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INTRODUCTION TO THE ECOSYSTEMS CENTER

T

he Ecosystems Center, founded in 1975, is the
largest year-round research program of the
Marine Biological Laboratory (MBL). Its mission
is to investigate the structure and functioning of
ecological systems and to predict their response to
changing environmental conditions, to apply the
resulting knowledge to the preservation and management 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, center scientists
work together on projects, combining expertise from a
wide range of disciplines 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 institutions.
Projects range from large-scale field experiments that
trace the flow of nutrients and energy through aquatic
and terrestrial ecosystems 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 environmental changes brought about
by human activities, such as urbanization, waste disposal or fossil fuel consumption.
We are interested in developing general principles
about the way ecosystems work. Although measurements and experiments take place in many locations
and on different scales, our research is unified by similarities 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 temperature and moisture
conditions, we can confidently predict its rate in an
unstudied system.
The Ecosystems Center staff currently includes 12
principal investigators and 53 research and administrative staff members. The annual operating budget
for 2001 was $8.98 million. Although research programs are funded primarily by grants from federal and
state agencies, additional support for research and
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education comes from private foundations, corporations and individual donors.
In 2001, 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 universities to the MBL campus for an intensive introduction to environmental
sciences from the perspective of ecosystem ecology.
The number of participating colleges is now 47. The
semester program is supported by the Andrew W.
Mellon Foundation and other private foundations
and donors.
What Is An Ecosystem?
All ecosystems encompass animals, plants and microbes
as well as their physical environment, linked through a
variety of biological, chemical and physical processes.
Ecosystems vary greatly in size and complexity. Sometimes
a system is defined by easily distinguishable natural boundaries. A study of the effects of fish predation on species of
plankton , for example, might make use of the natural
boundaries of a lake ecosystem. Sometimes the particular
question under study defines the boundaries of a system. A
study of the sources of nutrients affecting planktonic algae
in a lake, for example, might require that the ecosystem be
viewed as including the body of water in question, the
watersheds that drain into it and, possibly, the atmosphere
above it. Among the systems we study are tundra, forests,
pastures, lakes and streams, coastal estuaries and 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
species present and their abundance and by the distribution 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
the 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 factors 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 rural
land use and urban development 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
did the change in the location of Boston’s sewage outfall
affect the organisms in Boston Harbor sediments?

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? What will the effect
be on global climate? How will change in temperature and
atmospheric gas concentrations affect the productivity of
forests? What effect does the clearing of forest for pasture
have on the ecosystems of tropical 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 play a critical role in maintaining healthy
populations of the organisms that are part of them. The
organisms are likewise important to the successful functioning 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 necessary to maintain functional ecosystems? If the loss of one
species does not result in measurable change, would the
loss of 10? Or 100?
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 as well as with investigators in other centers at the
MBL and at other institutions, bringing 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 range of field sites.
Coastal studies are carried out at the Essex County
Greenbelt Association's station on Plum Island Sound.
Studies of temperate forests are conducted at Har vard
Forest in central Massachusetts. 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 São 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. Our newest
LTER site is the Plum Island Ecosystem study. At this site
on a salt marsh in northeastern Massachusetts, we study
estuarine 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 variables such as nutrient content or rates of microbial growth
and release of trace gases. The stable isotope facility is used
to estimate pathways and rates of transfer of nitrogen, carbon or sulfur in aquatic and terrestrial food webs. Recently,
center scientists have made extensive use of the DNA
sequencing facilities of the MBL’s Josephine Bay Paul
Center for Comparative Molecular Biology and Evolution to
investigate the types of microbes present in Arctic streams
and lakes and in coastal estuaries as well as seasonal
changes in these species.
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 also receives funds
for research from the Massachusetts Water Resources
Authority, the Electric Power Research Institute, the Exxon
Corporation, the Andrew W. Mellon Foundation, and the
Jessie B. Cox Charitable Trust. 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 commercial chemicals found in household products. Fidelity Foundation
has provided funding to develop integrated ecologicaleconomic 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 receives grants from the Davis Educational
Foundation, The Catherine Filene Shouse Foundation, The
Starr Foundation, Environmental Data Resource Institute
and several private donors. Burroughs Wellcome Fund, the
Charles E. Culpeper Foundation, and The Texaco
Foundation have also provided support for the center’s
educational efforts. The center works with the MBL's
Science Writing Fellowships Program, creating 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 foundation for environmental policy and management. Center
scientists are actively involved in the application of scientific knowledge to the solution of environmental problems in
a variety of ways, including briefing federal and state legislators 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.
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LINKING ECONOMIC GROWTH AND HUMAN HEALTH WITH
ENVIRONMENTAL PROTECTION

I

n late August 2002, political leaders, environmental advocates, scientists and other interested parties will gather in
Johannesburg, South Africa, for the World Summit on
Sustainable Development. This meeting is expected to focus
on coordinating economic growth with protection of the
environment, acknowledging that our success in dealing
with worldwide environmental problems will determine to
a great extent our ability to meet the goals of providing adequate food, clean water and energy, sanitation and shelter
for all.
Among the tasks of the summit will be an evaluation of
the progress of the international conventions on climate
change and biological diversity. Both conventions are products of the United Nations Conference on Environment and
Development, known as the “Earth Summit,” that was
held in Rio de Janeiro, Brazil, in 1992. Over the intervening
decade, unfortunately, we have seen relatively little progress
on ameliorating global climate change and conserving our
natural bounty of biological diversity. Atmospheric concentrations of greenhouse gases have continued to increase by
roughly 1% per year. Natural habitats continue to decrease;
wetlands and forests are disappearing at a rate between
0.5% and 1% per year. Freshwater and estuarine ecosystems
continue to deteriorate.
The scientific evidence that documents the magnitude
and consequences of these and other changes around the
globe continues to mount. Special presentations at the
upcoming summit will review the new evidence. Scientists
at The Ecosystems Center are working with colleagues from
around the world on some of the assessments that will contribute information for these reviews. John Hobbie and Gus
Shaver are participating in a pan-Arctic assessment of the
potential consequences of changes in climate. Jerry Melillo
is part of an eclectic team of medical doctors, public health
specialists, economists, ecologists, agronomists and others
who are working on an assessment of linkages between
biodiversity and human health. These assessments are
intended to provide policymakers with sound scientific
information upon which to base their decisions.
Ecosystems Center scientists involved in these and other
assessments bring years of research experience to bear on
the topics under consideration. For example, the center has
conducted a major Arctic research program since its inception. Now at least half of the center staff is involved in Arctic
field and modeling projects. Two of the five articles in this
report highlight our research on the effects of climate
change in the Arctic.
In one of these articles, Ed Rastetter, Séverine Le Dizès,
Bonnie Kwiatowski and John Hobbie describe a modeling
approach used to explore the effects of changes in climate,
atmospheric carbon dioxide and nitrogen availability on
the capacity of Alaskan tundra to store carbon. In the other,
Bruce Peterson, Max Holmes and Jim McClelland write
about their work with colleagues at the University of New
Hampshire and in Russia and Germany on a pan-Arctic
effort to estimate freshwater discharge into the Arctic
Ocean. They discuss a scenario that links increased Arctic

4

freshwater discharge with rapid climate change and
changes in ocean circulation.
In addition to climate change and biodiversity loss, participants in the Johannesburg meeting will address other
environmental issues that have the potential to affect sustainable development. The disruption of the global nitrogen cycle serves as an example. Although scientists have
been studying this problem since the 1970s, little was said
about it in Rio in 1992. Since then, two international nitrogen conferences, the first in The Netherlands in 1998 and
the second in the United States in 2001, have addressed this
global environmental problem and given it visibility. The
2001 conference attracted hundreds of scientists from
around the world, including several from The Ecosystems
Center. It was chaired by Ellis Cowling of North Carolina
State University and James Galloway of the University of
Virginia, who is a visiting scientist at the center this year.
Disruption of the global nitrogen cycle has occurred as
humans have increased their production of food and their
use of fossil fuels for energy. The manufacture and use of
nitrogen fertilizer, the planting of leguminous plants and
the burning of fossil fuels at high temperatures all add
nitrogen to the biosphere. Much of this nitrogen is reactive,
a term used to describe nitrogen compounds that move relatively freely through the environment. They are taken up
as nutrients by phytoplankton in the ocean and plants on
land, and they are involved in photochemical processes
such as the production of ozone in the lower atmosphere.
Humans are currently responsible for adding about 160
teragrams (Tg or 10 12 grams) of reactive nitrogen to the
environment each year. The manufacture and use of fertilizer in agriculture accounts for about 100 Tg of the total.
Microbes associated with leguminous plants have the
ability to convert non-reactive nitrogen gas from the
atmosphere into a reactive form of nitrogen the plant can
use to support growth. The widespread planting of legumes
accounts for about 35 Tg of the total of 160 Tg. Finally, the
burning of fossil fuels at high temperatures adds another 25
Tg of reactive nitrogen to the environment.
The effects of adding this large amount of reactive nitrogen to the environment are many, some beneficial and
some detrimental. The most obvious benefits to human
health are the increases in yields and nutritional quality of
foods needed to support a growing population with changing food preferences. Much of the “miracle of the green revolution” in the late 20th century occurred because of the
increased use of nitrogen fertilizers. But in the process of
adding reactive nitrogen to the environment, humans have
also exacerbated some health problems for themselves. For
example, respiratory and cardiac diseases can be aggravat ed by exposure to high concentrations of ozone and fine
particulate matter, both associated with the burning of
fossil fuels.
Ecosystems can also either benefit or suffer from the
addition of reactive nitrogen. For systems in which plant
growth is limited by the availability of nitrogen, such as
many of the forests of the northeastern United States, the

Jerry Melillo, John Hobbie

addition of small amounts of reactive nitrogen can increase
plant growth. On the other hand, ozone-induced injury to
trees can reduce forest productivity and raise the susceptibility of the affected trees to attack by pathogens and
insects. Reactive nitrogen contributes to the formation of
acid rain, which can devastate land and freshwater ecosystems. In addition, the flow of reactive nitrogen into estuarine and coastal waters can trigger a sequence of events that
starts with algal blooms and ends with oxygen-depleted
waters that are uninhabitable by fish and many other estuarine and marine animals.
Human disruptions of the nitrogen cycle have an effect
on water quality, food and fiber production, land and water
habitat integrity, and other key issues of sustainability.
Therefore any sustainable development plan must address
the question of how to optimize the management of reactive nitrogen in food and energy production and environmental protection. The summary statement from the 2001
International Nitrogen Conference highlights several important issues: the need for an improved understanding of the
global nitrogen cycle with an emphasis on reactive nitrogen, a greater effort to share these insights with the professionals involved in managing reactive nitrogen in the food
and energy production sectors of our economy, and a
revised mixture of regulations and incentives to encourage
development and implementation of innovative technologies and approaches to managing reactive nitrogen.
The staff of The Ecosystems Center can help society meet
the first of these three needs. A long-standing strength of
the center has been its work on the nitrogen cycle. In this

year's annual report, three of the five science articles deal
at least in part with nitrogen cycling. In one of them, Gus
Shaver, Knute Nadelhoffer, Anne Giblin and Ed Rastetter
report on what they have learned about how the composition of plant communities and resource supply, including
nitrogen availability, interact to affect plant productivity
and carbon storage in tundra ecosystems.
Two other articles focus on the production of nitrous
oxide (N2O), a gaseous form of reactive nitrogen.
Microorganisms that inhabit estuarine and marine sediments as well as upland soils can produce N2O, which
functions as a greenhouse gas in the lower portion of the
atmosphere and contributes to the destruction of the
earth's ozone shield in the stratosphere. Anne Giblin and
Chuck Hopkinson from the center and Gary Banta from
Roskilde University in Denmark report on how salinity
changes affect N 2O production and other aspects of nitrogen dynamics in the Parker River estuary in northern
Massachusetts. The other article describes a novel
approach undertaken by center scientists Diana GarciaMontiel, David Kicklighter, Jerry Melillo, Chris Neill, Paul
Steudler and Hanqin Tian and their Brazilian colleagues for
estimating the magnitude of N 2O fluxes from the forested
areas of the Amazon Basin. This approach combines field
measurements and modeling simulations.
The list of environmental issues to be discussed at the
World Summit on Sustainable Development will certainly
include more than climate change, biodiversity loss and the
disruption of the nitrogen cycle. It will also include desertification, deforestation and unsustainable forest use, and
degradation of freshwater and marine environments.
Many of these issues have reached the critical stage in
developing countries where the environment is under
stress because of poverty. For example, throughout the
developing world, the rural poor cut down forests for firewood. This creates a host of problems, including erosion,
which can damage water supplies and cripple agriculture.
In the rapidly growing urban centers of many developing
countries, air pollution from old factories, power plants,
proliferating automobiles and sulfur-rich fuels stresses the
health of both human beings and ecosystems.
These problems can be addressed, but the price tag is
high. And the big question, of course, is who will pay?
The ultimate focus of the summit in Johannesburg may
well be on the tensions between economic growth and protecting the environment. Because of the tight links between
poverty and environmental stress in developing countries,
only economic growth can help these countries out of their
environmental death spirals. At the same time, it is critical
to ensure that pursuit of economic growth does not worsen
already critical environmental stresses. The challenges are
monumental, but the consequences of not stepping up to
them are unthinkable.
Scientists, engineers and economists must work
together, along with policymakers, to find ways forward.
Ecologists have a critical role to play in these interdisciplinary teams of problem solvers.
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FROM THE RIVERS TO THE SEA: THE EFFECT OF ARCTIC FRESHWATER
DISCHARGE ON OCEAN CIRCULATION IN A CHANGING CLIMATE

H

uman activity is forcing the global climate system into
unknown territory. Climate models predict sizable
future increases in atmospheric temperatures associated
with increasing emissions of carbon dioxide (CO2) and
other greenhouse gases. Most projections show a gradual
warming trend. But what if the climate were to change suddenly and unexpectedly or to enter a series of oscillations?
In that case, human society and especially agriculture practices would face tremendous challenges in adaptation.
Prime scenarios for rapid climate change invoke shifts in
ocean circulation. In brief, the global climate system is driven by the response of the land, atmosphere and ocean to
solar radiation. Ocean circulation is responsible for a massive redistribution of salt, heat, and water that is referred to
as the thermohaline circulation (Figure 1). This transport
system keeps surface air temperatures 4-5° C warmer in
the Atlantic than at comparable latitudes in the Pacific. As
a consequence, human population centers and agriculture
extend farther north in western Europe than in North
America. The warming imparted to western Europe under
present conditions could be lost if changes in thermohaline
circulation patterns take place.
Thermohaline circulation is maintained, in part, by the
sinking of dense salty waters in the North Atlantic. This
process is referred to as North Atlantic Deep Water (NADW)
formation. Over the past 8000 years, it has been relatively
stable. But NADW formation can be inhibited if Arctic
waters are too warm or too fresh to achieve the density
required to sink to great depths. Climate models predict the
increasing movement of atmospheric moisture from lower
to higher latitudes as global temperatures increase. Thus
conditions that inhibit NADW formation are favored by
global warming.
Global temperatures have increased by about 0.6° C over
the past century. We would therefore expect that atmospheric moisture in the Arctic is already increasing. Can we
detect such changes in historical data sets? The flow of
fresh water from Arctic rivers into the ocean may be particularly useful for addressing this question because river discharge provides an integrated measure of the continental

Bruce Peterson
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water balance. Ecosystems Center scientists Bruce
Peterson, Max Holmes and Jim McClelland, along with
colleagues from the University of New Hampshire and
international collaborators in Russia and Germany, have
been examining long-term records of Eurasian Arctic river
discharge for evidence of change, possible links to major
climatic variations, and the potential significance of
increasing river discharge for ocean circulation patterns.
River flow into the Arctic Ocean is dominated by contributions from Eurasia, which contains three rivers that are
among the world’s 13 largest in terms of discharge (Figure
2). For the years from 1936 to 1999, records of total annual
discharge from the six largest Eurasian rivers show a significant positive trend (Figure 3). The average rate of increase
is 2.0 cubic kilometers per year (km3/y). Thus if we assume
that the increase started around the beginning of the 20th
century, the average annual discharge is now 200 km3/y
greater than it was 100 years ago. Measured in Sverdrups
(1 Sv = 10 6 m3/sec), the change in discharge is about
0.006 Sv.
Examination of the records for individual Eurasian Arctic
rivers reveals that increases in freshwater discharge are
widespread (Figure 4). The increase within each river
represents the cumulative effect of changes in water discharged from tributaries throughout its watershed. While
changes in some rivers are relatively small, the cumulative
effect of increases in these rivers is a sizeable increase in

Figure 1:Thermohaline circulation in the Atlantic Ocean. This circulation is part of the “global ocean conveyor belt”that redistributes
salt, heat and water throughout the global ocean. Movement of the
conveyor is maintained in part by formation of North Atlantic Deep
Water (NADW) in the polar regions. Simulations with coupled oceanatmosphere general circulation models suggest that NADW formation
could be inhibited by an increase in the flow of fresh water into the
North Atlantic.(Courtesy of Stefan Rahmstorf.)

discharge on the scale of the Eurasian Arctic as a whole.
Correspondence between variations in Eurasian river
discharge and the North Atlantic Oscillation (NAO), a
gradient in atmospheric pressure between the Arctic and
the subtropical Atlantic that varies in intensity and has
an effect on continental temperatures and precipitation,
suggests that the rivers are responding to changes in largescale hemispheric climate patterns (Figure 5). The overall
increases in discharge also correspond to documented
20th century increases in global, Arctic and Eurasian
temperatures.
Recent studies have identified changes in the seasonal
cycles of Eurasian river discharge. In particular, they point
to increases in winter and spring runoff. However, the
specific mechanisms responsible for seasonal changes in
discharge are still not clear. Continued observations of
discharge, as well as improved assessment of other compo nents of the Arctic water cycle, such as precipitation, evapotranspiration and permafrost melting, will be needed to
tease apart the processes and feedbacks responsible for the
observed changes.
Will future changes in Arctic river discharge have a significant effect on thermohaline circulation in the Atlantic
Ocean? We have no definitive answer to this question.
Given the apparent link between Arctic river discharge and
temperature over the past centur y, however, it is not unreasonable to expect that discharge will continue to increase
with future warming of the atmosphere. Indeed, such
changes are predicted by several global climate models.
Furthermore, future increases in river discharge may be

much greater than those observed to date. We examine
this scenario using the proportional relationship between
changes in atmospheric temperature (0.6 ° C) and discharge (0.006 Sv) over the past century. In its 2001 report,
the Intergovernmental Panel on Climate Change predicts
global temperature increases between 1° and 6° C by 2100.
Using an intermediate projection of 3° C and assuming that
increases in river discharge remain proportional to temperature increases, we estimate that discharge from the six
largest Eurasian rivers alone would be 1000 km3/y (or 0.03
Sv) greater by 2100.
Relatively short records of freshwater discharge for
major North American Arctic rivers make it more difficult
to estimate discharge trends from North America thus far.
However, temperature trends over North America that are
parallel to Eurasian trends over the past century suggest
that Arctic-wide increases in river discharge may be occurring. If the remainder of the pan-Arctic drainage, which
provides 59% of the total discharge, were to respond in the
same manner as the Eurasian portion drained by these six
rivers, a 3° C increase in temperature would be accompanied by a 2439 km3/y (or 0.08 Sv) increase in Arctic river
discharge overall.

Max Holmes

Figure 2: Map of the pan-Arctic watershed showing catchments and
average annual discharge of major rivers that flow into the Arctic
Ocean. Sites where North Atlantic DeepWater (NADW) is formed are
indicated by red dots.

Jim McClelland

Figure 3: Combined annual discharge from the six largest Eurasian
Arctic rivers for the years 1936-1999.
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The increases in river discharge discussed above for both
the Eurasian and pan-Arctic regions are potentially significant with respect to Atlantic Ocean thermohaline circulation over the next 100 years. Although models differ in their

Bruce Peterson,Diane Sanzone,Linda Deegan

details, most climate models predict a slowing of Atlantic
overturning within this time frame. Several models have
identified critical thresholds between 0.1 and 0.15 Sv additional fresh water input, after which NADW formation could
shut down. The increases in Arctic river discharge with a 3°C
global warming that we project would contribute a large
proportion of the additional fresh water necessary to reach
this threshold (Figure 5). Further increases in global warming after 2100 could lead to even greater increases in Arctic
river discharge. Contributions from other sources such as
the Greenland Ice Cap could provide additional fresh water
as global temperatures increase.
Model predictions of future warming may be wrong, and
extrapolations of river discharge may be in error as well.
The salient point is that increases in freshwater inputs that
are central to scenarios of changing ocean circulation and
climate may already be well underway. There is abundant
evidence from ice cores and oceanographic sediments that
points to periods in the past when formation of NADW was
apparently interrupted. Similar disruptions, with largely
unknown consequences, may be increasingly likely with
continued global warming.

3˚C
increase
3˚C
increase

Figure 4: Annual discharge for each of the six largest Eurasian Arctic
rivers for the years 1936 to 1999. Rivers are presented in geographical
order from the Severnaya Dvina in western Russia to the Kolyma in
eastern Russia.
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Figure 5: Potential future changes in global temperature and Arctic
river discharge.The temperature curve is generalized from the
Intergovernmental Panel on Climate Change 2001 report. Discharge
projections are scaled with the global warming trend in accordance
with the proportional relationship between changes in global temperature and discharge from the six largest Eurasian Arctic rivers over the
past century. “Critical forcing threshold”refers to the quantity of additional fresh water identified in certain models as sufficient to interrupt
North Atlantic Deep Water formation.

PREDICTING THE RESPONSE OF ESTUARINE NUTRIENT CYCLES TO
CHANGES IN HYDROLOGY

E

stuaries are by definition geographic areas where fresh
water from land mixes with salt water from the ocean.
Within any given estuary, however, the degree of mixing
changes over time scales ranging from hours to decades.
Tides, seasonal changes in the runoff of fresh water from
the land, and cycles of drought all affect the salinity structure of an estuary. Dams and other human alterations of
hydrological patterns may either accentuate or damp these
natural salinity changes. Along with sea-level rise, changes
in climate that affect both the timing and the amount of
precipitation in the watershed have the potential to alter
the salinity structure greatly in estuaries in the future.
Ecosystems Center scientists Anne Giblin, Chuck
Hopkinson and Jane Tucker, along with Gary Banta of
Roskilde University in Denmark, have been examining the
effects of salinity changes on rates of nitrogen cycling in
estuaries. While a considerable amount of research has
been conducted on how estuarine organisms respond to
salinity changes, we know relatively little about how nutrient cycles are altered. We hypothesize that both the magnitude and the frequency of salinity changes may have a
sizeable effect on nitrogen cycling in estuarine sediments.
Sediments play a key role in the nitrogen cycle in two
ways. First, microbes in the sediments decompose organic
matter that falls through the water column to the sediments, releasing nitrogen back into the water above. This
recycled nitrogen can be important in supporting phytoplankton growth in the water column. Second, the microbes
in the sediments remove nitrogen from the system through
a process called denitrification. Through this process, nitrogen is converted from forms such as nitrate that organisms
can use into an inert gas (N2) that escapes from the estuary.
Sedimentary denitrification is a complex microbial process
that requires several steps. In this system, denitrification is
strongly coupled to nitrification, in which ammonium is
converted into nitrate or nitrite. Thus we have to look at the
effects of salinity on several processes.
We are carrying out our study in the upper reaches of
the Parker River, one of three estuaries in the Plum Island
Sound on the northeast shore of Massachusetts (Figure 1).

Anne Giblin,Chuck Hopkinson

As is true of many estuaries, the upper reaches of the Parker
River experience large seasonal changes in salinity, ranging
from completely fresh water during spring run-off to salinities greater than 20 parts per thousand (ppt) during low
river flow in the summer (Figure 2). Superimposed on this
seasonal cycle are shorter-term fluctuations in salinity.
Changes in tidal amplitude that corresponds to spring and
neap tides drive a two-week cycle. Diurnal tides also drive a
12-hour cycle.
Nat Weston, formerly a research assistant at The
Ecosystems Center and now a graduate student at the
University of Georgia, examined the potential effect of
salinity changes on the release of ammonium from sediments through an abiotic mechanism. When salinity is low,
sediments can hold a great deal of nitrogen in the form of
ammonium that is adsorbed onto the surfaces of clay particles and other materials. When salinity increases, this
“exchangeable” nitrogen is released into the water within
the sediment (pore water) and ultimately into the water
column above. The ratio between the nitrogen adsorbed
onto particle surfaces in the sediments and the dissolved
nitrogen in the pore water depends upon both the salinity
and the number of surfaces available in the sediments. Nat
demonstrated that the ratio between adsorbed and free
nitrogen changes dramatically over the season in the upper
portion of the estuary (Figure 3). The large increase in porewater ammonium during the high-salinity summer months
contributes to the flux of ammonium from the sediments
into the water column.
The effect of salinity on microbial processes is less well
understood. Previous studies have demonstrated that rates
of denitrification in the sediments are generally higher
when the overlying water is fresh than when it is salty.
However, previous studies have not looked at the effect of

Figure 1: Plum Island Sound and its tributaries.Our study was conducted at the site marked P22 in the oligohaline (low salt) zone of the
Parker River estuary.
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salinity on denitrification rates in sediments in environments with wide fluctuations in salinity, such as occur in
the upper Parker River.
To see how denitrification rates change with changes in
salinity, we measured these rates during the spring when
the estuary is fresh and then through summer and fall. Our
results show that denitrification rates are highest in spring
and fall when salinity is lowest and that they are lowest in
summer when salinity is highest (Figure 4). These findings
are at odds with those from aquatic systems with stable
salinity regimes, where denitrification usually peaks in summer at or near the time of maximum water temperature.
Our results also show that overall rates of denitrification
in this system are quite low when compared to data from
many other temperate-zone estuaries.
One possible explanation for the low sedimentary denitrification rates is that the rapid changes in salinity have an
adverse effect on the microbes responsible for this process.
To address this question, Thomas Mondrup, a graduate
student at Roskilde University, looked at the ways in which
sedimentary nitrogen processing changed when sediments
were held at a specific salinity for some period of time, as
opposed to conditions in which salinity changed rapidly.
He found that for nitrification, the first step in sedimentary
denitrification, rates were highest when the microbes were
incubated at the same salinity as in the estuary. If they
were kept at a higher level of salinity in the laboratory, they
adapted to it but over a period of weeks. Thomas was not
able to determine whether the change represented a physiological adaptation by the bacteria or, instead, a shift in
microbial species.

To improve our understanding of how the numbers and
types of microbes in the sediments affect denitrification
rates in the estuary, we have begun a collaboration with
Anne Bernhard and David Stahl of the University of
Washington. These investigators are using molecular methods to see how the microbial community changes over the
course of the season. Their initial results suggest that the
population of organisms responsible for carrying out nitrification during the spring is largely absent in the summer.
More laboratory and field studies will determine whether
the populations of microbes responsible for sedimentary
nitrification and denitrification are limited by rapid fluctuations in salinity.

Ratio

Figure 3: Average seasonal salinity levels at site P22 in the Parker River
estuary and the ratio of the ammonium free in sediment pore water to
the total ammonium (both free and adsorbed onto sediment particles).

Figure 2:Salinity and temperature measurements made at site P22 in
the Parker River estuary as well as the amount of water flowing over
the Parker River dam located just upstream of P22 (see Figure 1).
Because the monitor failed, no salinity measurements were made during late August and early September.We estimated salinity during this
period from occasional field measurements.
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Figure 4:Seasonal rates of denitrification compared with salinity and
temperature in the Parker River estuary.

MODELING THE EFFECTS OF CLIMATE CHANGE ON CARBON STORAGE
IN ARCTIC ECOSYSTEMS

C

hanges in the amount of carbon stored in terrestrial
ecosystems can have important effects on the rate at
which carbon dioxide (CO2) accumulates in the global
atmosphere. Researchers at The Ecosystems Center have
therefore had a long-standing interest in what controls
terrestrial carbon storage. Ecosystems in the Arctic are
of particular interest in this respect because they store a
disproportionately large amount of carbon in their soils.
Although Arctic ecosystems cover only about 5% of the land
surface of the earth, they contain about 11% of the carbon
stored in soil organic matter.
If future warming increases the rate at which microbes
decompose organic matter in soil, the resulting release of
carbon could accelerate the rate of CO2 buildup in the
atmosphere. On the other hand, if increased microbial
activity transforms more nitrogen in soil organic matter into
inorganic forms that plants can use, plant production could
increase, taking up more CO2 from the atmosphere in the
process. Thus Arctic ecosystems could either take up or
release more carbon in the future, depending upon how
changes in the climate affect the balance between the
processes of decomposition in the soil and production in
vegetation.
To assess the ways in which this balance between
decomposition and production differs across the Arctic
landscape and to see how it could change over time,
Ecosystems Center researchers Séverine Le Dizès, Bonnie
Kwiatkowski, Edward Rastetter and John Hobbie conducted
a modeling study of Arctic ecosystems in the Kuparuk River
Basin in northern Alaska. The study used a modified version
of the General Ecosystem Model (GEM), developed at The
Ecosystems Center, which simulates changes in amounts of
carbon in plants and soils in response to changes in climate, atmospheric CO2 concentrations and nitrogen availability. This version of the model incorporates a new photosynthesis component that was developed and tested by
former Ecosystems Center scientist Mathew Williams.
The model was calibrated to be consistent with results
from a 10-year experiment conducted at the Arctic LongTerm Ecological Research (LTER) site at Toolik Lake, Alaska,
by Gus Shaver of The Ecosystems Center and Terry Chapin
of the University of Alaska. In this experiment, plots of tussock tundra were subjected to changes in temperature, fertilization and shading. It was also calibrated to results from
an elevated CO2 experiment conducted at the same site by
Walter Oechel of San Diego State University. Although
these experiments do not mimic the full response of tundra
ecosystems to future changes in atmospheric CO2 and
climate, they do elicit process-level changes likely to be
important in ecosystem response to future environmental
conditions.
To run the model for the Kuparuk River Basin, we adapted simulated climate data for the years 1921 through 2100
from an earlier study by David McGuire, Joy Clein and Rose
Meier of the University of Alaska, Charley Vörösmarty of
the University of New Hampshire, Mark Serreze of the
University of Colorado and Jerry Melillo and David
Kicklighter of The Ecosystems Center. These data were

ultimately derived from a global climate model developed
at the Hadley Centre for Climate Prediction and Research
in the United Kingdom.
Because the predictions from this climate model did not
have the spatial detail needed for this study, the data were
interpolated for 123 locations, spaced 10 kilometers apart,
throughout the Kuparuk River Basin. To make this interpolation, we obtained temperature data from the Arctic LTER
site and 12 additional sites established throughout the
basin by Larry Hinzman of the University of Alaska. These
data were then used to estimate climate gradients in the
basin. Finally, we used these gradients to interpolate the
predictions of the Hadley global climate model to each of
the 123 locations in the basin using a Geographical
Information System (GIS).
With these climate data, we ran GEM simulations at each
of the 123 locations for the years 1921 through 2100. To test
the model, we compared estimated patterns of production
across the basin during several years in the 1990s with
satellite data obtained from Alan Hope, Doug Stow and
Scott Daeschner of San Diego State University. Changes in
the satellite data over a growing season were used to calculate a seasonally integrated, normalized-difference vegetation index (SINDVI), which is a means of estimating the
productivity of a landscape by contrasting various wavelengths of light reflected by the vegetation. The spatial patterns of production simulated by the model were consistent
with the satellite data within a range of 6% to 12%.
We then used the GEM to predict changes in the amount
of carbon in this Arctic ecosystem in response to a doubling
of the concentration of atmospheric CO2 over the next 100
years and to the associated changes in climate predicted by
the Hadley climate model. Because various climate models
disagree on changes in precipitation, we analyzed responses of the GEM to two climate scenarios, one with 30% more

Ed Rastetter
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precipitation than the other over the next 100 years. The
GEM simulations were used to assess changes in both the
amount of carbon stored through time and the spatial patterns of carbon storage.
Model simulations suggest that changes in carbon storage occur on different time scales (Figure 1). On the annual
scale, Arctic ecosystems tend to lose carbon in warm years
because decomposition in soils releases more carbon than
is taken up through the production of plant tissues. On a
multiyear scale, however, the picture is a little different.
During the year following a warm year, the nitrogen
released from the soil fertilizes the vegetation, and the
ecosystems gain carbon. On the scale of the next century,
the model suggests that elevated CO2 levels would bring
about a large increase in the amount of carbon stored in
vegetation as warmer temperatures stimulate the release of
nitrogen from soil organic matter. This increase in vegeta-

tion carbon is more than enough to compensate for
decreases in soil carbon associated with warming.
GEM differentiates between carbon in vegetation and
carbon in soils. Results from model simulations show that
throughout the Kuparuk River Basin more carbon is lost
from soils under the scenario with less precipitation (“dry”)
than under the scenario with more precipitation (“wet”)
because the soils become less waterlogged (Figure 2).
However, the nitrogen released from these soils also stimulates plant production more than occurs under the wet scenario. The net result is that the whole ecosystem actually
gains more carbon under the dry scenario than under the
wet scenario.
This difference is enhanced by differences in the ability
of the ecosystem to retain nitrogen under the two climate
scenarios. Under the wet scenario, some of the nitrogen
released from the soil organic matter as the climate warms
is washed out of the ecosystem by the higher rainfall.
Under the dry scenario, much smaller amounts of nitrogen
are lost in this way, and in some locations the ecosystem
actually accumulates nitrogen from atmospheric sources.
A large amount of the increase in vegetation carbon in
both scenarios is associated with an increase in the amount
of wood in the vegetation. This prediction is consistent with

George Kling and Kristi Judd of the University of Michigan,Martin
Sommerkorn,Kei Koba of Kyoto University and Ed Rastetter celebrate
the successful test of the lighting system for their carbon-14 plant
labeling experiment at Toolik Lake,Alaska.

Séverine Le Dizès
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Bonnie Kwiatkowski

John Hobbie

observations made in field studies that the abundance of
shrubs, mostly birches and willows, is increasing in northern Alaska. The significance of this increase is that wood
stores far more carbon per unit of nitrogen than do leaves
or roots. Thus an increase in woody shrubs at the expense
of grasses and sedges can increase the amount of carbon
stored in the vegetation without increasing the amount of
nitrogen in vegetation.

Figure 1:Changes in plant production,decomposition and the rate of
carbon gain for the tussock tundra ecosystem nearToolik Lake,Alaska,
between 1920 and 2100 as predicted by the General Ecosystem Model
(GEM).The model was run with reconstructed estimates of atmospher
ic CO2 and climate through 1998 and with a predicted doubling of
atmospheric CO2 by the year 2100 and the associated changes in
climate (dry scenario).Because various climate models disagree on
changes in precipitation,a second simulation was run with a 30%
increase in precipitation relative to the dry scenario over the next
century (wet scenario).

Although our simulations with GEM suggest that Arctic
ecosystems are likely to store carbon over the next 100
years, these predictions are difficult to test against observations in the field for at least two reasons. First, the slow climatic changes that take place in average temperature and
precipitation over the long term are largely hidden in high
year-to-year variability of the weather. Second, the ecosystems themselves respond slowly and in complex ways that
involve feedbacks between soils and vegetation. The ramifi cations of these feedbacks may take decades to develop. It
is therefore important to assess results from models like the
GEM against data from long-term experiments such as
those being conducted at the Arctic LTER site.

Figure 2: Cumulative changes in the amount of carbon stored in
vegetation,soils and the whole ecosystem throughout the Kuparuk
River Basin since 1920 as predicted by the General Ecosystem Model
(GEM).The first column shows changes through 2000.The second
and third columns show changes through 2100 for two different
scenarios,one with 30% more rainfall than the other (wet and dry
scenarios).
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USING SOIL RESPIRATION TO ESTIMATE NITROUS OXIDE EMISSIONS IN
THE AMAZON BASIN

N

itrous oxide (N2O) affects processes in the earth's
atmosphere at various levels. In the lower atmosphere
it contributes to warming as a greenhouse gas, and in the
stratosphere it is involved in the destruction of ozone,
which helps to shield the earth from ultraviolet radiation.
While we know that microorganisms in the soils and sediments are responsible for a major portion of the N2O
released into the atmosphere each year, we do not have a
complete picture of the magnitude of these emissions or
their distribution around the globe.
Center scientists Diana Garcia-Montiel, David
Kicklighter, Jerry Melillo, Chris Neill, Paul Steudler and
Hanqin Tian have been working with Brazilian colleagues
Carlos Cerri, Brigitte Feigl and Marisa Piccolo from the
Centro de Energia Nuclear Na Agricultura, University of São
Paulo, on a long-term study of trace gas emissions from
soils in Rondônia, a state in the Brazilian Amazon Basin.
As part of this project, we have looked at the relationship
between the release of carbon dioxide (CO2) and N 2O emissions because soil microbes and their metabolic activity are
involved in the production of both of these gases.
We measured fluxes of N 2O and CO2 at seven forest sites
located along a 700-kilometer transect near the highway
that connects Porto Velho to Vilhena (Figure 1).
Precipitation along this transect ranges from 2.27 meters
per year in Porto Velho to 2.09 meters per year in Vilhena.
Mean annual temperatures vary from 24.4°C to 25.6°C in
Porto Velho and from 18.8°C to 20.3°C in Vilhena. Seasonal
variation is less than 4°C at all the sites. Soils along the transect vary in texture, and they include the dominant soil
types that occur in Rondônia and in the Brazilian Amazon
as a whole.
We sampled wet and dry season fluxes of N2O and CO2 at
two forest sites at Fazenda Nova Vida (Figure 1) between
1992 and 1999. We also collected samples at the other five
forest sites along the transect in October 1993 and April
1994 to examine the influence of soil texture and carbon
stocks on N 2O and CO2 emissions. At each site, we made six

Jerry Melillo
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measurements of N2O and CO2 on each sampling date,
three during the early morning and another three during
the afternoon. This sampling scheme captured fluxes during times of minimum and maximum daily temperatures.
We calculated mean daily emissions by averaging the six
measurements, and we then used these averages to estimate monthly emissions.
The relationship between N 2O and CO2 emissions shown
in Figure 2 suggests a tight linkage between the processes,
including soil respiration, microbial nitrification and denitrification, that are responsible for the production and loss
of these gases. This linkage, evidence of mutual dependency on the availability of labile organic carbon, is well documented for agricultural soils.
Our ability to estimate N 2O emissions based on CO2
emissions from tropical forest soils suggested that estimates of soil respiration derived from models such as our
Terrestrial Ecosystem Model (TEM) could be used to develop estimates of N 2O emissions for tropical forest regions.
To test this idea, we used TEM to extrapolate our empirical
relationship across tropical forests in the Amazon Basin.
TEM, a process-based model, uses spatially referenced
information on climate, elevation, soils and vegetation to
make monthly estimates of a variety of carbon and nitrogen
pools and fluxes in terrestrial ecosystems. It has recently
been shown to provide reasonable estimates of carbon fluxes at two forest sites in the Amazon Basin.
TEM does not simulate the total soil respiration, which
includes the respiration caused by microbes decomposing
detritus as well as root respiration. The TEM does calculate

Figure 1:Locations of forest sampling sites along a 700-kilometer
transect near Highway BR-364 in Rondônia,a state in the Brazilian
Amazon.

respiration from microbial decomposition and total plant
respiration (roots plus above-ground tissues). Therefore
microbial decomposition plus the fraction of total plant
respiration associated with the roots gives us the total soil
respiration. We based this root respiration fraction on esti mates made by Michael Ryan of the U.S. Forestry Service
from his data on tropical forests in Costa Rica and Hawaii.
For the Brazilian sites, we estimated root respiration fluxes to be between 27% and 35% of total soil respiration;
these values fall within the range reported in recent literature reviews. To examine the effects of this uncertainty on
estimates of N 2O emissions, we conducted a sensitivity
analysis using 30%, 35% and 40%. Thus we estimate that the
undisturbed Amazonian forest emitted an average of 0.79
teragrams (Tg = 1012 grams or 1 million metric tonnes) of
nitrogen (N) in the form of N2O per year during the years
1980 to 1995 if we assume a root respiration percentage of
35%. This basin-wide estimate drops to 0.74 Tg N per year if
we use 30%; it rises to 0.83 Tg N per year if we use 40%.
These estimates are in line with the 0.80 Tg N per year that
we estimated for the Amazon Basin for the year 1997 using
a simple approach of assuming that N2O production is a
constant fraction of the annual transformation of nitrogen
from organic to inorganic forms.
Our estimates of N 2O emissions from TEM simulations
show considerable spatial variability across the Amazon
Basin. Assuming a root respiration percentage of 35%, we
found that N 2O emissions in the model's half-degree grid
cells ranged between 0 and 268 mg N2O-N/m2 per year with

a basin-wide average of 162 N 2O-N/m2 per year. The highest estimates of N 2O emissions occurred in the northwestern portion of the basin (Figure 3). Emissions were lower in
regions with drier conditions in the east and south.
To evaluate how well the empirical relationship we have
developed for some sites applies across the entire Amazon
Basin, we compared our spatially calculated estimates of
N2O emissions to field obser vations in areas of the basin
outside of Rondônia where measurements have been made
for a year or more. Our estimated annual N 2O emission

Chris Neill

Figure 2:The correlation between N2O and CO 2 emissions from seven
forest sites in Rondônia,a state in the Brazilian Amazon.Open circles
represent monthly emissions of N2O and CO 2 from two sites at
Fazenda Nova Vida.Solid circles represent N2O and CO 2 emissions
from five additional sites at Porto Velho, Jamari,Cacaulândia,Our o
Preto and Vilhena.

Diana Garcia-Montiel
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value for the Manaus region (146 mg N2O-N/m2 per year)
was close to the average value reported from two field studies conducted there in 1989 and 1994. However, in the same
units, our estimated N 2O emissions of 143 for Paragominas
in the eastern Amazon were substantially less than the 243
reported from Fazenda Vitória, the most well studied site in
the area. It is possible that this site has some unique biogeochemical characteristics. For example, it has one of the
highest soil respiration rates ever measured in a tropical
forest site.
In order to conduct more rigorous tests of the predictive
capabilities of our approach, we need additional long-term
field observations of N2O fluxes from intact forests in the
Amazon Basin, such as those currently becoming available

from the National Aeronautics and Space Administration
(NASA) Large Scale Biosphere-Atmosphere Experiment in
Amazonia. To improve our ability to estimate N2O emissions in tropical forests, we require more data on concurrent N 2O and CO2 emissions that cover the spatial and tem poral patterns along climatic gradients. In addition, w e
need better characterization of root respiration versus
microbial respiration to improve our ability to use different
ecosystem models in extrapolating the relationship
between N2O and CO2 fluxes from soils. However, this study
suggests that estimating N 2O emissions from soil respiration measurements provides a useful approach for developing regional estimates of N 2O emissions and for examining
spatial patterns of these emissions across regions.

Figure 3: Simulation with the Terrestrial Ecosystem Model (TEM) of N2 O fluxes from tropical forests in the
Amazon Basin. Units are in milligrams of nitrogen in the form of N2O per square meter per year.

Dave Kicklighter
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DO SPECIES MATTER? THE ROLE OF PLANT COMMUNITY COMPOSITION
IN THE PRODUCTIVITY OF TUNDRA ECOSYSTEMS

I

n most terrestrial ecosystems, the availability of nitrogen,
an essential nutrient, limits the production and accumulation of living matter. As long as nitrogen availability is low,
the productivity of these ecosystems is unlikely to respond
to increases in other essential resources such as light, water
or carbon dioxide (CO2). Understanding the effects of nitrogen limitation is thus essential for developing fertilization
schemes for agriculture and forestry, for understanding the
relationship between human activities and the deposition
of nitrogen from the atmosphere, and for predicting the
long-term consequences of climate change and increases in
atmospheric CO2 levels.
Each plant community comprises a set of species with
various levels of abundance. We do not yet understand fully
what role the composition of plant communities plays in
determining ecosystem productivity under conditions of
nitrogen limitation. Does it matter what species of plants
are present in a given ecosystem and how many of each
there are, or is productivity determined solely by climate
and resource availability, including nitrogen supply?
We know that plant species differ from each other in a
number of ways that can affect their productivity, even
under otherwise constant conditions. Plant species differ in
the way they take up nitrogen from the soil as well as in the
chemical form of this element that they prefer. They also
differ in their use of nitrogen in growth and photosynthesis.
For example, some species are associated with microbes
that can take up inert nitrogen from the atmosphere and
transform it into reactive forms that plants can use. Finally,

Biomass (g m -2)
Leaves
New stems
Old stems
Inflorescence
Total
N concentration (%)
Leaves
New stems
Old stems
Inflorescence
Overall

Control

Fertilized

mean ± SE
14.46 ± 2.43
4.27 ± 0.87
49.87 ± 0.1
0.22 ± 0.1
68.83 ± 12.22

mean ± SE
74.83 ± 7.3
25.29 ± 2.86
624.44 ± 86.95
6.11 ± 1.68
730.68 ± 94.29

2.11 ± 0.01
1.73 ± 0.06
0.80 ± 0.03
1.85 ± 0.12
1.14 ± 0.07

2.58 ± 0.04
1.94 ± 0.05
0.89 ± 0.04
2.03 ± 0.03
1.11 ± 0.1

Table 1: Biomass and nitrogen concentrations in fertilized and unfertilized dwarf birch after 15 years of fertilizer additions to moist tussock
tundra at Toolik Lake,Alaska.Data are for abo veground biomass only.
Total biomass refers to the sum of the masses of the individual plant
parts. Nitrogen concentration is calculated as the total nitrogen mass
in each plant par t, divided by the mass of that part.

the decomposition of litter from different plants releases
nitrogen at different rates and in different forms.
A long-term study of the effects of individual plant
species on the productivity of nitrogen-limited ecosystems
is an important component of The Ecosystems Center's
research at Toolik Lake, located on the North Slope of
Alaska. As part of the Arctic Long Term Ecological Research
(LTER) project there, center investigators Gus Shaver, Knute
Nadelhoffer, Anne Giblin and Ed Rastetter maintain a suite
of experimental plots in which tundra plant communities
dominated by different species are subjected to a series of
long-term treatments. Our experimental manipulations
include adding nitrogen fertilizer to some plots, increasing
temperature in others, and shading yet others to reduce
available light. We conduct periodic harvests to produce a
detailed record of how changes in biomass and nitrogen
budgets in individual species contribute to changes in
production, biomass and the nitrogen stocks of the whole
plant community.
Our team has observed changes in moist tussock tundra
vegetation in response to fertilization with both nitrogen
and phosphorus that show clearly the importance of plant
community composition to ecosystem productivity. In this
experiment, the overall production and biomass of the
vegetation have doubled after 15 to 20 years of annual fertilizer additions. But one particular species, the dwarf
birch Betula nana, has increased in abundance more than
10-fold and is now the dominant species in the fertilized
plots, as the accompanying photo shows.
The long-term increase in the productivity of the fertilized plots is evident despite considerable year-to-year
variation in the productivity of both control and fertilized
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plots, which is probably linked to annual variation in
weather conditions. The strong response to fertilizer addition is clear evidence of nitrogen and/or phosphorus limitation; we know from other more detailed experiments that
nitrogen is more likely to be the limiting element in this
ecosystem.
Two characteristics of the dwarf birch affect its response
to fertilization and its contribution to the magnitude of the
overall response of the vegetation to fertilization. First, this
birch species has thin leaves with a high specific leaf area
(leaf area per unit leaf mass). Second, it has fat, rapidly
growing and branching stems. Because birch leaves are
thinner than those of other species at this research site, they
can produce a large amount of leaf area at relatively little
“cost” to the plant in terms of nitrogen and other essential
resources.
After 15-20 years of annual fertilization, birch leaf area in
our fertilized plots is more than six times that of the control
plots, and total leaf area (for all species) has doubled. But
the weight of the new leaves produced is 20% lower in fertilized than in control plots. Total apical growth, or new leaf
production plus stem elongation and flower production, is
not significantly different between fertilized and control
plots (Figure 1).
Because of its thin leaves, dwarf birch can use a much
higher proportion of its total nitrogen supply in the production of other plant parts, woody stems in particular, than
can other species with thicker leaves and higher leaf nitrogen requirements. After 15 or 20 years of treatment, more
than half of the production in our fertilized plots comprises

An experimental plot near Toolik Lake,on the North Slope of Alaska.
This plot has been fertilized with nitrogen and phosphorus annually
for 18 years.The fertilized plot, which shows a dramatic increase in
abundance of the dwarf birch Betula nana, is in the center foreground
and right side of the photograph. Unfertilized tundra is to the left and
in background.
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secondary growth, which is the production of annual rings
on existing woody stems. The increase in the secondar y
growth of dwarf birch accounts for all of the overall
increase we observed in total primary production on our
fertilized plots (Figure 1). Because fertilized birch stems
grow thicker than other species do, they can support a tall,
dense leaf canopy that develops above other plant species,
shading them and reducing their growth.
When fertilizer is added, the combination of thin leaves
and fat stems enables the dwarf birch to use the extra nitrogen more effectively than other species to produce new
biomass. Nitrogen concentrations in fertilized plants gener-

Figure 1:Annual aboveground net primary production in control and
fertilized plots of moist tussock tundra atToolik Lake,Alaska.The sections of each bar represent the contributions of each plant growth
form to apical growth or to secondary growth,the two main components of primary production.Apical growth includes new leaf production,new stems produced by extension at the tips of branches and
inflorescence (flower) production.Secondary gr
owth refers to increases
in diameter by production of annual rings in woody stems.These two
components are identified as“apical”or “wood”in the legend. Plant
species are identified as “Ev” for evergreen shrubs,“Dec”for deciduous
shrubs,“Gram” for graminoids (grasses,sedges and rushes),and “Forb
”
for herbaceous perennials.The upper panel (A) shows that productivity of the control plots varies significantly from one year to another
, as
does the relative contribution of each component to community pr
oductivity.The lower panel (B) shows how the dwarf birchBetula nana
increasingly dominated our fertilized plots over the 20-year experiment.When we sampled the plots in 1995 and 2000,we found that
all of the increase in productivity relative to the control plots was
accounted for by the woody stem growth of the dwarf birch.

ally increase, meaning that less biomass is produced per
unit of nitrogen. With the dwarf birch, however, nitrogen
concentration does not change in the plant as a whole, even
though long-term fertilization increases both nitrogen concentration and the mass of leaf and stem tissues (Table 1).
This is because stem mass increases relatively more than
leaf mass. Because birch is by far the most abundant plant
in our experimental plots after 15 or 20 years of fertilizer
addition, the overall nitrogen concentration of the vegetation in these plots is largely determined by that of the birch.

Knute Nadelhoffer

Because no other species in the moist tussock tundra has
the same combination of thin, relatively high-nitrogen
leaves and fat, relatively low-nitrogen stems as the dwarf
birch does, all of the other species produce less new biomass per unit nitrogen under fertilized conditions. Without
birch in the vegetation, the fertilized tundra would be less
productive and have lower biomass. Our experiment
shows how the composition of a plant community interacts
with a critical resource to control the productivity of an
ecosystem.

Suzanne Randazzo, Kate O’Brien and Shane Heath working on the carbon-14
addition experiment at the Arctic LTER site.

Aerial view of Toolik Field Station of the University of Alaska,location of the Arctic LTER site.
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SES: P REPARING THE NEXT GENERATION OF ENVIRONMENTAL
SCIENTISTS AND POLICYMAKERS

T

he Semester in Environmental Science (SES), offered for
the fifth time in 2001, links the Marine Biological
Laboratory (MBL) with 47 small liberal arts colleges and
universities (Table 1). Institutions that join the MBL
Consortium in Environmental Science agree to grant credit
to each of their students who complete the 16-week intensive curriculum in biogeochemistry and ecosystems science
taught each fall by the staff of The Ecosystems Center.
The goal of the SES is to help prepare the next generation
of leaders in environmental science and policymaking. The
small liberal arts colleges and universities that participate in
the SES yield more than their share of the next generation
of scientists. National Science Foundation (NSF) statistics
show that roughly 17% of all doctoral degrees in science
awarded between 1990 and 1995 went to students who
received their undergraduate degrees at a group of 25 small
liberal arts colleges; half of these colleges participate in the
SES. On a per capita basis, students at these predominantly
undergraduate institutions are three times more likely to
achieve a doctorate in science than their fellow undergraduates at the top 25 large research universities.
We are succeeding in our strategy of targeting students at
small colleges during the formative stages of their academic
careers. Of the 74 students who have completed the program during its first five years, 17 (34%) are currently
enrolled or accepted at highly competitive graduate or professional schools. Seven are currently employed in scientific
laboratories, and four are working for environmental conTable 1: Members of the MBL Consortium in
Environmental Science
Allegheny College
Bard College
Bates College
Beloit College
Bowdoin College
Brandeis University
Bryn Mawr College
Carleton College
Claremont-McKenna
College
Clarkson University
Colby College
Colgate University
Connecticut College
Dickinson College
Earlham College
Franklin & Marshall
College
Gettysburg College
Grinnell College
Hamilton College
Hampshire College
Harvey Mudd College
Haverford College
Kenyon College

Lafayette College
Lawrence University
Lynchburg College
Macalester College
Mary Washington College
Middlebury College
Mount Holyoke College
Oberlin College
Randolph-Macon Women's
College
Ripon College
Sarah Lawrence College
Skidmore College
Southwestern University (TX)
Trinity College (CT)
Trinity University (TX)
Union College (NY)
University of Richmond
Vassar College
Wabash College
Wellesley College
Wesleyan University
Wheaton College
Williams College

sulting firms. Six more are working for non-governmental
organizations or government agencies. More than threequarters of SES graduates are involved, one way or another,
in scientific and environmental pursuits.
For about one quarter of the SES students, interaction
with the MBL does not stop with the completion of the program. The Ecosystems Center has hired 15 SES graduates to
date, either as summer research assistants, interns in the
NSF Research Experience for Undergraduates program,
teaching assistants or full-time research assistants.
Six SES students to date have expanded their independent research projects into senior honors theses with
Ecosystems Center scientists as co-advisors. Many have
presented papers at professional meetings and written
peer-reviewed short reports and articles on projects undertaken during the semester at MBL or during subsequent
summer internships. Peer-reviewed publications authored
by the students and based on their work in the SES and at
The Ecosystems Center have appeared in or been submitted to the Journal of Environmental Quality, Lake and
Reservoir Management, Applied and Environmental
Microbiology and Restoration Ecology as well as the
Biological Bulletin.
A unique aspect of the SES curriculum is the interdisciplinary focus on biogeochemistry in both terrestrial and
aquatic ecosystems. The program emphasizes laboratory
and field work in biology, chemistry and mathematical
modeling. Few colleges and universities have access to both
the superb lab facilities and the diverse field sites available
in and around the MBL. Students work in freshwater ponds
and in estuaries. They also study the experimental oak and
pine forest at the municipal treatment plant in Falmouth,
which is irrigated with treated sewage effluent.
Working in teams of four, students build an understand ing of the functioning of ecosystems. They follow the fate of
organic matter and nutrients, beginning with assessments
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of stocks of the primary producers (plants and algae), next
measuring rates of production in both plants and animals,
then estimating rates of decomposition and, finally, measuring and analyzing nutrient budgets for each of the
ecosystems studied. They learn from their own data, and
they present their results to their peers.
Students also choose a specialized elective course each
semester. Two electives from a menu of seven are offered in
any one semester; mathematical modeling and microbial
methods were the choices for 2001. In addition, students
participate in a science writing seminar devoted to the art
of communicating about science to the public.
The independent research project is the highlight of the
semester. Teams of two to four students, advised by a faculty 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. The projects culminate in a day-

“One of the things I’m finding very interesting (in law
school) is that lawyers in the ‘real world’have a very
limited understanding of the science behind environmental regulations.SES was great for getting that kind
of background.”
Jeremy Arling, SES ‘99
Bowdoin College ‘01
University of Oregon Law School
“I am helping set up greenhouse gas emissions credit
trading in the EU (America is a bit behind the ball on
greenhouse gases). ...(From my SES experience) I actually know what a ‘carbon sink’is and how the scientists
calculate how much carbon was amassed by the sink.
I am lucky enough to have found a job that pays me for
using stuff I learned in college and at SES - imagine
that!”
Abbey DeRocker, SES ‘97
Bates College ‘98
trader, PreBon Energy Corp.

long symposium in Lillie Auditorium at which students present their findings to the public.
Although the major source of funding for the SES has
been the Andrew W. Mellon Foundation, which renewed its
support with an award of $1 million in December 2000,
other private foundations have made generous contributions. They include The Starr Foundation, the Davis
Educational Foundation, The Burroughs Wellcome Fund
and the Charles E. Culpeper Foundation. Generous contr ibutions from individuals, including the Sears and Osterhout
families and the Bill and Phoebe Speck Fund, have provided
significant support for scholarships. In 2001, Andrew Forbes
from Colgate University received the Sears/Osterhout scholarship. The Catherine Filene Shouse Foundation also supports a scholarship, awarded in 2001 to Elizabeth Burrows
from Mount Holyoke College.
Through the Faculty Exchange Fellowship Program, SES
provides a stipend for a visiting faculty member from one
of the consortium colleges each fall. In 2001, the faculty
fellow was Sallie Sheldon from the Department of Biology
at Middlebury College. A limnologist with an interest in
controls on invasive species, she collaborated with center
scientists Bruce Peterson and Linda Deegan on an investigation of the uses of stable isotopes as a means of analyzing
the diet of carnivorous plants.
Although there are many opportunities for undergraduates to study abroad, there are few off-campus programs in
science that offer the rigor and the opportunity to interact
with active researchers that SES provides. Occupying this
niche, the SES is helping to produce the next generation of
environmental scientists and policymakers.
Distinguished Scientist Seminar Series

September
7

William Schlesinger, Duke University, “The global carbon
cycle and the Duke Forest Free-Air CO2 Enrichments
(FACE) experiment.”
21 Sallie Chisholm, Massachusetts Institute of Technology,
“Selling out the oceans: Ocean fertilization and carbon
credits.”

October
5

Oliver Chadwick, University of California, Santa Barbara,
“Sources and fates of nutrients in Hawaiian ecosystems.”
19 Joy Zedler, University of Wisconsin, “Declining
biodiversity: Why species matter and how their functions
might be restored in California tidal marshes.”
26 Robert Howarth, Environmental Defense, “Human
alteration of the global nitrogen cycle: Impact in the
coastal zone.”

November
30 Paul Epstein, Harvard University, “Global climate
change, ecosystems instability, and emerging infectious
diseases: New threats to public health.”
Frances Johnson-Horman
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EDUCATION AT THE ECOSYSTEMS CENTER

A

lthough the Marine Biological Laboratory (MBL) does
not grant degrees, The Ecosystems Center is actively
involved in education in a variety of ways. In addition to
serving as adjunct professors, guest lecturers and members
of doctoral committees at a number of colleges and universities, investigators conduct workshops and teach in
courses given at the MBL. Senior staff members supervise
the work of postdoctoral scientists at the center. Visiting
scientists and students come to work on projects, some for
a week or two and some for a year or more.
Student Research Opportunities
The Ecosystems Center has offered many college students the opportunity to undertake summer projects at
various research sites with support from the Research
Experience for Undergraduates (REU) program of the
National Science Foundation (NSF). In 2001, Natasha
Teutsch of Wellesley College worked with Knute Nadelhoffer
and Martin Sommerkorn to estimate seasonal biomass
accumulation on tundra plots at the Arctic Long-Term
Ecological Research (LTER) site at Toolik Lake, Alaska.
Corey Lawrence of Clarkson University worked with Bruce
Peterson and Karie Slavik on determining nitrogen fixation
rates in tundra streams. Donovan Gross, a student at Utah
State University, studied nutrient limitation in four Arctic
lakes with contrasting food webs.
Other REU interns at Toolik Lake in 2001 included Jimmy
Tran of Pennsylvania State University, who used minirhizotron techniques to measure fine root growth in the tundra. Erin Steiner of Connecticut College established a
procedure for estimating re-aeration coefficients for oxygen
in Arctic streams, the first such estimates made for the
Toolik Lake region on the North Slope in Alaska.
As an REU intern at the Plum Island Sound LTER site
on the northeast coast of Massachusetts, Stephen Aldrich
of Clark University studied the influence of land use and
nitrate loading in the Ipswich River watershed. Ayora

Govignon-Berry of the University of Massachusetts at
Boston worked on the sources of dissolved organic matter
in the estuary. Libby Williams of The College of Wooster
worked with Pete Raymond on the effects of salt-marsh
haying on benthic algal biomass. Her results were published in the Biological Bulletin.
Julie Horowitz of Hampshire College and Adena
Greenbaum of Wellesley College prepared senior honors
theses on their research at the Plum Island LTER site. Both
are former students in the MBL Semester in Environmental
Science.
Two students received funding for participation in
Ecosystems Center research from the Coastal Bays of New
England program, coordinated by Ivan Valiela of the Boston
University Marine Program. They spent the summer working with Chris Neill and Ann Lezberg on Martha's Vineyard,
evaluating the consequences of vegetation management
in a coastal oak forest on nitrogen cycling and vegetation
structure. Alyson Hauxwell from the University of Michigan
examined small-scale patchiness in nitrogen concentrations in ground water along the seepage face of a relatively
undisturbed coastal pond. Her results were published in
the Biological Bulletin. Jennifer Unis from Smith College
tested the use of seepage meters to examine groundwater
flow rates and their relationship to temperature at the seepage face of the coastal pond.
Rudra Kapila came to the center from Edinburgh
University in Scotland to work on her senior thesis with her
advisor, former center scientist Mathew Williams. Mat and
Rudra are modeling water balance in a sandplain ecosystem using meteorological, hydrological, soils and vegetation data collected at the site over the last two years.
Katie Dwyer-Huppert of Clark University conducted a
dendrology project with Heidi Lux as a part of a new soil
warming experiment, investigating growth patterns and
stand history at the Har vard Forest LTER site in Petersham,
Massachusetts.
Science Education on the Local Scene
Several center staff members judged community science
fairs or assisted students in planning their science fair pro-
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Darrell Herbert

Heidi Lux

jects. Michele Bahr, Pat Micks, Jeff Evans, Pete Raymond,
Don Burnette, Jane Tucker and Sam Kelsey coached seventh
and eighth graders at the Lawrence School. Michele and
Hap Garritt judged projects at the Falmouth Academy
Science Fair. Pat also served as a judge at the Mashpee
Science Fair. Marshall Otter judged projects at the
Massachusetts State Science Fair at the Massachusetts
Institute of Technology.
Gus Shaver and Debbie Scanlon provide liaison between
the MBL and the Woods Hole Science and Technology
Partnership, which comprises local scientific institutions,
schools and businesses interested in promoting education
in science and technology. Chris Neill continues to write
his column on natural history for The Falmouth Enterprise,
a local newspaper. Jeff Hughes again taught a workshop
on the ecology of salt marshes, sponsored by the
Massachusetts Audubon Society, at the Wellfleet Bay
Wildlife Sanctuary.
Science Writing Fellowship Program
The Ecosystems Center participates each year in the
MBL's Science Writing Fellowship program. Six journalists
attended lectures and a laboratory session in June, codirected by Ken Foreman and Chris Neill. Jerry Melillo,
Kris Tholke, Chris and Ken lectured on a variety of topics
and conducted field trips to a research site on Martha's
Vineyard. One of the writers, Chris Anderson of the San
Antonio Express-News, traveled to the Arctic LTER site at
Toolik Lake, Alaska, to participate in research projects there.
Semester in Environmental Science
The Semester in Environmental Science completed its
fifth year with help from many of the center staff. John
Hobbie served as director and as a lecturer in the aquatic
ecosystems course. Ed Rastetter taught an elective course in
ecosystems 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 and
Mat Williams gave lectures for the core aquatic and terrestrial courses, and Jen Bowen, Bonnie Kwiatkowski, Pat
Micks, Marcus Gay, Tori Ziemann and Kris Tholke participated as teaching assistants. SES associate director Ken

Craig Tobias

Michele Bahr

Foreman and administrative assistant Frances JohnsonHorman kept the program running. Many other staff
members became involved in an unofficial status, helping
students with field work, lab assignments or independent
study.
Postdoctoral Scientists
Craig Tobias received his doctorate in 1999 from the
College of William and Mary, where he studied with Iris
Anderson and Elizabeth Canuel at the Virginia Institute of
Marine Science. His dissertation research concentrated on
the effects of groundwater discharge on nitrogen cycling in
fringing marshes, using combined natural gradient-isotope
tracer releases to quantify marsh processing of groundwater nitrogen loads. Craig is currently working with Bruce
Peterson, Linda Deegan and Joe Vallino on the Nitrogen
Isotope Tracer Experiment (NISOTREX) II project in the
estuaries of Plum Island Sound. The project comprises
estuary-scale nitrogen tracer experiments designed to
examine the effect of food webs on the cycling and burial
of nitrogen.
Michael Williams came to The Ecosystems Center in
2000 after two years in Brazil, where he received a visiting
scientist award from the Foundation for Research and
Development to study precipitation and river chemistry
of the Piracicaba River basin and an NSF International
Research Fellow Award to study relationships between land
use and water quality in the Amazon basin. He received his
doctorate in 1997 from the University of California at Santa
Barbara. His dissertation research focused on the effects of
prescribed burning and drought on exports of solute from
mixed-conifer catchments and their sources in the Sierra
Nevada. He is currently working with Chuck Hopkinson,
Ed Rastetter and Joe Vallino on land use, water quality and
in-stream processing of nitrogen in the Ipswich River basin
on the northeast Massachusetts coast.
Karen Buzby joined The Ecosystems Center in 1998 to
work with Linda Deegan, investigating the factors that
control Arctic grayling populations in streams on the North
Slope, Alaska. She completed her doctorate in 1998 at the
College of Environmental Science and Forestry of the State
University of New York at Syracuse, where she studied with
Charles Hall. In her dissertation research, she examined the

Sam Kelsey

23

role of hurricane disturbance on the ecological efficiency of
streams in the Luquillo Mountains of Puerto Rico. Since she
came to the center, Karen has been analyzing long-term
trends in Arctic grayling abundance and survival in the context of changes in the environment.
Martin Sommerkorn joined The Ecosystems Center in
2000 to work with Knute Nadelhoffer and Ed Rastetter on
controls on belowground carbon and nutrient dynamics in
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 dissertation, he examined spatial patterns and controls on carbon
dioxide fluxes in Siberian tundra systems. Martin also completed postdoctoral work on the coupling of net primary
productivity and methane emissions in wetlands with
Torben Christensen in Lund, Sweden, and came to The
Ecosystems Center from the National Research Center for
Environment and Health in Munich, Germany. At the center, he is conducting and coordinating an experiment using
the carbon-14 isotope as a tracer at the Arctic LTER site at
Toolik Lake, Alaska.
Peter Raymond came to The Ecosystems Center in 1999
after receiving his doctorate in chemical oceanography
from the College of William and Mary, where he studied

with James Bauer at the Virginia Institute of Marine Science.
His dissertation research focused on the age and dynamics
of carbon in estuaries. Pete’s current research makes use of
natural isotopes of carbon to study dissolved organic and
inorganic carbon pools. He is working with John Hobbie,
Chuck Hopkinson and Joe Vallino at the Plum Island Sound
LTER site, studying organic matter cycling in the Parker
River estuary and associated watershed.
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
A. 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 aspects of turbidity in the estuary. He is working with John Hobbie at the LTER sites in Massachusetts
and Alaska, studying changes in microbial activity and
community composition.
Séverine LeDizès came to The Ecosystems Center in 2000
to participate in research leading to 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 analyze responses of tundra ecosystems in
the Kuparuk River Basin of Alaska to past and projected
changes in climate and atmospheric carbon dioxide.
Séverine 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 conducted a growth simulation of individual trees in response to different climatic conditions and
pruning practices.
Mary Booth joined The Ecosystems Center in February
after completing her dissertation in ecology at Utah State
University, where she worked with Martyn Caldwell and
John Stark. Her dissertation research focused on changes
in water and nitrogen cycles associated with invasions of
annual grasses in the Great Basin. She is working with Gus
Shaver and Chris Neill on an assessment of mineral nitrogen production and the immobilization of nitrogen in
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soils at a variety of sites, including Toolik Lake, Alaska, and
Harvard Forest in central Massachusetts.
James McClelland came to The Ecosystems Center in
November to work with Bruce Peterson and Max Holmes on
a synthesis of the flux of fresh water and materials from
major rivers into the Arctic Ocean. Jim received his doctorate from Boston University in 1998, where he worked with
Ivan Valiela on using stable isotopes to track nitrogen from
terrestrial sources into estuarine food webs. After complet ing his dissertation, he spent a year as a NATO postdoctoral
fellow conducting research at the University of East Anglia
on the transport and processing of nitrogen in the Great
Ouse estuary in Norfolk, U.K. Jim then moved to the
Georgia Institute of Technology to work with Joseph
Montoya on a variety of nitrogen cycling projects from the
tropical North Atlantic to Antarctica.
Qianlai Zhuang joined the center in November to work
with Jerry Melillo in the Terrestrial Ecosystem Model (TEM)
group. He completed his doctorate in 2001 at the Institute
of Arctic Biology and Department of Biology and Wildlife of
the University of Alaska in Fairbanks, where he studied with
David McGuire. In his dissertation research, he investigated
the effects of changes in permafrost on carbon dynamics in
high-latitude ecosystems. He also examined interactions
among permafrost changes, water dynamics and fire for
their effect on carbon dynamics. Since he came to The
Ecosystems Center, Qianlai has been working on both a
biocomplexity project and a land-use and land-cover
change project.
Diane Sanzone joined the center in December after completing her doctorate at the Institute of Ecology, University
of Georgia, where she worked with Judith Meyer. Her dissertation work focused on the transfer of nutrients and organisms from aquatic to terrestrial ecosystems and their effect
on consumers in eight different terrestrial biomes. While
completing her doctorate, Diane spent a year in Iceland as
a Fulbright Scholar studying nitrogen dynamics in Arctic
rivers. She is currently working with Bruce Peterson at the
Arctic LTER site on questions related to food-web dynamics
and nutrient spiraling in Arctic streams. Nutrient spiraling
describes the movements of nitrogen molecules down a
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stream as they are taken up by organisms, released after
decomposition, and repeat the process downstream.
Heather Rueth came to The Ecosystems Center this year
after completing her doctorate in ecology at Colorado State
University, where she worked with Jill Baron of the Natural
Resource Ecology Laboratory. Her dissertation addressed
alpine forest responses to nitrogen deposition in Northern
Colorado, focusing on changes in nitrogen biogeochemical
processes with increased nitrogen availability. Heather is
working with Gus Shaver on the influence of Betula nana, a
dwarf birch, on biogeochemical processes in the Arctic. She
will be conducting field studies at the Arctic LTER site and
at the Abisko research station in Sweden.
Solange Filoso also joined the center this year after two
years at the University of São Paulo in Brazil, where she
studied the effects of land use changes and other human
activities on the export of nitrogen in tropical rivers. She
received her doctorate in 1996 at the University of
California at Santa Barbara under the guidance of John
Melack. Her dissertation research was on the importance
of throughfall and atmospheric deposition on the biogeochemistry of the Negro River, the largest tributary of
the Amazon River. She is currently working with Chuck
Hopkinson, Ed Rastetter and Joe Vallino on the simulation
of nitrogen processing and transport in the Ipswich River
basin, using a hydrochemical model.
Heather Haas received her doctorate in 2001 from the
Department of Oceanography at Louisiana State University
under the guidance of Richard Shaw and Kenneth Rose. In
her dissertation research she used statistical and simulation
modeling to examine brown shrimp population dynamics
in the northern Gulf of Mexico. Heather joined The
Ecosystems Center staff this year to investigate higher
trophic levels at the Plum Island LTER site. She is currently
working with Linda Deegan to develop a spatially-explicit,
individual-based model that simulates fish behavior in
coastal marshes.
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C.V. STARR ENVIRONMENTAL SCIENCES BUILDING
DEDICATED ON AUGUST 3, 2001

Clockwise from top:Cutting
the ceremonial ribbon at the
dedication - from left, John
Hobbie,William Speck,
director and CEO of the MBL;
Florence Davis,president of
The Starr Foundation;
Sheldon Segal,chairman of
the board of the MBL;and
Jerry Melillo.
Ms.Davis and Dr. Speck.
Margaret Clowes of The Clowes
Fund and John Hobbie.
Lobby of the Starr Building,
featuring terrazzo floor with
MBL seal.
The new C.V. Starr Building.
Photos by Beth Armstrong and
Tom Kleindinst.
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ECOSYSTEMS CENTER EVENTS AND ACTIVITIES IN 2001
Move to the C.V. Starr Environmental Sciences Building
The completion of the new C. V. Starr Environmental
Sciences Building was the highlight of 2001 for The
Ecosystems Center staff. After years of being housed in four
different buildings on the MBL campus, the staff moved
back together in the 32,000-square foot building in
September. Despite the torturous task that preceded the
move of cleaning out and packing the contents of desks,
bookshelves and files that had been accumulating, in some
cases, for decades, the occupants of the Starr Building are
very pleased with their new home.
In addition to the increased office and lab space, the staff
especially appreciates several features of the new building.
A connecting bridge between the old and new buildings
allows easy access to the Environmental Sciences
Laboratory, still in use by the center. Two conference rooms
and a 30-seat classroom provide ample meeting space for
project groups and committees. And the well equipped
kitchen and lunchroom area is an informal gathering place
for lunch, the center’s traditional Friday morning doughnuts and after-work celebrations.
The building is named in honor of Cornelius Vander Starr
in recognition of the substantial contribution to the project
made by The Starr Foundation of New York. Mr. Starr founded what is now American International Group in 1919.
Other support for the building came from The Kresge
Foundation, 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.
Honors, Awards and Promotions
Jerry Melillo was named an honorary professor of the
Institute of Geographical Sciences and Natural Resources
Research of the Chinese Academy of Sciences in recognition
of his “significant contribution to the field of ecology.” His
appointment was celebrated at a ceremony in May at the
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academy’s headquarters in Beijing. At that time he presented a lecture on climate change impacts on the United
States.
Anne Giblin was awarded an Aldo Leopold Leadership
Fellowship. The program is operated by Oregon State
University on behalf of the Ecological Society of America
with funding support from the David and Lucile Packard
Foundation. Begun in 1998, it assists environmental scientists who want to communicate science more effectively.
Anne attended training sessions in Tucson in June and
Washington, DC, in September.
Diana Garcia-Montiel was promoted from postdoctoral
scientist to staff scientist. David Kicklighter received a promotion from senior research assistant to research associate.
International Activities
In March, Gus Shaver spent three weeks as a visiting
fellow at the University of Copenhagen’s Global Change
Program, where he conducted seminars on Arctic research.
Jerry Melillo traveled to Bilthoven, The Netherlands, in
April to serve on the design committee for the Millennium
Ecosystem Assessment, an international group assessing
ecosystem changes and their effects on essential items such
as food and clean water.
Max Holmes delivered a lecture on the biogeochemistr y
of large Arctic rivers at the Centre National de la Recherche
Scientific in Rennes, France, in April. Chris Neill visited
the International Center for Tropical Agriculture in Cali,
Colombia, in April to review its program in the Amazon.
In May, John Hobbie took part in a planning workshop
for the Imandra Lake Watershed Project in Apatity, Russia,
part of a recently funded NSF project of the American
Association for the Advancement of Science and the
Institute for Ecological Economics. Its purpose was to
develop a predictive model of ecological and socio-economic conditions in a watershed affected by large-scale
industrialization.
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Anne Giblin spoke at the Gulf of St. Lawrence Estuarine
Research Society meeting in May in New Brunswick,
Canada, on the sources and importance of anthropogenic
nitrogen loading to estuaries in the northeastern United
States.
Knute Nadelhoffer traveled to Copenhagen in May as a
participant in the Carbon and Nitrogen Interaction in Forest
Ecosystems (CNTER) project workshop, an international
project linking forest carbon and nitrogen cycles. In July,
Knute traveled to Mongolia to participate in the East Asian
International Long-Term Ecological Research meeting and
experimental design workshop in Ulan Bator and the
Hovsgol National Park. His talk was on “Soil organic matter
formation: Insights from chronic manipulations of plant
inputs to soils.”
Also in July, Craig Tobias visited the Center for Estuarine
and Coastal Ecology of the Netherlands Institute for Ecology
in Yerseke. His lecture focused on insights into coastal nitrogen processing that have been gained from the addition of
staple isotopes to streams.
David Kicklighter, Jerry Melillo and Hanqin Tian attended
the July meeting of the Global Change Open Science
Conference in Amsterdam, sponsored by the World Climate
Research Programme, International Geosphere-Biosphere
Programme and the International Human Dimensions
Programme. Their poster explained potential responses of
terrestrial carbon storage to increasing atmospheric carbon
dioxide. Jerry, Dave and Hanqin also co-authored a talk,
which Jerry presented, on nitrogen controls on carbon
sequestration, and were joined by Shufen Pan in writing
four other posters and talks for the meeting.
In August, Byron Crump, Michele Bahr and John Hobbie
took part in the Ninth Annual International Symposium on
Microbial Ecology in Amsterdam and presented their poster
on microbial community shifts in an oligotrophic Arctic
tundra lake. At the same conference, Byron was also coauthor of two other posters, one on typical freshwater bacteria as analyzed with 16S rRNA sequences, and the other
on detection of typical freshwater bacteria by multiprobe
array. Michele also presented a poster on bacteria and
fungal communities in acidic and non-acidic tundra soil.
Martin Sommerkorn discussed “Developing process level
understanding of controls on below ground carbon and
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nutrient dynamics in tundra ecosystems” at the Third
International Conference on Cryopedology in Copenhagen
in August.
Jerry Melillo was reelected president of the Scientific
Committee on Problems of the Environment (SCOPE) at
the organization's General Assembly in Bremen, Germany,
in September. SCOPE is an international group that evaluates and disseminates information on anthropogenic
changes.
Max Holmes presented a talk that he wrote with Jim
McClelland and Bruce Peterson on a circumpolar perspective on fluvial sediment flux to the Arctic Ocean at the
Arctic Coastal Dynamics Conference in Potsdam, Germany,
in November.
Bruce Peterson traveled to New Zealand in November. At
the Hawthorn Institute in Nelson he lectured on comparing
nitrogen cycling in two estuaries. In Christchurch, he spoke
at the Landcare Institute on the impact of Arctic river discharge on global ocean circulation.
In November John Hobbie took part in a planning meeting in Winnipeg, Canada, to develop the freshwater ecosystems chapter for the Arctic Climate Impact Assessment.
This activity will result in a major report, similar to the
Intergovernmental Panel on Climate Change (IPCC) report,
on the impact of climate change in the Arctic. The Toolik
Lake LTER research will be featured as a regional case history.
Committee Memberships
John Hobbie continues to ser ve as chair of the sixperson Scientific Oversight Panel of the Florida Bay
Research Program, a comprehensive program of nine federal and state agencies studying the ecology of the bay, which
is the seaward extension of the Everglades National Park.
After each meeting the panel prepares detailed comments
designed to help the research program of the Florida Bay
project obtain answers to questions about how the bay has
changed in recent decades, the reasons for any changes,
and what the predicted effects will be of modifications in
the Everglades. In his role as chair, John attended the 2001
Florida Bay Science Conference in Key Largo in April.
Anne Giblin completed the second year of her term as
president of the Estuarine Research Federation. She is also
chair of the advisory board of the Cooperative Institute for
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Coastal and Estuarine Environmental Technology, a
program of the National Oceanic and Atmospheric
Administration (NOAA), based at the University of New
Hampshire.
Linda Deegan continues to serve as president of the New
England Estuarine Research Society.
Jerry Melillo is on external advisory committees for the
Directorate for Biological Sciences of the National Science
Foundation, the Natural Resources Ecology Laboratory at
Colorado State University, and the Center for the Study of
Institutions, Population, and Environmental Change at
Indiana University.
Bruce Peterson is the MBL’s representative to the Arctic
System Science (ARCSS) program of the Arctic Research
Consortium. He is also on the steering committee of the
ARCSS Russian American Land-Shelf Initiative.
Gus Shaver is a member of the LTER network executive
committee, ARCSS Land-Atmosphere-Ice-Interactions executive committee and the steering 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.”
Jane Tucker is a member of the Falmouth Coastal
Resources Working Group. Chris Neill is chair of the Cape
Cod Sierra Club, and is on the steering and communications committees of The 300 Committee Land Trust in
Falmouth. Ken Foreman serves on the board of directors of
The 300 Committee and the Land Bank, and is a member
of the Falmouth planning board and the Ashumet Plume
Nitrogen Offset Committee, charged with determining the
best strategy for using $8.5 million in Air Force Center for
Environmental Excellence funds to mitigate nitrogen
pollution in Great, Green and Bournes Ponds in Falmouth.
Chuck Hopkinson is editor-in-chief of the international
journal, Wetlands Ecology and Management. Jeff Hughes is
associate editor at Estuaries.
Gus Shaver is on the editorial board of the journals
Ecosystems and Plant and Soil and on the interdisciplinary
board of Arctic, Antarctic and Alpine Research. Ed Rastetter
is an editor of Ecosystems.

Arctic Research Commission (ARC) Activities
John Hobbie continues to serve as one of seven Arctic
Research Commission commissioners, appointed by the
President for the purpose of developing an integrated
national Arctic research policy and research program.
Meetings during the year were held in La Jolla, California,
Arlington, Virginia, and Iqaluit, Nunavut, Canada, and
Anchorage, Alaska.
Long-Term Ecological Research (LTER)
John Hobbie and Debbie Scanlon organized the Arctic
LTER planning meeting in Woods Hole in March. Center
participants were Michele Bahr, Neil Bettez, Mary Booth,
Karen Buzby, Byron Crump, Linda Deegan, MaryKay Fox,
Marcus Gay, Anne Giblin, Sam Kelsey, Bonnie Kwiatkowski,
Jim Laundre, Séverine Le Dizès, Knute Nadelhoffer, Kate
O’Brien, Bruce Peterson, Ed Rastetter, Gus Shaver, Karie
Slavik, Kama Thieler and Joe Vallino.
Heidi Lux talked on the relation of warming and carbon
storage to vegetation at the Harvard Forest LTER annual
meeting in Petersham in April. Also representing the center
were Paul Steudler, Mary Booth, Martin Sommerkorn and
Ben Colman.
Chuck Hopkinson and Hap Garritt organized the annual
meeting of the Plum Island Ecosystem LTER project, held
in Woods Hole in April. John Hobbie, Anne Giblin, Linda
Deegan, Bruce Peterson, Craig Tobias, Jeff Hughes, Jane
Tucker, Byron Crump, Michael Williams, Greg Peterson, Josh
Goldstein, Joe Vallino, Peter Raymond and Jeff Evans also
took part in the meeting.
Both the Arctic and the Plum Island Ecosystem LTER
projects had reviews this year by the National Science
Foundation (NSF). A team of five outside scientists and
several members of NSF visited the sites for two days and
wrote comprehensive assessments of the projects.
John Hobbie organized the July visit to Toolik Lake in
Alaska; the project received a good review from the NSF
team. The Plum Island review, its first by NSF, was held in
October and organized by Chuck Hopkinson. In the NSF
Ocean Sciences newsletter the review team congratulated
Chuck and the Plum Island team for “achieving so much,
and with such strength, as a new LTER.”
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Hap Garritt and Jim Laundre attended the LTER information mangers’ annual meeting in Madison in August to plan
and coordinate the LTER network’s data management.
Arctic Systems Science (ARCSS)
In February, John Hobbie, Ed Rastetter and Séverine Le
Dizès participated in the annual meeting of the LandAtmosphere-Ice Interactions (LAII) Arctic Transitions in
the Land-Atmosphere System (ATLAS) program in Victoria.
Séverine gave a talk about their work on modeling carbon
responses to temporal and spatial variations in climate in
the Arctic.
Also in February, Gus Shaver attended the International
Tundra Experiment (ITEX) Community Change Synthesis
Workshop in Boulder, Colorado.
In November, Gus Shaver and John Hobbie went to
the LAII All Scientists meeting in Salt Lake City. Martin
Sommerkorn presented information on understanding
controls on below ground carbon and nutrient dynamics in
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tundra ecosystems. Max Holmes spoke on a circumpolar
perspective on fluvial nutrient flux to the Arctic Ocean.
Calendar of other conferences and workshops
In February, Jerry Melillo and Diana Garcia-Montiel took
part in the Large Scale Biosphere-Atmosphere Experiment
in Amazonia (LBA) Conference in Atlanta; Diana gave a talk
about controls on soil nitrogen oxide emissions from forests
and pastures in the southwestern Brazilian Amazon.
Knute Nadelhoffer was a participant in a workshop on
detritus and dynamics of populations, food webs and communities at the National Center for Ecological Analysis and
Synthesis in Santa Barbara, California in April. Later that
month, he traveled to Barrow, Alaska, to give a lecture on
biogeochemistry and ecosystem carbon balances in the
Arctic as well as take part in a workshop on programs and
facilities needed for Arctic science in the Barrow region.
Jane Tucker and Anne Giblin attended the Massachusetts
Water Resources Authority workshop in Duxbury in April.

Qianlai Zhuang

Debbie Scanlon

In May, Anne Giblin, Joe Vallino and Ed Rastetter delivered talks at the Cary Conference at the Institute for
Ecosystem Studies in Milford, New York. Anne spoke on
using ecological modeling to address coastal eutrophication
problems, and Joe’s topic was viewing ecosystem biogeochemistry as an optimized metabolic network. Ed’s lecture
was a comparison of ecological model structures.
The Second International Nitrogen Conference was held
in October in Potomac, Maryland. Jerry Melillo was on the
program committee and gave a plenary lecture on “Reactive
nitrogen and public policies for environmental protection.”
Knute Nadelhoffer lectured on “Decadal scale movements
of nitrogen tracers at the Harvard Forest chronic nitrogen
study: Implications for carbon sequestration,” while Chuck
Hopkinson discussed “Predicting estuarine susceptibility to
eutrophication from nutrient loading.” Knute and Bruce
Peterson chaired half-day sessions.
In November John Hobbie participated in a National
Aeronautics and Space Administration meeting at
Rockefeller University in New York City on the oversight
panel for the safe handling and study of Mars samples to be
returned to earth in a future mission.
Later that month John met with the National Research
Council Committee evaluating the Monitoring and
Assessment Plan of the Everglades restoration project in Ft.
Meyers, Florida.

Meetings
A number of center scientists attended the American
Society of Limnology and Oceanography (ASLO) Aquatic
Sciences Meeting in Albuquerque in February. The following
made presentations: Byron Crump, (microbial biogeography along an estuarine gradient in the Parker River and
Plum Island Sound, Massachusetts, with John Hobbie and
Chuck Hopkinson); Chuck Hopkinson (effects of land use
on catchment and watershed water quality with Ed
Rastetter and Joe Vallino); Joe Vallino (modeling effects of
changes in land use on nutrient dynamics in the Ipswich
River); Craig Tobias (the fate and transport of watershed
nitrogen in a New England estuary); Neil Bettez (long-term
changes in alkalinity of Arctic lakes with John Hobbie and
Anne Giblin); Max Holmes (analysis on long-term data sets
on suspended sediment flux to the Arctic Ocean and shelf
seas from Eurasian rivers).
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Heidi Lux and Paul Steudler attended the northeast
regional National Institute for Global Environmental
Change (NIGEC) meeting, held at the Harvard Forest LTER
site in April.
At the annual meeting of the North American
Benthological Society in La Crosse, Wisconsin, in May, Max
Holmes made a presentation on nitrogen transport and
processing in large Arctic rivers, Bruce Peterson described
information from natural abundance and from experimental additions of stable isotopes, and Karie Slavik presented a
poster that she wrote with Bruce on characteristics of Arctic
streams on the North Slope of Alaska.
At the American Geophysical Union meeting in Boston
in June, the following center scientists made presentations:
Max Holmes (riverine nitrogen flux to the Arctic Ocean);
Solange Filoso (relationship of anthropogenic sources of
nitrogen and riverine export in southeastern Brazil);
Michael Williams (land use and stream chemistry in the
Ipswich River Basin in Massachusetts), and Craig Tobias
(exchange of materials between the marsh and estuary).
Jeff Hughes and Linda Deegan made a presentation on
the application of a biotic integrity index for estuarine fish
communities at the Southern New England Chapter of the
American Fisheries Society in June.
In August, center scientists who gave talks at the annual
meeting of the Ecological Society of America in Madison,
Wisconsin, included: John Hobbie (disparity between
ecosystem science and ecosystem management); Ed
Rastetter (impact of climate change on human use of the
Arctic); Ben Colman (use of nitrogen tracers in the Harvard
Forest LTER); and Jerry Melillo (an overview of the National
Assessment Climate Change Impacts on the United States);
and Qianlai Zhuang (modeling carbon dynamics of a fire
chronosequence in interior Alaska).
John Hobbie took part in September in a NOAA meeting
at Duke Marine Laboratory in Beaufort, North Carolina, to
develop a new science program, Marine Science Synthesis
and Reassessment Program.
In November, the 16th biennial conference of the
Estuarine Research Federation meeting was held in
St. Petersburg, Florida. Talks by center scientists included:
Anne Giblin (salinity effects on nitrogen dynamics in estuarine sediments); Craig Tobias (estuarine processing of
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watershed nitrogen); Chuck Hopkinson (clarifying estuarine
response to nutrient enrichment); Bruce Peterson (comparing nitrogen cycling in a fast-flushing riverine estuary with a
slow-flushing estuary); and Joe Vallino (using whole-system
nitrogen-15 tracer experiments to improve estuarine biogeochemistry models); Linda Deegan (using stable isotope
tracers to understand fish flexibility in habitat choice); and
Jeff Hughes (ecology and nutrition of Nereis diversicolor in a
New England estuary).
In December, Jerry Melillo gave a lecture at the American
Geophysical Union meeting in San Francisco on the topic
of mechanisms affecting carbon sequestration in North
America. Qianlai Zhuang presented two posters, one on fire
dynamics and implications for carbon and nitrogen cycling,
the other on modeling the effects of soil thermal dynamics
on the seasonality of carbon dioxide.
Lectures and seminars
In January, Chris Neill lectured at the Maria Mitchell
Association in Nantucket about the center’s research projects on deforestation in the Amazon and the restoration of
coastal shrub and grasslands on Cape Cod and the Islands.
Jerry Melillo was invited to Colorado State University at
Fort Collins in March to describe mechanisms responsible
for the North American carbon sink.
Chris Neill gave a talk on deforestation in the Amazon to
participants in Southern Connecticut State University’s
Institute for Science Instruction and Study during their
three-day workshop at the MBL in March. In April, Chris
lectured on the same topic at Boston University. Joe Vallino
also gave a lecture at Boston University in April and his
topic was ecosystem biogeochemistry viewed as an optimized metabolic network.
Also in April, Chris Neill spoke to the Norfolk Medical
Society in Needham, Massachusetts, on restoring coastal
shrublands and grasslands to Cape Cod and the Islands.
Later that month he described the effects of climate change
on Cape Cod to the Unitarian Universalist Society in
Falmouth.
Jeff Hughes lectured on the health of coastal ecosystems
at the AQUAVET course held at MBL in May.
In June, Jerry Melillo spoke on the subject of climate
change and the importance of regional impact assessments
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at Pennsylvania State University. Also in June, Chris Neill
talked to the Massachusetts Sierra Club on deforestation
and the future of the Amazon.
Jerry spoke at the Gordon Conference in Sunapee, New
Hampshire, in July. His talk was “Climate change - the intersection of science and policy.”
In September, Knute Nadelhoffer presented a seminar
on “Is nitrogen deposition attenuating atmospheric carbon
dioxide accumulation?” for the biology department of the
University of Pennsylvania.
Several center scientists made presentations at the
Global Change Forum for Environmental Science Writers
at their meeting in Woods Hole. Topics were: global scale
interactions of carbon and nitrogen cycles (Knute
Nadelhoffer); coastal nitrogen issues (Anne Giblin);
modeling the response of ecosystems to climate change
(Ed Rastetter); and nitrogen impacts on aquatic ecosystems
(Linda Deegan). Linda also led a field trip to the Cape Cod
National Seashore in Wellfleet.
In October, Knute presented a seminar on “Decade-scale
responses of temperate forests to nitrogen deposition: Links
to the global carbon cycle” at the National Science
Foundation in Arlington, Virginia.
Gus Shaver gave a seminar in October at Cornell
University on how the nitrogen supply interacts with
species composition to control long-term change in an
Arctic tundra ecosystem.
In November, Knute Nadelhoffer gave a seminar on
nitrogen deposition at Connecticut College.
During the fall semester, Jeff Hughes taught marine
biology at Brandeis University, where he serves as a visiting
professor.
MBL Boards and Committees
John Hobbie is chair of the MBL safety committee; Don
Burnette and Paul Steudler are members. John is also on the

joint advisory committee of the MBL/WHOI Library. Anne
Giblin is chair of the MBL diving control board and Jane
Tucker is a member. Jane also serves on the MBL’s Hay
Committee, which reviews employee job classifications.
Linda Deegan is a member of the MBL’s fellowships committee. Chuck Hopkinson is on the MBL Science Council.
Bruce Peterson is a member of the buildings and grounds
committee and the executive committee of the boating
committee. Ken Foreman and Jerry Melillo are on the
research services and space committee and Ed Rastetter is
on the housing, food service and child care committee.
Committee members for the MBL’s strategic-planning
study include Jerry Melillo, who is a member of the steering
committee and the task force on visiting scientists, Ed
Rastetter, who is on the research task force, and John
Hobbie, who is on the education task force.
Adjunct and Visiting Scientists
The center sponsors two adjunct scientists and was host
to two visiting scientists during 2001.
Paul Colinvaux is an adjunct scientist, coming here from
the Smithsonian Tropical Research Institute in Panama. In
2001, his laboratory collaborated with Georg Irion of the
Senckenberg Institute in Germany and Matti Rasanen of
Turku University in Finland in a review of all the paleoecological data bearing on the Pleistocene history of Amazonia.
This review involved field work in the Amazon and production of fresh laboratory data by M. B. Bush and P. E. De
Oliveira, and was published in December 2001 in
Amazoniana 16: 609-646. This work, together with their
publication of an Amazon Pollen Manual and Atlas in 1999
completes their 20-year effort to produce an outline history
of the Amazonian environment.
Jim Galloway is a visiting scientist from the University of
Virginia. His research is in the area of biogeochemistry and
includes works on the natural and anthropogenic controls
on chemical cycles at the watershed, regional and global
scales. His current research focuses on beneficial and detrimental effects of reactive nitrogen as it cascades among
environmental reservoirs in the atmosphere and biosphere
of the Earth. While at the center he co-chaired the Second
International Nitrogen Conference in Potomac, Maryland.
The conference was attended by over 400 people from 30
countries, including several from The Ecosystems Center.
Bob Howarth is an adjunct scientist on the center’s staff
during a leave of absence from the Department of Ecology
and Evolutionary Biology at Cornell University. Bob was a
postdoctoral and assistant scientist at the center from 1980
to 1985. On this visit, Bob and Roxanne Marino are continuing their work on controls of nitrogen fixation in tropical
forests and coastal marine ecosystems, on the development
of a national research plan for dealing with coastal nitrogen
pollution, and an analysis of trends on nitrogen use in the
U.S. over the past 40 years.
Bob Naiman is visiting the center from the University of
Washington, where he is a professor in the College of Ocean
and Fishery Sciences. His research interests focus on the
structure of dynamics of stream ecosystems, riparian vegetation, and the role of large animals in influencing ecosystem dynamics. While he is in Woods Hole, he is writing a
book on riparian ecology.
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SEMINARS AT THE ECOSYSTEMS CENTER DURING 2001
Januar y

May

9

1

24

30

Nathan Phillips, Boston University, “How tree size and
shape affect water transport to crowns.”
Ian Bowles, National Security Council, “Behind the scenes
at The Hague: The search for international agreement on
rules for curbing greenhouse gas emissions.”
John Hayes, Woods Hole Oceanographic Institution,
“Molecular-isotopic studies of geomicrobial processes.”

February
6

20

27

Matthew Charette, Woods Hole Oceanographic Institution,
“Utility of radium isotopes for evaluating the input of
groundwater-derived nitrogen to estuaries.”
Zoe Cardon, University of Connecticut, “Pulsing carbon
allocation below ground in northern red oaks - implications
for the rhizosphere.”
Bart DeStasio, Lawrence College (Semester in
Environmental Science Visiting Fellow), “Potential effects
of global warming on lakes: Physics, fishes and plankton.”

March
2
5

20

Carolyn Ruppel, Georgia Institute of Technology,
“Groundwater processes at the island-estuary interface.”
Mark Bradford, Imperial College at Silwood Park, “The
effects of soil biodiversity on ecosystem function: An
Ecotron experiment.”
Jeff Donnelly, Woods Hole Oceanographic Institution,
“Changing sea level and the development of New England
salt marshes.”

April
10

24

Giancarlo Cicchetti, Environmental Protection Agency,
“Fishes, crabs, shrimp and infauna in two shallow Rhode
Island systems: Densities, biomass, and patterns of habitat
use.”
Rick Crawford, Woods Hole Oceanographic Institution,
“Biological implications of dynamic stability in estuarine
circulation.”

8

15

22

Christopher Zappa, Woods Hole Oceanographic
Institution, “Measurements of air-water gas exchange in
the Plum Island estuary.”
Michael Pace, Institute for Ecosystems Studies, “Temporal
and regional variations in lake dissolved organic carbon
reflect linkages to lands and climate.”
Hal Walker, Environmental Protection Agency, “Climate
changes and possible consequences in the northeastern
United States.”
Steven Murawski, National Oceanic and Atmospheric
Administration, “Are marine protected areas a viable tool
for fisheries management and resource conservation?”

September
18 James Galloway, University of Virginia, “The nitrogen
cascade.”
25 Richard Hooper, United States Geological Service,
“Applying the scientific method to small catchment
studies: A review of the Panola Mountain experience.”

October
2
9

Sallie Sheldon, Middlebury College, “Diversity, and lack
thereof: Studies in a variety of benthic systems.”
Boris Worm, Dalhousie University, “Large-scale changes in
shelf and open ocean food webs due to overfishing
(meta-analysis).”

November
1

1

6

16
20

William McDowell, University of New Hampshire, “From
hillslope to globe: Factors controlling dissolved organic
carbon flux at multiple spatial scales.”
Dennis Haney, Furman University, “Effects of land use and
water chemistry on the abundance and diversity of fishes
in the Broad River basin of South Carolina.”
Knute Nadelhoffer, Marine Biological Laboratory, “Is
nitrogen deposition stimulating CO2 assimilation by
temperate forests?”
David Shull, Gordon College, “Biological mechanisms of
particle and porewater transport.”
Solange Filoso, Marine Biological Laboratory, “Land use
and nitrogen budgets of the Piracicaba River basin,
southeast Brazil.”

December
4

34

Roxanne Marino, Marine Biological Laboratory, “Controls
on planktonic nitrogen fixation in temperate lakes and
estuaries: Insights from mesocosm and microcosm
experiments.”

STAFF AT THE ECOSYSTEMS CENTER DURING 2001
Administrative Staff
John E. Hobbie, Co-Director
Ph.D., Indiana University
Jerry M. Melillo, Co-Director
Ph.D., Yale University
Kenneth H. Foreman
Associate Director of Environmental Studies Program
Ph.D., Boston University
Dorothy J. Berthel
Administrative Assistant
Suzanne J. Donovan
Executive Assistant
Massachusetts College of Art
Frances Johnson-Horman
Administrative Assistant
A. S., Newbury College
Priscilla C. Moniz
Administrative Assistant
A.S., Becker Jr. College
Guillermo Nuñez
Research Administrator
B.S., Texas A & M University
Deborah G. Scanlon
Executive Assistant
B.A., Syracuse University
Mary Ann Seifert
Administrative Assistant
B.A., Alfred University

Scientific Staff
John E. Hobbie, Senior Scientist
Ph.D., Indiana University
Charles S. Hopkinson, Senior Scientist
Ph.D., Louisiana State University
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Jerry M. Melillo, Senior Scientist
Ph.D., Yale University
Knute J. Nadelhoffer, Senior Scientist
Ph.D., University of Wisconsin
Bruce J. Peterson, Senior Scientist
Ph.D., Cornell University
Gaius R. Shaver, Senior Scientist
Ph.D., Duke University
Linda A. Deegan, Associate Scientist
Ph.D., Louisiana State University
Anne E. Giblin, Associate Scientist
Ph.D., Boston University Marine Program
Edward B. Rastetter, Associate Scientist
Ph.D., University of Virginia
Christopher Neill, Assistant Scientist
Ph.D., University of Massachusetts at Amherst
Joseph Vallino, Assistant Scientist
Ph.D., Massachusetts Institute of Technology
Paul A. Steudler, Senior Research Specialist
M.S., University of Oklahoma
Benjamin Felzer, Research Associate
Ph. D., Brown University
David W. Kicklighter, Research Associate
M.S., University of Montana
Diana C. Garcia-Montiel, Staff Scientist
Ph.D., Colorado State University
Darrell A. Herbert, Staff Scientist
Ph.D., University of Hawaii
Robert M. Holmes, Staff Scientist
Ph.D. Arizona State University
Jeffrey E. Hughes, Staff Scientist
Ph.D., University of Rhode Island
Roxanne Marino, Staff Scientist
Ph.D., Cornell University
Hanqin Tian, Staff Scientist
Ph.D., State University of New York, Syracuse
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Educational Staff Appointments
Mary S. Booth, Postdoctoral Scientist
Ph.D., Utah State University
Karen Buzby, Postdoctoral Scientist
Ph.D., State University of New York, Syracuse
Byron Crump, Postdoctoral Scientist
Ph.D., University of Washington
Solange Filoso, Postdoctoral Scientist
Ph.D., University of California, Santa Barbara
Heather Haas, Postdoctoral Scientist
Ph.D., Lousiana State University
Séverine Le Dizès, Postdoctoral Scientist
Ph.D., University of Paris
James W. McClelland, Postdoctoral Scientist
Ph.D., Boston University
Peter Raymond, Postdoctoral Scientist
Ph.D., Virginia Institute of Marine Science,
College of William and Mary
Heather M. Rueth, Postdoctoral Scientist
Ph.D., Colorado State University
Diane M. Sanzone, Postdoctoral Scientist
Ph.D., University of Georgia
Martin Sommerkorn, Postdoctoral Scientist
Ph.D., University of Kiel, Germany
Craig R. Tobias, Postdoctoral Scientist
Ph.D., Virginia Institute of Marine Science,
College of William and Mary
Michael R. Williams, Postdoctoral Scientist
Ph.D., University of California, Santa Barbara
Qianlai Zhuang, Postdoctoral Scientist
Ph.D., University of Alaska, Fairbanks

Technical Staff
Toby Ahrens, Research Assistant
B.A., Connecticut College
Michele P. Bahr, Research Assistant
M.S., University of Hawaii
Neil D. Bettez, Research Assistant
M.A., University of North Carolina at Greensboro
Donald W. Burnette, Research Assistant
M.S., Southern Illinois University
Benjamin P. Colman, Research Assistant
B.A., Carleton College
Jeffrey A. Evans, Research Assistant
B. A., Hamilton College
MaryKay Fox, Research Assistant
M.S., University of Minnesota
Robert H. Garritt, Senior Research Assistant
M.S., Cornell University
Marcus O. Gay, Research Assistant
M.S., University of North Wales, Bangor
Joshua H. Goldstein, Research Assistant
B.A., Williams College
Shaomin Hu, Research Assistant
B.S., University of Science and Technology of China
Samuel Kelsey, Research Assistant
B.S., Dickinson College
Bonnie L. Kwiatkowski, Research Assistant
M.S., University of New Hampshire
James A. Laundre, Senior Research Assistant
M.S., University of Connecticut
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Ann L. Lezberg, Research Assistant
M.S., University of Washington
John M. Logan, Research Assistant
B.A., Colby College
Heidi Lux, Research Assistant
M.S., West Virginia University
Patricia Micks, Research Assistant
M.S., University of New Hampshire
Sarah Morrisseau, Research Assistant
B.A., Connecticut College
Katherine A. O’Brien, Research Assistant
B.A., Harvard University
Marshall L. Otter, Research Assistant
Ph.D., University of Cape Town, South Africa
Shufen Pan, Research Assistant
M.S,. University of Business and Economics at Beijing,
Southwest University
G. Gregory Peterson, Research Assistant
B.A., Wesleyan University
Suzanne Randazzo, Research Assistant
B.S., University of Rhode Island
Carol Schwamb, Laboratory Assistant
University of Connecticut
Karie A. Slavik, Research Assistant
M.S., Bowling Green State University
Erica L. Stieve, Research Assistant
M.A., Boston University
Kama K. Thieler, Research Assistant
M.S., Duke University
Kristin S. Tholke, Research Assistant
M.S., University of Connecticut
Suzanne M. Thomas, Research Assistant
M.S., University of Pennsylvania
Jane Tucker, Senior Research Assistant
M.S., University of North Carolina
David S. Vasiliou, Research Assistant
B.S., Pennsylvania State University

Consultants
Francis P. Bowles, Research Systems Consultant
Principal, Research Designs
Ph.D., Harvard University
Margaret C. Bowles, Administrative Consultant
B.A., Bryn Mawr College
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GRANTS FOR RESEARCH AND EDUCATION IN EFFECT DURING 2001
I. National Science Foundation
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FSML: An Analytical Laboratory for Examination of Land Use
Change and its Consequences for Aquatic Ecosystems
September 2000 – August 2003
Investigators: Giblin, Neill
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Nitrogen”
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Investigator: Hobbie
$996,839
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Level on Estuarine Trophic Dynamics”
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$3,359,981

NSF-DEB-9708092
“Physiological and Molecular Diversity of Atmospheric CH 4
Oxidizers in Soil”
August 1997 – July 2001
Investigator: Steudler
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NSF-OPP-9415411
“Primary Production in Arctic Ecosystems: Interacting
Mechanisms of Adjustments to Climate Change”
April 1995 – March 2002
Investigator: Shaver
$1,125,125

NSF-DEB-9711626
“Terrestrial Biospheric Responses to Atmospheric Deposition
and Application to Integrated Assessment”
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NSF-OPP-9615949
“Key Connections in Arctic Aquatic Landscapes”
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“Harvard Forest: Long-Term Ecological Research”
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Investigators: Melillo, Nadelhoffer, Steudler
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“Integrated, Ecological-Economic Modeling of Watersheds and
Estuaries at Multiple Scales”
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$810,000
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“The Arctic LTER Project: The Future Characteristics of Arctic
Communities, Ecosystems, and Landscapes”
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$2,989,784
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“The Response of Carbon Cycling in Arctic Ecosystems to
Global Change: Regional and Pan-Arctic Assessments”
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$1,000,000
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“Global Change and the Carbon Balance of Arctic Ecosystems:
The Importance of Carbon-Nutrient Interactions in Soils”
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NSF-DEB-9815990
“Effects of N Deposition on Forest C Balance: Long-term
Responses at Stand and Regional Scales”
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Investigator: Nadelhoffer
$744,506
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“LEXEN: Ecology of Microbial Systems in Extreme
Environments: The Role of Nanoflagellates in Cold and
Nutrient-Poor Arctic Freshwaters”
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Investigators: Hobbie, Sogin
$300,000

NSF-DEB-9815598
“Ecosystem Controls on the Biogeochemical Processing of
Watershed-Derived Nitrogen in Tidal Rivers”
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Investigators: Peterson, Deegan, Vallino
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“Water and Constituent Fluxes Across the Eurasian Arctic:
Evolving Land-Ocean Connections over the Past 20,000 Years”
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Investigators: Peterson, Holmes
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“Predictions of Bioavailability of Riverine Dissolved Organic
Matter from Bulk Measures of Geochemical Composition”
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Investigators: Hopkinson, Vallino
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NSF-OPP-9911681
“Developing Process-Level Understanding of Controls on
Belowground Carbon and Nutrient Dynamics in Tundra
Ecosystems”
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Investigators: Nadelhoffer, Rastetter
$2,074,085
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“Aquatic Ecosystem Responses to Changes in the Environment
of an Arctic Drainage Basin”
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“LTER Cross-Site 2000: Interactions Between Climate and
Nutrient Cycling in Arctic and Subarctic Tundras”
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“Turnover and Retention of Nitrogen in an Arctic Watershed:
Links to Organic Matter Accumulation and Response to
Climate”
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NSF DEB-0108960
“Species-, Community-, and Ecosystem-Level Consequences of
the Interactions Among Multiple Resources”
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Investigators: Rastetter, Shaver
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NSF DEB-0089738
“Physiological and Molecular Diversity of Atmospheric CH 4
Oxidizers in Soil”
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Investigators: Steudler
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NSF DEB-0111410
“Nitrate Uptake and Retention in Streams: Mechanisms and
Effects of Human Disturbances from Stream Reaches to
Landscapes”
(subcontract University of Tennessee)
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$486,999
NSF OPP-0196523
“Primary Production in Arctic Ecosystems: Interacting
Mechanisms of Adjustments to Climate Change”
January 2001 – December 2003
Investigators: Shaver
$519,994
NSF ATM-0120468
“Biocomplexity: Feedbacks between Ecosystems and the
Climate System”
(subcontract from MIT)
October 2001 – September 2006
Investigator: Melillo
$1,083,333
II.U.S. Department of Energy
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 2004
Investigators: Melillo, Nadelhoffer, Steudler
$663,000
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W/GEC-98-013
Western Regional Center of the National Institute for Global
“Stand Age, Productivity and Hydraulic Conductance of
Douglas Fir in the Wind River Basin”
(subcontract from Oregon State University)
May 1998 – June 2002
Investigator: Rastetter
$39,925

III. National Aeronautics and Space Administration
NASA-92-08/NAGW-2669
“Changes in Biogeochemical Cycles”
(subcontract from the University of New Hampshire)
January 1991 – May 2002
Investigators: Melillo, Peterson, Steudler
$3,399,743
NASA-98-247
“A 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
NASA NCC5-338
“Modeling the Biogeochemical System of the Terrestrial
Amazon: Issues for Sustainability”
(subcontract from the University of New Hampshire)
July 1998 – June 2002
Investigator: Melillo
$278,895
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 2002
Investigators: Deegan, Neill
$603,267
NASA-NCC5-293
“A Modeling Synthesis of the Impacts of Tropical Forest
Conversion on Carbon Fluxes and Storage, and on Nutrient
Dynamics in Amazonia”
July 1998 – August 2002
Investigators: Williams, Rastetter
$328,673
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 – August 2001
Investigator: Peterson
$74,997
NASA NAG5-9515
“Biogeochemical Consequences of Agricultural Intensification
in the Amazon Basin”
May 2000 – April 2004
Investigators: Melillo, Steudler, Neill
$1,092,133

NASA NAG5-10135
“Predicting Changes in Regional and Global Biogeochemical
Cycles”
(subcontract from the University of New Hampshire)
January 2001 – December 2003
Investigators: Melillo, Peterson, Steudler
$540,908
NASA NAG5-10260
“A 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)
January 2001 – December 2001
Investigator: Peterson
$15,000
NASA NRA-00-OES-08
“The Role of Land Cover Change in the High Latitude
Ecosystems: Implications for Carbon Budgets in Northern
North America”
(subcontract from the University of New Hampshire)
August 2001 – July 2004
Investigators: Melillo, Kicklighter
$149,998

IV. National Oceanic and Atmospheric Administration
NOAA-NA770R0357
“A 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
$21,000
NOAA-NA86RG0075
“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

Dixie Berthel

Mary Ann Seifert

V. U.S. Environmental Protection Agency
EPA-CR 825757-01-0
“Social and Ecological Transferability of Integrated Ecological
Assessment Models”
October 1997 – September 2001
Investigator: Deegan
$850,575
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
EPA R828582 Environmental Monitoring for Public Access and
Community Tracking (EMPACT)
“Near Real Time Monitoring of Inland Suburban Waterways:
Application to Three Critical Environmental Issues Facing the
Northshore/Metro-Boston Region”
(subcontract from the Town of Ipswich)
January 2001 – December 2002
Investigator: Hopkinson
$50,843
EPA R8267701
“Atlantic Coast Environmental Indicators Consortium: Coastal
Wetlands Indicators”
(subcontract from the University of South Carolina)
July 2001 – June 2005
Investigator: Hopkinson
$373,738

VI.U.S. Department of Agriculture
00-DG-11242343-072
“Carbon Storage and Accumulation in Forests of China”
September 2000 – August 2001
Investigator: Melillo
$7,000

Sue Donovan

Bill Nuñez
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01-CA-11242343-051
“Predicting the Influence of N Deposition on Temperate Forest
Carbon Uptake and Storage Using 15N Tracers and Modeling”
September 2001 – August 2004
Investigator: Nadelhoffer
$73,182

$72,500

EP-P1363/C522
“Vegetation/Ecosystem Modeling and Analysis Project II”
January 2000 – December 2001
Investigator: Melillo
$55,000

VIII. Other Research Grants
Massachusetts Water Resources Authority G2360-178D/S138
“Harbor and Outfall Monitoring III”
(subcontract from Battelle Memorial Institute)
November 1997 – June 2002
Investigators: Giblin, Hopkinson
$417,196
Jessie B. Cox Charitable Trust
“Integrated, Ecological-Economic Modeling of Watersheds and
Estuaries at Multiple Scales”
March 1998 – February 2001
Investigator: Hopkinson
$150,000
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 2002
Investigator: Melillo
$55,000
Texaco Foundation
“Environmental Fellowship Program”
September 1990 – December 2001
Investigator: Melillo

$535,000

Nick Baldauf of Allegheny College and Liz Burrows of Mount Holyoke
college,students in the Semester in Environmental Sciences program,
analyze water samples in the laboratory.
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$300,000

Andrew W. 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

VII.Electric Power Research Institute
EP-P409/C187
“Carbon Cycle Linkage Project II”
February 2000 – December 2001
Investigator: Melillo

ExxonMobil Corporation
“Global Change Research”
April 1994 – December 2001
Investigator: Melillo

Massachusetts Institute of Technology-5700000403
“MBL-MIT Cooperative Research Activity”
July 1997 – December 2001
Investigator: Melillo

$313,219

Anonymous
“The Ecological Impact of Economic Development in the Plum
Island Watershed”
February 2000 – February 2001
Investigator: Hopkinson
$40,000

Grants for Support of Semester in Environmental Science
and Facilities
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

The Starr Foundation
“Semester in Environmental Science”
December 1997 – December 2001

$500,000

The Catherine Filene Shouse Foundation
“Semester in Environmental Science”
December 2000 - December 2001

$13,000

Environmental Data Resource Institute
“Semester in Environmental Science”
December 2001

$10,000

Heather Haas and John Ludlam of Gordon College seine for fish at
the Plum Island Ecosystem LTER.

SOURCES OF SUPPORT FOR RESEARCH AND EDUCATION

T

he annual operating budget of The Ecosystems
Center for 2001 was $8,983,937. Approximately 79%
of the income of the center comes from grants for basic
research from government agencies. The other 21%
comes from gifts and grants from private foundations,
including support for the Semester in Environmental
Science, as well as from institutional support for administration 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. More information
about sources of support appears in the Introduction to
The Ecosystems Center and in Research Grants in Effect
in 2001.
The combined total value of the center’s reserve fund
and endowment at the end of 2001 was $5,551,242.
Income from the reserve fund and endowment helps
defray the costs of operations, writing proposals,
consulting for government agencies and the center’s
seminar 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 Trust
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 Data 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 Andrew W. Mellon Foundation
NL Industries Foundation, Inc.
Jessie Smith Noyes Foundation, Inc.
The Proctor and Gamble Company
Rockefeller Brothers Fund
The Rockefeller Foundation
Rowland Foundation, Inc.
Scherman Foundation, Inc.
Ann Osterhout Edison/Theodore Miller Edison and
Olga Osterhout Sears/Harold Bright Sears Endowed
Scholarship Fund
The Catherine Filene Shouse Foundation
Bill and Phoebe Speck Fund
The Seth Sprague Education and Charitable Foundation
The Starr Foundation
Surdna Foundation, Inc.
Sweet Water Trust
Texaco Foundation
Wingwalker Initiatives

2001 Expense

2001 Income

CAPITAL 2%

NASA 11%
NSF-DEB 21%

SUBCONTRACTS 17%

EPA 2%

OVERHEAD 23%

DOE 3%
RES 7%

OPERATING 15%

MBL 2%
PRIVATE 5%
OTHER 5%
SES 7%

NSF-OPP 24%

NSF-OTHER 3%
NSF-OCE 10%

PERSONNEL 43%
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THE ECOSYSTEMS CENTER
MARINE BIOLOGICAL L ABORATORY
7 MBL Street, Woods Hole, Massachusetts 02543-1031
(508) 548-3705
The Ecosystems Center home page: http://ecosystems.mbl.edu
MBL home page: http://www.mbl.edu

