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the books have yet to be opened. Each elucidates the wondrous
biological diversity of tropical forests, so variously populated
that one imagines that the forces of natural selection and sur-
vival of the fittest have been revoked. Together, the plots form
the only natural-ecosystem global network of any kind in exis-
tence and promise to yield beneficial insights into some of the
world’s big problems. 

Ashton moved on from the arboretum’s directorship in 1987. He
was professor of dendrology until 1991, when he became Bullard
professor of forestry. He took emeritus status in 2004 but has yet
to grasp the concept of retirement. Among his current undertak-
ings, he is writing a book about rain forests for the nonspecialist,
based on a lifetime’s learning about them close up in all but three

of the nations of tropical Asia. He says it will be profusely illus-
trated with evocative color photographs that will portray his rain
forests better than his words can do. He spends each fall semester
at the Harvard University Herbaria in Cambridge, studying tropi-
cal forests with the aid of its vast library and more than five mil-
lion specimens. The rest of the time, when he isn’t in the tropics,
he lives in England. “Not for nationalistic reasons, I promise you
that,” he says. “I’m strongly antinationalistic. I live there for two
reasons. In England, you can go up on a hill and look down and see
the palimpsest of human activity going back to the Neolithic. I live
in the old traction-engine shed of a farm in Somerset that is in the
Domesday Book.” When he’s working on tropical forestry at the
Royal Botanic Gardens, Kew, he lives in London, in Chiswick,
where he has a small garden “with a wild banana growing and a

The world was supposed to work this way: global warm-
ing would cause a burst of growth in tropical forests, and the
trees would take up some carbon dioxide (CO2) from the at-
mosphere and sequester it in plant tissue. Recent studies of
conditions in Amazon forests did indeed show accelerated
growth rates. But data from two forests in the Center for Tropi-
cal Forest Science (CTFS) network reveal that just the oppo-
site has happened; the growth rates of the majority of tree
species have slowed dramatically in the past 25 years, suggesting
we had better not count on this “carbon sink” to suck away our
global-warming problems.

Kenneth J. Feeley, an ecologist and postdoctoral fellow at the
Arnold Arboretum, is the lead author of a paper published last
spring in Ecology Letters that reports on a study of data from the
first two Forest Dynamics Plots established by CTFS, on oppo-
site sides of the planet—one at Barro Colorado Island, Panama,

the other at Pasoh, Malaysia. Commenting on his and his col-
leagues’ findings, Feeley says that “slower tree growth in tropi-
cal rain forests will have very important implications for both
the global environment and economy.”

Global biodiversity may be diminished. All the animals that
live in tropical forests “depend on plant productivity as a
source of energy,” says Feeley. “Decreased growth will reduce
the amount of energy available, which could reduce the number
of animal species that these ecosystems can support.”

Slower growth may reduce timber available for logging, and
logged forests may take longer to recover. “In order for loggers
to maintain current yields,” says Feeley, “they will have to in-
crease either the intensity of the logging or increase the area of
forest that they log.”

Feeley imagines an unfortunate environmental spiral: “Re-
ductions in tree growth may result in reduced rates of carbon
uptake from the atmosphere, which, coupled with the extra
emissions of CO2 from associated increases in logging and de-
forestation, could accelerate the increase of atmospheric CO2

and global warming, causing even further reductions
in tree growth, and so on and so on.”

Another Harvard scholar who may find surprises in
CTFS data is Paul R. Moorcroft, professor of biology
and a maker of terrestrial biosphere models. Such
models indicate that human-induced increases in sur-
face temperatures and rising levels of atmospheric

CO2 during the coming century will
cause profound changes in tropical
forests around the globe and, indeed,
says Moorcroft, “will cause a collapse
of Amazonian tropical forests in the
middle of this century.” The bios-
phere models used to make such pre-

dictions contain detailed mechanistic representations
of biological processes that govern the composition
and functioning of ecosystems, but, says Moorcroft,
their ability to represent such things accurately—to
predict key empirical metrics such as the dynamics of
tree growth, for instance, or the rates at which carbon
and water are exchanged between the tropical forest
canopies and the atmosphere—have, so far, remained
largely untested. “The measurements collected by
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tree fern, can you believe it, and that is largely because of energy
wastage in the great city.” The second reason he lives in Britain is
because—as observed, he thinks, by expatriate American violinist
Yehudi Menuhin—it has such a soft climate.

Much primeval tropical forest has been lost to logging,
“so our e≠orts are now focused,” says Ashton, “on strengthening
general theory in order to actively manage those remaining is-
lands in which most of Asia’s biodiversity is becoming confined.”
He and his colleagues have come far, he believes, in understand-

ing how the diversity of trees is sustained—and with it the ark
of insects and micro-organisms that depend on the trees and
that comprise the bulk of a forest’s biodiversity. When re-
searchers get the whole story, they will be able to show, he says,
that “each rain-forest tree species, notwithstanding their super-
ficial similarity in many respects, possesses at least one attribute
by which it competitively succeeds, proving fitter than the rest
in a certain respect.” He wants to learn more about the interac-
tions between tree species, and how the action is mediated by
pollinators, or seed dispersers, or seed predators. For instance,
the forest can be seen in one aspect as an exquisitely regulated
clock. Certain trees flower in a sequence with other trees, timing
critical to their mutual success because they share the same in-
sect pollinator and avoid overwhelming it by flowering seriatim.
Ashton also needs to know more about pathogens, which he pre-
dicts will be seen to play the lead role in sustaining the diversity
of the forest: when any tree population gets too dense, a
pathogen knocks it down, providing the single major means
whereby other species can fill the vacant space created, thereby
building diversity.

In a talk he gave in Tokyo about what science can do to sustain
biodiversity, Ashton did not leave the lectern until he had sug-
gested what policymakers should do, and quickly. “Tropical rain
forests have declined so rapidly because the value to their own-
ers is as capital to liquidate, but [that value is] low in the
medium term in comparison to tree crops—rubber, oil palm, in-
dustrial wood and fiber species. Their value is, rather, to us—to
o≠set our carbon emissions but, more particularly, for their ge-
netic information….This genetic diversity is irreplaceable. It will
eventually prove vital to its owners, as it is for us now. We are
beginning to compensate forest owners for their carbon seques-
tration but, so far, remain free riders for their genetic informa-
tion, of which we in the industrialized world will be principal
beneficiaries.” Ashton had in mind, for instance, that those di-
verse trees have developed diverse chemical defenses, of poten-
tial pharmaceutical and other value. “Unless we get used to the
idea that we have to pay some rental to protect that biodiver-
sity,” he says, “I’m not optimistic for the future.”

With the continuously assembling database from CTFS’s re-
search plots, “we’re now getting a capacity to monitor change at a
very precise level,” says Ashton. “This gives us the obligation to
look at unidirectional change in the dynamics and distribution of
biomass not just in these individual forests, but on a regional and
global basis. Then we must look for possible causes—changes in
the climate, atmospheric chemistry, the carbon level, and so forth.
Starting at the particular—the interacting species—and then
working out to general questions of global change, is the rigorous
way to proceed. There’s no one else doing anything like that, cer-
tainly not on a global scale. So the Arnold Arboretum is bang in
the middle of one of the most important fields of research of our
time, having in a way been just a pretty place to visit on a Sunday
afternoon for many years. I’m very proud of that. That’s what I
wanted to do originally. It’s taken me 30 years.”

Christopher Reed is executive editor of this magazine.

CTFS researchers during the past two decades,” he says, are
providing his lab “with a unique dataset for testing the abili-
ties of terrestrial biosphere models to correctly capture the
current composition, structure, and functioning of tropical
forest ecosystems. We will be able to determine the accuracy
of current model formulations and thus know how seriously
we have to take their predictions about the long-term future
of tropical forests.”

Much terra incognita remains to be explored. What accounts
for the slowing of growth that CTFS data revealed to Feeley
and his colleagues? Even though increases in atmospheric CO2
provide fertilizer that can stimulate growth by aiding photo-
synthesis, they found that over the period of the study, the
number of rainy days had increased at both sites, meaning that
less sunlight was available to fuel photosynthesis. Moreover,
nighttime temperatures had increased at the sites, and higher
temperatures mean higher respiration rates. When trees have
less energy coming in and more going out, they have less for
growth, as appears to have happened in these two forests.

“Temperature and CO2 may operate in opposite directions
on tree growth,” says Stuart Davies, Ph.D. ’96, a coauthor of
the paper. “That’s what we’re arguing, but we have to be hon-
est and say that we don’t know the answer yet.” 

Davies is the director of CTFS. (Heretofore headquartered
in Ancon, Panama, the center and Davies move this September
to the Harvard University Herbaria in Cambridge. The Asian
operations of CTFS are overseen by the Arnold Arboretum.) A
former graduate student of Bullard professor emeritus Peter
Ashton, Davies is a tropical ecologist and taxonomist who has
done fieldwork in the tropics and was associate professor at
the Institute for Biodiversity and Environmental Conserva-
tion, Universiti Malaysia Sarawak. He has studied the factors
that control the regeneration of tropical forests after logging
and agriculture and, in collaboration with Malaysian and U.S.
ecologists and economists, he has worked to develop new
techniques to assess and value biodiversity.

“We don’t yet know,” he says, “whether or not this slowing
of growth is a global process, whether or not the Amazon
might operate di≠erently from other forests, how long present
conditions will last. We don’t have enough information. But
the beauty of having 20 CTFS research plots is that they will
give us unparalleled power to learn more.”

“We are beginning to compensate forest owners for their carbon sequestration, but
remain free riders for their genetic information.”


