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Top right: Students collect invertebrates in a
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nitrogen-15 addition to the stream to trace
the fate of nitrogen and to identify links in the
forest stream food web. Photo by Chris Neill.
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tilling, fertilization, planting with rice or
soybeans and maintaing typical pasture
management (control). Photo by Toby Ahrens.
Bottom left: Bruce Peterson, Diane Sanzone
and Kevin Barnes sample at Ivishak Creek,
Arctic Alaska. Their investigation studies the
effect of the Arctic climate on the ecology of
streams by comparing a spring, which flows
year-round, with a nearby stream, which
freezes completely each winter. Photo by
Laura Broughton.
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Introduction to
The Ecosystems Center

The Ecosystems Center was founded in

1975 as a 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 codirectors 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
Alaska, Sweden and Russia in the 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
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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 54
research and administrative staff members.
The annual operating budget for 2002 was
$9.16 million. Although research programs
are funded primarily by grants from federal
and state agencies, additional support for
research and education comes from private
foundations, corporations and individual
donors.
In 2002, 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 59. 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 Harvard 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. The center’s Arctic research
projects are based at the University of Alaska’s
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Toolik Field Station, at the Abisko
Naturvetenskapliga Station of the Royal
Swedish Academy of Sciences, and on the
major Arctic rivers with Russian, Canadian and
German colleagues.
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, Harvard Forest and, most recently, Plum
Island Sound. The LTER projects are funded
by the National Science Foundation.
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 ExxonMobil
Corporation, the Texaco Foundation, the
Andrew W. Mellon Foundation, the
Massachusetts Environmental Trust, the
Massachusetts Institute of Technology, and the
Hudson River Foundation. The Swedish
Nature Protection Agency has supported
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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. The Jessie B. Cox Charitable Trust
has provided funding to develop integrated
ecological-economic models of the Plum
Island Sound watershed for eventual use in
watersheds at the regional scale. Funding from
the Electric Power Research Institute has supported global modeling projects.
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 Catherine Filene
Shouse Foundation, The Starr Foundation,
Environmental Data Resource Institute, and
the Worthington Family Foundation, Inc. and
several private donors. Burroughs Wellcome
Fund, the Davis Educational Foundation, 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.

Ecosystems Science: New Tools
and Methods Yield New Insights

Over the past few decades, new tools and

analytical methods have dramatically changed
the way we study ecosystems. Our tool kit
includes field recorders, mass spectrometers
and satellite sensors, and we use stable isotopes, simulation modeling and geographic
information software in our analyses. An exciting recent development is the use of molecular
methods for determining species of microbes
and their roles in ecosystem processes. Thus
armed, Ecosystems Center investigators are
gaining new insights into the structure and
functioning of ecological systems and an
increased ability to predict the consequences
of long-term changes in environmental
conditions.
Detective Uses Of Stable Isotopes
Mass spectrometers, now found in many
environmental science laboratories, have rendered measurements of the stable isotopes of
elements such as carbon, nitrogen and sulfur
almost routine. Today there are thousands of
data sets; 27 years ago, when The Ecosystems
Center was established, there were only a
handful of results. We use mass spectrometers
to measure the ratio between the concentrations of two isotopes, such as carbon-12 and
the heavier carbon-13, in samples from our
field sites. Isotope ratios in nature are often
altered by biological and physical processes in
soils, vegetation and water. These altered ratios
can be used to discover pathways and rates of
chemical processes.
Ecosystem ecologists use stable isotope
ratios to determine sources of nutrients for
plants and food for organisms farther up the
food chain. Measurements of the stable isotopes of carbon, sulfur and nitrogen in the
tissues of mussels in a salt marsh showed, to
our surprise, that the food of most of the
mussels comes from tidal ocean waters. Only
in the parts of the marsh farthest from the sea
does marsh plant material become a significant
source of food for the mussels.
A second way to use stable isotopes in
ecosystem studies is as tracers added directly
to natural systems. As they are non-toxic they
can be used anywhere, and they can be added
at very low levels. Before stable isotopes were
in regular use, investigators measured the rate

of algal uptake of nitrogen in streams by
adding ammonium at high concentrations and
deducing the rate of uptake from concentrations measured downstream. The difficulty
with this approach is that high concentrations
of ammonium added during experiments
altered rates of uptake. In contrast, when
ammonium containing the isotope nitrogen-15
is used, it is added at very low concentrations,
and the rates in the streams are unaltered.
The uptake is measured through the analysis
of nitrogen isotope ratios in the algae.
Stable isotope analysis is used by center scientists to ask questions about sources of nitrogen compounds in forests, lakes, streams and
estuaries and the controls on their movement
through systems. For example, we now know
that the average ammonium atom is removed
within about 800 meters in small streams.
Despite this rapid uptake, we also find that
concentrations of nitrogen change little as
water moves downstream. Although organisms
take up nitrogen from the water continuously,
an equal amount of this nutrient is being continually added via seepage from stream banks
and from recycling in the water as organisms
metabolize, excrete, die and are decomposed
by microbes.
The Computer Revolution
Although computers are everywhere today,
we only had access to large mainframe computers at a few research institutions when the
center began in 1975. Our ecosystem simulations were run on immense computers at the
Woods Hole Oceanographic Institution
(WHOI) or the University of New Hampshire
(UNH). At that time individual scientists had
just stopped carrying out their calculations
with slide rules or mechanical calculators and
were beginning to switch to personal microcomputers. While the introduction of computers speeded up calculation time tremendously,
it did not, however, change our approach to
research.
The big change in analytical approach
occurred with the development of spreadsheets, which run on personal computers and
combine in one program the analysis of raw
data, the construction of graphs and tables,
and data storage. Today the financial and

John Hobbie
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scientific data of the center are on spreadsheets. They allow us to plot and analyze all
the data from the past 27 years in our search
for trends and relationships. They are also the
base for the very large data sets amassed by
the Arctic and Plum Island Ecosystems LongTerm Ecological Research (LTER) projects.
Computers have also made it much easier
to track animals in the field. Investigators at
the Arctic LTER site at Toolik Lake, Alaska,
place tiny data chips beneath the skin of fish
as a means of identifying individuals. Each
summer the fish are caught, measured and
released. A quick pass with a radio frequency
source produces a signal with the identification
number of each fish. The information is then
entered into a desktop computer where a longterm data set is stored, averages and other
statistics calculated, and graphs made and
printed to illustrate articles such as the one
in this report by Linda Deegan and Bruce
Peterson. This new method of identification
replaces external tags that were often lost and
sometimes caused infection in the fish.
Another important change in our methods
occurred in the mid-1980s with the development of small computers that could be left in
the field to make continuous records of air and
soil temperature, solar radiation, precipitation
and other parameters throughout the year.
At the Arctic LTER site, data are stored over
the nine-month winter. At the Plum Island
Ecosystems LTER site, data are radioed to
a field station and immediately put on the
Internet. Small field computers also control
the temperature of the soil heating cables that
are used in long-term experimental manipulations at Harvard Forest in Petersham,
Massachusetts, and at the Abisko research
station in Sweden.
The storage capacity and speed of calculation of modern computers enables center scientists to use another modern tool, satellitemounted sensors that observe patterns of land
cover. This information, analyzed by geographic information system (GIS) software, is vital
for studying how human activity is changing
the landscape. In his article in this report on
the movement of water and nitrogen throughout the Ipswich River basin, Joe Vallino uses
GIS data to predict that by 2101 some 44% of

currently forested land will be cleared for
other uses.
The widespread availability of computers
also makes it possible for us to carry out simulation modeling of ecological processes and
future scenarios on a regular basis. The ways in
which we construct process-based models have
not changed over the years since the center
began. But the new computer interfaces are a
huge improvement over the punch cards we
carried up to WHOI or UNH. In addition, the
center now has its own large computer system
for regional and global studies, a linked system
called Beowulf that employs 64 desktop computers. Ben Felzer’s article on the effects of
ozone exposure on primary production illustrates the results of a study that depended on
the capabilities of Beowulf.
Large computer-based data sets are essential for addressing questions about environmental events or changes that occur on the
large scale or over long periods of time.
Research at every LTER site includes a core
set of long-term measurements, in addition to
individual research projects, and all LTER data
are available to everyone via the Internet. The
way we describe our data sets will be standardized from LTER site to another before long,
improving their utility for synthetic studies.
Improving Quantity And Quality Of
Chemical Measurements
Most of the analytical tools used for chemical measurements at the center have changed
relatively little over recent decades. But automated analysis has speeded up measurements
of concentrations of nitrate, phosphate and
other compounds considerably, allowing us to
process many more samples. With more measurements and replications, our confidence in
each is increased, and we have a much better
picture of variation over space and time.
Some new methods and instruments allow
us to measure processes more efficiently. For
example, the article in this report by Chris
Neill on the flow of nitrogen through Brazilian
forest and pasture watersheds notes the importance of dissolved organic nitrogen (DON) in
these systems. DON was extremely laborious
to measure until center scientist Paul Steudler
and WHOI scientists Christopher D'Elia and

Nathaniel Corwin developed a new method
that is now widely used.
Chuck Hopkinson’s article in this report
makes the case for the importance of accurate
assessments of the size and composition of the
pool of marine dissolved organic matter
(DOM), the second largest reservoir of carbon
in the ocean. Poor agreement among methods
used to measure dissolved organic carbon in
the ocean provided impetus to efforts to develop commonly available seawater standards that
could be used to compare results and methods.
For more than a decade, Chuck has been an
active participant in scientific community
efforts to develop reliable reference materials
for DOM measurements.
The Molecular Revolution
Molecular methods for studying microbes
in water and soils are revolutionizing our
ability to figure out how ecosystems function
and what changes could occur with altered
environmental conditions. Cooperation with
the MBL’s Josephine Bay Paul Center for
Comparative Molecular Biology and Evolution
has made it possible to analyze the sequence
of nucleotides in DNA extracted from lake and
estuarine waters.
These methods allow us to characterize the
species of bacteria present in soils and waters.
It is difficult to determine how many species
there are because we do not yet know how
much difference in the DNA of a small subunit ribosomal gene actually defines a species.
A number of microbiologists think that two
organisms with a 98% similarity in the
sequence of nucleotides occupy the same ecological niche, whereas 97% similarity indicates
different ecological niches.
The next step beyond creating species lists
is to determine which organisms have genes
that are linked to various ecological functions.
For example, we have found that a gene
linked to sulfate reduction, the most important
decomposition process in salt marshes, is present in hundreds of different organisms that
live in the marshes of Plum Island estuary.
Our measure of this functional community
is the first for any marsh ecosystem, so we do
not yet know how similar communities in other
marshes will prove to be. Over the next few

years methods under rapid development in
molecular biology will undoubtedly allow us
to find out which organisms are active, not
just present, in nature, and what controls their
activity.
New tools and analytical approaches are
yielding new answers to old questions. Some,
such as those about microbial function, are
ones that we had no expectation of ever
answering a decade or so ago. These are exciting times to be investigating the ways in which
ecological systems work and how they respond
to changing conditions.

The basic, low-technology technique in fieldwork is still
important: Jon Benstead and Kevin Barnes construct a
holding pen for Arctic grayling.

Nothing replaces the human eye: Gus Shaver leads
terrestrial researchers sorting plants harvested from
long-term experimental plots in the Arctic.
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Modeling The Effects Of Changes
In Land Use On Nitrogen Cycling
In A Massachusetts Watershed
O

Solange Filoso

Ed Rastetter
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ur buildings and cars, the roads on which
we drive, the crops we cultivate, and the
wastes and pollutants we generate affect the
ecological functioning of the watersheds in
which we live. Changes in these watersheds,
in turn, affect the ecosystems in our coastal
waters. To minimize our impact on the natural
systems we depend on, we need to understand
how watersheds operate, and how our activities
and the changing landscape affect their
functioning.
We define a watershed as a landscape
that is drained by a single river. Because
water transports materials within watersheds,
understanding its hydrology, or the way water
moves, is critical to understanding watershed
functioning.
Water enters a watershed via precipitation
and follows two basic paths through it. If the
precipitation rate is low and the ground sufficiently permeable, the water permeates the
ground and enters the ground water. As it
flows downhill, the ground water emerges
eventually to form or supply a stream. If the
precipitation rate is high or the permeability of
a surface, such as asphalt, is low, precipitation
can flow overland directly into streams.
The path the water takes is critically important for the transport of materials through a
watershed. Water flowing overland requires
only minutes to reach a stream, while water
entering the ground water may not reemerge
in a stream for decades or even centuries. The
way that materials transported by water are
transformed depends on the path the water
takes; understanding how watersheds process
materials requires a good understanding of
hydrology.
Hydrology is only half of the watershed
picture, however. Sediments, nutrients and
pollutants are continuously cycled, stored,
transformed and transported out of watersheds. Of particular importance are carbon,
nitrogen and phosphorus, the basic elements
for building organisms.
Nutrients enter watersheds via atmospheric
deposition, fertilizers for plants and foods for
humans and livestock. Nutrients in foods eventually enter waste systems that are exported
directly from the watershed to wastewater
treatment facilities or into residential septic

Joe Vallino

systems that discharge materials into the
ground water. They are recycled in the watershed by plants and animals that build biomass
but are eventually returned to the soil via
decomposition.
Excessive nutrients can lead to the overgrowth of algae in streams in the watershed
and in the downstream marine environment,
a process known as eutrophication, and can
change plant and animal community compositions in terrestrial environments. The alteration of nutrient cycles caused by changes in
land use is a focus of research at The
Ecosystems Center.
As human communities occupy watersheds,
changes in hydrology and nutrient cycling take
place. Roads and houses increase the percentage of impervious surfaces in watersheds,
which increases direct runoff into streams,
short-circuiting the natural attenuation of
nutrients and pollutants that occurs in groundwater transport. Clearing of vegetation for
houses alters evaporation and the nutrient
storage capabilities of watersheds.
Urbanization increases the use of fertilizers
on lawns and crops. Energy production and
automobiles emit oxides of nitrogen, which
rain down on local and distant watersheds.
Water withdrawal from the ground water for
municipal use can reduce levels in streams,
resulting in fish kills and other losses of biota.
These are just some of the watershed alterations that occur with urbanization.
In order to understand how urbanization
affects nutrient cycling in watersheds, Joe
Vallino, Solange Filoso, Chuck Hopkinson
and Ed Rastetter of The Ecosystems Center
have been developing a watershed model to
simulate hydrology and nutrient cycling as a
function of land use in the Ipswich River
watershed, located on the northeastern
Massachusetts coast.
We are making use of the Environmental
Protection Agency’s Hydrological Simulation
Program Fortran (HSPF) model because it is
widely used in both management and scientific
research and includes a comprehensive

nutrient cycling ecosystem model for land and
water. The hydrology component of the HSPF
was recently implemented and calibrated in
the Ipswich watershed by the U.S. Geological
Survey (USGS) in collaboration with The
Ecosystems Center to study effects of groundwater removal on surface water discharge.
In the HSPF model, the watershed is subdivided into sub-basins to produce a spatially
explicit model in which each sub-basin comprises an upland component and a stream.
In the Ipswich watershed, this subdividing
process yielded 67 sub-basins and streams
(Figure 1). Both surface geology and land use
affect the local hydrology and nutrient-processing characteristics of the land. Thus a map
of surface geological features, such as till, sand
and gravel, overlaid by a map of land-use
types, such as forest, wetland or residential,
produces a composite known as the hydrological response units (HRU) map.
Based on a study by the USGS, we can
represent the Ipswich watershed with 17 units
that contain various combinations of three surface geology types and seven land-use types.
Each HRU has specific hydrological and nutrient-processing characteristics. Consequently,
the overall characteristic of a given sub-basin is
determined by an area-weighted sum of all the
HRUs that contribute to the total land area of
the sub-basin.
In the upland components of each subbasin, mechanistic models that are part of
the HSPF represent processes such as forest
growth, nutrient and water uptake, and leaf
litter production. When we add nutrient loads
from fertilizer application, septic systems,
atmospheric deposition, and precipitation, the
HSPF can simulate hydrology, nutrient cycling
and transformation, and the transport of nutrients into the stream.
Outputs from the upland components enter
the HSPF stream model, which accounts for
algal growth and transport within the sub-basin
reach. After all the streams are linked,
(Figure 1), the HSPF can simulate the functioning of the whole watershed. Because we
can modify the land composition (or HRUs)
of each sub-basin, it is possible to see how
processing of nutrients may change as a result
of urbanization.

Figure 1: Ipswich River watershed located on the northeastern Massachusetts coast. Gray lines mark sub-basin
boundaries. Dark lines are streams. The thick line indicates
the main stem of the Ipswich River. Numbers in black
along the main stem indicate distance from the river's
mouth in kilometers.

Figure 2: Measurements of nitrate concentration in small
streams draining small watersheds, plotted against composite land use. Zero percent urban and agricultural
(Urb+Agr) coverage represents 100% forested lands.

Figure 3: Simulated nitrogen concentrations in streams
draining watersheds with different types of land use.
Nitrate concentrations in waters draining forested lands
are much lower than those in waters draining residential
lands, as shown in Figure 2.
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Figure 4: Nitrate concentrations along the main stem
of the Ipswich River in 1999 (top panel) and 2000 (bottom panel). Annually averaged monthly observations
(diamonds) are compared with simulated values under
current land-use conditions (solid line), with 44% of
current forests lost to urbanization (short dashed line),
and under pre-colonization conditions (long dashed
line).

Figure 5: Forested land (green), non-forested land (gray), and
land likely to be deforested over the next century (red) in the
Ipswich River watershed. Based on extrapolations of current
land-use practices and legal constraints, a model developed by
Clark University investigators predicts that 44% of currently
forested land in the watershed will be converted to residential
use by 2101.
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In order to obtain a realistic model, we
compare selected outputs of the HSPF at various locations in the watershed to actual observations from field studies. Model parameters
are then adjusted to minimize the difference

between model output and observations. For
example, we measured nitrate concentration in
small streams draining watersheds with various
types of land use and found that increased
urbanization produces increased nitrate concentration (Figure 2). We then used these
observations to adjust parameters governing
nitrogen processing in the uplands for each
HRU.
The model also generates higher concentrations of nitrate for the HRUs associated with
urbanization (Figure 3). We then calibrated
parameters controlling stream nitrogen processing so that modeled stream concentrations
along the Ipswich River match observations
from field studies (Figure 4).
After the model is adequately calibrated, it
is possible to examine the effect of land-use
changes on nitrogen processing in the Ipswich
watershed. The Ecosystems Center team is
collaborating with Gil Pontius of Clark
University to carry out this study. The Clark
University group has constructed models to
predict the likelihood that a parcel of land will
be developed, given previous land development practices and legal constraints.
Using this type of information for the
Ipswich watershed, the Clark University group
has produced maps of projected deforestation
in the Ipswich watershed by the year 2101.
These maps show that approximately 44% of
the existing forest is likely to be converted to
residential land-use (Figure 5).
With this information, we have modified
the HRU composition of each sub-basin in the
HSPF and rerun the model with these landuse projections. We have found that the flow
of nitrate into the coastal environment increases by 50% (Figure 4). We have also run the
HSPF under a pre-colonization scenario in
which all current urban land is returned to
forest. These simulations clearly indicate that
the watershed has been heavily affected by
the spread of human settlements.
Using watershed models, we can begin to
see how development will affect nutrient concentrations and their flow into the coastal environment. Once these types of models are in
wide use, communities should be able to
develop and manage lands in a manner that
minimizes human impact on the watershed.

Where Does Excess Nitrogen Go?
Following the Flow from Land to
Water in Tropical Watersheds
H

uman activities, such as the manufacturing
of fertilizers, the burning of fossil fuels and the
cultivation of leguminous crops, have greatly
increased the amount of nitrogen available in
forms that plants can take up as nutrients.
Where does this extra nitrogen go after it is
deposited on forests or applied to agricultural
lands? How does it move from land into
water? Where do processes in soils and ground
waters retain nitrogen, and where does it pass
through ecosystems relatively unaltered?
Changes in land use around the world
make these questions urgent. Actions such as
the clearing of forests for farms, pastures or
homes are transforming landscapes that formerly retained nitrogen into ones that leak this
element into surface waters. These questions
are important because increases in the flow of
nitrogen out of watersheds can change plant
and animal communities in rivers and in the
estuaries where rivers reach the coast.
Much of the nitrogen in various forms that
is introduced into watersheds does not flow
out in river water. A recent study of 16 large
watersheds in eastern North America found
that only 11% to 40% of the nitrogen that
enters a watershed exits in river water. Where
is this nitrogen? Is it stored or lost? Do the
same rules govern nitrogen retention in different ecosystems and how these systems will
respond to changes in land use?
Ecosystems Center investigators
Christopher Neill, Linda Deegan and Suzanne
Thomas work on these questions in small
forest and pasture watersheds in Rondônia, a
state in the Amazon Basin of Brazil, where
deforestation has been taking place at a high
rate since the early 1980s. We are conducting
these studies with Brazilian colleagues Carlos
Cerri, Vicky Ballester, Brigitte Feigl, Alex
Krusche, Marisa Piccolo and Reynaldo Victoria
of the Centro de Energia Nuclear na
Agricultura, University of São Paulo, in
Piracicaba.
We are addressing two basic issues. First,
how much nitrogen moves from forests to
streams, and where within forest watersheds is
nitrogen most likely to be retained? Second,
how does the conversion of forest to pasture
alter the amount of nitrogen that moves into
streams? To answer these questions, we are
measuring concentrations of ammonium,
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nitrate and dissolved organic nitrogen in rain,
in water moving through the tree canopy
(called throughfall), in soil solutions and in
water leaving the watersheds in streams. We
use this information to develop budgets for the
amount of nitrogen in each of these forms as it
moves from land to water for each hectare of
the watershed.
For our Rondônia watersheds, we estimated the amount and form of nitrogen that
entered as rain and passed through the forest
canopy as throughfall from other Amazon studies. At the research sites themselves, we collected samples of water in the soils at depths
of 30 and 100 centimeters and used rainfall
and temperature data to calculate the total
amount of water lost as runoff. By sampling
stream water concentrations and total water
flow, we calculated the total amount of nitrogen that leaves the watershed in each stream.
Approximately 3.9 kilograms (kg) of nitrogen per hectare come into the ecosystem in
rain. We did not consider the dry deposition of
nitrogen in dust and aerosols, which could be
important during dry season. Rainwater loses
a little ammonium and nitrate but gains dissolved organic nitrogen as it comes in contact
with leaves in the forest canopy (Figure 1).
In the surface layers of the soil, the amount
of nitrate carried by the water increases dramatically. This nitrate is produced by the
decomposition (mineralization) of soil organic
matter and the subsequent conversion of the
ammonium thus liberated into nitrate through
microbial action (nitrification). A smaller
amount of ammonium also reaches the soil in
throughfall. This picture is consistent with our
studies of soil nitrogen cycling in tropical
forests, which show that the rates of mineralization and nitrification are very high.
The total amount of nitrate passing through
surface soils (13.8 kg per hectare) is much
larger than the nitrogen that enters in precipitation. A high rate of natural nitrogen fixation,
the conversion of inert nitrogen gas into biologically usable forms of nitrogen, must be
occurring to balance the amount of nitrate
leaving the surface soils. This nitrate appears
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Figure 1: Nitrogen movement through an Amazon
tropical forest watershed. The bars show the amount, in
kilograms of nitrogen per hectare per year, of ammonium
(NH4+), nitrate (NO 3- ) and dissolved organic nitrogen
(DON) that flows through each component of the ecosystem. Green represents NH 4+, blue represents NO 3- , and
yellow represents DON. Important features of the
nitrogen flow through this forest are the large amount
of NO3 - that moves in soil solution and the large amount
of nitrogen emitted from soils as gases. The NO3 - found
in soil solution does not appear in streams, suggesting
that deep soils or riparian zones function as significant
NO3- removal zones.

Figure 2: Nitrogen movement through an Amazon
pasture watershed. The bars show the amount, in
kilograms of nitrogen per hectare per year, of ammonium
(NH4 +), nitrate (NO 3 -) and dissolved organic nitrogen
(DON) that flows through each component of the ecosystem. Green represents NH 4 +, blue represents NO 3- , and
yellow represents DON. The most dramatic change in the
nitrogen budget that occurs when pasture is converted
to forest is a large decline in the amount of NO3- moving
in solution through the soils.
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change little as it moves into deeper soils. We
note, however, that the soils of this Rondônia
forest watershed can be more than five meters
deep in places, and we do not know what
nitrogen transformations occur in the deeper
soils.
We do know that the ground water has lost
nearly 90% of its total nitrogen by the time it
emerges in the clear, sandy-bottomed forest
stream (Figure 1). This suggests that the
riparian zones that border small tropical forest
streams act as key nitrogen-removal points in
the Amazon landscape. This conclusion is supported by our measurements of soil solution
nitrogen concentrations in a series of collectors
located in the forest, on the slope leading to
the floodplain and on the stream floodplain
itself. Although nitrate concentrations in soil
solutions are high in the forest and at the
slope, they drop to near zero in the floodplain.
Conversion into nitrous oxide or nitrogen
gas through the microbial process of denitrification is the most likely fate of the large
amount of nitrate that arrives from the
uplands. We do not know enough about the
hydrology of these watersheds to know
whether all of the nitrate-rich water that leaves
the uplands passes through the riparian zone.
Low concentrations in streams could be affected, in part, by rainwater with lower nitrate
concentrations that flows quickly into streams,
bypassing the riparian zones.
The large amount of total nitrogen released
into the atmosphere in gaseous forms is another striking feature of nitrogen cycling in these
forests. Together with Ecosystems Center
investigators Paul Steudler, Jerry Melillo and
Diana Garcia-Montiel, we measured nitric
oxide emissions of 1.4 kg per hectare and
nitrous oxide losses of 2.0 kg per hectare from
this forest. We then used laboratory incubations to estimate the conversion of nitrate to
nitrogen gas via denitrification to be about 3.8
kg per hectare. These emissions in total exceed
the amount of nitrogen deposited by rain.
Soil type plays an important role in these
gas losses and probably in other soil transformations, such as high rates of conversion of
ammonium to nitrate through nitrification, as
well. Many tropical soils, such as those underlying our watershed, have been weathered over
hundreds of thousands of years of high rainfall.
Under these conditions, phosphorus, calcium
and other primary minerals in rocks tend to be

leached away. Leaching makes these soils
relatively deficient in phosphorus and calcium,
which cannot be fixed from the atmosphere,
relative to nitrogen, which can.
The growth of trees in forests on these soils
tends to be limited by phosphorus, calcium
and other primary minerals rather than by
nitrogen. In cases such as these, where trees
are taking up a smaller portion of the available
nitrogen, microorganisms that produce nitrogen gases, including those capable of nitrifying
or denitrifying, are better competitors for
available soil nitrogen than plants. This
leads to greater gas production and loss.
Investigators in locations as widespread as
Hawaii, Costa Rica and Brazil have also found
high gaseous losses from soils with similar
mineral structure, where phosphorus rather
than nitrogen limits the growth of forest trees.
The biggest difference between the forest
and pasture nitrogen budgets is the near-complete absence of nitrate production in the pasture soil (Figure 2). Nitrogen entering as rain
moves through the soil primarily as ammonium, and the process of nitrification in pasture
soils is greatly diminished. This matches our
measurements of these rates in pasture soils.
Total nitrogen levels leaving pasture watersheds in stream water are similar to those
leaving in forest streams. The pasture riparian
zone appears to retain some ammonium. It
may have the capacity to retain nitrate, but the
supply of nitrate arriving from the uplands is
low. This pattern at the watershed scale matches well with our measurements of ammonium
and nitrate concentrations in our sequence of
soil collectors in the pasture, the floodplain
slope and the pasture floodplain itself.
Gas emissions are slightly lower from the
pasture watershed than from the forest. This
finding is consistent with the lower rates of
both the production of ammonium from
organic matter and conversion of that ammonium to nitrate that we and our colleagues have
observed in several previous studies of pasture
soils in Rondônia.
Another important question is whether
pasture stream banks will function as zones of
nitrogen removal if land use changes to more
intensive agriculture. These low-lying zones
along the stream edges of low-intensity cattle
pastures do not appear to be removing large
amounts of nitrogen at present because little
nitrogen moves downslope through pasture

A tropical pasture (left) and a tropical forest in the Amazon Basin in Brazil.

Streams in an Amazon tropical pasture (left) and in an Amazon tropical forest.

soils. However, many cattle ranchers in the
Amazon are looking at ways to intensify their
use of pastures with tilling and fertilizing. In
some regions, mostly at the southern boundary
of the Amazon, row crops are replacing former
pastures, and newly cleared lands are, in some
cases, being used for row-crop agriculture
right away.
These new land uses are likely to alter the
amount of nitrogen, particularly nitrate, that
moves from the uplands into riparian zones.
Maintenance of the nitrate-removal capacity of
riparian zones in deforested areas is likely to
be critical to the success of maintaining water
quality in Amazon rivers.
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How Does Ozone Affect
the Capacity of Terrestrial
Ecosystems to Sequester Carbon?
Modeling the U.S. Case
Over the last century, human activities have

Jerry Melillo
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altered both the composition of the atmosphere and patterns of vegetation on the earth’s
surface. The story is complex. Although
increased carbon dioxide (CO 2) levels in the
atmosphere have increased the capacity of
terrestrial plants and soils to take up and store
(or sequester) carbon, the conversion of forested lands to agricultural use has decreased
this capacity. Atmospheric pollution has also
reduced the ability of ecosystems to store
carbon.
The most significant atmospheric pollutant
is ozone, a product of photochemical reactions
of carbon monoxide (CO), methane (CH4) and
other hydrocarbons in the presence of nitric
oxide (NO) and nitrite (NO2). The primary
source of these pollutants in the lower atmosphere is fossil fuel combustion. Volatile organic
carbon emissions from vegetation also contribute somewhat to ozone levels in rural areas.
In addition, winds transport ozone downward
from the stratosphere as well as from one
region to another.
Ecosystems Center scientists Benjamin
Felzer, Jerry Melillo, David Kicklighter and
Qianlai Zhuang, along with Chien Wang and
Ronald Prinn of the Massachusetts Institute of
Technology (MIT), are using models to investigate the effects of lower-atmosphere ozone
on carbon storage and release from vegetation
and soils. We know that ozone decreases photosynthesis in plants through direct damage
to cells and through reductions in stomatal
conductance, which alters the size of the pores
through which gases pass in and out of leaves.
Peter Reich of the University of Minnesota
and Scott Ollinger of the University of New
Hampshire have developed correlations that
link increased ozone levels to reduced photosynthesis in hardwood trees, pines and crops.
We are using these correlations in the MBL
Terrestrial Ecosystems Model (TEM) to study
the effects of ozone on the carbon cycle.
The structure of TEM includes processes
that allocate carbon and nitrogen between
vegetation and soils, cycle carbon and nitrogen
within ecosystems, and produce fluxes of
carbon to and from the atmosphere. In addition to ozone concentrations, the model is
driven by changes in atmospheric CO2 levels,
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variation in surface temperature and precipitation, changes in land use, and agricultural
management, which comprises both irrigation
and fertilization. Our model runs were made
at monthly intervals and a spatial scale of a
half degree of latitude by a half degree of
longitude.
We developed monthly ozone maps for the
United States for the period between 1998
and 2000 with data from the Environmental
Protection Agency (EPA) Clean Air Status and
Trends Network, which includes 71 surface
stations in rural locations away from urban
emissions and from several EPA Aeronometric
Information Retrieval Service (AIRS) sites in
the central U.S. Ozone levels are highest in the
Southwest, spreading eastward from the Los
Angeles basin, and in the region of the southern Appalachians in the Southeast. Seasonally,
ozone in the U.S. reaches its peak level in
August with a secondary peak in May and a
minimum during the winter months.
Because damage to vegetation begins when
surface ozone levels rise above a critical value
of 40 parts per billion (ppb), we used hourly
ozone levels of exposure to derive an index
(AOT40) for ozone capable of vegetation
damage. To extend this index back to 1860,
we assumed stable ozone levels back to 1976.
Prior to 1976, we decreased ozone levels by
1.6% per year, based on published historical
trends.
So that we could provide upper and lower
boundaries on the magnitude and extent of the
ozone effect in our modeling efforts, we simulated the effects of ozone on carbon uptake
and storage in terrestrial ecosystems with and
without the irrigation and fertilization of agricultural lands. Between 1950 and 1995, the
period when ozone concentrations rose above
the critical level of 40 ppb, we found substantial decreases in carbon storage in the eastern
half of the U.S. (Figures 1a & b). Even though

Annual net carbon exchange difference 1950-1995
with agricultural irrigation and fertilization

ozone levels are high in southern California,
relatively low plant productivity limits the
magnitude of the ozone effect in that region.
Agricultural irrigation and fertilization
increase production of vegetation and therefore the magnitude of the ozone effect. We
found that, during the 1980s, the amount of
carbon stored in the U.S. was reduced by a
minimum of 22 teragrams of carbon per year
(Tg C/yr) without irrigation and fertilization
and a maximum of 35 Tg C/yr with it. These
reductions are 4 to 11 % of recent estimates
of total carbon sequestration for the U.S. for
the same time period.
We performed another series of simulations
to compare the effects of ozone on the
exchange of carbon between terrestrial ecosystems with those of increased atmospheric
CO2, climate variability, land-use change, and
the irrigation and fertilization of farm lands.
During the period 1950-1995, terrestrial carbon storage increased as a result of irrigation
and nitrogen fertilization, climate variability
and increased atmospheric CO 2, but decreased
as a result of net land-use change and ozone
exposure (Figure 2).
When tracts of land are converted from
forest for agriculture or pasture and crops are
harvested, the storage of carbon in plants and
soils decreases. Conversely, the abandonment
of former pasture and cropland increases carbon storage. The latter trend is more evident
in some regions of the U.S. like the Northeast.
Ozone has a greater effect on carbon storage when vegetation is at its most productive,
as with crops that are irrigated and fertilized.
The effect of the interaction between these
forms of agricultural management and ozone
is nearly as large as the ozone effect alone.
Both the negative ozone effect, with or
without the added effects of agricultural management, and the positive CO2 fertilization
effect, are increasing with time. As long as
ozone levels continue to rise, the reduction in
carbon sequestration caused by ozone will
continue to counterbalance the future benefits
of CO2 fertilization.
To explore the effect of future ozone levels
on carbon sequestration, we used the MIT
Integrated Global System Model to generate
ozone maps from 1975 to 2100. This approach

a.

Annual net carbon exchange difference 1950-1995
with no agricultural irrigation and fertilization

b.
Figure 1: Maps of annual net carbon exchange (NCE)
difference show a decrease in carbon sequestration resulting from ozone pollution for the years 1950-1995. Panel a
shows results with agricultural irrigation and fertilization,
and panel b shows results without irrigation and fertilization. Units are grams of carbon per square meter per year.
NCE is a measure of the total carbon flux into or out of the
vegetation and soils of ecosystems. White indicates
decreases greater than -1 g C per m 2 year.

Figure 2: Net carbon exchange from 1950 to 1995, showing how ozone affects ter restrial carbon sequestration
in comparison with other disturbances (in teragrams of
carbon). These disturbances include changes in atmospheric temperature and precipitation (climate), irrigation
and fertilization (IF), net change in land use, atmospheric
carbon dioxide (CO 2), near-surface ozone (0 3 ) and the
interactive effects between irrigation and fertilization
and near-surface ozone (IF x 03 ).
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a.

b.

Figure 3: a) Ozone exposure index (AOT40) in
parts per billion-hour per square meter totaled
for a year for the contiguous United States. Four
scenarios are shown for the years from 1975 to
2100. b) Cumulative change in net carbon
exchange (NCE) in teragrams of carbon (TgC) with
increases in ozone from 1975 to 2100 for four
scenarios, with and without agricultural irrigation
and fertilization (IF). All scenarios show a steady
decrease in net carbon sequestration in terrestrial
plants and soils for the contiguous United States.
Legend abbreviations are BAU (business as usual),
BAUcap (business as usual with current caps on
pollutant gases), STAB (stabilization scenario
assuming significant reduction in atmospheric CO2 ,
leading to stabilization at around 550 ppm by
2100), and STABcap (stabilization scenario with
current caps on pollutant gases).
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combines an economic model that generates
emissions of greenhouse gases and atmospheric pollutants based on various economic and
population assumptions, an atmospheric
chemistry and climate model that generates
the atmospheric concentrations of greenhouse
gases and pollutants and resulting climate
changes, and TEM, which provides the terrestrial ecosystem processes.
Because the atmospheric chemistry and
climate models are two-dimensional, including
only latitude and altitude, we were limited to
latitudinal band ozone data. Since the economic model is used to produce latitude/longitude
maps of nitrogen emissions, we used these
maps with the latitudinal ozone to provide
ozone maps for the future. Although we ran
global experiments with the Integrated Global
System Model, only the results for the U.S. are
reported here. Other major regions affected by
ozone include Europe and eastern China.
We chose four future scenarios. The first is
labeled BAU, which stands for “business as
usual.” It assumes no new regulation through
policy initiatives but continued economic
growth and population expansion. The second
is labeled BAUcap and includes current caps
on pollutant gases for the developed countries.
The third scenario is STAB, for “stabilization.”
It assumes policy regulation of greenhouse
gases and significant reductions in CO2 emissions, leading to stabilization of atmospheric
CO2 at about 550 ppm by 2100. The fourth
scenario is STABcap, which adds pollution
caps for developed countries to the regulation
of greenhouse gases assumed in the third
scenario.
These four scenarios provide a matrix of
greenhouse gas and pollution policy controls.
The ozone trends predicted for each of these
scenarios are shown in Figure 3a. The resulting carbon sequestration trends are correlated
with the magnitude of the ozone levels that are
put in for each year.
As we expected, results shown in Figure 3b
indicate that the largest ozone effect occurs
when we assume business as usual and the
smallest when we regulate both greenhouse

and pollutant gases. In terms of ozone formation, a cap on pollutant gases controls emissions of oxides of nitrogen, volatile organic carbon and carbon monoxide, whereas stabilizing
greenhouse gases limits methane emissions
from agricultural and industrial sources.
Figures 3a and b show that caps on pollutants are more important than caps on greenhouse gases for controlling the effects of ozone
pollution. In addition, irrigation and fertilization of crops significantly increase the ozone
effect due to increasing production. The overall result is that net carbon sequestration is
still increased, as in the historical analysis. The
magnitude of the ozone effect for the future,
a decrease of 7 to 332 Tg C/yr, is generally
larger than in the historical analysis, except in
some of the scenarios where pollution is controlled. Otherwise, the ozone effect is significantly larger in the BAU and STAB scenarios,
especially if we include irrigation and fertilization in croplands.
This study demonstrates that ozone should
be considered in future assumptions about
carbon sequestration in terrestrial vegetation
and soils. As models are used to calculate
levels of carbon sequestration associated with
future policy scenarios for greenhouse gases,
the inclusion of ozone will limit the greening
that might be expected from increasing atmospheric CO2 levels.
The best approach to limiting the magnitude of the ozone effect is to continue current
caps on pollutant gases in developed countries
and to extend these caps to developing countries. In the U.S., current ozone levels ought to
be a part of any future calculations of carbon
sequestration. The issue is even more pressing
when we consider countries such as China,
where ozone levels are expected to increase
in the future. We also need to improve our
understanding of the effects of agricultural
practices on gas emissions in order to provide
better bounds on the magnitude of the ozone
effect.

Dave Kicklighter
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Tracking The Movement Of
Nutrients And Energy Between
Aquatic Ecosystems: The Role of
Fish Migration
O

Bruce Peterson

Jon Benstead
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ne of the biggest challenges to ecosystem
ecologists is to understand the influence of
neighboring systems on the dynamics of plant
and animal populations in a given ecosystem.
Connections between ecosystems can include
the movement of water, nutrients or animals.
The movement of animals may be especially
important in Arctic ecosystems because many
must migrate to survive the winter. One of
these animals is the Arctic grayling, a fish that
faces an exceptional environmental challenge.
The grayling that live in Arctic streams
must move from their summer habitat each
year because streams and rivers freeze solid in
the winter. They migrate to lakes and springs
where some water remains unfrozen. Because
these habitats suitable for overwintering are
rare, they attract large numbers of migrating
fish.
Lakes with enough unfrozen water for
migratory fish also support resident popula tions of large predatory fishes, such as lake
char. Thus, while migrating from rivers that
freeze solid to lakes that do not is necessary
for the survival of the graylings, the migrating
fish face the alternative risk of predation.
Ecosystems Center researchers Linda
Deegan and Bruce Peterson have been studying the Arctic grayling that spend the summer
in the Kuparuk River in northern Alaska and
the winter in Green Cabin Lake, a 20-hectare
headwater lake. The research is conducted at
the Arctic Long-Term Ecological Research
(LTER) site at Toolik Lake, Alaska (Figure 1).
These studies began in 1985 and were continued in 1987, 1989, 1992, 1995 and 2001.
We are interested in understanding the
links between lake and stream ecosystems for
several reasons. First, we want to understand
the long-term controls on ecosystems in the
Arctic and to develop baseline information
against which we can evaluate change over
time. Second, we want to know the number
of stream fish required to sustain lake char
populations over the winter, which could help
determine allowable fish harvests in streams
during the summer. And third, we would like
to obtain information on overwintering survival, which could help us evaluate how removing water from lakes during the winter to build
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ice roads for oil exploration affects fish
populations.
The Kuparuk River flows freely from May
to late September but is frozen from October
to early May. As is characteristic of most tundra rivers, the Arctic grayling is the only fish
species in the upper reaches of the river. In
three short months of feeding on insects in the
stream, grayling obtain enough energy to grow,
migrate and survive the winter in the lake as
well as to spawn the following spring.
During the fall migration period, late
August through September, we counted and
tagged fish as well as measured their length
and weight as they moved into the lake at a
weir. By recapturing tagged adult fish over
many years, we have been able to estimate the
annual mortality of grayling.
We also measured the length and weight of
lake char to compare the size and “condition
factor” of this population to a population of
lake char in Toolik Lake, shown in Figure 1,
which does not benefit from a fall migration
of grayling. Condition factor refers to the
weight of a fish in grams divided by the cube
of the length in centimeters. The typical range
for condition factor is from slightly less than
1 to around 2. A higher condition factor indicates a fish that is more robust because of
greater food availability.
We estimate that 5,000 to 7,000 Arctic
grayling larger than 20 centimeters in length
travel more than 50 kilometers to spend the
winter in Green Cabin Lake each year. For
six to eight weeks in August and September,
approximately 1,000 large fish migrate into the
lake every week. These large fish average 30 to
37 centimeters in length (300 to 450 grams in
weight), with some variation from year to year
in the size range (Figure 2).
The number of small fish that spend the

Figure 1: Map of the upper Kuparuk River
basin on the North Slope of Alaska.
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winter in Green Cabin Lake is substantial,
though not as well known as the number of
large fish. In our 1999 survey, we measured
more than 1,000 fish smaller than 20 centimeters in length entering the lake in a two-day
period. Unfortunately these fish began to
arrive at the end of our sampling trip, and we
do not know how many small grayling moved
into the lake to spend the winter.
Our findings show that Green Cabin Lake
supports a higher density of large, robust lake
char (as shown by their condition factor) than
similar lakes without an annual immigration
of grayling, such as Toolik Lake. Lake char
growth is limited by food availability; in lakes
without other species of food fish, lake char
rarely attain a large size. Bioenergetics modeling indicates that lake char do not grow larger
than 40 centimeters in length unless they
switch from eating benthic invertebrates to
eating fish.
In Toolik Lake, lake char feed on benthic
invertebrates. Studies made by Michael
McDonald and Anne Hershey, then of the
University of Minnesota, Duluth, in 1977 and
1986 showed that the Toolik lake char wer e
smaller, 31 to 38 centimeters in length and 318
to 578 grams in weight, and their condition
factor was lower (about 1.05) than the lake
char in Green Cabin Lake (Figure 3a). More
than half the lake char in Green Cabin Lake
were larger than 40 centimeters in length,
with a median length of 40.2 centimeters and
a median weight of 760 grams, averaged over
the years of the study (Figure 3b). They had a
mean condition factor of 1.2 and a maximum
of 1.7 (Figure 3a).
The large size and high condition factor of
lake char in Green Cabin Lake suggest that
they have switched from feeding on benthic
invertebrates to feeding on fish. We have captured as many as 115 lake char in a single tagging session, indicating that the density of lake
char is at least 5 fish per hectare (a minimum
of 115 fish in a 20-hectare lake). This density is
unusually high, compared with densities of 0.2
to 3 fish per hectare typical for lake char in
other northern lakes.
The migration of Arctic grayling from
streams to lakes for the winter transfers energy
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Figure 2: The average length, in centimeters, of large Arctic
grayling moving into Green Cabin Lake in late August and
September. Lengths were measured in one-centimeter
intervals.
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Figure 3: (a) Average condition factor of lake char in
Green Cabin Lake, Alaska, for selected years
between 1987 and 2001. The dashed horizontal line
indicates the average condition factor of lake char
from Toolik Lake, Alaska, in 1977 and 1986. The
Toolik Lake data were collected and published by
Michael McDonald and Anne Hershey, then at the
University of Minnesota at Duluth. (b) Average size
of lake char in Green Cabin Lake between 1987 and
2001.
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and nutrients from streams to lakes and allows
lake char to achieve and sustain larger populations than could otherwise be supported by
lake productivity alone. We estimated the
nutrient flow associated with fish migration by
combining data on the abundance and size of
large grayling that migrate into the lake with
an analysis of the nutrient composition of fish
bodies.
Using our long-term tag and recapture
data, we estimate that approximately 15% of
the grayling population dies in the winter
because of physiological stress or lake char
predation. This suggests that about 900 of the
6,000 fish that enter the lake in a given year
die and contribute nutrients to the lake ecosystem. The average biomass of an individual fish
is about 400 grams wet weight (80 grams dry
weight) with a body composition analysis of
48.2% carbon, 9.9% nitrogen and 1.9% phosphorus (dry weight). Thus, the immigration
and subsequent death of 900 grayling contributes approximately 35,000 grams of carbon,
7,100 grams of nitrogen and 1,400 grams of
phosphorus to the lake ecosystem each year.
The availability of grayling takes care of the
annual food requirements for roughly half of
the lake char population in Green Cabin Lake.
We estimate, based on bioenergetic modeling,
that the average Green Cabin Lake char consumes around 800 grams of carbon in its prey
each year. Thus 900 grayling could provide
food for roughly 43 lake char, 2 fish per
hectare, each year.
The migration of grayling transfers a portion of the productivity of a 50-hectare stretch
of Arctic river, roughly 50 kilometers long by
10 meters wide, into a 20-hectare lake. Thus
the size of the ecosystem that supports lake
char is increased by a factor of three when
grayling move from streams to lakes for the
winter. This coupling between river and lake
food webs suggests that our understanding
of the functioning of aquatic ecosystems is
greatly improved by knowledge of the interactions between neighboring ecosystems and
populations.

Interpreting the Composition
of Dissolved Organic Matter
in the Ocean
Human activity is rapidly changing the com-

position of the earth’s atmosphere by increasing levels of carbon dioxide (CO2) and other
trace gases that enhance global warming.
Fossil fuel combustion and deforestation
release about 7 petagrams (Pg) of carbon in
the form of CO 2 into the atmosphere each
year (1 Pg = 1015 grams). Approximately 3 Pg
of this carbon accumulates in the atmosphere
annually, and the remaining 4 Pg is stored on
land and in the ocean. In order to predict
future atmospheric concentrations of CO2, we
need to know how and where carbon is stored
in the biosphere and whether its capacity to
take up atmospheric CO 2 will increase or
decrease in the future.
The ocean carbon cycle affects atmospheric
CO2 levels through the exchange across the
air-sea interface and the subsequent transfer
of carbon into the deep ocean in particulate
or dissolved form, both inorganic and organic.
Once it arrives in the deep waters, carbon is
isolated from the atmosphere for hundreds to
thousands of years. Although the processes
that transfer carbon from the ocean surface
to the depths have been intensively studied,
many questions remain unresolved.
One piece of the carbon transfer puzzle
has to do with the chemical composition of
dissolved organic matter or DOM, one of the
major forms in which carbon is transferred to
the ocean depths. DOM is derived initially
from the phytoplankton that form the base of
the aquatic food chain and from the zooplankton that consume the phytoplankton. All these
components of the food web should, therefore,
have similar chemical compositions. However,
the chemical composition of the DOM pool
as a whole is quite different from that of the
phytoplankton and zooplankton.
It would be virtually impossible to identify
chemically the myriad of organic compounds
that make up plankton particles and DOM
in the ocean. A more productive approach
was pioneered by biologist Alfred Redfield,
who worked at both the Marine Biological
Laboratory and the Woods Hole
Oceanographic Institution in the middle
part of the last century.
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Redfield observed that the ratio of certain
elements in marine organisms is constant and
that this ratio reflects the uptake of inorganic
nutrients such as nitrogen and phosphorus that
are dissolved in the ocean water. He noted that
the ratio of carbon to nitrogen, for example,
is generally about 7 to 1. Thus molecules in
organic particles in the ocean contain, on average, 7 atoms of carbon for every 1 atom of
nitrogen (Figure 1). No matter what species
of plankton are present, all have to carry out
similar metabolic processes, such as photosynthesis and respiration, and therefore contain
organic compounds, such as proteins, lipids,
carbohydrates and nucleotides, that have
similar proportions of carbon and nitrogen.
Using information on element ratios in
DOM, Ecosystem Center scientists Charles
Hopkinson and Joseph Vallino have contributed to the understanding about a piece
of this puzzle - the fate of the DOM after it is
produced in the upper ocean and remineralized by microbes. DOM is formed when the
phytoplankton die and break apart and when
zooplankton eat plankton cells and lose some
DOM along the way, a process referred to as
sloppy feeding. Bacteria break down the dead
organic particles and release DOM. But
instead of having the same carbon to nitrogen
(C:N) ratio as the organic particles, the DOM
in the surface waters has an average C:N ratio
of 12:1 (Figure 1).
The answer to the puzzle is that the DOM
of the ocean consists of two main pools that
differ in elemental composition as well as in
their relative abundance throughout the ocean.
There is a relatively large, refractory pool that
is resistant to microbial decay and changes
little over thousands of years as it circulates
through the global ocean. There is also a smaller, biologically reactive pool of DOM that
forms in the surface waters of the ocean as
phytoplankton bloom, die or are consumed.
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Figure 1: The production and decomposition of dissolved
organic matter (DOM) in the ocean. Particles of organic matter
are produced by phytoplankton and zooplankton in the
surface ocean, and some of the particulate material is converted to DOM. Mixing processes move the DOM into deeper
waters where the labile fraction of the DOM is decomposed
or remineralized into inorganic nutrients. A larger portion
of the DOM is refractory and circulates, virtually unchanged,
between surface and deep ocean for thousands of years.
The ratio of carbon to nitrogen (C:N) atoms in the organic
matter of each pool is also shown. For example, the C:N ratio
for particulate matter deriving from phytoplankton and
zooplankton is 7:1.
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This labile DOM is relatively easily broken
down by microbes. Although we have an
increasingly clear picture of the total DOM
pool in the ocean, little is known about
the portion that is rapidly produced and
decomposed.
As a part of a project supported by the U.S.
Department of Energy, we measured the ratios
of elements in the DOM in samples from surface and deeper waters in a variety of marine
environments, including the continental shelf
and slope off the East Coast of the United
States and at a Pacific Ocean site near Hawaii.
As Figure 1 shows, the C:N ratios in surface
waters are quite different in the overall DOM
pool (12:1) and in the organisms and detritus
that make up the particulate pool (7:1). In
deeper waters, the ratio of carbon to nitrogen
in the DOM (26:1) is even less similar to that
of the organic particles.
For our study we took two approaches to
determine the elemental ratios at which DOM
is produced and decomposed. For the first, we
measured amounts of dissolved organic carbon
(DOC) and dissolved organic nitrogen (DON)
in samples from the field studies. Figure 2
shows the relationship between DOC and
DON for data from the East Coast as well as
data collected by others in the Pacific. The
surface waters, at the top right of the figure,
have an average C:N ratio of 12:1. That is,
there are 12 atoms of carbon for every atom of
nitrogen. This ratio varies over time and place
depending upon the amount of primary productivity. The deep waters, shown at the bottom left of the figure, have a C:N ratio of 26:1.
The straight line that best fits the data in
Figure 2 has a slope of 9:1 which is equal to
the average C:N ratio. That is, the slope
describes how the ratio of the DOC to DON
changes from the surface waters to the deep
waters. The surface water containing DOM
with an overall C:N ratio of 12:1 is mixed into
deep water through various physical ocean
processes. By the time the water arrives in the
depths, labile DOM with a C:N ratio of 9:1
has been decomposed or remineralized from
organic into inorganic forms (Figure 1). Thus
the DOM in the deep water consists mainly of
the refractory DOM with a C:N ratio of 26:1.
Our second approach took place in the
laboratory. We determined the element ratio

of labile DOM from incubations of ocean
water. DOM was allowed to decompose for six
months in glass bottles in the dark (Figure 3).
These incubation studies showed that the C:N
ratio of DOM that decomposed averaged 9:1,
substantially lower than that of the initial bulk
pool (12:1). Our two different approaches
yielded the same result: the labile organic matter that decomposes rapidly in the ocean has a
C:N ratio of 9:1, quite close to the 7:1 ratio of
carbon to nitrogen in the living plankton and
detritus.
This study helps explain the puzzle of the
C:N ratios of organic particles and the bulk
DOM pool. Only the labile pool of DOM,
newly formed as phytoplankton bloom, die
and are consumed, is biologically active. The
refractory pool of DOM, high in carbon and
thousands of years old, is little affected by
decomposition. Thus changes in the element
ratios between the surface DOM and the deep
water DOM are caused by decomposition of
the labile pool.
Why does the chemical composition of
oceanic DOM matter, and how do these
results affect our understanding of how and
where carbon is stored in the ocean? The second largest pool of biologically active carbon
in the ocean, the global reservoir of dissolved
organic carbon is roughly equivalent in size to
the pool of carbon in atmospheric CO2. Even
a small change in the size and structure of the
DOM pool could affect the ocean’s capacity to
store carbon.
The assumption of relative constancy in the
element ratios found in organic material has
allowed ocean scientists to use information
about the abundance of one element, such as
nitrogen, to trace the flux of another, such as
carbon, and to estimate the rates of these fluxes and the size of pools. Our results show that
this assumption holds good for the labile component of the DOM pool, which is the portion
most relevant to estimates of ocean productivity and export. Confirmation of the utility of
the element ratios identified by Redfield some
60 years ago gives us greater confidence in our
efforts to estimate the size of organic matter
pools in the ocean and to predict their
response to environmental changes in the
future.

Figure 2: The relationships between DOC and DON concentrations from the North Atlantic and Pacific oceans. GB refers to
Georges Bank; MAB to the mid-Atlantic Bight and HOT to the
Hawaii Ocean Time-series program site just north of the
Hawaiian Islands. Average C:N ratios for surface and deep-water
pools and the elemental ratio of decomposition were determined by regression analysis.

Figure 3: Average C:N ratios for DOM pools at the
outset and conclusion of six-month incubations and
for the DOM that was decomposed (remineralized)
during this interval. The average ratio for oceanic
particles is shown for comparison.
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The Semester in Environmental
Science: Integrating
Undergraduate Education
with Center Research
N

Frances Johnson-Horman

24

ineteen students from 14 colleges completed the Semester in Environmental Science
(SES) in 2002, the sixth year that The
Ecosystems Center of the Marine Biological
Laboratory (MBL) has offered the program.
Designed to immerse undergraduates in
ecosystems science and biogeochemistry, the
SES serves as a national educational resource
for 59 small liberal arts colleges throughout
the U.S. These schools have joined the MBL
Consortium in Environmental Science and
have agreed to grant credit to their students
who successfully complete the SES curricu lum. In 2002, the consortium grew by 13
schools with the addition of Clark University,
Worcester Polytechnic Institute, and members
of the Associated Colleges of the South (ACS),
which officially endorsed the SES as an
approved off-campus program. Included in
the mix of schools within ACS are two predominately minority institutions, Morehouse
and Spelman Colleges in Atlanta, Georgia.
The SES curriculum provides:
• Rigorous training in basic concepts and
current issues in biogeochemistry and
ecosystems science through a tightly
integrated set of laboratories and lectures
taught by center scientists in two core
courses.
• An opportunity for students to deepen their
understanding of a subdiscipline of
ecosystems science through a specialized
elective focused on subjects such as
mathematical modeling, ecology and
management of wetlands, functional role of
animals in ecosystems, or the use of state
of the art molecular and biogeochemical
methods to study microbes in ecosystems.
• Experience in pursuing independent
research under the guidance of a center
scientist, and the opportunity to present the
results of this research at a public scientific
forum.
Not simply a program in general ecology,
the SES integrates aquatic and terrestrial
ecology and contrasts the structure and
processes of ecosystems across the landscape.
Students learn to think critically about scientific information and environmental issues by
analyzing and interpreting data they collect for
themselves in a diverse array of ecosystems on

Ken Foreman and SES student Jenny Kennedy of Clarkson
University.

Cape Cod, including freshwater marshes and
ponds, brackish estuaries, coastal bays, and
pine and oak forests. Like many coastal areas
around the world, Cape Cod is undergoing
rapid growth, recording 50 percent population
growth in the past 20 years, and so provides
a superb natural laboratory for studying the
effects of land-use change and human domination of ecosystems.
Why is such a program needed? By the end
of this century, our human population will have
grown to more than 10 billion, and virtually
every ecosystem on Earth will have to be managed so that society’s needs can be met in a
sustainable way. The consequences of human
exploitation of natural resources range from
greenhouse gas emissions to disruption of
the nitrogen cycle to changes in biodiversity.
Intelligent management and mitigation of
environmental impacts of human activities
requires a sophisticated understanding of
ecosystem function. In addition to training
scientists, the SES is intended to equip future
policy makers and environmental advocates
with the knowledge to understand these
complex issues.
SES students learn to apply their knowledge by examining case studies of research
being conducted by center scientists. These
include the following:
Will global warming trigger abrupt and
unexpected changes in Northern Europe’s
climate? In the first week of the semester, SES
students learn how atmospheric chemistry,
carbon dioxide and climate have fluctuated
over geological time, how the evolution of life
on Earth has altered the chemistry of the
planet, and how industrialization has further
changed the concentration of greenhouse gases
in the atmosphere. Bruce Peterson presents
his recent research on interaction between
climate change and increased freshwater flow
from large Eurasian rivers to the Arctic Ocean.
He explains that river discharge has increased
over the last half century in parallel with the

rise in global temperatures. Increases in freshwater delivery to the Arctic Ocean could weaken or shut down the North Atlantic Deep
Water formation, disrupting major ocean currents, and might even alter the course of the
Gulf Stream. This would prevent warm tropical waters from reaching the far North Atlantic
and lead to rapid cooling in northern Europe
and eastern North America. In the course of
this discussion, students are introduced to a
host of key concepts such as the thermohaline
circulation of the oceans, ecosystem water
balance and the watershed as a unit in the
landscape. Most importantly, though, students
learn that complex feedbacks can result in
unexpected, even counter-intuitive changes
to the Earth. Global warming might cause
dramatic cooling in some regions of the planet.
In their fieldwork on local lakes and estuaries,
students measure the same physical processes
linking density and mixing of water that control
deepwater formation in the North Atlantic and
that drive global ocean circulation.
Will the diversion of sewage effluent from
Boston through an outfall pipe into
Massachusetts Bay harm marine life in
Stellwagen Bank Marine Sanctuary? Center
scientists Anne Giblin and Chuck Hopkinson
pose the question to students, then describe
their decade-long studies of nitrogen cycling
in Massachusetts Bay sediments. Their
research has been central to evaluating the fate
of nitrogen from the newly constructed sewage
outfall pipe that extends nine miles from
Boston Harbor into Massachusetts Bay. After
explaining their conclusion that disposal of
wastewater effluent in deepwater is unlikely to
cause major changes in the bay’s ecosystem,
they describe their continuing work to monitor
the effects of the outfall pipe now that it is
operational. To fully grasp the scientific rationale behind their conclusions requires knowledge of ocean physics and nutrient cycling that
Anne and Chuck teach during the semester.
In their lab and field work, students use techniques similar to those used in the studies of
Boston Harbor to evaluate the fate of nitrogen
wastewater entering nearby estuaries on Cape
Cod.
Will warming due to greenhouse gas emis sions cause a massive release of carbon dioxide

Members of the MBL Consortium
in Environmental Science
Allegheny College
Bard College
Bates College
Beloit College
Birmingham-Southern
College
Bowdoin College
Brandeis University
Bryn Mawr College
Carleton College
Centenary College
Centre College
Claremont McKenna
College
Clark University
Clarkson University
Colby College
Colgate University
Connecticut College
Davidson College
Dickinson College
Earlham College
Furman University
Franklin & Marshall
College
Gettysburg College
Grinnell College
Hamilton College
Hampshire College
Harvey Mudd College
Haverford College
Hendrix College
Kenyon College
Lafayette College

Lawrence University
Lynchburg College
Macalester College
Mary Washington
College
Middlebury College
Milsaps College
Morehouse College
Mt. Holyoke College
Randolph-Macon
Women’s College
Ripon College
Rollins College
Sarah Lawrence College
Skidmore College
Southwestern University
Spelman College
Trinity College, CT
Trinity University, TX
Union College
University of Richmond
University of the South,
Sewanee
Vassar College
Wabash College
Washington and Lee
University
Wellesley College
Wesleyan University
Wheaton College
Williams College
Worcester Polytechnic
Institute

Sarah Leahy of Wheaton College and Gabi Engelhart of
Lafayette College.
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Semester in Environmental Science
Distinguished Scientist Seminar Series
2002
September
6

Peter Clark, Oregon State University,
“Anatomy of the last deglaciation:
A case study of global climate change.”

20 David Karl, University of Hawaii, “The
links between primary production and
particulate matter export in the sea:
Mechanisms, controls and some ecological
implication.”
October
11 Mary Firestone, University of California,
Berkeley, “The microbial connection in
terrestrial ecosystem function.”
18 Michel Meybeck, University of Paris,
“Global alteration of river quality at the
anthropocene.”
25 Osvaldo Sala, University of Buenos Aires,
“The effects of biodiversity on ecosystem
functioning.”
November
8 Donald Burke, Johns Hopkins Bloomberg
School of Public Health, “Globalization,
global change, and the evolution of
emerging diseases.”
22 Daniel Pauly, University of British
Columbia, “Toward sustainable world
fisheries.”
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stored in soil organic matter? Students in SES
learn that the organic matter in soils contains
twice as much carbon as all the carbon dioxide
(CO2) of the atmosphere. Much of this organic
carbon is locked in frozen tundra soils that also
contain nutrients in the form of organic nitrogen and phosphorus. Climate warming would
thaw the soil and release the carbon and
nutrients. While much of the carbon that is

Kirk Webster of Trinity University

released would enter the atmosphere as CO2,
the nutrients could act as fertilizer. Several
important questions arise out of this scenario.
Would enough nutrients be supplied to stimulate plant growth so that the excess CO2 would
be taken up during photosynthesis? What controls the rate of organic matter decomposition?
Center scientists Jerry Melillo and Gus Shaver
address these questions during the SES as
they discuss their research in Arctic, boreal
and temperate forests. To study the effects
of nutrients on decomposition locally, SES
students make measurements of soil CO2
fluxes firsthand in local forests and grasslands
that are being irrigated with wastewater effluent from the Falmouth municipal wastewater
treatment facility.
These are just three of the many questions
addressed during the semester that are linked
to center research and woven into the SES
curriculum to create an exciting, hands-on
program teaching the fundamentals of
ecosystems and environmental science.
The major source of funding for the SES
program 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, including: the C.V.
Starr Foundation, the Worthington Family
Foundation, the Environmental Data Research
Institute and Catherine Filene-Shouse
Foundation. Generous contributions from
individuals, including the Sears and Osterhout
families and the Bill and Phoebe Speck
Fund have provided significant support for
scholarships.

Education at
The Ecosystems Center

Although 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 National Science Foundation’s
Research Experience for Undergraduates
(REU) program provided opportunities for
many students to conduct research with center
scientists both in Woods Hole and at remote
sites. In 2002, Jay Vacca of the University of
Central Arkansas spent the summer at the
Arctic Long-Term Ecological Research
(LTER) site at Toolik Lake, Alaska. Working
with Linda Deegan and others, he participated
in a fertilization experiment at Hershey Creek,
a tributary of the Kuparuk River. Britney
Freeman of Utah State University designed
and implemented a study to assess the degree
to which pelagic primary production was supporting benthic invertebrate production in
lakes at the Arctic site.
Under Gus Shaver’s direction, Talia Chalew
from the University of Maryland developed a
project to study the effects of species composition on soil temperature and permafrost depth
in the Arctic. Carrie McCalley of Middlebury
College worked with Gus on her study of biotic and abiotic regulation of nitrogen fixation in
a high Arctic tundra watershed.
Also at the Toolik Lake site, Lindsey
Barske, a student from Pomona College,
worked on a project examining the effects of
soil moisture and temperature on soil respiration in different tundra vegetation types.
At the Plum Island Ecosystems (PIE)
LTER site in northern Massachusetts, Sarah
Twichell of Middlebury College studied the
effect of nutrient enrichment on salt marsh
food webs. Her work with Linda Deegan was
the basis for her senior thesis. Also at the Plum
Island site, Uri Levine of Kenyon College

worked with Joe Vallino on his project that
focused on the composition of the bacterioplankton community in flowing waters of the
Ipswich River Watershed.
With help from Chuck Hopkinson and
others at the PIE LTER site, Diana Huffaker
of Clark University used geographic information systems-based methodology to reconstruct
land-use history in the Ipswich watershed.
John Ludlam of Gordon College studied the
effects of salt marsh haying on invertebrate
diversity and abundance at Plum Island.
Roxanne Marino worked with two undergraduate interns from the Boston University
Marine Program, Stacey Barron of Bowdoin
College and Carolyn Weber of Cornell
College, who studied phytoplankton growth in
Vineyard Sound and Oyster Pond in Falmouth.
On Martha’s Vineyard, Chris Neill and
Ann Lezberg worked with two undergraduates,
Leah Bowe of the University of Wisconsin
and Julia Brauer of Cornell University. Their
research examined how restoration of grassland and shrubland habitats influences soil
and groundwater nitrogen dynamics.
Schoolyard Long Term Ecological
Research (LTER) Project
Both the Arctic LTER project at Toolik
Lake and the Plum Island Ecosystems LTER
project received supplemental funding in 2002
from the National Science Foundation to
develop educational activities at or near their
sites. In the Arctic, the Schoolyard LTER,
directed by the Barrow Arctic Science
Consortium, was designed for Barrow students
in kindergarten through grade 12, teachers
and residents. The project consisted of two
activities, a field experiment to demonstrate
the effects on tundra vegetation of warmer air
and soil temperatures and the resulting release
of nutrients, and a weekly series of lectures
and field demonstrations by visiting and resident scientists. Suzanne Randazzo set up the
greenhouses and treatments in late June,
maintained contact with project personnel at
Barrow via email from Toolik, and returned in
September to make final measurements and
discuss results and plans for the academic year.
Gus Shaver visited the site in August to coordinate experiments at the Schoolyard site with
the research at Toolik Lake. Retired Arctic

Mary Booth

Debbie Scanlon
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Diane Sanzone

Gus Shaver, Ed
Rastetter

Byron Crump
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scientist Jerry Brown was instrumental in
developing the schoolyard program.
The weekend lecture series drew as
many as 75 Barrow residents to hear talks
on topics such as global positioning systems,
permafrost, and pond chemistry.
As part of the Plum Island Ecosystem
Schoolyard LTER, investigators worked
closely with students and teachers at Governor
Dummer Academy in Byfield, Massachusetts.
In 2002, the high school student interns
undertook studies on the effects of salt marsh
haying on marsh productivity. Along with
Susan Olezsko, a teacher at the academy, they
continued their annual monitoring of marsh
plant distribution and mussel biomass in tidal
creeks.
In addition, the Plum Island Schoolyard
LTER helped to support the Massachusetts
Audubon Society’s Salt Marsh Science Project.
Students in grades 4 to 12 in Ipswich and
other neighboring towns focused their
research on changes in salt marsh vegetation
and fish communities in relation to tidal
restrictions. Teachers benefited from the association as well, gaining experience in field
research methods, data entry, graphing and
analysis.
Science Education At Home
Many members of the center staff judged
community science fairs or assisted students
with their science fair projects. Laura
Broughton, Jeff Evans, Ben Felzer, Pat Micks,
Sam Kelsey, and Michele Bahr were mentors
for seventh and eighth graders at Falmouth’s
Lawrence School. Ben, Hap Garritt, Josh
Goldstein, Heather Haas, and Jane Tucker
judged the Falmouth Academy science fair.
Martin Sommerkorn, Michele, and Marshall
Otter were judges at the Falmouth Public
Schools Science Fair, while Pat Micks was a
judge at the Mashpee Public Schools Science
Fair. Marshall judged projects at the
Massachusetts State Science Fair at the
Massachusetts Institute of Technology.
Debbie Scanlon and Gus Shaver served as
the liaison between the MBL and the Woods
Hole Science and Technology Partnership, a
collaboration of scientific institutions, schools
and businesses that supports science and technology education.

Chris Neill continued to write his
column on natural history for The Falmouth
Enterprise, a local newspaper. Jeff Hughes
taught a workshop on the loss of eelgrass and
the effects on fish communities, 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. Journalists attended lectures and a
laboratory session in June, co-directed by Ken
Foreman and Chris Neill. Kris Tholke, Sam
Kelsey, Chris and Ken lectured on a variety of
topics and conducted field trips to the center’s
research site on Martha’s Vineyard. Two of the
writers, Jennifer Bogo of Audubon Magazine
and Bob King of the Palm Beach Post, 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 sixth year with help from many
of the center staff. 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, John Hobbie, Gus
Shaver, Chris Neill, Bruce Peterson, Ed
Rastetter, and Ken Foreman gave lectures
for the core aquatic and terrestrial courses,
and Jen Bowen, Joel Creswell, Bonnie
Kwiatkowski, Pat Micks, Michele Bahr, Kris
Tholke, and Tori Ziemann participated as
teaching assistants. SES associate director Ken
Foreman and administrative assistant Frances
Johnson-Horman 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. At the center, he has
worked 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.
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.
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Byron Crump 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.
Mary Booth joined The Ecosystems Center
in 2001 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.
At the Arctic LTER at Toolik Lake, Alaska,
she works with Gus Shaver to examine controls
on the processing and retention of inorganic
nitrogen in soil organic matter at different
stages of decomposition. She is also assembling
a literature-based cross-site review of soil
nitrogen processing rates as determined by
isotope techniques.
James McClelland came to The Ecosystems
Center in 2001 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 completing
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 2001
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. His research focuses on the
dynamics of soil methane emission and consumption and their feedbacks between terrestrial ecosystems and climate.
Diane Sanzone joined the center in 2001
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 Toolik Lake 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 stream as they are
taken up by organisms, released after decomposition, and repeat the process downstream.
Heather Rueth came to The Ecosystems
Center in 2001 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 and the International
Tundra Experiment (ITEX) group developing
a biogeochemical sampling protocol to be
used throughout the ITEX network of 25 sites.
She is also involved with the Northeastern
Ecosystem Research Cooperative-Nitrogen
(NERC-N) Synthesis group studying the
response of forest ecosystems to elevated
nitrogen deposition.

Solange Filoso also joined the center in
2001 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 tribu tary 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 study habitat preference patterns
of mummichog fish.
Zhenwen Wan came to The Ecosystems
Center this year after two months in Alaska,
where he received a visiting scientist award
from the International Arctic Research Center,
Japanese Frontier Research System for Global
Change, to develop a physical-biogeochemical
coupled plankton ecosystem model. He
received his doctorate in 1999 from the
Institute of Oceanology, Chinese Academy of
Sciences. His dissertation research focused
on the development of a plankton ecosystem
model and the study of ecological dynamics
in Jiaozhou Bay, China. Following that, he
worked as an assistant research scientist in the
First Institute of Oceanography, State Oceanic
Administration, China. He is currently working
with Joe Vallino, Bruce Peterson and Linda
Deegan, modeling biogeochemical processes
of Arctic streams.
Jon Benstead received his doctorate from
the University of Georgia in 2001, where he
worked with Cathy Pringle at the Institute of

Ecology. His dissertation research examined
the consequences of catchment deforestation
for stream ecosystems in eastern Madagascar.
Since arriving at the center this year, he has
been working with Linda Deegan and Bruce
Peterson on the responses of small Arctic
streams to nutrient enrichment and the controlling factors in population trends and
growth of Arctic grayling.
Al Chan also joined the center this year.
He received his doctorate in 2000 from the
Department of Microbiology at Iowa State
University, working with Timothy Parkin.
His research focused on the controls of
methane cycling in soils. Al is working with
Paul Steudler on the Atmospheric Methane
Oxidizers in Soil project, investigating the
short and long term effects of nitrogen
deposition on methane oxidation in temperate
forests and how they relate to the physiological
and molecular diversity of atmospheric
methane oxidizers.
Yuriko Yano received her doctorate this
year from the Department of Forest Science
at the Oregon State University, working with
Phil Sollins and Kate Lajtha. In her dissertation research she examined the characteristics
of dissolved organic matter and its stabilization
in a forest soil. At The Ecosystems Center,
she works with Gus Shaver, Anne Giblin, Ed
Rastetter and Knute Nadelhoffer on carbon
and nitrogen cycling and turnover in an Arctic
watershed at Toolik Lake, Alaska.
Laura Broughton came to The Ecosystems
Center to work with Gus Shaver at the center
in January of this year. She has an National
Science Foundation Microbial Biology
Fellowship to investigate the effects of climate
change on the soil microbial community in
Arctic systems. She received her doctorate in
2001 from Michigan State University, where
she studied with Kay Gross at the Kellogg
Biological Station. Her dissertation research
investigated former agricultural fields and
effects of plant communities on soil microbes.
At the center, she is studying the effects of
warming and fertilization treatments on differences in soil microbial community composition
and processes among tundra types at the Arctic
LTER site at Toolik Lake, Alaska.
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Ecosystems Center Events
and Activities in 2002
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Of Special Interest
The Marine Biological Laboratory (MBL)
agreed to purchase a five-acre farm in
Newbury, Massachusetts, for use by the Plum
Island Ecosystems Long-Term Ecological
Research (LTER) project. Marshview Farm
has two houses, a garage and a large barn/farm
market building. The buildings will provide
office space and housing for researchers,
space for sample processing, equipment and
boats, and facilities to conduct experiments.
Marshview Farm will supplement the small
house and garage on Batchelder Landing in
Rowley, which the MBL currently leases from
the Essex County Greenbelt Association.
Another addition to the center’s estuarine
research program was the donation of 100
acres of salt marsh in Marshfield,
Massachusetts, to the MBL by the Mantia
Family Trust. The land is one of the largest
salt marshes in the region and is second only
in size to the Plum Island Sound marsh system. The Mantia Family research marsh
will provide the opportunity to compare the
functioning of salt marsh ecosystems.
The new John V. K. Helfrich Geographic
Information Systems (GIS) facility in the C.V.
Starr Environmental Sciences Building was
dedicated in January. John was a research
assistant at The Ecosystems Center from 1975
until his death in 1998. He worked with John
Hobbie on microbial ecology in Alaska, was
the center’s research administrator and most
recently had worked with Jerry Melillo and
Dave Kicklighter on the Terrestrial Ecosystem
Model. John’s background in mathematics and
biology, his quantitative skills and his extraordinary ability to recall complex details about
computer programs enabled him to make
significant contributions to the center’s use
of computers, especially as the use of GIS
expanded.
During the MBL’s Discovery Campaign,
current and former staff members, friends
from the community and colleagues from
around the world raised $25,000 to contribute
to naming the GIS facility in John’s memory.
Transitions and Achievements
In June, Knute Nadelhoffer began a oneyear appointment as program director of the
Ecosystems Studies Program in the Division

of Environmental Biology at the National
Science Foundation in June. After this, he will
become director of the University of Michigan
Biological Station. Knute began at The
Ecosystems Center in 1983 as a postdoctoral
scientist and has served as a principal investigator on LTER projects in the Arctic and
temperate forests.
Ed Rastetter was promoted to senior scientist this year. Ed joined the center in 1986 as a
postdoctoral scientist. His research focuses on
modeling carbon and nitrogen interactions in
terrestrial systems, optimal resource partitioning in vegetation, and ecosystem responses to
climate change and elevated carbon dioxide
concentrations.
The MBL honored John Hobbie, Jerry
Melillo and Bruce Peterson for 25 years of
service to the laboratory and recognized Gus
Shaver, Sue Donovan and Frances JohnsonHorman for their 20 years at the MBL.
In the News
Chris Neill was a consultant for three
National Public Radio “Earth and Sky” segments highlighting the Ecosystems Center’s
research in the Amazon that were broadcast in
January. The topics were methane emissions
from Amazon forests and pastures, the effect
of Amazon deforestation on stream chemistry,
and the future consequences of intensification
of agriculture in the Amazon.
Following the publication in Science magazine of their research on Arctic river discharge,
Bruce Peterson, Max Holmes and Jim
McClelland were interviewed by national
and international media, which included the
New York Times, the Canadian Broadcasting
Company, National Geographic News and the
National Public Radio.
International Conferences
Jerry Melillo completed the first year in
his second term as president of the Scientific
Committee on Problems of the Environment
(SCOPE). In this capacity, he chaired
SCOPE’s Executive Committee meeting in
Paris in February, its officers’ meeting in
Washington, D.C., in December, and represented SCOPE at scientific meetings. In June,
he traveled to Prague to chair the session,
Science for Policy Makers, and again in

October to serve as co-chair of the meeting
on Element Interactions. In September, Jerry
was chair of the session on the Concept of
Emerging Ecosystems in Granada, Spain,
and in November, he presented the opening
address at the meeting on Endocrine Active
Chemicals in Yokahama, Japan.
In January, Bruce Peterson traveled to the
University of Algarve in Faro, Portugal, to give
two lectures, one on the use of stable isostopes
in ecosystem studies, the second on the community hydrological analysis and modeling
program.
Gus Shaver was invited in January to the
Institute of Terrestrial Ecology in Banchory,
Scotland, where he delivered a seminar on
the interaction of species composition with
nitrogen supply to control long-term change
in Alaska tundra.
Chris Neill gave a talk on “Rates and
controls of nitrogen oxide emissions from
soils following deforestation for pasture in
Rondônia, Brazil,” at a conference on Tropical
Land Use Change and Greenhouse Gas
Emissions in Tsukuba, Japan, in February.
In July, Chris, Jerry Melillo and Paul
Steudler were joined by Diana Garcia-Montiel
at a meeting of the Large Scale BiosphereAtmosphere Experiment in Amazonia in
Manaus, Brazil. Chris gave a talk on how landuse change alters the biogeochemistry and
downstream movement of nitrogen in small
drainage basins and presented a poster on
“Control of nitrous oxide and N2O and N 2
Emissions from Amazonian pastures under
intensified use: Availability of nitrogen, carbon
and the effects of soil tillage.” He also participated in an organized session, “River water as
a medium for transport in Amazonia.” Paul
presented a poster titled “Annual patterns of
soil carbon dioxide emissions from Brazilian
forest and pastures.” Paul, Diana, Jerry and
Chris were co-authors on four other posters
presented at the meeting.
In September, John Hobbie lectured on
long-term nitrogen studies in the Alaskan
Arctic at a workshop of the Global Nitrogen
Enrichment program of the United Kingdom’s
National Environmental Research Council.
Heather Rueth attended the International
Tundra Experiment (ITEX) Workshop in
Finse, Norway, in October. She presented a

poster on the research that she, Gus Shaver
and Jim Laundre have conducted on the
responses of soil temperature and respiration
to nutrient availability and air temperature.
In November, Max Holmes and Jim
McClelland traveled to Moscow to attend the
Fifth International Workshop on Land-Ocean
Interactions in the Russian Arctic. Their
presentation was “Biogeochemical tracers in
Arctic rivers: Linking the pan-Arctic watershed
to the Arctic Ocean.”
Jerry Melillo is the chair of the
International Review Committee of the
Millennium Ecosystem Assessment for
Western China (MAWEC). The MAWEC
studies changes to ecosystems in western
China and how these changes affect essential
items such as food and clean water. MAWEC
is part of the global Millennium Ecosystem
Assessment. Jerry chaired the first review committee meeting held in Beijing in November.
Arctic Research Commission Activities
John Hobbie is serving his second term as
a commissioner of the U.S. Arctic Research
Commission (ARC). The commission is one
of the smallest government agencies and
develops and recommends national Arctic
research policy through review of U.S. agency
research, facilitation of review of plans, and
the publication of an annual report on the
goals of U.S. Arctic Research. In 2002, John
attended meetings in Anchorage, Alaska,
Hanover, New Hampshire, and at the Lamont
Doherty Earth Observatory in Palisades, New
York. In an April trip to Cordova and Juneau,
Alaska, the commission met with the personnel
of the Oil Spill Recovery Institute and with
legislators and cabinet members of the state
government.
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Long-Term Ecological Research (LTER)
Events
In February, Chuck Hopkinson and Gus
Shaver participated in a symposium at the
National Science Foundation that reviewed
important accomplishments in LTER research.
Gus spoke about the role of LTER in the next
decade and Chuck presented research on landwater linkages.
John Hobbie and Debbie Scanlon organized the Arctic LTER planning meeting in
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Woods Hole in March. Attending from the
center were Michele Bahr, Neil Bettez, Mary
Booth, Laura Broughton, Karen Buzby, Byron
Crump, Linda Deegan, Marcus Gay, Anne
Giblin, Adrian Green, Sam Kelsey, Bonnie
Kwiatkowski, Jim Laundre, Knute Nadelhoffer,
Bruce Peterson, Suzanne Randazzo, Ed
Rastetter, Heather Rueth, Diane Sanzone,
Gus Shaver, Karie Slavik, Martin Sommerkorn,
Erica Stieve, Joe Vallino and Zhenwen Wan.
In March, Paul Steudler presented a talk
on soil warming at the Harvard Forest LTER
Ecology Symposium in Petersham. Co-authors
were Jerry Melillo, Heidi Lux, Sarah
Morrisseau and Frank Bowles. Pat Micks gave
a paper that she wrote with Knute Nadelhoffer
on soil respiration and soil temperature.
Chuck Hopkinson organized the annual
LTER Science Symposium on Land-Water
Interaction, which was held at the Sevilleta
LTER site in New Mexico in April. He gave
the opening address on land and water linkage
from the atmosphere to the coastal zone.
Hap Garritt represented the Plum Island
Ecosystems LTER at the National Science
Foundation LTER Metadata Workshop, held
in June at Arizona State University in Tempe.
In July, he attended the LTER information
managers’ meeting in Orlando with Jim
Laundre, who represented the Arctic LTER.
Chuck Hopkinson and Hap Garritt organized the annual meeting of the Plum Island
Ecosystems LTER project, held in Woods
Hole in May. John Hobbie, Michele Bahr,
Anne Giblin, Heather Haas, Linda Deegan,
Bruce Peterson, Craig Tobias, Jeff Hughes,
Jane Tucker, Byron Crump, Michael Williams,
Josh Goldstein, Ed Rastetter, Joe Vallino and
Jeff Evans attended from the center.
In October, Chuck Hopkinson, representing the Plum Island LTER, and Charley
Driscoll of the Hubbard Brook LTER presented a report on the effects of nitrogen on New
England ecosystems to the staff of the U. S.
Senate Environment and Public Works
Committee. The report was prepared by a
multidisciplinary team of scientists with
support from the Hubbard Brook Research
Foundation, which periodically sponsors
reviews of major environmental issues in order
to communicate scientific information to policy
makers. The report was also delivered to non-

government organizations at a conference at
Island Press in Washington, D.C.
Arctic System Science (ARCSS) Meetings
At the ARCSS All-Hands Meeting in
Seattle in February, Bruce Peterson, Max
Holmes and Jim McClelland presented three
posters on their Arctic rivers research: a circumpolar perspective on sediment flux to the
Arctic Ocean; the threat of increased river
discharge to the Atlantic Ocean thermohaline
circulation; and the long-term variability of
the pan-Arctic hydrological budget. Bruce
also gave a talk on freshwater discharge to
the Arctic Ocean. Heather Rueth presented a
poster she prepared with Gus Shaver, Martin
Sommerkorn and Knute Nadelhoffer on the
long-term responses of wet sedge tundra to
changes in nutrients, light and temperature.
Suzanne Randazzo, Ed Rastetter, Gus Shaver,
Bonnie Kwiatkowski, Knute Nadelhoffer and
John Hobbie also participated in the meeting.
In October, John Hobbie attended the
ARCSS/ Arctic Transitions in the LandAtmosphere System synthesis meeting in
Victoria, British Columbia. Immediately afterwards, John, Bruce Peterson and Gus Shaver
took part in a meeting of the Study of
Environmental Arctic Change (SEARCH)
meeting in Seattle. Gus also attended a
meeting of the SEARCH scientific steering
committee’s interagency working group.
Estuarine Research Federation (ERF)
Workshops
In 2002, Anne Giblin served her final year
of a two-year term as president of the
Estuarine Research Federation. She continues
to co-chair a committee on population, energy
and the environment of the Council of
Scientific Society Presidents.
In April, Anne hosted an ERF workshop
at the MBL, Initiative in Biocomplexity:
Facilitation of Research on Estuarine
Responses to Climate Change and Variability.
Talks were given by Anne, Ben Felzer, Bob
Howarth and Bruce Peterson. Heather Haas
also attended the meeting. As past president,
Anne hosted the governing board meeting
later that week. Linda Deegan participated
as a member of the ERF governing board.
Linda Deegan serves as president of the

New England Estuarine Research Society
(NEERS), a regional affiliate of ERF. At
the spring NEERS gathering in May at Bar
Harbor, Maine, Linda, John Logan, Hap
Garritt and Heather Haas presented a poster
on forage fish abundance estimates. Heather
and Linda gave a poster on modeling the
effects of flooding frequency on mummichog
production. Linda, Bruce Peterson, Jeff
Hughes and Craig Tobias gave a presentation
on using stable isotopes to track changes in
an estuarine food web, and Anne Giblin presented a talk on the results of the April ERF
meeting.
Linda was a session chair of the Long
Island Sound/NEERS research conference in
Groton, Connecticut, in October, which Anne
also attended.
Other Meetings
Michele Bahr attended the American
Society of Limnology and Oceanography
(ASLO)/American Geophysical Union (AGU)
ocean sciences meeting in Honolulu in
February.
In March, Paul Steudler presented a talk
that he wrote with Jer ry Melillo, Heidi Lux
and Sarah Morrisseau on the subject of soil
warming at the annual National Institute for
Global Environmental Change workshop at
Harvard Forest in Petersham.
In April, Ben Felzer, Dave Kicklighter,
Jerry Melillo and Qianlai Zhuang presented a
poster at the American Geophysical Union
meeting in Washington, D.C., on modeling
ozone effects on productivity. That month,
Ben also traveled to Dallas for a meeting of
the technical review committee of global
change and wildlife for The Wildlife Society.
Michele Bahr, John Hobbie, Byron Crump,
Joe Vallino and Chuck Hopkinson attended the
Outcomes of Genome-Genome Interactions
meeting, sponsored by the Center for
Advanced Studies in the Space Life Science,
at the MBL in May. Chuck and John each
led a session. Byron presented a paper on
“Microbial diversity and ecosystems: A strategy
for linking structure and function in aquatic
systems” and Joe’s presentation was titled
“Modeling microbial consortiums as distributed metabolic networks.”
Chuck Hopkinson, Joe Vallino, Bruce
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Peterson and John Hobbie attended the
American Society of Limnology and
Oceanography meeting in Victoria, Canada,
in June. Chuck and Joe gave a presentation
on the decomposition of dissolved organic
matter from the continental margin. John was
co-author of a paper on the transfer of nutrients and water on an Alaskan hill slope.
In May, Adrian Green, Bruce Peterson and
Diane Sanzone attended the annual meeting
of the North American Benthological Society
in Pittsburgh. Diane made two presentations
on stable isotopes and predators in streams.
Knute Nadelhoffer, Jerry Melillo, Gus
Shaver, Qianlai Zhuang and Laura Broughton
attended the Ecological Society of America
meeting in Tucson in August. Jerry gave a talk
on a decade of soil warming research. Qianlai
presented a talk on modeling soil thermodynamics and carbon fluxes. Laura’s topic was
the experimental evaluation of the effects of
different plant species on the soil microbial
communities.
In November, John Hobbie attended
the annual meeting of the Association of
Ecological Research Centers in Washington
D.C. He spoke about funding for environmental science.
At the American Geophysical Union (AGU)
meeting in San Francisco in December, Jerry
Melillo gave a talk on soil warming and feedbacks to the climate system. Ben Felzer, Dave
Kicklighter, Qianlai Zhuang and Jerry presented a poster on “Ozone effects on global net
primary production and carbon sequestration
using a biogeochemistry model.” Qianlai presented a paper he co-wrote with Jerry, Dave,
John Hobbie and others on the topic of soil
carbon decomposition related to land use and
land cover. At that meeting, Max Holmes,
Bruce Peterson and Jim McClelland presented
two posters on their Arctic rivers research.
Paul Steudler gave a talk that he co-wrote with
Toby Ahrens and Jerry Melillo on changes in
carbon dioxide, nitrous oxide and nitric oxide
emissions due to different agricultural practices in Rondônia, Brazil.
In December, Suzanne Randazzo and Gus
Shaver attended the meeting of the Toolik
(Alaska) Field Station steering committee in
Fairbanks.

Other Workshops and Conferences
In February, Gus Shaver led a workshop
in Woods Hole of the terrestrial ecosystems
group of the Arctic Climate Impacts
Assessment (ACIA). Both Gus and John
Hobbie are part of a team of scientists who
are writing chapters of an ACIA report on
climate change. Their task is to gather information from researchers in a number of Arctic
countries about climate-caused changes to
ecosystems.
Mary Booth attended a workshop on
nitrogen and effects on human health at the
National Center for Ecological Synthesis
and Analysis in Santa Barbara in March.
Jane Tucker, Anne Giblin and Sam
Kelsey attended the annual workshop of the
Massachusetts Water Resources Authority,
held in Duxbury in March.
Knute Nadelhoffer organized a meeting
at the MBL in March of the Northeastern
Ecosystem Research Cooperative. The
topic was “A Cross-Site Synthesis of Forest
Ecosystem Response to Elevated Atmospheric
Nitrogen Deposition.”
Gus Shaver was on the organizing
committee and served as a session chair of
the Terrestrial Ecosystems Responses to
Atmospheric and Climate Change meeting of
the Global Change and Terrestrial Ecosystems
project. The meeting was held in Durham,
New Hampshire, in May. Gus presented a
paper on theoretical considerations in temporal scaling. Ed Rastetter attended the workshop as well.
Also in May, Roxanne Marino and Bob
Howarth organized a workshop at the
National Academy of Science in Woods Hole
to identify national research priorities for
nutrient pollution in coastal waters, sponsored
by the National Oceanic and Atmospheric
Administration. Anne Giblin participated in
the meeting.
In August, Marshall Otter attended the
9th Canadian Continuous-Flow Isotope Ratio
Mass Spectrometry conference in St. John’s,
Newfoundland.
In September, John Hobbie, Byron Crump
and Laura Broughton attended the annual
meeting at NSF in Washington, D.C., of the
Microbial Observatory and Life in Extreme
Environments. They presented a poster

describing work done by the Plum Island
Estuary Microbial Observatory on the identification of prokaryotes in salt marsh sediments
and plankton and their role in controlling
major ecosystem processes. Laura presented
a poster on the role of the soil microbial community in the Arctic tundra.
Heather Haas attended a Dissertation
Symposium for the Advancement of Coastal,
Estuarine and Great Lakes Science, sponsored
by the Estuarine Research Federation in
Puerto Rico in October. Jane Tucker attended
the Northeast Beaches Conference at the
Woods Hole Oceanographic Institution.
Anne Giblin, as chair of the advisory board
of the Cooperative Institute for Coastal and
Estuarine Environmental Technology, attended meetings in April and November at the
University of New Hampshire.
In September, Dave Kicklighter gave a talk
at the Massachusetts Institute of Technology
(MIT) on the MBL approach to estimating
greenhouse gas emissions. The talk was part
of the Environmental Protection Agency’s
Workshop on the Incorporation of Land Use
and Greenhouse Gas Emissions into the
Global Trade Analysis Project Data Base,
hosted by MIT’s Joint Program on the Science
and Policy of Global Change and Purdue
University’s Center for Global Trade Analysis.
Dave presented two posters at the
November investigators’ working group
meeting of the National Aeronautics and Space
Administration’s Earth Observing System in
Ellicott City, Maryland.
Linda Deegan served on the program
committee of a symposium, “Effects of Fishing
Activities on Benthic Habitats: Linking
Geology, Biology, Socioeconomics and
Management,” held in Tampa, Florida, in
November.
In December, Jerry Melillo and Dave
Kicklighter attended the SCOPE Meeting in
Woods Hole on Managing Forests in the
Information Age.
Lectures and seminars
Qianlai Zhuang spoke at the Massachusetts
Institute of Technology in January on the subject of modeling climate change, soil thermal
and hydrological dynamics and forest disturbance effects on carbon dynamics.

Anne Giblin gave a
lecture on human impacts
on the nitrogen cycle at
Middlebury College in
February. Knute Nadelhoffer
spoke to students and faculty
at Bowdoin College and
Colby College about the
Semester in Environmental
Science program.
In February, Jerry Melillo Heather Haas, John Logan
delivered a lecture on the
impacts of climate change to the American
Association for the Advancement of Science
meeting in Boston. Chuck Hopkinson gave a
presentation, “Land-water Interactions: The
State-of-the-Science,” to the National Science
Foundation and other federal agencies. Also
that month, Chris Neill gave a talk on deforestation and the future of the Amazon to the
Sierra Club in Barnstable.
Chuck Hopkinson was invited in March to
Florida International University to lecture on
long-term changes at the land-sea interface
and the effects of human activities in watersheds, using the Ipswich River as a case study.
At Boston University, Qianlai Zhuang lectured
on the use of atmospheric carbon dioxide mea- Hap Garritt
surements, atmospheric transport models and
remote sensing to model terrestrial ecosystem
carbon dynamics at high latitudes.
Knute Nadelhoffer gave a talk in March at
the University of Michigan. The subject was
“Decade-scale responses of temperate forests
to nitrogen deposition: Links to the global
carbon cycle.”
In April, Joe Vallino lectured on microbial
biogeochemistry at the University of Rhode
Island. Ed Rastetter gave an informational talk
on the center’s Semester in Environmental
Science program at Clark University.
In May, Chuck Hopkinson gave two talks
on research being conducted in the Ipswich
River watershed to community groups in the
Max Holmes
watershed area. The first was at the Myopia
Hunt Club in Hamilton and the other was
for the annual meeting of the Essex County
Greenbelt Association.
In July, John Hobbie hosted a group from
the American Geographical Society for a day
of talks by center staff. Ed Rastetter spoke on
spatial differences in global plant production in
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response to climate change, Dave Kicklighter,
on estimating carbon dioxide exchange for an
entire watershed, and Bruce Peterson, on
freshwater flow from the Arctic watershed to
the Arctic Ocean and its effect on the North
Atlantic Deep Water formation.
Also that month, Jane Tucker and John
Hobbie explained the center’s research programs to a group of high school teachers
participating in the Sea Education Association’s
summer program.
Ann Lezberg coordinated a series of seminars and field trips in July and August on
“Conservation and Science in Northeaster n
Sandplain Ecosystems,” which was co-hosted
with The Nature Conservancy’s Islands
Program. Summer interns conducting research
and conservation work on Martha’s Vineyard
and interested islanders were invited to hear
speakers from the Harvard Forest Long-Term
Ecological Research site, Boston University
Marine Program, and Camp Edwards at the
Massachusetts Military Reservation discuss
their research and management activities.
In August, Anne Giblin gave a talk to the
MBL’s Council of Visitors titled “Human
impacts on the nitrogen cycle – local or global
problem?”
Ben Felzer gave two talks to the MIT Joint
Program on the Science and Policy of Global
Change. In September, the topic of his talk
was the effects of ozone on ecosystems; in
November, he gave an update on the status
of the Terrestrial Ecosystem Model.
In October, Anne Giblin spoke about
human impacts on the nitrogen cycle to a
group of science journalists at the MBL. Max
Holmes lectured at Rutgers University about
increased discharge from Arctic rivers and
global climate change. Heather Rueth gave a
talk at Boston University’s Center for Ecology
and Conservation Biology.
Chuck presented a talk on water quality in
the Ipswich River basin at the Ipswich River
Restoration Conference, held in November
at the North Shore Community College.
Also that month, Jerry Melillo spoke at the
University of New Hampshire on the topic of
new perspectives on element interactions.
Chris Neill spoke to the Elderhostel participants at the MBL in November, explaining
how local and global climate changes influence

Cape Cod birds. In December, he gave a talk
on land use and global climate change in the
Amazon to Tufts University international
scholars at a meeting held at MBL.
Ken Foreman traveled to Texas to give
seminars on the Semester in Environmental
Science at Southwestern University and Trinity
University.
Committee Memberships
John Hobbie continues as chairman of the
Scientific Oversight Panel of the Florida Bay
Research Program, an interagency group that
develops the scientific information necessary
to restore and maintain an ecologically healthy
South Florida coastal ecosystem.
Jerry Melillo is on the external advisory
committee of an international non-governmental organization, Strategic Analysis, Research
and Training (START) that helps scientists
from developing countries participate in global-change science. He also serves on the external advisory committees of 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 continues as 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 Arctic Community-wide
Hydrological Analysis and Monitoring
Programs of the ARCSS project. He and Max
Holmes serve on the science steering committee of NSF’s Russian-American Initiative for
Shelf-land Environments in the Arctic. In
addition, Bruce serves on the steering committee of the Lotic Intersite Nitrogen Experiment
project.
Chris Neill is on the science advisory board
of the Association to Preserve Cape Cod. Jane
Tucker is a member of the Falmouth Coastal
Resources Working Group.
Gus Shaver continues as a member of the
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.”
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 subject
editor of Ecosystems. Linda Deegan serves on
the editorial board of Ecological Applications.
Chuck Hopkinson is editor-in-chief of the
international journal, Wetlands Ecology and
Management.
MBL Boards and Committees
Jerry Melillo is co-chair of the MBL’s
committee to develop a joint MBL-Brown
University Ph.D. program. He is also a member of the steering committee to develop a
long-term strategic plan for the MBL. As part
of this planning effort, task forces were established. John Hobbie serves on the education
task force, Bruce Peterson and Ed Rastetter
are on the research committee, and Jerry is
on the committee to attract visiting scientists.
Anne Giblin is chair of the MBL Diving
Control board, of which Jane Tucker is a
member. Jane is also on the MBL’s Position
Evaluation Committee. Don Burnette, Paul
Steudler and John Hobbie are members of the
MBL Safety Committee, which John serves
as chairman. John is also on the Joint Advisory
Committee of the MBL/WHOI Library.
Pat Micks is a member of the Woods Hole
Oceanographic Institution-MBL International
Committee. Joe Vallino and Ed Rastetter are
on the MBL’s Computer Advisory committee.
Adjunct and Visiting Scientists
The center sponsors two adjunct scientists
and was host to two visiting scientists during
2002.
Paul Colinvaux, an adjunct scientist at the
center, came from the Smithsonian Tropical
Research Institute in Panama. He is professor
emeritus at Ohio State University. His paleoecological research reconstructs environmental
histories through glacial times from data such
as sub-fossil pollen in lake sediments.
Currently his research is funded through NSF
in collaboration with Lawrence Livermore

National Laboratory and Lamont-Doherty
Earth Observatory to test whether tree-rings
of the tropical tree Hymanaea courbaril can
be used as climate indicators. Upcoming field
work is planned for Panama. He is also planning a collaboration with other institutions
for more paleoecological work on the
Galapagos Islands.
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. In 2002, Bob
chaired a workshop at the National Academy
of Sciences in Woods Hole to develop an interagency federal research plan for dealing with
coastal nitrogen pollution, co-chaired a workshop at the National Center for Ecological
Analysis and Synthesis in Santa Barbara on the
effects of nitrogen pollution on human health,
and continued to analyze trends on nitrogen
use in the U.S. over the past 40 years.
Jim Galloway spent the year as a visiting
scientist at The Ecosystems Center. He led a
group that included Bob Howarth, Jerry
Melillo and Mary Booth to develop the
International Nitrogen Initiative (INI). The
INI project is to be sponsored by the Scientific
Committee on Problems of the Environment
and the International Geosphere-Biosphere
Programme and would explore ways to maximize food and energy production while minimizing the impacts of nitrogen on people and
ecosystems. Jim was lead author with Bob and
others on papers concerning the global nitrogen cycle that were published in the journals
BioScience and Biogeochemistry.
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 and dynamics of stream ecosystems,
riparian vegetation, and the role of large
animals in influencing ecosystem dynamics.
While in Woods Hole, he is writing a
textbook on riparian ecology that will be
published by Academic Press in early 2004.
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Jim Galloway

Erica Stieve
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Seminars at The Ecosystems
Center During 2002
Januar y
8 Annelie Skoog, University of Connecticut,
“Benthic flux of organic matter at the
onset of anoxia.”
15 Timothy Eglinton, Woods Hole
Oceanographic Institution, “What on Earth
have we been burning?”
22 Daniel McCorkle, Woods Hole
Oceanographic Institution, “A radiocarbon
based tracer of groundwater fluxes into
estuaries and the coastal ocean.”
29 Christine Goodale, Woods Hole Research
Center, “Effects of land-use history on
nitrogen cycling and loss from New
Hampshire forests.”
Februar y
5 Edward Rastetter, Marine Biological
Laboratory, “Resource optimization and
symbiotic nitrogen fixation.”
12 Adrien Finzi, Boston University, “Net
primary production and nitrogen cycling in
a pine forest under elevated CO2.”
13 Foster Brown, Woods Hole Research
Center, “Amazon development in the fast
lane: The role of science in affecting
development in southwestern Amazonia.”
19 Erik Hobbie, University of New
Hampshire, “Fungi, forests, and foodwebs:
Examining belowground processes with
stable isotopes.”
26 Lars Hedin, Princeton University, “Forest
nutrient cycles: Are there global assembly
rules?”
March
5 Bruce Peterson, Marine Biological
Laboratory, “Atlantic Ocean thermohaline
circulation threatened by increasing Arctic
river discharge.”
12 Mark Altabet, University of
Massachusetts, Dartmouth, “The role of
oceanic suboxic zones in coupling global
climate change and the marine nitrogen
cycle.”
19 Gary Lovett, Institute of Ecosystem
Studies, “Nitrogen cycling in forests of the
Catskill Mountains: Do species matter?”
20 Dan Schindler, University of Washington,
“Why lakes and rivers matter to oceans.”
26 Elizabeth Boyer, State University of New
York, “Where did all the nitrogen go?
Nitrogen inputs, storages, and losses in
northeastern watersheds.”
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April
9 Ruth Yanai, State University of New York,
“Nutrient uptake estimated by ecosystem
budgets and by root measurements. (They
don’t agree.)”
16 Andrea Lloyd, Middlebury College,
“Variability in the response of treeline
forests in Alaska to warming: Insights from
tree rings, experiments, and models.”
23 Andrey Proshutinsky, Woods Hole
Oceanographic Institution, “Arctic climate
variability.”
30 Chris Guay, Lawrence Berkeley National
Laboratory, “Carbon and tracers, and
land-ocean linkage in the Arctic and
elsewhere.”
May
7 Robert Naiman, University of Washington,
“Pacific salmon, marine-derived nutrients,
and the dynamics of riverine/riparian
systems.”
14 Heidi Nepf, Massachusetts Institute of
Technology, “Flow physics in aquatic
vegetation.”
June
4 Ray Konisky, University of New
Hampshire, “Tidal restriction and
restoration: A spatial simulation model of
Drakes Island Marsh,Wells, Maine.”
October
23 Mark Brush,Virginia Institute of Marine
Science, “Development of an innovative
numerical model for shallow marine
ecosystems.”
November
12 Scott Saleska, Harvard University,
“Carbon balance and seasonality of carbon
exchange in an old-growth Amazon rainforest: Seeing both the forest and the trees.”
December
3 Diana Garcia-Montiel, Marine Biological
Laboratory, “What controls trace gas
emissions in forests and human-altered
areas in the Amazon Basin?”
10 Michael Pace, Institute of Ecosystems
Studies, “Carbon sources for lake food
webs: Results from whole lake 13C additions.”
17 Mark Hines, University of Massachusetts,
Lowell, “Decoupling of terminal decomposition in northern wetlands: Acetate as an
anaerobic end product.”

Staff at The Ecosystems
Center During 2002

Administrative Staf f
John E. Hobbie, Co-Director
Ph.D., Indiana University
Jerry M. Melillo, Co-Director
Ph.D., Yale University
Kenneth H. Foreman
Associate Director of Semester in
Environmental Science Program
Ph.D., Boston University
Dorothy J. Berthel
Administrative Assistant
Anthony J. Cave
Research Administrator
M.B.A., London Business School
Suzanne J. Donovan
Executive Assistant
Massachusetts College of Art
Frances Johnson-Horman,
Administrative Assistant
A. S., Newbury 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 Staf f
John E. Hobbie, Senior Scientist
Ph.D., Indiana University
Charles S. Hopkinson, Senior Scientist
Ph.D., Louisiana State University
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
Edward B. Rastetter, Senior Scientist
Ph.D., University of Virginia
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
Christopher Neill, Assistant Scientist
Ph.D., University of Massachusetts at
Amherst

Joseph J. 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
Educational Staff Appointments
Jonathan P. Benstead, Postdoctoral Scientist
Ph.D., University of Georgia
Mary S. Booth, Postdoctoral Scientist
Ph.D., Utah State University
Karen Buzby, Postdoctoral Scientist
Ph.D., State University of New York
at Syracuse
Laura C. Broughton, Postdoctoral Scientist
Ph.D., Michigan State University
Alvarus S. K. Chan, Postdoctoral Scientist
Ph.D., Iowa State University
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., Louisiana State University
James W. McClelland, Postdoctoral Scientist
Ph.D., Boston University
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
Zhenwen Wan, Postdoctoral Scientist
Ph.D., Institute of Oceanology,
Chinese Academy of Sciences

Dixie Berthel

Mary Ann Seifert
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Michael R. Williams, Postdoctoral Scientist
Ph.D., University of California,
Santa Barbara
Yuriko Yano, Postdoctoral Scientist
Ph.D., Oregon State University
Qianlai Zhuang, Postdoctoral Scientist
Ph.D., University of Alaska, Fairbanks

Mardi and Frank Bowles

Yuriko Yano

Shaomin Hu
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Technical Staf f
Toby Ahrens, Research Assistant
B.A., Connecticut College
Michele P. Bahr, Senior Research Assistant
M.S., University of Hawaii
Neil D. Bettez, Research Assistant
M.A., University of North Carolina,
Greensboro
Zy F. Biesinger, Research Assistant
M.S., Utah State University
Donald W. Burnette, Research Assistant
M.S., Southern Illinois University
Elizabeth H. Burrows, Research Assistant
B.A., Mount Holyoke College
Benjamin P. Colman, Research Assistant
B.A., Carleton College
Christopher P. Crockett, Research Assistant
M.S., Murray State University
Jeffrey A. Evans, Research Assistant
B.A., Hamilton College
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
Adrian C. Green, Research Assistant
M.S., University of Alabama
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
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M.S., West Virginia University
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Marshall L. Otter, Senior Research Assistant
Ph.D., University of Cape Town,
South Africa
Suzanne Randazzo, Research Assistant
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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
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
Ian J. Washbourne, Research Assistant
M.S., University of Wales, Bangor
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Francis P. Bowles, Research Systems
Consultant
Principal, Research Designs
Ph.D., Harvard University
Margaret C. Bowles, Administrative
Consultant
B.A., Bryn Mawr College
Adjunct Scientists
Paul Colinvaux, Smithsonian Tropical
Research Institute (retired)
Robert Howarth, Cornell University
Visiting Scientists
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Robert Naiman, University of Washington
Visiting Students
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São Paulo, Brazil
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Publications During 2002

Bashkin, V.N., and R.W. Howarth.
Modern Biogeochemistr y. Kluwer,
Dordrecht, 561 pp.
Bettez, N., P. Rublee, W.J. O’Brien and
M.C. Miller . Changes in abundance, composition and controls within the plankton of a
fertilized arctic lake. Freshwater Biology
47:303-311.
Boyer, E.W., and R.W. Howarth (eds.),
Global and Regional Synthesis of the
Nitrogen Cycle . Kluwer, Dordrecht, 519 pp.
Boyer, E.W., C.L. Goodale, N.A. Jaworski
and R.W. Howarth. Effects of anthropogenic
nitrogen loading on riverine nitrogen export in
the northeastern US. Biogeochemistr y
57/58:137-169.
Bret-Harte, M.S., G.R. Shaver and F.S.
Chapin, III. Primary and secondary stem
growth in arctic shrubs: Implications for community response to environmental change.
Journal of Ecology 90:251-267.
Bush, M.B, M.C. Miller, P.E. De Oliveira
and P.A. Colinvaux. Orbital forcing signal in
sediments of two Amazonian lakes. Journal
of Paleolimnology 27:341-352.
Clein, J.S., A.D. McGuire, X. Zhang, D.W .
Kicklighter, J.M. Melillo, S.C. Wofsy, P.G.
Jarvis and J.M. Massheder . Historical and
projected carbon balance of mature black
spruce ecosystems across North America: The
role of carbon-nitrogen interactions. Plant
and Soil 242(1):15-32.
Cowling, E., J. Galloway, C. Furiness, M.
Barber, T. Bresser, K. Cassman, J.W .
Erisman, R. Haeuber, R. Howarth, J.
Melillo, W. Moomaw, A. Mosier, K.
Sanders, S. Seitzinger, S. Smeulders, R.
Socolow, D. Walters, F. West and Z. Zhu.
Optimizing nitrogen management in food and
energy production and environmental protection: Summary statement from the Second
International Nitrogen Conference, pp. 1-9.
In: J. Galloway, E. Cowling, J.W. Erisman, J.
Wisniewski and C. Jordan (eds.), Optimizing

Nitrogen Management in Food and
Energy Production and Environmental
nd
Protection: Proceedings of the 2
International Nitrogen Conference on
Science and Policy , 14-18 October 2001,
Potomac, Maryland, USA. Swets & Zeitlinger
B.V., Lisse, The Netherlands.
Currie, W.S., and K.J. Nadelhoffer . The
imprint of land use history: Patterns of carbon
and nitrogen in downed woody debris at the
Harvard Forest. Ecosystems 5:446-460.
Currie, W.S., K.J. Nadelhoffer and B.
Colman. Long-term movement of 15N tracers
into fine woody debris under chronically
elevated N inputs. Plant and Soil
238:313-323.
Dargaville, R.J. M. Heimann, A.D.
McGuire, I.C. Prentice, D.W. Kicklighter
,
F. Joos, J.S. Clein, G. Esser, J. Foley, J.
Kaplan, R.A. Meier, J.M. Melillo, B.
Moore III, N. Ramankutty, T. Reichenau,
A. Schloss, S. Sitch, H. Tian, L.J. Williams
and U. Wittenberg. Evaluation of terrestrial
carbon cycle models with atmospheric CO2
measurements: Results from transient simulations considering increasing CO2, climate
and land-use effects. Global
Biogeochemical Cycles :16(4), 1092,
doi:10.1029/2001GB001426.
Deegan, L.A. Lessons learned: The effects of
nutrient enrichment on the support of nekton
by seagrass and salt marsh ecosystems.
Estuaries 25(4B):727-742.
Deegan, L.A., A. Wright, S.G. Ayvazian,
J.T. Finn, H. Golden, R.R. Merson and
J. Harrison. Nitrogen loading alters seagrass
ecosystem structure and support of higher
trophic levels. Aquatic Conservation:
Marine and Freshwater Ecosystems
12:193-212.
Dodds, W.K., A.J. Lopez, W.B. Bowden,
S. Gregor y, N.B. Grimm, S.K. Hamilton,
A. E. Hershey, E. Marti, W.H. McDowell,
J.L. Meyer, D. Morrall, P.J. Mulholland
B.J. Peterson, J.L. Tank, H.M. Valett,
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J. R. Webster and W . Wollheim. N uptake
as a function of concentration in streams.
Journal of the North American
Benthological Society 21(2): 206-220.

Quantifying competitiveness in woody plants.
Plant Biology 4:153-158.

Driscoll, C., D. Whitall, J. Aber, E. Boyer
,
M. Castro, C. Cronan, C. Goodale, P .
Groffman, K. Lambert, G. Lawrence, C.
Hopkinson and S. Ollinger. Nitrogen
Pollution: From the Sources to the Sea
.
Science Links – Hubbard Brook Research
Foundation, Hanover, NH, 4 pp.
Felzer, B.S., D.W. Kicklighter, J.M.
Melillo, C. Wang, Q. Zhuang and R.G.
Prinn. Ozone effects on net primar y
production and carbon sequestration in
the conterminous United States using a
biogeochemistry model.
MIT Joint
Program on the Science and Policy of Global
Change. Report No. 90.

Garcia-Montiel, D.C. El legado de la actividad humana en los bosques neotropicales contemporáneos. In: M.R. Guariguata and G.H.
Kattan (eds.), Ecología y Conservación de
Bosques Neotropicales . Libro Universitario
Regional, Cartago, Costa Rica.
Garcia-Montiel, D.C., J. Melillo, P.A.
Steudler, C. Neill, B. Feigl and C. Cerri.
Relationship between N 2O and CO2 emissions
from the Amazon Basin. Geophysical
Research Letters 29(6), 1090,
doi:10.1029/2001GL013830.
Goodale, C.L., K. Lajtha, K.J.
Nadelhoffer, E.W. Boyer and N.A.
Jaworski. Forest nitrogen sinks in large eastern U.S. watersheds: inventory and modeled
estimates. Biogeochemistr y 57/58:239–266.
Gough, L., P.A. Wookey and G.R. Shaver
.
Dry heath arctic tundra responses to long-term
nutrient and light manipulation. Arctic,
Antarctic, and Alpine Research
34:211-218.
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Holmes, R.M., J.W. McClelland, B.J.
Peterson, I.A. Shiklomanov, A.I.
Shiklomanov, A.V. Zhulidov, V.V. Gordeev
and N.N. Bobrovitskaya.
A circumpolar
perspective on fluvial sediment flux to the
Arctic Ocean. Global Biogeochemical
Cycles 16(4), 1098,
doi:10.1029/2001GB001849.
Hopkinson, C.S., J.J. Vallino and A. Nolin.
Decomposition of dissolved organic matter
from the continental margin. Deep-Sea
Research II 49:4461-4478.

Galloway, J.N., J.D. Aber, J.W. Erisman,
S.P. Seitzinger, R.W. Howarth, E.B.
Cowling and B.J. Cosby . The nitrogen
cascade. Bioscience 54: 341-356.

Grams, T.E.E., A.R. Kozovits, I.M. Reiter
J.B. Winkler, M. Sommerkorn, H.
Blaschke, K.-H. Häberle and R. Matyssek.

Hobbie, S.E., K.J. Nadelhoffer, and P .
Högberg. A synthesis: The role of nutrients
as constraints on carbon balances in boreal and
arctic regions. Plant and Soil 242:163-170.

,

Howarth, R.W . The nitrogen cycle, pp. 429435. In: H.A. Mooney and J.G. Canadell
(eds.), Encyclopedia of Global
Environmental Change . Vol. 2, The Earth
System: Biological and Ecological
Dimensions of Global Environmental
Change . Wiley, Chichester.
Howarth, R.W . Nutrient over-enrichment
of coastal waters in the United States:
Steps toward a solution.
Pew Oceans
Commission, Washington, DC.
Howarth, R.W., D. Scavia and R. Marino.
Nutrient Pollution in Coastal Waters
Priority. Topics for an Integrated
National Research Program for the
United States . National Oceanic and
Atmospheric Administration, Silver Spring,
MD.
Howarth, R.W., E.W. Boyer, W.J. Pabich
and J.N. Galloway . Nitrogen use in the
United States from 1961-2000 and potential
future trends. Ambio 31:88-96.
Howarth, R.W., and D.M. Rielinger .
Nitrogen from the atmosphere:
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waters. Science and Policy Bulletin #8,
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coastal waters of the United States. Estuaries
25:656-676.
Hughes, J.E., L.A. Deegan, J.C. Wyda and
A. Wright. An index of biotic integrity based
on fish community structure applied to Rhode
Island and Connecticut estuaries, pp. 49-58.
In: M. Van Patten (ed.), Proceedings of the
Fifth Biennial Long Island Sound
Research Conference 2000 . Connecticut
Sea Grant Publication CTSG-01-02, Stamford,
Connecticut.
Hughes, J.E., L.A. Deegan, M.J. Weaver
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index of estuarine biotic integrity based on fish
communities. Estuaries 25(2):250-263.
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The effects of
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Valiela. Denitrification and the stoichiometry
of nutrient regeneration in Waquoit Bay, MA.
Estuaries 25:272-281.
Loya, W., L.C. Johnson, G.W. Kling, J.Y .
King, W. S. Reeburgh and K.J.
Nadelhoffer . Pulse-labeling studies of
carbon cycling in arctic tundra ecosystems:
Contribution of photosynthates to soil organic
matter. Global Biogeochemical Cycles:
16(4), 1101, doi:10.1029/2001GB001464.
Marino, R., F. Chan, R.W. Howarth, M.
Pace and G.E. Likens.
Ecological and biogeochemical interactions constrain planktonic
nitrogen fixation in estuaries. Ecosystems
5:719-725.

Mayer, B., E.W. Boyer, C. Goodale, N.A.
Jaworski, N. van Breemen, R.W. Howarth,
S.P. Seitzinger, G. Billen, K. Lajtha, K.
Nadelhoffer, D. van Dam, L.J. Hetling, M.
Nosil, K. Paustian and R. Alexander
.
Sources of nitrate in rivers draining sixteen
watersheds in the northeastern U.S.: Isotopic
constraints. Biogeochemistr y 57/58:171-197.
Mayer, B., N. Jaworksi, E. Boyer, R.
Howarth, C. Goodale, L. Hetling, S.
Seitzinger, G. Billen, R. Alexander, N. van
Breemen, K. Paustian, D. van Dam, K.
Lajtha and K. Nadelhoffer . On the feasibility of using the nitrogen and oxygen isotope
ratios of nitrate for describing the origin of
riverine nitrate and N transformations in large
watersheds. Biogeochemistr y 57/58:238-266.
McClelland, J.W., and J.P. Montoya.
Trophic relationships and the nitrogen isotopic
composition of amino acids in plankton.
Ecology 83:2173-2180.
McGuire, A.D., C. Wirth, M. Apps, J.
Beringer, J. Clein, H. Epstein, D.W .
Kicklighter, J. Bhatti, F.S. Chapin III, B.
de Groot, D. Efremov, W. Eugster, M.
Fukuda, T. Gower, L. Hinzman, B.
Huntley, G.J. Jia, E. Kasischke, J. Melillo,
V. Romanovsky, A. Shvidenko, E. Vaganov
and D. Walker . Environmental variation,
vegetation distribution, carbon dynamics and
water/energy exchange at high latitudes.
Journal of Vegetation Science 13:301-314.
McKane, R.B., L.C. Johnson, G.R. Shaver
,
K.J. Nadelhoffer, E.B. Rastetter, B. Fr
y,
A.E. Giblin, K. Kieland, B.L. Kwiatkowski,
J.A. Laundre and G. Murray . Resourcebased niches provide a basis for plant species
diversity and dominance in arctic tundra.
Natur e 415:68-71.
Melillo, J.M. How Camest Thou in this
Pickle?, pp. 23-31. In: Engineering and
Environmental Challenges: Technical
Symposium on Earth Systems
Engineering. National Academy Press,
Washington, DC.
Melillo, J.M., and E.B. Cowling.
Reactive
nitrogen and public policies for environmental
protection. Ambio 31:150-158.

45

Melillo, J.M., O. Sala and Working Group
2 members. Ecosystem Services, pp. 13-18.
In: E. Chivian (ed.), Biodiversity: Its
Importance to Human Health . Center for
Health and the Global Environment, Harvard
Medical School, Boston, MA.
Melillo, J.M., P.A. Steudler, J.D. Aber ,
K. Newkirk, H. Lux, F.P. Bowles, C.
Catricala, A. Magill, T. Ahrens and S.
Morrisseau. Soil warming and carbon-cycle
feedbacks to the climate system. Science
298:2173-2176.
Mulholland, P.J., J.L. Tank, J.R. Webster
,
W.B. Bowden, W.K. Dodds, S.V. Gregor y,
N.B. Grimm, S.K. Hamilton, S.L. Johnson,
E. Martí, W.H. McDowell, J.L. Merriam,
J.L. Meyer, B.J. Peterson, H.M. Valett and
W.M. Wollheim. Can uptake length in
streams be determined by nutrient addition
experiments? Results from an inter-biome
comparison study. Journal of the North
American Benthological Society
21(4):544560.
Nadelhoffer K.J., L. Johnson, J. Laundre,
A.E. Giblin and G.R. Shaver . Fine root
production and nutrient use in wet and moist
arctic tundras as influenced by chronic fertilization. Plant and Soil 242:107-113.
Novak, J.M., and A.S.K. Chan .
Development of P-hyperaccumulator plant
strategies to remediate soils with excess P
concentrations. Critical Reviews in Plant
Sciences 21(5):493-509.
Pan, Y., A.D. McGuire, J.M. Melillo, D.W .
Kicklighter, S. Sitch and I.C. Prentice.
A
biogeochemistry-based dynamic model and
its application along a moisture gradient in
the continental United States. Journal of
Vegetation Science 13:369-382.
Peterson, B.J., R.M. Holmes, J.W .
McClelland, C.J. Vörösmarty, I.A.
Shiklomanov, A.I. Shiklomanov, R.B.
Lammers and S. Rahmstorf.
Increasing
river discharge to the Arctic Ocean. Science
298:2171-2173.

46

Rastetter, E.B., and G.I. Ågren.
Changes
in individual allometry can lead to species
coexistence without niche separation.
Ecosystems 5:789-801.
Rueth, H.M., and J.S. Baron.
Differences
in Englemann spruce forest biogeochemistry
east and west of the Continental Divide in
Colorado, USA. Ecosystems 5:45-57.
Rueth, H.M., J.S. Baron and L.A. Joyce.
Natural resource extraction: Past, present
and future. In: J.S. Baron (ed.), Rocky
Mountain Futures: An Ecological
Perspective . Island Press, Washington.
Scavia, D., J.C. Field, D. Boesch,
R. Buddemeier, V. Burkett, D. Canyan,
M. Fogarty, M.A. Harwell, R.W. Howarth,
C. Mason, D.J. Reed, T.C. Royer, A.H.
Sallenger and J.G. Titus.
Climate change
impacts on US coastal and marine ecosystems.
Estuaries 25:149-164.
Schmidt, I.K., S. Jonasson, G. Shaver, A.
Michelsen and A. Nordin.
Mineralization
and allocation of nutrients by plants and
microbes in four arctic ecosystems: Responses
to warming. Plant and Soil 242:93-106.
Seitzinger, S.P., R.V. Styles, E.W. Boyer
,
R. Alexander, G. Billen, R. Howarth,
B. Mayer and N. van Breemen.
Nitrogen
retention in rivers: Model development and
application to watersheds in the northeastern
US. Biogeochemistr y 57/58:199-237.
Steudler, P.A., D.C. Garcia-Montiel, M.C.
Piccolo, C. Neill, J.M. Melillo, B.J. Feigl
and C.C. Cerri. Trace gas responses of tropical forest and pasture soils to N and P fertilization. Global Biogeochemical Cycles
16(2),
1023, doi:10.1029/2001GB001394.
van Breemen, N., E.W. Boyer ,
C.L. Goodale, N.A. Jaworski, K. Paustian,
S.P. Seitzinger, K. Lajtha, B. Mayer, D.
van Dam, R.W. Howarth, K.J. Nadelhoffer
,
M. Eve and G. Billen. Where did all the
nitrogen go? Fate of nitrogen inputs to large
watersheds in the northeastern U.S.A.
Biogeochemistr y 57/58:267-293.

Vitousek, P.M., K. Cassman, C. Cleveland,
T. Crews, C.B. Field, N.B. Grimm,
R.W. Howarth, R. Marino, L. Martinelli,
E.B. Rastetter and J.I. Sprent.
Towards an
ecological understanding of biological nitrogen
fixation. Biogeochemistr y 57-58:1-45.
Williams, M., Y. Shimabokuro, D.A.
Herbert, S. Pardi-Lacruz, C. Renno and
E. B. Rastetter . Heterogeneity of soils and
vegetation in eastern Amazonian rain forest:
Implications for scaling up biomass and production. Ecosystems 5:692-704.
Wyda, J.C., L.A. Deegan, J.E. Hughes and
M.J. Weaver . The response of fishes to submerged aquatic vegetation complexity in two
ecoregions of the mid-Atlantic Bight: Buzzards
Bay and Chesapeake Bay. Estuaries 25:86100.
Zhuang, Q., A.D. McGuire, J. Harden,
K.P. O’Neill and J. Yarie . Modeling the
soil thermal and carbon dynamics of a fire
chronosequence in interior Alaska. Journal of
Geophysical Research 107 (D1): 8147, doi:
10.1029/2001JD001244.
Zwart, G., B.C. Crump, M. Agterveld,
F. Hagen and S.K. Han. Typical freshwater
bacteria: an analysis of available 16S rRNA
gene sequences from plankton of lakes and
rivers. Aquatic Microbial Ecology 28:141155.

In press
Aber, J., A. Magill, K. Nadelhoffer ,
J. Melillo, P. Steudler, J. Hendricks,
R. Bowden, W. Currie, W. McDowell and
G. Berntson. Exploring the process of nitrogen saturation. Chapter 13. In: D. Foster
and J. Aber (eds.), Forests in Time, The
Environmental Consequences of 1000
Years of Change in New England .
Synthesis Volume of the Harvard Forest
LTER Program. Yale University Press.

Benstead, J.P., and L. Olson . Limnogale
mergulus. In: S.M. Goodman and J.P.
Benstead (eds.), The Natural History of
Madagascar . University of Chicago Press,
Chicago, USA.
Booth, M., M.M. Caldwell and J.M. Stark.
Overlapping resource use in three Great Basin
species: Implications for community invasibility and vegetation dynamics. Journal of
Ecology .
Christensen, T.R., N. Panikov, M.
Mastepanov, A. Joabsson, A. Stewart,
M. Öquist, M. Sommerkorn, S. Reynaud
and B. Svensson. Bubbles, plant productivity
and methane emissions from northern wetlands. Biogeochemistr y .
Crump, B.C., G.W. Kling, M. Bahr and
J.E. Hobbie. Bacterioplankton community
shifts in an Arctic lake correlate with seasonal
changes in organic matter source. Applied
and Environmental Microbiology .
Filoso, S., L.A. Martinelli, M.R. Williams,
L.B. Lara, A. Krusche, M.V. Ballester, R.L.
Victoria and P.B. deCamargo.
Land Use
and Nitrogen Export in the Piracicaba River
Basin, Southeast Brazil. Biogeochemistr y.
Foster, D., J. Aber, R. Bowden, J. Melillo
and F. Bazzaz . Comparison between physical
disturbance and novel stresses. Chapter 15.
In: D. Foster and J. Aber (eds.), Forests in
Time, The Environmental Consequences
of 1000 Years of Change in New England
.
Synthesis Volume of the Harvard Forest LTER
Program. Yale University Press.
Fr y, B., A. Gace and J.W. McClelland.
Chemical indicators of anthropogenic nitrogen
loading in four Pacific estuaries. Pacific
Science .
Galloway, J.N., F.J. Dentener, D.G.
Capone, E.W. Boyer, R.W. Howarth,
S.P. Seitzinger, G.P. Asner, C. Cleveland,
P. Green, E. Holland, D.M. Karl, A.F .
Michaels, J.H. Porter, A. Townsend, and
C. Vörösmarty . Nitrogen Cycles: Past,
Present and Future. Biogeochemistr y .

47

Garcia-Montiel, D.C., J. Melillo,
P.A. Steudler, H. Tian, C. Neill, D.W .
Kicklighter and C. Cerri.
Nitrous oxide
emissions from the Amazon Basin as estimated
by soil respiration. Ecological Applications .
Garcia-Montiel, D.C., P.A. Steudler ,
M. Piccolo, J.M. Melillo, C. Neill and
C. Cerri . Nitrogen oxide emissions following
wetting of dry soils in forest and pastures in
the Brazilian Amazon. Biogeochemistr y.
Giblin, A.E. and J. Vallino.
The role of
models in addressing coastal eutrophication
problems. In: C.D. Canham, J.J. Cole and
W.K. Lauenroth (eds.), The Role of Models
in Ecosystem Science . Princeton University
Press.
Goodman, S.M., and J.P. Benstead
(eds.),
The Natural History of Madagascar
.
University of Chicago Press, Chicago, USA.
Herbert, D.A., E.B. Rastetter, L. Gough
and G.R. Shaver . Species diversity along
nutrient gradients: An analysis of resource
competition in model ecosystems.
Ecosystems .
Herbert, D.A., M. Williams and E.B.
Rastetter . A modeled analysis of N and P
limitation on carbon accumulation in an
Amazonian forest site after alternate land-use
abandonment. Biogeochemistr y.
Hobbie, J.E . Scientific Accomplishments of
the Long-Term Ecological Research Program:
An introduction. BioScience.
Hobbie, J.E., S. Carpenter, N. Grimm, J.
Gosz and T. Seastedt. The US Long Term
Ecological Research program. BioScience .
Hobbie, J.E., G. Shaver, J. Laundre,
K. Slavik, L. Deegan, J. O’Brien,
S. Oberbauer and S. MacIntyre.
Climate
forcing at the Arctic LTER Site. In: D.
Greenland, D. Goodin and R. Smith (eds.),
Climate Variability and Ecosystem
Response at Long-Term Ecological
Research (LTER) Sites. Oxford University
Press, New York.

48

Howarth, R.W., R. Marino, D.P. Swaney
and E.W. Boyer . Wastewater and watershed
influences on primary productivity and oxygen
dynamics in the Lower Hudson River Estuary.
In: J.S. Levinton, (ed.), The Hudson River
Ecosystem . Oxford University Press.
Koba, K., M. Hirobe, L. Koyama,
A. Kohzu, N. Tokuchi, K. J. Nadelhoffer
,
E. Wada and H. Takeda. Natural 15N abundances of plants and soil in a temperate coniferous forest. Global Biogeochemical Cycles.
Kratz, T.K., L.A. Deegan, M.E. Harmon
and W.K. Lauenroth. Ecological variability
in space and time: Insights gained from the US
LTER program. BioScience .
Le Dizès, S., B.L. Kwiatkowski, E.B.
Rastetter, A. Hope, J.E. Hobbie, D. Stow
and S. Daeschner . Modeling biogeochemical
responses of tundra ecosystems to temporal
and spatial variations in climate in the Kuparuk
River Basin (Alaska). Journal of
Geophysical Research-Atmospheres .
Loya, W.M., L.C. Johnson, and K.J.
Nadelhoffer . 14C tracing of photosynthate
into soils in two Arctic tundra ecosystems.
Global Biogeochemical Cycles.
March, J.G., J.P. Benstead, C.M. Pringle
and M. Luckymis . Benthic community struc ture and invertebrate drift in a Pacific island
stream, Kosrae, Micronesia. Biotropica .
Melillo, J.M., P.A. Steudler, J.D. Aber, K.
Newkirk, H. Lux, F.P. Bowles, C.
Catricala, A. Magill, T. Ahrens, S.
Morrisseau, E. Bur rows and K.
Nadelhoffer . Soil warming – a major consequence of global climate change. Chapter 14.
In: D. Foster and J. Aber (eds.), Forests in
Time, The Environmental Consequences
of 1000 Years of Change in New England
.
Synthesis Volume of the Harvard Forest LTER
Program. Yale University Press.
Nadelhoffer, K.J., R.D. Boone, R.D.
Bowden, J.D. Canar y, J. Kaye, P. Micks,
A. Ricca, J.A. Aitkenhead, K. Lajtha and
W.H. McDowell. The DIRT experiment:
litter and root influences on forest soil organic

matter stocks and function. In: D. Foster
and J. Aber (eds.), Forests in Time, The
Environmental Consequences of 1000
Years of Change in New England .
Synthesis Volume of the Harvard Forest
LTER Program. Yale University Press.
Peterson, G.G., and C. Neill.
Using soil
d13C to detect the historic presence of little
bluestem (Schizachyrium scoparium) grasslands on Martha’s Vineyard. Restoration
Ecology .
Rastetter, E.B. The collision of hypotheses:
What can be learned from a comparison of
ecosystem models? In: C.D. Canham, J.J.
Cole and W.K. Lauenroth (eds.), Car y
Conference IX: The Role of Models in
Ecosystem Science . Princeton University
Press, Princeton, NJ.
Rastetter, E.B., J.D. Aber, D.P.C. Peters,
D.S. Ojima and I. Burke.
Using mechanistic models to scale ecological processes across
space and time. BioScience .
Raymond, P., and C. Hopkinson.
Ecosystem modulation of dissolved carbon age
in a temperate marsh-dominated estuary.
Ecosystems .

King and R.M. Kaminski (eds.), Proceedings
of the Symposium on the Ecology and
Management of Bottomland Hardwood
Systems: The State of Our Understanding.
Memphis, TN 1999. University of MissouriColumbia, Gaylord Memorial Laboratory,
Puxico.
Tank, J.L., P.J. Mulholland, J.L. Meyers,
W.B. Bowden, J.R. Webster, B.J. Peterson
and D. Sanzone. Nitrogen cycling in grazing
versus detrital pathways in a temperate forested stream. Verhandlungen Internationale
Vereinigung Limnologie .
Thomas, S.M., C. Neill, L. Deegan, A.V .
Krusche, V.M. Ballester and R.L. Victoria.
Influences of land use and stream size on particulate and dissolved materials in a small
Amazonian stream network.
Biogeochemistr y .
Tian, H., J.M. Melillo, D.W. Kicklighter ,
S. Pan, J. Liu, A.D. McGuire and B.
Moore III. Regional carbon dynamics in
monsoon Asia and its implications for the
global carbon cycle. Global and Planetar y
Change .

Sanzone, D.M., J.L. Meyer, E. Martí, J.L.
Tank, E.P. Gardiner and N.B. Grimm.
Carbon and nitrogen transfer from a desert
stream to riparian predators. Oecologia .

Vander Zanden, M.J., and D.M. Sanzone
.
Food web dynamics across the water-land
interface. In: G.A. Polis, M.E. Power and
G.R. Huxel (eds.), Foodwebs at the
Landscape Level . University of Chicago
Press, Chicago.

Schmidt, K., A. Atkinson, D. Stubing,
J. McClelland, J. Montoya and M. Voss.
Trophic relationships among Antarctic zooplankton: Some uses and limitations of a stable
isotope approach. Limnology and
Oceanography .

WanWijk, M.T., M. Williams, J.A. Laundr e
and G.R. Shaver . Interannual variability of
plant phenology in tussock tundra: Modelling
interactions of plant productivity, plant phenology, snowmelt and soil thaw. Global Change
Biology .

Siver, P.A., R. Ricard, R. Goodwin and
A.E. Giblin. Estimating historical in-lake
alkalinity generation and its relationship to lake
chemistry as inferred from algal microfossils.
Journal of Paleolimnology .

Zhuang, Q., A.D. McGuire, J.M. Melillo,
J.S. Clein, R.J. Dargaville, D.W .
Kicklighter, R.B. Myneni, J. Dong, V.E.
Romanovsky, J. Harden and J.E. Hobbie.
Carbon cycling in extratropical terrestrial
ecosystems of the Northern Hemisphere during the 20th Century: A modeling analysis of
the influences of soil thermal dynamics.
Tellus .

Spencer, W.E., J.G. Rundle and A.S.K.
Chan. Effects of land-use, season, and
surface litter on nitrate removal by western
Kentucky wetlands. In: L. Fredrickson, S.A.

49

Grants for Research and
Education in Effect During 2002

I. National Science Foundation
NSF-ATM-0120468
“Biocomplexity: Feedbacks Between
Ecosystems and the Climate System”
(subcontract from Massachusetts Institute of
Technology)
October 2001 - September 2006
Investigators: Melillo
$1,083,333
NSF-ATM-0221-835
“Land water Interactions at the Catchment
Scale: Linking Biogeochemistry and
Hydrology”
(subcontract from Columbia University,
Lamont Doherty)
September 2002 - September 2005
Investigators: Hobbie, Rastetter
$119,956
NSF-DBI-0084048
“FSML: An Analytical Laboratory for
Examination of Land Use Change and its
Consequences for Aquatic Ecosystems”
September 2000 - August 2003
Investigators: Giblin, Neill
$173,889
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NSF-DEB-0089585
“Turnover and Retention of Nitrogen in an
Arctic Watershed: Links to Organic Matter
Accumulation and Response to Climate”
September 2001 - August 2004
Investigators: Shaver, Giblin, Nadelhoffer,
Rastetter
$1,088,392
NSF-DEB-0108960
“Species-, Community-, and Ecosystem-Level
Consequences of the Interactions Among
Multiple Resources”
July 2001 - June 2004
Investigators: Rastetter, Shaver
$417,946
NSF-DEB-0111410
Nitrate Uptake and Retention in Streams:
Mechanisms and Effects of Human
Disturbances from Stream Reaches to
Landscapes”
(subcontract from University of Tennessee)
September 2001 - August 2006
Investigator: Peterson
$486,999

NSF-DEB 0089738
“Physiological and Molecular Diversity of
Atmospheric CH4 Oxidizers in Soil”
September 2001 - August 2004
Investigator: Steudler
$1,091,613

NSF-DEB-0213767
“Trophic Cascades and Interacting Control
Processes in a Detritus-based Aquatic
Ecosystem”
October 2002 - September 2006
Investigators: Deegan, Hobbie, Hopkinson,
Peterson, Vallino
$2,700,000

NSF-DEB-0080592
“Harvard Forest Long-Term Ecological
Research”
(subcontract from Harvard University)
October 2000 - September 2006
Investigators: Melillo, Nadelhoffer, Steudler
$827,370

NSF-DEB-9711626
“Terrestrial Biospheric Responses to
Atmospheric Deposition and Application to
Integrated Assessment”
January 1998 - December 2002
Investigator: Melillo
$400,000

NSF-DEB-0087046
“LTER Cross-Site 2000: Interactions Between
Climate and Nutrient Cycling in Arctic and
Subarctic Tundras”
January 2001 - December 2003
Investigator: Shaver
$300,000

NSF-DEB-9726862
“Integrated, Ecological-Economic Modeling of
Watersheds and Estuaries at Multiple Scales”
October 1997 - September 2002
Investigators: Hopkinson, Vallino, Rastetter
$810,000

NSF-DEB-9810222
“The Arctic LTER Project: The Future
Characteristics of Arctic Communities,
Ecosystems, and Landscapes”
October 1998 - September 2004
Investigators: Hobbie, Shaver, Peterson
$4,199,882

NSF-OPP-9615949
“Key Connections in Arctic Aquatic
Landscapes”
May 1997 - June 2002
Investigators: Hobbie, Deegan, Giblin,
Peterson
$2,989,784

NSF-DEB-9815598
“Ecosystem Controls on the Biogeochemical
Processing of Watershed-Derived Nitrogen in
Tidal Rivers”
March 1999 - August 2002
Investigators: Peterson, Deegan, Vallino
$813,000

NSF-OPP-9732281
“The Response of Carbon Cycling in Arctic
Ecosystems to Global Change: Regional and
Pan-Arctic Assessments”
April 1998 - March 2003
Investigators: Hobbie, Rastetter
$1,000,000

NSF-DEB-9815990
“Effects of N Deposition on Forest C Balance:
Long-term Responses at Stand and Regional
Scales”
March 1999 - May 2003
Investigators: Nadelhoffer, Neill
$649,596

NSF-OPP-9818199
“Water and Constituent Fluxes Across the
Eurasian Arctic: Evolving Land-Ocean
Connections over the Past 20,000 Years”
April 1999 – September 2002
Investigator: Peterson
$978,628

NSF-MCB-9977897
“Salt Marsh Microbes and Microbial Processes:
Sulfur and Nitrogen”
September 1999 - August 2003
Investigator: Hobbie
$996,839

NSF-OPP-9911278
“Aquatic Ecosystem Responses to Changes in
the Environment of an Arctic Drainage Basin”
June 2000 – June 2005
Investigators: Hobbie, Peterson, Giblin,
Deegan, Vallino
$3,999,991

NSF-OCE-9726921
“LTER: Plum Island Sound Comparative
Ecosystem Study (PISCES): Effects of
Changing Land Cover, Climate and Sea Level
on Estuarine Trophic Dynamics”
July 1998 - June 2004
Investigators: Hopkinson, Deegan, Giblin,
Hobbie, Peterson, Vallino
$4,594,609
NSF-OPP-0229302
“Biogeochemical Tracers in Arctic Rivers:
Linking the Pan-Arctic Watershed to the
Arctic Ocean”
October 2002 - September 2007
Investigators: Peterson, Holmes
$1,648,366

NSF-OPP-9911681
“Developing Process-Level Understanding of
Controls on Belowground Carbon and
Nutrient Dynamics in Tundra Ecosystems”
January 2000 - December 2005
Investigators: Nadelhoffer, Rastetter
$2,074,085
NSF-OPP-9415411
“Primary Production in Arctic Ecosystems:
Interacting Mechanisms of Adjustments to
Climate Change”
April 1995 - March 2002
Investigator: Shaver
$1,125,125
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NSF-OPP- 0096523
“Primary Production in Arctic Ecosystems:
Interacting Mechanisms of Response to
Climate Change”
January 2001 - December 2003
Investigator: Shaver
$519,994

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

II. U. S. Department of Energy

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 - December 2002
Investigators: Williams, Rastetter
$328,673

U.S. DOE-DE-FC03-90ER61010
“Human Influences on Forest Nitrogen
Budgets and Their Implications for Forest
Carbon Storage”
July 1998 - June 2004
Investigators: Melillo, Nadelhoffer, Steudler
$996,000
U.S. DOE-W/GEC 98-013
“Stand Age, Productivity and Hydraulic
Conductance of Douglas Fir in the Wind River
Basin”
(subcontract from Oregon State University)
May 1998 - June 2002
Investigator: Williams
$39,925
III. National Aeronautics and Space
Administration
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-NAG5-9515
“Biogeochemical Consequences of Agricultural
Intensification in the Amazon Basin”
May 2000 - April 2003
Investigators: Melillo, Neill, Steudler
$1,110,133
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NASA-NCC5-338
“Modeling the Biogeochemical System of the
Terrestrial Amazon: Issues for Sustainability”
(subcontract from the University of New
Hampshire)
July 1998 - December 2003
$278,895
Investigators: Melillo, Tian
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
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 2002
Investigator: Peterson
$15,000

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
IV. National Oceanic and Atmospheric
Administration
NOAA Sea Grant-NA16RG2273
“Effects of Varying Freshwater Discharge on
Nitrogen Dynamics in the Oligohaline Regions
of Estuaries”
(subcontract from Woods Hole Oceanographic
Institution)
March 2002 - February 2003
Investigators: Giblin, Hopkinson
$112,626
NOAA/NCCOS-PO DG 133C02SEO177
“Workplan for Soliciting Expert Input on
Hypoxia Research Priorities”
May 2002 - August 2002
Investigators: Howarth, Marino
$24,905
V. U.S. Environmental Protection Agency
U.S. EPA-QT-RT-00-001667
“Enhancement of the General Ecosystem
Model for Simulating Carbon and Nitrogen
Isotope Dynamics”
September 2000 - March 2002
Investigator: Rastetter
$80,000
U.S. EPA-R8267701
“Atlantic Coast Environmental Indicators
Consortium: Coastal Wetlands Indicators”
(subcontract from the University of South
Carolina)
July 2001 – February 2005
Investigator: Hopkinson
$373,738

U.S. 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”
January 2001 - December 2002
Investigator: Hopkinson
$50,843
VI. U.S. Department of Agricultur

e

USDA-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
Investigators: Neill, Nadelhoffer
$73,182
VII. U.S. Geological Survey
USGS-00HQGR0092
“A Watershed-Scale Biogeochemical Loading
Model for Nitrogen and Phosphorus”
(subcontract from Cornell University)
September 2001 – August 2003
Investigators: Howarth, Marino
$64,809
IX. Other Research Grants
Andrew W. Mellon Foundation
“The Fate of Nitrogen Deposited on Forest
Ecosystems: A Comparative Study Using
Repeated 15N Tracer Additions”
September 1999 - December 2002
Investigators: All staff
$900,000
Andrew W. Mellon Foundation
“The Importance of Sea Salt Aerosol Inputs to
the Functioning of Tropical Rainforests”
October 2000 - December 2003
Investigator: Howarth
$265,000
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Anonymous
“The Ecological Impact of Economic
Development in the Plum Island Watershed”
February 2000 - February 2003
Investigator: Hopkinson
$40,000
Massachusetts Water Resources Authority
G 2360-178D/S138
“Harbor and Outfall Monitoring III”
(subcontract from Battelle Memorial Institute)
November 1997 - December 2003
Investigators: Giblin, Hopkinson
$827,757
ExxonMobil Corporation
“Investigating the Cycling of Natural and Manmade Nitrogen Compounds”
(subcontract from Bermuda Biological Station)
February 1997 - February 2004
Investigator: Melillo
$55,000
ExxonMobil Corporation
“Global Change Research – Terrestrial
Ecosystems Model Collaboration with MIT”
April 1994 - December 2003
Investigator: Melillo
$340,000
Texaco Foundation
“Environmental Fellowship Program”
September 1990 - December 2003
Investigator: Melillo
$535,000
Hudson River Foundation-005/98A
“Primary production in the Hudson River
Estuary”
July 2001 - January 2003
Investigator: Howarth
$109,999
Massachusetts Environmental TrustSCENV10003180033
“The Nature Conservancy-Marine Biological
Laboratory Sandplain Ecosystem Restoration
and Conservation Experiment”
July 2002 - July 2003
Investigator: Neill
$20,389
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Massachusetts Institute of Technology5700000403
“MBL-MIT Cooperative Research Activity Develop an Agro-Ecosystem Model for
Assessing Agricultural Sustainability at
Regional and Global Scales”
July 1997 - December 2002
Investigator: Melillo
$313,219
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 – December 2003
$4,821,249
The Starr Foundation
“Semester in Environmental Science”
December 1997 – December 2002
$500,000
The Catherine Filene Shouse Foundation
“Semester in Environmental Science”
December 2000- December 2002
$13,000
Environmental Data Resource Institute
“Semester in Environmental Science”
December 2001- December 2002
$10,000
The Worthington Family Foundation, Inc.
“Semester in Environmental Science”
November 2002
$9,500

Sources of Support for Research
and Education

The annual operating budget of The

Ecosystems Center for 2002 was $9,165,886.
Approximately 73% of the income of the center
comes from grants for basic research from
government agencies. The other 27% 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 2002.
The combined total value of the center’s
reserve fund and endowment at the end of 2002
was $4,803,000. 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 Foundation
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
Massachusetts Environmental Trust

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
The Worthington Family Foundation, Inc.

2002 Income
OTHER 4%
SES 7%

PRIVATE 10%

NSF-OTHER 5%

MBL 2%
RES 4%
DOE 2%
EPA 1%

1
2
3

NASA 10%
4

NSF-OCE 9%

5
6
7
8

NSF-DEB 26%

NSF-OPP 20%

2002 Expense
PERSONNEL 49%

OVERHEAD 26%

1
CAPITAL
0%
2
3
4
5

SUBCONTRACTS 11%
OPERATING 14%
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The Ecosystems Center
Marine Biological Laboratory
7 MBL Street, Woods Hole, Massachusetts 02543-1031
(508) 548-3705
The Ecosystems Center home page: http://ecosystems.mbl.edu
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