
R I G H T  N O W

G O L I A T H  F A L L E N

A Hemlock Farewell

T#$ )&'. but delicate beauty of 
hemlocks has inspired writers for 
centuries—Henry David Thoreau, 
Emily Dickinson, Ernest Heming-

way, and Robert Frost among them. David 
R. Foster, senior lecturer on biology and 
director of the Harvard Forest, recently 
joined that list with the publication of his 
new book, Hemlock: A Forest Giant on the Edge 
(Yale). His message is melancholy: within 
the next 10 years, hemlocks in forests across 
the United States are projected to die o% 
completely.

A tiny insect, the woolly adelgid, which 
originated in Asia, is killing these giant 
evergreens. It’s slowly been doing so for 

nearly 60 years, Foster says, and at last, the 
hemlock population has reached a critical 
point. There’s nothing science can do to 
stop it. The adelgid “basically sucks the 
sap out of the tree and deprives the tree 
of nutrients and sugar for energy—that’s 
why it’s a slow process,” he explains. “It’s 
not something that comes in and eats all 
the needles and just kills the tree out-
right—it takes a while because it’s basi-
cally competing with the tree for the tree’s 
own resources.”

 It seems ironic that these massive trees 
could be laid low by something so small. 
Hemlocks can grow more than 150 feet 
tall, with large canopies that shade forests 

fect skin and 
hair, and Reich’s team hypothesize that 
they helped modern humans adapt to their 
new, non-African environments.

Other details about the interbreeding 
have surfaced as well. Nothing in the ar-
chaeological record so far suggests when 
or where humans and Neanderthals met, 
but using genetic evidence, Reich esti-
mates that their last encounters occurred 
47,000 to 65,000 years ago. Likewise, he 
and colleagues found that humans today 
are most closely related to a Neanderthal 
individual whose remains were found in 
the Caucasus Mountains, even though Ne-
anderthals were known to have lived pri-
marily in Europe.

Nevertheless, many aspects of the inter-
breeding remain in the dark. “We don’t re-
ally know how many matings there were,” 
says Reich. “We don’t know if it was Ne-
anderthal males and modern human fe-
males, or the reverse, or equal numbers of 
both.” Nor is it clear why the interbreed-
ing occurred—whether it was consensual, 
or influenced by factors like warfare or a 
need for mates at a time when modern hu-
mans were likely outnumbered. 

The evidence does show, he says, that 
“when modern humans and Neanderthals 
met and mixed, they were already at the 
edge of biological incompatibility.” The 
recent study located genomic “deserts” 
where Neanderthal DNA was rare, sug-
gesting that natural selection may have 
purged Neanderthal gene variants harm-
ful for humans. On the X chromosome 

(the sex chromosome 
that is shared by males 
and females) in particu-
lar, Neanderthal DNA 
was one-fifth as com-

mon as elsewhere—a 
well-established sign of 

the barriers to hybridiza-
tion that develop as two 
species diverge. Even so, 

the similarities necessary 
for genetic mixture 

to have occurred 
remained: “Ne-
anderthals and 
m o d e r n  h u -
mans are closer 
to each other 
than might have 
been thought be-

fore,” Reich em-
phasizes. “They met, 

they interbred…they pro-
duced o%spring, and those o%spring were 
raised by one or both parents and contrib-
uted to the modern human gene pool.” 

More broadly, Reich has found that 
species boundaries among early hominid 
groups were by no means fixed boundar-
ies. In 2010, the genome sequencing of an 
ancient finger bone from a Siberian cave 
identified an entirely new hominid group, 
distinct from both humans and Nean-
derthals, which Reich and collaborators 

named the Denisovans. The Denisovans, 
too, once interbred with the forebears of 
modern humans—Polynesians and Ab-
original Australians show evidence of 
Denisovan ancestry—and Reich’s team 
now suspects that Neanderthals interbred 
with Denisovans as well. More genome 
sequences, both ancient and modern, are 
needed to understand all the hypothesized 
admixtures, but the familiar human evo-
lutionary tree already seems more tangled 
than previously thought.

Genetic evidence has its limits. It is dif-
ficult or impossible, Reich says, to detect 
migrations of closely related people us-
ing genomic techniques. For instance, 
the powerful techniques that identified 
pieces of Neanderthal DNA have not been 
used successfully to detect a genomic 
signature from the barbarian invasion of 
Rome, despite its occurring much nearer 
the present—though Reich thinks that 
more careful study, combined with addi-
tional samples of ancient DNA, may shed 
light on this and other events in human 
history. “Genomics tells you something 
that’s quite complementary to archaeol-
ogy,” says Reich. “It’s another very rich 
source of information about the past.” 
 !.&"#$',-$ /0$
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http://genetics.med.harvard.edu/
reich/Reich_Lab/Welcome.html

Early modern 
humans likely 
encountered 
Neanderthals and 
Denisovans after 
migrating from 
Africa approximately 
50,000 years ago.
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SENIOR GIFT CO-CHAIRS FROM THE CLASS OF 2014 SHARE  
A SLICE OF THEIR HARVARD EXPERIENCE.
(FROM LEFT) FRONT ROW: ARLEEN CHIEN, PREETHA HEBBAR, KAVYA SHANKAR;  
BACK ROW: TERAH LYONS, JOSHUA ZHANG

and streams. The woolly adelgid measures 
just three millimeters long.

In A Forest Giant, Foster and his coau-
thors (eight Harvard Forest researchers) 
reflect in essays on the eastern hemlock’s 
unique value to human culture, ecosys-
tems, and scientific research. They also 
document the tree’s demise, turning the 
tragedy into a major scientific study. “This 
is a fundamental research question in all 
of science: what’s the role, what’s the im-
portance, of an individual species?” Foster 
points out. “Since the hemlock is such an 
unusual species, we expect, and the re-
sults certainly seem to show, that it plays 

a unique role, so its loss has a major 
impact on the way the whole eco-
system operates.”

Although Foster says the loss of 
trees from insects or disease, es-
pecially in conditions of climate 
change, is a natural part of many 
ecosystems, scientists can learn a 
great deal from “foundation spe-
cies” like hemlocks that influence 
all the surrounding species in their 
ecosystem, shaping and control-
ling conditions from the bottom 
up. In this case, the hemlock has an 
extraordinary capacity to absorb 
sunlight: in a thick hemlock for-
est, only about 1 percent of sunlight 
reaches the ground. The deep shade 
the hemlock creates “is tolerated by 
few other plant species and creates 
cool, damp conditions,” Foster explains. 
“Thus hemlock creates an environment 

that is advantageous to some [species]—
salamanders, brook trout in cool streams, 
a handful of other plants, including young 

Below: Harvard Forest director Al 
Cline stands next to a fallen 
hemlock, 1938. Right: Eastern 
hemlocks at Harvard Forest’s Slab 
City wildland
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Clare Putnam Pozos ’04 followed a well-

traveled path to Harvard College, while her 

husband, Tony Pozos ’04, blazed a new Crimson 

trail in his family. They’re both grateful to 

Harvard for shaping their futures, and they’ve 

demonstrated their appreciation through 

annual gifts to the Harvard College Fund.

Due to this loyal commitment, the Pozos are 

among the more than 19,000 members of 

the 1636 Society, which recognizes donors 

who give to Harvard every year, beginning

with fi ve consecutive annual gifts (three for 

recent graduates).

“Harvard helped us become the people we are 

today, and we feel it’s important to show our 

support by contributing every year,” Clare says. 

Clare’s parents, grandfather, and great-grand-

father went to Harvard (Classes of 1973, 1940, 

and 1918), and she is thankful she followed 

the advice her father imparted  her freshman  

year. “He encouraged me not to get stuck in 

the library every weekend because the people 

I would meet at Harvard would be some of the 

most important people in my life,” she says. 

Clare lived in Quincy House and was involved 

with the Hasty Pudding Theatricals, the 

Crimson Key Society, and The Seneca, a net-

working group for undergraduate women. A 

history concentrator focused on 20th-century 

American history, she met Tony in a tutorial 

section junior year. She went on to law school 

and is now an assistant U.S. attorney in 

Washington, D.C.—along with being mom to 

infant daughter Caroline. 

Tony, meanwhile, came from a family with 

limited resources. “Harvard gave me the best 

fi nancial aid package and supported me all 

four years,” says the Santa Cruz, California, 

“ HARVARD WAS AN INCREDIBLE EXPERIENCE OF 
PERSONAL AND INTELLECTUAL GROWTH.”
—DIEGO DEPETRIS ’09
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native. “Harvard’s commitment to making the 

University accessible is very important to us.” 

An Eliot House resident, Tony was a history 

concentrator specializing in international rela-

tions. Among his pivotal experiences as an 

undergraduate: conducting independent 

research with Akira Iriye, Charles Warren 

Research Professor of American History 

emeritus, and spending a summer in Madrid 

developing his thesis on Franco. Tony believes 

these pursuits helped prepare him for a law 

career and his current work investigating inter-

national fraud cases. 

PAYING IT FORWARD

Coming to Harvard—a journey made possible 

by fi nancial aid—was also life altering for 

Diego Depetris ’09, who was born in Argentina 

and grew up on Long Island, New York, the 

son of a tile worker and a house cleaner. 

Depetris, an Adams House resident, was on a 

path to medical school, but his Harvard expe-

riences in the classroom and beyond shifted 

his thinking, and he wound up concentrating 

in history and heading for the business world. 

Depetris held several positions after gradua-

tion before joining Frog, a product strategy 

and design fi rm in San Francisco. He plans to 

attend business school in the fall.

Depetris, also a member of the 1636 

Society, relishes receiving thank you notes 

from undergraduates who benefi t from 

his scholarship support. “I feel we should 

keep that chain going,” Depetris refl ects. “I 

don’t think I can ever pay it back, but I hope 

to pay it forward and provide that same kind 

of opportunity to future generations of 

Harvard students.”

ALUMNI SHOW GRATITUDE 
THROUGH ANNUAL SUPPORT 

Diego Depetris ’09 (left, with girlfriend Jena Mills ’11) and Tony Pozos ’04 and Clare Putnam Pozos ’04 
(right) are members of the 1636 Society because of their loyal support of Harvard year after year.
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hemlocks—and that is quite distinct from 
that of other forests.”

Hemlocks have had an unusual his-
tory—in the eastern United States they 
became abundant after the glaciers melted 
and forests recovered, about 10,000 years 
ago. The species was prevalent until about 
5,000 years ago, when it essentially disap-
peared, most likely due to a combination 

of climate change and the outbreak of 
some type of insect or pathogen, Foster 
says. The trees then recovered—but not, 
measured in geological time, for long. 
“They were really hit at the time of Euro-
pean settlement by deforestation, farm-
ing, and so on,” he continues. In modern 
times, they staged another comeback and 
were “actually poised to become an in-

creasingly big part of 
the landscape. When 
I arrived at Harvard 
in 1983, there was this 
long history of study-
ing hemlock because 
of its important role, so I simply picked 
that up as a very compelling tree and as a 
very compelling subject for study. The Ar-
nold Arboretum had a beautiful old forest 
of hemlock, called Hemlock Hill, and we 
started studying that about 10 years ago.”

Meanwhile, the woolly adelgid had ar-
rived in the Southeast in the 1950s. It began 
spreading north in the mid 1970s, arriving in 
New England in the early 1980s, according 
to Peter Del Tredici, senior research scien-
tist at the Arboretum, where adelgids have 
already killed hundreds of trees on Hemlock 
Hill. The insect is now present through an 
entire range of hemlocks, from North Caro-
lina to southern Vermont, southern New 
Hampshire, and southern Maine.

Foster and other Harvard research-
ers expect to spend the next few decades 

Visit www.harvardmag.
com/extras to view 
several videos on the 
decline of the hemlock. 

Hemlock woolly adelgids on an eastern 
hemlock branchD
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Crafting Color

A7!-* -&"0'&5 !38$1"4, blue is 
perhaps the rarest color. Chloro-
phyll in plants creates their famil-
iar green—giving way, in some 

species, to carotenoid and anthocyanin pig-
ments that create the brilliant purples, reds, 
oranges, and yellows of fall. Cave paintings 
from prehistoric times show browns and 
reds—earth colors derived from minerals 
in soil—but no blue. Indigo and lapis lazuli 
later broadened the palette, but their color 
remains uncommon in living things.

When blue does appear—in a blue jay’s 
feathers, for instance, or a morpho but-
terfly’s wing—it is often created through 
unusual means. Most colors in nature are 
chemical in origin. Pigment molecules ab-

sorb certain wavelengths 
of light, corresponding to 
particular colors, while 
reflecting others; chloro-
phyll, for instance, reflects 
green. By contrast, some 
colors—and frequently 
blue—are structural: when 
light reaches the narrow 
grooves of a compact disc or the micro-
scopic ridges of a peacock’s tail feather, 
it bounces and scatters. Wavelengths of 
light that match the nanoscale distance 
between ridges are amplified, while other 
wavelengths cancel out. The materials lack 
hue of their own without their particular 
structure. Grind them up, and their color 
disappears.

A team of researchers led by Vinothan 
N. Manoharan, McKay professor of chemi-
cal engineering and professor of physics, 
is working to create structural colors in 
the lab. Their inspiration comes in part 
from research on the cotinga, a tropical 
bird whose bright blue color comes from 
sponge-like pockets of air in its feathers’ 
coating of keratin, the protein that makes 
up hair and fingernails. As light travels 
through this maze of keratin and encapsu-

lated air, some wavelengths of light cancel 
each other out, while others reinforce one 
another to create the color blue.

In the engineers’ formulation, micro-
scopic flecks of color function like feath-
ers in miniature. Each is a tiny, water-filled 
microcapsule containing a suspension 
of even tinier particles of plastic, which 
bounce light like the cotinga feathers’ air-
filled pores. What’s more, the capsules 
shrink as they dry, packing the plastic 
particles inside more densely, thus chang-
ing the color produced—until a dose of ul-
traviolet light cures the capsules, freezing 
their hue. In this way, chemically identical 
materials can yield a spectrum of color, 
from red to green to blue.

Manoharan and his colleagues are now 
working to intensify the colors produced; 
red, in particular, needs work. They hope 
their structurally colored materials may one 
day function in screens and displays, as well 
as in nontoxic paints and cosmetics. For 
paints especially, structural color has anoth-
er advantage: light absorbed by traditional 
pigments triggers chemical reactions that 
cause them to fade over time. For structural 
colors, which could potentially endure, the 
future is bright. !.&"#$',-$ /0$

(,-!"#&- -. 7&-!#&'&- 2$34,"$:
http://manoharan.seas.
harvard.edu

Inspired by the bright blue feathers of the 
cotinga (above), Harvard researchers are 
developing structural colors that mimic 
its vivid hue (below). Each !eck of color is 
a microcapsule (middle) "lled with 
nanoscale plastic particles (right) that 
scatter light of a particular wavelength. 
The capsules shrink as they dry, changing 

the density of 
the particles 
within and, 
therefore, the 
color produced 
(bottom). 

studying the ripple e%ects of the hemlocks’ 
deaths, including possible changes in the 
planet’s carbon-dioxide levels. “This is a 
study that will go on for probably the next 
20 years, before hemlocks completely die 
out in forest settings. Then it’ll be a hun-
dred years before the forests fully recover” 
from the loss of the species, he says.

As a species, at least, the hemlock will not 

die: individual specimens can be sprayed 
with an agent that will kill the insect, keep-
ing the tree alive. But there’s no way to pro-
vide such protection to hemlocks in the 
wild—their end is assured. “We recognize 
that many practical as well as philosophical 
questions arise from our exploration of this 
great eastern conifer,” Foster writes in A For-
est Giant. “Hemlock’s dilemma may provide 

insights that can aid society as we grapple 
with the many tumultuous changes that oc-
cur in nature and our land.” !5&0'& 5$(,4

)&(,) 9!4"$' $-7&,5:
drfoster@fas.harvard.edu
)&(,) 9!4"$' 2$34,"$:
http://harvardforest.fas.harvard.edu/
hemlock
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