers for comparison with existing long-term data sets.
Results showed significant problems with data from years
of earlier analyses, indicating a need for new assessments.

In September, Bruce attended a hydrology workshop in
Santa Barbara. In November, he attended anARCSS meet-
ing in Seattle to discuss cooperation between Russian and
American scientists.

Calendar of Other Conferences and Workshops
Knute Nadelhoffer and Ben Colman attended a collabo-

rative Nitrogen Manipulation Experiments (NITREX) work-
shop in UIleharnmer, Norway, in March. They compared
results of tracer studies using nitrogen-IS in New England
forests with results from European forest sites.

In April, Dave Kicklighter took part in the National
Aeronautics and Space Administration (NASA) Land Cover-
Land Use Change annual scientists meeting in Reston,
Virginia.

Jane Tucker attended the Massachusetts Water Resources
Authority workshop in Duxbury, Massachusetts, in May.

Shufen Pan attended several meetings in China this year.
In June, she participated in workshops at Najing University
and at the Institute of Botany and the Institute of
Geographical Science and Natural Resources of the Chinese
Academy of Sciences in Bejing. In July, she participated in
a meeting at the College of Environmental and Natural
Resources Sciences at Zhejiang University in Hangzhou.

During June, Dave Kicklighter attended both a
Vegetation/Ecosystem Modeling and Analysis Project
(VEMAP) Phase III meeting in Jena, Germany, and the
Massachusetts Institute of Technology's Global Change
Forum in Berlin. He also participated in Carbon Cycle
Model Linkage Project (CCMLP) Phase II model comparison
workshops in Woods Hole in July and in Jena in October.

Jerry Melillo attended a workshop in Washington, D.C.,
in July on climate change impacts in the United States,
sponsored by the Pew Center on Global Climate Change.

In August, Marshall Otter participated in a Canadian
Continuous Flow Isotope Ratio Mass Spectrometry work-
shop in Montreal. That same month, Jerry Melillo organized
the final workshop of the National Assessment Synthesis
Team, held at the National Academy of Science's Jonsson
Center in Woods Hole.

During October, John Hobbie gave a report to the
National Research Council Committee on Hydrologic
Sciences at a meeting in West Palm Beach. His title was
"When the river meets the sea: Impacts of hydrology and
material transport on estuaries, salt marshes and coastal
ecosystems." Ann Lezberg and Chris Neill attended the
Pine Barrens Research Forum at the Brookhaven National
Laboratory, where Chris presented a talk on the center's
plain restoration project on Martha's Vineyard.

Shufen PanBen Colman



Ed Rastetter helped to organize a meeting in Woods Hole
in October of a biocomplexity research program for the
analysis of forest ecosystem dynamics, intended to foster
multidisciplinary research on issues dealing with complex
ecological interactions. The new research endeavor will
build upon the programs of AmeriFlux, a consortium of
research groups that use eddy flux to study carbon dioxide
and water exchange in ecosystems.

During the same month, Jerry Melillo attended a strategy
meeting on the U.S. Carbon Cycle Research Program at the
University of New Hampshire in October, where he chaired
a working group on land-cover and land-use changes and
their effects on carbon storage in terrestrial ecosystems.

In November, Hanqin Tian chaired an international col-
laborative research program meeting in Bejing titled
"Historical Terrestrial Ecosystem Dynamics and the Carbon
Cycle for China: 1700-2000," which Shufen Pan also attend-
ed. Hanqin served as chairman of a session on atmosphere-
landcover-hydrology interactions at the International
Conference of Asia Monsoon Environmental Systems and
Global Change in Nanjing later in the month, and Shufen
attended a workshop at the Institute for Atmospheric
Physics at the Chinese Academy of Sciences.

Max Holmes made a presentation on nutrient flux into
Arctic Ocean from Russian rivers at the Land-Ocean
Interactions in the Russian Arctic (LOIRA) Conference in
Moscow in December.

Garcia-Montiel's poster was on soil phosphorus transfor-
mations following forest clearing for pastures in the
Brazilian Amazon. Darrell Herbert made a presentation on
biogeochemical controls over forest regrowth. Posters by
Chris Neill and Suzanne Thomas dealt with the links
between soil biogeochemistry and the chemistry of small
streams following deforestation for pastures in small water-
sheds in Rondonia. Paul Steudler described trace gas
responses in tropical forests and pasture soils fertilized with
nitrogen and phosphorus. Jerry Melillo covered nitrous
oxide emissions. Hanqin Tian described the impact of
climate variability and human activity on terrestrial carbon
dynamics, and MathewWilliams made a presentation on
heterogeneity of soils and vegetation in the Tapaj6s national
forest.

Also in June, Anne Giblin presented a poster at the
American Society for Limnology and Oceanography meet-
ing in Copenhagen on benthic primary production and
nutrient cycling in arctic lakes. John Hobbie, Michele Bahr
and George Kling of the University of Michigan presented a
paper on organic matter sources during spring runoff into
an arctic lake. Joe Vallino gave a talk on developing a ther-
modynamically constrained metabolic ecosystem model.
Chuck Hopkinson spoke on the estuarine metabolism of
Plum Island Sound.

At a meeting of the Southern New England chapter of
the American Fisheries Society meeting in Old Lyme,
Connecticut, in June, Jeff Hughes spoke on the loss of eel-
grass habitat and related effects on fish communities of
southeastern Massachusetts. Karen Buzby presented a
poster with Linda Deegan on long-term survival estimates
for arctic grayling in the Kuparuk River at the American
Fisheries Society meeting in St. Louis in August.

Several center scientists made presentations at the annu-
al meeting of the Ecological Society of America in Snowbird,
Utah, in August. Chris Neill gave a talk on deforestation for
pasture in Rondonia, part of an invited symposium on the
biogeochemical consequences of land-use change. Diana
Garcia-Montiel's poster described seasonal patterns of trace
gas emissions in forest and pastures of the western Brazilian
Amazon. Darrell Herbert gave a paper on a modeled analy-
sis of nitrogen and phosphorus limitation in disturbed

Meetings
In April, Jerry Melillo, Paul Steudler, Toby Ahrens and

Heidi Lux attended the annual meeting of the National
Institute for Global Environmental Change (NIGEC) at
Harvard Forest. Jerry was a speaker at the meeting.

Karen Buzby and Bruce Peterson attended the North
American Benthological Society annual meeting in June in
Keystone, Colorado. Karen presented a poster with Linda
Deegan on population dynamics of arctic grayling in the
Kuparuk River in Alaska. Bruce presented a talk, co-
authored with MaryKay Fox.

Many Ecosystems Center scientists presented posters at
the June meeting in Belem, Brazil, of the Large-Scale
Biosphere-Atmosphere Experiment in the Amazon. Diana

Gus ShaverDarrell HerbertJeff Hughes



tropical forests. Ed Rastetter spoke on nitrogen fixation.
Hanqin Tian presented two talks, one on carbon storage in
the United States from 1895 to 1993, the other on terrestrial
carbon dynamics in North America from 1860 to 1992.

Toby Ahrens, Jim Laundre and Gus Shaver attended the
annual International Thndra Experiment meeting in Abisko,
Sweden, in September. Jim presented a poster on tempera-
ture, nitrogen mineralization and their connection to
Eriophorum flowering. Gus gave a talk on interactions
between species changes and fertilizer additions over 20
years of experiments in Alaskan moist tundra.

In November, Jeff Hughes made a presentation on the
relationship of water quality to fish community structure
in southeastern New England estuaries at the New England
Estuarine Research Society meeting on Block Island. As
president of the Estuarine Research Federation, Anne Giblin
attended a meeting of the Council of Scientific Society
Presidents in Washington, D.C. in December.

Max Holmes gave a paper on the nutrient chemistry of
the Yenisey and Ob' rivers in Siberia and the evaluation
of long-term data sets at the December meeting of the
American Geophysical Union in San Francisco. Dave .
Kicklighter presented two papers at that meeting as well.

Lectures and Seminars
In March, Max Holmes spoke at the University of New

Hampshire on nutrient transport and retention along
hydrologic flow paths. Hanqin Tian gave a seminar at the
University of Pennsylvania's Department of Earth and
Environmental Science. Jerry Melillo lectured at Colorado
State University on factors affecting carbon sequestration
in North America.

Chuck Hopkinson gave an overview of the Plum Island
Sound LTER project at the University of Massachusetts in
Boston in March. In April, he spoke at the University of
Virginia on the effects of land-use change and sea-level rise
on estuarine and watershed biogeochemistry of the Plum
Island ecosystem.

In April, Anne Giblin gave a seminar at Cornell University
on the effects of salinity on nitrogen metabolism in estuar-
ies. Ed Rastetter also lectured at Cornell in April, teaching
modeling to ecology students for two weeks.

Linda Deegan spoke at a conference hosted by the
Association for the Preservation of Cape Cod, Three Bays
Preservation, Inc., the Cape Cod Commission and the
Center for Marine Science and Technology in May at Cape

Josh GoldsteinMardi BowlesHanqin Tian
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In November, Jeff Hughes spoke on the MBL and
coastal ecological science at the Coastal Marine Research
Symposium of the Massachusetts Wetlands Program in
Plymouth, Massachusetts. Later in the month, he made a
presentation at the Long Island Sound Research Conference
in Stamford, Connecticut, titled .~ index of biotic integrity
based on fish community structure applied to Rhode Island
and Connecticut estuaries."

Also in November, Gus Shaver conducted a seminar at
Pomona College on carbon-nuti:ient connections in global
warming and arctic tundra ecosystems. Hanqin Tian
returned to China to present a seminar at the Chinese
Academy of Sciences. Jerry Melillo lectured at the annual
meeting of the Inter-American Institute at the National
Science Foundation (NSF) in Virginia.

Committee Memberships
John Hobbie continues as chairman of the Scientific

Oversight Panel of the Florida Bay Research Program, an
interagency program studying the ecology of the bay and
the probable effects of reorganizing the water flow through
the Everglades, part of a multi-billion dollar restoration

Cod Academy. The topic of the conference was "Watersheds
at bay: Impacts of land use on coastal water quality."

Jeff Hughes was a guest lecturer in the MBL aquavets
course in May. His topic was the health of coastal ecosys-
tems. Jeff also spoke at the National Marine Fisheries
Service in Woods Hole on the decline of eelgrass and effects
on shallow-water fish communities of southern New
England.

Also in May, Knute Nadelhoffer presented a seminar
about the influence of nitrogen availability and deposition
on fine root production at the University of Minnesota.
Jerry Melillo spoke on carbon sequestration at Stanford
University.

In June, Hanqin Tian presented seminars at Nanjing
University and the Chinese Academy of Sciences in Bejing.
In July, he was invited to speak at Zhejiang University.

Hap Garritt was a guest speaker at the Coastal Ecology
Summer Science Content Institute for teachers in Newbury,
Massachusetts, in July. The course was sponsored by the
Massachusetts Department of Education and the
Massachusetts Audubon Society.

Also in July, Max Holmes spoke at the Smithsonian
Environmental Research Center in Edgewater, Maryland, on
the topic of'~ watershed perspective on nitrogen transport
and retention along hydrologic flowpaths." Joe Vallino gave
a seminar on ecosystem modeling at the University of
Virginia.

At Kansas State University in October, Knute Nadelhoffer
spoke on the role of nitrogen deposition on carbon dioxide
uptake in forests. Dave Kicklighter presented a seminar on
the Terrestrial Ecosystem Model (TEM) at the Fraunhofer
Institute for Atmospheric Environmental Research in
Garmisch -Partenkirchen, Germany.

Linda Deegan presented a seminar comparing the effects
of nutrient loading on seagrass and saltmarsh ecosystems at
a Scientific Committee on Oceanic Research (SCOR) sym-
posium at the National Academy of Sciences in Washington,
D.C., in October. In November, Linda spoke on the same
topic at the Instituto de Oceanografia of the Universidade
de Lisboa, Portugal.

Bonnie Kwiatkowski, Jim Laundre



Jeff Hughes continues to serve as associate editor of
Estuaries. He also serves as a consultant to VERSAR's pro-
ject to develop an index of biotic integrity for the Hudson
River.

Jane Thcker was appointed a member of the town of
Falmouth Coastal Resources Working Group this year.

MBL Boards and Committees
Chuck Hopkinson represents The Ecosystems Center on

the MBL's Science Council, a committee of scientists that
advises the director and trustees of the laboratory on the
scientific aspects of personnel and policy issues. Jerry
Melillo served on the search committee for the new MBL
director this year.

John Hobbie is chairman of the MBL safety committee;
Paul Steudler and Don Burnette are also members. John
also serves on the MBL/WHOI library joint advisory com-
mittee. Anne Giblin is chairman of the MBL diving control
board, and Jane Thcker is a member. Jane also serves on the
MBL's Hay Committee, which reviews employee job classifi-
cations. Linda Deegan serves on the laboratory's fellowship
committee. Bruce Peterson is on the executive committee
of the Boating Club. Bruce is also a member of the MBL's
buildings and grounds committee.

Ed Rastetter is chairman of the MBL computer advisory
committee, and Joe Vanino recently became a member. Ed
is also a member of the MBL housing committee, charged
with assessing current demand and future needs of the lab-
oratory population. Ken Foreman, Jerry Melillo and Paul
Steudler serve on the laboratory's research services and
space committee.

project. John also served this year as chairman for the
committee of visitors of the NSF Office of Polar Programs.
Each section of NSF is reviewed every three years by such a
committee.

John Hobbie is a member of the board of directors and
executive committee of the Arctic Research Consortium
(ARCUS), and Bruce Peterson is the MBL's representative to
the group. Bruce is also a member of the steering commit-
tees of the ARCSS hydrology workshop and the Russian-
American Initiative in Shelf Environments.

Throughout 2000, Jerry Melillo co-chaired the work of the
National Assessment Synthesis Team (NAST), an advisory
committee for the Global Change Research Act of 1990. In
October, NAST produced Climate Change Impacts on the
United States, which was submitted to the President and
Congress detailing the potential consequences of climate
variability and change.

Anne Giblin is serving a two-year term as the president of
the Estuarine Research Federation (ERF). She is a member
of the advisory committee of Cornell University's program
in biogeochemistry and environmental change. She is also
chairman of the advisory board of the Cooperative Institute
for Coastal and Estuarine Environmental Technology and
serves on the science board of the Cape Cod National
Seashore.

Chuck Hopkinson served for two years on the Committee
on the Causes and Management of Coastal Eutrophication,
organized by the National Research Council. The commit-
tee's report was issued in 2000.

Gus Shaver is a member of the LTER network executive
committee, ARCSS IAII executive committee and the steer-
ing committee of the Study of Environmental Arctic Change
(SEARCH). He is also a member of the steering committees
for the Global Change and Terrestrial Ecosystems (GCTE)
Network of Ecosystem Warming Studies and the GCTE
Focus 1 "Ecosystem Physiology".

Gus serves on the editorial boards of Plant and Soil and
Ecosystems and on the interdisciplinary advisory board of
Arctic, Antarctic and Alpine Research. Ed Rastetter also
serves as an editor for Ecosystems.

Heidi LuxToby Ahrens



"The
Implications for reserve design."

18

19 Stefan Bertilsson, Massachusetts Institute of
Technology/Ilnkoping University, Sweden,
"photochemical alterations of DOM: Impact on bacteria
and carbon cycling in lakes."

25 Jon Moore, National Marine Fisheries Service, "Perils and
challenges of deep-sea fisheries."

May

Rio, Berlin, Kyoto,
Buenos Aires and The Hague -important milestones or
meandering steps?"

25 Bruce Peterson, Marine Biological Laboratory, '~ UNX
project report: Cross-site synthesis of inorganic nitrogen
cycling in small streams."

February

2 Michael Neubert, Woods Hole Oceanographic Institution,
"Ecological invasions: Theory, models and data."

9 Jill Bubier, Mount Holyoke College, "Biogeochemistry of
peatlands."

16 Stuart Whipple, National Marine Fisheries Service
"Biomass trade-offs in the fisheries ecosystem of the
Northwest Atlantic: Insight from a food web."

23 Georgia Carvalho, Woods Hole Research Center, "The
political economy of Brazil's Amazon policy: A case study
of metallurgical development in the Carajas area."

September

1 Richard Houghton, Woods Hole Research Center,
"Estimates of the US terrestrial carbon balance."

8 Jason Link, National Marine Fisheries Service, "Features of
the Northwest Atlantic food web, with an emphasis on
exploited species."

15 Edward Rastetter, Marine Biological Laboratory, '~
reassessment of the standard conceptual model on
nitrogen accumulation in terrestrial ecosystems."

22 Craig Tobias, Marine Biological Laboratory, "Groundwater
discharge to fringing marshes: Effects on nitrogen cycling
and nitrogen load attenuation."

29 Jelle Atema, Marine Biological Laboratory/Boston
University Marine Program, "Do coral reefs have individual
chemical signatures useful to larval recruitment'?"

19 Bryan Shuman, Brown University, "Vegetation response to
millennia-scale climate change in North America since
the last glacial maximum."

26 Neal Scott, Woods Hole Research Center, "Quantifying
land use and land-use change effects on New Zealand's
national carbon budget."

March
October

7 Jiquan Chen, Michigan Tech and Harvard University,

"Global warming can cause soil cooling: Results from

mesocosm experiments."

14 James Manning, National Marine Fisheries Service, "Can we

track larval fish on Georges Bank?"

21 Matthew Cieri, Marine Biological Laboratory, "The utility

of otoliths for investigating the early life history of the

American eel (Anguilla rostrata): Unrealized potential and

pitfalls."
28 Suzanne Thomas, Marine Biological Laboratory, "How does

deforestation change the water chemistry of small

Amazonian streams?"

10 Robert E Chen, University of Massachusetts, Boston, "The
ECO shuttle -high resolution studies of chromophoric
dissolved organic matter (CD OM) in estuaries."

17 William A. Patterson, University of Massachusetts,
Amherst, "Paleo-evidence for long-term fluctuations in
water levels at Mary Dunn Pond, Hyannis."

November

21 Kathryn Cottingham, Dartmouth College, "Predicting algal
responses to perturbation: Does theory work?"

April December
4 David Ellsworth, Brookhaven National Laboratory,

"Regulating CO2 exchange in an evergreen pine forest in
ambient and elevated atmospheric CO2."

11 Rudolf Scheltema, Woods Hole Oceanographic Institution,
"The role of dispersal and the biogeography of benthic
marine invertebrates: An historical overview."

18 George Hurtt, University of New Hampshire, "The
importance of fine-scale heterogeneity in ecosystem
structure and fluxes."

5 Byron Crump, Marine Biological Laboratory, "Microbial
diversity studies using molecular methods."

12 Andreas Teske, Woods Hole Oceanographic Institution,
"Molecular surveys of microbial populations: Examples
from deep-sea hydrothermal vents and New England salt
marshes." e
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"Multiple Resource Interactions and Ecosystem Function"
October 1995 -September 2000
Investigators: Rastetter, Shaver $400,000

NSF-MCB-9977897
"Salt Marsh Microbes and Microbial Processes: Sulfur and
Nitrogen"
September 1999 -August 2002
Investigator: Hobbie $996,839

NSF-DEB-9628860
"Nitrogen Uptake, Retention, and Cycling in Stream
Ecosystems: An Intersite 15N Tracer Experiment"
(subcontract from VIrginia Polytechnic Institute and State
University)
September 1996 -August 2000
Investigator: Peterson $327,347

NSF -OCE-9416294
"Coordination for Land -Margin Ecosystem Research (IMER)"
September 1994 -February 2000
Investigator: Hobbie $543,936NSF-DEB-9615062

"RUI: Using a Paleolimnological Approach to Assess the
Interactive Effects of Acidic Deposition and Eutrophication on
Softwater Lakes"
September 1997 -May 2000
Investigator: Giblin $15,524

NSF-OCE-9726921
"LTER: Plum Island Sound Comparative Ecosystem Study
(PISCES): Effects of Changing Land Cover, Climate and Sea
Level on Estuarine Trophic Dynamics"
January 1998 -December 2004
Investigators: Hopkinson, Deegan, Giblin, Hobbie,
Peterson, Vallino $3,359,981

NSF-DEB-9708092
"Physiological and Molecular Diversity of Atmospheric CH4
Oxidizers in Soil"
August 1997 -July 2000
Investigator: Steudler $600,000

NSF-OPP-9415411
"Primary Production in Arctic Ecosystems: Interacting
Mechanisms of Adjustments to Climate Change"
April 1995 -March 2000
Investigator: Shaver

NSF-DEB-9711626
"Terrestrial Biospheric Responses to Atmospheric Deposition
and Application to Integrated Assessment"
January 1998 -December 2000
Investigator: Rastetter $400,000

$938,750

NSF-OPP-9524740
"Contemporary Water and Constituent Balances for the Pan-
Arctic Drainage System: Continent to Coastal Ocean Fluxes"
October 1995 -August 2000
Investigator: Peterson $959,987

NSF-DEB-9726862
"Integrated, Ecological-Economic Modeling of Watersheds and
Estuaries at Multiple Scales"
October 1997 -September 2000
Investigators: Hopkinson, Vallino, Rastetter $810,000

NSF-OPP-9615949
"Key Connections in Arctic Aquatic Landscapes"
May 1997 -June 2000
Investigators: Hobbie, Deegan, Giblin, Peterson $2,989,784NSF-DEB-9810222

"The Arctic LTER Project: The Future Characteristics of Arctic
Communities, Ecosystems, and Landscapes"
October 1998 -September 2004
Investigators: Hobbie, Shaver, Peterson $4,199,882



II. U.S. Department of EnergyNSF-OPP-9615942
"Belowground Carbon Sources and Sinks in Arctic 1\mdra
Ecosystems"
April 1997 -March 2000
Investigator: Nadelhoffer $478,000

DOE DE-FC03-90ER61010
Northeast Regional Center of the National Institute for Global
Environmental Change (NIGEC) "Human Influences on Forest
Nitrogen Budgets and their Implications for Forest Carbon
Storage"
July 1998 -June 2001
Investigators: Melillo, Nadelhoffer, Steudler $592,800

NSF-OPP-9732281
"The Response of Carbon Cycling in Arctic Ecosystems to
Global Change: Regional and Pan-Arctic Assessments"
Aprll1998 -March 2003
Investigators: Hobbie, Rastetter, Williams $1,000,000 W/GEC-98-013

Western Regional Center of the National Institute for Global
Environmental Change (WESTGEC) "Stand Age, Productivity
and Hydraulic Conductance of Douglas Fir in the Wind River
Basin"
(subcontract from Oregon State University)
May 1998 -April200l
Investigator: Williams $39,925

NSF-OPP-9615563
"Global Change and the Carbon Balance of Arctic Ecosystems:
The Importance of Carbon-Nutrient Interactions in Soils"
April 1997 -March 2001
Investigators: Nadelhoffer, Giblin, Shaver $742,776

NSF-OPP-9614038
"Modeling Canopy Carbon and Energy Balances in the Pan-
Arctic: Scaling from Leaf to Region"
September 1996 -August 2000
Investigators: Rastetter, Shaver, WIlliams $285,707

III. National Aeronautics and Space Administration

NASA-92-08/NAGW-2669
"Changes in Biogeochemical Cycles"
(subcontract from the University of New Hampshire)
January 1991 -December 2000
Investigators: Melillo, Peterson, Steudler $3,399,743

NSF-OPP-9614253
"The Role of High Latitude Ecosystems in the Global Carbon
Cycle"
(subcontract from the University of Alaska)
September 1996 -August 2000
Investigator: Melillo $115,000

NASA-98-247
'~ Satellite- Based System for Monitoring Biogeochemical
Fluxes Between the Continental Land Mass and Coastal
Oceans: A Focus on River Plumes"
(subcontract from the University of New Hampshire)
September 1998 -August 2001
Investigator: Peterson $45,000

NSF-OPP-9714327
"LEXEN: Ecology of Microbial Systems in Extreme
Environments: The Role of Nanoflagellates in Cold and
Nutrient-Poor Arctic Freshwaters"
September 1997 -August 2001
Investigators: Hobbie, So gin $300,000

NSF-OPP-98I8I99
"Water and Constituent Fluxes Across the Eurasian Arctic:
Evolving Land-Ocean Connections over the Past 20,000 Years."
April 1999 -March 2002
Investigators: Peterson, Holmes $978,628

NASA NCC5-338
"Modeling the Biogeochemical System of the Terrestrial
Amazon: Issues for Sustainability"
(subcontract from the University of New Hampshire)
July 1998 -June 2001
Investigator: Melillo $278,895

NSF-OPP-9904392
"GCTE Conference: How Nutrient Cycles Constrain Carbon
Balances in Boreal Forests and Acrtic 1\mdra"
March 1999 -September 2000
Investigator: Nadelhoffer $25,090

NASA- NAG5-3859
"Trace Gas Fluxes Associated with Land-Cover and Land-Use
Changes in the Brazilian Amazon Basin"
February 1997 -January 2001
Investigators: Melillo, Neill, Steudler $800,000

NASA-NCC5-279
"Linking Soil Biogeochemistry to Surface Water Chemistry in
Small Drainage Basins of the Amazon"
July 1998 -December 2000
Investigators: Deegan, Neill $477,191

NSF-OPP-9911681
"Developing Process-Level Understanding of Controls on
Belowground Carbon and Nutrient Dynamics in 1\mdra
Ecosystems"
January 2000 -December 2005
Investigators: Nadelhoffer, Rastetter $2,074,085 NASA- NCC5-293

'~ Modeling Synthesis of the Impacts of Tropical Forest
Conversion on Carbon Fluxes and Storage, and on Nutrient
Dynamics in Amazonia"
July 1998 -December 2000
Investigators: Williams, Rastetter $328,673

NSF-OPP-9911278
'~quatic Ecosystem Responses to Changes in the Environment
of an Arctic Drainage Basin"
June 2000 -February 2005
Investigators: Hobbie, Peterson, Giblin, Deegan,
Vallino $3,999,991



NASA NAG5-6275 .
"The Role of Land-Cover Change in the High Latitude
Ecosystems: Implications for the Global Carbon Cycle"
(subcontract from the University of Alaska Fairbanks)
March 1998-August2001
Investigator: Peterson

97-35101-4318
"Is Forest Productivity of Old Forests Umited by Tree
Hydraulics"
(subcontract from Oregon State University)
October 1997 -September 2000
Investigators: Rastetter, Williams$74,997 $56,102

00- DG-11242343-072
"Carbon Storage and Accumulation in Forests of China"
September 2000 -August 2001
Investigator: Melillo $7,000

NASA NAG5-9515
"Biogeochemical Consequences of Agricultural Intensification
in the Amazon Basin"
May 2000 -April 2004
Investigators: Melillo, Steudler, Neill $1,092,133

VII. Electric Power Research Institute
Jv; National Oceanic and Atmospheric Administration

Electric Power Research Institute-RP33I6-04
"Vegetation/Ecosystem Modeling and Analysis Project"
September 1993 -December 2000
Investigator: Melillo $906,703

NOAA-NA770R0357
'~ Diagnostic Framework for Characterizing the Status of the
Gulf of Maine Watershed and its Contribution of Freshwater
and Constituents to the Coastal Zone"
(subcontract from The University of New Hampshire)
April 1999 -July 2001
Investigator: Peterson s$21,000

EP-P409/C187
"Carbon Cycle Linkage Project II"
February 2000 -December 2001
Investigator: Melillo $72,500

Ep.P1363/C522
"Vegetation/Ecosystem Modeling and Analysis Project II"
January 2000 -December 2001
Investigator: Melillo $55,000

NOAA- NA86RGO075
"Controls on Nitrogen Fluxes from Estuarine Sediments: The
Importance of Salinity"
(subcontract from The Woods Hole Oceanographic Institution)
March 1999 -February 2001
Investigators: Giblin, Hopkinson $164,010

VIII. Other Research Grants
v; u.s. Environmental Protection Agency

Massachusetts Water Resources Authority G2360-178D I S 138
"Harbor and Outfall Monitoring III"
(subcontract from Battelle Memorial Institute)
November 1997 -June 2001
Investigators: Giblin, Hopkinson $417,196

EPA-CR 823713-01-0
"Interaction of Factors that Control Greenhouse Gas Fluxes: A
Transect Study"
June 1995 -June 2000
Investigators: Melillo, Steudler $1,043,936

Jessie B. Cox Charitable Trust
"Integrated, Ecological-Economic Modeling of Watersheds and
Estuaries at Multiple Scales"
March 1998 -February 2001
Investigator: Hopkinson $150,000

EPA-CR 825757-01-0
"Social and Ecological Transferability of Integrated Ecological
Assessment Models"
October 1997 -September 2000
Investigator: Deegan $850,575

University Corporation for Atmospheric Research-A9912166
"Support for the National Assessment Synthesis Team"
December 1998 -May 2000
Investigators: Melillo $59,975

EPA-QT-RT-00-000511
"Enhancement of GEM to Incorporate a Water Balance'
February 2000 -February 2001
Investigator: Rastetter $79,745

EPA-QT-RT-00-001667
"Enhancement of GEM to Trace Carbon and Nitrogen Isotopes"
September 2000 -March 2002
Investigator: Rastetter $80,000

ExxonMobil Corporation
(subcontract from the Bermuda Biological Station for Research
"Investigate the Cycling of Natural and Man-made Nitrogen
Compounds Between the Atmosphere, the Land Environment
and the Ocean"
January 1997 -December 2001
Investigator: Melillo $55,000

VI. U.S. Department of Agriculture
Texaco Foundation
"Environmental Fellowship Program'
September 1990 -December 2000
Investigator: Melillo

SRS 33-CA-97-073
"PnET-IIS/TEM Model Comparison and Expansion, Phase II"
April 1997 -April 2000
Investigator: Peterson

$485,000
$83.468



ExxonMobil Corporation
"Global Change Research"
April 1994 -December 2000
Investigator: Melillo

Grants for Support of Semester in Environmental Science
and Facilities

$200,000

AndrewW: Mellon Foundation
"The Fate of Nitrogen Deposited on Forest Ecosystems: A
Comparative Study Using Repeated 15N Tracer Additions"
September 1999 -December 2002
Investigator: Staff $900,000

Andrew W. Mellon Foundation
"Semester in Environmental Science at the Marine Biological

Laboratory"
June 1996 -June 2001 $4,821,249

Davis Educational Foundation
"Semester in Environmental Science"
July 1996 -July 2001 $200,000

Massachusetts Institute ofTechnology-5700000403
"MBL-MIT Cooperative Research Activity"
July 1997 -December 2001
Investigator: Melillo

The Burroughs WellcomeFund
"Semester in Environmental Science"
March 1996 -March 2000$313,219 $100,000

The Starr Foundation
"Semester in Environmental Science"
December 1997 -December 2001 $500,000

Anonymous
"The Ecological Impact of Economic Development in the Plum
Island Watershed"
February 2000 -February 2001
Investigator: Hopkinson $40,000 Charles E. Culpeper Foundation

"Semester in Environmental Science"
April1997-April2000 $150,000

The Catherine Filene Shouse Foundation
"Semester in Environmental Science"
December 2000 -December 2001 $13,000

Greg Peterson

Debbie Scanlon

Sarah Morrisseau, Tori ZiemannDixie Bertkel



2000 Income

NASA 11%
NSF-DEB 18%

EPA 5%

DOE 1%

RES 5%

MBL2%

PRNATE 3%

aTHER 6%

SES 6%

NSF-OPP 28%NSF-OTHER 5%

NSF-OCE 10%

2000 Expense

CAPITAL 2%

SUBCONTRACTS 15%

OVERHEAD 25%

OPERAllNG 17%

PERSONNEL 41%

the income of the center comes from grants for basic
research from government agencies. The other 16%
comes from gifts and grants from private foundations,
including support for the Semester in Environmental
Science, as well as from institutional support for admin-
istration and income from the center's reserve and
endowment funds.

These non-governmental funds provide flexibility for
the development of new research projects, public policy
activities and educational programs. Moreinformation
about sources of support appears in the Introduction to
The Ecosystems Center and in Research Grants in Effect
in 2000.

The combined total value of the center's reserve
fund and endowment at the end of 2000 was $6,408,805.
Income from the reserve fund and endowment helps
defray the costs of operations, writing proposals, con-
sulting for government agencies and the center's semi-
nar program.

Over the years since it was founded in 1975, the
center has received support from these foundations,
corporations and industry consortia:

Atlantic Richfield Foundation
The Burroughs Wellcome Fund
Robert Sterling Clark Foundation, Inc.
The Clowes Fund, Inc.
Conservation, Food & Health Foundation, Inc.
The Jessie B. Cox Charitable nust
Charles E. Culpeper Foundation, Inc.
Arthur Vining Davis Foundations
Davis Educational Foundation
Henry L. and Grace Doherty Charitable Foundation, Inc.
Electric Power Research Institute
Environmental Resources Management Group
ExxonMobil Corporation
Max C. Fleischmann Foundation
The Ford Foundation
General Electric Foundation
Grace Foundation, Inc.
The Grass Foundation
The Harken Foundation
Charles Hayden Foundation
International Business Machines Foundation
Charles A. Lindbergh Fund
The AndrewW: Mellon Foundation
NL Industries Foundation, Inc.
Jessie Smith Noyes Foundation, Inc.
Rockefeller Brothers Fund
The Rockefeller Foundation
Rowland Foundation, Inc.
Scherman Foundation, Inc.
The Catherine Filene Shouse Foundation
Phoebe Speck Sunshine Fund
The Starr Foundation
Surdna Foundation, Inc.
Sweet Water nust
Texaco Foundation
Wingwalker Initiatives



THE ECOSYSTEMS CENTER
MARINE BIOLOGICAL LABORATORY

7 MBL Street, Woods Hole, Massachusetts 02543-1031
(508) 548-3705
Internet: info@mbl.edu
MBL home page: http://www.mbl.edu




