
Many mornings,� before classes, Michael Donoghue would roll 
out of bed in the “rickety old house” he shared with several other 
graduate students, and consider how lucky he was. He lived rent-
free on 281 acres, formerly an estate and contiguous farmlands, in 
Boston’s Jamaica Plain neighborhood. Periodically, when a wind-
storm felled a tree on the grounds, workmen would deliver wood 
for the fireplaces. But that’s not why Donoghue, then working to-
ward his 1982 Harvard doctorate, considered himself fortunate. 
For him, the draw of this enviable situation was the plants: trees 
and shrubs gathered from around the world, some rare or endan-
gered, that grew just outside his door, where he could study them 

at length and compare them side by side as they changed through 
the seasons and from year to year.

This global collection of botanical diversity at Harvard’s Ar-
nold Arboretum is rooted in a tradition of botanist-explorers, 
stretching back at least to the eighteenth century, when the pre-
eminent plant-hunters in colonial North America were funded by 
monarchs seeking ornamental specimens for their gardens and 
estates, or trees that would yield timber or fruit for the economic 
good of the nations they ruled. In October 1765, for example, John 
Bartram, royal botanist to George III, and his son William dis-
covered an unknown plant with beautiful fruit growing along the 

The Arnold Arboretum’s systematic mission  
to sample botanic diversity

The Plant Prospectors
by Jonathan Shaw
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banks of the Altamaha river in Georgia; they named it Franklinia 
alatamaha after fellow Pennsylvanian Benjamin Franklin. The 
Franklin tree, one of their most notable horticultural finds, is 
now considered extinct in the wild, but still grows in the gardens 
of connoisseurs—and at the decidedly democratic Arboretum, 
which has a particularly massive and long-lived specimen.

Other botanists introduced foreign plants. André Michaux, 
who served Louis XVI of France and discovered Rhododendron 
catawbiense crowning peaks in the Blue Ridge mountains with 
its purple flowers, also introduced the silk tree and camellia to 
North American gardens. Specimens of all these plants grow at 
the arboretum today. But the explorer who left the greatest leg-
acy of botanical diversity to the arboretum was its own Ernest 
Henry Wilson, whose decades of exploration in East Asia in the 
early 1900s brought more than 2,000 new plants to the West, in-
cluding Acer griseum, the paperbark maple, known for its beauti-
ful exfoliating bark. Wilson called the arboretum, which he ran 
from 1927 until his death in 1930, “America’s Greatest Garden,” 

and it has continued its plant explorations ever since.
Now, though, the arboretum is launching a new era of discov-

ery, focused on collecting exceptional representatives of botani-
cal variation from a rapidly changing world. A plan unveiled this 
spring aims to secure the collections’ scientific importance for the 
next century. The agenda is spurred by widespread destruction of 
native plant habitats due to global development, as well as threats 
to the diversity of plant populations caused by rapid changes 
in prevailing climatic conditions. It calls for 10 years of expedi-
tions to global sites—principally in the Northern Hemisphere—
to sample as much of the remaining diversity as possible among 
woody plants that will grow in Boston’s temperate, but warming, 
climate. This time, the collecting targets are driven principally by 
scientific criteria, including new understanding of plant phylog-
enies (family trees showing the evolutionary history of relation-
ships among plants), conservation considerations, and attention 
to developing biological breadth among the arboretum’s existing 
living specimens.

Arboretum director William (Ned) 
Friedman and graduate student 
Kristel Schoonderwoerd recently 
discovered that seed development 
in Franklinia continues for a full year 
after pollination, with a seven-
month pause in winter—exceed-
ingly rare among flowering plants. 
The plant, seen at far left in its 
autumn colors, is extinct in the 
wild. The silk tree at left, an Asian 
native prized for its fragrant and 
showy blooms, was introduced to 
North America in 1745.
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Ephemeral Attractions
On a glorious� spring afternoon in April, when the sky was a 
continuous, deep blue, Arnold Arboretum director Ned Friedman 
set out on a quest on its grounds. He was seeking the perfect young 
female seed cones—red, brown, purple, or pink—of Larix siberica, 
the Siberian larch. He paused periodically, stopping to admire the 
beautiful exfoliating bark of Acer griseum, explaining that it is pho-
tosynthetic, like a leaf. This species is represented in the West by 
offspring of just two specimens brought back by the arboretum’s 
great plant collector E.H. Wilson in 1901 and 1907. A recent expe-
dition to sample the rare maple’s genetic diversity from 
nine populations in China revealed a species under duress: 
only one population had produced seeds, and only a few.

At one rocky site at the base of the conifer collec-
tion, Friedman noted that horticulturists will attempt 
to grow Ephedra, the Mormon tea plant; it normally lives 
in deserts. Once thought to be a close relative of flower-
ing plants, molecular work shows that it is instead most 
closely related to conifers—hence the siting within the 
arboretum collections. Along the way, Friedman greeted 
visitors; he chatted with a local bike-shop owner who 
had a suggestion relating to a new bike path that will take com-
muters off city streets and through the grounds instead.

Below a hill offering a long view up into the conifer collec-
tion, Friedman stopped again. At center stood a magnificent 
Metasequoia glyptostroboides, the dawn redwood—the first speci-
men to be grown outside of China, he said (the species was 
discovered in 1941, and and was formally described by a Chi-
nese botanist who had trained at the arboretum)—and one of 
the most beautiful conifers.

At last he reached the larches, and pulled down a low branch 
to show off the tiny female cones. “Imagine that photographed 
against the blue sky. More beautiful than a rose, and subtle.” 

The cones are no more than 
a quarter-inch long, and an 
indescribable, deep crim-
son. “That’s the magnifi-
cence of this collection,” he 
said, “ myriad ephemera. 
A collection of long-lived 
trees, but within that con-
text, an infinite number 
of ephemeral events in the 
lives of organisms.”

Each week, Friedman pho-
tographs one of these “myri-
ad ephemera” at the arbore-
tum, and captions the image 
with scientific or cultural 
context in an e-mail to plant 
lovers around the world that 
is also posted to Facebook. 
It’s part of his public out-
reach, complementing the ar-
boretum’s events and classes 

in a multi-pronged mission: 
serving the public, as well as 
meeting scientific priorities 
and conservation goals—an 
effort to connect people to 
plants and diversity. The 
arboretum, with its Freder-
ick Law Olmsted-designed 
paths, roadways and vistas, 
incorporation into Boston’s 
“emerald necklace” of park-
lands (Harvard donated the 
land to the City of Boston 
but retained a thousand-year 
lease), and free admission 
(unique among major arbo-

reta), has had this important public role from the outset.
The broader, institutional message that he hopes to convey 

is about stewardship of the natural world. Why bring all these 
plants here? “It’s important because at a very basic level, some of 
them may be lost if we don’t. It’s important at another level be-
cause the arboretum has a critical role, in an urban landscape es-
pecially, to connect people with nature.” And at a scientific level, 
“the conception of how organisms work is being opened up in 
ways we couldn’t have dreamed possible. With new instrumenta-
tion and genomic knowledge, we are learning how plants sense 
and interact with the environment in astounding ways.” Such 
knowledge enriches the human condition, he says, and is the “cen-
terpiece of Harvard’s mission, I think: to help us lead a good life 
because we understand. That’s what we’re doing here. As important 
as our work is for conservation, climate change, ecology, and evo-
lutionary biology, our core mission engages the human condition, 
and helps ensure that we humans become better stewards of the 
planet that we share with millions of other species.”

Found at the Arboretum 
(clockwise from top): a tiny, 
exquisite, pink female cone of a 
116-year-old Siberian larch 
(Larix siberica); flowers erupting 
from a Norway maple bud (Acer 
platanoides); the curled-back 
bud scales of a Japanese maple 
(Acer palmatum) dating to 1898, 
its leaves and flowers (the red 
ovoids) yet to open. These and 
other stunning ephemera are 
found at Arboretum director 
Ned Friedman’s facebook.com/
ArnoldArboretum.Harvard 
page. Bottom left: the first dawn 
redwood (Metasequoia glypto-
stroboides) grown outside China, 
in fall color
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Collecting from the Last Wild Places
“We’re facing mass extinction� on the planet,” said arboretum 
director William (Ned) Friedman, explaining the thinking behind 
the plan. “Climate change,” continued the Arnold professor of or-
ganismic and evolutionary biology, “is fundamentally changing the 
way humans live, and will continue to do so. We have all manner of 
wonderful and rich questions about the evolution of life that remain 
unanswered. We have issues of conservation biology. And we have 
this world of genomes that is opening up right before our eyes, un-
derstanding biology by actually stringing out the sequence of DNA.” 
Putting these issues together, Friedman and Michael Dosmann, the 
arboretum’s curator of living collections, worked with an advisory 
board to develop a list of 395 “desiderata:” groups of  plant acquisi-
tions that Friedman said will make the living collection “extraordi-
narily relevant not just to the world, but also to Harvard University’s 
academic mission for the next century and beyond.”

“We don’t aspire to have everything in the world,” noted Dos-
mann—and the Boston 
climate circumscribes 
what can be grown out-
doors—“but we are try-
ing to be synoptic.” As 
Peter Crane, dean of the 
Yale School of Forestry 
& Environmental Stud-
ies, put it, what makes 
the plan distinctive is its 
“strong science underpin-
ning: the idea that they 
want to sample broadly” 
from families of related 
species, and “they want 
to get examples of un-
usual” groups of plants 
“that might otherwise be 
overlooked but that are 

interesting from an evolutionary and developmental point of view.”
For example, Friedman, an evolutionary biologist, studies the 

diversification of seed plants, and has made extensive use of the 
arboretum since his arrival at Harvard in 2011. Pollination biol-
ogy in rhododendrons and conifers, bud formation and climate 
change in hickories and walnuts, and the role of mutation in new 
floral forms of redbuds have all drawn him and his lab team into 
the living collections. Most recently, he has been studying the 
arboretum’s Franklinia specimens, which grow in the Explorer’s 
Garden atop Bussey Hill, where the most sensitive plants are 
sited. He and graduate student Kristel Schoonderwoerd have dis-
covered that the plant’s extraordinary cultural history is matched 
by its most unusual reproductive biology: a seven-month winter 
dormancy that intervenes between the time a flower is pollinated 
in late summer and the moment the first fruits begin to develop 
the following season—akin to waiting two seasons for an apple 
to ripen. Friedman speculates that the Franklin tree’s unusual 
pattern of hitting pause after pollination may have evolved as the 
plant’s ancestors, which likely originated in the subtropics, mi-
grated north and adapted to colder conditions. 

Crane, who was formerly director of the Royal Botanic Gar-
dens, Kew, recalled how one year a male ginkgo in their collection 
suddenly produced a few seeds. (Ginkgos, often called “living 
fossils,” are the sole remaining representatives of a plant division 
called the Ginkgophyta.) “That is the kind of thing you see and 
could potentially investigate when you have a living collection,” 
he said. “The opportunity to observe these plants closely over a 
long period of time is incredibly valuable. The Arboretum,” he 
added, “is botanically among the very topmost important collec-
tions in the world,” and has “a very distinguished history, particu-
larly associated with the exploration of woody plants from East 
Asia, but also with a strong tradition of plant science at Harvard.”

Consistent with E.H. Wilson’s focus on China and environs, a 
region he called “the mother of gardens” because of the extraor-
dinary biodiversity he had found there, by far the largest num-
ber of newly anticipated acquisitions is expected to come from 

The plant collection plan  
by the numbers:

New species for the collections	 177
	 marginally hardy	 92
New genera for the collections 	 41
	 marginally hardy 	 31

Acquisition targets’ regions of origin
Eastern Asia 	 225
Eurasia		  18
Europe		  17
North America	 133
South America	 2

The Arnold Arboretum plans to collect plants from around 
the globe at the sites indicated. China, with temperate 
zones not unlike Boston’s, will be the single most important 
source of acquisitions from the wild. Plants from the 
Southern Hemisphere, on the other hand, often can’t 
survive New England’s seasonal climatic fluctuations.
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eastern Asia; the plants Wilson collected there adapted well to 
Boston’s similar latitude. Now, of course, both regions are subject 
to climate change, and China is also an epicenter for development, 
habitat destruction, and impending species loss.

The collecting plan emphasizes acquiring wild species, includ-
ing those already represented in the collections. As Larry Hufford, 
a professor of plant systematics and evolution at Washington 
State University and a member of the living collections advisory 
committee, explained, “Wild species are where the genetic diver-
sity lies, and we really need to know what that diversity is. One of 
the attributes of complex landscapes like China or the American 
West is that there are unique pockets of genetic diversity,” often 
small and geographically disparate—a pattern, he said, that has 
become clear only in the past couple of decades, thanks to the rise 
of DNA sequencing. The Torrey pine, Pinus torreyana, for example, 
grows only in two spots along the California coast near San Diego. 
Thought to be a relict of a population nearly extinguished during 
the last ice age, these trees now growing in southern California 
nevertheless retain the genes necessary to survive cold New Eng-
land winters at the arboretum. “With habitat destruction ongoing 
all over the world, not just in the U.S. but in China, and with glob-
al climate change, which is likely to lead to extensive extinctions,” 
Hufford said, “sampling that diversity 
now may be our last chance.”

The arboretum’s approach is excep-
tional, he continued, for using “knowl-
edge of the evolutionary tree of the 
flowering plants and the conifers to 
think about how best to sample in order 
to represent diversity.” Taking this new 
approach will make the collection even 
more valuable to researchers. Hufford 
himself worked on the first family tree 
of hydrangeas in the 1990s, using plants 
at the arboretum and at Kew to figure 
out the relationships among living spe-
cies of that genus. Without those re-
sources, he says, the project would have 
required years of work tracking down 
wild populations in China.

Another reason for acquiring more 
plants of wild origin has to do with 
provenance. The arboretum maintains 
extraordinarily detailed records about 
its 15,000 accessioned plants: where in 
the world they can be found, where and 
when they were originally collected, and 
their current health. There are even data 
about the 75,000 plants that have died or 
have been removed since the arboretum 
was founded in 1872, all georeferenced 
on map layers. This kind of documenta-
tion, much of it available online, makes 
the collection all the more valuable to 
researchers, and even to casual visitors. 
But because many of the species now in 
the living collections are either cultivars 
(selections of especially robust and at-

tractive plants that circulate in the nursery trade) or plants whose 
provenance is unknown, obtaining wild representatives, preferably 
from multiple places within their natural range, is a priority.

Latitude, Altitude, and Solitude
The importance� of sampling broadly from across a plant’s nat-
ural range, in order to sample diversity within a species, was dem-
onstrated early in the arboretum’s history, when its first director, 
Charles Sargent, wanted to grow Cedrus libani, the biblical Cedar of 
Lebanon, a tree native to the Mediterranean. These trees may be 
seen all over Europe; they were carried back as mementos of the 
Crusades. But in Boston, none proved hardy enough to survive the 
winter. Sargent therefore acquired seed from trees growing high 
in the Taurus Mountains of Turkey, where the elevation ensured 
freezing temperatures. That population proved completely hardy 
at the arboretum, and even further north.

A significant number of the plants targeted for collection during 

Relict wild populations  
of the Torrey pine (right) 
grow only in Southern 
California, at the 
southernmost reach of 
the last glaciation, but 
the plant retains genes 
that make it hardy at  
the arboretum. Curator 
of living collections  
Michael Dosmann with 
Acer griseum, the 
paperbark maple.
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the future expeditions are considered marginally hardy in Boston 
today. But winters are becoming milder, and remote temperature 
monitoring throughout the grounds has produced more granular 
understanding of the arboretum’s own microclimates, helping its 
horticulturists site plants with ever better precision. The push for 
biological breadth has led to ambitious attempts, for example, to 
grow flowering plants with evergreen leaves. In 2012, Michael Dos-
mann and a colleague from the Morris Arboretum of the University 
of Pennsylvania collected acorns and cuttings from the northern-
most U.S. stand of live oaks (Quercus virginiana, the southern, ever-
green species seen dripping with Spanish moss in movies), located 
on the Virginia coast, in the hope that they might get a plant to 
survive. “We’ll have to get creative if we want to add some of this 
material to the collections,” Dosmann 
admitted. “We are going to lose some 
of the live oaks, maybe all of them—but 
why not grow” them as part of the arbo-
retum’s bonsai collection, which horti-
culturists move into greenhouses during 
the cold season, so “a researcher could 
still grab the DNA from a leaf?” This is 
an innovative way to expand the scope 
of the collection into less hardy genera. With live oak now mostly in 
hand, the arboretum’s wish list includes similarly ambitious quarry 
among other groups of plants, including an evergreen shrub, Vibur-
num davidii, a subtropical species native to China.

This is the kind of acquisition that, 40 years after he lived on the 
grounds, still excites Michael Donoghue, past director of the Har-
vard University Herbaria and now a professor at Yale. The leading 
expert on Viburnum evolution (his vanity plate reads “VBRNM”), 
he visits the arboretum regularly to conduct research and called 
the V. davidii “a classic example of what we want to try to do. It 
has large, very beautiful, thick, leathery leaves, with a very special 
venation pattern.” Donoghue and his colleagues have been study-
ing physiology in viburnums recently, measuring their photosyn-

thetic rate and how water flows out through the leaves. “But all 
we’ve got is information on these wimpy deciduous plants with 
thin little leaves,” he said. “It would be really cool to expand this 
data set to include some of these evergreen species.” Viburnum davi-
dii has been grown successfully for the last two years at the New 
York Botanical Garden. Getting it to grow in Jamaica Plain would 
be a stretch, he admitted, but would fulfill multiple aims: “One, 
it brings us a beautiful plant. Everybody would love it. Two, it 
brings us a different lifestyle for this group, because it’s evergreen, 
meaning it is functionally different. And three, it brings us phy-
logenetic diversity because this would add an ancient Viburnum 
lineage that we don’t have represented now.”

Other genetically important additions to the collection, he 

said, would be Viburnum microcarpum, which grows in moist, cloud-
forest habitats in Mexico, and the rare and isolated Viburnum el-
lipticum—the only one of the world’s 165 viburnum species en-
demic to the northwestern United States. Both plants, relatively 
straightforward to acquire but hard to grow, would add signifi-
cant biological diversity to the collection, adhering to the plan’s 
conscientious approach of finding rare plants from different parts 
of the world, with different lifestyles. “That’s why everything on 
this list is interesting,” Donoghue said. “I love that.”

“We can’t know exactly what will be important 50 years from 
now,” Dosmann noted. “Nobody could have predicted that plant 
phenology [the study of events such as flowering time or leaf-out 
in response to seasonal phenomena including temperature, length 
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A phylogeny, or family tree,  
shows the evolutionary history of 
Stewartia, and its ancient relationship to Franklinia. 
This phylogeny (from Li et al., 2002) was constructed using molecular  
data from the arboretum’s living collections, and was used to study the  
geographical distribution of New World and Old World groups of Stewartia. 
At right, the characteristic mottled bark of Stewartia pseudocamellia.

Expeditions last year returned with 73 kinds  
of plants, of which only 24 were actually targeted. 
And he expects more of the same—including the 
discovery of species previously unknown to science.
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of day, drought, and so on] would become useful in the study of 
climate change.” Phenological work at the arboretum from the 
1970s to the present, for example, helped Donoghue and his co-
workers recognize that two factors—the branching architecture 
of the plant, and the type of buds that a plant has—are the best 
predictors of how well any species will respond to fluctuations in 
climate. Now phenology is a principal focus for researchers like 
the arboretum’s Elizabeth Wolkovich, assistant professor of or-
ganismic and evolutionary biology, who has recruited a team of 
citizen scientists to record such events on the grounds. She wants 
to understand how differences in the way plants react to cues 
such as warming, chilling, and photoperiod affect their competi-
tion for resources and the formation of plant communities. Cli-
mate change will alter the composition of temperate forests, she 
says, and her research aims to predict the effects of such change. 
What happens if important mast-producing species such as oak 
and beech, for example, reach the limits of their ability to respond 
to changes in seasons, fail to set seed, and decline?

Nobody knew in 1910, when E. H. Wilson first collected a single 
Tsuga chinensis, the Chinese hemlock, that by the end of twentieth 
century its American cousin Tsuga 
canadensis would be decimated by an 
insect infestation (see “A Hemlock 
Farewell,” July-August 2014, page 8) to 
which the Chinese plant is resistant, 
as horticulturists at the Morris Arbo-
retum observed in the 1980s. The sin-
gle plant Wilson collected had been 
the parent of all Chinese hemlocks in 
the United States until 1979. A number of new collections 
have been made since the mid 1990s, but the arboretum 
wants more specimens from China in order to increase di-
versity of the species in the United States.

The institution’s goal is to be a repository of both 
plant material and knowledge, a resource at the ready 
for an uncertain future. To that end, the arboretum 
has also targeted for acquisition many woody plants—
clones from the exact, individual specimens—that have 
already had their genomes sequenced. Such plants, 
which might be languishing in a research greenhouse 
somewhere or growing near a lab—and could easily perish from 
neglect—are scientifically valuable because they are the source 
of rich, painstakingly annotated genetic data. For the same rea-
son, the arboretum will simultaneously encourage researchers 
the world over to use individual plants from its living collection 
for whole-genome sequencing. This project, supported by spe-
cial funding, will create a kind of genetic library that can be used 
for reference purposes in the future. Having genetic sequences to 
complement seeds, cuttings, and living plants will provide an-
other resource for scholars.

On the Trail of Undiscovered Species
With efforts� on this scale, Friedman knows that arboretum 
expeditions will bring home more species than the 395 that are on 
its list. Expeditions last year returned with 73 kinds of plants, of 
which only 24 were actually targeted—a powerful reminder of the 
diversity that exists in the wild just waiting to be studied. Fried-
man is thrilled by what the explorers were able to obtain: “There’s 

a genus of plant that we never had here that Michael Dosmann col-
lected in China with our wonderful Chinese colleagues and partners 
at the Chengdu Chinese Academy of Sciences Institute of Botany. 
We never would have dreamed that we could acquire this material 
from the wild.” And he expects more of the same—including the 
discovery of species previously unknown to science.

Many of these expeditions will be run in collaboration with 
other arboreta, under the auspices of the North America-China 
Plant Exploration Consortium (NACPEC, which includes more 
than a dozen institutions in the United States and China). That 
ensures a wide distribution of seeds and cuttings—and thus the 
long-term survival of the germplasm they collect. It also helps 
control expenses. (The Arnold Arboretum hopes to raise $5 mil-
lion for its decade-long expeditions effort.) But University of 
Pennsylvania Morris Arboretum executive director Paul Meyer 
explained that, relatively speaking, the expeditions themselves 
are not the principal challenge: “The big expense begins when 
you get home. In some ways,” he said, “it is a little like having a 
baby. The baby comes pretty quickly, but it is 20 years of expense 
in raising it.” Many supporters, he added, often like supporting 

the actual expedition, which may cost $6,000 to $10,000 per par-
ticipant. But “running the greenhouse, staffing it, moving the 
plants out into the garden, and documenting and evaluating ev-
erything is where the real expense lies.”

Even so, the price of such knowledge seems, if anything, low 
compared to the return. The 350,000 species of flowering plants 
(the angiosperms), which include every fruit, vegetable, and 
grain, emerged in an explosion of evolution about 135 million 
years ago. They form the basis of the food chain on the planet, 
yet the question of why they have been so much more successful 
than the other seed plants that preceded them—of which there 
are under 2,000 extant species, mostly conifers and cycads—re-
mains unanswered. If flowering plants are the bulwark of life, 
wouldn’t it be crucial to know what climatic conditions or inher-
ently evolved traits fueled their diversification and success—and 
the limits of their adaptability? 

Jonathan Shaw ’89 is managing editor of this magazine.

Acquiring 
Viburnum davidii, 
an evergreen 
representative of 
the genus, would 
add a completely 
new evolutionary 
lineage to the 
arboretum’s 
living collections.
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