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Biodiversity—typically defined as 
the variety and number of organisms in 
an ecosystem—is decreasing around the 
world as human activities fragment and 
destroy natural habitats.

Many scientists consider the loss of 
biodiversity—and the consequent loss 
of the “ecosystem services” that diverse, 
healthy ecosystems provide—as one of 
the most pressing environmental issues 
facing the planet.

A new paper by VIMS graduate 
student Kristin France and advisor Dr. 

Emmett Duffy in the prestigious interna-
tional journal Nature adds a surprising 
wrinkle to biodiversity research by sug-
gesting that increasing the connectiv-
ity among the patches of a fragmented 
habitat—the goal of many of ecosystem 
restoration efforts—may in some cases 
be counterproductive.

Ecosystem services are fundamental 
processes—like nutrient cycling and 
the transfer of sunlight into plant mat-
ter—that nature provides to humanity. 
Previous studies have suggested that 
losses in biodiversity would render these 
services unstable through time—thus 
stressing the inhabitants of an ecosystem 
by continually exposing them to changing 
conditions.

The studies suggest that the flip side 
is also true. “The consensus has been 
that the more diversity you have, the 
more stable the system is,” says Duffy. 
“It’s less variable through time.”

Ecologists like Duffy and France 
describe biodiversity’s stabilizing effect on 
ecosystem services by borrowing from the 
world of finance. “The analogy that’s often 
used is the ‘portfolio effect,’” says Duffy.

“The more diverse your portfolio, 
the less variable your total stock value is 
through time,” explains France. “Like-
wise, the more species you have in an 
ecosystem, the more stably your ecosys-
tem functions.”

The application of the portfolio ef-
fect to ecological theory makes common 
sense. “It’s essentially saying that it’s 

better not to put all your eggs in one 
basket,” says Duffy.

But the analogy conceals an impor-
tant caveat that reflects the limitations 
of basing management decisions on the 
early experimental studies that inform 
much of biodiversity theory.

These seminal studies examined 
changes in biodiversity and ecosystem 
function through time, using small plots 
of prairie grasses or a Petri dish full of 
microbes—organisms that are readily 
available and don’t move.

France and Duffy’s research added 
an extra layer of complexity, and real-
ism, by adding mobile animals—small 
shrimp-like creatures called amphi-
pods—to a collection of five seawater 
tanks containing seagrass. The research-
ers then monitored the health and diver-
sity of these experimental systems both 
when pipes connected the tanks and 
when the tanks were isolated.

In doing so, they more closely mim-
icked conditions in the natural world, 
where the movement of individuals and 
species among different habitats is the 
mechanism that creates and maintains 
diversity.   

“What Kristin has done is to turn 
the issue on its side,” says Duffy. “She 
looked at how biodiversity influences the 
predictability of ecosystem services in 
space. At first glance, you might expect 
that predictability would be the same in 
space as it is in time. But it turns out that 
at least in this system, it’s not.”

“The thinking has been that when 
you increase diversity you are going to 
increase predictability in space,” says 
France. “We found the exact opposite. 
The more species we had in a system, 
the more different the patches were from 
each other, in terms of the variety of spe-
cies, the variability of the grass biomass, 
and the total number of grazers in each 
patch.”

France’s research holds important 
implications for the management of natu-
ral resources, as it suggests that complete 
connectivity among patches within a 
fragmented habitat may not always be 
the optimal goal. It also suggests that 
maintaining stable ecosystem services 
will require preservation of a variety of 
both species and habitats.

“Ordinarily, we think of connecting 
patches as a good thing,” says France. 
“Often you need to have habitats con-
nected so that animals across all the 
patches can immigrate and emigrate to 
keep populations viable. But we found 
that when the patches were unconnected, 
having a greater variety of species across 
the patches stabilized production across 
that whole landscape through time.”

“It might be an important thing 
to think about when designing marine 
reserves,” she adds. “There may be an 
optimum level of connectivity for main-
taining populations and yet not having 
the populations fluctuate exactly in synch, 
so that their ecosystem processes can be 
somewhat buffered through time.”

Duffy clarifies the importance of 
limited connectivity by returning to the 
portfolio analogy.

“The mechanism for the portfolio 
effect is that the individual elements—
whether they be stocks or species—are 
doing things more or less independently. 
Individual stocks are fluctuating out 
of phase with one another. The same 
thing is likely to happen when you have 
a collection of unconnected patches, 
because they are not interacting with 
one another.”

France and Duffy’s unconnected 
patches are thus akin to a portfolio 
that consists of stocks from different 
industries. “If you have several diverse, 
unconnected industries in a portfolio, 
you’re likely to have more stability at 
any given point in time than you would 
among the stocks within a single indus-
try,” says Duffy.

But when the patches are connected, 
“all bets are off,” says France. “The 
patches become more synchronized, 

Food-Web Study Aids Management of Biodiversity

VIMS graduate student Kristin France checks the status of her experimental seagrass 
communities, five-gallon buckets filled with clumps of seagrass and small shrimp-like 
crustaceans called amphipods. The buckets were either isolated or connected by plastic 
tubing. The tubing provides “dispersal corridors” for the mobile crustaceans.
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Menhaden
This site describes how VIMS re-
searchers are working to provide the 
data needed to manage Chesapeake 
Bay menhaden stocks in a sustainable 
manner (see p. 1). Visit www.vims.
edu/menhaden

CORSACS
This site provides information on the 
VIMS-component of the NSF-funded 
CORSACS project. CORSACS, 
for Controls on Ross Sea Algal Com-
munity Structure, is a multi-institu-
tion study of how iron, sunlight, and 
carbon dioxide combine to determine 
the make-up of algal communities in 
Antarctica’s Ross Sea. Visit www.
vims.edu/bio/corsacs/

Vessel Calendars
VIMS researchers are now able to 
schedule vessel usage on-line via 
www.vims.edu/admin/vessels. The 
site also allows vessel operators to 
download a safety-procedure check-
list; the VIMS Vessels Operation, 
Training, and Safety Policy; and a 
Liability Release Form.

Postcards
Want to send someone a special 
card? Visit www2.vims.edu/greet-
ings to choose an electronic postcard 
that shows your concern for the 
environment and your interest in 
VIMS. Then e-mail the card to the 
person you designate.

Two VIMS faculty members—Drs. 
Emmett Duffy and Rom Lipcius—are 
among 18 environmental scientists from 
the U.S. and Canada who have been 
awarded 2006 Aldo Leopold Leader-
ship Fellowships.

As Leopold Fellows, Duffy and 
Lipcius will participate this year in two 
intensive week-long training sessions 
designed to promote effective commu-
nication of science beyond traditional 
academic audiences.

“Academic scientists often lack the 
special communication skills necessary to 
give decision makers the information they 
need to address pressing environmental 
challenges,” says Stanford University 
Professor Pamela Matson, who chairs 
the Leopold program’s advisory com-
mittee. “The Leopold Leadership 
Program provides them with critical 
skills and intensive training to do so more 
effectively.”

The Leopold program, based at 
Stanford University’s Woods Institute 
for the Environment, is named after the 
influential American conservationist 
Aldo Leopold, who helped lead the 
movement for wilderness preservation in 
the United States and was instrumental 
in defining modern environmental ethics. 
Leopold is author of A Sand County 
Almanac, one of the classics of American 
environmental literature.

Duffy is a marine ecologist whose 
current research uses experimental 
seagrass beds to explore how the loss of 
biodiversity might affect the Chesapeake 

Bay ecosystem (see page 2). Lipcius is 
an expert on the ecology and manage-
ment of the Bay’s blue crab stocks. Both 
researchers will have ample opportunity 
to use Leopold training during their 
frequent interactions with policy mak-
ers, watermen, resource managers, and 
journalists.

Duffy says he looks forward to the 
training because he thinks it will help 
him to “fight for the objectivity of sci-
ence and the role of rational thinking 
in decision-making.” “The training 
sessions give participants the language 
and means of communication to do that,” 
says Duffy. “It will help to bring us down 
out of the ‘Ivory tower’ and begin talk-
ing more effectively with people in the 
community.”

Lipcius echoes those sentiments. 
“As scientists, we typically don’t get 
training to communicate with general 
audiences or to negotiate. The Leopold 

training will help me become a 
more effective conservationist 
by improving my ability to help 
shape conservation and restora-
tion strategies for blue crabs and 
oysters in the Bay.”

VIMS is the only institu-
tion with two faculty members 
selected for the 2006 awards. 
Other recipients hail from Colo-
rado State University, Oregon 
State University, Stanford, 
Texas A&M, the University 
of British Columbia, Univer-
sity of California, University 

of Hawaii, University of Washington, 
University of Wisconsin, and the Woods 
Hole Oceanographic Institution.

“The selection of not one but two of 
our faculty members for this prestigious 
fellowship reflects very highly on the 
quality of our efforts in advisory service, 
education, and research,” says VIMS 
Dean and Director John Wells.

Duffy and Lipcius Receive Leopold Fellowships
Leopold fellows are selected through 

a competitive application process open 
to mid-career academic environmental 
scientists in the U.S., Canada, and 
Mexico. They are expected to use their 
training to enhance their professional 
activities both within and outside the 
scientific community, and to incorporate 
components of the training into their 
undergraduate and graduate courses and 
other outreach activities.

Following their training, Duffy, 
Lipcius, and the 16 other 2006 fellows 
will become part of the Leopold Leader-
ship Network, a developing “community 
of practice” of 100 academic scientists 
and past fellows who are skilled com-
municators of scientific information to 
policy makers and other non-scientists on 
a wide range of pressing environmental 
issues.

The Leopold program was founded 
in 1998 by Jane Lubchenco, distin-
guished professor of zoology at Oregon 
State University, and is funded by the 
David and Lucile Packard Foundation.

Drs. Emmett Duffy and Rom Lipcius.

presumably because the animals can 
move where they want to.”

Adding mobile animals to an experi-
mental system is a major undertaking, 
and helps explain why it has rarely been 
done in previous experiments.

“As soon as you add another level 
of interaction, the whole thing gets much 
more complicated,” says Duffy. “That 
has been a really big reason why people 
haven’t tackled it.”

The logistics of working with plants 
is relatively easy. Seeds are readily 
available through scientific catalogs. A 
researcher can order seeds from several 
different kinds of plants, sow a plot, then 
return repeatedly to monitor the plants 
as they grow and interact.

France and Duffy, on the other 
hand, have to find and collect their ani-
mals in the field, then keep track of them 
as they move within and between their 
experimental tanks. “What’s always the 
biggest problem in setting up the experi-
ment,” says Duffy, “is finding enough 
“bugs” of different kinds.”

The amphipods or “bugs” that 
France and Duffy use for their experi-
ments are common inhabitants of Chesa-
peake Bay’s seagrass beds. Related to 
beach fleas and more distantly to pill 
bugs, these small creatures play a key 
role in seagrass ecology by eating the 

algae that would otherwise grow on 
seagrass blades, thereby helping to allow 
passage of the sunlight that the grasses 
need for photosynthesis.

Amphipods are ideal creatures for 
experimental studies of biodiversity, says 
France. “Our system is really tractable 
for looking at animal diversity because 
the critters we use are big enough to 
see with the eye and tell apart live, and 
yet at the same time they make babies 
quickly.”

France says that the take-home 
message from her research is that there 
is an important spatial component to 
biodiversity and its effects on ecosystem 
processes.

“We need to be conscious about 
scaling-up the research we’ve done in 
isolated patches to making predictions 
across landscapes. There are important 
things about landscapes, such as patchi-
ness and connections through dispersal 
and disturbance. Those processes can 
affect both the magnitude and stability of 
the ecosystem services that we rely on.”

“Because the spatial component is so 
important,” she adds, “it’s essential to do 
these kinds of experiments with animals, 
because they interact with their habitats 
in a more complex way. Sometimes that 
can undermine completely what we have 
expected from theory.”

Food-Web Study
continued from page 2




