


Dear Friends,

We live in an age when environmental issues—from oil spills to toxic algal blooms 

to global warming—are regularly headline news. Ecosystems science is extremely 

important in separating fact from fiction in many of these issues. But it is also clear 

that ecosystems science must be broadly interactive, if those facts are to be put 

to practical use. As this issue of MBL Catalyst highlights, our Ecosystems Center 

scientists collaborate with many kinds of people in diverse ways that extend 

the ultimate impact of their research on society. From volunteering for a local 

environmental group, to advising national and international policymakers on 

global climate change, Ecosystems Center scientists are making sure their research 

makes a difference.

When I look at the outstanding body of research that our Ecosystems Center is 

producing, two important themes stand out. One is long-term polar research. The 

Arctic and Antarctic are changing faster in response to climate warming than all 

other regions on earth. Shrinking glaciers, loss of sea ice, and thawing permafrost 

are visibly apparent to our scientists who have been working for decades at the 

National Science Foundation’s Long Term Ecological Research (LTER) sites at the 

two poles. Given their combined expertise in Arctic and Antarctic ecosystems, they 

are currently considering the merits of a “bi-polar” research approach to identify 

common patterns and critical “tipping points” in polar environmental change. 

Another important theme at our Center is the cycling of nitrogen through the 

Earth’s soil, water, and atmosphere. Why should we care about nitrogen? One 

reason is global warming. More than a third of the nitrous oxide—a powerful 

greenhouse gas—being emitted to the atmosphere is due to human activities, 

mainly the use of nitrogen-based fertilizer. A second reason we must care is the 

runoff from fertilizer, combined with inadequate sewage treatment, means our 

coastal waters are being overloaded with nitrogen, which debilitates marine 

habitats and threatens their survival. Nitrogen loading has become a major 

economic issue facing all coastal communities, including Woods Hole. The 

Ecosystems Center has world-recognized expertise on the nitrogen cycle and its 

role in critical environmental issues.

I’d like to extend a warm thank you to Hugh Ducklow, director of our Ecosystems 

Center, who not only ably guides the Center but found time to serve as guest 

editor for this issue of MBL Catalyst. Hugh directs the Antarctic LTER, which 

complements the Arctic LTER originally directed by John Hobbie and now led by 

Gaius Shaver, both of the Center. 

The stresses and challenges our planet faces are not small. But the dedicated 

scientists at the MBL Ecosystems Center are providing valuable information that 

helps build a firm foundation as society finds ways to turn the tide.
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Top: Maize harvest in Mbole, Tanzania. Staple crop yields in 
Mbole and other African Millennium Villages have nearly tripled 
over the past three years, due to the introduction of high-yield 
seeds and fertilizer.

Middle: MBL scientists and colleagues deploy a mooring in high 
seas during a research cruise of the Laurence M. Gould to Palmer 
Station, Antarctica. 

Right: A citizen volunteer measures water conditions for the 
Coalition for Buzzards Bay, an environmental advocacy group
based in New Bedford, Massachusetts. 
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    he web of people who are concerned about 
how we are changing our planet just keeps 
widening. In the Arctic, native people tell 
scientists what the polar landscape was like 
generations ago, before the ice started to melt. 
In Africa, farmers stop to consider how to 
best apply crop fertilizer in a way that does 
minimal harm to the environment. On the 
Massachusetts coast, citizens band together 
to find workable solutions to the nitrogen 
pollution that threatens the harbors and bays.

Restoring our planet to health

Earth in the Balance
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Left: Annual reindeer census near Zhigansk, Siberia. 

Right: Chinstrap penguin, Antarctica. 

Restoring our planet to health

Inside this intricate web is where MBL 
Ecosystems Center research translates into 
action. It is where the years of patient 
scientific observation of environmental 
change become a firm foundation for citizen 
and political action at all levels, from towns 
to regions to nations. It is where fishermen, 
schoolchildren, retirees, global leaders, 
policymakers, artists, all types of people 
converge with scientists in the strong desire 
to bequeath our planet in a healthy state to 
future generations. 

This issue of MBL Catalyst explores the 
connections between Ecosystems Center 
scientists and some of the environmentally 
aware people they encounter in their daily 
work. Together, they are delivering a powerful 
message: We need a better understanding of 
how ecosystems operate in the face of climate 
change and pollution, and we need to act now 
to create a sustainable future for our planet 
and its people.
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   he conversation started, as many do, at a social event on a summer evening. 
Hugh Ducklow had just arrived as the new director of the MBL Ecosystems 
Center in 2007 when, at a party, he met Mark Rasmussen, president of the 
Coalition for Buzzards Bay. This citizens group is devoted to protecting the bay 
and its watershed, which includes more than a dozen towns in southeastern 
Massachusetts. Its central program is Baywatchers, a team of 135 volunteers who 
regularly collect samples from the bay’s coves and harbors to monitor them for 
changes in water quality.

I thought, “I can do that. I live right near the bay,” says Ducklow. So he signed 
up to be a Baywatcher. Two mornings a week during the summer, Ducklow leaves 
for work a little early and stops by his sampling station in Fiddler’s Cove in North 
Falmouth. It takes about a half hour, he says, to record several weather and water 
conditions, including dissolved oxygen which, if low, can indicate deterioration in 
water quality.

“It’s fun,” Ducklow says. “The only time I get to do sampling for my own work is 
once a year, when I go on a [research] cruise to Antarctica.” More to the point, he 
says, “Environmentally, this is an important issue and organization.”

Since then, the ties between MBL and the citizens group have only strengthened. 
Two years ago, the Ecosystems Center signed a contract to perform ongoing 
analysis of some of the Baywatchers samples. More importantly, some of its 
scientists are increasingly active as coalition advisors.



“The MBL is not just running sample 
analyses and sending us the data 
on a disk,” says Rasmussen. “The 
relationship is more like science advisors 
and collaborators. MBL scientists such 
as Anne Giblin, Chris Neill, and Hugh 



Global Rivers Emit Significant Levels of Nitrous Oxide, A Potent Greenhouse Gas

River and stream networks are the 
source of 10 percent of the nitrous 
oxide emissions that are due to human 
activities, report MBL Senior Scientist 
Bruce J. Peterson and collaborators in a 
global-scale study. Nitrous oxide (N2O) is 
a potent greenhouse gas that contributes 
to climate warming and destruction of 
ozone in the stratosphere. “Over the past 
50 years, humans have doubled the load 
of nitrogen to the biosphere primarily 
through applying nitrogen fertilizer to 
crops and burning fossil fuels,” Peterson 
says. “One consequence is more nitrogen 
gets into streams, lakes, and estuaries, 

which can lead to low-oxygen conditions harmful to aquatic life. But this study shows another 
consequence is a flux of N2O from the rivers and streams to the atmosphere,” he says. 
“While carbon dioxide is the most abundant greenhouse gas in the atmosphere, N2O is 300 
times more potent, molecule per molecule.” This calculation of nitrous oxide flux from river 
networks, which the scientists derived from research on 72 streams across the United States, 
is three times the amount previously estimated by the Intergovernmental Panel on Climate 



         ast summer, during the fanfare 

of the ribbon-cutting ceremony for the 

renovated Loeb Laboratory, MBL Trustee 

and Campaign Chairman Jeffrey Pierce 

announced the public launch of the MBL 

Catalyst Campaign. This $125 million 

fundraising campaign, the largest in 

MBL history, will increase the pace of 

discoveries in the life and environmental 

sciences. It runs through 2012.  

The goals of the Catalyst Campaign 

are to raise endowment and operating 

support for the MBL’s outstanding 

research and educational programs. 

Whether you are interested in assuring 

the health of the planet, training 

the next generation of leaders in 

the life sciences, or improving our 

campus infrastructure, the Catalyst 

Campaign offers funding opportunities 

for everyone who values the MBL’s 

transformative work. •
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their culture. The council’s long-range goal 
is “To be able to drink water directly from 
the Yukon River.”

In a convergence of common interests, 
Woods Hole scientists and the Yukon 
River Council are intersecting in a long-
term research effort called the Arctic Great 
Rivers Observatory (GRO). 

“We have learned a lot by talking to the 
indigenous people in the Arctic,” says 
Senior Scientist Max Holmes of the Woods 
Hole Research Center, who along with 
Peterson is one of the principal investigators 
of the Arctic-GRO. “The indigenous people 
have a long-term perspective. They know 
when the ice used to break up [seasonally] 
at the mouth of a river, for instance, and 
they know when it happens now. They 
can offer qualitative information that may 
indicate patterns we already suspect, and 
we can try to confirm with satellite data. 
Their anecdotes can even point us in new 
directions.” 

Beyond the sharing of traditional 
ecological knowledge, the Yukon River 
Council is woven into the fabric of the 
Arctic-GRO through another route: river 
sampling. The council, with help from the 
U.S. Geological Survey, has set up a water 
quality observation program along the 
Yukon that involves regular sampling at 



   assionate social revolutions and long-
range planning don’t always go hand in 
hand, but sometimes the opportunities 
arise to make wise choices in the midst of 
great change.

Such is the case with the African Green 
Revolution, which is the new wave of the 
agricultural revolution that swept Asia and 
Latin America in the 1940s to 1960s.

“African farmers, having missed the 
Green Revolution of the 20th century, 
are now beginning to add substantial 
amounts of fertilizer to their crops,” says 
Distinguished Scientist Jerry Melillo of the 
MBL Ecosystems Center. The short-range 
benefits are tremendous: Farmers are 
suddenly tripling their harvest yields in a 
nation where nearly a third of the people 
live in extreme poverty, and the soil and 
climate for agriculture are poor.

Yet as the first Green Revolution has 
shown, the intensification of agriculture, 
with its high inputs of fertilizers, 
pesticides, herbicides, and water to 
obtain maximum crop yields, can have 
complex consequences for the land and its 
sustainability. 

“Intensive agriculture often drives farmers 
to specialize. It can also make them 
money,” says Chris Neill, senior scientist in 
the MBL Ecosystems Center and director of 
the Brown-MBL Partnership. “Some people 
argue that that is a good thing. If the U.S. 
Midwest is good at producing corn, for 

example, then it should focus on producing 
corn very efficiently and sell it to the rest 
of the world. Other people think that is a 
nutty system. We should be focused on 
feeding people, producing a wide variety 
of crops, using less inputs to the land, 
transporting produce shorter distances.”

What path the farmers in Africa will take 
as their own Green Revolution unfolds is of 
great interest to Neill, Melillo, and a group 
of their colleagues at the MBL, Brown 







structures in harm’s way, and make them 
less vulnerable to damage from floods, 
intense winds, and other extreme events. 
A terrific example of climate change 
adaptation is the Deer Island sewage 
treatment plant in Boston Harbor (lower 
left), which was built about two feet 
higher to take into account projected sea 
level rise by 2050, the planned life of the 
facility. 

Getting the world’s nations to agree on 
mitigation actions to reduce emission 
of greenhouse gases, such as carbon 
dioxide, has been difficult. In the United 
States, communities, states, and regions 
are showing leadership on mitigation 
by looking for win-win situations that 
make good economic sense and at the 
same time reduce emissions of heat-
trapping gases. Many of these win-win 
cases involve improving the efficiency of 
energy use. Beefing up insulation in our 
homes and businesses, switching to more 
energy-efficient lighting, and buying 
higher-efficiency cars are all steps in the 
right direction. 

MBL: As an expert in ecological modeling, 
do you find that people are confused about 
the use of models to project future scenarios 
for climate change? 

JM: Helping the public understand what 
the climate change models can and 
cannot do is an important challenge for 
the scientific community. We have to do 
a better job of explaining the benefits and 
limitations of these models. They help 
us think more clearly about the complex 
interactions among the atmosphere, the 
ocean, and the land that influence the 

Living in a Climate-Changed World planet’s climate. They also help us to 
quantify the uncertainties associated 
with the climate projections. The public 
needs to be reminded that all of us make 
many decisions in our daily lives that 
factor in uncertainty. The military, the 
business community, governments—all 
of them use “what if” exploration tools 
(models) to look into the future and to 
manage uncertainty.  

MBL: Like scientific theories, models might 
be distrusted because they aren’t “facts.”

JM: That’s why we have to work at 
linking model projections with our 
observations of climate trends. A focus 
on observations allows us to talk about 
facts. Last spring, for instance, I gave 
a presentation on climate change to 
a business group in Rhode Island. We 
discussed how our observations over 
the last 30 years show a 70 percent 
increase in heavy downpours in the 
Northeast, and our models project this 
will continue. So how we adapt is a very 
practical issue, and at the meeting we 
talked about options like rebuilding the 
storm drain infrastructure. Three weeks 
later, there were torrential downpours 

that led to extensive flooding in Rhode 
Island. After that, I got a number of calls 
from meeting participants who wanted 
a copy of my Power Point presentation. 
It’s not that I was prescient. It’s just that 
there have been these observations that 
tell us something, and if we are smart, we 
will pay attention.

MBL: Do you still encounter people who do 
not believe climate change is happening, or 
who do not believe it is primarily caused by 
human activities?

JM: Yes, but I also find surprising levels of 
awareness in places you might not think 
about. For example, the Department of 
the Navy is very interested in the climate 
change issue, particularly sea level rise. 
They have hundreds of bases around the 
world and they are very concerned about 
that infrastructure being in harm’s way. 
And they see that this situation will not 
go away, and that flooding and storm 
surge problems will likely increase over 
the century. Hopefully the new Congress 
will have a dialogue with some of the 
people in the military who have serious 
concerns about climate change, and think 
it could become an important national 
security issue. 

MBL: Are you optimistic that we can 
mitigate and adapt to climate change before 












